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B (2)1,2- 2 FRE-12- TR EER SR ER T
BE R N H & Z B B IR

2 & F A BEE  E£IE Faer

(KA B A T 2B UM R B R T RSB T 408000)

FE L) 5.0 mol% NiCly(dppe)EAMEALT, HEA(Z)-1,2- 5 BR2E-1,2- 05 HMG R AR I RIS IR B, 3 450 1k il %
T— R ZBNRIERIEY). GHURERFAZL KR, EAE AR 7535 mibE, 2Bl T mBEGIEARE, Faaaihs
BR. R, RTINS R AR IR (2)-1,2- 2 05 i 22k -1,2- 0 JR 075 T R DR A 38 BAT iy ROs@ Fe e, DA v 7 2R 3K
FHRLI HARF=8, 2 BURIEEH & 4R 48 T8 20 k1t

KA R RER N, ZRRIEE; (2)-1,2- 05 AE-1,2- 5 R R A% IR

Nickel-Catalyzed Coupling of 1,2-Diarylthio-1,2-diarylalkenes with
Grignard Reagents for Synthesis of Multi-substituted Alkenes

Wu, Yan Luo, Fan Pan, Shimin Li, Yuhan He, Shuhua™

(Chonggqing Key Laboratory of Inorganic Special Functional Materials, College of Chemistry and Chemical
Engineering, Yangtze Normal University, Fuling 408000)

Abstract A convenient protocol for the synthesis of multi-substituted alkenes from (Z)-1,2-diarylthio-1,2-diarylalkenes with
Grignard reagents was developed via the highly selective coupling of (Z)-1,2-diarylthio-1,2-diarylalkenes catalyzed by 5.0
mol% NiCl,(dppe). The leaving organosulfur group could be converted to diaryldisulfide after hydrolysis and oxidation, which
realized the recycling of sulfur resources, meeting the requirements of green chemistry. This process tolerated to different
(2)-1,2-diarylthio-1,2-diarylalkenes and Grignard reagents to deliver products in good to excellent yields, providing an effi-
cient route to multi-substituted alkenes.

Keywords nickel-catalyzed coupling; multi-substituted alkenes; (Z)-1,2-diarylthio-1,2-diarylalkenes; Grignard reagents

1 1953 4 Witting 5 2058 B 5% 40 45 2 7D S 2 LA

Sk, IR 2 BRI TAE 1) el Y &
HLA 22 B 16 A ) B 1) 24 W R R SR P29 43T Wi A
Ak foE™ ), ot 5L 2R PVRTJE ok A 51 & RO 2
R, 2B S TE R &R RAEIER
PR AR T 7 T 3 B B ! Y k-
E, ZHEURIEIR K& 51 T R TAES )2 00,
AT EMARIED . Bk -4 R AL A 2 L
AR B LR 74202, (%27 R KR 4y B e %
P2 PRERAG. BARPEME LLAEAL S . PRy e
S CIE 3O AN d ei=F ol 7 B 550 A (1 v = 3 s R (B
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SEIA BOTER N AFEEEIREE T C—S BAA AR
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FRLATIARE L TAE B2, L NiFy/PPhy fE AL A R,
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(2)-1-J5 B FE-2- e Fe (07 F) K .l AR HE AL A 2R
AL E, S — A Coe—S MWL, FF N T2 HL
R E G K. TEZENERT, LA(2)-1,2- 2K 6 -
1,2- 22K 3 2065 5 5 10 S S BRVE R I B SRR,
P [ W PN DK Cpe—S B, MR (2)-1,2- 1 3k-
1,2- 2R FL 2 0f (4a). ST SRI0 45 BN, RN
WA U(Z)-1,2- " F3-12- K F 2 (da), THLL 21%
(77 ARG T (E)-1-F R -2- K hi H-1,2- 2K 245 (3a).
18 2% BT N 2R FE RGBT, 12 I 07 LAASE i ) 77 S 3k
TR DR I R A .

