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equimolar mixture of mono- and dibutylated &butyl croto- 
nates. 

Hydrolysis of 7.5 g. of this oil by refluxing with a solution 
of 10 g. of potassium hydroxide in 40 ml. of aqueous ethanol 
from 6 hr. afforded 2.0 g. (15% based on n-butyl bromide) 
of crystalline acid melting a t  22-24'. Single recrystalliaa- 
tion from petroleum ether (b.p. 30-60') afforded an analyti- 
cal sample of 2-n-butyl-2-butenoic acid," m.p. 24.5-25.5', 
which gave correct analyses for carbon and hydrogen. The 
infrared spectrum (neat liquid) showed absorptions at 1680 
and 1640 cm.-' (a,p-unsaturated carboxylic acid). No vinyl 
absorptions were observed. 

Catalytic hydrogenation of 0.71 g. of 2-n-butyl-2-butenoic 
acid was carried out at room temperature in 50 ml. of ethanol 
and in the presence of 0.5 g. of Raney nickel (W-5 grade).': 
The resulting 2-butylbutyric acid distilled at 88-95" (bath 
temperature)/l mm., and had ~ U D  1.4280. Chlorination 
with thionyl chloride, followed by treatment with aqueous 
ammonia, afforded 2-n-butylbutyramide, m.p. 100-101' 
(lit.,:@ 101-102'), after recrystallizations from water. 
The amide gave correct analyses for carbon and hydrogen. 

Upon distillation of the neutral portion of the hydrolysis 
products under reduced pressure 3.3 g. (28% baaed on n- 
butyl bromide) of t-butyl 2,2-di-n-butyl-3-butenoate, b.p. 
90-9lo/2.5 mm., nib 1.4385, waa obtained. 

Anal. Calcd. for CI~HSOO~: C, 75.53; H, 11.89. Found: 
C, 75.32; H, 11.87. 

The infrared spectrum (neat liquid) showed absorptions at 
1720 cm.-: (nonconjugated ester) and at 1000 and 910 cm.-I 
(a vinyl group). 

Acknowledgment.-The authors are indebted to 
Mr. N. Hayakawa, Japan Atomic Energy Insti- 
tute, for NMR measurements. His assistance is 
gratefully acknowledged. 
(15) R. Adams and L. J. Roll, J .  Am. Clem. SOC., 83, 3469 (1931). 

(16) H. S. Raper, J. Chem. Soc., 91, 1831 (1907). 
These authors recorded the acid as an oil. 
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McElvainl and Breslow2 generated phenylchloro- 
carbene by the action of potassium &butoxide on 
benzal chloride; the carbene, in each case, was 
trapped via addition to ketene acetals. We have 
prepared adducts I, 111, IV, VII, VIII, IX, and X in 
a similar manner (see Table I ) .  The preparation of 
11, IV, VI, VIII, and X required the prior synthesis 
of p-methylbenzal chloride, a white, crystalline 
solid (m.p. 50-51 O, from methanol) obtainable 
through reaction of phosphorus pentachloride and 
p-tolualdehyde. 

Production of 1-chloro-1-phenylcyclopropanes by 
the butoxide a-elimination method is limited. The 
reaction does not proceed well a t  temperatures 
much below 70°, thus precluding the use of butenes 

(1) 8. M. McElvain and P. L. Weyna, J. Am. Cham. Soe.. 81, 2586 
(1959). 
(2) R. Brealow, R. Haynie, and J. Mirra, i b i d . ,  81, 247 (1959). 

. as acceptors under simple reaction conditions. 
Indeed, the attempted synthesis of I X  via the 
butoxide method a t  0' failed. In  no case does the 
yield exceed 40010, adducts I11 and IV were ob- 
tained in highly impure form, while adduct I1 could 
not be prepared in sufficient yield to permit sepa- 
ration from concomitant impurities.8 In  all 
cases, considerable quantities of quit,e high-boiling 
and presumably polymeric materials were formed. 

