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Abstract

Abstract

Axially chiral compounds are widespread in natural products, biologically active compounds,
and useful chiral ligands in asymmetric catalysis. Because of the importance of this structural
motif, the catalytic enantioselective construction of axially chiral scaffolds has been intensively
investigated by chemists. In distinct contrast to the well investigated axially chiral biaryls, axially
chiral styrenes, which exhibit a chiral axis between a substituted alkene and an aromatic ring have
been largely overlooked, results in relatively lower barriers to rotation compared to their biaryl
counterparts. Meanwhile, Pd-catalyzed enantioselective C—H bond activation has received much
attention as an important tool for the expedient synthesis of chiral molecules. Base on this context,
the dissertation mainly focused on atroposelective synthesis of axially chiral biaryls and axially
chiral styrenes via Palladium-catalyzed asymmetric C—H functionalization strategy. The main
details were listed as follows:

1. Atroposelective Synthesis of Axially Chiral Biaryls via Pd(11)-Catalyzed Thioether-
Directed C-H Olefination and Allylation

We present herein our experimental and DFT computational studies on the directing ability
of chalcogenoether motifs in Pd-catalyzed atroposelective C—H functionalization. Both Pd-
catalyzed enantioselective C—H olefination and allylation reactions were successfully developed
to synthesis of axially chiral biaryls. A broad range of axially chiral biaryls in good yields with
excellent enantioselectivities were successfully accomplished via a Pd(l1)/chiral phosphoric acid
catalytic system. This method could also be employed to access synthetically challenging
atropisomers bearing two stereogenic axes with excellent enantioselectivities and
diastereoselectivities. In addition, DFT calculation provided the convenience for reaction
condition optimization and further enlighten the understanding of the reaction mechanism.

2. Atroposelective Synthesis of Axially Chiral Styrenes via Pd(I1)-Catalyzed Aryl C-H
Functionalization Strategy

We report herein the highly atroposelective synthesis of axially chiral styrenes with an open-

chained alkene via Pd(I1)-catalyzed C—H alkenylation and alkynylation using L-pyroglutamic acid

as an inexpensive and catalytic chiral ligand. The potent application of the styrene atropisomers
1



Abstract

is demonstrated by a Co(lll)-catalyzed enantioselective C—H amidation of ferrocene using axially
chiral styrene-type acid as chiral ligand. Experimental and computational studies were conducted
to elucidate the reaction mechanism. Initial rate studies revealed a ligand deceleration effect (LDE)
in this reaction. The chiral induction model of the enantioselectivity-determining C—H bond
activation step was also provided based on DFT calculations.
3. Atroposelective Synthesis of Conjugated Diene-Based Axially Chiral Styrenes via
Pd(11)-Catalyzed Thioether-Directed Alkenyl C-H Olefination

We report the highly atroposelective synthesis of axially chiral styrenes with a conjugated
1,3-diene scaffold via Pd(I1)-catalyzed thioether-directed alkenyl C-H olefination strategy. This
strategy features easy operation, mild reaction conditions, high functional group tolerance (69
examples), complete Z-selectivity, and excellent enantioselectivities (up to 99% ee). Notably, the
highly enantioselective synthesis of atropisomers with two stereogenic axes were also achieved
using this strategy. Moreover, the reaction could be scaled up and the resulting axially chiral
styrenes could be easily oxidized into chiral sulfoxide derivatives with high diastereoselectivities,
which showed great promise as a new type of sulfur-olefin ligand.

Keywords: Pd, axially chiral biaryls, axially chiral styrenes, asymmetric C—H bond

activation, chiral phosphoric acid, L-pyroglutamic acid, thioether-directed
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a) Metal-oxo H-atom abstraction
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c) Transition metal C-H activation
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a) Point desymmetrization C-H activation: C(sp?)-H and C(sp®)-H
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b) Planar and axial desymmetrization C-H activation: C(sp?)-H only
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a) Biaryl atropisomers b) Heterobiaryl atropisomers
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H,C=CH,

[RhCl(coe),]> (5 mol%)
L1 (30 mol%)
H

Toluene,120 °C

>N Me Za\
| |
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I
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Bl 1.8 i E & B 18 (T A AR B S5k 75 10 be 2 10 R R 3 F I BT

Pd(OAc), (10 mol%)
(S)-L2 (20 mol%)
NIS (1.5 equiv)

MeCN, 70 °C, 24h

Me
(0] H up to 73% vyield up to 60% vyield
5 N up to 94% ee up to 83% ee
H Me

o 12 examples

L2 s-factor = 4.1-27
. PdOAck(BmO%) ol
b O o L3 (10 mol%) O o

1 i I
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R? H CF4CH,OH/DME R? R
> C
Os_OH
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)(O)J\N up to 96% ee
H
L3

& 1.9 PA(I1)/MPAA-{E 14 A3 BR A fk 4 = M BR 57

2000 4, Murai R4 R T & ]38 3T Rh(1) 1 et v S B 1 3 #Rbe 240 7R A
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B R AN R AL RH G, BEBTFEASY 1-1. ZR% LI T BT ERY
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2008 4, A& FRAMAIE RME T PA(I)/MPAA 1R R 18 1L i T 3T B8 S VE 1L R
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N Pd(OAc), (10 mol%) Pd(OAc), (10 mol%)
a O (R)-SPA1 (20 mol%) (R)-SPA2 (10 mol%) O
N AgOAc (2.0 equiv) NH, Ag,CO3 (1.0 equiv) NH,
O H dioxane, 70 °C X R Toluene, 40 °C O R

up to 99% y|eld up to 91% yield
up to 98% ee 1 up to 97% ee

>pZ ‘
OH ; Pd(OAC), (10 mol%)

" | O (S)-SPA1 (10 mol%) O

! NH, Ag,S0Oy4 (2.0 equiv) NH,
(R)-SPA1: Ar = 2,4,6-iPrzCgH, ‘

: H . CO,R
(R)-SPA2: Ar = 3,5-tBu,CgHs ! NayHPO, (2.0 equiv) 2
; Toluene, 40 °C

up to 96% yield
up to 99% ee

& 1.10 Pd(11)/SPA-1E ft. 1~ f # A Bk 4ei F P BX

2019 4, FIRERAAVEEUERYT BRI T R/IFHBRENMGR, TARET 5
YR 6] S A P A Ao PR B A I AR RO A B 5T Sk T . RN 18 T SRR M B R (SPAL) Y
FHEF, — R D 5 TF M BR 57 vh k- & 7= 4 e B A He 3R 2 T DLk 21 90% DA E (& 1.10a).
West, (B4 BB E A B F AR R B AR BN EH#TTHR, B
HAG W FUBERBEAERNT 54 BEES, WRTFHENRERE, BERGUFERE
MEHFATRE, REGET —AFHNER, ZEZRAH R E s m & E1E 8 Fm
, AT REBAT WA AEFENAFHEENRA(E 1.100)29, HHT —F
FlB T EE-FRMTFRNEY . REAWHEEN NG R RET WA TR,

B E AT TFE A P ot B B BN T T M F A E N, A
e 2 AR B AR, Hl X — KA S FHN S R E E A E N, 2017 4, BliRER
FRAA AR & T AR A Ao T I X AR B S O AR AL RORT R A A T R R A . RO
i TADDOL 47T 4 &9 F 0 I BC (R (L4), T LAA Ry dl R AL A i Bk i 1, MR ®
09%E 7= % Fu 91% Y ee 1875 2| = 477 (B 1.11).



F—F 4

OO PdCl, (5 mol%)
oMo L4 (6 mol%) O
OMOM

pivalic acid (30 mol%)
Xx—H | -
Cs,C0O3 (2.0 equiv) N
N @ DCE, 65 °C O
N
Ar
Ar o up to 99% yield
O /\ up to 91% ee
Me>< P-N_ N-Ph ProSTR
Me" O (0) —
Ar Ar

L4: Ar = 4-PthH4

B 111 EO)E L F AT AR A S IR L

El JA 2000 4 Murai ¥R 25 DA o 2 B 38 B iR 1 MR E T Rh(1) 18 b 73 AR sk A8 i &
R B B F B A e, HE 2019 4, W5 AR A AL & o I A Bk ik
FVE B Rh()E b s S5 7 B A0 RO R A 510 57 B ol ve Ao o7 6 3 vk ok R i T M AL & (I
1.12). % R R BEEC AR (LE)TE A F LK, s LL 99% Y = A0 97%H) ee (1% 244 F
WrEdy, FERNFAARFHNEGRAEAE, EE—RNE, BIW 2-FERhRTFE
((Sa)1-2) 7 LA 3% fi] 2 9 AL KRz % Ak TF M AL A 41 ((Sa)1-3). 1 A 4 7T LUTE 4 F 1 B
S 1 AR AL B ALK B B R AR LR

r///f\\ AN [Rh(C2H4)ZC|]2 (55 mOl%) (//9\ A
i ! L5 (10 mol%) _ ol
TN NaO'Bu (3.0 equiv) Sl
¢ H Toluene, 60 °C | /I O
NN (0} 0 Cae -
Me>< j% p-Ph 10 89% yield
“, up to o yie
Me OPh/<I(3)h up to 97% ee
L5

CC 1

_N mCPBA
DCM, 0 °C to r.t.

Ly N

(S.)-1-2 , 96% ee (Sa)-1-3 , 95%, 95% ee
PhCHO (S2)-1-3 (10 mol%) OH
* Ph/'\/\
/\/SiCI;.} iProNEt (1 equiv), DCM
-40°C 52%, 91% ee

B 1.12 SE(1) 1 AT 2 Frak 858 57 2 SR A 2 T M Bk O 42 37

iy



WL K F 8 F ik X

[Rh(cod)ClI], (2 mol%)
L6 (4 mol%) _
Me Me

NBE-OMe (1.0 equiv)

SiHzR Toluene, 80-100 °C O L
‘ Me
@/Lpfsuz up to 82% vyield

Fe FPhz up to 96% ee

—_
L6

Bl 1.13 SE(1) 18 LA X AR BR 25 A 2 10 RORL A 2l T P R

2021 48, )1 R ALAPLE i RA() A X B MR B T — A7 & F i
N ER T R F (B 1.13). KRR = Rk BEEL IR (L6) A FIEBL IR, B X AR
C(sp®)-H i A at H A, LU 82%HY = £ fu0 96% 1T ee B & &k T & A thF I MAE F.OF &
W F LA

X [Ir(cod)Cl], (2.5 mol%)
L7 (6 mol%)
_N
NaBArF (10 mol%)
H dioxane, 60-80 °C

up to 99% yield
up to >20:1 d.r.
up to 99% ee

L7

Bl 1.14 SR(1)ME AT 2 A8 58 b 2 1 KR 2 1 B 57 A AT

2020 4, Lassaletta ¥R &1 41 P4 8 T — 51 Ir(1) 4 fh B A 3 #7005 2540 R OB (B 1.14) . R
R UAE T U230 B 22 00 R TR (LT) 4 FHE Bk, 38 13 R A & A [Ir'/Tol-SDP] 4, & & LA 99%
B, AT 20:1 89 dr {57 99%H) ee ER 2 A W FH BN A

12212 FlEeBENT IR AR E AR T 8 F1£

AH T8 B A F M B AR B (B AL A X AR B st vE R X, BB A FIEm & B # A
BEAT A AR BR SR v 1 RORL ] DA AR AR R RO, AT R v RO F AR
AR FEEEF TEF Co XA F HE[Cp R 42 1177 18 (B A Xt # 3k S 4% B & b K
P51, 2 2014 4, 7 RAE ORI T FHE A LR (Rh-1) 02t i 71 38 700 2616 R B
(2520 5 /& LL 99% ¥y 7= 5 fu 86% YT ee H1F Bl fn F L6 4(H 1.15). ka5, ZRAAEA

10



% #ib

ETERERENTFUARR -FRAGC)BERZFHEFE, ST EE BRI F 4
T DAE T A e B R 2 B A B TR T (A4 (B 1.15, Rh-2 vs Rh-1)P,

&3 T F M SCp & 42 % KR *¢ Btk 1 F M RN R 7, 5 5 77 R B4V 2020 44
# 7 F % SCpRh(111)(Rh-2)## %/réiﬁﬁﬁ(A-l)éﬂé\fé{té@ C-H/C-H & 1% %% K 5L (B 1.16).
FEFERERNAWTUE S BT AR AT EEANEIRR AL, &5 L 99%HY =
A1 99% Y ee 1B 47 2 A8 Bz 9 % F 14 7~ 11

Rh-1:77%, 80% ee Rh-1: 84%, 78% ee
Rh-2: 56%, 92% ee Rh-2: 67%, 88% ee

‘ Rh-1: 57%, 82% ee Rh-1: 41%, 72% ee
Rh-1 (5 mol%) Rh-2 (5 mol%) ] Rh-2: 56%, 96%ee ... Rh-2:37%, 92% 68 ...
(BzO); (5 mol%) (BzO); (5 mol%) ! PhB(OH), (2.0 equiv) o
Cu(OAc), (20 moll%) Cu(OAc), (20 mol_%) E 0 [Rh(C4H4),Cll, (5 mol%)
Ag,CO;3 (1.0 equiv) Ag2CO3 (1.0 equiv) ' (S)-1-2b (99% ee) (11 mol%)
MeOH, 80 °C MeOH, 25 °C ' K3PO4 (25 molo/o)
up to 99% yield up to 96% yield H,0 (0.75 equiv) Ph
up to 86% ee up to 96% ee E MeOH. 40 °C 77%, 68% ee

Bl 1.15 SE(NI)1E 16 X A B S5 A A R A 22 M B 7

AT
1

AL ~N

noY

H B —»

S y  Rh-2(5mol%)
Irf” X A-1 (20 mol%)
SN AgF (3.0 equiv)

DMF, Ar, 60 °C
up to 99% yleld
up to 99% ee

Bl 1.16 SE(NI)ME 1A X AR B A58 57 A AL KR AR 22 F M BT

Rh-2

12213 FHEHES 5T ANER D E A EF T b F 1

R T ZZ—AFRMHEENRANF mE, STETRELESENRARE-RA
AL 52 — F0 R 36 B T BR T L6 A el 77 0, 2013 48, Colobert iR A4 & K 4R
BT FHTRNS E LRI R R R A RS R R, EF TR EERT,
R AR BT — # 5% 4 X B AR 18 3 15 09 o F M B OF (Lo (B 1.17a), IR, 333 3 ML By

11
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AR, ZRAHZH A AAFHER LD ZFHE
2018 “F, Z IR K oK wE R R T Ao e AR B A
et A 2 7 A T 1 e e B R (B 1.17d)[281,

C) [2 6c]

fa Sk A, A R R I BRI AR

4

up to 87% yield
up to 50:1 d.r.

T O
O R3SOpTol

e QO

up to 73% yield
up to >98:2 d.r.

p -Tol

Z>R
Pd( OAC)Z (10 mol%)
AgOAc (6.0 equiv)
DCE, 80 °C

d)
fj'
Pd(TFA), (10-30 mol%)

IPr-HCI (20-60 mol%)
Ag,CO3 (2.1-2.3 equiv)

.&hﬁl\’

/7
S ~p-Tol |

g8

7 iy oty e TS A 7T DL

1 AL B 1A AR 4F X B pR 18 44 (B 1.17D,

g AT EMRLF, LHT H
T—RFH

b)Pd(OAc)2 (10 mol%)
(NH4)2S,04 (2.0 equiv) 0

H,0 (2.0 equiv) S~
AcO l

p-Tol
AcOH/HFIP, 25 °C
up to 96% yield

up to >98:2 d.r.

c)
Pd(OAC), (5 mol%)
NIS (1.3 equiv)
ACOH/HFIP, 25 °C I

2N
40

up to 98% yield
up to >98:2 d.r.

AgTFA (1.0 equiv)
4 AMS, HFIP, 80 °C

/=/Fi
OMen(-)

Z R

Pd(OAc), (10 mol%)
Ac-Gly-OH (20 mol%)
Cu(OAc), (20 mol%)

R™X

Ag,CO3 (1.0 equiv)
CF3;CH,0H, 100 °C

R
O OMen(-

up to 73% yield

up to >95:5d.r.
AcO 0. .ph | o

(NS ,\Ph \{Bu
R R
OMen(-) Ph

54% yield, >95:5 d.r. 56% yield, >95:5 d.r.

A E B B R AL

A
OMen(-)
46% vyield, >95:5 d.r.

Bl 1.17 SPAEAL e X Bt B4

2015 47, A7 AR IR AL AN R B F o A IR EE E N RORL e S K, SEHLT AR
Bk BB AR AR AL, R AR T — AP 4 H WA %M F 57 a4 (B
1.17e). A4, ZFUHRETHE LT UREHN T AR RARCHANL, HRBE
R L

BAFUHHENER T URTHEIA S FEFRT UM BRAEE TS K, B
R EEFETRTIANNF L BN FHEE, FH S WA H & E 5 2 5512 5w
EERNA. £eRRAALIT G R E T EHABRSS W RS R —A, 25,

MR, S RAA A R Z R, BT — R ARk AR BT BT B9 T RS AR A 2 [

X

12
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27028]

ttn e 2017 £, ZRAAA F FHHZABRIE RN
(1-5) % R e, #

T Bl T B O AR B E R A 4 (B 1.18a)M%%,

VEAE SR, SEILT AT R A 4 1 Y AR

A A AL (B 1.18b)12800

FE A0 1.18d) P05 Jig 2 A6 R (R 1.18e)%%,

up to 98% yield

CHO
R

up to 99% ee

I CHO
8

a) ~OR

Pd(OAc), (10 mol%)
L-tert-Leucine (20 mol%)

BQ (10 mol%)
HFIP/HOAGC
0,, 60 °C

R
)\/OAC

Pd(OAc), (10 mol%)

_ L-tert-Leucine (20 mol%)

BQ (1.0 equiv)

I CHO

b)

Br———SiR;

Pd(OAc), (10 mol%)
L-tert-Leucine (20 mol%)

AgTFA (2.0 equiv)
KH,POy4 (2.0 equiv)
HOAc, N, 60 °C

o K

Pd(OAc), (10 mol%)
L-tert-Leucine (20 mol%)

AdCH,CO,H (2.5 equiv)

WAFUHEE, BIEBALY
AN B A RE A R AT — R 5 5 7= e e A L
RE 5, B — TR LA R B B R SR A A
Y& A Z AL (E 1.18c)

O CHO

SiR3
=

up to 99% yield
up to 99% ee

O CHO
OO

HFIP/HOAc "PrCO,Na (2.0 equiv)
up to 74% yield air, 60 °C TFE/HOAG up to 82% yield
up to 99% ee up to 99% ee
air, 60 °C

I CHO
She

K
Pd(OAc), (10 mol%)
R L-tert-Leucine (20 mol%)
BQ (1.0 equiv)
EtONa (2.0 equiv)

up to 99% yield

n 1
GFi |:|Pt ZOR

Pd(OAc), (10 mol%)
L-tert-Leucine (20 mol%)
LiOAc (2.0 equiv), HOAc
air, 60 °C, CCE @ 1.0 mA

CHO O

up to 71% yield

up to 99% ee H;':g%’éc up to 99% ee
B 1.18 fE(I)EABES T M AR AR E fb B AR L
7 2020 4, Ackermann R AT x40 8 b B A T 1 B9 S S AR B A M L RN AT T

— /A A PO, R AR s AL R AR B R AR B, B T DL AT B R
&R T B T A A (B 1.18f).

1222 FE-FEBBRMAEBRT #F %

o F L E RN E G AR — & BRI T H Ty i, ERRE R
FEEFEN SR ET U T RS Hl, 7272 EBHRRE T UABRAH LN FE
KRR, EEEMMART mFEAEm. EEEIIARX — R0 THE T DI,
i BE T H ERATREAFCENRAREEFERRENR NIRE, X A FHNFE
FAER G T RAB A
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ltami iR AL AE 2012 4 438 T S8 A 2R AL A B T XS AR A B 0T AR R R BB
AT R (B 1.19)10, KR LL TEMPO A A b7, 1 SRk ok BE 4R 4 14 B4k,
T im F LALL T2%¢9 ee (15 2| HAns FH 6. 2 EH9RT R ARS8 48 A oh vk ik 1
AT, F 1 ARl i B 4K 7] DLLL 61%6Y 7= 3 40 61989 ee (B4 5 H %F B By 4 £ 7= 471,
FE UL g R+ 38 TEMPO A A .

Me H
Me/z/j Pd(OAc),/L R OO
s, TEMPO
nPrOH Me A
70 °C
e -
R Me
B(OH),
N
7\
NS
o P o) N N
> < ~_F
): 7 \ :l" O; . \ /Fe\ N
pre N N7y ) |\~S~,7d~N ! N NN
Ls P%c0 OAc P =N
27%, 72% ee
Pd-L9 FePc
61%, 61% ee
B 1.19 4B(1) 1 {5 o o FEL B R A BR A~ x4 Bk 4 F 18] B 4 42 18 Bk
a) Pd(dba), (10 mol%)
L11 (20 mol%)
Ph,MeCCO,H (30 mol%)
Br R-~ K,COg3, mesitylene, 60 °C
H R
N . ph. P
R 1) (e}
Me>< P—NMe,
Me Ke)
Oph/<ph up to 96% yield
up to 96% ee
L1
b) 7> Pd(dba), (10 mol%)
. L12 (20 mol%) R
T R’ PivOH (30 mol%) o
Br Cs,CO; (1.5 equiv) ol 1
. MeCN, 80 °C ~ R
\ (1 G
R? -
> N=X
".‘&Rs POPh,
N=y PPh, up to 97% yield
‘O up to 95% ee
L12

14
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ZJG, Cramer iRALHBNGE A F B IG&, HRARE T ELEUT SRR EARS T AR
41 <F 18] B 77 A RRE K e AR 4G B A T M B o7 - (B 1.20) . 42 4 F R EY SR, Cramer
RAFTAARRERZERERY, o UEIHFE~H L £ MR B, s
FIEE R, (EF R TF 0 RS Z T A R RN T 4 ] e K B,

Pd(TFA), (10 mol%)
a) L13 (11 mol%)

NBE (2.0 equiv) ,
I - K,CO3 (3.0 equiv) R cHo
MeCN, 60 °C
= + c1” oBz * CHO
o
NMGQ

up to 90% vyield

OO Ripr up to 98:2 e.r.
L13 i;\ ~tBu

tBu

Pd(OAc), (10 mol%)
N2 (25 or 50 mol%)

” (A7)
' Br K,CO3 (2.5 equiv) R Me
G 77 ey R T L
Lb/COZMe Lb/coza i _CO,iPr @

AV Gt o NDE EEO i VN3¢ 450 i up to 96% yield
(+)-N1*, 52% yield  (+)-N2*, 55% yield (+)-N3*, 45% yield

up to 99% ee
95% ee 96% ee 94% ee
e
CO,Me CO5H
)-N4*, 14% yield (+)-N5%, 6% yield )-N6*, 4% yield
86% ee 29% ee (in DMF) 23% ee (in DMF)

Pd(OAc)z (10 mol%)
2 (50 mol%)

H BF3K K2C03 (2.5 equiv)
R + .+ R* 4 AMS, THF, 110 °C
| RS R?
Br Lb/cozlzt

) up to 91% yield
(+)-N2*, 99% ee up to >20:1 d.r.
up to 99% ee

Bl 1.21 SE/1 v bt 48 AU T 20 ARk A5 57 & L RO

SEIWE vk i P TEL A By Catellani JOR e] DL 5 SE 3 57 2 o X 4 40 (o A J8] {2 B B ik
#HR, GHE R, RELFINFIANSHEARTUE LA EERNRAREL, £
— M E R AR IR A G E LA A R LBk e A B R AR S A SR R R T A A

15
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Tt A Catellani JRRE ¥ AT 4 54 4 F 0 Bk 57 B9 T(F (B 1.21)1%, 2018 4, Jidk 4R A4 & o4&
iR Y ¥ 3T Catellani KR %t Bk 55 4 T 1 04T 7 #oA 22 (B 1.210)13%, &3 18 F 14 B T
R (L13), i — /MRS Suzuki (& FR R R E A Catellani R B4 L&, &R T — &7
F MR AN . BARNIRS BT IRG], = oo Bk s S 5 01 2
HEM, ERX K5 TN EEA A Catellani R 2 FHERE T £,

Z J5, 1 2020 4, JB TR AE IR AR LE 1SN | 4R M M UK R 0 e 1R 4 AL 3R R S B A
FrHy Catellani J 5 A4 5 Bk 77 1 L& (B 1.21b). & F MK T E(N2YEER T, K
NMN—Tr iR A BEN T BB~ & T T H, 2554 ERAMNATEREN,
FEEHNNBETHFUEAEGY. FUHRKAFFNERAANERT KA R 6T E .
e 2021 4, R AN RO B 4 b IR AR S R — AT LR B R, BT R A
WY RORL SR, AEXTBRRE A R T — R 1,2- Ik L4 (B 1.21c¢).

R2
Rh-3 (5 mol%) O H
(BzO), (5 mol%) 1 N.
rt, dloxane R OMe
0
H
CO,Me 4-Br-CgHy @O
RI COZMe COQMe
X L 4-F-CeHs up to 93% yield

Rh-3 up to 91% ee

Rh-4 (5 mol%)
(BzO), (7.5 mol%)

17 C dioxane
4-F-CgHy
EWG

CO,Me

X \¢ 4-Br-CeHs up to 96% yield
Rh-4 up to 94% ee

Rh-5 (2.5 mol%)

Cc
) O@ N, AgNO; (20 mol%) O@
-20 °C, DCE
| + O LN
OH
N
g OO, e o9
O Me

o™ | | Me up to 99% yield
Rh up to 97% ee
(LT e

B’ 1.22 (N8 1L #rme 48 7 24k R

2017 45, Waldmann & £ 41B4FF % 7 %7 & 8 F 1 [JasCpRh'"' & 145 (Rh-3) A T & F Bt

16
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P JEE A9 B AT 60 A~ % AR Bk A 4 VE R BT (] 1.228). = FHEBAFER T, X FEBLEES T
UEERERMENEMR L, B HEBEMAETE-FEHE, &Kol 93%R 7= F 1 91%H ee
A R F IR FT A, BT R AR (Rh-4)4 5] DU 2 & T 70 4 20 00 5 e B 5
(& 1.22b)B4],

2021 4, A A RAAPVA B AR FE BN FEINR ZF £ % 8 44 (Rh-5) A A
Fl, SHLT IR I vE R A A o B Bk A B AL RO R A e T ER T A (B 1.22¢).
BREAERAREARNER T FHE FEDH AR ABNTHE N LR, LI F Y
2,

Ir 1 (3 mol%)

2 (15 mol%)
AngF6 (12 mol%)
15 °C, dioxane OOH
/
P
“ OMe tBu,, _CO,H O \Ar

( R
O’? up to 96% yield
! up to >20:1 d.r.
O‘ |/Irp{;‘ﬂ up to 99% ee

Ir-2 (5 mol%)
AgNTf, (30 mol%)

b) H X R3
R'O Me o} Cu(CO,CF3)°H,0 (1.1 equiv)_
por Me><: B AgF (2.2 equiv)
v o 45 °C, PhCF,

OR
X=0o0rNOR OO up to 88% yield
Y =0 or CH, 0 up to 95% ee

¢ @ R =

99 '
| \(\Me
or ! NM
Ir-2

B 1.23 (1)1 b 2 A &4 77 40 ROR

2018 4=, Cramer iR #2141 560 3 F 4R (Ir-1) 18 1, LI T BA S min T fhe 887
H AR BT A S F BT A . EF R (AR AT, KR FT LLLL & & 96%HY
FEE, KT 20:1 By dr {8 99%#Y ee & [F] B A 22 b T Ao i o0 F 4 F 42 (E 1.230).

2021 4, Cramer RAAPNE AW BREHREATENEANBRRAAN, EF 8
Cplr(l)(Ir-2) AT, EIT a- A FRERAT £ 47 80 T X Fr sk A58 57 24 R (B 1.23b). K
B AT DAL 5% B 88%HY = fn 95%¢N ee R 5| — RV F I F A,
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1223 BREFEFNHAMBRRT HF K

3 A AR IR R R T A R A PR R R R — AR R I R R B BB S ER T T
VERHY 77 ik o X 77 T TAF £ BRI Rh(HNME ALY A XA B SR B o ] B 8 3 %
MEHFHRL, RINRABFUENFERTFEANHRIE, MARHMHELIE,

2019 4, 22X IR AR E ] 0 42 18 LA (Rh-6) 2 3L T 1 %4 Br s & V8 LR AL R
RL(E 1.24a), KR ET —MRBEHEATFNTEHERHT ER, 4R T —R7IRKEE
B & BB 2,37 -BRE LA

a) ; Rh-6 (5 mol%)
R AgOAc (20 mol%) R' R3
A\ PivOH (2.0 equiv) _SO,R?
H 30 °C, MeOH, air @ N\ /N
N\ G OMe N
e .
N O
@ o=, up to 98% yield
R20,SHN OO RI up to 97% ee
OoMe! 2
Rh-6
» o Rh-4(10mol%) o
(PhCO,), (10 mol%)
N© CsOAc (1.0 equiv)
H CICH,CH,OH/DCE
H 0°C
I 4-F-CgH,
@/Pcozm
R'h NMe
4-Br-CgH o vi
S ) 64 up to 95% yield
O@ N\ = Rh-4 up to 93% ee
_________ e
c) oPiy Rh-7 (3 mol%) ©
N AgOAc (30 mol%)
H PIVOH (2.0 equiv) @ NH
H MeOH, 0 °C a
+ R OTIPS

CO "
| . 1
@ O R? o) | up to 95% yield
OCI Rh™ up to 99% ee
I/
OTIPS Nﬁ;

Rh-7

Bl 1.24 SE(NI)ME 1A X AR B S5 vE b 5 B8 B 1 Ak R RL

4-75 R vE B F LA R — K AH R EYEEHITFE A, ik Waldmannl®]
TR FHEER-YEXT AR FRRABEBUHR U RT — F 5 4-77 2 7 2 i B

iy
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& #1(E 1.24b). Mo )5, £ 2020 £, X ARIR AR A [ A o 7 2 g S g IR 1L S e 5
AT FHERRN-TVEAR o T EEEK KA 4-77 & F v ok B 4 F £ L 247 (B 1.24¢0). B
BREGE, KM DR M Z AR &5 i T RN BUR 2 8 K F B R A .

Rh-8 (4 mol%) O NR2
0. /NR2 AgOTf (16 mol%) P,-,,

P AgOAc (2.5 equiv) R

CyCOOH (2.0 equiv) Rr

60 °C, DCE OO
NS¢ ¢ ‘
Ar
O 1-4

up to 80% yield

OO 9 R|h,C| up to >19:1 d.r.
cl- up to 96% ee
OMe P‘\PI:N T

Rh-8
_ Ph _
2y Ph R2N_|
R N\P/\o p;O
=0 gpx
Rh’
X — ————— Ph
H
PR " Ph™ "Rhxcp*

D
B 1.25 S(IN)EAHEB RS N0 F - F E LRI R AR EMAR T

2021 4, FAARAAPNG R AT T #—H AT &£, B RN T EBR B AR
EAE ABERAR], B ELTRA R D E WAL, RN [ B~ & 0 F
MR BR T B F (B 1.25), RN FHZEAARN)EATELAIET CMD HE
M AREUEEREGZG N — 40 THREERFIEF B AYMH B, ZEWtt B L2t RMAHL
EREEMMC, Uit CHERALE —RRARENEXF KD, IHELFET BFQ
FH. ZEFERERDBHEA—2TARGE, ZLRHKRITE £ RHETFENT 1-4,

1.3 HMFHEEFTENRE
1.3.1 BFHFEFTZEHN
EREANEEREERE S, FE—EWURYBFUEELZ RN E 4, ikt

FETFAMBRRERZE, SBFHFEAL, BRI T H LM RENIEEFRMIR
il T BT G A A N R R(E 1.26), BN EFHAEMARNEZL KT,
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WL A 28 4 F A8

W FWHEETIEN AR R AT RT #F A1 7ml 12l

f aromatic . ' R4, ! cycliclacyclic
' rings ! ' 5 1 alkenes

. ! R Challenges:
|<::| TN N R e a) low rotational

N “Ray barrier

S P b) weak configurational
T stability
axially chiral biaryls axially chiral styrenes
(well developed) (under developed)

Bl 1.26 % F 44 % 2 07 12 09 & sk

1.3.2 BhF U mEF RN LA R

1930 4, Maxwell o Adamsl*?2 3% xf — 46 3K 7 1 8L AL 641 (1-5 — 1-7) ¥ AT 2F B4R B9 3
o, BIBEREE o-f1 B R AR FHIK N M A LR T R DL A RS B o ([
1.278), ZJa, Mills 72 Dazaley“P) & f& 7 — % 75 % = ¥ Haufh 4 7 7(1-8), H R I HHF o
Y =t Rlk, o, mRE46% 18 FAT Z HAEN—NFERRLEAET,
A1 (1-9) % A~ B A 4% 4 B e R A

a) - CO,H CO,H CO,H
R* 3 H P Me H~ %
R o Me
R R
Me NO, NH,
Me
1-5
COZH
Me Me al
. - . = =
iPr ZMe iPr - ;_r' y Me Me
+ — e
NMe3 NMe3 D
| |
Me
1-9 1-10 1 11
Ph
OM
N
MeO Base MeO Electrophile
OEt Et| 7/
OEt OEt
1-12 93% ee INT-1 1-13, E = Mel
48%, 66% ee
. Ph
Control experiment: OMe
MeO™ ™

Standard conditions OEt
112 (93% ee) — = 1-13 (48%, 66% ee) * OO
OFEt

1-14 (15%, 65% ee)

B’ 127 H#EFUHERLIENEHFAR
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Y&, Miller 72 Adams & f& 7 — E A ML E iw# 5 9 K L IR R A 41(1-10), 3 2
MHFTSREM R AT FEMQRE FHEEMST #0055, EE%
KA MFAEER TN, A4 1-10 7 LUIRF] 89 2847 J5 52 iR R R BL 1% 2L
A4 1-11.

1991 48, Fuji 18 27 42 120 % 3 2t 31k o 25 L B (1-12) #E 4T o (0 B9 SE s BUR RO B, RORE
[ LLA% B AR RL R AL PR 4 (1-13) Fr 20 B B 4 b 0 7 R (1-14) . R A T — AT
B E B & ER(INT-1), EFFEEN SRR, &4 7 #FWiEE7Z(E 1.27b).

a Baker's approach

\©\ 20 |ndenyl||th|um
Soa

1-15,R" = (1R)-menthyl = (1R)-menthyl |_AH 1 163 R= COZR 1 16b R = COZR AG 357 = 106 kJ/mol
b Miyano and Hattori's approach R CH,OH ent R= CHZOH AG 353 =112 kJ/mol
MgBr
b(OTf)3, THF, r.t.
ome PO THE _(CFsC0)0 OMe
CH,Cl,, rt.
117 1 19
¢ Suzuki's approach
OMOM OMOM
| Pd(PPh3),
SnBry, tol
+ O A~ KsPOa, DME/H,0 oTBDPS _ —'or2 fouene
S OTBS : MOMO
MOMO i Tol then tBuPh,SiCl o a/b = 25:75
B-0 p-1o imidazole, DMF N OTBS
HO B-Tol
1-21
1-20 38:62d.r.
inseperable
L OMOM OMOM
OTBDPS NaH, BnBr
BnO DMF H-o OTBDPS , OTBDPS
O\ NS « \\ -~ 000000
~S OTBS Ox AN -Tol /,
i S oTBS piolne "o1BS
p-Tol i Il
p-Tol (o]
1-23 90%, >99% ee, >99:1 d.r. 1-22b 1-22a

steps

OH
TAN-1085

Bl 1.28 #hF M £ 7 B0y F 4 6 AR
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A xt BR A R T M R ) F AL B 1996 4 o+ 4% Baker it . Baker iR A7 41 13aF|
FF T RAE A F A, ﬁ##@ﬁ%%%%%%ﬁ%%Am%%%wﬁﬁ%%l
1.28a), FHFETHAAGWA-15) 8 5B RANL £ KM, ZEET 13-Q1F#H & &k — b
F VAT BE R A 1R (1-16a, 1-16b). 1% % B 7 A 4R FT LUGE 1 F 4 HPLC #4745 .

7 2001 4, Miyano £z Hattoril*3Plig i 7 38 3T a- F 2 BUR 8 F M IR ER AL A4 (1-17) Fo s
KR EIT 1,2-00 R KRk A R F M 0 BB (1-18). 25 P24 ¥ LAST AR & — M 3t B K A
& TF AL A4 1-19( 1.28b).

2009 4, Suzuki ¥R AL AT 3 ot B pR i 30 A R T R AR 0T IR Y SR s A o R R T
#4 & TAN-1085 #94 & &+ (B 1.28c). KA LL&7H F M T o4 A 0y i 2t 1-21 Fnafi R
Bg 1-20 4 Bk, &% & £ Suzuki-Miyaura (BB R 7, BRI R EMERE ZFFE
Ak — 5t HERTBE A 4R 1-22a A 1-22b, 1-22b A UG HRAEEZN AR E, BEH#T—F
FEAMERE—WHFUTY 1-23. HELT— R 70t 7 DU B (ki 804 2 A R
TAN-1085.

133 #FHET BN ELAI AR

a) Transition Metal-Catalyzed b) Desymmetrizations/Kinetic resolution
N Cross-Coupling Reactions !
-7T~p3 ~ ' .
.r2 R R N-alkylation T R4 [C-H functionalization
R%th R2 ' \ iy
metal/L* R*: RLA RS -~
+ —_— 1
s 2R 1 2
~ _R! :/\ , R R
5 ‘ S E /
Bop- [C-H functionalization]
1 (N-acylation

c) Organocatalyzed Nucleophilic Addition

chiral RPN Nu

”” "CHO -
chlral base ‘/ Brﬂnsted acid XH

Bl 1.29 % 3 2 57 B9 18 0T X0 AR B SR

HFUREFENFHFREEZFAMF LSO F UL TN R, #ITFQ
F AT 2 B A M T vk ok L T B R T AT AR B (B 1.28). T AT X AR A Ak
HEFUEREFTEEREE A EANEN . HRITFR, BEZNRATTRT W27 &
FHERAEMDHRE KT A A R F LT ET UREAUT
JUK(E 1.29): 1) i &8 8 W A3 FR 0 AR Br OB Bt 2 07 2 - 02 F M s 2) &Y

22



F—F 4

EFENFTHMNKLERD AT ENRNURN A FF o R ERHTFE; 3) BitH
WU/ G- F AT AR 7 B SR 6 7 & B & 5F 77 A F M

1331 FHHRXXEHRR LA EHFEEETE

R3 R?

Br 9 Pd OAc), (10 mol%)  R2 O‘ Me o
+ R2 L14 20 mol%) P N
Ar tBuOLl (2.5 equw) u Me [¢] /<O
R 1,4- d|oxane 50 °C Ar
R’ OO Ar L14 Ar = 4-FCgH,

1-25
1-26

up to 99% yield
up to 97% ee

Pd(0)L 1-24a
1’2\

O‘ PdBrL*,
tBuOL|

P\’ Ph

1 -26a

PhPh INT-2
INT-4
M (ggpd e
insertion H
“Ph N
Ph
INT-3
b 5 .
Br (ﬁ NNHTs Pdg/;c()fo(m TZ/O)I%) Q o o o
~, mol7 n
] OO SIOR * Cé fBuOLi (3.0 equiv) P or P> <P
n 1,4-dioxane, 50 °C OR - i
OMe (Bu Bu OMe
1-28 1-29
127 n=1,2 up to 80% yield

up to 92% ee

2N
\ “OFEt “OE ~OE
OEt (5Et t é)Et t

1 29a 1 29b 1 -29¢ 1 -29d
80%, 92% ee 65%, 88% ee 62%, 86% ee 66%, racemic

Bl 1.30 SEMEM T & m R E FERRKR AR e kL FHRLE

G B 1B AL XS R 28 AR BR RN A B v AR AN 0 R 7 8 T I A g vk . 2016 47,
TR RAAMRNR T HH A F R A R TR £ T En % (B 1.30a). KR
7 AR R 1-24 fu R R R4K 1-25 A Rhe R, 2B ER 5240 Taddol 4T A o9 F 1 T Bt ik FiT
L4 ER T, T LLLLERE 99%EN = 3 f1 97%HY ee (A 15 5| — R 7| 7 2 304 & 1 Mt
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A 1-26. RN EILE RIFNERAZA K, NERAXRHARNTEES T UTTE:
B REAA S 0 RFE R K £ A B R £ AR INT-2, 25 = fl R £ 5 T i
—aTAA, BHEMEMMN INT-2 K& & —MEFEWIF INT-3, 8844 FESHRE
SRRSO E R B F R R B A A INT-4, &5 INT-4 338 f-H W% KR 75 2| %t 57 Y
HF A I NAIE

2016 4, Senanayake ¥R & 41 P13 38 T | ] ] BE B SR B AL HE M R O B R T4 B R H AR
7% (B 1.30b). fE#(F — k7 Bk BR B 1-27 4 R4, FREW A 1-28 A FERTIK, BEBRE
AEAH, EFEREERAE LIS R TURFHFEMFRERE KT — 2217 £ %
V&S F AT SN TTIM A I TT I B I JE A F 1 77 41 (1-29a, 1-29b, 1-29¢)39 7T DL LAAR 7
HERGR, R YFHFEEY AR L uIha, H == ¥k (1-29d).

a R1
B [Pd(acac),] (5 mol%) ‘
5 acac),] (5 mol%
" 0+ R OR L16 (7.5 mol%) Mez 0
€ KOH, DCE/H,0, 65 °C R OR
! k ®
1-31 R3

1-30 _ 1-32
B = B(OH), or B(pin) up to 99% yield
up to 95% ee

0 [Pd(acac),] (5 mol%)

b
L17 (10 mol%) R
_PT + OO K,CO3 (2.0 equiv) o] (‘) 0
OR Toluene, 70 °C

1-33 |
0 N O 1-34
</I | up to 87% yield
—N N 61-99% ee
Ph L17 Ph

& 1.31 Suzuki-Miyaura 38 X A& Bk &Rz A4 2 F 1 M 2 7 )%

2017 4, Jdk AR AR TR TIHBAMN A 1-30 I AR A A 1831 £ 1
XK Suzuki 18 Bk A & 5T R A R B9 8 K T/E (B 1.31a). R R F 1% — Kk L& L16
B 1E B T T A DL 5% 787 99%#Y 7= Frn 95%H ee 18 1% 5| 4 F 14 b A4 1-32. Y14, Ramasastry
%A T = F SR B BN BEZ R4 1-33 A AR 22 18] B9 T AR Suzuki 18 8K R M
(B 1.31b)*%), 7 5 7 F 4 PyBox Fifk L17 B9 A T, ¥ LLLLF & 87%HY 7= % Fr 61%3%|
99%H] ee 17 5| — R 7| & H JTREM & 2 A Wy I 2 57 2 Sk 1 = 47 (1-34). 5 Z 70 Gu IRA
AR E IR EE-F G TR RAL, FETRAFREENNERRILEZ, fiFH
MEMEEEL, FIZ A HABE R F 4R G E,
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2021 4F, A RIR AL A VO R o ST AL T el v o B (R 4 B AR B AL IR R T IR R
V& 1-35 Fn = . F IR B BUN B IR M R 1-36 2 18] B A X AR T R A8 A ER R (B 1.32). K
R F] LLLL 5 B 92%8N 7= 2 40 95% Y ee B & ik — R P & Z KA AL 0 b TR E T &
F= 4 1-37 ¥ LA 3t 8 g — 5 1 R R R A B AR B B T B R BT AR

OoTf CoBr, (10 mol%) OO
+ L18 (15 mol%) P(O)Ph, 7\ 0
P(O)Ph, R, Mn (3.0 equiv) \ j
DMF, 25 °C R O‘ =N N,

1-37
up to 92% yield
up to 95% ee

Bl 1.32 & 18 {3 R 2 AR AR OB & i B 1 I A 57 2

[Ir(cod)CI],/L19
TBD, DBU

Toluene, 30-35 °C

AASI
OCOQMe

1-38

1-36

Siisen
Yorde i

- OH P-N
M (6] >"'Me

X-Me PH

L19

1-39
>40 examples
up to 88% yield
up to 99% ee

Bl 1.33 & BRER T X AR08 1 FOms AR B 0 F 1 M 2 7

T, — AR TP B T A 1 B BB BT X AR 7 U R A b RO AR B R T T X
W=7 e F i A e A op IV, T SR B G R T AR KR B 1-38 0 AR 4R K, R4
B A FHEEAR L19 BRI T, BIEEZESIETEREMREL, 7T R E-F G
A XABTR, AR TR TR INT-5, BEL4ESE5WIEEFMAR K FHEE
WE| ORI L, R R AT A% A T IR s 64 1-39(H 1.33),

1332 EXHMMF A FFSMERFHRFETZ

MHTERAMNFHENELF RIS, AR EAHRURI A F o7 A2 —
MRTEFEMEBRETFREFEET RN Tk ZRETEAGELBEUN TSR KRE
55 REE b R A A AL/ F B 3 1 F R 0 KR

25



WL A 28 4 F A8

13321 TE4S BB AT AR E 8 R A T s £ B

WEK, TEEBEMH TR EBENR RN — SRR EFEFENERTF
B,z AT ELFES FHEFE, 534 B &M R o 25808 A B
FHWBEEMN, mFEEEFENT SR ELZF RS E R, ELEBEREARERE
R B #e S M G| N — AL R B, AT PEL85 57 -0 IR i 19 B oy 4 o R 7= AR 4 1

ETHENROHEREM, 2018 £, HRASCRAMAMIRE T —FI2 7 K TE S @8
T Ak A s B AR (B 1.34). RS R BEBR AP A AR, BAR A ER L20 4 F i
WAk, 2-7 B3O E-2-B 7B 1-40 4 RN R4, W LALUE oo xf B ik b #1524 F
V37 Z W B A 1-41, 1F 4 e Bt 5 1o 1 R B G kT LAAE 3 BR 1R BT ARORURI A Bk o AL B4
1-41a ¥ A 3T 5 Z R A G RE SORL A Ak T4 B EC AR 1-42, 72 5848 L oy 1 2 A1 0% 77 2 BUR
SR H DL 60%#Y 7= 2 o 37%H ee 15 2\ 4 77 £ BUR &= 47 1-43,

R \N/OMe

Pd(OAc), (10 mol%) R ‘ Ny OMe
R? H R L20 (20 mol%) R? SR P
O AgOAc, MeOH, 40 °C O 4
Ac—NH OH
L20
1-40 1-41

24 examples
up to 88% yield
up to 99% ee

Mé \N/OMe Me ’ \N/OMe : OAc MeOZC\_/COZMe
' g, [Pd(allyl)Cl], (2 mol%) :

OH x_CO,Et Ph,PO x_CO,Et | yCllz

251 phopcl M2 2 P Ph 442 (5 mol%), BSA  Ph™ % ph
EtsN, THF * CsOAc, Toluene
1-43
' S
24 e1x:r1na les 1-42 Me0aC™COaMe 00%, 37% ee
amp 52%, 97% ee
96% ee

Bl 1.34 484210 fTBE 5 1o A % AR B S8 2 10 ORI A 22 1 1 0 2 7 )2

T EMR N FEARTEETRER, A N ITHA RSN L T T3
W BT R B O RS W R AT A AR BN A R 2 o [ A T A AR A R A M
W e B R E A B R BT . 2020 4R, A IRATAVIA R Fm A AR, LI T
LEATER AR HFEEUREL, RAe R T — R FREROFEEAGY 1-45(H
1.35), R MAAH RIF R E R A M, & e Rk L 95%Hy = £ fr 9%k ee (B 1% B4 F it
P PR el DL i — 35 @ A5 BIAR X R B S T AR BR B, P A TR AR AL T T AR
C(sp*)—H Bt e fb KRz o
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7] B A TR AL O T % 1o T AR B S TE LB e, 2 Bl SE I T AR A AR IR
Aol AR A E B RERI R B R BB T AR E M Enay i F R A7 BB &
o, EMRAE DD, FIHLESBE LK TR AR E N F BN &I %%
S5 BT B B T I A T R B AT T XA B K

2021 4, FapRAMAPIEEERAREENSMER, RTAKERPHSTEAR
AF R, RIEIT AT ET XA A5 2 A7 R (B 1.36), H#Es
BT —RPIETHEET RHFUHEROARRIAR 1-45. ZRMIKES BT %R -8 T
XA AT AR BRI TR R

Pd(OAc), (10 mol%)

N CHO (BnO),PO,H (50 mol%)
L. R Co(OAc),*4H,0, BQ, O, ~__R iBu
HOAC/DMSO (10:1)
TCA-1 (30 mol%)

1-44
40 °C 28 examples TCA 1

up to 95% yield
up to 99% ee

styrene-type CCA

S H [Cp*Co(MeCN)3J[SbFe], (5 mol%) S NN COH

CCA (10 mol%), o-DCB
N N ~~ “NHCOPh iPr x_Ph
Me MS 13X, 400 °C, 24h me
Ph N~ Ph
L g=°
Ph 0 73%, 64% ee

Bl 1.35 1B A5 o SR 6 o S0 48 10 T X0 AR B GG I A b SR A T o M 0 22 57 0

ZERATRAE TV B &, K BFosb EE S APRER A ARE T UL TCA-L
BEA T A, BENTSEEREEEENR R R 6 KA 1,3-F8 — 4 2 or e b+
Ve ¥ 57 JE AL A (B 1.37). RORLF 8 o] LA LL 89%N 7= % Fn 99%HY ee 1 1% 2%k F & &= 4
1-46. BEE NG F A = e e S bl #2 o T AR OK BT Bt Hhan 64 1-46 ] IR L &
AN AER— R FHR 147, ZFHEBRT UE N FHRER LA T35 % 2- 8 A5

BRAEENR N, H&EHTH 36%8 =X Ffr9:91 1 er .
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O O R3 (0] ArBpin
Pd(OAc), Pd(OAc),
Ph™ ™ OMe Boc-L-tert-leucine Ph™ ™ OH Boc-L-tert-leucine
N R° T KOH, H,0, iProH N Ag,CO3, BQ, KHCO;
R-+ 1 atm O, R+ H,0, t-AmylOH,air
A then methylation = then methylation
0
_Me
Co e
Cp*Co(MeCN),[SbF
)\N + \ p*Co( )3[SbFgo )\ 0O
N7 o~ N CCA, tBuOK, MS 13X N
\§8 Me TFE/DCM, 10 °C, 72h N\\?
—
Me
______________________________________________________________________________________ Me ...
o) o}

iPr l SN

1-45a 1-45b 1-45¢
54%, 70:30 er 49%, 77:23 er 41%, 64:36 er

B 1.36 AR BL-F W 1 X AR BR A5 R RE 110 KR A 2 S 1 0 R T R

Pd(OAc), (15 mol%) R!

R! (BnO),PO,H (50 mol%) R3X
MnO,, BQ, O Bu
R2 cHo+ < R® 2 : N
HOAcC/DMSO (10:1) “Bu
1-46

TCA-1 (30 mol%) (@)
TCA-1
40°C 17 examples
up to 89% yield
up to 99% ee

—
O Cp*Co(MeCN)3[SbFgl, N
)/\N + /l/jN\‘F )\ (e}
7

N \ ) \ CCA, tBuOK, MS 13X N
\§8 Me TFE/DCM, 25 °C, 72h N\\2

Me
Me
M = Ph Me
P CO,nBu = CO,nBu CO,nBu
Me CO,H Me CO,H CO,H
1-47a 1-47b 1-47¢c
24%, 30:70 er 36%, 9:91 er 36%, 35:65 er

Bl 1.37 BRAT W SR A X AR B S S0 2 R R A 1 7 5 1,3- 2 0%

2P IR AR L2, JU P A B B K R T R AR AR LT AR IR B R B AL RO R A
BA 13-H IFEME TR E TR ET BN A (B 1.38), K%, fFHERT —4
Pincer 2% A gy it e B A B 4K L17, B —MNESEAevETen FHEREAZI T L
V& RBR AR B AR AL, DL e 86%HY P & fu 93%¢Y ee B 1% B4 F ML &4 1-48.
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Ar,
Ar Pd(OAc), (10 mol%)  R! = | X
R? L17 (50 mol%) C —
TsHN + 7 0 O
S ] /\g/ Na,CO3 (1.0 equiv) O NHTTRZ © </I N |
R Ethyl acetate, 30 °C 1-48 N N
Ph L17 Ph
27 examples
up to 86% yield

up to 93% ee

Bl 1.38 xR ik 3 = 0 4540 B e F AL IR A T R

1.3.3.2.2 A AN FHEACEH B 77 5 37 0 KR 2 3l T e 07
B AN T HEAAE A ARBR R A& B F N F e s ET R et T
FWHAWERFERZ —. Xy TEw ki ERfa iR mablga,

5
CO,R’ R
y 1-51 (10 mol%) N COR
R2" Y "CO.R, Cs,COj3, Toluene Rz’N Z > CO,R!
R* 5 R*
R*\
Br
1-49 1-50
>40 examples
OM up to 99% yield
€ up to 94% ee Bu
l Ph co
CO,Et 2Et CO,Et
CO,Et
Bn/N 4 COzEt 2 z COZEt 7z COzEt
~ COzEt
1-50a, 84%, 92% ee 1-50b, 76%, 84% ee 1-50c, 65%, 91% ee 1-50d, 91%, 94% ee

COE E 7 NHnPr
LDA 5 ! a)DIBAL-H, Et,0 N>
COzEt _THE | ~ COZEt b) nPrNH,, TfOH, EL,O0  Bn’ CO,Et
! |
R5 Ph : R5 = vinyl

N o o
1-52, 57%, 91% ee 1-53, ?g_g%or/" ee

B 1.39 A AR N-Jg 2 Ak RS AG 22 %k TF 1 e 2 5 18

2019 4, EIRAAPRR T —FIA N T8 AT AR N-JE AL RO R bRk A
A FUEETE, EEAA 151 WERAT, FEFERY 1-49 7 LR b £R A4 L &
FRBRRA, UAANHBN LR EERER T A FEMFREFETRL A 1-
50(E 1.39). #7EE R £ MEREY, WaEmER, FERRY. FERMIFHRA
FOR, HF DA A T4 E 4 R (1-50a-1-50d) . e Ah, OB A R B PR T LG I —
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ﬁ%ﬁ%%&&é&Aﬁﬁﬁtﬁﬂ\%W%ﬁ%%ié%A%wwiaao
2020 4, F HIR AL 4 OOV | F M sk BR 1-57 16 4 FH B A, 83X AR BUR RO R
AR U B AR B T O R K R 1-54 ST B 4 F 37 4 RO (B 1.40). 1% KR AR o DA 3E
AT B AR B M AR AR R BR R 1 B DU AR o [ TR B R T R B A kR AR e T
V& 57 A& 41(1-55, 1-56) . Z ¥ 45 BBy H T % 2K i 1-55 #HAT £ 45 4k, 7 LUIEF
A\ MFUEETEFRNTHARR. lR-Z KA. RR-—FERPRR-Z KX
AN A . XL F A A9 DU T AR AL R T B R

Kinetic
resolution
1-57 (10 mol%)
o 3 AMS,DCM

+ %O 2- hthyl
IO
RS 0 0
P\
e

2-naphthyl

axially chiral axially chiral
axially chiral thiourea thiourea-triphenylphosphine thiourea-diphenylphosphines

B 1.40 A~ xf A7 N-BE 2 Ak )R AG 22 5 T 1 e 57 15

Wi, BB APIRE T I FHERRENNTEREAR A, B —ANAAE A%
5 72 B 77 3 S X Bk A A 5 T A B 0 B T e T M ( 1.41). KON S F M ER 1-60 HE L
WA X B A B T R R 1-58 HATE A 1 F 4, AT ULLIR® 91%F =
£ 0 66-90%¢Y ee EFE| — RIVGFE T B# FH & RERERMA S 1-59.

1-60 (10 mol%) /‘ Ar
2-MeTHF/1,4-dioxane @ OO
Ar” HZN\‘ 10 °C Ar C o
OH 1
OO Meozc:Ijicone OO OH OO G OH

1-59 1-60 A1
up to 91% yield | Ar = 2,4,6-(iPr)sCeH,
66-90% ee

B 1.41 A% AR JE R Ak ROR A 2 %k -1 i A 07 18
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1.33.3 AN FRATA A R KBS F £ 505

AN TR ER L ZE - REFERZIRMFR A THRESITEK
YV 5 ] B T B e B 0TV e T B AR T v o SR W R T S A R R AR TS X AR e
FORL, A 2 1 % BRI B [B] B 5 e -2 0 a3 i o FROTTAR B8 4 T 9 A0 0 25 2L 9 DA
K E - 78 AUBRAE G X BR Aim R B FE i T A O O A AT B AT R B A G T X R e Ak
R A8 FE iy P M T VR TR R

1.3.3.3.1 A HLBAE AL A X R Am A ROR AL 2 b M e R T R

1-63 (5 mol%) Nu
LiOAc, DCM ~ "CHO
R1
1-61 Nu TIPS 54-9
Ar = 3 5 M6206H3 ({

FL L
+ 3 N
N R

/Q
| +
(i/\ R H R
INT-6 INT-7 INT 8
‘ Ac_ Ac O Ac_ Ac Ac Ac
" “CHO ~ "CHO " "CHO
E | E SO,Ph

1-62a 1-62b 1 -62c
96%, 94% ee 40%, 82% ee (Z/E = 96:4) 89%, 54% ee

Bl 142 FHREATREREFEELE

Z

2017 £, ERRAMALPNRE T & 6F PN FRAE KA E R T 2
R RYIHRIE 1-61 5 F AL BB F] 1-63 2 & £ & 7 E 47 INT-6, KH# 5k
INT-6 % 2| sEAZ R A # 7K 7= 4 F I BOF A4 INT-7, Z 5 BO% A8 (0 4% 2| 3 INT-8,
RGNS, 5 B R AW E T IE T4 1-62(8 1.42) £ R T B+ 1% £,
KL RH SRR F A L b, P~ R I — BT B9 45 R (1-62a, 1-62b).
R BRI R F AR R T, AR BRAR B B2 T & 3| 54% ee(1-62¢).
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2020 4, RERSHIRAAEPOME A — AN F AR FENEAF, BUAREKRY 1-64
KEA AR ERBRR NS FAIRM N, ERBFERTIHFETEEE 1-65(F 1.43).
FRIAAMEE ZHRER T R SRAAE 64 RGEE F K INT-9, B85 R ARE
% 6 ik INT-10, Z 5T AR B £ R F B A RBOF AT + B g4 INT-11, & /5291
i bk — 2 FBR 5 15 2| B Ar % F 12 7= 4 1-65.

; o 1-66 (10 mol%)
S NHR TMSOTf ) Me
A . _sR? CH,Cl,/CHCI4 SR
O O N NHR! @Q...s oiPr
b g

1-64 1-65, 27 examples NHTs
up to 96 yield 1-66
up to 98% ee

RoSa_
H \” — TMSOTS *+
[11 ( O/Pr N —SR2
1/ NS
F\j - NHTS
OTf 1-66 N—TMS
INT-11
Ts Me
NT ",
-TfOH o s
/ \
F:C-$-0

I +5_OiPr
O ol 2 |+ OiPr
r2 R'-N}

7 'SR2

Ph
NHR' N
O INT-10 Ts" W -oTf
INT-9

1-65 1-64

Bl 1.43 —/~& 4R T VQM F |8k F 8 & b F 1 K 0%

WHA, WK FEARE T FEE NGRS AR R R, Fl R ENAIENE
LB A o0 5 W BB A 1-67 & £ ROB A i o (A 4 A INT-12, INT-12 238 AL 7 44 1L
%2 INT-13, 25 INT-13 £ % 3| —MCGEZIR A HBR A oMM R, FEFUHNTEY
FINT-14 5 # ALk B4k INT-15, B % 2 £ 2R A KM ek, BuAs£E
BB A R R KA A 1-68(F 1.44). RN HIJRMER RS, T8
BRI R R AT R, thamek ok, w5 ok o 3K o v 45 Ay 20 8] LUAR B AR 4 0 X B pR i 8
P
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2
, 1-69 (5 mol%) RT05GA~coor?
il R?S0,H NaOAc, BQ R e
Et,0,4 AMS, rt [
~ R1 + + |
N 5 Sy
ol R°0OH, c 1-68
~ 167 N \I\II Y 27 examples
=N up to 99 yield
-t >99:1 e.r., E/Z >20:1
o] Cy
Cy
1-69
RS‘O/HP{rJr
o o o, 0 NN,
N\ )\(N + N/ \' >_§_
S . N .S
2 N R? N
selective R N\/&J
addition § H*
M . N
RS R1 AN - | @
X m; § Sser o
Sy INT-12 Sy INT-13 INT-14

INT-15

Ar = 2-methoxyphenyl

PhO,S
Ph PhO,S S/
PhO2S - ~cooar 928 coonr 22N CcooAr COOAr
OMe | N OMe N\, ~CO,Me N\~ PMB
O NBoc S

7
N
1-68a 1-68b 1-68c MeO 1-68d
91%, >99:1 e.r. 89%, 98:2 e.r. 58%, 92:8 e.r. 60%, 94:6 e.r.
E/Z >20:1 E/Z >20:1 E/Z >20:1 E/Z 5:1

Bl 144 FEEUT ARG K FIHEEE T E

1.3.3.3.2 A7 B H 45 BR At 0 A~ X8 A A i R A 2 i T MR B T 0

AT RAET AR ME N — K R AT A R Z R T AN F AR R #2018 4,
2 o R RO AT AT AW FURR -T2 Y S8R, £ L-HARH T EELT,
TR AR T S F MR TERENA (B 1.45). FEERBHZRNALET — M Fi
HYBR M A B VE M AR (VQM). RO 2-FR 5 KB 64 1-70 o, EF RS T8
BT A AR oL PR o 4R P 45 i 6 4 b B R INT-16, 2 /5 2Bk % 2 B o 141K % 20 3£ A A
M, FHENBE TG R E Y 171 F

ETHEHGERRE T EENEN NG FRARS, SELRAEXTRET — &
B JE S 1k i T AE (B 1.46)P%, 2018 4F, 534 % ALS0F) B F M5 Bk 1-75 4 A, @i
SRR R 1-73 AT AR ER AR L, —REMAT &2 AF UG ET EHF
WE RN A (B 1.46a). REHET —WER B EOE LB F B & INT-17, DA 5 e 7=
TA0R T BT AR B UL KT 2001 WYX BR AR A B AR B W S IR A T B A
BB, AL BRI AF RS, RFESET S Bk 117(1-74c).
2 5 Bl — B AL w57 L F 159 A A AR CoxE AR SUs FHE By 208 5 BG4
%y 4 (F 1.46b).
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R 1-72 (10 mol%)

e
L-proline (10 mol%) R1IY SOAr OMe
Il H3BO3, CH5CI OH H /N
OH ArSO,Na OO _ NH
|OO v
1-71 X S)\NHAr

1-70 up to 99% ee 1-72, Ar = 3,5-(CF3),C¢H
£/7 2991 : :5-(CF3),CeH3

@COZNa

5 POz N’

: activated sulfinate anion :
aN, I it ' c
N_H\\ [ ‘/\_’ l \H

......................

1-72

Bl 1.45 HAL/DN g TRAT ARG K F R ERE T

2019 4, FXE. LR 5 K% APURE T A LA RS T8 A AR Am 8RR
RMBRA LN FHT RN T IEE TR A 9B 1.46c)o JRRL VA 2-Y 5 KB 1-79 4
A, MEVLER 1-80 4 EAIRA, A 1-78 IER T, £ — A BRBOE LB P E
&, D& 96%H ee 1B, AT 20:1 By dr e AT 99:1 ¥y E/Z £ FEH1F 2| — R 7| [ & 4
Ao Akl TR TR B T R A4 1-81.
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a R!

R2
O 1-75 (10 mol%)
RS | | ArSO,H

NIS, DCM
soh

1-73

up to 98% ee

- E/Z >20:1
>20:1 d.r.
e
OMe
ANV
= | NH
Nx NHAr
0
1-74
(1S,, 2R,)-1-T4a (1S,, 2R,)-1-74b “Saﬁfa’g?éf’/a)ee ¢ e}
93%, 95% ee 90%, 92% ee 2n S0 1-75, Ar = 3,5-(CF3),CgH3
E/Z >20:1, >20:1 d.r.
E/Z >20:1,>20:1d.r.  E/Z>20:1, >20:1 d.r.
S=117
R1
b SO,R®

1-78 (10 mol%) OH OMe

©i\ OH CHCl3
Boc

= “NH

2
OH 5 ~ R |
SO,R® N
1-77 0
up to 99% ee

OMe

R2
E/Z >99:1
1-76 >20:1 d.r.
c Ar o 0]
I R? Ar ~<
+ N 1-78 (10 mol%) Z SAr
OH 0\/< CHCly HO
1 b OG |
r R
1-81
R } up to 96% ee
1-79 1-80 E/7 >99-1
>20:1d.r.

Bl 1.46 2 WEK VQMs F [F A E & £ A F T F i FHEE L&

JERA, E#ERAABLE RN KR Y BB BT Michael A & KA+ (B
1.478). R 7E 1-84 BT, 1 a-R LW AWIE N FEZIKA, XTaﬁ T o e R
AT A3 #7 Michael Am Ak, A Ak B SLARE 34 Fn g EIZ b2 0 4 3 1 % 2557 2 P-4 1-83,
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—
R!
OMe
1 3
R N SO,R H !

_1-84(20mol%) = Q R?
SO,R®~ PhCF; PhCF3 =
Re ] NH H o NHAr
NS
1 -82 27 examples (@)

up to 97% ee 1-84, Ar = 3,5-(CF3),CeH
E/Z 20:1 gee
b Ph
N—” ~ ) FaC
|| R _1-87 (10 mol%) _ NoA e H CFs
mol™
OH
=
% W
N N
1-85 1-86, 28 examples O
up to 98% ee ¢}
E/Z >20:1 187°
>20:1 d.r.

B 1.47 % VQMs ¥ [8] fk & & 4 F 4 1 £ 7 )2

2021 4, ERRKIRA AL 3 B0 A At B ot L o BR R Ak &4 1-85, AL 1-87
BIPE BT, X b2 KB R R M B AT X B R o (B 1.4Tb), DL P B B iR i
Fg e B R B LR AT 20:1 8 E/Z Hh 245 B4 M et vk bk B 45 A S T Y
Y 5 77 &AL A4 1-86.

R!
. OH | | 1-89 or 1-90 (5 mol%)
TN . XH solvent
Ik = * I . | ~
RN
R? Sy AF
R2

_ 1-88, 67 examples
XH = NHAr, NHBn, OH up to 99% yield, 99% ee

) ) ) DaWi
) o ) med_n
(0] Me N—
OH O. v [ON )\ ~7
— OH — /P\OH — /P\N Ph — /P
tBu tBu o tBu 0 ) tBu o
as ata Cmm -

EBINOL ECPA EBINOL-Phos a EBINOL-Phos b

Bl 1.48 A Xf#7 A f L% F 4 89 EBINOL

BT FHMMR A TR LU — A R oA B TR B R R TR ML AR RORL B, Tk
M2 - REFEZWRTEE, TURHFUERTROEA, BRI G REF
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WHEF R PRI ZEXRETENER.

£ 2019 4, 8 R 62 B 4 48 FF] = M4 A L (1-89 =k 1-90) 4 AL I, 2- K B A ERRA,
X EHAT AR EZ K, RIE KT ERMFHEETEFEN EBINOL &4
(W 1.48), % KR4 3 — AN Pk BB A AT A B (VQM) F 8] 45, 738 A ol 44 T DA = 8,
8 X B A 1 M DA ST 2 Y BJZ A B AR B AR AT R B B MR T R e 1(1-88). 2 Ja,
PR B K3 5| 9 EBINOL ‘B 4247 4 pk B H 52 Al 4 #9 ECPA Fn L Bt iz F L6471,
FESK BN FHATT LA

2
-2 R
S
f
H (\ /

tBu
) / a {
/ e OH 1,93 (10 mol%)
) N OH, R Toluene, rt R! O N o
R el N
N Ar Ar G HAr  Ar
N ° 1-92
e
] p?

up to 95% ee
E/Z >95:5

tBu H

b
1-95 (20 mol%) Bu )
// . NHBoc p-xylene, 15 °C N\ -SO,R
N\ OH Ar SO,R? H,O A\ oH
R! 2 R
N N R?

1 G
los (10 ,
1-93 q o 1-94
P’ upto 92:8 e.r.
O™
G

1-95, G = 9-phenanthrenyl

Bl 1.49 A 3-j 2 -2-v5| Wk I EL S 6 i 1 0 T 2

HE AUk RO FUERT MW —H, &8 LU RS a0smE7 &L
TATHEHNEE T EFRAT E R EW s, LHEELE2TWER, FHibx
HAATEAA XA R E E A R

AR R 2L 1O2PN U ) R e A R e by T 3 R SR AR A AR R BL, X I e ok o e T AL
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AT XA A A 7% (B 1.49)0 ROBLLL 3-Beewg|nk 1-91 k4, i FHK 1-93
YR B B R TF IR BR W& A8 INT-18, 2 5 F R A B & T B T, *f INT-18 3t
TEZBY, £ RBFEFES % INT-19, BEIEG — 2 FAGE %K INT-20, Z4
B TAHNBRARERTE R FZR, KA AR A8 L T 5 o 5 0 s 25

RNAEH1-92, BT REFET — Mo FARFEEFRMALE, Hx Bk E &5 4 95%
(& 1.49a).

ZJE, ANRAACCV A AR a-BERMNEY, EFHEHR 1-95 WELT,
X R 1-93 AT A M FEL R, ERT — R TFEEEE R 1-94, 5
Wt e T T R £ TR AN, EREERE R N TR R E, Eit
TP B R X 7 4 e AL R B R R e R RE 3L 2 92:8 1y er {2 (H 1.49b).

kB FAEEE A BB RE N ELAA, B TFHERABMN, X ARE RS
A FEZ R, AR T BA 5 %A 5 70 o 4 F 1% &£ 7 12 (06 4 (B 1.50)020-¢,

R
1-99 (10 mol%) 1-99 (10 mol%)
@ @ 4 A MS, Toluene ‘ ‘ 4 A MS, Toluene
-,
N
BORS SO Q I §
197 : Ho 196 OH | 198 Ar
39 examples ' N\ ! ' X ! 12 examples 1-99, Ar = 2,4,6-(iPr)3CgH,
up to 95% vyield ! R ! ' upto 92% yield
up to 95% ee H o X up to 97% ee
e .
H 5 1-103 (5 mol%) 1-103 (5 mol%)
__NR N,, DCM, 35 °C \ \ N,, DCM, 35 °C
1 N i T 2 —_—
R R* R OH
HO 777777777777777777777777777777777777
(D= X
1-101 ‘ N R4 1-100 Ny
up to 90% vyield ' NR® ' ' NR® ' up to 93% yield
Z/E >20:1, 99% ee 3 . l . Z/E >20:1,98% ee

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Bl 1.50 14 35 BR AR AU 2 AR & i w3 R 46 A B T 0 2R 7 2

2020 47, Tk HFIRAMALDLF AR 1-99 1A BRI, FEF 2R EEK 196 H R
BLIEH, "% An 4-2 A E T R KXW A FZRAR, B IRFEZ KL, 27 & &
T =R eA G %A 42 A E E R M T R A 7 B a4 (B 1.50a, 1-97 fv 1-
98). A FHAERF I FEZE, LT A HRMERE LG REH, ZwFHELE
MR R &, KA E AR SR R
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2022 4, EEIRAHZPIE R R Ak 2- KB K A4 1-100, 7EF bR IR
B 1-103 E T, 2 AME A 2-10Fn 3-CL B By 75 % 1E 4 RO B9 SE AR A, B3 A #R g
W0 R BB A R T e M 45 AR B Bl T 1 R 55 R L A4 (B 1.50b, 1-101 F7 1-102).

39



WL A 28 4 F A8

1.4 B+ XWEETE

B F B AR RIA . B T DA R A 3 BR R RE P R B A A B A A .
M, BN EKIEFEMEMEAARARABFENERL, BAZTLHHFHRE, B
ZRIAL T L FEmFEAT I ER T MF ey, EEXLET EH S R HF
T A RAIR A o BT AR R — F 5 7w A 3 A FE B 7 b M G B B 7 vk R AR R
EW. A, MFUERFUEWAZREANBFERRTN— R, REZSILEFHFLEMH
Tar, EALAMENHFEER, EERFRINNZILBFUERAARLEEE TS
ZH. RMNIAFEN MFUEASWARAATEMRANNEER. Kb XEBEEHZLEN
TR A E MR F R T e FEEET R T EHAT R AREE
& T = AT

1 R FHRAENFRER, BT m LI E TR AN 2 A%

AEMR MR BEHFERTMaW. FEAF DFT BRiItE, AT AKRTE
64 % 1 2 BI85 1 BE 7Y .

XR Pd(II )/CPA

~FG

X =S or Se
R = alkyl; FG = vinyl, allyl.

2. L L-BARRAFHRAK, BT mLIBENA T &R A5 A0

W FEAL KR KA S TT SR R AR Ry B R 7 2. JF H3E 3L DFT ZEb it A5t
W A RRT B HUEE A e R R BEAT T AT

Pd I/L*
=H

conflguratlonally labile

>\

L* = L-pGlu-OH
rotation around axis DG = 2-pyridyl
under reaction conditions FG = alkenyl, alkynyl

3. UFHEFNBET A FIHEA, BB T m LI AT AR A g
RO R R FHEREFT T REGRT — A& ZBR 1,3-Z % %M 2 T H
FHFREFENGY, WU S ERMBERFRHNFEET R W. P4
AT DU B A T A 7 8 5 F 0 B RV BUR AR, RSB AT XA A Ak KB
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Asymmetric alkenyl C—H functionalization
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Organocatalytic Enantioselective Construction of Heterocycle-Substituted Styrenes with Chiral
Atropisomerism. Org. Lett. 2020, 22, 2448. (e) Zhang, W.-X.; Song, R.; Yang, D.-S.; Lv, J.
Construction of Axially Chiral Styrenes Linking an Indole Moiety by Chiral Phosphoric Acid. J.
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F_F EEARES 1A AR B S SN A AR 7T AR ROR A R

FF LEMREET X Bk S5 A 7 R R R
BT e

21 AREE

BT FUNEY ZHFETRASTY. thiin TR F9, FEAEE
i 1 A e A A B 00 B 2 2.1). Hede vancomycin £ B T4 9T o E LR FE
HHABRERPLZATENRAES, EBOFETREAA S M BFUFRTEM 2T, FILE

7 i VR A BB T e B E — B DUSR & R R R ATE =
Natural Products OH O OH
e L0
O
HO OH
e
Cl OH |
HO- o o OMe O
H N X «NHMe  knipholone-(M)
© H OH OMe
NH
O
(3 -
HO HO

. O NH
vancomycin :
OH

Korupensamine A
Chiral Ligands and Catalysts Material

O\ //O Br
P ol
o SoH F S 'O

(0]

SIS
! PPh, ]

9 L,
BINAP BINOL CPA rotary molecular motor

B 2.1 RAFH. FEEEAELR S F e 74 5

I OH
O OH

NER, TELBEUNTANREARBE MRS FUEE R, THRES REH-RT —

FAMEED, B[R F RN LR AT E ot H A B f F AW AT AR A

RAEE T RER R, TSR, HEFNTFLT 5 BAKR TR A Ko

53



WL A 28 4 F A8

FUHEFUAEW(ZH AR TR FENLEL)(E 2.2), i Murai. 7 77 f7 Lassaletta %
RAAIL BT wlee B 4 SR L X AR B A VB R R A A TR T . B B HA
F A RAAPIRE T o AAS W R BT e SRR, A, FHTRAFF
MBRBE AN - ARFOFHEEATUER TR A EELNRARELRL.
Colobert fn#7 ¥ R IR ALA I F £ S @R B Ao A5 E f L 2R F WER
WEMAEHATT FENAR . ERETHE, FHBESHES Rl D08 6 R
TREEHZEFGRR, BRARYT BT 6 RFHHEEATERH. A 2017 F£774, £0F
ERAAEE FHBRAHES @R LA TEBAA SRR AREMEER T BT ®F,
FELz st I T A X AR A g B A AR s P B e R A R R B, e, R
HRAAE K BAARRY R B/ F SR B RL, 25 I T sohllf R 5 el s
6] B T 2 AR B AR B RE BTG R R SR A S B TR LA

DG M/L* O DG

® l H e ]Cm

Currently known Directing group:

X X X
SYEN cpp—

Bl 2.2 7T Fl & F s A i 5 F 1 B T

22 RARITRE

AL EEFAR, RINTTRIAERT EWALIIAN—ANENTHER, XU
REF A = B ERACE F e ER, L7 U#TR ML EER AR E ek Al
B, BAMFZNCERET 203 mEMKR R R FHEAHEHEFR R, BRI
WRENERMAF R —LIRF], AUAR-—FEGRNTRENER KL S H BT
YRR A A BR 4 FLEY SR BN B

FEK, MEALRHR WNRAHE R AR LG T 740 R, R EAERT
KA FIAN—NERE T, BRSEANHIEINRARE 66 H AR SRR T i F k.
TEEKRET SR ESBRF A TRNEARED, MHBHELENERT, Rl ERW
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F_F LENRMSE AN RREARERMAETE MR R FHRT

REFE-—NURAENEFMN, BEZENREFHIRAEI KRR, RESAS S BENA
o 2 T A0 RS B 2R AT o B BT BT IR B R R AR T e R AR B A E AR LR R X TR

THARB TS E@M, Bk, SELZHPEAMEKTE S NI HRR AR
EUHEBRFHTFUEFERRUTES: D TERI—NRTFEMETRAHE AW
SHTEENFHER, TUSTESBHTHARAESE; 2 RRFEARTHER
LM A/NEAE, T RIEAL M B Y B B S22 B S 9 RORL VB P f e 4 3) F3k
—NEEWFRERER, ERHERN R AWERZHHFENET. £TUERMNELEN
THfmaRBEUNERTMFUENAR, ROKRT EAGRREY FHERD, FHEX
BRER N FHEAR, EEAT AR AREE M ETEMR R ERFERE AN, &
FORL Jo 4 e 35 L 9 B ) B, PR 3 e xR AR B 3 B FT 3k 99% 71 99% ee(H 2.3). BN, DFT
Bt EINERHRANEKTET — M EW S mER, T8ET LT8R IR K 8y B
ik

Unexplored:Directing ability of chalcogenoether?  Dual directing group system ?

O XR H O DG Chaltl'e.r;ges:
_ reactivity
® .FG X=0,S, Se,Te RX H site-selectivity

O O enantioselectivity

< Pd(ll)/CPA ~FG
&3 O
O X=0,8 Se,Te ¢
FG = vinyl, allyl
up to 99% vyield
R =alkyl up to 99% ee

B 2.3 Bk 7T & 5 A TR AR L S A AL R A T B
2.3 R &AL

2.3.1 BEA RN LR

55



WL K F 8 F ik X

F 2.1 BRI AL SN )P 2 u N PR BRI R

O cat. Pd(OAc),
OMe cat. ngand OMe
Xx_CO,Bu (eq 1)
D0 s oo
2-2a
2-1a 2-3 N.R

SMe Ligand (20 mol%)

2-2a (3.0 equiv.) O
BQ (1.0 equiv.)
2-1aa

Pd(OAc), (10 mol%) O

DCE, 60 °C, 18 h

2-4
CO-5H CO-,H CO-H
NHBz NHAc NHCbz
E 2-L1, 51%, 0% ee 2-L.2,42%, 7% ee 2-L.3, 31%, 0% ee

O
(O

I o
P ~P—
o~ Pon o P~N(Me),

OH O

E 2-L4, 15%, 0% ee 2-L5, 36%, 0% ee 2-L6, 8%, 0% ee
2-L7,R =H, 38%, 17% ee;

2-L8, R = 3,5-tBu,CgH3, 24%, 23% ee;

2-L9, R =9-anthracenyl, 45%, 77% ee;
2-L10, R =1-pyrenyl, 49%, 75% ee;

2-L11, R =3,5-Ph,CgH3, 72%, 45% ee;
2-L12, R = SiPhg, 31%, 43% ee;

2-L13, R = 1-Nap, 57%, 80% ee;

2-L14, R = 2,4,6-iPr;CgH,, 34%, 91% ee;

@ R 41 2-1aa (0.05 mmol), 2-2a (0.15 mmol), Pd(OAc), (10 mol%), Ligand (20 mol%), BQ (0.1 mmol),
in DCE (0.1 M), 60 °C, 24 h.

BNEENTAARRETEMETEATHERNRAHXT T WIHRER (R 2.1,
eql), AT —NEFEBIKWET KY 2-1a EA RN ERKY, AFRIETB 2-2a
AR EMAA, BREAENA, FET TRERMKMER. RRGEETEARTHSE
BE A BE 77 A /N R T B R DAY AR S TR IR AR, AT X B4 e 4 B OB A
THEARNETHEME . 25, FATHRRR % & — A5 F B ECR BB 7 R
2-laa, ERRLEMLT, EH 2-2a AEEMNAA, KBEEHNEMA, DCE H KA EH,
£ 60 °C TR B A&, T LURA G BRI E AN 2-4. ERET BT MZ
&, BATARS A KRB FHER A, AW UL RER FLFHTT AR &
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KAVFE T TR LN FHERAGR2.1,e02), & 4 ik 2R A £ B B K (2-L1-2-L3).
BB UL FEU LR EEEmEEATY, EEELFHEFRRRIFTEML,

BRMFEE T F 4 BINOL LUK BINOL ‘B 24T & Hy 5 M 85 56 v 5 4 T 8% Bt ik B 44 (2-
L4-2-L6), 7 & 1Y A&, X LoD 72 [ (R RORL v 2 B9 [B] B JF T ae 95 15 = T . AR AT 4
£, SRAVEF FBIAEEB 2-L7 (FF T RALAE, RATHE LLLL 38%#Y 7= 2 Fu 17%H ee £
NBEFEAAFEENTY 2-4, ZWERNTE, RINBEAFHF LT LR 37T-LERR
AW F BB (2-L8-2-L14), RAHE F BB 2-L14 9)F B KR F i
Bk, T UL T 91%H) ee fE.

F 2.2 AN F AL R BLVE T B i ik 2

O Pd(OAc), (10 mol%) O

SMe 4+ >co,8u _ 2-L14 (20 mol%) SMe

AgOAc (2.0 equiv.) XxC02Bu
Solvent OO

60 °C, 24 h
2-1aa 2-2a 24
entry solvent yield ee
1 Toluene 87 92
2 THF 93 94
3 DME 95 95
4 1.4-dioxane 74 95
5 Et,O 92 97
6 DCE 34 91

@ Fr ¥4 2-1aa (0.05 mmol), 2-2a (0.15 mmol), Pd(OAc), (10 mol%), 2-L14 (20 mol%), AgOAc (0.1
mmol), solvent (0.1 M), 60 °C, 24 h.

i AR FHE AR Z G, RATS RO B E R AT T Rk (R 2.2). RATBET L
B, /AR HYEE KA e OB B P 2R A R R R b 2 2 R (R Rl (entry 2-5). E LB R
KL 24 /NEE G, ELAR P91 7] LLLL 92% Ky 7= % Fu 97% ee B K140 B 7 2. &£ F KB
B, PRI ER A ee EX A H/INMEEWN T,

ERBI R R ER G, FATS KB AT AT T Fik(k 2.3). RITLHA, 4
R BALAR 2 1] KR B & A (entry 5—6), 5% BR 47 5 BR 4R % R BT B VE 1 Ao T R B
T K (entry 2-3). BEBR AR VT DLtk — (R 3 RN B9 & 4, B2 FREFIB R A T (entry
4), W R R im EFERE 50°C, BRAF R A LI, EZ ee A TEZT 93%(entry
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7)o 5 L, i wn BT 1 50 A8 0T XS PR Bk 2L 48 i A L i s i )ORL A 1 2-1aa (0.05 mmol), 2-2a
(3.0 equiv.), Pd(OAC)2 (10 mol%), 2-L14 (20 mol%), AgOAc (2.0 equiv.), Et>O (0.5 mL), 60 °C
TR KL 24 /NBE,

3 2.3 BR AN F A ROBL R B R ik 2

O Pd(OAc), (10 mol% O
SMe (OAc); ( o)

=

+ Z>COO0BuU 2-L14 (20 mol%) SMe
2.0 equiv. [Ag], Et,0 X COOBu
60 °C, 24 h
2-1aa 2-2a 24
entry [Ag] yield (%) ce (%)
L AgOAc 92 o7
2 A92C03 70 96
4 AgsPO, 9% 92
° Ag,0 NR
6 AgF NR
7P AgOAc 93 03

3 FR v 4 1 2-1aa (0.05 mmol), 2-2a (0.15 mmol), Pd(OAc), (10 mol%), 2-L.14 (20 mol %) AgOAc (2.0 eq),
Et,O (0.5 mL), 60 °C, air, 24 h.?50 °C.

AT #—FBBETETE ARG EAR A P T maE S, FlE Oy G5k R4
ML FEEL IS, RAIVFRA DFT i, XREFARF AR FHEEFERATHREEREALE
ARISHAZFEEEERTT IHEXMI(E 24a), 42T 7, MESHERDE T LEHNT
g m(X =0, S, Se, Te), CMD 3742 & 3L JE &5 RIS 1 A 19 Rt & = .2 #7 # K (entry 1-4).,
AT F W B RAT LA T 1 B Ak JR 5 18 R T A EE AL RORL AT DA 3A B B X B A
hEEpE, HFAFBRFEERNT RS A 2L 68%0 ee B, METHEEAHRTF
B, AR E e PR S AL U RABEF R RN FrES, BEMNERT —MBEF
AR B R A 2-1b, A B0 R A RORE A A T AT I A RO AR 3 Ao AL R A
FUBRAEWERE, KIHILL 15%H) 7= 2 fr 97%H) ee B3 3] 7 7l F Bt 5 18 T #9)% (0 7~
#1 2-5(F 2.4b), X —HRMAEL T RERTEAERENTES. HRRINEREK—
AR EREECR R R, ERAKT o ZERATUS B IR WA R F 5@ T
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SRENTESRISHAWBEEZHT T AN ITH(E 25). THLERLR, YMETL
HIBRE R AR AH(AFEERFE), A RALRETEATH TRES
(2-6-2-9). Mest, FATXF /& 2 Af F BE R A & A B9 B 2% M A R 4 36 [ B PR AR A4 46 190 2L, 3
Y ik Ban W B BATT A ARBR A 2RO By R e A

a
2-TS-5-R-X 2-TS-5-S-X
entry X AG* 15.5.R. AG* 15.5.5x AAG* ee % (DFT)
1 o) 19.5 20.6 1.1 68
2 s 13.3 16.5 3.2 98
3 Se 13.1 16.6 35 99
4 Te 5.1 10.3 5.2 99
b
Pd(OAc), (10 mol%) O
SeMe 2 c0,8u 2-L14 (20 mol%) SeMe
OO AgOAC (2.0 equiv.), Et,0 x_CO,Bu
60 °C, 24 h OO
2-1b 2-2a

2-5, 15% yield, 96% ee
with 20% Pd(OAc),

F 2ADFT it EMIBRE Rk TE FHEESN
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O Pd(OAc), (10 mol%) O
SR SR

+ /\COZBU 2-L14 (20 mOl%) _
OO AgOAc (2.0 equiv.), Et,0 X C02Bu
60 °C, 24 h OO
21 2-2a
»ee %(DFT) = ee %(exp) 2-6, R = Pr, 99%, 78% ee
2-7, R = Bu, 53%, 76% ee
100 A 98 97 2-8, R= HeX, 90%, 63% ee

2-9 R = 'Pr, 84%, 23% ee

a0

80

70 64 63

60

50

40

30 23

20 15

10 -

0 .
R = Me R=Pr R=Bu R = Hex R='Pr
3.2 1.2 14 1.0 0.2

& 2.5 DFT i 8 A St e 45 8 1 B AL FLBUR BBt 5 11 £ 5 B 46
232 R EMR M EFHRA

ETHAEEMETEANRNFHEEE, RITRNEERAE) 2L 7 AT
BRAEEREMF ., RATETEF 2-1laa A HER RS, 2-82a HWEF LKA, A
BEERSE N T, BEERR A A 5Tl, DME N R AR, 7 60°C T8 Jexf K oy F P
AT T IR 8 (R 2.4) A TIHRENR O, RATE £ R FHETER N FEHE
WR R0 F A, HRRAWBATRL, A FBUREBN R F BRI 2 7] LR
RORL VA o S 72 A 1 P 2 0 B L B e BRAR B 2 AR R B AT M T B PR A (2-L7-2-L18). EEF
HEAERFFHE RN ee BMATHEN, HHBENF-—FHET TERAREME TR
7 84 F e B R TR A (2-L19-2-L.32) s AT I 4 BINOL 47 4 By F 14 B BL oy 3,3"- G BU MR
A& AALFE B 2,4,6-(iPr)sCeH2 BY,  RURL 7] DA LA 34% 8y 7= & fu 78%H] ee H 1% | M A AL 7=
Yo wJE, FTATE Lo — 58 A F M B AR PR oy B B MK RO B s B, OB ¥ LALL 52%
B P2 A1 Q1% KN ee fE 1% 2| B 47 7 41(2-L.32).

h
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R 24 RAGBET AR AL 2

O Pd(OAc), (10 mol%) O
SMe

CO,Et __Ligand (20 mol%) SMe

CO,Et
2.0 equiv. AgOAc, DME 2
60 °C, 24 h

2-1aa 2-82a 2-83

2-L7, R = H, 48%, 13% ee; R
2-18, R = 3,5-Bu,CgH3, 51%, 4% ee; OO o

2-L14, R = 2,4,6-iPr3, , 35%, 31% ee; o.1

2-L14°, R =2,4,6-iPr3, 21%, 31% ee; 0~ “OH
2-L15, R = 3,5-Me,CgH3, 37%, 11% ee; ‘

2-L16, R = 3,5-diCF3CgH3, 41%, 25% ee; R

2-L17, R = 2-nap, 46%, 36% ee; 2-L5, R =H, 21%, 9% ee;
2-118, R=1,16%, 3% ee€; 2-L.21, R = Me, 10%, 0% ee;

2-L.22 R =Ph, 14%, 4% ee;
2-L.23, R = 2-nap, 35, 21% ee;
2-L.24, R =1-pyrenyl, 15%, 2% ee;

R 2-L.25, R =1-nap, 31%, 26% ee;

‘O 2-126, R = 3,5-diCF3CgH3, 12%, 34% ee;
0% 2-127, R = 3,5-tBuy-4-OMeCgH,, 19%, 20% ee;
o-™on 2-128, R = SiPh;, 13%, 0% ee;

“ 2:L19 R = 3 5-MesCuHa. 37%. 55% 2-L.29, R = 9-phenanthrenyl, 14%, 11% ee;
= , R =9,0-MeyLghg, o, o €e; _ )
2-L30, R = 9-anthracenyl, 23%, 60% ee
R 2120, R = 2,4,6-iPr3, 35%, 60% ee; ’ v ’ ’
’ O, 9970, DU C8 5131, R = 2,4,6-iPrs, 34%, 78% ee;
2-L32, R = 2,4,6-Cy3, 52%, 91% ee ©

ARF A1 2-1aa (0.05 mmol), 2-82a (0.15 mmol), Pd(OAC), (10 mol%), Ligand (20 mol%), AgOAc (2.0
equiv.), DME (0.5 mL), 60 °C, air, 24 h. ® 50 °C.

ERRREEEREMR N FHIEAE, RAOTES X KA BER AT T LR 2.5).

B EE A KORL — 4, B RV S0 %S ROR B8 M AR IR R A L ORI . SR CBAME A R
BB, P4 ee M LLIAF] 93%, 1E2 A= 8 A RO B [ 12 b A RO IR B, H
TEAR T EFAE 50% AL % (entry 3-5). ¥ R AR # R K FRE, RAFER THIWR
%, B2 ee ETFET 75%(entry 7)., #—FHaBRER, RNZIEFFHERY
KRR, KB F] LLLL 85%¢h 7= = Fu 93% ¢ ee {73 E| B 47 )% A A 1L = #(entry 8).

W FFHiEE 2] 60°C, KRB =2 LR B3 — B W R A JLF T UH A ee fE(entry 9), & E
) 7 R Bt T 1) AR A T AR B AR T A L AL RORL & #F & :2-1aa (0.05 mmol), 2-82a
(3.0 equiv.), Pd(OAC)2 (10 mol%), 2-L14 (20 mol%), AgOAc (2.0 equiv.), iPr.O (0.5 mL), 60 °C
TR R 48 /NEt .
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& 2.5 BRAGE AR BEN MR 2

C o
SMe )\ Pd(OAc), (10 mol%) O

COZEt L32 20 mol%) SMe
CO,Et
2.0 equiv. AgOAC, solvent
50 °C,24 h
2-1aa 2-82a 2-83
entry @ solvent yield (%) ee (%)
1 DME 52 91
2 THF 48 89
3 Et,0 41 93
4b Et,O 44 93
5 b,c Etzo 47 93
6° MeO'Bu 23 89
7P PhOMe 72 75
8 Pr,0 85 93
9 be 'Pr,0 93 20

3 KR4 2-1aa (0.05 mmol), 2-82a (0.15 mmol), Pd(OAc). (10 mol%), AgOAc (2.0 equiv), 2-L32 (20
mol%) in solvent (0.1 M) at 50 °C for 24 h under air. °60 °C. ¢48 h.

24 R JRMY &

241 B RYWT BFR

BATE LA B E RRB R AT T 7 B(k 26ab), EF L RRAMERREN KRN E

W RN 41 T F LLLAR BT 89 7= 2 50 ee B 4% 1L R AB L B M 55 10 7= 47 (2-10-2-12, 90-95%
yield, 96-97% ee), — /MR B 57 & T R 45 A B A B iR A At T DL LA 92% 8 = 2 Fn 98% Y ee A
THRBENREN. Z )5, FATFET X LA B BREXN R B 78 R IR 2
AL A e TR A, RATRIAR LA AL R % DL L= %51 AT 90%H ee
E13 3| % BL #Y B % % F M 77 497 (2-14-2-22, 52-96% vyield, 95-98% ee). 7~ [F BL1X 9Bk % %
J A BT DUAR S o 2 T B RORL A1, 8 AR A5 B AR B Y A AL P 4 (2-23-2-30,
49-99% yield, 89-98%ee). (HF — M2, 12 M &b K 7] DLEEAT £ 0 #f it 42 (2-31-
2-34,59-90% yield, 96-98% ee). M. 4h, Z+ 77 TN R 4 . RE AR AT RORL A T BUR R AT
B R R 34 R (2-35-2-38) 0t An K IR ER v . = AR JF vk v LUK R 4 A B9 R 00 T AR AT
90% i At Bt th %, B T RATIT B AL dy I E, Bl S 16 2 B9 60 [ BB & B vm KRE X B
HRAEBEUNEER K, HRERITIRBREIERNANETT —BBH. ERLANCER=
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A E IR B9 BB R A FT LUR ST B9 1 XWJJ)‘W(Z 39-2-40,90-93% ee). 7 41~ [ BL
ARFE R B AR B TR R A7 A BB TR AT % AL RORL, 15 B AT 90%x B Rk R b B A
M 7= 7 (2-41-2-45, 69-91% yield, 90-93% ee). H H F= 4y 2-4 1 3 ¥ 5 AT 4 5L B E 4 X A
A oh RAA,

&K 2.6a BITERYIY R ¢

@ Pd(OAc), (10 mol%) @
2-L14 (20 mol%
SR . 2 C0oBu ( o) SR
AgOAc (2.0 equiv.), Et,0 Xx-CO,BuU
) A )
21 2-2a 2-4,2-10 - 2-34

Dynamic Kinetic Resolution (DKR)

SMe SMe ' SMe
X CO0,Bu x_CO,Bu ‘O X CO,BuU

2-4 2-10, R = Me, 94%, 97% ee
(CCDC 2098129) 2-11, R=F, 90%, 97% ee
R

R 2-14, R = CF3, 52%,98% ee
2-15,R = F, 61%, 98% ee © O
O SMe 2-16, R = CN, 65%, 98% ee O :(1) 2 (F:Fg10/78°9AaSo/5;/; ce’ SMe
~_CO,Bu 2-17, R = Me, 85%, 97% ee SMe S Me x_CO,Bu
O‘ 218, R = OMe, 85%, 97% ce N\ AC0Bu 222, R = Me, 96%, 96% ee O
2-19,R = CI, 83%, 98% ee

2-23, 88%, 98% ee

2-24, R = Et, 90%, 97% ee
M 2-25,R =Pr, 78%, 95% ee SMe SMe
e
2-26,R = 9 9 Me x_CO,Bu
R ~_CO,Bu 6, R f)y, 71%, 96% ee 2 Me S CO,BuU

O 2-27, R = 'Bu, 68%, 89% ee

2-28, R = CF3, 59%, 97% ee
M

I SMe
] ! X COBu =

2-4, 92%, 97% ee

2-12, 95%, 96% ee 2-13, 92%, 98% ee

2-29, 99% 97% ee 2-30, 79%, 96% ee
Desymmetrization
. OO
SMe Xx_-CO,BuU X CO,Bu X -CO,Bu
. CO,Bu O
F
2-31, 59%, 98% ee 2-32, 66%, 98% ee 2-33, 90%, 96% ee 2-34, 89%, 98% ee

3 R 41 2-1 (0.05 mmol), 2-2a (0.15 mmol), Pd(OAC). (10 mol%), 2-L.14 (20 mol%), AgOAc (2.0 equiv)
in Et;O under 60 <T for 24 h. 72 h.
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+ 2.6b BRI R ¢

@ Pd(OAc), (10 mol%) @
SR 2-L14 (20 mol%) SR

+ Z>C0,Bu

AgOAc (2.0 equiv.), Et,0 Xx-CO,Bu
60 °C, 24 h @

2-35 - 2-45
Heterocycles

SMe SMe SMe 2~SMe
x_CO,Bu
NN\C0,Bu N\ co,8u . CO,BuU

2-35, 53%, 96% ee 2-36, 73%, 93% ee 2-37,49%, 93% ee ? 2-38, 17%, 90% ee ®

Thioether DGs

s /\Q\OMe
NN COQBU \ 002BU ™ COzBU
N COzBU

2-39, 99%, 93% ee 2-40, 64%, 90% ee 2-41, 91%, 90% ee

/\Q\ /\Q S/\Q\CN S/\Q\CF
Cry T Oy Y oyt oy e

2-42, 69%, 92% ee 2-43, 69%, 92% ee 2-44,74%, 91% ee 2-45, 82%, 93% ee

a Rz 4 2-1 (0.05 mmol), 2-2a (0.15 mmol), Pd(OAC), (10 mol%), 2-L.14 (20 mol%), AgOAc (2.0 equiv)
in Et20 under 60 <T for 24 h. °Pd(OAC)2 (20 mol%)

RaEr, RONMERFEANBESEEIRRENIRT LR ITERCE 2.7). 4
Bk 27 R A B B AR AR R AR B T ) R A, FEATVE RO A T ROR IR A& B A B S e B
S5 VE L E AL PR 1 (2-46, 2-47, 80—-97% yield, 94-96% ee) . X, Bk IEBA T A BKE 4§ 1
AR AR . (B2 L R & BB I A A B ) R, BRAT R AR DL 38% R 7 A 98%
Moee EFE| B )E A BF I ~7(2-48). ERFEENE, e FEREEIREANTET RY
FATE A R BL(2-49, 2-50). AR TR LR E W A A T A BUR Z /5 B BER 4 20 DL
TA%H 7= 2 Fn O5%H ee 113 B\ A R B9 M AL #1(2-51). B, FATE IF Ak RS LA
B M A vE o 4 A 2 7T (2-52, 57%,91% ee) . 18 2 — BB MR Ak A7 B ke £ M U 4 5
A3 ) s B R RL B & 4 (2-53, 2-54) .
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27 AWATHEEA LR RHT E

Pd(OAc), (10 mol%)
2-L14 (20 mol%), 2-2a (3.0 equiv) _- @
AgOAc (2.0 equiv), Et,0 DG Xx-CO,Bu
60 °C, 24 h
2-46 — 2-54

COZBU

O

@]

o

N

vs]

c

@]

o

N

vs]

c

=

(1]

w
(4]

/ =
o

2-48, 38%, 98% ee

SMe

\
N COQBU /N N COQBU

Me

2-49, N.R.

