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with the coupling constants of equatorial C(6)-H of 5 (t, 
7=8 Hz) at 8 4.76 and axial C⑹-H of 6 (dd, J=12, 4 
Hz) at 6 4.50. This assignment was further verified by 
comparing the lH NMR spectrum after acetylation of 3 
and 4 mixture (Ac2O, DMAP, pyridine).

8. The relative stereochemistry of 10-13 was verified by com
paring the NMR spectra of the compounds prepared 
from solvolysis of cyclohexene oxide in methanol followed 
by acetylation.

9. Kishi, Y.; Aratani, M.; Tanino, H・；Fukuyama, T.; Goto, 
T.; Inoue, S.; Sugiura, S.; Kakoit H. J. Chem. Soc., Chem. 
Commun. 1972, 64.
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The thiazole derivatives are found as sub-unit of many 
biologically important and structurally complex natural pro
ducts such as theonezolide,1 leinamycin,2 and bleomycin.3 It 
has been well documented that bithiazole derivatives cleave 
duplex DNA either in the presence of oxygen and ferrous 
ion4 or irradiation.5 Consequently the development of new, 
efficient, and general methods for the synthesis of thiazoles 
continues to be an attractive objective. Several different syn
thetic approaches to thiazoles have been developed.6

Thiocarbonyl ylildes have been the subject of much inte
rest in recent years due to their potential roles as interme
diates in a variety of reactions, including the five-membered 
ring sulfur heterocycles.7 The carbene approach to sulfur 
ylide formation by thermal, photochemical, and transition 
metal catalyzed reaction has been extensively explored.8 
However, the Lewis acid catalyzed ylide formation of a-dia- 
zocarbonyl compounds has received little attention.

In continuation of our work on the use of a-diazocarbonyl 
compounds for the synthesis of heterocycles such as P-furoic 
acid,9 y-pyrone,10 and oxazole,11 we have attempted to develop 
a new route to thiazoles based on cyclization of thiocarbonyl 
ylide, which generated from the Lewis acid-promoted reac
tion of a-diazocarbonyl compounds with thioamide.

Initial studies on the Lewis acid-promoted reactions of a- 
diazocarbonyl compounds with thioamides were carried out 
with ethyl diazopyruvate. Reaction of diazopyruvate 1 with 
thiobenzamide 2a (R=Ph) in the presence of Lewis acid (eg., 
BF^Et?。，AICI3, FeCl3) at room temperature, after aqueous 
work-up, resulted in S-alkylisothiobenzamide 4a in good to 
excellent yields.12 Use of 2 equiv of Lewis acids to the 1: 1 
mixture of 1 and thiobenzamide 2a afforded the following
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Table 1. Lewis Acid Promoted Reactions of Diazopyruvate 1 
with Thioamides

Thioamide (2)
R Reagent

Reaction*1 
conditions

Product
Yield 
(%y

mp
(t)

2a C6H5 BF3-Et2O A 97 109-110
2a C6H5 AICI3 A 54 109-110
2a C6H5 FeCl3 A 30 109-110
2a C6H5 BF3-Et2O B 82 48-49
2a C6H5 AICI3 B 79 48-49
2a C6H5 FeCl3 B 20 48-49
2b 4-O2N-GH4 BF3'Et2O A 6b 150-152
2b 4-O2N-C6H4 BF3-Et2O B 72 152-154
2c 4-CH3O-C6H4 BF3*Et2O B 89 97-98
2d 2-CHQCH4 BF3*Et2O B 87 86-87
2e 4-CH3-C6H4 BF3-Et2O B 97 44.5U5
2f 4-CH3O2C-C6H4 BF3-Et2O B 51 121.5-122
2g 4-Cl-C6H4 BF3-Et2O B 68 100-100.5
2h 2-C5H4N BF기 如0 B 41 70.5-71
2i CH3 BF3-Et2O B 57 57-57.5
2j C6H5CH2 BF3*Et2O B 49 77-78
2k C6H5CH2CH2 BF3-Et2O B 75 51

fl Method A: Ethyl diazopyruvate (1 mmol) in ether (5 mL) was 
added to the mixture of thioamide (1 mmol)-Lewis acid (2 mmol) 
in ether (5 mL) for 2 h under Ar at 0 t and then the reaction 
mixture was stirred for 3-7 h at room temperature. Method B: 
Ethyl diazopyruvate (1 mm시) in DME (5 mL) was added to 
the mixture of thioamide (1 mmoI)-Lewis acid (2 mmol) in DME 
(5 mL) for 2 h under Ar at 0 t and 난len the reaction mixture 
was refluxed for 3-7 h. b Isolated yield. cAlso thiazole 5b was 
obtained in 17% yield.

yields of isothiobenzamide 4a, BF3'Et2O (97%), A1C13 (54%), 
FeCh (30%).

Treatment of 4-nitrothiobenzamide 2b with 1 in 2 equiv 
of boron trifluoride at room temperature gave rise to a mix
ture of the corresponding isothiobenzamide 4b and thiazole 
5b in the yields of 60 and 17%, respectively. This result 
suggests that diazopyruvate 1 under the Lewis acid condition 
generate initially thiocarbonyl ylide 3 which yield 5 by the 
loss of water as shown in Scheme 1.

We have found that boron trifluoride promoted reactions 
of diazopyruvate with thioamides at room temperature pro
duce the corresponding S-alkylisothioamide derivatives 4 in 
preparatively useful yi이d.

Treatment of the isothiobenzamide 4a with 1 equiv of bo
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ron trifluoride in refluxing benzene gave thiazole 5a in 91% 
yi 이 dF

The direct synthesis of thiazole was also achieved by treat
ment of thioamides with diazopyruvate 1 in the presence 
of the Lewis acid at high temperature. Common solvents 
(e.g., THF, DME, Et2O, C1CH2CH2C1) can be used with the 
best result in DME.

The representative results of the reactions between diazo
pyruvate 1 and various aryl and alkylthioamides are summa
rized in Table. The reaction proceeds with aliphatic and aro
matic thioamides with different functional groups. However, 
the relative yields of the products were found to be influen
ced by the nature of the R groups attached to thioamide. 
Aromatic thioamides gave higher yields than aliphatic coun- 
terparts. Substitution on para position of thiobenzamide by 
an electron-widhdrawing group retarded the yields of 5.

Typical procedure is as follows. To a solution of thiobenza- 
mide (1 mmol) and BF3-etherate (2 mmol) in 5 mL of dry 
DME was added ethyl diazopyruvate (1 mmol) in DME (5 
mL) by a syringe pump over 2 h at 0 fc. The mixture was 
stirred for 1 h at room temperature to complete ylide forma
tion, and then refluxed for 5 h. The product was extracted 
3 times with ethyl acetate, washed with sat. NaHCO3, brine, 
dried over Na2SO4, and concentrated. The residue was chro
matographed on silica gel eluted with 20% ethyl acetate in 
hexane to give 0.82 mm이 of ethyl 2-phenyl-l,3-thiazole-4- 
carboxylate (82% yield).12

Thus the present procedure provides a convenient synthe
tic approach to the functionalized thiazole derivatives, and 
further mechanistic study is currently in progress.
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