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Di-2-pyndyl thionocarbonate, prepared from thiophosgene and 2-hydroxypyridine in the presence of triethylamine in dic­
hloromethane, was found to be very effective for dehydration, dehydrosulfurization, and thiocarbonyl transfer reactions Di- 
2：pyndyl thionocarbonate was successfully utilized for the esterification of carboxylic acids, dehydration of aldoximes into 
nitriles, preparation of isothiocyanates from amines, and preparation of cyclic thionocarbonates from 1,2- and 1,3-diols.

Introduction

Since the pioneering work by Staab during 1960's on the 
chemistry of N,N '-carbonyldiimidazole and N,N'-thiocar- 
bonyl-diimidazole,1 these reagents have found many useful 
applications in organic synthesis.2 Although a variety of 
useful reagents derived from phosgene have been recently 
developed and successfully utilized in the synthesis of 
amides, peptides, and e옹ters,' similar reagents derived from 
thiophosgene have not been actively investigated. The use of 
1,1z-thiocarbonyl-1,2,4-triazole and related reagents as 
thiocarbonyl transfer reagents has been reported by Harpp.4 
Recently, we have reported 난｝e convenient method for the 
preparation of isothiocyanates and carbodiimides using di-2- 
pyridyl carbonate (DPT).5 The lack of systematic investiga­
tion on the syiH나】etic utility of thiophosgene related reagents 
prompted a detail은d 않tudy of the reaction of a series of se­
lected functional groups with DPT as a dehydration, a dehy­
drosulfurization, and a thiocarbonyl transfer reagent. This 
paper describes the results of these investigations.

Results and Discussion

DPT was conveniently prepared by treatment of thio­
phosgene with 2 equiv of 2-hydroxypyridine in 나le presence 
of 2-equiv of triethylamine in dichloromethane at 0 °C for 1 h 
and could be obtained in 80-90% yield as a white crystal, alth­
ough it was often obtained as a pale yellow crystal due to the 
contamination of 1,1'4hiocarbonyldi-2,2'-pyridone having 
orange color.6 Furthermore, DPT could be stored at room 
temperature for several months with little decomposition.
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Esterification of Carboxylic Acids. Esterification of 
acids with equimolar amounts of alcohols and DPT in 나ic 
presence of 0.1 equiv of 4-dimethylaminopyridine (DMAP)7 
in dichloromethane at room temperature proceeded smo­
othly, yi이ding esters in high yields in most cases. As we pre­
viously reported, the reaction did not occur to an observable 
extent in the absence of a base or in the presence of pyridine 
and triethylamine.8 In order to demonstrate the effectiveness 
of DPT, as compared with N,N '-thiocarbonyldiimidazole, 
we performed the reaction of caprylic acid with equimolar 
amounts of benzyl alcohol and N,Nz-thiocarbonyldiimidazole

°The reaction was earned out with equimolar amounts of an acid, an 
alcohol, 히)d DPT in the presence of 0.1 equiv of DMAP. ’Method 
A: in dichloromethane at room temperature. Method B: in carbon 
tetrachloride at 70 °C. cThe isolated yield of pivaUc anhydride.

in 아le presence of 0.1 equiv of DMAP in dichloromethane at 
room temperature. Caprylic acid was completely converted 
into N-caprylyl im커azole w让hin 1 h. However, alcoholysis of 
N-caprylyl imidazole was turned out to be relatively slow and 
benzyl caprylate was isolated in 33% yield after 24 h, indica­
tive of the superiority of DPT over N,N'4hiocarbonyldii- 
midazole.

