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12. A sample of dimethyl 4,4'-diaminodiphenoate for comparison was kindly supplied by S. 
Strunk of Wyeth. 
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Thiocarbamates are an important class of compounds due to their biological activity' 
and have found wide applications in the chemical industry such as in the production of 
commodity chemicals such as herbicides? pesticides,3 bactericides4 and antiviral agents5 There- 
fore the development of methods for the synthesis of thiocarbamates is important. 

Several methods for the preparation of thiocarbamates have been reported in the litera- 
ture6 such as the reaction of amines with phosgene and thiols? In addition, the direct condensa- 
tion of thiols with carbamoyl chlorides* or isocyanates9 has also been reported. Unfortunately, 
both carbamoyl chlorides and isocyanates are typically prepared from phosgene and some of 
them are difficult to store, as they are sensitive to water. There are a variety of other methods 
including (i) the reaction of carbon monoxide, amines with thiols'o or disulfides" in the presence 
of metal catalysts, (ii) the use of sulfur'* with amines and carbon monoxide followed by addition 
of alkyl halides, (iii) coupling of thiocyanates and alcohols in the presence of sulfuric 
(iv) the conversion of various o-substituted thiocarbamates via intramolecular rearrangement.15 
Recently, Wynne reported a synthesis of hocarbamates from thiolsI6 in which two equivalents 
of trichloroacetyl chloride and of amines were required. Despite of the numerous routes, most 
methods involve unstable reagents, multi-step procedures, harsh reaction conditions, expensive 
catalyst or complex materials. Base on these premises, we now report a mild and convenient one- 
pot procedure for the synthesis of thiocarbamates using bis(trichloromethy1) carbonate (BTC) . 

BTC is well known as an important equivalent for phosgene and has emerged as a 
versatile synthetic auxiliary in the preparation of various organic compounds. Reactions with 
BTC usually proceed under relatively mild conditions and often afford good to excellent yields. 
The present work reports the reaction of BTC for the synthesis of thiocarbamates from thiophe- 
nols and amines. 
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In Scheme I two routes to prepare thiocarbamates were investigated. Route A involves 
the chlorocarbonylation of the amines with BTC followed by the addition of thiophenols. In 
order to avoid the formation of by-product ureas, the amines should be added to the solution of 

0 
0 

1. @-SH - Route A C13CO~OCC13 - 3 R1\N" 1 ,R' 
d' 

2.10% NaHC03 p--s 
N'Ra 

0 2 

- 
2.10% NaHC03 

Route B c13co~occ13 - 3 @-SH 
3 

Scheme 1 

BTC at low temperature. However, one disadvantage of this route is that it produces amine salts 
in step one, which leads to difficulties in the reaction with thiophenols, giving low yields of the 
desired products. The experiment showed that N-substituted thiocarbamates were obtained in 
moderate yields by this route (Table I). When secondary amines were used, only trace amount of 
products were detected. Hence, we preferred Route B, which involves the reaction of thiophenols 
with BTC to afford thiochloroformates (3), followed by condensation with amines. This route 
gave good yields of thiocarbamates. 

Table 1. Synthesis of Thiocarbamates from Amines (Route A) 
Amines Time(h) Product Yielda Entry 

R' R2 R3 Step 1 Step2 (a) 

1 H 0- 2 6 2a 65 

2 H 0 - @  2 6 2b 67 

3 H 0- m+ 2 10 2e 57 

4 Et Et -+ 24 ti traces 

a) Yields based on amines. 

In route B, the intermediate (3) was formed efficiently through the reaction of one 
equivalent of thiophenols with a slight excess of BTC. It is observed that most of the thiophenols 
were consumed after stirring 0.5 h at room temperature. The amine was then added to the 
resulting mixture in the cold (ice-bath) and then brought to reflux to give the desired product. In 
comparison to reported methods for the preparation of thiocarbamates, the major advantages of 
the present method are its simplicity and rather mild conditions. Various substrates were tested 
under the optimal condition and the results are summarized in Table 2. As shown in Table 2, the 
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nature of the substituent on the thiophenols has no significant influence on the reaction and no 
by-product was detected by TLC analysis. 

