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at 56" under vacuum; therefore, drying a t  room temperature is 
recommended. 
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Because of interest in the behavior of compounds 
containing neopentyl  group^,^ methods of synthesis for 
such compounds other than the known ones4 were in 
demand. In  this paper, a new method by which one 
can construct the neopentyl group is illustrated by 
the synthesis of neopentylbenzene (I). Although this 
method of synthesis is not recommended over some 
known4 methods for neopentylbenzene itself, it may be 
of value in other cases involving neopentyl-like struc- 
tures not so readily made by the previously published 
methods4 or where C14 or D are needed. 
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There is a feature of interest regarding the reaction 
of benzylmagnesium chloride with diethyl isopropyli- 
denemalonate. The reaction takes place to give I1 
exclusively, as shown by vpc analysis of the distilled 
product, and no ring-substitution products as are often 
found in reactions of benzyl-type Grignard reagents. 

Originally, decarboxylation of I11 to I was intended. 
However, when attempted decarboxylation failed 
(copper or copper chromite in quinoline), the alternate 
route via the Rosenmund reduction and decarbonyla- 
tion6 was followed. Although not generally practiced, 
this route may be generally preferable when decar- 
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(3) See, for example, M. S. Newman, J. R. LeBlanc, H. A. Karnes, and 

G. Axelrad, J .  A m .  Chem. Soc.. 86, 868 (1964). 
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boxylation of an acid occurs in poor yield or when the 
temperature needed for decarboxylation is too high for 
the molecule in question. Often, the temperature 
needed for decarbonylation may be lower than that 
needed for decarboxylation. 

Experimental Sections 

Diethyl (cu,a-Dimethylphenethy1)malonate (11) .-In the best 
of a few runs, a solution of the Grignard reagent, prepared in 
9774 yield (by titration) by the addition of 100 g of benzyl 
chloride to 20.0 g of magnesium (2300 ml of ether in all) a t  a 
rate sufficient to maintain the ether a t  reflux, was added to a 
solution of 155 g of diethyl isopropylidenemalonate,7 bp 110-112' 
(9 mm), in 200 ml of ether containing 12.0 g of purified cuprous 
chloride,* a t  such a rate as to maintain a gentle reflux for 2 hr, 
and was then cooled, treated with saturated ammonium chloride 
solution, and worked up as usual. Distillation through a 30 x 
2.5 cm column packed with glass helices yielded 122 g (54y0) of 
pure IIa:  bp 163-165' ( 4  mm); one peak by vpc analysis on a 
2 ft X 0.25 in. 10% SE-30 (silicone gum rubber) on 60-80 
Chromosorb P column; infrared band a t  5.85 p ;  nmr (CCl,), 
6 1.08 (singlet, 6 H, CCHa), 1.20 (triplet, 6 H, J M 7 cps, CHI 
of ethyl group), 2.83 (singlet, 2 H, CHZ), 3.20 (singlet, 1 H, 
CH), 4.11 (quartet, 4 H, J M 7 cps, COOCHI), and 7.16 (singlet, 
5 H, aromatic). 

Anal. Calcd for C17H2404: C, 69.8; H, 8.2. Found: C, 
69.7; H, 8.0. 
(a,a-Dimethylphenethy1)malonic Acid (IIb) .-After alkaline 

hydrolysis and acidification, acid IIb was isolated in 93% yield 
as a colorless solid, mp 167-168" dec, neut equiv 119 (calcd 
118). 

Anal. Calcd for C13H1604: C, 66.1; H, 6.8. Found: C, 
66.0; H, 6.8. 

3,3-Dimethyl-4-phenylbutanoic Acid (111) .-After heating 
54.0 g of I Ib  a t  175-177" for 2 hr, the theoretical amount of 
carbon dioxide had been collected. Distillation afforded 41.6 g 
(957,) of 111 as a colorless, viscous liquid: bp 141-142' (2.5-3.0 
mm); neiitequiv 190 (calcd 192); nmr (CC14), 6 1.04 (CCHp), 
2.20(CHzC00), 2.66 (CHz), 7.16 (aromatic), and 12.03 (COOH), 
all singlets of relative areas 6 : 2 : 2 : 5 : 1 .  

