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Abstract-The reaction of 1-alkyl- or 1-arylsulfonyl-3-alkylthioureas (I) with carbonyl chloride or 
phosphorus pentachloride afforded the previously unreported sulfonylcarlxdiimides. When the 
reaction was conducted at room temperature, the intermediate 1 -alkyl- or l-~Isulfonyl-3-alkylc~oro- 
formamidines (III) were isolable. 

NUMEROUS publications of late have dealt with the synthetic value and the preparation 
of carbodiimides.2 But until 1964,8 all but one4 of these reported carbodiimides con- 
sisted of a carbon grouping attached to the nitrogen atoms of the cumulative double 
bond system. Rump and Wannagat4 successfully prepared carbodiimides having 
silicon to carbon bonds. 

The attachment of hetero atoms to the double bond system can be easily visualized, 
provided that the resulting carbodiimides are stable and do not di- or trimerize. A 
case in which sulfur represents the hetero atom is the sulfonyl~rbondii~des. AumiilleP 
formulated sulfonylcarbodiimides as intermediates in the reaction of chloramine-T 
and cyclohexylisonitrile, but these carbodiimides were neither isolated nor sufficiently 
characterized. 

From the several available methods for carbodiimide preparation, a modification 
of the Eilingsfeld et al, procedure6 was selected and consisted of the reaction of 
thioureas with carbonyl chloride. The thioureas (I) used were available from the 
corresponding sulfonamides and isothiocyanates’ and are listed in Table 1. 

The 1-alkyl- or I-arylsulfonyl-3alkylthiourea (Q-carbonyl chloride reaction pro- 
ceeded readily at room temperature, the intermediate sulf~nyl-l-c~orofo~amidines 
(III) being afforded in high yield. * Structure etucidation of III was accomplished with 
the H1-NMR spectra of several sulfonylurea derivatives in CDCl, solution (10% w/w; 
tetramethylsilane as internal standard). That the proton in 111, as well as in the related 

1 Part of this work appeared as a communication: H. Ulrich and A. A. R. Say&h, Angew. Chem, 
(Intern. Ed. Engl.) 3,9 (1964). 

* For a review of the syntheses and reactions of carbodiimides see H. G. Khorana, CIrem. Revs. 
53,145 (1953) and J. R. Schaeffer, Org. C’hem. Eulferin 33,2 (l%l), published by Eastman Organic 
Chemicals Department. 

* The following related papers appeamd in the literature after our communication: “R. Neidlein 
and E. Heukelbach, Tetruhedron Letters 149 and 2665 (1965); b& Anders and E. Ktihle, Angew. 
Gem. (Jntern. Ed. Engl) 4,430 (1%5). 

a J. Pump and U, Wannagat, Angew. C&n. 74,117 (1962). 
K W. Aumtiller, Angew. Gem. 75, 857 (1963). 
8 H. Eilingsfeld, M. Seefelder and H. Weidmger, Angew. C/rem. 72, 836 (1960); M. Seefelder and 

G. Neubauer, Germ. Patent 1, 125,914 (1960). 
1 S. Petersen, C&m. &r. 83,551 (1950). 
* The preparation of some sulfonyl-lchloroformamidines by virtually the same procedun? was 

reported after our work had been completed. 
D Farbwerke Hoechst, Belg. Pat, 628, 832 (1963); C/rem. Abstr. 61,9438 (1964). 
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0 
1: 

s SH S-C-Cl 

[RSO,NHd-NHR’ 
I -HCI 

+ RSO,N=C-NHR’] + COCI, - [RSO,N=d-NHR’] 
I 

J 
HCI 11 

-HCI 

RSO,N=C-NHR’ + COS t RSO,N=C- NR’ 

I 
Cl s 

III ‘/ 

NaOEt 
/I 

d 

RSO,N=C-NHR’ RSO,N==C==NR’ 
I IV 

OEt 
V 

Fm. 1 

0 
II 

I- 
RSO,N==C==S + R’N==G=0 

pseudourea derivatives (V) was attached to the nitrogen adjacent to the alkyl group 
was well evidenced by the chemical shifts observed for several NH-protons attached 
to the sulfonyl and carbonyl groupings and to the alkyl and carbonyl groupings 
(Table 2). 