2-51, 74%, 95% ee

‘ SMe O X -C02Bu = ‘ SMe
/N ™ COQBU \N AN COzBU
N

2-52, 57%, 91% ee © 2-54, N.R.
O
Pd(OAc), O Pd(OAc), O
SMe L14 SMe L-Tle-OH CHO
OHC xCO,Bu ™ OHC — = MeS XxCO,Bu
AgOAc, 2a BQ, 2a
Et,0 HOAc
2-55, 41%, 97% ee 2-1bz 2-56, 54%, 81% ee °©

3 ]I 4141 2-1 (0.05 mmol), 2-2a (0.15 mmol), Pd(OAc), (10 mol%), 2-L14 (20 mol%), AgOAc (2.0 equiv)
in Et,0 under 60 <T for 24 h. °72 h. €©2-1bz (0.1 mmol), 2-2a (0.3 mmol), Pd(OAc), (10 mol%), L-Tle-OH (30
mol%), BQ (0.1 equiv) in HOAc under 50 <T for 72 h.

BT S ERF B REN, RATS R T — oA S 1 AR A
B BR R 2-1bz, % AR B TLER T LR At AT DL DL 41068 75
fo OTO0HY ee A5 B % — GLBE S W HY B A I AL A 2-55, T MR R A ABAT
PEAEERE, ROR AT DL DL 5A%H 7= 2 A0 B10#H ee (1515 — B 1 fi R By AL AL £ L7
1 2-56, R T 2 0 B R B B B 7 U 6 B R LA AR
T T

65



WL A 28 4 F A8

242 R RMNYT BHFR

R 28 MlEmy R

O Pd(OAc), (10 mol% O
SMe (OAc); ( o)

. e 2-L14 (20 mol%) SMe
OO AgOAc (2.0 equiv), Et,0 xR
22 60 °C, 24 h O
2-1aa 2-57 _ 2-78
2-57, R = Me, 61%, 95% ee
SMe 2-58, R = Et, 99%, 96% ee SMe O SMe O
XCO:R 2-59, R = Bu, 90%, 98% ee o ~OH o OFh
2-60, R = Bn, 51%, 95% ee
2-61, R = Ph, 46%, 97% ee
2-62, 84%, 90% ee 2-63, 89%, 95% ee
>l /G\)s\ OO O SMe O O SMe O O SMe
A . PO(OEt
o NMe, (OEt),
0

2-67, 59%, 97% ee

2-64, 94%, 91% de 2-65, 46%, 93% ee P 2-66, 58%, 87% ee ©
R 2-68,R=Me, 88%, 94% ee O
SMe 2-69, R = 'Bu, 94%, 95% ee SMe

S 2-70,R = F, 85%, 94% ee A cl
2-71, R = CF3, 91%, 94% ee OO

2-72, R = Cl, 90%, 90% ee

2-73, 88%, 97% ee “(CCDC 2098130)

o H
SM N‘B
SM e oc
SMe Natural © O O o O
XN products/ N 0 X 0~ “OMe
drugs o
2-74, 95%, 94% ee 2-75, 78%, 93% de
(from fenofibrate) (from L-phenylalanine)

(e <

X o Y
et

2-76, 95%, 90% de 2-77, 86%, 97% de 2-78, 99%, 94% de

(from L-tyrosine) (from estrone) (from D-galactopyranose)

o |
SMe 0 !

3 ] RI 4F: 2-1aa (0.05 mmol), 2-2 (0.15 mmol), Pd(OAc), (10 mol%), AgOAc (2.0 equiv), 2-L.14 (20 mol%)
in Et,0 under 60 <T for 24 h. ®40 °C, 72 h.
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BATX KR AE B E EAGR AN HAT T4 B R, IR LB A& &0 A
BR G, 1% 3% A8y AL PR (3R 2.8, 2-57—2-64, 46-99% yield, 90-98% ee), — L4 3E Ik HY
Ve R, Potn R . T M BE R M 0 g TR e AT T DA AT VN R AL RORE A T IRUR AT M
A A 153 B 3t R BT P41 (2-65-2-67, 46-59% yield, 87-97% ee). A1 XK T K 2%
KA ENRA, RIS URF A Z L P LB RER KT E R, DL 90%LL E
B X B AR LD 15 B AL P 47 (2-68-2-T3)0 N T — F IR K LRI EY A R AL H1, Bl
R EECAANT BRI - S ETHY o TRRAFY L) TERNEE, Wi
(fenofibrace)2-2s. (& B AT E47)2-2t Fo 2-2u, LK — & K 4K = ¥4 F (estrone, 2-2v; D-
galactopyranose, 2-2w) . 4 1% X B2, X e E M o F 4T 4 W R B ZE AR R A AT DA
EAGRBLA M TIRFI L A RRL, ARSI 08 7 8 7= 58 o 0h 75 o 3¢ B gk 1 31 7= A 4 0
1A 47 (2-74-2-78, 78-99% vyield, 90-97% de). = ¥ =47 2-73 4 X # AL by 5 4T 5 L 3
WENRME, HthFHEd R BEE,

242 & FWEMA AR

I SMe
Pd(OAc), (15 mol%)

OO . 2 co8u 2-L14 (30 mol%)
AgOAc (4.0 equiv) BUO.C™ XX
Et,0, 60 °C, 72 h 2
MeS O 2-2a (6.0 equiv)
2-1c

2-79, 81%, 97% ee
>20:1 dr

Pd(OAc), (15 mol%)

O O +  ZCco,Me 2-L14 (30 mol%)

AgOAc (4.0 equiv)
2-2b (6.0 equiv) Et,0, 60 °C, 48 h

2-1d
Pd(OAc), (15 mol%) O
O SMe 2-114 (30 mol%), 2-2b (6.0 equiv) Me0,C”~ XX
AgOAcC (4.0 equiv) MeS
SMe Et,0, 60 °C, 48 h O
2-1e 2-81, 85%, 98% ee (CCDC 2107300)

95:5 dr

Bl 2.6 W F 555 1084 Ak

BHEZANFHENA WA EREROEINGEA, FIm xR &5 EL S RIZ

67



WL A 28 4 F A8

REMFUHEFRERAFPERMERN . RATET KM 5B S 70 o S0 205k,

ﬁﬁ%%%é%%%%rm@z&ﬁMMﬂé&T%4%ﬁ%lmiﬁ%%%ME%
2-1c-2-e, & 3T X4 AR KR HAT WO, 6] B2 An 48 AL A Fo M B AR B9 6 ] 2 90 KR LB
I, AT A K T 1,4- 3k AL A 4 (2-79, 2-80)Fn 1,2- T 4k F M 1L A 47 (2-81) . X BT By At
Bk b M A B 99% ee, JEXTBRARZEH M AT 20:1,

243 AERANY BHRR

*29 BEATHRBEARETEMR AR

O Pd(OAC), (10 mol%) O O /o
SMe )\R 2-L32 (20 mol%) SM o
N
O‘ AgOAc (2.0 equiv. )
9.82 iPr,0, 60 °C, 48 h

2-1aa 2-83 - 2-94 2-L32,R'=24 6 -Cy3CeHy

O 2-83, R = Et, 93%, 90% ee o O

SMe 2.84, R = Me, 83%, 90% ee SMe 2.87, R = Et, 69%, 91% ee
RO,C 2:85, R = Bu, 82%, 93% eeRO_~ 2-88, R = Me, 66%, 94% ee
2-86, R = Bn, 71%, 96% ee

O SMe SMe
O
\/\O
(from vitamin E)
2-89, 72%, 90% ee 2-90, 27%, 97% de
)
S o} SMe
\
= T
i 52-93 R = Me, 63%, 92% ee
2 1 0, 0, ' . s , ,
-91, 53%, 88% ee | 2-92 (CCDC 2098131) 12-94, R = H, 57%, 86% ee

3 R 41 2-1aa (0.05 mmol), 2-82 (0.15 mmol), Pd(OAc), (10 mol%), AgOAc (2.0 equiv.), 2-L.32 (20 mol%)
iniPr,0O (0.1 M) at 60 <C for 48 h under air.

AT AN R L HAT T R BIT R K (R 2.9). 15 & F 5 7 4 BR e A5 B 400 2 1R 4T
o T AL RORE IR, RORE DA B 5 B A 7 o 7 3 A0 7 i 3 i A ik B AT B AR R 7 AR AL
7= 47(2-83-2-88, 66-93% yield, 90-96% ee), — A7, = BEAT A By B 2 7 1 B4 Big 1% 71 40 T LLAE
JRRE H I A 45 B 2 05 7 A AY R R B R 4 (2-89, 72% vyield, 90% ee). z E & AT &K T — 4
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Yfithé E 0 FIATEAWNAGEREEN R NWERRA, BEARNNFELEREL, X
27%, 1EZF LLLL 97%HY de (E 15 2|40 514 7= 4 2-90., 7 4 F & & B K LA & Z K
K2 —Fb B 4T #9142 B34 77 (2-93-2-94, 57-63% yield, 86-92% ee).

2.5 & B BLA

2-1aa

(5 mmol) NaH,PO,
NaClO,

a) Scale-up preparation of 2-3aa and further elaborations O

SO,Me
\ Standard conditions

2-methylbut-2 COH

. o 2-L14 -me ut-2-ene

with 10 mol% O —y—>tBuOH/H20

SO,Me rt 2-97, 95%, 95% ee
O sen TMSCN 2 oo
Selectflour 2-4 0s0y, NalO, o
X COBU=——"—""— 959 96%ee — ..., - =~
MeCN, 80 °C 1789 THF/H,0

SO,Me
2-95, 87%, 97% ee 2-96, 90%, 95% ee LAH (4.0 equiv) :

|_LAH (4.0 equiv)
THF, 0°C, 6 h OO OH

LiAlH, | (2.0 equiv) Pd/C,|H, mCPBA | (4.0 equiv) 2-98,72%, 96% ee
0°C,[3h 0 °C,| overnight 25°C,|1.0h

! SMe ! SMe ! SO,Me
] ! oH l ] CO,Bu ] O o CO2Bu

2-99, 69%, 93% ee 2-100, 85%, 97% ee 2-101, 77%, 93% ee
b) Axial-to-central chirality transfer via deprotection-cyclization process

O OMe
S\/@/ TFA O s
o NS S i

2-41,90% ee 2-102, 70%, 87% ee

Bl 2.6 ST RAEYS A KB AT £ M KB

AT ERZT7 A R, RATEAT T TR HOR R R A — 25 84T £ LR
(B 2.6). &4 2-1aa 7 LLLL 95%HY = % o 96%HY ee L H AT w AHAE A KA Rz, 53|
BAm& A~ 2-4(5.0 mmol, 1.78 ). #& HATKF 2|00 B A =M1t 4T 7 # £ ey 1L
(E 2.11a), it 5 TMSCN A0 selectflour K Rz, ¥ DLLL 87%HY 7= 2 4 97%¢Y ee {E1% i &
A BUR B BR 7 B F ML 2-95. 2-4 ] DUAK I AL SR/ 8 B BR AN A AR R A AL ok B F
PEEE L &4 2-96(90% yield, 95% ee), & )& L A4 $ Tk ALY Fl B, A BT ) A 4
EZEMER P HEMERTEFERN. RNEFANLEeY 2-96 #HTH-—FHWANL
JRRCRL, BBz 34 BT DA 7 47 48 5 B 4 B 22 6 1 UL T 4% B AR X B2 B9 7= 47 (2-97, 95%, 95% ee;
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2-98, 72%, 96% ee)., L& A WA 4848 1F A A AR A B, 2-4 ¥ DAGH o 230 R kA FIE S A
HA B2 2K (b A4 2-99(69% yield, 93% ee). T Fl4E/C A4 HrEt, RO T LASE A~ 22 B A
BB Bt R B A E R A, 13 A5 4 2-100(85% yield, 97% ee) . A Hr I A 1k /5 A
BRAEMR R, £ m-CPBA 1E 4 &AL B, B AT DU PRAE M & 45 4 52 2 o 6 B A AL AR,
Bt A, NFR| DL 77%H6Y 7 22 F 95%HY ee (E 15 2|5 & F R AU A4y 2-101, EF—#W
£, BRAI 4 2-41 FATHLE S W E W E R AR, RIIR T8 T E A B
P EBRAE A T X 4 F W A& )2 #E 4T Michael &R AL, F2F Q0 FHFHY 2-
102(70%, 87% ee). ZiTAZLILT FHARE T O EE, 486 RFHAA I SR
BLAR BT BT EE

2.6 K MHLEHFR

2.6.1 KIE sz%

0,
O & Pd(OAc), (10 mol%) O o

+ Z2>co.Bu 2-L14 (10 mol%)
H/D 2 >
O‘ AgOAc (2.0 equiv) X C02Bu
0
60 °C, 24 h
2-1aa/2-1aa-D 2-2a 0°C. 2.4
Time-Conversion curve with Ligand
50 V=0.1429x+4.6667
R?2=0.9701
18 KIE = 1.15
16
14
x 12 y =0.1238x + 4.3333
= 10 R?=0.9922
Q2 g
2
e 6
c
8 4 # Conversion of 2-
2 laa-D
0 M Conversion of 2-
0 50 100 123
Time / min

& 2.7KIE 254 &

AT HARBLALE, RATE AT T EF RA AR AR 850 7 5 B 5 B (B 2.7).
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S e KIE 2B £ 1.156, XRAR MR + B A58 7E L5 RA & KA B k3% 5 B .

2.6.2 BibitH

AGwo62x/DiethylEther

(kcal mol") Q
Q
* + 0—P-0Z4

¥ +
Il
M * Me 0o
Oﬁe{) Q= O e {) Q%J:)Oéﬁ,
“pa—0p~ “pa—0p~ S, O P~ e R
TN \ ' Pd 4 Pd 0 L=
Cok ¢ | JCUiR ol >
é,\ 6/’\ *&YO o Q 0O"Bu

n "BuO
TS-5-R (1.5) TS-5-S TS-9-R "BuO TS-9-S TS-11
TS-5-S (9.5)
)

.

O
O—,
H\ / I/
O~ - \ ‘ Me
‘ e P A P‘ pdﬁo
OBu HO
O"Bu

IT-8-R IT-8-S IT10-R IT-10-S IT12 IT13 IT-14

___S-configurationC-H_____, S-configuration _________ .. >
bond cleavage alkene insertion i
Ligand 1 S-H elimination :ﬁ:iunc;:;’:n
exchange R-configuration C-H R-configuration
bond cleavage alkene insertion

Bl 2.8 SR AL XA AR BT S AR AT B i R o B

'Iﬂ

AT #H—FTHREENRB R A AR EABEENRWNE, (1B 5EF%
R A, EREELWHFT, MRUFTT HANERITE, RIEEY 2-1aa
16 A AR, BEBRSE N (R A, BB 3R FHE s Bk 2-L14 4 FHEK, ZEBIE N B AN,
W DFT E b 2 48 48 0 A 1 ARk S5 i 20 ROR. 18 742 o 7] B B9 1 VB A5 A o [ (R #E4T T 1F
HHREE T EFE T —F 6B R L EZ(E 2.8), RANEENERERENT 2-1T1 I
b, ZRHBARLELREER P ER 2-1T3, Z 5P EK 2-1T3 SRt RME 4, &L HE
MEEER, MERLEITLBMEERFUMEA, ERBEARELNTES 2-TS5-R,
Z G R E AR E RS TUIE A AR 2-1T6, % F Ak S8 5% E Y 2-1T7 #T A
e, TR 2-1T8, ABHTHRENTRE, HENTHLELS 2-TSO-R FHFE
Bl R 2-1T10, # [E{& 2-1T10 B & #:4T B-H VEIR R £ B A 2-TS11 E& 5] 5 4k 2-
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IT12, &/ 2-1T12 BA AN B E A E LR E £, 53| F L LM 74 2-1T13 7y [F A&
W EEAF 1R T B 2 vE M BB TR A

2.7 RE/NG

BAERER UM EIRAE N T E, BRT AR TR ERBUTEHRREAREE &
RUR W FHEN. EREARBMEAEL/ FHEERBEAERRTRAERITNTH
Refr, ERMBEUEMBRAEFEEN TEHLERTARMER T HE, EREENE,
BATE KA ARBAE N HAT A AR AN S E . Mo, Bt 58 R &
RARET FE, HHE—FBRENA R ARG EFE, RN HLBLRBT HEELT
MR BRABIEEMAFEAEMRN G KT — R 78 7 5 5 Bk 50 09 B 7 S F ML
AW UL R A TR AN T S AR L %% 2 A9 1A (up to 99% ee, >20:1 dr).

2.8 LB

28.1 & SRA

MR Bruker Avance 400 M % #4253k (UF T # &% B 'H NMR. 3C NMR #r °F
NMR # . Waters TOF-MS GCT Premier it 3% OUF T & 4~ # FiU i (E1)#7UIK,  Bruker Apex
111 1% B ot & #e  Bljie 3R 4R i DUR T & 40 9% i (ES1) 89 13K . Shimadzu HPLC LC-20A
TR B R T R A B L R E B AR BT B B B AT R (TLC)BR R, 2 4MT,
BEmRAL e En L erHTE e,

FAR AR — R ERRA A B ARG 2 R E TGN EEEA, B TAER &
7 W 19 3 5% # AR 42 (Purification of Laboratory Chemicals, 6th Ed) # /5 &4 = E H#H AT E A .
5L AT B /N B A B AT K
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2.8.2 BF ERBLRWE £ K

O O O 2-1aa, R = Me O
_R 2. =N
OMe SeMe S 2-1ab, R _ ,,Pr SMe 2.1af R = Me
2-1ac, R ="Bu 21ag R=F
2-1ad, R = "Hex OO g
2-1ae, R='Pr
R

2-1a 2-1b
R
O O R 2-1aj, R = CF,
SMe SMe 2-1ak, R=F O 2-1ap, R = CFs
SMe  2-1al, R=CN SMe 2-1aq,R=F
O “ 2-1am, R = Me 2-1ar, R = Me
' OO 2-1an, R = OMe OO
2-1a0, R =CI
2-1ah 2-1ai

, SMe 2.1bc,R=F
SMe 2-1au, R ='Pr Me

e (L (L, GO, s
O 2-1at, R = Et SMe SMe ’

Me 2-1bd, R = Me
R 2-1av,R = Cy O O 2-1be, R = OMe
2-1aw, R = Bu Me
’ 2-1a 2-1az
2ax, R=CF,  Me y R
) ® CO s ®
SMe SMe SMe Z~SMe s~
) g R
e I 99 9¢
O Boc
2-1bf 2-1bg 2-1bh 2-1bi 2-1bj
O O 2-1bl, R = OMe O O
s7CF, Q/\S 2-1bm, R = Me SMe SMe
. = MeS
R glgn’R_H RO O 2-1bq, R=Me = O
O‘ b, R=CN 2-1br, R = Bn
-1bp, R = CF3; 21bs
2-1bk
o, 0, G O o
SMe sMe | SMe SMe OO
MeOZC H2N ‘ - O /N O
g N N7 ‘
2-1bt 2-1bu 2-1bv 2-1bw o~ 2-1bx

O O SMe O SMe
S O MeS O O
2-1by 2-1bz O 21c

2-1d 2-1e




WL K F 8 F ik X

2-1a, 2-1aa, 2-1bs, 2-1bt, 2-1bu, 2-1bx Fu 2-1by # 2 B, 4 7 7£ F 4 >Cih 3 8y 1k &4
[13]
R A7 ik ATE 250 mL T4 e (B R B2 AR o Am N\ A R e IR AR 6 B 4L A H7(2-S1, 10 mmol),
Pd(PPhs)s (5 mol%), # 4 (2-S2, 1.5 equiv), %% B2 47(5.0 equiv)#n B 2/ (2/1, 90 mL),
ATFREAATBRBER K, EERFAR. WRAMRAIEFRSARE 12 M, &
BHREE ARG, AHEER, RABAHAAHEEGOML), REACRIEBEER =K,
WA AR, FATARBR TR, BELRERSEGEAERN 2 BB 48X BB
B A4 (2-1),

@ B(OH), Pd(PPhs),, Na,CO4 @ YR
XR + Toluene, H,O
Br reflux @
X=0,8S, Se

2-S81 2-S2 241

A7 3k B e 250 mL T 9 [l i B2 R 5P A\ A AL Y 35 3R X 47 (2-S3, 10 mmol), Pd(PPhs)a
(5mol%), 7 & 4B (2-S4, 1.5 equiv), %% B2 44(5.0 equiv) e 2K/ (2/1,90 mL), Al TIEH A
ARBBEM=K, EETHEAR. ERRmHE ERRSHRE 12 Mot FRMRN T
b, ANEZER, RABRAWAAFHEESEOML), REHA LR CEER =K. KEH I
B, FATABBRS TR, BEYRERSE G ELEN LB G 248 AR BE 5 ERN A
(2-1).

@ B(OH) Pd(PPhs),, Na,CO,4 @ R
+ XR Toluene, H,O _
Br reflux @
X=0,8,Se

2-S3 2-S4 241

2.8.3 LEMA AR A RFEEMAR S

¥ R A% C:4& 10 mL Schlenk KR & # KK fim A B B2 42(1.1 mg, 0.005 mmol), 2-L14(7.2
mg, 0.01 mmol), B3 % K47 2-1(0.05 mmol), % # At 1A 7/(0.15 mmol), B B 47 (16.7 mg,
0.1mmol), & /EAr A\ B (0.5mL), E=AAE T, 60°C F K 24 /Not, AHE R,
RAZBRLEHRBER AR, BRI, WEKSEEE N &RRK L E G/ B
W A4
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2.8.4 SLAEMT X HBR G TEM RN

1 F 77 % D:7& 10 mL Schlenk K R & # (K K fim A BB 42(1.1 mg, 0.005 mmol), 2-L32(9.9
mg, 0.01 mmol), %7 £ J& #7 2-1(0.05 mmol), % 7 #1357 (0.15 mmol), B &% 47 (16.7 mg,
0.1 mmol), &/EMAFHEOS5mML), EEAAET, 60°C F R A 48 /N, %3] F iR
B, RUBRIEHRBERMKR, BImE TR, BREREEEGE&-RT D H EHB2H
X RL B T A A

2.8.5 AT &b

2.8.5.1 ft&4 2-95 4 &

O TMSCN O
Selectflour

SMe SCN
OO Xx_-CO-,Bu MeCN, 80 °C OO X CO,Bu
2-4,96% ee 2-95, 87%, 97% ee

AAAE T 25 mL B & B F K & A A (R)2-4(0.1 mmol), TMSCN(37 uL, 0.3 mmol,
3.0 equiv), selectfluor(89 mg, 0.25 mmol, 2.5 equiv), T Z (1.0 mL). ¥ X & F 80
°C TR R 12 /NEE 7, W JE K %6 Jo ZAE BAT 4 8 4= 20 7% 2| &4 2-95(33.7 mg, 87% yield,
97% ee). X BRI g F 4 HPLC | £ .

2.85.2 A% 2-96. 2-97 F1 2-98 My 4 &

SOzMe
NaH,PO,, NaClO, O‘ CO,H
O O 2-methylbut-2-ene
BUOH/H,0, rt
SMe 0s04, NalO, SO,Me 2 2-97, 95%, 95% ee
OO X COsBu THF/H,O l l o —
2-4,96% ee 2-96, 90%, 95% ee LAH (4.0 equiv) SO;Me

THF, 0°C, 6 h O‘ OH

2-98, 72%, 96% ee
# 10 mL Schlenk & 5 & #F R K Am A (R)2-4(0.1 mmol), OsO4(36 pl, 0.005 mmol),

Nal04(107.0 mg, 0.5 mmol), THF/HO(2/1, 3.0 mL). K i 7 40 °C i ., AHEF
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s, Rt TRmBRAERE KRR, CBROEER, WEANA, ALARBRNTE,
R VR Y S5 4 & B RN 4 B 5 13 24k A4 2-96(27.9 mg, 90%, 95% ee). AT BR AR b @ F
P HPLC Ml % .

7 10 mL Schlenk & B & # K & fm A 2-96(0.1 mmol), t-BuOH(3.0 mL)#F= & & 2-
methylbut-2-ene(13.0 equiv.), NaClO2(3.7 equiv.), NaH2PO4(5.0 equiv.) 8 A& # (1.0 mL). X
BLAEE IR TSP NGS, WERYE B A S &R 2B R EM A4 2-97(31.0 mg, 95%,
95% ee), *f B4 M B F 5 HPLC I 2

AAAE T 10 mL Schlenk & Rz & 4R K 7im A\ 2-96(0.1 mmol) e 7k 19 9 & % % (1.0
mL). % KM EF kb F, &8 E LiAIH(18.6 mg, 0.4 mmol), &% &k &, ¥ K7 0
°C THHANN/NE. KA TA BN ImARER, Z/ERL®ROEBER, KEANM,
FI T AKBER 0 T4, R IR YR J5 &l &5 R & 8 J5 17 21 b 641 2-98(22.5 mg, 72%, 96%
ee). X BRAHE & FH HPLC Il = .

2.8.5.3 &4 2-99 # 4 &

: LiAIH, (2.0 equiv) SMe

e 0°C, 3.0h
OO XxCO2Bu . 3 OO OH
2-4,96% ee 2-99, 69%, 93% ee
AAAE T 10 mL Schlenk K A& = & ok Am A (R)2-4(0.1 mmol)Fn T4 &7 14 & #k #

(1.0 mL). ¥ KA E Tk, &I1E#m LiAIH«9.3 mg, 0.2 mmol), &z &5, ¥ KA
FE0°C THH AL Z/Not. KA EAE/NCHMARER, ZEHTBTEBEER, WEHN
M, BB TE, WERYSE A &R DS EREM A 2-99(21.3 mg, 69%,
93% ee). AT BRiR % B F 4 HPLC I E .

2.8.5.4 1t 4% 2-100 #7 4 &

i Pd/C, H, ! SMe

SMe

OO Xx_CO,Bu 0°C, overnight O‘ CO,Bu

2-4, 96% ee 2-100, 85%, 97% ee

254 B T2 50 mL Schlenk XL = 1k ok im A (R)2-4(0.1 mmol), T ¢y # 82(1.0 mL)
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1 Pd/IC(5.0mg), BRNETER FTHHFERLR. RNRLEALRIERE, FEIT—/N
BRRE o R, BUR R BRIk 48 JE £ | & IR 0 B 5 43 24 A4 2-100(32.2 mg, 85%, 97%
ee). ATBLIKELE i F 4 HPLC M| <

2.8.5.5 144 2-101 B9 & A&

I SMe mCPBA (4.0 equiv) SOM
g g Xx_CO,Bu 25°C, 1.0h O AN COZBU

24, 96% ee 2-101, 7%, 93% ee
& 10 mL Schlenk & 5 & # 4 3k n A (R)2-4(0.1 mmol), m-CPBA(0.4 mmol)Fr — & ¥ ¥
(1omL), ¥RMETZER THRHEAN— /P . RETEEFIEMERIANABEREKX,
HRCRCEFER, REFINMEZERLAKRBRNTIE, BERE R &ERRSE B
B 3|44 2-101(31.4 mg, 77%, 93% ee), I BE{k H & g F 4 HPLC Il &

2.8.5.6 44 2-102 B A A&

O OMe
S\/@/ TFA O s
Cr NS

2-41,90% ee 2-102, 70%, 87% ee
RAAE T 7 10 mL Schlenk K5z & # K K Am A\ (R)2-41(0.1 mmol) F2 = &, 7.8 (2.0 mL),
¥R ET-5°C THH AL 80 /MNet. R TABHA -—AFRAEE, BREWBEREEE
H & B R 4 85 5 153 B4k 441 2-102(25.4 mg, 70%, 87% ee). it Bk H, & & F 4 HPLC

[—4

o

2.9 MR

2.9.1 JRMEEM KA

methyl(2-(naphthalen-1-yl)phenyl)selane (2-1b)
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O MRAEHE 7k A 6k, BIAE BT 2% (6 B O L8 =9/1 A s )
s€ %% € E4, HNMR (400 MHz, CDCl3) § 7.90 (d, J = 8.0 Hz, 2H), 7.56
OO —7.35(m, 7H), 7.34 — 7.25 (m, 2H), 2.14 (s, 3H). 23C NMR (101 MHz, CDCl5)

8 140.96, 139.11, 133.72, 133.61, 131.79, 130.64, 128.36, 128.29, 128.23,
128.04, 127.17, 126.10, 125.96, 125.92, 125.35, 125.26, 6.72. HRMS (EI-TOF) calcd for
Ci7H14Se (M+H"): 298.0256, found: 298.0257.

(2-(naphthalen-1-yl)phenyl)(propyl)sulfane (2-1ab)

O WABEF 77k A AR, BIEENTS 8 (A mB/ R OB =9/1 ik
s RH)EE G B, HNMR (400 MHz, CDCls) § 7.89 (dd, J = 8.1,
OO 2.1 Hz, 2H), 7.57 — 7.50 (m, 1H), 7.50 — 7.42 (m, 3H), 7.42 — 7.35 (m,

3H), 7.29 — 7.26 (m, 1H), 2.69 (t, J = 7.4 Hz, 2H), 1.55 — 1.47 (m, 2H),
0.85 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, CDCls) & 140.36, 138.69, 137.48, 133.63, 132.10,
131.14, 128.35, 128.21, 128.10, 127.37, 127.33, 126.21, 126.05, 125.89, 125.36, 125.05, 35.01,
22.24, 13.61. HRMS (ESI-TOF) calcd for CigH1sS (M+H"): 279.1202, found: 279.1202.

butyl(2-(naphthalen-1-yl)phenyl)sulfane (2-1ac)

O RAEEF 77 AG R, BIEENSB(E MR/ LR 8 =91 %4
ST MR A)EE B e B R, 'HNMR (400 MHz, CDCls) 88 7.89 (dd, J =
OO 8.3, 3.7 Hz, 2H), 7.55 — 7.50 (m, 1H), 7.50 — 7.42 (m, 3H), 7.42 - 7.35

(m, 3H), 7.35 — 7.31 (M, 1H), 7.29 — 7.26 (m, 1H), 2.72 (t, J = 7.4 Hz,
2H), 1.52 — 1.41 (m, 2H), 1.32 — 1.21 (m, 2H), 0.81 (t, J = 7.3 Hz, 3H). 3C NMR (101 MHz,
CDCl3) 5 140.31, 138.67, 137.58, 133.63, 132.09, 131.13, 128.34, 128.22, 128.10, 127.38, 127.27,
126.22, 126.04, 125.89, 125.36, 125.03, 32.73, 30.93, 22.12, 13.71. HRMS (ESI-TOF) calcd for
CaoH20S (M+H*): 293.1358, found: 293.1359.

hexyl(2-(naphthalen-1-yl)phenyl)sulfane (2-1ad)

O REBFTE A AR, BAEENSE (G HE/BRLE =
ST 91 K R A B B # & 7k . 1H NMR (400 MHz, CDCl3) § 7.95
OO (dd, J=8.1, 3.2 Hz, 2H), 7.61 — 7.57 (m, 1H), 7.56 — 7.48 (m, 3H),

7.48—7.40 (M, 3H), 7.33 — 7.29 (m, 2H), 2.77 (t, J = 7.3 Hz, 2H),
1.58 — 1.50 (m, 2H), 1.34 — 1.21 (m, 6H), 0.89 (t, J = 6.9 Hz, 3H). 3C NMR (101 MHz, CDCls)
§140.31, 138.67, 137.57, 133.62, 132.08, 131.12, 128.34, 128.20, 128.09, 127.38, 127.30, 126.21,
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126.04, 125.88, 125.35, 125.02, 33.06, 31.43, 28.81, 28.68, 22.61, 14.13. HRMS (ESI-TOF) calcd
for C2oH24S (M+H™): 321.1671, found: 321.1673.

isopropyl(2-(naphthalen-1-yl)phenyl)sulfane (2-1ae)
O WIEEA T E A A, BIAEENTSE(E BB R OB =9/1 Kk
s)\ 7)& 2| & & B k. 'HNMR (400 MHz, CDCls) § 7.94 —7.84 (m, 2H), 7.56
OO — 7.49 (m, 2H), 7.49 — 7.43 (m, 2H), 7.43 — 7.34 (m, 3H), 7.32 — 7.25 (m,
2H), 3.32 - 3.16 (m, 1H), 1.18 — 1.05 (m, 6H). 3C NMR (101 MHz, CDCl3)
§141.71, 138.97,136.62, 133.57,132.19, 131.34, 130.08, 128.30, 128.13, 127.97, 127.37, 126.29,
125.99, 125.83, 125.76, 125.26, 37.20, 22.96, 22.93. HRMS (ESI-TOF) calcd for CioHisS

(M+H"): 279.1202, found: 279.1201.

methyl(2-(4-methy|naphthalen-l-yl)phenyl)suIfane (2-1af)
O RAEEF 77 % A AR, B B2 (A M O OB =9/1 A7k A)
s” 123 & E K. 'HNMR (400 MHz, CDCls) § 8.07 (d, J = 8.4 Hz, 1H), 7.56
OO —7.48 (m, 2H), 7.47 — 7.38 (m, 3H), 7.33 (d, J = 7.9 Hz, 1H), 7.30 (d, J = 7.1
Hz, 1H), 7.26 — 7.23 (m, 2H), 2.77 (s, 3H), 2.32 (s, 3H). 3C NMR (101 MHz,
CDCls) & 139.18, 138.96, 136.61, 134.61, 132.75, 131.98, 130.93, 128.29,
127.04, 126.67, 126.26, 125.83, 125.80, 124.58, 124.58, 124.47, 19.78, 15.74. HRMS (ESI-TOF)

calcd for C1gH16S (M+H™): 265.1045, found: 265.1045.

(2-(4-f|uoronaphthalen-l-yl)phenyl)(methyl)suIfane (2-1ag)

O WA 77k A 6 R, BIAE BT 8 (B B/ B L =9/1 4 3R )
~ B2 a6 E4%. 'HNMR (400 MHz, CDCls) § 8.17 (d, J = 8.3 Hz, 1H), 7.57
OO —7.52 (m, 1H), 7.50 — 7.42 (m, 3H), 7.36 — 7.30 (m, 2H), 7.26 — 7.18 (m, 3H),
2.32 (s, 3H). C NMR (101 MHz, CDCls) § 158.69 (d, Jcr = 252.0 Hz), 139.06,
138.20, 134.24 (d, Jcr = 4.3 Hz), 133.33 (d, Jcr = 4.6 Hz), 130.99, 128.58,
127.18 (d, Jcr = 8.3 Hz), 127.08, 126.11 (d, Jcr = 2.6 Hz), 124.68, 124.55, 123.86 (d, Jcr = 16.5
Hz), 120.93 (d, Jcr = 5.6 Hz), 109.09 (d, Jcr = 19.9 Hz), 15.71. 1°F NMR (376 MHz, CDCl3) § -

123.1605. HRMS (EI-TOF) calcd for C17H13FS (M+H™): 269.0795, found: 269.0797.

F

(2-(1,2-dihydroacenaphthylen-5-yl)phenyl)(methyl)sulfane (2-1ah)
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O MRAEHE 7k A 6k, BIAE BT 2% (6 B O L8 =9/1 A s )
s” &E% 6 EA. 'H NMR (400 MHz, CDCls) & 7.47 — 7.33 (m, 5H), 7.32 —
OO 7.26 (m, 3H), 7.26 — 7.23 (m, 1H), 3.46 (s, 4H), 2.34 (s, 3H). 3C NMR (101
. MHz, CDCl3) § 146.28, 146.24, 139.44, 138.79, 138.74, 133.68, 130.91, 130.31,
129.06, 128.19, 128.03, 124.88, 124.50, 121.10, 119.51, 118.96, 30.66, 30.35,

15.92. HRMS (ESI-TOF) calcd for C19H16S (M+H*): 277.1046, found: 277.1045.

methyl(2-(pyren-1-yl)phenyl)sulfane (2-1ai)
O WAEEF T A G K, BRI E(CH BB/ R OB =91 A kit
7 F)EE EEEK. HNMR (400 MHz, CDCls) 6 8.26 (d, J = 7.8 Hz, 1H),

‘O 8.21 (d, J = 7.6 Hz, 1H), 8.17 (d, J = 7.5 Hz, 1H), 8.12 (s, 2H), 8.05 — 7.98

OO (m, 2H), 7.95 (d, J = 7.8 Hz, 1H), 7.77 (d, J = 9.2 Hz, 1H), 7.56 — 7.47 (m,

1H), 7.44 -7.31 (m, 3H), 2.32 (s, 3H). 3C NMR (101 MHz, CDCl3) § 139.38,

139.06, 135.71, 131.48, 131.15, 131.15, 131.15), 129.27, 128.51, 127.75, 127.67, 127.65, 127.59,

126.11, 125.41, 125.29, 125.20, 124.98, 124.88, 124.77, 124.67, 124.60, 15.76. HRMS (ESI-TOF)
calcd for Co3H16S (M+H™): 325.1045, found: 325.1046.

methyl(2-(naphthalen-l-yl)-4-(trif|uoromethyl)phenyl)sulfane (2-1aj)
FsC WEBEF T E A 6k, BREEEN2E(REB/CROE = 91 A 3K
s~ 7EE & EEAK. HNMR (400 MHz, CDCls) § 8.04 — 7.86 (m, 2H), 7.70
(d, J=8.3 Hz, 1H), 7.58 (t, J = 7.6 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.48 — 7.35
OO (m, 4H), 2.37 (s, 3H). 3C NMR (101 MHz, CDCl3) & 144.45, 138.88, 136.68,
133.73, 131.60, 128.94, 128.57, 127.52, 127.27 (q, Jcr = 3.2 Hz), 126.53, 126.52 (q, Jcr = 32.6
Hz), 126.23, 125.59, 125.47, 125.12 (q, Jcr = 3.8 Hz), 124.48 (q, Jcr = 273.7 Hz), 123.90, 15.32.
YF NMR (376 MHz, CDCls) § -61.99. HRMS (EI-TOF) calcd for CigH13F3S (M *): 318.0685,
found: 318.0686.

(4-fluoro-2-(naphthalen-1-yl)phenyl)(methyl)sulfane (2-1ak)
F RAEHE 7ok A Gk, BT AE BT 8 (G WmB/ B O =9/1 4 B )
O ~ #BE e EMA. 'HNMR (400 MHz, CDCl3) § 7.93 (d, J = 8.3 Hz, 2H), 7.60
—7.48 (m, 3H), 7.47 — 7.38 (m, 2H), 7.36 — 7.33 (m, 1H), 7.18 (td, J = 8.5, 2.9
O‘ Hz, 1H), 7.06 (dd, J = 9.0, 2.8 Hz, 1H), 2.29 (s, 3H). *C NMR (101 MHz,
CDCls) & 160.68 (d, Jcr = 245.4 Hz) 141.35 (d, Jcr = 7.6 Hz), 137.26, 133.89 (d, Jcr = 3.2 Hz),
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133.63, 131.68, 128.62, 128.47, 127.45 (d, Jcr = 7.9 Hz), 127.23, 126.37, 126.11, 125.79, 125.35,
118.06 (d, Jcr = 21.8 Hz), 115.37 (d, Jcr = 21.6 Hz), 16.73; **F NMR (376 MHz, CDCls) § -
123.87. HRMS (EI-TOF) calcd for C17H13FS (M *): 268.0717, found: 268.0716.

4-(methylthio)-3-(naphthalen-1-y|)benzonitrile (2-1al)
NC WEREA Tk A Gk, BIAERNSE (A B/ R OE = 5/1 Hifit
O sMe TDEZEIEEE R, HNMR (400 MHz, CDCl3) § 7.94 (t, J = 8.0 Hz, 2H),
7.71 (dd, J = 8.3, 1.9 Hz, 1H), 7.59 — 7.49 (m, 3H), 7.46 — 7.41 (m, 1H), 7.41
OO —7.32 (m, 3H), 2.36 (s, 3H). *°C NMR (101 MHz, CDCls) & 146.89, 139.18,
135.66, 133.71, 133.44, 131.78, 131.37, 129.20, 128.62, 127.49, 126.64, 126.33, 125.43, 125.28,
123.91, 119.09, 107.51, 15.11. HRMS (EI-TOF) calcd for C1gH1sNS (M *): 275.0764, found:
275.0761.

methyl(4-methyl-2-(naphthalen-1-yl)phenyl)sulfane (2-1am)
O RAEE ik A B R, BILAE BT 28 (A B OB LB = 9/1 4 JEL )
s” #3g&E 4. 'HNMR (400 MHz, CDCls)§ 7.92 — 7.85 (m, 2H), 7.57 — 7.44
O‘ (m, 3H), 7.43 — 7.34 (m, 2H), 7.28 — 7.25 (m, 2H), 7.09 (s, 1H), 2.38 (s, 3H),
2.28 (s, 3H). *C NMR (101 MHz, CDClIs) & 139.34, 138.58, 135.14, 134.52,
133.66, 132.07, 131.70, 129.17, 128.40, 128.15, 127.28, 126.20, 126.10, 125.94, 125.64, 125.42,
20.97, 16.31. HRMS (ESI-TOF) calcd for C1gH16S (M+H"): 265.1045, found: 265.1046.

(4-methoxy-2-(naphthalen-1-y|)pheny|)(methy|)suIfane (2-1an)
MeO WAERE A F ik A B, BXAERNTSE(E @B/ CROE = 41 H kK
O s~ F)EEEEEE. 'HNMR (400 MHz, CDCI3) § 7.91 (d, J = 8.1 Hz, 2H),
7.58 —7.51 (m, 2H), 7.51 — 7.45 (m, 1H), 7.44 — 7.34 (m, 3H), 7.01 (dd, J =
OO 8.7, 2.8 Hz, 1H), 6.88 (d, J = 2.9 Hz, 1H), 3.82 (s, 3H), 2.23 (s, 3H). ®°C NMR
(101 MHz, CDCIs) 6 157.75, 141.70, 138.58, 133.59, 131.99, 129.25, 128.89, 128.39, 128.22,
127.13, 126.18, 126.18, 125.98, 125.34, 116.58, 114.49, 55.60, 17.58. HRMS (ESI-TOF) calcd

for C1sH160S (M+H™): 281.0995, found: 281.0996.

(4-chloro-2-(naphthalen-1-yl)phenyl)(methyl)sulfane (2-1a0)
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O WAEER 77k A AR, BB 28 (CAmBCBR C8 =9/1 A s bin)
s~ HElEeEA. 'HNMR (400 MHz, CDCls) § 7.90 (d, J = 8.2 Hz, 2H), 7.57

—7.44 (m, 3H), 7.44 — 7.39 (m, 2H), 7.37 (dd, J = 7.0, 1.2 Hz, 1H), 7.24 (d, J =
5.8 Hz, 1H), 2.29 (s, 3H). 3C NMR (101 MHz, CDCls) § 140.52, 137.67,
136.94, 133.66, 131.66, 130.66, 130.43, 128.73, 128.50, 128.40, 127.34, 126.42, 126.16, 126.10,
125.78, 125.40, 15.97. HRMS (EI-TOF) calcd for C17H13CIS (M *): 284.0421, found: 284.0418.

methyl(2-(naphthalen-l-yl)-5-(trif|uoromethyl)phenyl)sulfane (2-1ap)
CFs WRIEEF 7 E A ek, BIEEERNSSE (BN EHA)EE e’ K.
'H NMR (400 MHz, CDCls) § 7.97 — 7.91 (m, 2H), 7.60 — 7.48 (m, 4H), 7.46 —
T m (m, 2H), 7.41 — 7.35 (m, 2H), 2.37 (s, 3H). °C NMR (101 MHz, CDCls) &
142.27, 140.83, 136.86, 133.70, 131.50, 131.05, 130.80 (g, Jcr = 32.1 Hz),
128.87, 128.55, 127.25, 126.49, 126.24, 125.63, 125.43, 124.31 (q, Jcr = 273.7
Hz), 121.16 (g, Jer = 3.6 Hz), 120.93 (q, Jcr = 3.7 Hz), 15.51. F NMR (376 MHz, CDCl3) & -

62.50. HRMS (EI-TOF) calcd for C1gH13F3S (M+H™): 318.0685, found: 318.0685.

S
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(5-f|uoro-2-(naphthalen-1-y|)pheny|)(methyl)suIfane (2-1aq)
F WREBEF Fx A 6k, BIEEN DS (A EE A EHA)EE e K.
O 'H NMR (400 MHz, CDCl3) & 7.92 (d, J = 7.7 Hz, 2H), 7.62 — 7.45 (m, 3H),

S 745736 (m, 2H), 7.21 (dd, J = 8.3, 6.0 Hz, 1H), 7.04 (dd, J = 9.9, 2.5 Hz,
1H), 6.95 (td, J = 8.3, 2.5 Hz, 1H), 2.32 (s, 3H). *C NMR (101 MHz, CDCls)
§ 163.00 (d, Jer = 247.2 Hz), 141.61 (d, Jcr = 8.0 Hz), 137.18, 134.40 (d, Jcr =
3.3 Hz), 133.72, 132.08, 131.99 (d, Jcr = 8.6 Hz), 128.52, 128.47, 127.74, 126.27, 126.06, 125.85,
125.43, 111.34 (d, Jcr = 24.9 Hz), 111.09 (d, Jer = 21.6 Hz), 15.55. °F NMR (376 MHz, CDCls)
§ -113.91. HRMS (EI-TOF) calcd for C17H1sFS (M*): 268.0717, found: 268.0719.

methyl(5-methy|-2-(naphtha|en-1—y|)phenyl)suIfane (2-1ar)

WIEEAF & A ER, BIERTSBE(E @B QA FRK = 91 H kit
7)) 2| & & E . 'HNMR (400 MHz, CDCls) & 7.89 (dd, J = 8.2, 3.8 Hz,
2H), 7.58 — 7.50 (m, 2H), 7.50 — 7.43 (m, 1H), 7.42 — 7.36 (m, 2H), 7.20 — 7.12
(m, 2H), 7.08 (d, J = 7.7 Hz, 1H), 2.47 (s, 3H), 2.31 (s, 3H). 3C NMR (101
MHz, CDCls) & 138.42, 138.32, 138.14, 136.24, 133.69, 132.21, 130.70,
128.38, 128.14, 127.55, 126.19, 126.06, 125.92, 125.57, 125.44, 125.43, 21.60, 15.86. HRMS
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(EI-TOF) calcd for C1gH16S (M+H™): 265.1045, found: 265.1044.

methyl(2'-methyl-[1, 1'-biphenyl]-2-y|)su|fane (2-1as)
O WIEEA 7 B &k, BAEENSE(CR BB/ A TR = 91 K ki)
7 B3 G e E 4K, *HNMR (400 MHz, CDCls) § 7.35 (td, J = 7.7, 1.6 Hz, 1H),
O 7.31-7.26 (m, 2H), 7.28 — 7.21 (m, 3H), 7.19 (td, J = 7.4, 1.3 Hz, 1H), 7.14 (d,
J =7.3 Hz, 2H), 7.10 (dd, J = 7.5, 1.6 Hz, 1H), 2.36 (s, 3H), 2.11 (s, 3H). 3C
NMR (101 MHz, CDCl3) ¢ 140.27, 140.12, 137.93, 136.54, 130.02, 129.71, 129.56, 128.02,
127.99, 125.74, 124.48, 124.31, 19.92, 15.42. HRMS (EI-TOF) calcd for C14H14S (M *): 214.0811,

found: 214.0810.

(2'-ethy|-[1,1'-biphenyl]-2-y|)(methyl)su|fane (2-1at)
O WIEERA & B Ak, BREENSE(H BB/ A FK = 91 AUkMR
S” F)&EF A EEHMA., 'HNMR (400 MHz, CDCl3) § 7.39 — 7.31 (m, 3H), 7.28
O —7.22 (m, 2H), 7.19 (td, J = 7.3, 1.2 Hz, 1H), 7.13 (d, J = 7.5 Hz, 2H), 2.57 —
2.44 (m, 1H), 2.44 — 2.29 (m, 4H), 1.08 (t, J = 7.6 Hz, 3H). 3C NMR (101
MHz, CDCl3) & 142.48, 140.03, 139.53, 138.16, 129.95, 129.86, 128.33, 128.23, 127.97, 125.66,
124.26, 124.16, 26.25, 15.42, 15.24. HRMS (EI-TOF) calcd for C15H16S (M *): 228.0968, found:

228.0969.

(2'-isopropyl-[1, 1'-biphenyl]-2-yl)(methyl)suIfane (2-1au)
O WIEBEA 7iE B &k, BXEENSE(R BB/ ZAFIK = 91 AUEHK
“ F)EF G e EE. 'HNMR (400 MHz, CDC) § 7.45 — 7.34 (m, 3H), 7.29
O —7.23(m, 2H), 7.20 (td, J = 7.3, 1.2 Hz, 1H), 7.13 (m, 2H), 2.72 (hept, J = 6.9
Hz, 1H), 2.38 (s, 3H), 1.24 (d, J = 6.9 Hz, 3H), 1.10 (d, J = 6.9 Hz, 3H). °C
NMR (101 MHz, CDClgz) 6 147.26, 140.08, 138.87, 138.42, 129.89, 129.87, 128.42, 127.91,
125.51, 125.49, 124.17, 124.05, 30.16, 24.88, 23.38, 15.42. HRMS (EI-TOF) calcd for C1sH18S

(M*): 242.1124, found: 242.1122.

(2'-cyclohexyl-[1,1'-biphenyl]-2-yl)(methyl)sulfane (2-1av)
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O WIEEA Tk A A&, BXAEENSECEME/ AT =9/1 ik

s” FEEl A& EAE. 'HNMR (400 MHz, CDCl3s) §7.41 —7.32 (m, 3H), 7.26

/ O —7.20 (m, 2H), 7.17 (td, J = 7.4, 1.2 Hz, 1H), 7.14 — 7.06 (m, 2H), 2.36 (s,

3H), 2.33-2.23 (m, 1H), 1.87 (d, J = 13.0 Hz, 1H), 1.79 — 1.59 (m, 4H), 1.55

—1.42 (m, 1H), 1.36 — 1.27 (m, 1H), 1.24 — 1.00 (m, 3H). *3C NMR (101 MHz, CDCls) & 146.32,

140.21, 139.16, 138.35, 129.96, 129.88, 128.24, 127.86, 126.28, 125.45, 124.29, 124.21, 40.82,

35.38, 33.50, 26.98, 26.98, 26.31, 15.59. HRMS (ESI-TOF) calcd for C1gH22S (M+H"): 283.1515,
found:. 283.1517.

(2'-(tert-butyl)-[1,1'-biphenyl]-2-yl)(methyl)sulfane (2-1aw)
O WAEE 7k B &k, BITAE BN 28 (6 @B/ Z A Flx =9/1 A %BA)
s” AH geEA&. 'HNMR (400 MHz, CDCls) § 7.57 (d, J = 8.1 Hz, 1H), 7.38
O —7.30 (m, 2H), 7.23 — 7.16 (m, 3H), 7.16 — 7.08 (m, 1H), 6.97 (d, J = 7.5 Hz,
1H), 2.38 (s, 3H), 1.20 (s, 9H). 13C NMR (101 MHz, CDCls) & 148.15, 143.11,
138.87, 138.87, 132.64, 130.56, 127.90, 127.72, 127.72, 125.39, 123.83, 123.40, 36.83, 32.24,
15.38. HRMS (EI-TOF) calcd for C17H20S (M™): 256.1281, found: 256.1281.

methyl(2'-(trifluoromethyl)-[1, 1'-biphenyl]-2-yl)suIfane (2-1ax)
O WEEF % B 6&, BXHEENS B ER/ ZAFK = 91 A3
s” FhEE AEE A&, *HNMR (400 MHz, CDCI3) § 7.78 (d, J = 7.8 Hz, 1H),
FsC O 7.58 (t, J=7.4 Hz, 1H), 7.51 (t, J = 7.7 Hz, 1H), 7.43 — 7.36 (m, 1H), 7.33 (d,
J=75Hz 1H), 7.29 (d, J = 7.9 Hz, 1H), 7.23 — 7.13 (m, 2H), 2.38 (s, 3H).
13C NMR (101 MHz, CDCl3) & 139.08, 138.00, 137.92, 132.38, 131.35, 129.85, 128.99 (q, Jcr =
30.2 Hz) 128.69, 128.04, 126.33 (q, Jcr = 5.1 Hz), 125.06, 124.11, 124.06 (q, Jcr = 273.9 Hz),
15.95. ®F NMR (376 MHz, CDCIs) & -58.79. HRMS (EI-TOF) calcd for CisH1iFsS (M ¥):

268.0529, found: 268.0530.

(2',4'-dimethyl-[1, 1'-biphenyl]-2-y|)(methyl)su|fane (2-1ay)
O WERF 77 A G R, BIEET S (A HE/ QA Fk = 9/1 A UEHEA)
s &3 @& EE,. THNMR (400 MHz, CDCls) §7.36 (td, J = 7.6, 1.6 Hz, 1H), 7.25
O (dd, J=6.9, 1.1 Hz, 1H), 7.19 (td, J = 7.3, 1.2 Hz, 1H), 7.14 — 7.03 (m, 4H), 2.40
(s, 3H), 2.38 (s, 3H), 2.10 (s, 3H). *°C NMR (101 MHz, CDCl3) § 140.23, 138.10,
137.65, 137.22, 136.29, 130.85, 129.76, 129.59, 127.88, 126.49, 124.43, 124.18, 21.40, 19.84,
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15.40. HRMS (ESI-TOF) calcd for C1sH16S (M+H"): 269.1051, found: 269.1051.

(2',3'-dimethyl-[1,1'-biphenyl]-2-yl)(methyl)sulfane (2-1az)

WERF 77k A G R, BIAEET LA BB/ QA Fk = 91 A UEHRA)

B3 8 E &, 'HNMR (400 MHz, CDCl3) § 7.35 (td, J = 7.6, 1.6 Hz, 1H), 7.25

(d, J=7.2 Hz, 1H), 7.23 - 7.13 (m, 3H), 7.11 (dd, J = 7.5, 1.6 Hz, 1H), 7.01 (d, J

=7.2 Hz, 1H), 2.36 (s, 3H), 2.35 (s, 3H), 2.01 (s, 3H). 1*C NMR (101 MHz, CDCl5)
§140.92,140.22,138.10, 137.00, 135.11, 129.73, 129.52, 127.84, 127.49, 125.34, 124.42, 124.22,

20.71, 16.52, 15.45. HRMS (EI-TOF) calcd for C1sH16S (M+H"): 229.1045, found: 229.1046.

~

50

methyl(1-phenylnaphthalen-2-yl)sulfane (2-1ba)
O A 77 ik A &, BIEAEEAT 2 8 (A BB/ R F it =91 A sE )
s” 2% &€ Bk, 'HNMR (400 MHz, CDCls) *H NMR (400 MHz, Chloroform-
O d) 57.87 (d, J=8.7 Hz, 1H), 7.84 (d, J = 8.2 Hz, 1H), 7.57 — 7.46 (m, 4H), 7.44
—7.38(m, 1H), 7.38 — 7.30 (M, 4H), 2.46 (s, 3H). °C NMR (101 MHz, CDCls)
0138.61,137.14,134.85, 132.94, 131.29, 130.56, 128.66, 128.30, 127.98, 127.88, 126.64, 125.73,
125.11, 123.25, 16.37. HRMS (ESI-TOF) calcd for C17H14S (M+H"): 251.0889, found: 251.0884.

(1-(4-fluorophenyl)naphthalen-2-yl)(methyl)sulfane (2-1bc)
O R 77k A6k, BIEAEEN 28 (E BB/ ZRF ik =91 A sEEA)
s &3 a&EK. 'HNMR (400 MHz, CDCls) § 7.87 (d, J = 8.7 Hz, 1H), 7.84
‘ (d, J=7.5Hz, 1H), 7.48 (d, J = 8.8 Hz, 1H), 7.44 — 7.39 (m, 1H), 7.39 — 7.32
(m, 2H), 7.32 - 7.26 (M, 2H), 7.26 — 7.19 (m, 2H), 2.46 (s, 3H). *C NMR (101
MHz, CDCIs) 6 138.61, 137.14, 134.85, 132.94, 131.29, 130.56, 128.66, 128.30,
127.98, 127.88, 126.64, 125.73, 125.11, 123.25, 16.37. °F NMR (376 MHz, CDCls) & -114.31.
HRMS (EI-TOF) calcd for C17H13FS (M™): 268.0717, found: 268.0720.

methyl(1-(p-tolyl)naphthalen-2-yl)sulfane (2-1bd)
OO RAEE A ik A Bk, BITAE BT 28 (6 @B/ Z R F )l =9/1 A EkBA)
s” Az EeBE K, 'HNMR (400 MHz, CDCls) § 7.78 (t, J = 8.8 Hz, 2H), 7.43
O (d, J = 8.7 Hz, 1H), 7.39 — 7.24 (m, 5H), 7.18 (d, J = 7.7 Hz, 2H), 2.42 (s, 3H),
2.39 (s, 3H). 3C NMR (101 MHz, CDCls) & 139.24, 138.98, 136.63, 134.59,

132.77,132.01, 130.94, 128.29, 127.05, 126.68, 126.25, 125.82, 125.79, 124.66,
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124.56, 124.48, 19.75, 15.75. HRMS (ESI-TOF) calcd for C1sH16S (M+H"): 265.1045, found:
265.1048.

(1-(4-methoxyphenyl)naphthalen-2-yl)(methyl)sulfane (2-1be)
OO RAEEF 775 AR, BXEENSE(CH BB — A FH =41 %)
s” A3 BedE k. 'HNMR (400 MHz, CDCls) § 7.84 (t, J = 9.0 Hz, 2H), 7.49

O (d, J = 8.7 Hz, 1H), 7.45 — 7.38 (m, 2H), 7.39 — 7.31 (m, 1H), 7.28 — 7.22 (m,
2H), 7.18 — 7.04 (m, 2H), 3.91 (s, 3H), 2.46 (s, 3H). 3C NMR (101 MHz, CDCls)
RN & 139.24, 138.98, 136.63, 134.59, 132.77, 132.01, 130.94, 128.29, 127.05,

126.68, 126.25, 125.82, 125.79, 124.66, 124.56, 124.48, 19.75, 15.75. HRMS (ESI-TOF) calcd
for C1gH16S (M+H+): 281.0995, found: 281.0996.

3-(2-(methylthio)naphthalen-1-yl)benzofuran (2-1bf)
OO WA 77 A6k, BIIAEENSE(CE B R B =10/1 A %
s” F)EE A EAR. 'HNMR (400 MHz, CDCls) § 7.93 (d, J = 8.8 Hz, 1H),
O \ 7.87 (d, J=8.1 Hz, 1H), 7.75 (s, 1H), 7.64 (d, J = 8.3 Hz, 1H), 7.55 (t, J = 8.3
o Hz, 2H), 7.46 — 7.40 (m, 1H), 7.40 — 7.32 (m, 2H), 7.23 — 7.15 (m, 2H), 2.46
(s, 3H). 3C NMR (101 MHz, CDCls) § 155.41, 144.42, 137.41, 133.54, 131.29, 131.29, 129.10,
128.17, 126.96, 125.70, 125.52, 125.30, 124.70, 123.20, 122.97, 120.98, 117.71, 111.84, 16.28.
HRMS (ESI-TOF) calcd for C19H140S (M+H"): 291.0838, found: 291.0841.

4-(2-(methylthio)phenyl)dibenzo[b,d]furan (2-1bg)
WRIEE R T ix A6k, BB 28 (A BB/ R OB =10/1 A%
s BA)EE & e E KR, 'HNMR (400 MHz, CDCls) § 8.00 (d, J = 7.4 Hz,
© O 2H), 7.54 (d, J = 8.2 Hz, 1H), 7.50 — 7.38 (m, 6H), 7.38 — 7.28 (m, 2H),
O 2.38 (s, 3H). ®°C NMR (101 MHz, CDCl3) 6 156.35, 153.78, 138.46, 135.67,
130.77, 128.86, 128.70, 127.29, 126.10, 124.99, 124.87, 124.59, 124.49, 122.83, 122.67, 120.81,
120.38, 112.07, 16.34. HRMS (ESI-TOF) calcd for C19H140S (M+H"): 291.0838, found:

291.0835.

2-(methylthio)-3-(naphthalen-1-yl)benzofuran (2-1bh)
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WEEA T E A Ak, BIEENSECE BB/ R E = 9/1 ik
/ sMe &2 &€ E &, *HNMR (400 MHz, CDCls) § 7.93 (d, J = 8.1 Hz, 2H),

7.73(d, J = 8.4 Hz, 1H), 7.61 — 7.47 (m, 4H), 7.47 — 7.36 (m, 1H), 7.35 - 7.28

(m, 1H), 7.24 — 7.08 (m, 2H), 2.46 (s, 3H). *C NMR (101 MHz, CDCls) §
155.61, 149.17, 133.97, 132.21, 130.05, 129.40, 128.75, 128.63, 128.59, 126.20, 126.17, 126.13,
125.62, 124.64, 123.11, 121.85, 120.45, 111.05, 17.16. HRMS (EI-TOF) calcd for C19H140S (M*):
290.0760, found: 290.0759.

tert-butyl 3-(2-(methylthio)naphthalen-1-yl)-1H-indole-1-carboxylate (2-1bi)

WAEE 7 A A K, BIEAERAN S B (@B 8, LB =9/1 A S )
B3 EeE#R. 'HNMR (400 MHz, CDCI3) & 8.45 (s, 1H), 8.00 (d, J = 8.7
Hz, 1H), 7.95 (d, J = 7.9 Hz, 1H), 7.88 (s, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.63

BOC (d, J=8.7 Hz, 1H), 7.56 — 7.47 (m, 2H), 7.47 — 7.39 (m, 1H), 7.27 (d, J = 20.8
Hz, 2H), 2.55 (s, 3H), 1.83 (s, 9H). *C NMR (101 MHz, CDCls) § 149.77, 137.20, 133.61, 131.18,
130.60, 128.79, 128.01, 127.62, 126.70, 125.86, 125.62, 125.08, 124.65, 122.97, 122.83, 120.41,
117.81, 115.42, 83.82, 28.24, 16.10. HRMS (EI-TOF) calcd for C24H23NO2S (M+H"): 389.1444,
found: 389.1444.

ethyl(2-(naphthalen-l-yl)phenyl)suIfane (2-1bj)

WIEEA Tk A A&, BEEENSE(E BB A FIR =91 A%k
s/\ N2 & & E . *HNMR (400 MHz, CDCI3) § 7.90 (dd, J=7.7, 2.5 Hz,

2H), 7.54 (t, J = 7.6 Hz, 1H), 7.48 (t, J = 7.8 Hz, 2H), 7.45 — 7.35 (m, 4H),
7.29 - 7.26 (m, 2H), 2.77 (q, J = 7.3 Hz, 2H), 1.18 (t, J = 7.3 Hz, 3H). 3C
NMR (101 MHz, CDCl3) & 140.22, 138.63, 137.34, 133.64, 132.08, 131.14, 128.38, 128.24,
128.14, 127.38, 127.04, 126.20, 126.09, 125.92, 125.37, 125.05, 26.93, 13.96. HRMS (ESI-TOF)
calcd for C1gH16S (M+H™): 265.1045, found: 265.1048.

(2-(naphthalen-1-yl)phenyl)(2,2 2-trif|uoroethy|)su|fane (2-1bk)

O WABE ik A 6k, BB OB (B EB/IZAFR =91 Ak
s7CF, HANEE L e K, 'HNMR (400 MHz, CDCls) § 7.95 (d, J = 8.2 Hz,

O 2H), 7.67 (dd, J = 7.6, 1.5 Hz, 1H), 7.58 (dd, J = 8.3, 7.0 Hz, 1H), 7.55 —

7.50 (m, 1H), 7.50 — 7.39 (m, 5H), 7.36 (dd, J = 7.3, 1.8 Hz, 1H), 3.16 (q,

J=9.7 Hz, 2H). 3C NMR (101 MHz, CDCls) § 142.44, 138.13, 133.78, 133.63, 132.06, 131.65,
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131.14, 128.70, 128.46, 128.43, 127.67, 127.43, 126.39, 126.09, 125.93, 125.35 (q, Jcr = 276.7
Hz), 125.30, 36.90 (g, Jcr = 32.7 Hz). F NMR (376 MHz, CDCls) & -65.83. HRMS (EI-TOF)
calcd for CigH13FsS (M ¥): 318.0685, found: 318.0687.

(4-methoxybenzyl)(2-(naphthalen-1-yl)phenyl)sulfane (2-1bl)

O REBRF T AER, BEIEENT2BE BB/ _AF)K =
s/\© 19/1 Kk A)E 2 & B4, 'H NMR (400 MHz, CDCls)
OO OMe 7.88 (dd, J = 8.3, 5.3 Hz, 2H), 7.53 — 7.41 (m, 4H), 7.39 — 7.33

(m, 2H), 7.33 — 7.26 (m, 2H), 7.26 — 7.23 (m, 1H), 7.04 (d, J =
8.5 Hz, 2H), 6.72 (d, J = 8.7 Hz, 2H), 3.88 (s, 2H), 3.74 (s, 3H). 3C NMR (101 MHz, CDCls) 5
158.77, 140.71, 138.50, 137.06, 133.60, 132.11, 131.14, 130.06, 129.02, 128.52, 128.32, 128.22,
128.11, 127.41, 126.21, 126.08, 125.87, 125.66, 125.31, 113.86, 77.48, 77.16, 76.84, 55.36, 37.78.
HRMS (EI-TOF) calcd for CasH200S (M *): 356.1230, found:.356.1227.

(4-methy|benzyl)(2-(naphthalen-l-yl)phenyl)suIfane (2-1bm)

REBFTEAEGR, BIEENMEGE BB/ ZAFK =9/1
/\©\ KR AR5 & £ Bk, *HNMR (400 MHz, CDCl3) § 7.88 (t, J
= 6.8 Hz, 2H), 7.54 — 7.41 (m, 4H), 7.41 — 7.33 (m, 2H), 7.33 — 7.29

(m, 1H), 7.29 — 7.25 (m, 2H), 7.06 — 6.95 (m, 4H), 3.90 (s, 2H), 2.27
(s, 3H). 3C NMR (101 MHz, CDCls) § 140.63, 138.50, 137.19, 136.83, 133.99, 133.63, 132.13,
131.14, 129.17, 128.86, 128.36, 128.33, 128.24, 128.12, 127.43, 126.23, 126.08, 125.88, 125.61,
125.33, 38.04, 21.20. HRMS (ESI-TOF) calcd for CasH20S (M+H*): 341.1358, found: 341.1361.

benzyl(2-(naphtha|en-1-y|)phenyl)suIfane (2-1bn)
RAERE ik A 6k, BB 28(F @B/ A Fk =91 4
AN EE & E R, 'HNMR (400 MHz, CDCl3) § 7.88 (dd, J =
8.3,5.1 Hz, 2H), 7.55 — 7.41 (m, 4H), 7.41 — 7.32 (m, 2H), 7.32 - 7.26
(m, 2H), 7.26 — 7.23 (m, 1H), 7.23 — 7.15 (m, 3H), 7.12 (dd, J = 7.4,
2.2 Hz, 2H), 3.92 (s, 2H). *C NMR (101 MHz, CDCls) & 140.92, 138.44, 137.49, 135.19, 133.62,
132.66, 132.10, 131.96, 131.36, 130.44, 129.50, 129.20, 128.46, 128.37, 128.19, 127.65, 127.49,
127.40, 126.40, 126.13, 125.91, 125.29. HRMS (ESI-TOF) calcd for C23H1sS (M+H"): 327.1202,
found: 327.1204.
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4-(((2-(naphthalen-l-yl)phenyl)thio)methyl)benzonitriIe (2-1bo)

O REARFTE A AR, BIHEENI?ECEHER/—AF IR =
s/\© 1/1 A ¥R 7)) 5 2 & & B 4K . 'H NMR (400 MHz, CDCl3) § 7.90
OO CN (dd,J=8.2, 4.4 Hz, 2H), 7.54 — 7.47 (m, 2H), 7.46 — 7.40 (m, 3H),

7.40 —7.34 (m, 3H), 7.34 — 7.30 (m, 1H), 7.28 (dd, J = 7.4, 1.8 Hz,
2H), 7.24 (d, J = 1.2 Hz, 1H), 7.14 (d, J = 8.3 Hz, 2H), 3.87 (s, 2H). 3C NMR (101 MHz, CDCls)
0143.15,141.82,138.25, 135.14, 133.57,132.20, 132.04, 131.45, 129.98, 129.56, 128.42, 128.39,
128.27,127.39, 126.73, 126.20, 126.00, 125.94, 125.23, 118.89, 110.91, 38.57. HRMS (EI-TOF)
calcd for C24H17NS (M *): 351.1077, found: 351.1076.

(2-(naphthalen-1-y|)phenyl)(4-(trif|uoromethyl)benzyl)suIfane (2-1bp)

O RFEAERAFTEAEK, BEIEEN2B(GHE/ZAFK =
s/\© o/l AR5 E & E K, 'H NMR (400 MHz, CDCls) &
OO CF3 7.84 (s, 2H), 7.51 — 7.30 (m, 8H), 7.26 — 7.03 (m, 5H), 3.85 (s,

2H). 3C NMR (101 MHz, CDCls) § 141.56, 141.50, 138.34,
135.73, 133.56, 132.07, 131.33, 129.46, 129.16, 128.37, 128.21, 127.35, 126.41, 126.18, 126.02,
125.96, 124.25 (q, J = 272.7 Hz), 125.37, 125.34, 125.27, 38.24. *F NMR (376 MHz, CDCls) &
-62.4678. HRMS (ESI-TOF) calcd for C24H17F3S (M+H™): 395.1076, found: 395.1081.

(2'-methoxy-[1,1'-biphenyl]-2-yl)(methyl)sulfane (2-1bq)
O WIEEF 77k A G, BB S E (A EEB/ZR OB =91 & ki)
s” BRI LEEE. HNMR (400 MHz, CDCls) §7.40 — 7.28 (m, 3H), 7.24 - 7.13
= O (m, 3H), 7.06 — 6.94 (m, 2H), 3.77 (s, 3H), 2.35 (s, 3H). *C NMR (101 MHz,
CDCl3) & 157.02, 138.35, 137.94, 131.23, 130.43, 129.54, 129.39, 128.05,

125.51, 124.71, 120.54, 111.18, 55.81, 16.21. HRMS (EI-TOF) calcd for C14H140S (M 7):
231.0838, found: 231.0838.

(2'-(benzyloxy)-[1, 1'-biphenyl]-2-y|)(methyl)suIfane(2-1br)
O WIEEA 7 iE A Gk, BREENSE(CHWE/ R EE = 9/1 A%k
7 FN)EE LK. *HNMR (400 MHz, CDCls) § 7.37 — 7.24 (m, 5H), 7.24
Bno O —7.17 (m, 6H), 7.07 — 6.97 (m, 2H), 5.05 (s, 2H), 2.34 (s, 3H). °C NMR (101
MHz, CDCls) & 156.07, 138.31, 137.88, 137.54, 131.27, 130.45, 130.31,

129.24, 128.35, 127.98, 127.45, 126.75, 125.28, 124.56, 120.99, 113.42, 70.49, 16.08. HRMS
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(EI-TOF) calcd for C20H180S (M*): 306.1073, found: 306.1071.

N,N,4-trimethyl-2'-(methylthio)-[1, 1'-bipheny|]-2-amine (2-1bv)
O WEBEA7E A G, BXEEN2EE BB/ —AF K =101, 1%=
| s7 LR EBANEE T e k. HNMR (400 MHz, CDCls) § 7.32 - 7.27 (m,
AN O 2H), 7.25—7.23 (m, 1H), 7.21 — 7.13 (m, 1H), 7.04 (d, J = 7.6 Hz, 1H), 6.86 (s,
1H), 6.82 (d, J = 7.6 Hz, 1H), 2.52 (s, 6H), 2.37 (m, 6H). *C NMR (101 MHz,
CDCls) § 151.64, 140.58, 138.48, 137.99, 131.62, 130.40, 129.92, 127.25,
125.33, 124.61, 121.68, 118.49, 43.12, 21.67, 16.21. HRMS (EI-TOF) calcd for C16H19NS (M™):

257.1233, found: 257.1235.

8-(2-(methylthio)phenyl)quinoline (2-1bw)
O WAEEF T E A A K, BEERNSE(AEE/ KR OB = 6/1 Xkt
s~ B3] # @ E K. 'THNMR (400 MHz, CDCls) § 8.95 —8.87 (m, 1H), 8.20
N O (d, J=8.3Hz, 1H), 7.88 (d, J =8.1 Hz, 1H), 7.67 (d, J = 7.2 Hz, 1H), 7.61 (td,
= J=17.6,2.3Hz, 1H), 7.45 — 7.36 (m, 3H), 7.34 — 7.26 (m, 2H), 2.32 (s, 3H).
3C NMR (101 MHz, CDCls) § 150.58, 146.75, 139.99, 139.17, 138.36, 136.33, 130.96, 130.80,
128.56, 128.40, 128.26, 126.13, 125.76, 124.74, 121.19, 16.40. HRMS (ESI-TOF) calcd for
C1sH13NS (M+H"): 252.0841, found: 252.0840.

2'-(methylthio)-[1, 1'-biphenyl]-2-carbaldehyde (2-1bz)

O WIEEA 77 iE A6k, BRXEENSE (A BB/ R OB = 91 AUEHK
“ )42 33 % & B k. 'HNMR (400 MHz, CDClg) 3 7.94 — 7.80 (m, 3H), 7.55
one O —7.43 (m, 3H), 7.41—7.32 (m, 3H), 7.30 (td, J = 7.4, 1.2 Hz, 1H), 7.15 (dd, J
=7.4,15Hz, 1H), 6.49 (d, J = 16.0 Hz, 1H), 4.12 (t, J = 6.5 Hz, 2H), 2.30 (s,
3H), 1.64 — 1.57 (m, 2H), 1.41 — 1.30 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). °C NMR (101 MHz,
CDCl3) 6 167.13,142.97,139.65, 139.24, 135.78, 134.25, 132.61, 131.08, 130.55, 128.98, 128.74,
128.19, 127.16, 127.04, 126.87, 124.91, 124.83, 122.79, 119.25, 64.31, 30.81, 19.30, 15.57, 13.88.

HRMS (EI-TOF) calcd for C14H12.0S (M*): 228.0604, found: 228.0605.

1,5-bis(2-(methylthio)phenyl)naphthalene (2-1c)
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131.01, 130.91, 128.40, 128.37, 127.49, 127.40, 126.33, 125.46, 124.81,
124.67,124.52, 124.46, 15.81, 15.77. HRMS (EI-TOF) calcd for C24H20S
(M+H*): 373.1079, found: 373.1077.

O RIEE A 7% A 6K, BIAERMN D& (B mE/— AT = 41 nit

S” BiAl)EE % & E . 'HNMR (400 MHz, CDCl3) § 7.54 (d, = 8.2 Hz,

OO 2H), 7.48 — 7.31 (m, 9H), 7.30 — 7.26 (m, 3H), 2.36 — 2.29 (m, 6H). **C

S NMR (101 MHz, CDCls) § 139.23, 138.82, 138.52, 138.45, 132.22, 132.12,

2,2"""-bis(methylthio)-1,1":2",1"":2" 1'"-quaterpheny| (2-1d)

RAEE ik A Bk, BITAERNT OB (E BB/ ZQF ik =41 A EHA)R
2 G E &, THNMR (400 MHz, CDCI3) § 7.29 — 7.12 (m, 10H), 7.12 — 7.02 (m,
2H), 6.97 — 6.72 (m, 4H), 2.43 (s, 4H), 2.20 (s, 2H). *C NMR (101 MHz, CDCls)
0 140.11, 139.51, 138.70, 138.60, 132.34, 131.46, 131.02, 130.11, 127.57, 127.22,
126.98, 126.65, 126.31, 125.12, 124.20, 124.02, 16.14, 15.70. HRMS (ESI-TOF)
calcd for CoeH22S2 (M+H+): 399.1236, found: 399.1238.

RUXS,
W, ’

2 2"-bis(methylthio)-1 1':2",1"-terphenyl (2-1e)

\s RAEHE 7k A K, BXEETSE(CEmEB/ R T = 4/1 ikt
#)& 2| &G & E k. 'HNMR (400 MHz, CDCls) 7.48 — 7.27 (m, 4H), 7.24 —
7.00 (m, 6H), 6.86 (t, J = 7.2 Hz, 2H), 2.44 — 2.24 (m, 6H). 3C NMR (101

MHz, CDClz) & 139.55, 139.25, 137.50, 130.90, 130.01, 129.51, 128.54,
127.60, 127.27,124.92, 124.53, 123.87, 123.80, 15.60. HRMS (EI-TOF) calcd for C14H120S (M™):
322.0845, found: 322.0846.

2.9.2 P MR

butyl (E)-3-(1-(2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-4)

O WRERF FE C ZHER TLC £ BE3%E & B KA BB/
s” W7 EE = 9/1 K EFA)1T.3 mg, 92%). *H NMR (400 MHz,
X _COOB
OO " CDCls) 5 7.94 — 7.80 (m, 3H), 7.55 — 7.43 (m, 3H), 7.41 — 7.32 (m,

3H), 7.30 (td, J = 7.4, 1.2 Hz, 1H), 7.15 (dd, J = 7.4, 1.5 Hz, 1H), 6.49
(d, J = 16.0 Hz, 1H), 4.12 (t, = 6.5 Hz, 2H), 2.30 (s, 3H), 1.64 — 1.57 (m, 2H), 1.41 — 1.30 (m,

2H), 0.92 (t, J = 7.4 Hz, 3H). °C NMR (101 MHz, CDCls) & 167.13, 142.97, 139.65, 139.24,
91
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135.78, 134.25, 132.61, 131.08, 130.55, 128.98, 128.74, 128.19, 127.16, 127.04, 126.87, 124.91,
124.83,122.79, 119.25, 64.31, 30.81, 19.30, 15.57, 13.88. HRMS (ESI-TOF) calcd for C24H240,S
(M+Na*): 399.1389, found: 399.1390. % HPLC % & 41 : a Daicel Chiralpak AD-H, n-
hexane/2-propanol = 95/5, v = 1.0 mL-min, A = 254 nm, t (minor) = 8.6 min, t (major) = 7.4

min, 97% ee. [0]po?°=-99.9 (c = 1.0, CHCl3).

X-ray Data of 2-4

92

e S/
! Xx-COO0"Bu

Empirical formula

Formula weight
Temperature/K
Crystal system
Space group
alA

b/A

c/A

a/°

pre

v/°

Volume/A3

Z

pealcg/cm?
wmm

F(000)

Crystal size/mm?®
Radiation

20 range for data collection/°

2-4
(CCDC 2098129)

C24H24025

376.49

170.0
orthorhombic
P21212;
7.6531(17)
10.470(2)
25.341(6)

90

90

90

2030.5(8)

4

1.232

0.175

800.0

0.49 x<0.36 %<0.32
MoKa (A = 0.71073)
5.048 to 54.192
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Index ranges -9<h<9,-13<k<13,-32<1<32
Reflections collected 26855

Independent reflections 4479 [Rint = 0.0327, Rsigma = 0.0214]
Data/restraints/parameters 4479/0/246

Goodness-of-fit on F 1.083

Final R indexes [[>=2c (I)] R1 =0.0268, wR2 = 0.0683

Final R indexes [all data] R1=10.0283, wR2 = 0.0696

Largest diff. peak/hole / e A 0.14/-0.25

Flack parameter -0.015(17)

butyl (E)-3-(1-(2-(methylselanyl)phenyl)naphthalen-2-yl)acrylate (2-5)

O WA JF 7 C 1E ] 20 mol%Hy B 8L 48 4 31 41 & %% TLC 4 & 1%
Se R EEWAR(CE MBI B 8 = 9/1 A B FF A1) (3.2 mg, 15%).

OO N-COO0™BU 14 NMR (400 MHz, CDCls) 5 7.93 — 7.85 (m, 2H), 7.82 (d, J = 8.7

Hz, 1H), 7.53 — 7.40 (m, 4H), 7.40 — 7.31 (m, 3H), 7.16 (dd, J = 7.4,
1.5 Hz, 1H), 6.48 (d, J = 16.0 Hz, 1H), 4.11 (t, J = 6.5 Hz, 2H), 2.14 (s, 3H), 1.65 — 1.59 (m, 2H),
1.38 — 1.31 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCls) § 167.04, 142.82,
137.92, 134.15, 131.01, 130.39, 128.93, 128.71, 128.40, 128.09, 127.11, 127.01, 126.82, 125.77,
122.70, 119.22, 64.26, 30.72, 19.22, 13.80, 6.60. HRMS (ESI-TOF) calcd for C24H240,Se (M ™):
424.0937, found: 424.0936. 1 HPLC 4 % 4 f: a Daicel Chiralpak AD-H, n-hexane/2-

propanol = 90/10, v = 1.0 mL -min™, X = 254 nm, t (minor) = 6.3 min, t (major) = 5.4 min, 96%
ee. [0]p? = -71.5 (c = 0.8, CHClI3).

butyl (E)-3-(1-(2-(propylthio)phenyl)naphthalen-2-yl)acrylate (2-6)
O WAEEF 77iE C ZHH &K TLC 2 B E A L& RE(E mE/ 7
s B 7.8 = 9/1 % /& #1)(20.0 mg, 99%). H NMR (400 MHz,
OO N\ CO0Bu CDCl3) 8 7.87 (t, J = 9.1 Hz, 2H), 7.82 (d, J = 8.7 Hz, 1H), 7.55 —
7.39 (m, 4H), 7.39 — 7.32 (m, 2H), 7.32 — 7.26 (m, 1H), 7.14 (d, J =
7.2 Hz, 1H), 6.46 (d, J = 16.0 Hz, 1H), 4.10 (t, J = 6.5 Hz, 2H), 2.78 — 2.63 (m, 2H), 1.64 — 1.58
(m, 2H), 1.54 — 1.43 (m, 2H), 1.38 — 1.29 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H), 0.83 (t, J = 7.4 Hz,
3H). BC NMR (101 MHz, CDCls) § 167.12, 143.14, 140.09, 137.90, 137.17, 134.19, 132.73,
131.39, 130.38, 128.78, 128.59, 128.15, 127.31, 127.17, 127.08, 126.78, 125.32, 122.76, 119.11,
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64.28, 34.65, 30.82, 22.26, 19.30, 13.88, 13.53. HRMS (ESI-TOF) calcd for C2sH2s02S (M+Na*):
427.1702, found: 427.1702. F % HPLC 4 # 4 f+: aDaicel Chiralpak IC, n-hexane/2-propanol

=95/5, v = 1.0 mL-min%, L = 254 nm, t (minor) = 7.3 min, t (major) = 6.6 min, 78% ee. [a]p®° =
-127.6 (c = 1.2, CHCls).

butyl (E)-3-(1-(2-(butylthio)phenyl)naphthalen-2-yl)acrylate (2-7)
O WAEEF & C E3H &% TLC 255 3| L &R &(f jd it/ 7
5”2 B B = 9/1 A B FFA)(11.1 mg, 53%). *H NMR (400 MHz,
OO N\ CO0BY CDCl3) 6 7.87 (t, J = 9.0 Hz, 2H), 7.82 (d, J = 8.8 Hz, 1H), 7.52 —
7.42 (m, 4H), 7.38 — 7.27 (m, 3H), 7.14 (d, J = 7.5 Hz, 1H), 6.46 (d,
J =16.0 Hz, 1H), 4.10 (t, J = 6.5 Hz, 2H), 2.79 — 2.68 (m, 2H), 1.63 — 1.58 (m, 2H), 1.50 — 1.41
(m, 2H), 1.37 — 1.30 (m, 2H), 1.28 — 1.23 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H), 0.79 (t, J = 7.4 Hz,
3H). BC NMR (101 MHz, CDCls) § 167.12, 143.15, 140.10, 138.02, 137.12, 134.19, 132.73,
131.37, 130.39, 128.79, 128.59, 128.15, 127.28, 127.19, 127.08, 126.78, 125.31, 122.77, 119.10,
64.29, 32.41, 30.96, 30.82, 22.07, 19.31, 13.89, 13.66. HRMS (ESI-TOF) calcd for C27H3002S
(M+Na*): 441.1859, found: 441.1861. M4 HPLC 4% 4 ff: a Daicel Chiralpak AD-H, n-

hexane/2-propanol = 98/2, v = 0.5 mL-min™, A = 254 nm, t (minor) = 16.4 min, t (major) = 15.4
min, 76% ee. [a]p?° = -77.4 (¢ = 1.0, CHCIy).

butyl (E)-3-(1-(2-(hexylthio)phenyl)naphthalen-2-yl)acrylate (2-8)
O WA 7k CETHE R TLC 4 B 53 ek (h bt/
SN LB ZEE =9/1 A B FF7)(20.2 mg, 90%) . *H NMR (400 MHz,
OO NCO0™BU D C1,) 5 7.87 (t, J = 9.0 Hz, 2H), 7.82 (d, J = 8.8 Hz, 1H), 7.57
7.39 (m, 4H), 7.39 — 7.26 (m, 3H), 7.14 (d, J = 7.5 Hz, 1H), 6.46
(d, J = 16.0 Hz, 1H), 4.10 (t, = 6.5 Hz, 2H), 2.72 (td, J = 7.2, 2.3 Hz, 2H), 1.63 — 1.57 (m, 2H),
1.50 — 1.41 (m, 2H), 1.39 — 1.30 (m, 2H), 1.25 — 1.10 (m, 6H), 0.91 (t, J = 7.3 Hz, 3H), 0.82 (t, J
= 6.9 Hz, 3H). 3C NMR (101 MHz, CDCl3) & 167.12, 143.15, 140.12, 138.03, 137.14, 134.20,
132.73, 131.38, 130.40, 128.80, 128.59, 128.16, 127.34, 127.20, 127.09, 126.78, 125.32, 122.77,
119.09, 64.30, 32.78, 31.40, 30.82, 28.87, 28.67, 22.62, 19.31, 14.12, 13.89. HRMS (ESI-TOF)
calcd for CaoH3402S (M+Na'): 469.2172, found: 469.2173. F & HPLC 4% 4 #: a Daicel

Chiralpak AD-H, n-hexane/2-propanol = 95/5, v = 1.0 mL - min’t, ., = 254 nm, t (minor) = 4.8 min,
t (major) = 4.5 min, 63% ee. [0]p?°=-33.0 (c = 1.0, CHCl5).
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butyl (E)-3-(1-(2-(isopropylthio)phenyl)naphthalen-2-yl)acrylate (2-9)
O AEEF F ik C 214 &% TLC 4 BEE L& R k(h it/
sj\ B Es = 9/1 X B JFA)(17.0 mg, 84%). H NMR (400 MHz,
OO NACOOBY - 515 7.91 — 7.83 (m, 2H), 7.81 (d, J = 8.8 Hz, 1H), 7.53 (d, J =
7.6 Hz, 1H), 7.50 — 7.42 (m, 3H), 7.38 — 7.28 (m, 3H), 7.15 (dd, J =
7.5, 1.5 Hz, 1H), 6.45 (d, J = 16.0 Hz, 1H), 4.15—4.03 (m, 2H), 3.43 —3.28 (m, 1H), 1.62 — 1.54
(m, 2H), 1.38 — 1.27 (m, 3H), 1.16 — 1.08 (m, 6H), 0.90 (t, J = 7.4 Hz, 3H). **C NMR (101 MHz,
CDCls) 5 167.10, 143.20, 140.35, 138.20, 137.39, 134.12, 132.82, 131.52, 130.20, 129.46, 128.72,
128.48, 128.12, 127.24, 127.03, 126.72, 125.83, 122.71, 119.00, 64.26, 36.74, 30.80, 23.06, 22.76,
19.28, 13.87. HRMS (ESI-TOF) calcd for CasH2502S (M+Na*): 427.1702, found: 427.1703. F

P HPLC 4 % 4 1+: a Daicel Chiralpak 1B, n-hexane/2-propanol = 95/5, v =1.0 mL -min™, A =
254 nm, t (minor) = 6.5 min, t (major) = 6.0 min, 23% ee. [a]p?* = -43.7 (c = 1.0, CHCl5).

butyl (E)-3-(4-methyl-1-(2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-10)
O RFAF FiE CETHER TLC 2 EEF2 G & BAR(Chmit/ 2
- BT = 9/1 K &I #)(18.4 mg, 94%). H NMR (400 MHz,
OO NACO0™BY o1 1y) 58.13 (d, J = 8.3 Hz, 1H), 7.59 — 7.53 (m, 1H), 7.52 — 7.46
(m, 2H), 7.46 — 7.39 (m, 2H), 7.37 — 7.32 (m, 2H), 7.28 (td, J = 7.4,
1.2 Hz, 1H), 7.12 (dd, J = 7.4, 1.5 Hz, 1H), 6.42 (d, J = 15.9 Hz, 1H),
4.11 (t, J = 6.5 Hz, 2H), 2.31 (s, 3H), 1.64 — 1.58 (m, 2H), 1.41 — 1.29 (m, 2H), 0.91 (t, J = 7.4
Hz, 3H). 13C NMR (101 MHz, CDCl3) § 167.20, 143.06, 139.39, 138.15, 135.94, 135.01, 133.64,
132.67, 131.28, 130.06, 128.88, 127.64, 127.04, 126.53, 124.80, 124.77, 124.45, 123.37, 118.99,
77.48, 77.16, 76.84, 64.29, 30.83, 19.91, 19.32, 15.56, 13.89. HRMS (ESI-TOF) calcd for
C2sH2602S (M+Na*): 413.1546, found: 413.1548. F & HPLC 4% 4 1 a Daicel Chiralpak IC,

n-hexane/2-propanol = 85/15, v = 1.2 mL - min™, L = 254 nm, t (minor) = 5.2 min, t (major) = 4.5
min, 97% ee. [0]p?° = -129.5 (¢ = 0.8, CHCl3).

butyl (E)-3-(4-fluoro-1-(2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-11)
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O RIEFF 7 CETHER TLC BB a6 B ER(Ch i/ 2
- B T = 9/1 H &I #)(17.8 mg, 90%). H NMR (400 MHz,
OO NACOOBY - o501 5 8.13 (d, J = 8.3 Hz, 1H), 7.59 — 7.53 (m, 1H), 7.52 — 7.46
(m, 2H), 7.46 — 7.39 (m, 2H), 7.37 — 7.32 (m, 2H), 7.28 (td, J = 7.4,

1.2 Hz, 1H), 7.12 (dd, J = 7.4, 1.5 Hz, 1H), 6.42 (d, J = 15.9 Hz, 1H),
4.11 (t, J = 6.5 Hz, 2H), 2.31 (s, 3H), 1.64 — 1.58 (m, 2H), 1.41 — 1.29 (m, 2H), 0.91 (t, J = 7.4
Hz, 3H). 23C NMR (101 MHz, CDCls) § 166.87, 158.90 (d, Jcr = 252.4 Hz), 142.13 (d, Jcr = 2.7
Hz), 139.54, 135.79 (d, Jcr = 3.8 Hz), 135.04, 134.11 (d, Jcr = 5.2 Hz), 131.34, 131.03 (d, Jcr =
8.2 Hz), 129.18, 127.87, 127.46 (d, Jcr = 1.7 Hz), 127.03 (d, Jcr = 3.0 Hz), 124.86, 120.92 (d, Jcr
= 5.2 Hz), 119.93, 106.11 (d, Jcr = 21.1 Hz) , 64.44, 30.79, 19.30, 15.51, 13.87. 1°F NMR (376
MHz, CDCl3) § -122.60. HRMS (ESI-TOF) calcd for CasHzsFO2S (M+Na'): 417.1295, found:
417.1297. F M HPLC 4% 4 #: a Daicel Chiralpak IC, n-hexane/2-propanol = 85/15, v = 1.2

F

mL-mint, L =254 nm, t (minor) = 5.9 min, t (major) = 4.4 min, 97% ee. [a]o®®=-132.9 (¢ = 0.7,
CHCIy).

butyl (E)-3-(5-(2-(methylthio)phenyl)-1,2-dihydroacenaphthylen-4-yl)acrylate (2-12)
O WAEREF F ik C 2T F LR TLC 2 B 1523 € k(G wmit/ 2
- B B = 9/1 A B FFA)(19.1 mg, 95%). *H NMR (400 MHz,
OO N\ CO0"Bu CDCls) 8 7.66 (s, 1H), 7.55 (d, J = 16.0 Hz, 1H), 7.46 (td, J = 7.7, 1.5
. Hz, 1H), 7.39 — 7.30 (m, 3H), 7.30 — 7.26 (m, 1H), 7.14 (dd, J = 7.5,
1.5 Hz, 1H), 7.06 (d, J = 8.0 Hz, 1H), 6.48 (d, J = 15.9 Hz, 1H), 4.11
(t, J =6.5 Hz, 2H), 3.45 (s, 4H), 2.31 (s, 3H), 1.66 — 1.59 (m, 2H), 1.40 — 1.31 (m, 2H), 0.92 (t, J
= 7.4 Hz, 3H). 3C NMR (101 MHz, CDCls) § 167.29, 146.59, 145.97, 143.84, 140.16, 139.28,
135.94, 135.72, 132.21, 131.22, 130.85, 128.81, 128.75, 124.94, 124.79, 122.12, 121.00, 118.77,
116.13, 64.24, 30.82, 30.64, 30.30, 19.31, 15.67, 13.89. HRMS (ESI-TOF) calcd for C26H2602S
(M+Na*): 425.1546, found: 425.1546. M HPLC % % 4 ff: a Daicel Chiralpak AD-H, n-

hexane/2-propanol = 92/8, v = 0.8 mL-min, A = 254 nm, t (minor) = 7.9 min, t (major) = 7.3
min, 96% ee. [0]p?° = -107.2 (c = 0.8, CHCl3).

butyl (E)-3-(1-(2-(methylthio)phenyl)pyren-2-yl)acrylate (2-13)
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RAEEF 77k C A &% TLC 45 551 # & B R (F it/
7B 7 B =9/1 % & FF #1)(20.7 mg, 92%). H NMR (400 MHz,
CDCls) & 8.54 (s, 1H), 8.18 (dd, J = 7.6, 1.2 Hz, 1H), 8.14 (dd, J
= 7.7, 1.1 Hz, 1H), 8.10 (s, 2H), 8.00 (t, J = 7.6 Hz, 1H), 7.97 (d,
J=9.2Hz, 1H), 7.71 (d, J = 16.0 Hz, 1H), 7.59 (d, J = 9.2 Hz,
1H), 7.57 — 7.51 (m, 1H), 7.42 (dd, J = 8.1, 1.2 Hz, 1H), 7.35 (td, J = 7.4, 1.2 Hz, 1H), 7.26 — 7.22
(m, 1H), 6.67 (d, J = 15.9 Hz, 1H), 4.15 (t, J = 6.5 Hz, 2H), 2.31 (s, 3H), 1.68 — 1.59 (m, 2H),
1.43 — 1.34 (m, 2H), 0.94 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, CDCls) § 167.08, 143.72,
139.56, 136.28, 136.12, 131.69, 131.46, 131.33, 131.21, 131.10, 130.19, 129.09, 128.36, 128.26,
127.65, 126.73, 125.72, 125.69, 125.63, 125.60, 124.92, 124.89, 124.70, 122.31, 120.05, 64.39,
30.85, 19.34, 15.59, 13.91. HRMS (ESI-TOF) calcd for C30H2602S (M+Na*): 473.1546, found:
473.1545. F M HPLC 4% 4 +: a Daicel Chiralpak IC, n-hexane/2-propanol = 85/15, v = 1.2

mL-min, L = 254 nm, t (minor) = 6.4 min, t (major) = 5.6 min, 98% ee. [a]p® = +34.2 (c = 1.1,
CHCIy).

