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Pyrolytic tlecomposition of the mothiodide of 6-dimethylamino-4,4-diphenyl-3-heptanone gave 3,3-diphenyl-2-ethylidene- 
5-methyltetrabydrofuran, which was cbaracterizod by ozonization to give 2,2-diphenyl.4-peptanolactone and acetaldehyde. 
The same ethylide4etotrahydrofuran wa9 prepared from 4,4-diphenyl-6-heptene-3-one by addition of hydrogen bromide, 
followed by removal of hy&ogw bromide in w ~ c u o ,  The ethylidenetetrahydrofuran formed L monobromo derivative. 
Pyrolytic decomposition of both the methiodide and corres onding hydroxide of 6-dimetkylamino-4,4-diphenyl-3-hexanone 
gave 3,3-diphenyl-2-ethylidenetetrahydrofuran. The ethyedenetetrahydrofurans formed adducts with ketonic reagents. 
6-Chloro-4,4-diphenyl-3-hexanone was formed from the ethylidenetetrahydrofuran and hydrochloric acid; it readily split off 
hydrogen chloride to revert to  the ethylidenetetrahydrofuran structure 

The decomposition of quaternary ammonium 
salts has been studied extensively by Hughes and 
Ingold.s They found that two types of reactions 
took place, usually simultaneously. The pre- 
dominant one was determined by the characteristics 
of the salts themselves. T h e e  reaetions were (1) 
the removal of an alkyl halide to give the tertiary 
amine and (2) the cleavase of hydrogen halide salt 
of the tertiary amine to gwe the olefin. 

Other decomposition reactions which have been 
reported for quaternary smmsnium salts are the 
earbon alkylation of active methylene compounds 
such as malonic estera and the various rewrange- 
m a t s  suck as those reported by Stevens6 and 
Hauecr.6 It had also been mentioned7 that re- 
fluxing the quaternary ammonium iodide of metha- 
don in 25% sodium hydroxide causes cleavage of 
the propionyl group. asr ing chemical studies on 
methadon (6-dimetbylamino-4,4-diphenyl-3-hep- 
tanone) we found that the decomposition of the 

uaternary hydroxide gave the same result, but 
&e pyrolysis of the methiodide was found to give a 
solid neutral material “A,” melting a t  79-80”, 

A study of the simpler compounds of this type, 
for example, 6-dimethylamino-4,4-diphsnyl-3-hex- 
anone (I), revealed that the decomposition of the 
quaternary salt of this hexanone gave a solid deriva- 

(CHs)eNCHtCHnC( CsH5)t i CHzCHs ( 1) 
tive “B” which melted at 104,6-105.5°, and re- 
sembled very closely the product “A,” In this 
case the pyrolysis of the quaternary hydroxide of 
the hexanone also gave “€7 ,” 

B9th A and B reacted rapidly with bromine to 
give monobromo derivativee. The bromine atoms 
in the monobromo derivatives are very unreactive, 
as shown by their recavexy after rduxin in mor- 
pholine for 72 hours. Compounds A and 5 reacted 
with ketone reagents such as hydroxylamine and 
2,4-dinitrophenylhydrazine to give derivatives 
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which analyzed for addition products, without the 
loss of a molecule of water. No carbonyl band was 
found in the ultraviolet spectra of compounds A 
ancl B. 

Treatment of A and B with concentrated hydro- 
chloric acid in ethanol gave compounds which con- 
tained chlorine. The material obtained from B 
with hydrochloric acid (VI) could be purified by 
crystallization from petroleum ether but the 
corresponding compound from A wits not obtained 
in a pure state. The ultraviolet apaetrum of V€ 
indicatw the premtlce of a earbony1 group. 

It wag believed that an internal alkylation af the 
gamine type4 had taken place, but a study of 
diphenylcyclopentaaon~~ and some derivatives 
proved that the product could not be of this type. 

The production of benzophenone from the oxida- 
tion of these compounds eliminated the possibility 
of rearrangement of the phenyl groups. The two 
remaining possibilities were the tetrahydrofuran 
derivatives I1 and the unsaturated ketones 111. 

