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SULFONYL ISOCYANATES AND SULFONYL 
ISOTHIOCYANATES 

John W .  McFarland 
Department of Chemistry, DePauw University, Greencastle, IN 46135, U.S.A. 

The literature dealing with sulfonyl isocyanates since 1972 is reviewed. Along with the sulfonyl isocyanates. the 
preparations and reactions of sulfonyl isothiocyanates are also reviewed. The paper is divided into three sections- 
Introduction, Preparations and Reactions. 

The chief sources of sulfonyl isocyanates are reactions of sulfonamides with phosgene, of sulfonyl ureas with 
phosgene, and of sulfonyl halides with metal cyanates. The principal sources of sulfonyl isothiocyanates are 
iminothiocarbamate salts when treated with thionyl chloride, phosphorus halides, or methyl chlorocarbonate. 
The iminothiocarbamate salts are prepared from sulfonamides. carbon disulfide. and metal hydroxides. 

The reactions of the isocyanates and isothiocyanates are categorized under reactions with arides, carbon- 
carbon unsaturated bonds, carbon-nitrogen double bonds, hydroxylgroups. amines. amino acids, amino alcohols, 
amides. aldehydes and ketones, C-H acidic compounds, phosphorus compounds, silicon compounds, tin com- 
pounds, other organometallics, and miscellaneous reactions. 

I. INTRODUCTION 

The chemistry of sulfonyl isocyanates was reviewed by Ulrich in 1965’ and by McFarland 
in 1972.* This report will cover only the literature dealing with sulfonyl isocyanates which 
has appeared since the last review and previous work necessary for clarity of discussion. 

Sulfonyl isothiocyanates will be reviewed along with sulfonyl isocyanates inasmuch as 
the chemistry of the two classes of compounds is often very similar. The NCO group and 
the NCS group are highly activated by an adjacent sulfonyl group. As would be expected 
from what is known of ordinary isocyanates and isothiocyanates, the sulfonyl isocyanates 
are considerably more reactive in most reactions than are the sulfonyl isothiocyanates. 
The strongly electron-withdrawing sulfonyl group causes the carbon atom of the NCO or 
NCS group to be a strong electrophile. In reactions with nucleophiles the transient nega- 
tive charge on nitrogen is stabilized by the adjacent SO2 group. 

This review is divided into two major sections-methods of preparation and reactions. 
Both aliphatic and aromatic sulfonyl isocyanates and sulfonyl isothiocyanates are covered. 
The halosulfonyl isocyanates and isothiocyanates are only discussed when they appear 
with the above types. 

11. PREPARATIONS 

The preferred method for preparing sulfonyl isocyanates is the treatment of sulfonamides 
with phosgene.’-’ Improvements in yield and purity of sulfonyl isocyanate have been real- 
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216 J. W. McFARLAND 

ized by allowing the sulfonamide to react with phosgene in the presence ofprimary amines 
such as propylamine, butylamine, or 1,6-diaminohexane.' 

L + R-C H SO NCO 
6 4  2 

R-C6H4S02NH2 + C0Cl2 
125-130° C 

( R  = p M e ,  p - C l ,  - 0-Me) < 95% 

Further study of the effect of the presence of alkyl isocyanates on the reaction of sulfona- 
mides with phosgene has been carried out.' As pointed out earlier,2 ureas are probably 
intermediates in the isocyanate-catalyzed phosgenation of sulfonamides. These ureas are 
known t o  react 

0 
ArS02NH2 + RN=C=O ___) ArS02NH8NHR 

urea 

B 
A r S O  NHCNHR + COCl d A r S 0 2 N C 0  + RNCO + 2 H C l  

2 2 
( 3 )  

with phosgene to give aliphatic isocyanate, sulfonyl isocyanate, and hydrogen chloride.'0s1' 
Sulfonamides react with N,N'-carbonyldiimidazole to  give intermediates which upon 

heating with P205 afford the sulfonyl isocyanates. I 2  

A r S O  2 2  NH + @-$-*a THF RT b ArS02NH- 

150-160 c 

Sulfonyl urethanes have been reported to  give sulfonyl isocyanates when heated in xylene 
or  treated with ch10rine.I~ 

x lene,heat b ,I c1 R-C H SO NCO + CH3SH 
6 4  2 

R-C H S O  NHCOSCH3 
2 

6 4  2 

(R = p - B r ,  H ,  F-NO e-Me,  O-Me) 
2' 

N-Sulfinylamines and N-sulfinylsulfonamides react with phosgene in the presence of 
pyridine or  N,N-dimethylformamide to  afford isocyanates and thionyl c h l ~ r i d e : ' ~  The 
reaction is reversible, resulting in N-sulfinyl compounds when isocyanates react with thi- 
onyl chloride under certain conditions. 
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SULFONYL ISOCYANATES AND SULFONYL ISOTHIOCYANATES 217 

2 m3@SO2N=C=O + S O C l  2 (7) 

The earliest method for sulfonyl isocyanate preparation was the treatment of sulfonyl 
halides with metal cyanates, especially silver cyanate. I s  Japanese workers claim an im- 
proved method using metal cyanates such as KOCN, organic sulfonyl halides in organic 
solvents containing nitrile groups, metal salts, and phosphorus pentoxide.16 

LiI, P 0 
R-SO C 1  + KOCN FS02NC0 + KC1 

3 
2 

5 hours 

( R  = CH3t p-CH3C6H4r P - C l C  H 0-CH C H ) 6 4 '  - 3 6 4  

Trifluoromet hanesulfonyl isocyanate and trifluoromethanesulfonyl isothiocyanate re- 
sult from the reactions of the silver salts of the corresponding sulfonamides with phos- 
gene and thiophosgene, respectively. 

+ COC12 A C F  S O  N=C=O + 2 AgCl  (9) 2 3 2  CF3S02NAg 

CF SO NAg + C S C l  _I_+ CF SO N=C=S + 2 A g C l  ( 1 0 )  
3 2  2 2 3 2  

The above trifluoromethanesulfonyl isothiocyanate may also be prepared from the sul- 
fonyl isocyanate and phosphorus pentasulfide at elevated temperatures. IX 

CF SO N-C=S 
160° C ~ CF SO N=C=O + P S 

3 2  2 5 pressure 3 2  ( 1 1 )  

Alkane and aromatic sulfonyl isocyanates result from the reaction of primary and sec- 
ondary sulfonamides with chlorosulfonyl isocyanate. l9 Other products are also obtained. 

( 1 2 )  9 
HSO NHH' + C l S 0 2 N C 0  __* HSO NCO + RSO2N-kNHSO2C1 

I 2 2 
I R '  

( R  = M e ,  C6H5, e-CH3C6H4; R = H ,  CH3) 

Sulfonyl carbamates are silylated at low temperatures in the presence of tertiary amines 
by trialkylsilyl halides. The silylated carbamates decompose above 80°C t o  sulfonyl 
isocyanates and trialkylalkoxy~ilanes,~~ Thermolysis of trimethylsilylated O-neopentyl- 
N-p-toluenesulfonylcarbamate exhibits first-order kinetics and optically active 0-2-octyl- 
N-p-toluenesulfonylcarbamate yields trimethyl-Zoctyloxysilane with retention of config- 
urat ion. 
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218 J. W. McFARLAND 

O S i  (CH3) 

I ,  $ 1  

RSO NHC-0-R + (CH313SiC1 RSO + R-SO N=C-OR 2 2 2 

>80°Ck RSO NCO + (CH3)3SiOR'  ( 1 3 )  2 

(R CIi3, CH3CH2t C6H5CH2, e-CH C H ) 3 6 4  

C I-I Et,N 
-SO~NHC!-O-CH ? * 1 3  ( c H ~ )  5 ~ ~ 3  + ( c H ~ )  3sici 

optically ac t ive  

(14) 

Sulfonyl isothiocyanates are generally prepared by the reaction of sulfonyl iminothio- 
carbamate salts with phosgene, thionyl chloride, a phosphorus halide, or  methyl chloro- 

The iminothiocarbamate salts are, in turn, available from sulfonamides, 
carbon disulfide, and base. 

RS02NH2 + CS2 + KOH heat -dSK +2 H20 
'SK 

- + RS02N- 
(15)  

'bH6 (lb) RS02N=C(SK)Z + S0Cl2 reflux' RS02N=C=S + 2 KC1 + S20 

The direct formation of sulfonyl isothiocyanates from sulfonamides and thiophosgene 
has also been reported.23 The reaction is carried out in the presence of a hydrophobic inert 
solvent and aqueous alkali. 