butyl(E)-3-(1-(2-(methylthio)-5-(trifluoromethyl)phenyl)naphthalen-2-yl)acrylate (2-14)
F3C WAEEF 77k C B H &K TLC 4 B 52| L& Bk (F it/ 7
O - BT = 9/1 A EIFANALT mg, 52%). H NMR (400 MHz,
XCOO0™BU  CcDCIs) § 7.94 (d, J = 8.8 Hz, 1H), 7.89 (d, J = 8.1 Hz, 2H), 7.84 (d,
OO J=8.7Hz, 1H), 7.74 (dd, J = 8.7, 1.9 Hz, 1H), 7.56 — 7.50 (m, 1H),
7.46 —7.34 (m, 4H), 7.26 (d, J = 8.3 Hz, 1H), 6.51 (d, J = 15.9 Hz, 1H), 4.12 (td, J = 6.5, 1.2 Hz,
2H), 2.36 (s, 3H), 1.65 — 1.59 (m, 2H), 1.40 — 1.31 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). 13C NMR
(101 MHz, CDCl3) 6 166.92, 14497, 142.11, 137.59, 135.78, 134.31, 132.21, 130.82, 129.40,
128.38, 127.59 (q, Jer = 3.6 Hz), 126.85 (q, Jcr = 33.1 Hz), 125.76 (9, Jcr = 4.0 Hz), 124.35 (q,
Jcr=272.7 Hz), 127.39, 127.28, 126.44, 124.03, 122.83, 120.08, 64.43, 30.79, 19.30, 15.14, 13.83.
F NMR (376 MHz, CDCls) § -62.01. HRMS (ESI-TOF) calcd for CasH23F30,S (M+Na*):
467.1263, found: 467.1265. 1 HPLC 4 & 4 1+: aDaicel Chiralpak IC, n-hexane/2-propanol

=90/10, v = 0.8 mL-min, A =254 nm, t (minor) = 7.2 min, t (major) = 6.4 min, 98% ee. [a]p?°
=-75.9 (c = 1.2, CHCls).

butyl (E)-3-(1-(5-fluoro-2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-15)
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AT K 18 & % fr b X

F O RAEFER 7E C AT HEH TLC 4 BH 2 TR A i/ 2
s~ BB = 9/1 A BT A)(12.0 mg, 61%). *H NMR (400 MHz,

OO XCO0"™BuU  cDCl3) § 7.91 (d, J = 8.8 Hz, 1H), 7.88 (d, J = 8.2 Hz, 1H), 7.83 (d,
J=8.8 Hz, 1H), 7.55 — 7.49 (m, 1H), 7.46 (d, J = 15.9 Hz, 1H), 7.43

~7.38(m, 1H), 7.38 — 7.30 (m, 2H), 7.22 (td, J = 8.5, 2.8 Hz, 1H), 6.94 (dd, J = 8.8, 2.8 Hz, 1H),
6.50 (d, J = 15.9 Hz, 1H), 4.13 (t, = 6.5 Hz, 2H), 2.27 (s, 3H), 1.67 — 1.59 (m, 2H), 1.41 — 1.31
(m, 2H), 0.93 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDCl3) & 167.02, 160.80 (d, Jcr = 246.4
Hz), 142.47, 138.32 (d, Jcr = 1.5 Hz), 138.18 (d, Jcr = 7.4 Hz), 134.47 (d, Jcr = 3.1 Hz), 127.58
(d, Jcr =8.1 Hz), 134.22, 132.30, 130.47, 129.09, 128.29, 127.29, 127.11, 126.71, 122.76, 119.74,
118.38 (d, Jcr = 21.9 Hz), 116.13 (d, Jcr = 21.5 Hz), 64.42, 30.81, 19.32, 16.44, 13.86. °F NMR
(376 MHz, CDCls) 6 -117.99. HRMS (ESI-TOF) calcd for Co4H23FO2S (M+Na*): 417.1295,
found: 417.1293. 4 HPLC 4 % %4 f+: a Daicel Chiralpak IC, n-hexane/2-propanol = 90/10,

v =0.8 mL-min, L =254 nm, t (minor) = 8.8 min, t (major) = 7.4 min, 98% ee. [a]o? = -90.7 (c

= 1.0, CHCl5).

butyl (E)-3-(1-(5-cyano-2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-16)
NC WA T iz C RN 72 /N 2 # &% TLC 4B 52K &
O s~ T (R B L8 LB = 4/1 K &I 7)(13.1 mg, 65%). H
X CO0"BU  NMR (400 MHz, CDCls) & 7.94 (d, J = 8.7 Hz, 1H), 7.89 (d, J = 8.1
OO Hz, 1H), 7.83 (d, J = 8.8 Hz, 1H), 7.76 (dd, J = 8.3, 1.9 Hz, 1H), 7.57
—7.48 (m, 1H), 7.45 — 7.31 (m, 4H), 7.22 (d, J = 8.4 Hz, 1H), 6.51 (d, J = 15.9 Hz, 1H), 4.14 (td,
J=6.6, 1.1 Hz, 2H), 2.35 (s, 3H), 1.68 — 1.60 (m, 2H), 1.43 — 1.31 (m, 2H), 0.93 (t, J = 7.4 Hz,
3H). BC NMR (101 MHz, CDCls) § 166.84, 147.30, 141.77, 136.45, 136.17, 134.26, 133.82,
132.35, 131.94, 129.65, 128.44, 127.48, 127.39, 126.11, 123.99, 122.83, 120.34, 107.90, 64.51,
30.76, 19.30, 14.93. HRMS (ESI-TOF) calcd for C2sH2sNO2S (M+Na*): 424.1342, found:
424.1342. F 1 HPLC 4 & 4 F: a Daicel Chiralpak IC, n-hexane/2-propanol = 75/25, v = 1.4

mL-min?, L =254 nm, t (minor) = 40.1 min, t (major) = 46.7 min, 98% ee. [a]o®®=-20.0 (c=1.1,
CHClIs).

butyl (E)-3-(1-(5-methyl-2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-17)
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F_F EEARES 1A AR B S SN A AR 7T AR ROR A R

O RAEEF 77k C A H &K TLC 4B 53| L& R R(Ch mEt/ 2

- B B = 9/1 A B JF#)(16.6 mg, 85%). *H NMR (400 MHz,

OO NACOO™BY D1, 57.91 - 7.81 (M, 3H), 7.56 — 7.46 (m, 2H), 7.42 — 7.35 (m,
2H), 7.29 (s, 2H), 6.98 (s, 1H), 6.50 (d, J = 16.0 Hz, 1H), 4.13 (t, J =

6.5 Hz, 2H), 2.38 (s, 3H), 2.27 (s, 3H), 1.62 (dd, J = 8.1, 7.0 Hz, 2H), 1.38 (dt, J = 14.8, 7.4 Hz,
2H), 0.93 (t, J = 7.4 Hz, 3H). °C NMR (101 MHz, CDCls) & 143.10, 135.97, 135.50, 134.70,
134.21, 131.74, 130.37, 129.78, 128.57, 128.13, 127.13, 127.10, 126.78, 125.61, 122.68, 119.03,
64.27, 30.79, 20.98, 15.98, 13.87. HRMS (ESI-TOF) calcd for CasH260.S (M+Na*): 413.15486,
found: 413.1547. & HPLC 4 & 4 fF: a Daicel Chiralpak IC, n-hexane/2-propanol = 90/10,

v =1.0 mL-min, L =254 nm, t (minor) = 7.8 min, t (major) = 6.2 min, 97% ee. [a]o® = -46.5 (c

= 0.9, CHCI5).

butyl (E)-3-(1-(5-methoxy-2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-18)
O WAEEF 7k C B H &K TLC 2 B EFI K& R A mbt/
O - LER B = 411 K B FFA)(17.3 mg, 85%). *H NMR (400 MHz,
X CO0"BU cDCls) §7.91-7.81(m, 3H), 7.56 — 7.46 (m, 2H), 7.42 — 7.35 (m,
OO 2H), 7.29 (d, J = 0.9 Hz, 2H), 6.98 (d, J = 1.3 Hz, 1H), 6.50 (d, J =
16.0 Hz, 1H), 4.13 (t, J = 6.5 Hz, 2H), 2.38 (s, 3H), 2.27 (s, 3H), 1.62 (m, J = 8.0, 6.5 Hz, 2H),
1.42 — 1.32 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H). °C NMR (101 MHz, CDCls) § 167.11, 157.87,
142.97, 139.86, 138.46, 134.15, 132.57, 130.24, 129.63, 129.02, 128.64, 128.15, 127.14, 127.12,
126.87, 122.66, 119.20, 116.72, 115.05, 64.31, 55.54, 30.79, 19.29, 17.23, 13.87. HRMS (ESI-
TOF) calcd for C2sH2603S (M+Na*): 429.1495, found: 429.1495. F 4 HPLC 4 & 4 1+ : a Daicel

Chiralpak IC, n-hexane/2-propanol = 90/10, v = 1.0 mL-min, X = 254 nm, t (minor) = 9.9 min,
t (major) = 7.7 min, 97% ee. [0]p?®=-26.2 (c = 0.9, CHCl5).

butyl (E)-3-(1-(5-chloro-2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-19)
WAER A ik CETH 4% TLC 4 BEE L RE(E B/
O - BB = 9/1 A B FFA(7.1 mg, 83%). H NMR (400 MHz,
XCO0"Bu  cDCls) § 7.91 (d, J = 8.8 Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H), 7.83 (d,
OO J=8.8 Hz, 1H), 7.55—7.49 (m, 1H), 7.49 — 7.43 (m, 2H), 7.43—7.38
(m, 1H), 7.33 (d, J = 8.4 Hz, 1H), 7.28 (d, J = 8.6 Hz, 1H), 7.17 (d, J = 2.3 Hz, 1H), 6.51 (d, J =
15.9 Hz, 1H), 4.14 (t, J = 6.5 Hz, 2H), 2.29 (s, 3H), 1.68 — 1.60 (m, 2H), 1.43 — 1.32 (m, 2H), 0.94
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AT K 18 & % fr b X

(t,J=7.4Hz, 3H). 13C NMR (101 MHz, CDCls) § 167.00, 142.39, 138.16, 137.94, 137.27, 134.22,
132.24, 130.83, 130.69, 130.56, 129.16, 129.05, 128.28, 127.31, 127.14, 126.64, 126.04, 122.72,
119.77, 64.41, 30.79, 19.31, 15.65, 13.88. HRMS (ESI-TOF) calcd for C24H23CIO2S (M+Na*):
433.0999, found: 433.0999. F % HPLC 4% 4 f+: aDaicel Chiralpak IC, n-hexane/2-propanol

=90/10, v = 1.0 mL - min, A = 254 nm, t (minor) = 6.9 min, t (major) = 5.9 min, 98% ee. [a]p?°
=-28.3 (c = 1.4, CHCls).

butyl(E)-3-(1-(2-(methylthio)-4-(trifluoromethyl)phenyl)naphthalen-2-yl)acrylate (2-20)
WIEEF 7% C AT H AR TLC 2 HFE L6 RIAK(E Wi/ 7
O B B = 9/1 N EFA)(17.3 mg, 78%). H NMR (400 MHz,
i . CDClI3) 8 7.93 (d, J = 8.8 Hz, 1H), 7.89 (d, J = 8.1 Hz, 2H), 7.84 (d,
OO J=8.8Hz, 1H), 7.59 — 7.48 (m, 3H), 7.42 — 7.35 (m, 2H), 7.27 (t, J
= 8.3 Hz, 2H), 6.51 (d, J = 15.9 Hz, 1H), 4.13 (t, J = 6.5 Hz, 2H),
2.35 (s, 3H), 1.65 — 1.59 (m, 2H), 1.40 — 1.29 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). °C NMR (101
MHz, CDCIl3) 8 166.96, 142.15, 141.38, 139.21, 137.84, 134.25, 132.06, 131.46, 131.40 (q, Jcr =
32.4 Hz), 130.53, 129.33, 128.36, 127.40, 127.22, 126.50, 124.18 (q, Jcr = 275.6 Hz), 122.80,
121.43 (q, Jcr = 3.7 Hz), 120.95 (g, Jer = 3.7 Hz), 119.99, 64.45, 30.77, 19.29, 15.26, 13.77. 1°F
NMR (376 MHz, CDCl3) 5 -62.57. HRMS (ESI-TOF) calcd for CasH23F30,S (M+Na*): 467.1263,
found: 467.1264. 1% HPLC 4 % 4 f+: a Daicel Chiralpak IC, n-hexane/2-propanol = 90/10,

v =1.0 mL-min, L =254 nm, t (minor) = 6.4 min, t (major) = 5.8 min, 95% ee. [a]o®® = -97.4 (c
=1.2, CHCly).

butyl (E)-3-(1-(4-fluoro-2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-21)
WAIEEF 77k C 23 %% % TLC 4 875 L 6 Bk (f mE/ 7
O B 7B = 91 % & #1)(12.0 mg, 61%). H NMR (400 MHz,
i . CDCls) 6 7.93 — 7.85 (m, 2H), 7.83 (d, J = 8.8 Hz, 1H), 7.55 — 7.44
OO (m, 2H), 7.43 — 7.37 (m, 1H), 7.34 (d, J = 8.4 Hz, 1H), 7.11 (dd, J =
8.3, 5.9 Hz, 1H), 7.05 (dd, J = 9.8, 2.5 Hz, 1H), 6.99 (td, J = 8.3, 2.5
Hz, 1H), 6.49 (d, J = 16.0 Hz, 1H), 4.14 (t, J = 6.5 Hz, 2H), 2.30 (s, 3H), 1.68 — 1.60 (m, 2H),
1.43 - 1.31 (m, 2H), 0.94 (t, J = 7.4 Hz, 3H). 13°C NMR (101 MHz, CDCls) §164.55, 163.32 (d,
Jcr = 248.3 Hz), 162.09, 142.65, 142.14 (d, Jcr = 8.0 Hz), 138.38, 134.27, 132.67, 132.41 (d, Jcr
= 8.6 Hz), 131.11 (d, Jcr = 3.4 Hz), 130.96, 129.01, 128.27, 127.24, 127.01, 126.77, 122.81,
119.54, 111.67, 111.44 (d, Jcr = 3.0 Hz), 64.39, 30.82, 19.32, 15.35, 13.84. °F NMR (376 MHz,
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F_F EEARES 1A AR B S SN A AR 7T AR ROR A R

CDCl3) & -112.87. HRMS (ESI-TOF) calcd for CasH23F302S (M+Na*): 417.1295, found:
417.1297. FM HPLC 4 % 4 #f: a Daicel Chiralpak AD, n-hexane/2-propanol = 95/5, v = 0.5
mL-min", A =254 nm, t (minor) = 12.9 min, t (major) = 11.8 min, 95% ee. [a]p®°=-84.4 (c = 1.0,
CHCly).

butyl (E)-3-(1-(4-methyl-2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-22)
WA F % CEIH LR TLC 2 BEE L ERE(H i/
O P B B = 9/1 4 B JFF5)(18.8 mg, 96%). H NMR (400 MHz,
s _CooBy CDCl3) 6 7.95—7.78 (m, 3H), 7.56 — 7.44 (m, 2H), 7.42 - 7.32 (m,
OO 2H), 7.17 (s, 1H), 7.10 (dd, J = 7.6, 1.6 Hz, 1H), 7.03 (d, J = 7.6 Hz,
1H), 6.50 (d, J = 16.0 Hz, 1H), 4.13 (t, J = 6.5 Hz, 2H), 2.49 (s, 3H),
2.30 (s, 3H), 1.69 — 1.58 (m, 2H), 1.45 — 1.33 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H). 3C NMR (101
MHz, CDClIs) 6 167.22, 143.18, 139.79, 138.68, 134.20, 132.76, 132.73, 130.91, 130.61, 128.58,
128.14,127.12,127.10, 126.77, 125.72, 125.52, 122.72, 118.96, 64.27, 30.78, 21.67, 19.28, 15.56,
13.87. HRMS (ESI-TOF) calcd for CasH2602S (M+Na*): 413.1546, found: 413.1548. = %

HPLC 4 % 4 f#: aDaicel Chiralpak AD-H, n-hexane/2-propanol = 95/5, v = 0.8 mL-min, A=
254 nm, t (minor) = 8.8 min, t (major) = 7.9 min, 96% ee. [a]p® = -90.4 (c = 1.1, CHCls).

butyl (E)-3-(6-methyl-2'-(methylthio)-[1,1'-biphenyl]-2-yl)acrylate (2-23)

O WAEEF 77k C 2344 TLC 4% 53| T & B K (F a8
d LB =9/1 % B FF#1)(15.0 mg, 88%). *H NMR (400 MHz, CDCl3) §
O N\ CO0BY 7.59 (dd, J = 6.2, 3.1 Hz, 1H), 7.38 (td, J = 7.7, 1.5 Hz, 1H), 7.35 - 7.30
(m, 2H), 7.28 (d, J = 5.1 Hz, 1H), 7.26 — 7.24 (m, 1H), 7.21 (td, J = 7.4,
1.2 Hz, 1H), 7.01 (dd, J = 7.5, 1.5 Hz, 1H), 6.30 (d, J = 16.0 Hz, 1H), 4.07 (t, J = 6.5 Hz, 2H),
2.35 (s, 3H), 2.03 (s, 3H), 1.62 — 1.57 (m, 2H), 1.36 — 1.28 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). *C
NMR (101 MHz, CDCl3) § 167.11, 143.30, 140.75, 138.10, 137.72, 136.98, 133.49, 131.70,
129.82, 128.54, 128.20, 124.88, 124.45, 123.69, 118.94, 64.23, 30.77, 19.28, 15.24, 13.88. HRMS

(ESI-TOF) calcd for C21H2402S (M+Na*): 363.1389, found: 363.1390. 4 HPLC 4 & 4& 1+

a Daicel Chiralpak IC, n-hexane/2-propanol = 85/15, v = 1.2 mL-min™, A = 254 nm, t (minor) =
7.5 min, t (major) = 5.0 min, 98% ee. [a]p?’ = -82.3 (c =1.1, CHCl).

butyl (E)-3-(6-ethyl-2'-(methylthio)-[1,1'-biphenyl]-2-yl)acrylate (2-24)
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AT K 18 & % fr b X

O RAEEF] 77 C 2T H &K TLC 40 & & 3| L& R (G bt/
- B . Eg =9/1 A B FF57)(15.9 mg, 90%) . *H NMR (400 MHz, CDCls)
O N\ACOOBY 5559 (dd, J = 6.5, 2.6 Hz, 1H), 7.43 — 7.34 (m, 3H), 7.28 — 7.26 (m,

1H), 7.25 — 7.18 (m, 2H), 7.03 (dd, J = 7.5, 1.5 Hz, 1H), 6.30 (d, J =

15.9 Hz, 1H), 4.06 (t, J = 6.5 Hz, 2H), 2.45 — 2.21 (m, 5H), 1.62 — 1.57 (m, 2H), 1.36 — 1.28 (m,
2H), 1.07 (t, J = 7.6 Hz, 3H), 0.90 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDCls) 5 167.12,
143.56, 143.48, 140.15, 138.49, 136.71, 133.57, 130.28, 130.04, 128.55, 128.44, 124.64, 124.41,
123.70, 118.92, 64.22, 30.80, 26.44, 19.29, 15.33, 15.08, 13.88. HRMS (ESI-TOF) calcd for
C22H2602S (M+Na*): 377.1546, found: 377.1549. F 14 HPLC 4 & % f+: aDaicel Chiralpak IC,

n-hexane/2-propanol = 85/15, v = 1.2 mL - min, A = 254 nm, t (minor) = 9.1 min, t (major) = 4.8
min, 97% ee. [0]o?°=-91.0 (c = 0.7, CHCI5).

butyl (E)-3-(6-isopropyl-2'-(methylthio)-[1, 1'-biphenyl]-2-yl)acrylate (2-25)
O WIEEA 77 C ZEHER TLC 2 B E 2 L &R A (G Bt/
- B 2B =9/1 % B I 71)(14.4 mg, 78%) . *H NMR (400 MHz, CDCl3)
O NACO0BY 57 57 (dd, 3= 6.9, 2.1 Hz, TH), 7.45 — 7.36 (m, 3H), 7.28 — 7.25 (m,
1H), 7.24 — 7.17 (m, 2H), 7.02 (dd, J = 7.4, 1.5 Hz, 1H), 6.28 (d, J =
15.9 Hz, 1H), 4.06 (t, J = 6.5 Hz, 2H), 2.63 — 2.51 (m, 1H), 2.35 (s, 3H), 1.58 — 1.51 (m, 2H), 1.37
—1.27 (m, 2H), 1.19 (d, J = 6.9 Hz, 3H), 1.04 (d, J = 6.8 Hz, 3H), 0.90 (t, J = 7.4 Hz, 3H). °C
NMR (101 MHz, CDCl3) & 167.13, 148.43, 143.69, 139.36, 136.67, 133.44, 130.27, 128.62,
128.50, 127.47, 124.53, 124.27, 123.63, 118.82, 64.19, 30.77, 30.39, 24.80, 23.52, 19.28, 15.33,
13.89. HRMS (ESI-TOF) calcd for CasH2802S (M+Na*): 391.1702, found: 391.1705. = %

HPLC 4 % 4 : a Daicel Chiralpak IC, n-hexane/2-propanol = 85/15, v = 1.2 mL-min?, 1 =
254 nm, t (minor) = 7.2 min, t (major) = 4.2 min, 95% ee. [0]p?° = -62.8 (¢ = 0.6, CHClI3).

butyl (E)-3-(6-cyclohexyl-2'-(methylthio)-[1,1'-biphenyl]-2-yl)acrylate (2-26)
O WEE A 77k C AT H &K TLC 4B 72 L &R (h m Bt/
‘ g LB =9/1 4 B IFH)(14.5mg, 71%). HNMR (400 MHz,
O 00U CDCls) §7.56 (dd, J = 6.3, 2.7 Hz, 1H), 7.43 — 7.36 (m, 3H), 7.27
(d, J=1.2 Hz, 1H), 7.25 — 7.16 (m, 2H), 6.99 (dd, J = 7.4, 1.5 Hz,
1H), 6.27 (d, J = 15.9 Hz, 1H), 4.06 (t, J = 6.5 Hz, 2H), 2.35 (s, 3H), 2.19 — 2.09 (m, 1H), 1.84 (d,
J=12.6 Hz, 1H), 1.72 (d, J = 11.7 Hz, 1H), 1.68 — 1.50 (m, 6H), 1.45 (td, J = 12.4, 3.4 Hz, 1H),
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1.35-1.23 (m, 3H), 1.21 — 1.06 (M, 2H), 1.06 — 0.96 (M, 1H), 0.89 (t, J = 7.4 Hz, 3H). *°C NMR
(101 MHz, CDCl3) 6167.13, 147.42, 143.78, 139.67, 138.67, 136.73, 133.42, 130.19, 128.46,
128.44,128.21, 124.55, 124.39, 123.57, 118.73, 64.18, 41.09, 35.30, 33.61, 30.77, 26.92, 26.90,
26.22, 19.28, 15.48, 13.89. HRMS (ESI-TOF) calcd for C2sH3202S (M+Na*): 431.2015, found:
431.2016. F M HPLC 4 % 4 : a Daicel Chiralpak IC, n-hexane/2-propanol = 85/15, v = 1.2

mL-mint, X = 254 nm, t (minor) = 8.0 min, t (major) = 4.3 min, 96% ee. [0]p®®= -51.8 (¢ = 0.7,

CHCly).

butyl (E)-3-(6-(tert-butyl)-2'-(methylthio)-[1, 1'-biphenyl]-2-yl)acrylate (2-27)

O RFAF T C ZIHER TLC 4B 52 L ERE(CE mE/Z
s~ B 2B =9/1 % &I 71)(13.0 mg, 68%) . “H NMR (400 MHz, CDCl3)

O N ACOOBU 5764 (dd, T =8.2, 1.2 Hz, 1H), 7.55 (dd, = 7.8, 1.2 Hz, 1H), 7.41 —

7.33 (m, 2H), 7.23 — 7.15 (m, 2H), 7.13 — 7.05 (m, 2H), 6.22 (d, J =

15.9 Hz, 1H), 4.04 (td, J = 6.5, 1.7 Hz, 2H), 2.35 (s, 3H), 1.57 — 1.49 (m, 2H), 1.33 — 1.25 (m,
2H), 1.17 (s, 9H), 0.90 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDCls) & 167.07, 149.01, 144.25,
139.85, 139.21, 139.09, 135.21, 131.22, 129.74, 128.49, 128.18, 124.17, 123.99, 119.03, 64.11,
37.19, 32.37, 30.75, 19.27, 15.38, 13.89. HRMS (ESI-TOF) calcd for C24H3002S (M+Na*):
405.1859, found: 405.1861. <+ HPLC 4 & 4 F: a Daicel Chiralpak IC, n-hexane/2-propanol

=85/15, v = 1.2 mL-min, A = 254 nm, t (minor) = 5.2 min, t (major) = 4.0 min, 89% ee. [a]p?°
=-79.4 (c = 1.1, CHCls).

butyl (E)-3-(2'-(methylthio)-6-(trifluoromethyl)-[1,1'-biphenyl]-2-yl)acrylate (2-28)

O WA 7k C B H LK TLC 4B B2 L& k(A s/ 2

- B 2B = 9/1 X &I #)(11.7 mg, 59%). ‘H NMR (400 MHz,

FaC O - CO0Bu CDCl3) 6 7.89 (d, J = 7.9 Hz, 1H), 7.80 (d, J = 7.9 Hz, 1H), 7.54 (t, J
=7.9 Hz, 1H), 7.46 — 7.37 (m, 1H), 7.30 (d, J = 7.9 Hz, 1H), 7.25 —

7.16 (m, 2H), 7.09 (d, J = 7.6 Hz, 1H), 6.35 (d, J = 16.0 Hz, 1H), 4.08 (td, J = 6.5, 2.9 Hz, 2H),
2.37 (s, 3H), 1.61 — 1.57 (m, 2H), 1.36 — 1.28 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). 3°C NMR (101
MHz, CDCls) § 166.54, 141.50, 139.34 (q, Jor = 1.6 Hz), 138.82, 135.90, 134.48, 130.28 (q, Jcr
= 29.6 Hz), 130.26, 130.25, 129.40, 129.31, 128.45, 127.69 (q, Jcr = 5.2 Hz), 125.27, 124.60,
123.75 (9, Jcr = 274.6 Hz), 120.90, 64.46, 30.73, 19.26, 15.93, 13.85. °F NMR (376 MHz, CDCls)
8 -59.13. HRMS (ESI-TOF) calcd for C21H21F30,S (M+Na*): 417.1107, found: 417.1107. F 14

103


file:///C:/Users/HP/Desktop/XCK-1/16a/JL-5077-5-c/Document%20C.mnova
file:///C:/Users/HP/Desktop/XCK-1/16a/JL-5077-5-c/Document%20C.mnova
file:///C:/Users/HP/Desktop/XCK-1/17a/Document%20H.mnova
file:///C:/Users/HP/Desktop/XCK-1/17a/Document%20C.mnova
file:///C:/Users/HP/Desktop/XCK-1/18a/Document%20H.mnova
file:///C:/Users/HP/Desktop/XCK-1/18a/Document%20H.mnova
file:///C:/Users/HP/Desktop/XCK-1/18a/Document%20CF.mnova
file:///C:/Users/HP/Desktop/XCK-1/18a/Document%20CF.mnova
file:///C:/Users/HP/Desktop/XCK-1/18a/Document%20CF.mnova

AT K 18 & % fr b X

HPLC 4 % 4 f#: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 0.8 mL -min?,
=254 nm, t (minor) = 5.8 min, t (major) = 5.3 min, 97% ee. [a]o® = -107.7 (c = 0.7, CHCl5).

butyl (E)-3-(4,6-dimethyl-2'-(methylthio)-[l 1'-biphenyl]-2-yl)acrylate (2-29)
O WIEBRF 7k C ZHH LK TLC 2 BE2 56 EA(E ME/ L8R
d Z.Hg =9/1 4 B FF7#1)(17.6 mg, 99%). *H NMR (400 MHz, CDCls) &
O N ACO0Bu 4 4y (s, 1H), 7.37 (td, J = 7.7, 1.5 Hz, 1H), 7.27 (s, 1H), 7.25 — 7.22 (m,
1H), 7.20 (td, J = 7.4, 1.2 Hz, 1H), 7.15 (s, 1H), 6.99 (dd, J = 7.4, 1.5
Hz, 1H), 6.30 (d, J = 15.9 Hz, 1H), 4.06 (t, J = 6.5 Hz, 2H), 2.39 (s, 3H),
2.35 (s, 3H), 2.00 (s, 3H), 1.58 — 1.53 (m, 2H), 1.37 — 1.28 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H). :*C
NMR (101 MHz, CDClg) 6 167.17, 143.43, 138.33, 138.07, 137.77, 137.50, 137.07, 133.32,
132.76, 130.09, 128.45, 124.85, 124.42, 124.29, 118.70, 64.19, 30.80, 21.41, 20.18, 19.29, 15.26,
13.87. HRMS (ESI-TOF) calcd for Cx2H2602S (M+Na*): 377.1546, found: 377.1547. F &

HPLC 7% 4 +: a Daicel Chiralpak IC, n-hexane/2-propanol = 85/15, v = 1.2 mL -min?, 1 =
254 nm, t (minor) = 5.7 min, t (major) = 4.9 min, 97% ee. [0]p?° = -97.9 (¢ = 0.9, CHClI3).

butyl (E)-3-(5,6-dimethyl-2'-(methylthio)-[l 1'-biphenyl]-2-yl)acrylate (2-30)
O RIEHEF ik C 2HF LK TLC 4B 52 L &R AR (h mbt/ L8
g ZEE =9/1 ¥ B FF71)(14.0 mg, 79%). ‘H NMR (400 MHz, CDCl3) 6
O NACO0BU 5 (d, J = 8.0 Hz, 1H), 7.38 (td, J = 7.7, 1.5 Hz, 1H), 7.28 — 7.25 (m,
1H), 7.24 — 7.17 (m, 3H), 6.99 (dd, J = 7.5, 1.5 Hz, 1H), 6.26 (d, J =
15.9 Hz, 1H), 4.06 (t, J = 6.5 Hz, 2H), 2.35 (s, 6H), 1.93 (s, 3H), 1.57 — 1.51 (m, 2H), 1.34 — 1.28
(m, 2H), 0.89 (t, J = 7.4 Hz, 3H). C NMR (101 MHz, CDCls) § 167.28, 143.68, 140.79, 139.36,
138.33, 137.67, 136.07, 131.26, 130.05, 129.90, 128.41, 124.81, 124.42, 123.40, 117.86, 64.13,
30.80, 20.94, 19.28, 16.68, 15.27, 13.87. HRMS (ESI-TOF) calcd for C22H2602S (M+Na*):
377.1546, found: 377.1546. & HPLC 4 & 4 F: a Daicel Chiralpak IC, n-hexane/2-propanol

=85/15, v = 1.2 mL-min, A = 254 nm, t (minor) = 5.0 min, t (major) = 4.5 min, 96% ee. [a]p?°
=-87.3(c = 1.1, CHCly).

butyl (E)-3-(2-(2-(methylthio)naphthalen-1-yl)phenyl)acrylate (2-31)
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OO WAEEF FiE C AT HER TLC 4 BHRE TR ACE M/ 7
- B . Es =9/1 & B FF5)(11.1 mg, 59%).*H NMR (400 MHz, CDCls)

O N ACO0BY 95779 (m, 3H), 7.58 — 7.47 (m, 3H), 7.44 — 7.37 (m, 1H), 7.35
—7.29 (m, 1H), 7.27 — 7.24 (m, 1H), 7.19 (d, J = 16.0 Hz, 1H), 7.13

(d, J = 8.4 Hz, 1H), 6.37 (d, J = 16.0 Hz, 1H), 4.00 (t, J = 6.5 Hz, 2H), 2.45 (s, 3H), 1.55 — 1.44
(m, 2H), 1.30 — 1.19 (m, 2H), 0.84 (t, J = 7.4 Hz, 3H). *3C NMR (101 MHz, CDCl3)  166.94,
142.43, 139.50, 135.57, 134.15, 134.12, 132.96, 131.70, 131.27, 130.42, 128.92, 128.64, 128.16,
126.98, 126.44, 125.28, 125.24, 123.05, 119.25 , 64.21, 30.66, 19.19, 16.11, 13.81. HRMS (ESI-
TOF) calcd for C24H240,S (M+Na*): 399.1389, found: 399.1390. F 1% HPLC 4 & 4 14 : a Daicel

Chiralpak AD, n-hexane/2-propanol = 90/10, v = 1.0 mL - min, A = 254 nm, t (minor) = 5.7 min,
t (major) = 6.2 min, 98% ee. [a]o?® = +23.7 (c = 1.0, CHCl3).

butyl (E)-3-(5-fluoro-2-(2-(methylthio)naphthalen-1-yl)phenyl)acrylate (2-32)
OO RIFAA ik CE2IHER TLC 2B 53 L& RAR(CH Mt/ 7
- B 7B = 9/1 ¥ &I #)(13.1 mg, 66%). ‘H NMR (400 MHz,
O NACOO™BY 5 01,) 57.91 (d, 3= 8.7 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.54 (dd,
J=9.9, 23 Hz, 1H), 7.48 (d, J = 8.8 Hz, 1H), 7.44 — 7.38 (m, 1H),
7.36 — 7.30 (m, 1H), 7.26 — 7.19 (m, 2H), 7.16 — 7.03 (m, 2H), 6.35
(d, J = 16.0 Hz, 1H), 4.00 (t, J = 6.5 Hz, 2H), 2.46 (s, 3H), 1.56 — 1.45 (m, 2H), 1.30 — 1.21 (m,
2H), 0.84 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDClI3) § 117.67 (d, Jcr = 21.6 Hz), 112.93
(d, Jcr = 22.3 Hz) 166.58, 162.75 (d, Jcr = 247.3 Hz), 141.36, 141.34, 136.25 (d, Jcr = 7.7 Hz),
136.02, 135.31 (d, Jcr = 3.1 Hz), 133.46 (d, Jcr = 8.1 Hz), 133.04 (d, Jcr = 10.0 Hz), 131.27,
129.17, 128.25, 127.14, 125.31, 125.02, 122.92, 120.45, 64.39, 30.63, 19.18, 16.04, 13.80. °F
NMR (376 MHz, CDCls) § -113.09. HRMS (ESI-TOF) calcd for C24H23FO02S (M+Na*): 417.1295,
found: 417.1296. F 1 HPLC 4 % 4 #F: a Daicel Chiralpak AD, n-hexane/2-propanol = 95/5,

F

v =0.8 mL-min!, A =254 nm, t (minor) = 8.6 min, t (major) = 9.5 min, 98% ee. [a]o®° = +28.5

(c = 1.1, CHCI3).

butyl (E)-3-(2-(2-(methylthio)naphthalen-1-yl)phenyl)acrylate (2-33)
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OO WA 73 CETHER TLC 4 BEE G 6 HE(E B
- B B = 9/1 A B IF71)(17.6 mg, 90%). H NMR (400 MHz,

O N CO0"Bu CDCls) § 7.90 (d, J = 8.7 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.69 (s,

1H), 7.49 (d, J = 8.8 Hz, 1H), 7.43 — 7.38 (m, 1H), 7.36 (dd, J = 7.8,

1.7 Hz, 1H), 7.34 — 7.29 (m, 1H), 7.22 — 7.07 (m, 3H), 6.37 (d, J =

16.0 Hz, 1H), 4.01 (t, J = 6.5 Hz, 2H), 2.50 (s, 3H), 2.46 (s, 3H), 1.57 — 1.46 (m, 2H), 1.30 — 1.21
(m, 2H), 0.85 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDCl3) & 166.99, 142.57, 138.30, 136.63,
135.65, 134.13, 133.83, 133.12, 131.51, 131.44, 131.25, 128.79, 128.12, 126.99, 126.88, 125.33,
125.16, 122.95, 118.92, 64.15, 30.66, 21.58, 19.18, 16.07, 13.80. HRMS (ESI-TOF) calcd for
CasH2602S (M+Na*): 413.1546, found: 413.1547. 4 HPLC 4 % 4 #: a Daicel Chiralpak

AD, n-hexane/2-propanol = 85/15, v = 1.2 mL - min%, A = 254 nm, t (minor) = 8.2 min, t (Major)
= 4.8 min, 96% ee. [a]p® = +26.8 (¢ = 0.9, CHCls).

butyl (E)-3-(5-methoxy-2-(2-(methylthio)naphthalen-1-yl)phenyl)acrylate (2-34)
OO WABRF 7% C 2EH &K TLC £ B B3 L &Rk (G mit/
- B 7B = 9/1 ¥ &I #)(18.1 mg, 89%). ‘H NMR (400 MHz,
O N\ -CO0Bu CDCl3) 4 7.89 (d, J = 8.8 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.48 (d,
J=8.7Hz, 1H), 7.42 - 7.37 (m, 1H), 7.36 (d, J = 2.6 Hz, 1H), 7.35
o~ —7.29 (m, 1H), 7.22 — 7.04 (m, 4H), 6.35 (d, J = 15.9 Hz, 1H), 4.00
(t, J = 6.5 Hz, 2H), 3.93 (s, 3H), 2.45 (s, 3H), 1.56 — 1.46 (m, 2H), 1.27 — 1.18 (m, 2H), 0.84 (t, J
= 7.4 Hz, 3H). 3C NMR (101 MHz, CDCls) § 166.87, 159.59, 142.50, 136.11, 135.15, 133.72,
133.38, 132.75, 131.95, 131.23, 128.83, 128.13, 126.91, 125.30, 125.13, 122.77, 119.30, 116.83,
110.76, 64.24, 55.48, 30.64, 19.17, 16.01, 13.80. HRMS (ESI-TOF) calcd for CasH2603S
(M+Na*): 429.1495, found: 429.1493. /% HPLC 4 % % f: a Daicel Chiralpak AD-H, n-

hexane/2-propanol = 90/10, v = 1.3 mL-min™, L = 254 nm, t (minor) = 5.7 min, t (major) = 6.2
min, 98% ee. [a]o®® = +22.3 (¢ = 1.1, CHCIs).

butyl (E)-3-(3-(2-(methylthio)naphthalen-1-yl)benzofuran-2-yl)acrylate (2-35)
OO WRABEA F i CETHER TLC 2 BB 23K & & B 4R (F i/
SMe LB B = 911 A EFFA)(11.0 mg, 53%). H NMR (400 MHz,
N\ c00"8u CDCl3) & 7.96 (d, J = 8.8 Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H), 7.59 (d,
Q © J=8.3 Hz, 1H), 7.54 (d, J = 8.8 Hz, 1H), 7.49 — 7.38 (m, 2H), 7.34

106


file:///C:/Users/HP/Desktop/XCK-1/36a/Document%20H.mnova
file:///C:/Users/HP/Desktop/XCK-1/36a/Document%20H.mnova
file:///C:/Users/HP/Desktop/XCK-1/36a/Document%20C.mnova
file:///C:/Users/HP/Desktop/XCK-1/37a/Document%20H.mnova
file:///C:/Users/HP/Desktop/XCK-1/37a/Document%20H.mnova
file:///C:/Users/HP/Desktop/XCK-1/37a/Document%20C.mnova
file:///C:/Users/HP/Desktop/XCK-1/40a/Document%20H.mnova
file:///C:/Users/HP/Desktop/XCK-1/40a/Document%20H.mnova

F_F EEARES 1A AR B S SN A AR 7T AR ROR A R

(t, J = 4.3 Hz, 2H), 7.23 — 7.04 (m, 3H), 6.63 (d, J = 15.7 Hz, 1H), 4.12 (t, J = 6.7 Hz, 2H), 2.45
(s, 3H), 1.66 — 1.59 (m, 2H), 1.41 — 1.32 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz,
CDCl3) 6 166.97,155.35,150.33, 137.78, 133.34, 131.33, 130.23, 129.75, 129.28, 128.31, 127.32,
126.91, 125.45, 125.10, 124.58, 123.51, 123.28, 121.89, 121.46, 119.34, 111.73, 64.62, 30.82,
19.27,16.17, 13.84. HRMS (ESI-TOF) calcd for C2sH2403S (M+Na*): 439.1338, found: 439.1339.
F & HPLC 4% £ 1+: a Daicel Chiralpak 1B, n-hexane/2-propanol = 90/10, v = 1.0 mL - min,

L =254 nm, t (minor) = 6.6 min, t (major) = 5.4 min, 96% ee. [a]o?’=-17.6 (c = 0.6, CHCl5).

butyl (E)-3-(4-(2-(methylthio)phenyl)dibenzo[b,d]furan-3-yl)acrylate (2-36)
O WAEE R 77k C Z W H &% TLC 4 & 73 L &R A (Ch Wik
d /7.8 7. B =9/1 4 B FF#1)(15.2 mg, 73%) . H NMR (400 MHz,
0 O NACOO™BY - o 0l,) 6 8.04 - 7.91 (m, 2H), 7.79 (d, J = 8.2 Hz, 1H), 7.57 —
O 7.47 (m, 3H), 7.47 — 7.39 (m, 2H), 7.38 — 7.29 (m, 2H), 7.28 —
7.26 (m, 1H), 6.47 (d, J = 15.9 Hz, 1H), 4.12 (t, J = 6.6 Hz, 2H),
2.35 (s, 3H), 1.68 — 1.60 (m, 2H), 1.44 — 1.31 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). 13C NMR (101
MHz, CDCI3) 6 167.07, 157.10, 154.51, 142.40, 139.14, 132.57, 132.35, 131.05, 129.45, 127.89,
125.89, 125.75, 125.69, 125.14, 124.12, 123.11, 121.02, 121.01, 120.39, 119.27, 112.26, 64.36,
30.82, 19.31, 15.96, 13.88. HRMS (ESI-TOF) calcd for C26H2403S (M+Na*): 439.1338, found:
439.1339. F M HPLC 4% 4 : a Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v =

1.0 mL-min™, & = 254 nm, t (minor) = 8.6 min, t (major) = 7.4 min, 93% ee. [a]p?’=-57.4 (C =
1.3, CHCls).

tert-butyl(E)-2-(3-butoxy-3-oxoprop-1-en-1-yl)-3-(2-(methylthio)naphthalen-1-yl)-1H-

indole-1-carboxylate (2-37)

OO RIEEF 77k C EXHER TLC 25 72|37 € BAR(h wkt/
SMe ZAF K = U1 B (12.6 mg, 49%). H NMR (400 MHz,

Q NN\ Cc00"Bu CDCls) §8.27 (d, J = 8.5 Hz, 1H), 8.11 (d, J = 16.0 Hz, 1H), 7.93 (d,

N
‘Boc J =8.8 Hz, 1H), 7.86 (d, J = 8.1 Hz, 1H), 7.52 (d, J = 8.8 Hz, 1H),

7.43-7.29 (m, 4H), 7.13 (t, J = 7.5 Hz, 1H), 6.91 (d, J = 7.8 Hz, 1H), 5.46 (d, J = 16.0 Hz, 1H),
3.98 (t, J = 6.8 Hz, 2H), 2.44 (s, 3H), 1.73 (s, 9H), 1.53 — 1.47 (m, 2H), 1.30 (d, J = 7.5 Hz, 2H),
0.86 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, CDCls) § 166.79, 137.03, 136.94, 135.14, 132.93,
132.83, 132.42, 131.44, 129.70, 129.30, 128.33, 127.25, 126.21, 125.37, 125.09, 123.53, 123.21,
121.34, 120.53, 120.42, 115.88, 85.08, 64.33, 30.73, 28.40, 19.19, 15.92, 13.82. HRMS (ESI-
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AT K 18 & % fr b X

TOF) calcd for Ca1H3sNO4S (M+Na*): 538.2023, found: 538.2023. F 14 HPLC 4 & & %: a
Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 1.0 mL-min™, X = 254 nm, t (minor)
=4.99 min, t (major) = 4.0 min, 93% ee. [0]p®° = -22.1 (¢ = 0.8, CHCl3).

butyl (E)-3-(1-(2-(methylthio)benzofuran-3-yl)naphthalen-2-yl)acrylate (2-38)

O o RIEREF ik C 2T H LK TLC 4 B 55 L& AR (h it/ —
7 ~SMe A%k =9/1 % B FF7)(3.6 mg, 17%). H NMR (400 MHz, CDCls)

OO N\ COO™U 5801 -7.90 (m, 3H), 7.73 (d, J = 15.9 Hz, 1H), 7.63 — 7.53 (m, 3H),

7.45-7.34(m, 2H), 7.19 (t, J = 7.6 Hz, 1H), 7.03 (d, J = 7.8 Hz, 1H),
6.70 — 6.48 (m, 1H), 4.15 (t, J = 6.5 Hz, 2H), 2.50 (s, 3H), 1.65 — 1.63 (m, 2H), 1.40 — 1.33 (m,
2H), 0.94 (t, J = 7.3 Hz, 3H). 3C NMR (101 MHz, CDCls) & 167.09, 155.80, 150.52, 146.44,
142.99, 134.33, 131.79, 130.66, 129.26, 128.69, 128.38, 127.30, 127.11, 127.04, 124.95, 123.40,
123.14, 120.28, 119.76, 111.22, 64.45, 30.82, 19.28, 16.51, 13.84. HRMS (ESI-TOF) calcd for
C26H2403S (M+Na*): 439.1338, found: 439.1340. F 14 HPLC 4 & 4 f+: a Daicel Chiralpak IB,

n-hexane/2-propanol = 96/4, v = 1.0 mL-min™, L = 254 nm, t (minor) = 7.3 min, t (major) = 6.8
min, 92% ee. [0]o?° = -22.0 (c = 0.5, CHCls).

butyl (E)-3-(1-(2-(ethylthio)phenyl)naphthalen-2-yl)acrylate (2-39)
O WAEEF & C Z3H &% TLC 2 55 3| T &R A (f it/ 7
s B LB = 9/1 A B IF7#1)(19.3 mg, 99%). H NMR (400 MHz,
OO N\ C00BY CDCls) § 7.95 — 7.85 (m, 2H), 7.82 (d, J = 8.7 Hz, 1H), 7.54 — 7.42
(m, 4H), 7.40 — 7.32 (m, 2H), 7.32 — 7.27 (m, 1H), 7.15 (dt, J = 7.6,
1.0 Hz, 1H), 6.47 (d, J = 16.0 Hz, 1H), 4.11 (td, J = 6.6, 1.1 Hz, 2H), 2.86 — 2.69 (m, 2H), 1.64 —
1.58 (m, 2H), 1.40 — 1.29 (m, 2H), 1.16 (t, J = 7.3 Hz, 3H), 0.92 (t, J = 7.4 Hz, 3H). *C NMR
(101 MHz, CDCIs) 6 167.13, 143.09, 140.00, 137.72, 136.97, 134.18, 132.69, 131.39, 130.36,
128.79, 128.61, 128.16, 127.14, 127.10, 126.95, 126.80, 125.29, 122.75, 119.13, 64.29, 30.80,
26.57, 19.29, 13.99, 13.88. HRMS (ESI-TOF) calcd for C2sH2602S (M+Na*): 413.1546, found:
413.1546. F 4 HPLC % & 4 1F: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 97/3, v =

0.8 mL-min%, A =254 nm, t (minor) = 8.4 min, t (major) = 7.7 min, 93% ee. [a]p?°=-106.9 (c =
1.0, CHCls).

butyl (E)-3-(1-(2-((2,2,2-trifluoroethyl)thio)phenyl)naphthalen-2-yl)acrylate (2-40)
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F_F EEARES 1A AR B S SN A AR 7T AR ROR A R

O REFRA % CELHER TLC 2B &S a6 EAR(E MR/
“CF, B 7B = 9/1 4 BT H1)(14.2 mg, 64%). H NMR (400 MHz,

OO NACOOBY 51, 57.92 (d, = 8.8 Hz, 1H), 7.90 — 7.86 (m, 1H), 7.83 (d, J =
8.8 Hz, 1H), 7.66 (d, J = 7.7 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.46 —

7.36 (m, 3H), 7.30 — 7.26 (m, 1H), 7.23 (dd, J = 7.5, 1.6 Hz, 1H), 6.47 (d, J = 15.9 Hz, 1H), 4.17
4,05 (m, 2H), 3.15 (g, J = 9.7 Hz, 2H), 1.63 — 1.57 (m, 2H), 1.36 — 1.30 (m, 2H), 0.91 (t, J = 7.3
Hz, 3H). C NMR (101 MHz, CDClIs) § 166.95, 142.53, 139.29, 139.27, 134.38, 134.16, 132.67,
131.84, 130.92, 130.52, 129.35, 128.94, 128.28, 127.85, 127.27, 127.09, 126.91, 125.17(q, Jcr =
276.7 Hz), 122.80, 119.75, 64.41, 36.37(q, Jcr = 33.3Hz), 30.79, 19.28, 13.85. °F NMR (376
MHz, CDCIls) § -65.88. HRMS (ESI-TOF) calcd for Ca4H23F302S (M+Na*): 467.1267, found:
467.1265. F M HPLC 4% 4 +: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 97/3, v =

0.8 mL-min™, A =254 nm, t (minor) = 11.0 min, t (major) = 9.0 min, 90% ee. [a]p?*=-13.9 (c =
0.6, CHCls).

butyl (E)-3-(1-(2-((4-methoxybenzyl)thio)phenyl)naphthalen-2-yl)acrylate (2-41)

~o WAEEF 7k C LA &K TLC £ BE AT e R AR #ME/ 7
B EE = 9/1 A B FFA)(22.0 mg, 91%). *H NMR (400 MHz,

O CDCl3) & 7.91 — 7.84 (m, 2H), 7.82 (d, J = 8.8 Hz, 1H), 7.53 — 7.46
S (m, 2H), 7.45 — 7.38 (m, 2H), 7.38 — 7.33 (m, 1H), 7.33 — 7.28 (m,

OO X ACOO™BU 514y 7.16 (dd, I = 7.2, 1.2 Hz, 1H), 7.09 — 7.01 (m, 2H), 6.76 — 6.68

(m, 2H), 6.47 (d, J = 15.9 Hz, 1H), 4.13 (t, J = 6.5 Hz, 2H), 3.91 (s,
2H), 3.74 (s, 3H), 1.65 — 1.59 (m, 2H), 1.41 — 1.30 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). 13C NMR
(101 MHz, CDCIs) 6 167.11, 158.77, 143.10, 139.92, 137.67, 137.29, 134.16, 132.71, 131.33,
130.46, 130.02, 128.78, 128.74, 128.62, 128.30, 128.12, 127.19, 127.07, 126.79, 125.81, 122.75,
119.14, 113.88, 64.32, 55.31, 37.26, 30.81, 19.30, 13.90. HRMS (ESI-TOF) calcd for C31H3003S
(M+Na*): 505.1808, found: 505.1811. M HPLC % % 4 ff: a Daicel Chiralpak AD-H, n-

hexane/2-propanol = 95/5, v = 1.0 mL-min™, A = 254 nm, t (minor) = 11.8 min, t (major) = 9.5
min, 90% ee. [0]p?° = -92.4 (¢ = 1.3, CHCl3).

butyl (E)-3-(1-(2-((4-methylbenzyl)thio)phenyl)naphthalen-2-yl)acrylate (2-42)
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AT K 18 & % fr b X

RIEFF 7k C 2L H &R TLC 4% 5 2| L &R R(Ch bt/ 2

BB = 9/1 K EFA)(16.1 mg, 69%). *H NMR (400 MHz,

O CDCls) 5 7.95 — 7.76 (m, 3H), 7.56 — 7.27 (m, 7H), 7.16 (d, J = 7.4

S\ coonsy Hz 1H), 7.10 - 6.92 (m, 4H), 6.47 (d, J = 16.0 Hz, 1H), 413 (t, J =

OO 6.5 Hz, 2H), 3.92 (s, 2H), 2.27 (s, 3H), 1.60 (td, J = 12.1, 10.1, 4.9
Hz, 3H), 1.35 (h, J = 7.4 Hz, 2H), 0.92 (t, J = 7.4 Hz, 3H). 3C NMR

(101 MHz, CDCl3) 6 167.11, 143.12, 139.90, 137.81, 137.21, 136.84, 134.20, 133.73, 132.73,
131.34, 130.52, 129.19, 128.81, 128.63, 128.15, 128.13, 127.22, 127.07, 126.79, 125.77, 122.78,
119.19, 64.32, 37.53, 30.83, 21.18, 19.32, 13.89. HRMS (ESI-TOF) calcd for C3z1H3002S
(M+Na*): 489.1859, found: 489.1856. 5/ HPLC % % 4 #f: a Daicel Chiralpak AD-H, n-

hexane/2-propanol = 95/5, v = 1.0 mL-min, A = 254 nm, t (minor) = 8.4 min, t (major) = 7.3
min, 92% ee. [0]o?° = -116.6 (¢ = 0.8, CHCl3).

butyl (E)-3-(1-(2-(benzylthio)phenyl)naphthalen-2-yl)acrylate (2-43)
WABRF 7% C 2EH &K TLC £ B B3 L &Rk (G mit/

O B ZBE = 9/1 # J&JF#)(15.6 mg, 69%). H NMR (400 MHz,
S CDCl3) 5 7.88 (t, J = 8.9 Hz, 2H), 7.82 (d, J = 8.8 Hz, 1H), 7.54 —

OO N\ACOO™BU 5 45 (m, 2H), 7.44 — 7.27 (m, 5H), 7.25 — 7.05 (m, 6H), 6.47 (d, J =

16.0 Hz, 1H), 4.12 (t, J = 6.5 Hz, 2H), 3.95 (s, 2H), 1.64 — 1.59 (m,
2H), 1.40 — 1.29 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, CDCls) § 167.12, 143.05,
139.87, 137.54, 137.28, 136.84, 134.18, 132.71, 131.36, 130.49, 128.93, 128.81, 128.66, 128.50,
128.22, 128.14, 127.21, 127.18, 127.10, 126.83, 125.87, 122.76, 119.21, 64.33, 37.78, 30.81,
19.31, 13.90. HRMS (ESI-TOF) calcd for CaoH2s0,S (M+Na*): 475.1702, found: 475.1706. =

P HPLC 4 % 4 F: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 95/5, v = 1.0 mL - min,
A =254 nm, t (minor) = 11.0 min, t (major) = 9.5 min, 92% ee. [a]p?° = -108.4 (¢ =1.3, CHCl5).

butyl (E)-3-(1-(2-((4-cyanobenzyl)thio)phenyl)naphthalen-2-yl)acrylate (2-44)
CN WAEREF F %k CEWLHER TLC 2 B EEILEREK(H mE/Z
B EE = 41 K BFFA)A7.7 mg, 74%). *H NMR (400 MHz,

O CDCls) 5 7.89 (t, J = 9.0 Hz, 2H), 7.82 (d, J = 8.7 Hz, 1H), 7.51 (t, J
s = 7.5 Hz, 1H), 7.47 — 7.30 (m, 7H), 7.25 — 7.14 (m, 4H), 6.48 (d, J =

X _COO"Bu
OO 16.0 Hz, 1H), 4.14 (t, J = 6.6 Hz, 2H), 3.91 (s, 2H), 1.66 — 1.56 (m,
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2H), 1.41— 1.31 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCls) § 167.02, 142.89,
142.80, 139.62, 138.24, 135.86, 134.15, 132.69, 132.30, 131.69, 130.46, 129.53, 129.31, 128.96,
128.80, 128.23, 127.19, 126.95, 126.92, 126.76, 122.71, 119.36, 118.85, 111.04, 64.46, 37.76,
30.84, 19.31, 13.89. HRMS (ESI-TOF) calcd for C31H27NO2S (M+Na*): 500.1655, found:
500.1654. F & HPLC 4% 4 1+: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v =

1.5 mL-min?, A = 254 nm, t (minor) = 11.0 min, t (major) = 9.9 min, 91% ee. [a]o?**=-69.1 (¢ =
0.7, CHCI»).

butyl (E)-3-(1-(2-((4-(trif|uoromethyl)benzyl)thio)phenyl)naphthalen-Z-yI)acryIate (2-45)
CF3 WAIEBRF 77k C B H &% TLC 2 BEE L 6B (E Wi/ 2
B s =9/1 4 B I 71)(21.3 mg, 82%) . H NMR (400 MHz, CDCly)
O 5 7.89 (t, J = 9.3 Hz, 2H), 7.82 (d, J = 8.7 Hz, 1H), 7.56 — 7.37 (m,
S 6H), 7.37 — 7.30 (m, 2H), 7.26 — 7.20 (m, 3H), 7.18 (d, J = 7.4 Hz,
OO N\ CO0BY 1H), 6.48 (d, J = 16.0 Hz, 1H), 4.13 (t, J = 6.6 Hz, 2H), 3.94 (s, 2H),
1.69 —1.59 (m, 2H), 1.40 —1.30 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H). °C
NMR (101 MHz, CDCI3) & 167.05, 142.89, 141.30, 139.69, 137.88, 136.50, 134.17, 132.68,
131.57,130.52, 129.42 (d, Jcr = 32.4 Hz), 129.13, 128.94, 128.85, 128.77, 128.20, 127.16, 127.02,
126.89, 126.45, 125.44 (q, Jcr = 3.7 Hz), 124.23(q, Jcr = 273.0 Hz), 122.74, 119.34, 64.40, 37.47,
30.82, 19.30, 13.87. F NMR (376 MHz, CDCls) & -62.50. HRMS (ESI-TOF) calcd for
Ca1H27F302S (M+Na*): 543.1576, found: 543.1575. 4 HPLC 4 & 4 F: a Daicel Chiralpak

IC, n-hexane/2-propanol = 95/5, v = 1.0 mL-min™, A = 254 nm, t (minor) = 7.0 min, t (major) =
6.1 min, 93% ee. [0]p?° = -54.5 (c = 1.3, CHCl5).

butyl (E)-3-(6-methoxy-2'-(methylthio)-[1,1'-biphenyl]-2-yl)acrylate (2-46)
O WA JF 7 iE C AR LK TLC 4 B EE T &R ik(h it/ 2%
s” 7B =411 H B IFA)(17.3 mg, 97%). *H NMR (400 MHz, CDCls)
O NACOBUY g 46— 7.33 (m, 3H), 7.32 - 7.25 (m, 2H), 7.21 (td, J = 7.4, 1.3 Hz,
1H), 7.05 (dd, J = 7.5, 1.5 Hz, 1H), 7.00 (dd, J = 7.6, 1.6 Hz, 1H), 6.32
(d, J = 16.0 Hz, 1H), 4.07 (t, J = 6.5 Hz, 2H), 3.74 (s, 3H), 2.34 (s, 3H), 1.57 — 1.44 (m, 1H), 1.44
—1.17 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDCl3) & 167.01, 157.60, 142.81,
138.66, 134.78, 134.62, 130.79, 130.35, 129.23, 128.59, 125.36, 124.88, 119.53, 118.42, 112.40,
64.27, 56.19, 30.77, 19.26, 15.81, 13.85. HRMS (ESI-TOF) calcd for C21H240sS (M+Na'):

379.1338, found: 379.1338. F 1 HPLC 4 % % F: a Daicel Chiralpak AD-H, n-hexane/2-
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propanol = 95/5, v = 0.8 mL-min™, L =254 nm, t (minor) = 8.2 min, t (major) = 8.7 min, 94% ee.
[a]o?°=-77.6 (¢ = 1.2, CHCI3).

butyl (E)-3-(6-(benzyloxy)-2'-(methylthio)-[1,1'-biphenyl]-2-yl)acrylate (2-47)
O WAE A 7k C A4 &% TLC 48 15 213k 3 & K (A jd B/
- LW ZEe = 9/1 4 B IF#)(17.3 mg, 80%). *H NMR (400 MHz,
B0 O N\ACOO™U - he1y) 5 7.42 - 7.29 (m, 5H), 7.29 — 7.17 (m, 5H), 7.15 (d, J = 6.9
Hz, 2H), 7.09 (dd, J = 7.5, 1.5 Hz, 1H), 7.01 (dd, J = 7.7, 1.5 Hz,
1H), 6.33 (d, J = 16.0 Hz, 1H), 5.04 (s, 2H), 4.08 (t, J = 6.5 Hz, 2H), 2.33 (s, 3H), 1.62 — 1.53 (m,
3H), 1.38 - 1.27 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). *3C NMR (101 MHz, CDCls) § 167.03, 156.59,
142.78, 138.72, 137.30, 134.92, 134.68, 131.21, 130.81, 129.16, 128.58, 128.42, 127.55, 126.59,
125.26, 124.86, 119.54, 118.85, 114.54, 70.57, 64.29, 30.77, 19.27, 15.80, 13.86. HRMS (ESI-
TOF) calcd for C27H2803S (M) 432.1754, found: 432.1754. F & HPLC 4% 4 1F: a Daicel
Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 1.0 mL-min™, A = 254 nm, t (minor) = 6.4

min, t (major) = 7.8 min, 96% ee. [o]p?° = -46.2 (¢ = 1.0, CHCl3).

butyl (E)-3-(2',6-bis(methylthio)-[1, 1'-biphenyl]-2-yl)acrylate (2-48)
O WRAEEA T CEIHRER TLC 4 BFE LR k(G Wi/
s~ B B8 =9/1 % B FF71)(7.1 mg, 38%). *H NMR (400 MHz, CDCls)
O NACO0BU 5753 (d,J = 7.5 Hz, 1H), 7.47 — 7.38 (m, 2H), 7.29 — 7.22 (m, 3H),
7.07 (dd, J= 7.5, 1.5 Hz, 1H), 6.33 (d, J = 16.0 Hz, 1H), 4.08 (t, J =
6.5 Hz, 2H), 2.38 (s, 6H), 1.61 — 1.52 (m, 2H), 1.36 — 1.27 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). °C
NMR (101 MHz, CDCl3) 6 166.90, 142.51, 140.11, 138.65, 138.58, 135.52, 133.87, 130.51,
129.25, 128.83, 125.53, 125.04, 124.98, 122.18, 119.75, 64.30, 30.72, 19.24, 15.71, 15.52, 13.85.
HRMS (ESI-TOF) calcd for C21H2402S, (M+Na*): 395.1110, found: 395.1110. F/ HPLC 4

% %4 1. aDaicel Chiralpak AD-H, n-hexane/2-propanol = 95/5, v = 0.8 mL-min™, A = 254 nm,
t (minor) = 9.8 min, t (major) = 8.9 min, 98% ee. [a]o?° = -48.8 (c = 0.7, CHClI5).

butyl (E)-3-(6-(dimethylamino)-4-methyl-2'-(methylthio)-[1,1'-biphenyl]-2-yl)acrylate (2-51)
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O WABEEF 7k CAETH &R TLC £ BE 2| T &R IK(h B 8

| s~ 7B =9/1 4 &I 7)(14.2 mg, 74%). H NMR (400 MHz, CDCls)
N O NACOBY 3 731 (m, 1H), 7.31 — 7.26 (m, 2H), 7.23 — 7.16 (m, 2H), 7.08
(d, J = 7.5 Hz, 1H), 6.95 (s, 1H), 6.28 (d, J = 15.9 Hz, 1H), 4.07 (t, J =

6.5 Hz, 2H), 2.49 (s, 6H), 2.39 (s, 3H), 2.36 (s, 3H), 1.60 — 1.53 (m,

2H), 1.38 — 1.28 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, CDCls) 5 167.24, 153.03,
144.12, 139.20, 138.50, 137.00, 134.38, 132.31, 131.60, 128.08, 125.38, 124.78, 121.43, 120.48,
118.69, 64.15, 43.83, 30.80, 21.76, 19.28, 15.93, 13.87. HRMS (EI-TOF) calcd for C23H20NO2S
(M*):383.1914, found: 383.1912. <% HPLC 4% % 14 : a Daicel Chiralpak OD-H, n-hexane/2-

propanol = 90/10, v = 1.0 mL -min™, A = 254 nm, t (minor) =10.5 min, t (major) = 6.0 min, 95%
ee. [a]p?® =-61.9 (¢ =1.0, CHCl5).

butyl (E)-3-(8-(2-(methylthio)phenyl)quinolin-7-yl)acrylate (2-52)
O RIFAA ik CE2IHER TLC 2B 53 L& RAR(CH Mt/ 7
s~ B BRI — 4 F kit =9/1/1 H & FF7)(10.8 mg, 57%) . H NMR (400
N O N\ -C00BY MHz, CDCls) § 7.53 (dd, J = 7.9, 1.1 Hz, 1H), 7.42 (m, 7.8 Hz, 2H),
N 7.28 (m, 4H), 7.07 (dd, J = 7.5, 1.5 Hz, 1H), 6.33 (d, J = 16.0 Hz,
1H), 4.08 (t, J = 6.5 Hz, 2H), 2.38 (s, 6H), 1.60 — 1.52 (m, 2H), 1.36 — 1.27 (m, 2H), 0.90 (t, J =
7.4 Hz, 3H). BC NMR (101 MHz, CDCls) § 166.90, 142.51, 140.11, 138.65, 138.58, 135.52,
133.87, 130.51, 129.25, 128.83, 125.53, 125.04, 124.98, 122.18, 119.75, 64.30, 30.72, 19.24,
15.71, 15.52, 13.85. HRMS (ESI-TOF) calcd for Ca3H2sNO2S (M+Na*): 400.1342, found:
400.1343. F 1 HPLC 4 & 4 1F: a Daicel Chiralpak IC, n-hexane/2-propanol = 80/20, v = 1.2

mL-mint, L =254 nm, t (minor) = 9.5 min, t (major) = 12.9 min, 91% ee. [a]p®®=-93.7 (c = 1.3,

CHCls).

butyl (E)-3-(6-formyl-2'-(methylthio)-[1,1'-biphenyl]-2-yl)acrylate (2-55)

O WAEEF 7k CZ 14148 TLC £ B &2 L& R A (R mE

s~ B 2B =9/1 % &I #1)(7.3mg, 41%).*H NMR (400 MHz, CDCl5)

OHC X _COO"Bu

O §9.59 (s, 1H), 8.05 (d, J = 7.7 Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H),

7.57 (t,J=7.8 Hz, 1H), 7.46 (t, J = 7.8 Hz, 1H), 7.36 — 7.26 (m, 3H),

7.11(d, J = 7.5 Hz, 1H), 6.38 (d, J = 16.0 Hz, 1H), 4.10 (t, J = 6.5 Hz, 2H), 2.36 (s, 3H), 1.62 —
1.52 (m, 2H), 1.39 - 1.30 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H). **C NMR (101 MHz, CDCl3) § 166.69,
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141.34, 137.09, 136.47, 134.17, 132.17, 132.10, 131.19, 130.37, 129.96, 129.17, 128.96, 128.46,
127.72,127.67, 126.83, 126.32, 122.86, 120.88, 110.07, 64.60, 30.75, 19.30, 13.88. HRMS (ESI-
TOF) calcd for C21H2203S (M+Na*): 377.1182, found: 377.1183. F £ HPLC 4 & 4 1 : a Daicel
Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 1.0 mL-min, A = 254 nm, t (minor) = 7.1
min, t (major) = 8.5 min, 97% ee. [a]p?°=-87.3 (¢ = 1.2, CHCl5).

butyl (E)-3-(2'-formyl-6-(methylthio)-[1,1'-biphenyl]-2-yl)acrylate (2-56)
O AT 10 mL 2 #H & PR A A A JE47(0.10 mmol), FIFR E
CHO T E&(0.3 mmol), EEEL4E(2.2 mg, 0.010 mmol), # 5 &8 (3.9 mg,
- O N0 g mmol), ¥&.(1.1mg, 0.01 mmol)F B & (1 mL). ¥ K F T
50 °C TR 72 /NEF, AHEH R G E T — NEAEER £ LLF
KE R, ¥EBKERT R, ZF &R TLC 2 AT ERECE MR/ ZE =91 4
/& FF70)(19.1 mg, 54%). *H NMR (400 MHz, CDCls) § 9.61 (s, 1H), 8.07 (d, J = 7.8 Hz, 1H),
7.70 (t, J = 7.5 Hz, 1H), 7.59 (t, = 7.6 Hz, 1H), 7.53 (d, J = 7.8 Hz, 1H), 7.44 (t, J = 7.9 Hz, 1H),
7.29 —7.16 (m, 3H), 6.30 (d, J = 15.9 Hz, 1H), 4.07 (t, J = 6.5 Hz, 2H), 1.55 (q, J = 7.1 Hz, 2H),
1.30 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, CDCls) & 191.31, 166.36, 141.72,
140.78, 140.14, 136.11, 134.41, 134.36, 134.27, 131.51, 129.14, 129.09, 127.86, 125.08, 122.45,
120.62, 64.37, 30.59, 19.11, 15.53, 13.68. HRMS (ESI-TOF) calcd for C21H2203S (M+Na®):
377.1182, found: 377.1183. F 14 HPLC 4 & 4 fF: aDaicel Chiralpak IA, n-hexane/2-propanol

=85/15, v = 1.0 mL-min, A = 254 nm, t (minor) = 6.9 min, t (major) = 8.0 min, 81% ee. [a]p?°
=+8.2 (¢ = 0.6, CHCly).

methyl (E)-3-(1-(2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-57)
O WIEBEF 7% C Z3# &% TLC 4 B &EE LR AE(CE mE/Z

- B 7.8 =9/1 A J&IF71)(10.2 mg, 61%).*H NMR (400 MHz, CDCl3)

OO N\ -COOMe $7.93-7.78 (m, 3H), 7.57 — 7.41 (m, 3H), 7.40 — 7.26 (m, 4H), 7.14

(dd, J=7.5, 1.5 Hz, 1H), 6.48 (d, J = 15.9 Hz, 1H), 3.71 (s, 3H), 2.30

(s, 3H). 3C NMR (101 MHz, CDCls) § 167.53, 143.23, 139.68, 139.24, 135.73, 134.28, 132.62,

131.06, 130.52, 129.04, 128.78, 128.19, 127.21, 127.05, 126.91, 124.95, 124.87, 122.87, 118.92,

51.72, 15.57. HRMS (ESI-TOF) calcd for C21H1802S (M+Na*): 357.0920, found: 357.0920. F

P HPLC 4 % 4 1F: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 95/5, v = 1.0 mL - min,

A =254 nm, t (minor) = 9.6 min, t (major) = 7.8 min, 95% ee. [a]p?® = -95.7 (c = 0.7, CHCl5).
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ethyl (E)-3-(1-(2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-58)

O WAEEF 7% CERLHERTLC 4 5525 86 B8R (h MRt/ L8R
d 7B =9/1 3 B FF7)(17.3 mg, 99%). H NMR (400 MHz, CDCls)
OO NACOORt 093 7.85 (m, 2H), 7.83 (d, J = 8.7 Hz, 1H), 7.54 — 7.44 (m, 3H),
7.42 ~7.32 (m, 3H), 7.30 (td, J = 7.4, 1.2 Hz, 1H), 7.15 (dd, J = 7.5,
1.5 Hz, 1H), 6.49 (d, J = 16.0 Hz, 1H), 4.18 (g, J = 7.1 Hz, 2H), 2.30 (s, 3H), 1.26 (t, J = 7.1 Hz,
3H). BC NMR (101 MHz, CDCls) § 167.11, 143.01, 139.63, 139.21, 135.68, 134.23, 132.59,
131.06, 130.54, 129.01, 128.75, 128.18, 127.17, 127.03, 126.88, 124.86, 124.82, 122.83, 119.26,
60.45, 15.53, 14.37. HRMS (ESI-TOF) calcd for C22H2002S (M+Na*): 371.1076, found: 371.1078.
F M HPLC 4% 4 1F: aDaicel Chiralpak AD-H, n-hexane/2-propanol = 95/5, v =1.0 mL - min’

1A =254 nm, t (minor) = 8.2 min, t (major) = 7.0 min, 96% ee. [a]o?’ = -92.0 (c = 0.9, CHCl5).

t-butyl (E)-3-(1-(2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-59)
O RIEEF 7k C ZXH &K TLC 4 B =2 L EREK(A Bt/ 7

d B 2B =9/1 ¥ & 71)(16.9 mg, 90%) . *H NMR (400 MHz, CDCl5)

OO NAC00BU o ) 779 (m, 3H), 7.53 — 7.44 (m, 2H), 7.43 — 7.26 (m, 5H), 7.14

(dd, J=7.5, 1.5 Hz, 1H), 6.43 (d, J = 15.9 Hz, 1H), 2.30 (s, 3H), 1.45

(s, 9H). 3C NMR (101 MHz, CDCls) § 166.39, 141.93, 139.46, 139.21, 135.88, 134.17, 132.66,

131.12, 130.68, 128.97, 128.66, 128.17, 127.04, 127.03, 126.82, 124.97, 124.86, 122.85, 121.09,

80.33, 28.31, 15.61. HRMS (ESI-TOF) calcd for C24H2402S (M+Na*): 399.1389, found: 399.1390.

F M HPLC 4% 4 fF: aDaicel Chiralpak AD-H, n-hexane/2-propanol = 98/2, v=1.0 mL-min-

1L =254 nm, t (minor) = 8.0 min, t (major) = 7.2 min, 98% ee. [a]o?’ = -109.6 (c = 0.6, CHCl5).

benzyl (E)-3-(1—(2-(methy|thio)phenyl)naphthalen-z-yl)acrylate (2-60)
O WAEEF 7iE C BEFER TLC 2B FE A6 EK(E M/
- B 2B =9/1 % J& 77 71)(10.5 mg, 51%) . *H NMR (400 MHz, CDCls)
OO NACO0BN 04779 (m, 3H), 7.61 — 7.46 (m, 3H), 7.42 — 7.27 (m, 9H), 7.15
(dt, J = 7.5, 1.7 Hz, 1H), 6.58 — 6.49 (m, 1H), 5.17 (s, 2H), 2.29 (s,
3H). BC NMR (101 MHz, CDCls) § 166.81, 143.66, 139.84, 139.29, 136.32, 135.71, 134.33,
132.61, 131.11, 130.44, 129.02, 128.80, 128.64, 128.21, 128.17, 127.99, 127.26, 127.08, 126.92,
124.90, 124.84, 122.75, 118.78, 66.17, 29.85. HRMS (ESI-TOF) calcd for C27H2203S (M+Na*):

433.1233, found: 433.1234. F1# HPLC 4 % % F: a Daicel Chiralpak AD-H, n-hexane/2-
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propanol = 95/5, v = 1.0 mL - min, A = 254 nm, t (minor) = 14.7 min, t (major) = 12.2 min, 95%
ee. [a]p?®°=-76.0 (c = 1.0, CHCly).

phenyl (E)-3-(1-(2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-61)
O W F HiE C FH &K TLC 2815 2| L&A (F /2
d B B =9/1 % B FF71)(9.1 mg, 46%). *H NMR (400 MHz, CDCls)
OO NACOOPN 98— 7.86 (m, 3H), 7.66 (d, J = 15.9 Hz, 1H), 7.55 — 7.50 (m, 1H),
7.47 (td, J = 7.7, 1.5 Hz, 1H), 7.43 — 7.32 (m, 5H), 7.29 (td, J = 7.4,
1.2 Hz, 1H), 7.23 - 7.18 (m, 1H), 7.16 (dd, J = 7.5, 1.5 Hz, 1H), 7.12 — 7.04 (m, 2H), 6.68 (d, J =
15.9 Hz, 1H), 2.31 (s, 3H). *C NMR (101 MHz, CDCls) 5 165.56, 150.95, 145.01, 140.21, 139.20,
135.46, 134.46, 132.61, 131.06, 130.26, 129.44, 129.14, 128.90, 128.25, 127.45, 127.17, 127.01,
125.78, 124.83, 122.80, 121.75, 118.19, 15.52. HRMS (EI-TOF) calcd for C26H2002S (M *):
396.1179, found: 396.1180. 1 HPLC 4 ¥ 4 ff: a Daicel Chiralpak IB-N, n-hexane/2-

propanol = 97.5/2.5, v = 1.0 mL-min, X = 254 nm, t (minor) = 16.3 min, t (major) = 14.6 min,
97% ee. [a]o?® =-92.3 (c = 1.0, CHCl5).

2-hydroxyethyl (E)-3-(1-(2-(methy|thio)phenyl)naphthalen-2-yl)acrylate (2-62)
O RIEEF 77k C ZHHE&H TLC 4B F 2 a6 B8R (h
d B/ B2 2B = 9/1 & FF7)(15.3 mg, 84%). HNMR (400
OO N o> MHz, CDCls) & 7.93 — 7.85 (m, 2H), 7.82 (d, J = 8.7 Hz, 1H),
7.57 - 7.46 (m, 3H), 7.42 - 7.33 (m, 3H), 7.30 (td, J=7.4,1.2
Hz, 1H), 7.15 (dd, J = 7.5, 1.5 Hz, 1H), 6.53 (d, J = 15.9 Hz, 1H), 4.32 — 4.21 (m, 2H), 3.87 -
3.76 (m, 2H), 2.31 (s, 3H), 2.07 (t, J = 6.0 Hz, 1H). 13*C NMR (101 MHz, CDCls) § 167.30, 143.89,
139.86, 139.22, 135.53, 134.31, 132.52, 131.04, 130.30, 129.05, 128.81, 128.18, 127.29, 127.05,
126.93, 124.77, 124.75, 122.71, 118.43, 66.19, 61.48, 15.47. HRMS (ESI-TOF) calcd for
C22H2003S (M+Na*): 387.1025, found: 387.1025. F & HPLC 4 % 4 1 a Daicel Chiralpak IC,

n-hexane/2-propanol = 70/30, v = 1.5 mL - min, L = 254 nm, t (minor) = 5.7 min, t (major) = 4.9
min, 90% ee. [0]p?° = -57.7 (¢ = 1.2, CHCl3).

2-phenoxyethyl (E)-3-(1-(2-(methylthio)phenyl)naphthalen-2-yl)acrylate (2-63)
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O REFRR T CEAHERTLC 2 BEA T ERA(E

s7 o Bt/ 7 B 2B =9/1 % BT #1)(19.6 mg, 89%). ‘H NMR (400

OO N0 ™0 Mz eDCly) §7.96 - 7.85 (m, 2H), 7.83 (d, J = 8.7 Hz, 1H),
7.55 (d, J = 16.0 Hz, 1H), 7.53 — 7.48 (m, 1H), 7.46 (td, J =

7.7,1.5Hz, 1H), 7.41 - 7.27 (m, 6H), 7.15 (dd, J = 7.5, 1.5 Hz, 1H), 6.9 (t, J = 7.4 Hz, 1H), 6.94
—6.89 (M, 2H), 6.55 (d, J = 15.9 Hz, 1H), 4.51 — 4.44 (m, 2H), 4.18 (t, J = 4.8 Hz, 2H), 2.29 (s,
3H). 2*C NMR (101 MHz, CDCls) 5 166.91, 158.61, 143.79, 139.84, 139.20, 135.63, 134.31,
132.58, 131.04, 130.41, 129.61, 129.56, 129.02, 128.77, 128.18, 127.23, 127.06, 126.88, 124.91,
124.81, 122.79, 121.25, 118.61, 114.77, 66.01, 62.83, 15.52. HRMS (ESI-TOF) calcd for
CasH2403S (M+Na*): 463.1338, found: 463.1338. 4 HPLC 4 # 4 #f: a Daicel Chiralpak

AD-H, n-hexane/2-propanol = 95/5, v = 1.0 mL -min™, . =254 nm, t (minor) = 11.6 min, t (major)
= 6.7 min, 95% ee. [a]p?°=-87.7 (¢ = 1.1, CHCI5).

3-(((S)-2'-methoxy-[1,1'-binaphthalen]-2-yl)oxy)propyl(E)-3-(1-(2-
(methylthio)phenyl)naphthalen-2-yl)acrylate (2-64)

O WAERE A F ik C AXHER TLC 4 BRFEL
SMe O O & RAR(CE B/ B LB = 9/1 BT AI)(3L.1
OO 070 mg, 94%). 'H NMR (400 MHz, CDCls) & 8.05 —
ieo OO 7.94 (m, 2H), 7.93 — 7.83 (m, 4H), 7.80 (d, J = 8.8
Hz, 1H), 7.50 (t, J = 7.3 Hz, 1H), 7.46 — 7.42 (m,
2H), 7.40 - 7.32 (m, 4H), 7.31 - 7.21 (m, 5H), 7.20 — 7.09 (m, 3H), 7.06 (d, J = 8.5 Hz, 1H), 6.37
(d, J =15.9 Hz, 1H), 4.09 — 3.99 (m, 1H), 3.99 — 3.89 (m, 1H), 3.85 — 3.67 (m, 4H), 3.63 — 3.52
(m, 1H), 2.22 (s, 3H), 1.80 — 1.65 (m, 2H). 3C NMR (101 MHz, CDCl3) § 166.60, 154.92, 154.15,
142.83, 139.58, 139.18, 135.52, 134.22, 134.16, 134.05, 132.52, 130.96, 130.46, 129.55, 129.42,
129.13, 128.99, 128.77, 128.19, 128.03, 127.20, 127.00, 126.89, 126.43, 125.54, 125.25, 124.69,

124.62, 123.85, 123.55, 122.73, 120.77, 119.27, 119.15, 115.90, 113.83, 66.03, 60.71, 56.74,
28.81, 15.34. HRMS (ESI-TOF) calcd for CasH3604S (M+Na*): 683.2227, found: 683.2230. ¥

P HPLC 4 % 4 F: a Daicel Chiralpak IA, n-hexane/2-propanol = 90/10, v = 1.3 mL -min, A
=254 nm, t (minor) = 10.6 min, t (major) = 9.5 min, 91% de. [a]o?’ = -97.5 (¢ = 1.0, CHCI5).

(E)-1-(1-(2-(methylthio)phenyl)naphthalen-2-yl)pent-1-en-3-one (2-65)

117


file:///C:/Users/HP/Desktop/XCK-1/57a/Document%20H.mnova
file:///C:/Users/HP/Desktop/XCK-1/57a/Document%20H.mnova
file:///C:/Users/HP/Desktop/XCK-1/57a/Document%20C.mnova
file:///C:/Users/HP/Desktop/XCK-1/62a/Document%20H.mnova
file:///C:/Users/HP/Desktop/XCK-1/62a/Document%20C.mnova

AT K 18 & % fr b X

O WAEHE F 773k C UL 40 °C R R 72 /Net 5 £ 1t 4 4-%% TLC 4% &

s” o BTk (h B LB LB = 9/1 4 BFFF))(7.6 mg, 46%). H

OO = NMR (400 MHz, CDCl3) & 7.93 — 7.82 (m, 3H), 7.51 (t, J = 7.7 Hz,
2H), 7.41 — 7.28 (m, 5H), 7.15 (dd, J = 7.5, 1.5 Hz, 1H), 6.75 (d, J =

16.3 Hz, 1H), 2.50 (q, J = 7.3 Hz, 2H), 2.31 (s, 3H), 1.06 (t, J = 7.3 Hz, 3H). *C NMR (101 MHz,
CDCl3) §201.27, 140.86, 139.92, 139.27, 135.67, 134.31, 132.57, 131.08, 130.69, 129.06, 128.82,
128.22, 127.28, 127.25, 126.98, 126.92, 124.77, 124.70, 122.71, 33.58, 15.49, 8.37. HRMS (ESI-
TOF) calcd for C22H200S (M+Na'): 355.1127, found: 355.1129. ¥ HPLC 4 & 4 1f : a Daicel

Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 1.0 mL-min™, A = 254 nm, t (minor) = 7.9
min, t (major) = 7.4 min, 93% ee. [a]p?° = -110.1 (¢ = 1.0, CHCI5).

(E)-N,N-dimethyl-2-(1-(2-(methylthio)phenyl)naphthalen-2-yl)ethen-1-amine (2-66)
O AR F 7% C DL 40 °C RUA 72 /NeF E A H 4 % TLC 4 543
s o 5| g6 B R (G B 28 28 = 9/1 H & FF7#)(10.1 mg, 58%). H
OO = rlv/ NMR (400 MHz, CDCls) & 7.92 — 7.83 (m, 2H), 7.81 (d, J = 8.7 Hz,
1H), 7.53 — 7.39 (m, 3H), 7.39 — 7.30 (m, 3H), 7.30 — 7.26 (m, 1H),
7.14 (dd, J = 7.4, 1.5 Hz, 1H), 6.83 (d, J = 15.5 Hz, 1H), 3.09 (s, 3H), 2.99 (s, 3H), 2.29 (s, 3H).
13C NMR (101 MHz, CDCls) § 166.88, 140.51, 139.15, 138.78, 136.12, 133.87, 132.74, 131.41,
130.99, 128.89, 128.53, 128.10, 126.89, 126.79, 126.76, 124.96, 124.94, 123.43, 119.12, 37.55,
35.89, 15.56. HRMS (EI-TOF) calcd for C22H21NOS (M *): 347.1344, found: 347.1345. %

HPLC 7% 4 . a Daicel Chiralpak IC, n-hexane/2-propanol = 70/30, v = 1.5 mL -min, 1 =
254 nm, t(minor) = 11.8 min, t (major) = 14.6 min, 87% ee. [a]o® = -86.0 (¢ = 1.1, CHClIs).

diethyl (E)-(2-(1-(2-(methylthio)phenyl)naphthalen-2-yl)vinyl)phosphonate (2-67)
O RIEREF FiE CEHLFER TLC 2 BEE LB RMA(H BB/ T
S B B = 9/1 % &I A1)(12.2 mg, 59%). 'H NMR (400 MHz,
OO N g\ov/\ CDCls) 5 7.90 (d, J = 8.7 Hz, 1H), 7.87 (d, J = 8.3 Hz, 1H), 7.79 (d,
J =8.8 Hz, 1H), 7.53 — 7.44 (m, 2H), 7.41 — 7.35 (m, 1H), 7.35 —
7.31 (m, 2H), 7.30 - 7.18 (m, 2H), 7.13 (dd, J=7.5, 1.4 Hz, 1H), 6.35 - 6.23 (m, 1H), 4.07 — 3.94
(m, 4H), 2.28 (s, 3H), 1.23 (q, J = 6.7 Hz, 6H). *C NMR (101 MHz, CDCl3) § 146.33 (d, Jcp =
7.2Hz),139.34,138.88, 135.73, 134.19, 132.52, 131.05, 131.03 (d, Jcp = 22.9 Hz), 129.01, 128.79,
128.20, 127.13, 126.94, 126.90, 124.83, 124.81, 122.63, 115.33 (d, Jcp = 191.1 Hz), 62.01 (d, Jcp
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=5.5Hz), 16.42, 16.36, 15.44. 31p NMR (162 MHz, CDCl5) & 19.16. HRMS (ESI-TOF) calcd for
C23H2503PS (M+Na'): 435.1154, found: 435.1154. F# HPLC 4% 4 F: a Daicel Chiralpak

AS, n-hexane/2-propanol = 75/25, v = 1.3 mL-min™, A = 254 nm, t (minor) = 20.2 min, t (major)
= 14.8 min, 97% ee. [a]o?°=-31.3 (c = 0.9, CHCl5).

(E)-methyl(2-(2-(4-methylstyryl)naphthalen-1-yl)phenyl)sulfane (2-68)

O WRIZFEF 7 C A0 &% TLC 4 B &3 # & B K (G bt/
- BB = 9/1 4 B FF#1)(16.1 mg, 88%). 'H NMR (400 MHz,
OO = CDCl3) 6 7.95 — 7.85 (m, 2H), 7.83 (d, J = 8.0 Hz, 1H), 7.47 (td, J =

7.6, 1.5 Hz, 1H), 7.44 — 7.38 (m, 1H), 7.37 — 7.26 (m, 4H), 7.24 —
7.14 (m, 4H), 7.14 — 7.08 (m, 1H), 7.06 (d, J = 7.9 Hz, 2H), 6.81 (d, J = 16.3 Hz, 1H), 2.29 (s,
3H), 2.27 (s, 3H). ®*C NMR (101 MHz, CDCl3) § 139.52, 137.53, 136.91, 136.12, 135.02, 133.29,
133.00, 132.81, 131.32, 129.74, 129.38, 128.54, 128.43, 128.11, 126.67, 126.50, 126.39, 126.26,
125.84,124.76,124.71,122.73, 21.36, 15.53. HRMS (EI-TOF) calcd for C26H22S (M™): 366.1442,
found: 366.1443. F 1 HPLC 4% 4 1+ : a Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10,

v =1.0 mL-min™, A = 254 nm, t (minor) = 6.7 min, t (major) = 7.8 min, 94% ee. [0]p?° = -257.1
(c = 0.87, CHCly).

(E)-(2-(2-(4-(tert-butyl)styryl)naphthalen-1-y|)phenyl)(methy|)suIfane (2-69)

O WIERF FE C AT H L% TLC 2 BE RN & 6 HA (L H
d B/ 7. % 2B = 9/1 2 B #1)(19.2 mg, 94%). H NMR (400
OO N MHz, CDCls) § 7.95 (d, J = 8.8 Hz, 1H), 7.88 (d, J = 8.8 Hz, 1H),

7.84 (d,J=8.1Hz, 1H), 7.48 (td, J = 7.6, 1.5 Hz, 1H), 7.44 — 7.39
(m, 1H), 7.39 — 7.29 (m, 4H), 7.29 — 7.27 (m, 2H), 7.25 — 7.21 (m, 2H), 7.20 — 7.11 (m, 2H), 6.84
(d, J = 16.3 Hz, 1H), 2.28 (s, 3H), 1.29 (s, 9H). *C NMR (101 MHz, CDCls) 3 150.79, 139.53,
136.93, 136.15, 135.05, 133.33, 133.02, 132.82, 131.31, 129.56, 128.55, 128.43, 128.12, 126.54,
126.50, 126.40, 125.85, 125.61, 124.76, 124.71, 122.77, 34.72, 31.40, 15.54. HRMS (ESI-TOF)
calcd for CaoH2sS (M+H"): 409.1984, found: 409.1983. F 1 HPLC 4 & 4 #: a Daicel

Chiralpak AD-H, n-hexane/2-propanol = 95/5, v = 0.8 mL-min™, X = 254 nm, t (minor) = 6.7 min,
t (major) = 7.7 min, 95% ee. [0]p?° = -180.6 (¢ = 1.1, CHCl3).

(E)-(2-(2-(4-fluorostyryl)naphthalen-1-yl)phenyl)(methyl)sulfane (2-70)
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O WA F 7% C Z2TH 4 H TLC 4 E 15 2 3% & & B 4K (A i

s~ P BB =91 % BT #1)(15.7 mg, 85%). H NMR (400 MHz,
A

OO CDCls) 5 7.92 (d, J = 8.7 Hz, 1H), 7.88 (d, J = 8.8 Hz, 1H), 7.84 (d,

J=8.1Hz, 1H), 7.49 (td, J = 7.7, 1.5 Hz, 1H), 7.45 — 7.40 (m, 1H),
7.39-7.36 (M, 1H), 7.35— 7.27 (m, 3H), 7.26 — 7.21 (m, 2H), 7.18 (dd, J = 7.4, 1.5 Hz, 1H), 7.12
(d, J =16.3 Hz, 1H), 6.99 — 6.88 (m, 2H), 6.78 (d, J = 16.3 Hz, 1H), 2.29 (s, 3H). 3C NMR (101
MHz, CDCls) & 162.38 (d, Jcr = 247.2 Hz), 139.51, 136.75, 136.36, 133.94 (d, Jcr = 3.3 Hz),
133.10, 132.94, 132.78, 131.29, 128.64, 128.52, 128.24, 128.17, 128.13, 126.92 (d, Jcr = 2.4 Hz),
126.59, 126.43, 126.01, 124.72 (d, Jcr = 10.7 Hz), 122.60, 115.61 (d, Jcr = 21.6 Hz), 15.49. 1°F
NMR (376 MHz, CDCl3) & -114.24. HRMS (ESI-TOF) calcd for CosH1oFS (M+H*): 371.1264,
found: 371.1260. F £ HPLC 4 & 4 f*: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 97/3,

v=0.8mL-min, L =254 nm, t (minor) = 12.2 min, t (major) = 13.1 min, 94% ee. [0]p?°=-192.8
(c=0.9, CHCIs).

(E)-methyl(2-(2-(4-(trifluoromethyl)styryl)naphthalen-1-yl)phenyl)sulfane (2-71)

O WA F 7k C A3t 4| &% TLC 4B 15 2 3% & & B4R (6 M
s~ “s mHZ 78 = oL %R FFA)(19.2 mg, 91%). *H NMR (400
OO = MHz, CDCls) & 7.97 (d, J = 8.8 Hz, 1H), 7.93 (d, J = 8.8 Hz, 1H),

7.89 (d, J = 8.1 Hz, 1H), 7.57 — 7.45 (m, 4H), 7.43 — 7.30 (m, 6H),
7.25-7.16 (M, 2H), 6.98 (d, J = 16.3 Hz, 1H), 2.32 (s, 3H). 3C NMR (101 MHz, CDCls) § 141.24
(0, Jor = 1.2 Hz), 139.51, 137.12, 136.48, 133.38, 132.74, 132.47, 131.26, 129.71, 129.20 (q, Jcr
= 32.5 Hz), 128.78, 128.64, 128.17, 128.16, 126.76, 126.71, 126.57, 126.34, 125.63 (q, Jcr = 4.0
Hz), 124.78, 124.67, 124.34 (g, Jcr = 272.9 Hz), 122.57, 15.47. **F NMR (376 MHz, CDCl3) § -
62.43. HRMS (ESI-TOF) calcd for CasHagFsS (M+H*): 421.1233, found: 421.1232. 4 HPLC

4% %41 aDaicel Chiralpak AD, n-hexane/2-propanol = 90/10, v = 1.0 mL -min%, A =254 nm,
t (minor) = 5.6 min, t (major) = 6.3 min, 94% ee. [a]p?° = -225.9 (c = 1.0, CHCls).

(E)-(2-(2-(4-chlorostyryl)naphthalen-1-yl)phenyl)(methyl)sulfane (2-72)

O RIEHEF Ak CETH LR TLC 4B &5 K & 6 B K (h ikt

s~ ©JzmzmE =91 % EFA)(17.4mg, 90%). 'HNMR (400 MHz,
NS

OO CDCls) 5 7.90 (d, J = 8.8 Hz, 1H), 7.86 (d, J = 8.8 Hz, 1H), 7.82 (d,

J=8.0 Hz, 1H), 7.47 (td, J = 7.7, 1.5 Hz, 1H), 7.44 — 7.38 (m, 1H),
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7.35(dd, J = 8.0, 1.2 Hz, 1H), 7.34 — 7.24 (m, 3H), 7.23 - 7.14 (m, 5H), 7.08 (d, J = 16.3 Hz, 1H),
6.81 (d, J = 16.3 Hz, 1H), 2.27 (s, 3H). 3C NMR (101 MHz, CDClIs) & 139.50, 136.64, 136.59,
136.27, 133.19, 133.17, 132.78, 132.76, 131.28, 128.84, 128.68, 128.56, 128.44, 128.14, 127.87,
127.77, 126.63, 126.48, 126.11, 124.77, 124.67, 122.59, 15.49. HRMS (EI-TOF) calcd for
Ca2sH19CIS (M *): 386.0896, found: 386.0896. 51+ HPLC 4% 4 #f: a Daicel Chiralpak AD-

H, n-hexane/2-propanol = 90/10, v = 1.0 mL -min™, A = 254 nm, t (minor) = 6.8 min, t (major) =

7.9 min, 90% ee. [a]o?® = -230.4 (c = 1.0, CHCl5).

(E)-(2-(2-(3-chlorostyryl)naphthalen-1-yl)phenyl)(methyl)sulfane (2-73)

O RAEE F 7k C AT H &K TLC 48 15 2% 3 & B 1K (Cf s Bt
s~ IZER B =911 % & 71)(17.0 mg, 88%). *H NMR (400 MHz,
NS
OO Cl CDCls) §7.94 — 7.87 (m, 2H), 7.85 (d, J = 8.1 Hz, 1H), 7.50 (td, J

=7.7, 1.5 Hz, 1H), 7.47 — 7.41 (m, 1H), 7.40 — 7.26 (m, 5H), 7.21
~7.13 (m, 4H), 7.08 (d, J = 16.3 Hz, 1H), 6.87 (d, J = 16.2 Hz, 1H), 2.30 (s, 3H). 3C NMR (101
MHz, CDCls) § 139.67, 139.45, 136.80, 136.52, 134.57, 133.25, 132.74, 132.65, 131.23, 129.85,
128.74, 128.57, 128.39, 128.13, 127.47, 126.70, 126.63, 126.51, 126.18, 124.79, 124.76, 124.68,
122.66, 15.47. HRMS (EI-TOF) calcd for CasH1sCIS (M *): 386.0896, found: 386.0895. = 1%

HPLC 7% 4 f+: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 0.8 mL-min™, A
=254 nm, t (minor) = 12.3 min, t (major) = 9.0 min, 97% ee. [a]p®° = -218.1 (c = 1.0, CHClI3).