Table 1 아lows some experimental results and illustrates 
the applicability, efficiency, and scope of this method. Under 
나】。present conditions, primary and secondary aliphatic acids 
worked well with primary alcohols to afford the correspon­
ding esters in high yields. However, in the case of using ter* 
tiary aliphatic acids and aromatic acids as an acid component 
and secondary and tertiary alcohols as an alcohol component, 
a mixture of 난］e desired esters and 2-pyridyI esters in vari-
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Table 2. Preparation of Nitriles from Aldoximes*
R-CH * NOH + DPT ->R-C = N

oxime method6 time, h yield, %

C6H5CH»NOH A 0.2 94
B 6 96

p-ch3-c6h4ch = noh A 0.3 97
B 10 96

p-ch3oc6h4ch=noh A 0.2 94
p<l-C6H4CH-NOH A 0.3 93

B 5 84
p-no2-c6h4ch-noh A 0.3 95

B 4 93
CH3(CH2)7CH=NOH A 24 50

B 1.5 88
C6H5CH2CH2CH «NOH B 15 92
C6H5-CH ■ CH-CH -NOH A 24 64

B 18 94

«The reaction was carried out with equimolar am이mt$ of 휴n aldox­
ime and DPT.6Method A: in the presence of 0.1 equi히 of DMAP in 
dichloromethane at room temperature. Method B: in acetonitrile at 
80 °C.

able ratios or exclusively 2-pyridyl esters were obtained. 
W辻h the exception of using tertiary alcohols and tertiary ali­
phatic acids, the desired esters could be obtained by perfor­
ming the reaction in carbon tetrachloride at 70°C. Since 
2-pyridyl esters can b은 transesterified to the desired e오ter응 

with the help of cupric bromide in acetonitrile,9 we feel that 
the formation of 2-pyridyl esters as a byproduct does not 
cause any serious problems.

Dehydration of Aldoximes. Dehydration of p-methoxy- 
benzaldoxime into p-methoxybenzonitrile using an equimolar 
amount of DPT and triethylamine in dichloromethane at 
room temperature occurred slowly, yielding 85% of p-me­
thoxybenzonitrile along with 12% of the recovered 응tarting 
material. We found that the reaction proceeded cleanly and 
rapidly in the presence of 0.1 equiv of DMAP (Method A). 
Several aromatic aldoximes were cleanly dehydrated to the 
corresponding nitriles within 20 min. However, dehydration 
of aliphatic aldoximes proceeded slowly under the same con­
ditions and required 24 h for completion of the reaction. Fur­
thermore, we found that conversion of aldoximes into the 
corresponding nitriles could be accomplished without adding 
a base in refluxing acetonitrile (Method B). The experimen­
tal results are summarized in Table 2.

We have investigated the reaction of ketoximes, primary 
amides, and formamides with DPT/DMAP. Reaction of 
cyclohexane-ketoxime with 1 equiv of DPT in the presence 
of 0.1 equiv of DMAP in dichloromethane at room tempera­
ture was very messy, showing several spots on thin layer 
chromatography. Attempts on the structure determination of 
several products were failed. Similar results were realized 
with other ketoximes. Primary amides and formamides were 
inert to DPT/DMAP and starting materials were recovered 
in essentially quantitative yields.

Dehydrosulfurization of Thioureas. Carbodiimides are 
particularly important condensing agents in the peptide 
synthesis and various methods for the preparation of carbodi­
imides from dehydrosulfurization of thioureas utilizing metal 
oxides and condensing agents have been developed.10

Table 3. Preparation of Carbodllmidet from Thioureas
§ 0.1 equiv DMAP

RNH-C-NHR' + DPT —°口 “ .一一> R-N - C = N-R' CH3CN, r.t.

flThe reaction was done at 80 °C.6The starting material was reco­
vered unchanged.

