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(b )  A mixture of I (1 g.) and chloroacetyl chloride ( 3  ml.) 
was left a t  room temperature for 24 hr. The solution was poured 
into ice-water (20 nil.), the dark solid which separated, was 
filtered and crystallized several times froni methanol t o  yield 
brown prisms (0.4 g . ) ,  m.p. 136-139". It was purified by sub- 
limation in mcuo followed by crystallization from ethyl acetate 
to afford white irregular prisms, m.p. 141°, undepressed on ad- 
mixture with specimen obtained in (a). 

ilnal. Calcd. for CsH7C106: C, 43.95; H, 3.22. Found: C, 
18.72; H, 3.08. 
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In the reaction of phenol with methanol at 400" 
over an  acidic alumina catalyst to  form hexamethyl- 
benzene, 1--3 we have obtained evidence that the reac- 
tion proceeds through pentamethylbenzene as an inter- 
mediate. 

OH H 

C H3 CH3 
I1 111 

I 

The amount of I1 in the crude reaction product in- 
creased with increasing space velocity (shorter con- 
tact time). Furthermore, I1 was readily converted 
exclusively to 111 under the reaction conditions. 

A plausible reaction mechanism for the conversion of 
I to I1 is the following: 
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I n  agreement with this mechanism we have found 
substantial amounts of formaldehyde in addition to the 

(1) E. Briner, W. Pluss, and H. Paillard, Helu. Chim. Acta, I ,  1046 
( 1924). 

( 2 )  H. J. Backer, Rec. Irau. chzm., 64, 745 (1935). 
(3) N. 11. Cullinanr and S. J. Chard, J .  Chem. Soc., 821 (194.5). 

previously reported carbon monoxide, hydrogen, and 
methane. Also, no di-, tri-, or tetramethylbenzene 
could be detected in the crude reaction products. 

One important step in the above mechanism is a hy- 
dride ion transfer reaction between a relatively stable 
cyclohexadienyl carbonium ion and methanol. A 
similar mechanism can apply to  the reaction of benzo- 
phenone with methanol over alumina at 430°, wherein 
diphenylmethane and formaldehyde were found as the 
only products: 
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The intermediates here are again resonance-stabilized 
benzylic carbonium ions which undergo hydride ion 
transfer reactions. There are a number of analogies in 
the literature including the formation of cyclohexanol 
(among other products) from 1,4-cyclohexanediol and 
methanol over alumina4 and the reaction of aryldiazo- 
nium saltsmith methanol to form aromatic hydrocarbons 
and forrna1dehyde.j 

Experimental 
Penta- and Hexamethylbenzene.-Ten grams of 8-15-mesh 

Alcoa F-10 alumina was placed in a 3/4 X 12 in. T-ycor reactor 
heated by external heating wire. With the temperature at  400" 
a solution of 9.4 g. (0.1 mole) of phenol in 20 nil. of methanol 
was introduced through a syringe needle from a constant rate 
syringe drive pump (JKM Instrument Co., Durham, Pa . ) .  
Products were collected in a series of air-cooled and ice-cooled 
receivers. The products included a light yellow solid suspended 
in water and unchanged methanol. Filtration and thorough 
drying yielded 8 g. of crude solid, m.p. 130-155'. L-apor phase 
chromatography using silicone rubber packing, and high molecu- 
lar weight mass spectrometry, easily established the presence of 
9% pentamethylbenzene, 89% hexamethylbenzene, and 2% of 
a mixture of high molecular weight methylated polyaromatics. 
Recrystallization of the crude solid using cyclohexane yielded 
hexamethylbenzene, m.p. 164-165'. Pentamethylbenzene was 
subsequently separated from the crude mixture by preparative 
T'PC and its identity confirmed by mixed m.p. (52-53')  and by 
infrared comparison. 

Dipheny1methane.--Using the previously described tech- 
nique, 9.1 g. of benzophenone in 100 g. of methanol was passed 
over 10 g. of F-10 alumina. There was obtained 7.1 g. of white 
solid m.p. 27",  established as diphenylmethane by analysis, 
infrared, and mixed m.p. comparison with an authentic sample. 

(4) R. C. Olberg, H. Pines, and V. N. Ipatieff, J. Am. Chem. S o c ,  66, 

(5) D. F. Detar and T. Kosuge, zbzd., 80, 6072 (1958). 
1096 (1941). 
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Earlier publications in this series describe a new 
method for the synthesis of substituted ureas from 
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aliphatic or aromatic amines, carbon monoxide, and 
sulfur. 3 - 5  

2KSHz + CO + S + RXHCONHR + H?S 

In  the course of those investigations, it was observed 
that in the preparation of ureas, a loss in yield occurred 
when methanol was used as a solvent, and th.e cor- 
responding urethane could be isolated as a portion of the 
product. Therefore, the possibility was considered of 
establishing a preparative method for urethanes from 
mixtures of amines, alcohols, carbon monoxide, and 
sulfur by suitable modifications of the urea procedure. 