X-ray Data of 2-73

2-73
(CCDC 2098130)

Empirical formula CasH1CIS
Formula weight 386.91
Temperature/K 170.0

Crystal system monoclinic
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AT K 18 & % fr b X

Space group P2;

alA 11.316(6)

b/A 8.434(4)

c/lA 11.436(5)

a/° 90

B/° 114.617(17)

v/° 90

Volume/A3 992.3(8)

V4 2

pealcg/cm? 1.295

p/mm 0.304

F(000) 404.0

Crystal size/mm?® 0.48 %0.32 x0.12
Radiation MoKa (A =10.71073)
20 range for data collection/®6.22 t0 54.194

Index ranges -14<h<14,-10<k<10,-14<1< 14
Reflections collected 20060

Independent reflections 4348 [Rint = 0.0301, Rsigma = 0.0257]
Data/restraints/parameters ~ 4348/79/309

Goodness-of-fit on F 1.090

Final R indexes [[>=25 (I)] R1=0.0278, wR2 = 0.0698

Final R indexes [all data] R1=0.0290, wR2 = 0.0713

Largest diff. peak/hole / e A®0.16/-0.19

Flack parameter 0.006(17)

Isopropyl (E)-2-methyl-2-(4-(4-(2-(1-(2-(methylthio)phenyl)naphthalen-2-
yhvinyl)benzoyl)phenoxy)propanoate (2-74)
O WAEEF 77k C ZHAHEH TLC 25 %

SMe O O HE R AR(CE B LB LB = 9/1 K
>§( j/ 7 7l)

OO N )(28.5 mg, 95%)., *H NMR (400 MHz,

CDCls) §7.98 (d, J = 8.8 Hz, 1H), 7.92 (d, J
= 8.8 Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H), 7.78 — 7.72 (m, 2H), 7.69 (d, J = 8.3 Hz, 2H), 7.52 (td, J
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= 7.7, 1.6 Hz, 1H), 7.49 — 7.44 (m, 1H), 7.43 — 7.28 (m, 6H), 7.25 — 7.17 (m, 2H), 7.01 (d, J =
16.3 Hz, 1H), 6.91 — 6.80 (m, 2H), 5.10 (hept, J = 6.4 Hz, 1H), 2.32 (s, 3H), 1.67 (s, 6H), 1.22 (s,
3H), 1.20 (s, 3H). 13C NMR (101 MHz, CDCls) 5 194.96, 173.31, 159.49, 141.47, 139.44, 137.04,
136.76, 136.40, 133.30, 132.69, 132.57, 132.01, 131.24, 130.88, 130.46, 129.52, 128.74, 128.60,
128.14, 126.67, 126.53, 126.36, 126.29, 124.74, 124.55, 122.55, 117.25, 79.44, 69.42, 25.47,
21.64, 15.45. HRMS (ESI-TOF) calcd for CasHas04S (M+Na*): 623.2227, found: 623.2226. ¥

P HPLC % % 4 1+: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 95/5, v = 0.8 mL-min™,
L =254 nm, t (minor) = 44.4 min, t (major) = 39.3 min, 94% ee. [a]p?’=-174.4 (c = 1.2, CHCI3).

Methyl (2R)-2-((tert-butoxycarbonyl)amino)-3-(4-((E)-2-(1-(2-
(methylthio)phenyl)naphthalen-2-yl)vinyl)phenyl)propanoate (2-75)

O ’ MR FTE CAELFER TLC 4 BHEEKEBR

SMe O NeBoc k(7 MBIIZ B 2B = /1 % BF#1)(21.7 mg, 78%).

OO \ 07 "OMe  H NMR (400 MHz, CDCls) § 7.95 (d, J = 8.8 Hz, 1H),

7.90 (d, J = 8.8 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.51
(td, J = 7.7, 1.6 Hz, 1H), 7.47 — 7.42 (m, 1H), 7.41 — 7.28 (m, 4H), 7.24 (d, J = 8.1 Hz, 2H), 7.20
(dd, J =7.5, 1.5 Hz, 1H), 7.15 (d, J = 16.3 Hz, 1H), 7.03 (d, J = 7.8 Hz, 2H), 6.85 (d, J = 16.3 Hz,
1H), 4.96 (d, J = 8.5 Hz, 1H), 4.57 (q, J = 6.5 Hz, 1H), 3.71 (s, 3H), 3.16 — 2.87 (M, 2H), 2.31 (s,
3H), 1.41 (s, 9H). 3C NMR (101 MHz, CDCls) §172.46, 155.22, 139.48, 136.70, 136.55, 136.33,
135.43, 133.06, 133.06, 132.76, 131.28, 129.63, 129.31, 128.61, 128.48, 128.12, 126.98, 126.93,
126.56, 126.42, 125.98, 124.75, 124.60, 122.67, 80.11, 54.43, 52.40, 38.18, 28.42, 15.49. HRMS
(ESI-TOF) calcd for CasHasNO4S (M+Na*): 576.2179, found: 576.2182. F 1 HPLC 4 & 4 14+

a Daicel Chiralpak OD-H, n-hexane/2-propanol = 98/2, v = 0.8 mL -min, A = 254 nm, t (minor)
= 42.8 min, t (major) = 36.5 min, 93% de. [a]o®® =-90.7 (c = 1.1, CHCls).

4-((S)-2-((tert-butoxycarbonyl)amino)-3-methoxy-3-oxopropyl)phenyl (E)-3-(1-(2-
(methylthio)phenyl)naphthalen-2-yl)acrylate (2-76)
O ’ WEBAF % CATFER TLC 2 BRETE

SMe O mN\Boc TR (T BRI 2B 285 = 9/1 3 EFF71)(28.4 my,
(@] (e} (0]

O‘ N Me  9596)., 'H NMR (400 MHz, CDCls) §7.98 —7.85 (m,
3H), 7.65 (d, J = 15.9 Hz, 1H), 7.56 — 7.45 (m, 2H),
7.43-7.33 (m, 3H), 7.29 (td, J = 7.4, 1.2 Hz, 1H), 7.16 (dd, J = 7.5, 1.5 Hz, 1H), 7.12 (d, J = 8.4

Hz, 2H), 7.07 — 7.00 (m, 2H), 6.67 (d, J = 16.0 Hz, 1H), 5.06 — 4.70 (m, 1H), 4.62 — 4.30 (m, 1H),
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3.71(s, 3H), 3.15—2.84 (m, 2H), 2.32 (s, 3H), 1.43 (5, 9H). 3C NMR (101 MHz, CDCls) 5 172.25,
165.39, 155.12, 149.89, 144.95, 140.13, 139.09, 135.31, 134.37, 133.41, 132.49, 130.94, 130.18,
130.11, 129.05, 128.81, 128.14, 127.37, 127.06, 126.92, 124.72, 124.70, 122.67, 121.71, 118.00,
80.05, 54.39, 52.33, 37.68, 28.34, 15.41. HRMS (ESI-TOF) calcd for CzsH3sNOsS (M+Na®):
620.2077, found: 620.2077. F{# HPLC 4 % 4 f+: a Daicel Chiralpak AD-H, n-hexane/2-

propanol = 95/5, v = 1.0 mL -min, A = 254 nm, t (minor) = 36.6 min, t (major) = 29.3 min, 90%
de. [0]p?®=-129.7 (c = 1.0, CHCls).

(8R,9S,13S,14S)-13-methyl-3-((E)-2-(1-(2-(methylthio)phenyl)naphthalen-2-yl)vinyl)-
6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]phenanthren-17-one (2-77)
O REFEFA 7k CERHFERTLC 2572 K& ERAE

’ (B IHBLIZ 5 7.8 = 9/1 % & T 71)(22.7 mg, 86%). ©
H NMR (400 MHz, CDClz) 6 7.96 (d, J = 8.8 Hz, 1H), 7.90
(d, J = 8.8 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.50 (td, J =
7.6, 1.5 Hz, 1H), 7.47 — 7.42 (m, 1H), 7.41 — 7.28 (m, 4H),
7.24 —7.18 (m, 2H), 7.18 — 7.11 (m, 2H), 7.05 (s, 1H), 6.84 (d, J = 16.3 Hz, 1H), 2.88 (dd, J =
9.1, 4.2 Hz, 2H), 2.52 (dd, J = 18.8, 8.6 Hz, 1H), 2.44 — 2.36 (m, 1H), 2.33 — 2.23 (m, 4H), 2.22
—1.95 (m, 4H), 1.67 — 1.45 (m, 6H), 0.91 (s, 3H). 13C NMR (101 MHz, CDCls) 5 220.99, 139.52,
139.46, 136.90, 136.71, 136.17, 135.47, 133.32, 133.02, 132.80, 131.29, 129.67, 128.54, 128.44,
128.11, 127.75, 126.77, 126.52, 126.40, 125.88, 125.70, 124.76, 124.74, 123.87, 122.81, 50.63,
48.11, 44.60, 38.29, 35.99, 31.72, 29.49, 26.60, 25.83, 21.72, 15.55, 13.97. HRMS (ESI-TOF)
calcd for Ca7H360S (M+Na*): 551.2379, found: 551.2375. 1 HPLC 4% 4 f: a Daicel

Chiralpak AD-H, n-hexane/2-propanol = 95/5, v = 0.8 mL-min™, L = 254 nm, t (minor) = 24.5
min, t (major) = 32.6 min, 97% de. [a]p?®=-28.8 (c = 1.2, CHCl5).

((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4",5'-
d]pyran-5-yl)methyl 4-((E)-2-((S)-1-(2-(methylthio)phenyl)naphthalen-2-yl)vinyl)benzoate
(2-78)
O’% REREF F ik C 2R LR TLC 2B 72
O, o X OO KEERAK(E B/ LR OB =91 HEF
(OK/&O O MeS 71)(31.6 mg, 99%). *H NMR (400 MHz, CDCls)
O §8.00 — 7.93 (m, 3H), 7.91 (d, J = 8.8 Hz, 1H),
7.86 (d, J = 8.1 Hz, 1H), 7.52 (td, J = 8.0, 1.3 Hz, 1H), 7.49 — 7.42 (m, 1H), 7.42 — 7.28 (m, 6H),
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7.23 - 7.15 (m, 2H), 6.98 (d, J = 16.3 Hz, 1H), 5.57

O -0 (d,J=4.9 Hz, 1H), 4.65 (dd, J = 7.9, 2.4 Hz, 1H), 4.57
O X-"“oMe - 4.47 (m, 1H), 4.44 — 4.27 (m, 3H), 4.20 — 4.13 (m,
o _S 1H), 2.31 (s, 3H), 1.51 (s, 3H), 1.47 (s, 3H), 1.35 (s,
O 3H), 1.33 (s, 3H). °C NMR (101 MHz, CDCls) §

166.27, 142.28, 139.42, 137.08, 136.33, 133.31, 132.69, 132.51, 131.22, 130.15, 129.65, 128.77,
128.69, 128.60, 128.57, 128.15, 126.67, 126.53, 126.50, 126.30, 124.74, 124.52, 122.53, 109.79,
108.92, 96.43, 71.22, 70.80, 70.59, 66.23, 63.86, 26.15, 26.09, 25.10, 24.61, 15.42. HRMS (ESI-
TOF) calcd for CagH3s07S (M+Na*): 661.2230, found: 661.2233. F 1% HPLC 4 & 4 14 : a Daicel

Chiralpak IF, n-hexane/2-propanol = 70/30, v = 1.2 mL-min*, A = 254 nm, t (minor) = 6.0 min, t
(major) = 5.4 min, 94% d.e. [a]o?* = -170.3 (c = 1.0, CHClI5).

dibutyl 3,3'-(1,5-bis(2-(methylthio)phenyl)naphthalene-2,6-diyl)(2E,2'E)-diacrylate (2-79)
O i 4 %S AR ROR 4 #E AT 4 2-1c (0.05 mmol, 1.0

SMe equiv), 2-2a (0.3 mmol), Pd(OAc)2 (1.7 mg, 15 mol%),

OO A0z 2-L14 (30 mol%), AgOAc (0.2 mmol), Et20 (0.5ml),
B0’ ™ 60 °C [ Ri 72 /NBH 4R JE Bt Bl &% TLC 4 B /851 %
(] 1t 8455 L LB = 911 47T H1)(25.3 mg
81%). 'H NMR (400 MHz, CDCl3)57.69 (d, J = 9.0 Hz,
1H), 7.51 (td, J = 7.7, 1.6 Hz, 1H), 7.48 — 7.35 (m, 3H), 7.35 — 7.27 (m, 1H), 7.18 (dd, J = 25.1,
7.4 Hz, 1H), 6.41 (d, J = 15.9 Hz, 1H), 4.09 (t, J = 6.5 Hz, 2H), 2.40 — 2.26 (m, 3H), 1.63 — 1.52
(m, 2H), 1.37 — 1.26 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDCls) § 167.01,
142.60, 142.56, 139.55, 139.46, 135.43, 133.38, 131.50, 131.06, 129.11, 127.50, 124.83, 124.79,
123.56, 119.72, 64.38, 30.75, 19.27, 15.51, 13.87. HRMS (ESI-TOF) calcd for CsgH004S:
(M+Na*): 647.2252, found: 647.2258. M HPLC % % 4 f#f: a Daicel Chiralpak AD-H, n-

hexane/2-propanol = 85/15, v = 1.1 mL -min™, X = 254 nm, t (minor) = 9.1 min, t (major) = 10.7
min, 97% ee, >20:1 dr [a]p® = -43.4 (c = 1.0, CHCl5).

dimethyl  3,3'-(2,2'"'-bis(methylthio)-[1,1":2",1"":2" ,1"""-quaterphenyl]-3",6'-diyl)(2E,2'E)-
diacrylate (2-80)

i 3T % AR VE KR 41 B AT #E:2-1d (0.05 mmol, 1.0 equiv), 2-2b (0.3 mmol), Pd(OAc): (1.7
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mg, 15 mol%), 2-L14 (30 mol%), AgOAc (0.2 mmol), Et.O (0.5ml), 60°C K i 48 /MBS 44
EEHH &R TLC 2 B F 2K & €A (A B OB L8 =9/1 4 &JT7)(14.5mg, 51%).
IH NMR (400 MHz, CDCl3) 8 7.52 (t, J = 7.2 Hz, 2H), 7.35 (d, J = 7.6 Hz, 1H), 7.31 — 7.26 (m,
2H), 7.26 — 7.10 (m, 7H), 7.10 — 6.93 (m, 3H), 6.88 (d, 6H), 6.35 — 6.21 (m, 2H), 3.66 (d, J = 4.3
Hz, 6H), 2.49 — 2.21 (m, 6H). 3C NMR (101 MHz, CDCls) & 167.48, 143.75, 140.28, 139.79,
139.26, 133.78, 132.36, 129.60, 128.45, 127.38, 125.02, 124.59, 124.08, 118.59, 51.64, 15.47.
HRMS (EI-TOF) calcd for C3sH3004S2 (M *): 566.1581, found: 566.1584. F 4+ HPLC 4 & &
f: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 94/6, v = 1.0 mL-min™, X = 254 nm, t

(minor) = 24.2 min, t (major) = 14.4 min, >99% ee. 91:9 dr, [0]p? = +509.7 (c = 1.0, CHCl5).

dimethyl 3,3'-(2,2"-bis(methylthio)-[1,1":2",1"'-terphenyl]-3",6'-diyl)(2E,2'E)-diacrylate (2-
81)

COMe i 1 *f A1 v R AL 4« £ #E 1T 5 :2-1e (0.05 mmol, 1.0 equiv),
2-2b (0.3 mmol), Pd(OAc)2 (1.7 mg, 15 mol%), 2-L14 (30
MeO,C™ X mol%), AgOAc (0.2mmol), Et,0(0.5ml), 60°C X i 48 /I
HABEZTH &R TLC 2 552K E € BA(a mlt/ L8R
B = 3/1 4 &FF#)(20.9 mg, 85%). ‘H NMR (400 MHz,
Chloroform-d) & 7.79 (s, 2H), 7.29 (s, 2H), 7.16 — 7.10 (m, 4H), 7.05 (dd, J = 8.4, 1.2 Hz, 2H),
6.88 (td, J = 7.4, 1.2 Hz, 2H), 6.41 (d, J = 16.0 Hz, 2H), 3.68 (s, 6H), 2.37 (s, 6H). *C NMR (101
MHz, CDClIs) 6 167.15, 142.60, 141.24, 137.83, 136.09, 135.61, 128.58, 128.44, 125.83, 124.15,
123.97, 119.48, 51.62, 15.48. HRMS (EI-TOF) calcd for C2sH2604S2 (M*): 490.1268, found:
490.1271. F 1 HPLC 4 & 4 F: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 80/20, v =

1.0 mL-min™, A = 254 nm, t (chiral, minor) = 9.1 min, t (chiral, major) = 6.6 min, t (meso) = 7.1
min, 95/5 dr, 98% ee. [0]p?° = +56.0 (c = 1.0, CHCl5).
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X-Ray Data of 2-81

2-81
Empirical formula Ca8H2604S2
Formula weight 490.61
Temperature/K 170.0

Crystal system monoclinic

Space group P2;

alA 8.286(3)

b/A 16.234(7)

c/A 9.476(4)

a/° 90

p/e 102.309(16)

v/° 90

Volume/A3 1245.4(9)

V4 2

peaicg/cm?® 1.308

pw/mm? 0.246

F(000) 516.0

Crystal size/mm?® 0.39 x0.23 x0.18
Radiation MoKa (A =0.71073)

20 range for data collection/° 4.4 to 54.218

Index ranges -10<h<10,-20<k<20,-12<1<12
Reflections collected 30870

Independent reflections 5469 [Rint = 0.0290, Rsigma = 0.0213]
Data/restraints/parameters ~ 5469/1/311
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Goodness-of-fit on F 1.044

Final R indexes [I>=2c (I)] R1=0.0269, wR> = 0.0686
Final R indexes [all data] R1=0.0280, wR2 = 0.0696
Largest diff. peak/hole / e A0.29/-0.30

Flack parameter 0.006(14)

ethyl (R)-2-((1-(2-(methylthio)phenyl)naphthalen-2-yl)methyl)acrylate (2-83)
O RAEEF 7D AT LR TLC 48 53 L& RA(E Wt/ 8
SMe Z.B§ =9/1 # B F#)(15.0 mg, 83%). ‘H NMR (400 MHz, CDCls)
F10.C OO §7.91—7.79 (m, 2H), 7.48 — 7.37 (m, 3H), 7.36 — 7.29 (m, 2H), 7.27
—7.18(m, 2H), 7.12 (dd, J = 7.5, 1.5 Hz, 1H), 6.16 (s, 1H), 5.19 (q, J
=1.6 Hz, 1H), 4.13 (q, J = 7.1 Hz, 2H), 3.61 (d, J = 16.5 Hz, 1H), 3.47 (dt, J = 16.4, 1.5 Hz, 1H),
2.30 (s, 3H), 1.23 (t, J = 7.1 Hz, 3H). *C NMR (101 MHz, CDCls) § 167.13, 139.99, 139.17,
136.93, 136.71, 134.82, 132.67, 132.49, 130.79, 128.47, 128.24, 128.10, 128.08, 126.72, 126.23,
125.89, 125.51, 124.57, 124.49, 60.78, 35.76, 15.41, 14.31. HRMS (ESI-TOF) calcd for
C23H20,S (M+Na*): 385.1233, found: 385.1236. 14 HPLC 4% 4 /: a Daicel Chiralpak

AD-H, n-hexane/2-propanol = 95/5, v = 1.0 mL-min™, A = 254 nm, t (minor) = 8.2 min, t (major)
= 4.8 min, 90% ee. [a]p?®°= +34.0 (c = 1.2, CHClI3).

methyl (R)-2-((1-(2-(methy|thio)phenyl)naphthalen-z-yl)methyl)acrylate (2-84)
O WA F 7k D A H &K TLC 4 B4R 5 # & EAR (6 Wi/ 2
SMe B Z B = 9/1 % B #)(14.5 mg, 83%). ‘H NMR (400 MHz,
MeO2C OO CDCl3) 5 8.15 (d, J = 7.6 Hz, 1H), 8.11 (t, J = 3.6 Hz, 2H), 8.09 —
8.02 (m, 2H), 7.98 — 7.90 (m, 2H), 7.52 (d, J = 9.3 Hz, 1H), 7.51 —
7.45 (m, 1H), 7.36 (d, J = 7.8 Hz, 1H), 7.29 (td, J = 7.4, 1.2 Hz, 1H), 7.22 (dd, J = 7.4, 1.6 Hz,
1H), 5.25 (q, J = 1.6 Hz, 1H), 3.87 (d, J = 16.4 Hz, 1H), 3.75 (d, J = 16.3 Hz, 1H), 3.67 (s, 3H),
2.29 (s, 3H). *C NMR (101 MHz, CDCls) § 167.56, 139.89, 139.48, 137.16, 135.31, 135.20,
131.28, 131.16, 130.87, 130.00, 128.62, 127.75, 127.72, 127.42, 127.38, 126.20, 125.92, 125.43,
125.26, 125.17, 124.80, 124.57, 124.44, 123.77, 51.98, 36.23, 15.37. HRMS (ESI-TOF) calcd for
Ca2H2002S (M+Na*): 348.1179, found: 348.1178. 4 HPLC 4 # 4 #f: a Daicel Chiralpak

AD-H, n-hexane/2-propanol = 92/8, v = 1.0 mL-min™, A = 254 nm, t (minor) = 8.0 min, t (major)
= 4.3 min, 90% ee. [a]p?°=+31.8 (c = 1.0, CHCls).
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butyl (R)-2-((1-(2-(methylthio)phenyl)naphthalen-2-yl)methyl)acrylate (2-85)
O WAERA % D 23H 4K TLC 2B B2 LR AE(E M/ 7
SMe B Z B = 9/1 % &I #)(16.0 mg, 82%). H NMR (400 MHz,
BuO,C OO CDCls) 67.85(d,J=8.5Hz 2H), 7.47 — 7.40 (m, 3H), 7.37 — 7.30
(m, 2H), 7.28 — 7.22 (m, 2H), 7.12 (dd, J = 7.5, 1.5 Hz, 1H), 6.17 (s,
1H), 5.19 (q, J = 1.6 Hz, 1H), 4.08 (t, J = 6.6 Hz, 2H), 3.62 (d, J = 16.5 Hz, 1H), 3.48 (d, J = 16.5
Hz, 1H), 2.30 (s, 3H), 1.64 — 1.58 (m, 2H), 1.36 — 1.28 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H). 1°C NMR
(101 MHz, CDCIs) 6 167.21, 140.00, 139.23, 136.90, 136.71, 134.81, 132.68, 132.49, 130.76,
128.44, 128.23, 128.07, 128.03, 126.70, 126.22, 125.96, 125.49, 124.52, 124.43, 64.71, 35.77,
30.75, 19.29, 15.35, 13.84. HRMS (ESI-TOF) calcd for C2sH2602S (M+Na*): 413.1546, found:
413.1548. F M HPLC 4% 4 : a Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v =

0.8 mL-min, X =254 nm, t (minor) = 6.9 min, t (major) = 6.1 min, 93% ee. [a]p?® = +33.2 (c =
1.0, CHCI5).

benzyl (R)-2-((1-(2-(methylthio)phenyl)naphthalen-2-yl)methyl)acrylate (2-86)
O WA A i DA H LK TLC 48 53 T & AR (F
0 SMe Et/Z B B8 = 9/1 A EIF5)(15.1 mg, 71%). H NMR
©Ao OO (400 MHz, CDCl3) §7.84 (t, J = 7.8 Hz, 2H), 7.45 — 7.38 (m,
3H), 7.36 — 7.29 (m, 2H), 7.29 — 7.24 (m, 4H), 7.22 — 7.15 (m,
3H), 7.01 (dd, J = 7.5, 1.5 Hz, 1H), 6.23 (s, 1H), 5.25 (q, J = 1.6 Hz, 1H), 5.15 — 5.06 (m, 2H),
3.63(d, J=16.5 Hz, 1H), 3.51 (d, J = 16.5 Hz, 1H), 2.27 (s, 3H). *C NMR (101 MHz, CDCls) §
166.89, 139.63, 139.24, 136.84, 136.70, 136.08, 134.69, 132.70, 132.50, 130.73, 128.56, 128.43,
128.27, 128.18, 128.09, 128.07, 127.88, 127.43, 126.23, 125.98, 125.51, 124.51, 124.38, 66.52,
35.84, 15.31. HRMS (ESI-TOF) calcd for C2sH2402S (M+Na*): 447.1389, found: 447.1391. ¥

M HPLC 7% 4 fF: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 1.0 mL - min’
1 A =254 nm, t (minor) = 5.8 min, t (major) = 6.5 min, 96% ee. [a]o® = +41.3 (c = 1.1, CHCl5).

2-ethoxyethyl (R)-2-((1-(2-(methylthio)phenyl)naphthalen-2-yl)methyl)acrylate (2-87)

O WAERF F ik DEZAHERTLC 2 BREATERE(E
0 SMe mBt/Z B2 Z B = 9/1 ¥ &I #)(14.0 mg, 69%). H
SO0 OO NMR (400 MHz, CDCls) § 7.85 (d, J = 8.4 Hz, 2H), 7.49 —
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7.40 (m, 3H), 7.39 — 7.30 (m, 2H), 7.29 — 7.26 (m, 1H), 7.25 — 7.19 (m, 1H), 7.13 (dd, J = 7.5, 1.5
Hz, 1H), 6.21 (d, J = 1.3 Hz, 1H), 5.22 (q, J = 1.6 Hz, 1H), 4.28 — 4.18 (m, 2H), 3.67 — 3.57 (m,
3H), 3.54 — 3.42 (m, 3H), 2.30 (s, 3H), 1.17 (t, J = 7.0 Hz, 3H). 3C NMR (101 MHz, CDCl3) &
167.06, 139.60, 139.23, 136.86, 136.75, 134.68, 132.67, 132.48, 130.78, 128.44, 128.22, 128.07,
128.05, 127.24, 126.21, 125.96, 125.50, 124.52, 124.41, 68.41, 66.72, 64.14, 35.76, 15.33, 15.24,
HRMS (ESI-TOF) calcd for CasH2603S (M+Na*): 429.1495, found: 429.1493. F % HPLC 4 &

%1 a Daicel Chiralpak IC, n-hexane/2-propanol = 90/10, v = 1.1 mL min™, A = 254 nm, t
(minor) = 6.0 min, t (major) = 5.6 min, 91% ee. [0]p?° = +28.3 (¢ = 1.2, CHCl5).

2-methoxyethyl (R)-2-((1-(2-(methylthio)phenyl)naphthalen-2-yl)methyl)acrylate (2-88)

O WRAZIE 7k D B H &K TLC 2 B &5 L&l k(6
0 SMe BEt/Z B2 7. B8 = 9/1 4 J&FF51)(13.0 mg, 66%). ‘H NMR

O
~"0 OO (400 MHz, CDCls) § 7.85 (d, J = 8.3 Hz, 2H), 7.46 — 7.39 (m,

3H), 7.36 — 7.28 (m, 2H), 7.28 — 7.25 (m, 1H), 7.24 — 7.19 (m,
1H), 7.12 (dd, J = 7.5, 1.6 Hz, 1H), 6.21 (d, J = 1.2 Hz, 1H), 5.22 (q, J = 1.6 Hz, 1H), 4.27 - 4.21
(m, 2H), 3.65 — 3.45 (m, 4H), 3.33 (s, 3H), 2.30 (s, 3H). 3C NMR (101 MHz, CDCls) § 167.05,
139.56, 139.24, 136.87, 136.77, 134.67, 132.68, 132.49, 130.78, 128.45, 128.24, 128.07, 127.31,
126.22, 125.98, 125.51, 124.53, 124.42, 70.56, 63.94, 59.10, 35.76, 15.34. HRMS (ESI-TOF)
calcd for C24H2403S (M+Na*): 415.1338, found: 415.1340. F1£ HPLC 4% 4 1: a Daicel

Chiralpak ID, n-hexane/2-propanol = 90/10, v = 1.0 mL-min, A = 254 nm, t (minor) = 8.4 min,
t (major) = 10.0 min, 94% ee. [a]o?® = +21.8 (c = 1.1, CHCl5).

2-(methacryloyloxy)ethyl (R)-2-((1-(2-(methylthio)phenyl)naphthalen-2-yl)methyl)acrylate
(2-89)
O WRAEREF 7 & D 2HH &R TLC 2 B EE @t Bk
0 SMe (F Bt/ Z 8 2B =9/1 4 & FF7)(16.1 mg, 72%). *H
)J\[(O\/\o OO NMR (400 MHz, CDCl3) § 7.88 — 7.81 (m, 2H), 7.46 —
© 7.39 (m, 3H), 7.38 — 7.30 (m, 2H), 7.28 — 7.26 (m, 1H),
7.25—-7.19 (m, 1H), 7.11 (dd, J = 7.5, 1.5 Hz, 1H), 6.19 (d, J = 1.2 Hz, 1H), 6.04 (t, J = 1.3 Hz,
1H), 5.55 — 5.48 (m, 1H), 5.23 (g, J = 1.6 Hz, 1H), 4.33 (s, 4H), 3.62 (d, J = 16.3 Hz, 1H), 3.49
(d, J = 16.4 Hz, 1H), 2.30 (s, 3H), 1.89 (s, 3H). *C NMR (101 MHz, CDCls) § 167.21, 166.77,
139.32, 139.25, 136.83, 136.75, 135.98, 134.52, 132.67, 132.51, 130.75, 128.47, 128.26, 128.07,
127.94,127.58, 126.25, 126.14, 125.95, 125.54, 124.51, 124.42, 62.45, 62.43, 35.79, 18.34, 15.31.
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HRMS (ESI-TOF) calcd for C27H2604S (M+Na*): 469.1444, found: 469.1448. 4 HPLC 4 &

%1 aDaicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 1.1 mL-min™, A =254 nm, t
(minor) = 5.6 min, t (major) = 6.2 min, 90% ee. [a]p?°= +34.0 (¢ = 0.9, CHClI3).

(S)-2,5,7,8-tetramethyl-2-((4S,8S)-4,8,12-trimethyltridecyl)chroman-6-yl 2-((1-((R)-2-
(methylthio)phenyl)naphthalen-2-yl)methyl)acrylate (2-90)

] o O 4B 7 D 23t
\(\/\r\/\r\/ ' .

SMe &R TLCHEHFELE
° OO A (T R 78 R

=9/1 4 J&7T51)(10.1 mg,

27%). H NMR (400 MHz, CDCls) § 7.87 (t, J = 7.7 Hz, 2H), 7.79 (d, J = 8.8 Hz, 1H), 7.56 —
7.45 (m, 2H), 7.43 — 7.31 (m, 4H), 7.29 — 7.26 (m, 1H), 7.25 — 7.16 (m, 6H), 6.43 (d, J = 15.9 Hz,
1H), 4.13 (t, J = 6.5 Hz, 2H), 1.66 — 1.60 (m, 2H), 1.42 — 1.29 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H).
13C NMR (101 MHz, CDCls) § 165.63, 149.43, 140.59, 139.32, 139.26, 136.86, 136.82, 134.51,
132.75, 132.57, 130.89, 128.46, 128.26, 128.10, 128.00, 126.88, 126.24, 126.00, 125.52, 125.09,
12451, 124.37, 123.07, 117.45, 75.13, 39.52, 37.59, 37.43, 36.15, 32.93, 32.85, 28.12, 24.94,
24.58, 22.87, 22.78, 21.16, 20.70, 19.90, 19.79, 15.30, 11.92. HRMS (ESI-TOF) calcd for
CsoHesO3S (M+Na*): 769.4625, found: 769.4625. F & HPLC 4% 4 1: a Daicel Chiralpak IA,

n-hexane/2-propanol = 80/20, v = 1.0 mL-min™, A = 254 nm, t (minor) = 13.7 min, t (major) =
17.4 min, 97% de. [a]p?® = +34.3 (c = 1.0, CHCl5).

phenyl (R)-2-((1-(2-(methylthio)phenyl)naphthalen-2-yl)methyl)acrylate (2-91)

O RAEEF 7% DZEHERTLC 4 BEE %% & K
0 SMe Bt/Z. L Z g = 9/1 J /& FF7)(10.9 mg, 53%). *H NMR (400
0 OO MHz, CDCls) & 7.87 (dd, 2H), 7.50 (d, J = 8.5 Hz, 1H), 7.47 —

7.41 (m, 2H), 7.38 — 7.28 (m, 5H), 7.28 — 7.15 (m, 3H), 7.14 (dd,
J=7.5, 1.6 Hz, 1H), 7.03 — 6.94 (m, 2H), 6.38 (s, 1H), 5.37 (d, J = 1.6 Hz, 1H), 3.81 — 3.57 (m,
2H), 2.29 (s, 3H). **C NMR (101 MHz, CDCls) § 165.57, 150.95, 139.35, 139.25, 136.88, 136.81,
134.42,132.72, 132.57, 130.82, 129.47, 128.66, 128.53, 128.35, 128.11, 128.05, 126.29, 125.99,
125.82, 125.60, 124.56, 124.44, 121.72, 35.99, 15.31. HRMS (ESI-TOF) calcd for C27H2202S
(M+Na*): 433.1233, found: 433.1235. 14 HPLC 4% % 4 f+: a Daicel Chiralpak AD-H, n-

hexane/2-propanol = 95/5, v = 1. mL-min™, A = 254 nm, t (minor) = 5.9 min, t (major) = 6.3 min,
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88% ee. [a]o?® =+39.8 (c = 0.49, THF).

phenyl (R)-2-((1-(2-(methylsulfonyl)phenyl)naphthalen-2-yl)methyl)acrylate (2-92)

O 3 5 W3t T R H & E T, 2-91 (0.1 mmol)#r m-CPBA (0.22

7

s~ X L s N

@ 0 N\ mo)E-AFEAmMNERERE. REEAE, HiEETE
(@]

OO A AR TLC H BB FCEE(E MR = 91 %

& JF 71)(44.3 mg, 99%). ‘H NMR (400 MHz, CDCl3) & 8.37 —

8.31 (m, 1H), 7.93 (d, J = 8.6 Hz, 1H), 7.89 (d, J = 8.1 Hz, 1H), 7.73 — 7.65 (m, 2H), 7.53 (d, J =
8.5 Hz, 1H), 7.44 (t, J = 7.2 Hz, 1H), 7.40 — 7.28 (m, 4H), 7.19 (t, J = 7.3 Hz, 1H), 7.07 (d, J =
8.5 Hz, 1H), 7.00 — 6.88 (m, 2H), 6.45 (s, 1H), 5.55 (s, 1H), 3.82 (d, J = 16.5 Hz, 1H), 3.56 (d, J
= 16.4 Hz, 1H), 2.40 (s, 3H). 3C NMR (101 MHz, CDCl3) & 165.34, 150.84, 140.30, 139.22,
138.58, 136.31, 134.01, 133.62, 133.58, 132.85, 132.24, 129.52, 129.21, 129.07, 128.93, 128.55,
127.33, 126.66, 125.92, 125.65, 125.61, 121.68, 43.85, 37.11. HRMS (ESI-TOF) calcd for
Ca7H2204S(M+Na*): 465.1131, found: 465.1134. F# HPLC %4 & % 1 : a Daicel Chiralpak AD-

H, n-hexane/2-propanol = 90/10, v = 1.0 mL-min™, A = 254 nm, t (minor) = 18.5 min, t (major)
=28.1 min, 89% ee. [a]p?°= +114.1 (¢ = 0.5, THF).
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X-ray Data of 92

\
T O

2-92 (CCDC 2098131)

Empirical formula C27H2204S
Formula weight 442.50
Temperature/K 170.0

Crystal system orthorhombic
Space group P212:21

alA 8.8344(3)

b/A 14.4678(5)

c/A 17.0334(6)

a/° 90

p/e 90

v/° 90

Volume/A3 2177.11(13)

Z 4

pealcg/cm? 1.350

w/mm'? 0.181

F(000) 928.0

Crystal size/mm?® 0.46 %0.34 x0.3
Radiation MoKa (A =0.71073)
20 range for data collection/°4.782 to 54.238
Index ranges -11<h<11,-18<k<17,-21<1<21
Reflections collected 35887

Independent reflections 4817 [Rint = 0.0271, Rsigma = 0.0211]
Data/restraints/parameters ~ 4817/0/290
Goodness-of-fit on F2 1.072
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Final R indexes [I>=20 (I)] Ri1=0.0251, wR2 = 0.0671
Final R indexes [all data] R1 =0.0256, wR2 = 0.0675
Largest diff. peak/hole / e A2 0.18/-0.27
Flack parameter -0.009(12)

(R)-3-((1-(2-(methylthio)phenyl)naphthalen-2-yl)methyl)but-3-en-2-one (2-93)
O WAEEF 77 D A2 H LR TLC 2 B 52| L& RAE(E mi/ LR T
SMe g = 9/1 4 B J#)(10.5 mg, 63%). *H NMR (400 MHz, CDCl3) §
OO 7.85 (dd, J = 8.2, 3.0 Hz, 2H), 7.46 — 7.40 (m, 2H), 7.39 — 7.29 (m, 3H),
7.28 - 7.26 (m, 1H), 7.22 (td, J = 7.4, 1.2 Hz, 1H), 7.11 (dd, J = 7.4, 1.5
Hz, 1H), 6.02 (s, 1H), 5.41 (t, J = 1.7 Hz, 1H), 3.63 — 3.38 (m, 2H), 2.30 (s, 3H), 2.27 (s, 3H). °C
NMR (101 MHz, CDCl3) ¢ 199.38, 148.39, 139.26, 136.91, 136.76, 135.21, 132.67, 132.44,
130.75, 128.47, 128.27, 128.07, 127.05, 126.23, 125.95, 125.49, 124.46, 34.51, 25.99, 15.34.
HRMS (ESI-TOF) calcd for C2H200S (M+Na*): 355.1127, found: 355.1129. F/ HPLC 4+ &

%1 aDaicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 1.0 mL -min™, A = 254 nm, t
(minor) = 7.4 min, t (major) = 5.9 min, 92% ee. [0]p?° = +50.5 (¢ = 0.9, CHCl5).

(R)-2-((1-(2-(methylthio)phenyl)naphthalen-2-yl)methyl)acrylaldehyde (2-94)

O WEEF 7k D BH LK TLC 4 BEE L &R E(Ch BB/ L8
0 SMe Z. B =9/1 4 EIF71)(9.1 mg, 57%). *H NMR (400 MHz, CDCls) &
H ‘O 9.50 (s, 1H), 7.85 (dd, J = 8.3, 1.9 Hz, 2H), 7.47 — 7.40 (m, 2H), 7.39 —

7.29 (m, 3H), 7.28 — 7.25 (m, 1H), 7.21 (td, J = 7.4, 1.2 Hz, 1H), 7.09
(dd, J = 7.5, 1.5 Hz, 1H), 5.98 (s, 1H), 5.89 (s, 1H), 3.62 — 3.31 (m, 2H), 2.30 (s, 3H). *C NMR
(101 MHz, CDCls) § 194.04, 149.49, 139.23, 136.86, 136.73, 135.84, 134.21, 132.68, 132.52,
130.73, 128.56, 128.39, 128.18, 128.10, 126.34, 125.99, 125.62, 124.52, 124.47, 32.09, 15.31.
HRMS (ESI-TOF) calcd for Ca1His0S (M+Na*): 341.0971, found: 341.0973. ¥4 HPLC 4 &

%1 two Daicel Chiralpak AD-Hs, n-hexane/2-propanol = 92/8, v=0.8 mL-mint, A =254 nm,
t (minor) = 14.8 min, t (major) = 15.4 min, 86% ee. [a]o?’ = +30.7 (¢ = 0.9, CHClI5).

butyl (E)-3-(1-(2-thiocyanatophenyl)naphthalen-2-yl)acrylate (2-95)
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O T 6, 7% 1K (33.7 mg, 87%, 97% ee). *H NMR (400 MHz, CDCls) §

SCN 7.96 (d, J = 8.8 Hz, 1H), 7.90 (t, J = 8.4 Hz, 2H), 7.82 (d, J = 8.7 Hz,

OO -CO0™U 111) 7,63 (td, J= 7.8, 1.6 Hz, 1H), 7.56 (t, J = 7.5 Hz, 2H), 7.44 (t, J
= 7.6 Hz, 1H), 7.38 — 7.30 (m, 2H), 7.26 — 7.22 (m, 1H), 6.50 (d, J =

15.9 Hz, 1H), 4.13 (t, J = 6.6 Hz, 2H), 1.66 — 1.59 (m, 2H), 1.40 — 1.30 (m, 2H), 0.92 (t, J = 7.4
Hz, 3H). *C NMR (101 MHz, CDCls) § 166.69, 141.34, 137.09, 136.47, 134.17, 132.17, 132.10,
131.19, 130.37, 129.96, 129.17, 128.96, 128.46, 127.72, 127.67, 126.83, 126.32, 122.86, 120.88,
110.07, 64.60, 30.75, 19.30, 13.88. HRMS (ESI-TOF) calcd for C24H2102NS (M+Na*): 410.1185,
found: 410.1186. 1 HPLC 4 & 4 F: a Daicel Chiralpak IC, n-hexane/2-propanol = 80/20,

v =1.0 mL-min, L =254 nm, t (minor) = 7.9 min, t (major) = 8.6 min, 97% ee. [a]o® = -52.5 (c
= 1.0, CHCly).

1-(2-(methylsulfonyl)phenyl)-2-naphthaldehyde (2-96)
O F 10mL & #H % F KK A 2-4 (0.1 mmol), OsO4 (36 pl, 0.005 mmol),

SO,Me NalO4 (107.0 mg, 0.5 mmol), THF/H20 (2/1,3mL). X k34414 40 T
O‘ So TRERK. KA EAE MR T RN ARRERFEALBRT
BEER . WE A, ERARBRNTIEEHRTREZS &% TLC o
BARE S E BB R (R B/ LR LB = 9/1 4 BFTHI)(27.9 mg, 90%). *H NMR (400 MHz,
CDCl3) §9.82 (s, 1H), 8.36 (d, J = 7.2 Hz, 1H), 8.12 (d, J = 8.6 Hz, 1H), 8.04 (d, J = 8.6 Hz, 1H),
7.97 (d, J = 8.2 Hz, 1H), 7.86 — 7.74 (m, 2H), 7.62 (t, J = 7.5 Hz, 1H), 7.51 — 7.41 (m, 2H), 7.29
(d, J = 8.5 Hz, 1H), 2.46 (s, 3H). °C NMR (101 MHz, CDCls) § 191.40, 140.51, 140.43, 135.94,
135.55, 133.53, 133.43, 132.45, 132.21, 129.74, 129.46, 128.98, 128.84, 127.59, 126.83, 122.72,

43.91. HRMS (ESI-TOF) calcd for C1gH1403S (M+Na*): 333.0556, found: 333.0558. F &

HPLC 4 % 4 f#: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 70/30, v = 1.3 mL -min?, A
=254 nm, t (minor) = 10.6 min, t (major) = 8.2 min, 95% ee. [a]o?®® = +21.9 (¢ = 1.0, CHClIs).

1-(2-(methylsulfonyl)phenyl)-2-naphthoic acid (2-97)
O 76 6 % 4(31.0 mg, 95%). *H NMR (400 MHz, CD30D) 6 8.19 (d,J=7.6
so,Me Hz, 1H), 8.12 (d, J = 8.6 Hz, 1H), 8.02 (d, J = 8.7 Hz, 1H), 7.96 (d, J = 8.2
OO COOH iz, 1H), 7.81 — 7.66 (m, 2H), 7.57 (t, J = 7.5 Hz, 1H), 7.44 — 7.35 (m, 1H),
7.28 (d, J = 7.2 Hz, 1H), 7.19 (d, J = 8.6 Hz, 1H), 2.71 (s, 3H). :*C NMR
(101 MHz, CDCls) § 170.04, 141.11, 140.32, 140.21, 136.23, 134.46, 134.35, 133.30, 130.29,
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129.60, 129.50, 129.04, 128.80, 128.75, 127.83, 127.08, 44.43. HRMS (ESI-TOF) calcd for
C18H1404S (M+Na*): 349.0505, found: 349.0506. 4 HPLC 4 # 4 #f: a Daicel Chiralpak

AD-H, n-hexane/2-propanol = 70/30, v = 1.3 mL - min™, A =254 nm, t (minor) = 6.9 min, t (major)
= 8.6 min, 95% ee. [a]p?® = +24.1 (c = 1.1, CHCIy).

(1-(2-(methy|thio)phenyl)naphthalen-z-yl)methanol (2-98)

O THEK TLC 2B RE L ERE (R Bt/ LR CE = 91 HETF
SO,Me  #)(22.5 mg, 72%, 96% ee). *H NMR (400 MHz, CDCl3) & 8.35 (dd, J =
OO OH  7.8,15Hz 1H), 7.99 (d, J = 8.6 Hz, 1H), 7.91 (d, J = 8.2 Hz, 1H), 7.82 (d,
J=8.5Hz, 1H), 7.76 (td, J = 7.5, 1.6 Hz, 1H), 7.70 (td, J = 7.7, 1.5 Hz, 1H),
7.51— 7.43 (m, 1H), 7.40 — 7.31 (m, 2H), 7.06 (d, J = 8.4 Hz, 1H), 4.54 — 4.31 (m, 2H), 3.19 (d,
J = 6.7 Hz, 1H), 2.35 (s, 3H). 3C NMR (101 MHz, CDCl3) § 139.69, 138.71, 138.05, 133.80,
133.69, 132.76, 132.18, 132.14, 129.54, 129.41, 128.94, 128.67, 127.27, 126.90, 126.05, 125.62,
63.10, 43.73. HRMS (ESI-TOF) calcd for C1gH1603S (M+Na*): 312.0820, found: 312.0817.
P HPLC % % 4 1F: a Daicel Chiralpak IA, n-hexane/2-propanol = 80/20, v = 1.1 mL -min, A

=254 nm, t (minor) = 14.3 min, t (major) = 12.9 min, 96% ee. [a]p?° = +37.8 (c = 1.0, CHClI3).

3-(1-(2-(methy|thio)phenyl)naphthalen-Z-yI)propan-l-ol (2-99)

O HH &R TLC 2 B EA L ER A mB/ LR B =211 H &
SMe FF51)(21.3 mg, 69%, 93% ee). *H NMR (400 MHz, CDCl3) & 7.90—
OO OH 7.78 (m, 2H), 7.52-7.38 (m, 3H), 7.36 — 7.29 (m, 2H), 7.28-7.20 (m,

2H), 7.15 (dd, J = 7.5, 1.6 Hz, 1H), 3.53 (t, J = 6.4 Hz, 2H), 2.71-2.59
(m, 1H), 2.58-2.47 (m, 1H), 2.30 (s, 3H), 1.94-1.74 (m, 2H), 1.37 (s, 1H). 3C NMR (101 MHz,
CDClI3) 6 139.10, 137.65,137.13, 135.75, 132.56, 132.16, 130.82, 128.40, 128.33, 128.04, 127.35,
126.22, 125.83, 125.26, 124.56, 124.13, 62.37, 33.62, 29.72, 15.12. HRMS (ESI-TOF) calcd for
C20H200S (M+Na*): 331.1127, found: 331.1128. =4 HPLC 4 & 4 #: aDaicel Chiralpak IA,

n-hexane/2-propanol = 90/10, v = 1.2 mL-min, L = 254 nm, t (minor) = 7.3 min, t (major) = 6.5
min, 93% ee. [0]p?° =-12.6 (¢ = 0.6, CHCl5).

butyl 3-(1-(2-(methylthio)phenyl)naphthalen-2-yl)propanoate (2-100)
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O ZAH &R TLC 2B R 2| L ERAE(H @B/ B =91 4

SMe J&FF#1)(32.2 mg, 85% yield, 97% ee). *H NMR (400 MHz, CDCls)

OO cooTBy 8 7.88-7.79 (m, 2H), 7.49-7.38 (m, 3H), 7.35-7.29 (m, 2H), 7.28—
7.20 (m, 2H), 7.15 (d, J = 7.4 Hz, 1H), 4.00 (t, J = 6.7 Hz, 2H), 2.95—

2.84 (m, 1H), 2.83-2.72 (m, 1H), 2.62 —2.46 (m, 2H), 2.30 (s, 3H), 1.57-1.49 (m, 2H), 1.39-1.27
(m, 2H), 0.88 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDCls) & 173.26, 139.18, 136.90, 136.55,
136.06, 132.64, 132.37, 130.75, 128.47, 128.46, 128.05, 127.29, 126.27, 125.88, 125.41, 124.63,
124.35, 64.38, 35.43, 30.72, 29.17, 19.22, 15.19, 13.82. HRMS (ESI-TOF) calcd for C24H2602S
(M+Na*): 401.1546, found: 401.1547. & HPLC %4 % 4 1+ : a Daicel Chiralpak IC, n-hexane/2-

propanol = 90/10, v = 1.0 mL -min™, X = 254 nm, t (minor) = 4.8 min, t (major) = 6.3 min, 97%
ee. [0]p?® =-12.5 (c = 0.8, CHCl5).

butyl (E)-3-(1-(2-(methylsulfonyl)phenyl)naphthalen-2-yl)acrylate (2-101)
O ZRFER TLC 2 B R AL ERE(E B/ LR CE =91 4
SO,Me J&FF#1)(31.4 mg, 77%). *H NMR (400 MHz, CDClI3) § 8.34 (dd, J
OO N\ ACO0TBu 7.6, 1.8 Hz, 1H), 7.94 (d, J = 8.7 Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H),
7.84 (d, J = 8.8 Hz, 1H), 7.80 — 7.70 (m, 2H), 7.54 — 7.45 (m, 1H),
7.42 —7.30 (m, 3H), 7.17 (d, J = 8.5 Hz, 1H), 6.49 (d, J = 15.9 Hz, 1H), 4.10 (t, J = 6.5 Hz, 2H),
2.58 (s, 3H), 1.65 — 1.57 (m, 2H), 1.39 — 1.29 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). 1°C NMR (101
MHz, CDCIs) 6 166.74, 142.36, 140.41, 137.59, 137.31, 133.82, 133.77, 133.32, 133.10, 130.75,
129.84, 129.47, 129.43, 128.27, 127.33, 127.31, 127.07, 122.45, 119.77, 64.50, 44.05, 30.70,
19.26, 13.86. HRMS (ESI-TOF) calcd for C24H2404S (M+Na*): 431.1288, found: 431.1290. F

P HPLC 4 % 4 F: a Daicel Chiralpak IA, n-hexane/2-propanol = 80/20, v = 1.0 mL -min, A
=254 nm, t (minor) = 13.7 min, t (major) = 17.4 min, 93% ee. [a]o?® = -31.3 (c = 1.1, CHCl5).

butyl (R)-2-(6H-naphtho[2,1-c]thiochromen-6-yl)acetate (2-102)
O ZUHERTLC p EFALERE(CE BB/ ZR OE =91 AR
S FF51)(25.4 mg, 70%). *H NMR (400 MHz, CDCls) & 8.43 — 8.32 (m,
OO OB ), 7.95 - 7.83 (m, 2H), 7.79 (d, J = 8.3 Hz, 1H), 7.60 (dd, J = 7.5,
1.6 Hz, 1H), 7.52 — 7.40 (m, 3H), 7.40 — 7.26 (m, 2H), 4.43 (, J = 7.6
Hz, 1H), 4.15—3.98 (m, 2H), 2.72 — 2.55 (m, 2H), 1.58 — 1.49 (m, 2H), 1.34 — 1.26 (m, 2H), 0.89
(t,J=7.4 Hz, 3H). 3C NMR (101 MHz, CDCl3) § 170.99, 136.82, 134.32, 133.05, 132.63, 131.25,
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130.94, 130.72, 130.42, 128.64, 128.56, 127.70, 126.60, 126.03, 125.78, 125.03, 64.76, 41.85,
38.80, 30.69, 19.19, 13.78. HRMS (EI-TOF) calcd for Ca3H220.S (M*): 362.1336, found:
362.1334. F M HPLC 4% 4 1+: a Daicel Chiralpak AS-H, n-hexane/2-propanol = 94/6, v =

1.0 mL-min, A =254 nm, t (minor) = 6.3 min, t (major) = 7.2 min, 87% ee. [a]p?° = -236.5 (¢ =

0.8, CHCls).
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FoE CBEATNRTERAREROMMEMFEFTET R
3.1 MAER

WA T SR TR R AP AP0, R A AP KL i
35 B 209, A8 LI BIRE 5 R BB BT A A, — KB B AdamslIoI%
I3 5 9 e A T 6 0 37 2 1 o 0 & A B A AR, T
B —RHFUNAY R RN IERERLRA N AERHNEE, FHBELLEY
BFHFRUSMERS. B, TS RET %S ERR ARSI H(E 3.0,

O X more flexible X X

Y Y
o O conformationally less stable
axially chiral biaryls axially chiral styrenes
well investigated less explored

Bl 3.0 & 3 IO JE 45 A M 257 R 9 B R kK

F— W, FREETR U &6 R F B RFI, B LU FHE AR SR F
VEBD A B T o A R OB e U200, B DL, A KR T AR T v R M T R e B R
AT AT AR A A= dE # 8 B OLER

BHWAR T EEFTHEAMFYEN TS THEANRLAE, B 22 H#H0F e
BT kR I A A R TR TR . Bt 1996 47, Baker R ALA A A 1 T AE
HFEHE, B 13-A0BN T E6RBTFUHEEFTE. Z5E 2001 4, Miyano o
Hattori % AP2HRE 7 3838 o-BUR B F 0 IR B FrAg IR A & A& v ik KRG 78 = A O BREF By
TERA T ke — R AR T4 R IFEFT BRFHEAEY. A 2009 5, Suzuki RA
AU FHT RSB R A L FE e R FHIRET BN R R LA 2T e &
TAN-1085 &4 & &+

SR, IEWT AR A BRIGE T BT A AW e 7k B H A 5 UL, 2016 4,
4 4 1R AR AL (VR 3T 4 4R L AR o0 R A S AT IR R A M e s SR B R R S L
5V W 25 IR B ARG R AR A B 3.2).
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R3 RS Ligand
NNHTs Pd(OAc), (10 mol%) A
Br O Ligand (20 mol%) 27 | Ar
B fBUOLI (2.5 equiv) \ 0 Q
N Ar + R 0 P-N
R P Ar 1,4-dioxane, 50 °C P o /T g
X | A .
RORS S L "
up to 99% yield Ar' = 4-FCgH,

up to 97% ee

Bl 3.2 fEfE L7 2 o R 5 & B8 XA A8 B RO A 2 s A T 2

Smith R AP A 2017 FRE T A FHAT BB T O-Fe 20 R BLK 52
I 1 M A 07 IR A Ak (B 3.3)

catalyst
OMe
N
R catalyst (10 mol%), KsPO,
o CgHg/CH,Cl, (4:1) :
N OR® Bnl
R1—.
—
Bl 3.3 Xt AR AR 2 RS 18 1T AL RS
0O O
a Rz_/ | Ac Ac O
— cHo 5mol%CS \ CHO
+ LiOAc 1
| A R N
R2 R DCM, 0 °C 3 O
2z H o
<&
54-95% ee C5
b Ar OMe %
SO,R
l Ar Y2 H AN
oH . RSON A, L-proline OH
Cry e e OO
N
= S ’\IIH
E/Z > 99:1, 91-99% ee A Ar
Ar = 3,5-(CF3)2C6H3

Bl 3.4 73 AR EAZ Am SR A 2 0 A T

2017 4, EHRAAPTE KRB T A AN T HE N R 6 R A F I E 7 E(E
3.4a). R 7 AR A EE N R, FEF RS L TRIEAT, AT SFRA R
Tk KR, SR FHIEET R, JLFARH, 2% 2R A AP A F A HLN
O THEAKS, EAETHENFERKAEAR, B —PE ke TR K FEER
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(VQMs)  [Al 1R, MK AR pk T e 3 07 2 A F 4 AL 2% 1L - 41 (B 3.4b).
3.2 RAREE
BHAARTRORE, KNZARRKLFRCELRIAL T DM G K F

F U E TR 6 o T AR LT X AR B B R AR R — S R B E R
gM, NTiRE T MFEEET RN MEREM. EEXN T #3187 ERpyITaEX
Wi B AR e T A TR B R AR R . E M UR B R A e R T AR R A AL
N FEARB ARG T RAGEEMNMFERETZ. Blt, RFRAE-—MHES
R 77 5 R S I T 5 eV 26 A Y i T M M 2RO I B AR LT R AR R

TR AR BB VE RS — AR A F B DUR T A R B R RO
2T AT AR T DUR A e R AR Bk A v A SR e U1 SO PR A AR B — AR
AR BUR R A5 L F A e 2 2, AT S8 3 & T 4% 50 8 46 A B T e 22 57 R B R
RAE(E 3.5). EAKX— & RREHNERET: 1D KEFEAE w854 T 24T
RiLshFEHEET ENREAE, X5 BURTAWRARBEUFEETE; 2) FEX
FE Mo FEEA S mER, FH XL EER FEER . £ T ROTRAL W
— RV EEAT AR A5 E A B B TF BT e A B 2P HATR R T LR
FEER, -EARARAYFHEMER, TN X A8 S 58 2 A b 20 RO kA 72 & T
S I 25 B P T R A A

G
4 Z Pd(I1)/L*

configurationally labile L* = L-pGlu-OH

DG = 2-pyridyl
FG = alkenyl, alkynyl

B 3.5 A8 5 Xt ARek S8 E Ak H AL

3.3 Rt
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331 FEEMRNFHRA
*x31 FUHBEMAFL @

_ Pd(OAC), (10 mol %) _
| Ligand 20 mol % |

iPr b E ¥ \)(J)\O.BU AQOACézcﬁg 2 Pr D N\ CO,Bu
air, 60 °C, 24 h
3-1a 3-2a 3-3aa

entry Ligand yield ® % ee %
1 3-L1 65 43
2 3-L2 52 13
3 3-L3 61 -24
4 3-L4 53 -19
5 3-L5 39 -10
6 3-L6 72 -15
7 3-L7 48 -14
8 3-L8 55 -10
9 3-L9 44 -3
10 3-L10 47 -8
11 3-L11 89 3
12 3-L12 90 6
13 3-L13 93 4
14 3-L14 52 0

.

3-L12 3-L13 3-L14

3-L11:(R)-STRIP
Ar = 2,4,6-iPr3C5H2

H Boc
o N o B ~CoH CO,H )ﬁ/COzH
D"'COZH t}"'COZH NHAC NHAC B
3.L5

3-L1 3-L2 3-L3 3-L4
CO,H CO,H CO,H CO.H CO5H
Ph/\‘/ Ph/\‘/ 2 Ph/Y
NHBoc NHCbz NHCbz NHFmoc NHFmoc
3-L6 3-L7 3-L8 3-L9 3-L10

@ Rz % 4:3-1a (0.1 mmol), 3-2a (2.0 equiv), Pd(OAc): (10 mol %), AgsPO4 (2.0 equiv), Ligand (20 mol %),
in DCE (1.0 mL) at 60 °C for 24 h under air. * 7= % & CH,Br, 1€ 4 WA 4787 '"H NMR | € . ‘ee 18 & F 1%
HPLC 4% Il % .
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ERRATH, RATEE—AEH s EANBRARRIE 3-1a ARINWEREY, &
JEERIE T BE 3-2a A& EMNIA, PA(OAcy HEMA, xR eyFHERMEK, Bihl, |t
SRUHHTT

2008 £, #eMRAMAVIEZIERT BRPAERZE — R H RN FHRAB LA T
ERAFARFARE AN RS F&ATE R T AR EN LR AL
B, ARMNEANE, SEA L-ELRRPME N FHEMAR, KA UL 65%H =% fn
43%¥ ee 1B 15 2| B A7 89 4 £ 4 = 47 3-3aa(k 3.1, entry 1),

& 3.2 ANA|. BRI RBLEE B R

7" Pd(OAc), (10 mol %) \/ |
X, - = %
iPr b E thi'l'ua‘?’;;tzeo(sm';;/)j iPr D N\ CO,Bu o/A//N% COH
[Ag], solvent H
T°C, 36 h, air L-pGlu-OH
3-1a 3-3aa
entry [Ag] solvent T/°C yield ® % ee ‘%

1 AgOAc DCE 60 65 43
2 AgOAc MeCN 60 90 79
3 AgOAcC 1,4-dioxane 60 56 40
4 AgOAcC Toluene 60 85 25
5 AgOAc DMF 60 96 70
6 AgOAc MeOH 60 60 69
7 AgOAc HFIP 60 85 -21
8 AgOAC MeCN/MeOH(1:1) 60 80 85
9 AgOAc MeCN/'BUOH(1:1) 60 93 89
10 AgOAc MeCN/‘BuOH(1:1) 50 96 89
11 AgOAc MeCN/'BUOH(1:1) 40 95 88
12 AgOAc MeCN/‘BuOH(1:1) 30 44 84
13 AgOAc MeCN/'BUOH(4:1) 50 93 90
14 Ag,S04 MeCN/'BuOH(4:1) 50 94 93
15 AgsPO4 MeCN/'BUOH(4:1) 50 93 94
161 AgsPO, MeCN/'BUOH(4:1) 50 92 (85) ¢ 95

@ ] J7 4 %:3-1a (0.1 mmol), 3-2a (2.0 equiv), Pd(OAc), (10 mol %), [Ag] (2.0 equiv), L-pGlu-OH (20 mol %)
FEEFQ.OmL)F T A8 5 838 E T = A B R 36 /N .0 7= 2 B CHoBro 8 4 AR 4789 "TH NMR 1 %
‘ee 1 & F ¥ HPLC 4 B M <. ‘MeCN/BuOH(4:1,4.0 mL), ¢4 & %,

LEH AR ERFAER AT, BATUANEAEZWETEEN,
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B2 5 ee HH 1~ F 12 E 6 T % (entry 3-10), F B, EH N-R T AHE R WELAAR
TEABARE, HW ee EA A H DM T H(entry 2). X KA L-EAAR +# N-H #
BB R EBEER . B BAT b E A KA F R o F B AR HAT T fF ik, tham B m |
£ T BINOL F % 1y F M8 8 An 5 1 T i Bt iz UL X BINOL FCf& (entry 11-14), A A K2 H
B, BEFEHEFRNRARATUNRFH B GEEN~Y, EEH/LFTaFFH
Yo B AL P 0 FHE

TR AT E, RATAE KR By H A5t 1T T R R A7 LGk 3.2)0 AR
By IR R RATR I, A B T DA RORL 7= 3 o 5 4% ) A2 B (R 215 FH (entry 2, 6),
FTIRANERNGE, RNBSETOFLET BEAWRAMNE, KIBEFE MeCN/BuOH
(1:1, 0.05 M)&F, ¥ LLLL 93%¢A 4 5k 7= F Fn 89%HY ee (1% Bl B AR Z L7 4 3-3aa(entry
9), & RN KALEEHATT ik, KI50°C £ KA (I8 (entry 10). 25 &A1
AR K HAT T fF ik, RIBBRAA R R R EERMA, TR =8 ee B LA
5| 94%, kT EARFAE 93%(entry 15). & &, K R A B9 K EHEE] 0.025M B, P47
ee B LUt — = 7 2| 95%, T 7= 4o 8 7= 5 ¥ LLik 2| 85%(entry 16).

332 REMRN LG

ERNERLT AR ABFEMR L REFUERET B EME, BAIXE
RER X — KL THEMNREARERENT. HATRIT % H TIPSRk £ R 3-
4 1 9 KR 9 e ZE AR A, 3-1a A AR Y, PA(OAc), HELFA, L-E A R F Mk,
IR FEMNR B A HTT REWTFL,

FExE RO F BT 25 0 RATR AL, HRABRBRE AR, FEARRLAR, 70°C
RORLEE, B AR B AL P4 ] DLLL 39%89 4 5 7= E 1 93% K ee (B 13 %|(entry 5). Z 5T K
JRL B iR B e JRORL B ] AT ], K LA R KR B B ] FE K R R B[R E 48 /NEE, FT LA
FFr ee BN B4 =2 EFHE] 59%(entry 9). )5 &3 XA R BR A MK E R, %A
MeOH/DMSO(1:1,0.025 M) A & FI B, £ 60°C T K AL 24 /e, 567 LLLL & AR 86%# = &
A1 99%H] ee {H 17 Z| E 7 b E AL 7= 47 (entry 18).,
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3.3 TR A AR OR A R i

= | Pd(OAc), (10 mol %) \/ |
N L-pGlu-OH (20 mol %) X N~ _TIPS
iPr B : [Ag] (2.0 equiv) iPr Z O7Z\/N>~ CO-H
alkynyl bromide 3-4 (2.0 equiv) L-p|-(|;lu-0H
solvent
3-1a Air, 70°C, 24 h 3-5a
entry [Ag] solvent yield (%)® ee (%)°

1 Ag.CO3 DCE 9 61

2 Ag.CO3 MeCN 47 88

3 Ag2CO3 THF 40 88
4 Ag.CO3 Toluene 29 80

5 Ag2CO3 MeOH 39 93

6 Ag2CO3 Acetone 34 88

7 Ag2CO3 TFE 14 63

8 Ag.CO3 DMF 25 88
9d Ag.CO3 MeOH 59 93
10¢ Ag.CO3 MeOH 53 93
114 Ag2CO3 MeOH/MeCN (1:1) 56 96
1249 Ag.CO3 MeOH/THF (1:1) 44 86
13¢ Ag,COs3 MeOH/DMF (1:1) 58 95
149 Ag2CO3 MeOH/DME (1:1) 26 86
154 Ag.CO3 MeOH/DMSO (1:1) 78 99
16f Ag.CO3  MeOH/DMSO (1:1,0.5mL) 73 99
17°f AgoCO3  MeOH/DMSO (1:1, 1.5 mL) 84 99
18f Ag.CO3  MeOH/DMSO (1:1, 3.0 mL) 86 99

3-1a (0.05 mmol), 3-4 (2.0 equiv), Pd(OAc)> (10 mol %), [Ag] (2.0 equiv), L-pGlu-OH (20 mol %) £ % 7(1.0
mL) T A8 B # IR B T 2 A RO 24 /NBE . P 5% B CHoBr, 1B 4 AT 41 "THNMR I o “ee L H F
£ HPLC 4Bl © . %60 °C KK 48 /NEF, €50 °C R J7 48 /NEF, /60 °C R FL 24 /NBF

3.4 KM JRYIH¥E R

ERET LR R MeEE AR &G, EATTT 463 KR B9 & & M # AT IR KGR 3.4).
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& 34 EEATHHFEEURELRDT R

Pd(OAc), (10 mol %) A R3
L-pGIu-OH (20 mol %) R*{~ |
N + 2.0 equiv Ag3PO, N R®
H MeCN/tBuOH (4:1,0.025 M) R R’
50 °C, 36 h, air
3-3

a) Scope of Styrenes

AN
3-3aa, R' = 'Pr, R® = Me, 85%, 95% ee Ao Jn
R3 3-3ba, R' = R3 = Me, 47%, 92% ee N _
B“O2C " 3-3ca, R' = Et, R® = Me, 57%, 91% 66 02C~~ Pr
3-3da, R' = CI, R® = Me, 43%, 96% ee

3-3ea, R' = Me, R® = Et, 99%, 92% ee 3-3ga, h = 3, 99%, 90% ee
3-3fa, R' = Me, R® = nPr, 95%, 93% ee3-3ha, n =2, 87%, 95% ee

R2
N 3-3ia, n =1, 42%, 4% ee
‘ R2 3-3ja, n =0, trace, --% ee
7 >,
N 3-3na, R? = CF3, 84%, 94% ee ©
BuOC._ iPr 3-30a, R = F, 95%, 95% ee
BuO,C 'Pr3-3pa, R? = Cl, 67%, 92% ee

3-3ka, R2 = Me, 72%, 88% ee P 3-3qa, R? = 3,4,5-F3CgH,, 99%, 95% ee
3-3la, R2 = OMe, 79%, 88% ee 3-3ra, R? = 3,5-(CF3),CgHs, 86%, 94% ee

3-3ma, R2 = Cl, 99%, 93% ee

X
N/ A
BU02C
o

3-3sa, 83%, 91% ee 3-3ta, 79%, 91% ee 3-3ua, 47%, 96% ee
b) Scope of Olefins

3-3ab, R = Me, 57%, 88% ee 3
3-3ac, R = Et, 60%, 92% ee —y

ROzC iPr3-3ad, R = tBu, 74%, 89% ee oy
3-3ae, R = TFE, 47%, 92% ee W 3
3-3af , R =Bn, 73%, 83% ee o

3-3ag, R = CHO, 20%, 89% ee
N 3-3ah, R = COEt, 57%, 94% ee
jpr 3-3ai, R=CON(Me),, 92%, 89% ee
Z 3-3aj, R = P(O)(OEt),, 36%, 90% ee
3-3ak, R = 4-MeOCgH,, 46%, 88% ee

@3-1 (0.1 mmol), 3-2 (2.0 equiv), Pd(OAc), (10 mol%), AgsPOs (2.0 equiv)F1 L-pGlu-OH (20 mol%) &

MeCN:/BuOH(4:1, 0.025 M)T 50 °C = R 7B R AL 36 /NAT, 2AgaS04 (2.0 equiv), ‘AgOAc (2.0 equiv),

RATE o X IR AP AL BUR HE B AT &k, DU R 35 58 5L [ JRURE B 827 - W #£(3-1b).
£@3-1¢). FREG-1a)AR FTG-1d) A UF R RFH AL, ZIHRF T fEE
P (3-32a-3-3da, 91-96%ee). Z 5l lE F IR E W T T B, KNIFALEMERE
XOEE D BCREY TR BAT R, B LUE B R e v B R A B E AR PR 4 (3-3ea,
99%, 92% ee; 3-3fa, 95%, 93% ee). [E]l 4 B R 2 A% R A 7] LLS2 B A 3R O 6 A0 R X e B Y
V& & P 4 8 (3-3ga, 99%, 91% ee; 3-3ha, 87%, 95%). AT 4 H E/NKNIR T A I I A
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Wl E o B BUR R B, RO VE M P A T W E A T F#(3-3ia, 42%, 4% ee; 3-3ja, trace), X ]
RER B TN IR TR A %o T BB 5 5 AR o SR Bl 5 B (LI A2 . 2 5 AT
RTATERENFRES W FEENT . RIOKIN, FEESHE L LEMEEFER
(3-1k, 3-11), 5 % & F(3-1m, 3-1p, 3-10), & &% & F KA # &£ F(3-1n, 3-1q, 3-1r), K AL
AR DUUR 4T, 4% 2108 75 19 %8 B 0 226 5 1 45 31 (88—-95% ee) o 25 31 0 JiE 1 45 A4 Y & 47 4,
B DA RN 3 75 (3-3sa, 83%, 91% ee; 3-3ta, 79%, 91% ce). T 4 "k {E A K5 i 5 1 2 F
Bt RORE DU DL o 4 B P2 5 (47%), 3 B X BR AR (96%) HEAT o

*® 3.5 LENTARECR N R &
Pd(OAc), (10 mol %)

R2 \/ _ TIPS  L-pGlu-OH (20 mol %) g2
N . | | 2.0 equiv Ag,CO4 TIPS N~
H R MeOH/DMSO (1:1, 0.025 M) A R
Br 60 °C, 24 h, air
341 3-4 3

=z

3-5a, 86%, 99% ee

AN
D
TiIps N .
Pr

3-5d, 54%, 97% ee

74

3-59, 77%, 97% ee

N N
P IM P
TIPS | TIPS
Pr A Et

3-5h,86%, 99% ee

-5
N
lN P
TIPS
A Me

3-5¢, 74%, 97% ee
X

-

Tips N

74

(C

3-5f, 66%, 98% ee

s/
\

TIPS

//z
O

3-5i, 28%, 98% ee

3-1 (0.10 mmol), 3-4 (2.0 equiv), Pd(OAc), (10 mol %), Ag2CO3 (3.0 equiv), L-pGlu-OH (20 mol %)+
MeOH:DMSO(1:1, 0.025 M) # T 60 °C & AR F K AL 24 /NEY o

BT RBRNS AR EEMRAAEATT AROEREGR 3.4b). F 5 LR BRRENFF
B W 34 R DAt ROR R 2L, DA 4 B BT B R F A A B BR AR e B 1T B AR N B B AT
(3-3aa-3-3af). 74, WIHE. LEEW. WHBLL., HEBREf4-FEER HLT
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DLAE 4 i IR A, DLk 38 B B3 B 7= 5 R 0 75 B X B R 1 R M 4R B R B B TR A
N A H1(3-3ag-3-3ak) . H =4 3-3af B ERTAHER L EHA A R A, HfukhF
Ve 26 55 I = g o o X A L R ST KBRS

FERABE T LR o B MR &G, RAVEA TIPSR B
IR 3-4 18 A FATH R EWIRA, xR LW R AT T 6 R (R 3.5). &7F A~ Bl 4 FLEUK £ A
T 1 B RN B 57 0 TR A 4 T DAAE S Ak RORL AR T DA P 4R BUAR S e PR R e Ah R e R B R
Mk 15 B A8 R B B Y PR 7(3-5a-3-51, 97-99% ee). T EL b F AL TR 15 B B B2 4 B X B A
Hb 2 4 B L 0 AL BT B PR AT

35 &RAHA

AT EZRAEA F A s A, RAT M Ak A RS 34T T A KR R .
W A A b A SBT3 BT DUAE 45 4R U i A R B R R B B L TR B E AL R R A
(& 3.7a, 3-3aa, 886.0 mg, 78%, 94% ee; & 3.7b, 3-5a, 1.1 g, 85%, 99% ee).

KR 45 B e % Ak 7= 47 3-3aa ] LLA m-CPBA ¥t £ 15 H A 10l ve B 1 2k ke AVA
A H(3-6). LIEAMNA m-CPBA W Rl BH B F e EfE S B0, P44 M+ B B R
R T DL — S AR FUFEMANG-T). RUZIT WHER A FHEE, FEMN
P R R IR B 0 4T LU B A B A R R, BE L T AR A
W, BE—RETHET BT ETENTHRGE9). FIHFEN, 7 3-9 e b
BEATA R E N RATA

S E A, A P A (3-5a) T DATE U T 3R BIG B B 1R R T R B T B R A 45 B
TE WA S A1 (3-10) 0 1% 3 WAL A BT LA LA S B PR R AT Sonogashira 4% Bk R i A
Click K AL 4 545 B A B &AL & H1(3-11) Fn = B4 641 (3-12).
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a Scale-up preparation of 3-3aa and further elaborations

. .
VRS 3-1a i) OsOy, NalO, \ o
Az 1.2 equiv m-CPBA (3 mme) THF/H,0, 40 °G_ N" >
. m- M

o .2 equiv mLEBA - andard i) NaClO,, NaH,POH0,C iPr

BuO,C.~ DCM, rt, 12h | condition 2-methylbut-2-ene
t)
3-3aa BuOH/H,0 3-9, 88%, 93% ee
3-6, 76%, 93% e —— 78%. 94% ee Ty
.0 (886 mg)

2\
<~ 5.0 equiv m-CPBA

X CO,Bu DCM, rt, 24 h

3-7,47%, 95% ee

b Scale-up preparation of 3-5a and further elaborations

Pd(PPh3),Cl,
3-1a (3 mmol) Cul, DIPEA
standard Arl, 60 °C
conditions | A
o
3-5a TBAF H_N
85%, 99% ee  Tpp . S\ iPr
(119
CUSO4‘5H20
3-10, 94%, 98% ee sodium ascorbate N-

tBuCH, 50 °C, 24 h

Bn
3-12, 35%, 99% ee
¢ Application in Co(lll)-catalyzed enantioselective C-H amination of ferrocene

Cp*Co(CO)I; (5 mol %) /3
s NO o CCA (20 mol %) H SN
H% N* AgOTf (20 mol %) o N
/Lo CHCI3tAmyIOH (1:1,0.1 M) \(
F@e ,0°C, 12h Fe
3-17,0.1 mmol  3-18, 1.5 equiv 319

A 00,00, D ™0
N CO,H CO,H CO H 7
CC
0 O OO 5

3-9a, R = H, 89%, 70.5:29.5 er 313 314 3-15 3-16
3-9b, R = OMe, 96%, 72.6:27.4 er|| 95%, 50:50 er 93%, 50:50 er  89%, 51.2:48.8 er ||95%, 72.5:27.5 er”
(75%, 78.8:21.2 er)@

39 Me, 93%, 71.2:28.8
¢ styreng-tygécc er binaphthyl CCA MPAA-type CCA

axial chirality axial chirality point chirality

Bl 3.7 MY KRR, AT £ AR

AT HEFHFUHIEETEFRELN A R P OBERF, BATE =T £ NG 52
W F MR (3-9)1F N FHEM AR, KL T =4 18 AL B 1 xE Bk = kB A B ik AL R
BSYE 3.7¢). AT ZRFEE, RALIAMEA & 4-FaEWERMROFET BT
VB AR BT AR R (3-9b) A KR el IR ER AR AT, T LLLL 75%0 77 &, 78.8/21.2 HY er E1F E| H AT
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Bt i A 7= #91(3-19) 0 X — 48 R E AL T & X 4 F| D-Bz-Hpg-OH(3-16) AT BUf% #9 4 K (73.5/27.5
er)o [ B, 18 4 X th, — 265 T B 7 A4 F M B IR R (3-13, 3-14, 3-15) 4% #E 4T T W3,
AANKREWE, REETHY R TFHERN FHREZBRMR L+ JLFHT8ES H
FUhGEERIEAT RNARFIANXRGATHAFREM W FHEELT RN
FE AT AR KR P R RE A AR R TR T A R R R
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3.6 RMAEER

HT =% TRERATAMF ER AR E R AR, RATHT — R IIHLE
REH LR

3.6.1 A FLE

Butyl acrylate (2.0 equiv)

X Pd(OAc), (10 mol%) AN
S - 3-L1 (20 mol%) “ |
N AgsPO, (2.0 equiv) N
- i
Pr H MeCN/MeOH (4:1, 0.025M) " X COzBu
50 °C, 24 h
3-a 3-3aa
entry ee% (3-L1) ee% (product)
1 0 0
2 33.3 453
3 50 59.1
4 60 67
5 66.7 77
6 71.4 79.8
! & 83.5
8 99 95

m  ee of produce 3aa (%)]

100

90 +

80

70

60

ee of produce 3aa (%)

50

40 T T T T T T T T
30 40 50 60 70 80 90 100

ee of ligand (%)

&l 3.8 3-L1 f7(R)3-3aa i £ £ A8 3 24 5L
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B RATHAT T 7~ 41(3-3aa)ee & 5 F 14 B2 R (L-pGlu-OH)ee 18 #7315 % Z M| = 52 16 (I
3.8). LRIEHAFUTARN ce HE W ece ERELAMMAXRN., XTHUTREFHE
KRREUE— D TFHRRSER R T REFEENEE S RF .

ZJg, BRAOAF#TT RO ERGEEETRAT WA F R LR (E 3.92), Lk
M| = B KIE #3027 £ 1.3(without ligand)f2 1.2(with ligand). X & EABR S8 E (LT E T
RERRR A RES T, BB, FTAAREFEETHANFRERT, RANTULIAR
L A AR A& — /N 36 E AL B 4R 98 3 S (LDE)(E 3.9b).

standard conditions
H/D without L-pGlu-OH: ky/kp = 1.3 BuO,C._~
with L-pGlu-OH: ky/kp = 1.2

iPr iPr

(R)3-3aa

standard conditions

with or without L-pGlu-OH ~ BuO,C .~ iPr

(R)3-3aa
A without ligand y=7.1133x + 646
_ R2=0.9827
25 ® with ligand
= 20
-
s
o 15
2
= 1o y=152667x+ 16333
g R2 =0.9859
5
0
0 1 2 3 4
time (h)

A 3.9 KIE #F 7 #n Bt (A Jak 32 28 AL
3.6.2 F=41 3-3ab #u 3-5a B2 88 2 Frf F RN T

Fir e 2 EME N BAKWINERA N FERREN. — AN FEHEIAN/AELE T 5
J% j]‘/? r!_‘% ;Fj( (kracemisation =2* kenantiomerisation) ’ 7{‘ ?( % Eyrlng 7\? ﬁ ’ /f{ A XTJ» E&% % 7]4‘3 '—%’ ;fk (kenantiomerisation) s
EI [/X }j\Z L_ILJ:’I %H éf‘\% %\E %(AGienaniomerization) ’ ﬁ\: E}j R(/E\ffjr‘ Pr%' ézkk) =8.31451 J-K_l-m()l_l, h(jélz gﬂ % %éﬁk)
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=6.62608 x 10-34 J*s 1 k(G /R %% & % %%) = 1.38066 x 10-23 J*K'',

&
AG+enaniomerization =RT l*ln(kBT l/ hkenantiomerization)
t1/2(T1) = 0.5*1n2/kenantiomerizati0n

AT I F A P A R AL e M S AR R M, TR 3-3ab A 3-5a A AR R,
SRR T A — iR E TR L, SFETERMENEE TR,

]
X \N
iPr. X COs,Me
3-3ab
time enantiomeric excess (ee) first order racemization
(second) In(eeoleer)
0 95.628 0
3600 90.564 0.0544
7200 85.074 0.1169
10800 81.16 0.164
14400 74.508 0.2496
18000 70.03 0.3115
21600 64.785 0.3894
28800 53.5 0.5808
0.7
0.6
y = 1.9785E-05x - 2.4875E-02 @
05 R? = 9.8730E-01
= 04
()]
2
= 0.3
K
£ 0.2
0.1

0
01 ﬁ 5000 10000 15000 20000 25000 30000 35000

time/s

Kracemization (170 °C) = 1.9785x107 s°

Kenantiomerization (170 °C) = 0.9893x107 s~

AG? cnaniomerization = 153.4588 KJ/mol = 36.42 kcal/mol
ti2 (170 °C) = 9.45 hours

B 3.10 144 3-3ab £ 170 °C 5 7 B = 0904 e fb KAz

157



WL A 28 4 F A8

X
| P
TIPS
A iPr
3-5a
time enantiomeric excess (ee) first order racemization
(second) In(eeoleer)
0 99.652 0
10800 91.734 0.0828
18000 85.156 0.1572
25200 83.064 0.1942
32400 79.336 0.228
39600 71.142 0.337
46800 65.674 0.417
54000 59.458 0.5164
0.6
y =9.2665E-06x - 2.1129E-02
0.5 R2 = 9.7596E-01 ¢
0.4
9 03
S
2 2
]
T 0.2 *
0.1
0
10000 20000 30000 40000 50000 60000
-0.1
time/s

Kracemization (180 °C) = 9.2665x10¢ s-

Kenantiomerization (180 °C) = 4.6333x106 s

AG? enaniomerization = 158.8412 KJ/mol = 37.95 kcal/mol
ti2 (180 °C) = 21.31 hours

& 3.11 LA 3-5a 7& 180 °C 5 77 B+ By vl e (b /i

i 1 3 DL B2 AR o AT ARt S, AT DL AL A B B AL PR 3-3ab YRS BE £
K 2]7% 36.42 keal/mol, 7 170 °C, HFFHI A 9.45 /et (B 3.10). T bk E AL 7=y 3-5a &4
Bt 2 ¥, 427 37.95 kecal/mol, 7 180 °C, HEFF 1% 21.31 /A (E 3.11), X B
W BT A RO B T A R AR TR AR R A
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3.63 EWitE

AG(kcal/mol), M06/6-311+G(d,p)-SDD-SMD(acetonitrile)/B3LYP-D3(BJ)/6-31G(d)-LANL2DZ

0.0
Cat. 2 HOAc

2-21
1/3[Pd(OAC)ls a\ /(3-( g\ / 2

0
ONO

L-pGlu

| ligand exchange | C-H activation |isomerizationj migratory insertion | pyridine-assisted £ -hydride transfer

[ 1 I 1 I
 3.12 DFT if 0 & 06 A8 48 A A 7 Ask S 78 RO T A2
AT #H—FTREBUTART RHRABEENR LAAE, BRINBLREEZIFR
R AT AMF, EHMERELNHST, SEEMR I BHEATT FANERITE. R
(T8 83K 0% TR 4 3-1a Fo 7 JE TR W BE 1F 4 AL R4, & 18 W 40 09 5 B2 B #2961 5 (DFT),
B3| T — % a2 LA PA(ID)/L-pGlu-OH 18 14 iy A~ % A1 8k 2 48 M 2510 RO 372 (B 3.12),
BMAZHERTUTER: #hQ T ZRERSHEBREEAFNERAE L-EL AR EA
ST R B R A TR, A RTE AR 320, 2 EIEHMENA S R 3-1a
EaRATER32, BELLEMEKRATESYI 3-TS22 Z 5HEHRAEBELZ
G B 7 I AR 323, Z A AT R R L, AR E AR Bt 3-25. AE
Fb 3-25 BOEZEHAT R B, S TFAMAM 3-TS2T, K AEBRWBANRE, £ RIEEEY
f3-28. i 3-28 X RAM R E MR EH AT 329 5, EWENERT, ZLLELSYMH
3-TS30, % & p-2 8% RN 552 3-31, 4fr 3-31 &AL AR FH R #52] BAx
=47 3-33,
B3 AT ST AR A RORL ] A R R S B A, RATA A RO P ki
BRI AR 3-24 B3 E A 3-TS2T 5 R K AWMEN RN, X— 3B EE %R
#7239 keal/mol By R RifE 2, EH B & THH 3-21 R AR AR E N A KT £ LY 3-
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VHFEHRORLGEL, RGN FEZRFTMNE LR

3.7 RENTF

BATHE I 2T PA()/L-pGlu-OH 18 A~ X BR 77 W& B 258 s 2 e Am e A S RE o A 22
B T RO B AR B TR TR B o B TR B A X BR A e 0
FREEHRT KB EANNEE NEZRAER T H LT FEARNETRARE N,
VR AR By p-BE R R FE, L-EAAREN—MBLZE. BN ERN
FEBAR, UK Z 5 X B 25 R B 2k R R R S BRI AL & .

3.8 SLHEH

3.8.1 L& 5HEHA

MK PZS: Bruker Avance 400 M &Z 8 3t 3k (UF T4 & B9 'H NMR., C NMR ## PF
NMR # |, Waters TOF-MS GCT Premier 53 (X & T & 4 #% Uik (ED) A9 33K, Bruker Apex
111 1 B ot R 5 7 B e 354k Fog DUR T & 2 # FUig (ESD# IR « Shimadzu HPLC LC-20A
AR U T F A & XS B AR B B LR LR 2 BATIE(TLC)BR B, 4T,
EERFL e BER T e HETE AR,

FRFiR A — RS H B LR Z ERE TGN EEFEA, BTA L AEN &
7 W 3 = AR 38 (Purification of Laboratory Chemicals, 6th Ed) # /5 4L % 2 j5 B # AT A .

LW AN L UNE D P
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3.82 KT I RIRME £ K

Method A
OH
n-BuLi, THF N
N
-78°C to rt R |
=
3-S2
N PCC DCM i~ PngBr THF OI—LJ
N
R | T25%Ctort R |
P »
3-S3 3-S5
OH, __Hol
R | ~ ~ refluxed
=
3-85
Method B
fe) (e}
5% O0cs,, DMF DEM N NHMe(OMe), EtsN_ N _OMe
R " refluxed gt ' “bem,0°Ctort . RYE T
_— =
3-87 3-S8 3-89
0
n-BuLi, THF N
N
-78°Ctort R | R4
=
3- 39 3-510
2 2 2 2
fe} R >—MgBr R R R R
N THF i HCI ln
A _— Oy A
R | JRr' -25°Ctort g | Jrt refluxed g | IR
= — =
3-510 3-s11 3-812

FEE A TR 250 mL 8 55 A E B = FORM A0 AR R 3 ER AR A(3-S1, 25
mmol)# 100 mL Tk W&k, FTRNAATERB =K, FERH LR FRMAET
278°C T, ZEEE MW T A4 Q6mmol). Fim Tz 5, &R UMAE-78°C T 454
%%”¢ﬁo%E@ﬁﬁ%*%%ﬁA%ﬁﬁﬁ}%%%%%é%ﬁSlﬁmmm%ﬁﬂ

APRHBR, R EHREARFE-T8 °C, WP — /N, BHEEREYHE T EEHMHF—D
e FRMREE2GE, AEMAAEERNCERRR. 458 E S T 20k E R,
T AR TR — AR VAR FEBUF R (2 x 30 mL), A HLAE S A A 2h ARk B R LA
B A T, B A BRIV 5 5 BUR PR A — R 5 AR B (3-S3). 13 Bl AR PR 4B (3-S3) AL A
IR AT AR AL, 15 B4 A R AN ER AL A H1(3-S4). FRIERAL A AT — B BT

WAV JE VR R AE T K WA rR T (50 mL) L, A B — M RIHASH 250mL W EH EH = FR
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M, AN HE-30 °C, Bea E % R LA R iPrMgBr (1.5 equiv). % #m % &G,
e R B2 = il R — AN INE, BA MR AR SRR K, e ARk, A
“ATRERE, BRIANANEATARBRN TR, EXREREE, FAEEN WL
BRI Z R EAANB-S5). mE, BWEINZREEBERLRAOmML) T, MR E
T A NBF. ERE, WRAMAHEZE, MNBALEANMER TR pHESET 9 &
Ho BAMFACRIEER ZkGB x30mL), AtafahikiktE, BATARENTE,
5 & RJE KGR JE AR BAT A ik AT S, 13 3] B AR R 2% % R #1(3-S6).

F¥B: Fim T, 7 250 mL [ &5 F KK A AR BB e BR (3-S7, 25 mmol), &
62 A(20 mL)Fa JLi# DMF. 2 58 R R An# 2] 50 °C T B = /Neto RO 5 J5 4 7 Ao
5 AMANTRFRERLDNBREEREL BRI TIE, 7245 508~ A B4 3-
S8)., EEKGFRMBL AL ME_ATFRMEA0 mL) ¥, ZEFMEBEHE NO-— FEAIKSO
mmol)F1 = Z fZ(3.0 equiv) — A FIT AR T, BmEkE, FREME T ERBHMF LR
BB 54 Ja, A i & = A F b, FIAE B AT 77 R AT 4l Ak, 15 248 B2 0 B B2 LA 41(3-S9).

T IEH 250 mL 8 55 3 2 0 = FUGM F fm A\ AF AL HY 7 2R A 47(3-S1, 25 mmol) Ao
Tk AR (100 mL), A FRHARABREM=K, ELRHLR. FRMET-78 °C
T, ZBEEHMET EEQ6mmol). HmTEZ)E, ¥ RAME-T8°C THhELHIEH—
/INBY o SR B RO o 4 18 A N\ VR R AR L Bt AL B4 (3-S9) B T K T AR R, T
EREARFE-T8 °C i — /Nt BEKR UM EZERHTHE — /P oT. FRBRETALE,
R A BB AN GEE K ARG E ARG E R, TR AN Y — & F AR B
P2 *x30mL), FAAEE LA e A EREE R TARBRNTIE, FREREZEEEN
4 A7 B A8 X R B B AL A4 (3-S10) o 45 21 B BR VA R 42 A I Ak (S0 mL) F, Am B —
MRFEAAN 250mL FEHEW ZFORMT, RELHE-30°C. BHZE @R+ #E
fm iPrtMgBr (1.5 equiv). % % kj5, ¥ KAk & 2 E iR R — AN, A
FENEBERAER, EENE KRS, EH QT RERG, K152 008 VL4 F T AR R 9
T, ERBERLEE, FRAEENAMEIN NN = FEAEGHG-SI). %5, KiFE
B = REEEAR AR BR(10mL)F, AnER 48 N, ERE, BREMAHEFE, /b
CH R AENER T pHEE T 9 A A. BAEWMA LR LEEZER = K3 x 30 mL),
At gt Ak e, AAARBRATIE. REZREREEREENTS B AN, F2H
FREY K 00 2% JE 41 (3-S12).
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3.83 LEMARNBRFERARFRMHBERET ERFREMAGY

7 50 mL Schlenk X 57 & # 4R 5k fm N BEBR 48(3.3 mg, 0.01 mmol), L-E A& B (3.6 mg,
0.02 mmol), # Z, % % J&#7(0.1 mmol), % % 13K 7/ (0.2 mmol), % B 48 (83.6 mg, 0.2 mmol),
& J5 ir X MeCN/fBuOH(4:1,0.025 M), T=AAE T, & 50°C F K5 36 /Nif, AHE|E
BE, RUBUEBHRBER AR, BiEaE L 0E, BEKRSEE R &6RR S & 524
X L B o EE 4

3.84 LEMARHBRFERABREMHBRREET EHFEMAGY

7 50 mL Schlenk R & F K %k fn N BE B 4E(3.3 mg, 0.01 mmol), L-E 4 &8 (3.6 mg,
0.02 mmol), * Z % K J&#7(0.1 mmol), # 1K 7/ (0.2 mmol), B L 48 (55.1 mg, 0.2 mmol),
& J& in A MeOH/DMSO(1:1,0.025 M), TZEAAE T, % 60°C F K 24 /NaF, AHE|F
e, ACBROEHRER AR, @R LI, WMERYSE G R H &8 RIK %524
X RL B 4

3.8.5 T AN

3.8.5.1 1hA4 3-6 F1 3-7 B9 4 Ak

1.2 equiv m-CPBA

DCM, rt, 12h
(R)3-3aa 5.0 equiv m-CPBA
37.1 mg, 94% ee
DCM, t, 24 h

3-7,47%, 95% ee

1 25 mL [ JR AR F R K m A (R)3-3aa(37.1 mg, 0.1 mmol), m-CPBA(24.4 mg, 1.2 equiv)
FMZEFRQROmML), RN EFEERRN 12 /Mo, FEfTHRBNERFEKR. ZEHZ
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AFRER=IK, TARERNTIE, BIERSEEEEEN 2 ERAEEFENAEH 3-6(30 mg,
76% yield, 93% ee). *f Bk b % & F & HPLC M| & .

£ 25 mL B RBP4 K A A\ (R)3-3aa(37.1 mg, 0.1 mmol), m-CPBA(101.5 mg, 5.0
equiv)f Z & F H7(2.0 mL), ¥ KA E T ZI& KA 24 /NeF, Fiafn TN ERER. Z
BRI —AFRER=ZK, TARRWTIE, BREREEEEENSBRABIMEY 3-
7(20.6 mg, 47% yield, 95% ee). A ikt & & F £ HPLC M| Z .,

3.8.5.2 FW 3-9 94 &

B S
P i) 0s0,, Nalo, DY
THF/H,0, 40 °C N
BuO,C._~ Pr i) NaClO,, NaH,PO, HO,C Pr
2-methylbut-2-ene
3-3aa BUOH/H,0 3-9, 88%, 93% ee

37.1 mg, 94% ee

£ 25 mL [B B R AR F 4R K A A\ (R)-3-3aa(37.1 mg, 0.1 mmol), % 8L 44(108.0 mg, 5.0
equiv), P& (64 uL, 5 mol%, 2% KA %), THF/H,0(2:1,2.0mL). ¥ K iz & F 40 °C
BRI R . Ftaf ERBRAEREXR, 2 —AFRERZK, TARRNTE, BE
WY JG 1R BV F AL A4 3-8 3 B BOH -4 F B Am A\ B 25 mL B R BRHR T,
FAR K AN 3-F F-3-T (138 ul, 13.0 equiv), M T E(3.0mL). 2 54 %EH K ABL41(41.6
mg, 3.7 equiv)F BE B — A .44(60.0 mg, 5.0 equiv) i@ A B E B K AR A . REIER
M EZRTHE2 N, TR, FlafmTRBMERER. ZEA AT RER
ZOR, KRB TR, WIEKYE G EAE BT B AR 44 2] F R 3-9(26.0 mg, 88% yield
¥, 93% ee). A BRI E B F 4 HPLC M E . FHEL 3-9a £ 3-9¢ i LA _E 7 EZ 4%
RN
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3.8.5.3 A% 3-10. 3-11 Fu 3-12 B4 &

MeO
Pd(PPh3),Cl,

Cul, DIPEA
Arl, 60 °C
B ®
> 7 7 7
TIPS. N TBAF H. N
A Pr THF A iPr
CuS0,4+5H,0
(R)3-5a, 94%, 98% ee 3-10, 94%, 98% ee sodium ascorbate

tBuOH, 50 °C, 24 h
Bn

3-12, 35%, 99% ee

£ 25 mL B JE B HR 4K e A (R)3-5a(43.1 mg, 0.1 mmol), T #&4%(0.15mL, 1.5
equiv, 1.0 M WA HER), WEA*H2.0mL). BRNETEETRA2 /N, Fiafo
BRREANBEREKR, ZERA_EFRER =K, TARBRNTIE, REKREEEEETS
B2 415 21k A4 3-10(25.8 mg, 94% yield, 98% ee ). *fBEIK HY = &y F & HPLC Il % o

¥ 158 2 8y 35 W 1L A7 3-10(27.5 mg, 0.1 mmol), &4k T 47(1.0 mg, 6 mol%), Pd(PPh3).Cl
(3.1 mg, 3 mol%), 3 (39.3 mg, 1.5 equiv)F N,N-— 5% 7 & 2 FZ(1.0 mL) i \ 2| 72 3% A A
25 mL Schlenk & # . #&H¥ RN E T 60 °C #i#f 12 /Mot RN TAZ )G, FAEfa %
ERAEKE N . —AFRER =K, TARBRATIE, BEREEEEETSBRAEFZ
1A #7 3-11(19.3 mg, 47% yield, 99% ee ). *f B4R L % g1 & HPLC Il % .