CH-CHs 0 
II 

(Ce,Hs)zCCCHzCH3 
(C6H6 )Zy- c$-, I 1  

I 
C H T C  CH=CH-R 

Ozonization of eompomd A gave the lactone 
I V  and acetaldehyde which would be expected 
from ozonization of a compound of structure Ira. 

0 

“A” --+ (C&f,)zC--C\ f CHICHO 

IV 
It was also found that IIa could be obtained from 
.glq.dighenyl-6-h~ptene-3-one by treatment with 
gaseous hydrogen bromide, followed by distillation 
which removed hydrogen bromide. These reac- 
tions can be indicated as 

Oa II 
I /O 

CH&!H--CHs 

0 
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( CeHdzC-C-CHzCHs 
I Heat 
CHgCH--R --=+ IIa or b 

I 
(eHs)sNmre 

R H, CHa 
( 8 )  N. R. Easton and B. J. Nelson, THIB J O V B N A ~ ,  76, 640 (1889). 
(9) N. R. Eastoa, J. H. Oardnsr and J. R. Staveno, ibdd., 69, 9941 
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HBr -HBr 
IIa 

I 
CH2CH=CHn -+ adduct __j 

heat 
Br 

BrZ 
IIa o r b  ---+ (CeHs),C-C=b--CIT3 

I >o 
CHI-CH-R 
Va, R = CHI 
Vb, R = H 

0 
concd. I/ 

I Ib  - (CsHs)lC-C-CHzCHa 
HCl I 

C H ~ C H ~ C ~  VI 

The ready reversibility of the chloroketone VI 
back to the ethylidenetetrahydrofuran structure 
IIb is indicative that the adduct obtained from 
4,4-diphenyl-6-heptene-3-one and hydrogen bro- 
mide was formed in accordance with Markowni- 
koff's rule. 

The formation of the chloroketone VI from IIb 
can explain the formation of the ketonic derivatives 
from IIb without the usual loss of water. These 
derivatives may be considered to be the ketonic 
derivatives of 4,4-diphenyl-6-hydroxy-3-heptanone 
but further study of these compounds is in progress. 

The preparation and inertness of the bromo 
derivatives (Va and b) from the ethylidenetetra- 
hydrofurans (IIa and b) is consistent with the 
results of bromination of a-methylenecoumaran 
reported by Adams and Rindfusz.lo 

Although Wilson" has prepared a compound to 
which he ascribed formula Ira, another communica- 
tion12 has shown that this product was actually 3,3- 
diphenyl-2-ethyl-5-methyltetrahydrofuran. 

Experimental 
2-Ethylidene-3,3-diphenyltetrahydrofuran (IIb). a. Py- 

rolysis of 6-Dimethylamino-4,4-diphenyl-3-hexanone Meth- 
iodide.-In a 10-ml. Claisen flask, fitted with a side arm 
test-tube as a receiver, was placed 3.7 g. of the methiodide 
of 6-dimethylamino-4,4-diphenyl-3-hexanone. The system 
was evacuated to about 15 mm. pressure and the k s k  was 
heated gently with a free flame. The methiodide fkst 
melted and then a clear liquid, that rapidly solidified, dis- 
tilled as decomposition took place. The product was taken 
up in ether and the ether solution was washed with dilute 
hydrochloric acid. The ether layer was then dried and 
concentrated to dryness. The residue weighed 2 g. 0: 
one recrystallization from ethanol it melted a t  101-104 , 

An analytical sample I Ib  melting a t  104.5-105.5" was ob- 
tained after two more recrystallizations from alcohol. 

