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Highly Enantioselective Intermolecular Rauhut—Currier Reaction of
Activated Alkenes Catalyzed by Multifunctional Chiral Phosphine

Zhou, Wei” Gao, Lihua” Tao, Mengna*“ Su, Xiao®
Zhao, Qingjie** Zhang, Junliang**
(“ Shanghai Key Laboratory of Green Chemistry and Chemical Processes, School of Chemistry and Molecular Engineering,
East China Normal University, Shanghai 200062)
(® Jilin Dongfeng Veterinary Pharmacy Factory, Jilin 132011)
(° Department of Organic Chemistry, School of Pharmacy, Second Military Medical University, Shanghai 200433)

Abstract The Rauhut-Currier (R-C) reaction, first disclosed by Rauhut and Currier in 1963, is an atom economy strategy
for the construction of carbon-carbon bond and a wide range of synthetic valuable building blocks. During the past few dec-
ades, significant progress on the enantioselective intramolecular R-C reactions has been achieved by utilizing diverse chiral
nucleophilic catalysts such as cysteine derivatives, L-prolinol, hydrogen-bonding catalyst and f-aminephosphine. However,
compared to the well-developed enantioselective intramolecular R-C reactions, the enantioselective cross intermolecular R-C
reaction concerning two different alkenes has been rarely explored so far. The enantioselective cross R-C reaction still suffers
from a series of drawbacks such as low reactivity, enantioselectivity, limited substrate scope and higher catalyst loading.
Thus, the development of novel chiral nucleophilic catalyst, for highly enantioselective cross R-C reaction is highly desirable.
In this article, we wish to report the application of Xiao-Phos in the highly enantioselective cross intermolecular R-C reaction
of vinyl ketone and activated alkenes. Accordingly, a stirred solution of 3-aroyl acrylates 1 (0.2 mmol) and (S,Rs)-X8 (0.02
mmol) in toluene (2 mL) was cooled to —20 °C. Subsequently, vinyl ketone 2 (0.4 mmol for aryl vinyl ketone and 0.6 mmol
for alkyl vinyl ketone) was added in one portion through a syringe. The mixture was stirred at this temperature until comple-
tion of 3-aroyl acrylate as indicated by TLC. After completion of the reaction, the reaction mixture was directly purified by
silica gel chromatography to afford the desired RC product. What’s more, control experiments demonstrated that the presence
of free sulfinamide N—H in Xiao-Phos is crucial for the enantioselective cross R-C reaction. Finally, for more details about
(S,R5)-X8 in the enantioselective cross R-C reaction, control experiments monitored by *'P NMR spectroscopy were
conducted and the *'P NMR experiments indicated that this cross intermolecular R-C reaction was initiated by the Michael
addition of (S,Rs)-X8 to vinyl ketone 2.

Keywords chiral phosphine catalysis; Rauhut-Currier reaction; 3-aroyl acrylates; vinyl ketones; nucleophilic catalysis

1 5l

il

Hillman )M, F 1963 4 Rauhut Al Currier /XK
‘ N , , U, b T 20 5 1 R JE kT B RN — e ) B
Rauhut-Currier 2 NCUBFRARBIE Morita-Baylis- i ppy o051 g3 depty S48, BHULSE T R

* E-mail: jlzhang@chem.ecnu.edu.cn; gjzhao@smmu.edu.cn
Received July 23, 2016; published August 26, 2016.
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the “973” Programs (No. 2015CB856600), the National Natural Science Foundation of China (Nos. 21372084, 21425205), and the
Changjiang Scholars and Innovative Research Team in University (PCSIRT).
T H 5% 973 %I (No. 2015CB856600) [H 5 [ 48K} 243 4> (Nos. 21372084, 21425205)FI-K YT 2% 55 61137 1 A& & 1% (PCSIRT) ¥ B

800  http://sioc-journal.cn © 2016 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2016, 74, 800—804