These difficulties may be obviated if methyl- 
lithium is employed rather than the butoxide.6 Ad- 
ducts 11, V, VI, and X were produced in this man- 
ner. The methyllithium benzal chloride reaction 
may be carried out a t  0' and gives little polymer, no 
impurities boiling in the same range as the desired 
product and higher yields. For example, X was ob- 
tained in only 17% yield by the butoxide reaction, 
but in 42% yield by the methyllithium route. 
Adduct 11, which could not be obtained by the 
butoxide method, resulted in 21% yield by the 
methyllithium method. The butene adducts V and 
VI were also preparable by this method only. 

Structures of adducts V, VI, IX, and X are in 
accord with NMR data. In all pairs the methyl 
analog exhibits a signal in the region 7.69-7.82 7, 

whereas the remainder of the spectrum is identical 
in shape to that of the unsubstituted adduct. 

All adducts pussessed an infrared absorption in 
the region 1030-1000 cm.-l. In  accord with the 
literature, the band nearest 1021 cm.-' was con- 
sidered as characteristic of the cyclopropane ring.6 

Experimental 

Olefins.-1-Hexene and isobutylene were Phillips Petro- 
leum Cap. Tetramethylethylene was prepared by the 
method of Whitmore.7 trans-Hexene-3 was prepared by the 
method of Pomerana .* Methylenecyclohexane waa pre- 
pared by pyrolysis of cydohexylmethyl acetate at 500' on a 
glass-packed column. 

Benaal chloride waa Matheson technical grade, purified by 
distillation over a tantalum spiral column at  103'/28 mm. 

p-Methy1benzalchloride.-An 85-g. sample of phosphorus 
pentachloride wm placed in a two-neck 500-ml. flask, fitted 
with a dropping funnel and mechanical stirrer. The tem- 
perature was kept a t  25' by means of a water bath. A 50-g. 
sample of p-tolualdehyde waa added dropwise, with stirring 
over 1 hr. Stirring waa continued for 6 hr., care being 
taken to  exclude direct light. The reaction mixture wm 

(3) These impurities absorb at 1700-1680 om.-* in the infrared. 
Though there is evidence that butoxide can cause elimination in 
ketene acetal adducts,*d we have treated V for eighteen hours with 
butoxide in refluxing hexene-1 without effecting any noticeable change. 
In addition, a prepared mixture of several adducts was not affected by 
methyllithium at Oo. We conclude that the impurities result from an 
alternate consumption of benzal chlorides when these are reacted with 
butoxide in the presence of a poor acceptor olefin. No such impurities 
were formed when the olefin wan a better acceptor or when methyl- 
lithium was employed. 
(4) IC. B. Wiberg, R. K. Barnes, and J. Albin, J .  Am. Cham. SOC., 79, 

4994 (1957). 
(5) G. L. Cloen and L. E. Closs, tbid., 88, 5723 (1960). 
(6) L. J. Bellamy, "Infrared Spectra of Complex Molecules," J. 

Wiley and Sons, Inc., New York, 1960, pp. 29f. 
(7) F. C. Whitmore and L. Black, J .  Am. Cham. Soc., 84, 1819 

(1942). 
(8) P. Pomeranz, A. Fookson, T. W. Mears, 5. Rothberg, and F. L. 

Howard, J .  Res. Natl .  Bur. Std., 82, 59 (1954). 
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TABLE I 

YOL. 27 

No. 

r 

11 

I I I C  

T V c  

1- 

\‘ I 

VI1 

VI11 

IX“ 

X d  

CH3 ,CHI 
\c-c 

Cn/ / / ‘CH~ 

CH3 

B.P. (or  m.p.), 
OC. 

56”/0.026 

64’/0.025 

56-61”/0.075 

8G--87Q/0. 25 

68’/1.5 

57-58”/0.050 

79”/0.20 

95-96’/0.25 

(66-67’) 

(108-109’) 

7L’b 

I .  5122 

1.5145 

1.5072 

1.5124 

1,5232 

1 . .5230 

1.5434 

1.5445 

... 

. . .  

Yield.’ Infrared.* 
% 

12p 

2 1 e  

44’ 

35” 

548 

6ge 

37’ 

32 Q 

40Q 

17“ 
42 e 

om. - 1  

1027 

1021 

1008 

1018 

I025 

1019 

1016 

1016 

1026 

1021 

Crslcd. 

