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p-Toluenesulfonyl isocyanate (I)  reacted with triphenylmethanol (11) in toluene solution in the presence of 
pyridine to give N-(triphenylmethy1)-p-toluenesulfonamide (111) and carbon dioxide. The products were the 
same as in the uncatalyzed reaction. Pyridine caused a marked increase in the rate of COS evolution. The 
catalyzed reaction was found to be first order in I and first order in 11. The apparent second-order rate constant 
was dependent upon the concentration of pyridine up to a t  least 2 mol of pyridine/mol of I or 11. A mechanism 
for the pyridine-catalyzed reaction is proposed. 

It was shown in this laboratory that sulfonyl iso- 
cyanates, when allowed to react with triphenylmethanol 
and many other triarylcarbinols, gave the corresponding 
N-(triarylmethy1)sulfonamides and carbon dioxide.2 
The uncatalyzed reaction of benzenesulfonyl isocyanate 
with triphenylmethanol was extensively studied and 
was found to be first order in both isocyanate and car- 
binol. a 

Graf reported the formation of tertiary amine com- 
plexes of sulfonyl isocyanates. The compIexes gave 
the same reactions as did the free isocyanates, although 
no rate studies were carried out. It was also reported 
that, upon addition of primary alkyl amines to tertiary 
amine complexes, a new set of complexes was formed 
which should give the corresponding sulfonylureas upon 
heatinga5s6 Tertiary amine complexes of sulfonyl isocy- 
anates reacted with primary amine hydrochlorides to 
afford sulfonylureas and tertiary amine hydrochlo- 
r i d e ~ . ~  

Burkus and Eckert found that triethylamine cata- 
lyzed the reactions of diisocyanates and 1-butanol in 
toluene solution.* Many solid complexes of tertiary 
amines and sulfonyl isocyanates, as well as tertiary 
amine-primary amine-sulfonyl isocyanate adducts, 
have been prepared and characterized.6 

I n  this paper we show the results which we have ob- 
tained from the kinetic study of the reaction of p-tol- 
uenesulfonyl isocyanate (I) with triphenylmethanol 
(11) in the presence of pyridine. The rate of the reac- 
tion was followed by measuring the carbon dioxide 
evolved.8 The effect of pyridine on the reaction be- 
tween phenyl isocyanate and I1 is also shown. 

We found earlier that the uncatalyzed reaction of 
phenyl isocyanate and I1 proceeded very slowly and 
gave N,N'-diphenyl-K-(triphenylmethy1)urea (IV).2*9 
We now report the effect of pyridine on this reaction 
at various reactant ratios and temperatures. 

(1) Taken in part from the Senior Theses of D .  G. and W. H., DePauw 

(2) J. W. McFarland, D. E. Lena, and D. J. Grosse, J .  Org. Chem., 31, 

( 3 )  J. W. McFarland, D .  E. Lena, and D.  J. Grosse, ibid., 88, 3514 

(4) R. Graf, German Patent 1,000,807 (1957); Chem. Abstr., 84, 1555 

(5) Z. Briosowski and W. Zaoharewia, Rooz. Chem., 36, 291 (1962); Chem. 

(6) H. Ulrioh, Chem. Rev., 66, 369 (1965). 
(7) W. Anmuller and R. Weyer, German Patent 1,100,618 (lQ61); Chem. 

(8) J. Burkus and C .  F. Eokert, J .  Amer. Chew. Soc., 80, 5948 (1958). 
(9) Further and unpublished work in this laboratory showed that a 

better yield (67%) of IV may be obtained if CsHsNCO and I1 are heated at 
100' for only 1 day and at a 2:l reactant ratio, rather than 4 days &B in 
ref 2. 
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Experimental Section 
Reagents.-p-Toluenesulfonyl isocyanate (I) was obtained 

from the Upjohn Co., Carwin Organic Chemicals, and was 
freshly distilled before use. Triphenylmethanol (11) and phenyl 
isocyanate were commercial products. Toluene was dried over 
sodium before use and pyridine was dried over solid potassium 
hydroxide. 