CHCl 3 ,  

aq. NaOH 

-? P-R-C H SO NCS - 6 4  2 i. csc12 
p-R-C H SO NH 6 4  2 2 - 

( R  = CH3, C 1 )  

( 1 7 )  

N-S~lfonylthiocarbamates~~ and N-s~lfonyldithiocarbamates~~ may be pyrolyzed to 
sulfonyl isothiocyanates. Alternatively, the dithiocarbamates are converted by chlorine 
into dimers which are pyrolyzed to  the corresponding isothiocyanates.26 
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SULFONYL ISOCYANATES A N D  SULFONYL ISOTHIOCYANATES 219 

160-1700E 4-CH C H SO NCS + C H OH ( 1 8 )  
3 6 4  2 2 5  

N 2  
4-CH C H SO NH- 

3 6 4  2 

120-1300g 4-CH C H S O  NCS + C H S H  (19) 
2 

3 6 . 4  2 2 5  4-CH C H SO NH&-SC2H5 
N2 3 6 4  2 

2 

2 
R-C H SO NHb-SCH3 t C 1 2  - 

6 4  2 

z l e n e  or  h R-C H SO NCS + ( C H 3 ) 2 S 2  
C . I I . C I _ ~  heat 6 4  2 

( 2 0 )  

6 4  L ( 5 0 - 8 0 % )  

Phosgenation of sulfonyl thioureas has been reported to  give sulfonyl isothiocyanates, 
along with sulfonyl isocyanates, at high  temperature^.'^ 

S C6H5C1 
+ 4-CH C H SO NCS + ( 2 1 )  4-CH3C6H4SO2NH!NHBu + COC12 19OoC 3 6 4  2 

3 6 4  2 
4-CH C H SO NCO 

Sulfonyl iminodichlorides react with cyanoiminothiocarbamate salts to give sulfonyl 
isothiocyanates.28 

,S-K , c1 
/ 

( 2 2 )  
/ 

__+ C Fi SO N=C=S + NEC-N=C=S 
6 5  2 

NEC-NZC + C H S O  N=C 
6 5  2 \ C l  

‘S-K + 2 KC1 

111. REACTIONS 

A .  With Azides 

The reactions of azides with sulfonyl isocyanates and sulfonyl isothiocyanates are similar 
to  many ofthe reactions with unsaturated molecules and generally lead to cycloadditions. 
Although there are exceptions, sulfonyl isocyanates usually add across their C=N bond 
while the sulfonyl isothiocyanates tend to add across their C=S bond.29 Vandensavel, 
Smets, Denecker, and L’Abbt have shown that the reactions of alkyl azides with sulfonyl 
isocyanates lead to alkyl-4-arylsulfonyl-2-tetrazolin-5-ones. 30-32 Some of the products 
(“masked isocyanates”) were used as crosslinking agents for polymers such as epichloro- 
hydrin 2,2-bis-(4-hydroxyphenyl)-propane copolymer. 
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220 J. W. McFARLAND 

/ N = N  , ,  
.a .  * I  .. 1,3-dipolar 

+ :N=N-N-R .' addl  t ion  R-N ~, h-S02 R ' 

8 
1-afkyl-4-arylsulfonyl- 
2 - A -tetrazolin-5-one 

(R = Bu, c H 

C1, E -and m-0 NC H ) 

p-CH3C6H4, p-anisyl; 

2 6 4  

R '  = p-CH3C6H4, C6H5, p-c1c H 
6 5 '  - 6 4 '  

The 1 : 1 cycloaddition products undergo cycloreversion upon heating. Both cycloaddi- 
tion and cycloreversion reactions are accelerated by the presence of electron-withdrawing 
groups on the isocyanate moiety. The energies of activation and heats of reaction have 
been determined for cycl~reversions.~' 

In contrast to the isocyanates, sulfonyl isothiocyanates react with alkyl azides across 
their C=S bond to afford 4-alkyl-5-~ulfonylimino-A~-1,2,3,4-thiatriazolines.~~ The thia- 
triazolines thermolyze to stable dipoles which undergo cycloaddition with enamines and 
ynamines. 

I / N = N  \ 
4-R C H SO NCS + RN3 

6 4  2 ( 2 4 )  

N S O , C ~ H ~ R  -4 
I 

(R = Bu, phCH2; R = H , M e ,  C 1 )  t h i a t r i a z o l i n e  d e r i v a t i v e  

*. .. 
0 0  

( 2 5 )  
hea t  4 C H CH NC(S)=NSO C H -CH3-4 

6 5  2 2 6 4  

stable dipole 
- N 2  

N-SO C H -CH3-4 
2 6 4  

Thiatriazolines from sulfonyl isothiocyanates and azides are also reported to thermo- 
lyze t o  c a r b ~ d i i m i d e s . ~ ~  When heated in the presence of enamines or ynamines, they give 
rise to substituted thiazolidines and thiazolines, respectively. 

45-8OoC C H CH N=C=NSG C H -CH -4  ( 2 6 )  
/ N = N  \ 

> 6 5  2 2 6 4  3 

NSO C H -CH -4  2 6 4  3 

C H  

+ o  / N = N \  

NSO C H -CH3-4 
2 6 4  
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SULFONYL I,SOCYANATES A N D  SULFONYL ISOTHIOCYANATES 

R S O ~ C ~ H ~ - C H  3 -4 

22 1 

N S O ~ C ~ H ~ - C H  -4 
3 

Reactions similar to  those above occur between hydrazoic acid and sulfonyl 
is0 t hiocy ana t es . 3 5 , 3 6  

(R = M e ,  E t ,  C6H5, 2-and e-CH3C6H4, 4-ClC6H4, 3-0 2 NC 6 H 4 '  NMe2) 

On the basis of limited reports it appears that sulfonyl isocyanates and sulfonyl isothio- 
cyanates react differently toward diazomethane and  some of its derivatives. Lohans 
found that p-toluenesulfonyl isocyanate reacts with diazomethane to  give a cyclic product 
involving oxygen of the original sulfonyl A similar reaction has been reported 
for bis-(trifluorornethyl)-diaz~methane.~~ 

9 
d 4-CH C H h = N  

3 6 4 1  A 4 -CH 3C6H4S02NC0 + CH2N2 

0 

2 
'CH 

( 3 1 )  
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222 J. W. McFARLAND 

3 
CF3 CF 

On the other hand, diazomethane and benzoyldiazomethane react as typical 1,3-di- 
poles in reactions with sulfonyl i s o t h i ~ c y a n a t e s . ~ ~  

The reaction of 2-diazoacenaphthenone with p,henylsulfonyl isocyanate is apparently 
initially a 1,3-dipolar cycloaddition. The final product results from one mole of isocya- 
nate and two moles of diazo ketone.39 The diazo ketone does not react with phenyl iso- 
cyanate or  phenyl isothiocyanate. 

+ C II SO NCO __j 
6 5  2 

2 - d  iazoacenaphthenone 

- N  
1) 2 
2 )  + diazoacenaph-  ' 

thenone ; 

- N2 

(mixture  of two stereoisomers) 

B. Additions to Carbon-Carbon Double Bonds 

Sulfonyl isocyanates undergo stereospecific cis-addition to enol ethers.4084' The 2-azetidi- 
nones initially formed isomerize to a mixture of mainly trans compounds. Stereochemical 
results, activation parameters, and influence of substituents and solvent polarity on rates 
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SULFONYL ISOCYANATES AND SULFONYL ISOTHIOCYANATES 223 

of cycloaddition and isomerization, indicate that cycloaddition proceeds in a concerted 
manner via a transition state with partial charges. 

RO H 

Ro\ 2 + 4-CH C H S O  N=C=O + H'I \--./ I'R ___, 
I t  

3 6 4  2 

4-CH C H S O  -N-C=O 
3 6 4  2 

I 

( R  = Me,Et;  R = M e , E t )  

( 3 5 )  

c i s  or trans cis and trans 
(mainly) 

Sulfonyl i s o c y a n a t e ~ ~ ~ ' ~ ~  and sulfonyl i s o t h i ~ c y a n a t e s ~ ~  react with enamines to give 1,4- 
dipoles. In non-polar solvents the dipoles are often in equilibrium with cyclic structures. 

2 

\"R I: 

r J M e  ,, N P ' a  
4-CH C H S O  NCO + MeCR=&Ni1R2 - !Pl I ( 3 7 )  3 6 4  2 

1 7  

(R = M e , M e O , P h ; R L R L  = M e , E t , e t c . )  

C H M e 2  C H M e  I 2Me 

'Me 
4 - C H 3 C 6 H 4 S 0 2 N C 0  t M e 2 N c  C M e 2  -----+ 4-cn c H SO N Q ~  C M e 2 C = F ( G  ( 3 8 )  3 6 4  2 

(70-90%) 

( 3 9 )  4-CH C R SO NCO + M e  C=CHNMePh ___) 
3 6 4  2 2 

N M e P h  

2 : l  adduct 
( 7 0 % )  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



224 J. W. McFARLAND 

c T 1 CMe2CMe=Nk.@ 1 /.Me 

Me 
dipo 1 e 

4-CH C I 
3 6  

S02NCS + Pt. -C=CHNMe - 
2 

C H S O N  
6 5  2+--s 

2 

Me 

M e  NMe 

thietane d e r i v a t i v e  

4-CH C H S O  N 
3 6 4  2y-s (41) 

2 

P h  
M e  NMe 

( f o u n d  d i r e c t l y )  

Ketene 0,N-acetals react with sulfonyl isocyanates and isothiocyanates to afford di- 
poles which may be rearranged thermally.45 

,ORL 0 - h e a t  R SO 2 N=C-CMe2$-NMe 2 
(Ar) 

Further studies of the reactions of k e t e n e ~ , ~ ~  a~ylke tenes ,~’  and k e t e n i m i n e ~ ~ ~  have 
been carried out since the last review. The products from ketene reactions have been hy- 
drolyzed to  malonic esters. 