R R， time,h yield, %

c6h5 c6h5 0.5 84
C6H5 0-CH3~CgH4 0.5 89
C*5 CH3(CH2)3 1 91
c6h5 (CH3)夕 1 90

c-C6Hn 2 87
(CH3)3c c-C6Hu 12 90

2。

c-C6Hii c-CgHn 15 84
(CH3K (CH3K 6 92

lfl 86
ch3(ch2)3 CH3(CH2)3 12。 3

The reaction of N-cyclohexyl-Nz-phenylthiourea with 
equimolar amounts of DPT as a dehydrosulfurization agent 
and pyridine in acetonitrile occurred only to an observable 
extent, yielding 5% of N-cyclohexyl-Nz-phenylcarbodiimide 
with the recovery of the starting material at room tempera­
ture for 24 h and similar results were obtained with the use of 
triethylamine. We found that the use of DMAP was very ef­
fective in the conversion of thioureas into carbodiimides in 
high yield옹. For example, reaction of N-cyclohexyl-Nz- 
phenylthiourea with 1 equiv of DPT in the presence of 0.01, 
0.1, and 1 equiv of DMAP in acetonitrile at room tempera­
ture gave N-cyclohexyl-N7 -phenylcarbodiimide in essentially 
quantitative yields in 10 h, 2 h, and 0.1 h, respectively. Thus, 
remaining reactions were carried out with 1 equiv of DPT in 
the presence of 0.1 equiv of DMAP in acetonitrile.

As shown in Table 3, N,N '-diaryl or N-aryl-N '-alkyl sub­
stituted thioureas were cleanly and rapidly converted into the 
corresponding carbodiimides in high yi신ds at room tempera­
ture. However, the conversion of N,N '-diakyl substituted 
thioureas into the corresponding carbodiimides was normally 
slow and was dependant critically on the nature of alkyl 
groups. Thus, the reaction of N,N '-di-t-butylthiourea with 
DPT in the presence of 0.1 equiv of DMAP at room tempera­
ture in 6 h gave N,N'-di-t-butylcarbodiim너e in 92% yield, 
whereas the reaction of N,Nz -dicyclohexylthiourea required 
15 h at 80°C for completion of the reaction. Furthermore, 
比is procedtire reaches a limit with N,N'-primary alkyl di­
substituted thioureas. N,N ^-di-n-butylthiourea and N-me- 
thyl-N z-n-butyl-thiourea were completely inert to DPT/ 
DMAP at 80°C for 12 h and starting materials were reco­
vered unchanged.

It is of interest to note that dehydrosulfurization of thiou­
reas with N,N '-thiocarbonyldiimidazole proceeded less effi­
ciently, as compared with the reaction using DPT. For in­
stance, reaction of N-phenyl-N z-t-butylthiourea with 1 equiv 
of N,N'-thiocarbonyldiimidazole in the presence of 0.1 equiv 
of DMAP in acetonitrile at room temperature for 24 h gave 
25% of N-phenyl-N '-t-butylcarbodiimide along with 62% of 
the original thiourea, whereas the taction with DPT gav은 

the desired carbodiimide in 90% yield after 1 h under the 
similar condition.

Preparation of Isothiocyanates. The widely used
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Table 4. Preparation off Isothiocyanatee from Amines* 
rnh2 + dpt->r-n-c = s

amine yield, %。
bp, °C (mmHg) 
mp, [°C] IR( cm-1

CH3(CH2)3NH2 94 57-59 (15) 2110
c-C6HuNH2 85 57-59 (1) 2110
(CH3)3CNH2 87 47-50 (25) 2120
CH3CH2CH(CH3)NH2 85 60-63 (30) 2100
ch2 = chch2nh2 85 63-65 (40) 2090
c6h5ch2nh2 90 78-82 (2.2) 2100
c6h5nh2 90 75-77 (6) 2090
P-CH3Q6H4NH2 95 73-74 (0.5) 2100
p-no2-c6h4W 90 [106-018] 2090

-naphthylamine 95 [119-12이 2100

"The reaction was carried out with equimolar amounts of an amine 
and DPT in di사血romethane at room temperature for 5 min. bThe 
reaction was complete in 2h.c Isolated yields after Kugelrohr distilla­
tion.