7 25 mL [Bl JE B R 5 R K i A\ i Ak A4 3-10(27.5 mg, 0.1 mmol), 7K # & £(20.0 mg,
1.5 equiv), AT EE(3.0 mL)f1/K(240 pl). K& /£ KRR A4 F 78 An I K 6B BR 46 VA TR
(0.1 M K% &, 100 uL, 0.01 mmol)F L-2E & F C 447 # (0.1 M K7 ¥, 200 uL, 0.02 mmol).
KRR ET 45°C LR S /Nt AHEIZiRE, FAEMHNEKERELAERTAR, 2
ERZAFRER=ZK, TARRMNTE, BREAEEEEENM 2 BRAGFELEY 3-
12(15 mg, 94% yield, 98% ee). *fBE{R b & dy ¢ HPLC | & ,
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3.8.6 FHEBR B LA

o D
s

Cp*Co(CO)l5 (5 mol %)

o CCA (20 mol %) H SN
)N‘\’ »=0 —AgOTf(20mol%) , . N 1
pn” O CHCl3:t-AmylOH (1:1,0.1 M) " Y

é 0°C,12h o Fe
3-17,0.1 mmol 3-18, 1.5 equiv 3-19

3-9a, R = H, 89%, 70.5:29.5 er
3-9b, R = OMe, 96%, 72.6:27.4 er
(75%, 78.8:21.2 er)?

3-9¢, R = Me, 93%, 71.2:28.8 er
'styrene‘type CCA

axial chirality

(0, L0, O coss>
Ssliessies

313 3-14 3-15
95%, 50:50 er 93%, 50:50 er  89%, 51.2:48.8 er

binaphthyl CCA
axial chirality

BzHN OH

OH
3-16

95%, 72.5:27.5 er?

MPAA-type CCA
point chirality

RARET, & 25 mL BEREM PRI MWN Z K&K 3-17(30.0 mg, 0.1 mmol),
[Cp*Co(CO)I2] (3.5 mg, S5mol %), =& FHEL 4R (5.2mg, 20mol %), Bt I 3-18(25.0
mg, 0.15 mmol), FEE 3-9(20 mol %)F1 % 57| CHCls/t-AmylOH(1:1, 0.1 M), ¥ KN & &
F0°C REL 24 /Met, G FHBERMBEH. WEREGELEEN 4B REHFEB

Bk =4 3-19,
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3.9 MR

3.9.1 R MR

(£)2-(1-(2-isopropylphenyl)-2-methylprop-1-en-1-yl)pyridine(3-1a)
Pr 7% A, 'H NMR (400 MHz, Chloroform-d) § 8.58 (ddd, J = 4.8, 1.8, 1.0 Hz,
¥ 1H), 7.51 (td, J=17.7, 1.9 Hz, 1H), 7.27 (d, J = 3.6 Hz, 2H), 7.18 (dd, /= 5.0, 3.7
NN Hz, 1H), 7.03 (ddd, J=7.8, 5.7, 1.1 Hz, 2H), 3.11 (hept, /= 6.9 Hz, 1H), 1.99 (s,
U 3H), 1.67 (s, 3H), 1.16 (d, J = 6.9 Hz, 3H), 0.76 (d, J = 6.8 Hz, 3H). >*C NMR
(101 MHz, Chloroform-d) & 160.92, 148.74, 147.58, 136.04, 135.75, 135.49, 127.52, 125.91,
125.49, 124.71, 120.75, 30.07, 24.19, 23.83, 23.41, 21.73. HRMS (ESI-TOF) caled for CisHoN"
([M+H]"): 253.1747, found: 253.1748.

(£)2-(2-methyl-1-(o-tolyl)prop-1-en-1-yl)pyridine(3-1b)
Me 77 7% A, 'HNMR (400 MHz, Chloroform-d) § 8.60 (d, J= 5.0 Hz, 1H), 7.55 (td,

. J=17.7,19 Hz, 1H), 7.25 - 7.13 (m, 4H), 7.10 — 7.00 (m, 2H), 2.17 (s, 3H), 1.97

o~y (8, 3H), 1.66 (s, 3H). 3C NMR (101 MHz, Chloroform-d) & 160.30, 148.57,

~ 141.70, 136.75, 136.16, 135.69, 135.46, 130.44, 130.16, 127.03, 125.77, 124.68,
120.95, 22.86, 21.70, 19.96. HRMS (ESI-TOF) calcd for C16HisN* ([M+H]"): 224.1434, found:

224.1433.

(¥)2-(1-(2-ethylphenyl)-2-methylprop-1-en-1-yl)pyridine(3-1c¢):
Et 77 % A. 'HNMR (400 MHz, Chloroform-d) & 8.59 (dd, J=5.6, 1.8 Hz, 1H), 7.51
% (td, /=7.7,1.9 Hz, 1H), 7.25 - 7.16 (m, 4H), 7.04 (ddd, J="7.7, 3.9, 1.4 Hz, 2H),
o~y 250 (qq,J=14.7,7.5 Hz, 2H), 1.98 (s, 3H), 1.66 (s, 3H), 0.99 (t, J= 7.6 Hz, 3H).
N 3C NMR (101 MHz, Chloroform-d) § 160.70, 148.79, 142.70, 135.76, 135.48,
130.83, 128.46, 127.27, 125.67, 124.68, 120.80, 26.01, 23.25, 21.73, 14.86. HRMS (ESI-TOF)
calcd for Ci7H2oN* ([M+H]"): 238.1590, found: 238.1591.

(£)2-(1-(2-chlorophenyl)-2-methylprop-1-en-1-yl)pyridine(3-1d):
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cl 7 % A. 'HNMR (400 MHz. Chloroform-d) & 8.58 (dd, J=5.1, 1.8 Hz, 1H), 7.57

N (td, J=17.7, 1.9 Hz, 1H), 7.38 (dd, J= 7.8, 1.5 Hz, 1H), 7.33 (dd, J= 7.4, 1.9 Hz,

A~y 1H),7.24-7.11 (m, 3H), 7.10— 7.01 (m, 1H), 1.95 (s, 3H), 1.69 (s, 3H). *C NMR

~ (101 MHz, Chloroform-d) 5 159.83, 149.05, 140.91, 136.92, 135.88, 134.03,
133.87, 133.15, 129.62, 128.31, 126.81, 124.91, 121.16, 22.78, 21.69. HRMS (ESI-TOF) calcd

for C1sH;sCIN* ([M+H]"): 244.0888, found: 244.0886.

(£) 2-(2-ethyl-1-(o-tolyl)but-1-en-1-yl)pyridine(3-1e):

7 % B. 'H NMR (400 MHz, Chloroform-d) § 8.62 — 8.55 (m, 1H), 7.53 (td,
| J=17.7,1.8 Hz, 1H), 7.26 — 7.22 (m, 1H), 7.20 — 7.14 (m, 3H), 7.11 — 7.06 (m,
| 1H), 7.04 (ddd, J=7.2,4.9, 1.2 Hz, 1H), 2.35 (q, /= 7.5 Hz, 2H), 2.22 (s, 3H),
2.00 (ddt, J=31.5, 13.5, 6.8 Hz, 2H), 1.03 (t, /= 7.5 Hz, 3H), 0.95 (t, J=17.5
Hz, 3H). *C NMR (101 MHz, Chloroform-d) § 160.69, 149.09, 145.44, 141.75, 136.51, 135.80,
135.39,130.36, 130.10, 126.91, 125.69, 124.36, 120.89, 25.32, 23.89, 20.03, 13.35, 13.73. HRMS

(ESI-TOF) calcd for CisHz N* ([M+H]"): 253.1747, found: 253.1745.

(¥) 2-(2-propyl-1-(o-tolyl)pent-1-en-1-yl)pyridine(3-1f):
7 % B. 'HNMR (400 MHz, Chloroform-d) & 8.63 — 8.53 (m, 1H), 7.52 (td,
J=17.7,1.8 Hz, 1H), 7.24 — 7.18 (m, 1H), 7.18 — 7.12 (m, 3H), 7.05 (dd, 2H),
7N 230 (t 2H), 2.22 (s, 3H), 2.06 — 1.96 (m, 1H), 195~ 1.84 (m, 1H), 1.50 - 1.38
N& (m, 4H),0.83 (t, J=7.3 Hz, 3H), 0.78 (t, J = 7.3 Hz, 3H).3C NMR (101 MHz,
Chloroform-d) § 160.93, 149.08, 142.54, 141.92, 136.65, 136.51, 135.75, 130.50, 130.08, 126.86,
125.64, 124.55, 120.85, 34.70, 33.09, 21.82, 21.29, 20.15, 14.51, 14.34. HRMS (ESI-TOF) calcd
for C20HasN™ ([M+H]"): 280.2060, found: 280.2061.

(¥)2-(cyclohexylidene(2-isopropylphenyl)methyl)pyridine(3-1g):

iPr 7 % B. 'HNMR (400 MHz, Chloroform-d) & 8.57 (dd, J = 4.9, 1.8 Hz, 1H),
_ 7.52 (td, J = 7.7, 1.9 Hz, 1H), 7.25 (d, J = 3.5 Hz, 3H), 7.21 — 7.15 (m, 1H),
P 7.07 (d, J = 7.9 Hz, 1H), 7.03 (dd, J = 7.5, 5.0 Hz, 1H), 3.16 (p, J = 6.9 Hz,
P 1H), 2.58 — 2.30 (m, 2H), 2.17 — 1.94 (m, 2H), 1.57 (dddd, J = 17.6, 13.7, 8.8,

4.8 Hz, 6H), 1.15 (d, J = 6.9 Hz, 3H), 0.76 (d, J= 6.9 Hz, 3H). *C NMR (101 MHz, Chloroform-
d) & 148.92, 147.58, 143.84, 140.28, 135.71, 130.68, 127.45, 125.79, 125.52, 124.92, 120.74,
33.13, 31.54, 30.05, 28.55, 28.37, 26.80, 24.26, 23.75. HRMS (ESI-TOF) calcd for Ca1HasN*
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(IM+HT"): 292.2060, found: 292.2059.

(¥)2-(cyclopentylidene(2-isopropylphenyl)methyl)pyridine(3-1h):
77 7% B. 'HNMR (400 MHz, Chloroform-d) & 8.60 (ddd, J = 4.8, 3.0, 1.0 Hz,

Pr 1H), 7.46 (td, J = 7.7, 1.9 Hz, 1H), 7.36 — 7.27 (m, 2H), 7.24 — 7.16 (m, 2H),
N 7.01(ddd, J=7.6,4.8, 1.1 Hz, 1H), 6.88 (dt, J= 8.0, 1.1 Hz, 1H), 2.98 (p, J =
Y Hz, 2H), 2.79 — 2.61 (m, 1H), 2.34 — 2.20 (m, 1H), 2.10 — 1.96 (m, 1H),

1.92 — 1.76 (m, 1H), 1.74 — 1.60 (m, 3H), 1.15 (d, J = 6.9 Hz, 3H), 0.82 (d, J = 6.9 Hz, 3H). 3C
NMR (101 MHz, Chloroform-d) 5 160.48, 149.38, 148.65, 147.23, 140.81, 135.62, 131.80,
130.57, 127.50, 126.02, 125.96, 123.31, 120.41, 34.74, 33.26, 30.05, 27.52, 26.09, 24.34. HRMS

(ESI-TOF) calcd for C20H24N* ([M+H]"): 278.1903, found: 278.1903.

(¥)2-(cyclobutylidene(2-isopropylphenyl)methyl)pyridine(3-1i):

7 % B. 'HNMR (400 MHz, Chloroform-d) § 8.57 (d, 1H), 7.47 (td, J = 7.8,

1.9 Hz, 1H), 7.37 — 7.27 (m, 2H), 7.21 (td, J= 7.2, 1.7 Hz, 1H), 7.15 (dd, J =
| 7.6, 1.5 Hz, 1H), 7.00 (ddd, J=7.6, 4.8, 1.1 Hz, 1H), 6.81 (d, /= 8.0 Hz, 1H),

3.33(td,J=7.8,3.6 Hz, 2H), 2.92 (p, /= 6.8 Hz, 1H), 2.60 (td, J=7.9, 3.5 Hz,
2H), 2.07 (p, J = 7.8 Hz, 2H), 1.05 (d, J = 6.8 Hz, 6H). 1*C NMR (101 MHz, Chloroform-d) &
159.05, 149.05, 148.34, 147.80, 137.38, 135.84, 132.04, 130.76, 127.71, 125.91, 125.82, 121.90,
120.38,34.09,32.17,30.21,24.22, 17.84, 17.84. HRMS (ESI-TOF) calcd for C19H2oN" ([M+H]"):
264.1747, found: 264.1747.

(¥)2-(cyclopropylidene(2-isopropylphenyl)methyl)pyridine(3-1j):
77 7% B. 'H NMR (400 MHz, Chloroform-d) § 8.62 (d, J = 4.6 Hz, 1H), 7.49

Pr
N (tt,J=7.8, 1.6 Hz, 1H), 7.42 - 7.33 (m, 2H), 7.28 — 7.21 (m, 1H), 7.11 (t, 3H),
N~ 6.73(dd, J=7.9, 1.2 Hz, 1H), 3.60 (td, J = 7.1, 1.3 Hz, 2H), 2.88 — 2.76 (m,
1H), 2.55 —2.41 (m, 2H), 1.12 (dd, J= 6.9, 1.3 Hz, 3H), 0.96 (dd, J= 7.0, 1.2 Hz, 3H). 1*C NMR
(101 MHz, Chloroform-d) & 157.42, 149.40, 147.62, 142.48, 136.51, 136.25, 130.24, 128.68,
128.41, 126.15, 126.10, 122.14, 121.86, 43.81, 33.38, 30.22, 24.56, 23.77.
HRMS (ESI-TOF) calcd for CisH2oN" ([M+H]"): 250.159, found: 250.1588.

(£)2-(1-(2-isopropylphenyl)-2-methylprop-1-en-1-yl)-4-methylpyridine(3-1k):
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Pr 77 7% B. 'HNMR (400 MHz, Chloroform-d) & 8.42 (d, J= 5.0 Hz, 1H), 7.25 (s,

N 2H), 7.23 — 7.14 (m, 2H), 6.88 — 6.79 (m, 2H), 3.13 (hept, J = 6.9 Hz, 1H), 2.21

(s, 3H), 1.94 (s, 3H), 1.64 (s, 3H), 1.15 (d, J = 6.9 Hz, 3H), 0.77 (d, J = 6.8 Hz,

«J  3H). 3C NMR (101 MHz, Chloroform-d) & 160.71, 148.49, 147.60, 146.66,

140.68, 136.09, 135.17, 130.66, 127.43, 125.86, 125.56, 125.37, 121.87, 30.02,

24.15, 23.88, 23.27, 21.71, 21.14. HRMS (ESI-TOF) calcd for C19HasN" ([M+H]"): 266.1903,
found: 266.1903.

(¥)2-(1-(2-isopropylphenyl)-2-methylprop-1-en-1-yl)-4-methoxypyridine (3-11):
Pr 7 % B. 'HNMR (400 MHz, Chloroform-d) § 8.41 (d, J= 5.7 Hz, 1H), 7.25 (d,
__ J=5.5Hz 2H), 7.22 - 7.14 (m, 2H), 6.59 (dd, J= 5.7, 3.5 Hz, 1H), 6.56 (d, J =
o~y 3-5Hz 1H), 3.73 (s, 3H), 3.15 (hept, /= 6.9 Hz, 1H), 1.96 (s, 3H), 1.65 (s, 3H),
P 1.16 (d, J = 6.9 Hz, 3H), 0.83 (d, J = 6.8 Hz, 3H). *C NMR (101 MHz,
Chloroform-d) & 165.49, 149.96, 147.45, 140.47, 135.90, 135.29, 130.50, 127.43,
125.82,125.58, 110.72, 106.94, 54.99, 30.01, 24.13, 23.96, 23.25, 21.71. HRMS (ESI-TOF) calcd

for C1oH24NO" ([M+H]"): 282.1852, found: 282.1853.

MeO

(¥)4-chloro-2-(1-(2-isopropylphenyl)-2-methylprop-1-en-1-yl)pyridine (3-1m):
Pr 7 % B. 'HNMR (400 MHz, Chloroform-d) & 8.48 (d, J= 5.4 Hz, 1H), 7.29 (dd,
% J=3.8,1.7Hz, 2H), 7.23 — 7.16 (m, 2H), 7.07 (dd, J = 5.3, 3.0 Hz, 1H), 7.04 (d,
J=1.9 Hz, 1H), 3.06 (hept, J= 6.9 Hz, 1H), 1.98 (s, 3H), 1.67 (s, 3H), 1.16 (d, J
) = 6.9 Hz, 3H), 0.81 (d, J = 6.8 Hz, 3H). '3C NMR (101 MHz, Chloroform-d) §
162.39, 149.60, 147.56, 143.70, 139.85, 137.03, 130.67, 127.83, 126.05, 125.82,
124.82, 121.18, 30.13, 24.19, 23.88, 23.52, 21.81. HRMS (ESI-TOF) calcd for CigH21CIN™

([M+H]"): 286.1357, found: 286.1361.

(¥)2-(1-(2-isopropylphenyl)-2-methylprop-1-en-1-yl)-5-(trifluoromethyl)pyridine (3-1n):
Pr 77 7% Bo 'HNMR (400 MHz, Chloroform-d) & 8.88 —8.81 (m, 1H), 7.74 (dd, J =
yZ 8.3, 3.3 Hz, 1H), 7.33 — 7.27 (m, 2H), 7.23 — 7.17 (m, 2H), 7.14 (d, J = 8.3 Hz,
NN 1H), 2.03 (hept, J = 6.9 Hz, 1H), 3.03 (s, 3H), 1.70 (s, 3H), 1.16 (d, J = 6.9 Hz,
L 3H), 0.81 (d, J = 6.9 Hz, 3H). 3*C NMR (101 MHz, Chloroform-d) & 164.36 (q,
CF, Jcr =2.02 Hz), 147.61, 145.66 (q, Jcr = 4.04 Hz), 139.80, 138.06, 135.09, 132.85
(9, Jer = 3.03 Hz), 130.73, 127.95, 126.12, 125.86, 124.23, 123.91 (q, Jcr = 274.72 Hz), 123.45
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(q, Jcr = 33.33 Hz), 30.17, 24.22, 23.84, 23.76, 21.89. ’F NMR (376 MHz, Chloroform-d) § -
63.23. HRMS (ESI-TOF) calcd for Ci19H21F3N™ (IM+H]"): 320.1621, found: 320.1619.

(¥)5-fluoro-2-(1-(2-isopropylphenyl)-2-methylprop-1-en-1-yl)pyridine (3-10):
Pr 77 7% B. 'HNMR (400 MHz, Chloroform-d) § 8.43 (d, J=2.9 Hz, 1H), 7.27 (d,
% J=2.6Hz, 1H), 7.25 (dd, J=4.6,2.7 Hz, 1H), 7.21 (dd, J=8.5, 3.0 Hz, 1H), 7.21
—7.15 (m, 2H), 7.01 (dd, J=8.7, 4.5 Hz, 1H), 3.04 (hept, /= 6.9 Hz, 1H), 1.96 (s,

Z "N
S ! 3H), 1.66 (s, 3H), 1.14 (d, J = 6.9 Hz, 3H), 0.77 (d, J = 6.8 Hz, 3H). *C NMR
F (101 MHz, Chloroform-d) ¢ 157.49 (d, Jcr = 256.54 Hz), 157.08 (d, Jcr = 4.04

Hz), 147.51, 140.42, 136.69 (d, Jcr = 22.22 Hz), 135.81, 135.02, 130.61, 127.66, 126.00, 125.71,
125.50 (d, Jcr=3.03 Hz), 122.62 (d, Jcr = 18.18 Hz), 30.08, 24.18, 23.85, 23.43, 21.71. ’F NMR
(376 MHz, Chloroform-d) 6 -130.93. HRMS (ESI-TOF) calcd for Ci1sHa FN* ([M+H]"): 270.1653,
found: 270.1655.

(¥) 5-chloro-2-(1-(2-isopropylphenyl)-2-methylprop-1-en-1-yl)pyridine (3-1p):
iPr 77 7% B. 'HNMR (400 MHz, Chloroform-d) § 8.54 (d,J=2.5 Hz, 1H), 7.48 (dd,

I J=85,2.6Hz, 1H), 7.32 — 7.26 (m, 2H), 7.18 (dd, J = 4.1, 2.9 Hz, 2H), 6.96 (d,
J= 8.5 Hz, 1H), 3.04 (hept, J= 6.9 Hz, 1H), 1.99 (s, 3H), 1.67 (s, 3H), 1.15 (d, J

Z>N
U = 6.9 Hz, 3H), 0.80 (d, J = 6.9 Hz, 3H). '3C NMR (101 MHz, Chloroform-d) &
Cl 158.94, 147.51, 147.46, 140.14, 136.52, 135.51, 134.88, 130.63, 128.98, 127.72,

126.00, 125.72, 125.41, 30.08, 24.18, 23.84, 23.56, 21.77. HRMS (ESI-TOF) calcd for
CisH21CIN™ ([M+H]"): 286.1357, found: 286.1357.

(£)2-(1-(2-isopropylphenyl)-2-methylprop-1-en-1-yl)-5-(3,4,5-trifluorophenyl)pyridine (3-

7 7% B. 'HNMR (400 MHz, Chloroform-d) & 8.74 (d,J=2.4 Hz, 1H), 7.63 (dd,
J=8.3,2.5 Hz, 1H), 7.30 (d, J= 3.4 Hz, 2H), 7.21 (d, J = 3.1 Hz, 2H), 7.17 (dd,
J=28.2, 6.4 Hz, 2H), 7.10 (d, J = 8.2 Hz, 1H), 3.08 (hept, J = 6.9 Hz, 1H), 2.05
(s, 3H), 1.70 (s, 3H), 1.17 (d, J= 6.8 Hz, 3H), 0.82 (d, /= 6.8 Hz, 3H). *C NMR
(101 MHz, Chloroform-d) § 160.89, 151.75 (ddd, Jcr = 251.49, 10.10, 4.04 Hz),
147.57, 146.71, 140.28, 139.71 (dt, Jcr = 254.02, 5.05 Hz), 136.72, 135.35,
134.18 (m), 133.84, 130.72, 130.57 (m), 127.74, 126.01, 125.76, 124.69, 111.10
(dd, Jor = 16.16, 6.06 Hz), 30.14, 24.21, 23.91, 23.65, 21.89. ’F NMR (376 MHz, Chloroform-
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d) 5 -133.35 (d, J= 20.7 Hz), -161.50 (t, J = 20.7 Hz). HRMS (ESI-TOF) calcd for CasHa3F3N*
(IM+H]"): 382.1777, found: 382.1779.

(*)5-(3,5-bis(trifluoromethyl)phenyl)-2-(1-(2-isopropylphenyl)-2-methylprop-1-en-1-
yDpyridine (3-1r):

77 % B. 'H NMR (400 MHz, Chloroform-d) & 8.95 — 8.73 (m, 1H), 7.99 (s,
2H), 7.88 (s, 1H), 7.76 (dt, J= 8.4, 1.8 Hz, 1H), 7.31 (q, /= 1.8 Hz, 2H), 7.23
(d, /=3.0 Hz, 2H), 7.16 (d, /= 8.2 Hz, 1H), 3.10 (hept, J = 6.8 Hz, 1H), 2.07
(s, 3H), 1.72 (s, 3H), 1.18 (d, J = 6.8 Hz, 3H), 0.84 (d, J = 6.8 Hz, 3H). 1*)C
NMR (101 MHz, Chloroform-d) & 161.37, 147.56, 147.02, 140.23, 140.1,
137.04, 135.25, 134.28, 132.54 (q, Jcr = 33.33 Hz), 130.74, 130.65, 127.78,
127.14 (q, Jcr =2.02 Hz), 126.03, 125.79, 124.87, 123.33 (q, Jcr=273.71 Hz),
121.59 (m), 30.16, 24.24, 23.95, 23.72, 21.93. 'F NMR (376 MHz, Chloroform-d) § -63.90.
HRMS (ESI-TOF) caled for CogHo4FsN™ ([M+H]"): 464.1807, found: 464.1809.

CF3

(£)2-(2-methyl-1-(naphthalen-1-yl)prop-1-en-1-yl)pyridine (3-1s):
‘ 7 % A. '"HNMR (400 MHz, Chloroform-d) & 8.61 (ddd, J = 4.9, 1.9, 1.0 Hz,
O 1H), 8.04 (m, 1H), 7.89 — 7.81 (m, 1H), 7.77 (dt, /= 8.1, 1.1 Hz, 1H), 7.50 — 7.39
= (m, 5H), 7.08 (dt, J= 8.0, 1.1 Hz, 1H), 7.03 (ddd, J= 7.5, 4.9, 1.2 Hz, 1H), 2.08
= IN (s, 3H), 1.62 (s, 3H). 3C NMR (101 MHz, Chloroform-d) & 160.95, 148.90,
X 140.12, 137.01, 135.93, 134.43, 133.97, 132.23, 128.37, 127.62, 127.28, 126.35,
126.14, 125.72, 124.33, 121.00, 23.21, 21.91. HRMS (ESI-TOF) calcd for C1oHisN™ ([M+H]"):

260.1434, found: 260.1434.

(£)2-(1-(1,2-dihydroacenaphthylen-5-yl)-2-methylprop-1-en-1-yl)pyridine (3-1t):

77 % A. 'HNMR (400 MHz, Chloroform-d) & 8.59 (ddd, J= 5.0, 1.9, 0.9 Hz,
1H), 7.59 (d,J=8.2 Hz, 1H), 7.45 (td, J="7.7, 1.9 Hz, 1H), 7.42 —7.35 (m, 1H),
7.33(d,J=7.0Hz, 1H), 7.26 — 7.21 (m, 2H), 7.07 (dt, J=7.8, 1.1 Hz, 1H), 7.02
(ddd, J=7.5,4.9, 1.2 Hz, 1H), 3.38 (m, 4H), 2.03 (s, 3H), 1.65 (s, 3H). *C NMR
(101 MHz, Chloroform-d) 6 161.46, 148.88, 146.27, 145.09, 139.67, 136.52,
135.90, 135.53, 134.11, 130.64, 129.38, 127.93, 124.48, 121.40, 120.90, 119.23, 119.17, 30.64,
30.20,23.19, 21.96. HRMS (ESI-TOF) calcd for C21H2oN" ([M+H]"): 286.1590, found: 286.1590.
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(£)2-(1-(2-isopropylphenyl)-2-methylprop-1-en-1-yl)quinolone (3-1u):
Pr 77 % B. 'H NMR (400 MHz, Chloroform-d) & 8.12 (d, J= 8.5 Hz, 1H), 7.95 (d,
O __ J=85Hz IH), 7.73 (dd, J = 8.1, 1.4 Hz, 1H), 7.68 (ddd, J = 8.4, 6.9, 1.5 Hz,
1H), 7.48 (ddd, J=8.0, 6.8, 1.1 Hz, 1H), 7.29 (ddd, J=7.1, 5.8, 3.4 Hz, 3H), 7.23
~ M =7.17 (m, 1H), 7.13 (d, J= 8.5 Hz, 1H), 3.26 (hept, J = 6.9 Hz, 1H), 2.09 (s, 3H),
O 1.75 (s, 3H), 1.20 (d, J = 6.8 Hz, 3H), 0.77 (d, J = 6.9 Hz, 3H). 3C NMR (101
MHz, Chloroform-d) § 148.02, 147.80, 140.10, 136.88, 136.46, 135.51, 130.94, 129.45, 129.31,
127.67, 127.46, 126.38, 126.07, 125.67, 122.85, 30.09, 24.29, 24.14, 23.65, 21.93. HRMS (ESI-

TOF) caled for C22HasN™ ([M+H]Y): 302.1903, found: 302.1905.

3.9.2 YR

(E)-butyl 3-(3-isopropyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)phenyl)acrylate (3-3aa):

| N ZH &% TLC 4B FERECRKCABE/LR B =80/1 R
NN 51)(32.3 mg, 85%). F % HPLC 4% % f: a Daicel Chiralpak AD-H, n-
BuO,C._~ Pr

hexane/2-propanol = 97/3, v = 0.5 mL -min’!, A = 254 nm, t (major) = 7.3
min, t (minor) = 8.6 min, 95% ee; [a]p*’ = -259.6 (c = 1.02, CHCls). 'H
NMR (400 MHz, Chloroform-d) 6 8.60 (dd, J=5.0, 1.8 Hz, 1H), 7.96 (d, /= 16.0 Hz, 1H), 7.56
(dd,J=5.7,3.4 Hz, 1H), 7.51 (td,J=7.7, 1.9 Hz, 1H), 7.34 — 7.29 (m, 2H), 7.06 (dd, J=7.4, 5.0
Hz, 1H), 6.89 (d, /= 7.9 Hz, 1H), 6.42 (d, J=16.0 Hz, 1H), 4.24 — 4.07 (m, 2H), 3.15 (hept, J =
6.9 Hz, 1H), 2.13 (s, 3H), 1.71 — 1.59 (m, 2H), 1.55 (s, 3H), 1.40 (h, J=7.4 Hz, 2H), 1.12 (d, J =
6.9 Hz, 3H), 0.92 (t,J = 7.4 Hz, 3H), 0.67 (d, J = 6.8 Hz, 3H). >*C NMR (101 MHz, Chloroform-
d) 6 167.38, 159.49, 148.72, 148.43, 144.61, 141.19, 136.25, 133.65, 131.89, 128.09, 127.93,
124.64, 123.70, 121.02, 119.17, 64.34, 30.85, 30.26, 24.26, 23.53, 21.70, 19.33, 13.85.

HRMS (ESI-TOF) calcd for C2sH3NO," ([M+H]"): 378.2428, found: 378.2427.

(E)-butyl 3-(3-methyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)phenyl)acrylate (3-3ba):

| N ZH &% TLC 2B EE&E 6 RARCEmE/LRKZE =80/1 X EF
N 71)(16.4 mg, 47%). F M HPLC 4 & 4 1F: aDaicel Chiralpak AD-H, n-
BuO,C._~ Me

hexane/2-propanol = 97/3, v = 0.5 mL -min-1, A = 254 nm, t (major) = 8.3
min, t (minor) = 9.1 min, 92% ee; [a]p?® = -239.6 (c = 1.01, CHCl;). 'H
NMR (400 MHz, Chloroform-d) ¢ 8.58 (dd, J=4.9, 1.7 Hz, 1H), 7.95 (d, J= 15.9 Hz, 1H), 7.52
(ddd, J=13.2, 6.8, 2.8 Hz, 2H), 7.21 (q, J = 3.4, 2.5 Hz, 2H), 7.10 — 7.02 (m, 1H), 6.97 (dd, J =
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8.0, 1.1 Hz, 1H), 6.39 (d, J = 15.9 Hz, 1H), 4.16 (tt, J = 6.6, 3.2 Hz, 2H), 2.14 (s, 3H), 2.09 (s,
3H), 1.72 - 1.59 (m, 2H), 1.53 (s, 3H), 1.40 (h, J= 7.4 Hz, 2H), 0.93 (t, /= 7.3 Hz, 3H). 3C NMR
(101 MHz. Chloroform-d) § 167.40, 159.26, 148.89, 144.33, 142.85, 138.04, 137.78, 135.89,
133.67, 132.57, 132.05, 127.35, 124.45, 123.65, 120.96, 118.92, 64.32, 30.85,23.03, 21.67, 20.34,
19.33, 13.88. HRMS (ESI-TOF) calcd for C23HasNO," ([M+H]): 350.2115, found: 350.2116.

(E)-butyl 3-(3-ethyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)phenyl)acrylate (3-3ca):

| N ZH %% TLC 2815 5|3 & € BMR(CA B/ L8R 8 =80/1 47 B FT#)
NN (207 mg, 57%). F# HPLC 4% %: a Daicel Chiralpak AD-H, n-
BuO,C._~ Et

hexane/2-propanol = 97/3, v = 0.5 mL -min-1, A = 254 nm, t (major) = 7.6
min, t (minor) = 8.7 min, 91% ee; [a]p?® = -296.3 (¢ = 1.01, CHCl;). 'H
NMR (400 MHz, Chloroform-d) ¢ 8.56 (dd, J= 5.0, 1.7 Hz, 1H), 7.92 (d, J = 15.9 Hz, 1H), 7.64
—7.39 (m, 2H), 7.25 - 7.18 (m, 2H), 7.02 (dd, J= 7.5, 4.9 Hz, 1H), 6.89 (d, /= 7.9 Hz, 1H), 6.38
(d,J=16.0 Hz, 1H), 4.24 —3.95 (m, 2H), 2.45 (ddt, J = 32.8, 14.6, 7.3 Hz, 2H), 2.08 (s, 3H), 1.67
— 1.55 (m, 2H), 1.49 (s, 3H), 1.37 (h, J = 7.4 Hz, 2H), 0.89 (t, J = 7.4 Hz, 6H). 3C NMR (101
MHz, Chloroform-d) 6 167.39, 159.37, 148.60, 144.46, 143.79, 143.05, 138.59, 136.11, 133.79,
132.00, 130.49, 127.68, 124.52, 123.65, 121.02, 119.08, 64.33, 30.84, 26.25, 23.43, 21.70, 19.32,
14.73, 13.86. HRMS (ESI-TOF) calcd for C24H30NO," ([M+H]"): 364.2271, found: 364.2274.

(E)-butyl 3-(3-chloro-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)phenyl)acrylate (3-3da):

| N G &% TLC 4 EFRlRE e BR(CE mlBt/ LR L8 = 80/1 A &JT
NN F)(15.9 mg, 43%). F I HPLC 4% 4 ##: a Daicel Chiralpak AD-H, n-
BuO,C._~ Cl

hexane/2-propanol = 97/3, v= 0.5 mL-min-1, A =254 nm, t (major) = 13.0
min, t (minor) =13.6 min, 95% ee; [o]p*® = -185.8 (¢ = 1.00, CHCl5). 'H
NMR (400 MHz, Chloroform-d) 6 8.62 —8.50 (m, 1H), 7.95 (d, /= 16.0 Hz, 1H), 7.64 — 7.50 (m,
2H), 7.41 (d, J =79 Hz, 1H), 7.23 (m,, 1H), 7.13 (d, J= 7.9 Hz, 1H), 7.05 (dd, J=17.5, 4.9 Hz,
1H), 6.37 (d, J = 16.0 Hz, 1H), 4.17 (t, J = 6.5 Hz, 2H), 2.09 (s, 3H), 1.68 (d, J = 6.9 Hz, 1H),
1.62 (d,J=7.0 Hz, 1H), 1.57 (s, 3H), 1.41 (h, J= 7.4 Hz, 2H), 0.93 (t,J = 7.4 Hz, 3H). 3C NMR
(101 MHz, Chloroform-d) & 166.98, 158.40, 148.95, 143.36, 141.49, 139.43, 136.34, 135.86,
135.34,131.00, 128.47, 126.96, 124.88, 124.65, 121.19, 120.31, 64.50, 30.83, 23.06, 21.81, 19.31,
13.88. HRMS (ESI-TOF) calcd for C22HasCINO> ™ ([M+H]Y): 370.1568, found: 370.1568.

(E)-butyl 3-(2-(2-ethyl-1-(pyridin-2-yl)but-1-en-1-yl)-3-methylphenyl)acrylate (3-3ea)
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X Et ZH &% TLC B EE L ERAECH Mt/ 8 L8 = 80/1 X &EF

N Et 71)(38.0 mg, 99%). F 14 HPLC 4 & 4 1F: a Daicel Chiralpak OD-H,
BUOZC = Me

\
\

n-hexane/2-propanol = 97/3, v = 0.6 mL -min-1, A = 254 nm, t (major) =
17.5 min, t (minor) = 16.8 min, 92% ee; [a]p?’ =-196.9 (c = 1.09, CHCl5).
"H NMR (400 MHz, Chloroform-d) § 8.57 (dd, J = 4.7, 1.8 Hz, 1H), 8.10 (d, J = 16.0 Hz, 1H),
7.53 (dtd, J=15.2,7.6, 3.0 Hz, 2H), 7.20 (q, J = 3.4, 2.6 Hz, 2H), 7.03 (ddd, /= 7.5, 4.9, 1.1 Hz,
1H), 7.00 — 6.94 (m, 1H), 6.38 (d, J=16.1 Hz, 1H), 4.17 (tt, J= 6.6, 3.4 Hz, 2H), 2.80 — 2.64 (m,
1H), 2.47 — 2.32 (m, 1H), 2.20 (s, 3H), 1.89 (q, J = 7.7 Hz, 2H), 1.65 (dq, J = 8.5, 6.7 Hz, 2H),
1.47 — 1.35 (m, 2H), 1.06 (t, J = 7.5 Hz, 3H), 0.92 (q, J = 7.4 Hz, 6H). *C NMR (101 MHz,
Chloroform-d) 6 167.35, 159.52, 149.06, 147.83, 144.57, 142.83, 138.01, 135.84, 133.50, 132.08,
131.74, 127.25, 124.31, 123.57, 121.00, 118.78, 64.34, 30.89, 25.94, 23.73, 20.49, 19.32, 13.86,
13.18, 12.00. HRMS (ESI-TOF) caled for CosH3oNO2" ([M+H]Y): 378.2428, found: 378.2429.

(E)-butyl 3-(3-methyl-2-(2-propyl-1-(pyridin-2-yl)pent-1-en-1-yl)phenyl)acrylate (3-3fa)
D ZH &K TLC 2B RELERE(E mi/ LR LB = 80/1 A &I
N7 > npr 71)(35.2 mg, 87%). F & HPLC 4 & 4 f: a Daicel Chiralpak IC, n-
PO~ Me hexane/2-propanol = 95/5, v=0.8 mL -min-1, A = 254 nm, t (major) = 7.9
min, t (minor) = 7.0 min, 95% ee; [0]p?® = -167.1 (¢ = 1.11, CHCl3). 'H
NMR (400 MHz, Chloroform-d) 6 8.57 (dd, /=4.9, 1.8 Hz, 1H), 8.09 (d, J=16.0 Hz, 1H), 7.58
—7.45 (m, 2H), 7.22 —7.15 (m, 2H), 7.06 — 7.01 (m, 1H), 6.99 (d, J=7.9 Hz, 1H), 6.37 (d, J =
16.0 Hz, 1H), 4.17 (t, J= 6.7 Hz, 2H), 2.66 (ddd, J=13.3, 10.0, 6.1 Hz, 1H), 2.34 (ddd, J=13.3,
9.9,5.5Hz, 1H), 2.21 (s, 3H), 1.88 — 1.77 (m, 2H), 1.70 — 1.60 (m, 2H), 1.57 — 1.48 (m, 1H), 1.48
—1.29 (m, 5H), 0.93 (t, J = 7.4 Hz, 3H), 0.86 (t, J = 7.3 Hz, 3H), 0.75 (t, J = 7.3 Hz, 3H). 13C
NMR (101 MHz, Chloroform-d) 6 167.33, 159.74, 149.01, 145.30, 144.68, 142.94, 138.01,
135.75, 133.51, 132.87, 132.07, 127.22, 124.47, 123.56, 120.94, 118.76, 64.32, 35.49, 33.28,
30.91, 21.81, 20.76, 20.58, 19.32, 14.67, 14.63, 13.88. HRMS (ESI-TOF) calcd for C27H3sNO>"

([M+H]"): 406.2741, found: 406.2741.

(E)-butyl 3-(2-(cyclohexylidene(pyridin-2-yl)methyl)-3-isopropylphenyl)acrylate (3-3ga):

| N ZH &R TLC 4 B RN E CBKRCAME/ LR LB =80/1 K RIT
NN G411 mg, 99%). F 1 HPLC 4% %4+ a Daicel Chiralpak AD-H,
BuO,C Pr

n-hexane/2-propanol = 99/1, v =0.3 mL -min-1, A = 254 nm, t (major) =

13.1 min, t (minor) = 13.6 min, 90% ee; [a]p?’ =-247.9 (c = 1.00, CHCI5).
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'"H NMR (400 MHz, Chloroform-d) & 8.57 (dd, J = 5.0, 1.7 Hz, 1H), 8.17 (d, J = 16.0 Hz, 1H),
7.57 (dd, J=5.8, 3.3 Hz, 1H), 7.50 (td, J= 7.7, 1.8 Hz, 1H), 7.29 (d, J = 5.8 Hz, 2H), 7.03 (dd, J
=17.4,5.0 Hz, 1H), 6.94 (d, J=7.9 Hz, 1H), 6.41 (d, J=16.0 Hz, 1H), 4.18 (qt, /= 10.9, 6.6 Hz,
2H), 3.22 (p, J = 6.9 Hz, 1H), 2.72 (ddd, J = 13.7, 6.4, 3.6 Hz, 1H), 2.52 (ddd, J = 13.7, 9.5, 4.1
Hz, 1H), 1.91 (tq, J=13.4, 7.2, 5.9 Hz, 2H), 1.77 (ddd, J=15.4, 7.6, 4.3 Hz, 1H), 1.71 — 1.60 (m,
4H), 1.52 (q, J=5.7, 4.6 Hz, 3H), 1.41 (h, J = 7.4 Hz, 2H), 1.12 (d, J = 6.8 Hz, 3H), 0.93 (t, J =
7.4 Hz, 3H), 0.70 (d, J = 6.8 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 167.38, 159.69,
148.95, 148.82, 145.27, 145.17, 141.27, 135.80, 133.55, 129.45, 128.00, 127.72, 124.80, 123.50,
120.87, 118.72, 64.36, 33.38, 31.53, 30.95, 30.28, 28.35, 27.35, 26.76, 24.32, 23.59, 19.35, 13.87.
HRMS (ESI-TOF) caled for C2sH3sNO2™ ([M+H]"): 418.2741, found: 418.2741.

(E)-butyl 3-(2-(cyclopentylidene(pyridin-2-yl)methyl)-3-isopropylphenyl)acrylate (3-3ha)
ZH &R TLC 2 BRI T EMECE ME/ LB LB = 80/1 4RI
71)(35.2 mg, 87%). F 1 HPLC 4 % 4 1: a Daicel Chiralpak AD-H,

n-hexane/2-propanol = 95/5, v =1.0 mL -min-1, A = 254 nm, t (major) =
3.5 min, t (minor) = 3.8 min, 95% ee; [0]p?° = -101.2 (c = 1.06, CHCIl3). 'H NMR (400 MHz,
Chloroform-d) 6 8.60 (ddd, J=4.8, 1.9, 1.0 Hz, 1H), 7.84 (d, /= 16.0 Hz, 1H), 7.59 (dd, J = 7.3,
1.7 Hz, 1H), 7.46 (td, J=17.7, 1.9 Hz, 1H), 7.39 — 7.30 (m, 2H), 7.01 (ddd, J=17.5, 4.8, 1.1 Hz,
1H), 6.76 (dt,J= 8.1, 1.1 Hz, 1H), 6.41 (d, /= 16.0 Hz, 1H), 4.22 — 4.05 (m, 2H), 3.17 — 2.95 (m,
2H),2.91 -2.73 (m, 1H), 1.92 (dt,J=7.5, 4.1 Hz, 2H), 1.89 — 1.81 (m, 1H), 1.70 — 1.57 (m, 5H),
1.43 —1.29 (m, 2H), 1.12 (d, J= 6.8 Hz, 3H), 0.90 (t, J = 7.4 Hz, 3H), 0.76 (d, /= 6.9 Hz, 3H).
3C NMR (101 MHz, Chloroform-d) & 167.31, 159.50, 151.56, 148.81, 148.20, 144.46, 141.45,
135.79, 133.24, 128.27, 128.17, 127.82, 123.83, 122.99, 120.62, 119.10, 64.28, 34.84, 33.41,
30.84, 30.23, 27.42, 25.88, 24.36, 23.79, 19.32, 13.84. HRMS (ESI-TOF) calcd for C27H34NO>"
([M+H]"): 404.2584, found: 404.2584.

(E)-butyl 3-(2-(cyclobutylidene(pyridin-2-yl)methyl)-3-isopropylphenyl)acrylate (3-3ia)

| X ZH &R TLC B EIKECEHKCEME/LR B =80/1 A&
NT NP F51)(16.5 mg, 42%). F £ HPLC %4 # 4 1 : a Daicel Chiralpak AD-
BuO,C Pr ) )
= H, n-hexane/2-propanol =95/5, v=0.7 mL -min-1, A =254 nm, t (major)

= 3.7 min, t (minor) = 4.1 min, 5% ee; [a]p** = -0.9 (c = 1.03, CHCI5).
'H NMR (400 MHz, Chloroform-d) & 8.57 (ddd, J= 4.9, 1.9, 1.0 Hz, 1H), 7.84 (d, J = 15.9 Hz,
1H), 7.57 (dd, J=7.4, 1.6 Hz, 1H), 7.48 (td, J=7.7, 1.9 Hz, 1H), 7.39 (dd, J = 7.8, 1.7 Hz, 1H),
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7.34 (t,J=17.6 Hz, 1H), 7.01 (ddd, J=17.5, 4.8, 1.1 Hz, 1H), 6.76 (dt, J= 8.0, 1.1 Hz, 1H), 6.38
(d, /J=15.9 Hz, 1H), 4.23 — 4.08 (m, 2H), 3.55 — 3.41 (m, 1H), 3.33 — 3.18 (m, 1H), 2.95 (hept, J
=6.9 Hz, 1H), 2.50 — 2.30 (m, 2H), 2.09 — 1.99 (m, 2H), 1.62 (ddt, J= 8.8, 7.9, 6.5 Hz, 2H), 1.42
—1.33 (m, 2H), 1.14 (d, J = 6.8 Hz, 3H), 0.94 — 0.89 (m, 6H). 3C NMR (101 MHz, Chloroform-
d) 6 167.35, 158.23, 150.21, 149.29, 148.75, 144.41, 138.07, 135.99, 133.89, 128.73, 127.99,
127.81, 123.80, 121.66, 120.63, 118.97, 64.29, 34.22, 32.47, 30.85, 30.41, 24.75, 23.63, 19.33,
17.86, 13.86. HRMS (ESI-TOF) caled for Co¢H32NO2" ([M+H]Y): 390.2428, found: 390.2428.

(E)-butyl 3-(3-isopropyl-2-(2-methyl-1-(4-methylpyridin-2-yl)prop-1-en-1-
yD)phenyl)acrylate (3-3ka):
Me 23t 38 JF 77 i DL AgaSOs X5 AgsPOs, £ 4|4 % TLC 4 BRI %KE &
| t P BARCH B/ 8L B8 =80/1 1 T 51)(28.2 mg, 72%). & HPLC 4
N

% %41 : aDaicel Chiralpak AD-H, n-hexane/2-propanol =95/5, v=0.7 mL
“min-1, L =254 nm, t (major) = 5.0 min, t (minor) = 6.0 min, 88% ee; [0.]p>°
=-293.2 (c = 1.00, CHCI3). '"H NMR (400 MHz, Chloroform-d) § 8.44 (d,
J=5.0 Hz, 1H), 7.98 (d, J = 16.0 Hz, 1H), 7.57 (dd, J = 5.6, 3.5 Hz, 1H), 7.35 — 7.28 (m, 2H),
6.92— 6.81 (m, 1H), 6.67 (d,J= 1.6 Hz, 1H), 6.42 (d, = 16.0 Hz, 1H), 4.17 (qt, /= 10.9, 6.6 Hz,
2H), 3.16 (hept, J = 6.9 Hz, 1H), 2.20 (s, 3H), 2.09 (s, 3H), 1.65 (dq, J= 8.3, 6.6 Hz, 2H), 1.52 (s,
3H), 1.46 — 133 (m, 2H), 1.11 (d, J = 6.8 Hz, 3H), 0.93 (t, J = 7.4 Hz, 3H), 0.67 (d, J = 6.8 Hz,
3H). 3C NMR (101 MHz, Chloroform-d) & 167.47, 159.64, 148.73, 148.50, 146.80, 144.83,
141.47, 138.17, 133.65, 132.24, 128.06, 127.78, 125.23, 123.66, 122.03, 119.02, 64.34, 30.88,
30.23, 24.29, 23.55, 23.45, 21.69, 21.22, 19.35, 13.88. HRMS (ESI-TOF) calcd for C26H34NO>"
([M+H]"): 392.2584, found: 392.2584.

(E)-butyl 3-(3-isopropyl-2-(1-(4-methoxypyridin-2-yl)-2-methylprop-1-en-1-
yD)phenyl)acrylate (3-31a):

OMe ZH &R TLC 4 HREKE CME(E mE/ LR LB = 80/1 4RI

B | 7D(3.0me,79%). F i HPLC 43 % a Daicel Chiralpak AD-H, n-

BUO,C 'i ipr hexane/2-propanol = 95/5, v = 0.7 mL -min-1, A = 254 nm, t (major) = 5.6

min, t (minor) = 7.9 min, 88% ee; [o]p? = -298.8 (c = 1.00, CHCl3). 'H
NMR (400 MHz, Chloroform-d) & 8.42 (d, J=5.7 Hz, 1H), 7.97 (d, J=16.0
Hz, 1H), 7.55 (dd, J = 6.8, 3.2 Hz, 1H), 7.36 — 7.27 (m, 2H), 6.59 (dd, J = 5.7, 2.5 Hz, 1H), 6.45
— 6.36 (m, 2H), 4.25 — 4.07 (m, 2H), 3.70 (s, 3H), 3.18 (hept, J= 7.1 Hz, 1H), 2.11 (s, 3H), 1.65
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(dq, J = 8.4, 6.6 Hz, 2H), 1.53 (s, 3H), 1.48 — 1.34 (m, 2H), 1.12 (d, J = 6.9 Hz, 3H), 0.93 (t, J =
7.4 Hz, 3H), 0.74 (d, J = 6.8 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 167.42, 165.59,
161.36, 150.00, 148.68, 144.77, 141.34, 138.27, 133.53, 132.11, 128.08, 127.84, 123.70, 119.05,
110.90, 106.91, 64.35, 55.03, 30.87, 30.27,24.31, 23.67,23.49,21.72, 19.35, 13.88. HRMS (ESI-
TOF) calcd for C26H34NOs™ ([M+H]"): 408.2533, found: 408.2535.

(E)-butyl 3-(2-(1-(4-chloropyridin-2-yl)-2-methylprop-1-en-1-yl)-3-
isopropylphenyl)acrylate (3-3ma):

o ZFH &R TLC 2 B REKE R KA M/ LR LB = 80/1 4 &I

| \/ P 71)(40.6 mg, 99%). F1 HPLC 48 4 #F: aDaicel Chiralpak AD-H, n-

BUO,C ’i - hexane/2-propanol = 97/3, v =0.5 mL -min-1, A = 254 nm, t (major) = 7.5

min, t (minor) = 8.7 min, 93% ee; [a]p?® = -326.7 (c = 0.99, CHCl;). 'H

NMR (400 MHz, Chloroform-d) 6 8.48 (d,/J=5.3 Hz, 1H), 7.90 (d, /J=15.9
Hz, 1H), 7.57 (p, J= 4.0 Hz, 1H), 7.33 (d, J= 4.5 Hz, 2H), 7.07 (dd, J= 5.3, 2.0 Hz, 1H), 6.88 (d,
J=19 Hz, 1H), 6.42 (d, J=15.9 Hz, 1H), 4.17 (qt, J = 10.9, 6.6 Hz, 2H), 3.07 (hept, J = 6.8 Hz,
1H), 2.12 (s, 3H), 1.66 (dq, J = 8.5, 6.7 Hz, 2H), 1.54 (s, 3H), 1.46 — 1.34 (m, 2H), 1.12 (d, J =
6.8 Hz, 3H), 0.93 (t,J= 7.4 Hz, 3H), 0.74 (d, J = 6.8 Hz, 3H). 3*C NMR (101 MHz, Chloroform-
d) 6 167.33, 161.27, 149.63, 148.55, 144.28, 143.82, 140.52, 139.97, 133.71, 131.31, 128.17,
128.14, 124.60, 123.87, 121.32, 119.40, 64.40, 30.86, 30.32, 24.30, 23.69, 23.61, 21.80, 19.35,
13.88. HRMS (ESI-TOF) calcd for C2sH3iCINO>" ([M+H]"): 412.2038, found: 412.2033.

(E)-butyl 3-(3-isopropyl-2-(2-methyl-1-(5-(trifluoromethyl)pyridin-2-yl)prop-1-en-1-
yD)phenyl)acrylate (3-3na):

FsCoN f# F1 18 A 77 % UL AgOAc &R AgsPOs, Z# &% TLC 4 B &2 K #E 6

| N ARG B/ 8 B =80/1 7 B FT7)(37.4 mg, 84%). 1 HPLC 4*

BuO,C.7 Pr B 41 : two Daicel Chiralpak AD-H, n-hexane/2-propanol =97/3,v=0.5

mL -min-1, A =254 nm, t (major) = 11.4 min, t (minor) = 13.3 min, 94% ee;
[0]p?® =-239.9 (¢ = 1.03, CHCI3). "H NMR (400 MHz, Chloroform-d) & 8.84 (d, J=2.3 Hz, 1H),
7.90 (d,J=15.9 Hz, 1H), 7.73 (dd, J = 8.4, 2.3 Hz, 1H), 7.57 (dd, J= 5.5, 3.5 Hz, 1H), 7.34 (d, J
=3.6 Hz, 2H), 7.03 (d, J = 8.3 Hz, 1H), 6.41 (d, J= 15.9 Hz, 1H), 4.16 (tt, J= 11.1, 5.3 Hz, 2H),
3.07 (hept, J = 6.8 Hz, 1H), 2.15 (s, 3H), 1.71 — 1.63 (m, 2H), 1.58 (s, 3H), 1.41 (p, J= 7.5 Hz,
2H), 1.13 (d, J = 6.9 Hz, 3H), 0.93 (t, J = 7.4 Hz, 3H), 0.76 (d, J = 6.8 Hz, 3H). *C NMR (101
MHz, Chloroform-d) § 167.27, 163.19 (q, Jcr = 2.02 Hz), 148.58, 145.76 (q, Jcr = 4.04 Hz),
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144.17, 140.78, 140.46, 133.74, 132.99 (q, Jer = 3.03 Hz), 131.48, 128.26, 128.15, 123.96, 123.89,
123.82 (q, Jer=272.72 Hz), 123.54 (q, Jer = 33.33 Hz), 119.46, 64.41,30.87, 30.38, 24.31, 23.86,
23.66,21.86, 19.34, 13.84. °F NMR (376 MHz, Chloroform-d) & -62.28. HRMS (ESI-TOF) calcd
for Ca6Hs1 FsNO," ([M+H]"): 446.2301, found: 446.2301.

(E)-butyl 3-(2-(1-(5-fluoropyridin-2-yl)-2-methylprop-1-en-1-yl)-3-
isopropylphenyl)acrylate (3-30a):
FoX ZH &% TLC 4 BRI RECEHKCEME/LR LB = 80/1 &
| NN 7#1)(37.5 mg, 95%). 1 HPLC % % : aDaicel Chiralpak AD-H, n-
BuO,C.~ Pr hexane/2-propanol = 97/3, v = 0.5 mL -min-1, A = 254 nm, t (major) = 7.1
min, t (minor) = 8.1 min, 95% ee; [a]p?® = -255.1 (¢ = 1.06, CHCl;). 'H
NMR (400 MHz, Chloroform-d) é 8.44 (d, J=2.9 Hz, 1H), 7.93 (d, /= 15.9 Hz, 1H), 7.56 (dd, J
=6.1,2.9 Hz, 1H), 7.32 (q, J=4.2, 3.3 Hz, 2H), 7.22 (td, J = 8.4, 3.0 Hz, 1H), 6.91 (dd, J = 8.7,
4.4 Hz, 1H), 6.41 (d, J=16.0 Hz, 1H), 4.25 — 4.09 (m, 2H), 3.10 (hept, /= 6.9 Hz, 1H), 2.09 (s,
3H), 1.65 (dq, J = 8.4, 6.7 Hz, 2H), 1.54 (s, 3H), 1.40 (h, /= 7.4 Hz, 2H), 1.12 (d, J = 6.8 Hz,
3H), 0.93 (t, J = 7.4 Hz, 3H), 0.73 (d, J = 6.8 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) &
167.37, 157.47 (d, Jcr = 256.54 Hz), 155.96 (d, Jcr = 4.04 Hz), 148.55, 144.48, 141.12, 138.40,
136.87 (d, Jcr = 23.23 Hz), 133.53, 131.27, 128.11, 127.98, 125.30 (d, Jcr = 4.04 Hz), 123.76,
122.68 (d, Jcr = 18.18 Hz), 119.20, 64.37, 30.86, 30.28, 24.27, 23.64, 23.50, 21.64, 19.34, 13.87.
F NMR (376 MHz, Chloroform-d) § -130.37. HRMS (ESI-TOF) calcd for CasH3FNO>"

(IM+HT"): 396.2333, found: 396.2335.

(E)-butyl 3-(2-(1-(5-chloropyridin-2-yl)-2-methylprop-1-en-1-yl)-3-
isopropylphenyl)acrylate (3-3pa):
Clu GH &% TLC 4B EHRECEKRCEME/LRKR LB =80/1 K&
| N #)(27.5 mg, 67%). F HPLC 48 4 #F: aDaicel Chiralpak AD-H, n-
BuO,C.~ Pr hexane/2-propanol = 97/3, v = 0.5 mL - min-1, A = 254 nm, t (major) = 7.3
min, t (minor) = 9.0 min, 92% ee; [a]p*® = -363.0 (¢ = 1.01, CHCI;3). 'H
NMR (400 MHz, Chloroform-d) 6 8.53 (d, J= 2.5 Hz, 1H), 7.89 (d, /= 15.9 Hz, 1H), 7.55 (dd, J
=6.0, 3.0 Hz, 1H), 7.52 — 7.41 (m, 1H), 7.32 (q, J = 4.0, 3.2 Hz, 2H), 6.84 (d, J = 8.4 Hz, 1H),
6.40 (dd, J=15.9, 0.9 Hz, 1H), 4.24 — 4.03 (m, 2H), 3.07 (hept, J = 6.9 Hz, 1H), 3.11 (s, 3H),
1.71 — 1.59 (m, 2H), 1.54 (s, 3H), 1.40 (h, /= 7.4 Hz, 2H), 1.12 (d, /= 6.8 Hz, 3H), 0.93 (t, J =
7.4 Hz, 3H), 0.75 (d, J = 6.8 Hz, 3H). *C NMR (101 MHz, Chloroform-d) & 167.33, 148.56,
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147.61, 144.34, 140.85, 139.19, 135.62, 133.57, 131.20, 129.14, 128.11, 128.05, 125.16, 123.77,
119.25, 64.38, 30.84, 30.30, 24.29, 23.68, 23.65, 21.72, 19.34, 13.88. HRMS (ESI-TOF) calcd for
C2sH31CINO," ([M+H]"): 412.2038, found: 412.2037.

(E)-butyl 3-(3-isopropyl-2-(2-methyl-1-(5-(3,4,5-trifluorophenyl)pyridin-2-yl)prop-1-en-1-
yDphenyl)acrylate (3-3qa):

2% &% TLC 2B F 2R EEKCh mBt/ L) LB = 80/1 A&
FF70)(50.1 mg, 99%). F 1 HPLC 4% 4 fF: aDaicel Chiralpak AD-
H, n-hexane/2-propanol =97/3, v=0.5 mL - min-1, A =254 nm, t (major)
= 9.2 min, t (minor) = 13.2 min, 95% ee; [a]p®® = -326.5 (c = 1.00,
CHCl3). 'H NMR (400 MHz, Chloroform-d) § 8.75 (d, J = 2.5 Hz, 1H),
7.95(d,J=15.9 Hz, 1H), 7.62 (dd, J= 8.3, 2.5 Hz, 1H), 7.58 (dd, /= 6.1, 2.8 Hz, 1H), 7.34 (q, J
=43,3.4Hz, 2H), 7.16 (dd, /= 8.2, 6.3 Hz, 2H), 6.99 (d, /= 8.2 Hz, 1H), 6.42 (d, /= 15.9 Hz,
1H), 4.17 (q, J= 6.3 Hz, 2H), 3.13 (hept, /= 6.8 Hz, 1H), 2.17 (s, 3H), 1.71 — 1.60 (m, 2H), 1.57
(s, 3H), 1.41 (h, J= 7.4 Hz, 2H), 1.14 (d, J = 6.8 Hz, 3H), 0.93 (t, J = 7.4 Hz, 3H), 0.76 (d, J =
6.8 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 167.36, 159.68, 151.75 (ddd, Jcr = 251.49,
10.01, 4.04 Hz), 148.61, 146.73, 144.46, 140.96, 139.74 (dt, Jcr = 254.52, 15.15 Hz), 139.49,
134.04 (m), 133.99, 133.71, 131.62, 130.70 (m), 128.10, 128.07, 124.49, 123.81, 119.25, 111.10
(dd, Jer=16.16, 6.06 Hz), 64.38, 30.87, 30.36, 24.30, 23.75, 23.70, 21.85, 19.34, 13.86. ’F NMR
(376 MHz, Chloroform-d) 6 -133.30 (d, J=20.4 Hz), -161.39 (t, /= 20.5 Hz). HRMS (ESI-TOF)
calcd for C31H33F3NO2" ([M+H]"): 508.2458, found: 508.2459.

(E)-butyl 3-(2-(1-(5-(3,5-bis(trifluoromethyl)phenyl)pyridin-2-yl)-2-methylprop-1-en-1-yl)-
3-isopropylphenyl)acrylate (3-3ra):

ZH&F TLC o B &2 REEEKR(CE B/ LB LB = 80/1 A
& FF7#1)(50.5 mg, 86%). FP HPLC 4% 4 #F: aDaicel Chiralpak
AD-H, n-hexane/2-propanol =97/3, v=0.5 mL min-1, A =254 nm, t
(major) = 6.5 min, t (minor) = 7.4 min, 94% ee; [a]p?® = -289.2 (c =
1.02, CHCl3). 'H NMR (400 MHz, Chloroform-d) & 8.85 (d, J =2.4
Hz, 1H), 8.05 — 7.92 (m, 3H), 7.88 (s, 1H), 7.76 (d, J = 2.4 Hz, 1H), 7.59 (dd, J = 6.5, 2.5 Hz,
1H), 7.35 (d, /= 6.3 Hz, 2H), 7.06 (d, /= 8.2 Hz, 1H), 6.43 (d, J=15.9 Hz, 1H), 4.17 (q, J=6.2
Hz, 2H), 3.15 (p, /= 6.8 Hz, 1H), 2.19 (s, 3H), 1.66 (p, J= 6.9 Hz, 2H), 1.59 (s, 3H), 1.41 (h, J =
7.4 Hz, 2H), 1.15 (d, J= 6.8 Hz, 3H), 0.93 (t,J= 7.3 Hz, 3H), 0.79 (d, J = 6.8 Hz, 3H). 3C NMR
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(101 MHz, Chloroform-d) ¢ 167.40, 160.21, 148.56, 147.11, 144.45, 140.89, 140.11, 139.70,
134.34, 133.69, 132.55 (q, Jcr = 33.33 Hz), 131.61, 130.72, 128.13, 128.10, 127.12 (q, Jcr = 3.03
Hz), 124.64, 123.81, 123.31 (q, Jcr =273.71 Hz), 121.62 (m), 119.22, 64.40, 30.85, 30.39, 24.34,
23.81, 23.77, 21.88, 19.35, 13.89. '°F NMR (376 MHz, Chloroform-d) & -62.93. HRMS (ESI-
TOF) calcd for C33H3sFsNO, " ([M+H]Y): 590.2488, found: 590.2490.

(E)-butyl 3-(1-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)naphthalen-2-yl)acrylate (3-3sa):

| N ZH &R TLC 4 BRI E 6 BER(hmBt/ LR L8 = 80/1 A &I
N7 7#1)(32.0 mg, 83%). P HPLC 4 & 4 F: a Daicel Chiralpak AD-H,

Bu0C.~ OO n-hexane/2-propanol = 95/5, v = 0.7 mL -min-1, A = 254 nm, t (major) =

7.9 min, t (minor) = 8.9 min, 91% ee; [a]p?’ = -268.6 (c = 1.01, CHCI5).
'H NMR (400 MHz, Chloroform-d) & 8.60 (ddd, J=4.8, 1.9, 1.0 Hz, 1H), 8.18 (d, J = 16.0 Hz,
1H), 8.15 — 8.06 (m, 1H), 7.78 (s, 2H), 7.44 (qd, J = 8.0, 1.7 Hz, 3H), 7.06 — 6.95 (m, 2H), 6.54
(d,J=16.0 Hz, 1H), 4.20 (td, J= 6.6, 1.0 Hz, 2H), 2.20 (s, 3H), 1.74 — 1.62 (m, 2H), 1.52 (s, 3H),
1.47 — 1.36 (m, 2H), 0.95 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 167.43,
159.76, 148.97, 143.81, 141.84, 139.66, 135.99, 134.62, 133.58, 131.34, 130.35, 128.09, 128.03,
127.71, 127.06, 126.84, 124.22, 122.91, 121.11, 119.30, 64.44, 30.90, 23.32, 21.91, 19.37, 13.90.
HRMS (ESI-TOF) caled for Co6HasNO2™ ([M+H]Y): 386.2115, found: 386.2117.

(E)-butyl 3-(5-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)-1,2-dihydroacenaphthylen-4-
yDacrylate (3-3ta):

™ ZH| &% TLC B FE R E B KA mit/ LR LB = 80/1 H &TT
N 7#1)(32.5 mg, 79%). F ¥ HPLC 4 & 4 1F: aDaicel Chiralpak AD-H, n-

BuOL -~ OO hexane/2-propanol =97/3, v=0.5 mL -min-1, A =254 nm, t (major) = 13.3

. min, t (minor) =15.1 min, 91% ee; [a]p®® = -233.8 (c = 1.03, CHCl3). 'H
NMR (400 MHz, Chloroform-d) 4 8.59 (ddd, J=4.8, 1.8, 1.0 Hz, 1H), 8.19 (d, /= 16.0 Hz, 1H),
7.66 (d, J=8.3 Hz, 1H), 7.60 (s, 1H), 7.45 (td, J="7.7, 1.9 Hz, 1H), 7.37 (dd, J=8.3, 6.9 Hz, 1H),
7.27 (d,J=7.0 Hz, 1H), 7.01 (ddd, J=17.5, 5.4, 1.1 Hz, 2H), 6.50 (d, /= 15.9 Hz, 1H), 4.20 (td,
J=6.6,0.8 Hz, 2H), 3.39 (m, 4H), 2.17 (s, 3H), 1.73 — 1.62 (m, 2H), 1.54 (s, 3H), 1.51 — 1.36 (m,
2H), 0.95 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, Chloroform-d) & 167.58, 160.16, 148.95,
145.87, 145.72, 144.66, 140.49, 139.38, 138.13, 135.93, 132.09, 131.2, 130.90, 128.62, 124.33,
122.83, 121.01, 120.84, 118.72, 116.21, 64.36, 30.92, 30.60, 30.14, 23.28, 21.93, 19.37, 13.90.
HRMS (ESI-TOF) caled for CosH3oNO2" ([M+H]Y): 412.2271, found: 412.2271.
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(E)-butyl 3-(3-isopropyl-2-(2-methyl-1-(quinolin-2-yl)prop-1-en-1-yl)phenyl)acrylate (3-

ZH & TLC 2 EFIALERECE BB/ CR B = 80/1 A RTT
#1)(20.1 mg, 47%). P HPLC 4% 4 #f: aDaicel Chiralpak AD-H, n-
hexane/2-propanol = 95/5, v = 0.7 mL -min-1, A = 254 nm, t (major) = 5.3
min, t (minor) = 6.2 min, 96% ee; [a]p?® = -340.3 (c = 1.02, CHCL). 'H
NMR (400 MHz, Chloroform-d) & 8.09 (d, J = 8.5 Hz, 1H), 8.03 (d, J = 15.9 Hz, 1H), 7.94 (d, J
=8.6 Hz, 1H), 7.72 (dd, J = 8.2, 1.3 Hz, 1H), 7.67 (ddd, J= 8.5, 6.8, 1.5 Hz, 1H), 7.58 (dd, J =
6.3, 3.7 Hz, 1H), 7.48 (ddd, J = 8.0, 6.8, 1.1 Hz, 1H), 7.34 (q, J = 4.5, 3.8 Hz, 2H), 7.01 (d, J =
8.6 Hz, 1H), 6.42 (d, J=15.9 Hz, 1H), 4.25 — 4.04 (m, 2H), 3.30 (hept, J = 6.8 Hz, 1H), 2.21 (s,
3H), 1.69 — 1.62 (m, 3H), 1.62 (s, 3H), 1.41 (dt, J= 14.9, 7.4 Hz, 2H), 1.15 (d, J = 6.8 Hz, 3H),
0.91 (t, J=7.4 Hz, 3H), 0.68 (d, J = 6.8 Hz, 3H). *C NMR (101 MHz, Chloroform-d) § 167.41,
159.77, 149.14, 147.82, 144.67, 140.90, 139.61, 135.70, 133.82, 132.80, 129.44, 129.39, 128.20,
128.00, 127.46, 126.37, 126.22, 123.80, 122.54, 119.22, 64.39, 30.87, 30.35, 24.46, 23.85, 23.75,
21.88, 19.35, 13.87. HRMS (ESI-TOF) calcd for CaoH3NO," ([M+H]"): 428.2584, found:
428.2586.

(E)-methyl 3-(3-isopropyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)phenyl)acrylate (3-
3ab):

B ZH &R TLC &R LERK(CE ME/ZBR LB = 80/1 A RIT
o NT 7#1(19.3 mg, 57%). 4 HPLC 4 % 4 fF: a Daicel Chiralpak AD-H, n-
Pr
MeO™ >~ hexane/2-propanol = 97/3, v =0.5 mL -min-1, A = 254 nm, t (major) = 8.2

min, t (minor) = 11.8 min, 88% ee; [a]p® = -317.0 (¢ = 0.60, CHCL3). 'H
NMR (400 MHz. Chloroform-d) & 8.59 (dd, J= 4.9, 1.7 Hz, 1H), 7.97 (d, J = 15.9 Hz, 1H), 7.55
(dd, J=6.1, 3.0 Hz, 1H), 7.49 (td, J= 7.8, 1.9 Hz, 1H), 7.31 (q, J = 4.1, 3.2 Hz, 2H), 7.04 (dd, J
=7.5,4.9 Hz, 1H), 6.88 (d, J= 7.9 Hz, 1H), 6.42 (d, J= 16.0 Hz, 1H), 3.76 (s, 3H), 3.14 (hept, J
= 6.9 Hz, 1H), 2.13 (s, 3H), 1.54 (s, 3H), 1.12 (d, J = 6.8 Hz, 3H), 0.68 (d, J = 6.8 Hz, 3H). 3C
NMR (101 MHz, Chloroform-d) 5 167.80, 159.72, 148.77, 148.65, 145.05, 141.37, 138.44,
135.90, 133.66, 133.16, 128.14, 127.88, 124.56, 123.76, 120.92, 118.67, 51.75, 30.24, 24.27,
23.55, 23.52, 21.73. HRMS (ESI-TOF) calcd for CaaHaeNO,™ ([M+H]Y): 336.1958, found:
336.1959.
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(E)-ethyl 3-(3-isopropyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)phenyl)acrylate (3-3ac):

| A Z% &% TLC 2 BRI L ERIK(E mBt/ LB OB = 80/1 A &IT
0 N 71)(20.9 mg, 60%). F 1 HPLC 4% %4 #f: a Daicel Chiralpak AD-H, n-
P
EtO” > ' hexane/2-propanol =97/3, v=0.5 mL -min-1, A = 254 nm, t (major) = 8 min,

t (minor) = 9.7 min, 92% ee; [a]p** = -323.8 (c = 1.01 CHCl3). 'H NMR
(400 MHz, Chloroform-d) & 8.65 — 8.53 (m, 1H), 7.97 (d, J = 16.0 Hz, 1H), 7.56 (dd, J = 6.0, 3.1
Hz, 1H), 7.49 (td, J = 7.7, 1.9 Hz, 1H), 7.31 (q, J = 4.0, 3.1 Hz, 2H), 7.03 (dd, J = 7.5, 4.8 Hz,
1H), 6.88 (dd, J=7.9, 1.0 Hz, 1H), 6.41 (d, J= 15.9 Hz, 1H), 422 (qq, J= 7.1, 3.8 Hz, 2H), 3.14
(hept, J=6.9 Hz, 1H), 2.13 (s, 3H), 1.54 (s, 3H), 1.30 (t, J=7.1 Hz, 3H), 1.12 (d, J= 6.8 Hz, 3H),
0.68 (d, J = 6.8 Hz, 3H). 3*C NMR (101 MHz, Chloroform-d) § 167.36, 159.77, 148.75, 148.66,
144.78, 141.36, 138.40, 135.89, 133.68, 132.19, 128.07, 127.86, 124.56, 123.70, 120.90, 119.07,
60.45, 30.25, 24.28, 23.54, 23.52, 21.68, 14.43. HRMS (ESI-TOF) caled for Ca3HasNO,"
([M+H]"): 350.2115, found: 350.2115.

(E)-tert-butyl 3-(3-isopropyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)phenyl)acrylate (3-
3ad):

| N ZH&H TLC 4 BRI EREE MBI/ LR OE = 80/1 N ETF
0 N 71)(27.9 mg, 74%). % HPLC 4 % % fF: aDaicel Chiralpak OD-H, n-
P
BuO" " hexane/2-propanol = 97/3, v = 0.5 mL - min-1, A = 254 nm, t (minor) = 17.9

min, t (major) = 19.9 min, 89% ee; [a]p® = -287.8 (c = 1.02 CHCL). 'H
NMR (400 MHz, Chloroform-d) & 8.59 (dd, J= 5.0, 1.7 Hz, 1H), 7.88 (d, J = 15.9 Hz, 1H), 7.54
(dt, J = 8.0, 4.0 Hz, 1H), 7.48 (td, J= 7.8, 1.9 Hz, 1H), 7.30 (q, J = 3.4, 2.5 Hz, 2H), 7.03 (dd, J
=17.5,4.9 Hz, 1H), 6.92 — 6.81 (m, 1H), 6.34 (d, J = 15.9 Hz, 1H), 3.15 (hept, J = 6.9 Hz, 1H),
2.12 (s, 3H), 1.55 (s, 3H), 1.50 (s, 9H), 1.12 (d, J = 6.8 Hz, 3H), 0.68 (d, J = 6.8 Hz, 3H). 1’C
NMR (101 MHz, Chloroform-d) & 166.64, 159.84, 148.70, 148.61, 143.60, 141.26, 138.24,
135.88, 133.76, 132.22, 127.83, 127.79, 124.56, 123.60, 120.95, 120.87, 80.31, 30.26, 28.35,
24.30, 23.55, 23.54, 21.66. HRMS (ESI-TOF) calcd for C2sH3:NO," ([M+H]"): 378.2428, found:
378.2430.

(E)-2,2,3-trifluoroethyl 3-(3-isopropyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-
yDphenyl)acrylate (3-3ae):
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|\ Z% &% TLC 4 BRI L eBRR(Ch BB/ L8R L8 = 80/1 A EIT
ON #1)(19.1 mg, 47%). F 1 HPLC 4% %1 : aDaicel Chiralpak AD-H,
Pr
F3C 0" n-hexane/2-propanol = 97/3, v = 0.5 mL -min-1, A = 254 nm, t (major)

= 7.6 min, t (minor) = 9.0 min, 92% ee; [a]p>’ =-294.3 (c =0.52, CHCl5).
"H NMR (400 MHz, Chloroform-d) & 8.59 (d, J = 4.8 Hz, 1H), 8.10 (d, J = 15.9 Hz, 1H), 7.58
(dd,J=7.1,1.7 Hz, 1H), 7.51 (td, J=7.7, 1.8 Hz, 1H), 7.40 — 7.29 (m, 2H), 7.05 (dd, J=7.4, 5.0
Hz, 1H), 6.90 (d, J = 7.9 Hz, 1H), 6.45 (d, /= 16.0 Hz, 1H), 4.70 — 4.35 (m, 2H), 3.15 (p, /= 6.8
Hz, 1H), 2.12 (s, 3H), 1.54 (s, 3H), 1.13 (d, J = 6.8 Hz, 3H), 0.70 (d, J = 6.8 Hz, 3H). 3C NMR
(101 MHz, Chloroform-d) & 165.48, 159.69, 148.95, 148.85, 147.53, 141.80, 138.53, 135.87,
133.12, 132.24, 128.77, 127.97, 123.29 (q, Jcr = 278.09 Hz), 123.83, 120.99, 116.56, 60.44 (q,
Jor=36.70 Hz), 30.32, 24.27, 23.55, 23.49, 21.61. ’F NMR (376 MHz, Chloroform-d) & -73.81.
HRMS (ESI-TOF) calcd for C23H2sF3NO, " ([M+H]Y): 404.1832, found: 404.1835.

(E)-benzyl 3-(3-isopropyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)phenyl)acrylate (3-
3af):

B KA &R TLC 0 &7 B LMK (H Bt/ LT LB =80/1 A4 &I i)
0 N7 (30.1 mg, 73%). T HPLC 4 % 4 1F: a Daicel Chiralpak AD-H, n-
Pr
Ph™0 hexane/2-propanol = 97/3, v = 0.5 mL -min-1, A = 254 nm, t (major) =

10.3 min, t (minor) = 15.4 min, 83% ee; [a]p?’ = -267.5 (c = 0.65, CHCl5).
"H NMR (400 MHz, Chloroform-d) & 8.59 (d, J = 5.1 Hz, 1H), 8.05 (d, J = 16.0 Hz, 1H), 7.56
(dd,J=6.7,2.3 Hz, 1H), 7.48 (td, J= 7.7, 1.8 Hz, 1H), 7.36 (d, J= 7.8 Hz, 4H), 7.34 — 7.30 (m,
3H), 7.04 (dd,/=7.4,5.0 Hz, 1H), 6.88 (d, /= 7.9 Hz, 1H), 6.47 (d, /= 16.0 Hz, 1H), 5.22 (q, J
=13.5 Hz, 2H), 3.15 (hept, J = 7.0 Hz, 1H), 2.11 (s, 3H), 1.54 (s, 3H), 1.12 (d, J = 6.8 Hz, 3H),
0.69 (d, J= 6.8 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) § 167.08, 159.77, 148.81, 148.71,
145.42, 138.36, 136.36, 135.87, 133.56, 132.26, 128.66, 128.23, 128.11, 127.89, 124.54, 123.71,
120.91, 118.64, 66.22, 30.28, 24.28, 23.56, 23.53, 21.69. HRMS (ESI-TOF) calcd for C23sH30NO>"
([M+H]"): 412.2271, found: 412.2273.
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X-ray Data of 3-3af

® -
5 NT NP _ )ﬁ
Ph N0~ P A~
(R)3-3af
Bond precision: C-C=0.0041 A Wavelength = 1.54178
Cell: a=10.1389 (2) b=15.0961 (3) c = 15.8054 (3)
alpha =90 beta =96.793 (1) gamma = 90
Temperature: 296 K Calculated Reported
Volume 2403.16 (8) 2403.16 (8)
Space group P21 P1211
Hall group P 2yb P 2yb
Moiety formula Cas Hao N O2 Cas H29 N O2
Sum formula Cas H2o N O2 Cas H29 N O2
Mr 411.52 411.52
Dx, g cm™ 1.138 1.138
Z 4 4
Mu (mm™) 0.552 0.552
F000 880.0 880.0
F000’ 883.42
h,k,Imax 12,18, 19 12,18, 19
Nref 9486[4934] 9329
Tmin, Tmax 0.793,0.857 0.597, 0.754
Tmin’ 0.763
Correction method = # Limits: Tmin=0.597 Tmax = 0.754
Reported T
AbsCorr = MULTI-SCAN
Data completeness 1.89/0.98 Theta(max) = 73.126
R (reflections) 0.0470( 9057) wR2(reflections)=0.1180( 9329)
S =1.060 Npar = 567

Flack parameter 0.00 (5)
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(E)-3-(3-isopropyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)phenyl)acrylaldehyde 3-
3ag):

| X ZH &% TLC rE R aeEERChmE/ ORI =80/1 A&
N 7)(6.1 mg, 20%). F1*= HPLC 2 & 4 1: a Daicel Chiralpak AD-H, n-
OHC Pr
7

hexane/2-propanol = 97/3, v = 0.5 mL -min-1, A = 254 nm, t (major) = 9.0
min, t (minor) = 10.0 min, 89% ee; [a]p?® = -147.0 (c = 0.53, CHCL;). 'H
NMR (400 MHz, Chloroform-d) 4 9.62 (d, /= 7.8 Hz, 1H), 8.68 —8.50 (m, 1H), 7.82 (d, J=15.9
Hz, 1H), 7.60 (dd, J="7.1, 1.8 Hz, 1H), 7.54 (td, J=7.8, 1.9 Hz, 1H), 7.42 — 7.31 (m, 2H), 7.07
(dd,J=7.6,4.9 Hz, 1H), 6.94 (d, /J=7.9 Hz, 1H), 6.71 (dd, J=15.9, 7.8 Hz, 1H), 3.13 (hept, J =
6.8 Hz, 1H), 2.15 (s, 3H), 1.55 (s, 3H), 1.15 (d, J = 6.8 Hz, 3H), 0.73 (d, J = 6.9 Hz, 3H). 13C
NMR (101 MHz, Chloroform-d) & 194.52, 159.44, 153.49, 149.02, 148.65, 141.64, 138.65,
135.97, 133.29, 132.13, 129.63, 129.14, 128.08, 124.49, 124.23, 121.11, 30.28, 24.24, 23.67,
23.57,21.85. HRMS (ESI-TOF) caled for C21H24NO™ ([M+H]"): 306.1852, found: 306.1853.

(E)-1-(3-isopropyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)phenyl)pent-1-en-3-one  (3-
3ah):

ZHER TLC 2 BREARTCEK(EME/ LR LT = 80/1 A&
N S 5f(19.2 mg, 57%). F 1% HPLC 4% 4 fF: a Daicel Chiralpak AD-H, n-
hexane/2-propanol = 97/3, v = 0.5 mL -min-1, A = 254 nm, t (major) = 8.2
min, t (minor) = 9.6 min, 94% ee; [a]p?® = -233.1 (¢ = 0.59, CHCl3). 'H
NMR (400 MHz, Chloroform-d) 6 8.59 (dt, J=4.9, 1.2 Hz, 1H), 7.89 (d, /= 16.3 Hz, 1H), 7.57
(dd,J=6.1,3.0 Hz, 1H), 7.51 (td, J= 7.8, 1.9 Hz, 1H), 7.32 (q, J=4.1, 3.3 Hz, 2H), 7.11 — 6.99
(m, 1H), 6.91 (d, J=7.9 Hz, 1H), 6.68 (d, J=16.3 Hz, 1H), 3.14 (hept, /= 6.9 Hz, 1H), 2.63 (q,
J=17.3Hz, 2H), 2.13 (s, 3H), 1.54 (s, 3H), 1.12 (t, J= 7.3 Hz, 6H), 0.71 (d, J = 6.9 Hz, 3H). *C
NMR (101 MHz, Chloroform-d) 6 201.64, 159.70, 148.87, 148.53, 142.86, 141.55, 138.29,
135.91, 133.79, 132.37, 128.16, 127.92, 127.33, 124.46, 123.65, 120.97, 33.43, 30.26, 24.26,
23.61, 23.52, 21.70, 8.53. HRMS (ESI-TOF) caled for C23H2sNO™ ([M+H]"): 334.2165, found:
334.2164.

(E)-3-(3-isopropyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)phenyl)-N,N-
dimethylacrylamide (3-3ai):
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| A ZH &% TLC 2 BREATEEKCEmE/ LR LE = 1/1 KR

N 7(32.0 mg, 92%). F 1 HPLC 4 & 4 1F: a Daicel Chiralpak AD-
(Me);,NOC._- Pr ' .

H, n-hexane/2-propanol = 95/5, v=10.7 mL - min-1, A =254 nm, t (major)

= 10.0 min, t (minor) = 11.9 min, 89% ee; [a]p*’ = -260.0 (c = 0.61,
CHCI3). 'H NMR (400 MHz, Chloroform-d) & 8.57 (dd, J = 5.0, 1.7 Hz, 1H), 7.90 (d, J = 15.4
Hz, 1H), 7.52 (q, J = 4.2 Hz, 1H), 7.47 (td, J=7.7, 1.9 Hz, 1H), 7.31 — 7.27 (m, 2H), 7.01 (ddd,
J=17.5,49,12Hz, 1H), 6.92 (d, J=7.9 Hz, 1H), 6.85 (d, J= 15.4 Hz, 1H), 3.24 —3.17 (m, 1H),
3.15 (s, 3H), 3.03 (s, 3H), 2.11 (s, 3H), 1.55 (s, 3H), 1.12 (d, J = 6.9 Hz, 3H), 0.70 (d, J = 6.8 Hz,
3H). 3C NMR (101 MHz, Chloroform-d) & 167.12, 159.87, 148.70, 148.65, 142.27, 141.10,
138.10, 135.85, 134.65, 132.35, 127.68, 127.34, 124.62, 123.67, 120.81, 118.64, 37.57, 35.93,
30.22,24.31, 23.64, 23.50, 21.76. HRMS (ESI-TOF) calcd for C23HaoN>O" ([M+H]"): 349.2274,
found: 349.2275.

(E)-diethyl 3-isopropyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)styrylphosphonate (3-
3aj):

| N Z% &% TLC 2 BRELTEEKCE BB/ KRB =2/1 H R
N 7)(14.8 mg, 36%). F P HPLC 4% 4 1F: a Daicel Chiralpak AD-
(Et0),(0O)P Pr _ _
Z H, n-hexane/2-propanol =92/8, v=1.0 mL -min-1, A =254 nm, t (major)

= 4.3 min, t (minor) = 4.9 min, 90% ee; [a]p?® = -197.2 (¢ = 1.08,
CHCI5). 'H NMR (400 MHz, Chloroform-d) & 8.57 (dd, J = 5.0, 1.6 Hz, 1H), 7.71 (dd, J = 22.8,
17.5 Hz, 1H), 7.55 — 7.45 (m, 2H), 7.31 (d, J = 4.5 Hz, 2H), 7.03 (dd, J = 7.5, 5.0 Hz, 1H), 6.90
(d,J=17.9 Hz, 1H), 6.22 (dd, J = 19.4, 17.6 Hz, 1H), 4.16 — 3.96 (m, 4H), 3.12 (hept, J = 6.9 Hz,
1H), 2.1 (s, 3H), 1.54 (s, 3H), 1.29 (td, J = 7.1, 3.1 Hz, 6H), 1.12 (d, J = 6.9 Hz, 3H), 0.70 (d, J
= 6.8 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 159.59, 148.78, 148.51 (d, J = 2.7 Hz),
148.47 (d, J = 3.3 Hz), 140.75, 138.24, 135.84, 134.31 (d, J = 22.5 Hz), 132.22, 12791 (d, J =
5.8 Hz), 124.50, 123.51 (d, J = 1.4 Hz), 120.93, 114.86 (d, J = 190.9 Hz), 61.93 (d, J = 3.3 Hz),
61.87 (d, J=3.2 Hz), 30.21, 24.26, 23.64, 23.55, 21.76, 16.52 (d, J= 1.2 Hz), 16.46 (d, J = 1.7
Hz). 3P NMR (162 MHz, Chloroform-d) & 19.52. HRMS (ESI-TOF) calcd for Co4H33NO3P*
([M+H]"): 414.2193, found: 414.2188.

(E)-2-(1-(2-isopropyl-6-(4-methoxystyryl)phenyl)-2-methylprop-1-en-1-yl)pyridine (3-3ak):
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Z4 &% TLC n BEF e hCerwit/ LR OB = 50/1 h &
FF5)(17.6 mg, 46%). F1 HPLC 4% 4 #: a Daicel Chiralpak
AD-H, n-hexane/2-propanol =97/3, v=0.5 mL min-1, A =254 nm, t

(major) = 8.8 min, t (minor) = 9.7 min, 88% ee; [o]p?’ = -317.4 (c =
0.41, CHCl3). '"H NMR (400 MHz, Chloroform-d) & 8.60 (dd, J = 4.9, 1.8 Hz, 1H), 7.59 (d, J =
7.7 Hz, 1H), 7.45 (td, J= 7.7, 1.9 Hz, 1H), 7.36 (d, J= 8.6 Hz, 2H), 7.29 (d, J=7.7 Hz, 1H), 7.23
(d, J=9.5 Hz, 1H), 7.20 — 7.12 (m, 1H), 7.09 — 6.97 (m, 2H), 6.92 (d, J = 8.0 Hz, 1H), 6.89 —
6.77 (m, 2H), 3.79 (s, 3H), 3.13 (hept, J = 6.8 Hz, 1H), 2.15 (s, 3H), 1.57 (s, 3H), 1.12 (d, /= 6.8
Hz, 3H), 0.67 (d, J= 6.8 Hz, 3H). *C NMR (101 MHz, Chloroform-d) & 160.26, 159.21, 148.56,
148.17, 139.56, 137.63, 136.47, 135.94, 132.78, 130.91, 128.96, 127.75, 127.66, 126.22, 125.07,
124.48,122.30, 120.77, 114.22, 55.45, 30.27, 24.35, 23.69, 23.59, 21.64. HRMS (ESI-TOF) calcd
for C27H30NO™ ([M+H]"): 384.2322, found: 384.2320.

2-(1-(2-isopropyl-6-((triisopropylsilyl)ethynyl)phenyl)-2-methylprop-1-en-1-yl)pyridine (3-
5a):

B ZH &% TLC f BRIAHEEK(CAME/ZBR B = 100/1 A RIF
TIPS N >N F1)(37.1 mg, 86%). F 1 HPLC 4% 4 #4: two Daicel Chiralpak IC, -
A 'Pr

hexane/2-propanol = 99/1, v=0.4 mL -min-1, A = 254 nm, t (major) = 17.8

min, t (minor) = 18.4 min, 99% ee; [a]p?’ = -286.1 (c = 1.05, CHCl3). 'H
NMR (400 MHz, Chloroform-d) ¢ 8.58 (d, /=4.9 Hz, 1H), 7.52 — 7.37 (m, 2H), 7.25 — 7.18 (m,
3H), 7.02 (dd, J = 7.4, 5.0 Hz, 1H), 3.22 (hept, J = 7.0 Hz, 1H), 2.00 (s, 3H), 1.65 (s, 3H), 1.11
(d, J= 6.9 Hz, 3H), 1.05 (s, 21H), 0.65 (d, J = 6.8 Hz, 3H). *C NMR (101 MHz, Chloroform-d)
0 160.15, 148.41, 148.34,143.13,137.30, 135.69, 133.48, 130.72, 127.23, 126.30, 124.85, 123.95,
120.78, 107.56, 91.11, 30.23, 24.10, 23.53, 23.08, 21.76, 18.78, 11.51. HRMS (ESI-TOF) calcd
for C2oH4eNSi™ ([M+H]"): 432.3081, found: 432.3085.

2-(1-(2-ethyl-6-((triisopropylsilyl)ethynyl)phenyl)-2-methylprop-1-en-1-yl)pyridine (3-5b):

| X 2% &K TLC 2 B RETERE(AmE/L]RLE = 100/1 &I
Tps N N A)(30.1 mg, 72%). F 1 HPLC 4% %% two Daicel Chiralpak ICs, -
X Et

hexane/2-propanol = 99/1, v = 0.4 mL - min-1, A = 254 nm, t (major) = 22.4
min, t (minor) = 25.0 min, 98% ee; [a]p?’ = -222.9 (¢ = 1.02, CHCl3). 'H
NMR (400 MHz, Chloroform-d) é 8.58 (dd, J=5.0, 1.7 Hz, 1H), 7.46 (ddd, J=15.3, 7.5, 2.0 Hz,
2H), 7.24 (d, J = 8.0 Hz, 1H), 7.21 — 7.12 (m, 2H), 7.02 (dd, J = 7.4, 4.9 Hz, 1H), 2.50 (ddq, J =
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50.4, 14.8, 7.6 Hz, 2H), 2.00 (s, 3H), 1.64 (s, 3H), 1.05 (s, 21H), 0.90 (t, J = 7.5 Hz, 3H). 3C
NMR (101 MHz, Chloroform-d) 6 159.97, 148.39, 143.94, 143.63, 137.25, 135.67, 133.44,
130.72, 128.88, 127.02, 124.72, 124.15, 120.81, 107.41, 91.26, 26.35, 23.05, 21.74, 18.77, 14.81,
11.50. HRMS (ESI-TOF) calcd for C2sHaoNSi™ ([M+H]"): 418.2925, found: 418.2928.

2-(2-methyl-1-(2-methyl-6-((triisopropylsilyl)ethynyl)phenyl)prop-1-en-1-yl)pyridine (3-5¢):

| N G4 &% TLC /B FEE e B R Wi/ LR OB = 100/1 4 &I
TIPS { # #)(29.8 mg, 74%). F ¥ HPLC 4B % #: two Daicel Chiralpak ICs, n-
X Me

hexane/2-propanol = 99/1, v=0.4 mL -min-1, A =254 nm, t (major) = 26.7

min, t (minor) = 27.4 min, 97% ee; [a]p?® = -148.8 (c = 0.98, CHCI;). 'H
NMR (400 MHz, Chloroform-d) ¢ 8.57 (dd, J=4.9, 1.7 Hz, 1H), 7.48 (td, J= 7.7, 2.0 Hz, 1H),
7.42 (dd,J=5.4,3.7 Hz, 1H), 7.28 (s, 1H), 7.25 (s, 1H), 7.15 - 7.08 (m, 2H), 7.06 — 7.00 (m, 1H),
2.13 (s, 3H), 2.00 (s, 3H), 1.63 (s, 3H), 1.06 (s, 21H). *C NMR (101 MHz, Chloroform-d) &
159.63, 148.47, 144.62, 137.86, 136.73, 135.65, 133.77, 130.73, 130.42, 126.74, 124.68, 123.94,
120.82, 107.28, 91.53, 22.68, 21.69, 20.36, 18.77, 11.49. HRMS (ESI-TOF) calcd for C»7H33gNSi"
([M+H]"): 404.2768, found: 404.2771.

2-(cyclohexylidene(2-isopropyl-6-((triisopropylsilyl)ethynyl)phenyl)methyl)pyridine (3-5d):

B &R TLC 2 ERELEEK(EME/CZRLE = 100/1 &I
Tps N #1)(25.4 mg, 54%). F £ HPLC 4% 4 #F: two Daicel Chiralpak ICs,
% Pr

n-hexane/2-propanol = 99/1, v = 0.4 mL -min-1, A = 254 nm, t (major) =

20.5 min, t (minor) = 21.3 min, 97% ee; [0]p*® = -133.1 (c = 0.50, CHCl5).
"H NMR (400 MHz, Chloroform-d) § 8.57 (dd, J=4.8, 1.7 Hz, 1H), 7.47 (td, J=7.7, 1.9 Hz, 1H),
7.42 (dd, J=6.8, 2.1 Hz, 1H), 7.36 (d, /= 7.9 Hz, 1H), 7.24 — 7.16 (m, 2H), 7.01 (ddd, J = 7.1,
5.0, 1.1 Hz, 1H), 3.35 (hept, J = 6.9 Hz, 1H), 2.62 (dt, J=13.4, 5.8 Hz, 1H), 2.33 (dt, /= 13.2,
6.4 Hz, 1H), 2.07 - 1.90 (m, 2H), 1.82 — 1.66 (m, 3H), 1.50 (dddt, J=20.3, 12.2, 8.2, 4.0 Hz, 3H),
1.13 (d, J= 6.9 Hz, 3H), 1.07 (q, J = 3.8, 3.2 Hz, 21H), 0.72 (d, J = 6.8 Hz, 3H). 3°C NMR (101
MHz, Chloroform-d) 6 160.05, 148.64, 148.52, 144.12, 142.60, 135.57, 131.06, 130.73, 127.10,
126.22, 125.27, 123.85, 120.75, 108.11, 91.73, 33.15, 31.30, 30.14, 27.92, 27.73, 26.84, 24.09,
23.80, 18.83, 11.61. HRMS (ESI-TOF) calcd for C3HaeNSi* ([IM+H]"): 473.3394, found:
473.3398.

2-(2-methyl-1-(2-((triisopropylsilyl)ethynyl)naphthalen-1-yl)prop-1-en-1-yl)pyridine (3-5e):
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B ZHER TLC 2 BRI ECEE(CH mBt/ LB LEE = 100/1 A4 &FF
Tps N #0)(25.5 mg, 58%). F# HPLC 4% 4% : a Daicel Chiralpak IC, n-

OO hexane/2-propanol = 99/1, v = 0.4 mL -min-1, A = 254 nm, t (major) = 8.7

min, t (minor) = 10.8 min, 98% ee; [0]p*® = -354.3 (c = 0.63, CHCl3). 'H
NMR (400 MHz, Chloroform-d) 6 8.61 (d, J=4.9 Hz, 1H), 8.20 —8.03 (m, 1H), 7.75 (dd, J=7.1,
3.7 Hz, 1H), 7.70 (d, J= 8.5 Hz, 1H), 7.61 (d, J = 8.5 Hz, 1H), 7.49 — 7.37 (m, 3H), 7.33 (d, J =
7.9 Hz, 1H), 7.01 (dd, J = 7.3, 5.1 Hz, 1H), 2.08 (s, 3H), 1.62 (s, 3H), 1.11 (s, 21H). *C NMR
(101 MHz, Chloroform-d) & 160.00, 148.62, 143.61, 138.54, 135.78, 133.44, 132.72, 133.26,
129.44, 127.90, 127.29, 127.17, 126.64, 126.58, 124.61, 121.01, 120.90, 107.59, 92.98, 22.81,
21.91, 18.81, 11.53. HRMS (ESI-TOF) calcd for C3oH3sNSi" ([M+H]"): 440.2768, found:
440.2770.