E t N 0 2  

70- 75OC 

1 2  
RC H S O  NCO + R R C = C S  6 4  2 

o=c-, 
R 

( 4  3) 

a ze t i d i  ne d i o n e  de r i  v a t  i v e  
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SULFONYL ISOCYANATES A N D  SULFONYL ISOTHIOCYANATES 225 

The acylketenes act as  1,4-dipoles in their reactions with isocyanates and isothiocya- 
nates. The reaction is not specific for the sulfonyl compounds. 

D1 a 0 
II 
C N 2 6 4  

,so c €I -C1' - "  

R 1 -C 11 + l !  

1 --I 1, 

( 4 5 )  

3 

' R  

acyl k e t e n e  

Ketenimines normally add across their carbon-carbon double bond, resulting in 
4-iminoazetidin-2-ones. 

NC H -CH -4 ( 4 6 )  
6 4  3 

N-SO C H -CH -4 R t T  2 6 4  3 

R C=C=NC H CH -4  + 4-CH C H SO NCO - 
2 6 4  3 3 6 4  2 

0 // 

Other reactions of sulfonyl isocyanates with carbon-carbon double bonds include 
those with cyclopropyl ole fin^,^^ alkenylidenecyclopropanes,s" and methylenenor- 
bornadiene." 

O=C=NSO C 1  
2 

- A l e 2  i 

AomNSO C 1  
'gH5 2 

M e  M e  

RS02NC0 ___) >=Go 
I 

(49 

S 0 2 R  
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226 J. W. McFARLAND 

C. Addition to Carbon-Nitrogen Double Bonds 

Imines react with sulfonyl i s o c y a n a t e ~ ~ * ~ ~ ~  to afford various cyclic and dipolar products, 
depending upon the conditions, the structure of the imine, and the structure of the iso- 
cyanate or isothiocyanate. 

QLE N-CONS0 C H -CH -4 

2 6 4  3 
4-CH C H SO NCO -k 3 6 4  2 Me 

M e  M e  
( e x c e s s )  

O C H C H - 4  
3 

4-CH3C6S14S02NC0 ,Me Me -S02C6H4-CH3-4 

0 

2 : l  add i t ion  product 

( s t a b l e  1 ,4-dipolar 
i n t e r m e d i a t e )  

(51) 

Meo.i"y;-="3-4 

4-MeC H SO NCO + VeOCH=NCMe + (52) 
6 4  2 3 

Me N\S02C6H4-CH3-4 
0 

3 

MeN=C(NMe2I2 + ArSO N=C=O(S)  + A r S O  
2 2 (53) 

The sometimes contrasting reactions of the very reactive acyl and sulfonyl isothiocya- 
nates are illustrated below.54 
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SULFONYL ISOCYANATES AND SULFONYL ISOTHIOCYANATES 221 

A 3  -NR C H 
6 5  

4-RC6H4CONCS + R 1 2  R C=NNR 3 C H 4 4 - R C 6 H 4 k A R 2  
6 5  

R 

(54) 

( C H 2 ) a = N R  + 4-CH3C6H4S02NCS __$ (CH2) n (55) 

I. = v 3.4; H = C H CH(CH )rMe2N,C6H5(CH3)N, (C6H5y] <lHSO 2 6 . 4  C H CH 3 -4 

6 5  3 

While 2,3,5,6-tetrahydro-6-phenylimidazo-[2, I-b]-thiazole reacts with aryl isothio- 
cyanates to give unstable dipolar 1 : 1 adducts and aryl and alkyl isocyanates afford cyclic 
2 :  1 adducts, sulfonyl and acyl isocyanates and isothiocyanates produce stable dipolar 1 : 1 
adducts.” 

( S )  ATAT + 4-CH3C6H4SO2NCO -+A37 \ 

‘6 H5 ‘gH5 1 

2 , 3  I 5,6- tet rahydro-6-  

th iazole  
phenylimidazo- 

(S)  0-&N-S02C6H4 -CH4-4 

(stable) 

Imino- 1,2,4-dithiazoles undergo 1,3-dipolar additions with isothiocyanates and other 
unsaturated species.s6 This behavior is ascribed to  donation of electrons into the system 
by ring sulfur, causing sulfur to be electrophilic and imino nitrogen nucleophilic. 

imino-l,2,4-dithiazole derivative (1,3-dipolar addition product) 

Sulfonyl isocyanates add 1,4 to conjugated imino isocyanatess7 and give 2: 1 adducts 
with alkyl and aryl i~ocyanates.’~ 

SO C H CH -4 1 2 6 4  3 

CH 
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228 J. W. McFARLAND 

0 

Other interesting reactions involving carbon-nitrogen bonds include a ~ i r i n e s , ~ ~  diaza- 
cyclopropanones6' and isothioureas.61 

a z i r i n e  der iva t ive  

RCH 

+ 

I 
S O  C H CH -4 

2 6 4  3 

9 Me 
M e  NC-&-N=C=NSO C H CH -4 2 6 4  3 2 1  

C H  
4-CH3C6H4S02NCS + RNCH c 6 H ! 5 4 N M e 2  2 -b 6 5  

C H  
6 + 

( s t a b l e )  

Me Me 8 

\\ 
Me Me O 

Me Me 

2,2,5,5-tetrameth 1- 
i,G-diazabicyclo 6 : i : O ~  - 
heptan-7-one 

( 6 3 )  
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SULFONYL ISOCYANATES AND SULFONYL ISOTHIOCYANATES 

7 Me I 9, p 8 
R ' S O ~ N C O  + RN=C-NMe d R s o 2 N c - N ( M e ) - C ( S M e ) N M e 2  2 

i s o t h  iourca s t ab le  1 , 4 - d i p o l e  
d e r i v a t i v e  

( R  = M e ;  R = 4-MeC H 
I 

2 ,6 -Me2C6H3,  C H , C l )  
6 4 '  6 5  

229 

( 6 4 )  

Sulfonyl isothiocyanates and carbodiimides undergo (2+2) cycloadditions to give 1,3- 
dia~etidine-2-thiones~~ and 1,3-thiazetidine  derivative^.^^ Although 

4-CH C H SO NCS + 
3 6 4  2 

CH 3 
1.3-diazetidine-2-thione d e r i v a t i v e  

4-CH C H SO NCS + R-N=C=N-R d 4-CH C H SO N ( 6 6 )  
S 3 6 4  2 3 6 4  2 \ \ c -  

the usual addition is across the C=S bond of the isothiocyanate, some reactions involve 
addition across the N=C bond. 

Sulfonyl isothiocyanates undergo 1,3-dipolar cycloadditions with nitrile oxides to af- 
ford 3-substituted 5-(arylsulfonyl)-imine-1,4,2-oxathiazoles.64 

I r-e 
e - R  C H S O  NCS + R C E N - - $  0 

6 4  2 

O V ,  NSO C H -R -p 

2,6 4 

( R  = C6H5, p-CH C H m e s i t y l ,  C02Et, M e ,  Me3C; R = H,Me) 
3 6 4 '  

Amidines react with sulfonyl and other strongly electrophilic isocyanates to give di- 
poles which react with dipolarophiles to afford cyclic  compound^.^^ 

N M e  
I1 

SO C H / 2 6 5  Me H 
\ /  

R-C-NHMe + C H S O  NCO d 'N', N 

I :.@ Q: I 6 5  2 
. .  

,c QN>C, 
0 I R a m i d i n e  

M e  
u n s t a b l e  ciipole 
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230 J. W. McFARLAND 

I 
d i p o l e 4  Me 

I Me 

D. Reactions of the 0-H Group (Alcohols, Peroxides, Acids and Oximes) 

The reactions of alcohols and phenols with sulfonyl isocyanates have been thoroughly 
studied.2 Most alcohols lead to sulfonyl carbamates, while those alcohols which tend to  
form carbonium ions give N-substituted sulfonamides. Most of the recent work with al- 
cohols has been directed toward the synthesis of useful chemicals such as styryl, azo, an- 
thraquinone, and nitro dyes for acetate, polyamide, acrylic, and polyester fibers,66 anti- 
dotes for  herbicide^,^' and biologically interesting acridyl compounds.68 

(NC) C=CH 
2 

(NC) 

4-CH C H SO NCO ___) 3 6 4  2 

styryl dye 

4-CH C H S O  NCO + HOCH CSCCH d 4-CH C H S O  NH (71) 3 6 4  2 2 3 3 6 4  2 3 

( a n t i d o t e s  fo r  herbicides) 

51 

2- (9-acridyl) - e t h a n o l  

( I <  = a l k y l ,  a r v l ,  tosyl) 

( 7 2 )  

p-Toluenesulfonyl isocyanate, as well as other isocyanates, is reported to  react with the 
hydroxyl group of pyrrolidinedione derivatives to  give useful chemical  intermediate^.^^ 
McFarland and coworkers report that chloro alcohols react with sulfonyl isocyanates7' 
and sulfonyl i s o t h i ~ c y a n a t e s ~ ~ ~ ~ '  to produce 1 : 1 adducts which may be cyclized to oxazo- 
lidin-Zones and oxazolidine-2-thiones. 
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SULFONYL ISOCYANATES A N D  SULFONYL ISOTHIOCYANATES 23 1 