Table 5. Preparation of Cyclic Thionocarbonatee from Diols

diol method® timeth yield, %

아結 H2 A 1 90
OH OH

ch3chch2ch2 A 1 85
OH 6h B 12 82

c6h5ch-ch2 A 1 89
OH OH B 4 96

CH3CH-CH2 A 1 89
OH OH B 6 81

CH2C(CH3)2CH2
OH OH

B 10 87

CH3CHCH2C(CH3)2 A 2 88
6h oh

CH^CHCCsHcJCHCn-C^Hv) A 1 92
OH 晶 B 16 86
(CH3)2C-C(CH3)2 A 12 0

HO OH

flMethod A: in refluxing toluene. Method B: in 바】e presence of 0.1 
equiv of DMAP in dichloromethane at room temperature.

method for the preparation of isothiocyanates involves the 
reaction of amines with carbon disulfide in the presence of a 
base to form dithiocarbamate salts and their conversion into 
isothiocyanates can be often achieved by a variety of rea­
gents. They include phosphoryl chloride/1 DCC,12 2-chlo- 
ropyridinium salts,13 triphenylphosphine dibromide,14 and 
Grignard reagent.15

Aliphatic and aromatic amines were directly converted to 
the corresponding isothiocyanates in high yields on treat­
ment with DPT in dichloromethane at room temperature. 
The reaction most likely proceeded via 2-pyridyl thiocar­
bamates followed by rapid elimination of 2-hydroxypyridine 
at room temperature. The reaction was usually complete 
within 10 min at room temperature, though unreactive p-ni- 
troaniline required 2 h. It is noteworthy that the reaction of 
N,N '-thiocarbonyldiimidazole with amines involves (1-alkyl- 
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or arylthiocarbamoyl) imidazole as intermediates, which can 
be thermally decomposed into isothiocyanates and imidazo- 
论严 while N,Nz-thiocarbonyl-1,2,4-triazole results in the for­
mation of stable (1-akyl- or arylthiocarbamoyl)-1,2,4-triazole 
even with heating.4 Thus, the present method seems to be 
very 휴tractive in terms of its simplicity, rapidity, mildness, 
and high yields of products.

Preparation of Cyclic Thionocarbonates. Cyclic thio- 
nocarbonates are important intermediates for Corey-Winter 
이efin synthesis17 and deoxygenation of one hydroxy group18 
from 1,©diols and have been prepared most frequently using 
N,N '-thiocarbonyldiimidazole. Although cyclic thionocar­
bonates can be generally prepared with thiophosgene in rela- 
tiv신y low yields, an improved procedure usng thiophosgene 
and DMAP has been recently reported.19

The preparation of cyclic 난)ionocarbonates were perform­
ed on a variety of structurally different 1,2- and 1,3-diols us­
ing a stoichiometric amount of DPT in refluxing toluene (Me­
thod A). Under the present conditions, the reaction was nor- 
mally complete within 4 h. Furthermore, the reaction occur­
red smoothly in 나此 presence of 0.1 equiv of DMAP in dichlo­
romethane at room temperature (Method B), but the reaction 
rate was relatively slow. The present method could be suc- 
cessf니ly applied for 난le preparation of cyclic 1,2-thionocar- 
bonates from various 1,2-diols as 아】own in Table 5. How­
ever, sterically hindered pinacol was recovered unchanged 
even upon prolonged stirring in refluxing toluene. In a simi­
lar manner, various 1,3-diols including sterically hindered 
2-methyl-2,4-pentanediol were converted into the correspon­
ding cyclic 1,3-thionocarbonates in high yields. Furthermore, 
it is noteworthy that ethylene glycol and 1,3-butanedi이 were 
not cleanly converted into the desired cyclic thionocarbona­
tes using N,N 'Thiocarbonyldiimidazole in refluxing toluene, 
yielding only several unknown byproducts, although 1- 
phenyl-l,2-ethanediol and 2-methyl-2,4-pentanediol were 
converted into 4-phenyl-l,3-dioxolane-2-thione and 4,4,6-tri- 
me比yl-l,3-dioxane-2-thione in 84% and 69% yield, respecti­
vely.