Table 2. Synthesis of Thiocarbamates from Thiophenols and Thiols (Route B) 
Entry Amines Base Time(h) Product Y ielda 

1 H --Q Q none 1 I .25 2a 85 

R' R2 R3 Step 1 Step2 (%) 

2 H Q Q none 1 I 2b 88 

3 H o C H 2 -  0- none 1 2 242 69 

4 H a -0 none 1 1 2d 90 

5 H 0 ~ ~ 2 -  -0 none 1 1.5 2e 75 

6 H b-Q cI+ none 1.5 1.25 2f 79 

7 H CI+ none 1.5 1.25 2g 84 

8 H O C H z -  none 1.5 1.5 2h 71 

9 H H 

10 Et Et 

Q P y  1 36 2i 0 

0 - P y  1 10 2k 57b 

0 ~ ~ 2 -  none 3 4 21 70 

0%- none 3 4 2m 72 

(w- none 5 6 20 63 

a) Yields based on thiophenols. b) Pyridine (1  equiv) and amines (2 equiv) were used. 

In step two of Route B, a variety of amines were used and it was found that the nature 
of the amines affects the results. In the case of primary aromatic amines, the reaction proceeded 
efficiently giving the corresponding N-arylthiocarbamates in yields of 8540% (Table 2, Entries 
I ,  2 and 4). When benzylamine was employed in the reaction, N-benzylthiocarbamate was 
obtained in 71% yield (Table 2, Entry 8).  Secondary amines, possibly because of steric 
hindrance, reacted slowly with 3, even after prolonged reaction time and the use of higher 
temperatures. Hence, a base catalyst was required and different bases were employed including 
pyridine, DMF and triethylamine. The result indicated pyridine worked the best and the prod- 
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ucts were prepared in 54% and 57% yields (Table 2, Entries 10 and 11). In an attempt to 
enlarge the scope of this route, benzylthiol and aliphatic thiols were examined under the same 
conditions and the corresponding thiocarbamates were obtained in moderate to good yields 
(Table 2, Entries 12-15). 

In summary, we have developed a simple and straightforward procedure for the 
synthesis of thiocarbamates by using bis(trichloromethy1) carbonate under relatively mild 
conditions. 

EXPERIMENTAL SECTION 

Mps are uncorrected and were obtained on an Electrothermal melting-point apparatus. Infrared 
spectra were recorded on a Thermo Nicolet Avatar 370 spectrophotometer. 'H NMR and I3C 
NMR spectra were measured on a Varian Mercur plus-400 spectrometer with tetramethylsilane 
(TMS) as an internal standard and CDCI, as the solvent. Mass ( M S )  spectra were obtained with a 
Finnigan Trace DSQ spectrometer. The elemental analysis was performed by Instrumental 
Analysis Center at Zhejiang University, Flash EAI 112. All chemicals are from commercial 
sources. Preparative TLC was carried out on silica gel GF-254 plates. 

General Procedure for the Synthesis of Thiocarbamates. Route A.- The amine (2 mmol) was 
added to a solution of BTC (0.24 g, 0.8 mmol) in CH2C1, (15 mL) at 0°C and the reaction 
mixture was stirred for 0.5 h at same temperature, then brought to reflux for 1.5 h. The thio- 
phenol (2.2 mmol) in CH,Cl, (2 mL) was added directly to the mixture and the reaction was 
stirred until completion as indicated by TLC. The solvent was removed and the residue was 
diluted with ethyl acetate (20 mL) and washed with 10% NaHCO, (20 mL x 3), brine (20 mL x 
3), then dried over anhydrous MgSO,. The crude product was purified by column chromato- 
graphy on silica gel with hexandethyl acetate (8020). 
Route B.- The thiophenol or thiol (2 mmol) was added to a solution of BTC (0.24 g, 0.8 mmol) 
in CI-L$12 (15 mL) at room temperature. The reaction mixture was stirred until completion as 
indicated by TLC, then cooled to 0-5°C. The amine (2.2 mmol) was then added slowly to the 
mixture which was then brought to reflux until the reaction was completed. The reaction mixture 
was worked up as described in Route A. 