P 
OdNHSO C H -CH -4 

1 
R MeE:64 “il:& 1 

R 

+ 4-CH 3 6 4  C H S O  2 NCO 

R R 

( 7 3 )  

py r r s l id ined ione  de r i  va t i  ve 

2,’ ‘1 ( 7 4 )  

9 
A r S O  NCO + HOCHCH2C1 + A r S O  N b - 0  pyrldlne, ArSO N 

I 2 1  I 2 

/CHR R 

C 1 H C H 2  CH2 - CHR 

4- s u b s t i t u t e d  5 -a ry l - su l fony l -  
o xazol i d i  n- 2 -one 

( A r  = 4-C1C H R = H,CH ) 
6 4 ;  3 

py r id ine  ~ 

A r S O  NCS + HOCHCH2Cl 
2 I I 

R H 

c1 
( A r  = C H 4-MeC H R = H,CH3) 

o XJZO 1 i d i n e  - 2 - t h ione  6 5’ 6 4 ;  

d e r i v a t i v e  

Reaction products from sulfonyl isothiocyanates and nitro alcohols are claimed to 
have bactericidal and fungicidal activity and are, therefore, used in deodorants, creams, 
and cleaning  compound^.^' Other sulfonyl thiocarbamates have been found to be useful 
intermediates in the preparation of remedies for diabetes rnellitus.’* 

( 7 6 )  
1 2 3  

RZNCS + HOCHH CR R NO __+ RZNH 2 

( R  = c H 4-C1C H 2 - f u r y l ;  R1 = H,Me; R2 = H,Br; It3 = H , M e , E t ;  
6 5’ 6 4 ’  

z = so2’co) 

4-RC R SO NCS + R 1 OH ____) 4-RC 6 4  H SO 2 NH 8 1  -OR 
6 4  2 

an  t id iabe  t i c  ( R  = M e , C l ;  R1 = M e , E t , P r )  

( 7 7 )  

Alkyl peroxides,73 per acid^,'^ and oximes7’ also react with sulfonyl isocyanates in a 
similar manner as do the alcohols. The products are alkyl arylsulfonylcarbamoyl peres- 
ters, acyl arylsulfonylcarbamoy1 acyl peroxides, and 0-aryl-sulfonylcarbamoyl oximes, 
respectively. 
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232 J. W. McFARLAND 

0 
RZNCO + M e  C-0-0-H RZNH!-O-O-CMe3 

( R  = C6H5, 4-CH3C6H4, e tc . ;  Z = S 0 2 , C O )  a l k y l  perester 

3 

-3-0-H b RNH8-O-O-8R1 (79)  

1 ( R  = a r y l ,  A r C o ,  A r S 0 2 ;  R = C 6 H 5 , a r y l , M e ( C H . )  ) carbamoyl a c y l  ’ lo peroxide 

c a r b a m o y l  o x i m e  

E. Reactions with Amines 

Considerable research has been carried out toward the synthesis of biologically active 
ureas and thioureas starting with sulfonyl isocyanates or sulfonyl isothiocyanates and 
primary or  secondary amines. Hypoglycemic activity has been found to exist in sulfonyl 
ureas prepared from sulfonyl isocyanate and b e n ~ a z e p i n e s , ~ ~  4,5-dihydropyra~ole ,~~ 
arninodicyclopentadiene~,~~ as well as azabicyclo corn pound^.'^ 

4-CH C H SO NCO + H-N + 
3 6 4  2 

1,2,4,5-tetrahydro-3H-3- 
benzazepine 

4 ,5-d ihy&o-  
p y r a zo 1 e 

__cI 4-CH 3 6 4  C H SO 2 MI 1 -NH & ( 8 3 )  

H 

4-CH C H S O  NCO + NH 3 6 4  2 

2 - e n d o - a m i n o t e  t ra-  __ 
h y d r o - e - d i c y c l o -  
pentadiene 

Sulfonyl isothiocyanates likewise react with alkyl amines to  give hypoglycemic 
agents. 80,8 ’ 
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SULFONYL ISOCYANATES A N D  SULFONYL ISOTHIOCYANATES 233 

I 

( 8 4 )  
3 m2 ---+ p - R ' - c  H so N d - w R  6 4  2 p-R -C H S O  NCS + 

6 4  2 

Herbicidal activity is found in sulfonyl ureas from sulfonyl isocyanates with amino 
tetralines,82 a m i n o t r i a ~ i n e s , ~ ~  and substituted p y r i d a z i n ~ n e s . ~ ~  

aminotetraline derivative 

1,2,4-triazine derivative 

(also 1,3,5-triazine) 

t 

R SO NCO 
2 

pyridazinone derivative 

I 

( R  = Me,Et; R = C H 4-CH C H 
6 5 '  3 6 4  

Arylformamidines combine with sulfonyl isocyanates to give (sulfonyl-carbamoyl) 
phenylformamidines, some of which exhibit activity as acaricides, nemotocides, agricul- 
tural fungicides, and  insecticide^.^^ 

CH3 CH 

( 8 8 )  C 6 5  H SO 2 NCO + CH 3 - a  @-N=CH!H3 ---+ 

aryl , formamidine 
derivative 

Anthelmintics and nematocides have been prepared from amino substituted phospho- 
nothioureas and sulfonyl i s o c y a n a t e ~ ~ ~ ' ~ '  as well as sulfonyl i s o t h i ~ c y a n a t e s . ~ ~ , ~ ~ - ~ '  
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234 J. W. McFARLAND 

2 'f gNHP(0) (OR )2 N H ~ N H P  (0) ( 0 ~ ~ )  

',/ 
+ ( a l k )  ArSO 2 NCS +R@ N (R) ? dNHS02Ar (90) 

phosphonourea  RimR o r  ( a l k )  
thiourea c7e r iva t ive  

(X = 0 or S) 

Sulfonylcarbamidobenzimidazoles, prepared as below, control hookworms in dogs 
and sheep.92 

(31) a n t h e l m i n t i c  

Certain aziridines along with sulfonyl isocyanates or isothiocyanates give ureas which 
are cancerostatic and immun~st imula t ing ,~~ while certain other amines and sulfonyl iso- 
cyanates are reported to lead to products which are cardiac ~ t i r n u l a n t s . ~ ~  

substituted 
aziridine 

canccrostatic and 
immunostimulating 

2 6 4  
(: 11, CH. CII(CII ) N I I R  + H'C I1  S 0 2 N C 0  --+ C ti CH,ClI(CH MISO C H R' ( 9 3 )  

f, > L 3 6 4  6 5  2 3 

cardiac stimulant 
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SULFONYL ISOCYANATES AND SULFONYL ISOTHIOCYANATES 235 

Other reported reactions of sulfonyl isocyanates with amines include the reactions with 
5 -aminopyra~o les ,~~  alkynyl a m i n e ~ , ~ ~  aminothiazole oxides,97 alkyl a r n i n e ~ , ~ ~  and substi- 
tuted t hiazines .99 

1 I <-A + 4-CH3C6H4S02NC0 ___C 

2 NHCNHS02-C6H4CH3-4 (94) 
I 
R 

s u b s t i t u t e d  p y r a z o l e s  

I 
R 

I 

( R  = CH3' C6115, 4-0 NC H 4-C1C6H4; R = H ,  CH3f C6H5, 4-0 NC H 4-C1C H ) 
2 6 4' 2 6 4' 6 4  

I 

1 45-500c+ p-RZ H SO NH [- 6 4  2 
p-RC H so NCO + H NCR n"czcH 6 4  2 2 

n o t  i s o l a t e d  a l k y n y l  amine 

SO C H -R-E 2 6 4  

CH 2 

(95) 

amino t h i a z o l e  
N-oxide d e r i v a t i v e  

NCNHSO C H CH -4 ( 9 7 )  2 6 4  3 NH + 4-CH C H SO NCO 4 3 6 4  2 
n 

2 , 3 , 5 , 6 -  t e t r a l l y d r o -  
4 H - 1 -4 - t h  i a z i ne 
1 , l - d i o x i d e  

Aminoquinolinecarboxylates react with aromatic and alkyl isocyanates to  give tricy- 
clic compounds, whereas p-toluenesulfonyl isocyanate affords only open-chain prod- 
ucts. loo 
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236 J. W. McFARLAND 

( R  = a r y l ,  a l k y l )  H 

(99) 

CNHSO -C H CH -4 u 2 6 4 3  
0 

-t 4-CH3C6H4S02NC0 __j 

Mesoionic 2-acylimino- 1,3,4-thia- and oxadiazoles are reported from the reactions of 
thioaroylhydrazines and isothiocyanates."' 

I 

( R  = C H 4-CH C H 4-CH OC H R = C H CO, C 6 H 5 S O  2' CH3CO) 6 5 '  3 6 4 '  3 6 4 '  6 5  

F. Reactions with Amino Acids 

The tosylaminocarbonyl* group has been used as an amino protecting group in the syn- 
thesis of peptides. Deblocking may be accomplished by heating "protected" peptides 
in 95% aqueous ethanol, propanol, or  butanol. No racemization occurs. 