Conclusions

The results obtained in 나lis study confirm the versatility 
and a general understanding of the chemical property of 
DPT. DPT 아lows unique and characteristic chemical proper­
ties not present in other similar reagents like N,N'-thio- 
carbonyldiimidazole and also has certain advantages over 
N,Nz -thiocarbonyldiimidazole such as the wide applicability, 
나】e mildness, 仕比 stability of 나le reagent, and high yields of 
products. Thus, we strongly believe 比at DPT should find 
many useful applications in organic synthesis.

Experimental

Preparation of Di-2-pyridyl Thionocarbonate. To a 
stirred 옹ohition of 2-hydroxypyridine (1.90 g, 20 mmol) and 
triethylamine (2.93 m/, 21 mmol) in dichloromethane (50 mZ) 
at 0 °C was added thiophosgene (0.76 mZ, 10 mmol) drowise 
over 10 min. After being stirred at 0 °C for 1 h, 나]e reaction 
mixture was washed with 5% aqueous NaHCO (30 m/) and 
saturated brine (30 m/). The organic layer was dried over 
anhydrous MgSO4 and concentrated to dryness. The residue 
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was purified by silica gel column chromatography with ethyl 
acetate/hexane (1:1) as eluant or th은 crude product was 
recrystallized from dichloromethane / petroleum ether to af­
ford di-2-pyridyl thionocarbonate (DPT) (1.97 g, 85%) as a 
white solid, mp 98-100 °C; NMK (CDClg)^?. 10-7.47 (m, 2H), 
7.72-8.07 (m, 1H), 8.37-8.57 (m, 1H); IR (KBr) 3030, 1600, 
1470, 1440,1310,1280,1225,1150 cm-1. Calcd for CnH8O2 
NgS: C, 56.89; H, 3.47; N, 12.06. Found: C, 56.71; H, 3.42; 
N, 12.20.
General Proceduie for the Preparation of Est히鼠 To a 
solution of carpry lie acid (288 mg, 2.0 mmol) and benzyl alco­
hol (216 mg, 2.0 mmol) in dichloromethane (6 mZ) was added 
DPT (464 mg, 2.0 mm이), followed by the addition of DMAP 
(24 mg, 0.2 mmol). After being stirred at room temperature 
for 1 h, the reaction mixture was diluted with dichlorome­
thane (20 mZ), washed with 0.5M HC1 solution, saturated 
NaHCO3 solution, and brine, dried and evaporated to dry­
ness. The residue was distilled with Kugelrohr apparatus to 
give benzyl caprylate (431 mg, 92%).

