
The conditions for the other reactions are given in Table I. 
During the deprotection of dioxolanes, one can note the formation 
of a white precipitate, which is solubilized in water at the hy- 
drolysis. 
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Facile transformation of amines and their derivatives 
to carbonyl compounds (eq 1) is often an important process 

in organic synthesis, while hitherto known methods using 
oxidizing agents (Ag2+,2 t-BuOC1,3 ph~tochemical,~ e k 5 )  
and nonoxidative methods,6p7 are not always satisfactory 
in yields and/or versatility. 

In the present paper, we report an application of our 
continuing study on the anodic oxidation of carbamates"12 
to the conversion of amines to the corresponding aldehydes 
or ketones. 

Results and Discussion 

As shown in Scheme I, the anodic methoxylatione of 
carbamates 2 prepared from primary amines 1 bearing a 
primary alkyl group gave a-methoxycarbamates 3 in good 
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yields. The transformation of 3 to dimethyl acetals 4, was 
successfully accomplished by the treatment of 4 with 5% 
H2S04 in methan01.l~ 

As shown in Table I, this method is useful for the syn- 
thesis of dialdehyde from the corresponding dicarbamate 
and w-formyl carboxylic acids15 from w-amino acids in high 
yields. 

Interestingly, the electrochemical oxidation of carba- 
mates 5 bearing a secondary alkyl group in methanol 
containing tetraethylammonium p-toluenesulfonate 
(TEATS) as a supporting electrolyte gave directly dimethyl 
ketals 6 in good yields (Scheme 11). 

Although there is no concrete evidence to support the 
intervention of a-methoxylated carbamates 7, the dimethyl 
ketals 6 were probably formed by methanolysis of the 
a-methoxy carbamates 7 catalyzed by acid generated in 
situ. Typical results are given in Table 11. 

In addition, the electrochemical method can also be 
applied to the synthesis of alicyclic ketones that are not 
necessarily synthesizable easily by the common chemical 
meth0ds.l' As exemplified in Scheme 111, the anodic 
oxidation of carbamate 9 synthesized from norbornane- 
carboxamide (8) gave norcamphor dimethyl ketal (10) in 
85% yield (Scheme 111). 

In view of its simplicity and versatility, this electro- 
chemical method is undoubtedly one of the promising 
methods for the transformation of amines to carbonyl 
compounds. 

Experimental Section 
Synthesis of Carbamates 2 and 5. Carbamates were prepared 

from the corresponding amines according to the known methods.20 
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Table I. Synthesis of Dimethyl Acetals - 
methoxycarbamate 

- carbamate 2 3; yield," % product 4; yield," % 

1 n-BuNHC0,Me (2a) 3a 72 n-PrCH(OMe), (4a) 85 
2 n-C,H,,NHCO,Me (2b) .  3b 72 n-C.H..CH(OMe), (4b) 92 
3 n-C.H. ,NHCO,Me (2c) 
4 Me6OCNH+CHZ&NHCO,Me (2d) 
5 MeOOCNHfCH,),CO,Me (2e) 
6 MeOOCNHfCH,);-C0,Me (2f) 
7 i-C,H,O-fCH,),NHCO,Me (2g) 

Isolated yields. 6F/mol of electricity was passed. 

Table 11. Svnthesis of Dimethyl Acetals 
yield," 

carbamate 5 dimethvl ketal 6 % 

NHC0,Me OMe 
I 1 

OMe 
6a 

CH,CH(CH,),CH, CH,~(CH,),CH, 78 
5a 

NHC02Me M e 0  OMe 69 

6b 5b 
NHC0,Me OMe 

I 
CH,CCH,CH, 

I 
I 
OMe 

6c 

72 

6 0 
CH,CHCH,CH, 

5c 

Isolated yields. 

Electrochemical Oxidation of Carbamates 2 to 3. General 
Procedure. The preparative electrolysis was carried out according 
to the previously reported procedure? Into a 50-mL electrolysis 
cell equipped with two carbon electrodes was placed a methanolic 
solution (30 mL) of carbamate 2 (0.05 mol) and tetraethyl- 
ammonium p-toluenesulfonate (0.005 mol). After 3 F/mol of 
electricity (0.5 A) was passed through the cell, the reaction mixture 
was poured into 100 mL of water and extraded with three portions 
of ether. 

The combined ethereal layer was dried over MgS0, and 
evaporated. The products were isolated by distillation (3a-2, m) 
or column chromatography (3d) (silica gel, EtOAc). 
3a: bp 93-97 OC (17 mmHg); IR (neat) 3350,2830,1695,1530, 

1250 cm-'; NMR (CCl,) 6 5.4-4.33 (m, 2 H), 3.6 (s, 3 H), 3.2 (9, 
3 H), 1.73-0.65 (m, 7 H). Anal. Calcd for C7H15N03: C, 52.15; 
H, 9.38. Found: C, 52.38; H, 9.60. 