102 

(101 1 
g R  R 

4-CH C H SO NCO + NH2&HCOOH - 4-CH 3 6 4  C H SO 2 NHCNHbHCOOH 
3 6 4  2 

E t  N O P  3 T o s  -NH$NHCH~OOH + b 

1 R B 
EtOH 95%b NH2CHCONH&HC02R2 + T0s-NH2 + C 0 2  (102) 

"protected dipeptide" dipep t i d e  

* 
T o s y l  or T o s  = 4-CH C H SO 3 6 4  2 '  

Esters of amino acids, when treated with sulfonyl isothiocyanates, lead to  interme- 
diates for the synthesis of guanidine diesters. '03 The latter are detosylated and cyclized by 
hydrogen fluoride. 
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SULFONYL ISOCYANATES A N D  SULFONYL ISOTHIOCYANATES 237 

S CH3 
It I (CH3) 2S04 

TOS-NCS + NHCH2C02Et Tos-NHC-NCH CO E t  2 2  

J quanidina diester  

C02H 

Russian workers found a similar reaction between 6-aminohexanoic acid and aromatic 
sulfonyl i s o t h i o ~ y a n a t e s , ' ~ ~  while McFarland and coworkers studied the reactions of var- 
ious amino acids with both sulfonyl isocyanates and isothiocyanates. ' 0 5  The reaction 
products from the sulfonyl isothiocyanates are especially useful for the synthesis of sub- 
stituted imidazolidinonethiones. 

I I 

( 1 0 4 )  
4-RC H S O  NCO + NH2CHCOOH B CC14 4-RC6H4SO2-NHCNHbHC0OH $ I R  

6 4  2 re f l u x  ' 
(R = CH ,C1;  R = H,CH C H CH ) 

3 3' 6 5  2 

4-CH3C6Hq-S0 NH 
3 6 4  2 2 2 r e f lux )  2 

CC14 
4-CH C H SO NCS + NH2-CH CO H 

N- ( 4 - t o l u e n e s u l f o n y l )  - N ' -  
( c a r h o x y r n c t h y l )  - t h i o u r e a  

( 1 0 5  1 

cold 

H2S04 

s 
4-CH c H so NHP-NHCH~COOH concd. 

3 6 4  2 

0 /F- CH2 

1 - ( 4 - t o l u e n e s u l f o n y l )  - 
imidazolidin-5-one-2-thione 

G. Reactions with Amino Alcohols 

In  Sections D and E it was shown that both alcohols and  amines react readily with sul- 
fonyl isocyanates and sulfonyl isothiocyanates. Several workers have found that under 
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238 J. W. McFARLAND 

controlled conditions the amino group in amino alcohols will selectively react with sul- 
fonyl isocyanates. For example, cis-2-aminocyclohexanol and tosyl isocyanate give cis-2- 
(tosy1ureido)-cyclohexanol. Io6  (See also references 108 and 109.) 

(107) 

a I C O N H S 0  C H CH -4 

+ 4-CH C H SO NCO 3 6 4  2 

2 6 4  3 2 

~ c i s - 2 - ( t o s y l u r e i d o )  c y c l o h e x a n o l  

The use of two moles of sulfonyl isocyanate causes both hydroxyl and amino groups to 
react. It is possible, however, to displace the tosylaminocarbonyl group from oxygen by 
amino a l c ~ h o l . ' ~ '  

OCONHS02C6H4CH3-4 (108) 

NHCONHS02C6H4CH3-4 3-4 r(l, H 

t r a n s  t r a n s  t r a n s  

2-Amino-3-hydroxypyridine and arylsulfonyl isocyanates lead to  2-aminoxazolo [4,5-b]- 
pyridines which are anti-inflammatory, anticonvulsive, and diuretic compounds."' Pre- 
sumably the first reaction is with the amino group, followed by cyclization. 

+ ArS02NC0 4 LooH? NH&NHS02Ar j 
2 

NHS02Ar 

- H 2 0  
(109) 

o x a z o l o p y r i d i i i e  d e r i v a t i v e  

The results of an extensive study of various amino alcohols with sulfonyl isocyanates 
and isothiocyanates illustrate the difficulties involved in obtaining 1: 1 adducts from the 
extremely reactive isocyanates. l o 5  4-Toluenesulfonyl isocyanate reacts with 2-amino- 
ethanol and 3-amino- 1-propanol to  give only 2: 1 isocyanate/amino alcohol products. 
1-Amino-2-propanol gives both 1 : 1 and 2: 1 adducts, while 2-amino-2-methyl-1-propanol 
affords only a 1 : 1 adduct. The less reactive sulfonyl isothiocyanate gives only 1 : 1 adducts 
with the first three amino alcohols. 
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SULFONYL ISOCYANATES AND SULFONYL ISOTHIOCYANATES 239 

R ? 
TOS-NCO + N H ~  (a2) n~~ 4 TOS-NHCNH ( c H ~ )  n ~ c ! ~ - ~ o s  

2-  (N-4-toluenesulfonyl)-N'-ureido alkyl C F 
(n = 2 or 3 )  4 - to luenesu l fony l  carbarnate 

(111) 
R 

Tos-NCO + NH CH CHCH __j Tos-NHCNHCH2SHCH3 + 2 : l  product  2 21 3 

OH N- (2-hydroxypropyl) - 
urea 1 

0 CH 
II 1 3 

TOS-NCO + NH -C-CH OH + ToS-NHCNHC-CH OH 
2 1  1 2  

CH 3 CH 3 

? fl 7 
Tos-NCS + NH2(CH2)nCHOH __+ Tos-NHCNH(CH ) CHOH 

2 n  

A :  R = H , n = l  
B :  R = C H , n = l  
c: R = 11,3n = 2 

( 1 1 2 )  

(113) 

The  1 : 1 adducts from the isothiocyanates are cyclized by concentrated sulfuric acid t o  
imidazolidine-2-thiones and  hexahydropyrimidine-2-thiones. 

Tos-N 5 cold concd. 

I 1 
T ~ ~ - N H C N H ( C H ~ ) $ H O H  so ,CH30H 

2 4  
( 1 1 4 )  

(n = 1 , 2 )  /l-(CH2) 
R 

2-Amino-2-methyl-1-propanol leads t o  a 1 :2 isocyanate/amino alcohol product. 

CH S H  $H3 

1 1  
NH CH3 
!-CH 
1 3  

CH20H 

TOS-NCS + MI~&-?H~OH - T ~ ~ - N H & - N H C - C H ~ O H  

3 
LH 

H. Reactions with Amides and Thioamides 

CH -( 
3 

(115) 

The  nitrogen atoms of amides and  thioamides are  not as  nucleophilic as are the nitrogens 
of amines. Consequently, reactions are usually slower. Sulfonyl isocyanates are,  however, 
strong electrophiles and readily undergo reactions with amides and  thioamides t o  afford 
N-sulfonyl-N'-acylureas o r  N-sulfonyl-N'-thioacylureas. 2-Oxazolidones and  sulfonyl 
isocyanates give arylsulfonylcarbamoyl derivatives of the oxazolidones. I 1 1 , I  12 Other sim- 
ilar reactions 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



240 J. W. McFARLAND (3 'r + 4-CH3C6H4S02NC0 d ( = y o  (116) 

NCNH-S02C6H4CH3-4 
0 oxazo  l i d o n e  d e r i v a t i v e  

ArS02NC0 + 
(117) 

no rborny loxazo l idone  

have also been r e p ~ r t e d . ' ' ~ , " ~  

and methyl ethyl ketone.'" 
Thioamides also react with sulfonyl isocyanates in organic solvents such as benzene 

3 I 

R C N H ~  + R S O ~ N C O  ___t 

I 

( R  = C H subst'd C H 1 -naph thy l ,  2 - f u r y l ,  2 - t h i e n y l ;  R = CI i J l  C6H5' 
6 5 '  6 5 '  

4-CH3C6HqI 4-ClC6H4) 

I. Reactions with Aldehydes and Ketones 

It was reported in the earlier review2 that aldehydes and some ketones react with sulfonyl 
isocyanates to give sulfonylimines and CO2. Furthermore, it was indicated that the reac- 
tions are 1,2-dipolar additions and a mechanism for the reaction of benzenesulfonyl iso- 
cyanate and diphenylcyclopropenone was proposed. ' I 6  

- .  
C H SO -N=C=O 

6 5  2 

NS02C6H5 + C 0 2  

'gH5 

'gH5 

'gH5 C6H5S02 kL / 
(119) 

sul f o n y l  imine  
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24 I SULFONYL ISOCYANATES A N D  SULFONYL -1SOTHIOCYANATES 

Treatment of squaric acid derivatives o r  their thio analogs with sulfonyl isocyanates 
I 1 7 , l  I X  replaces either one o r  both of the carbonyl oxygen atoms by sulfonylimino groups. 

squaric acid derivative 

X 0 

I I 

I 

NS02C6H4CH3-4 

(120) 

NSO C H CH -4 2 6 4  3 

i 

R R N  

m , N + 8 ; 3 - 4  0 

t 4-CH3C6H5S02NC0 =NRR ( 1 2 1 )  

NS02C6H4CH 3-4 

( R  = R = CH3i RR N = piperidino; x = 0 or S)  

Recent studies have also shown that both sulfonyl isocyanates and isothiocyanates 
and 4 -pyr0nes ’~~  to  give sul- 119-121 react similarly with substituted naphthothiophenes 

fonylimines and C02 or COS. 