Kinetics.-The method employed was similar to that reported 
earlier.8 The separate solutions of I and I1 were prepared in 40 
ml each of dry toluene in 50-ml volumetric flasks. To the solu- 
tion of isocyanate was added the pyridine, whereupon a white 
solid precipitated. Pyridine, I, and I1 were all weighed to the 
nearest 1.0 mg. The flasks were immersed in an oil bath thermo- 
stated to 10.1' and allowed to reach temperature equilibrium. 
The isocyanate-pyridine complex dissolved in hot toluene. More 
toluene was added to give a volume of 50 ml. The two solutions 
were saturated with dry COZ and rapidly mixed in a three-necked 
round-bottomed flask which was preheated in the constant-tem- 
perature bath and connected by a capillary to a gas buret. The 
volume of COZ was corrected for temperature and pressure (in- 
cluding the vapor pressure of toluene) and converted into moles. 
The latter was assumed to be the amount of isocyanate or car- 
binol consumed, and therefore calculated on the basis of moles/ 
liter. 

For the reactions using 1 : 1 ratio of isocyanate/carbinol, plots 
of l / (c  - em) (where c = calculated isocyanate or carbinol 
concentration a t  time t ,  and c m  = concentration a t  time infinity) 
us. time were made. For other reactant ratios (4:l to 1:4)$ 
linear plots were obtained from log [b(a - z ) ] / [ a ( b  - z)] us. 
time. 

Isolation of Product.-The isolation procedure for the product, 
N-(triphenylmethy1)-p-toluenesulfonamide (111), was identical 
with that described for N-(triphenylmethyl)benzenesulfonamide.a 

Phenyl Isocyanate, 11, and Pyridine.-Phenyl isocyanate 
(1.84 g, 0.015 mol), triphenylmethanol (11, 2.00 g, 0.0078 mol), 
and pyridine (5.92 g, 0.075 mol) were dissolved in dry toluene 
(5 ml) in a test tube. The test tube was stoppered with a cork 
and allowed to stand a t  room temperature for 24 hr. The re- 
sulting white precipitate was collected by suction filtration and 
washed with cold benzene, yield 1.27 g (80%), mp 232-233', 
mmp 234-235' with N,N'-diphenylurea (V). 

I n  another reaction an 8: 1 :8 ratio of isocyanate/II/pyridine 
heated for 3 hr a t  100' gave the trimer (VI, 73%) of phenyl 
isocyanate, mp 277-280". 

Results 

p-Toluenesulfonyl isocyanate (I) and triphenyl- 
methanol (11) reacted at  100' in toluene to give 
the product N-(triphenylmethy1)-p-toluenesulfonamide 
(111). The product was the same whether pyridine 
was used or not.2 The reaction of I and I1 was first 
order in isocyanate and first order in carbinol over a t  
least two half-lives. Second-order plots gave straight 
lines in both the uncatalyzed and catalyzed reactions. 
The reaction was followed by measuring the evolved 
carbon dioxide.a The first 5-100/3 of reactions were 
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followed using different reactant ratios, and eq 1 was 
employed for initial rates'O (where n A  is the order of re- 

agent A, (dx/dt)l and (dx/dt)z are the rates for two dif- 
ferent reactions, and [All and [A], are the corresponding 
initial concentrations of reagent A). The order was 
found to be unity for both I and I1 in pyridine-catalyzed 
reactions. 

As can be seen in Table I and in Figure 1, the presence 
of pyridine in the reaction solution caused a marked 
increase in reaction rate a t  100". The reaction was 
also studied at  85" and pyridine showed the same sort 
of rate enhancement as it did a t  100". 

TABLE I 

TRIPHENYLMETHANOL (11) AT 100' (INITIAL CONCENTRATION OF 
REACTION OF ~-TOLUENESULFONYL ISOCYANATE (I) WITH 

I AND I1 = 4.358 X M )  
coz co2 

Initial evolved at evolved at 
pyridine concn, 10.2 min, 15.1 min, 

M x 10% ml ml 

0 5 . 0  8.0 
I .13 10.9 13.9 
2.26 21 .o 30.0 
3.39 30.6 40 .8  
4.39 34.5 44.5 
6.60 39.5 52.0 
9.00 47.0 59 .5  

Although no rate studies were carried out a t  room 
temperature, pyridine caused the reaction of I and I1 to 
proceed smoothly at  this temperature. This was in 
marked contrast to the uncatalyzed reaction, which 
required several days to give any substantial amount 
of product. 

Unlike the sulfonyl isocyanate, phenyl isocyanate 
does not react with I1 in the presence of pyridine to give 
a product containing alcohol. Rather, pyridine cata- 
lyzes the competing reactions of phenyl isocyanate to 
give urea and the trimer. With a 2:l:lO ratio of 
isocyanate/II/pyridine a t  room temperature, the prod- 
uct was N,N'-diphenylurea (V) in 80% yield. With 
greater amounts of isocyanate (ratio 8 :  1 :8) ,  the trimer 
of phenyl isocyanate was obtained in good yield (73%). 
Inasmuch as tertiary amines are known to catalyze 
the conversion of isocyanates into trimers, the latter 
reaction is not surprising. The formation of urea, 
however, under anhydrous conditions probably in- 
volves participation of the carbinol in some fashion. 

