YAKUGAKU ZASSHI 128(8) 1179—1185 (2008) © 2008 The Pharmaceutical Society of Japan 1179

—Reviews—

ERREFTRIANIARC ZME LT 2RO FREBCEDRENZ
ok E T

Development of C—C Bond Formation and Asymmetric Reactions Catalyzed
by N-Heterocyclic Carbenes

Yumiko SUZUKI

School of Pharmaceutical Sciences, University of Shizuoka, 52-1 Yada,
Suruga-ku, Shizuoka 422-8526, Japan

(Received April 7, 2008)

N-Heterocyclic carbenes have been studied for their ability to catalyze C—C bond formations and asymmetric reac-
tions. The fluoro groups of fluorobenzenes are nucleophilically substituted with aroyl groups derived from aromatic al-
dehydes due to the catalytic action of imidazolidenyl carbenes to afford ketones. N-Heterocyclic carbenes mediate the
addition of trimethylsilyl cyanide to aldehydes to yield cyanohydrin trimethylsilyl ethers. The use of chiral im-
idazolidenyl carbenes derived from (R,R)-1,3-bis[(1-naphthyl)ethyl]imidazolium chloride led to enantioselective
cyanosilylation. C,-symmetric imidazolidenyl carbenes catalyze the asymmetric acylation of racemic secondary alcohols.
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Scheme 1. Preparation of NHC and Stabilizing Effects

imidazolium ylide
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Fig. 1. NHC Precursors and the Breslow Intermediate
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Table 1. Aroylation of Fluorobenzenes

1 (30 mol%) R@
—— 4 COAr

R.Z
7 N—F + ArCHO

— NaH/DMF
4 5
Entry R Ar Condition?® Yield (%)
1 4-NO, Ph A 57
2 4-NO, 4-CIC¢H; A 61
3 4-NO, 4-MeOC¢H; A 77
4 4-NO, 3-FC¢H; A 63
5 4-NO, 2-FC¢H; A 49
6 4-CN Ph B 37
7 4-C¢HsCO Ph B 32
8 2-F-4-NO, Ph C 75
9 2-F-4-NO, 3-CIC¢H;s C 56
10 2-F-4-NO, 3-MeOC¢H; D 60

a) A:0°C, 1 h, B: 0°C, 20 min and thenr.t., 2h, C: 0°C, 1.5h, D: —15
°C, 30 min, and then r.t., overnight.

Scheme 2. Reaction Mechanism
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Table 2. Cyanosilylation of Aldehydes Using Imidazolium
Salt 9

R-CHO ———————— |R— CH CN|[—> R- CH CN

OTMS l H* OH
TMS-CN/THF, r. t.

Entry Aldehyde Time (h) Yield (%)

1 CIOCHO 2 80
2 Me0—<::>—CHO 0.5 69

OMe

3 0.5 93
oo

CHO

4 0.5 %

CH

5 O'V'e 3 85
6 Q/\/ 0.5 75

7 NN CHO 0.5 77
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Scheme 3. Syntheses of Heterocyclic Compounds
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Scheme 4. Enantioselective Cyanosilylation
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Scheme 5. Postulated Reaction Mechanism 1
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Scheme 6. Postulated Reaction Mechanism 2
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Table 3. Asymmetric Acylation of 12 Catalyzed by C,-symmetric NHCs
HsC_~OH  azolium salt (3 mol%) HyC x OAC
t-BuOK (2.5 mol%)
vinyl acetate
0 =00 - -
12 13
Entry Azolium salt Condition Acetate Alcohol s
X Yield (%)@ ee(%)? Yield (%)@ ee(%)H
(R,R)-10 Cl r.t.,2d 21 42(R) 69 21(S) 3.0
(R,R)-10 Cl 0°C, 2d 21 51(R) 79 11(S) 3.4
(R,R)-14 Cl r.t., 18h 15 19(S) 83 1(R) 1.5
49 (R,R)-15 Cl r.t.,, 16 h 52 18(R) 47 17(S) 1.7
5 (R,R)-16 BF, 0°C, 1d 33 45(R) 56 22(S) 3.3
(R,R)-16 BF, —15°C, 3d 14 58(R) 85 8(S) 4.1
7 (R,R)-17 BF, 0°C, 18 h 43 14(R) 47 14(S) 1.5
8 (R,R)-18 BF, 0°C, 2d 6 23(R) 80 5(S) 1.7
99 (R,R)-19 BF, r.t., 4d 17 50(R) 83 — —
109 (R,R)-20 BF, 0°C, 2.5d and thenr.t., 2 h 4 13(R) 84 <1 —
11 (R,R)-21 BF, 0°C, 12h 27 49(R) 73 20(S) 3.5
12 (8,5)-22 BF, 0°C, 18 h 37 39(S) 60 23(R) 2.8
a) Isolated yield. b) Enantioselectivities were measured by HPLC using a Chiralcel OD column or a Chiralpac AS column. ¢) 1.0 m THF solution of ‘BuOK
was used. _
/\ . X /\ , BFs
RN NR Ry NN R
CH, CH, CH, CH,
(R,R) -14: X = CI, R = cyclohexyl (R,R) -18: X = BF4, R = 9-anthryl (S,S) -22:

(R,R) -15: X = C, R = phenyl
(R,R) -16: X = BF,, R = 1-naphthyl
(R,R) -17: X = BF,, R = 2-naphthyl

secle oo

9-anthryl 1-anthryl

(R,R) -19: X = BF,, R = 1-anthryl R=
(R,R) -20: X =BF,,R =
(R,R)-21: X = BF,, R

9-phenanthryl
1-(2-methoxynaphthyl)

= 1-pyrenyl
1-pyrenyl 9-phenanthryl
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Table 4. Asymmetric Acylation of 12 with Various Acyl Donors

Me_, O.__R'
o R2 (RR)-16 \n/
t-BuOK o
12 + 4 ,U\ /& —_— + 12*
RW 0O 0°C,1d
. Ester Alcohol Conversion
Entry Acyl donor R! R? Condition s
ee (%) ee(%) (%)
1 Vinyl acetate Me H A? 48 16 27 3.3
2 Vinyl benzoate Ph H A9 33 17 34 2.3
3 Vinyl propionate Et H A9 68 16 19 6.1
4 Vinyl butyrate Pr H A 66 11 14 5.4
5 Vinyl crotonate M e/\}17 H B® 34 11 24 2.3
‘1?7/
6 Vinyl methacrylate \r H A9 11 24 68 1.5
Me
7 Isopropenyl acetate Me Me BY 14 16 47 1.5

a) (R,R)-16 (3 mol%), -BuOK (2.5ml%), and ether were used. b) (R,R)-16 (5mol%), -BuOK (5ml%), and THF were used.

ST 2 il 9 % #4851 Movassaghi 53 Jx Of
Hu 622> TREIN TS,
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R EERIEENOFAFI A SNE KD IR
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S, SBOMEEEML THERLWN,
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DTHNZKORLELZBDTY. FICEHFHELED
ICEOMTE R 2 R TT L2 PRI R LU 9.
2&5%%%#@61%4\%5—% TR X o 2 BAE
T ERSEAI B L E9. Xz, EHOWIE

MW%<%T@,%¢§§@L%Q'3%§%F
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