Spectral and Physical Data. 2,2,2项馅사口飲(泪버就 Ca­
prylate :bp 95-97 °C (1.3 mmHg); NMR (CDC13) 6*0.70-1.60 
(t, 3H), 1.13-2.06 (m, 10H), 2.43 (t, 2H), 4.70 (s, 2H); IR(film) 
1765 cm-1. Isopropyl Caprylate: bp 48-50 °C (0.8 mmHg): 
NMR (CDCI3) 50.93 (br t, 3H), 1.10-1.83 (m, 10H), 1.28 (d, 
J = 6 Hz, 6H), 2.26 (t, J = 6 Hz, 가D, 5.10 (m, 1H); IR(fihn) 
1735 cm-1. t-Butyl Caprylate： bp 54-57 °C (1.6 mmHg); 
NMR (CDC13“0.92 (br t, 3H), 1.06-1.86 (m, 10H), 1.50 (s, 
9H), 2.23 (t, J = 6 Hz, 3H); IR(film) 1735 cm-1. Methyl 
Phenylacetate: bp 54-57 °C (0.7 mmHg); NMR (CDCI3)' 
3.62 (s, 2H), 3.67 (s, 3H), 7.30 (s, 5H); IR(film) 1745 cmf 
Benzyl Phenylacetate: bp 134-136 °C (1.3 mmHg); NMR 
(CDCI3) M.56 (s, 2H), 5.05 (s, 2H), 7.23 (s, 10H); IR(film) 
1735 cm-1. Ethyl Cyclohexanecarboxylate: bp 41-43 °C (1.4 
mmHg); NMR (CDCQdO.97260 (m, 11H), 1.30 (t, J = 7 Hz, 
3H)f 4.30 (q, J = 6 Hz, 2H); IR(film) 1735 cm-1. Isopropyl 
Cyclohexanecarboxylate: bp 49-51 °C (1.8 mmHg); NMR 
(CDCI3) &L33 (d, J = 6 Hz, 6H), 1.00-2.60 (m, 11H), 5.10 (m, 
1H); IR(film) 1735 cm'1. Ethyl t-Cinnamate: bp 90-92 °C (0.7 
mmHg); NMR (CDCI3) 51.38 (t, J = 7 Hz, 4.30 (q, J = 7 Hz, 
2H), 6.46 (d, J = 14 Hz, 1H), 7.43 (m, 5H), 7.73 (d, J = 14 Hz, 
1H); IR(film) 1715 cm-1. Benzyl Benzoate: bp 127-129 °C 
(1.5 mmHg); NMR (CDC1) 55.40 (s, 2H)( 6.97-7.87 (m, 8H), 
7.97-8.27 (m, 2H); IR(film) 1730 cm-1. Benzyl Pivalate: bp 
54-56 °C (1.5 mmHg); NMR (CDCy^l^S (s, 9H), 5.17 (s, 
2H), 7.37 (s, 5H); IR(film) 1730 cm-1. 2-Pyridyl Caprylate: 
NMR (CDCQ 50.72-2.03 (m, 13H), 2.58 (t, J = 7 Hz, 2H), 
6.94-7.20 (m, 2H), 7.50-7.82 (m, 1H), 8.20-8.40 (m, 1H); 
IR(film) 1760 cm-1. 2-Pyridyl Cyclohexanecarboxylate: 
NMR (CDCI3) 0.80-2.93 (m, 11H), 6.80-7.33 (m, 2H), 
7.46-7.96 (m, 1H), 8.16-8.53 (m, 1H); IR (film) 1760 cm-1. 
2-Pyridyl Benzoate: NMR (CDCQ 67.10-7.70 (m, 6H), 
8.00-8.40 (m, 3H); IR(KBr) 1740 cm-1.

General Procedure for the Preparation of p-Methoxy- 
benzonitrile. (Method A) A solution of p-methoxybenzal- 
doxime (152 mg, 1.0 mmol), DPT (232 mg, 1.0 mmol), and 
DMAP (12 mg, 0.1 mmol) in dichloromethane was stirred at 
room temperature for 10 min and diluted with dichlorome­
thane (30 mZ). The dichloromethane solution was washed 
with 0.1 N HC1 solution, saturated NaHCO3, and brine, 
dried, and evaporated to dryness. The residue was distilled 
with Kugelrohr apparatus to give p-methoxybenzonitrile 
(125 mg, 94%). mp 59-60 °C; NMR (CDCljMS (s, 3H), 

6.83-7.10 (m, 2H), 7.47-7.73 (m, 2H); IR(film) 2230 cm= 
(Method B). To a solution of nonanaldoxime (315 mg, 2.0 
mmol) in acetonitrile (8 m/) was added DPT (465 mg, 2.0 
mmol) and the reaction mixture was refluxed for 1.5 h. After 
evaporation of solvent under reduced pressure, the residue 
was diluted with dichloromethane (30 m/), wa응hed with 
water and brine, dried, and evaporated to dryness. The 
residue was distilled with Kugelrohr apparatus to give non­
anitrile (245 mg, 88%). bp 62-63 °C (4.5 mmHg); NMR 
(CDCI3) 0.93 (br t, 3H), 1.36 (m, 12H), 2.30 (t, 2H); IR(film) 
2250 cm-1.

