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It is common knowledge that benzene and similar 
aromatic compounds may be readily alkylated with an 
alkyl halide under Friedel-Crafts conditions. It is, 
however, a curious fact that tetraphenylmethane can- 
not be prepared by such direct alkylation pr0cedures.l 
Triphenylmethyl chloride fails to alkylate benzene as do 
similar systems which presumably involve an inter- 
mediate triphenylmethyl cation. Arguments have 
been presented2 that this cannot be due to steric hin- 
drance nor to  instability of tetraphenylmethane for this 
substance is "thermally stable.'' 

It appeared reasonable that the thermal stability of 
tetraphenylmethane should have little or no relation- 
ship to the failure of the Friedel-Crafts alkylation re- 
action but rather the product might well be unstable 
with respect to reactants under the alkylating condi- 
tions. The alkylation process is acknowledged as being 
in some measure reversible ; hence one might anticipate 
fairly ready dealkylation of the substituted benzene to 
generate the relatively stable triphenylmethyl cation 
and benzene. Accordingly we allowed tetraphenyl- 
methane to react with anhydrous aluminum chloride 
and hydrogen chloride in benzene solution. Hydrolysis 
of the reaction mixture gave an almost quantitative 
yield of triphenylcarbinol thus indicating facile deal- 
kylation of the substituted benzene. 
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In  contrast to its ready fragmentation in the pres- 
ence of aluminum chloride, tetraphenylmethane appears 
to undergo very little change in concentrated sulfuric 
acid a t  room temperature. At higher temperatures 
the characteristic ultraviolet spectrum of the triphen- 
ylmethyl cation could be detected in the solution al- 
though the bulk of the tetraphenylmethane could be re- 
covered unchanged from the solution. 

The observance of similar behavior in related sub- 
stances is to be anticipated. 
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One might now postulate that the triphenylmethyl 
cation will alkylate benzene but due to an unfavorable 
equilibrium one fails to obtain significant quantities 
of product. -4s a simple test of this hypothesis we 
allowed 4-methyltriphenylmethyl chloride3 to react 
with benzene in the presence of aluminum chloride. If 
reversible alkylation and dealkylation occurs one would 
expect to generate a mixture of benzene, toluene, tri- 
phenylmethyl cation, and the cation derived from the 
original reactant. Such was evidently the case for 
hydrolysis of the reaction mixture afforded triphenyl- 
carbinol, diphenyl-4-tolylcarbinol, and a liquid frac- 
tion containing largely benzene but in which toluene 
could be identified by vapor phase chromatography. 

Experimental 

Dealkylation of Tetrapheny1methane.-A solution of 1.60 g. 
(0.005 mole) of tetraphenylmethane in 20 ml. of anhydrous 
benzene was saturated with anhydrous hydrogen chloride. Upon 
addition of 2 g. of anhydrous aluminum chloride the colorless 
mixture turned deep red in color. The mixture was warmed 
briefly on a steam cone, poured into water, and extracted with 
ether. Evaporation of the ether extract left a yellow solid residue 
which, upon decolorization with charcoal and crystallization, af- 
forded 1.25 g. of triphenylcarbinol, m.p. 1G2-163'. Admixture 
with authentic triphenylcarbinol gave no melting point depres- 
sion. The infrared spectrum was identical with that of authentic 
material. 