2-(2-methyl-1-(4-((triisopropylsilyl)ethynyl)-1,2-dihydroacenaphthylen-5-yl)prop-1-en-1-
yDpyridine (3-5f):

| N ZH &% TLC 2B F2E B R WR/ LR OB = 100/1 4 &I
TIPS N #1)(30.7 mg, 66%). % HPLC 4% 4 f: two Daicel Chiralpak ICs, n-

A

¢
. min, t (minor) = 19.9 min, 98% ee; [a]p*’ = -162.0 (c = 0.55, CHCI3). 'H
NMR (400 MHz, Chloroform-d) § 8.60 (dd, J= 5.0, 1.7 Hz, 1H), 7.69 (d, J = 8.3 Hz, 1H), 7.46 —
7.39 (m, 2H), 7.38 — 7.30 (m, 2H), 7.22 (d, /= 6.9 Hz, 1H), 6.99 (ddd, /= 7.4, 4.9, 1.2 Hz, 1H),
3.36 (s, 4H), 2.06 (s, 3H), 1.65 (s, 3H), 1.10 (s, 21H). *C NMR (101 MHz, Chloroform-d) &
160.38, 148.58, 145.64, 144.86, 139.59, 139.28, 138.28, 135.71, 132.37, 130.57, 128.39, 124.65,
122.94, 122.33, 122.24, 120.88, 120.28, 108.45, 92.29, 30.61, 29.99, 22.80, 21.91, 18.83, 11.55.

HRMS (ESI-TOF) calcd for C3:H4NSi" ([M+H]"): 466.2925, found: 466.2927.

O hexane/2-propanol = 99/1, v = 0.4 mL -min-1, A = 254 nm, t (major) = 18.9

2-(1-(2-isopropyl-6-((triisopropylsilyl)ethynyl)phenyl)-2-methylprop-1-en-1-yl)-4-
methoxypyridine (3-5g):
OMe ZHl &R TLC 2 B R/ALEER(EME/Z]® LB = 1001 X R

N .
| o 71)(35.5 mg, 77%). F & HPLC % & 4 fF: two Daicel Chiralpak ICs, n-
N
TIPS AN ipr hexane/2-propanol = 99/1, v = 0.4 mL min-1, A = 254 nm, t (major) = 27.0

min, t (minor) = 28.0 min, 97% ee; [a]p®® = -314.1 (¢ = 0.87, CHCl3). 'H
NMR (400 MHz, Chloroform-d) & 8.39 (d, J= 5.8 Hz, 1H), 7.42 (dd, J= 6.6, 2.2 Hz, 1H), 7.23 —
7.12 (m, 2H), 6.80 (d, J = 2.5 Hz, 1H), 6.58 (dd, J= 5.8, 2.5 Hz, 1H), 3.69 (s, 3H), 3.25 (hept, J
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= 6.9 Hz, 1H), 1.99 (s, 3H), 1.64 (s, 3H), 1.10 (d, J = 6.9 Hz, 3H), 1.06 (s, 21H), 0.69 (d, J= 6.8
Hz, 3H). 3C NMR (101 MHz. Chloroform-d) § 165.62, 161.87, 149.46, 148.41, 143.11, 137.18,
133.40, 130.80, 127.18, 126.32, 123.76, 110.30, 107.63, 107.53, 90.95, 54.91, 30.19, 24.13, 23.58,
23.01,21.80, 18.79, 11.53. HRMS (ESI-TOF) calcd for C30HsuNOSi* ([M+H]"): 462.3187, found:
462.3185.

4-chloro-2-(1-(2-isopropyl-6-((triisopropylsilyl)ethynyl)phenyl)-2-methylprop-1-en-1-
yD)pyridine (3-5h):

Cl ZH &% TLC 2B HF2E e BR(ChMmE/ LR OB = 100/1 4 &I
N .
| J 71)(40.0 mg, 86%). 14 HPLC 4% % : two Daicel Chiralpak ICs, n-
N
TIPS AN ipy hexane/2-propanol = 99/1, v = 0.4 mL min-1, A = 254 nm, t (major) = 27.8

min, t (minor) = 28.7 min, 99% ee; [a]p®° = -232.8 (c = 1.07, CHCl;). 'H
NMR (400 MHz, Chloroform-d) ¢ 8.41 (d,J=5.4 Hz, 1H), 7.38 (dd, /= 5.8, 3.1 Hz, 1H), 7.23 —
7.12 (m, 3H), 7.00 (dd, J = 5.4, 2.1 Hz, 1H), 3.14 (p, J = 6.8 Hz, 1H), 1.91 (s, 3H), 1.58 (s, 3H),
1.06 (d,J=6.9 Hz, 3H), 1.01 (s, 21H), 0.68 (d, J= 6.9 Hz, 3H). 3C NMR (101 MHz, Chloroform-
d) & 161.68, 149.25, 148.36, 143.76, 142.31, 138.65, 132.58, 130.91, 127.53, 126.37, 124.89,
123.85,121.29,107.29, 91.59, 30.28, 24.11, 23.65, 23.11, 21.79, 18.79, 11.48. HRMS (ESI-TOF)
calcd for C2o0H41CINSi™ ([M+H]"): 466.2691, found: 466.2694.

2-(1-(2-chloro-6-((triisopropylsilyl)ethynyl)phenyl)-2-methylprop-1-en-1-yl)pyridine (3-5i):

B ZH &R TLC o &7 2| T ERE(E MB/ L5 LB = 100/1 4 &)
TIPS N7 (11.8 mg, 28%). & 1 HPLC 4% 4 1 : a Daicel Chiralpak IC, n-hexane/2-
X cl

propanol =98/2, v=0.5 mL - min-1, A=254 nm, t (major) = 9.3 min, t (minor)

=12.6 min, 98% ee; [0]p>° = -132.1 (¢ = 0.31, CHCI3). '"H NMR (400 MHz,
Chloroform-d) 6 8.59 (dd, J=4.9, 1.7 Hz, 1H), 7.55 —7.44 (m, 2H), 7.33 (d, /= 8.0 Hz, 1H), 7.20
—7.13 (m, 2H), 7.04 (dd, J= 7.4, 4.9 Hz, 1H), 2.07 (s, 3H), 1.68 (s, 3H), 1.05 (s, 21H). 3C NMR
(101 MHz, Chloroform-d) & 158.42, 148.62, 143.53, 138.56, 135.53, 135.07, 132.28, 131.58,
129.85, 127.90, 126.23, 124.52, 120.91, 105.63, 93.54, 23.07, 21.89, 18.71, 11.39. HRMS (ESI-
TOF) calcd for C26H34CINNaSi™ ([M+Na]"): 446.2041, found: 446.2044.

(E)-2-(1-(2-(3-butoxy-3-oxoprop-1-en-1-yl)-6-isopropylphenyl)-2-methylprop-1-en-1-
yDpyridine 1-oxide (3-6):

191



AT K 18 & % fr b X

) 2% &% TLC B &2 ae B mit/ LR O = 100/1 A &I
#1)(29.8 mg, 76%). P HPLC 4% 4 #f: aDaicel Chiralpak AD-H, n-
hexane/2-propanol = 93/7, v = 1.0 mL -min-1, A = 254 nm, t (major) = 9.2
min, t (minor) = 11.6 min, 93% ee; [a]p®® = -318.3 (c = 0.51, CHCI;). 'H
NMR (400 MHz, Chloroform-d) & 8.16 (d, J= 6.2 Hz, 1H), 7.95 (d, J= 16.0 Hz, 1H), 7.50 (dd, J
=5.9,3.2 Hz, 1H), 7.25 (d, J = 2.7 Hz, 1H), 7.21 (s, 1H), 6.99 (dtd, J = 14.6, 7.7, 4.4 Hz, 2H),
6.88 (d, J= 8.1 Hz, 1H), 6.38 (d, /= 15.9 Hz, 1H), 4.22 — 4.04 (m, 2H), 3.13 (h, J= 6.8 Hz, 1H),
1.86 (s, 3H), 1.61 (dq, J= 8.3, 6.7 Hz, 2H), 1.53 (s, 3H), 1.36 (h, J= 7.4 Hz, 2H), 1.09 (d, /= 6.8
Hz, 3H), 0.88 (t,J= 7.4 Hz, 3H), 0.64 (d, J = 6.8 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) &
167.32, 150.32, 149.85, 144.52, 144.07, 140.39, 139.73, 134.10, 129.99, 128.43, 128.17, 127.97,
124.09, 123.79, 123.74, 119.43, 64.40, 30.86, 29.84, 24.36, 23.62, 23.02, 22.87, 19.34, 13.85.
HRMS (ESI-TOF) calcd for C2sH3NOs™ ([IM+H]"): 394.2377, found: 394.2375.

(R,E)-2-(2-(2-(3-butoxy-3-oxoprop-1-en-1-yl)-6-isopropylphenyl)-3,3-dimethyloxiran-2-
yD)pyridine 1-oxide (3-7):

0 ZH &R TLC BRI HEEK(CE BB/ LR OB = 1001 A&
FF71)(19.2 mg, 47%). 1% HPLC 4% % 1+: aDaicel Chiralpak IA-

3, n-hexane/2-propanol =97/3, v=1.0 mL - min-1, A =254 nm, t (major)

= 26.7 min, t (minor) = 30.7 min, 95% ee; [o]p?’ = -514.7 (c = 0.52,
CHCl3). 'H NMR (400 MHz, Chloroform-d) & 8.81 (d, J=16.1 Hz, 1H), 8.03 (d, J= 6.4 Hz, 1H),
7.86 (dd, J= 8.1, 2.1 Hz, 1H), 7.61 (dd, J = 6.5, 2.6 Hz, 1H), 7.32 — 7.26 (m, 3H), 7.15 (td, J =
7.5,7.0,2.1 Hz, 1H), 6.39 (d, J=16.2 Hz, 1H), 4.27 (dt, J=10.8, 6.8 Hz, 1H), 4.15 (dt, J=10.7,
6.6 Hz, 1H), 3.55 (p, J= 6.8 Hz, 1H), 1.69 (p, J= 6.9 Hz, 2H), 1.51 — 1.39 (m, 2H), 1.35 (d, J =
7.3 Hz, 6H), 1.24 (d, J= 6.7 Hz, 3H), 0.95 (t, J= 7.4 Hz, 3H), 0.74 (d, J= 6.9 Hz, 3H). *C NMR
(101 MHz, Chloroform-d) & 167.96, 151.25, 150.27, 146.95, 140.21, 135.79, 130.60, 128.94,
128.46, 126.98, 124.94, 124.54, 123.26, 116.01, 67.69, 66.59, 64.35, 31.00, 28.96, 24.43, 24.02,
23.34,20.00, 19.36, 13.90. HRMS (ESI-TOF) calcd for C2sH3NO4™ ([M+H]"): 410.2326, found:
410.2323.

3-isopropyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)benzaldehyde (3-8):
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N 'H NMR (400 MHz, Chloroform-d) § 10.26 (s, 1H), 8.62 — 8.50 (m, 1H), 7.86
NN (dd, J=7.7, 1.4 Hz, 1H), 7.55 (ddd, J = 16.6, 8.2, 1.6 Hz, 2H), 7.40 (t, J = 7.7
OHC Pr Hz, 1H), 7.10 — 6.95 (m, 2H), 3.19 (hept, J = 6.9 Hz, 1H), 2.09 (s, 3H), 1.59 (s,

3H), 1.18 (d, J = 6.9 Hz, 3H), 0.76 (d, J = 6.8 Hz, 3H). 3C NMR (101 MHz,
Chloroform-d) 5 194.67, 159.27, 149.21, 148.44, 143.70, 138.57, 135.87, 134.67, 131.97, 130.65,
127.97, 124.92, 124.63, 121.10, 29.57, 24.12, 23.79, 23.72, 21.73. HRMS (ESI-TOF) calcd for
C1oHuNO" ([M+H]"): 280.1696, found: 280.1693. F 1 HPLC 4% £ #: a Daicel Chiralpak

AD-H, n-hexane/2-propanol =97/3, v=0.5 mL min-1, A = 254 nm, t (major) = 9.4 min, t (minor)
=10.7 min, 91% ee; [0]p?° = -186.1 (c = 0.61, CHCl5).

3-isopropyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)benzoic acid (3-9):

| N PLE F 77 4 %) & R TLC 4% 157 2| & & B 1£(26.0 mg, 88% yield # 27). 'H
N >N NMR (400 MHz, Chloroform-d) & 8.41 (dd, J = 5.3, 1.6 Hz, 1H), 7.85 (td, J =
HO,C Pr 77,1.8 Hz, 1H), 7.59 (dd, J = 6.4, 2.5 Hz, 1H), 7.51 (d,J = 7.8 Hz, 1H), 7.37 -

7.29 (m, 2H), 7.25 - 7.19 (m, 1H), 3.09 (hept, J = 6.9 Hz, 1H), 1.88 (s, 3H), 1.61
(s, 3H), 1.16 (d, J= 6.8 Hz, 3H), 0.75 (d, J = 6.9 Hz, 3H). *C NMR (101 MHz, Chloroform-d) &
171.73, 158.85, 147.27, 147.08, 139.13, 138.29, 136.62, 135.96, 131.26, 128.36, 128.02, 127.41,
125.34, 122.19, 30.02, 24.18, 23.82, 22.40, 21.53. HRMS (ESI-TOF) calcd for CioH2NO"
([M+H]"): 296.1645, found: 296.1643. F & HPLC 4 & 4 #f: a Daicel Chiralpak AD-H, n-

hexane/2-propanol = 90/10, v= 1.0 mL -min-1, A = 254 nm, t (major) = 7.5 min, t (minor) = 9.4
min, 93% ee; [a]p?’ = -429.0 (c = 0.50, CHCI5).
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X-ray data of 3-9:

HO,C Pr

Bond precision:
Cell:

alpha =90
Temperature: 296 K
Volume

Space group

Hall group

Moiety formula
Sum formula

Mr

Dx, g cm™

V4

Mu (mm™)

F000

F000’

h.k,Imax

Nref

Tmin, Tmax

Tmin’

Correction method

Reported T

\
\

AbsCorr = MULTI-SCAN

Data completeness
R (reflections)
S =1.048
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C-C=0.0037A Wavelength = 1.54178
a=28.3416 (2) b=25.5213 (5) ¢ =8.4670 (2)
beta = 106.554 (1) gamma = 90
Calculated Reported
1727.82 (7) 1727.81 (7)
P21 P1211
P 2yb P 2yb
Ci9 H21 N Oz Ci9 H21 N Oz
Ci9 H21 N O2 Ci9 H21 N Oz
295.37 295.37
1.135 1.135
4 4
0.579 0.579
633.0 633.0
633.80
10, 31, 10 10,31, 10
6839[ 3502] 6714
0.779,0.845 0.628, 0.753
0.753
= # Limits: Tmin = 0.628 Tmax = 0.753
1.92/0.98 Theta(max) = 73.203
0.0383( 6640) wR2(reflections)=0.1030( 6714)

Npar =408
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Flack parameter 0.03 (4)

1-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)-2-naphthoic acid(3-9a):
| N DL 77 ik &6l & % TLC 2 B &5 8 & B 4(22.6 mg, 75% yield # ).
N "H NMR (400 MHz, Chloroform-d) & 8.38 (d, J= 5.0 Hz, 1H), 7.96 (t, J= 4.6
HOLC OO Hz, 1H), 7.86 (d, J = 10.3 Hz, 4H), 7.72 (d, J = 7.9 Hz, 1H), 7.54 — 7.41 (m,
2H), 7.25 — 7.16 (m, 1H), 2.00 (s, 3H), 1.60 (s, 3H). '*C NMR (101 MHz,
Chloroform-d) 6 171.58, 158.36, 147.04, 140.58, 138.57, 136.03, 134.59, 133.36, 130.90, 129.99,
128.67, 128.32, 127.20, 126.99, 126.67, 125.81, 125.61, 122.50, 22.22, 21.73. HRMS (ESI-TOF)

caled for CooH1sNO>"™ ([M+H]"): 304.1332, found: 304.1333. F1 HPLC 4 & 4 £F: a Daicel

Chiralpak AD-H, n-hexane/2-propanol = 90/10, v =1.0 mL - min-1, A = 254 nm, t (major) = 23.1
min, t (minor) = 17.1 min, 95% ee; [a]p?’ =-352.9 (c = 1.00, CHCI5).

1-(1-(4-methoxypyridin-2-yl)-2-methylprop-1-en-1-yl)-2-naphthoic acid(3-9b):

OMe LLE Fl 77 ik 26 & % TLC 4% 7 5 8 & B 1K (11.0 mg, 33% yield F 2),
| A 'H NMR (400 MHz, Chloroform-d) & 8.21 (d, J = 6.0 Hz, 1H), 8.02 — 7.90 (m,
7 7
N 1H), 7.89 — 7.78 (m, 3H), 7.49 (dt, J = 6.3, 3.5 Hz, 2H), 7.16 (d, J = 2.4 Hz,

HOC OO 1H), 6.71 (dd, J = 6.1, 2.5 Hz, 1H), 3.93 (s, 3H), 2.01 (s, 3H), 1.58 (s, 3H). 3C

NMR (101 MHz, Chloroform-d) ¢ 171.88, 167.35, 159.52, 148.10, 140.43,
135.63, 134.54, 133.75, 130.92, 129.77, 128.68, 128.27, 127.07, 126.91, 126.85, 125.82, 112.25,
107.72,55.88,22.19,21.78. HRMS (ESI-TOF) calcd for C21H20NO3 ™ ([M+H]"): 334.1438, found:
334.1436. ¥4 HPLC 4% 4 #f: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 80/20, v

=1.0 mL min-1, A = 254 nm, t (major) = 13.0 min, t (minor) = 11.5 min, 93% ee; [a]p*’ =-350.2
(c=1.01, CHCI).

1-(2-methyl-1-(4-methylpyridin-2-yl)prop-1-en-1-yl)-2-naphthoic acid(3-9c¢):

Me LI 77 ik 2| & % TLC 4 % 1% %] 8 6 B AR (11.0 mg, 35% yield # #).
| A "H NMR (400 MHz, Chloroform-d) & 8.22 (d, J= 5.2 Hz, 1H), 8.02 — 7.93 (m,
o,
N 1H), 7.90 — 7.78 (m, 3H), 7.53 — 7.45 (m, 3H), 7.07 — 6.99 (m, 1H), 2.47 (s,

HOC OO 3H), 1.99 (s, 3H), 1.59 (s, 3H). '*C NMR (101 MHz, Chloroform-d) & 171.81,

157.94, 150.49, 146.33, 140.29, 135.97, 134.56, 133.55, 130.92, 129.88, 128.68,
128.24, 127.09, 126.93, 126.81, 126.19, 125.85, 123.48, 22.19, 21.78, 21.73. HRMS (ESL-TOF)
caled for C21H20NO," ([M+H]"): 318.1489, found: 318.1487. F {4+ HPLC 4% 4 F: a Daicel
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Chiralpak AD-H, n-hexane/2-propanol = 80/20, v =1.0 mL -min-1, A = 254 nm, t (major) = 8.9
min, t (minor) = 7.5 min, 91% ee; [0]p*® = -252.2 (c = 1.32, CHCl5).

2-(1-(2-ethynyl-6-isopropylphenyl)-2-methylprop-1-en-1-yl)pyridine (3-10):

8 'H NMR (400 MHz, Chloroform-d) & 8.65 — 8.54 (m, 1H), 7.51 (td, J="7.7, 1.9
NP Hz, 1H), 7.43 (dd, J= 7.2, 1.8 Hz, 1H), 7.28 (s, 1H), 7.24 (d, J = 7.4 Hz, 1H),

H .
N Pr7.11(d,J=17.9 Hz, 1H), 7.04 (dd, J= 7.3, 5.2 Hz, 1H), 3.18 (hept, J= 6.9 Hz,

1H), 3.01 (s, 1H), 2.05 (s, 3H), 1.66 (s, 3H), 1.12 (d, J= 6.9 Hz, 3H), 0.69 (d, J
= 6.8 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) § 160.04, 148.48, 143.47, 137.89, 135.92,
133.09, 130.57, 127.38, 126.81, 124.67, 122.69, 120.84, 84.09, 77.89, 30.32, 24.17, 23.46, 23.13,
21.61. HRMS (ESI-TOF) calcd for C20HN" ([M+H]"): 276.1747, found: 276.1746. 1% HPLC

28 % : two Daicel Chiralpak ICs, n-hexane/2-propanol = 99/1, v = 0.5 mL -min-1, A = 254
nm, t (major) = 18.6 min, t (minor) = 19.4 min, 98% ee; [a]p*’ = -296.2 (c = 0.50, CHCI3).

methyl 4-((3-isopropyl-2-(2-methyl-1-(pyridin-2-yl)prop-1-en-1-yl)phenyl)ethynyl)benzoate
(3-11):
"H NMR (400 MHz, Chloroform-d) § 8.68 — 8.53 (m, 1H), 8.02 —
7.91 (m, 2H), 7.49 (ddd, /=94, 6.6, 3.8 Hz, 2H), 7.46 — 7.40 (m,
Pr 2H), 7.30 — 7.27 (m, 2H), 7.13 (d, J = 8.0 Hz, 1H), 7.04 (ddd, J =
7.5,4.9,1.2 Hz, 1H), 3.90 (s, 3H), 3.21 (hept, /= 6.8 Hz, 1H), 2.10
(s, 3H), 1.71 (s, 3H), 1.13 (d, J = 6.9 Hz, 3H), 0.69 (d, J = 6.8 Hz, 3H). 3*C NMR (101 MHz,
Chloroform-d) 6 166.68, 160.12, 148.58, 143.37, 137.68, 135.97, 133.44, 131.45, 129.78, 129.62,
129.23,128.64, 127.51, 126.91, 124.55, 123.11, 120.89, 93.43, 89.65, 52.36, 30.39, 24.16, 23.41,
23.25, 21.66. HRMS (ESI-TOF) calcd for CosHasNO>" ([M+H]"): 410.2115, found: 410.2117. F

4 HPLC 4% 4 1#f: aDaicel Chiralpak AD-H, n-hexane/2-propanol =95/5, v= 1.0 mL - min-1,
L =254 nm, t (major) = 4.1 min, t (minor) = 5.3 min, 99% ee; [a]p?’ = -272.5 (¢ = 0.52, CHCl5).

2-(1-(2-(1-benzyl-1H-1,2,3-triazol-4-yl)-6-isopropylphenyl)-2-methylprop-1-en-1-

yDpyridine (3-12):

"H NMR (400 MHz, Chloroform-d) & 8.55 — 8.48 (m, 1H), 8.03 (dd, J=17.8,

1.4 Hz, 1H), 7.62 (s, 1H), 7.49 — 7.35 (m, 2H), 7.33 — 7.27 (m, 4H), 7.20 —

Pr 713 (m, 2H), 7.00 (dd, J = 7.5, 4.9 Hz, 1H), 6.87 (d, J = 8.0 Hz, 1H), 5.55
(d,J=14.8 Hz, 1H), 5.40 (d, J = 14.9 Hz, 1H), 3.04 (h, /= 6.9 Hz, 1H), 1.80
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(s, 3H), 1.35 (s, 3H), 1.12 (d, J = 6.8 Hz, 3H), 0.71 (d, J = 6.8 Hz, 3H). 3C NMR (101 MHz,
Chloroform-d) 6 159.55, 148.71, 147.91, 147.53, 138.09, 137.57, 135.82, 135.18, 133.54, 130.46,
129.08, 128.63, 128.00, 127.96, 126.29, 126.02, 124.59, 121.93, 120.77, 54.04, 30.22, 24.37,
23.81,23.58,21.73. HRMS (ESI-TOF) calcd for C27H29N4" ([M+H]"): 409.2387, found: 409.2391.
F M HPLC 4% 4 fF: a Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 1.0 mL-

min-1, A =254 nm, t (minor) = 14.1 min, t (major) = 15.4 min, 97% ee; [0]p>° =-165.0 (c = 0.65,
CHCl).

Ferrocenyl (pyrrolidin-1-yl)methanethione (3-17):
O "H NMR (400 MHz, Chloroform-d) & 4.83 (s, 1H), 4.38 (s, 1H), 4.22 (s, 2H),
N 3.96 (s, 1H), 3.83 (s, 1H), 2.00 (s, 7H). *C NMR (101 MHz, CDCls) § 195.92,
Fe s 86.66, 72.08, 70.95, 69.91, 55.49, 53.56, 27.04, 24.23. HRMS (ESI-TOF) calc
for CisHi7FeNS™ (IM+H]"): 300.0504, found: 300.0511.

N-(3-(pyrrolidine-1-carbonothioyl)ferrocenyl)benzamidem (3-19):
NHBé "H NMR (400 MHz, Chloroform-d) § 10.95 (s, 1H), 8.02 (d, J = 7.0 Hz, 2H),
7.50 (dq, J = 14.2, 7.0 Hz, 3H), 5.84 (s, 1H), 4.30 (s, 2H), 4.21 (s, SH), 4.03 —
b 3.54 (m, 4H), 2.20 — 1.80 (m, 6H). >*C NMR (101 MHz, CDCls) § 194.54, 134.62,
131.69, 128.76, 127.41, 98.52, 75.99, 65.71, 64.64, 63.46, 54.96, 54.82, 26.85,
24.33. HRMS (ESI-TOF) calc for C2oH2:FeN,OS* ([M+H]"): 419.0875, found: 419.0869. %

Fe

=

HPLC 4% 4 1f: a Daicel Chiralpak IA, n-hexane/2-propanol = 80/20, v = 1.0 mL -min-1, A =
254 nm, t (major) = 13.7 min, t (minor) = 11.8 min.

3-9a 4 B 1K, 89%, 70.5:29.5 er.

3-9b K ELAR, 0 °C, 96%, 73.6:27.4 er; -20 °C, 75%, 78.8:21.2 er.

3-9¢ HELIKR, 93%, 71.2:28.8 er.

3-13 K BK, 95%, 50:50 er.

3-14 K EAK, 93%, 50:50 er.

3-15 A 21K, 89%, 51.2:48.8 er.
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a) The importance of chiral olefin ligands

*C C_ new opportunity?
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chirality at skeleton chirality at sulfur

axial chiral S-olefin
b) This Work: Strategy for atroposelective synthesis of conjugated diene-based axially chiral styrenes
Asymmetric alkenyl C—H functionalization

R2 Ro
R4 T R4 / P O axially chiral styrenes with conjugated dienes
Pd(I1)/SPA R O more challenging asymmetric alkenyl C—H activation
SR? SR3 O construction of diaxially chiral styrenes
OO CO O olefin ligands with axial chirality and S-stereogenic center

Q broad substrate scope O excellent stereoselectivity O high atroposelectivity
69 examples complete Z-selectivity up to 99% ee

) 43 TR A A 364 02 5 A B T 08 250 0 R
4.3 KM &R

FREREFE 6 R —RKF B FEMR O FHEAEEERA, Bl @2 E
LEAREB T HRARBEUINPIE R, RIEERBEMETIRE-ITE6NTH
AR FRKATEET e 4-1a, — MR FREN Z KK LEEARNOERRY,
FIHERIE T B 4-2a A KON B9 BAGRA], BERE N BN, RAMFET R W&, K
L T S A

43.1 FHERAKNFEL
FATE £ 0L 10 mol%H BE L 48 A 18 4457, 0.1 mmol B9 &4 4-1a A K AL K4, A3

Y EWEEMNRA, 2 B Y ENEERSE, UL 1.0mL T KR RNER, RAEE 60
°C i, Xt R FHFHETR AT T Fi(GR 4.1). 2008 £, 24 AIHEMA L T 2545 &
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FWE LA HEES 1 A BRI R B M AR L RORI A S 3L E R S A B e R AT IR

EBRMPAA) R LEAT R AR E R E RN ERFHEAK, FHE MPAA w2
B TR B AR E N R TR T AP, B, RIOTELFET &5
KA #] MPAAs(4-L1-4). 4 KA K LW 2, BAMEF MPAAs 7] LUIA i 45 2 A0 X AL 09
A, (EREE S R B BR L E JUF T DA A

F41 FHBEEHFE @

Z>C0,Bu o P
ZH 4-2a =~ CO,BuU
Pd(OAc), (10 mol %)

SMe SMe
OO Ligand (20 mol %) OO
AgOAc (2.0 equiv)

Ph

4-1a Et,0, 60 °C, 24 h 4-3aa
CO,H 'Bu_ _CO,H Me_ _CO,H p—oozH
Y Y oo L
NHAC NHBoc NHCbz H

4-L1,74%, 6% ee 4-L2,91%, 7% ee 4-L3, 84%, 3% ee 4-L4, 23%, 0% ee

O CC ’
OH O\P//O OO O.
oH o Pon o P~N(Me),
l l ! 3 R ‘ g

4-1.5,92%,0% ee 4-L6, R=H, 85%, 4% ee 4-L8,89%, 0% ee
4-L7, R = 2,4,6-iPrsCgH,,
79%, -87% ee

4-1L9, R =H, 90%, 10 % ee

4-L10, R = 3,5-Bu,CgHs, 87%, -57% ee

4-L11, R = 2,4,6-iPr3CgH,, 95%, 95% ee
94%, 95% ee”

4-L12, R = 9-anthracenyl, 90%, 81% ee

4-L13, R = 9-phenanthrenyl, 93%, 93% ee

4-L14, R = 1-pyrene, 31%, 88% ee

4-L15, R = Ph, 83%, 12% ee

4-L16, R = 2,4,6-Me3, 94%, 89% ee

@ )1 4 :4-1a (0.1 mmol), 4-2a (3.0 equiv), Pd(OAc), (10 mol %), AgOAc (2.0 equiv), Ligand (20 mol %),
£ EbO(1.0 mL)# F = A4 B £ 60 °C K AL 24 /N, PPd(OAC), (5 mol%), 4-L11(10 mol%),

Z J&, BINOL(4-L5)#f1 % T BINOL ‘B % 89 5 M B BL (4-1L.6) A1 I 2% Bt % BT 1K (4-L.8) 4. 4
BAT T MR KRB 2R DR AT B B AL B B R R R AR T R R, A A B
R, 4 — AN b Bk B F M BEBR(TRIP, 4-L7)% 4 {E F B AR A N\ B KR+ B, BAl]
T LLLL T9%Eh P2, -87%H ee (ER B R4 Z A BE R M. 2R TIES, &
&IV SR IR R R 1F O 1 T A (R 4P AL T B AL B VE AR A T BT 1L A U
Wl A1 E X TR IR BB HEAT T V4B IR £ (4-L9-4-L16). T HRATATH, UfE
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F — ML A o M R IR R BR (4-L11) A BR AR B, TR BLEL 95%8h 7= A 95%HY ee fE
LR & Z A A i 8 0 U5 B B AT & 7 4 4-3aa.

4.3.2 S REI 5| A H i A PR B 7 2

42 RPLER L

" b com
SMe + 22 c0,Bu -L11 (20 mol %) SMe
OO 2.0 equiv. AgOAcC, solvent (0.1 M) OO
60 °C,24 h

4-1a 4-2a 4-3aa

entry solvent yield ® % ee %
1 DCE 91 86
2 Toluene 89 90
3 MeCN 96 50

4 MeOH NR

5 THF 92 89
6 DMF 90 79
7 Et,O 95 95
8¢ Et,O 93 94
9¢ EtO 94 95

24-1a (0.1 mmol), 4-2a (3.0 equiv), Pd(OAC)2 (10 mol %), AgOAc (2.0 equiv), Ligand (20 mol %) 7 48 Jiz 7%
F(L.0mL) #F F = A4 7 60°C XKL 24 /NAE P 45 7= % Cee {E b F £ HPLC M| = . “Ligand (10 mol%),
¢ Pd(OAC)2 (5 mol%), Ligand (10 mol%),

FEARET KRB R FEAR 4-L11 J5, FATE T R RO B9 | 24T 7 . # Al
R I K S B 70 AR DANGUR B4 43 B B AT AL = o L 8 ] R AR XS P A B X B AR L
EYWHRA. YA ERFERMEERNTHER NN-ZFEF B AR LAEF B, W8 ee
B BH . #0 T F% (entry 3, 50% ee; entry 6, 79% ee). %3 miE Al e, EHF R TR KB
FUF B KR R B, AEAR B RBL AT LT8R A B AT R E R E A
(entry 4). ZJ5, HMAAMFREMAER, —QCk. FRMEEAKEWHEHAT T NK,
KRR R IBA AT A B T F L, RATH AT A B R B A RS B & B A
& 5 AT RO 0 1 A ) A F VB AR BN LB AT T B0, K T 4 1 T B R 4 BN 2 R D
F| 5mol%, ERME R D B 10 mol%Et, KR By 7= & At B4k b 2 3408 5 2| 227 (entry
8,9). A FKAH IS A AR 5 mol%r BEEL 42 A 1L, 10 mol%Eh 4-L11 4 F
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MEA, 3 FLHENAMHRIIET By EARA, 2 FS EEBEIRE A KA NT,

oy Z M A 1k BT B B AT A A 4 4-3aa.

4.4 KB JR1E fE

441 ZBREFHFEFTBEFY N A RFR

FA43 ZHREFHEEETEFHEEREFRRE

2 2
RL Pd(OAC), (5 mol%) RZN"co,8u

L11 (10 mol%)

1
SR' + Zco,Bu . SR
AgOAc (2.0 equiv.) O
Et,0, 60 °C, 24 h

41 4-2a 4-3aa - 4-3xa

Tk
CBRE RN ER], 48 60°C T KB 24 /NBF, ¥ DLLL 94%#7 7= % 1 95% 89 ee B UL R 4

P
a) R' = alkyl

R

4-3aa, 94%, 95% ee  4.3ca, R, = Pr, 99%, 86% ee

t1/2 = 9.08 hours (125 °C)4-3caa, R, = Bu, 68%, 81% ee
81%, 90% ee (L13)
4-3cab, R = 'Pr, 80%, 53% ee

aan " o7 4-3ka, R = Me, 82%, 97% ee 4350, 82%. 04
-3ha, R = F, 92%, 97% ee _ o o -3sa, o, o ee
4-3fa, R = Cl, 75%, 92% ee  4.3ia, R = CI, 71%, 97% ee -+ o\» R = C1 65%, 97% ee
4-3ga, R = OMe, 69%, 95% ee4-3ja, R = OMe, 78%, 95% ee 4-3Ma R=F, 90%, 97% ee

4-3na, R = OMe, 44%, 96% ee
4-30a, R = NMe,, 99%, 96% ee

4-3pa, R = "Bu, 87%, 96% ee

2 -
c) R2= alkyl N a CO,Bu o P
O SMe \'/ i/ N""CO,Bu TBSO i i/ NS CO,Bu
O O l SMe SMe
4-3ta, n =2, 67%, 93% ee O ‘

4-3ua, n = 4, 88%, 95% ee
4-3va, n = 6, 73%. 92% oo 4-3wa, 27%, 93% ee 4-3xa, 59%, 90% ee

g

g AN 0,84
O™

O P
O Pz ~ CO2BU
=~ COzBU SR1 1
O SMe
D 4-3ba, R1 Et, 72%, 92% ee 4-3da, Ry =Me, 74%, 96% ee 4-3ea, R=H, 61%, 90% ee

4-3daa, Ry = 4-MeCgHy, 67%, 74% ee4_3qa, R = p-'Bu, 93%, 89% ee
AG* = 32.64 kcal/mol 77%, 91% ee (L13) 4-3ra, R = m-Cl, 40%, 90% ee

J

¢ KR4 #:4-1 (0.1 mmol), 4-2a (0.3 mmol), Pd(OAc): (5 mol%), AgOAc (2.0 equiv), 4-L11 (10 mol%) 7=

EtO(1.0 mL)# TE A AE £ 60°C R 24 /Net

ERET mABEEMR &), RATA KRR 89 2T T 15 BB 7
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B, BRATEZ A o 88 F £ R H T 6 R — R 7 ZBR B3 FHEETRNUEY
(& 4.3). KAV KRR+ 5 & B B A A #AT T % Z(k 4.3a, 4-3aa—4-3-ca, 4-
3caa, 4-3cab). KATA I L 5 1y A W B f LB A7 38 A BT, AR RLRRL 7= 47 A X B AR L 3 4
4 B 5 6 T ¥ (4-3aa, R' = Me, 95% ee; 4-3ba, R! = Et, 92% ee; 4-3ca, R! = Pr, 86% ee; 4-3caa,
R' =Bu, 81% ee; 4-3cab, R' = iPr, 53% ee). HAVEMR, XA abEd T FHE AT HEZ
8] B G PR 7 S BB . 2 B AT BT AR A A ALY 2,4,6-(iPr)sCeH 5 F B # pk A0 3 £
ML /NE IR, JRORE 7= 4y e % B A E 3R T [ W #2 34E 4% 2| T 471 %1 (4-3ca, 4-L11, 86% ee to 4-
L13, 91% ee; 4-3da, 4-L11, 81% ee to 4-L13,90% ee). L4, B 4RA N F= H7 H X B AR L2
T B T, 27 AR A E T AR A B 1F 4 1) R ] 19 1 T (4-3da with R! = Me, 96% ee,
vs 4-3daa with R! = 4-MeC¢Has, 74% ee). M T, FEIA N HE T mE N E RN+ &
I E o 48 B3 E (4-3ea, 4-3qa, 4-3ra, 89-90% ee).

BB RATE BT )R 7 — MR IR BN E 0 T 308 X R #2705k 4.3b). FATR L,
TEERTBIAN, B AR R TR A ELER B TR TNRE, KA
LUA o 45 B 0 75 B9 = 2 (44%-99%) A1 4k 7 B X B 4K L 2(92%-97% ee) 5 2 A8 AL 19 = BLR Y
B % 2 7 B R 41 (4-3fa—4-3pa). — N FE EE BUR B E & JR A (4-1s) 18 R 2 0 AR IE B
£ SRS Y

Z g, HRAEERHTALLREINEHE R IE ST RERAREGE 4.3¢), 4 KA
B AR, B K E BT E B AT DR ST I R AR AL X B R B A B AL RO, DA
B 5T 2 0 75 09 7= 2 Fn 0h 75 i o B H 3R 45 B AR R B B AL PR 4 (4-3ta, 67%, 93% ee; 4-3ua,
88%, 95% ce; 4-3va, 73%, 92% ee). AT, LYBMAREITESE T FH —MNERNERER, K
I B P2 2 4 AR BF B T P& (4-3wa, 27% yield), 182 5 3 i F 78 56 5 2200 F 1 19 15 41 (93%
ee). FAME MK 2 B 4 7V Y B R 2 VT E 4 BRAE A8 AL A BEAT B AL, XA B 1 4P 4B LR At
MEERABEEMIRY R TH, MERINEERNELERAREHRATT R, REMHE
P 1] 2R B IR A 45 2] T AR S (4-3xa, 59%, 90% ee).

4.4.2 HEAMRAWE R
BEgs, RN RAEREEMRA AT T LELEFRCE 44). RNFHRT &R %

M IR EE R O, KN R 5 5 838 7 34 7] DUIE & RO e ) AR A, RO 3
A B AT B P Ak B (R 3 # 1E (4-3ab—4-3am, 4-3aq—4-3ar). E A2 A B E AL A 0 A F
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M#FT L., AFREEGEREI L T RFNERE, REAEF L 54%H 7= F 50 94%H ee
E153 B A8 R W Z AL P4 4-3ap. (B2 2 FHL /N B v 1 F 5 60 7 e B F 79 0 B Oy JRAE B
Vo AR A B, A8 B My 9 AT B AR B R U % A& T B B M T £ (4-3an—4-32a0).

x 44 HERERMTE ¢

‘ Pd(OAc), (5 mol%) ‘ _
" 4-L11 (10 mol%) ~ R
+ /\R _—
SMe AgOAc (2.0 equiv) SMe
OO Et,0, 60 °C, 24 h OO
4-1a 4-2 4-3aa - 4-3aw
( )

‘ 4-3ab, R = Et, 92%, 93% ee y z ‘
- 4-3ac, R = (Bu, 81%, 94% ee : (SN
A OPh
- CO2R 4-3ad, R = Ph, 73%, 97% ee " O
SMe 4-3ae, R = Bn, 69%, 97% ee = | - SMe O
OO 4-3af, R = CH,CF3, 61%, 92% ee m
‘-\h v 4-3ac

‘ ‘ ~ (CCDC 2044236) 4-3ag, 77%, 95% ee
/
z Cl
T

? g
SMe =
SMe O -
4-3ah, R = F, 88%, 92% ee OO

4-3ai, R = CI, 90%, 87% ee 4-3ak, R = ClI, 95%, 97% ee
4-3aj, R = OMe, 68%, 91% ee 4-3al, R = Br, 98%, 96% ee 4-3am, R = Cl, 70%, 93% ee

ey ke O
SMe O |  ‘- - f - OO ‘
OO i O SMe SMe O
4-3an, R =H, 61%, 77% ee OO

4-3a0, R = Et, 59%, 83% ee
4-3ap, R = N(Me),, 54%, 94% ee - - (CCDC 2044239) 4-3aq, 90%, 95% ee 4-3ar, 68%, 92% ee

(]

with olefins derived from natural products and drugs

Qe 1,0

;ﬁoro

MeO,C NHBoc MeO,C NHBoc
fenofibrace derivative estrone derivative Phe derivative Tyr derivative
4-3as, 99%, 90% ee 4-3at, 99%, 95% de 4-3au,88%, 94% de  4-3av, 95%, 95% de
e
e ’
0 (0]
L-menthol derivative estrone derivative D-galactopyranose tocopherol derivative
4-3ax, 89%, 99% de  4-3ay, 99%, 94% de 4-3az, 99%, 93% de 4-3aw, 90%, 91% de

J

¢ KR4 #F:4-1a (0.1 mmol), 4-2 (0.3 mmol), Pd(OAc): (5 mol%), AgOAc (2.0 equiv), 4-L11 (10 mol%) 7=
EO(1.0 mL) ¥ T & A 4E # 60 °C K AL 24 /NAT,

AT R ZRAEOE A EARE, BRAORE T F £ 7E%ES FAT £ E M.
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RAEFABRANLE, W F 2544 F fenofibrace 7 4 B H 2 LR A B, AT LLLL 99%
By P2 A0 90%HY ee 13 B AT KL HY P2 H1(4-3as). ¥ £ KR P14 T 4T A B9 B AR A 7]
PL3E B 7E %% # 4k R AL (estrone, 4-2t, 4-2y; L-menthol, 4-2x; tocopherol, 4-2w; D-
galactopyranose, 4-2z). 7 41, @ FEBEAT & B9 )% £ 1K 7| (phenylalanine, 4-2u; tyrosine, 4-2v)
A 5T A& 3E R % A X AR RORL BB R ] o X B A B R T o R AR A vE
O FHEEAT ENARAEET EBRIE. =4 4-3ac 1 4-3ap B2 XA AL g1 5 4T &
FEHRE, HEAFHER e A A K ENEE,

4.4.3 WERBFEFETZFHE & KR

® 45 ZRREFHEET G YL E AR ¢

R3
R2 Pd(OAC), (10 mol%)
7 "H 4-L11 (10 mol%)

/\
SMe + 'R 4 AdCOOH (1.0 equiv)
AgOAc (2.0 equiv)
Et,0, 80 °C, 24 h

4-4 4-2 -
4 N\
R
RGP KL ALK
=~ = COzBU =~ 7 COzBU =~ = CO2BU
4-5aa, R = H, 94%, 95% ee 4-5da, R = Me, 91%, 95% ee 4-5ha, 77%, 90% ee
4-5ba, R = Cl, 43%, 90% ee 4-5ea, R = OMe, 85%, 93% ee
4-5ca, R = F, 65%, 90% ee 4-5fa, R = Cl, 84%, 93% ee

4-5ga, R =F, 71%, 93% ee

Ph
O Pr O
O / N _
~ CO,Bu She Sute
SMe
ia. 47% Q19 o ano o oro 4-5ik, 78%, 85% ee”
4-5ja, 47%, 91% ee 4-5ka, 41%, 82% ee 4-5la, 56%, 85% ee 56%, 87% eob®
b J/

@ ]I 414 :4-4 (0.1 mmol), 4-2 (3.0 equiv), PA(OAc), (10 mol%), AgOAc (2.0 equiv), 4-L11 (10 mol%), 1-
AdCOOH (1.0 equiv) 47 % 8 7| Z£ EO(1.0 mL) # F % A 40 B £ 60 °C K AL 24 /NBF . 60 °C. “4-L13 4
WO

AR B AR ST M B T BRI — B DASR R AL AL 5 AR B R Y R R
U4, ERERME, RATKRBIEMEMAA XA E B A S 210 R RLF A 18 3 B
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R 5 Ve 2 7 B PR B A (R 4.5)

KAVBIFSN AW 1 BLEW 1-AR TR, FRRERAEE EAZT 0°C kEE=
BRAGFEE R K R EAREMHRALEE. £RERFRINLIA, EXFHILTIA
TRl EL TR B FE L, RO VT DURURI 4% B AR AL Y O FUR S 0 0 5 R PR 4 (4-5aa-4-
Sga, 43-94% yield, 90-95% ee). #&H, =7 EBUREEE R (4-4h) W4 HAT T Mk, &
T3 BLBL 77%HY 7= 2 F1 90% 1 ee (B 15 B/ £ A0 - #1(4-5ha). %K), HATE RN KRWE R
2| e A B B = BUR %2 JE A (4-4j—4-41) . 17 R A AR 4 0 BUR B I B
B F M 25 IR R H1(4-5a, 91% ee; 4-5la, 85% ee )BT 15 I B 48 T A 304 e 1B BUR B 7
#1(4-5ka, 82% ce). EEEMWE, — B RN OEIE R Z A LLHEAT TR R R A
G0 2 AL R RI(4-51K, 56%, 87% ee). X H R TR LG 1 E 4 B UL g A BB AR A AR 4
&, RS RBEAY, BT R R0,

4.4.4 R F MR- oo RF R

& 4.6 Mk FIEIEIE TR 6 R

Pd(OAc), (15 mol%)
4-L11 (30 mol%)
AgOAc (4.0 equiv)
Et,0, 60 °C, 36 h
4-6, R = H or OMe 4-2a or 4-2K 4-7, R = H or OMe

n=1or2 n=1or2

4-7ck, 79%, 93% ee 4-7dk, 62%, 98% ee 4-Tea, 74%, 95% ee

92:8 dr 94:6 dr 93:7 dr
N\ J

¢ K4 F:4-6 (0.05 mmol), 4-2 (6.0 equiv), PA(OAc), (15 mol%), AgOAc (4.0 equiv), 4-L11 (30 mol%)7E
Et0(0.05 M)+ T E A A E £ 60°C R 36 /Nt
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WRIEH, fFHEH LT, ORI BMENRIFIEE, ERLFM
AR BRI B AT R B R R, AT, AR £ A F A B X R A R AR
DA A Preel [ AT 2 R AN X B I B N RO R R B A A e A
FUFETRUEWIE R T CR 4.6), 2 RAVEFN R, L8 3 38 AR R & AT
W, 2Rl sl REEAR . REAEEARA WA E, FEEKR A E, FATH L
DL B SF B 7 3 0 3 Rt B AR b R DL R OGRS BR R B R AR B — R B B B A& AT
B F M 2 4L A 41(4-Taa—4-Tea, 62—86%, 94-99% ee and up to 97:3 dr). [ B, =4 4-
Tha By 46 3 # B gy B @ AT AT E A (RRM AL, Ha WU F 6y e 40 B o S AT 48
R

4.5 & R AL A
e
,O mCPBA (1.0 e 20% Pd/C, H2
|\S qUIV SMe SMe
o DCM, -78°C, 6 h THF, rt
4-9a, 77%, 96% ee, 14:1 dr 4-3ak, 99%, 97% ee 4-8, 83%, 93% ee
(2.04 g)

standard + 4-2k

conditions
4-1a (5 mmol)

standard ‘
" + 4-2a

condltlonsl /s = COLH

‘ O NaOH SMe
_ MeOH/THF OO
N CH,0H COBu| 00
SMe o oBALA SMe | 4-10, 92%, 92% ee
OO THF, -78 °C 6 h O
4-12, 80%, 97% ee 4-3aa, 93%, 95% ee mCPBA CO,Bu
(1.87 g) DCM t SO,Me
4-11, 99%, 96% ee )

K 4.4 AAET KRR FAT £

AT H—FRAZR LG REAE, BATERHET R BAENT AR EFRER
R4 T, Smmol B9 JEY 4-1a, 4 FIERIE E KA FFEL E T B 4-2a 18 &K 2 )% 4-2k
BORL, DA AR 7= & A 3 BR K B 5 0 B0 48 T 45 B AR R B9 5 F 1 0% K 57 2 S 41(4-3aa, 1.9 g,
93%, 95% ee; 4-3ak, 2.0 g, 99%, 97% ee)o Z Ja, AV F=HH#AT T F LT MR AL, #H—
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FRIAEA KA E(E 4.4). FHFHFRETUR | L ENE AL AMKFRE-
78 °C Tk # H A AL AR AR BL A T AL R AT A H1(4-92). HBF R, HAMRAT
DR B 5 B F HE(96% ee), [ B DA L BCITF AR 4 R o iR ks 5 b 3t P2 A — AN BT
o(14:1 dr)e X4 Z B AT £ 7 — R B AR B AR B AR £ 2% A Ale (B 4.5). S5 ILF
B, R AR B I E] 2.05 5 4 &, 4-3aa T LUK H B AR E A A Y 4-11(99%
yield, 96% ee). 7 5, F=41 4-3ak ¥ LLFE PA/C 7 78 T 4% 38 0k 3 S Ak Ak e £ 5 BUR B9 6 )2
F=41 4-8(83%, 93% ee)o [BIFERY, F= 41 HYEE 2 45 44 7] DA DIBAL-H 36 #3020 JR i ¥ 8
— Al T I VA 4 M B T BE AL A 4-12(80%, 97% ee). B 5, 4-3aa F] LLE A ALY
B A T K R OB A R A AR AR L B 0 T IR T B R YRR (4-10, 92%, 92%

ee).

e a) Rhodium-catalyzed asymmetric conjugate addition to cyclohexenone N

o [Rh(C5H4),Cll, (3 mol%) o)

ArB(OH), Ligand (6.6 mol%)
+
Ar = p-MeOCgH, THF/H,0, KOH (0.5 equiv)
40°C, Ny, 3 h Ar

4-9a, R =Cl, 83%, 82% ee  4-9b, R = CO,Bu, 78%, 70% ee 4-9e, 61%, 59% ee
\4-9c, R = OMe, 78%, 70% ee 4-9d, R = 2-naphthyl, 75%, 79% ee )
e b) Rhodium-catalyzed asymmetric 1,2-addition to a-diketone N
[Rh(C35H4),Cll5 (3 mol%) o
ArB(OH), Ligand (6.6 mol%) A
+ '~
Ar= p-MeOCgH, THF/H,0, KOH (0.5 equiv) fK)LPh
60 °C, N,, overnight Ph OH
4-14 4-17
O
A\
Me
4-9a, R = Cl, 86%, 72% ee 4-9b, R = CO,Bu, 56%, 69% ee 4-9e, 20%, 56% ee
L 4-9¢, R = OMe, 47%, 66% ee 4-9d, R = 2-naphthyl, 75%, 67% ee )

Bl 4.5 37k A F M HuF S oy R A

BHE-AREQOFENFEFERECEH S ZEHAT AR ERFE2, MELH
1T R B SE A AT 3 AR 2B A 58 VE 1 SR B 6 R B B T 1 0% & 57 2 64 4-3ak 7] LLE )7
Z—FSHEMANRKE, FEEARFEBRALEFEEER N FELIVEEN Y 4-
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9a( 4.4), ZU B R, RATFIAMEEW T E#E—F AR T — A7 48 FHENFHREER
R(4-9a—4-9e), F H 12X 2 F I ¢k A7 Al 2 5 1 A1 3R BR 2 2R O 0 B B A X AR 2R 40 Am AR RORL
(B 4.52)12200) L0 E4 4-9a 18 4 KRBy FHEBL AR, RORFT LA R S Bl 7= 5 o i B R
AT B 35T A B 7 4 4-15(83%, 82% ee) o FL AR L B 2R B T 1A (4-9b—4-9d) 1. 7] LLAE X
BL P 45 B KL 48 R (70-79% ee)o T FEHEZ L — AR FHEL A 4-9e fm A\ FIE MK
BB, ROR R BE LA 61%0 7= Fn 59% 89 % B4k b 45 2| B AR fm i = . Z )5, RA14k4:
5 B 4 KL R B4 18 AL R BR X o- — BRAG A B A X BR 1,2-m AR RRE F (B 4.5b)2, B A7 A
JR = A EATTT K o 37 AL T A 4 O AR AE A T 7T LAAR B P 4 B BRI B XT B Rk B 1
(56-72% ee)o X B4 3 WY IR AT 45 RAVIE L T X — 31 2K B o 5 M T AR A8 A 0 AR 8 Al RRE 4
A B S RLFRDE

4.6 A4 4-3aa B RE 2 Fn R AN 2

Fir ek 2 R RE X BAKHSNEIE S A1 F R REN . — NN F AR ELET
& '\ /% 7‘7‘/% ,‘_11%;, %( (kracemisation =2 * kenantiomerisation) ’ 7it E( ik}g Eyrlng 7\? % ’ ﬁ A X‘Aj» Ef% 7% 7‘@ 'l%’ #k

(kenantiomerisation) ’ ﬂ‘ 13/\ ;k Llujl %ﬁ % %\E :ﬁ!\:(AGienaniomerization) ’ ;J: E}j R(/Eh /TZ,K ’#’ #C) =8.31451 1K
"mol”, h(3 B 3% & #X) = 6.62608 x 10-34 J*s 1 kp(3 /R % 2 % %) = 1.38066 x 10-23 J*K-

1
o

AGienaniomerization =RTi *ln(kB T /hkenantiomerization)
t12(71) = 0.5*In2/Kenantiomerization

AT B A P e A SAR R, RATUL 4-3aa AR R, oADK T HAE—

REETHEEERESZ, FEHEEANEE THEREY. ERHAANEHEFURA
B2 A, 1.0 mg/mL 8K B #HAT KR . # 3T HPLC # M BR A L&
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] ~ = CO,Bu
l SMe

4-3aa
time enantiomeric excess (ee) first order racemization
(second) In(eeol/eer)
0 96.134 0
3600 90.764 0.0575
7200 87.440 0.0948
10800 83.168 0.1449
14400 78.368 0.2043
18000 73.780 0.2647
21600 69.426 0.3255
25200 64.885 0.3931
28800 60.503 0.4631
0.5000
0.4500 .
0.4000 .
~> 0.3500 .
& 0.3000 e
" 02500 @
o Y
& 0.2000 Lo
c
= 0.1500 e y = 2E-05x
0.1000 B R? = 0.9974
0.0500 i
0.0000 @&

0 5000 10000 15000 20000 25000 30000 35000

time/s

Kracemization (125 °C) = 2x107 7!
Kenantiomerization (125 °C) = 1x107 57!
AG* enaniomerization = 136.587 KJ/mol = 32.64 kcal/mol
t12 (125 °C) = 9.08 hours
& 4.6 144 4-3aa & 125 °C 5 77 B = #98 fie A4 K RE

g L BB B AE R AT Rt B, RATE DUR B E A4 4-3aa BB RE S K
#& 32.64 kcal/mol, 7E 125°C, HFFH N 9.08 /Nt (E 4.6).

4.7 RFE/NG
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LA, BMEH AR T B BEUTIHEEHR AR IEEMREGAELH S B
REJW - HEEHNHFRFET RN EXE T, MBI ERE T EEH,
A LAR H RO DA R B AT B R B DA R e e Z M R SR R BT M R R A
FIEFH, B U E SRR F RN ZRFUEATENEA — R RIFR AR E
A3 AR A KOBL R R BT B R ROR

4.8 SZHEH

4.8.1 LR HEFIRA

PR PLZ . Bruker Avance 400 M AZ 8 3t 9k UF T# & #9 'H NMR., C NMR ## °F
NMR #: ] . Waters TOF-MS GCT Premier ¥ (X f T & 2 #% fi i (ED) A ll3%, Bruker Apex
111 4 B ot & e gy 5 B e 264k Fuoil DUR T & 2 2% it 1 (EST) B 1 « Shimadzu HPLC LC-20A
AR U T F M A & X BR AR L B A LR R 2 B AT R (TLO) R B, 40T,
EARAT e g R I e HETE LN,

FRFoiR A — RS B LR GZ ERE TGN EEEA, BTA L AEN &
BT Ak W 3F 5 # AR #8 (Purification of Laboratory Chemicals, 6th Ed) # /5 4 z 5 B 34T A .
BEBR 4P /N BRARUA B AT SE . FH BB N Bl KRB IR A5 3

4.8.2 KB JRME A B

R AR B F SRR 8 o A ik T v T DL T B R AL B ST, I B4 S4 A ST 4]
DU 3T R B 0 3R B A Rk T SRR 3 A 24 2,
TE AERARIPFIET, /A4 S1 # DMF A% (0.5 M)+ & 18 7# imiE A NBS(1.2
equiv)®#] DMF B #. #imxtfE, ¥RRBGWME TER THERN 2 Not. KM T4
B, R F AN LR LB R AR . KR EHEAT 2, KRB TR L
EBFHR. WEANABBER, Ftafah AT RE, TARBRSTIE, 2IREERE
45 B A6 B2 9 IR ARAE = 1 o 55 (R A i B AR O SRR R B AR B AT 0 B 1R AL F Bl LA 4 S2.

EEA % H ZE TR B R T Ar A\ 3 mmol%# Ni(dppp)Cl, ¥ 2 & # AT A A R4 .
Z JE AT K Ak (5.0mL), £ F IR NE R ALY F % 1% # v DIBAL-H(1.3 equiv), 7# 4w
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THRBHERAETRBE, R REYAHE 0°C, I 440 WER Y+ %1% v d
L # 3 A A4 (1.0 equiv). TR ER R LK E R =R, KERFFH NN AEH
¥ KR 1A HIE 0°C, £ KA1 4% 18 8 it MeO-Bpin(3.0 equiv). 2 /& ¥ X R 47 m # 2] 80
°C, REEFRERI 24 Neto RE T4, ERAKERBRNETEXR, BREAEMALR
CEREARE, KREFAENHEER, AEARBRETRERER££ 42BN, FHEE
M & R 445 2| B A = 4 S4.

R IR AE 100 mL T 7 [ BB HR F An AL A-4 S2(1.0 equiv), 1447 S4(1.1 equiv), B
4 4E.(10 mol%), SPhos(20 mol%), % B 4%(3.0 equiv)## 7% 7| THF/H20(4:1, 4.0 mL/mmol).
ERARY T, BREWmHREE GRS, FRFE 24 Nt TR LG, AHEERE,
Rt F AR ERBATER, TROBMERF R WEFNABER, FLATRNTIE,
BJE £k 2 R A NBER G E AL BN B R GG 2E B RY S5.
FEBAERAAET, £ T 100 mL B KB F v A\ JE AHE (10 mmol), Mg(OMe): (1.0
equiv) 1 7 /K ¥ 7| (DME 2 Toluene, 25 mL). ¥ K 5L 474 41 £-30 °C, £ K 547 % & im LDA
B (1.1 equiv, 2.0M M AR BER), FRFZREHE 10 048, AEEALRRT T,
& KR m\ Bapina(1.2 equiv)e Z ¥ R M #y7m #2130 °C, R 12 /MDA E, FE| K
MEa)E, AHEER, ALBRIEBHERNRK, ZREGREBFNEHTEENIS, #
5515 B\ AH KL B M T B BE AL 64 ST 48 S5 15 Bl B9 Ak &4 S2 A1 ST #EAT Suzuki fBER R AL,
B 51 5% T ik A
ik C: ERAAAET, EFEH 100 mL B R+ in A LA M AKX H30mL). 2 J5#
FBAHE|-78°C, 1 KA #F AN\ LDA(L.1 equiv, 2.0 M I 4 rk 5 %5 3k ) A0 A8 57 B BR B RH(10
mmol), A5 Am 5T R g, RO T % E T8 30 o4t . B & 1E RN F im X TMSCI(1.1 equiv),
KREVRNETERAH 12 Mt SRR N ELE, AERENEERER, ECk#
THEHG=30mL). WU EZNNENMEALAGRRHTIEE, FRERESZLER, @
e AT 4 8 15 B A R B 4 B AR BRSO
ERAAET, ETHR 100 mL B R T A\ AT 2| 69 % B 2 B2 (5 mmol) A 7o /K 1Y & vk
#(15.0mL). Z 58 KA AHE 0°C, 12K A F Am A MeLi(1.1 equiv), 4858 K A 20 44 .
Z BT ER, EARAMFEF TRK A A Bapina(1.2 equiv), Mg(OMe)(1.0 equiv)Fa 7o A &
H(15.0 mL). K54 R A Hrm#E] 130 °C, HE#E 12 /Mot KR 44 H 3| =8 J5 F 0 f0 &
W ERBATER, CRUBEERA L. WEFNAER, FALAGRRHTE, REER
L RENBEREE LRI BRAG 2 HEMBLE =4 ST. RERFENNAY S2 Fn
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S7 # AT Suzuki BB K AL, KBLA PS5 T ik Ao
Method A .
SR
___NBS SR!
DMF rt
S1 Ni(dppp)Cl
R2— Dibal-H,THF U\ MeOB(pin)
rtto 0°C Al('Bu), 0°C-80°C B(pin)
0,
s3 0° Ctort 24 h s
R2 = Aryl, Alkyl 4
R2
Br
y ) .
“/EESR n B(pin) Suzuki Coupling SR!
S2 S4 S5
Method B
Mg(OMe),, LDA ) B(pin)
Q 30 °C, 5 min QL Bopiny
o e R
Rzﬂ\/ DME or Toluene R2J\/R 130°C, 12 h R RS
S6 S7
R3
Br B(pin) R2
SMe + Suzuki Coupling _
® e
S2 S7 S8
Method C (@] LDA, TMSCI, THF OTMS
Rz”\/R3 ~78°C, 30 min zJ\/Rs
h 12 h
S6 then rt, s9 .
OTMS OoLi B(pin)
MeLi, THF J\I/ , B,pin,, Mg(OMe),, A
r2-X-R" "0°c, 10 min r2 R Toluene, 130°C, 12h R 1
R
s9 ST 3
Br B(pin) R2
SMe + Suzuki Coupling
¥ 9
S2 S7 S8

4.8.3 LRI FRRIRBR 4% H A K B

A Frik A: £ 50 mL Schlenk KR E # 4R K An A BEBR 45(1.2 mg, 0.005 mmol), 4 #2321
BB 4-L11(7.2 mg, 0.01 mmol), JE47 4-1(0.1 mmol), % ALK 5 4-2(0.3 mmol), BEEEL R
(33.4 mg, 0.2 mmol), &/EMATLTAKZE(.0 mL), TEAAET, % 60 °C F K5 24 /N
. AHEERGE, ACRCEFRBEREAR, BER K, BREKEEEHEEK
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R 4 B J5 1% B AR X R B9 W AL =47 4-3.

A J7 ¥ B: £ 50 mL Schlenk K A& F 4K K A A BEBL 48.(2.3 mg, 0.01 mmol), 22314
B 4-L11(7.2 mg, 0.01 mmol), J&47 4-4(0.1 mmol), ¥ %14 iX 7] 4-2(0.3 mmol), B EL 4 (33.4
mg, 0.2 mmol), 1-4 N} ¥ (18.0 mg, 0.1 mmol), &/EMATLAKZE(.0mL), T=EX
BT, 7 60°C & RG24 /Not, AHBERE, ALBRIEGERNER, BdEE+
IR, BERSE B G &R 4 B 5 15 B AR R R A 4-5.

WA # ¥k C: 7 50 mL Schlenk R A& KK fm N BEBL 42(1.7 mg, 0.0075 mmol), {42
B 4-L11(10.9 mg, 0.015 mmol), JE#7 4-6(0.05 mmol), % &AL X7 4-2(6.0 equiv), B
B 48.(33.4 mg, 0.2 mmol), HEMALAKZEA.0mL). T=ARET, 7 60°C F KA 36
Nt AHEFIRE, ACRCERBERNIKR, ELEE LR, REKEEEH &5
FERAR 4 5 5 15 B AR 3 B B9 % E AL = 4 4-7.

4.8.4 FHAT A

4.8.4.1 A4 4-8 14 A,
Ol

: AN
20% Pd/C, H,
SMe _ SMe
THF, rt
Cl Cl

4-3ak, 99%, 97% ee 4-8, 83%, 93% ee
EAARMEF T, £ 25 mL B JE LA F KK A A (R)4-3ak(41.2 mg, 0.1 mmol), Pd/C(8.2
mg, 20% wt), KM EAkRH(4.0mL). #¥#H DKW X MRET Fim TRM 12 /NE, A
AR UEERFEKR. 2R AT RERZIK, TARBKRMNTIE, BEKRLEGEEEN
A B AR AR E A M 4-8(34.3 mg, 83% yield, 93% ee). *FBE(K MR & F 4 HPLC I % o
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4842 FWIH~H 49 894 &

g AN R mCPBA (1.0 equiv)
OO SMe DCM, rt., 6 h

(rac)4-3

R mCPBA (1.0 equiv)
DCM, -78°C, 6 h

(R)4-3 (R,S)4-9

WP A R F ¥k D): 7 25 mL B R BRI F KK m A (rac)4-3(0.1 mmol), m-
CPBA(20.3 mg, 1.0 equiv, 85% wt), —& ¥ (2.0mL). ¥ RN E T Fi&, R 2 /Nif/E,
RAleF BB EAMBRAEK. ZEA—AFRERZK, TARRNTIE, REKEEELE
B B R 415 24 A Y (rac)4-9.

FH=Y A RCGER F % E): 7 25mL FRBIR T R KA A (R)4-3(0.1 mmol)fr = 4
H (2.0 mL). B R4 #1F]-78 °C, i H m-CPBA(20.3 mg, 1.0 eq, 85% wt)iy — & F
VEER, WmERE, REREERM 12 N, RERERRBRAHERER, ZEA
TAFRERZK, LARBRNTE, BREKEEELEENTSBRABIAEY 49,

4.8.4.3 HF R 4-10 B9 A K

g a CO,Bu NaOH g ad CO,H

SMe MeOH/THF i SMe
O we (0
4-3aa, 93%, 95% ee 4-10, 92%, 92% ee
£ 25 mL Bl BB TR K A A\ (R)4-32a(40.2 mg, 0.1 mmol), A4 H44(40.0 mg, 10.0
equiv), MeOH/THF(2:1, 2.0 mL). ¥ K & T 80 °C TR T ®. F 1.0 M/L B BR 7 7R
BR, ZERTBRIEBER =K, TARBRNTE, REREGEEEN 2 BRAFEF

M 4-10a(43.0 mg, 92% yield).
ZJ5 ¥ 15 B 9 FR BR AN A4 A0 B R 49.(3.0 equiv) DA R B B (2.0 equiv) & THF/MeOH(2:1,
5.0mL) ¥+ RN &, T LR B4 BB T E AL = 4 4-10b(28.5 mg, 88%, 92% ee)o X BRI I
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R i F 4 HPLC N =,

4.8.4.4 HEAAEY 4-11 B9 4 A&

g AN\F"coBu  mCPBA g AN co,Bu
OO SMe DCM, rt OO SO,Me

4-3aa, 93%, 95% ee 4-11, 99%, 96% ee
£ 25 mL [ R BRAR F KK fn A\ (R)4-32a(40.2 mg, 0.1 mmol), m-CPBA(42.6 mg, 2.05
equiv, 85% wt), —AF Q2.0 mL), ¥R E T EIRTRAEAANNT . 25 i fsRik A
WEREKR, AZEAFRHER =K, TARBRATIE, REREEEEEN > BRAEEE
A7 4-11(43.0 mg, 99%, 96% ee). X B 1A b, % &1 F & HPLC I & .

4.8.4.5 WIEEAL AW 4-12 B9 & &

O N\ CoBu DIBALH ‘ AN GH,0H
G SMe THF, -78°C, 6 h G SMe

4-3aa, 93%, 95% ee 4-12, 80%, 97% ee
RARYF T, ET M 25mL Bl R F KK 8 A (R)4-3aa(40.2 mg, 0.1 mmol), Kk
A k(4.0 mL). ¥R A E F-78 °C, & 18/ A\ DIBAL-H 7 % (5.0 equiv). ¥/ % &5,
RN RFRIRBEERHE 6 Mot ZEREMANKZERER, AZQFRERN=ZK, LK
BER TR, WERYEEEAEEN A E R AE 2 A 4-12(26.3 mg, 80%, 97% ee). AT BE
R % & F 4 HPLC =,

4.8.4.6 FARNH XA A0 B R BL

ERART T, KRAKETEN 25 mL B REMF 8 A [RhCI(C2Ha)2]2(1.5 mg, 0.0075
mmol of Rh), &% 4-9, *#E 4-14(0.6 mmol)F 75 A I A vk (1.0 mL). ¥ K i E T 40
°C #t#F 30 4-4%. Z J51E KRB # An A3 4 Bl 4-13(0.25 mmol)Fu & A 147 KA K (167 pL,
0.75 M, 0.125 mmol). K R R#F 40 °C RE 8 3 /Mot G, WEREGEEENM S BRSE
72 A 4-15,

ERRGRF T, KK TN 25 mL [E KA F i A [RhCI(C2Ha)2]2(1.5 mg, 0.0075
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mmol of Rh), &%y 4-9, *#E 4-14(0.6 mmol)F1 T A I A vk (1.0 mL). ¥ KX i & T 40
°C #it# 30 44k, Z JE1E KA F im A\ = 3 5 7. Z B 4-16(0.25 mmol)Fn & AL 47 KB (167
uL,0.75M, 0.125 mmol). K7 60 °C 4 &4 6 /N5, WIEKSE 5 EE BRI BERE
FEM AW 4-17,

4.9 M RAE
4.9.1 FERE MR

methyl(1-(1-phenylvinyl)naphthalen-2-yl)sulfane(4-1a)

O FiE A, BeEEKQGg 56% yield for 20 mmol scale). 'H NMR (400 MHz,
Chloroform-d) & 7.85 (d, J = 8.7 Hz, 1H), 7.83 — 7.76 (m, 2H), 7.48 (d, J =

OO SMe ¢ 8 Hz, 1H), 7.43 — 7.35 (m, 2H), 731 (dd. J = 7.7, 2.2 Hz, 2H), 7.28 — 7.25
(m, 1H), 7.25 — 7.22 (m, 2H), 6.23 (d, J = 1.1 Hz, 1H), 5.33 (d, /= 1.1 Hz,

1H), 2.45 (s, 3H). *C NMR (101 MHz, Chloroform-d) § 145.07, 139.23, 136.71, 134.71, 132.66,

131.33, 128.59, 128.31, 128.03, 127.96, 126.87, 126.29, 125.70, 125.19, 123.47, 117.87, 16.31.

HRMS (EI-TOF) caled for Ci19H16S* ([M]"): 276.0973, found: 276.0974.

ethyl(1-(1-phenylvinyl)naphthalen-2-yl)sulfane(4-1b)

O FiE A, GEE K441 mg, 50% yield for 3 mmol scale). 'H NMR (400 MHz,
Chloroform-d) 6 7.86 — 7.76 (m, 3H), 7.55 (d, /= 8.7 Hz, 1H), 7.45 — 7.36 (m,

OO S om), 7.3 (dq, J = 4.6, 2.7 Hz, 2H), 7.28 — 7.24 (m, 3H), 6.23 (s, 1H), 5.32 (s,
1H), 3.02 — 2.82 (m, 2H), 1.23 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz,

Chloroform-d) & 145.32, 139.52, 138.44, 133.23, 132.91, 131.68, 128.51, 128.10, 127.98, 127.85,

126.76, 126.37, 125.99, 125.46, 125.40, 117.59, 27.42, 14.44. HRMS (EI-TOF) calcd for

CaoH1sS™ (IM]): 290.1129, found: 290.1130.

(1-(1-phenylvinyl)naphthalen-2-yl)(propyl)sulfane(4-1c)

O Fik A, EEIEMAK(553 mg, 60% yield for 3 mmol scale). 'H NMR (400 MHz,
Chloroform-d) é 7.80 (dd, J = 8.2, 1.2 Hz, 3H), 7.53 (d, J = 8.7 Hz, 1H), 7.43

OO SPr_ 7.33 (m, 2H), 7.33 — 7.27 (m, 2H), 7.25 — 7.20 (m, 3H), 6.21 (d, /= 1.2 Hz,
1H), 5.29 (d, J= 1.1 Hz, 1H), 2.95 —2.78 (m, 2H), 1.63 — 1.50 (m, 2H), 0.90

(t,J=7.3 Hz, 3H). *C NMR (101 MHz, Chloroform-d) § 145.36, 139.57, 138.51, 133.44, 132.93,

224



FWE LA HEES 1 A BRI R B M AR L RORI A S 3L E R S A B e R AT IR

131.67, 128.50, 128.07, 127.97, 127.82, 126.76, 126.38, 126.00, 125.65, 125.38, 117.54, 35.50,
22.69, 13.55. HRMS (EI-TOF) calcd for C21H20S™ ([M]"): 304.1286, found: 304.1288.

butyl(1-(1-phenylvinyl)naphthalen-2-yl)sulfane(4-1ca)
O F ik A, #6497 mg, 52% yield for 3 mmol scale). 'H NMR (400 MHz,
Chloroform-d) 6 7.85 —7.78 (m, 3H), 7.55 (d, J=8.7 Hz, 1H), 7.43 —7.36 (m,
OO SBY oH), 734 — 729 (m, 2H), 7.27 — 7.23 (m, 3H), 6.22 (d, J= 1.1 Hz, 1H), 5.31
(d,/=1.1 Hz, 1H), 2.91 (qdd, J = 12.7, 8.2, 6.5 Hz, 2H), 1.58 — 1.46 (m, 2H),
1.39 — 1.28 (m, 2H), 0.84 (t, J = 7.3 Hz, 3H). 3*C NMR (101 MHz, Chloroform-d) & 145.35,
139.56, 138.45, 133.50, 132.91, 131.65, 128.50, 128.08, 127.98, 127.82, 126.77, 126.38, 126.00,
125.60, 125.38, 117.57, 33.17, 31.39, 22.05, 13.78. HRMS (EI-TOF) caled for C22H2.S™ ([M]"):
318.1442, found: 318.1441.

isopropyl(1-(1-phenylvinyl)naphthalen-2-yl)sulfane (4-1cb)
O FiE A, #H RGO mg, 60% yield for 4 mmol scale). 'H NMR (400
MHz, Chloroform-d) & 7.85 — 7.76 (m, 3H), 7.58 (d, J = 8.7 Hz, 1H), 7.39
OO S\( (dddd, J=19.0, 8.2, 6.8, 1.4 Hz, 2H), 7.32 — 7.27 (m, 2H), 7.26 — 7.20 (m,
3H), 6.19 (d, J = 1.1 Hz, 1H), 5.26 (d, J = 1.1 Hz, 1H), 3.49 (hept, J = 6.7
Hz, 1H), 1.27 (d, J= 6.7 Hz, 3H), 1.13 (d, J = 6.6 Hz, 3H). 3*C NMR (101 MHz, Chloroform-d)
0 145.59,140.01, 139.87,133.03, 132.94, 132.04, 128.44,127.96, 127.81, 127.77, 126.72, 126.48,
126.35,125.65,117.37,37.65, 23.34,22.97. HRMS (ESI) calced for C21H21S™ ((M+H]"): 305.1358,
found: 305.1358.

benzyl(1-(1-phenylvinyl)naphthalen-2-yl)sulfane (4-1e)

O Fik A, & EEAR(656 mg, 47% yield for 4 mmol scale). '"H NMR (400 MHz,
Chloroform-d) 6 7.84 — 7.75 (m, 3H), 7.56 (d, J= 8.7 Hz, 1H), 7.40 (dddd, J =

OO B 10.1,82.6.9, 1.4 Hz, 2H), 722 (d, J= 16.9 Hz, 10H), 6.18 (d,J = 1.1 Hz, 1H),
521 (d,J= 1.1 Hz, 1H), 4.10 (s, 2H). 3C NMR (101 MHz, Chloroform-d) &

145.27,139.67, 139.41, 137.51, 132.87, 132.69, 132.03, 129.01, 128.52, 128.50, 128.06, 127.99,

127.80, 127.16, 126.85, 126.75, 126.40, 126.23, 125.66, 117.57, 38.78. HRMS (EI-TOF) calcd

for CasHaoS" ([M]"): 352.1286, found: 352.1284.

(1-(1-(2-chlorophenyl)vinyl)naphthalen-2-yl)(methyl)sulfane(4-1f)
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Cl FiE A, #EEKGB65 mg, 59% yield for 2 mmol scale). 'H NMR (400

O MHz, Chloroform-d) 3 8.01 — 7.91 (m, 1H), 7.87 — 7.78 (m, 2H), 7.51 — 7.36

SMe  (m, 4H), 7.14 (dt, J = 8.0, 4.5 Hz, 1H), 7.05 (d, J = 4.3 Hz, 2H), 6.33 (d, J =

OO 1.2 Hz, 1H), 5.75 (d, J = 1.2 Hz, 1H), 2.48 (s, 3H). 3C NMR (101 MHz,

Chloroform-d) 6 141.31, 138.65, 137.82, 134.97, 132.72, 132.44, 131.44, 130.84, 130.63, 128.47,

128.34, 128.09, 127.03, 126.67, 125.60, 125.43, 125.21, 123.63, 16.45. HRMS (EI-TOF) calcd
for C1oH15CIS* ([M]"): 310.0583, found: 310.0584.

(1-(1-(2-methoxyphenyl)vinyl)naphthalen-2-yl)(methyl)sulfane(4-1g)
OMe Fik A, #EIEIKGB52 mg, 12% yield for 10 mmol scale). 'H NMR (400
O MHz, Chloroform-d) 6 7.94 — 7.85 (m, 1H), 7.81 (dd, J = 9.3, 6.4 Hz, 2H),
SMe 747 (d,J=18.7 Hz, 1H), 7.42 — 7.34 (m, 2H), 7.23 — 7.13 (m, 1H), 6.97 (d, J
OO =8.4 Hz, 1H), 6.85 (dd, J=7.7, 1.8 Hz, 1H), 6.78 — 6.68 (m, 1H), 6.51 (d, J
= 2.0 Hz, 1H), 5.53 (d, J = 2.0 Hz, 1H), 3.87 (s, 3H), 2.46 (s, 3H). 3C NMR (101 MHz,
Chloroform-d) 6 157.98, 141.37, 138.82, 134.39, 132.75, 131.36, 130.30, 128.62, 127.93, 127.89,
126.64, 126.00, 125.04, 123.50, 122.88, 120.54, 111.69, 55.66, 16.39. HRMS (EI-TOF) calcd for
C20Hi1s0S™ (IM]): 306.1078, found: 306.1077.

(1-(1-(3-fluorophenyl)vinyl)naphthalen-2-yl)(methyl)sulfane(4-1h)

F FiE A, #EEK432 mg, 49% yield for 3 mmol scale). 'H NMR (400
O MHz, Chloroform-d) & 7.90 — 7.80 (m, 2H), 7.74 (dd, J = 7.0, 2.6 Hz, 1H),

7.49 (d, J=8.7 Hz, 1H), 7.46 — 7.35 (m, 2H), 7.25 — 7.17 (m, 1H), 7.09 (dt, J
OO SMe 8 14mz 1H), 7.06 — 6.88 (m, 2H), 6.25 (s, 1H), 5.39 (s, 1H), 2.47 (s,

3H). 3C NMR (101 MHz, Chloroform-d) § 163.21 (d, Jor = 244.9 Hz), 144.12
(d, Jor = 2.5 Hz), 141.71 (d, Jer = 7.3 Hz), 136.02, 134.87, 132.55, 131.38, 130.01 (d, Jer = 8.4
Hz), 128.58, 128.13, 127.01, 125.44, 125.30, 123.50, 122.02 (d, Jcr = 2.8 Hz), 119.06, 114.79 (d,
Jer = 21.4 Hz), 113.21 (d, Jer = 22.3 Hz), 16.31. ’F NMR (376 MHz. Chloroform-d) & -113.37.
HRMS (EI-TOF) calcd for C1oHisFS™ ([M]Y): 294.0879, found: 294.0880.

(1-(1-(3-chlorophenyl)vinyl)naphthalen-2-yl)(methyl)sulfane(4-1i)
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Fik A, HERAKG6O mg, 43% yield for 5 mmol scale). 'H NMR (400

O MHz, Chloroform-d) & 7.87 (d, J = 8.8 Hz, 1H), 7.85 — 7.81 (m, 1H), 7.75 —
7.70 (m, 1H), 7.49 (d, J = 8.7 Hz, 1H), 7.44 — 7.37 (m, 2H), 7.34 (t, J = 1.9

SM
O ® Hz, 1H),7.23 (dt,J = 7.6, 1.8 Hz, 1H), 7.18 (t, J = 7.6 Hz, 1H), 7.14 (dt, J =

7.6, 1.7 Hz, 1H), 6.24 (d, J = 0.8 Hz, 1H), 5.39 (d, J= 0.8 Hz, 1H), 2.47 (s,
3H). 3C NMR (101 MHz, Chloroform-d) & 143.98, 141.24, 135.84, 134.89, 134.61, 132.52,
131.37, 129.84, 128.61, 128.15, 128.00, 127.05, 126.30, 125.41, 125.31, 124.63, 123.47, 119.27,
16.30. HRMS (EI-TOF) calcd for Ci9H;5CIS™ (IM]*): 310.0583, found: 310.0584.

(1-(1-(3-methoxyphenyl)vinyl)naphthalen-2-yl)(methyl)sulfane(4-1j)
Fik A, & EEAAR(T80 mg, 51% yield for 5 mmol scale). "HNMR (400 MHz,

O Chloroform-d) & 7.89 — 7.72 (m, 3H), 7.48 (d, J = 8.8 Hz, 1H), 7.42 — 7.32 (m,
2H), 7.18 (t, J = 8.2 Hz, 1H), 6.92 — 6.85 (m, 2H), 6.80 (ddd, J = 8.2, 2.5, 1.1

SM
OO ® Hz, 1H), 6.24 (d,J = 1.1 Hz, 1H), 5.34 (d, J = 1.2 Hz, 1H), 3.74 (s, 3H), 2.47

(s, 3H). >*C NMR (101 MHz, Chloroform-d) & 159.79, 144.96, 140.77, 136.64,
134.73, 132.67, 131.35, 129.55, 128.34, 128.02, 126.87, 125.69, 125.19, 123.47, 119.02, 118.18,
112.94, 112.40, 55.28, 16.35. HRMS (EI-TOF) calcd for C2HisOS™ ([M]"): 306.1078, found:
306.1079.

methyl(l-(l-(p-tolyl)vinyl)naphthalen-2-yl)sulfane(4-1k)

A, & B K634 mg, 55% yield for 4 mmol scale). "H NMR (400
MHz, Chloroform-d) & 7.91 — 7.75 (m, 3H), 7.49 (d, J = 8.7 Hz, 1H),
SMe  7.45 — 7.34 (m, 2H), 7.22 (d, J = 8.2 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H),

6.22 (d, J= 1.1 Hz, 1H), 5.29 (d, J= 1.1 Hz, 1H), 2.47 (s, 3H), 2.32 (s,
3H). 13c NMR (101 MHz, Chloroform-d) & 144.84, 137.82, 136.83, 136.33, 134.63, 132.68,
131.30, 129.35, 128.21, 127.99, 126.84, 126.15, 125.74, 125.15, 123.37, 116.84, 21.32, 16.28.
HRMS (EI-TOF) caled for C2oHisOS* ([M]): 290.1129, found: 290.1130.

(1-(1-(4-chlorophenyl)vinyl)naphthalen-2-yl)(methyl)sulfane(4-11)

Cl Fik A, &ERMARGSLS5 mg, 41% yield for 4 mmol scale). 'HNMR (400
O MHz, Chloroform-d) & 7.89 — 7.80 (m, 2H), 7.76 — 7.71 (m, 1H), 7.49 (d,
SMe J=8.7 Hz, 1H), 7.41 (ddt, J=7.2, 4.6, 2.2 Hz, 2H), 7.23 (s, 4H), 6.22 (d,

J=0.9 Hz, 1H), 5.35 (d, J = 1.0 Hz, 1H), 2.47 (s, 3H). *C NMR (101
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MHz, Chloroform-d) & 144.00, 137.74, 136.07, 134.81, 133.78, 132.52, 131.35, 128.78, 128.53,
128.13, 127.63, 127.02, 125.43, 125.30, 123.43, 118.38, 16.28. HRMS (EI-TOF) caled for
C1oH1sCIS* ([M]Y): 310.0583, found: 310.0585.

(1-(1-(4-fluorophenyl)vinyl)naphthalen-2-yl)(methyl)sulfane(4-1m)
F Fik A, ¥ EHEAK484 mg, 41% yield for 4 mmol scale). 'H NMR (400
O MHz, Chloroform-d) 6 7.90 — 7.80 (m, 2H), 7.80 — 7.73 (m, 1H), 7.49 (d,
SMe J=8.7 Hz, 1H), 7.45 —7.34 (m, 2H), 7.33 — 7.24 (m, 2H), 6.99 — 6.91 (m,
OO 2H), 6.17 (s, 1H), 5.32 (s, 1H), 2.48 (s, 3H). *)C NMR (101 MHz,
Chloroform-d) & 162.65 (d, Jcr = 247.3 Hz), 144.05, 136.39, 135.39 (d, Jcr = 3.3 Hz), 134.72,
132.52,131.36, 128.45, 128.11, 128.06, 127.98, 126.97, 125.39 (d, Jcr=23.6 Hz), 123.44, 117.63,
115.48 (d, Jcr=21.5 Hz), 16.27. ’F NMR (376 MHz, Chloroform-d) § -114.41. HRMS (EI-TOF)

calcd for CioHisFS™ ([M]7): 294.0879, found: 294.0877.

(1-(1-(4-methoxyphenyl)vinyl)naphthalen-2-yl)(methyl)sulfane(4-1n)
MeO Fik A, HERKE0 mg, 16% yield for 10 mmol scale). 'H NMR
O (400 MHz, Chloroform-d) ¢ 7.89 — 7.77 (m, 3H), 7.49 (d, J = 8.8 Hz,
SMe 1H), 7.43 —7.36 (m, 2H), 7.25 (d, /= 8.5 Hz, 2H), 6.84 — 6.77 (m, 2H),
OO 6.14 (d, J=1.1 Hz, 1H), 5.23 (d, J= 1.1 Hz, 1H), 3.77 (s, 3H), 2.48 (s,
3H). 3C NMR (101 MHz, Chloroform-d) & 159.48, 144.40, 136.87, 134.58, 132.62, 131.81,
131.30, 128.20, 128.00, 127.51, 126.83, 125.74, 125.16, 123.36, 115.74, 113.96, 55.33, 16.28.
HRMS (EI-TOF) caled for C20H1s0S™ ([M]%): 306.1078, found: 306.1080.

N, N-dimethyl-4-(1-(2-(methylthio)naphthalen-1-yl)vinyl)aniline(4-10)

/lxll Fik A, HERMK(TS5 mg, 22% yield for 10 mmol scale). 'H NMR
O (400 MHz, Chloroform-d) 6 7.83 (td, /= 8.0, 7.2, 4.7 Hz, 3H), 7.49 (d, J

SMe 8.7 Hz, 1H), 7.43 — 7.32 (m, 2H), 7.22 — 7.16 (m, 2H), 6.66 — 6.58 (m,

OO 2H), 6.08 (d, J=1.2 Hz, 1H), 5.11 (d, /= 1.2 Hz, 1H), 2.93 (s, 6H), 2.47

(s, 3H). 3C NMR (101 MHz, Chloroform-d) § 150.21, 144.63, 137.32,

134.46, 132.74, 131.25, 127.95, 127.88, 127.23, 127.13, 126.69, 125.98, 125.06, 123.31, 113.42,
112.27, 40.50, 16.28. HRMS (EI-TOF) calcd for C21H2iNS* ([M]%): 319.1395, found: 319.1396.

(1-(1-(4-butylphenyl)vinyl)naphthalen-2-yl)(methyl)sulfane(4-1p)
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O FE A, #F 6 (830 mg, 25% yield for 10 mmol scale). '"H NMR

(400 MHz. Chloroform-d) 5 7.86 (d, J = 8.8 Hz, 1H), 7.81 (ddd, J =

OO SMe 192.76.22 1z, 2H), 7.49 (d, J = 8.8 Hz, 1H), 7.44 — 7.36 (m, 2H),

7.25 — 7.20 (m, 2H), 7.11 — 7.06 (m, 2H), 6.21 (d, J= 1.2 Hz, 1H),

5.29(d,J=1.1 Hz, 1H), 2.62 — 2.53 (m, 2H), 2.47 (s, 3H), 1.62 — 1.54 (m, 2H), 1.36 (dt, J = 14.9,

7.4 Hz, 2H), 0.92 (t, J = 7.3 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 144.95, 142.80,

136.94, 136.56, 134.61, 132.68, 131.31, 128.66, 128.20, 127.98, 126.81, 126.14, 125.81, 125.15,

123.43, 116.87, 35.49, 33.58, 22.54, 16.31, 14.09. HRMS (EI-TOF) calcd for Ca3HasS™ ([M]Y):
332.1599, found: 332.1601.

(4-(tert-butyl)benzyl)(1-(1-phenylvinyl)naphthalen-2-yl)sulfane(4-1q)

O FiE A, HEEKS06 mg, 33% yield for 6 mmol scale). 'H
v<j)< NMR (400 MHz, Chloroform-d) & 7.79 (ddd, J= 8.3, 4.8, 2.6 Hz,
S

OO 3H), 7.57 (d, J = 8.7 Hz, 1H), 7.38 (dddd, J = 18.4, 8.3, 6.8, 1.3

Hz, 2H), 7.23 (dt, J = 5.1, 3.0 Hz, 7H), 7.13 (d, J = 8.3 Hz, 2H),
6.16 (d,J= 1.2 Hz, 1H), 5.20 (s, 1H), 4.07 (d, J= 1.6 Hz, 2H), 1.27 (s, 9H). 3*C NMR (101 MHz,
Chloroform-d) 6 150.09, 145.21, 139.61, 138.98, 134.27, 133.18, 132.84, 131.94, 128.70, 128.51,
128.10, 127.99, 127.80, 126.74, 126.55, 126.40, 126.17, 125.57, 125.45, 117.59, 38.33, 34.58,
31.46. HRMS (EI-TOF) calcd for C29H2sS™ ([M]"): 408.1912, found: 408.1913.

(3-chlor0benzyl)(1-(1-phenylvinyl)naphthalen-2-yl)sulfane(4-1 r)

A, & B 15(832 mg, 36% yield for 6 mmol scale). 'H NMR
v@ (400 MHz, Chloroform-d) 8 7.86 — 7.81 (m, 2H), 7.79 (d, J = 8.8
Cl Hgz, 1H), 7.51 (d,J=8.6 Hz, 1H), 7.46 — 7.42 (m, 1H), 7.41 — 7.37

m, 1H), 7.25 (m, 4H), 7.21 — 7.14 (m, 3H), 7.11 (t, /= 7.7 Hz, 1H),
7.04 (dt,J=7.4, 1.6 Hz, 1H), 6.20 (d, J= 1.0 Hz, 1H), 5.22 (d, J= 1.0 Hz, 1H), 4.03 (m, 2H). 3C
NMR (101 MHz. Chloroform-d) & 145.19, 139.79, 139.64, 139.60, 134.28, 132.89, 132.13,
131.92, 129.67, 129.06, 128.59, 128.20, 128.02, 127.92, 127.80, 127.38, 127.11, 126.86, 126.31,
126.27, 125.85, 117.58, 38.27. HRMS (EI-TOF) calcd for CosHisCIS* ([M]): 386.0896, found:
386.0899.

methyl(1-(1-(naphthalen-1-yl)vinyl)naphthalen-2-yl)sulfane(4-1s)
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‘ Fik A, #=EE K750 mg, 23% yield for 10 mmol scale). 'H NMR (400
O MHz, Chloroform-d) & 8.86 (d, J = 8.5 Hz, 1H), 8.06 — 8.00 (m, 1H), 7.93 —

7.87 (m, 1H), 7.87 — 7.79 (m, 2H), 7.73 (d, J = 8.1 Hz, 1H), 7.60 (ddd, J = 8.5,
OO SMe 68, 1.5 Hz, 1H), 7.54 (ddd, J = 8.1, 6.7, 1.3 Hz, 1H), 7.49 (d, J = 8.7 Hz, 1H),

7.40 (qd, J= 7.0, 3.5 Hz, 2H), 7.25 (t, J = 7.7 Hz, 1H), 7.10 (dd, J = 7.2, 1.2
Hz, 1H), 6.17 (d, J = 1.6 Hz, 1H), 5.85 (d, J = 1.6 Hz, 1H), 2.42 (s, 3H). '*C NMR (101 MHz,
Chloroform-d) & 143.04, 138.99, 138.64, 135.29, 134.51, 133.07, 131.52, 131.18, 128.80, 128.27,
128.10, 127.92, 127.08, 126.35, 126.18, 125.84, 125.72, 125.66, 125.17, 125.13, 124.45, 123.71,
16.42. HRMS (EI-TOF) calcd for C23HisS™ ([M]): 326.1129, found: 326.1130.

(1-(hex-1-en-2-yl)naphthalen-2-yl)(methyl)sulfane(4-1t)
Ko7 ik A #ATHOR, & &% EHEREE AL 0 °C T R AL 24 /NBF, fHBERES
OO SMe it 4% PA(PPhs)s H (K G 3t 4 BAT R E| & M /K(315 mg, 30% yield
for 4 mmol scale). 'H NMR (400 MHz, Chloroform-d) § 7.88 (d, J = 8.3
Hz, 1H), 7.83 — 7.73 (m, 2H), 7.50 — 7.38 (m, 3H), 5.56 (d, /= 1.9 Hz, 1H), 5.07 (d, /= 1.9 Hz,
1H), 2.53 (s, 3H), 2.44 (dq, J = 16.0, 8.1 Hz, 2H), 1.64 — 1.56 (m, 2H), 1.41 (p, J = 7.3 Hz, 2H),
0.92 (t, J= 7.3 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 147.31, 139.55, 132.88, 131.85,
131.47,128.07,127.61, 126.47,125.52, 125.09, 123.86, 116.18, 36.76,29.81,22.91, 16.61, 14.19.
HRMS (EI-TOF) caled for Ci7H20S* (IM]"): 256.1286, found: 256.1284.

methyl(1-(oct-1-en-2-yl)naphthalen-2-yl)sulfane(4-1u)

K77k A SATHORE, S &EEMBREEE 0°C T R 24 /Net, 15

OO SMe 5 it % 8 PA(PPhs)s 7 B2 AR5 £ 38 4 2 7 13 B T & LR (766mg, 45%

yield for 4 mmol scale). 'H NMR (400 MHz, Chloroform-d) & 7.90 —
7.85 (m, 1H), 7.81 — 7.73 (m, 2H), 7.48 — 7.38 (m, 3H), 5.55 (d, J= 1.8 Hz, 1H), 5.07 (d, /= 1.8
Hz, 1H), 2.52 (s, 3H), 2.43 (m, 2H), 1.64 — 1.56 (m, 2H), 1.42 — 1.33 (m, 2H), 1.31 — 1.25 (m,
4H), 0.90 — 0.85 (m, 3H). 3C NMR (101 MHz, Chloroform-d) § 147.34, 139.51, 132.85, 131.82,
131.44,128.07,127.60, 126.47, 125.51, 125.08, 123.80, 116.15, 36.99, 31.96, 29.48, 27.60, 22.80,
16.57, 14.25. HRMS (EI-TOF) calcd for C1oH24S* ([M]"): 284.1599, found: 284.1598.

(1-(dec-1-en-2-yl)naphthalen-2-yl)(methyl)sulfane(4-1v)

230



FWE LA HEES 1 A BRI R B M AR L RORI A S 3L E R S A B e R AT IR

77 5 A BEAT MO, &% IR EE 72 0°C T LRI 24 /1B,
OO SMe (s w4 4% PA(PPhs)s 4 Bk 5 2 3T 4 B A7 13 3| 6 @ i 1k
(586 mg, 24% yield for 8 mmol scale). 'H NMR (400 MHz,
Chloroform-d) 6 7.87 (dd, /= 8.3, 1.4 Hz, 1H), 7.82 — 7.73 (m, 2H), 7.49 — 7.38 (m, 3H), 5.56 (d,
J=1.7Hz, 1H), 5.07 (d, J= 1.6 Hz, 1H), 2.53 (s, 3H), 2.52 — 2.35 (m, 2H), 1.66 — 1.56 (m, 2H),
1.41 - 1.33 (m, 2H), 1.32 — 1.23 (m, 8H), 0.92 — 0.84 (m, 3H). >*C NMR (101 MHz, Chloroform-
d) 6 147.35, 139.49, 132.86, 131.82, 131.43, 128.07, 127.60, 126.47, 125.51, 125.08, 123.77,
116.15, 36.97, 32.03, 29.82, 29.69, 29.46, 27.62, 22.81, 16.57, 14.26. HRMS (EI-TOF) calcd for
Ca1HasS™ (IM]7): 312.1912, found: 312.1912.

