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N-Heterocyclic Carbene Catalyzed carbon-nucleophilic NHC to attack unsaturated carbearbon
Aza-Morita —Baylis—Hillman Reaction of Cyclic bonds are rarely investigated, for these reactions are typically
Enones with N-Tosylarylimines catalyzed by heteroa_tom-nuclepphlllc catalysts, s_uch as amines
and phosphineX In view of the importance and wide applica-
tion of nucleophilic catalysis in organic syntheXisye are very
interested in exploring the nucleophilic activity of NHCs to
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Chemistry, Chinese Academy of Sciences, Beijing 100080, Chinacycle. Being atom economic and able to generate functional
groups, the aza-MoritaBaylis—Hillman (aza-MBH) reactioH
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songye@iccas.ac.cn was chosen as the model reaction for our research. We were
pleased to find that NHCs could catalyze the reaction of cyclic
Receied June 12, 2007 enones witiN-tosylarylimines to give the aza-MBH adducts in

high yields. Recently, Fu et al. reported a NHC-catalyzed
umpolung of Michael acceptors through an addititeitomer-
ization sequence, thus furnishing an intramolecgtaikylation

A "N\_/N\Ar' of Michael acceptors (eq 1y.Herein we report our results of
NTe @ NHTs the NHC-catalyzed intermolecular aza-MBH reaction.
o NHC (10 mol%) "
' Ph o
Ar
( = toluene ( M et 2 E >=N\ cio§ £
yield: 72% - 99% | . ar- N oN=ar (10 %) I
NHC = N-Heterocyclic Carbene n K4PO4, glyme, 80 oc ' (1)

N-Heterocyclic carbenes (NHCs) prove to be efficient E = ester amide, nitile
catalysts for the aza-MoritaBaylis—Hillman (aza-MBH) N0 12

reaction of cyclopent-2-en-1-one or cyclohex-2-en-1-one with

a variety ofN-tosylarylimines to give the aza-MBH adduct Initially, 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylideng) £°

in high yields. Crossover experiments show NHC can add & stable NHC, was investigated as a catalyst for the aza-MBH
to N-tosylarylimines in a reversible manner, which allows reaction of cyclopent-2-en-1-on8g) with N-tosylphenylimine
the addition of NHC to cyclic enones and thus catalyzes the (98). It was found that imin®a was fully consumed when the
aza-Mortia-Baylis—Hillman reaction. reaction was carried out in THF at room temperature in 24 h,
and the corresponding aza-MBH product was obtained in 39%
yield (entry 1, Table 1).

The chemistry of N-heterocyclic carbenes (NHCs) has grown  Encouraged by this result, various NHCs, generated from the
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TABLE 1. NHC-Catalyzed Aza-MBH Reaction of TABLE 2. NHC-Catalyzed Aza-MBH Reaction of Cyclic Enones
Cyclopent-2-en-1-one (8a) withN-Tosylphenylimine (9af with Arylimines
o o [¢] NHTs
- e O  NHTs . )'l“TS 1 (10 mol%) "
é + J - . é/kph ( Ar toluene, r.t. (
Ph Solvent, r.t. n " o
8 9
8a 9a 10a
[\ /\ cP N/ \Ncp Entry Enone 8 Imine 9 Ar Time (h) 10, Yield (%) *
AN N~ ANl Ao A
i 2 s 1 T 9  CHs 15 10a, 96
Ar=2,6-(i-Pr),CgHy Ar=135MeCoH,  Ar=2,6-(-P1);CsHg é
R Me Ph N
= cP =N o2 N NCp 2 9b 4-MeCeH, 24 10b, 85
Seten PN BPn @ Ph
4R =HO(CH). 6 7 3 9¢ 4-MeOC¢Hy 36 10c, 82
5R=Me
entry NHC solvent  time (h)  yield(%) 4 9d 4-CIGeHy 15 10d, 82
1 1 (20 mol %) THF 24 39
2 2,CsCO:; (20 mol%)  THF 24 50 5 9e 4-FCelly 24 10e, 77
3 3, C3CO03 (20 mol %) THF 24 38
4 4, CsCOs (20 mol %) THF 24 38 6 9f 4-NO,C¢Hy 24 10f, 75
5  5CsC0;(20mol %)  THF 24 38
6 6 CCO;(20mol %)  THF 24 5 i
7 7,C$CO;(20mol%)  THF 24 22 7 %2 2-Furyl 24 10g. 80
8 2, t-BuOK (20 mol %) toluene 12 99
9 3, t-BuOK (20 mol %)  toluene 12 81 8 9h 3-MeOCgH,s 36 10h, 85
10 4, t-BuOK (20 mol %) toluene 12 62
11 5, t-BUuOK (20 mol %) toluene 12 78 9 9 3-ClCeH, 20 10i, 99
12 2, t-BuOK(10 mol %) toluene 15 96
13 1 (10 mol %) toluene 15 94 . R
14 2, t-BUOK(5 mol %) toluene 12 23 10 9i 2-MeOCeHs 36 10j. 76
15 2 (20 mol %) toluene 24 NRR
16 t-BuOK (20 mol %) toluene 24 complex 11° 92 C¢Hs 36 10k, 86

a2 Enone8a (0.36 mmol) and imin®a (0.3 mmol) were used for entries
1-7, while 8a (0.3 mmol) and9a (0.45 mmol) for entries 816.° The 12° 9d 4-CIC¢H4 36 101, 98
NHCs, exceptl, were generated in situ by stirring the suspension of the
corresponding precursors in the presence of 1 equiv of base for 30 min at

b
room temperature. Isolated yield.9 No reaction. 13 9e 4-FCqHa 36 10m, 74

8b

zolylidene (entry 2), imidazolinylidene (entry 3), thiazolylidenes ~ 14° 9¢ 4-MeOCeH; 36 10n, 72

(entries 4 and 5), and triazolylidenes (entries 6 and 7), could

catalyze the aza-MBH reaction but in only low to moderate 2 Isolated yield? 20 mol % of NHC1 was employed, and the reaction

yields. Careful examination showed that decomposition of imine was carried out at 50C.