TABLE 2. NMR CORRELATION; CHEMICAL SHIFTS OF NH-PROTONS 

IN SIJLFONYLUREA DERIVATIVES 

Chemical Shift 6 (ppm) 
Compound -SO,NH-CO- -CO-NH-R 

(p-CHGbSO,NH),C~ 8.9 - 

pCH&IH,SOINH40-NHCH,CHIOC,HIb 8,8 6.8 

pCIGH,SOsN=C-NHC,H, - 6.8 

I 

~CH,C.I-WO,N>-NHC,H~ - 

I 
7.35 

D L. Field and F. A. Grunwald. /. Amer. Chem. Sot. 75,934 (1953); the material was 
crystallized from benzene and contained one mole of crystal benzene, m.p. 98-100” (dec). 

* E. Haak. Arzneimirref Forschung 8,444 (1958); Chem. Abstr. 53, 12226 (1959). 

Confirmation for chloroformamidine (III) formation was obtained via conversion 
to the pseudourea derivatives (V) by reaction with sodium ethoxide. 2,3-Dialkyl- l-p- 
tolylsulfonylpseudourea derivatives, prepared by a different procedure, have been 
reported.6*10 

The heating of III, preferably above 100”, in an inert diluent afforded the corre- 
sponding carbodiimides (IV) and a small amount of sulfonyl isothiocyanate. 

The reaction of the I-alkyl or I-arylsulfonyl-3-alkylthioureas with phosphorus 
pentachloride also afforded III as an isolable intermediate, along with some sulfonyl 
chloride. 

On the other hand, the reaction of 1-alkyl or l-arylsulfonyl-3-arylthioureas with 

lo R. F. Meyer, J. Org. Chem. 28,2902 (1963). 
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carbonyl chloride afforded a four-membered cyclic intermediate (II). The reaction 
at room temperature of I-p-rolystrlfonyl-3-phenylthiourea (Ik) with carbonyl chloride 
gave II (R = p-tolyl, R’ = Ph) in 97.3 % yield, which on heating in o-dichlorobenzene 
for 1 hr at 180” affordedp-tolylsulfony1phenyl~rbodiimide,p-toluenesulfonyl isothio- 
cyanate, phenyl isocyanate and carbonyl sulfide, as evidenced by IR absorption at 
4.6, 5.25, 4.45 and 4.9 p respectively. 

Although similar four-membered cyclic structures have been reported by Will” as 
a by-product in the 1,3-dia~lthiourea~rbonyl chloride reaction, the heating of 
3-phenyl-~phenyli~no-l,3-thiazetidine-2-one (VI) under similar conditions yielded 
only diphenylcarbodiimide and carbonyl sulfide and no phenyl isocyanate and phenyl 
isothiocyanate, both of which could have been easily detected by the IR studies. 

CrH,N=C- NGH, A 

'-4 

A C,HIN=C===NC&I, + COS 
S 

0 

VI 

The I-methylsulfonyl-3-phenylthiourea (Ie)-carbonyl chloride reaction also af- 
forded the isolable intermediate (II; R = Me, R’ = Ph) which on heating gave a 
carbodiimide and methanesulfonyl isothiocyanate, as evidenced by IR absorption at 
4.7 and 5.25 ,u, respectively. 

A general mechanism which can account for the products obtained from the afore- 
mentioned s~onylt~ourea~rbonyl chloride reactions is shown in Fig. 1 and in- 
volves an initial nucleophilic attack by sulfur on the carbonyl group, followed by the 
formation of a Cmembered cyclic intermediate (II). In the case of the I-alkyl- or 
I-arylsulfonyl-3-arylthioureas, II is isolable, while for the 1-alkyl- or 1-arylsulfonyl-3- 
alkylthioureas it is not, and instead collapses to the more stable chloroformamidine 
(III). Although the instability of the cyclic intermediate (II) when R’ is an alkyl 
grouping is not clear, this subsequent ring opening most likely arises from the greater 
basicity of the nitrogen atom in the alkyl (II; R’ = alkyl) in contrast to that of the 
aryl (Ii; R’ = aryl) case. 