3-(2-(methylthio)naphthalen-1-yl)but-3-en-1-0l(4-1w)
HO W77k A FATHOE, & % £ 8 B Bt £ ] Dibal-H(2.3 equiv), FF7&
OO SMe  250C T R ki 24 /Not 5 4 3 A% B 47 13 3 3 8 9 15(495 mg, 40% yield for
5 mmol scale). '"H NMR (400 MHz, Chloroform-d) § 7.85 — 7.75 (m, 3H),

7.51 —7.42 (m, 3H), 5.71 (d, J = 1.8 Hz, 1H), 5.25 (d, J = 1.8 Hz, 1H), 3.72 — 3.50 (m, 2H), 2.84
(ddd, J=14.1,9.2, 4.8 Hz, 1H), 2.75 — 2.63 (m, 1H), 2.55 (s, 3H), 2.38 — 2.30 (br, 1H). )C NMR
(101 MHz. Chloroform-d) & 143.21, 137.79, 132.88, 131.63, 131.50, 128.28, 128.20, 126.84,
125.48,125.27, 123.90, 121.16, 60.22, 41.76, 16.95. HRMS (EI-TOF) calcd for C1sH160S* (IM]"):
244.0922, found: 244.0921.

tert-butyldimethyl((3-(2-(methylthio)naphthalen-1-yl)but-3-en-1-yl)oxy)silane(4-1x)
TBSO ¥k A BEATHOR, & £ JBREE A /£ 25 °C TR 24 /N
SMe 223t 4 B AT 45 | & 9% 75(634 mg, 30% yield for 6 mmol scale). 'H
OO NMR (400 MHz, Chloroform-d) 6 7.87 — 7.72 (m, 3H), 7.50 — 7.36 (m,
3H), 5.58 (ddt, J= 6.8, 5.5, 1.4 Hz, 1H), 4.64 —4.44 (m, 2H), 2.51 (s, 3H), 2.03 (s, 3H), 0.94 (s,
9H), 0.14 (d, J = 2.5 Hz, 6H). *C NMR (101 MHz, Chloroform-d) & 140.07, 133.82, 133.19,
132.71, 131.64, 131.49, 128.12, 127.60, 126.56, 125.29, 125.08, 123.77, 60.49, 26.13, 18.53,
17.68, 16.49, -4.80, -4.90. HRMS (EI-TOF) calcd for C21H300SiS™ ([M]"): 358.1787, found:
358.1786.

(3-methyl-2-(1-phenylvinyl)phenyl)(p-tolyl)sulfane(4-1da)
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‘ e e RT R T £RAAARETE 100 mL 5 # F F KK A
T B 4% (1.1 equiv), Pdadbas(2.5mol %), DPEphos(10 mol %)F1 ¥
O \©\ A 2-1R-1-8L-3-F H K (1.0 equiv)F K F B (1.0 equiv)y F % (0.1M)
B ZEWRNBAMET 100°C B+ RMIER. FRENE
ARAHNEER, BRAMALKRIEFRBEELRBIIRAE, EGREZER XL KB,
HEIEEM AL BEEEE~Y. ZEF 100 mL = 0 BHR F KK WAL B2 B B~
#1(1.0 equiv), &4 S4(1.1 equiv), Pd(OAc): (0.1 equiv), SPhos (0.2 equiv), K.COs (3.0
equiv)® THF/H20 (4/1, 4 mL/mmol), #¥ ZAZTHEAA =K. REK¥REDMAHEEIR,
RORL 24 /NBF. R EAE, AHBER, FAEMEANEKEREKR, LRUEEREK
A VARG AR A T 1. SRR ERSE 5 R IAHE BN (B EEB/ ] ZE = 200/1
AR B E KA 4-1da K — A E G IR K450 mg, 71% yield for 2 mmol scale).
NMR (400 MHz, Chloroform-d) 6 7.38 — 7.27 (m, 5H), 7.25 (d, /= 7.8 Hz, 2H), 7.14 — 7.00 (m,
4H), 6.88 (dd, J=7.5, 1.6 Hz, 1H), 6.03 (d,J= 1.1 Hz, 1H), 5.21 (d, J= 1.0 Hz, 1H), 2.34 (s, 3H),
2.15 (s, 3H). 3C NMR (101 MHz, Chloroform-d) & 145.90, 140.67, 138.98, 137.85, 137.81,

137.32, 133.49, 131.56, 130.12, 128.57, 127.86, 127.82, 127.64, 126.69, 126.12, 116.33, 21.31,
20.30. HRMS (ESI) caled for C22H20S™ ([M+H]"): 317.1358, found: 305.1361.

methyl(3-methyl-2-(1-phenylvinyl)phenyl)sulfane (4-1d)
O W5 4-1da A &7 RAEE 5 B A5 B E €K A(510 mg, 43% yield for 5
mmol scale). 'HNMR (400 MHz, Chloroform-d) & 7.27 (ddt, J=15.7, 7.8, 3.9
O N Hz, 6H), 7.06 (dd, J=17.4, 7.8 Hz, 2H), 6.03 (q, /= 1.1 Hz, 1H), 5.21 (q, J =
1.1 Hz, 1H), 2.35 (s, 3H), 2.13 (s, 3H). 1*C NMR (101 MHz, Chloroform-d) &
145.75, 139.55, 138.68, 138.19, 136.89, 128.57, 127.90, 127.87, 126.37, 126.00, 121.93, 116.47,
20.16, 15.98. HRMS (ESI) caled for Ci6H16S™ ([M+H]"): 241.1045, found: 241.1045.

(E)-methyl(1-(1-phenylbut-1-en-1-yl)naphthalen-2-yl)sulfane(4-4a)
O KB, A6 EMAR(.1g 64% yield for 6 mmol scale). 'H NMR (400 MHz,
7 Chloroform-d) § 7.96 (dd, J= 8.0, 1.6 Hz, 1H), 7.84 — 7.76 (m, 2H), 7.47 — 7.38
OO SMe . 3H), 7.37 — 7.29 (m. 3H), 7.27 (d. J = 8.3 Hz, 2H), 7.23 — 7.16 (m, 1H),
5.76 (t,J = 7.4 Hz, 1H), 2.63 — 2.52 (m, 2H), 2.47 (s, 3H), 1.18 (t, J= 7.5 Hz,
3H). 3C NMR (101 MHz, Chloroform-d) & 139.26, 139.09, 137.61, 136.09, 135.15, 132.96,
131.39, 129.46, 128.03, 127.95, 126.88, 126.70, 125.76, 124.90, 123.18, 23.13, 16.13, 14.48.
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HRMS (EI-TOF) calcd for C21H20S™ ([M]"): 304.1286, found: 304.1287.

(E)-(1-(1-(4-chlorophenyl)but-1-en-1-yl)naphthalen-2-yl)(methyl)sulfane(4-4b)
cl ik B, A& EK670mg, 50% yield for 4 mmol scale). 'H NMR (400
‘ = MHz, Chloroform-d) 6 7.92 — 7.86 (m, 1H), 7.85 —7.75 (m, 2H), 7.42 (qd,
SMe  j=71,6.7,1.5Hz, 3H), 7.24 (s, 4H), 5.77 (t, J= 7.4 Hz, 1H), 2.59 — 2.48
OO (m, 2H), 2.47 (s, 3H), 1.17 (t, J = 7.5 Hz, 3H). *C NMR (101 MHz,
Chloroform-d) 6 138.48, 138.22, 137.70, 135.23, 135.03, 132.83, 132.57, 131.40, 130.78, 128.17,
128.14, 126.86, 125.47, 125.00, 123.12, 23.14, 16.07, 14.40. HRMS (EI-TOF) calcd for
C21H19CIS™ ([M]%): 338.0896, found: 338.0897.

(E)-(1-(1-(4-fluorophenyl)but-1-en-1-yl)naphthalen-2-yl)(methyl)sulfane(4-4c)
F FE B, @& E#K496 mg, 31% yield for 5 mmol scale). 'H NMR (400
O = MHz, Chloroform-d) 6 7.96 — 7.88 (m, 1H), 7.83 — 7.77 (m, 2H), 7.46 —
SMe  7.36 (m, 3H), 7.31 — 7.27 (m, 2H), 7.01 — 6.91 (m, 2H), 5.75 (t,J= 7.3 Hz,
OO 1H), 2.59 — 2.51 (m, 2H), 2.47 (s, 3H), 1.18 (t, J = 7.5 Hz, 3H). 3C NMR
(101 MHz, Chloroform-d) 6 161.67 (d, Jcr = 246.1 Hz), 138.77, 137.61, 135.20 (d, Jcr = 3.2 Hz),
135.10 (d, Jcr=4.1 Hz), 132.81,131.40, 131.05 (d, Jcr=7.9 Hz), 128.10, 126.80, 125.53, 124.97,
123.14, 114.86 (d, Jcr = 21.1 Hz), 23.09, 16.06, 14.42. F NMR (376 MHz, Chloroform-d) & -
115.31. HRMS (EI-TOF) calcd for C21H19FS™ ([M]"): 322.1192, found: 322.1190.

(E)-methyl(1-(1-(p-tolyl)prop-1-en-1-yl)naphthalen-2-yl)sulfane(4-4d)
Me F ik B, A% EK(500mg, 32% yield for 5 mmol scale), 'H NMR (400
O = MHz, Chloroform-d) 6 7.97 — 7.89 (m, 1H), 7.79 (d, J = 8.4 Hz, 2H),
SMe 740 (ddd, J=12.7, 8.3, 6.1 Hz, 3H), 7.23 (d, J= 7.9 Hz, 2H), 7.10 (d, J
OO =7.9 Hz, 2H), 5.84 (q, J = 7.1 Hz, 1H), 2.47 (s, 3H), 2.32 (s, 3H), 2.13
(d,J=7.1 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) § 139.37, 137.65, 136.47, 136.09, 135.09,
133.06, 131.40, 129.43, 129.41, 128.71, 127.99, 127.88, 126.66, 125.89, 124.89, 123.14, 21.33,
16.11, 15.75. HRMS (EI-TOF) calcd for C21H20S"™ ([M]"): 304.1286, found: 304.1288.

(E)-(1-(1-(4-methoxyphenyl)prop-1-en-1-yl)naphthalen-2-yl)(methyl)sulfane(4-4e)
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MeO F¥ B, E€EET10 mg, 44% yield for 5 mmol scale). 'H NMR

O - (400 MHz, Chloroform-d) & 7.94 — 7.88 (m, 1H), 7.78 (d, J = 8.5 Hz,

SMe  2H), 7.44 — 7.34 (m, 3H), 7.26 — 7.23 (m, 2H), 6.82 (dd, J=8.1, 1.5 Hz,

OO 2H), 5.84 — 5.74 (m, 1H), 3.76 (d, J= 1.1 Hz, 3H), 2.46 (d, J= 1.0 Hz,

3H), 2.11 (dd,J=7.1, 1.1 Hz, 3H). *C NMR (101 MHz, Chloroform-d) 5 158.36, 139.43, 137.27,

135.05, 133.01, 131.53, 131.41, 130.70, 128.79, 128.00, 127.87, 126.66, 125.87, 124.90, 123.16,

113.40, 55.27, 16.12, 15.74. HRMS (EI-TOF) calcd for C21H200S* ([M]"): 320.1235, found:
320.1235.

(E)-(1-(1-(4-chlorophenyl)prop-1-en-1-yl)naphthalen-2-yl)(methyl)sulfane(4-4f)
Cl ¥ B, B 6 E A (542 mg, 34% yield for 5 mmol scale). 'HNMR (400
‘ = MHz, Chloroform-d) ¢ 7.88 (d, J= 8.2 Hz, 1H), 7.85 — 7.73 (m, 2H), 7.42
SMe  (m, 3H), 7.26 (s, 4H), 5.90 (q, J = 7.1 Hz, 1H), 2.47 (s, 3H), 2.11 (d, J =
OO 7.2 Hz, 3H). >*C NMR (101 MHz, Chloroform-d) § 138.63, 137.46, 136.73,
135.26, 132.90, 132.53, 131.42, 130.88, 130.66, 128.19, 128.12, 126.86, 125.55, 125.03, 123.16,
16.07, 15.73. HRMS (EI-TOF) caled for C20H17CIS™ ([M]7): 324.0740, found: 324.0739.

(E)-(1-(1-(4-fluorophenyl)prop-1-en-1-yl)naphthalen-2-yl)(methyl)sulfane(4-4g)
F FiE B, #&E#K(641mg, 42% yield for 5 mmol scale). 'H NMR (400
O = MHz, Chloroform-d) 6 7.91 — 7.86 (m, 1H), 7.82 — 7.76 (m, 2H), 7.45 —
SMe 738 (m, 3H), 7.32 — 7.27 (m, 2H), 7.02 — 6.94 (m, 2H), 5.87 (q, /= 7.1 Hz,
OO 1H), 2.47 (s, 3H), 2.10 (d, J = 7.1 Hz, 3H). *C NMR (101 MHz,
Chloroform-d) 6 161.61 (d, Jcr = 246.1 Hz), 138.89, 136.77, 135.14, 134.93 (d, Jcr = 3.1 Hz),
132.88, 131.40, 131.16 (d, Jcr= 7.8 Hz), 130.04, 128.11, 126.80, 125.61, 125.00, 123.14, 114.88
(d, Jer=21.3 Hz), 16.07, 15.69. "F NMR (376 MHz, Chloroform-d) § -115.33. HRMS (EI-TOF)
calcd for CooH17FS™ ([IM]%): 308.1035, found: 308.1033.

(E)-(1-(1,2-diphenylvinyl)naphthalen-2-yl)(methyl)sulfane(4-4h)
O Ph F ¥k C, & & [E K282 mg, 16% yield for S mmol scale). 'H NMR (400 MHz,
= Chloroform-d) 6 8.06 — 8.00 (m, 1H), 7.86 — 7.78 (m, 2H), 7.47 (d, J = 8.7 Hz,
OO SMeIH), 7.41 (tt, J = 6.9, 5.1 Hz, 2H), 7.33 — 728 (m, 4H), 7.26 — 7.20 (m, 3H),
7.17 — 7.13 (m, 3H), 6.72 (s, 1H), 2.49 (s, 3H). 3C NMR (101 MHz,
Chloroform-d) § 139.08, 139.04, 138.80, 137.37, 135.37, 133.46, 132.79, 131.49, 130.04, 129.58,
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128.34, 128.30, 128.13, 127.39, 127.24, 126.94, 125.68, 125.11, 123.45, 16.25. HRMS (EI-TOF)
calcd for CasHaoS™ ([M]7): 352.1286, found: 352.1288.

(1-(1H-inden-3-yl)naphthalen-2-yl)(methyl)sulfane(4-4i)
O A A R R T 2,3-Z A H E(1.0 equiv)F 2,6- = F A% (1.2 equiv)
Q BEEEE_AFRF, BEZFEMAN THO(1.25 equiv), H¥ RN ET
OO Me mBTRE. #REEAEMNEEN Y ENAFEKEER A F FEE
B, WERAAAR, FLARERN TR, KRR R T4 RS A RN 2 & 75
M. Z EERARAE THAE (1.0 equiv), BRI EEHEL B (1.2 equiv), BEER 47 (2.5
equiv), Pd(PPhs)s (5.0 mol%)## ¥ % (10 mL/mmol)f& X iz A 100 mL [ KR+, KK E
S mhE 80°C RNAR, RNTAFMAFRRI, AEHEHTCRBEHTER. H
WARE T4 5 IR B JE R4 JE G AL BAT(CR Bt/ LB B8 = 4/1 7 Je i) 2 B 13 B A AL
WE G TR B . 2 e 5 BB E R BR BE HE AT 77 ik A PR W Suziki BB R L5 2HE &
TR R4 4-4i(1.08 g, 19% yield for 20 mmol scale). 'H NMR (400 MHz, Chloroform-d) &
7.90 (d, J = 8.7 Hz, 1H), 7.88 — 7.83 (m, 1H), 7.64 — 7.59 (m, 2H), 7.54 (d, J = 8.8 Hz, 1H), 7.42
(ddd, J= 8.1, 6.8, 1.3 Hz, 1H), 7.34 (ddd, J = 8.3, 6.7, 1.4 Hz, 1H), 7.28 - 7.24 (td, J = 7.4 Hz,
1H), 7.20 (td, J = 7.5, 1.1 Hz, 1H), 6.89 — 6.84 (m, 1H), 6.65 (t, J=2.1 Hz, 1H), 3.75 (t, J = 1.6
Hz, 2H), 2.47 (s, 3H). 3C NMR (101 MHz, Chloroform-d) & 145.29, 143.87, 141.83, 135.49,
135.08, 132.73, 131.29, 131.13, 128.49, 128.09, 126.64, 126.33, 125.73, 125.22, 125.08, 124.05,
123.43, 120.69, 38.95, 16.40. HRMS (EI-TOF) caled for CaoH16S™ ([M]%): 288.0973, found:
288.0971.

(E)-(1-(1,4-diphenylbut-1-en-1-yl)naphthalen-2-yl)(methyl)sulfane(4-4j)
Ph F¥% B, &&R&MA(972 mg, 26% yield for 10 mmol scale). 'H NMR (400
‘ MHz, Chloroform-d) 5 7.82 — 7.73 (m, 3H), 7.43 (d, J = 8.8 Hz, 1H), 7.40 —
7 7.35 (m, 2H), 7.33 — 7.29 (m, 2H), 7.27 (d, J = 2.7 Hz, 3H), 7.25 — 7.18 (m,
OO SV SH). 5.84 - 577 (m. 1H), 2.97 - 2.85 (m, 4H), 2.47 (s, 3H). 13C NMR (101
MHz, Chloroform-d) 6 141.78, 139.09, 139.03, 137.47, 135.04, 134.77, 132.89,
131.36, 129.46, 128.80, 128.51, 127.99, 127.94, 126.96, 126.74, 126.04, 125.83, 124.91, 123.22,
36.04,31.43,16.16. HRMS (EI-TOF) calcd for C27H24S™ (IM]%): 380.1599, found: 380.1597.

(E)-methyl(1-(3-methyl-1-phenylbut-1-en-1-yl)naphthalen-2-yl)sulfane(4-4k)

235



WL R F ik X

O F ik B, A& E#K(.06g, 34% yield for 10 mmol scale). 'H NMR (400 MHz,

7 Chloroform-d) § 7.96 (d, J= 8.2 Hz, 1H), 7.79 (d, J = 8.7 Hz, 2H), 7.45 — 7.38

OO SMe . 3H), 7.37 — 7.33 (m. 2H), 7.29 (d, J = 7.4 Hz, 2H), 7.24 — 7.17 (m, 1H),

5.57 (d,J=10.4 Hz, 1H), 3.09 (dp, J = 10.4, 6.5 Hz, 1H), 2.47 (s, 3H), 1.20 (t,

J = 6.6 Hz, 6H). 3C NMR (101 MHz, Chloroform-d) & 143.05, 139.54, 139.07, 135.16, 134.25,

132.87, 131.40, 129.35, 128.04, 127.99, 127.95, 126.85, 126.70, 125.67, 124.87, 123.20, 28.42,
23.45,23.02, 16.12. HRMS (EI-TOF) calcd for C2oH2S* ([M]Y): 318.1442, found: 318.1440.

(E)-(1-(hept-3-en-4-yl)naphthalen-2-yl)(methyl)sulfane(4-41)

FiE C, LERMAEB20 mg, 12% yield for 10 mmol scale). 'H NMR (400
Z MHz, Chloroform-d) 6 7.88 (dd, J=8.3, 1.4 Hz, 1H), 7.80 — 7.69 (m, 2H), 7.45
SMe  _ 736 (m, 3H), 5.43 (t, J = 7.2 Hz, 1H), 2.53 - 2.46 (m, 5H), 2.37 (p, J= 7.5
OO Hz, 2H), 1.37 (dp, J=9.0, 7.4 Hz, 2H), 1.14 (t, J= 7.5 Hz, 3H), 0.87 (t, J=17.3
Hz, 3H). *C NMR (101 MHz, Chloroform-d) § 139.95, 136.32, 134.96, 134.01, 132.66, 131.40,
128.04, 127.32, 126.17, 125.90, 124.84, 123.39, 34.71, 22.08, 21.74, 16.31, 14.91, 14.37. HRMS

(EI-TOF) calcd for CisH22S™ ([M]"): 270.1442, found: 270.1440.

1,4-bis(1-(2-(methylthio)naphthalen-1-yl)vinyl)benzene(4-6a)

Fik A, & EHERB90 mg, 16% yield for 5 mmol scale). 'HNMR (400
MHz, Chloroform-d) ¢ 7.80 (ddd, J = 10.0, 8.1, 1.9 Hz, 4H), 7.76 — 7.71
(m, 2H), 7.45 (dd, J = 8.7, 4.0 Hz, 2H), 7.40 — 7.34 (m, 4H), 7.21 (s, 4H),
6.20 (d,J=4.8 Hz, 2H), 5.33 —5.28 (d, /=4.8 Hz, 2H), 2.45 (s, 3H), 2.44
(s, 3H). 3C NMR (101 MHz, Chloroform-d) § 144.68, 144.67, 138.63,
138.58, 136.55, 136.53, 134.65, 134.61, 132.55, 132.54, 131.26, 128.27,
127.98, 126.81, 126.41, 125.74, 125.15, 123.36, 117.78, 16.28. HRMS
(EI-TOF) calcd for C32H26S2" ([M]Y): 474.1476, found: 474.1476.

MeS

SMe

1,3-bis(1-(2-(methylthio)naphthalen-1-yl)vinyl)benzene(4-6b)
SMe Fik A, HEHIKS68 mg, 24% yield for 5 mmol scale). 'H
O O NMR (400 MHz, Chloroform-d) 6 7.76 (td, J= 7.9, 6.3 Hz, 4H),
O SMe 770 — 7.62 (m, 2H), 7.42 — 7.29 (m, 4H), 7.32 — 7.25 (m, 3H),
OO 7.27—7.15 (m, 3H), 6.14 (dd, J = 14.8, 1.1 Hz, 2H), 5.26 (s, 2H),
2.36 (s, 3H), 2.15 (s, 3H). 3C NMR (101 MHz, Chloroform-d) & 145.02, 144.85, 139.27, 139.06,
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136.83, 136.69, 134.58, 134.44, 132.41, 132.38, 131.22, 128.63, 128.60, 128.17, 128.07, 127.88,
126.68, 125.69, 125.59, 125.42, 125.11, 125.07, 124.83, 124.66, 123.57, 117.70, 117.51, 16.46,
16.22. HRMS (EL-TOF) caled for C32Ha6S2™ (M]"): 474.1476, found: 474.1474.

(((2,2'-dimethoxy-[1,1'-biphenyl]-3,3'-diyl)bis(ethene-1,1-diyl))bis(naphthalene-2,1-
diyl))bis(methylsulfane)(4-6¢)

FiE A, #EEK(732 mg, 17% yield for 7.2 mmol scale), 'H NMR (400
MHz, Chloroform-d) ¢ 8.03 (dt, J = 6.3, 3.3 Hz, 2H), 7.87 — 7.80 (m, 4H),
7.48 (d, J= 8.8 Hz, 2H), 7.42 (ddd, /= 6.9, 4.8, 2.5 Hz, 4H), 7.29 (t, J=4.7
Hz, 2H), 6.93 (d, J = 6.8 Hz, 4H), 6.64 — 6.54 (m, 2H), 5.54 (t, /= 2.2 Hz,
2H), 3.36 (s, 6H), 2.45 (s, 6H). *C NMR (101 MHz, Chloroform-d) & 156.18,
141.96, 139.04, 134.20, 133.16, 133.11, 133.05, 132.94, 131.55, 131.42,
129.93, 128.05, 127.95, 126.70, 126.20, 125.19, 124.07, 123.41, 122.92,
122.88, 59.35, 16.63. HRMS (EI-TOF) caled for CsH340.S:" ([M]"):
610.2000, found: 610.1998.

4,4'-bis(1-(2-(methylthio)naphthalen-1-yl)vinyl)-1,1'-biphenyl(4-6d)

FiE A, &€ EKB62mg,31% yield for 5 mmol scale). 'HNMR (400
MHz, Chloroform-d) 6 7.87 (d, /= 8.8 Hz, 2H), 7.84 — 7.78 (m, 4H), 7.52
—7.45 (m, 6H), 7.42 — 7.38 (m, 4H), 7.37 — 7.33 (m, 4H), 6.28 (d, J=1.1
Hz, 2H), 5.35 (d, J = 1.0 Hz, 2H), 2.47 (s, 6H). 3C NMR (101 MHz,
Chloroform-d) & 144.59, 140.15, 138.11, 136.54, 134.72, 132.63, 131.32,
128.35, 128.05, 127.13, 126.91, 126.63, 125.67, 125.22, 123.42, 117.80,
16.30. HRMS (EI-TOF) calcd for C3gH30S2" ([M]"): 550.1789, found:
550.1789.

MeS

SMe

(((2-methoxy-1,4-phenylene)bis(ethene-1,1-diyl))bis(naphthalene-2,1-
diyl))bis(methylsulfane)(4-6e)

O FiE A, EEHIK(G544 mg, 12% yield for 9 mmol scale). 'H
oM

O O © NMR (400 MHz, Chloroform-d) & 7.84 — 7.73 (m, 6H), 7.43 (m,

SMe 3H), 7.36 (m, 3H), 7.05 (dd, J = 23.0, 1.7 Hz, 1H), 6.65 (dd, J =

SM
OO ® 97,81 Hz, 1H), 6.57 — 6.47 (m, 2H), 6.20 (dd, J = 5.7, 1.1 Hz,
1H), 5.49 (t, J = 2.1 Hz, 1H), 5.31 (d, J= 1.2 Hz, 1H), 3.79 (d, J
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= 15.4 Hz, 3H), 2.46 — 2.42 (m, 6H). *C NMR (101 MHz, Chloroform-d) & 158.10, 144.91,
141.15, 139.44, 139.34, 138.68, 136.59, 134.65, 134.34, 132.64, 131.30, 131.25, 130.29, 128.29,
127.95, 127.90, 127.85, 126.79, 126.61, 126.02, 125.78, 125.16, 125.01, 123.44, 122.84, 118.96,
118.87, 117.83, 109.29, 109.10, 55.55, 16.36, 16.35. HRMS (EL-TOF) calcd for C33HasOS,"
(IM]): 504.1582, found: 504.1582.

4.9.2 &M RAE

(R)-(2E,4Z)-butyl 5-(2-(methylthio)naphthalen-1-yl)-5-phenylpenta-2,4-dienoate (4-3aa)
O WIEEF ik A 23 H &K TLC 2 B E2 & €l KR(CE Wit/ 2
AN CoBu BB = 201 4 BT A)(38.3 mg, 94%). F 4 HPLC 415 4t
OO SMe aIC column (n-hexane/i-PrOH = 90/10, flow = 1.1 mL/min, 254 nm),
t = 5.9 min (major), t = 7.0 min (minor), 95% ee. [o]p?® = 44.1 (c =
0.67, CHCl3). 'H NMR (400 MHz, Chloroform-d) & 7.89 (d, J = 8.7 Hz, 1H), 7.83 (d, J= 7.3 Hz,
1H), 7.53 (d, J= 8.3 Hz, 1H), 7.49 (d, J = 8.8 Hz, 1H), 7.41 — 7.36 (m, 1H), 7.36 — 7.33 (m, 1H),
7.31 (dd, J=6.9, 3.0 Hz, 2H), 7.28 — 7.19 (m, 4H), 6.83 (dd, /= 15.2, 11.5 Hz, 1H), 6.07 (d, J =
15.1 Hz, 1H), 4.00 (t, J = 6.6 Hz, 2H), 2.43 (s, 3H), 1.51 (dq, /= 8.3, 6.6 Hz, 2H), 1.26 (h, J=7.4
Hz, 2H), 0.84 (t, J = 7.4 Hz, 3H). >*C NMR (101 MHz, Chloroform-d) § 167.04, 146.37, 141.67,
138.74, 135.49, 132.71, 132.48, 131.36, 129.10, 128.86, 128.78, 128.25, 127.71, 127.33, 126.84,
125.39, 125.21, 123.37, 123.23, 64.20, 30.74, 19.21, 16.03, 13.78. HRMS (EI-TOF) calcd for
Ca6H2602S™ ([M]7): 402.1654, found: 402.1653.

(R)-(2E,4Z)-butyl 5-(2-(ethylthio)naphthalen-1-yl)-5-phenylpenta-2,4-dienoate (4-3ba)
O WIBEF i A B3HEK TLC 4B 532 &R AE(E it/ 2
AN coBu B LEE = 2001 B FFA)30.9 mg, 72%). F M HPLC 48 4 4
OO SEt a AD-H column (n-hexane/i-PrOH = 90/10, flow = 1.0 mL/min, 254
nm), t = 6.0 min (major), t = 5.7 min (minor), 92% ee. [a]p*’ = 85.6 (c
=1.053, CHCls3). 'H NMR (400 MHz, Chloroform-d) & 7.86 (dd, J = 8.8, 0.8 Hz, 1H), 7.83 (d, J
=7.4 Hz, 1H), 7.55 (d, J= 8.7 Hz, 2H), 7.40 (ddd, J=8.1, 6.8, 1.3 Hz, 1H), 7.36 — 7.33 (m, 1H),
7.32-7.28 (m, 2H), 7.27 — 7.24 (m, 3H), 7.21 (dd, J=11.5, 0.7 Hz, 1H), 6.83 (dd, J=15.2, 11.5
Hz, 1H), 6.06 (dd, J=15.2, 0.7 Hz, 1H), 4.00 (td, J = 6.6, 2.1 Hz, 2H), 2.92 (q, J = 7.3 Hz, 2H),
1.51 (dq, J= 8.4, 6.7 Hz, 2H), 1.30 — 1.22 (m, 2H), 1.19 (t, J= 7.4 Hz, 3H), 0.84 (t, /= 7.4 Hz,
3H). BC NMR (101 MHz, Chloroform-d) § 167.05, 146.68, 141.78, 138.99, 134.30, 134.11,
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132.70, 131.66, 128.90, 128.79, 128.73, 128.21, 127.44, 127.25, 126.90, 125.59, 125.48, 125.15,
123.04, 64.17, 30.72, 27.11, 19.20, 14.49, 13.78. HRMS (EI-TOF) calcd for C27H230.S™ (IM]"):
416.1810, found: 416.1809.

(R)-(2E,4Z)-butyl 5-phenyl-5-(2-(propylthio)naphthalen-1-yl)penta-2,4-dienoate (4-3ca)
O REFH 7 AR LI ARAZTHERATLC o BRI EE
NI 00,80 TRIK(CE W7 B 8 = 2011 % B FFA1)(33.4 me, T7%). F I
OO SN HPLC %% 41 : aAD-H column (n-hexane/i-PrOH = 90/10, flow
= 1.0 mL/min, 254 nm), t = 6.1 min (major), t = 4.9 min (minor), 91%
ee. [a]p?® = 65.6 (c = 1.093, CHCl3). 'H NMR (400 MHz, Chloroform-d) & 7.86 (dd, J=8.7, 1.5
Hz, 1H), 7.83 (d, J = 8.3 Hz, 1H), 7.55 (dt, J= 8.5, 2.1 Hz, 2H), 7.43 — 7.38 (m, 1H), 7.37 - 7.33
(m, 1H), 7.33 — 7.28 (m, 2H), 7.28 — 7.25 (m, 3H), 7.21 (dd, J=11.6, 1.6 Hz, 1H), 6.82 (ddd, J =
15.2,11.4, 1.7 Hz, 1H), 6.06 (dd, J=15.3, 1.5 Hz, 1H), 4.00 (td, J = 6.6, 1.5 Hz, 2H), 2.87 (td, J
=7.4,2.0 Hz, 2H), 1.56 — 1.47 (m, 4H), 1.31 — 1.20 (m, 2H), 0.86 (dtd, J=16.7, 7.4, 1.7 Hz, 6H).
C NMR (101 MHz, Chloroform-d) & 167.01, 146.74, 141.79, 139.00, 134.36, 134.29, 132.68,
131.63, 128.85, 128.75, 128.70, 128.19, 127.42, 127.23, 126.89, 125.56, 125.46, 125.34, 122.96,
64.13, 35.13, 30.71, 22.69, 19.18, 13.77, 13.46. HRMS (EI-TOF) caled for C2sH3002S™ ([M]):
430.1967, found: 430.1967.

(R)-(2E ., 4Z)-butyl 5-(2-(butylthio)naphthalen-1-yl)-5-phenylpenta-2,4-dienoate (4-3caa)
O WAEEF 7= AER LI ARELEHH LR TLC B REEE
AN coBu KR B8 28 = 2011 4 BT A)(35.9 me, 81%). T
OO S\ HPLC 4% 4 alC column (n-hexane/i-PrOH = 96/4, flow = 0.6
mL/min, 254 nm), t = 10.3 min (major), t = 11.0 min (minor), 90% ee.
[0]p2° = 53.6 (c = 0.633, CHCl;). '"H NMR (400 MHz, Chloroform-d) § 7.86 (d, J = 8.7 Hz, 1H),
7.83 (d,J=8.1 Hz, 1H), 7.55 (dd, J= 8.7, 2.2 Hz, 2H), 7.40 (ddd, J= 8.1, 6.8, 1.3 Hz, 1H), 7.37
—7.33 (m, 1H), 7.32 — 7.28 (m, 2H), 7.27 — 7.23 (m, 3H), 7.21 (d, J = 11.5 Hz, 1H), 6.82 (ddt, J
=14.1, 11.5, 1.2 Hz, 1H), 6.06 (d, J = 15.2 Hz, 1H), 4.00 (t, J= 6.6 Hz, 2H), 2.88 (tt, J = 8.6, 4.3
Hz, 2H), 1.50 (dp, J = 9.3, 6.9 Hz, 4H), 1.36 — 1.18 (m, 4H), 0.83 (dt, J = 10.2, 7.3 Hz, 6H). 1*C
NMR (101 MHz, Chloroform-d) 6 167.03, 146.77, 141.81, 139.05, 134.40, 134.38, 132.70,
131.66, 128.88, 128.76, 128.71, 128.21, 127.46, 127.25, 126.92, 125.59, 125.49, 125.41, 122.99,
77.16, 64.16, 32.91, 31.43, 30.73, 22.01, 19.20, 13.79, 13.70. HRMS (EI-TOF) calcd for

C2oH3,02S™ ([M]Y): 444.2123, found: 444.2125.
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(R)-butyl (2E,42)-5-(2-(isopropylthio)naphthalen-1-yl)-5-phenylpenta-2,4-dienoate (4-3cab)
O WAEE R ik AZEF &R TLC 48 &5 & € K(h mEt/ 8.
~ / CO,Bu  Z.EE =20/1 # & JF#)(34.5 mg, 80%). FI HPLC 4% & 1: an
OO SPr AD-H column (n-hexane/i-PrOH = 90/10, flow =1.0 mL/min, 254 nm),
t = 5.1 min (major), t = 4.7 min (minor), 53% ee. [a]p?® = 45.4 (c =
0.93, CHCI3). 'H NMR (400 MHz, Chloroform-d) & 7.84 (t, J = 8.7 Hz, 2H), 7.59 (dd, J = 15.0,
8.5 Hz, 2H), 7.45 - 7.37 (m, 1H), 7.37 — 7.33 (m, 1H), 7.33 — 7.28 (m, 2H), 7.27 — 7.14 (m, 4H),
6.80 (ddd, J=15.2, 11.6, 1.1 Hz, 1H), 6.05 (d, J=15.2 Hz, 1H), 4.10 — 3.84 (m, 2H), 3.52 (p, J
=6.7 Hz, 1H), 1.50 (p, /= 6.9 Hz, 2H), 1.33 — 1.17 (m, 5H), 1.13 (dd, J = 6.6, 1.0 Hz, 3H), 0.93
—0.77 (m, 3H). 3C NMR (101 MHz, Chloroform-d) & 167.03, 146.97, 141.85, 139.27, 135.69,
133.94, 132.78, 131.96, 128.77, 128.72, 128.67, 128.18, 127.22, 126.99, 125.83, 125.79, 122.85,
64.16, 37.33, 30.74, 23.21, 23.18, 19.21, 13.80. HRMS (ESI) caled for C23H300.S™ ([M+H]"):
431.2039, found: 431.2039.

(R)-butyl (2E,47)-5-(2-methyl-6-(p-tolylthio)phenyl)-5-phenylpenta-2,4-dienoate (4-3daa)
O RAIBE A 7 AR H &R TLC 4 B 535 & ik (Bt 25
CO,Bu  Z.HE =20/1 % B FF#1)(29.3 mg, 67%). F ¥ HPLC 4 & £ 1: alC
\©\ column (n-hexane/i-PrOH = 90/10, flow =1.0 mL/min, 254 nm), t = 5.2
min (major), t = 4.6 min (minor), 74% ee. [a]p*® = -150.4 (c = 1.0,
CHCI3). 'H NMR (400 MHz, Chloroform-d) § 7.39 — 7.29 (m, 5H), 7.21 (d, J= 8.1 Hz, 2H), 7.14
(t,J=7.7Hz, 1H), 7.08 (dd, J= 7.7, 5.7 Hz, 3H), 7.01 — 6.88 (m, 3H), 6.02 (dd, /= 13.2, 1.2 Hz,
1H), 4.10 (td, J= 6.6, 2.1 Hz, 2H), 2.30 (s, 3H), 2.06 (s, 3H), 1.66 — 1.55 (m, 2H), 1.42 — 1.29 (m,
2H), 0.91 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, Chloroform-d) & 167.19, 147.27, 141.56,
138.43, 138.03, 137.48, 136.98, 133.65, 130.93, 130.10, 128.83, 128.79, 128.57, 127.94, 127.24,
126.63, 126.21, 122.75, 64.27, 30.85, 21.28 , 20.10, 19.32, 13.90. HRMS (ESI) calcd for

Ca2oH3002S" ([M+H]"): 443.2039, found: 443.2037.

(R)-butyl (2E,4Z)-5-(2-methyl-6-(methylthio)phenyl)-5-phenylpenta-2,4-dienoate (4-3da)
RIBEF 77k A G H &R TLC 4% 15 3] 3 R R (4 im B/ L8

CO,Bu  Z.HE =20/1 % BFF#)(27.1 mg, 74%). F ¥ HPLC 4 & 4 14: alC
column (n-hexane/i-PrOH =90/10, flow =1.1 mL/min, 254 nm), t=5.1
min (major), t = 6.4 min (minor), 96% ee. [a]p?® = -97.1 (c = 1.02,
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CHCl5). "H NMR (400 MHz, Chloroform-d) & 7.34 — 7.25 (m, 6H), 7.12 — 6.93 (m, 4H), 6.07 (d,
J =143 Hz, 1H), 4.08 (t, J = 6.6 Hz, 2H), 2.32 (s, 3H), 2.04 (s, 3H), 1.58 (q, J = 6.9 Hz, 2H),
1.40 — 1.28 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz. Chloroform-d) § 167.25,
147.21, 141.62, 138.29, 138.08, 137.04, 135.61, 128.88, 128.80, 128.63, 126.54, 126.34, 122.99,
122.17, 64.29, 30.80, 19.94, 19.29, 15.76, 13.87. HRMS (ESI) calcd for C23H60,S™ ([M+H]"):
367.1726, found: 367.1730.

(R)-(2E ., 4Z)-butyl 5-(2-(benzylthio)naphthalen-1-yl)-5-phenylpenta-2,4-dienoate (4-3ea)
O WIEEF ik A 23 H &K TLC 2B EF 3 & R K(Ch Wit/ 2
AN oy BB = 2011 B FFA)(29.7 mg, 61%). F 1 HPLC 4 8 &
OO S<gn a OD-H column (n-hexane/i-PrOH = 94/6, flow = 0.8 mL/min, 254
nm), t = 12.5 min (major), t = 13.4 min (minor), 90% ee. [o]p>° = 65.2
(c=0.966, CHCI3). '"H NMR (400 MHz, Chloroform-d) § 7.85 — 7.70 (m, 2H), 7.54 (dd, J = 11.1,
8.5 Hz, 2H), 7.40 (ddd, J=8.2, 6.8, 1.4 Hz, 1H), 7.33 (ddd, /=8.3, 6.8, 1.4 Hz, 1H), 7.27 — 7.21
(m, 6H), 7.18 (d, /= 3.5 Hz, 5H), 6.81 (dd, J=15.2, 11.6 Hz, 1H), 6.06 (d, /= 15.2 Hz, 1H), 4.12
—4.03 (m, 2H), 4.01 (t, J= 6.6 Hz, 2H), 1.56 — 1.46 (m, 2H), 1.31 — 1.17 (m, 2H), 0.84 (t, /= 7.4
Hz, 3H). *C NMR (101 MHz, Chloroform-d) § 167.04, 146.67, 141.70, 139.09, 137.18, 135.07,
133.69, 132.62, 131.97, 128.99, 128.85, 128.75, 128.73, 128.55, 128.23, 127.67, 127.27, 127.23,
126.94, 126.43, 125.84, 125.67, 123.10, 64.22, 38.28, 30.74, 19.21, 13.80. HRMS (EI-TOF) calcd
for C32H3002S™ ([M]"): 478.1967, found: 478.1965.

(R)-(2E,AE)-butyl 5-(2-chlorophenyl)-5-(2-(methylthio)naphthalen-1-yl)penta-2,4-dienoate
(4-3fa)

O Cl REFER FTE A ZIFER TLC 2 BE I E & RAE(H mE/

AN copy RO = 2001 4y R IT5I)(33.2 mg, 75%). F 1 HPLC 2 & % fF
OO SMe a IC column (n-hexane/i-PrOH = 90/10, flow = 1.0 mL/min, 254 nm),
t = 6.1 min (major), t = 7.9 min (minor), 92% ee. [a]p** = 140.9 (c =

0.966, CHClz). 'H NMR (400 MHz, Chloroform-d) § 7.88 (d, J = 8.7 Hz, 1H), 7.84 — 7.79 (m,
1H), 7.73 — 7.67 (m, 1H), 7.48 (dd, J=9.1, 1.3 Hz, 2H), 7.44 — 7.36 (m, 2H), 7.24 (d, J= 11.6
Hz, 1H), 7.14 (ddd, J = 8.0, 6.9, 2.0 Hz, 1H), 7.05 — 6.96 (m, 2H), 6.88 (dd, J= 15.2, 11.6 Hz,
1H), 6.10 (d, J = 15.2 Hz, 1H), 4.03 (t, J = 6.6 Hz, 2H), 2.48 (s, 3H), 1.53 (dq, J = 8.5, 6.7 Hz,
2H), 1.36 — 1.22 (m, 2H), 0.86 (t, J= 7.4 Hz, 3H). '3C NMR (101 MHz, Chloroform-d) & 166.98,
142.28, 141.33, 138.10, 136.00, 134.69, 132.65, 132.59, 131.40, 131.10, 130.95, 129.31, 128.94,
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128.28,127.53,126.77, 125.43, 125.15, 124.08, 123.40, 64.25, 30.72, 19.20, 16.12, 13.79. HRMS
(EI-TOF) calcd for C26HasC102S™ (IM]"): 436.1264, found: 436.1265.

(R)-(2E,4Z)-butyl 5-(2-methoxyphenyl)-5-(2-(methylthio)naphthalen-1-yl)penta-2,4-
dienoate (4-3ga)
OMe WIEEF % A ZERER TLC 4B R EE &R K BB/
O AN co,pu BOEE = 20/1 47 & TT5I)(30.5 mg, 69%). F 1 HPLC 7 % 4
SMe a IC column (n-hexane/i-PrOH = 90/10, flow = 1.2 mL/min, 254 nm),
OO t = 4.2 min (major), t = 5.3 min (minor), 95% ee. [a]p** = 126.2 (c =

0.8, CHCl3). "H NMR (400 MHz, Chloroform-d) § 7.87 (d, J= 8.8 Hz, 1H), 7.81 (dd, J=7.5, 1.8
Hz, 1H), 7.62 (dd, J= 7.8, 1.7 Hz, 1H), 7.56 (d, J= 11.8 Hz, 1H), 7.48 (d, J = 8.7 Hz, 1H), 7.42
—7.31 (m, 2H), 7.20 (ddd, J = 8.8, 7.3, 1.8 Hz, 1H), 6.98 (dd, J = 8.3, 1.1 Hz, 1H), 6.88 — 6.75
(m, 2H), 6.70 (td, J=7.6, 1.1 Hz, 1H), 6.03 (d, J = 15.2 Hz, 1H), 3.99 (t, J = 6.6 Hz, 2H), 3.93 (s,
3H), 2.46 (s, 3H), 1.55 — 1.45 (m, 2H), 1.32 — 1.16 (m, 2H), 0.85 (t, J = 7.4 Hz, 3H). *C NMR
(101 MHz, Chloroform-d) & 167.28, 158.18, 142.99, 142.67, 135.42, 134.38, 132.68, 132.26,
131.34, 130.79, 129.44, 128.80, 128.13, 127.72, 127.17, 125.49, 125.26, 123.32, 122.64, 120.72,
111.79, 64.06, 55.77, 30.75, 19.22, 16.06, 13.80. HRMS (EI-TOF) calcd for C27H2503S™ (IM]"):
432.1759, found: 432.1760.

(R)-(2E ., 4Z)-butyl 5-(3-fluorophenyl)-5-(2-(methylthio)naphthalen-1-yl)penta-2,4-dienoate
(4-3ha)
F WIEEA 7 A BHEK TLC 4 BER & WA B/
O B 7.8 = 20/1 4 &I #1)(38.1 mg, 92%). F Ik HPLC 4% & 1
- S/Me COBU 4 AD-H column (n-hexane/i-PrOH = 90/10, flow = 1.1 mL/min, 254
OO nm), t = 8.2 min (major), t = 6.5 min (minor), 97% ee. [0]p*’ = 97.8 (c
= 1.047, CHCl3). 'H NMR (400 MHz, Chloroform-d) & 7.92 (d, J =
8.7 Hz, 1H), 7.88 — 7.81 (m, 1H), 7.51 (d, J = 8.7 Hz, 2H), 7.39 (dddd, J = 19.9, 8.3, 6.8, 1.4 Hz,
2H), 7.25 - 7.19 (m, 2H), 7.11 (dt, J = 8.0, 1.2 Hz, 1H), 7.03 — 6.91 (m, 2H), 6.83 (dd, J = 15.2,
11.5 Hz, 1H), 6.12 (dd, J = 15.3, 0.7 Hz, 1H), 4.02 (t, J = 6.6 Hz, 2H), 2.46 (s, 3H), 1.53 (dq, J =
8.5, 6.6 Hz, 2H), 1.35 - 1.16 (m, 2H), 0.86 (t, J= 7.4 Hz, 3H). *C NMR (101 MHz, Chloroform-
d) 5 166.90, 163.21 (d, Jcr = 246.4 Hz), 145.02 (d, Jcr = 3.0), 141.24, 141.15 (d, Jor = 7.1 Hz),
135.64, 132.35, 131.93, 131.36, 130.21 (d, Jor = 8.1 Hz), 129.35, 128.77, 128.36, 127.48, 125.48,
124.92, 124.08, 123.23, 122.51 (d, Jcr = 3.0 Hz), 115.68 (d, Jcr = 21.2 Hz), 113.63 (d, Jor =22.2
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Hz), 64.30, 30.70, 19.20, 15.95, 13.78. ’F NMR (376 MHz, Chloroform-d) & -113.90. HRMS
(EI-TOF) calcd for C26HasFO2S™ (IM]"): 420.1559, found: 420.1560.

(R)-(2E.,4Z)-butyl 5-(3-chlorophenyl)-5-(2-(methylthio)naphthalen-1-yl)penta-2,4-dienoate
(4-3ia)
Cl WERA7E AZITHER TLC 2B F 2 #E € RK(EHER/ T
O 7B = 20/1 4 B FF#1)31.8 mg, 71%). F1& HPLC 4 £ 1
- S/Me CO2BU 3 AD-H column (n-hexane/i-PrOH = 90/10, flow = 1.1 mL/min, 254
OO nm), t = 7.5 min (major), t = 6.2 min (minor), 97% ee. [0]p>° = 89.7 (c
= 0.833, CHCI3). 'H NMR (400 MHz, Chloroform-d) & 7.92 (d, J =
8.8 Hz, 1H), 7.85 (dd, J=8.0, 1.5 Hz, 1H), 7.54 — 7.47 (m, 2H), 7.45 — 7.40 (m, 1H), 7.39 — 7.33
(m, 2H), 7.26 — 7.23 (m, 1H), 7.23 — 7.15 (m, 2H), 7.13 (dt, /= 7.8, 1.7 Hz, 1H), 6.80 (dd, J =
15.2, 11.5 Hz, 1H), 6.11 (d, J=15.2 Hz, 1H), 4.01 (t, J= 6.6 Hz, 2H), 2.46 (s, 3H), 1.53 (dq, J =
8.3, 6.7 Hz, 2H), 1.36 — 1.20 (m, 2H), 0.85 (t, J= 7.4 Hz, 3H). 1*C NMR (101 MHz, Chloroform-
d) 6 166.90, 144.86, 141.21, 140.73, 135.66, 134.84, 132.33, 131.78, 131.36, 130.01, 129.39,
128.91, 128.81, 128.38, 127.52, 126.65, 125.49, 125.14, 124.90, 124.15, 123.24, 64.32, 30.70,
19.20, 15.96, 13.79. HRMS (EI-TOF) calcd for C26HasC102S™ ([M]7): 436.1264, found: 436.1265.

(R)-(2E,4Z)-butyl 5-(3-methoxyphenyl)-5-(2-(methylthio)naphthalen-1-yl)penta-2,4-
dienoate (4-3ja)
OMe WAEEF 77k A ZEHER TLC 2B &F 2 # R E(E mi/ 2

O 7B = 20/1 4 B FF #1)(33.5 mg, 78%). F 1% HPLC 4 4 14 :
~ S/Me CO2BU 3 AD-H column (n-hexane/i-PrOH = 90/10, flow = 1.1 mL/min, 254
OO nm), t = 9.7 min (major), t = 7.4 min (minor), 95% ee. [a]p*’ = 100.8
(c=0.835, CHCI3). 'H NMR (400 MHz, Chloroform-d) & 7.89 (d, J =

8.8 Hz, 1H), 7.82 (dd, J= 7.7, 1.6 Hz, 1H), 7.52 (dd, J = 8.2, 1.5 Hz, 1H), 7.48 (d, J= 8.7 Hz,
1H), 7.42 — 7.37 (m, 1H), 7.34 (ddd, J = 8.3, 6.8, 1.5 Hz, 1H), 7.24 — 7.12 (m, 2H), 6.95 — 6.76
(m, 4H), 6.08 (d, J=15.2 Hz, 1H), 4.00 (t, J= 6.6 Hz, 2H), 3.72 (s, 3H), 2.44 (s, 3H), 1.56 — 1.45
(m, 2H), 1.31 — 1.19 (m, 2H), 0.84 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, Chloroform-d) &
167.05, 159.87, 146.19, 141.61, 140.20, 135.48, 132.53, 132.47, 131.33, 129.73, 129.12, 128.24,
127.99, 127.32, 125.36, 125.17, 123.36, 123.24, 119.53, 113.89, 112.84, 64.21, 55.28, 30.71,
19.20, 16.00, 13.78. HRMS (EI-TOF) calcd for C27H2503S™ ([M]"): 432.1759, found: 432.1760.
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(R)-(2E,4Z)-butyl 5-(2-(methylthio)naphthalen-1-yl)-5-(p-tolyl)penta-2,4-dienoate (4-3ka)
Me WAEE A ik A ZTH &R TLC 4 B B2 & 6 KR (G Bt
O AN co,pu LB =201 7 & TT5)(34.0 mg, 82%). F 1% HPLC 4 &
OO SMe %1 : a AD-H column (n-hexane/i-PrOH = 95/5, flow = 0.7
mL/min, 254 nm), t=11.6 min (major), t=12.5 min (minor), 97%
ee. [a]p?® = 78.5 (¢ = 1.023, CHCl3). 'H NMR (400 MHz, Chloroform-d) & 7.91 (d, J = 8.7 Hz,
1H), 7.87 —7.79 (m, 1H), 7.58 — 7.46 (m, 2H), 7.38 (dddd, J = 22.2, 8.3, 6.8, 1.4 Hz, 2H), 7.24 —
7.16 (m, 3H), 7.08 (d, J= 8.0 Hz, 2H), 6.83 (dd, /= 15.2, 11.6 Hz, 1H), 6.07 (d, J=15.2 Hz, 1H),
4.01 (t,J=6.6 Hz, 2H), 2.45 (s, 3H), 2.31 (s, 3H), 1.52 (dq, J = 8.5, 6.7 Hz, 2H), 1.36 — 1.17 (m,
2H), 0.86 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, Chloroform-d) § 167.15, 146.28, 141.86,
139.08, 135.79, 135.40, 132.71, 132.49, 131.31, 129.60, 129.02, 128.23, 127.31, 126.76, 126.73,
125.35, 125.23, 123.22, 122.72, 64.16, 30.73, 21.40, 19.21, 15.98, 13.79. HRMS (EI-TOF) calcd
for C27H2802S™ (IM]): 416.1810, found: 416.1812.

(R)-(2E ., 4Z)-butyl 5-(4-chlorophenyl)-5-(2-(methylthio)naphthalen-1-yl)penta-2,4-dienoate

(4-31a)

Cl WABEF 7k A G H &% TLC 4B 75 # & R AK(Ch okt
O AN copy CERCEE = 20/1 A RITHI)28.1 mg, 65%). F 4 HPLC 7%
OO SMe % fF: a AD-H column (n-hexane/i-PrOH = 90/10, flow = 1.0

mL/min, 254 nm), t = 12.7 min (major), t = 10.9 min (minor), 97%
ee. [a]p?® = 68.2 (c = 0.8867, CHCIl3). '"H NMR (400 MHz, Chloroform-d) § 7.91 (d, J = 8.8 Hz,
1H), 7.84 (dd, J = 8.1, 1.5 Hz, 1H), 7.52 — 7.45 (m, 2H), 7.38 (dddd, J = 21.3, 8.3, 6.8, 1.4 Hz,

2H), 7.24 (d,J=9.3 Hz, 4H), 7.19 (d, /= 11.5 Hz, 1H), 6.80 (dd, J=15.2, 11.5 Hz, 1H), 6.09 (d,

J=15.2 Hz, 1H), 4.00 (t, /= 6.6 Hz, 2H), 2.44 (s, 3H), 1.52 (dq, /= 8.4, 6.7 Hz, 2H), 1.32 - 1.13

(m, 2H), 0.84 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) § 166.96, 145.00, 141.37,

137.18, 135.58, 134.75, 132.33, 131.97, 131.34, 129.31, 129.03, 128.37, 128.09, 128.07, 127.49,

125.49, 124.92, 123.72, 123.20, 64.28, 30.71, 19.20, 15.93, 13.78. HRMS (EI-TOF) calcd for

Ca6Ha50,CIS* (IM]"): 436.1264, found: 436.1263.

(R)-(2E.,4Z)-butyl 5-(4-fluorophenyl)-5-(2-(methylthio)naphthalen-1-yl)penta-2,4-dienoate
(4-3ma)
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LB EE =20/1 K BFF7)(37.9mg, 90%). F 4 HPLC 45 &
OO SMe £ : a AD-H column (n-hexane/i-PrOH = 90/10, flow = 1.0 mL/min,

20 _

F O WIERE A F ok A ZTIHER TLC 45 57 23 &Rk (f B
=~ = COzBU

254 nm), t = 9.8 min (major), t = 8.2 min (minor), 97% ee. [a]p
63.0 (c =0.913, CHCI3). 'H NMR (400 MHz, Chloroform-d) § 7.92 (d, J = 8.7 Hz, 1H), 7.85 (dd,
J=28.0, 1.5 Hz, 1H), 7.51 (dd, J = 8.8, 3.4 Hz, 2H), 7.39 (dddd, J = 20.1, 8.3, 6.8, 1.4 Hz, 2H),
7.32 —-7.27 (m, 2H), 7.16 (d, J = 11.5 Hz, 1H), 6.99 — 6.91 (m, 2H), 6.82 (dd, J=15.2, 11.5 Hz,
1H), 6.08 (d, J=15.2 Hz, 1H), 4.01 (t, J = 6.6 Hz, 2H), 2.46 (s, 3H), 1.53 (dq, J = 8.4, 6.6 Hz,
2H), 1.36 — 1.18 (m, 2H), 0.86 (t, J= 7.4 Hz, 3H). 3*C NMR (101 MHz, Chloroform-d) & 167.03,
163.2 (d, Jcr = 250.5 Hz), 145.17, 141.53, 134.85 (d, Jcr = 3.0 Hz), 132.30 (d, Jcr = 7.1 Hz),
131.35, 129.24, 128.66, 128.58, 128.34, 127.51 (d, Jcr = 2.0 Hz), 127.45, 125.46, 124.98, 123.26
(d, Jer= 9.1 Hz), 115.82 (d, Jcr = 21.2 Hz), 64.24, 30.71, 19.20, 15.92, 13.78. ’F NMR (376
MHz, Chloroform-d) § -112.44. HRMS (EI-TOF) calcd for C26H2502FS™ ([M]"): 420.1559, found:
420.1558.

(R)-(2E,4Z)-butyl 5-(4-methoxyphenyl)-5-(2-(methylthio)naphthalen-1-yl)penta-2,4-
dienoate (4-3na)

MeO O RERA T E A ELHER TLC 4 872 3# 60K (A &

ANA"copy BB LB = 20/1 79 & IFTH)(19.8 mg, 44%). F % HPLC

OO SMe /B %1: a AD-H column (n-hexane/i-PrOH = 80/20, flow =

1.2 mL/min, 254 nm), t = 6.5 min (major), t = 5.7 min (minor),
96% ee. [a]p?’ = 74.5 (c = 0.786, CHCI3). '"H NMR (400 MHz, Chloroform-d) & 7.90 (d, J = 8.7
Hz, 1H), 7.84 (dd, J=17.9, 1.5 Hz, 1H), 7.51 (dd, J= 11.4, 8.7 Hz, 2H), 7.37 (dddd, J=21.6, 8.2,
6.8, 1.4 Hz, 2H), 7.25 (d, J=9.3 Hz, 2H), 7.15 (d, J= 11.6 Hz, 1H), 6.89 — 6.74 (m, 3H), 6.03 (d,
J=15.2 Hz, 1H), 4.00 (t, J = 6.6 Hz, 2H), 3.77 (s, 3H), 2.45 (s, 3H), 1.52 (dq, J = 8.4, 6.6 Hz,
2H), 1.32 - 1.14 (m, 2H), 0.85 (t, J = 7.4 Hz, 3H). >*C NMR (101 MHz, Chloroform-d) § 167.25,
160.33, 145.93, 142.01, 135.37, 132.74, 132.47, 131.33, 131.17, 129.02, 128.23, 127.31, 125.70,
125.37,125.25,123.22, 122.16, 114.28, 64.14, 55.38, 30.75, 19.23, 15.99, 13.81. HRMS (EI-TOF)
calced for C27H2303S™ ([M]1): 432.1759, found: 432.1758.

(R)-(2E,4Z)-butyl  5-(4-(dimethylamino)phenyl)-5-(2-(methylthio)naphthalen-1-yl)penta-
2,4-dienoate (4-30a)
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/,L WRAEFRA 7k AGTHER TLC 2 B 55 & &R AR (6

O A~ cos 178 7.8 =10/1 %7 B I #1)(44.8 mg, 99%). F 4 HPLC 4%

e - & f: a AD-H column (n-hexane/i-PrOH = 96/4, flow = 0.8

OO mL/min, 254 nm), t = 9.5 min (major), t = 9.0 min (minor), 96%

ee. [a]p?® = 21.3 (c = 0.96, CHCl3). 'H NMR (400 MHz,

Chloroform-d) § 7.89 (d, J= 8.7 Hz, 1H), 7.84 (dd, J= 7.9, 1.4 Hz, 1H), 7.56 (d, J = 8.3 Hz, 1H),

7.50 (d, J= 8.7 Hz, 1H), 7.36 (dddd, J=21.9, 8.2, 6.8, 1.4 Hz, 2H), 7.23 — 7.17 (m, 2H), 7.13 (d,

J=11.6 Hz, 1H), 6.83 (dd, J=15.1, 11.6 Hz, 1H), 6.63 — 6.53 (m, 2H), 5.99 (d, J= 15.1 Hz, 1H),

4.00 (t, J = 6.6 Hz, 2H), 2.94 (s, 6H), 2.45 (s, 3H), 1.52 (dq, J= 8.4, 6.7 Hz, 2H), 1.36 — 1.16 (m,

2H), 0.85 (t, J = 7.3 Hz, 3H). *C NMR (101 MHz, Chloroform-d) § 167.48, 150.80, 146.58,

142.53, 135.23, 133.13, 132.58, 131.26, 128.74, 128.10, 127.99, 127.14, 126.07, 125.47, 125.24,

123.16, 120.48, 112.12, 63.95, 40.24, 30.76, 19.22, 15.97, 13.79. HRMS (EI-TOF) calcd for
CasH31NO2S' ([M]Y): 445.2076, found: 445.2073.

(R)-(2E ., 4Z)-butyl  5-(4-butylphenyl)-5-(2-(methylthio)naphthalen-1-yl)penta-2,4-dienoate
(4-3pa)

‘ BB ik A B3 516 TLC 4 B A 5% & R (E
NS CO,Bu HEX/Z B B = 20/1 A4 B IT7)(40.5 mg, 87%). T4
OO SHe HPLC 4 & % 4 :a AD-H column (-hexane/i-PrOH = 90/10,

flow = 1.1 mL/min, 254 nm), t = 7.6 min (major), t = 6.8 min

(minor), 96% ee. [0]p>® = 76.1 (¢ = 1.056, CHCl3). '"H NMR (400 MHz, Chloroform-d) & 7.89 (d,

J=8.8 Hz, 1H), 7.83 (dd, J = 8.0, 1.4 Hz, 1H), 7.51 (dd, J = 17.2, 8.5 Hz, 2H), 7.36 (dddd, J =

21.2,8.3, 6.8, 1.4 Hz, 2H), 7.26 — 7.16 (m, 3H), 7.07 (d, J= 8.2 Hz, 2H), 6.82 (dd, J=15.2, 11.5

Hz, 1H), 6.05 (d, J = 15.2 Hz, 1H), 4.00 (t, J = 6.6 Hz, 2H), 2.61 — 2.50 (m, 2H), 2.43 (s, 3H),

1.59 — 1.45 (m, 4H), 1.39 — 1.18 (m, 4H), 0.87 (dt, J = 20.1, 7.3 Hz, 6H). 3*C NMR (101 MHz,

Chloroform-d) § 167.16, 146.40, 144.02, 141.88, 135.99, 135.37, 132.76, 132.47, 131.30, 128.99,

128.89, 128.20, 127.26, 126.79, 126.71, 125.33, 125.27, 123.23, 122.65, 64.14, 35.51, 33.44,

30.72,22.50, 19.20, 15.97, 14.04, 13.78. HRMS (EI-TOF) calcd for C30H340.S" ([M]"): 458.2280,
found: 458.2282.

(R)-(2E,4Z)-butyl 5-(2-((4-(tert-butyl)benzyl)thio)naphthalen-1-yl)-5-phenylpenta-2,4-
dienoate (4-3qa)
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O WIEBFEF 7iE A BRHEK TLC 4 BE & AR i/
AN CcoBu BB = 2001 4 BT A)E9.2 me, 93%). F I HPLC 4 4 4

OO S a AD-H column (n-hexane/i-PrOH = 90/10, flow = 1.1 mL/min, 254

nm), t = 7.9 min (major), t = 6.8 min (minor), 89% ee. [a]p>° = 40.4 (c

=0.983, CHCl3). 'H NMR (400 MHz, Chloroform-d) & 7.82 (dd, J =

8.7, 2.5 Hz, 2H), 7.55 (dd, J = 8.6, 1.3 Hz, 2H), 7.44 — 7.38 (m, 1H),
7.33 (it, J = 6.8, 1.4 Hz, 1H), 7.29 — 7.18 (m, 8H), 7.13 (d, J = 8.0 Hz, 2H), 6.85 (ddd, J = 15.2,
11.6, 1.2 Hz, 1H), 6.06 (d, J = 15.2 Hz, 1H), 4.06 (s, 2H), 4.01 (td, J = 6.6, 1.1 Hz, 2H), 1.57 —
1.45 (m, 2H), 1.27 (d, J = 1.2 Hz, 11H), 0.84 (td, J = 7.4, 1.1 Hz, 3H). *C NMR (101 MHz,
Chloroform-d) § 167.05, 150.17, 146.68, 141.77, 139.05, 134.66, 134.24, 133.92, 132.61, 131.90,
128.89, 128.75, 128.71, 128.23, 127.71, 127.25, 126.96, 126.18, 125.76, 125.63, 125.50, 123.09,
64.21, 37.90, 34.57, 31.44, 30.75, 19.22, 13.80. HRMS (EI-TOF) calcd for C3sH3302S* ([M]"):
534.2593, found: 534.2593.

(R)-(2E ., 4Z)-butyl 5-(2-((3-chlorobenzyl)thio)naphthalen-1-yl)-5-phenylpenta-2,4-dienoate
(4-3ra)
O WIEBEA 7k A ZRH LR TLC 4 B E3 &€ RECE W/ Z
PNTCoBu BZEE = 2011 BT 71)(20.4 mg, 40%). T HPLC 4% 445
OO S a AD-H column (n-hexane/i-PrOH = 90/10, flow = 1.1 mL/min, 254
nm), t = 10.9 min (major), t = 9.3 min (minor), 90% ee. [a]p** = 56.0
Cl  (c=1.093, CHCl3). 'H NMR (400 MHz, Benzene-de) & 7.64 (dd, J =
8.1, 1.5 Hz, 1H), 7.51 (dd, J = 7.7, 1.8 Hz, 1H), 7.45 (d, J = 8.7 Hz, 1H), 7.23 — 7.16 (m, 4H),
7.12 -7.02 (m, 4H), 7.01 — 6.95 (m, 3H), 6.92 (dt, J=7.9, 1.5 Hz, 1H), 6.77 (dt,J= 7.8, 1.4 Hz,
1H), 6.68 (t,J=7.8 Hz, 1H), 6.15 (d, J=15.1 Hz, 1H), 3.90 — 3.79 (m, 2H), 3.62 — 3.46 (m, 2H),
1.21 (dq, J = 8.6, 6.7 Hz, 2H), 1.07 — 0.93 (m, 2H), 0.62 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz,
Benzene-ds) 6 166.32, 146.57, 141.40, 139.71, 139.41, 135.48, 134.49, 133.78, 133.05, 132.20,
129.87, 129.32, 129.06, 128.93, 128.87, 128.53, 128.51, 127.64, 127.51, 127.21, 127.19, 126.27,
126.04, 125.87, 123.95, 64.05, 37.30, 30.87, 19.30, 13.77. HRMS (EI-TOF) calcd for
C32H29C102S* (IM]): 512.1577, found: 512.1575.

(R)-(2E.,4Z)-butyl 5-(2-(methylthio)naphthalen-1-yl)-5-(naphthalen-1-yl)penta-2,4-dienoate
(4-3sa)
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‘ WIEEF 7k A 23 H &K TLC 2 B E & R K(CE w2
O B 2B = 10/1 % B I 7)(37.0 mg, 82%). F14E HPLC 4 & & 1F:
AN CO,Bu a OD-H column (n-hexane/i-PrOH = 90/10, flow = 1.0 mL/min, 254
OO SMe nm), t = 6.4 min (major), t = 8.9 min (minor), 94% ee. [a]p>° = 18.5 (¢
=1.06, CHCl3). '"H NMR (400 MHz, Chloroform-d) § 8.77 (d, J= 8.6
Hz, 1H), 7.93 — 7.88 (m, 2H), 7.85 (dd, /= 7.6, 1.8 Hz, 1H), 7.75 (dd, J= 7.9, 5.3 Hz, 2H), 7.65
(ddd, J=8.5, 6.8, 1.5 Hz, 1H), 7.56 (ddd, /= 8.1, 6.8, 1.2 Hz, 1H), 7.50 (d, J= 8.7 Hz, 1H), 7.45
—7.34 (m, 2H), 7.23 (t, J = 7.7 Hz, 1H), 7.15 — 7.06 (m, 2H), 7.00 (dd, J = 15.0, 11.6 Hz, 1H),
6.07 (d, J=14.9 Hz, 1H), 4.05 (td, J = 6.6, 1.6 Hz, 2H), 2.41 (s, 3H), 1.54 (dt, J = 8.3, 6.7 Hz,
2H), 1.29 (h, J = 7.3 Hz, 2H), 0.88 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) §
167.13, 144.85, 141.62, 138.01, 136.27, 134.83, 134.60, 133.97, 132.97, 131.43, 131.14, 129.11,
128.96, 128.78, 128.29, 127.58, 126.71, 126.56, 126.15, 125.86, 125.36, 125.27, 125.10, 123.59,
123.19, 64.23, 30.72, 19.20, 16.13, 13.80. HRMS (EI-TOF) calcd for C3H230-S" ([M]"):
452.1810, found: 452.1809.

(R)-(2E ,4Z)-butyl 5-(2-(methylthio)naphthalen-1-yl)nona-2,4-dienoate (4-3ta)
AN cope RABE A7 A G &% TLC 4 8 & 513 € R (B B Z
OO SMe B 7By =20/1 % & FF 71)(26.3 mg, 67%). F % HPLC 2 & & 1+
a OD-H column (n-hexane/i-PrOH = 85/15, flow = 1.1 mL/min, 254
nm), t = 3.5 min (major), t = 6.2 min (minor), 93% ee. [a]p?’ = 131.1 (c = 1.125, CHCIl;). '"HNMR
(400 MHz, Chloroform-d) & 7.81 (dd, J=7.7, 2.9 Hz, 2H), 7.64 — 7.53 (m, 1H), 7.48 — 7.34 (m,
3H), 6.75 (dd, J=15.2, 11.4 Hz, 1H), 6.57 (d, /= 11.5 Hz, 1H), 5.90 (d, J = 15.2 Hz, 1H), 3.99
(t,J=6.6 Hz, 2H), 2.58 — 2.46 (m, SH), 1.60 — 1.54 (m, 2H), 1.54 — 1.46 (m, 2H), 1.37 (h, J=7.3
Hz, 2H), 1.26 (h,J= 7.4 Hz, 2H), 0.90 (t,J= 7.3 Hz, 3H), 0.84 (t,J= 7.4 Hz, 3H). BC NMR (101
MHz, Chloroform-d) 6 167.37, 150.78, 141.90, 135.26, 133.57, 131.50, 131.42, 128.43, 128.31,
127.36, 126.97, 125.28, 124.95, 123.62, 120.98, 64.07, 38.04, 30.72, 29.76, 22.91, 19.19, 16.26,
14.10, 13.79. HRMS (EI-TOF) caled for C24H3002S™ ([M]"): 382.1967, found: 382.1966.

(R)-(2E,4Z)-butyl 5-(2-(methylthio)naphthalen-1-yl)undeca-2,4-dienoate (4-3ua)
AN copy REBE TR AZILH &R TLC 20 B 15 21 % €0 AR (4 i
OO SMe Bt/ 282 7B =20/1 A4 & T 7)(36.6 mg, 88%). F £ HPLC
28 %1 : alB column (n-hexane/i-PrOH = 94/6, flow = 0.8
mL/min, 254 nm), t = 6.0 min (major), t = 6.6 min (minor), 95% ee. [a]p?’ = 121.0 (c = 1.003,
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CHCl5). '"H NMR (400 MHz, Chloroform-d) § 7.81 (dd, J= 7.7, 3.0 Hz, 2H), 7.64 — 7.51 (m, 1H),
7.48 —7.35 (m, 3H), 6.76 (dd, J= 15.2, 11.5 Hz, 1H), 6.57 (d, J= 11.5 Hz, 1H), 5.91 (d, J= 15.2
Hz, 1H), 3.99 (t, J = 6.6 Hz, 2H), 2.57 — 2.43 (m, 5H), 1.62 — 1.54 (m, 2H), 1.50 (dt, J=8.2, 6.7
Hz, 2H), 1.34 (ddd, /= 13.3, 7.1, 3.9 Hz, 2H), 1.31 — 1.19 (m, 6H), 0.85 (dt, J= 11.4, 7.0 Hz, 6H).
13C NMR (101 MHz, Chloroform-d) § 167.35, 150.83, 141.90, 135.33, 133.58, 131.52, 131.44,
128.42, 128.30, 127.35, 126.96, 125.28, 124.96, 123.67, 120.98, 64.06, 38.30, 31.83, 30.73, 29.46,
27.59,22.73,19.19, 16.28, 14.20, 13.77. HRMS (EI-TOF) caled for C26H340,S" ([M]"): 410.2280,
found: 410.2278.

(R)-(2E ,4Z)-butyl 5-(2-(methylthio)naphthalen-1-yl)trideca-2,4-dienoate (4-3va)
AN copn RERMAFE A ZHHER TLC 4 BB # €k
OO SMe (BB B B = 20/1 % B FF 71)(32.0 mg, 73%).
F % HPLC % % % 1F: a OD-H column (n-hexane/i-
PrOH = 90/10, flow = 1.1 mL/min, 254 nm), t = 3.7 min (major), t = 6.0 min (minor), 92% ee.
[0]p?® = 108.9 (c = 1.0, CHCI3). '"H NMR (400 MHz, Chloroform-d) & 7.87 — 7.77 (m, 2H), 7.63
—7.53 (m, 1H), 7.49 — 7.33 (m, 3H), 6.75 (dd, J=15.2, 11.4 Hz, 1H), 6.61 — 6.44 (m, 1H), 5.90
(d, J=15.2 Hz, 1H), 3.98 (t, /= 6.6 Hz, 2H), 2.57 — 2.41 (m, 5H), 1.61 — 1.54 (m, 2H), 1.50 (dt,
J=28.3, 6.7 Hz, 2H), 1.39 — 1.17 (m, 12H), 0.85 (dt, J=12.0, 6.9 Hz, 6H). '*C NMR (101 MHz,
Chloroform-d) 6 167.38, 150.85, 141.91, 135.34, 133.58, 131.52, 131.45, 128.43, 128.32, 127.36,
126.97, 125.29, 124.98, 123.67, 120.99, 64.08, 38.29, 31.97, 30.74, 29.80, 29.58, 29.39, 27.62,
22.77,19.21,16.30, 14.23, 13.79. HRMS (EI-TOF) caled for C2sH3302S™ ([M]"): 438.2593, found:
438.2590.

(R)-(2E,4Z)-butyl 7-hydroxy-5-(2-(methylthio)naphthalen-1-yl)hepta-2,4-dienoate (4-3wa)
HO L~ NP o,y TRABTR 77k A3 414 4¢ TLC 2% 13 513 € 0K (5 Bt 2

OO SMe B B = 4/1 A B FF7)(10.9 mg, 27%). F1E HPLC 48 4 14

a OD-H column (n-hexane/i-PrOH = 70/30, flow = 1.1 mL/min, 254
nm), t = 8.1 min (major), t = 12.4 min (minor), 93% ee. [a]p?’ = 77.0 (c = 0.6, CHCl3). '"H NMR
(400 MHz, Chloroform-d) 6 7.83 (dd, J=9.1, 3.7 Hz, 2H), 7.67 — 7.56 (m, 1H), 7.51 — 7.39 (m,
3H), 6.79 (ddd, J=14.9, 11.5, 1.0 Hz, 1H), 6.69 (dd, /= 11.5, 1.2 Hz, 1H), 5.96 (d, J = 15.0 Hz,
1H), 4.01 (tt, J=6.7, 1.3 Hz, 2H), 3.72 - 3.51 (m, 2H), 2.89 (ddd, J = 14.1, 9.0, 4.9 Hz, 1H), 2.74
(dt,J=14.4,4.4 Hz, 1H), 2.54 (s, 3H), 1.57 — 1.47 (m, 2H), 1.28 (dq, J = 14.5, 7.5 Hz, 2H), 0.90
—0.81 (m, 3H). 3C NMR (101 MHz, Chloroform-d) § 167.24, 146.04, 141.15, 133.67, 133.51,
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131.77, 131.36, 129.03, 128.51, 127.29, 125.69, 124.88, 123.47, 122.32, 64.27, 60.22, 42.82,
30.73, 19.22, 16.43, 13.81. HRMS (EI-TOF) caled for C22H2603S™ ([M]"): 370.1603, found:
370.1601.

(R)-(2E,4Z)-butyl 7-((tert-butyldimethylsilyl)oxy)-5-(2-(methylthio)naphthalen-1-yl)hepta-
2,4-dienoate (4-3xa)

TBSO ANFCo,8u WABE R Ak A 34| &% TLC 48 5 2 & & 4R (A e Bt
OO SMe [ B =20/1 # & FF7)(28.4 mg, 59%). F 1 HPLC 4%

% #: a AS-H column (n-hexane/i-PrOH = 94/6, flow = 0.8
mL/min, 254 nm), t = 4.7 min (major), t = 5.3 min (minor), 90% ee. [o]p*® = 72.7 (c = 1.15,
CHCl3). 'TH NMR (400 MHz, Chloroform-d) & 7.80 (dd, J= 9.0, 4.9 Hz, 2H), 7.59 — 7.49 (m, 1H),
7.46 —7.35 (m, 3H), 6.81 (d, J = 15.8 Hz, 1H), 6.05 (d, J=15.8 Hz, 1H), 4.70 (d, J = 11.5 Hz,
1H), 4.60 (d, J=11.5 Hz, 1H), 3.94 (t, J= 6.5 Hz, 2H), 2.49 (s, 3H), 2.25 (s, 3H), 1.50 — 1.38 (m,
2H), 1.17 (h, J= 7.5 Hz, 2H), 0.98 (s, 9H), 0.80 (t, J= 7.4 Hz, 3H), 0.20 (d, J = 2.9 Hz, 6H). 13)C
NMR (101 MHz, Chloroform-d) 6 167.65, 144.76, 142.78, 136.81, 135.64, 132.92, 131.48,
130.99, 128.34, 128.29, 127.12, 125.30, 124.58, 123.53, 118.10, 63.91, 58.47, 30.66, 26.01, 20.31,
19.16, 18.41, 16.06, 13.79, -4.95, -5.00. HRMS (EI-TOF) calcd for CasH4003SiS™ ([M]"):
484.2467, found: 484.2466.

(R)-(2E ,4Z)-ethyl 5-(2-(methylthio)naphthalen-1-yl)-5-phenylpenta-2,4-dienoate (4-3ab)
Ph AN co,e BT 77 ik A Gt #1464 TLC 48 13 31% & B (5 M BLIZ T
OO SMe 7B =20/1 4 B IF#1)(34.1 mg, 92%). F £ HPLC 4 & 4 1F: aAD-
H column (n-hexane/i-PrOH = 90/10, flow =1.0 mL/min, 254 nm), t =
6.6 min (major), t = 8.1 min (minor), 93% ee. [a]p** = 69.2 (c = 0.82, CHCI3). '"H NMR (400 MHz,
Chloroform-d) 6 7.90 (d, J = 8.7 Hz, 1H), 7.85 — 7.80 (m, 1H), 7.56 — 7.46 (m, 2H), 7.42 — 7.33
(m, 2H), 7.33 - 7.28 (m, 2H), 7.28 — 7.22 (m, 3H), 7.21 (s, 1H), 6.84 (dd, J=15.2, 11.5 Hz, 1H),
6.08 (d,J=15.2 Hz, 1H), 4.06 (q,J= 7.1 Hz, 2H), 2.43 (s, 3H), 1.17 (t,J=7.1 Hz, 3H). 3C NMR
(101 MHz, Chloroform-d) & 166.99, 146.31, 141.61, 138.71, 135.49, 132.59, 132.47, 131.34,
129.12, 128.87, 128.79, 128.27, 127.82, 127.33, 126.84, 125.38, 125.20, 123.33, 123.30, 60.29,
16.00, 14.32. HRMS (EI-TOF) caled for C24H2202S™ ([M]"): 374.1341, found: 374.1340.

(R)-(2E,4Z)-tert-butyl 5-(2-(methylthio)naphthalen-1-yl)-5-phenylpenta-2,4-dienoate (4-3ac)
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Ph =

o RERFTE A ZEHER TLC S8 A5 46 B R(E M

liSMe

B B = 20/1 % B I 71)(32.9 mg, 81%). F14E HPLC 4 & & 1F:
a AD-H column (n-hexane/i-PrOH = 90/10, flow =1.0 mL/min, 254

nm), t = 5.7 min (major), t = 4.6 min (minor), 94% ee. [a]p?’ = 94.9 (c = 1.035, CHCl3). 'H NMR
(400 MHz, Chloroform-d) 6 7.88 (d, J=8.7 Hz, 1H), 7.85 - 7.78 (m, 1H), 7.53 (dd, /= 8.5, 1.4
Hz, 1H), 7.48 (d, /= 8.8 Hz, 1H), 7.42 — 7.32 (m, 2H), 7.30 (ddq, J = 6.7, 3.8, 1.7 Hz, 2H), 7.26
—7.24 (m, 3H), 7.23 — 7.18 (m, 1H), 6.77 (dd, J = 15.2, 11.6 Hz, 1H), 6.06 — 5.98 (m, 1H), 2.43
(s, 3H), 1.37 (s, 9H). 3C NMR (101 MHz, Chloroform-d) & 166.39, 145.76, 140.74, 138.81,

135.45, 132.67, 132.49, 131.35, 129.05, 128.78, 128.76, 128.26, 127.85, 127.30, 126.79, 125.34,
125.23, 123.26, 80.24, 28.23, 15.97. HRMS (EI-TOF) calcd for C26H2602S™ ([M]"): 402.1654,

found: 402.1656.

X-ray data of 4-3ac

Ph//

! O SMe

(R)4-3ac

Bond precision:
Cell:

alpha =90
Temperature: 170 K
Volume

Space group
Hall group
Moiety formula
Sum formula
Mr

Dx, g cm™

V4

Mu (mm™)

CO,Bu

C-C=0.0023 A

]
A

¥

-
-

-

Wavelength = 0.71073

a=9.680 (3) b=8.318 (2) ¢ = 13.550 (4)

beta = 92.130(15)
Calculated
1090.3(5)
P21

P 2yb

C26 H26 O2 S
Ca26 H26 02 S
402.53
1.226

2

0.167

gamma = 90
Reported
1090.3(6)
P1211

P 2yb

C26 H26 O2 S
Ca6 H26 O2 S
402.53
1.226

2

0.167
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F000 428.0 428.0

F000’ 428.42

h,k,Imax 12,10,17 12,10,17

Nref 4819[ 2578] 4809

Tmin, Tmax 0.938,0.951 0.712,0.746

Tmin’ 0.921

Correction method = # Limits: Tmin=0.712 Tmax = 0.746
Reported T

AbsCorr = MULTI-SCAN

Data completeness 1.87/1.00 Theta(max) =27.077
R (reflections) 0.0246(4714) wR2(reflections)=0.0666( 4809)
S =1.048 Npar =266

Flack parameter -0.030(15)

(R)-(2E,4Z)-phenyl 5-(2-(methylthio)naphthalen-1-yl)-5-phenylpenta-2,4-dienoate (4-3ad)
P N copn BRI A Git#l 4% TLC 4318 513 € B k(7 Mt Z

OO SMe B2 7B = 20/1 A B FF5)(31.0 mg, 73%). F & HPLC 48 & 1F:
a IC column (n-hexane/i-PrOH = 90/10, flow =1.1 mL/min, 254 nm),
t = 8.4 min (major), t = 9.1 min (minor), 97% ee. [a]p** = 65.0 (c = 0.773, CHCI3). 'H NMR (400
MHz, Chloroform-d) § 7.92 (d, J = 8.8 Hz, 1H), 7.86 (dd, J= 7.6, 1.8 Hz, 1H), 7.57 (dd, J=7.8,
1.7 Hz, 1H), 7.52 (d, J = 8.8 Hz, 1H), 7.45 — 7.34 (m, 5H), 7.33 — 7.29 (m, 5H), 7.21 — 7.13 (m,
1H), 7.07 — 6.97 (m, 3H), 6.30 (d, J = 15.1 Hz, 1H), 2.47 (s, 3H). 3C NMR (101 MHz,
Chloroform-d) § 165.33, 150.83, 147.57, 143.52, 138.55, 135.51, 132.44, 132.34, 131.32, 129.33,
129.25, 129.14, 128.86, 128.33, 127.56, 127.41, 126.96, 125.65, 125.43, 125.12, 123.25, 122.18,
121.67, 15.98. HRMS (EI-TOF) calcd for C2sH20,S* ([M]"): 422.1341, found: 422.1341.

(R)-(2E,4Z)-benzyl 5-(2-(methylthio)naphthalen-1-yl)-5-phenylpenta-2 4-dienoate (4-3ae)
PR AN co,en RBER ik A B HI &5 TLC 4 B 15 2% € 0 (F B

OO SMe B 7T = 20/1 4 & FF #1)(30.5 mg, 69%). FH4 HPLC 48 & 1F:
a IC column (n-hexane/i-PrOH = 90/10, flow =1.0 mL/min, 254 nm),
t = 7.7 min (major), t = 11.8 min (minor), 97% ee. [a]p>° = 86.2 (¢ = 0.91, CHCI3). 'H NMR (400
MHz, Chloroform-d) & 7.90 (d, J = 8.7 Hz, 1H), 7.84 (dd, J = 8.0, 1.5 Hz, 1H), 7.53 (d, J = 8.6
Hz, 1H), 7.49 (d, J= 8.7 Hz, 1H), 7.39 (ddd, J=8.1, 6.8, 1.4 Hz, 1H), 7.36 — 7.33 (m, 1H), 7.30
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(tt, J= 5.3, 4.3, 1.9 Hz, 3H), 7.28 — 7.19 (m, 8H), 6.90 (dd, J = 15.2, 11.5 Hz, 1H), 6.12 (d, J =
15.2 Hz, 1H), 5.05 (s, 2H), 2.42 (s, 3H). *C NMR (101 MHz, Chloroform-d) & 166.75, 146.80,
142.34, 138.63, 136.24, 135.51, 132.52, 132.46, 131.32, 129.14, 128.96, 128.81, 128.55, 128.28,
128.12, 128.03, 127.61, 127.38, 126.88, 125.41, 125.17, 123.28, 122.70, 66.03, 15.97. HRMS
(EI-TOF) caled for CaoHa402S" ([M]Y): 436.1497, found: 436.1496.

(R)-(2E4Z)-2,2,2-trifluoroethyl 5-(2-(methylthio)naphthalen-1-yl)-5-phenylpenta-2,4-
dienoate (4-3af)
Ph AN co,crycr, TABTRT i A Gl &2 TLC 48 /A 513 & i {5 (5 it
OO SMe |78 B =20/1 % & FF #)(26.6 mg, 61%). F & HPLC 4 &
41 : aIC column (n-hexane/i-PrOH = 90/10, flow =1.1 mL/min,
254 nm), t = 8.0 min (major), t = 10.7 min (minor), 92% ee. [a]p?’ = 80.7 (c = 1.085, CHCI;). 'H
NMR (400 MHz, Chloroform-d) 6 7.94 (d, J= 8.7 Hz, 1H), 7.90 — 7.84 (m, 1H), 7.53 (d, J=8.7
Hz, 2H), 7.43 (ddd, J = 8.1, 6.8, 1.4 Hz, 1H), 7.40 — 7.37 (m, 1H), 7.36 — 7.33 (m, 2H), 7.33 —
7.27 (m, 5SH), 6.96 (dd, J=15.2, 11.6 Hz, 1H), 6.21 — 6.11 (m, 1H), 4.42 (qd, J=8.5, 4.8 Hz, 2H),
2.47 (s, 3H). 3C NMR (101 MHz, Chloroform-d) § 165.23, 148.24, 144.23, 138.45, 135.54,
132.43, 132.27, 131.34, 129.32, 129.27, 128.89, 128.34, 127.45, 127.23, 127.00, 125.48, 125.09,
123.30, 123.12 (q, Jcr = 277.8 Hz), 120.54, 60.22 (q, Jcr = 36.5 Hz), 16.00. "’F NMR (376 MHz,
Chloroform-d) & -73.77. HRMS (EI-TOF) calcd for CasHi9O2F3S* ([M]"): 428.1058, found:
428.1056.

(R)-(2E.,4Z)-2-phenoxyethyl 5-(2-(methylthio)naphthalen-1-yl)-5-phenylpenta-2,4-dienoate
(4-3ag)
P AN~ O~ py,  TRIETE A 77 i A 23 14 2 TLC 4% 18 51 3 2 iU HR (7
OO SMe O Bt/ 7.8 .85 =10/1 4 B JF #1)(36.7 mg, 77%). F 1% HPLC
8 %1 alC column (n-hexane/i-PrOH = 80/20, flow =1.3
mL/min, 254 nm), t = 5.1 min (major), t = 7.3 min (minor), 95% ee. [a]p>® = 73.3 (c = 1.06,
CHCl5). '"H NMR (400 MHz, Chloroform-d) § 7.88 (d, J= 8.7 Hz, 1H), 7.86 — 7.77 (m, 1H), 7.52
(dd, J = 8.5, 1.3 Hz, 1H), 7.48 (d, J = 8.7 Hz, 1H), 7.39 (ddd, J = 8.1, 6.8, 1.4 Hz, 1H), 7.36 —
7.33 (m, 1H), 7.33 — 7.28 (m, 2H), 7.28 — 7.20 (m, 7H), 6.97 — 6.87 (m, 2H), 6.87 — 6.79 (m, 2H),
6.13 (d, J= 152 Hz, 1H), 4.40 — 4.32 (m, 2H), 4.08 (t, J = 4.9 Hz, 2H), 2.42 (s, 3H). *C NMR
(101 MHz, Chloroform-d) 6 166.85, 158.55, 146.86, 142.40, 138.63, 135.50, 132.49, 132.45,
131.32, 129.58, 129.17, 128.97, 128.81, 128.28, 127.65, 127.36, 126.88, 125.39, 125.16, 123.30,
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122.56, 121.20, 114.73, 65.91, 62.67, 15.98. HRMS (EI-TOF) calcd for C3oH203S™ ([M]"):
466.1603, found: 466.1601.

(R)-(1-((1Z,3E)-4-(4-fluorophenyl)-1-phenylbuta-1,3-dien-1-yl)naphthalen-2-
yD)(methyl)sulfane (4-3ah)

NG N WIBEBRF 7k AZTH &R TLC 2 B &2 #E R AECE mE/ 7
O‘ SMe O e R T =20/1 H B IF71)(34.4 mg, 88%). F 1 HPLC 4% 4 -

a AD-H column (n-hexane/i-PrOH = 90/10, flow =1.1 mL/min, 254

nm), t = 16.6 min (major), t = 7.9 min (minor), 92% ee. [a]p>’ = 140.6 (c = 0.66, CHCI3). 'H NMR
(400 MHz, Benzene-ds) 6 7.95 — 7.86 (m, 1H), 7.74 — 7.64 (m, 2H), 7.46 — 7.40 (m, 2H), 7.32 —
7.27 (m, 2H), 7.19 - 7.15 (m, 2H), 7.10 — 6.97 (m, 3H), 6.74 — 6.66 (m, 2H), 6.55 — 6.50 (m, 2H),
6.49 — 6.39 (m, 2H), 1.92 (s, 3H). *C NMR (101 MHz, Benzene-ds) & 162.59 (d, Jcr = 247.0 Hz),
140.27,138.76, 136.81, 134.30, 134.28 (d, Jcr=2.3 Hz), 133.78 (d, Jcr=3.3 Hz), 133.31, 131.77,
131.06, 128.90, 128.55, 128.49, 128.41, 127.66, 126.72, 126.61 (d, Jcr = 2.5 Hz), 125.96, 125.62,
123.55, 115.54 (d, Jor = 21.7 Hz), 15.28. F NMR (376 MHz, Benzene-ds) & -113.95. HRMS
(EI-TOF) calcd for C27H21FO2S* (IM]"): 396.1348, found: 396.1347.

(R)-(1-((1Z,3E)-4-(4-chlorophenyl)-1-phenylbuta-1,3-dien-1-yl)naphthalen-2-
yl)(methyl)sulfane (4-3ai)
Ph  ANF WIBER Tk A ZRH &K TLC £ B F5# € B4R (Ch mi/
OO SMe O c LB B =20/1 H I 7)(37.8 mg, 90%). F ¥ HPLC 4B %
f£: aAS-H column (n-hexane/i-PrOH = 90/10, flow =1.1 mL/min,
254 nm), t = 5.4 min (major), t = 6.8 min (minor), 87% ee. [a]p** = 178.1 (c = 1.077, CHCl;). 'H
NMR (400 MHz, Benzene-ds) 6 7.91 — 7.84 (m, 1H), 7.74 — 7.66 (m, 2H), 7.45 — 7.39 (m, 2H),
7.29 (dd, J=9.6,4.9 Hz, 2H), 7.19 - 7.15 (m, 2H), 7.10 — 6.99 (m, 3H), 6.79 — 6.73 (m, 2H), 6.66
—6.61 (m, 2H), 6.61 — 6.44 (m, 2H), 1.92 (s, 3H). *C NMR (101 MHz, Benzene-ds) & 140.20,
139.33, 136.78, 136.05, 134.16, 133.28, 133.22, 131.76, 130.93, 128.94, 128.91, 128.82, 128.56,
127.92, 127.90, 127.68, 127.42, 126.75, 125.92, 125.64, 123.54, 15.28. HRMS (EI-TOF) calcd
for C27H21C102S™ ((M]): 412.1053, found: 412.1054.

(R)-(1-((1Z,3E)-4-(4-methoxyphenyl)-1-phenylbuta-1,3-dien-1-yl)naphthalen-2-
yD)(methyl)sulfane (4-3aj)
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Ph ANF WAEE F 77 & A G T H &R TLC 4% 15 3| # €k (F Bt
OO SMe O oMe /ZBRZBE =20/1 # &IT#)(27.6 mg, 68%). F1£ HPLC 4 &
%1 : a AS-H column (n-hexane/i-PrOH = 90/10, flow =1.1
mL/min, 254 nm), t = 6.7 min (major), t = 7.7 min (minor), 91% ee. [a]p** = 205.9 (c = 0.76,
CHCl5). '"H NMR (400 MHz, Benzene-ds) & 7.99 — 7.90 (m, 1H), 7.74 — 7.66 (m, 2H), 7.47 — 7.42
(m, 2H), 7.37 (d, J = 10.5 Hz, 1H), 7.31 (d, J = 8.8 Hz, 1H), 7.18 — 7.15 (m, 2H), 7.08 (dd, J =
8.3, 6.4 Hz, 2H), 7.04 — 6.98 (m, 1H), 6.94 — 6.87 (m, 2H), 6.73 — 6.53 (m, 2H), 6.45 — 6.35 (m,
2H), 3.15 (s, 3H), 1.93 (s, 3H). *C NMR (101 MHz, Benzene-de) & 159.81, 140.53, 137.46,
136.87, 135.44, 134.62, 133.40, 131.52, 130.50, 128.87, 128.75, 128.49, 127.58, 127.52, 126.63,
126.13, 125.54, 124.93, 123.66, 114.27, 54.65, 15.33. HRMS (EI-TOF) calcd for C23H240,S™
(IM]"): 408.1548, found: 408.1549.

(R)-(1-((1Z,3E)-4-(3-chlorophenyl)-1-phenylbuta-1,3-dien-1-yl)naphthalen-2-
y)(methyl)sulfane (4-3ak)

Ph  ANF Cl REFEFA 7k AZHFER TLC 4573 H € HIK(h mEt/
OO SMe O 7B 7.8 =20/1 4 BFF71)(39.3 mg, 95%). F 1 HPLC 4 4

f£: aAS-H column (n-hexane/i-PrOH = 90/10, flow =1.0 mL/min,

254 nm), t = 4.1 min (major), t = 4.9 min (minor), 97% ee. [a]p?’ = 177.2 (c = 1.38, CHCl3). 'H
NMR (400 MHz, Benzene-ds) 6 7.90 — 7.82 (m, 1H), 7.70 — 7.62 (m, 2H), 7.44 — 7.38 (m, 2H),
7.25(d, J=9.6 Hz, 2H), 7.15 — 7.12 (m, 2H), 7.09 — 6.96 (m, 4H), 6.83 — 6.74 (m, 1H), 6.70 —
6.57 (m, 2H), 6.48 — 6.39 (m, 2H), 1.90 (s, 3H). >*C NMR (101 MHz, Benzene-ds) & 140.12,
139.89, 139.58, 136.73, 134.70, 133.95, 133.89, 133.23, 131.72, 130.72, 129.87, 128.97, 128.91,
128.56, 128.2, 127.99, 127.65, 127.51, 127.35, 126.80, 125.85, 125.60, 124.18, 123.49, 15.26.
HRMS (EI-TOF) calcd for C27H21C102S* ([M]): 412.1053, found: 412.1054.

(R)-(1-((1Z,3E)-4-(3-bromophenyl)-1-phenylbuta-1,3-dien-1-yl)naphthalen-2-
yD)(methyl)sulfane (4-3al)
Ph ANF Br MRIEEA i A ZLHER TLC 4 %1555 & B IK(E B/
OO SMe O 7.® B =20/1 4 B FF#1)(44.2 mg, 98%). 1 HPLC 45 %
f£: a AD-H column (n-hexane/i-PrOH = 80/20, flow =1.2 mL/min,
254 nm), t = 24.8 min (major), t = 8.8 min (minor), 96% ee. [a]p>’ = 160.3 (c = 0.977, CHCI3).
"H NMR (400 MHz, Benzene-de) § 7.88 — 7.82 (m, 1H), 7.70 — 7.61 (m, 2H), 7.45 — 7.36 (m, 2H),

7.26 (s, 1H), 7.24 (d, J = 2.2 Hz, 1H), 7.20 (t, J = 1.8 Hz, 1H), 7.15 — 7.12 (m, 2H), 7.10 — 6.98
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(m, 3H), 6.94 (ddd, J = 7.9, 2.0, 0.9 Hz, 1H), 6.69 (dt, J = 7.8, 1.2 Hz, 1H), 6.60 (dd, J = 15.5,
10.9 Hz, 1H), 6.44 — 6.31 (m, 2H), 1.90 (s, 3H). 3C NMR (101 MHz, Benzene-ds) & 140.11,
139.91, 139.87, 136.72, 133.94, 133.80, 133.23, 131.72, 130.70, 130.44, 130.39, 130.14, 128.97,
128.91, 128.55, 128.24, 128.00, 127.65, 126.80, 125.85, 125.60, 124.45, 123.48, 122.97, 15.26.
HRMS (EI-TOF) calcd for Co7H21BrO2S* ([M]): 456.0547, found: 456.0546.