A TAE EEHEEMAT, (2)-1,2-05FidE-1,2-—
5 FE I S R e (5 ) A PRSI A K s B A 4% (E)-1-F
Fe2-F5 B AE-1,2- 05 B A U5 B R R AR R
IR PLEARA . FAEREE . PR EER A, NE)-1-
ot F-2- 55 B -1,2- 795 e 20 AN U 55 L 00 2 1 ok 45 2
BT H B

1 &HR510R

NT PR ALK, PA(2)-1,2- 2K 3E-1,2- %K
# Z0%(1a, 0.2 mmol) 5 I E AL EE(2a, 0.4 mmol)
AR N, RS S AT LI /. Aok S

R WAFRS SLR ()RR B X S S Fr s, 45 3 L3k
1.

HHE 1 TR, AN FEEATIST OB = R R, B
25 mol%[] NiCly(ddpe)(F AREATTIRT, %% N 3RAS
{77 3(3 1, Entry 9, 82%). 7EMIERY E, 257 #7500
S WRIRE(THF). 2K (toluene). AW H(DCM).
(CH;CN)X [ M [R5 (F2 1, Entries 9~12). 455 EIR,
THF /& 58 R BIEFI(EE 1, Entry 9, 82%). it TR
J5 BYCHE K J2 R[] S B ARG b A0 7R FH o, i 7 P
210 mol%, RFLRET R 120 CHE, K= Z KM
FAR, TTRESE Ry mpim in bR 7 4% B B B AR R L
(% 1, Entry 14, 60%). 4 S 80 CHY, K BT
MR ZE 12 h, ZRMIRIGF T 81%MI7 =2 (K 1, Entry
16). HEAFIHERESE 5.0 mol%, JIEK f B {A] £
20 h, ZRNAIRERBE S #(R 1, Entry 16, 89%).
P TR FH B A dE— P BRI 1 S S = 28 S R B, ke
T HEBEEZE 1.0 mol%Hf, R K [ Riff ]2 30
h, ZRBARS 48%HI 72 (K 1, Entry 18). fJa, %
BT AR B0 OBV R, 45 R EOR, 2.0 equiv.
(A B A S B A 2547l ik LA B e B 2 AR AL,
PR T BMMABIFFAF N (2)-1,2- KB dE-1,2- 2K 2

R RBIFARAL

Table 1 Optimization of reaction conditions “

Catalyst (mol%)

Ph>:<Ph " Megoy ___Ligand (mot%) Ph>=<Ph . PhHPh
PhS SPh 2a Solvent, temp., time PhS Me Me Me
1a 3a 4a: nd.
Entry Catalyst (mol%) Ligand (mol%) Solvent Temp./'C Time/h Yield®/% of 3a