On standing, the products of the 1-methylsulfonyl-3-phenylthiourea (Ie)-carbonyl 
chloride reaction formed a crystalline material (CUH19N90PIS2; C=N at 6.19 p) which 
on heating in odichlorobeuzene at 180” afforded diphenylcarbodiimide and methane- 
sulfonyl isothiocyanate. Both the products isolated and earlier studies on the thermal 
dissociation of mixed carbodiimides,la make likely a structure VII for this crystalline 
material. Compound VII may arise from 1,Zdipolar addition of methanesulfonyl 
isothiocyanate to the diphenylcarbodiimide, the latter compound being formed either 
from me~yls~fonylphenyl~rbo~i~de interchange which gives rise to diphenylcar- 
bodiimide and dimethylsulfonylcarbodiimide, or from the interaction of methyl- 
sulfonylphenylcarbodiimide and phenyl isocyanate also generated in the thermolysis 
of II (R = Me, R’ = Ph). 

The likeliness of this proposed route was demonstrated by the reaction of p- 
toluenesulfonyl isothiocyanate (prepared by the high temperature phosgenation of 

I1 W. Will, Ber. Dfsdr. Ckm. Ges. 14, 1486 (1881). 
Is I. G. Hinton and R. F. Webb, J. Chem. Sm. 5051 (1961). 
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C,H,N=C- NSO,CH, h 

‘-L 

_ C,H,N=C-NC,H, + CH,SO,N=C=S 
C,“,N 

S 
VII 

I-p-tolylsulfonyl-3-n-butylthiourea (Ij) with di-o-tolylcarbodiimide, which afforded 
the 1,Zdipolar addition product (VIII). Additional support for this scheme is pro- 
vided by the fact that the addition of sulfonylcarbodiimides to sulfonyl isothiocyanates 
was not observed. The cycloaddition of isothiocyanates to carbodiimides has not 
been reported previously. 

R/SO,--N&S RN=C- NSO,R’ 

+ + 
R-N=C==N-R 

‘i RN 

R = 2--CH,C,H,-, R’ = 4--CH,C,H,- 
S 

VIII 

The sulfonylcarbodiimides prepared are listed in Table 3. Structural assignment 
was established by IR and elementary analysis. All compounds showed a 4B-460 ,u 
IR absorption. It is interesting to note that the neighboring sulfonyl group caused a 
shift of the absorption maximum to higher frequency (carbodiimides absorbs at 4.7 ,u) 
in contrast to the sulfonyl isocyanates (4.5 ,LJ) and sulfonyl isothiocyanates (5.25 p) in 
which an opposite shift was observed. 

The sulfonylcarbodiimides exhibited good stability. Whereas the aliphatic carbo- 
diimides containing primary alkyl groups, e.g., 1,3-di-n-butylcarbodiimide, poly- 
merized within a few days, the aliphatic sulfonylcarbodiimes were stable. This stability 
may be attributed to the lowered basicity of the sulfonylcarbodiimides which results 
from the presence of a sulfonyl group adjacent to the nitrogen atom. Concomitant 
with lowered basicity, is a decrease in reactivity. Carbodiimides were found to react 
with carbonyl chloride at room temperature,13 while the sulfonylcarbodiimides failed 
to react. Similarly, carbodiimides reacted readily with oxalyl chloride” and the 
sulfonylcarbodiimides reacted at a much slower rate. 

The 1: 1 addition product, obtained from the carbodiimide IV-oxalyl chloride 
reaction, was shown by IR and by hydrolysis to the corresponding parabanic acid (X) 
to have the structure IX. The parabanic acids (X) were also synthesized independently 
from the corresponding sulfonylureas and oxaIy1 chloride. Heating IX in methanol 
afforded the a&al XI. 

The parabanic acid derivatives which were synthesized are listed in Table 4. 

I* H. Ulrich and A. A. R. Say&h, J. Org. Cheer. 28,1427 (1963). 
lb H. D. Stachel, Angew. Chem. 71,246 (1959). 

4 
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TABIJZ. 3. ftkJLFONYL.CARBODIIMlDES IS’ PREPARED FROM 

SIJLFONWXliIOUREAS AND CARBONYL CHLORIDE. 

