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pathway to 2,1,5-trichloro-Cl36-phenol was through 
hydrolysis. 

EXPERIMENTAL 

,3,,~,5-T~icliloro-C13~-~henol. The compound' 1,2,4,5-t,etra- 
~hloro-l-C1~"benzene (84.8 mg., 0.39 mmol., specific 
ixtivity 20.8 br./mmol.) and 2 ml. of 5M sodium hydroxide 
in methanolJ were sealed in a Pyrex test tube (1.4 X 14 
mi.). The ahlosphere in the tube was dry nitrogen. The 
tube was put in a Parr high-pressure bomb together with 
sufficient methanol t o  equalize the pressure within the tube. 
The bomb was heated without shaking for a total of 5 hr.4~6 
:md then cooled as rapidly as possible under tap water. 
Fifty min. n a s  required for t,he temperahre of the bomb to 
reach the operating temperature of 160". 

As soon as the bomb was cool, t'he tube was removed. 
Sodium chloride was visible as a precipitate in the bottom 
of the tube. The cont,ents were quantitatively transferred to 
it steam distillation apparatus (commonly used for Kjeldahl 
nitrogen determinations) and any unreacted starting mat.e- 
rial or such by-products as trichloroanisole, or both, were 
removed by steam distillation. Kone of t,hese compounds 
were found i n  the first 30 ml. of distillate. The reaction mix- 
t,ure was thrm acidified with dilute sulfuric acid and again 
steam distilled until 60 ml. of distillate had been collected. 
The 2,4,5-tri~hloro-C1~~--phenol sublimed very rapidly. The 
distillate was extracted with methylene chloride, and the 
ext,racts were dried over a minimal amount of anhydrous 
magnesium mlfate. 

The 2,4,~-.trirhlor0-('l~~-phenol lvas isolated by evaporat- 
ing the solvent through a column of glass tubing 0.6 X 84 
cm.7 The yi,!ld of product was 69 mg. (89%); the specific 
nctivit,y was 15.6 pc./mmol. The m.p. of the product was 66" 
(for unlabeled compound, lit.2 66"). The infrared absorption 
spectrum of the compound Ts-as identical with that of un- 
labeled 2,4,.i-t8richloropheriol, and a mixed m.p. with an 
:iuthentic specimen thereof showed no depression in melting 
point. 
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(2) W. S. IT. Harrison, A. T. Peters, and F. M. Rowe, 
J .  Chem. SOL, 235 (1943). 

(3)  1 . l M  Potassium hydroxide in Carbitol was also in- 
vestigated as a hydrolyst, but this system was not nearly 
so efficient 21s the methanolic sodium hydroxide in the con- 
version. 

(4) During the course of preliminary work i t  was found 
that t'he effect of reaction time on the yield of product was 
quite marked: as the time of reaction increased beyond the 
optimum of 5 hr., the yield decreased. This showed that the 
product was being subjected to hydrolysis or methanolysis, 
or both, rwiilting in the formation of polyphenols and 
some or all 'of their methyl esters. However, the method of 
isolation was such that these by-product,s could not have 
been detected, and no attempt was made to isolate them. 

(5) Trichloroanisole is to be expected as a by-product in 
the methanolic sodium hydroxide hydrolysis of 1,2,4,5- 
tetrachlorobenzene. Hollemans found the anisole derivative, 
but he used a higher temperature (180" instead of 160") 
:md a longer time (12 hr. instead of 5 hr.). XO trichloro- 
anisole was detected when the shorter reaction time and 
lower temperature were used. 