(R)-(1-((1Z,3E)-4-(2-chlorophenyl)-1-phenylbuta-1,3-dien-1-yl)naphthalen-2-
y)(methyl)sulfane(4-3am)

Cl RIEEH 7k AGITHF &R TLC £ 51537 € B AR (fH im0 8.

o~ () 28 =101 % R mg, 100, FHk HPLC 47
OO St column (n-hexane/i-PrOH = 90/10, flow =1.1 mL/min, 254 nm), t = 5.2
min (major), t = 5.7 min (minor), 93% ee. [a]p®® = 141.5 (c = 0.867,

CHCls). 'H NMR (400 MHz, Benzene-de) & 7.88 — 7.80 (m, 1H), 7.70 — 7.62 (m, 2H), 7.39 (d, J
=15.5 Hz, 1H), 7.35 — 7.30 (m, 3H), 7.27 (d, J = 8.7 Hz, 1H), 7.15 — 7.12 (m, 2H), 7.07 — 6.96
(m, 4H), 6.88 (dd, /=7.9, 1.6 Hz, 1H), 6.66 (dd, J=15.5, 11.0 Hz, 1H), 6.51 (td, J=7.6, 1.6 Hz,
1H), 6.32 (td, J = 7.6, 1.3 Hz, 1H), 1.90 (s, 3H). 3C NMR (101 MHz, Benzene-ds) § 140.03,
139.97, 136.77, 135.51, 134.13, 133.46, 133.29, 131.72, 130.95, 130.83, 129.84, 129.38, 128.89,
128.84, 128.48, 128.18, 127.96, 127.67, 126.92, 126.86, 126.69, 125.99, 125.60, 123.54, 15.30.
HRMS (EI-TOF) calcd for C27H21C102S™ ([M]7): 412.1053, found: 412.1054.

(R)-(2E ,4Z)-5-(2-(methylthio)naphthalen-1-yl)-5-phenylpenta-2,4-dienal (4-3an)
Phao AN H RE\EEAF7E A ZHLF LR TLC 2 572 06 BERCE B/ LR

OO SMe O 7@ =10/1 4 &I #1)(20.7 mg, 61%). F¥ HPLC 4B & 4.

column (n-hexane/i-PrOH = 90/10, flow =1.1 mL/min, 254 nm), t=16.4
min (major), t = 20.2 min (minor), 77% ee. [a]p*® = 60.5 (c = 0.86, CHCl3). 'H NMR (400 MHz,
Chloroform-d) 6 9.26 (d, J=8.1 Hz, 1H), 7.96 (d, /= 8.8 Hz, 1H), 7.91 — 7.84 (m, 1H), 7.54 (dd,
J=18.7,2.2 Hz, 2H), 7.47 — 7.39 (m, 2H), 7.39 — 7.27 (m, 6H), 6.66 (dd, J=15.2, 11.4 Hz, 1H),
6.33 (dd,J=15.2,8.0 Hz, 1H), 2.47 (s, 3H). *C NMR (101 MHz, Chloroform-d) § 194.05, 148.94,
148.60, 138.17, 135.64, 133.20, 132.37, 132.03, 131.22, 129.52, 129.36, 128.95, 128.35, 127.66,
127.61, 127.09, 125.61, 125.05, 123.08, 15.93. HRMS (EI-TOF) calcd for C22Hi30S"™ (IM]"):
330.1078, found: 330.1076.

(R)-(4E,62)-7-(2-(methylthio)naphthalen-1-yl)-7-phenylhepta-4,6-dien-3-one (4-3a0)
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Ph AN B RBEFH FEAZTFERTLC 2 B R E G EEK(E BB/ LR T

OO SMe O g = 10/1 ¥ EF#)(21.5 mg, 59%). FH HPLC 4 & 4 1F:

column (n-hexane/i-PrOH = 90/10, flow =1.1 mL/min, 254 nm), t = 10.6
min (major), t=12.0 min (minor), 83% ee. [a]p>° = 68.9 (¢ = 0.8067, CHCl3). \H NMR (400 MHz,
Chloroform-d) § 7.93 (d, J= 8.8 Hz, 1H), 7.86 (dd, J="7.9, 1.5 Hz, 1H), 7.57 — 7.49 (m, 2H), 7.44
—7.35 (m, 2H), 7.34 — 7.31 (m, 2H), 7.30 — 7.26 (m, 3H), 7.23 (d, J=11.3 Hz, 1H), 6.70 (dd, J =
15.5, 11.4 Hz, 1H), 6.36 (d, J = 15.4 Hz, 1H), 2.45 (s, 3H), 2.40 — 2.28 (m, 2H), 0.95 (t, J = 7.3
Hz, 3H). C NMR (101 MHz, Chloroform-d) & 201.26, 147.06, 139.33, 138.67, 135.51, 132.50,
132.44, 131.27, 131.24, 129.18, 128.99, 128.84, 128.30, 128.28, 127.41, 126.83, 125.44, 125.18,
123.17, 33.78, 15.97, 8.18. HRMS (EI-TOF) calcd for Co4H2,0S* ([M]): 358.1391, found:
358.1392.

(R)-(2E ,4Z)-N,N-dimethyl-5-(2-(methylthio)naphthalen-1-yl)-5-phenylpenta-2,4-dienamide
(4-3ap)
P~ 'L\ WAERE A Tk A ZH &R TLC 4B 152 8 €0 K(h Bt/ LB’
SMe b 7B =411 A BFFF)(20.6 mg, 54%). F% HPLC 4B 4 4: alC
OO column (n-hexane/i-PrOH = 70/30, flow =1.3 mL/min, 254 nm), t =
12.5 min (major), t = 20.0 min (minor), 94% ee. [a]p*’ = 82.2 (¢ = 0.62,
CHCl3). 'H NMR (400 MHz, Chloroform-d) § 7.89 (d, J= 8.7 Hz, 1H), 7.83 (dd, /= 7.9, 1.5 Hz,
1H), 7.56 (dd, J= 8.5, 1.4 Hz, 1H), 7.50 (d, J = 8.8 Hz, 1H), 7.42 — 7.37 (m, 1H), 7.33 (ddt, J =
9.9,5.6,2.5Hz, 3H), 7.30 — 7.26 (m, 4H), 6.83 (dd, /= 14.7, 11.4 Hz, 1H), 6.55 (d, /= 14.7 Hz,
1H), 3.06 (s, 3H), 2.91 (s, 3H), 2.45 (s, 3H). 3C NMR (101 MHz, Chloroform-d) & 166.62, 144.67,
139.42, 139.03, 135.40, 132.87, 132.51, 131.41, 129.00, 128.73, 128.51, 128.40, 128.25, 127.21,
126.68, 125.30, 125.25, 123.35, 122.75, 37.43, 35.77, 16.00. HRMS (EI-TOF) calcd for
C24H23NOS™ ([M]%): 373.1500, found: 373.1500.

X-ray data of (R)4-3ap

| AMY &

Ph. AN A Y v
SMe O ‘1 AAL

Y] NG

(R)4-3ap
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Bond precision:
Cell:

alpha =90
Temperature: 170 K
Volume

Space group

Hall group

Moiety formula
Sum formula

Mr

Dx, g cm™

V4

Mu (mm™)

F000

F000’

h,k,lmax

Nref

Tmin, Tmax

Tmin’

Correction method

Reported T

AbsCorr = MULTI-SCAN

Data completeness
R (reflections)
S=1.079

Flack parameter

(R)-methyl(1-((1Z,3E)-4-(naphthalen-2-yl)-1-phenylbuta-1,3-dien-1-yl)naphthalen-2-

yDsulfane (4-3aq)

DONS S

l O SMe

258

C-C=0.0030A

Wavelength = 1.54178

a=18.3648(11) b=11.1560(16) ¢ = 21.208(3)

beta =90
Calculated
1979.1(5)

P 212121

P 2ac 2ab
CxuHxNOS
CaHxsNOS
373.49

1.253

4

1.540

792.0

795.29
10,13,25
3630[ 2092]
0.540,0.592
0.448

Limits: Tmin = 0.608

1.72/0.99
0.0278( 3588)
Npar =247
0.100(4)

WA T AZTHER TLC 4 B 52 G 6 B4R (h i
/7. Z.Hg =10/1 # J&FF5)(38.4 mg, 90%). F & HPLC 4 &
%1% : alC column (n-hexane/i-PrOH = 90/10, flow =1.3 mL/min,

gamma = 90
Reported
1979.1(5)
P21 2121

P 2ac 2ab
CxuHxNOS
CuaHxsNOS
373.49

1.254

4

1.540

792.0

10,13,25
3593

0.608,0.753
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254 nm), t = 9.6 min (major), t = 8.9 min (minor), 95% ee. [a]p*’ = 165.7 (c = 0.8667, CHCI3).
"H NMR (400 MHz, Methylene Chloride-d>) & 7.99 (d, J = 8.7 Hz, 1H), 7.94 — 7.88 (m, 1H), 7.76
—7.67 (m, 3H), 7.66 — 7.56 (m, 3H), 7.47 — 7.36 (m, 5H), 7.36 — 7.32 (m, 2H), 7.32 — 7.21 (m,
4H), 6.99 (d, J=15.5 Hz, 1H), 6.48 (dd, J=15.5, 11.0 Hz, 1H), 2.49 (s, 3H). *C NMR (101 MHz,
Methylene Chloride-d>) 6 140.12, 138.98, 136.52, 135.49, 135.33, 134.12, 133.77, 133.58, 133.10,
131.89, 131.08, 129.12, 129.11, 128.72, 128.54, 128.45, 128.15, 128.10, 127.58, 127.52, 127.18,
126.85, 126.68, 126.51, 125.79, 125.70, 123.95, 123.56, 16.02. HRMS (EI-TOF) calcd for
C31H24S™ ([M]7): 428.1599, found: 428.1599.

(R)-(2E ., 4Z)-(perfluorocyclohexyl)methyl 5-(2-(methylthio)naphthalen-1-yl)-5-phenylpenta-
2,4-dienoate (4-3ar)

REBF 7 EALKFERTLC p BREHERK(E
B/ B B = 10/1 & BITH)(43.6 mg, 68%). FI
HPLC 4% 4 : alC column (n-hexane/i-PrOH = 90/10,

flow =1.1 mL/min, 254 nm), t = 3.3 min (major), t = 3.5 min
(minor), 92% ee. [a]p>® = 58.0 (c = 0.98, CHCl;). '"H NMR
(400 MHz, Chloroform-d) 6 7.93 (d, J=8.8 Hz, 1H), 7.86 (d, /= 7.4 Hz, 1H), 7.51 (d, /= 8.7 Hz,
2H), 7.45 — 7.33 (m, 4H), 7.30 (dt, J = 5.2, 2.3 Hz, 3H), 7.25 (d, J = 4.6 Hz, 1H), 6.93 (dd, J =
15.3, 11.6 Hz, 1H), 6.09 (d, J= 15.2 Hz, 1H), 4.81 — 4.63 (m, 2H), 2.45 (s, 3H). >*C NMR (101
MHz, Chloroform-d) § 165.10, 148.59, 144.52, 138.35, 135.48, 132.43, 132.29, 131.36, 129.34,
129.28, 128.91, 128.31, 127.45, 127.03, 126.95, 125.46, 125.03, 123.23, 120.19, 56.35 (d, Jcr =
20.1 Hz), 15.93. YF NMR (376 MHz, Chloroform-d) & -118.64, -119.43, -122.45, -123.21, -
123.76, -124.54, -132.21, -133.00, -139.22, -139.97, -141.49, -142.25, -188.99 (td, J=22.8, 11.3
Hz). HRMS (EI-TOF) calcd for C2oH19F1102S* ([IM]%): 640.0930, found: 640.0932.

(R)-isopropyl 2-methyl-2-(4-(4-((1E,32)-4-(2-(methylthio)naphthalen-1-yl)-4-phenylbuta-
1,3-dien-1-yl)benzoyl)phenoxy)propanoate (4-3as)
WERAF % A ZLFER TLC 45 &F

- O O 7& A %@J@/*(Emm/a@xzaa =31 AR
e

7)(61.1 mg, 99%). F 1 HPLC 4 & 4

f£: a AD-H column (n-hexane/i-PrOH =

60/40, flow =1.3 mL/min, 254 nm), t = 14.9 min (major), t = 10.2 min (minor), 90% de. [a]p*’ =
134.4 (c = 1.038, CHCl3). 'H NMR (400 MHz, Benzene-ds) 8 7.93 — 7.85 (m, 1H), 7.72 (d, J =
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8.8 Hz, 1H), 7.70 — 7.66 (m, 1H), 7.66 — 7.59 (m, 2H), 7.45 — 7.40 (m, 2H), 7.40 — 7.34 (m, 2H),
7.35-7.26 (m, 2H), 7.19 — 7.15 (m, 2H), 7.10 — 6.96 (m, 3H), 6.92 — 6.77 (m, 4H), 6.73 (dd, J =
15.5, 10.8 Hz, 1H), 6.60 (d, J = 15.5 Hz, 1H), 4.96 (hept, J = 6.3 Hz, 1H), 1.92 (s, 3H), 1.52 (s,
6H), 0.88 (d, /= 6.3 Hz, 6H). 3C NMR (101 MHz, Benzene-de) & 193.65, 172.95, 159.71, 140.86,
140.22, 140.09, 137.33, 136.81, 134.47, 134.07, 133.29, 132.23, 131.76, 131.50, 130.86, 130.43,
129.00, 128.97, 128.94, 128.56, 127.94, 127.71, 126.83, 126.47, 125.90, 125.66, 123.56, 117.23,
79.43, 69.07, 25.46, 25.42, 21.40, 15.31. HRMS (EI-TOF) calcd for Ca1Hzs04S" ([M]"): 626.2491,
found: 626.2491.

(R)-(8S,9R,13R,14R)-1,3-methyl-3-((1E,32)-4-(2-(methylthio)naphthalen-1-yl)-4-
phenylbuta-1,3-dien-1-yl)-7,8,9,11,12,13,15,16-octahydro-6H-cyclopenta[a]phenanthren-
17(14H)-one (4-3at)

WERFTE A ZHFRER TLC 2 BFEAHEERIK
(F B/ B LB = 3/1 4 BFF71)(55.6 mg, 99%). F
M HPLC 4% %4 1: a AD-H column (n-hexane/i-PrOH =

O

60/40, flow =1.3 mL/min, 254 nm), t = 14.8 min (major), t
= 7.0 min (minor), 95% de. [a]p?’ =274.3 (c = 0.78, CHCIl;). '"H NMR (400 MHz, Benzene-ds) &
7.99 —7.90 (m, 1H), 7.73 — 7.62 (m, 2H), 7.48 — 7.39 (m, 3H), 7.29 (d, /= 8.7 Hz, 1H), 7.15 (d,
J=1.7Hz, 2H), 7.14 (d, J=1.7 Hz, 1H), 7.08 (dd, J= 8.3, 6.4 Hz, 2H), 7.05 — 6.99 (m, 1H), 6.95
(dd, J=8.0, 1.9 Hz, 1H), 6.89 (d, /= 1.9 Hz, 1H), 6.84 — 6.74 (m, 3H), 2.32 (dd, /= 9.0, 4.3 Hz,
2H), 2.13 —2.03 (m, 1H), 1.93 (s, 3H), 1.91 — 1.70 (m, 3H), 1.53 — 1.36 (m, 2H), 1.32 — 1.03 (m,
4H), 1.02 —0.84 (m, 3H), 0.54 (s, 3H). >*C NMR (101 MHz, Benzene-ds) 5 217.79, 140.43, 139.86,
138.31, 136.81, 136.63, 135.83, 135.30, 134.41, 133.35, 131.78, 131.43, 128.89, 128.83, 128.50,
127.68, 127.60, 127.47, 126.70, 126.31, 126.05, 125.87, 125.53, 124.60, 123.60, 50.30, 47.66,
44.57, 38.16, 35.57, 32.11, 29.24, 26.57, 25.84, 21.49, 15.33, 13.68. HRMS (EI-TOF) calcd for
C3oH330S" (IM]"): 554.2643, found: 554.2646.

(R)-(R)-methyl 2-((tert-butoxycarbonyl)amino)-3-(4-((1E,3Z)-4-(2-(methylthio)naphthalen-
1-yl)-4-phenylbuta-1,3-dien-1-yl)phenyl)propanoate (4-3au)
REFF 77k A 2 H &R TLC 4 B 73 H EmIK(E
WMB R 7B = 31 A BRI A)52.3 mg, 88%). FIE
NHBoc HPLC 4% % 1+ : a AD-H column (n-hexane/i-PrOH = 60/40,

flow =1.3 mL/min, 254 nm), t = 22.1 min (major), t = 18.8 min (minor), 94% de. [a]p** = 162.6
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(c=1.073, CHCl3). 'H NMR (400 MHz, Benzene-ds) 5 7.95 — 7.85 (m, 1H), 7.76 — 7.64 (m, 2H),
7.45 —7.36 (m, 2H), 7.33 — 7.24 (m, 2H), 7.16 (m, 2H), 7.11 — 6.94 (m, 3H), 6.85 (d, J= 7.9 Hz,
2H), 6.70 — 6.57 (m, 4H), 4.88 (d, J = 8.4 Hz, 1H), 4.62 (dt, J = 8.6, 6.0 Hz, 1H), 3.12 (s, 3H),
2.87-2.55 (m, 2H), 1.91 (s, 3H), 1.36 (s, 9H). *C NMR (101 MHz. Benzene-ds) 5 172.13, 155.31,
140.32, 138.63, 136.79, 136.35, 135.94, 135.31, 134.33, 133.33, 131.77, 131.23, 129.68, 128.87,
128.84, 128.51, 127.74, 127.61, 127.06, 126.72, 126.66, 126.01, 125.56, 123.60, 79.50, 54.78,
51.53, 38.06, 28.36, 15.31. HRMS (ESI-TOF) calced for C36H37NO4SNa* ([M+Na]"): 602.2336,
found: 602.2338.

(R)-(2E ,472)-4-((R)-2-((tert-butoxycarbonyl)amino)-3-methoxy-3-oxopropyl)phenyl 5-(2-
(methylthio)naphthalen-1-yl)-5-phenylpenta-2,4-dienoate (4-3av)
Ph O BEAAF i A ZHH AR TLC HHRIFER

OO SMe O (B B LB B = 3/1 H B FF7)(61.1 mg, 95%).

MeO,C~ “NHBoc M HPLC 4% 4 1: a AD-H column (n-hexane/i-
PrOH = 60/40, flow =1.3 mL/min, 254 nm), t = 11.2 min (major), t = 8.0 min (minor), 95% de.
[a]p?® = 52.9 (c = 0.98, CHCl3). 'H NMR (400 MHz, Chloroform-d) & 7.89 (d, J = 8.7 Hz, 1H),
7.83(dd,J=17.6,1.7 Hz, 1H), 7.54 (dd, J=8.0, 1.6 Hz, 1H), 7.49 (d, /= 8.8 Hz, 1H), 7.40 — 7.31
(m, 4H), 7.28 (q, J = 3.2, 2.6 Hz, 3H), 7.24 (s, 1H), 7.05 (d, J = 8.3 Hz, 2H), 6.99 (dd, J = 15.2,
11.5 Hz, 1H), 6.95 — 6.90 (m, 2H), 6.25 (d, /= 15.2 Hz, 1H), 4.96 (d, /= 8.2 Hz, 1H), 4.53 (q, J
= 6.6 Hz, 1H), 3.65 (s, 3H), 3.04 (td, J = 11.5, 9.1, 5.9 Hz, 2H), 2.44 (s, 3H), 1.40 (s, 9H). 1°C
NMR (101 MHz, Chloroform-d) 6 172.25, 165.22, 155.13, 149.83, 147.61, 143.53, 138.47,
135.47, 133.38, 132.39, 132.27, 131.27, 130.13, 129.23, 129.12, 128.82, 128.29, 127.49, 127.37,
126.92, 125.39, 125.06, 123.21, 122.04, 121.70, 80.04, 54.44, 52.29, 37.73, 28.36, 15.94. HRMS
(ESI-TOF) calcd for C37H37NOgSNa™ ([M+Na]"): 646.2234, found: 646.2238.

(R)-(S)-2,8-dimethyl-6-((1E,3Z)-4-(2-(methylthio)naphthalen-1-yl)-4-phenylbuta-1,3-dien-
1-yl)-2-((4S,85)-4,8,12-trimethyltridecyl)chroman (4-3aw)
Ph. REAATE A B8 &%
OO SMe O o TLC 4% % 2| & € R 1K (F i
Bt/ B OB = 2011 A RIF
71)(62.0 mg, 90%). F¥ HPLC 4% 4 1F: a AD-H column (n-hexane/i-PrOH = 90/10, flow
=1.2 mL/min, 254 nm), t = 4.0 min (major), t = 2.8 min (minor), 91% de. [a]p** = 154.7 (¢ = 0.95,
CHCl3). '"H NMR (400 MHz, Benzene-ds) & 7.98 (dt, J = 6.4, 3.5 Hz, 1H), 7.72 — 7.62 (m, 2H),
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7.51 —7.38 (m, 3H), 7.28 (d, J= 8.7 Hz, 1H), 7.16 — 7.13 (m, 2H), 7.08 (dd, J = 8.3, 6.5 Hz, 2H),
7.04 - 6.98 (m, 1H), 6.87 (s, 1H), 6.84 — 6.75 (m, 2H), 6.70 (dd, J= 15.4, 10.7 Hz, 1H), 2.11 (t, J
= 6.7 Hz, 2H), 2.01 (s, 3H), 1.93 (s, 3H), 1.50 — 1.24 (m, 17H), 1.21 — 1.07 (m, 6H), 1.04 (s, 3H),
0.93—0.87 (m, 12H). '3C NMR (101 MHz, Benzene-ds) 5 152.70, 140.67, 136.85, 136.68, 136.55,
134.63, 133.42, 132.00, 131.80, 128.96, 128.84, 128.71, 128.48, 127.94, 127.54, 127.36, 126.60,
126.40, 126.15, 125.93, 125.47, 124.02, 123.58, 120.62, 76.25, 40.49, 39.79, 37.94, 37.90, 37.86,
37.75, 33.27, 33.10, 31.34, 28.39, 25.32, 24.98, 24.17, 22.96, 22.87, 22.10, 21.36, 20.04, 19.89,
16.12, 15.29. HRMS (EI-TOF) caled for C4sHsOS* ([M]): 686.4521, found: 686.4519.

(R)-(2E ., 472)-(2R,5R)-2-isopropyl-5-methylcyclohexyl 5-(2-(methylthio)naphthalen-1-yl)-5-
phenylpenta-2,4-dienoate (4-3ax)
T REBATEAZDLFEERTLC 48 72K ERA(E Wit

|78 B =20/1 % B FF #1)(43.4mg, 89%). F1 HPLC 4 &
SMe O %1% : aIC column (n-hexane/i-PrOH = 90/10, flow =1.1 mL/min,
254 nm), t = 22.2 min (major), t = 18.8 min (minor), 99% de.

[0]p?® = 23.6 (¢ = 0.933, CHCI3). 'H NMR (400 MHz, Chloroform-d) § 7.94 —7.81 (m, 2H), 7.58
—7.44 (m, 2H), 7.42 — 7.33 (m, 2H), 7.33 — 7.28 (m, 2H), 7.28 — 7.24 (m, 3H), 7.22 (d, J=11.5
Hz, 1H), 6.80 (dd, J = 15.2, 11.5 Hz, 1H), 6.06 (d, J= 15.2 Hz, 1H), 4.55 (td, J=10.8, 4.3 Hz,
1H), 2.43 (s, 3H), 1.96 — 1.86 (m, 1H), 1.62 (ddp, J=19.9, 9.8, 3.8, 3.3 Hz, 4H), 1.41 (dddd, J =
152, 11.9, 6.6, 3.4 Hz, 1H), 1.26 (ddt, J=14.6, 11.5, 3.2 Hz, 1H), 1.06 — 0.88 (m, 2H), 0.83 (d, J
=6.5Hz, 4H),0.76 (d,J=7.0 Hz, 3H), 0.59 (d, J=7.0 Hz, 3H). *C NMR (101 MHz, Chloroform-
d) & 166.55, 146.22, 141.46, 138.79, 135.39, 132.72, 132.50, 131.31, 129.06, 128.83, 128.77,
128.25, 127.72, 127.36, 126.84, 125.39, 125.15, 123.73, 123.38, 74.22, 47.08, 40.96, 34.37,31.42,
26.39,23.77,22.10, 20.68, 16.56, 16.03. HRMS (EI-TOF) calcd for C3H3602S" ([M]"): 484.2436,
found: 484.2438.

(R)-(2E,4Z)-(8S,9R,13R,14R)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopentala]phenanthren-3-yl 5-(2-(methylthio)naphthalen-1-yl)-5-phenylpenta-2,4-
dienoate (4-3ay)

Ph s O

l i SMe O

REER iz A ZEHER TLC o B HFIEE
WAR(E B B LB = 411 K B FF71)(58.0 mg,
99%). F M HPLC 4% 4% : a AD-H column (n-
hexane/i-PrOH = 60/40, flow =1.3 mL/min, 254 nm),
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t = 8.8 min (major), t = 7.4 min (minor), 94% de. [a]p2* = 126.6 (¢ = 0.952, CHCl3). '"H NMR
(400 MHz, Benzene-dg) 5 7.71 — 7.63 (m, 1H), 7.61 — 7.4 (m, 3H), 7.32 (dt, J = 8.0, 3.4 Hz, 2H),
7.18 (d,J = 11.8 Hz, 1H), 7.13 — 7.08 (m, 3H), 7.04 — 6.97 (m, 3H), 6.89 (d, J = 8.5 Hz, 1H), 6.76
(dd, J= 8.5, 2.5 Hz, 1H), 6.64 (d, J = 2.6 Hz, 1H), 6.34 (d, /= 15.2 Hz, 1H), 2.45 (dd, J=9.0,
43 Hz, 2H), 2.18 = 2.01 (m, 1H), 1.93 — 1.89 (m, 1H), 1.87 (s, 3H), 1.83 — 1.68 (m, 2H), 1.52 —
1.38 (m, 2H), 1.26 (td, J = 13.4, 12.8, 4.4 Hz, 2H), 1.13 — 0.85 (m, 5H), 0.55 (s, 3H). °C NMR
(101 MHz, Benzene-ds) 6 217.91, 165.07, 149.43, 147.62, 143.23, 139.08, 137.64, 137.09, 136.32,
132.91, 132.69, 131.53, 129.35, 129.09, 128.96, 128.61, 127.95, 127.71, 127.37, 126.38, 125.54,
125.37, 123.38, 123.10, 122.14, 119.25, 50.25, 47.68, 44.20, 38.02, 35.61, 32.08, 29.44, 26 .48,
25.86, 21.51, 15.28, 13.73. HRMS (EI-TOF) calcd for C4oH3303S™ ([M]"): 598.2542, found:
598.2545.

(R)-((3aS,55,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-bis([1,3]dioxolo)[4,5-b:4',5"-
d]pyran-5-yl)methyl 4-((1E,32)-4-(2-(methylthio)naphthalen-1-yl)-4-phenylbuta-1,3-dien-
1-yl)benzoate (4-3az)

540 RAEEF 77 % A B H &% TLC 45 15 2|

Ph jﬁjo% AR (B B 5 8 = 101 B R
OO SMe O © o~ O #1)(65.1 mg, 99%). F 1 HPLC 4 B &1

© a OD-H column (n-hexane/i-PrOH = 90/10,

flow =1.1 mL/min, 254 nm), t = 11.1 min (major), t = 12.9 min (minor), 93% de. [a]p*° = 80.6 (c
=0.988, CHCl;). 'H NMR (400 MHz, Benzene-ds) & 7.89 — 7.84 (m, 1H), 7.83 — 7.76 (m, 2H),
7.75 = 7.64 (m, 2H), 7.44 — 7.37 (m, 2H), 7.33 — 7.22 (m, 2H), 7.20 — 7.16 (m, 1H), 7.10 — 6.97
(m, 3H), 6.81 (d, /= 8.3 Hz, 2H), 6.67 (dd, J=15.5,10.9 Hz, 1H), 6.52 (d, J=15.5 Hz, 1H), 5.47
(d, J=5.0 Hz, 1H), 4.71 — 4.55 (m, 2H), 4.45 (dd, /= 7.9, 2.4 Hz, 1H), 4.30 (ddd, /= 7.0, 4.8,
1.9 Hz, 1H), 4.14 (dd, J=5.0, 2.4 Hz, 1H), 3.93 (dd, J=7.9, 1.9 Hz, 1H), 1.92 (s, 3H), 1.40 (d, J
= 6.4 Hz, 6H), 1.11 (s, 3H), 1.00 (s, 3H). *C NMR (101 MHz, Benzene-ds) & 166.15, 141.84,
140.22, 140.12, 136.77, 134.53, 134.08, 133.27, 131.77, 130.89, 130.32, 129.33, 129.04, 129.00,
128.92, 128.56, 127.94, 127.68, 126.83, 126.62, 125.90, 125.66, 123.60, 109.59, 108.63, 96.82,
71.51, 71.31, 70.98, 66.55, 64.24, 26.19 (d, J = 2.5 Hz), 24.93, 24.47, 15.34. HRMS (EI-TOF)
calcd for CaoHa007S™ ([M]1): 664.2495, found: 664.2495.

(R)-(2E,4Z)-butyl 4-((2-(methylthio)naphthalen-1-yl)(phenyl)methylene)hex-2-enoate (4-
5aa)
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O RIERF 7 B 2t # &% TLC 2 BB 2 & 6 R B/ 2
AN 00,80 B LEE = 20/1 4 /B FFAI)(40.5 mg, 94%). F 4 HPLC 415 4 14

OO SMe a AS-H column (n-hexane/i-PrOH = 94/6, flow =0.8 mL/min, 254 nm),

t = 8.2 min (major), t = 9.8 min (minor), 95% ee. [o]p?® = 52.3 (c =
0.917, CHCls). '"H NMR (400 MHz. Chloroform-d) & 7.78 (td, J = 12.7, 10.5, 6.7 Hz, 3H), 7.46 —
7.37 (m, 5H), 7.28 (d, J = 1.7 Hz, 1H), 7.26 — 7.18 (m, 2H), 6.96 (d, J = 15.9 Hz, 1H), 6.06 (d, J
= 15.9 Hz, 1H), 3.97 (t, J = 6.4 Hz, 2H), 2.71 (g, J = 7.5 Hz, 2H), 2.44 (d, J = 1.4 Hz, 3H), 1.47
(p,J = 6.7 Hz, 2H), 1.30 (t, J = 7.4 Hz, 3H), 1.18 (q, J= 7.5 Hz, 2H), 0.82 (t, J = 7.4 Hz, 3H). °C
NMR (101 MHz, Chloroform-d) & 167.44, 144.13, 143.71, 139.89, 139.83, 135.95, 135.18,
132.34, 131.46, 129.49, 128.67, 128.28, 127.90, 127.57, 127.15, 125.32, 125.14, 123.39, 119.20,
64.05, 30.64, 22.12, 19.15, 15.98, 14.42, 13.78. HRMS (EL-TOF) caled for CasH3002S" ([M]"):
430.1967, found: 430.1965.

(R)-(2E ., 4Z)-butyl 4-((4-chlorophenyl)(2-(methylthio)naphthalen-1-yl)methylene)hex-2-

enoate (4-5ba)

Cl O WAEEF & B 23 H &% TLC 2% 1323 & RAK(H it/
AN copy CBROEE = 2001 7 &R ITHI)(20.4 mg, 43%). F4£ HPLC 4%

OO SMe % 1F: a OD-H column (n-hexane/i-PrOH = 90/10, flow =1.0
mL/min, 254 nm), t = 4.1 min (major), t = 4.6 min (minor), 90%
ee. [a]p?® = 11.5 (¢ = 0.773, CHCI3). '"H NMR (400 MHz, Chloroform-d) § 7.86 — 7.78 (m, 2H),
7.72 = 7.63 (m, 1H), 7.40 (ddt, J = 10.0, 6.8, 3.9 Hz, 3H), 7.35 — 7.29 (m, 2H), 7.24 — 7.20 (m,
2H), 6.91 (d,.J = 15.9 Hz, 1H), 6.05 (d, J=15.9 Hz, 1H), 3.96 (t, J = 6.5 Hz, 2H), 2.67 (q, J = 7.4
Hz, 2H), 2.45 (s, 3H), 1.46 (dq, J = 8.8, 6.7 Hz, 2H), 1.28 (t, J = 7.5 Hz, 3H), 1.16 (dt, J = 14.8,
7.4 Hz, 2H), 0.81 (t, J = 7.3 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 167.34, 143.35,
142.71, 140.45, 138.25, 135.37, 135.27, 133.41, 132.23, 131.47, 130.86, 128.89, 128.42, 128.18,
127.34, 125.25, 125.03, 123.28, 119.64, 64.14, 30.65, 22.14, 19.16, 15.92, 14.40, 13.80. HRMS
(EI-TOF) calcd for C23H29C102S™ ([M]"): 464.1577, found: 464.1579.

(R)-(2E,4Z)-butyl 4-((4-fluorophenyl)(2-(methylthio)naphthalen-1-yl)methylene)hex-2-

enoate (4-5ca)
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LB B =20/1 X B I 7)(29.6 mg, 65%). F 4 HPLC 45 &
OO SMe #: a OD-H column (n-hexane/i-PrOH = 90/10, flow =1.0 mL/min,
254 nm), t = 4.6 min (major), t = 5.6 min (minor), 90% ee. [a]p>° =
33.9 (¢ = 0.9, CHCI3). 'H NMR (400 MHz. Chloroform-d) § 7.85 — 7.76 (m, 2H), 7.71 (dd, J =
8.1, 1.5 Hz, 1H), 7.46 — 7.32 (m, 5H), 6.98 — 6.88 (m, 3H), 6.05 (d, J = 15.9 Hz, 1H), 3.96 (t, J =
6.5 Hz, 2H), 2.68 (q, J = 7.4 Hz, 2H), 2.4 (s, 3H), 1.46 (dq, J= 8.5, 6.5 Hz, 2H), 1.29 (t, J=7.5
Hz, 3H), 1.17 (h, J = 7.4 Hz, 2H), 0.81 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) &
167.38, 162.06 (d, Jcr = 247.8 Hz), 143.47, 142.91, 140.10, 135.77 (d, Jcr = 3.4 Hz), 135.68,
135.16, 132.22, 131.47, 131.24 (d, Jor = 7.9 Hz), 128.81, 128.39, 127.29, 125.16 (d, Jor = 13.4
Hz), 123.31, 119.41, 114.93 (d, Jcr = 21.3 Hz), 64.10, 30.65, 22.11, 19.16, 15.92, 14.37, 13.79.
19F NMR (376 MHz, Chloroform-d) & -114.06. HRMS (EI-TOF) caled for CasHzoFO,S" ([M]"):
448.1872, found: 448.1873.

F O WAEE F 77k B R &% TLC 43 5 2| & @k (f ja Bt/
=~ = COzBU

(R)-(2E ., 4Z)-butyl 4-methyl-5-(2-(methylthio)naphthalen-1-yl)-5-(p-tolyl)penta-2,4-dienoate
(4-5da)

Me O RAEE F 7k B A #H &% TLC 48 5 2 & & i KA Wkt
AN co,pu LB OB =201 7 & TFT5)(39.4 mg, 91%). F 1% HPLC 7 &
OO SMe %1: alC column (n-hexane/i-PrOH = 94/6, flow = 0.8 mL/min,

254 nm), t = 7.9 min (major), t = 8.5 min (minor), 95% ee. [a]p**
=61.2 (c=0.88, CHCI3). 'H NMR (400 MHz, Chloroform-d) § 7.89 — 7.81 (m, 2H), 7.77 — 7.68
(m, 1H), 7.43 (ddd, J=11.0, 9.4, 6.9 Hz, 3H), 7.28 (t, /= 6.1 Hz, 2H), 7.14 — 7.04 (m, 3H), 6.07
(d, J=15.6 Hz, 1H), 4.02 (t, /= 6.5 Hz, 2H), 2.48 (s, 3H), 2.33 (s, 3H), 2.29 (s, 3H), 1.52 (dq, J
= 8.5, 6.4 Hz, 2H), 1.25 (q, J = 7.5 Hz, 2H), 0.87 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz,
Chloroform-d) 6 167.40, 145.31, 144.83, 137.49, 136.74, 135.87, 135.32, 133.28, 132.51, 131.39,
130.10, 128.64, 128.58, 128.22, 127.12, 125.38, 125.10, 123.11, 119.08, 64.00, 30.66, 21.35,
19.16, 15.99, 15.88, 13.77. HRMS (EI-TOF) calcd for C2gH300.S™ ([M]"): 430.1967, found:
430.1969.

(R)-(2QE,4Z)-butyl 5-(4-methoxyphenyl)-4-methyl-5-(2-(methylthio)naphthalen-1-yl)penta-
2,4-dienoate (4-5ea)
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MeO O RIEFF H % B 2TH A% TLC 2B H2 = & RE(6 M
AN >copy BYLER B = 20/1 %9 & ITA)(37.8 mg, 85%). F £ HPLC
OO SMe 4 4 alC column (n-hexane/i-PrOH = 94/6, flow = 0.8

mL/min, 254 nm), t = 11.1 min (major), t = 12.2 min (minor),
93% ee. [a]p?® =47.3 (c = 0.96, CHCl3). "H NMR (400 MHz, Chloroform-d) § 7.81 (t,J=9.3 Hz,
2H), 7.71 — 7.59 (m, 1H), 7.46 — 7.34 (m, 3H), 7.26 — 7.22 (m, 2H), 7.04 (dd, J = 15.6, 1.2 Hz,
1H), 6.84 — 6.70 (m, 2H), 6.01 (dd, J=15.6, 1.2 Hz, 1H), 3.97 (t, /= 6.5 Hz, 2H), 3.75 (d, J=1.2
Hz, 3H), 2.44 (d, /= 1.2 Hz, 3H), 2.26 (s, 3H), 1.48 (p, J= 6.7 Hz, 2H), 1.20 (h, J= 7.1 Hz, 2H),
0.86 — 0.76 (m, 3H). *C NMR (101 MHz, Chloroform-d) § 167.44, 158.98, 145.38, 144.52,
135.94, 135.30, 132.78, 132.49, 132.04, 131.54, 131.38, 128.64, 128.22, 127.13, 125.35, 125.12,
123.11, 118.82, 113.26, 63.98, 55.25, 30.66, 19.16, 16.01, 15.87, 13.77. HRMS (EI-TOF) calcd
for C2sH3003S™ (IM]"): 446.1916, found: 446.1919.

(R)-(2E ,4Z)-butyl 5-(4-chlorophenyl)-4-methyl-5-(2-(methylthio)naphthalen-1-yl)penta-2,4-

dienoate (4-5fa)

Cl WAEEF 77k B B F &R TLC 48 & 2| 3# € R k(% Bt/
O AN Ncopu CHROEE = 20/1 A RITHI)(38.5 mg, 84%). FH HPLC 4 &
OO SMe % % : a OD-H column (n-hexane/i-PrOH = 90/10, flow = 1.0

mL/min, 254 nm), t = 4.8 min (major), t = 5.6 min (minor), 93%

ee. [a]p®® = 32.9 (c = 1.073, CHCl3). "H NMR (400 MHz, Chloroform-d) & 7.86 — 7.75 (m, 2H),
7.67 —7.60 (m, 1H), 7.47 — 7.37 (m, 3H), 7.27 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 8.6 Hz, 2H), 7.03
(d,J=15.6 Hz, 1H), 6.05 (d, J= 15.6 Hz, 1H), 3.98 (t, J = 6.5 Hz, 2H), 2.45 (s, 3H), 2.23 (s, 3H),
1.52 — 1.43 (m, 2H), 1.20 (p, J = 7.4 Hz, 2H), 0.83 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz,
Chloroform-d) § 167.23, 144.80, 143.38, 138.10, 135.50, 135.24, 134.28, 133.43, 132.38, 131.51,
131.43, 128.95, 128.37, 128.09, 127.34, 125.26, 125.07, 123.15, 119.86, 64.12, 30.65, 19.16,
15.96, 15.86, 13.77. HRMS (EI-TOF) calcd for C27H27Cl02S* ([M]1): 450.1420, found: 450.1419.

(R)-(2E,4Z)-butyl 5-(4-fluorophenyl)-4-methyl-5-(2-(methylthio)naphthalen-1-yl)penta-2,4-
dienoate (4-5ga)

F O WAEEF 7% B ZEH &R TLC 485145 B E €& (f jm it/

AN co,pu CERCEE =20/1 A RIFA)(31.3 mg, 71%). FH HPLC 48 4

OO SMe 4 : a OD-H column (n-hexane/i-PrOH = 90/10, flow = 1.0 mL/min,

254 nm), t = 4.9 min (major), t = 6.0 min (minor), 93% ee. [a]p>° =
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57.2 (c = 1.155, CHCls). '"H NMR (400 MHz, Chloroform-d) & 7.82 (t, J = 9.5 Hz, 2H), 7.69 —
7.60 (m, 1H), 7.46 — 7.35 (m, 3H), 7.33 — 7.27 (m, 2H), 7.03 (d, J = 15.7 Hz, 1H), 6.95 (t, J = 8.7
Hz, 2H), 6.04 (d, J= 15.6 Hz, 1H), 3.98 (t, J= 6.5 Hz, 2H), 2.44 (s, 3H), 2.23 (s, 3H), 1.48 (dq, J
= 8.5, 6.6 Hz, 2H), 1.20 (h, J = 7.4 Hz, 2H), 0.82 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz,
Chloroform-d) & 167.30, 162.03 (d, Jcr = 247.8 Hz), 144.94, 143.58, 135.63 (d, Jcr = 3.5 Hz),
135.52, 135.40, 133.88, 132.37, 131.94 (d, Jer = 8.1 Hz), 131.44, 128.88, 128.36, 127.30, 125.19
(d, Jor = 10.3 Hz), 123.18, 119.62, 114.87 (d, Jer = 21.3 Hz), 64.10, 30.66, 19.17, 15.95, 15.87,
13.78. 'F NMR (376 MHz, Chloroform-d) & -114.05. HRMS (EI-TOF) calcd for C7Ha7FO,S"
(IMT"): 434.1716, found: 434.1719.

(R)-(2E ,4E)-butyl 5-(2-(methylthio)naphthalen-1-yl)-4,5-diphenylpenta-2,4-dienoate (4-5ha)

O Ph WAIEREA % B AHH LR TLC 4B R 2 F R AR(E mE/ 7
NI co,8u B LEE = 201 4 B FFAI)37.9 mg, 77%). F 4 HPLC 4 8 4 14 -
OO SMe a IC column (n-hexane/i-PrOH = 90/10, flow = 1.1 mL/min, 254 nm),
t = 5.1 min (major), t = 5.7 min (minor), 90% ee. [a]p** =207.9 (c =

0.94, CHClz). "H NMR (400 MHz, Chloroform-d) § 7.89 (d, J= 8.8 Hz, 1H), 7.87 — 7.75 (m, 2H),
7.52(d,J=28.7 Hz, 1H), 7.42 (td, J= 6.1, 5.5, 3.2 Hz, 2H), 7.39 — 7.28 (m, 5H), 7.19 (d, = 15.5
Hz, 1H), 6.99 (tdd, J = 8.3, 5.1, 2.5 Hz, SH), 5.63 (d, J = 15.5 Hz, 1H), 3.94 (t, J = 6.5 Hz, 2H),
2.52 (s, 3H), 1.44 (dq, J = 8.5, 6.6 Hz, 2H), 1.17 (h, J= 7.4 Hz, 2H), 0.81 (t, J = 7.4 Hz, 3H). 1°C
NMR (101 MHz, Chloroform-d) 5 167.39, 145.38, 144.78, 140.20, 139.20, 138.68, 136.04,
135.24, 132.35, 131.51, 130.96, 130.56, 129.07, 128.57, 128.35, 127.55, 127.51, 127.35, 125.31,
125.21, 123.32, 122.53, 64.05, 30.63, 19.13, 15.96, 13.76. HRMS (EI-TOF) calcd for C3,H3002S"
(IM]"): 478.1967, found: 478.1968.

(R)-(E)-(1-(2-(3-chlorostyryl)-1H-inden-3-yl)naphthalen-2-yl)(methyl)sulfane (4-5ik)

O Cl WIEFBEA & B & 60 °C THA L13 HFHIEMAKENLF &%
Q 4 TLC 4 B R HFeRK(FEB/Z®ZE =201 5 EF
OO SMe #1)(23.8 mg, 56%). =t HPLC 4% %% : a OD-H column (1-

hexane/i-PrOH = 96/4, flow = 0.8 mL/min, 254 nm), t = 7.9 min
(major), t = 8.5 min (minor), 87% ee. [a]p?’ = 108.6 (c = 0.715, CHCl3). 'H NMR (400 MHz,
Chloroform-d) 5 7.97 (d, J= 8.8 Hz, 1H), 7.90 (dd, J=8.2, 1.3 Hz, 1H), 7.58 (dd, J=8.1, 4.8 Hz,
2H), 7.51 (d, J= 8.4 Hz, 1H), 7.44 (ddd, J=8.1, 6.6, 1.3 Hz, 1H), 7.34 (ddd, J=8.2, 6.7, 1.4 Hz,
1H), 7.26 — 7.21 (m, 2H), 7.18 — 7.07 (m, 4H), 6.83 (d, J = 16.1 Hz, 1H), 6.77 — 6.64 (m, 2H),
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4.00 (s, 2H), 2.47 (s, 3H). 3C NMR (101 MHz, Chloroform-d) & 145.92, 143.71, 142.31, 140.82,
139.39, 136.29, 134.52, 132.73, 131.34, 129.79, 129.04, 128.98, 128.88, 128.24, 127.42, 127.01,
126.80, 126.34, 125.93, 125.54, 125.35, 124.87, 124.78, 123.91, 123.36, 120.74, 37.76, 16.16.
HRMS (EL-TOF) calcd for C3;Hz0028" ([M]"): 424.1053, found: 424.1050.

(R)-(2E,4Z)-butyl  4-((2-(methylthio)naphthalen-1-yl)(phenyl)methylene)-6-phenylhex-2-
enoate (4-5ja)
Ph WIBEF 7% B 24 & K TLC 2 & B3| # 5K (H @i/ 2
O BB = 20/1 4 B FFA)(23.1 mg, 47%). F i HPLC 4% 4
- S/Me COBU 5 OD-H column (n-hexane/i-PrOH = 90/10, flow = 1.0 mL/min, 254
OO nm), t = 5.2 min (major), t = 7.0 min (minor), 91% ee. [a]p*’ =25.4 (c
= 0.98, CHCI3). 'H NMR (400 MHz, Chloroform-d) & 7.80 (dd, J =
9.2,4.9 Hz, 2H), 7.67 — 7.61 (m, 1H), 7.44 — 7.40 (m, 2H), 7.39 — 7.36 (m, 2H), 7.33 — 7.28 (m,
2H), 7.26 — 7.20 (m, 3H), 7.16 — 7.12 (m, 2H), 7.03 (d, J = 15.9 Hz, 1H), 6.15 (d, J = 15.9 Hz,
1H), 4.00 (t, J= 6.5 Hz, 2H), 3.00 (d, J= 2.1 Hz, 4H), 2.45 (s, 3H), 1.53 — 1.43 (m, 2H), 1.19 (dt,
J=14.7, 7.4 Hz, 2H), 0.84 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 167.38,
145.43, 143.83, 141.66, 139.68, 137.63, 135.87, 135.11, 132.16, 131.48, 129.52, 128.73, 128.59,
128.49, 128.28, 127.93, 127.69, 127.19, 126.22, 125.42, 125.18, 123.46, 119.28, 64.16, 35.40,
30.93,30.66, 19.17, 16.05, 13.81. HRMS (EI-TOF) caled for C34H340,S™ ((M]"): 506.2280, found:
506.2279.

(R)-(2E,4Z)-butyl  5-methyl-4-((2-(methylthio)naphthalen-1-yl)(phenyl)methylene)hex-2-
enoate (4-5ka)
O WIEER 7k B 234 &K TLC 2 BER &€ BR(CE w2
AN CO,Bu BRZEE = 20/1 X BFF#)(18.5 mg, 41%). F 4 HPLC 4% & 1F:
OO SMe a OD-H+IB column (n-hexane/i-PrOH = 99/1, flow = 0.5 mL/min,
254 nm), t = 17.0 min (major), t = 17.9 min (minor), 82% ee. [0]p>’ =
61.8 (c = 0.753, CHCI3). '"H NMR (400 MHz, Chloroform-d) § 7.81 (d, J = 8.3 Hz, 1H), 7.76 (d,
J=28.6 Hz, 2H), 7.46 — 7.41 (m, 1H), 7.38 (dd, J = 8.5, 1.8 Hz, 4H), 7.26 — 7.22 (m, 2H), 7.21 —
7.16 (m, 1H), 7.01 (d, J=16.4 Hz, 1H), 5.99 (d, /= 16.4 Hz, 1H), 3.92 (t, J = 6.5 Hz, 2H), 3.46
(p,J=17.1 Hz, 1H), 2.46 (s, 3H), 1.47 — 1.38 (m, 2H), 1.35 (d, /="7.1 Hz, 6H), 1.12 (dt, J= 14.7,
7.5 Hz, 2H), 0.80 (t, J = 7.4 Hz, 3H). ’C NMR (101 MHz, Chloroform-d) § 167.18, 143.77,
142.48, 142.02, 140.13, 136.74, 134.83, 132.05, 131.47, 129.56, 128.45, 128.31, 127.92, 127.41,
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127.15, 125.15, 125.09, 123.28, 121.03, 64.01, 30.62, 30.41, 21.87, 21.44, 19.13, 15.92, 13.81.
HRMS (EI-TOF) calcd for C29H320.S™ ([M]"): 444.2123, found: 444.2125.

(R)-(2E ., 4Z)-butyl 4-ethyl-5-(2-(methylthio)naphthalen-1-yl)octa-2.,4-dienoate (4-51a)

WIEEF 77k B G &% TLC 4B &2 # €k (Fmit/ o
=

z CO,Bu B Z. B = 20/1 X B FF)(22.1 mg, 56%). FP HPLC 7% 4 #F:
OO SMe a OD-H column (r-hexane/i-PrOH = 90/10, flow = 1.1 mL/min, 254
nm), t = 3.6 min (major), t = 6.0 min (minor), 85% ee. [a]p*’ = 124.0

(c=1.0, CHCI3). 'H NMR (400 MHz, Chloroform-d) & 7.79 (dd, J=9.1, 3.2 Hz, 2H), 7.58 — 7.51
(m, 1H), 7.44 — 7.34 (m, 3H), 6.83 (d, /= 15.8 Hz, 1H), 5.89 (d, J=15.8 Hz, 1H), 3.93 (t, J=6.5
Hz, 2H), 2.66 — 2.52 (m, 4H), 2.48 (s, 3H), 1.48 — 1.40 (m, 2H), 1.35 (dt, /= 10.1, 7.0 Hz, 2H),
1.26 (t,J=7.5Hz, 3H), 1.15 (h, J=7.4 Hz, 2H), 0.85 (t,J= 7.3 Hz, 3H), 0.79 (t, /= 7.4 Hz, 3H).
3C NMR (101 MHz, Chloroform-d) & 167.65, 146.03, 143.99, 137.89, 136.21, 134.41, 132.18,
131.38,128.28, 128.14, 126.74, 125.33, 125.13, 123.46, 117.01, 63.90, 37.27, 30.68, 21.94, 21.07,
19.16,16.12,14.96, 13.77, 13.71. HRMS (EI-TOF) caled for C2sH3202S* ([M]"): 396.2123, found:
396.2122.

(R),(R)-(2E,2'E 4Z,4'Z)-dibutyl 5,5'-(1,4-phenylene)bis(5-(2-(methylthio)naphthalen-1-
yl)penta-2,4-dienoate) (4-7aa)

WIEER T ECEARLFERTLC # BENECHA(H BRI/ LR
Be =10/1 # & FF #)(24.2 mg, 66%). FP HPLC & 4 : aAD-H
column (n-hexane/i-PrOH = 85/15, flow = 1.2 mL/min, 254 nm), t = 16.3
min (major), t = 25.0 min (minor), 99% ee, 94:6 dr. [a]p?® = 33.5 (c =
0.85, CHCI3). 'H NMR (400 MHz, Chloroform-d) & 7.87 (d, J = 8.8 Hz,
2H), 7.84 — 7.78 (m, 2H), 7.46 (t, J= 8.7 Hz, 4H), 7.35 (dddd, J = 22.0,
8.1, 6.7, 1.4 Hz, 4H), 7.20 (d, J = 4.9 Hz, 6H), 6.81 (dd, J = 15.2, 11.5
Hz, 2H), 6.07 (d, J=15.1 Hz, 2H), 4.00 (t, /= 6.6 Hz, 4H), 2.42 (s, 6H),
1.51 (dt, J = 8.4, 6.6 Hz, 4H), 1.26 (q, J = 7.6 Hz, 4H), 0.85 (t, J = 7.4 Hz, 6H). *C NMR (101
MHz, Chloroform-d) 6 167.01, 145.66, 141.53, 138.91, 135.45, 132.34, 132.15, 131.27, 129.13,
128.25,128.05,127.32,127.11, 125.36, 125.13, 123.46, 123.12, 64.22,30.69, 19.19, 15.91, 13.77.
HRMS (EI-TOF) calcd for C46Ha604S2" ([M]"): 726.2838, found: 726.2836.

COZBU

(R),(R)-QE,2'E,AZA'Z)-dibutyl  5,5'-(1,3-phenylene)bis(5-(2-(methylthio)naphthalen-1-
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yl)penta-2,4-dienoate) (4-7ba)

COBu MIFBHEFH & C AHHER TLC 4 & &2 H B A(CH#ME/ L
B ZBE = 10/1 A B FF71)(25.5 mg, 69%). F I HPLC 4 & & 1
a OD-H column (n-hexane/i-PrOH = 85/15, flow = 1.2 mL/min, 254
nm), t = 6.2 min (major), t = 14.0 min (minor), 99% ee, 97:3 dr. [0]p*°
=116.2 (c=1.375, CHCI3). 'H NMR (400 MHz, Chloroform-d) § 7.76
(dd, J=14.2, 8.4 Hz, 4H), 7.50 — 7.32 (m, 6H), 7.28 (dd, /= 4.6, 3.3
Hz, 2H), 7.26 — 7.23 (m, 1H), 7.21 — 7.07 (m, 4H), 6.82 — 6.56 (m,
3H), 6.03 (d, J = 15.2 Hz, 2H), 3.98 (t, J = 6.6 Hz, 4H), 2.07 (s, 6H), 1.50 (dq, J = 8.4, 6.7 Hz,
4H), 1.26 (dd, J = 8.4, 6.6 Hz, 4H), 0.83 (t, J = 7.4 Hz, 6H). >*C NMR (101 MHz, Chloroform-d)
0167.03,145.89,141.57,138.74,135.29, 132.22,132.11, 131.15, 129.04, 128.88, 128.16, 127.61,
127.13,126.48, 126.40, 125.21, 125.04, 123.33, 123.17, 64.23, 30.70, 19.19, 15.76, 13.77. HRMS
(EI-TOF) calcd for C46Ha04S2" (IM]7): 726.2838, found: 726.2837.

X-ray data of (R,R)-4-7ba

5 2 sp
X ¢ A
- iﬁ W

(R,R)-4-Tba
Bond precision: C-C=0.0065 A Wavelength =0.71073
Cell: a=21.7400(12) b =15.7298(9) ¢ = 15.8082(8)
alpha =90 beta = 132.803(1) gamma = 90
Temperature: 170 K Calculated Reported
Volume 3966.3(4) 3966.2(4)
Space group C2 Cl21
Hall group Cly C2y
Moiety formula Ca6 Ha6 O4 S2 Cas Ha6 O4 S2

Sum formula Ca6 Has O4 S2 Ca6 Ha6 O4 S»
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Mr 726.95 726.95

Dx, g cm™ 1.217 1.217

Z 4 4

Mu (mm™) 0.177 0.177

F000 1544.0 1544.0

F000’ 1545.61

h,k,Imax 27,19,19 27,19,19

Nref 8174[ 4242] 8147

Tmin, Tmax 0.967,0.982 0.686,0.745

Tmin’ 0.945

Correction method = # Limits: Tmin=0.686 Tmax = (0.745
Reported T

AbsCorr = MULTI-SCAN

Data completeness 1.92/1.00 Theta(max) = 26.429
R (reflections) 0.0479( 6919) wR2(reflections)=0.1403( 8147)
S=1.043 Npar =475

Flack parameter 0.03(2)

(R),(R)-(1Z,1'Z,3E,3'E)-(2,2'-dimethoxy-[1,1'-biphenyl]-3,3'-diyl)bis(4-(3-
chlorophenyl)buta-1,3-diene-1,1-diyl))bis(naphthalene-2,1-diyl))bis(methylsulfane) (4-7ck)
WIEEA 773k C 23 H &% TLC 4 B 155 3 € # K (F M i/
LW B =10/1 X B FF #)(35.6 mg, 79%). F M HPLC 4 & 4
f£: alA column (n-hexane/i-PrOH = 92/8, flow = 1.0 mL/min, 254
nm), t = 9.4 min (major), t = 7.0 min (minor), 93% ee, 92:8 dr.
[0]p?® = 85.3 (¢ = 1.335, CHCI3). "H NMR (400 MHz, Chloroform-
d)57.94 (d,J=8.7 Hz, 2H), 7.91 — 7.76 (m, 6H), 7.56 (d, J = 8.7
Hz, 2H), 7.43 (qd, J=7.2, 3.4 Hz, 4H), 7.32 - 7.21 (m, 2H), 7.12 —
7.04 (m, 6H), 6.99 (t,J=4.2 Hz, 2H), 6.91 (t,J=7.7 Hz, 2H), 6.77
(dd,J=7.9, 1.8 Hz, 2H), 6.70 (d, J=15.5 Hz, 2H), 6.31 (dd, J = 15.5, 11.2 Hz, 2H), 3.56 (s, 6H),
2.47 (s, 6H). 3C NMR (101 MHz, Chloroform-d) § 156.40, 139.46, 136.34, 135.57, 135.21,
134.53, 134.41, 133.27, 133.04, 131.41, 131.14, 129.87, 129.69, 128.94, 128.66, 128.22, 127.41,
127.25, 126.46, 125.94, 125.37, 124.84, 123.75, 123.71, 123.63, 123.57, 59.68, 16.20. HRMS
(ESI-TOF) calcd for CssH44Cl,02S>+Na ([M+Na]"): 905.2052, found: 905.2056.
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(R),(R)-4,4'-bis((1Z,3E)-4-(3-chlorophenyl)-1-(2-(methylthio)naphthalen-1-yl)buta-1,3-
dien-1-yl)-1,1'-biphenyl (4-7dk)

WAEEF Frix CARH LR TLC £ B 75 # € B IK(h w8, LB
=10/1 A E I 5)(25.8 mg, 62%). F 1 HPLC 4 ¥ 4 : alF column (n-
hexane/i-PrOH = 40/60, flow = 1.2 mL/min, 254 nm), t = 38.7 min (major),
t = 30.7 min (minor), 98% ee, 94:6 dr. [a]p** = 82.1 (c = 1.2, CHCl3). 'H
NMR (400 MHz, Chloroform-d) 6 7.96 (d, J = 8.8 Hz, 2H), 7.91 — 7.86 (m,
2H), 7.68 — 7.63 (m, 2H), 7.56 (d, J= 8.8 Hz, 2H), 7.49 — 7.45 (m, 4H), 7.41
(dtd, J = 14.8, 6.8, 1.5 Hz, 4H), 7.36 — 7.32 (m, 6H), 7.13 (d, J= 1.9 Hz,
2H), 7.09 (dd, J=5.1, 1.1 Hz, 4H), 7.02 (td, /= 4.0, 3.3, 1.6 Hz, 2H), 6.72
(d,J=15.5Hz, 2H), 6.32 (dd, J= 15.5, 11.0 Hz, 2H), 2.47 (s, 6H). 3C NMR
(101 MHz, Chloroform-d) 6 139.86, 139.25, 138.96, 138.30, 135.75, 134.43,
133.48, 133.09, 132.59, 131.31, 130.05, 129.72, 128.84, 128.27, 127.91,
127.54, 127.32, 127.13, 126.64, 126.43, 125.45, 125.36, 124.91, 123.04,
15.88. HRMS (EI-TOF) calcd for CsaHaoCLS2" ([M]"): 822.1948, found:

822.1946.

(R),(R)-(2E,2'E 4Z,4'Z)-dibutyl 5,5'-(2-methoxy-1,4-phenylene)bis(5-(2-
(methylthio)naphthalen-1-yl)penta-2,4-dienoate) (4-7ea)

WIEEF T CAELHERTLC o B F 2 F €K
(F B 8 B = 10/1 4 B IT71)(28.1 mg, 74%).
F M HPLC 4% 4 : two IC columns (n-hexane/i-
PrOH = 80/20, flow = 1.2 mL/min, 254 nm), t = 21.9
min (major), t = 25.6 min (minor), 95% ee, 93:7 dr.
[a]p?® = 67.5 (c = 1.04, CHCI3). '"H NMR (400 MHz,
Chloroform-d) 6 7.81 (ddd, J = 18.3, 10.9, 8.3 Hz, 4H), 7.61 (d, J = 11.8 Hz, 1H), 7.54 (dd, J =
8.0, 1.6 Hz, 1H), 7.50 — 7.40 (m, 3H), 7.34 (dddd, /= 14.6, 8.7, 4.0, 2.2 Hz, 4H), 7.19 (d, J=11.5
Hz, 1H), 7.05 (d, J = 1.8 Hz, 1H), 6.79 (ddd, J = 14.7, 11.6, 2.7 Hz, 2H), 6.63 — 6.42 (m, 2H),
6.04 (dd, J =25.0, 15.2 Hz, 2H), 3.99 (q, J = 6.4 Hz, 4H), 3.85 (s, 3H), 2.41 (s, 6H), 1.56 — 1.45
(m, 4H), 1.30 — 1.22 (m, 4H), 0.84 (td, J = 7.4, 2.5 Hz, 6H). 3C NMR (101 MHz, Chloroform-d)
6 167.21,167.00, 158.39, 145.84, 142.59, 142.50, 141.48, 139.50, 135.44, 135.39, 133.82, 132.62,
132.52,132.37, 132.14, 131.24, 131.22, 130.98, 129.14, 128.83, 128.22, 128.11, 128.07, 127.30,
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127.18, 125.37, 125.24, 125.16, 123.48, 123.07, 122.88, 119.74, 109.38, 64.23, 64.06, 55.65,
30.70, 30.69, 19.19, 15.95, 15.92, 13.79. HRMS (EI-TOF) calcd for Cs7Hss0sS2" (IM]"):
756.2943, found: 756.2947.

(R)-(Z)-(l-(4-(3-chlor0phenyl)-l-phenylbut—l-en-l-yl)naphthalen-2-yl)(methyl)sulfane(4-8)
Ph~ Cl ZHHFER TLC 2B R EERA(CHME/ZRCEE = 201
OO SMe O A BT H)(34.1 mg, 83%). T HPLC 4 B % f#: a OD-H
column (n-hexane/i-PrOH = 96/4, flow = 0.8 mL/min, 254 nm), t =
7.6 min (major), t = 8.2 min (minor), 93% ee. [a]p*’ =38.9 (c = 1.11, CHCI3). 'H NMR (400 MHz,
Chloroform-d) 6 7.88 (ddd, J=12.1, 8.5, 2.0 Hz, 2H), 7.67 (d, /= 8.3 Hz, 1H), 7.51 (dd, J = 8.8,
1.9 Hz, 1H), 7.48 — 7.35 (m, 2H), 7.29 (d, /= 1.9 Hz, 1H), 7.27 (d, J= 1.8 Hz, 1H), 7.26 — 7.20
(m, 3H), 7.17 - 7.11 (m, 2H), 7.06 (s, 1H), 6.95 (tt, J=3.8, 2.0 Hz, 1H), 6.57 (td, J="7.2, 1.9 Hz,
1H), 2.81 — 2.64 (m, 2H), 2.50 (d, J= 1.9 Hz, 3H), 2.32 — 2.19 (m, 1H), 2.12 (dtd, /= 13.0, 6.9,
3.2 Hz, 1H). 3C NMR (101 MHz, Chloroform-d) & 143.93, 139.91, 137.70, 135.18, 134.10,
133.95, 132.26, 131.28, 131.21, 129.58, 128.64, 128.50, 128.32, 128.18, 127.26, 127.07, 126.77,
126.20, 126.09, 125.20, 125.17, 122.88, 35.00, 31.45, 15.69. HRMS (EI-TOF) calcd for
Co7HpCIS™ (IM]Y): 414.1209, found: 414.1211.

1-((1Z,3E)-4-(3-chlorophenyl)-1-phenylbuta-1,3-dien-1-yl)-2-
(methylsulfinyl)naphthalene(rac-4-9a)
O X -Ph 'H NMR (400 MHz, Chloroform-d) & 8.25 — 8.20 (m, 2.38H), 8.01

O
i

S, (&:/=82Hz 1.32H),7.84 (d./= 8.4 Hz, L 31H), 7.62 (m, 1.34H),
e
OO 7.50 (m, 1.39H), 7.35 (d, J= 11.0 Hz, 1.32H), 7.28 (m, 2.69H), 7.25

(s, 1.39H), 7.18 (dd, J= 7.7, 2.0 Hz, 2.4H), 7.12 — 7.08 (m, 3.93H), 7.00 — 6.95(m, 1.37H), 6.75
(d, J=15.5Hz, 1.3H), 6.32 (dd, J=15.4, 11.0 Hz, 1H), 6.07 (dd, /= 15.4, 11.0 Hz, 0.24H) 2.67
(s, 1.0H), 2.24 (s, 3H). The dr value was determined by 'H NMR (3:1 dr).

Cl

(R)-1-((1Z,3E)-4-(3-chlorophenyl)-1-phenylbuta-1,3-dien-1-yl)-2-((S)-
methylsulfinyl)naphthalene (4-9a)
cl N PS\ e RIFLBR FE EZZFER TLC 2B 52| & 6 IK(G H
OO 57 Bt/ B B =2/1 H BIF#)(33.4mg, 77%). F 1 HPLC 4
% % 1F: aIC column (n-hexane/i-PrOH = 70/30, flow = 1.1
mL/min, 254 nm), t = 19.3 min (major), t = 17.5 min (minor), 96% ee, 14:1 dr. [o]p*® = -61.1 (c
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=0.93, CHCl3). 'H NMR (400 MHz. Chloroform-d)  8.27 — 8.17 (m, 2H), 8.01 (d, J = 8.4 Hz,
1H), 7.84 (d, J= 8.5 Hz, 1H), 7.62 (ddd, J=8.1, 6.7, 1.3 Hz, 1H), 7.50 (ddd, J = 8.3, 6.7, 1.4 Hz,
1H), 7.35 (d, J = 11.0 Hz, 1H), 7.28 (m, 1H), 7.24 (m, 2H), 7.18 (dd, J = 7.8, 2.0 Hz, 2H), 7.13 —
7.06 (m, 3H), 7.00 (dt, J= 6.1, 2.2 Hz, 1H), 6.75 (d, J= 15.5 Hz, 1H), 6.32 (dd, J=15.4, 11.1 Hz,
1H), 2.23 (s, 3H). *C NMR (101 MHz. Chloroform-d) & 141.76, 140.24, 138.58, 135.47, 135.11,
134.89, 134.80, 134.51, 131.96, 130.60, 130.60, 129.80, 129.06, 129.06, 128.73, 128.28, 128.09,
128.06, 128.04, 126.86, 126.80, 126.35, 124.90, 119.45, 42.31. HRMS (EI-TOF) calced for
Co7H21CIOS" ([M]): 428.1002, found: 428.1003.

(2E,4Z)-butyl 5-(2-(methylsulfinyl)naphthalen-1-yl)-5-phenylpenta-2,4-dienoate (rac-4-9b)

BUO,C™ XX Ph(l? 'H NMR (400 MHz, Chloroform-d) & 8.19 (m, 3.06H), 7.98 (dd, J

S, 84 46Hz L5TH), 7.74 (dd, J = 11.5, 8.2 Hz, 1.52H), 7.64 -
e
OO 7.56 (m, 1.57H), 7.53 — 7.46 (m, 1.49H), 7.33 — 7.25 (m, 7.54H),

7.19 (dd, J = 4.9, 1.7 Hz, 1.61H), 6.78 (dd, J = 15.2, 11.6 Hz, 1H), 6.11 (dd, J = 15.2, 2.0 Hz,
1.49H), 4.06 — 3.93 (m, 3.12H), 2.66 (s, 1.77H), 2.17 (s, 3H), 1.56 — 1.43 (m, 3.19H), 1.26 - 1.18
(m, 3.32H), 0.83 (dt, J = 10.7, 7.4 Hz, 4.81H). The dr value was determined by 'H NMR (1.7:1
dr)

(R)-(2E,4Z)-butyl 5-(2-((S)-methylsulfinyl)naphthalen-1-yl)-S-phenylpenta-2,4-dienoate (4-
9b)
B0 NN R E S AL TLC 4 B & A (E
OO ST Lmam =21 HRFA)GS2 mg, 93%). F14 HPLC 4 & 4
f£: a IC column (n-hexane/i-PrOH = 60/40, flow = 1.1 mL/min,
254 nm), t = 31.3 min (major), t = 27.9 min (minor), 93% ee, 6:1 dr. [a]p>® = -89.6 (c = 0.97,
CHCl5). 'H NMR (400 MHz, Chloroform-d) & 8.18 (s, 2H), 7.98 (dt, J = 8.2, 0.9 Hz, 1H), 7.76
(d, J= 8.6 Hz, 1H), 7.61 (ddd, J= 8.1, 6.8, 1.2 Hz, 1H), 7.54 — 7.46 (m, 1H), 7.28 (dq, J = 4.3,
2.3 Hz,4H), 7.23 - 7.16 (m, 2H), 6.78 (dd, J=15.2, 11.5 Hz, 1H), 6.10 (d, J=15.1 Hz, 1H), 4.04
—3.93 (m, 2H), 2.17 (s, 3H), 1.55 - 1.43 (m, 2H), 1.26 — 1.15 (m, 3H), 0.81 (t, J= 7.4 Hz, 3H).
3C NMR (101 MHz, Chloroform-d) § 166.36, 142.30, 141.74, 140.07, 139.65, 134.74, 133.86,
131.76, 130.83, 129.30, 129.17, 128.72, 128.27, 128.16, 128.10, 126.87, 126.47, 124.88, 119.35,
64.37,42.30, 30.60, 19.13, 13.74. HRMS (EI-TOF) calcd for C26H2603S™ ([M]"): 418.1603, found:
418.1605.

274



FWE LA HEES 1 A BRI R B M AR L RORI A S 3L E R S A B e R AT IR

1-((1Z,3E)-4-(3-methoxyphenyl)-1-phenylbuta-1,3-dien-1-yl)-2-
(methylsulfinyl)naphthalene (rac-4-9c¢)
O NENPLLN '"H NMR (400 MHz, Chloroform-d) § 8.20 (q, J = 8.6 Hz, 2.55H),

OO S\Me 8.00 (d, /= 8.2 Hz, 1.26H), 7.85 (d, J = 8.5 Hz, 1.2H), 7.61 (t, J =
OMe 7.7 Hz, 1.28H), 7.49 (t, J = 7.7 Hz, 1.31H), 7.35 (d, J = 10.7 Hz,
1.29H), 7.31 - 7.21 (m, 4.04H), 7.23 — 7.13 (m, 2.59H), 7.09 (t, J = 8.1 Hz, 1.29H), 6.72 (ddd, J
=37.2,28.4,15.6 Hz, 5.3H), 6.30 (dd, J = 15.4, 11.0 Hz, 1H), 3.70 (d, J = 2.8 Hz, 3.97H), 2.66
(s, 0.92H), 2.22 (s, 3H). The dr value was determined by 'H NMR (3:1 dr).

(R)-1-((1Z,3E)-4-(3-methoxyphenyl)-1-phenylbuta-1,3-dien-1-yl)-2-((:S)-
methylsulfinyl)naphthalene (4-9¢)
MeO N WAEEF % EZTHERTLC 2 BEFEH EWEK(CA M

OO \\S’Me Bt/ B 2B = 2/1 X B FF571)(35.2 mg, 84%). F & HPLC

% 41 : alB column (n-hexane/i-PrOH = 65/35, flow = 1.0
mL/min, 254 nm), t = 6.9 min (major), t = 8.9 min (minor), 91% ee, 10:1 dr. [a]p** =-34.8 (c =
0.69, CHCl3). "H NMR (400 MHz, Chloroform-d) & 8.25 — 8.17 (m, 2H), 8.00 (d, J= 8.2 Hz, 1H),
7.86 (d, J=8.5 Hz, 1H), 7.61 (ddd, J=8.2, 6.7, 1.2 Hz, 1H), 7.49 (ddd, J = 8.2, 6.8, 1.3 Hz, 1H),
7.35(d, J=11.0 Hz, 1H), 7.27 — 7.23 (m, 3H), 7.18 (dd, J= 7.9, 1.7 Hz, 2H), 7.08 (t, J = 8.0 Hz,
1H), 6.83 — 6.63 (m, 4H), 6.31 (dd, J=15.4, 11.1 Hz, 1H), 3.70 (s, 3H), 2.23 (s, 3H). *C NMR
(101 MHz, Chloroform-d) & 159.70, 141.82, 140.49, 138.18, 136.60, 135.09, 134.77, 134.55,
132.01, 131.04, 130.42, 129.55, 129.02, 128.64, 128.05, 127.99, 127.95, 126.88, 126.29, 126.04,
119.57, 119.44, 113.68, 112.47, 55.30, 42.32. HRMS (EI-TOF) calcd for CasH240,S™ ([M]):
424.1497, found: 424.1495.

2-(methylsulfinyl)-1-((1Z,3E)-4-(naphthalen-2-yl)-1-phenylbuta-1,3-dien-1-yl)naphthalene
(rac-4-9d)
'"H NMR (400 MHz, Chloroform-d) § 8.24 (q, J = 8.9, 7.8 Hz,
O OO g\Me 2.44H), 8.02 (d, J = 8.3 Hz, 1.29H), 7.89 (d, J = 8.5 Hz, 1.34H),
7.74 —7.66 (m, 2.53H), 7.60 (dd, J = 10.8, 6.9 Hz, 4.04H), 7.50
(t,J=7.7Hz, 1.4H), 7.45 - 7.36 (m, 3.96H), 7.27 (d, J= 7.0 Hz, 4.15H), 7.24 — 7.12 (m, 3.87H),

7.04 — 6.94 (m, 1.21H), 6.45 (dd, J = 15.5, 11.0 Hz, 1H), 2.68 (s, 0.79H), 2.25 (s, 3H). The dr
value was determined by '"H NMR (3.8:1 dr).
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(R)-2-((S)-methylsulfinyl)-1-((1Z,3E)-4-(naphthalen-2-yl)-1-phenylbuta-1,3-dien-1-
yDnaphthalene (4-9d)
O D PS\ Ve RFLARFEELLHERTLC 2 FHFEE € HK(CH M
OO s~ Bt/ BR B = 2/1 K B A)(41.2 mg, 93%). F 14 HPLC
28 %1 : aAD-H column (n-hexane/i-PrOH = 50/50, flow
= 1.1 mL/min, 254 nm), t = 9.8 min (major), t = 10.9 min (minor), 95% ee, 13.6:1 dr. [a]p® = -
34.9 (¢ =0.993, CHCl3). 'H NMR (400 MHz, Chloroform-d) & 8.25 (q, J = 8.8 Hz, 2H), 8.02 (dd,
J=183, 1.2 Hz, 1H), 7.89 (dd, J = 8.4, 1.2 Hz, 1H), 7.70 (ddd, J = 7.9, 6.5, 2.4 Hz, 2H), 7.65 —
7.56 (m, 3H), 7.50 (ddd, J= 8.3, 6.8, 1.3 Hz, 1H), 7.45 — 7.36 (m, 3H), 7.30 — 7.25 (m, 3H), 7.21
(ddd, J=7.9, 6.6, 1.7 Hz, 3H), 7.00 (d, J = 15.4 Hz, 1H), 6.46 (dd, J = 15.4, 11.0 Hz, 1H), 2.25
(s, 3H). BC NMR (101 MHz, Chloroform-d) § 141.81, 140.48, 136.91, 135.18, 134.81, 134.40,
134.29, 133.51, 133.29, 132.06, 131.21, 130.45, 129.03, 128.66, 128.23, 128.15, 128.05, 128.04,
127.99, 127.73, 127.31, 126.91, 126.37, 126.29, 126.21, 125.94, 123.68, 119.48, 42.32. HRMS
(EI-TOF) calcd for C31H240S™ ([M]"): 444.1548, found: 444.1548.

1-((1Z,3E)-4-(3-chlorophenyl)-2-ethyl-1-phenylbuta-1,3-dien-1-yl)-2-
(methylsulfinyl)naphthalene (rac-4-9e)

"H NMR (400 MHz, Chloroform-d) § 8.16 — 8.08 (m, 2.44H), 8.04
O X P (dd, J= 8.4, 1.4 Hz, 1.2H), 7.98 — 7.93 (m, 1.25H), 7.63 — 7.54 (m,

Il
S\, 243H),7.27-7.26 (m, 1.46H),7.26 - 7.24 (m, 1H), 7.24 = 7.17 (m,
e
cl OO 3.23H), 7.06 — 6.97 (m, 2.46H), 6.95 (t, J = 1.8 Hz, 0.25H), 6.91 (t,

J=1.8 Hz, 1H), 6.76 (dd, J=17.5, 1.6 Hz, 1.26H), 6.65 (d, J=16.1 Hz, 1.24H), 6.28 (d, /= 16.1
Hz, 1H), 6.14 (d, /= 16.1 Hz, 0.25H), 2.91 — 2.75 (m, 2.38H), 2.67 (s, 0.66H), 1.84 (s, 3H), 1.39
(t,J=7.4 Hz, 3H). The dr value was determined by '"H NMR (4.5:1 dr).

(R)-1-((1Z,3E)-4-(3-chlorophenyl)-2-ethyl-1-phenylbuta-1,3-dien-1-yl)-2-((S)-
methylsulfinyl)naphthalene (4-9¢)

WIEEA 77k E ZLH LR TLC 4 B 75 # € B K (fh
O N PS\\ e BMZEZEE =2/1 i R AI)434mg,95%). F ik HPLC 4
OO S B4 1F: two AD-H columns (n-hexane/i-PrOH = 85/15, flow
= 1.1 mL/min, 254 nm), t = 10.0 min (major), t = 13.2 min
(minor), 96% ee, 18.7:1 dr. [a]p?® = -495.8 (¢ = 0.923, CHCl3). 'H NMR (400 MHz, Chloroform-
d) 6 8.10 (s, 2H), 8.04 (dd, J = 8.4, 1.5 Hz, 1H), 7.96 (dd, J = 8.0, 1.4 Hz, 1H), 7.64 — 7.54 (m,
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2H), 7.27 (d, J = 1.8 Hz, 1H), 7.26 — 7.24 (m, 1H), 7.24 — 7.16 (m, 3H), 7.06 — 6.96 (m, 2H), 6.91
(t,J=1.8 Hz, 1H), 6.76 (dt, J= 7.5, 1.6 Hz, 1H), 6.66 (d, J= 16.2 Hz, 1H), 6.28 (d, J= 16.2 Hz,
1H), 2.94 — 2.75 (m, 2H), 2.67 (s, 0.16H), 1.85 (s, 3H), 1.39 (t, J = 7.5 Hz, 3H). '*C NMR (101
MHz, Chloroform-d) & 141.86, 141.64, 141.53, 139.17, 138.30, 134.94, 134.39, 134.30, 132.05,
130.30, 129.67, 129.33, 129.25, 129.00, 128.74, 128.54, 128.17, 127.92, 127.63, 127.53, 127.22,
126.92, 124.33, 119.47, 41.91, 22.26, 14.95. HRMS (EI-TOF) calcd for CaoHasCIOS* ([M]"):
456.1315, found: 456.1316.

X-ray data of (R,S)4-9¢

¢l NN

Bond precision:
Cell:

alpha =90
Temperature: 170 K
Volume

Space group
Hall group
Moiety formula
Sum formula
Mr

Dx, g cm™

V4

Mu (mm™)
F000

F000’

h,k,lmax

0
\ Me —
\S/

(R,S)4-9¢

C-C=0.0034 A

Wavelength = 0.71073

a=9.2032(5) b= 15.5569(7) ¢ = 9.4429(5)

beta = 116.395(2)
Calculated
1211.03(11)
P21

P 2yb

Co HsCIOS
Co HsCIOS
457.00

1.253

2

0.263

480.0

480.71
11,19,11

gamma = 90
Reported
1211.03(11)
P1211

P 2yb

Cy HxsCIO S
Cy HxsCIO S
457.00

1.253

2

0.263

480.0

11,19,11
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Nref 5019[ 2606] 4976

Tmin, Tmax 0.921,0.951 0.708,0.745

Tmin’ 0.895

Correction method = # Limits: Tmin = 0.708 Tmax = 0.745

Reported T

AbsCorr = MULTI-SCAN

Data completeness 1.91/0.99 Theta(max) = 26.488

R (reflections) 0.0256( 4790) wR2(reflections)=0.0642( 4976)
S=1.053 Npar =291

Flack parameter -0.029(13)

(R)-(2E ,4Z)-5-(2-(methylthio)naphthalen-1-yl)-5-phenylpenta-2,4-dienoic acid (4-10a)
PR AN o H ZAFERTLC # EEFHFEEBA(CAFR/FE =10/1 4 I
OO SMe 71)(43.1 mg, 92% yield, 92% ee). [o]p?’=67.8 (c=1.142, CHCI3). *f
BR A P2 B L A4 4-10b 34 4 . 'H NMR (400 MHz, DMSO-de)
5 12.23 (s, 1H), § 8.07 (d, J= 8.8 Hz, 1H), 8.00 — 7.94 (m, 1H), 7.66 (d, /= 8.8 Hz, 1H), 7.50 (d,
J=11.4 Hz, 1H), 7.48 — 7.43 (m, 1H), 7.40 (d, J = 3.6 Hz, 2H), 7.30 (s, 5H), 6.54 (dd, J = 15.1,
11.5 Hz, 1H), 6.16 (d, J = 15.2 Hz, 1H), 2.47 (s, 3H). > C NMR (101 MHz, DMSO-d) & 167.39,
144.84, 140.79, 137.85, 135.57, 131.57, 131.26, 130.61, 129.66, 128.93, 128.78, 128.75, 128.36,
127.45, 126.38, 125.26, 124.93, 124.25, 122.98, 14.67. HRMS (EI-TOF) calcd for C2oH30,S"

(IM]"): 346.1028, found: 346.1028.

(R)-(2E ., 4Z)-methyl 5-(2-(methylthio)naphthalen-1-yl)-5-phenylpenta-2.,4-dienoate (4-10b)
Pha AN come ZRTER TLC 2B REREHRK(E WB/ZBRLE = 101 %
OO SMe B FF71)(32.9 mg, 90%). F 4 HPLC 4B % #%: a OD-H column (n-
hexane/i-PrOH = 85/15, flow = 1.1 mL/min, 254 nm), t = 4.4 min
(major), t = 5.4 min (minor), 92% ee. [o]p?® = 81.2 (¢ = 0.97, CHCI3). 'H NMR (400 MHz,
Chloroform-d) 6 7.95 (d, J = 8.7 Hz, 1H), 7.91 — 7.85 (m, 1H), 7.56 (dd, J = 11.5, 8.5 Hz, 2H),
7.47—-7.42 (m, 1H), 7.42 - 7.38 (m, 1H), 7.35 (dd, /= 7.0, 3.3 Hz, 2H), 7.32 — 7.28 (m, 4H), 6.88
(dd, J=15.2, 11.5 Hz, 1H), 6.13 (d, J = 15.2 Hz, 1H), 3.64 (s, 3H), 2.48 (s, 3H). *C NMR (101
MHz, Chloroform-d) 6 167.38, 146.46, 141.78, 138.64, 135.51, 132.51, 132.46, 131.32, 129.14,
128.93, 128.81, 128.28, 127.79, 127.37, 126.85, 125.41, 125.18, 123.27, 122.89, 51.54, 15.99.
HRMS (EI-TOF) calcd for C23H200.S™ ([M]%): 360.1184, found: 360.1184.
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(R)-(2E,4Z)-butyl 5-(2-(methylsulfonyl)naphthalen-1-yl)-5-phenylpenta-2,4-dienoate (4-11)

Bu0,c” NPy T HPLC 4% % 4F: a AD-H column (n-hexane/i-PrOH = 70/30,

Meg\\o flow = 1.2 mL/min, 254 nm), t = 8.2 min (major), t = 9.7 min (minor).

OO [o]p®® = 40.6 (c = 1.08, CHCI3). 'H NMR (400 MHz, Chloroform-d)

08.20 (d,J=8.8 Hz, 1H), 8.12 — 8.04 (m, 2H), 8.00 — 7.94 (m, 2H), 7.89 (d, /= 8.6 Hz, 1H), 7.65

(ddd,J=8.1,6.8, 1.2 Hz, 1H), 7.57 (dd, J= 8.1, 1.9 Hz, 1H), 7.51 (ddd, J= 8.3, 6.8, 1.3 Hz, 1H),

7.41 (t,J=17.9 Hz, 1H), 7.31 (d, J=11.7 Hz, 1H), 7.25 (s, 1H), 6.68 (dd, J = 15.2, 11.7 Hz, 1H),

6.09 (d, J=15.2 Hz, 1H), 3.98 (t, J = 6.6 Hz, 2H), 2.73 (s, 3H), 1.50 (dq, J = 8.4, 6.7 Hz, 2H),

1.24 (dt, J = 9.2, 6.5 Hz, 2H), 0.82 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) §

166.77, 144.49, 140.86, 139.43, 136.46, 133.89, 132.31, 130.35, 130.05, 129.95, 129.38, 129.15,

128.82, 128.58, 128.52, 128.41, 127.60, 127.42, 127.15, 124.63, 123.89, 64.44, 44.26, 30.64,
19.17, 13.75. HRMS (EI-TOF) calcd for C26H2604S™ ([M]"): 434.1552, found: 434.1552.

(R)-(2E ,4Z)-5-(2-(methylthio)naphthalen-1-yl)-5-phenylpenta-2,4-dien-1-o0l (4-12)
Pha A~NA~_OH F HPLC 4% % : a OD-H column (n-hexane/i-PrOH = 70/30,
SMe flow = 1.2 mL/min, 254 nm), t = 4.0 min (major), t = 5.2 min (minor).
OO [0]p?® = 52.1 (¢ = 1.0, CHCI3). 'H NMR (400 MHz, Chloroform-d) &
7.95 —-17.81 (m, 2H), 7.62 (dd, J= 8.0, 1.6 Hz, 1H), 7.48 (d, J = 8.8 Hz, 1H), 7.37 (dqd, J = 8.3,
6.8, 1.6 Hz, 2H), 7.29 — 7.26 (m, 2H), 7.25 - 7.18 (m, 3H), 7.13 (d, /= 10.9 Hz, 1H), 6.04 (dt, J
=15.3,6.0 Hz, 1H), 5.76 (ddt, J=15.3, 11.0, 1.5 Hz, 1H), 3.97 (dt,J= 6.1, 1.8 Hz, 2H), 2.43 (s,
3H), 1.75 — 1.52 (br, 1H). 3*C NMR (101 MHz, Chloroform-d) & 139.32, 138.30, 135.46, 135.05,
133.39, 132.49, 131.24, 129.47, 128.87, 128.62, 128.58, 128.18, 127.71, 127.19, 126.24, 125.43,
125.24, 122.95, 63.41, 15.76. HRMS (EI-TOF) calcd for C22H20S* ([M]"): 332.1235, found:
332.1234.

3-(4-methoxyphenyl)cyclohexanone(4-15)
0 4-15 Z B4 A9, 'TH NMR (400 MHz, Chloroform-d) § 7.14 (d, J =
8.7 Hz, 2H), 6.86 (d, J=8.7 Hz, 2H), 3.79 (s, 3H), 2.96 (m, 1H), 2.61 —2.29
(m, 4H), 2.13 (m, 1H), 2.08 — 2.01 (m, 1H), 1.84 — 1.74 (m, 2H). 3C NMR
oMe (101 MHz, Chloroform-d) 6 211.36, 158.37, 136.68, 127.59, 114.12, 55.38,
49.34, 44.08, 41.28, 33.11, 25.59.
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2-hydroxy-2-(4-methoxyphenyl)-1,2-diphenylethanone(4-17)
MeO o 4-17 £ B4t A4, "TH NMR (400 MHz, Chloroform-d) § 7.73 (dt, J
\©>(U\ph = 8.5, 1.4 Hz, 2H), 7.49 — 7.39 (m, 3H), 7.37 — 7.30 (m, 5H), 7.28 (t, J =
PhoOH g 4Hz 2H), 6.87 (d, J= 8.1 Hz, 2H), 5.01 (s, 1H), 3.80 (s, 3H). *C NMR

(101 MHz, Chloroform-d) & 201.03, 159.37, 142.21, 135.24, 134.09, 132.99, 130.93, 129.72,
128.45, 128.35, 128.21, 128.17, 113.80, 84.80, 55.36.
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AW XERLEMANHRARENHRBFUELSHRITHAR, 22 LA T LENL
B Bt 18] 1 X BR AR M ARG A T ARG R A FE T B O A S U T X AR 7 R A
EHmARE AU MRS TR FEEMNHFEFEETE . BERREWwT:
1 EREARBSEINHRARERE MR TFERY

C 2

Z XR Pd(Il)/CPA “ ~FG

. H O
O X=0,8,8e,Te ¢

FG = vinyl, allyl
~ up to 99% yield
R = alkyl - up to 99% ee

HA1EL DFT WH T BAKRE THELEUT I HRARE MR F 09T RS, &
HoE A KA AR, £FERBREOER T, R EIXN HFIERT eI ELT
XA Ao SR HY R R B AR R T, R S KRR A s e AT A B A AR
I LA RO 45 BRI B RO 46 R o RORL IR P DASR 8 — B4 X3 171 RE ) 2 B B9 B o7 J&
Wio WON, ZREEW R THES R L AR TR N FERT ERF.

2. EEMAARTHARKRFEHRARE REHUMRERHTFEFETZ

t

~ DG 4
P(lL* e FG
= H / —™FG
conflguratlonally labile .
L* = L-pGlu-OH ' up to 99% yield
rotation around axis DG = 2-pyridyl . upto99% ee

under reaction conditions FG = alkenyl, alkynyl
BATE KA SEAE A 3 B B4 e 25 RORL A 2 6 JT 48 5005 I8 45 4 3 e ol 3 1
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~ "H Pd(Il)/SPA ~ R
oo oo
69 examples up to 96% ee
complete Z-selectivity up to 19:1 dr

up to 99% ee

Q axially chiral styrenes with conjugated dienes

Q more challenging asymmetric alkenyl C—H activation

Q construction of diaxially chiral styrenes

Q olefin ligands with axial chirality and S-stereogenic center

BATR RSB/ FHE BT B E R R, DBy S &, 2T A AE IR 3R A5 &
R B, RAEBURFH R, HENRALEEEN LN Z A LFUREEGH
M S A BT B TR R TR A R AR E R AR, mRe KT S
= BUR AR I BRI E 2 A B i T 0 R T R e o B B2 SR T LLLL BT Y R R A A
AR AEFEEURFENRAEFEEIENES SN TR BB RN B FERET BN
Wi EERBE, & B A B B TR ] D — S AR F AL,
1 7 387 2 B =V e AR 0 2 T 4 B ] 2 S8 48 T X AR 3 A  ROBL

RE
BARRATELAE N X IR A5 7E A o F B o7 sl F M & 7 B a9 7

BT —LnBEUHl AR, BEEEMFEHEOARLE T NAFERF L ERRNATE -

FHRRNE, .

D Bl BRLENT R ARE MR M ER T MR FEN e T AEE
EFTHEHAANFUEMNEMATAS AFH 0. ERAEEZ R RY, BT E&E
M F ey 77 AR IR FT A e Bk 7 [ F UMM T AR R E pE iy n B
AR MEE .

2) BRrst TR aRE e RBEFELM T XN EE B RTREBIY K,
3 3P X AR AR BB Y R AE B B P TN T R I Y AR R TR R R A e
1664 T A B R BT

288



BEERE

3) B A AT R F AW ZHEF R aw P oAl — &, KA4REF LR
HEFSEMER, WEZXEAABANANENBFERE ., X BFALF 6Kk
R FELEMRFRFRNATREAR.

289



ik

HETE

L0060
6160
SLE6O
SE0E'T
8lTe”
core
r6s¢"
18L¢"
L96€"
999¢"
9T8s”
LSS

-
3
2
d

[

16€s°L

S/

X ~COOBuU

o'

Fsze

60T

Feoe

€01
10°1
Wg,m
6'1
10°1
Hchv_

001

°

9.

°

(ppm)

1

68°€1 ~_
9551 —
TE61 ~
16617

6TY9 —

0TL9T —

S/

|

60

90

100

110

110

160

0

80

190

(ppm)

1

290



ik

2-10: IC, Hex/'PrOH = 85/15, rate = 1.2 mL/min, 254 nm

<Chromatogram>

m\
750

Detector A 254nm|

e S/
,v l X COOBu

4.509

——
4.00

<Peak Table>
Detector A 254nm

Peak# Ret. Time |

1 4.509

2| 5223

Total

Area |
3339796
3321133/
6660929

<Chromatogram>

my

6.00
min

Conc. | Unit Name
50.140

49.860

Height
490537 |
394242 |
884780

| Mark |

1500
1250%
1000@
750%
500%

250

Detector A 254nm|

.
! g Xx-COOBu

4.479

<Peak Table>

Detector A 254nm
Peak# Ret. Time

1 4479
2 5169

Total

Area |

6809938 |
112635 |

6922574

6.00
min

Conc.  Unit Name
98.373

1627 M

Height |

1015456 |

10556 |
1026012

Mark |
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3-3aa: AD-H, Hex/'PrOH = 97/3, rate = 0.5 mL/min, 254 nm

<Chromatogram=>
oV
EDOG_ RrllEEA 254nm
] = i
1500+ | =33
] ~ o
] N N ; N
| [
1 . | |
oo IPr X _-CO,BuU ( I'.I
| |I II I|I
i | | |
4 || | I|I
500+ | [
: || -II III I'-,I
i | \ | \
| h | LY
1 N\ /
o — _————
5 6 7 8 9 10
min
<Peak Table>
Detector A 254nm
Peak | Ret Time Azea Height Conc. Unit Mark Name
1 7.268 18827794 1327637 30.270 M
2 8.285 18623422 1295478 49.730 M
Total 37453216 2623116
<Chromatogram=
oV
=0 T WldFA 2540m
: ()
- N )
500+ =
- iPr :
_ III IIII
| 1
4 .
230+ I. \
- I II-
|
4 [ \
_ | =
o T T I 1 "
3 B ! B 9 14
min
<Peak Table=
Detector A 254nm
Peak | Pet Time Area Height Cone. Unit Mark Name
1 7.306 3440856 471443 07391 M
2 8.601 145753 10331 2.609 M
Total 3386612 431974

293



ik

4-3aa

I 2 B -

&

NW.OQ
%80
99°0 |
£3°1 |
S3°1
L3°1
63°1
6% 1
0S°1
1S°1
1871
8S°1
8¥%°3
86°8 |

SMe

F8ET
PoTe

LT e

£1 (ppm)

8L'8L\
g0°91 —
13617

%208 —

03'%¥9 —

QL LL

€3°831
L8831 |
13°G31 |
68°S31 |
%8931
€8°L31
12°L31
83831
8L°83 1\
98°831
O1'631
98" 181
8%'3E1
12°381
6v°GS1L

ST

S S S S S

jl-6-8-3-C/2

CO,Bu

DA A A A1 MR WA 0

Ll

i
Ll

SMe

!

110

120

140

T
160

170

£1 (ppm)

294



4-3aa: I1C, Hexane/'lPrOH = 90/10, rate = 1.1 mL/min, 254nm

<Chromatogram>
mYy
| Detector A 254nm)|
1500+ O
©
1 w =
1 o = CO,Bu
7 |I I| P~
1000+ {1 @ SMe
i [ A
4 || I|I | |II
_ [ [
g II | [
500 I| |II .'I .III
1 I|I I|I .'I \
= || |II II|I II".
T I.' \'. ."l \
c_\.\.lf...\“.-l... ,/\l—ll
55 6.0 6.5 7.0 75 8.0 85
min
<Peak Table>
Detector A 254nm
Peak#{ Ret. Time Area Height Conc. Unit Mark Name
1 5.678| 11233789 1213938 50.026
2 6.773| 11222046 977618 49.974 W
Total 22455835 2191555
<Chromatogram>
my
500 Detecior A 254nm
400-] O
] 3
/ @
i = CO,Bu 0
300 SMe |'||
- CC n
200—_ | |
] | |
100 | ||
] | | [=]
4 I| | 5
0,| ,‘l—‘—‘,k'l_hl
0 1 2 3 4 2 ] 7 8
min
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 5.900 2762593 319325 97.829 M
2 7.040 61204 5550 2171 M
Total 2823887 324874
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