Anal. Calcd. for ClsHlsO: C, 86.36; H, 7.24. Found: 
C; 86.43; H, 7.25. 
b. Pyrolysis of the Quaternary Hydroxide.-An aqueous 

alcoholic solution of 6-dimethylamino-4,44iphenyl-3-hex- 
anone methiodide was shaken vigorously with excess of silver 
oxide until a test with silver nitrate showed the liquid to be 
free of iodide ion. The suspension was filtered, the pre- 
cipitate washed and the combined filtrate and washings 
concentrated, with the 6nal evaporation taking place in a 
10-ml. distilling flask, the system evacuated, and the residue 
heated slowly with a micro burner. The hydroxido de- 
composed with much foaming, and a slightly yellow oil, 
which crystallized upon standing, distilled. The product 
was recrystallized twice from alcohol. It melted a t  104.5- 
- _ _ _ _ _  

(IO) R. Adams and R.  E. Rindfusz, THIS JOURNAL, 41, 648 (1919). 
(11) W. Wilson, J .  Chcm. Soc., 1983 (1948). 
(12) N. R Easton, C. A. Lukach, V. B. Fiab and P. N Craig. Taxa 

JOURNAL. forthcoming publication. 

106.0", and its melting point was not depressed by the ad- 
dition of the compound obtained by the pyrolysis of the 
methiodide. 

Oxidation of 2-Ethylidene-3,3-diphenyltetrahydrofuran. - 
A mixture of 0.9 g. of IIb in acetic acid was oxidized with 
chromic anhydride on a steam-bath. Benzophenone was 
isolated in the usual manner. Its semicarbazone, m.p. 
161-164', was prepared. An authentic sample of benzo- 
phenone semicarbazone did not depress the melting point. 

2-Ethylidene-3,3-diphenyl-5-methyltetrahydrofuran ( IIa) . 
a. Pyrolysis of Methadon Methiodide.-This was carried 
out in the same manner as the first pyrolysis above. The 
solid (IIa, 3,3-diphenyl-2-ethylidene-5-methyltetrahydro- 
furan) was recrystallized from ethyl alcohol and melted at  
79-80 O .  

Anal. Calcd. for CloH*oO: C, 86.32; H,  7.63. Found: 
C, 86.40; H,  7.99. 

b. From 4,4-Diphenyl-6-heptene-3-one.-Diethylcad- 
mium was prepared as follows. The Grignard reagent was 
prepared from 19.5 g. of magnesium, 88 g. of ethyl bromide 
and 250 ml. of ether. To this Grignard solution was added 
100 ml. of ether and 73.0 g. of cadmium chloride over a 45- 
minute period. Then a solution of 48.7 g. of 2,2-diphenyl-4- 
pentenoyl chloride's in 80 ml. of benzene was added over a 5- 
minute period. The mixture was stirred a t  reflux for three 
hours. The mixture was decomposed with water and hy- 
drochloric acid, and worked up in the usual manner. KO 
acidic material was recovered from the reaction. Distilla- 
tion gave 40.2 g. of ketone; b.p. 162-172' (4-5 mm.) (85%). 

Anal. Calcd. for C19H200: C, 86.32; H, 7.63. Found: 
C, 86.17; H, 7.87. 

3,3-Diphenyl-2-ethyfidene-5-methyltetrahydrofuran .- 
Excess bromine and 0.2 g. of iron filings were mixed in a 
benzene-ether mixture and heated to dryness on a hot 
plate. To this catalyst was added 25.8 g. of 4,4-diphenyl- 
6-heptene-3-one and 100 ml. each of anhydrous ether and 
chloroform (calcium chloride dried). Dry gaseous hydrogen 
bromide was introduced into this mixture for one hour a t  0'. 
After standing for two hours a t  room temperature, the mix- 
ture was extracted thrice with water and dried over calcium 
chloride. Evacuation on the steam-bath left 34 g. of resi- 
due (theoretical wt. 33.6 g.). Upon vacuum distillation 
gaseous hydrogen bromide was evolved at 150" and 3 mm. 
pressure. After gas evolution ceased, an oil was distilled; 
b.p. 160-163' (13-14 mm.), 21 g. On standing, this oil 
crystallized, m.p. 63-68". Recrystallization from petro- 
leum :ther and then from alcohol-water gave 10 g., m.p. 
78-79 . 