RSO,N&NR’ 
IV 

No. R R’ b.p. mm 
Yield Analysis 

,‘.I n, % Formula CA. Found 

IVa Methyl Ethyl 

IVb Methyl n-Propyl 

IVc Methyl n-Butyl 

IVd Phenyl Ethyl 

IVe pToly1 Ethyl 

IVf Phenyl n-Butyl 

IVg pToly1 n-Butyl 

98-100” 0.5 1.4830 68.0 CHNOS . 8 I I C: 32.41 32.17 
H: 5.43 5.09 
N: 18.83 18.85 

92” @25 I.4812 73.3 ~HlON,O,S C: 37.02 37.58 
H: 6.21 6.30 
N: 17.26 17.37 

103-105” 0.3 1.4798 79.5 C,Hl,NIOIS C: 4089 41-17 
H: 6.86 6.77 
N: 1590 16.12 

139-144” 0.2 1.5500 47.6 GHloNIO,S C: 51.41 51.37 
H: 4.79 4.80 
N: 13.32 13.11 

147-151” O-25 1.5475 40.2 CloH,,NNIO,S C: 53.55 53.56 
H: 5.39 5.26 
N: 12.49 12.62 
s: 14.30 1442 

151-155” 0.1 1.5380 40.0 CI1HI,N,O,S C: 55.45 55.51 
H: 5.92 5.89 
N: 11.75 11.70 

159-162” 0.2 1.5412 47.3 C1,Hl,N,O$ C: 57.12 55.36 
H: 6.38 6.36 
N: 11.10 11.05 
S: 12.70 13.17 

(COCh 
RSO,N=C=NR' - 

Iv 

(COCO, 
RSO,NH--CNHR’ - 

0 0 

Y--f 
RSO,N NR’ + 

CXl 

0 0 

93 
RSO,N NR’ 

X 
Me0 OMe 

XI 
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TABLE 4. PMUBANIC ACID DERIVATWEA PREPARED FROM CARBODIIMIDE3 

AND OXALYL CHLORIDE. 

0 0 

7-f 
RSO,-N N-R’ 

X 
Y ‘Y 

No. R 
Adpi 

R Y m.p. Yield Formula GdC. Found 

IXa Methyl n-Propyl Cl 128” 83.3 C,H&I,N~O,S N: 9.68 10.03 
IXb Phenyl Ethyl Cl 131” 77.3 C,IH,,CI,N,O,S N: 8.30 8.17 
IXc pToly1 ndutyl Cl 125” 74.2 C1,H&IIN,O,S C: 44.33 4440 

H: 4.25 4.24 
N: 7.39 7.65 

Xa pToly1 n-Butyl ==0 128”O 99.8 Ci,HlaNsO$ c: 5184 51.41 
H: 4% 4.92 
N: 8.63 8.82 

XIa pToly1 Ethyl OCH, 126128” 806 CUH~~NNIOIS N: 8.18 8.68 
XIb Phenyl n-Butyl OCH, 102-104” 55O C,,H,,N,O,S C: 5054 50.68 

H: 5.65 5.09 
N: 7.85 7.97 

a K. Kawahara, R. Sato and A. Fujita,.Iap. Patent 13,013 (1960) Chem. Absrr. 55, 1528 (1961). 
* The I-ptolylsulfonyl-3-n-butylparabanic acid was synthesimd either by hydrolysis of the dichloro 

compound @Xc) or by reaction of l-ptolylsulfonyl-3-n-butyhuea with oxalyl chloride. In both 
cases the yield was almost quantitative. 

o Yield is based on the corresponding crude dichloro compound which was not further charac- 
terized. The dimethyl acetals wcrc obtained by dissolving the corresponding dichloro compounds 
in methanol in the presence of a small amount of water and recrystalhzing from methanol. 

EXPERIMENTALl 

Preparation of sulfonyl carbodiimiaks IV. 

A. From sulfonylthioureas (I) and carbonyl chlorti. The general procedure followed in preparing 
the sulfonylcarbodiimides (IV) listed in Table 3 is well illustrated by the methyku@yl-n-butyyl- 
carbodiimide (IVc) synthesis. To 10.5 g (0.05 mole) l-methy~ulfonyl-3-n-bury[rMourea (Id) in 65 ml 
dry chlorobcnzene was added with stirring at 5” during 17 min 5 g (0.05 mole) carbonyl chloride in 
40 ml dry chlorobenzene. The reaction mixture was stirred 1 hr at room temp. then refluxed at 130“ 
with N, passing through the solution to remove traces of carbonyl chloride. Evaporation of the 
solvent afforded a crude product which, on distillation in uucuo, yielded 7.0 g (79.5 %) IVc; b.p. 
103-105°/O~3 mm; $-6 1.4798. 