Attempted Alkylation of Benzene.-A solution of 5.8 (0.02 
mole) of 4-methyltriphenylmethyl chloride and 4 g. of anhydrous 
aluminum chloride in 20 ml. of dry benzene was stirred for 6 hr. 
a t  room temperature and then warmed briefly on a steam cone 
and poured into ice-water. The organic material was extracted 
with ether and the extract was carefully fractionated by distilla- 
tion t o  give an aromatic fraction which hv vapor phase chroma- 
tography analypis contained a. small but definite quantity of 
toluene. The distillation residue aEorded 0.47 g. of authentic 
triphenylcarbinol after much tedious handling. Somewhat im- 
pure diphenyl-4-tolylcarbinol was also recovered and identified by 
its infrared spectrum. 
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Since the first report2 in 1956 describing the use of the 
carbo-t-butoxy protective group its numerous advan- 
tages over other protective groups have become clear. 
Sufficient effort has been expended regarding the intro- 
duction and removal of this function that it has become 
one of the most valuable of all amino-protecting 
 group^.^,^ 
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It is, therefore, of interest to describe a simple method 
for the preparation of the heretofore difficultly acces- 
sible thiol ester, t-butyl S-methyl thiolcarbonate, un- 
doubtedly the best of the currently available inter- 
mediates for the preparation of t-butyl carbazate,6 pre- 
cursor of one of the most important carbo-t-butoxy- 
lating agents, &butyl azidoformate.'Ol11 

An earlier described synthesis3 of t-butyl S-methyl 
thiolcarbonate suffers from the disadvantage that ex- 
pensive, relatively inaccessible gaseous carbonyl sulfide 
is required. It has now been shown that the thiol ester 
is readily obtained by reaction of commercially available 
methyl chlorothiolformate12 with t-butyl alcohol in re- 
fluxing chloroform in the presence of pyridine.13 The 
corresponding S-phenyl ester was also obtained in 
analogous fashion in 61% yield from phenyl chlorothiol- 
formate. Use of t-butyl S-phenyl thiolcarbonate might 
offer some advantage over the use of the methyl ester 
in the preparation of t-butyl carbazate by virtue of its 
increased reactivity toward hydrazine. The greater 
acidity of benzenethiol us. phenol allows clean separa- 
tion of the resultant t-butyl carbazate and the coprod- 
uct benzenethiol thus avoiding a difficulty which arises 
in the use of the corresponding oxygen analog, t-butyl 
phenyl carbonate.336 

Experimental14 

t-Butyl S-Methyl Thio1carbonate.-To a solution of 53.6 ml. 
of pyridine and 62.6 ml. of t-butyl alcohol in 200 ml. of chloro- 
form which was stirred mechanically a t  room temperature there 
was added dropwise over 15-20 min. 66.4 g. of methyl chloro- 
thiolformate.12 The mixture was stirred and refluxed for 24 hr. 
and then washed in a separatory funnel with two 200-ml. portions 
of water, three 100-ml. portions of 5% hydrochloric acid, and 
finally 100 ml. of 1 M sodium bicarbonate. The solution was 
dried over magnesium sulfate and most of the solvent removed 
by distillation a t  atmospheric pressure followed by the use of a 
water aspirator. 

Distillation of the residue gave 61.5 g. (69%) of the ester, 
b.p. 62-65' (24 mm.). Redistillation through a 30-cm. helices- 
packed column gave 50 g. (56y0) of the ester, b.p. 60-63' (24 
mm.), lit.3 b.p. 60-62" (20 mm.). Conversion of this ester to 
t-butyl carbazate by heating in an oil bath at  105-110' for 24 hr. 
has already been described.3 

&Butyl S-Phenyl Thio1carbonate.-A solution of 62.6 ml. of 
t-butyl alcohol and 53.6 ml. of pyridine dissolved in 200 ml. of 
chloroform was treated a t  room temperature with stirring over a 
period of 10 min. with 103.4 g. (81.6 ml.) of phenyl chloro- 
thiolformate.12 The solution was refluxed with stirring for 55 
hr. and worked up essentially as given for the corresponding 
methyl ester. Distillation from an ordinary Claisen flask gave 
70 g. (61y0) of the thiol ester, b.p. 88.5' (1.2mm.) to 102'(1.9 

(5) Other methods which have been recommended for the synthesis of 
t-butyl carbazate involve acylation of hydrazine by  means of t-butyl phenyl 
carbonate,@ t-butyl p-nitrophenyl carbonate,'.a and  N-t-butyloxycarbonyl- 
imidazole.+ 
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(13) A number of other bases and solvents proved to be unsatisfactory in  
the conversion, giving lower yields or  other products. These included di- 
methylaniline, quinoline, triethylamine or pyridine in methylene dichloride, 
triethylamine in benzene. and trimethylamine or pyridine in dimethyl- 
formamide. We are indebted to  David Collins for checking aome of the 
preparations. 