(6 )  A. F. Holleman, Kec. trav. chim., 39, 736 (1920). 
(I) It wa3 found in preliminary work that the use of a 

1.4 X 20-mi. Vigreiis column resulted in a loss of 5-6 mg. 
of prodiict. 
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L41k~~lisocyanosilanes have been prepared hy 
Eaborn2 and by McBride and Beachell.3 While the 
present work was in progress, the first aryliso- 
cyanosilane, triphenylisocyanosilane, was reported 
by Bithner and co -~orke r s .~  The structure of 
these compounds has been the subject of some 
controversy. The "iso" structure was favored by 
Eaborn and by XIcBride and Beachell. Infrared 
studies have been made by Bithner and co-workers 
who suggest that the trialkyl compounds are tem- 
perature-dependent equilibrium mixtures of the 
normal and isocyanide forms. Linton and Nixon5 
studied isotopic shifts in the CK-stretching fre- 
quency of the trimethyl compound and concluded 
that this compound is the normal rather than the 
isocyanide. The Raman spectra of the trimethyl 
compound permitted no definite differentiatiom6 

This paper reports the preparation of diphenyl- 
diisocyanosilane, dimethylphenylisocyanosilane, 
and the recently described triphenylisocyanosilane. 
The molar refractions of the first two compounds 
(dimethylphenylisocyanosilane is a liquid and di- 
phenyldiisocyanosilane a low-melting solid with 
a strong tendency to supercool) are much closer to 
the calculated values for isocyanides than for normal 
cyanides. 

The aryl and aryl-alkyl isocyrtnosilanes, like the 
alkyl compounds, are, with the exception of the 
triphenyl compound, extremely susceptible to 
hydrolysis and react violently with water. Tri- 
phenylisocyanosilaiie did not hydrolyze appreci- 
ably on standing in air for 0.5 hr. The great re- 
activity of the compounds is also shown by the re- 
action of diphenyldiisocyanosilane with the phenyl 
Grignard a t  the temperature of refluxing ethyl 
ether. Tetraphenylsilane was obtained in 80% 
yield. With dipheiiyldibromosilane and the phenyl 
Grignard under the same conditions, no tetra- 
phenylsilane mas obtained. 

A new isothiocyanate, dimethylphenylsiliconi- 
sothiocyanate, and a new bromide, methylphenyl- 
dihroniosilane, are described. 
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ISOCYASOSILASES 

R'fR Calcd.a Y I R  ~ 

% C S  
Compound M.P. B.P. nb D: Calcd. Found Obs. --NC -CS 

(CsH&Si(NC jub 46-48' 142'/2 mm. 1.559932 1.090432 22 .0  20.5 69.48 69,51 68,OT 
(CH3)d C6Hs)SiNC 230-232" 1.499828 0,957328 16.1 16.2 49.44 49.60 48.88 
(CF,H&S~SC 136-138"' 210"/5 mm. 9.12 9.05 

a Using Auwers' [Ber., 60, 2122 (192i)j values for -NC and -CN. Density and refractive index measured on super- 
cooled liquid. ' Ref. 3 gives 136-138" for the b.p. of (C6H6)3SiNC-obviously a typographical error. 

EXPERIMEKTAL 
Diphenyldiisocyanosilane. To 0.055 mol. of silver cyanide 

was added 0.025 mol. diphenyldibromosilane. There was 
immediate evolution of heat and yellowing of the solid. The 
mixture was kept a t  110-120" for 1 hr. and then distilled. 
The distillate, a straw-colored liquid, b.p. 135-140"/2 mm. 
was redistilled over a little silver cyanide. There was ob- 
tained 4.7 g. (80Oj, of theory) of diphenyldiisocyanosilane, 
a pale yellow viscous liquid, b.p. 142-144"/2 mm. 

Dimethylphenylisocyanosilane. To 0.11 mol. silver cyanide 
was added 0.10 mol. dimethylphenylbromosilane. There 
was immediate evolution of heat and yellowing of the solid. 
The mixture was heated t o  reflux and maintained a t  reflux 
for 2 hr. Distillation gave 12.4 g. (7 i% of theory) of color- 
less liquid, b.p. 230-232'. 

Triph~'nyZisocyanosilane. A mixture of 0.030 mol. tri- 
phenylbromosilane and 0.036 mol. silver cyanide was heated 
for 2 hr. a t  200'. Distillation a t  reduced pressure gave 6.9 
g. (Slyc of theory) of pure white solid, b.p. 210°/5 mm. 