3 b  bp 85-89 "C (1.5 mmHg); IR (KBr) 3400,2820,1690,1520, 
1250 cm-'; NMR (CCl,) 6 5.4-4.35 (m, 2 H), 3.65 (s, 3 H), 3.2 (s, 
3 H), 1.75-0.7 (m, 11 H). Anal. Calcd for CgH19N03: C, 57.11; 
H, 10.12. Found: C, 57.39; H, 10.01. 

3c: bp 110-115 "C (2 mmHg); IR (KBr) 3400,2820,1685,1530, 
1250 cm-'; NMR (KBr) 6 5.4-4.3 (m, 2 H), 3.6 (s, 3 H), 3.23 (s, 
3 H), 1.8-0.7 (m, 15 H). Anal. Calcd for CllHZ3NO3: C, 60.80; 
H, 10.67. Found: C, 60.75; H, 10.80. 

3d: IR (KBr) 3400,2820,1690,1530,1260,1090 cm-'; NMR 
(CC14) 6 5.3 (m, 2 H), 4.9-4.5 (m, 2 H), 3.57 (8, 6 H), 3.21 (s,6 H), 
1.85-1.0 (m, 8 H). Anal. Calcd for C12H,N20B: C, 49.30; H, 8.28; 
N, 9.58. Found: C, 49.53; H, 8.15; N, 9.50. 

3e: bp 128-130 "C (0.8 mmHg); IR (KBr) 3350,2850,1710, 
1620, 1240, 1080 cm-'; NMR (CCl,) 6 5.6-4.4 (m, 2 H), 3.58 (s, 
6 H), 3.25 (s, 3 H), 2.3 (t, 3 H), 2.0-1.0 (m, 6 H). Anal. Calcd 
for C10HlgN05: C, 51.49; H, 8.21, N, 6.01. Found: C, 51.49; H, 

3 f  bp 113-115 "C (0.9 mmHg); IR (neat) 3350, 2830, 1700, 
1540, 1260, 1100 cm-'; NMR (CC14) 6 5.7 (m, 1 H), 4.7 (m, 1 H), 
3.65 (s, 6 H), 3.31 (s, 3 H), 2.5-1.6 (m, 4 H). Anal. Calcd for 
CBHI5NO5: C, 46.82; H, 7.37; N, 6.83. Found: C, 46.71; H, 7.45; 
N, 6.67. 

38: bp 85-87 "C (0.8 mmHg); IR (neat) 3350,2850,1690,1540, 
1250, 1080 cm-'; NMR (CCl,) 6 6.3-5.8 (m, 1 H), 5.1-4.65 (m, 1 
H), 3.91-3.0 (m, 3 H), 3.62 (s, 3 H), 3.3 (8,  3 H), 2.0-1.5 (m, 2 HI, 

8.07; N, 6.00. 

3c 75 n-C;H&!H(OMej; ( 4 ~ j  93 
3db 77 ( M e O ) , C H f C H , ~ H ( O M e ) ,  (4d) 74 
3e 85  MeO(OE-CH,SaCH(OMe), (4e) 88 
3f 6 5  
3g 92 i-PrO--fCH,+CH(OMe), (4g) 90 

MeOiO j C ( C H , ~ C H ( O M e ) ,  '(4f) 89 

1.3 (d, 6 H). Anal. Calcd for CBHlgN04: C, 52.66; H, 9.33; N, 
6.82. Found C, 52.50; H, 9.19; N, 7.01. 

Synthesis of Dimethyl Acetals 4 in  General. a-Meth- 
oxylated carbamates 3 (0.05 mol) were treated with methanol (20 
mL) containing 5% HzS04 at  room temperature. After being 
stirred for 3 h, the mixture was poured into a saturated aqueous 
solution (100 mL) of NaHC03 and extracted twice with ether. 
The combined organic layer was dried over MgSO, and evaporated 
under atmospheric pressure. 

All products were isolated through a silica gel column using 
a mixed solvent of hexane and ethyl acetate (51) and identified 
by spectroscopic methods and/or comparison with the authentic 
samplesz1 (4a-c). 

4a: IR (neat) 2820, 1120 cm-I; NMR (CCI,) 6 4.3 (t, 1 H), 3.23 
(8 ,  6 H), 1.76-0.7 (m, 7 H); MS, m / e  118 (M'). 

4 b  IR (neat) 2825, 1120, 1050 cm-'; NMR (CC,) 6 4.27 (t, 1 
H), 3.25 (s, 6 H), 1.77-0.7 (m, 11 H); MS, m / e  146 (M'). 

4c: IR (neat) 2820, 1120, 1055 cm-'; NMR (CCl,) 6 4.3 (t, 1 
H), 3.23 (8,  6 H), 1.8-0.7 (m, 15 H); MS, m / e  174 (M'). 