1 F F ®R

J& T — RPNV FMR A, R ST B T AN
R Rauhut-Currier MM, BAKALIE 2 R AT
A LA BT AN, S SRR Z TR
fEALFINTR g TN NS MR T AR T
W Rauhut-Currier J N HUIE KR, ASXSFR S [A]
Rauhut-Currier 2 B4 4538, 2011 4F, Shi %5 7HRiE T
B-ICD R AL 1 SR Bk IV e FIEK I BR 156 1) 9 1 18] AS X AR
Rauhut-Currier [N, AT 7= 28 HL g Bl izt 45 14 i )
T RYERALRIBGEATEY). B, Huang &1
BT P AL T B 22 T e T PR IR A A R R Lk
Ty Hb A T 3- 75 Bk 25 DA A7 TR0 I AR s ] %) AN X R 2 [
Rauhut-Currier < M. /L% Shi il Huang 575 & AN FK
5318 Rauhut-Currier J M. 77 8 H 7 FF- G ) TAE,
R R A T ), JCH A Bt 215 1 T 1
W, BB HEBAKITFR 2T Rauhut-Currier VK J&
SRR b2
I, WAVNEKRE T —Fh DTS E(Re)-BU T
TR e R B i B2 T TR I A B T P
BE 4 (Ming-Phos" Y, Xiao-Phos®’, Wei-Phos), Peng-
Phos ™ f1 Xiang-Phos"®) ff] i 11, & N\ M2,
Xiao-Phos 7EAXIFRSrF A Rauhut-Currier J N HAF
e B I (Scheme 1)P°. JEFixsbsh B 45 5 IRAT/N
ZHAE T 1 9 A A T ) W T R, AT — B T
Xiao-Phos 7EAX}FR ¥ 18] Rauhut-Currier [z 5 71 K] M
H, EICH7T18 30 T LR IE (Scheme 1).

Previous work Bu-t
/S\ M
z:tt eanlf |
R2
OTIPS
= Alkyl, Aryl; R? = H, Me
(R RS)-XB

This work

0 0
(S.R)-X
N (SRe)}X8_
Ar)J\/ACOZEt \)LR )Jiza

R = Alkyl, Aryl Bu-t 83% ~ 98% yield
H 87% ~ 96% ee
o//S\ N/H
: /\ PPh,
OTIPS
(S\Rs)-X8

B 1 AXFR Rauhut-Currier M

Scheme 1 Enantioselective Rauhut-Currier reaction

2 HR5HE
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TR TS 1a FOMGEER 20 A NBEY, W 2RAE R RS 77,
EEREMT, 8T — 4% Xiao-Phos X ANK#rT
[8] Rauhut-Currier MM, WIER 1 fis, M
£1 RSO

Table 1 Optimization of the reaction condition

Ph
j\/\ L9 _cat 0 0
PR S CoE T N Py Ph COEt
1a 2b 3ab
Bu-t Bu-t Bu-t
07 NH O/\NH OANH
R PPhy PPh, PPh;
(S,Rs)-X1, R = i-propyl ©/V “N
(S RIXG, R sdamanyl (SR9FX (SRS
Bu-t Bu-t I?u -t
O%\ N H Oé.\ NH Oé.\ NH
PPh, PPh, PPh,
(S, Rs )-X6 (S,Rs)-X7 (S,Rs)-X8
Bu-t Bu-t
OANH 07 NH
S _PPh, “_PPh,
(S,Rs)-X9 (S,Rs)-X10
Entry Cat. Solvent T7/C th Yield/%  ee/%
1 (S,Rs)-X1 Toluene 25 10 80 59
2 (S.Rs)-X2 Toluene 25 10 76 65
3 (S,Rs5)-X3 Toluene 25 10 58 34
4 (S,Rs)-X4 Toluene 25 10 89 73
5 (S,Rs5)-X5 Toluene 25 10 92 75
6 (S,Rs5)-X6 Toluene 25 10 74 31
7 (S,Rs)-X7 Toluene 25 10 86 84
8 (S,Rs5)-X8 Toluene 25 10 91 86
9 (S,R5)-X9 Toluene 25 10 89 76
10 (S,Rs)-X10 Toluene 25 10 84 86
11 (S,R5)-X8 Toluene 0 10 90 93
12 (S,R5)-X8 Toluene —10 10 89 94
13 (S,Rs)-X8 Toluene —20 14 90 95
14 (S.Rs5)-X8 Toluene ~ —25 20 72 95
15 (S,R5)-X8 CHCl; —20 14 49 93
16 (S,R5)-X8 DCM —20 14 74 91
17 (S,Rs5)-X8 DCE —20 12 90 89
18 (S,R5)-X8 THF —20 12 86 94
19 (S,Rs)-X8 CH,CN  —20 12 83 74
20 (S,R5)-X8 CH;COEt  —20 12 79 95