Spectral and Physical Data of Nitriles. Benz(曲trile: 
bp 55-56 °C (5.0 mmHg); NMR (CDCl^^7.17-7.73 (m, 5H); 
IR(film) 2225 cm-1. p-Tolunitrile: bp 63-64 °C (1.5 mmHg); 
mp 28-29 °C; NMR (CDC1J $2.42 (s, 3H), 7.10-7.63 (m, 4H); 
IR(film) 2245 cm-1. p-Chlorobenzonitrile: mp 92-93 °C; 
NMR (CDCI3) 57.40-7.77 (m, 4H); IR(KBr) 2230 cm-1. p-Ni- 
trobenzonitrile: mp 144-146 °C; NMR (CDCI3) ^7.83-8.07 
(m, 2H), 8.27-8.53 (mf 2H); IR(KBr) 2240 cm% Hydrocinna- 
monitrile: bp 85-86 °C (1.2 mmHg); NMR (CDCI3) &2.40- 
2.73 (m, 2H), 2.80-3.13 (m, 2H), 7.30 (s, 5H); IR(fihn) 2250 
cm-1. Cinnamonitrile: bp 91-92 °C (1.6 mmHg); NMR 
(CDCI3) 55.87 (d, J = 15 Hz, 1H), 7.38 (d, J = 15 Hz, 1H), 7.45 
(s, 5H); IR(film) 2250 cmf

General Procedure for the Preparation of Carbodiimi- 
des. To a solution of N-t-butyl-N '・phenylthiour은a (208 mg, 
1.0 mmol) in acetonitrile (4 m力 was added DPT (232 mg, 1.0 
mmol), followed by th운 addition of DMAP (12 mg, 0.1 mmol). 
The reaction mixture was stirr은d at room temperature for 1 h 
and the solvent was evaporated. After dichloromethane (30 
m/) was added to the flask, the resulting solution was wa으hed 
with water, dried, and evaporated to dryness. The residue 
was distilled with Kugelrohr apparatus to yi이d the desired 
product (157 mg, 90%). bp 85-88 °C (0.5 mmHg): NMR 
(CDCI3) sl.45 (s, 9H), 7.03-7.40 (m, 5H); IR(fihn) 2120 cm'1.

Spectral and Physical Data of Carbodiimldes. C6H5 
N = C = N-C6H5: bp 130-133 °C (1.0 mmHg); NMR (CDCI3)

6.80-7.53 (m, 10H); IR(film) 2140 cm-1. = C = N-O-
CH3C6H4: bp 137-139 (0.6 mmHg); NMR (CDC13)^2.35 (s, 
3H), 6.70-7.57 (m, 9H); IR(film) 2130 cm-1. = C 느 N-
n-C4H9: bp 90-92 °C (0.5 mmHg); NMR (CDCI3) ^1.07 (br t, 
3H), 1.37-1.93 (m, 4H), 3.53 (t, 2H), 7.10-7.60 (m, 5H); IR 
(film) 2135 cm-1. CgHsN = C = N-c-C6Hu: bp 95-97 °C (0.7 
mmHg); NMR (CDCI3) 51.03-2.27 (m, 10H), 3.27-3.83 (m, 
1H), 6.93-7.50 (m, 5H); IR(film) 2125 cm너. (CH^QN^ C = 
N-c-C6Hu: bp 65-67 °C (1.8 mmHg); NMR (CDC13)51.07- 
2.07 (m, 10H), 2.97-3.43 (m, 1H); IR(film) 2120 cm-1. (CH^ 
C-N = C = N-C(CH3)3: bp 71-73 °C (50 mmHg); NMR 
(CDCI3) 51.30 (s, 18H); IR(film) 2100 cm-1.