Discussion 
I n  the uncatalyzed reaction between a sulfonyl iso- 

cyanate and a trjarylcarbinol, i t  was proposed that the 
first step in the reaction was complex formation between 
the reactantsea The complex was then hypothesized 
to give an ion pair, one ion of which was the triaryl- 
carbonium ion. Evidence for the existence of car- 
bonium ions was that the reaction solutions absorbed a t  
about 420 mp. I n  the pyridine-catalyzed reactions 
there is also a buildup of a species which absorbs a t  

(10) A. A. Frost and R. G. Pearson, "Kinetics and Mechanism," 2nd 
ed, John Wiley & Sons, Inc., New York, N. Y., 1961, p 45. 
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Figure 1.-Reaction of p-toluenesulfonyl isocyanate (I) with 
triphenylmethanol (11) a t  100' in toluene with varying amounts 
of pyridine per mole of isocyanate or carbinol. 

420430 mh." Therefore, i t  might be concluded that 
a common intermediate is associated with catalyzed 
and uncatalyzed reactions. 

The facts that  isocyanate-pyridine complexes have 
previously been found and that a precipitate is observed 
when isocyanate and pyridine are mixed indicate that a 
complex is formed and that it reacts with the carbinol. 
The question then arises as to why the reaction is faster 
with pyridine. A possible answer is that  the pyridine 
forms a complex with isocyanate which is more easily 
attacked by carbinol. The following mechanism (2-6) 

Q- 

complex 

0 

0- (es 5) 

[ CH3-@02NHC( + C+ (011 A -cop 

I11 

(11) Attempts to follow the catalyzed reaction by the titration method8 
in order to determine the difference in isocyanate disappearance and the Cot 
evolution were not too successful. Pyridine appeared to interfere with the 
titration. Indioations were that isocyanate disappeared slightly faster than 
COS was evolved. 
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is, therefore, proposed for the catalyzed reaction. What 
we show as isocyanate-alcohol intermediate could, of 
course, be unstable urethan (see paper VII).12 

The formation of a complex and subsequent attack by 
carbinol is somewhat analogous with a mechanism pro- 
posed by Baker and Gaunt for the reaction of phenyl 
(12) A reviewer suggested that the isocyanate-pyridine complex reacts 

The with caibinol t o  form an intermediate with a good leaving group. 
intermediate loses pyridine to  give urethan, whioh further decomposes. 

0- 
I 

I 

p.C$C6H,S0,N-C--N Complex 3. carbinol -4 I I  +3 --+ etc. 
H O  

CAr, 

isocyanate and a1cohols.l3 Those workers proposed 
that isocyanate forms a complex with the first molecule 
of alcohol and the complex is then attacked by another 
molecule of alcohol. It was also found that the ap- 
parent second-order rate constant was dependent upon 
initial alcohol concentration. 

Registry No.-I, 4083-64-1; 11, 76-84-6. 
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4-Toluenesulfonyl isocyanate (I) reacted with triphenylmethanol (11) and substituted tripheriylmethanols 
The products were N-(triarylmethyl)-4-toluenesulfo:iamides and COZ, except that tris(4-nitropheny1)- 

A kinetic study revealed that the reactions obeyed second-order kinetics, first 
The relative rates of reaction were (4-CH30CsHa)3COH > 

at  100'. 
methanol gave the urethan. 
order in isocyanate and first order in carbinol. 

(CJ&)COH > ( ~ - N ~ z C B H ~ ) & O H .  
(4-CeHaCsHa)aCOH > (C6Ha)aCOH > (4-C1CeHa)(CaHa)&OH > (4-NOzCeH4)(Ce€Ij)2COH > (4-NOnCsHa)z- 

The results were correlated according to a modified Hammett function. 

It has been shown in this laboratory that sulfonyl 
isocyanates react with triarylmethanols to give in most 
cases the corresponding N-(triarylmethy1)sulfon- 
 amide^.^-^ The kinetics of the reaction between ben- 
zenesulfonyl isocyanate or 4-toluenesulfonyl isocyanate 
(I) and triphenylmethanol (11) were s t ~ d i e d . ~ , ~  The 
reactions were first order in each of the reagents in cases 
of the uncatalyzed and pyridine-catalyzed reactions. 