1 NiF, (25) PPh; (25) THF 80 6.0 21

2 NiF, (25) dppe (25) THF 80 6.0 34

3 NiF, (25) PCy;(25) THF 80 6.0 Trace

4 NiCl, (25) dppe (25) THF 80 6.0 38

5 NiBr, (25) dppe (25) THF 80 6.0 32

6 Ni(acac), (25) dppe (25) THF 80 6.0 Trace

7 Ni(OAc), (25) dppe (25) THF 80 6.0 Trace

8 NiCl,(PPh;), (25) dppe (25) THF 80 6.0 25

9 NiCl,(dppe) (25) — THF 80 6.0 82

10 NiCl,y(dppe) (25) — Toluene 80 6.0 78

11 NiCl,(dppe) (25) — DCM 80 6.0 62

12 NiCl,(dppe) (25) — CH,;CN 80 6.0 74

13 NiCl,(dppe) (10) — THF 80 6.0 65

14 NiCl,(dppe) (10) — THF 120 6.0 60

15 NiCl,(dppe) (10) — THF 80 8.0 72

16 NiCl,(dppe) (10) — THF 80 12 81

17 NiCl,(dppe) (5.0) — THF 80 20 89 (87)°
18 NiCl,(dppe) (1.0) — THF 80 30 48

19¢ NiCl,(dppe) (5.0) — THF 80 20 89

“ Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), solvent (1.0 mL), N. * GC yields. ¢ Isolated yields. ¢ 0.8 mmol of 2a was used.
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i (1a) 5 H 3 & 10 85 (2a) IO BE R EE oA 172, 16 4k 771
NiCly(ddpe) &~ 5.0 mol%, NN THF, M
JE8 80 C, MHFIAIA 20 h (3% 1, Entry 17). E3K1E%
AR B &R b, RGHEE T AH(2)-1,2-—55
T AE-1,2- =07 IR R 5 TG R BB L, 255 Lk
2.

HHER 2 A%, 1ZRNOE T ANF(2)-1,2- 205 B 2
1,2- TR B (3-SR AR FE ) i e 5 0 AR i S B, e
JSE$5) DL v 1) 7= 26 3R A5 AH B2 H bR =4 (63% ~ 88%).
Fe A% PR R e S B2 R AR AE H A — > C2—S i

PRI T X0 n T R, AAT o B AR
RN NHEAT . R T, (2)-1,2- =2 H%E
-1,2- R 5 AR B IR R 10 s A B T A I
M (2)-1,2- 28 i -1,2- B R 5 R R BR Y
IIANBEHEAT, Wt B e XU b i 55 3 OSSR A
HEFLI(Egs. 4, 5). RIMEWRJE, MADEIKAEKR
B, FAEZAFHERE 2.0 h Sl IR A RHEAT R B 4y
BT, RIS BLR AW P AT 2K 5 BB S(Eq. 6). 7T
R RIS FE IR T PhSMgCL HfalfA, ks
KM AL 5135 PhSSPhP?.

L(% 2, Entries 1'\"6) JJ:[:EH-, %@ﬁ%imm’ﬁ%Xﬂ‘&& Ph o Ph . MeMgC| standard conditions o Ph (1)
SEMANK, 475 2k 4-Apk Me B OMe BRI, R~ 28 PhS  SPh PhS  Me
WPRR (72 2, Entries 2~4). 5 HEHs [ S AR IR K 89%
i, Wk RO Cor—S BRI ITAL, LABERG ™ 349 Nl L Mewgor Standardconditons y—(" @
T VU EEEE(E 2, Entries 7~11). [HN, F5hnik PhS  SPh PhS  Me
S . o e B t

LA (Me, OMe)t RIBIFIAK, REFZEEE  p oy N
I 84%. 97 H A ICBUAIRIR 2-60bk OM HURRY, 6 )=+ MeMoOl =it o Reaction ()
RORER bR, TREEFMRARER. @45 N
TUORTRBE PG EU(2)-1,2- AR AE-1,2- IR RG IR 5% >:< + PhMgCI standard conditions . @
FRAI R ST A B3R B F P43 2, Bntries 00 57 P o
13, 14)' Pr P standard conditions

N T #78 NiCly(dppe)fE L (2)-1,2- — J5 it £-1,2- — ohe = o PhMgCI No reaction (5)
5 B AR PARFRARIER SN 1 S AL, #EAT T — &R
BB, KL Eqs. 173 T, 0URE B 1955 30 %18 PN ", emgei () Standard conditions PRy P )
BERBLIARCR, FTRER AU ERIPIAS S 3@ JafE Prs seh @) 0. air s’ Me

K2 AF(2)-1,2- " F5 Wi FE-1,2- 55 M R R 0 SR
Table 2 Reaction of various 1,2-diarylthio-1,2-diarylalkenes with Grignard reagents
R R . R' R R' R
_ . REMgX NiCly(dppe) (5.0 mol%) _ or —
R2S SR? 2 THF, 80 °C, N,, 20 h R2S R3 R3 R3
1 X =Cl, Br 3 4
Entry R! R? R’ X Product Yield®/%