General Procedure for the Preparation of Isothiocya­
nates. A solution of benzylamine (214 mg, 2.0 mmol) and 
DPT (465 mg, 2.0 mmol) in dichloromethane (6 mZ) at room 
temperature was stirred for 5 min. After the solvent was 
removed in vacuo, petroleum ether (10 mZ)was added and the 
resulting mixture was cooled in an ice bath. Th은 precipitated 
2-hydroxypyridine was recover은d by filtration in 93% yield. 
The filtrate was evaporated to dryness and the residue was 
distilled with Kugelrohr apparatus to yi이d benzyl isothiocya­
nate (268 mg, 90%).

General Procedure for the Preparation of Cyclic Thio- 
nocarbonates. (Method A) A solution of l-phenyl-l,2-etha- 
nediol (276 mg, 2.0 mmol) and DPT (465 mg, 2.0 mmol) in 
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toluene (6 ml) was refluxed for 1 h. After being cooled to 
room temperature, the reaction mixture was diluted with di­
chloromethane (30 mZ), wa사】ed with water and brine, dried, 
and evaporated to give analytically pure 4-phenyl-l,3-dioxo- 
lane-2-thione (335 mg, 93%). (Method B) To a stirred solu­
tion of l-phenyl-l,2-ethanediol (276 mg, 2.0 mmol) and DPT 
(466 mg, 0.2 mmol) in dichloromethane (6 m/) was added 
DMAP (22 mg, 0.2 mmol). The reaction mixture was stirred 
at room temperature for 4 h, diluted with dichloromethane 
(30 m2), washed with 2N HC1 solution and brine, and dried 
over MgSO4. Evaporation of the solvent afforded pure 
4・phenyl・l,&dioxolane-24hione (346 mg, 96%). NMR 
(CDCQ $4.54 (dd, J = 9, 8 Hz, 1H), 5.00 (dd, J = 9, 9 Hz, 1H), 
5.89 (dd, J = 9, 8 Hz, 1H), 7.42 (s, 5H).

Spectr이 Data of Cyclic Thlonocarbonates. 1,3- 
Dioxolane-2-thione: NMR (CDCI3) ^4.80 (s, 4H); IR(KBr) 
1485，1380, 1300 cm-1. 4-Methyl-l,3-dioxolane-2-thione: 
NMR (CDC1J M65 (d, J = 6 Hz, 3H), 4.32 (dd, J = 8, 8 Hz, 
1H), 4.84 (dd, J = 8, 8 Hz, 1H), 4.93-5.40 (m, 1H); IR(film) 
1485,1460,1170 cm-1.4-Methyl-l,3-dioxane-2-thione: NMR 
(CDCI3)〈5、L58 (d, J = 6 Hz, 3H), 2.07-2.50 (m, 2H), 4.37-4.93 
(m, 3H); IR(film) 1480, 1420, 1360 cm-1. 5,5-Dimethyl-l,3- 
dioxane-2-thione: NMR (CDCQMEO (s, 6H), 4.33 (s, 4H); 
IR(KBr) 1475, 1420, 1380, 1330 cm-1. 4,4,6-Trimethyl-1,3- 
dioxane-2-thione: NMR (CDCy^l.SB 어, J = 6 Hz, 3H), 1.60 
(s, 6H), 1.87-2.47 (m, 2H), 4.47-5.10 (m, 1H); IR(film) 3000, 
1230, 1050 cm-1. 5-Ethyl-6-n-propyl-1,3-dioxane-2-thione: 
NMR (CDCI3) 50.8-1.22 (m, 6H), 1.23-2.37 (m, 7H), 3.97-4.83 
(m, 3H); IR(film) 1470, 1410, 1380 cm'1.
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