Such a preparation is feasible, for example in the 
case of methyl X-phenylurethane, provided conditions 
exist that  allow the equilibrium, PhSHCOKHPh + hIeOH e PhSHCO231e + PhKH2, to  favor ure- 
thane formation under experimental conditions. The 
preparation of methyl-S-phenylurethaiie in this manner 
was demonstrated when mixture of 0.1 mole of di- 
phenylurea and 150 ml. of methanol were heated in an 
autoclave for five hours. The results are summarized 
in Table I. 

TABLE I 
REACTION OF METHAXOL AND DIPHENYLUREA --__ _--_ Product composition--- 

RIethyl-N- 
Temp., Aniline phenplurethane Diphenylurea 

OC. (% yield) ("/c yield crude) (70 recovered) 

120 37.4 34.4" 45.8 
160 79 .8  70 .8  None 

a After recrystallization from petroleum ether (b.p. 6&90'), 
yield 26.2%, m.p. 45'. 

Subsequently, however, it was found that the reac- 
tion of aniline, carbon monoxide, and sulfur in the 
presence of a large excess of methanol gave a yield no 
larger than 13.5%, even under the most favorable ex- 
perimental conditions. The low yield in these experi- 
ments was somewhat surprising in view of the conver- 
sions of diphenylurea to methyl-S-phenylurethane 
shown in Table I and the high yields of diphenylurea 
that are possible from carbon monoxide, sulfur, and 
aniline. 

It then seemed that if the conditions of the experi- 
ment could first be adjusted to produce diphenylurea, 
and subsequently readjusted to induce methanolysis 
of the urea, the yield of urethane could be increased. 
In  an additional experiment, 0.2 mole of aniline, 0.4 
mole of sulfur, 0.4 mole of carbon monoxide, 2 g. of 
triethylamine, and 150 ml. of methanol were heated in 
an autoclave under conditions known to be favorable 
to the formation of diphenylurea (4 hr. at 120'). At  
the conclusion of the initial heating period, the auto- 
clave was immediately heated to 160' and maintained 
at that temperature for eight hours. Under these con- 
ditions, the yield of crude urethane was increased to 
24.37,, a higher value than had been obtained for any 
other combination of experimental conditions. 

It appears that temperatures favoring methyl-?;- 
phenylurethane formation from diphenylurea are un- 

(1) Monsanto Chemical Co 
(2) Miduest Research Insti tute 
(3) R 1 Franz and F Applegath J OTQ Chem , 26, 3304 (1961) 
(4) R A .  Franz, F 4pplegatli. F V. Rforriss, and F Baiocclll thzd 26,  

3306 (1961) 
(5 )  R. A Franz, F Applegath, r V Morriss, F Baiocchl, and C Bolde 

%bad. 26, 3309 (1961) 

favorable for the formation of diphenylurea or di- 
phenylurea precursors, which may form methyl-T- 
phenylurethane by interaction with methanol. The 
preferred synthesis route would then involve the prep- 
aration and isolation of diphenylurea in the manner 
described earlier.5 The diphenylurea may then be 
converted to the urethane in goad yield by methanolysis 
a t  higher temperatures. 

Experimental 

A11 experiments were carried out in a 2.1 Ilagnedash autoclave. 
The following is typical of a series of experiments in which methyl- 
N-phenylurethane was prepared directly from aniline, carbon 
monoxide, sulfur, and methanol. 

The autoclave was charged with 18.6 g. (0.2 mole) of aniline, 
6.7 g. (0.2 mole) of sulfur, 10.1 g. of triethylamine, 120 ml. (if 
methanol, and rarhon monoxide a t  330 p.s.i.g. af ter  a warm-up 
pericd of 1 hr., the autoclave was heated at  160" for 5 hr., cooled 
to  80", and vented. The products were washed from the bomb, 
diluted with methanol t o  about 250 ml., and filtered. The 
methanol solution was evaporated to drvness, and the residue 
was treated with 100 ml. benzene to  yield 0.37 g. benzene-insolu- 
ble diphenvlurea, m.p. 230-232" (yield 1.8%). The benxene- 
soluble portion was extracted with three 25-ml. portions of 2.5 
S hvdrochloric acid, evaporated, and the residue w-as extracted 
with several portions of petroleum ether (b.p. 60-90"). Evapora- 
tion of the solvent extracts gave a residue which was recrystallized 
from petroleum ether to yield 4.07 g. (13.5% yield) of methyl-S- 
phenylurethane, melting 47-50'. 

In  variations of this procedure, the following conditions were 
employed: ( a )  Either an aniline-sulfur mole ratio of 1 :1.05 or 
1 : 1.5; (b)  triethylamine or sodium methouide as a catalvst; (c) 
either an aniline-catalyst mole ratio of 1:O.l or 1:0.5; (d )  80 or 
120 ml. of methanol; (e)  an initial carbon monoxide pressure of 
1W or 300 p.8.i.g.; (f) a temperature of 160 or 200'; and (g) a 
heatin ; time of 8 or 5 hr. 
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Isocyanic acid (I), which can be obtained readily by 
thermal decomposition of cyanuric acid (11), has been 
studied in this laboratory for the past three years. It 
has been found that isocyanic acid undergoes some 
interesting reactions, which may be of practical value. 
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In  this paper we report the preparation of acyl iso- 
cyanates, isocyanatosilanes, and phosphor(isocyana- 
tidites) from isocyanic acid and the corresponding acid 
chlorides. 