© 2016 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Unless otherwise specified, all reactions were carried out with 1a (0.2 mmol),
2b (0.4 mmol) in solvent (2 mL). * Yield of isolated products. ¢ Determined by
HPLC analysis using a chiral stationary phase.
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B REFEMEER) Xiao-Phos 1ML, BLARTT LUIF]
AR HERFEY) 3ab, (H2 R 5 ee fH(EE 1, En-
tries 1~3). & NESHE, A8 HF TS, R)-X4
FI(S,Rs)-X5 I, 1Z%4%>F[f] Rauhut-Currier [ 175 P
Xk BN A — e R e =K 1, Entries 4, 5). 5
JRE ) 8 A 751 7 5 35 00 11 2 ) DK /NS AT e S PR 44
PRTE AT WO B A B B, B R ORBATER T — R4
55 TG 55T FR e O PR Bk (R JE AL 77U (R 1,
Entries 6~10). SZIR 45K, 1E(S,Rs)-X8 1EAMEAT
PIZEAET, AT 91%M 73 BS /=22, 86% [1) ee 133 H
PRFEY) 3ab. (EUIERE b, BRATE DS T RN
X+ 43F 8] Rauhut-Currier 5 FI52W(F 1, Entries 11~
14). & NIRE KIS, 241% 5N B % —20 °C iR
15, HARF=4) 3ab (172 EA B R, 1M H ee 7T
CAFE R B 95%, HE— D PR VIR B, )2 1 S B
PERIRERRAK. Ba, — RGO I% i 3 0 284755
F&1%4 1 18] Rauhut-Currier U R MNAN (R 1,
Entries 15~20). F&F DL Fs2ib &4, | E T Hetk
NSk (S,Rs)-X8 VENMEAT, HAAE R R M7,
SN AR B N —20 °C.
22 RYEEHEER

1E PR iR I N 26 R, FRATTAZ 4> ¥ 6] Rauhut-
Currier MR EMRIT THLRE 2). SHAH
TR (g EURIIR) B 45 P 5 (o R 35 0 P A O
(1) 3% ok 35k TR M TR ) 40 i 5 7 R I i 2a SR & 2B S B,
PLR P22 TRy h e BV 15 2 H bR r=#)(3R 2, Entries 1~
6). ULAk, (S,Rs)-X8 TE& A ZEHE KA 05 B Ay
MAERIRIL, LUEFHHIF R ee 153 3ga~3ia (K 2,
Entries 7~9). 7% 34 M ()R I8 b5 W i 7 B 2R L
F e i AU IR, % Rauhut-Currier SJE8IRF] & 4E (%
2, Entries 10~13). fHAS38 H B0, 2475 F A5 EH 0 2047
A IUAREER, S S PE AR SZ B, H R ik
PEVEIE A FEAR(E 2, Entry 14). #)a, BRATEE T — 271
3-75 e 3L N A R e AN T M7 B 2g 11993 F-1A] Rauhut-Currier
SN G5 RFEW, T 2g 5 — &R 3- 75 B EE I R IR
AT WA K A S, (B AR LT 55 50, H AR =4 )
Xt ik £ 1 S A BRAIR(R 2, Entries 15~23).
2.3 XHRSCIG