C 74.80 
H 8.20 
C1 I6 99 

C1 15.92 

C 74.80 
H 8.20 
C1 16.99 

C 75.48 
H 8.60 
C1 15.92 

C1 19.62 

c1 18 21 

C 75.83 
H 8.18 
C1 15.99 

C 76.41 
H 8.55 
C1 15.04 

C 74.80 
H 8.20 
C1 16 99 

c 75.49 
H 8.60 
C1 15.92 

h ound 

75.04 
8.13 

16 71 

14 78’ 

75.14 
8.19 

16 50 

75 75 
8.20 

15.45 

19 63 

18.28 

76.32 
7.85 

15.87 

76.92 
8.30 

14.65 

74.86 
8.18 

17 19 

75.52 
8.97 

15.60 

a Yields reported are for the purified adducts, except adducts I11 and IT. This is the “cyclopropane” absorption (see 
e Made by methyl- 

Attempts to purify this compound by vapor phase chromatography 
Distillation under vacuum will not separate 

The 1% error in chlorine analysis is due to the instability of the compound, for a subsequent analy- 

text). 
lithium method. 
resulted in pyrolysis. 
the apparent impurity. 
sis of the same sample indicated a further 1056 of chlorine to about 13%. 

then poured over water-ice, thoroughly agitated, and the 
resulting solid was quickly filtered, washed with water, and 
taken up in ether. The ethereal solution was washed with 
water, sodium bicarbonate solution, again with aater, and 
dried over sodium sulfate. The ether was removed under 
reduced pressure, and the solid material recrystallined from 

e These adducts were not separated into their isomeric components. Purified by sublimation. 
f Decomposes upon standing. 

Chromatography on alumina destroyed the compound. 

Made by butoxide method. 

the smallest suitable volume of hot methanol. 
white crystals melting at 50-51’ was 52.0 g. (72%). 

The yield of 

Anal. Calcd. for CsH8C12: C1,40.51. Found: C1,40.02. 
p-Methylbenzal chloride slowly hydrolyzes when exposed 

to the atmosphere and should be stored under nitrogen in a 
dark place. 
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Butoxide Method for Phenylchlorocarbene (I, 111, IV, 
VII, VIII, IX, X).--An 80-mmole sample of potassium t- 
butoxide was prepared in a 50-cc. three-neck flask, fitted 
with condenser and dropping funnel. The excess t-butyl 
alcohol waa removed under reduced pressure, 120 mmoles of 
the indicated olefin was added, and heat was supplied until 
the olefin began to  reflux. A 40-mmole sample of benzd 
chloride waa added dropwise (p-methylbenzal chloride was 
added 89 a solution in 10 ml. of olefin) over a period of 30 
min. The reaction mixture was maintained at  reflux and 
stirred magnetically for a t  least 3 hr. In cases where the 
olefin boiled below 70° ,  the refluxing time was extended to 
upward of 5 hr. The product was washed three times with 
water, once with dilute hydrochloric acid, again with water, 
and dried over sodium sulfate. Olefin was removed under 
reduced pressure and the adduct vacuum distilled over a 
short Vigreux column. Redistillation afforded analytical 
samples. 

Methyllithium Method for Phenylchlorocarbene (11, V, VI, 
X.)-A 100-mmole sample of b e n d  chloride and 1 mole of 
the indicated olefin (except adduct 11 where 40 m o l e s  of 
halide and 120 mmoles of olefin were used) were put in a 
dried nitrogen-filled, three-neck, 250-ml. flask, fitted with a 
Dry Ice condenser and an addition tube connected to  a 
storage-buret containing methyl lithium (1-2 N in ether). 
The base was added dropwise until an excess of 20% was ob- 
tained; the reaction mixture was maintained a t  0" by an ice 
bath and was magnetically stirred. After addition wm com- 
pleted, excess olefin waa allowed to  evaporate, and the mix- 
ture was then washed three times with water and dried over 
sodium sulfate. Ether was removed under reduced pressure 
and several vacuum distillations afforded the p r o d u ~ t . ~  

Acknowledgment.-The author wishes to ac- 
knowledge the invaluable counsel of Dr. Gerhard 
Gloss and the financial stability lent by a National 
Science Foundation Cooperative Fellowship. 