9a was the possible reason for low yields. The yield was

improved to 99% when the reaction was carried out in toluene smoothly and gave the corresponding aza-MBH product in good

and 1.5 equiv of imine9a was used (entry 8). Under these to excellent yields (entries 114).

conditions, all of the reactions catalyzed by NHCs afforded aza- It has been reported that NHC could readily addNe

MBH adduct in good to high yields (entries-21). When the tosylarylimine according to NMR investigatidi, and we

loading of catalys® or 1 was reduced to 10 mol %, the yield isolated adducll by the reaction of NHCL with imine 9ain

of the aza-MBH product remained excellent (entries 12 and 13), 82% yield. A crossover experiment showed the mixture of

while 5 mol % loading resulted in dramatical loss of yield (entry cyclopent-2-en-1-one, addutt (1.0 equiv), and imin®b (1.0

14). Controlled experiments showed that the aza-MBH reaction equiv) affords both aza-MBH produci®aand10b (1:1.3) in

could not proceed without azonium saltteBuOK (entries 15 77% overall yield (Scheme 1). This result suggests that the

and 16). addition of NHC1 with N-tosylimines is reversible and indicates
The scope of the imines was then investigated (Table 2). It that adductl1l may decompose to the free NHCand imine

was found that the arylimines with either electron-donating 9a, followed by NHC-catalyzed aza-MBH reaction of enone

groups (4-Me and 4-MeO) or electron-withdrawing groups (4- 8awith 9aand9b to afford productd 0aand10b, respectively.

Cl, 4-F and 4-NQ) worked well to give the aza-MBH adducts  The first step of the MBH reaction is generally proposed as the

in high yields (entries £6). 2-Furylimine9gwas also a suitable  nucleophilic addition of catalyst to Michael acceptor. Therefore,

substrate (entry 7). The substituent on the meta position (3-the mixture of 1 equiv of NHC and cyclopent-2-en-1-one in

MeO and 3-ClI) or ortho position (2-MeO) of arylimines has no toluene was stirred at room temperature in order to identify the

significant effect on the aza-MBH reaction (entries®®). The addition intermediate. TLC showed cyclopent-2-en-1-one was

substrate for aza-MBH reaction could be extended to cyclohex- consumed slowly. We failed to isolate the proposed intermediate,

2-en-1-one when 20 mol % of NHC was employed and the  and only some unidentified compounds are detectable.

reaction was carried at 5. All the reactions of cyclohex-2-

en-1-one with the four testedll-tosylarylimines proceeded (17) He, M.; Bode, J. WOrg. Lett.2005 7, 3131.
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SCHEME 1. Addition of NHC to Imine and the Crossover
Experiment
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SCHEME 2. Proposed Catalytic Cycle
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A proposed catalytic cycle for the NHC-catalyzed aza-MBH

In summary, we have shown that NHCs catalyze the aza-
MBH reaction of cyclopent-2-en-1-one and cyclohex-2-en-1-
one with a variety oN-tosylarylimines. This reaction represents
the first example of NHC-triggered intermolecular reaction of
cyclic enones. The unique feature of NHCs and the importance
of nucleophilic catalysis make the concept of NHCs as nucleo-
philic catalysts to attack unsaturated carbcarbon bonds
potentially useful in organic synthesis. The detailed mechanistic
investigations and chiral NHC-catalyzed aza-MBH reactions are
underway in our lab.

Experimental Section

Representative Procedure for the NHC-Catalyzed Aza-MBH
Reaction of Cycloenones witiN-Tosylarylimines. To a solution
of N-tosylphenylimine9a (116.6 mg, 0.45 mmol) in 2.0 mL of
toluene was added cyclopent-2-en-1-one £250.30 mmol,) via
a syringe, followed by addition of 1,3-bis(2,6-diisopropylphenyl)-
imidazol-2-ylidene 1) (11.7 mg, 0.03 mmol). The resulting mixture
was stirred for 15 h at room temperature, and TLC indicated
complete consumption of cyclopent-2-en-1-one. The solvent was
removed under reduced pressure, and the residue was purified by
flash chromatography on silica gel (EtOAc/petroleum ether, 1:2)
to give the aza-MBH adduct produtba as a white solitf (98
mg, 96% yield): *H NMR (300 MHz, CDC}) ¢ 7.60 (d,J = 8.3
Hz, 2H), 7.34 (tJ = 2.7 Hz, 1H), 7.2%7.15 (m, 7H), 6.17 (dJ
= 8.4 Hz, 1H), 5.28 (dJ = 8.4 Hz, 1H), 2.52-2.05 (m, 4H), 2.37
(s, 3H);3C NMR (75 MHz, CDC}) 6 208.3, 160.5, 143.5, 143.2,
138.6, 137.4, 129.3, 128.6, 127.8, 127.3, 126.7, 55.2, 34.9, 26.7,
21.4.
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Supporting Information Available: Experimental procedures

reaction is depicted in Scheme 2. The free NHC is added to and characterization data for all new compounds. This material is
Michael acceptor to give enolate | and Mannich reaction of the available free of charge via the Internet at http://pubs.acs.org.

enolate with imine to give the intermediate Il, followed by

protonation and deprotonation to give intermediate Ill. The aza-

MBH adduct is afforded by elimination from intermediate 1,
and NHC is released to finish the catalytic cycle.
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