N T B E AR A R R AT B A L 1 SRR AR N )
FI8] Rauhut-Currier J M [N, FATE: TR ETHA K
T N-HFEALKF B LTI(S,Rs)-X9 (Scheme 2). TE
(S,Rs)-X9 TENMAAFIFIZFAT, 3-28 LS G FL R (1a)
FTF AR 2b EARBEE IR MR A SNy, H 15 3 1)
P2 3ab BEUTAME e, MR, (S,Rs)-X4 1E AL
MIZEET, WTLALL 90% ee 192 3ab. JET b, ATHH
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x2 JRMEENEHELE

Table 2 The evaluation of substrate scope

R2
fj\/\ \)oL (S,Rg)-X8 (10 mol%) j\jgo
R1” NP co,et TN R T Toluene. -20°C -
1 2 oluene, -20 °C R! CO,Et
3
Entry 1 2 3 th Yield/% ee/%

1 CeHs (1a) 4-Me-CeH, (22) 3aa 14 83 96
2 4-F-C¢H, (1b) 2a 3bal2 99 94
3 4-Cl-C¢H, (1) 2a 3cal2 92 94
4 4-Br-CcH, (1d) 2a 3dal2 93 94
5 4-Me-C¢H, (1e) 2a 3ea 14 86 95
6  4-MeO-CcH, (1f) 2a 3fa l6 96 94
7 2-Naphthyl (1g) 2a 3gald 98 94
8 2-Furyl (1h) 2a 3hal6 96 94
9 2-Thienyl (1) 2a 3ia 16 97 94
10 1a CeHs (2b) 3ab 14 90 95
11 1a 4-F-C¢Hy (2¢) 3ac 14 84 95
12 1a 4-Cl-CeH, 2d)  3ad 14 91 94
13 1a 4-MeO-CsH, (2¢) 3ae 14 90 96
14 1a 2-MeO-C¢H, (2f) 3af 14 97 90
15 1a Me (2g) 3ag 12 94 88
16 1b 2g 3bg 10 98 90
17 1c 2g 3cg 10 95 89
18 1d 2g 3dg 10 94 90
19 le 2g 3eg 12 93 90
20 1f 2g 3fg 14 89 90
21 1g 2g 3gg 12 92 90
22 1h 2g 3hg12 96 87
23 1i 2g 3ig12 91 90

© 2016 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Unless otherwise specified, all reactions were carried out with 1 (0.2 mmol),
2 (0.4 mmol for aryl vinyl ketone, 0.6 mmol for methyl vinyl ketone),
(S,Rs)-X8 (10 mmol%) in toluene (2 mL) at —20 °C; the absolute
configuration of 3 were assigned by comparison with optical rotation of the
same product in Huang’s report.®! * Yield of isolated products. ‘Determined by

HPLC analysis using a chiral stationary phase.

F AR A 8 b i FE A AT BEAF TR O SUBE E H 6Z 4 T ()
Rauhut-Currier J N FJIEXT Mg BEE B A 2 ¢ E B
.

2.4 P NMR I8

NT BZ T %5 78 Rauhut-Currier 2 B HLFE,
BAVEAIEHAT 7 — REVZREE S R sz 56 (- 1), B
la /& FAA(S,Rs)-X8 I *'PNMR £ E; K 1b &% 3-2K
FH Pk BL AR R TG 1a FI(S,R)-X8 TS TE—#E0 *'P NMR i
Bl & 1 2 75 FE IR R 2b FI(S,Rs)-X8 VR & 7E — 2 1) 3P
NMR B, Gt AR 3-2K LG RREE 1a
HI(S,Rs)-X8 A 5 H B A HOLH 1> PNMR (55,
AU HIREEMEER. HAEEM®
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Bu-t Bu-t