(14) Analyses are by  Galbraith Laboratories, Knoxville, Tenn. 

mm.). A center cut for analysis, distilled through a 30-cm. 
helices-packed column (95% recovery) had b.p. 86" (0.9 mm.). 

Anal. Calcd. for CllHlrOzS: C, 62.83; H, 6.71. Found: 
C, 63.23 H, 7.02. 

Conversion of &Butyl S-Phenyl Thiolcarbonate to &Butyl 
Carbazate.-A mixture of 21 g. of t-butyl S-phenyl thiolcarbonate 
and 10 g. of 64% hydrazine was heated in a water bath to 85-90' 
with swirling for a few minutes until the two phases coalesced. 
The resulting solution was warmed in the water bath a t  75-80" 
for 3 hr. and then poured into a solution of 8 g. of sodium hy- 
droxide in 250 ml. of water. The resulting cloudy mixture was 
treated with decolorizing carbon a t  room temperature with 
occasional stirring for 1 hr. and filtered. The clear filtrate was 
extracted with ether in a continuous extractor for 48 hr. 

Evaporation of the dried (magnesium sulfate) ether extract 
from a water bath with the aid of a water aspirator gave a color- 
less oil which solidified on cooling or seeding to give 10.5-11 g. 
(80-83%) of snow white crystals of t-butyl carbazate, m.p. 
39.541' ( l k 6  m.p. 41-42'). 
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In  the course of attempting to prepare 3,6-bis(hy- 
droxyniethy1)-s-tetrazine via the reduction of 3,6-bis- 
(carboxy)-s-tetrazine with lithium aluminum hydride, 
it became apparent that the tetrazine ring was cleaved. 
In  order to facilitate the study of this reduction, 3,6- 
diphenyl-s-tetrazine2 (I) was utilized instead of the 3,6- 
bis(carboxy)-s-tetrazine since the former is much 
easier and cheaper to prepare. 

When I is slowly added to an ether solution of lithium 
aluminum hydride, there is an immediate loss of red 
color. Hydrolysis of the reaction mixture gives a 
yellow, ether-soluble product. This product has been 
identified as benzalazine by means of melting point, 
nitrogen analysis, and mixture melting point with an 
authentic sample of benzalazine. The infrared spec- 
trum of this material is identical with that of benzala- 
zine. 

Hydrazine is identified as one of the products by the 
addition of benzaldehyde to the aqueous hydrolyzate. 
A yellow solid is recovered from this reaction and is 
identified as benzalazine. Ammonia is not observed 
as a product of the reduction. Sodium borohydride 
gives essentially the same results in this reaction. The 
reaction of I with sodium dithionite gives only 1,2- 
dihydr0-3~6-diphenyl-s-tetrazine.~~~ The reduction of 
this dihydrotetrazine with lithium aluminum hydride 
gives benzalazine. Benzalazine is not changed when 
an ether solution of it and lithium aluminum hydride are 
refluxed overnight. The reduction of 3,6-diphenyl-s- 
tetrazine or 1,2-dihydro-3,6-diphenyl-s-tetrazine with 
zinc dust and acetic acid gives 3,5-diphenyl-1,2,4,48- 
t r i a~o le .~  This triazole is not changed when it is 
warmed with lithium aluminum hydride overnight. 

(1) Supported by a grant (CY3908) from the National Cancer Institute. 
National Institutes of Health, Department of Health, Education, and 
Welfare. Bethesda, Md. Presented a t  the Southwest Regional Meeting 
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