2 -phe ny 1 - 5 -0 xo naph tho 

L, 8-belthiophene 
( R  = aryl, c1; x = 0,s) 

+ ArS02N=C=0  ___j 

‘gH5 ‘gH5 
2,6-diphenyl-4H- 
4-pyrone 

(123) Jj3Jr+ co 2 
- 

‘gH5 ‘gH5 
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Halosulfonyl isocyanates also enter into such reactions as illustrated by the reaction of 
fluorosulfonyl isocyanate with chloral. 1 2 3  

3 FSO N=CHCC1 2 

FSO N=$=O 
21 6 

. f !  * d 
c1 -c=o 

3 1  
H 

( 1 2 4 )  

J. Reactions with C-H Acidic Compounds 

Hydrogens on carbon adjacent to carbonyl are known to be activated. Substances con- 
taining such hydrogens may react in the enol form to give C-substituted o r  0-substituted 
products. Many of these reactions involve highly reactive isocyanates and isothiocya- 
nates. 1,3-Cyclohexanediones react with sulfonyl isocyanates to give substances which 
exhibit antidiabetic activity. 124 

R 1 2 4-RC 6 4  H -SO 2 NHt! O D : :  ( 1 2 5 )  

R 

0 
2 1 2  

1-5 2 5  

4-RC H - S 0 2 N C 0  + 6 4  

0 

1 
(R = CH C 1 , H ;  R = H,Cf13; R = C a l k y l , C 6 H 5 ;  R R = (CH ) ) 

Other examples include the reactions of sulfonyl isothiocyanates with ~ r a c i l s ' ~ ~  and cam- 
phor derivatives with sulfonyl isocyanates. 126 

+ CH SO 
3 

0 AN ANR2R3 ( A r )  

I 
R 

I 
R 

uraci l  derivative 

0 &3 . 2  o&3 

+ A r S O  NCO + ( 1 2 7 )  

( R )  
A r S O  NHCO 

2 H 

( R )  c a m p h o r  derivative 
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SULFONYL ISOCYANATES AND SULFONYL ISOTHIOCYANATES 243 

a, /$Unsaturated carbonyl compounds also react to place the sulfonylaminocarbonyl 
group on unsaturated carbon of maleimide~'~ '  and other a, P-unsaturated amides. 128 

H .O 

76H5 5; 
C H N€1C=CHCNHSO2C6H4CH3-4 + C 6 5  H S O ' N C O  2 - 6 5  

I 
( 1 2 9 )  

c=o 
I 

NH 
I 
S02C6H5 

1,2-Cyclohexanedione reacts and gives 0-acylation, indicating reaction via the enol 
form. '29 

RNCO + O D  --.+ 
R 

0 RNHCO 

( 1 3 0 )  

(R = 4-CH C €1 SO 4 - C 1 C  H 4 - B r C  H C H CH C6H5COl 4-CH C H C O )  
3 6 4  2' 6 4 '  6 4 '  6 5 2' 3 6 4  

The nitro group activates hydrogen on adjacent carbon sufficiently to cause addition to 
occur. 130-132 The reaction of tetrahydro-2-(nitromethylene)-2H-l,3-thiazine with 
p-toluenesulfonyl isocyanate is an i l l u ~ t r a t i o n . ' ~ ~  The product is an intermediate in the 
synthesis of insecticides. 

+ 4-CH C H S O  NCO + 3 6 4  2 ( 1 3 1 )  

tetrahydro-2- (nitro 
methylene) - 2 H - 1 , 3 -  
thiazine 
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244 J. W. McFARLAND 

Reactions of hydrogen on carbon include those on carbon adjacent to a carbon-nitro- 
hydrogen which is on the carbon of a carbon-nitrogen double gen double 

bond,'34 and ethylenic hydrogen adjacent to a sulfur atom.'35 

CH CH CONHSO Ar l 3  l 2  2 
A r S O  NCO + C H C=NC H 4 C H C = N C  H 

2 6 5  6 5  6 5  6 5  

(Ar = C H 4-CH C H ) 
6 5'  3 6 4  

( 1 3 2 )  

(133) 
+ P-R'C~H~SO~NCO 

1 

( R  = H,CH3,CH CH ,CH(CH ) R = H,CH3) 3 2  3 2;  

( 1 3 4 )  

CONHSO C H CH3-4 
2 6 4  

'C H CH -4 6 4  3 

ii + 4-CH C H S O  NCO + 3 6 4  2 
1.1 

H 
C H CH -4 

6 4  3 

Finally, xanthenes 1 3 6  and p y r r o l e ~ ' ~ '  react with sulfonyl isocyanates and isothiocya- 
nates to replace hydrogen by a sulfonylaminocarbonyl or  thiocarbonyl group. The reac- 
tion with pyrrole may very well be considered to be an electrophilic aromatic substitution. 

2 2 
R 

R + 4-CH 3 6 4  C H SO 2 NCO ___t ' W R  ( 1 3 5 )  

CONHSO C H CH3-4 
2 6 4  

1 
R H R 

s u b s t i t u t e d  xanthene  

s u b s t i t u t e d  pyrrole 

K. Reactions with Phosphorus Compounds 

In Section E, phosphonoureides and phosphonothioureides, prepared from sulfonyl iso- 
cyanates and sulfonyl isothiocyanates, were discussed as anthelmintic agents." The reac- 
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tions involving isocyanates and isothiocyanates were, however, with amino groups in 
compounds containing phosphorus. Several papers have appeared in which sulfonyl iso- 
cyanates and sulfonyl isothiocyanates reacted with phospholenes to displace trialkyl or  
triaryl phosphate. The  research has been done by Neidlein and  Mosebach. 13x-'4" 

( R  = 4-CH C H 4-C1C6H4) 
3 6 4 '  

0 
'gH5 'gH5 

'gH5 

1 
OR 

K O  2 N-C=X + 1 G\solR O=P(OC 6 5 3  H ) 

R 02C' 

X 

1 
(R = C6Hs, substd C H s t  C H 3 r  CII 3 CH 2 '  * R = CH3' CH3CHZ; X = 0 , s )  

+ (139) 

p-Toluenesulfonyl isothiocyanate, as well as other isothiocyanates, and tributyl phos- 
phine give a dipolar adduct which is in equilibrium with starting  material^.'^' The  
equilibrium 

constants have been determined by 31P NMR. 
Cyclic and  acyclic phosphine oxides behave toward sulfonyl isocyanates and  sulfonyl 

isothiocyanates as  do aldehydes and  ketones. The  products are  phosphinimines and  CO2 
o r  COS, respectively.142-'44 Whereas in the cyclic compounds 
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246 J. W. McFARLAND 

- CiS-2,2,3,4,4-pentamethyl- 
1-phenylphosphetane 1-oxide 

- cis- phosphinimine 
( r e t e n t i o n  o f  c o n f i g u r a t i o n )  

a 

2 

( 1 4 2 )  

1 C 6 5  H RR P=O + 4-CH3C6H4S02=C=0 j 

1 
C 6 5  H RR P=NSO2C6H4CH3-4 

phosphinimine formation occurs with retention of configuration, in the acyclic com- 
pounds racemization occurs faster than does phosphinimine formation. 

Hydrogen phosphonates react with sulfonyl isocyanates to give products which are 
useful as flame retardants for polymers. 145 

flame retardants 

L. Reactions with Silicon Compounds 

Paralleling the increased activity in organosilicon chemistry has been the interest in the 
reactions of these compounds with sulfonyl isocyanates. Some reactions involve breaking 
an Si-X bond, but most are reactions at other functional groups in the molecule. Trialkyl- 
silanes add to sulfonyl isocyanates, silicon (the more positive element) adding to nitrogen 
and hydrogen to carbon.’46 The result is a silicon-substituted formamide which can be 
solvolyzed to a sulfonyl formamide by methanol or acetic acid. 

SiEt CH 3 0 H  
l 3  

C6H5S02NC0 + Et Si-H -> C H S O  N-C=O -) 
3 6 5  2 , A (or CH3COOH) 

3 
C H SO NHCHO + Et3SiOCH 6 5  2 ( 1 4 4 )  
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Reactions with trialkylsilyl cyanides involve breaking the carbon-silicon bond.147 

SiMe 

( 1 4 5 )  
13 

4-CH C H SOZNCO + M e  S i C f N  4-CH C H S02N-COCN 3 6 4  3 3 6 4  

It is interesting that  two moles of aromatic (non-sulfonyl) isocyanates react with silyl 
cyanides to  give cyclic products. 

0 

148 A Triethylsilanol behaves like a n  alcohol in its reactions with sulfonyl isocyanates. 
second mole of isocyanate will, however, react with the 1: 1 adduct.  