Anal. Calcd. for C10H200: C, 86.32; H, 7.63. Found: 
C, 86.38; H, 7.48. 

The product when prepared in this manner tended to 
autoxidize, with formation of aldehyde-like odors. The 
ultraviolet spectrum of this material was identical with that 
of the same compound prepared from methadon (above). 
Recrystallization of the bromo derivative from acetic acid 
and water rrave white crvstals. m.D. 184-185'. A mixed 
melting poik  with the 6romo derbative prepared above 
(m.p. 189-190') was found to be 186-187'. 

Bromination of the Ethylidene Tetrahydrofurans.-The 
ethylidene tetrahydrofuran was dissolved- in carbon tetra- 
chloride and the solution was cooled in an ice-bath. An 
equivalent of bromine in carbon tetrachloride was added 
slowly. The bromine color disappeared immediately and 
the evolution of hydrogen bromide was noticeable. The 
mixture was concentrated a t  reduced pressure and the resi- 
due was recrystallized from ethanol. 

The compound (Vb) melted at 175-177'. 
Anal. Calcd. for C1SHITOBr: Br, 24.28. Found: Br, 

The compound (Va) melted a t  189-190". 
Anal. Calcd. for C1sHISOBr: C, 66.48; H, 5.58; Br, 

23.28. Found: C, 66.50; H,  5.52; Br, 23.30. 
Reaction of 2-Ethylidene-3,3-diphenyltetrahydrofuran 

with Hydrochloric Acid.-A sample of 2-ethylidene-3,3-di- 
phenyltetrahydrofuran was boiled for 10 minutes in a mix- 
ture of concentrated hydrochloric acid and ethanol. During 
this time the solid turned to  an oil which crystallized on 
cooling and scratching, m.p. 72-74'. On several recrys- 
tallizations from petroleum ether it melted at 78.5-77.0'. 

24.60. 

(18) P. N. Craig and 1. H. Witt, ibid., TS,  4926 (1QSO). 
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Anal. Calcd. for ClaHloOC1: C, 75.38; H, 6.68; C1, 
12.36. Found: C,75.70; H,6.83; C1, 12.70. 

A broad absorption band a t  288 mp indicates the presence 
of a carbonyl group (log E 2.67, 95% ethanol). 

When methanol was used as the recrystallizing medium 
only the starting material was isolated. 

The product obtained from the treatment of 2-ethylidene- 
3,3-diphenyl-5-methyl-tetrahydrofuran with concentrated 
hydrochloric acid and ethanol was not obtained in a pure 
state. It apparently reverted to the starting material on 
attempted purification. 

Reaction of Hydroxylamine with 1Ia.-A mixture of 2 g. 
of the ethylidenetetrahydrofuran (IIa), 2 g. of hydroxyl- 
amine hydrochloride and 1 g. of pyridine in ethanol was re- 
fluxed for two hours and then allowed to stand overnight. 
A precipitate appeared which, after recrystallization from 
ethanol and then several times from methanol, melted a t  

Anal. Calcd. for C19H2rNO2: C, 76.76; H, 7.79; N, 
4.71. Found: C, 76.43; H, 7.78; N, 4.65,4.74. 

Reaction of Hydroxylamine with 1Ib.-The reaction was 
run as above but since no crystals appeared, the mixture 
was diluted with water and an oil separated, which soon 
crystallized, m.p. 180-161’ (from methanol). 

Anal. Calcd. for ClsHzIN02: C, 76.30; H, 7.47; N, 
4.84. Found: C, 76.60; H,  7.66; N, 4.94. 

The Reaction of 2-Ethylidene-3,3-diphenyltetrahydro- 
furan with 2,4-Dinitrophenylhydrazine.-A solution of 0.5 
g. of I Ib  and 0.275 g. of 2,4-dinitrophenylhydrazine in 30 

190-192’. 

ml. of ethanol was acidified with 3 drops of concentrated 
hydrochloric acid and refluxed 1.5 hours. The resulting 
solution was concentrated to 20 ml., and 8 ml. of water was 
added. An oil separated which was redissolved and crys- 
tallized on cooling slowly, m.p. 163-165’. 