1 Ph Ph Me Cl 3a 87

2 Ph 4-MeCg¢Hy Me Cl 3b 86

3 Ph 4-MeOC4Hy Me Cl 3¢ 85

4 Ph 4-MeCgHy Et Cl 3d 86

5 3-CIC4¢H, Ph Et Cl 3e 72

6 Ph Ph Et Cl 3f 88

7 Ph Ph Ph Br 4b 79

8 Ph 4-MeCgHy Ph Br 4b 72

9 4-FC¢Hy Ph Ph Br 4c 63

10 Ph Ph 4-MeCgHy Br 4d 80

11 Ph 4-MeCgHy 4-MeCgHy Br 4d 84

12 Ph Ph 2-MeOC¢H, Br 4e Trace’

13 n-Pr Ph Ph Br NR“

14 Ph n-Pr Ph Br N.R.

“ Reaction conditions: 1a (0.5 mmol), 2a (1.0 mmol), NiCly(dppe) (0.025 mmol), THF (1.0 mL), 80 °C, Ny, 20 h. ® Isolated yields. ¢ Detected by GC-MS. “N. R. for

no reaction.
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HRHE b 3 2 s S i 448 5 DA K 4 SCHiRARE D ),
142 NiCly(dppe) 1k (2)-1,2- - F5 fi 3-1,2- 55 B0
Y& RS BT DG S B ) AT BEMLEE, 0 Scheme 1 FT7s.

N|C|2L2
L, = dppe MeMgCI
2a
Mgcl2
Phs MeNl 'cIL [0]
1a SPh 2 PhSMgCl ——PhSSPh
MeMgCl
2a
h SPh PhSNi'CIL,
MeNl”CIL2 D
Ph  Ph
CIN|”—C C—Me phS: /\Me
3a
Path a
|_2 = dppe N|C|2L2
PhMgCI
Ph
\ MgC'Z
S 1a [O]
PhN|”CIL2 PhSMgCl —— PhSSPh
PhMgClI
2c
Ph
PhS / > <
SPh Phs/  Ph
PhN|”CIL2 0
B Ph Ph PhNI CIL2
PhS _ Y
E Il
PhSNi <:|L2
Ph Ph
CINi”—/C—C\—Ph
PhS SPh
c

Path b

B 1 (2-1,2- =8B %E-1,2- 2R3 e 5 4% FRal Il B
S FRY AT EATLEE

Scheme 1 Proposal mechanism of coupling of (2)-1,2-diphen-
ylthio-1,2-diphenylalkenes with Grignard reagent

2% IR D e e IR, OB 3% path a HLEE
HE4T, B NiCly(dppe)5 MeMgCl (2a) 3 4 i Ni(IT)H
A A, FEE A 5(2)-1,2- 288 5E-1,2- R B
(1) 'E XL AL, JF & AR 5% H D0 R s 8245 3] v ]
& C, Ja#& % —2 T PhSNi'Cl £ % H A7 /=4 3a Al
[E4& D, FAfE D 5 —7F MeMgCl e 8, FFifTE]
ik A Al PhSMgCl, J5#& &Kk AMAEREH
PhSSPh. 4% [y 77 A% [T, [ 4% path b
BHLEEHEAT, RIFF iR C 82— F PhSNi'"Cl A= i [d]
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KE, J5#& %85 Ni(dD)F [EME A ZRCAL IR 2, 15
2 Hbrr=4) 4b.

2 i

PL 5.0 mol% NiCly(dppe)fE AT, 1#1(2)-1,2-
SRR RE-1,2- 5 BRI AR FAR A B SN, R
% T — RIN(E)-1-beFE-2-T5 i k- 1,2- 05 ik 243 A0 DU 55
ﬁtﬁxﬁﬁﬁ& N A R N AR BT, R

AL, N(E)-1-Je5E-2- 05 fit 2k-1,2- 05 3 2 4
@ﬁ%ﬂlﬁ%ﬁéﬁ’]ﬂ%%fl\Tﬁxﬁlﬂ‘]ﬁ%ﬁ%.