4d: IR (neat) 2825, 1120, 1050 cm-'; NMR (CC,) u 4.3 (t, 2 
H), 3.3 (s, 12 H), 2.02-0.99 (m, 8 H); MS, m / e  206 (M'). Anal. 
Calcd for Cl&IZO4: C, 58.23; H, 10.75. Found C, 58.20; H, 10.65. 

4e: IR (neat) 2825, 1735, 1125 cm-'; NMR (CCl,) 6 4.25 (t, 1 
H), 3.6 (s, 3 H), 3.2 (s, 6 H), 2.25 (t, 2 H), 1.85-0.9 (m, 6 H); MS, 
m / e  190 (M'). Anal. Calcd for CgH1804: C, 58.62; H, 9.54. Found 

4f: IR (neat) 2820, 1120, 1060 cm-'; NMR (CC,) 6 4.3 (t, 1 H), 
3.63 (8 ,  3 H), 3.3 (e, 6 H), 2.5-1.6 (m, 4 H); MS, m / e  162 (M'). 
Anal. Calcd for C7H1404: C, 51.84; H, 8.70. Found: C, 51.58; 

4g: IR (neat) 2825, 1120, 1070 cm-'; NMR (CCl,) 6 4.4 (t, 1 
H), 3.75-3.2 (m, 3 H), 3.28 (s,6 H), 1.7 (9, 2 H), 1.1 (d, 6 H); MS, 
m / e  162 (M'). Anal. Calcd for CBHlB03: C, 59.23; H, 11.18. 
Found: C, 59.40; H, 11.02. 

Electrochemical Oxidation of Carbamates 5 to 6. Anodic 
oxidation of carbamates 5 was carried out according to the same 
procedure described above. After 15 F/mol of electricity was 
passed through the cell, the produd 6 were isolated and identified 
by comparison with authentic samples prepared from the cor- 
responding ketones.22 

6a: IR (neat) 2820, 1130, 1100 cm-'; NMR (CC,) 6 3.08 (s, 6 
H), 1.8-1.12 (m, 10 H); MS, m / e  144 (M'). 

6b: IR (neat) 2825, 1120, 1100 cm-'; NMR (CCl,) 6 3.03 (s,6 
H), 1.43 (t, 2 H), 1.1 (s, 3 H), 1.8 (t, 3 H); MS, m / e  118 (M'). 

6c: IR (neat) 2820, 1100 cm-l; NMR (CC14) 6 3.05 (s, 6 H), 
1.75-0.68 (m, 13 H), 1.08 (s, 3 H); MS, m / e  172 (M'). 

Transformation of 8 to 10. The Hofmann rearrangementz3 
of norbornanecarbo~amide~~ (8) in methanol gave carbamate 9 
in 85% yield. The anodic oxidation of 9 to 10 was easily ac- 
complished by passing 10 F/mol of electricity according to the 
general procedure. 

9 IR (KBr) 3320,1680,1530,1260 cm-l; NMR CCCl$ 6 5.44.33 
(m, 1 H), 3.63 (s, 3 H), 4.2-3.2 (m, 1 H), 2.62-1.0 (m, 12 H). Anal. 
Calcd for C9Hl5NOZ: C, 63.88; H, 8.93. Found C, 63.70; H, 8.82. 

10: IR (neat) 2820, 1100 cm-'; NMR (CCl,) 6 3.06 (s, 3 H), 3.03 
(s,3 H), 2.3348 (m, 10 H); MS, m / e  156 (M+). Anal. Calcd for 

c ,  58.72; H, 9.35. 

H, 8.59. 

(21) The authentic samples of 4a-c were prepared from the corre- 
sponding aldehydes according to the usual method. 

(22) Commercially available 2-octanone, cyclohexanone, and 2-buta- 
none were used for the synthesis of dimethyl ketals 6a-c. 

(23) Adams, R. Org. React. (N.Y.) 1959, 13, 283. 
(24) Boehme, W. R. J. Am. Chem. SOC. 1958,80, 4740. 
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In the course of our synthetic s t u d i e P  of heterocyclic 
compounds using cyanamide derivatives, we found that 
A4-1,2,4-thiadiazoline derivatives were easily prepared by 
the reaction of potassium [alkoxy(thiocarbonyl)]cyanamide 
and potassium methyl N-cyanodithiocarbonimidate with 
N-halo compounds (eq 1). We have now extended this 

L N - c f N  + Y-C-NHCi 

II 
X 

/ 
KS 

X =  NH, 0 
Y = R, RO, R,N 

process to provide a facile synthesis of 5-acyl-4-amino-2- 
ethoxythiazoles using potassium [ethoxy(thiocarbonyl)]- 
cyanamide (1) and a-halo ketones instead of N-halo com- 
pounds. Although several types 2-aminothiazoles are 
known, relatively few synthetic studiea on 4aminothiazolea 
have been reported. 

a-Bromoacetophenone readily reacted with 1 to provide 
an open-chain intermediate 2a (eq 2) that showed two 

Et)=N-C-N + R-C-CH2Br -KB;- 

It 
0 KS 

1 

2 3 

strong IR absorptions of a nitrile group around 2200 cm-'. 