Anal. Calcd. for C2,Hz3O5N4: N, 12.52. Found: N, 
12.45, 12.43. 

Ozonization of 3,3-Diphenyl-5-methyl-2-ethylidenetetra- 
hydrofuran.-A chloroform solution of the ethylidenetetra- 
hydrofuran (IIa) was treated with ozone and the ozonide 
was decomposed on standing overnight with water. The 
lactone13 was isolated and identified by melting point and 
mixed melting points. Acetaldehyde was identified as the 
2,4-dinitrophenylhydrazone (m.p. and mixed m.p. with 
authentic sample). 
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Synthesis and Properties of Some Alkylsilanes 
BY STANLEY TANNENBAUM, SAMUEL KAYE AND GEORGE F. LEWENZ 
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Twelve alkylsilanes have been synthesized and the following physical properties were measured: boiling point, freezing 
point, index of refraction, molecular weight and density. Vinylsilane and isobutylsilane are reported for the first time. 
Vapor pressures were measured using a static system, and the heats of vaporization were calculated from the data. By 
the use of a special sample filling technique, it was possible to measure the heats of combustion in an oxygen bomb calori- 
meter and then to calculate the heats of formation. 

Introduction 
As a part of a program a t  this Laboratory in- 

volving the investigation of organometallic com- 
pounds, a number of alkylsilanes have been pre- 
pared and their physical properties determined. 
These compounds are methyl-, dimethyl-, tri- 
methyl-, tetramethyl-, ethyl-, diethyl-, triethyl-, 
tetraethyl-, butyl-, isobutyl-, vinyl- and dimethyl- 
dipropylsilane. Isobutylsilane and vinylsilane are 
reported here for the first time. 

Several procedures for the synthesis of alkyl- 
silanes are One of the most common 
methods is the Grignard reaction, which involves 
the interaction of a suitable alkylmagnesium halide 
with a halosilane in anhydrous ether. The reac- 
tion is illustrated by the equation for the prepara- 

ethyl 

ether 
3CHaMgBr f SiHCla Si(CHa)aH + 3MgBrC1 

(1) A. Ladenburg, Ann., 164, 302, 327 (1872). 
(2) A. Stock and C. Somieski, Ber., 68, 696 (1919). 
(3) F. C. Whitmore, E. W. Pietrusza and L. H. Sommer, THIS 

(4) E. G. Rochow. “The Chemistry of the Silicones,” John Wiley and 
JOURNAL, 69, 2108 (1947). 

Sons, Inc., New York, N. Y., 1946, p. 32. 

tion of trimethylsilane.6 This method was used 
by the authors in the present work to prepare di- 
methyldipropylsilane and tetraethylsilane. 

An excellent method for the preparation of a ser- 
ies of alkylsilanes was reported recently.6 By re- 
duction of the proper alkylchlorosilane with lithium 
aluminum hydride in anhydrous ethyl ether or di- 
oxane, the alkylsilane can be obtained in high yield 
and free of side products. This type of reaction 
is illustrated by the following equation for the 
synthesis of ethylsilane 

dioxane 
4Si(CzH6)Cla + 3LiAlHd - 

4Si(GHs)H* + 3LiC1 + 3AlCls 
The reaction is rapid, and yields exceeding 80% 
are not uncommon. This method was chosen to 
prepare the following compounds : methyl-, di- 
methyl-, trimethyl-, ethyl-, diethyl-, triethyl-, 
vinyl-, butyl- and isobutylsilane. In addition, 
tetramethylsilane was purified from a commer- 
cially available product. 

(5) A. G. Taylor and B. V. de G. Walden, THIS JOURNAL, 66, 842 
(1944). 
(6) A. E. Finholt, A. C. Bond, Jr., K. E. Wilzbach and H. I. Schles- 

inger, ibid. .  69, 2692 (1947). 