Anal. Calcd for C12H1602: C, 75.0; H, 8.3. Found: C, 75.2; 
H, 8.5. 
3,3-Dimethyl-4-phenylbutanal (IV).-A suspension of 0.7 g of 

predried 5y0 palladium-on-barium sulfate catalyst@ in 100 ml 
of dry toluene was heated a t  reflux while nitrogen and then hy- 
drogen were bubbled through for 1 hr. After cooling to 60°, 
7 .0  g of the distilled acid chloride, bp 113.0-113.5' (4.5-5.0 
mm), infrared absorption a t  5.55 p,  was added. As the tempera- 
ture was raised to 95" the evolution of hydrogen chloride'O be- 
came brisk and 90% of the theoretical amount was accounted 
for by titration in 2.5 hr. After cooling under nitrogen the cata- 
lyst was filtered and the toluene was removed under reduced 

(6) Nmr spectra were determined on a Varian -4-60 spectrometer with 
tetramethylsilane (TMS) as internal standard: 6 values are given in parts per 
million downfield from the TMS resonance (0 ppm). hlicroanalyses were 
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(9) "Organic Syntheses." Coll. Vol. 111, John S'iley and Sons, Inc., New 
York, N. Y. ,  1955, p 627. 

(10) The absence of carbon monoxide in gas samples a t  different times 
showed that no carbon monoxide was being formed. Analysis was by gas 
chromatography as described by G.  Kyryacos and C. E.  Boord. Anal.  Chem., 
29, 787 (1957). 
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pressure. Distillation afforded 4.5 g (777,) of colorless IV, bp 
99-100" (3.5-4.0 mm), infrared absorption a t  5.80 p. This 
product was not piirified further but was decerbonylated as 
described below. The 2,4-dinitrophenylhydrazone of IV, mp 
134-135', was obtained in high yield after two recrystallizations 
from ethanol-benzene. 

Anal. Calcd for C181120N104: C, 60.7; H,  5.6; N, 15.7. 
Found: C, 60.7; H, 5.7; N, 16.0. 

Neopentylbenzene (I).-In the best of three runs, a mixture 
of 4.5 g of IV and 0.2 g of 10% palladium-on-charcoal catalysts 
in a small Claisen flask was heated in a ftised salt bath. Gas 
evolution started a t  160" and became rapid a t  220". After 4 
hr the theoretical amount of carbon monoxide had been evolved. 
The crude distillate had almost no infrared ahsorption a t  5.80 p 
arid weighed 3.6 g. A solution of this Iraterial in pentane wm 
stirred with water, then worked up as usual except that the 
pentane was removed on a column to yield 3.4 g (90%) of I as 
a colorless 1iqrtid:ll bp 186.0-187.5' ; homogeneous by vpc 
analysis; nmr (CCL), 6 0.89 (singlet, 9 H, CCH,), 2.43 (singlet, 
2 H, CHZ), 7.11 (closely spaced multiplet, 5 H,  aromatic); 
infrared absorption a t  8.05, 12.95, and 13.90 p. 

(11) H. Pines and J. T. Arrigo, J .  A m .  Chem. Soc., 79, 4966 (1957), give 
bp 185.6-187.0°. 
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Because of interest in the mechanism of reactions of 
phosphorus pentachloride with ketones3 we report on 
the reactions of three compounds containing the 
phenylethynyl group : 3-phenylpropynal (I), 4-phenyl- 
3-butyn-2-one (11) and 1,3-diphenyl-2-propyn-l-one 

On treatment of I with phosphorus pentachloride in 
methylene chloride for 20 hr at  room temperature and 
in carbon tetrachloride for 20 hr at  reflux, there was 
obtained l,l-dichloro-3-phenyl-2-propyne (IV) in 94 
and 85% yields, respectively. As no dkhloroallene 
was formed in this reaction] a chloroca,Jonium ion 
mechanism3 is probably not involved. Hydrolysis 
using an aqiieous suspension of calcium carbonate4 
yielded the starting I. 

(111). 