Dimethylphenylsiliconisothiocyuna~e. A mixture of 0.024 
mol. of diniethylphenylisocyanosilane and 0.024 mol. of 
sulfur m r e  heated at  reflux (ca. 250') for 0.5 hr. Distillation 
gave 2.2 g. (57y0 of theory) of straw-colored liquid, b.p. 
252-254", n;' 1.5556, dzo 1.0384, MR calcd. 59.91; MR obs. 
59.81. 

An idmtical product was obtained in 6070 yield by the 
reaction of dimethylphenylchlorosilane wit,h silver thio- 
cyanate. 

Methylphenyldibromosilane was prepared in 18% yield by 
the reaction of phenylmagnesiumbromide with methyltri- 
bromosilane in ethyl ether. The pure compound had b.p. 
140-144"/60 mm., n:' 1.5537, D:' 1.599, Br, calcd. 57.2%; 
found: 5i.2%. 

Reaction of diphenyldiisocyanosilane with phenylmagnesiurn- 
bromide. When 0.01 mol. diphenyldiisocyanosilane in 15 ml. 
of ether waB added dropwise with stirring to 0.030 mol. 
phenylmagnesiumbromide in 25 mi. ether, a very vigorous 
reaction occurred. After addition was complete, the mixture 
was stirred under reflux for 1 hr. After working up in the 
usual way, there was obtained 2.77 g. (81% of theory) of 
tetraphenylsilane, m.p. and mixed m.p. 233-234". When 
this reaction was run using a 25y0 deficiency of the phenyl 
Grignard, a 61% yield of t'etraphenylsilane was obtained. 

This high reactivity is in contrast to the reactivity of 
diphenyldibromosilane with excess phenylmagnesiumbro- 
mide under the same conditions. No tetraphenylsilane was 
formed. 
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Recently, a new indole synthesis involving per- 
iodatc oxidation of substituted tetrahydroquinolin- 

3-01s was reported. The tetrahydroquinolin-3-01s 
were conveniently prepared by condensing a- 
and p-naphthylamine with epichlorohydrin. WP 
have found that if substituted anilines, such as 
p-toluidine and p-anisidine, are used in place 
of the naphthylamines, a modified procedure i5 
required. 

The reaction of the amines with epichlorohydrin 
actually involves two reactions, and since p -  
toluidine readily adds to epichlorohydrin to give 
I.? the step giving difficulty is the cyclization of I 
to a substituted tetrahydroquinolin-3-01 (111). 
In studying the conversion of I to 111, we found that 
relatively dilute reaction mixtures are necessary 
and that adding a base such as diethylaniline helps 
to prevent the formation of undesirable by-prod- 
ucts. For example, a cyclization yield of 50% was 
obtained by heating a 0.042111 solution of I with 
an equivalent amount of diethylaniline in boiling 
bromobenzene for 48 hr. 

J 

When p-anisidine was treated with epichloro- 
hydrin, I1 was obtained as an oil. Therefore, it was 
more convenient to  prepare IV without isolating 
11. 

Periodate oxidation of I11 and IT' led to the pic- 
rates of 5-methylindole and 5-methoxyindole, re- 
spectively, although in the case of 5-met hoxyindole 
the yield was but 10%. 

EXPERIMENTAL 

N-( r-Chloro-P-hydrozypropyl )-p-toluidine (I j. The syn- 
thesis of this compound2 and analogous compounds3 has 

(1) F. C. Pennington, W. Jellinek, and R. D. Thurn, 
J .  Ory. Chenz., 24, 565 (1959). 

( 2 )  P. Cohn and P. Friedlaender, Ber., 37, 3034 (1904); 
S.  S .  Voroxhtsov, Jr . ,  and S. I. Kutkevichus, Zhur. Obsrhei. 

(3) H. L. Yale, E. .J. Pribyl, W. Braker, F. H. Bergein, 
and W, A. Lott, J .  Am. Chem. Soc., 72, 3715 (1950); B. J. 
Ludwig, W, A. West, and D. tl-. Farnsworth, J .  Am. 
Chenz. Sac., 76, 2893 (1954). 

Khin~ . ,  27, 2152-2160 (1957). 