Table 3. Data of Thiocarbamates from Amines and Thiophenols or Thiols Using BTC 
Cmpd mp.("c) MS(E1) IR(KBr) 'H NMR(6) '3c NMR(8) 

(kmp) mlz (8) (cm-I) 
IM+HI+ 

2a 130-131.5 244100) 3270(NH) 7.62-7.60 (2H, m, ArH), 7.46-7.43 (3H, ---- 
(1 29-1 3 1 'I) 1664(C=O) m, ArH), 7.26-7.23 (2H, m, ArH), 7.09 

(2H, d, J =  8.0 Hz, ArH), 7.01 (lH, bs, 
NH),2.30(3H,s,CH3) 

m, ArH), 7.38-7.26 (4H, m, ArH), 7.10 
(lH, t, J =  7.2 Hz, ArH), 7.08 (lH, bs, NH) 

2b 123-124 230(100) 325qNH) 7.63-7.60 (2H, m, ArH), 7.48-7.44 (3H, ---- 
( 1 22- 1 2 4 9  1 6 6 1 ( M )  
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Table 3. Continu ed... 
Cmpd m p . ( T )  MS(E1) IR(KBr) 'H NMR(8) I3C NMR(G) 

(lit.mp) m/z (%) (cm-I) 
[M+H]+ 

2d 129-130 
( 130- 1 30.52") 

2e 130.2- 130.7 
( 129- 1 30") 

2f 146-147 
(4 

Zp 158.5-160.5 
(158-1 602') 

2h 150-151 
( 1  5 1-1 52") 

2j oil 
(oil I(') 

2k 50-52 
(5322) 

21 92-93 
(92.1 -94.227) 

2m 109-110 
(109.1-1 10.3'?) 

2n 67-69 
(69-7P') 

20 140-141 
(142-143,") 

244(100) 

244(100) 

258(100) 

278( 100) 
280(37) 

264(90) 
266( 30) 

278( 100) 
28q30) 

21q100) 

221 (70) 
222(47) 

243(60) 
244(20) 

257( 100) 
258(30) 

194(70) 

2 1 O(60) 

3300(NH) 
I648(C=O) 

3295(NH) 
I662(C=O) 

3298(NH) 
1648(C=O) 

3285(NH) 
1657(C=O) 

3291(NH) 
166O(C=O) 

3302(NH) 
I650(C=O) 

1653(C=O) 

165 I (C=O) 

3243(NH) 
165O(C=O) 

3247(NH) 
1648(C=O) 

323qNH) 
1622(C=O) 

3313(NH) 
1689(C=O) 

7.58-7.56 (2H, m, ArH), 7.42-7.39 (3H, 

bs, NH), 4.45 (2H, d, J = 5.6 Hz, CH,) 
7.49 (2H, d, J =  7.6 Hz, ArH), 7.36-7.25 
(6H, m, ArH), 7.09 ( IH,  t, J = 7.6 Hz, ArH), 
7.05 (IH, bs, NH), 2.40 (3H, s, CH,) 

(7H, m, ArH), 5.60 ( 1  H, bs, NH), 4.44 (2H, 
d, J =  6.0 Hz, CH,), 2.37 (3H, s, CH,) 
7.50(2H,d,J=8.4Hz,ArH),7.40(2H, 164.8, 140.3, 
d, J =  8.4 Hz, ArH), 7.29-7.26 (2H, rn, 135.6, 135.0, 
ArHh7.11 (2H,d,J=8.0Hz,ArH), 134.2, 130.3, 
7.02 (IH, bs, NH), 2.31 (3H, s, CH,) 129.5, 124.7, 