C~HSC=CCHO + CBHbC=CCClzH 
I IT' 

The reaction of I1 with phosphorus pentachloride 
was carried out only in methylene chloride at  room tem- 
perature. A mixture of 2-chloro-4-phenyl-l-buten-3- 
yne (V) and 3,3-dic,hloro-l-phenyl-l-butyne (VI) in t,he 
ratio of about 3 to 1 was formed. The absence of any 
dichloroallene in the mixture was established by the 
lack of a band near 5.1 p in the infrared spectrum. The 
compounds V and VI were not isolated in the pure 

(1) This work was supported by the Directorate of Chemical Sciences, Air 
Force Office of Scientific Research, Grant No .  AF-AFOSR-569-64. 
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(3)  M .  S. Neivman and L.  L. \Vood, J .  A m .  Chem. Soc. ,  81, 4300 (1959); 
hl. S. Nemman, G .  Fraenkel, and W. N .  Kirn. J. Org. Chem., 18, 1851 
(1963) .  
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used this method t o  tiydrolyze l,l-dichloro-3-phenyl-2-propene. 

CeHsCzC-COCH3 + 
I1 

C ~ H S C ~ C - - C C I = C H ~  + C~H~CZ&CC~~CH~ 
v VI 

state because of decomposition on attempted fractiona- 
tion. However, analyses and nmr data were sufficient 
to establish the structures beyond reasonable doubt 
(see the Experimental Section). 

On reaction of I11 with phosphorus pentachloride in 
carbon tetrachloride or in methylene chloride, mix- 
tures of 2,3-dichloro-l,3-diphenylpropenone (VII), 1,3- 
diphenyl-l,2,3,3-tetrachloropropene (VIII), 5,6,11,12- 
tetrachloro - 11,12 - diphenyl- 10a,12a - dihydronaphtha- 
cene5 (IX), and I11 were obtained, the composition of 
which depended mainly on the ratio of phosphorus 
pentachloride to I11 used. We confirm the formation of 
IX but find it to be a very minor (2-6%) product, the 
main products in these solvents being VI1 and VIII, 
with the latter predominating when 3 equiv of phos- 
phorus pentachloride are used. 

CGH,CCI=CClCOC,H, + CGH5CCI =CCICCl&H, C 
VI1 4% VI11 

M 

The structure of VI1 was confirmed by adding chlo- 
rine to 111. In  addition, treatment of VI1 with phos- 
phorus pentachloride yielded VIII which, on treatment 
with methanol, yielded a,@-dichlorochalcone dimethyl 
ketal (X) and, with dilute acid, VII. 

In none of the ethynyl carbonyl compounds studied 
was there any evidence for the formation of a di- 
chlorinated allene as might have been expected if re- 
actions with phosphorus pentachloride had taken place 
via a chlorocarbonium ion.3 

Experimental Section6 

l,l-Dichloro-3-phenyl-2-propyne (IV) .-3-Phenylpropynal ( I ) ,  
bp 66-69" (1 mm), was prepared by hydrolysis of its diethyl acetal 
as described.' The diethyl acetal was prepared as described by 
reaction of phenylethynylmagnesium bromide with ethyl ortho- 
formate.8 To a suspension of 29.2 g of PC1, in 100 ml of methyl- 
ene chloride was added a solution of 17.0 g of I in 50 ml of 
CHzClz during 2 hr. After 18 hr a t  room temperature the mixture 
was poured on ice and the organic layer was separated, washed, 
and dried over hfgsoc. Distillation afforded 22.6 g (94%) of IV, 
bp 82-83" (1 mm), infrared absorption a t  4.50 p. The nmr 
spectrum showed a singlet a t  r 3.60 (CC12H) in addition to an 
aromatic complex centered near 2.7. 

Anal. Calcd for CgHeC12: C, 58.4; H, 3.3; C1, 38.3. Found: 
C, 58.3; H, 3.2; C1, 38.6. 

(5) C .  Dufraisse, .4. Etienne, and M. Jolly, Compt.  Rend., 181, 5 (1950). 

(6) All melting points were determined on a Fisher-Johns apparatus and are 
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111, John Wiley and Sons, Inc., New York. N. Y.. 1955, p 731. 
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