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Asymmetric MHeterocyclic Carbene—catalyzed [4+2] Cycloaddition
of Ketenes with @&—cyanochalcones

Sun, Lihui Liang, Zhiqin Ye, Song*
(Beijing National Laboratory for Molecular Sciences, CAS Key Laboratory of Molecular Recognition and
Function, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

Abstract The N-heterocyclic carbene (NHC)-catalyzed enantioselective cycloaddition reactions of ketenes are powerful
methods for the synthesis of chiral heterocycles. Followed by the previous reported NHC-catalyzed [2+42] and [4+2]
cycloaddtion of ketenes with imines, ketones and various heterodienes, the NHC-catalyzed enantioselective [4+2] cycload-
dition of ketenes with a-cyanochalcones was investigated in this paper. In the presence of the bulky N-heterocyclic carbene
derived from L-pyrogutamic acid, the reaction of ketenes with a-cyanochalcones went smoothly, giving the corresponding
chiral multisubstituted dihydropyranones in good yields with good diastereoselectivities and high enantioselectivities. Ini-
tially, several NHCs derived from L-pyrogultamic acids were screened for the reaction. The NHC 4b with bulkyl di-
methyl(zert-butyl)silyl group and N-isopropylphenyl performed better than others. The reaction catalyzed by NHCs 4c~4d
with a free hydroxyl group gave the dihydropyranones with reversed diastercoselectivity but decreased enantioselectivity.
The reaction went well in THF, toluene, dichloromethane or ether, while the one in toluene showed best results. Better yield
was reached when the reaction was carried out at 0 or —20 ‘C. Under optimized reaction conditions, a variety of
aryl(alkyl)ketenes were investigated for the reaction. It was found that both electron-donating and electron-withdrawing
groups in the aryl(alkyl)ketene are tolerable for the reaction. The one with electron-withdrawing substituent gave the product
in better yield and diastereoselectivity, while the one with electron-donating substituent resulted in better enantioselectivity.
The alkyl chain of the ketenes could be ethyl, n-propyl and n-butyl. All the a-cyanochalcones with para-, meta- or or-
tho-substitutent went well for the reaction. The absolute configuration of resulted dihydropyranone 3e was established by the
X-ray analysis of its crystal. The reaction is proposed to initialize with the addition of NHC to ketenes to give the enolate 1.
The adduct II is formed from enolate I and a-cyanochalcone via stepwise Michael addition and cyclization or simultaneous
Diels-Alder reaction. The elimination of NHC from adduct II gives final dihydropyranone 3.

Keywords N-heterocyclic carbenes; [4+2] cycloaddition; asymmetric catalysis; dihydropyranones
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Figure 1 NHC-catalyzed [4-+2] cycloaddition of ketenes with heterodienes
XU AL RS SRR A St R R PRI
21 SRR b, FRATTHOLRE S Nk — B e B R Ak N
AR . ASCIRIE AR IR AR I L 5 Al VN _N_BFa
IR L4+ 2 AR FRER A . ay A
9 o) OR 4 (10 mol%)
2 HEHEE}E j:\ + ph/\)J\ph Cs,CO3 (10 mol%)
Ph™ TEt CN THF, r.t.
21 RBZFHMRL 1a 2a

o, AT a- T A 2K 55 05 I s A T AR
(R 1), LESRIRATER R ATk 4a 7E0IRE
ER R =Y 30 min AR5, Bl S IR i
la FIZ% 00 2a SOV, 125N 0] LU 7 5845 1 AH Y.
I[4+218 =4 3a, HAEXTWOEPEIEIR AHAR, X
WOk PP 2 (Entry 1), E] 2-5¢ N ER AR IR 52
HEAL T 4b, SO R0 BB ORI 3 i, AH XA
BRI A UG (Entry 2). I F B EEI - R RAE4L
7 de~4f B, ROVIAERWOE P R AR T R, A
JSC IR ), AR T I8 R P AR B M AR SR AN B
AE(Entries 3~6).