H O  
I I t  C H S O  N=C=O C H SO NCO + Et3SiOH -) C6H5S02N-C-OSiEt3 6 5  2 

6 5  2 1 

0 
0 
I I  

C H SO N-C-NHS02C6H5 - co2 
6 5 2, C02SiEt3 > C6H5SO2Y-!!-NBSO 2 6 5  C H 

S i E t 3  
( n o t  i s o l a t e d  ) 

Silyl enol ethers react with isocyanates giving 2-siloxycycloalk- 1-enecarboxamides o r  
4-siloxyazetidin-2-ones depending upon the structure of the silyl enol ether. The first 
type of products may be hydrolyzed to  substances having antibacterial and  diuretic 
activity. 

149,150 

s i l y l  enol e t h e r  

-0SiMe 3 
+ 4-CH3C6H4SO2NCO + ( c a  

-CO NHS 0 2C6H4 CH -4 

2-siloxycycloalk-1-cne- 
carboxamide d e r i v a t i v e  

L , k O N H S O  C H CH3-4 
2 6 4  

a n t i b a c t e r i a l  and d i u r e t i c  a g e n t s  
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248 J. W. McFARLAND 

(open-chain) 
( 2 + 2 )  c y c l o a d d i t i o n  

Lithium silyl hydrazides react with isocyanates to afford 1 : 1 adducts which further 
react with trimethylsilyl chloride to give silylated isocyanates. I s ’  

SiMe SiMe 
/ 3 I 3 SiMe 

3 
\ .  3 6 4  2 I ‘SiMe SiMe 

L1-N- N’ + 4-CH C H SO N=C=O d 4-CH3C6H4S02N-k!N-N 

3 
SiMe 

1 : 1 a d d i t i o n  p r o d u c t  

M e  S i c 1  0 TiMe3,SiMe 

‘ Sifqe 
4-CH C H S O  N-8-N-N + L i c l  3 

3 
3 6 4  2 

L i M e  
___j 

(150) 

Organosilyl, as well as organogermyl and organostannyl, carbodiimides react with sul- 
fonyl isocyanates to afford 1 : 1 and 2: 1 isocyanate/carbodiimide adducts15* in the case of 
organosilicon compounds. (See also Section N.) 

+ C H S O  NCO ___$ 
3 6 5  2 

M e  SiN=C=NSiMe 
3 

fiSiMe 3 

.NSO2C6H5 
3 4 NSiMe 

M e  S i  + Me 3SiN’ 

0 a,/.! I T S 0 2 C 6 H 5  

I 
S02C6H5 

1:l a d d u c t  

2:l adduct 

(151) 

Trimethylsilyl cyanide reacts with carbodiimides to afford silylated amidines. The lat- 
ter enter into cycloadditions with sulfonyl isocyanates. 153 

R CN 
I /  

M e  Si-N-C=NR 
3 

Me3SiCN + RN=c=m ---+ 

4-CH3C6H4S02NC0 
) 

(152) 

( R  = (CH312CH, cyc lohexy l ,  4-CH 3 6 4  C 13 ) 
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SULFONYL ISOCYANATES A N D  SULFONYL ISOTHIOCYANATES 249 

A possible mechanism for the above reaction involves the rearrangement of the sily- 
lated amidine to  a 1,3-dipole which cyclizes with isocyanate. 

( -1  
( + I  NR 

E t3S iN-C=NR rearranges f l + C , c /  -$ c v c l i z a t i o n  
I t  
R C Z N  E t 3 S i  I1 

NR 

M. Reactions with Tin Compounds 

Organotin compounds have been found to  react with sulfonyl isocyanates by breaking 
either the tin-hydrogen bond, the tin-tin bond,  the tin-oxygen bond, o r  the oxygen- 
hydrogen bond in hydroxides. Illustrative of the first type of reaction is the addition of 
trialkyltin hydrides to  sulfonyl i s ~ c y a n a t e s . " ~  The initial addition is across the C=O 
bond of the isocyanate. Heating the first product a t  about  60°C causes isomerization t o  
stannyl formamides. 

H 
I 

3 
4-RC6H4S02NC0 t Bu3SnH ~-) 4-RC 6 4  H S O  2 N=C-OSnBu 

S n B u 3  
I 

6OoC 4-RC6H4S02N-CH0 

(R = H ,  CH 0 ,  CH3) 3 

Hexabutyltin is reported to  give 1 : 1 adducts with sulfonyl isocyanates, but further 
reaction may occur with another molecule of isocyanate.155 

S11Buj  
I 

R - C ~ H ~ S O ~ N C O  + BU S n - S n B u .  -) R-c H so N-C-SXIBU 
3 3 6 4  JI 3 

0 

0 S I I D U -  
R-C61i4S02NC0 I/ I ' 

7, 
H-c 11 SO,NH-C-N-L;U c H -n  

6 4  2 2 6 4  

( R  = 4-CH3,  4 - C I 1 ~ 0 ,  3 - C l )  

Distannylated sulfonamides also react with sulfonyl isocyanates. 

C ~ H ~ S O  2 ~ (  3 

c=o 

( 1 5 4 )  

S n B u  ~ 

The reaction of alkoxytrialkyltins with sulfonyl isocyanates causes cleavage of the tin- 
The latter oxygen bond and  formation of N-stannyl-N-sulfonylcarbamic acid esters. 

are  reported to  isomerize to  the corresponding 0-stannyl derivatives. 
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250 J. W. McFARLAND 

snBu3 
1 

4-R-C H SO X O  + Bu3SnOMe -) 4-R-C6H4S02N-C02Me 
6 4  2 

OMe 
4-R-C H SO N=C ' isomer i ze 

6 4  2 \ . osnBu3 

(R = HI CH3' CH3OI C1) 

Trialkyltin oxides also add to isocyanates accompanied by breakage of the tin-oxygen 
bond.I5' The 1 : 1 adducts may be converted t o  carbamic acids, carbamic acid tin salts, and 
ureas by acetic acid, methanol, and amines, respectively. 

SnBu 
1 3  

4-R-C H SO NCO + (Bu 3 Snl20 ___) 4-R-C6H4S02N-C02SnBu3 (157) 6 4  2 

(R = HI CH3' CH30, C1) 

- co2 
4-R-C6H4S02NHCOOH -) 4-R-C6H4S02N€12 

+ Bu3SnOAc 
I 

4-R-C H SO N-C02SnBu3 

4-R-C H SO NHC02SnBu3 + B u  SnOMe (158) 6 4  2 3 

4-R-C6H4S02MICONEX2 + ( B u p n )  2O 

6 4  2 

Organotin hydroxides give 1 : 1 adducts or  decarboxylated 1 : 1 adducts with sulfonyl 
isocyanates depending upon the nature of the organic groups. For example, the princi- 
pal product from triethyltin hydroxide and arylsulfonyl isocyanates is an N-stannylated 
sulfonamide. The latter reacts with more sulfonyl isocyanate if present. 

4-R-C6H4S02NC0 + Et3SnOH 4-R-C H SO NHSnEt3 + C02 (159) 
6 4  2 

4-R-C6H4S02NHSnEt3 + 4-R-C6H4S02NC0 -) 
0 SnEt3 
I I  I 

4-R-C H SO NH-C-N-SO C H -R-4 6 4  2 2 6 4  
(R = H, CH3, CH30, C1) 

(160) 

It has been proposed that the reaction '59proceeds through a cyclic intermediate which 
loses COZ. 
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4-R-C6H4S0 2 y = 0  I 

I I 
I I 

When the organic groups on tin are aromatic the main products are 1 : 1 adducts, indi- 
cating addition of oxygen and hydrogen (from the OH group of the tin compound) across 
the nitrogen-carbon double bond of the isocyanate. 

0 
I I  

4-R-C H SO NCO + (C6H5)3SnOH d 4-R-C 6 4  H SO 2 NHCOSn(C6H5I3 6 4  2 
(main product)  

+ 4-R-C6H4S02NHSn(C6H5)j 
(small amount) 

+ co2 ( 1 6 1 )  

N. Reactions with Other Organometallic Compounds 

Like trialkylsilanes, trialkylgermanes add to sulfonyl isocyanates to give N-substituted 
f o r m a m i d e ~ . ’ ~ ~  

Ge R 
1 3  

ArS02NC0 + R3Ge-H --) ArSO N-C=O 
2 1  

H 

Organogermyl carbodiimides react with benzenesulfonyl 

( 1 6 2 )  

isocyanates to produce sul- 
fonyl carbodiimide and trialkylgermanium isocyanate. 1 5 *  (See also Section L.) 

3 
Et3GeN=C=NGeEt3 + C H SO NCO .-) 

6 5  2 
C-----N-S02CGH5 

0” 

____) 6 5  2 3 + E t 3 G e N C 0  ( 1 6 3 )  C H SO N=C=CGeEt 

Alkoxytrialkylgermaniums and trialkylgermanium oxideslS9 behave as do the corres- 
ponding tin corn pound^'^^^^^^ in their reactions with sulfonyl isocyanates. In each case the 
metal-oxygen bond is broken and addition is across the nitrogen-carbon double bond of 
the isocyanate. 