3 LIRS
3.1 UE5EHH

'"H NMR(LA TMS NP HR)AT PC NMR(EA TMS Py
Fr)FH INOVA-400 BUACER M, ik B HPS989A e,
RERR N SR T P2 S AT NiFy. NiClys
NiBr,. Ni(acac),~ Ni(OAc),. NiCl,(PPh;),. NiCl,(dppe),
i PPhs. dppe. PCys, % FlfIHRGULEE. R
TRBE. RERIRALEE . 4- PSRRI R, 2- A R 0
BALEE, 5T U & BRI (THF) . B 2% (toluene) « & &
(CH;CN)FI & H e (DCM) 2 AL 2 (R B BR 2 71
B, JERNZ)-1,2- 05 () B 5k - 1,2- 55 (fe ) B I R AR A1
SCHR T v %P7,

32 ZWHE

ERSHE T, 0.5 mmol (2)-1,2- 75 BidE-1,2- =55
FIE R 1.0 mmol #% R 7T 1.0 mL )8 THF E T 10
mL Schlenk & NE . R IRAMRIER A, 80 CF
JRRL20 h, RMEEWR G, FRBIEE A I 2 mL 2
BRI, LW OERRE(10 mLX3), &HAIM, T
K Na,SO, THE, ERIEH, KRB ZENTHRE)-1-5%
Fe-2- D5 HE-1,2- 05 B 20 3a~3g AU 7 HEEUARM B
4b~4d.

(E)-1,2- 2K B 1R B A I (3a): ¥ 3 iR,
P2 87%. 'H NMR (400 MHz, CDCl3) d: 7.23 (d, J=8.8
Hz, 2H), 7.15~7.02 (m, 10H), 6.94~6.93 (m, 3H), 2.52
(s, 3H); C NMR (100 MHz, CDCly) J: 143.7 143.3,
140.1, 135.6, 131.2, 130.8, 129.2, 128.9, 128.6, 127.9,
127.3, 126.5, 126.4, 125. 8, 24.8; MS (EI) m/z: 302;
HRMS calced for C,,H;gS 302.1129, found 302.1127.

(E)-1,2- "R Fe-1- 2R B 5L T 4 (3b): ¥R 3 (it IR 4,
77 86%; 'H NMR (400 MHz, CDCl;) d: 7.12~7.05 (m,
10H), 6.95~6.93 (m, 4H), 2.51 (s, 3H), 2.22 (s, 3H); "°C
NMR (100 MHz, CDCl;) d: 143.4, 142. 8, 140.1, 135.7,
131.8, 131.8, 130.8, 129.7, 129.4, 128.9, 127.8, 127.2,
126.4, 126.3, 24.6, 20.9; MS (EI) m/z: 316; HRMS calcd

http://sioc-journal.cn/ 2949
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for C5,H,S 316.1286, found 316.1284.

(E)-1,2- R FE-1-(4- AR BRI 28 ) I 0 (Be): TR B
ERY, 7% 85%. 'H NMR (400 MHz, CDCLy) o:
7.08~6.93 (m, 9H), 6.85~6.84 (m, 3H), 6.58 (d, J=8.0
Hz, 2H), 3.62 (s, 3H), 2.45 (s, 3H); °*C NMR (100 MHz,
CDCly) d: 158.5, 143. 5, 140.6, 139.8, 133.1, 132.7, 130.9,
128.9, 127.8, 127.2, 126.3, 126.2, 125.5, 114.2, 55.2, 24.4;
MS (EI) m/z: 332; HRMS calcd for CpH,0S 332.1235,
found 332.1237.