(1) Fuchigami, T.; Odo, K. Bull. Chem. SOC. Jpn. 1976,48, 310. 
(2) Fuchigami, T.; Odo, K. Bull. Chem. SOC. Jpn. 1976, 49, 3165. 
(3) Fuchigami, T.; Nonaka, T.; Odo, K. Bull. Chem. SOC. Jpn. 1976, 

(4) Fuchigami, T.; Nonaka, T. Chem. Lett. 1979, 829. 
49, 3170. 
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Table I. Synthesis of 
5-Acyl-4-amino-2ethoxythiazoles (3 )" 

recrystn 
compd R yield, 5% mp, "C solvent 

3a Ph 97 87-88 MeOH 
100 121-122 MeOH 

95 129-130 MeOH 

3d 99 87-88 MeOH(aq) 

100 157-158 C,H, 
3e 
3f Me 90 121-122 MeOH 
Satisfactory analyses (*  0.3 for C, H, and N)  consistent 

'H NMR spectra (Et, NH,, Ar signals) were reported for 
a l l  compounds. 

Although 2a did not cyclize on heating in acetone or eth- 
anol, it was converted into 4-amino-5-benzoyl-2-ethoxy- 
thiazole (3a) in high yield by treatment with triethylamine 
at  room temperature. We found that the initial conden- 
sation and subsequent cyclization could be run in sequence 
in acetone at  room temperature without isolating the in- 
termediate 2. Several 4aminothiazoles were thus prepared 
from a-bromo ketones in excellent yields, as shown in 
Table I. 

In a similar manner, bis(4-amino-2-ethoxy-5-thiazolyl) 
ketone (3g) was easily synthesized in a good yield from 2 
equiv of 1 and 1,3-dichloro-2-propanone. 

The structures of 3 were confirmed by elemental anal- 
yses and mass, 'H NMR, and IR spectral data. In the IR 
spectra, the absorption of the carbonyl group of 3 appears 
around 1620 cm-l, which is a much lower frequency than 
that of ordinary ketones and probably reflects intramo- 
lecular hydrogen bonding between the carbonyl and amino 
 group^.^ 

The cyclization of 2 seems to proceed via a carbanion 
intermediate, which is stabilized by the carbonyl group and 
sulfur atom. 

Experimental Section 
Melting points are uncorrected. 'H NMR spectra were recorded 

a t  60 MHz on a Hitachi R24B spectrometer with MelSi as an 
internal standard. IR spectra were obtained on a Hitachi 295 
infrared spectrometer. Electron-impact mass spectra were de- 
termined at 75 eV on a JEOL JMS-D100 mass spectrometer by 
direct introduction via solid probe. 

Typical Procedure for the Preparation of Thiazoles. 
Preparation of 4-Amino-S-benzoyl-2~thoxythiazole (3a). To 
a stirred solution of 0.84 g (5 mmol) of potassium [ethoxy(thio- 
carbony1)lcyanamide salt l6 in 8 mL of acetone was gradually 
added a solution of 1.00 g (5 "01) of phenacyl bromide in 2 mL 
of acetone at room temperature. After about 1 h of stirring, 0.3 
mL of triethylamine was added to the reaction mixture. After 
an additional 1 h of stirring, the reaction mixture was evaporated 
to dryness under reduced pressure. The residue was mixed with 
water, and insoluble material was collected by filtration: yield 
1.20 g (97%); mp 87-88 OC. Recrystallization from methanol 
provided 0.90 g (73%) of pure 3a as a white solid mp 87-88 OC; 
IR (KBr) 1610 cm-' (C=O); NMR (CDCl,) 6 1.40 (t, 3 H, J = 7 

(m, 5 H, C,H,); MS, m / e  248 (M+). 
Preparation of Bis(4-amino-2-ethoxy-5-thiazolyl) Ketone 

(3g). In a similar manner as for the preparation of 3a, the reaction 
was carried out by using 0.84 g (5 mmol) of 1,0.32 g (2.5 mmol) 

Hz, CH3), 4.40 (q, 2 H, J = 7 Hz, CH&, 7.10 (9, 2 H, NHS), 7.53 

(5) The IH NMR signal of NH2 group of 3 did not disappear com- 

(6) Suyama, T.; Odo, K. J. Synth. Org. Chem. Jpn. 1971, 29, 65. 
pletely right after DzO was added to the solution of 3. 
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