P

4

S KOH
~ PPh, + CHyl ————————>

©/\/ 2 3 Et,0, 25°C, 8 h ©/\/PPh2

(S,Rs)-X4

(S,Rs)-X9 (10 mol%) -

>_/—C02Et \)J\
Ph Toluene, -20 °C, 16 h
CO,Et

3ab
78%, 6% ee

0 COEt  Q  (SRs)X4 (10 mol%)
AN
PhToluene, -20 °C, 16h
Ph 1a 2b CO,Et

81%, 0% ee

1a

B2 (S,Rs)-X9 & M AE A X FR Rauhut-Currier S 5 H )8
Scheme 2 Synthesis of (S,Rs)-X9 and its performance in the cross Rau-
hut-Currier reaction

a 07 "NH -23.88
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_S
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WH ﬁPh
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5

B 1 (a) (S,Ry)-X8 ] >'P NMR 1. (b) (S,Rs)-X8 Fl 1a B A G
'P NMR [¥138 B J (c) (S,Rs)-X8 H1 2b JBA G 1 °'P NMR (117 &
Figure 1 (a) *'P NMR spectrum of (S,Rs)-X8, (b) (S,Rs)-X8 containing
1a and (c) (S,Rs5)-X8 containing 2b

&, BTTILMERE 2b FI(S,Ry)-X8 JRETE i, AT
ME] T —AH1) 3P NMR 15 5(0 32.04), HUILTEAM —
HEAWEMAHEER. BTXEss R, JATT LSS
— NG FIEBEAL (S, Rs)-X8 X/ 1) Michael I
R & 1% 53 ¥ 18] Rauhut-Currier J 3 [1] 5 21125 3%,
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2.5 TIRERNR RZALEE

MR R 1 3 48 i) S 56 DA S T Jple v s I =2 38 (B 1), 3R
fII#EHE T %% F 8] Rauhut-Currier S5 FIALHE(Scheme
3B s, FEBEEILTIS,Rs)-X8 X1 Michael
I0RAS BAEBEF AR 1, SEERERE A T e i
7 EBEEAY. S, R EA T X 32K R EE
& liE 1a Michael J0/AS 2] a4k 1L, FlafEk I 20 5
THERER P A I s, sad I B A
A1 Rauhut-Currier < M. 724 3aa 58 AL TEIR.

B -t
CO,Et
% %
2b
\< Bu t
(S.Rs) xs
Ph (,P

I
Lth
Phy
CO,E \)ﬁ
Ph = OTIPS
proton

transfer ~Bu-t

NH
0 P
Ph,
CO,Et
07 >Ph
I

B3 WRER SRIHLEE

Scheme 3 Proposed mechanism for the cross Rauhut-Currier reaction

3 g

WS T 2 Dyhe T ML (Xiao-Phos) HEAL (1) 3-5
Tt 32 VR 4 T Tl AR 45 ] 4D AS X5 FK 43 F-T8]. Rauhut-Currier %
N, NZ BT AL G IR AL T —FoR . 1%
il S 62 BH 22 T e T 1 I A 770 A 1) N—HL B0 I B2 1)
N WLE B R R T B RE BN, Bk seit gy
TR B TR AL AR R Y Michael IR 2 R BE )
Ja B,

4 SCIGERSY

AFFFRS3F 18] Rauhut-Currier SN [ — R EAE 1%
W FERAGE T, KK EBTE) 15 mL Schlenk
I T A AL 577 (S Rs)-X8 (0.02 mmol), 3-75 3k A
JHERER(0.2 mmol), THEFFZKQ2 mL). REH LRIEGHR
AR =20 C, FREES 2 — RPN EE (5 507
fid: 0.4 mmol; KEFEMERA: 0.6 mmol). K MNIRAE—20 C
P FE B2 2 ORI 3- 05 BEEE N IR ER IS 2R, SRR
Bt E T4 8545 2 Rauhut-Currier N =47,
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