G e E t  
1 3  

( 1 6 4 )  R-C6H4S02NC0 + Et3GeOMe -) R-C H SO N-C-OMe 
6 4  I I  

0 me t h o x y t r i c  t h y l -  
germanium 
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252 J. W. McFARLAND 

G e E t j  
R-C6HqS02NC0 + Et3GeOGeEt3 --> R-C H SO N-C-OGeEt3 I (165) 

G 4  * II 
he xae t h y 1  germani  urn 0 

oxide 

(R = H, E-Cl) 

Five-membered ring compounds containing boron, oxygen, and nitrogen react with 
sulfonyl isocyanates to expand the ring to seven members.'60 The boron-nitrogen bond is 
broken in the process. 

C H  PH5 16 5 
0' "-Me 

>-S02C6H4CH3-4 (166) C Z  U + 4 -CH 3C6H4S0 2NC0 ,-) 

I +O CH 3 
(92%) 

Allenylironcarbonyl compounds are reported to enter into cycloaddition reactions 
The metal is believed to  assist the cycloaddition to unsat- 161,162 with sulfonyl isocyanates. 

urated lactams. 

---+ + 4-CH 3C6H4S02NC0 

unsaturated lactam 

Organonickel and organocopper compounds have been shown to react with isocya- 
nates as illustrated be lo^.'^^,'^^ 

CH3 CH3 
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n 
CH3 ,N\ / 

$TLJ H3 

"3 CH3 

i 

( M  = Ni, Cu) 

Low oxidation state complexes oftransition metals such as rhodium, ruthenium, plati- 
num,  and  palladium give complexes with isocyanates, including sulfonyl isocya- 
nates. 1 6 5 3 1 6 6  

L + 

P ( C 6 H 5 )  + 2 CO ( 1 7 1 )  

The reactions of Grignard reagents with sulfonyl isocyanates have been thoroughly 
studied and were reported in a previous 

+ 
Ar-SO N=C=O + R-MgX 4 Ar-S02N=C-OMgX 

I 
R 

2 

A~-SO~N=T-OH 1 _.__) Ar-S02NHC-R (172) 
/I 

L R J  0 

McFarland and Houser found that methylmagnesium iodide and phenylsulfonyl iso- 
thiocyanate behave as  expected at  ambient temperature to  give the thioamide.'* 

S 
II 

( 1 7 3 )  
3OoC H 0 C6H5S02NCS + CH3MgI 4 C 6 5  H SO 2 NHC-CH3 

( 7 3 % )  
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At O°C phenyl magnesium bromide also gives thioamide, but at room temperature the 
isolated product is N-(triphenylmethy1)-benzenesulfonamide (27% and 50% yields at 1 : 1 
and 1 : 3 isothiocyanate/Grignard reagent ratios, respectively). 

S 
ooc > H30 + II 

(174) C H SO NHC-C H 
6 5  2 6 5  

(73%) 

C6H5S02NCS + C H MgBr  
6 5  

+ 
25-3Ooc) H3O 

C6H5S02NCS + C 6 5  H MgBr  C6H5S02NHC (C6H5) (175) 

The following mechanism was proposed for the latter reaction. 

SMgBr 
I C H MgBr 

C6H5S02NCS + c G 5  H MgBr  -) C ~ H ~ S O ~ N = C - C ~ H ~  6 5  ) 
SMcrur 

+ 
H30 C H SO N-C(C6H5) > C 6 5  H SO 2 NHC(C6H5) 6 5 2 1  

MgB r 

More recently Walter and Roehr have extensively studied the reactions of sulfonyl 
isothiocyanates with Grignard reagents and found that under controlled conditions the 
thioamides may be obtained in good yields in all cases studied.'68 The thioamides were 
found to  be relatively acidic and to exist partially in the thioenol form. The stereochemis- 
try of the products was determined. 

(177) R-S02NCS + R 1 MgX -) R-S02NHCSR 1 

(R = c H 3 ,  C6H5; R1 = CH3, CH3CH2, (CH3)2CH, C H CH 6 5 2' 'sH5) 

0. Miscellaneous Reactions 

Sulfoximides with substituents on nitrogen are reported to be useful as antihistamines, 
antitussives, inflammation inhibitors, sedatives, and diuretics. The sulfonyl carbamoyl 
derivatives are prepared from simple sulfoximides and sulfonyl isocyanates. 16' 
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SULFONYL ISOCYANATES AND SULFONYL ISOTHIOCYANATES 255 

Ketonitrones enter into an  extremely interesting reaction with sulfonyl i~ocyana te s . "~  
Ring expansion occurs along with loss of COZ. 

C6li5SO2NCO - 

i co2 

4-Phenylurazole is oxidized in the presence of dimethyl sulfoxide and  activated 
I7 I isocyanates. 

( C H 3 ) 2 S 0  N 4 '  
N-C H 

6 5  
N-C6H5 t 4-CH3C6HqS02NC0 ___$ // 

H\N _e 
I 

H 

4-phenylurazole 

+ 4-CH C H SO NH + C02 (180) 
3 6 5  2 2 

A mechanism has been proposed for the reaction. 

Phenylglycidyl ether reacts withp-toluenesulfonyl isocyanate t o  produce 1-@-toluene- 
sulfonyl)-5-phenacyl-2-oxazolidone as the principal product with a hydrocarbon-soluble 
adduct  of B u 3 P 0  and  LiBr as  catalyst. 17* In  contrast t o  conventional isocyanates, how- 
ever, the sulfonyl isocyanate gives principally the 4-isomer with styrene oxide. 
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phcny 1 gl yc idyl 
ether 

0 
!.I 

4-CH3C6H4S02-N 

r I  
C 6 H 5 0 C H 2 - b i 4 H 2  

l-(~-toluenesulfonyl~-5-phenacyl- 
2 -0 xazol b o n e  

U 

s t j r e n e  oxide 
+ 1- ( p - t o l u e n e s u l  f o n y l )  -4-phenyl- 

2-oxazolidone 4-CH C H SO NCO 3 6 4  2 

(182) 

Carbenes react with isocyanates and isothiocyanates. Dimethoxycarbene, generated 
from either 1,2,3,4-tetrachloro-6-phenyl-7,7-dimethoxynorbornadiene or trimethoxymeth- 
ane, combines with two moles of p-toluenesulfonyl isocyanate to give hydantoin 
derivatives. 

so C H CH -4 
1 2 6 4  3 CH 3O CH30 

4-CH3C6H4S02NC0 + [ CH30 ‘/:I -) CH30 rN\ro 
(184) 

0 S02C6H4CH3-4 

Sulfur diimides enter into exchange reactions with sulfonyl isocyanates to produce N- 
sulfonyl sulfur diimides.’74 

3 
s u l f u r  c?iimide 

R-SO N=C=O + R ~ N = S = N C M ~  
2 

(185) 

1 
R N=S=NS02R + Me CN=C=O 

1 
3 4 

( R  = E’, C 1 ,  C6H5, 4-Cii3C6H4; K = C6H5, CMe ) 
3 
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251 SULFONYL ISOCYANATES AND SULFONYL ISOTHIOCYANATES 

Halosulfonyl isocyanates also react with sulfinylamines to exchange CO for SO.’74 

i l a l -S02N=C=0 + RN=S=O ,-) Hal-S02N=S=0 t RN=C=o (186) 

(Hal = F, C l ;  R = CMe ) 3 

Mesoionic compounds such as anhydro-2-(4-chlorophenyl)-4-hydroxy-3-phenylthia- 
zolium hydroxide combine with activated isocyanates at room temperature to afford 1 : 1 
primary adducts with 2,6-diaza-7-thiacyclo [2.2.1] heptane structures. 175,176 

‘gH5 

anhydro-2-(4-chlorophenyl)-4- 
h ydroxy-3-phenyl thiazolium 
hydroxide 

Sulfonyl isocyanates react with cellulose substrates in pyridine solvents to give cellu- 
lose N-arylsulfonyl carbamates, useful as ion exchange resins.177 

cellulose unit ion exchange resin 

(ArS02NC0 = C6H5S02NC0, 4-CH3C6H4S02NC0, l-CH3-2,4-(0CNS02)2C6H3) 

Alkali-soluble binders for light-sensitive printing plates are obtained from mixing p- 
toluenesulfonyl isocyanate with poly-(vinylbutyral) and then with trimethylolpropane 
triacrylate.”* Immobilization of enzymes such as trypsin is studied by binding the trypsin 
to  polyether 4-aminobenzenesulfonyl carbamate support with glutaraldehyde.’79 The sul- 
fonylated carbamate is prepared by reaction of 4-nitrobenzenesulfonyl isocyanate with a 
bisphenol A-epichlorohydrin copolymer, followed by reduction of the nitro groups with 
sodium dithionite. Immobilized enzymes have been shown to be more active in basic 
media than the free enzymes. 

Finally, aromatic isocyanates i.e., [ ( ~ - O C N C ~ H & C H Z  and p- or  ~ ~ - ( O C N C H ~ ) Z C ~ H ~ ]  
are stabilized against discoloration and polymerization by the addition of 0.001 to 1% of 
acyl or sulfonyl isocyanates. 
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