(B)-1,2- "R K- 1-(4- AR B 2R T (3d): R
HARYD, 77 86%. '"H NMR (400 MHz, CDCl;) 6: 7.25~
7.03 (m, 10H), 6.92~6.90 (m, 4H), 3.05~2.99 (m, 2H),
2.20 (s, 3H), 1.04 (t, J=7.6 Hz, 3H), 2.26~2.24 (m, 6H);
C NMR (100 MHz, CDCly) d: 149.3, 142.2, 139.9, 135.7,
131.7, 131.4, 130.9, 130.0, 129.4, 129.3, 127.7, 127.1,
126.3, 126.2, 31.4, 20.9, 13.1; MS (EI) m/z: 330; HRMS
calcd for Cy3H,S 330.1442, found 330.1440.

(E)-1,2- —(3-F K IE)-1- i 5 T 4% (3e): 1R T ATl
R, 773 72%. '"H NMR (400 MHz, CDCLy) 6: 7.18~
7.03 (m, 9H), 6.90~6.84 (m, 4H), 3.05~3.00 (m, 2H),
1.04 (t, J=7.6 Hz, 3H); *C NMR (100 MHz, CDCl;) ¢:
148.8, 143.4, 141.1, 1342, 133.9, 133.2, 131.2, 130.6,
130.3, 129.2, 129.1, 129.0, 128.7, 128.5, 127.8, 126.9,
126.8, 126.5, 31.3, 13.0; MS (EI) m/z: 384; HRMS calcd
for Co,H;5CL,S 385.3460, found 385.3464.

(E)-1,2- 2K BE-1- 2K 38 T 4 (30): ¥R 38 (i ik 4,
77 % 88%. '"H NMR (400 MHz, CDCl3) d: 7.20 (d, J=7.6
Hz, 2H), 7.14~7.00 (m, 10H), 6.93~6.88 (m, 3H), 3.05~
3.00 (m, 2H), 1.04 (t, J=7.6 Hz, 3H); >C NMR (100
MHz, CDCls) 6: 150.1, 142.0, 139.8, 135.5, 130.9, 130.8,
129.6, 129.4, 128.5, 127.8, 127.1, 126.4, 126.3, 125. 8,
31.5, 13.1; MS (EI) m/z: 316; HRMS calcd for C,,H,,S
316.1286, found 316.1288.

VI 205 (4b)P): I A, 2R 79% (72%).
m.p. 225~227 C (1it.”® 225~225 C); '"H NMR (400
MHz, CDCl;) d: 7.12~7.08 (m, 12H), 7.04~7.02 (m,
8H); *C NMR (100 MHz, CDCly) d: 143.8, 140.9, 131.4,
127.7, 126.4; MS (EI) m/z: 332.

(2)-1,2- " K F-12- —(4-FHFEIL) 2/ 4e)*: kH
WA, P2 63%. mp. 162~164 C (1it.P”? 163~
165 “C); '"H NMR (400 MHz, CDCl3) 6: 7.57~7.55 (m,
3H), 7.38~7.34 (m, 6H), 7.14~7.08 (m, 9H); *C NMR
(100 MHz, CDCl;) d: 143. 8, 142.8, 140.7, 139.0, 138.9,
131.8, 131.5, 128.7, 127.8, 127.7, 127.2, 126.9, 126.6,
126.5, 126.3, 126.2; MS (EI) m/z: 368.
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(2)-1,2- " F-12- " (4- I IE L) 245 (40)™: K
o E A, 77F 80%/84%. mp. 144~146 C (1it.*"
m.p. 143~145 ‘C); '"H NMR (400 MHz, CDCl;) ¢:
7.24~7.06 (m, 11H), 6.91~6.89 (m, 7H), 2.25 (d, J=5.6
Hz, 6H); *C NMR (100 MHz, CDCl;) J: 144.2, 141.0,
140.4, 1359, 131.4, 131.4, 131.2, 131.2, 128.4, 128.4,
127.6, 127.6, 126.2, 21.2, 21.2; MS (EI) m/z: 360.

i Bh#1 #} (Supporting Information) i H Az =1
'HNMR F1 C NMR . X648} A LA 2 AT )9 3k
(http://sioc-Journal.cn/) . T %K.
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