B. From sulfiwzylthioureas (I) andphsphorus pentachibriak To 1154 g (0.04 mole) Ij suspended 
in 120 ml Ccl, was added 8.32 g (O-04 mole) PC&. On heating at 35” HCI evolution was observed, 
the PC& being consumed within 15 min. The IR spectrum showed conversion to III (R = ptolyl. 
R’ = n-Bu; NH: 3.1 PC; *N: 6.22 ,u). Refluxing for 5 hr at 77-78” resulted in a nearly complete 
conversion to IVg (SO,N&N: 458 ,u). Evaporation of the solvent and distillation in vucuo 
afforded 0.6 g ptolueneeulfonyl chloride; m.p. 63-65”, and 7.7 g (755 “A IVg; b.p. 159162”/0.2 
mm; nz’” 15412. 

I6 Analyses were made by Schwarzkopf Microanalytical Laboratory, Woodside, New York. IR 
spectra were obtained on Perkin-Elmer Model 21 spectrometer. NMR spectra were measured on 
a Varian A-60 NMR spectrometer operated at 60 mc. 
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In a similar 0.03 molescale experiment, the 65 g residue was distilled and atforded a 1.6 g fraction; 
b.p. 142-150”/1*1-1.4 mm; nr, x1” l-5880. On standing the material crystallized, m.p. 16%170”, and 
was dried on a porous plate and recrystalhzed from MeOH to afford colorless 

r 
stab of I-phenyl-3- 

methylsulfonyl4phenyfimino-l,3diazetidine-2-thione (VII), m.p. 173-174”; =:I (IR): 6.19, 627. 
67, 725, 7.58, 8.72. 10.38 and 11.4~. (Found: C. 5457; H, 4.11; N, 12.20; S, 1840. 
C,,H,,N,O,S, requires: C, 54.36; I-I, 3.95; N, 12.67; S, 19-35x.) 

Reaction of di+tolylcorbodiimide and ptoluenesu[fonyl isothaixyonote. To 0.44 g (O-002 mole) 
dis-tolylcarbodiimide was added 0.4 g crude p-toluenesulfonyl isothiocyanate. An exothermic 
reaction occurred immediately, and crystals slowly formed on standing. Trituration with diethyl 
ether atforded 0.65 g (82.8 %) crude 1~tolyl-3-p-tolylsulfonyl~tolylimino-1,3d~zetidine-2-thione 
(VIII), m.p. 118-120”, which on recrystallization from MeOH gave white needles, m.p. 128-129”; 
I.~~~a (IR): 6.25 (C==N). (Found: C, 63.59; H, 4.83; N, 9.15; S, 14.98. ~6H61N60,S6 requires: 
C, 63.42; H, 4.85; N, 964; S, 14*72x.) 

Heating a 10% solution of recrystallized VIII in o-dichlorobenzene 10 min at 180” atforded a 
clean reverse reaction to dietolylcarbodiimide (-N==C=N- at 4.68 ,u) and p-toluenesulfonyl 
isothiocyanate (-SO,NCS at 5.25 ,u). 

Preparation of l-alkylsu~onyl or I-orylsul/bnyl-2,2dichloro-3-olkylimidazolidine4,5dkmes (IX). 
The general procedure followed in preparing the parabanic acid derivatives listed in Table 4 is well 
illustrated by the l-p-tolylsulfonyl-2,2dichloro-3-n-butylimi~ol~ine~,5d~~ (IXc) synthesis. To 
2.52 g (0.01 mole) IVg in 30 ml Ccl, was rapidly added 1.27 g (0.01 mole) oxalyl chloride in 10 ml 
Ccl,. After standing overnight, absorption at 4.6 ,u disappeared. Evaporation of solvent atforded 
2.8 g (74%) IXc m.p. 125”; AL::6 (IR): Ck=O: 5.6, 5.68 /L 

Hydrolysis of an acetone solution of 0.38 g (OWl mole) IXc with a few drops of water alforded, 
on standing, O-3 g (92*5’%) Xa, m.p. 128“ (benzene-ligroine). The product was identical with the 
product obtained from the reaction of tolbutamide and oxalyl chloride. 

Acknowledgement-The authors wish to express their gratitude to the late Mr. F. Gemmia for his 
valuable assistance in the experiments and IR determinations. 