(9) Some styrene or p-methylstyrene is always formed in this re- 
action because of the reaction of methyllithium with the arylchloro- 
oarbene. Styrene formation may be minimized by slow addition of the 
methyllithium. 
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During a study of the action of benzoyl peroxide 
on trichloroethylene, a colorless crystalline com- 
pound (I) of empirical formula CsHzClz was iso- 
lated after the separation of t'he maior products 
pentachlorobutadiene and hexachlorobutene.' 
Doubling this formula gives the molecular formula 
of tetrachloronaphthalene, and a survey of the 
literature revealed three known tetrachloronaph- 
thalenes with melting points near that of I. The 
infrared spectrum of I corresponded exactly with 
that given in the literature for 1,2,3,4-tetrachloro- 
naphthalene2 and was markedly different from 

(1) A.  Roedig and R. Moss, Chem. Ber., 90, 2902 (1957); 0. Sima- 
mura and N. Inamoto, Bull. Chem. Sac. Japan, 27, 152 (1954). 

those of the other two. The melting point of I was 
also closest to those reported for the 1,2,3,4-isomer. 

A possible mechanism for the formation of 
1,2,3,4-tetrachloronaphthalene is the initiation of a 
polymer chain of two units of trichloroethylene by 
a phenyl radical followed by ring closure a t  the 
ortho position with subsequent dehydrohalogena- 
tion. The experimental conditions were such that 
all of these processes could occur to a small extent 
which is reflected by the low yield. 

Experimental 

Benzoyl peroxide (20 g.) was added in 1-g. portions to re- 
fluxing trichloroethylene (16.8 moles) over a period of 96 
hr. The temperature of the reaction mixture rose from 88 to 
100" during this time. The reaction mixture was then flash 
distilled to remove the unchanged trichloroethylene (9.9 
moles). The remainder waa heated to  150-160" at rttmos- 
pheric pressure for 12 hr. and hydrogen chloride was slowly 
evolved. Distillation at 3 mm. pressure then gave penta- 
chlorobutadiene (0.32 mole), hexachlorobutene (3.0 moles), 
and 210 ml. of a viscous residue. The final temperatures for 
vapor and residue were 80 and 110". 1,2,3,4-Tetrachloro- 
naphthalene (5 9.) wm recovered from the residue by filtra- 
tion. Recrystallization from ethyl ether gave oolorless crys- 
tals, m.p. 194-200" (lit., 196O,a 198°,4 and 199-2OOo6), 

Calcd. for Cl~H4C&: C, 45.15; H, 1.52; C1,53.33. 
Found: C, 45.14; H, 1.76; C1,53.33. 

Anal. 

~~ 

(2) L. Cencelj and D. Had% Spectrochim. Acta, 7 ,  274 (1955). 
(3) E. G. Turner and W. P. Wynne, J. Chem. Sac., 243 (1941); 

W. P. Wynne, (bid., 61 (1946). 
(4) J. v .  Braun with 0. Braunsdorf, P. Engelbertz, E. Hahn, G. 

Hahn, 0. Hainbach, W. Kredel, and K. Larbig, Bar., 16B, 2332 (1923). 
(5) A. A. Danish, M. Silverman, and Y. A. Tajima, J. Am. Chem. 

Sac., 76, 6144 (1954). 
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The isolation of a new glucoside, grandidentatin, 
from the bark of the bigtooth aspen (Populus 
grandidentata) in small quantities was reported re- 
cent1y.l In the course of the determination of the 
structure of grandidentatin, it was necessary to ob- 
tain larger amounts of the new glucoside. Because 
some of the glucosides of several species of Salix and 
Populus occur in both the bark and the leaves of 
these species? the leaves of bigtooth aspen were 
suggested as a possible source of grandidentatin in 
larger amounts. The present paper reports the 
first studies on the isolation of glucosides from the 

(1) I. A. Pearl and 8. F. Darling, J. Ore. Chem., submitted for pub- 
lication. 