E—P (IR W, SN AA 28 Pk ) FH 250 S I A7
B SR 2R AR D PR R B (12 mol % i A 1 i
14 4b, 10 mol% Cs,CO3)IF, S W% B FE B = 3]
85% ee (3 2, Entry 1). HEIEHLIENaOAC)FIA HLHK
(DMAP, DABCO, NEt;, DBU)W A4 i e it 4=
G, AN, AEL R ) 7 AR RSk e Ik R R Y 22
(Entries 2~6). 7% S5 W], S WA DU 00 |
AR TR R SR RR U AT, Hh F R AR
L (Entries 7~9). o T [ NV BEREAT T %42, i
JE NS R R B —20 CIF, SN R ik £
RO WL P E A BT 3 i (Entries 10, 11). {HAZHE—
FEARHR 2 —40 CHE, [V =23 0] WK (Entry 12).
R, BATIAf e T R N AL 4 A A8 R T A0 77

842  http://sioc-journal.cn

Ph.__0O.__O
|
Ph
NC:QE
Ph
3a

Entry 4 (Ar', A, R)* Yield/%  drf  ee"%

1 4a(Ph, Ph, TBS) 91 2:1 32,65
2 4b(Ph, 2-'PrC¢H,, TBS) 94 2:1 75,77
3 4c(Ph, Ph, H) 95 1:3 49,8
4 4d(3,5-(CF;),C¢Hs, Ph, H) 95 1:2 67,16
5 4e(3,5-(CF3),C¢Hs, Bn, H) 95 1:2 29,52
6 4f(3,5-(CF;),CeHs, 2-PrCeHy, H) 93 1:2 57,4

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

TR R AR 4 RIBK Cs,CO 7E 2L T I 30 min A2 52, Bl n
ONJEI I P G I R () 4 88 72 3R © 46 ML) ' H NMIR (300 MHZ) 374
PRI/ J2 B A1 < U7 0 (L i) 85 X I (FE S ) F ee B

HUAR 4b, DABRIEREG B, 76 FF R %38 8 30 min A2 AR
R, BEE ARG 2 45T 0 8i—20 C &Y.

22 RMNEYBTE

FEHAT T AU SN2 A I, BRATIRS e W PR e 403
PEREAT T 2553 3). X T UL AR, oKL AR ALty
AT B 7 1 FR AR AR T I BTN, RN AR BERS AR
Ly DARLAF I oy 17 3%, i S5 IS e 6k
ARV i PR 0 TR A 3¢ P 75 28 78— S0t e 1 7 ) (Etries
2, 3). HORTRMIHINLRE, LI R IR AN QAL 5 I S
T SSRGS R 39 A MR e 328 5 R S A

Acta Chim. Sinica 2014, 72, 841—844



W F F R

| HRER

K2 RN

Table 2 Optimization of reaction conditions

Entry Base Solvent Temp. Yield/% dr eel/%
1 Cs,CO; THF r.t. 94 201 85
2 NaOAc THF r.t. 65 201 76
3 DMAP THF r.t. 72 21 69
4 DABCO THF r.t. 63 2:1 78
5 NEt; THF r.t. 61 2.1 75
6 DBU THF r.t. 85 201 75
7 Cs,COs Toluene r.t. 85 301 87
8 Cs,COs CH,Cl, r.t. 84 201 79
9 Cs,COs Et,O r.t. 62 301 76
10 Cs,CO; Toluene 0 C 82 3:1 92
11 Cs,COs Toluene —20 C 86 41 96
12 Cs,CO; Toluene —40 C 76 5:1 93

TN A 12 mol% R BE i A 4b T 10 mol% Rl AE 253 R S 30 min
AR, BHJE I RY.

R3SV

Table 3 Reaction scope
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Ar R CN toluene, -20 or 0 °C
1 2 Ph._O.__0O
H
AP
3
Entry* Ar' R' AF 3 Yield/% dr  eel%
1 Ph Et Ph 3a 66 4:1 96
2 Ph Et 4-MeOCeH,; 3b 63 3:1 88
3 Ph Et  4-CIC¢H, 3¢ 60 4:1 83
4 Ph Et  3-CIC¢H, 3d 62 4:1 87
5 Ph Et  2-CIC¢H, 3e 81 7:1 93
6 Ph n-Pr 2-CIC¢H, 3f 83 8:1 93
7 Ph n-Bu 2-CIC¢H, 3g 86 8:1 96
8 4-Br-CHy  Et  2-CICH,4 3h 83 8:1 90
9 4-Cl-CgH, Bt  2-CICeH, 3i 82 6:1 70
10 4-Me-CHy Bt 2-CIC¢H, 3j 74 5:1 96
11 4-MeO-C¢H, Et  2-CIC¢H, 3k 72 5:1 92
12 3-MeO-CeH; Et  2-CIC¢H, 31 47 6:1 76
13 2-MeO-C¢H; Et  2-CIC¢H4 3m Trace — —
14 2-Naphthyl ~Et 2-CIC¢H,4 3n 33 8:1 81

“JRAE—20 °C (Entries 1~4)5f 0 ‘C (Entires 5~ 12)IEAT. ” 4L =4
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Figure 3 Plausible catalytic cycle
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