A mechanism was proposed for the above reaction 
which consisted of the intermediate formation of a com- 
plex between isocyanate and carbinol. The complex 
was then hypothesized to decompose to an ion pair, one 
of the ions being triphenylmethyl carbonium ion. 

This paper records the results which were obtained by 
using substituted triphenylmethanols in their reactions 
with I. It was of interest to determine what effect 
substituents would have on the rates of reactions. The 
reaction rates were followed by measuring the disap- 
pearance of isocyanate. 

Experimental Section 
Reagents.-4-Toluenesulfonyl isocyanate (I) was obtained 

from the Upjohn Co., Carwin Organic Chemicals, and used with- 
out further purification. Triphenylmethanol (11) was a com- 
mercial product. Tris(4-methoxypheny1)methanol (111), tris- 
(4-biphenyly1)methanol (IT), (4-chlorophenyl)diphenylmethanol 
(V), and tris(4-nitropheny1)methanol (VI) were prepared as in- 
dicated before.2 The other triarylmethanols were prepared as 
shown below. Toluene was reagent grade and dried over so- 
dium before use. The di-n-butylamine was Eastman White 
Label grade reagent. 

(1) Taken in part from the M. S. Thesis of D. J. T., DePauw University, 
1967. 

(2) J. W. MoFarland, D. E. Lenr, and D. J. Grosse, J. Org. Chem., 81, 
3798 (1966). 

(3) J. W. McFarland D. E. Lenz, and D. J. Grosse, ibid., 88, 3514 (1968). 
(4) J. W. MoFarland, D. Green, and W. Hubble, ibid., 86, 702 (1970). 

Kinetics.-The method used for measuring isocyanate con- 
centration was similar to that already reportedSs The only two 
modifications follow. Instead of removing 2-ml samples, ca. 
2 ml of sample was removed and weighed. This was accom- 
plished by weighing the 10 ml of di-n-butylamine solution to 
the nearest 0.5 mg before and after adding the aliquot. For 
the conversion of weight into volume, it was assumed that the 
density of solution was the same as the density of pure toluene 
solvent a t  100". Ca. 1.0 g of tetramethylammonium chloride 
was added to the alcohol solution before it was titrated with 
HCl. The salt helped to eliminate noise encountered in the 
high-resistance alcohol solution and improved the separation 
of end points. 

For the reactions using a 1: 1 ratio of isocyanate/carbinol, 
plots of l / ( c  - c m )  ws. time gave straight lines over a span of a t  
least 2 half-lives. Second-order kinetics were followed from 
a t  least 4:  1 to 1 : 4  isocyanate/carbinol ratios. For the reactions 
in which initial concentrations of isocyanate and carbinol were 
not similar, plots of log [b(a - z ) /a (b  - z)] vs. time were linear. 
Duplicate runs were made for each reaction and the average 
rate constant is reported. The reactions were all carried out a t  
100 d~ 0.1 ' in toluene solvent. 

Synthesis of Carbinols. (4-Nitropheny1)diphenylmethanol 
(VII).-A slurry of 30 g (0.093 mol) of (4-nitropheny1)diphenyl- 
chloromethane in 600 ml of water, 600 ml of dioxane, and 60 ml 
of 70y0 HClOk was heated under reflux for 1 hr. The cooled 
mixture was poured into 5 1. of HzO and stored a t  0' overnight. 
The crude product weighed 29 g. Recrystallization from 
benzene-petroleum ether (bp 60-70") gave 21.0 g (74.0y0) of 
VII, mp 97.5-99" (lit.6 mp 97-98'). 
Bis(4-nitropheny1)phenylmethanol (VIII).-Bis(4-nitrophen- 

y1)chloromethane (13.8 g, 0.037 mol) was suspended in a mixture 
of 200 nil of HzO, 200 ml of dioxane, and 20 ml of 70% HClOi 
and stirred and heated under reflux for 2.5 hr. The mixture 
was cooled, added to 4 1. of HzO, and cooled a t  0" overnight. The 
HzO was decanted and the oil was washed with HzO and then 
dissolved in 150 ml of warm toluene. Dilution with 150 ml of 
petroleum ether precipitated an  oil which crystallized upon 
scratching, yield 10.4 g (80.0y0), mp 137-138". Recrystalliza- 
tion did not change the melting point. 

(5) P. D. Bartlett and J. D. Cotman, J. Amer. Chem. Soc.,  72, 3095 
(1950). 