1 19.7,21 .O 
7.53-7.50 (2H, m, ArH), 7.42-7.29 (6H, 
m, ArH), 7.12 (IH, t, J =  7.6 Hz, 
ArH), 7.09 (IH, bs, NH) 

(7H, m, ArH) 5.63 ( 1  H, bs, NH), 

7.53-7.48 (2H. m, ArH), 7.40-7.36 (3H, 
m, ArH), 3.43 (4H, q, J = 7.2 Hz, 
NCH,), 1.20 (6H, br, CH,) 
7.55-7.52 (2H, m, ArH), 7.43-7.40 (3H, 
m, ArH), 3.57 (4H, br, NCH,), 1.70 
(6H, br, CH,) 
7.41-7.26 (9H, m, ArH), 7.12 (IH, t, 

---- 
m, ArH), 7.35-7.23 (5H, m, ArH), 5.36 (IH, 

---- 

7.45 (ZH, d, J =  8.4 Hz, ArH), 7.33-7.20 ---- 

_--- 

7.48 (2H, d, J =  8.4 Hz, ArH), 7.38-7.26 __-- 

4.47 (2H, d, J = 5.6 Hz, CH,) 
_--- 

---- 

-_-- 
J=7.2 Hz, ArH), 7.02 ( IH,  bs, NH), 
4.23 (2H, s, CH,) 

J=8.4Hz,ArH),6.95(1H,bs,NH), 
4.44(2H,s,CH2), 2.31 (3H,s,CH3) 

J =  8.0 Hz, ArH), 7.12 (IH, t, J =  7.6 Hz, 
ArH), 7.02 (IH, bs, NH), 5.94-5.77 (IH. 
m, =CH), 5.31-5.12 (2H, m, CH,=), 3.64 
(2H, d, J = 6.8 Hz, CH,) 

(2H, m, ArH), 7.03 (IH, t ,J=  7.2 Hz, 
ArH), 6.46 (IH, bs, NH), 1.52 (9H, s, CH,) 

7.37-7.23 (7H. m, ArH), 7.1 I (2H, d, ---- 

7.41 (2H, d, J =  8.0 Hz, ArH), 7.32 (2H, t, ---- 

7.35 (2H, d , J =  8.0 Hz, ArH), 7.30-7.26 ---- 

a) Anal. Calcd. For C,,H,,ClNOS: C, 60.54; H, 4.35; N, 5.04. Found: C, 60.57; H, 4.26; N, 5.09 
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AN IMPROVED SYNTHESIS OF 
2-n-(PROPYL)-lH-IMIDAZOLE-4J-DICARBOXYLIC ACID DIETHYL ESTER 
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Diethyl 2-(n-propyl)- 1 H-imidazole-4,5-dicarboxylate (4) is an intermediate in the 
synthesis of olmesartan, a non-peptide angiotensin I1 receptor antagonist.'-2 Yanagisawa et 
reported using diaminomaleonitrile and trimethyl orthobutyrate as starting materials. Thus, 
diaminomaleonitrile was treated with trimethyl orthobutyrate in acetonitrile to provide the 2- (n- 
propy1)- 1 H-imidazole-4,5-dicarbonitrile (96% yield) which was then hydrolyzed under acidic 
conditions to afford 3 (80%). Esterification of 3 in ethanol in the presence of hydrogen chloride 
gave 4 in 86% yield (Scheme I). 

... 
111 

ii HOOC 

3 4 1 
2 

i) n-PrC(OMeh; MeCN, A, 5 h, xylene, 7 h; ii) HCI, H 2 0 ,  A, 8 h; iii) HCI (gas), EtOH, 3 h 

Scheme 1 

However, this method is not practical for large-scale preparation because diaminomale- 
onitrile is toxic and expensive, requiring long reaction times and tedious work-up. To overcome 
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