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uct requires precautions, because k is a solid with an ex
ceedingly high vapor tension. 

Fluorination of Cyclo-CsFjCL..—Fluorination with 
SbFjCIz; as well as with a mixture of HgO + HF, was 
fruitless, and the starting material was recovered intact. 

Summary 
Octachlorocyclopentene was fluorinated as far 

as the hexafluoride cyclo-CBF6Cl». in one operation. 
The formula of the latter was demonstrated to be 

CC1=CC1CF,CF2CFS by opening the ring to yield 
perfluoroglutaric acid. Halogenation of the double 

In the course of a search for methods for the 
large scale preparation of monoalkylcyclopen-
tanes, three procedures have been investigated: 
(1) condensation of an allylic chlorocyclopentene 
with a Grignard reagent to give an alkylcyclo-
pentene which can be hydrogenated; (2) conden
sation of cyclopentanone with a Grignard reagent 
to yield an alkylcyclopentanol which can be 
dehydrated, then hydrogenated; (3) condensation 
of cyclopentadiene and a ketone to a fulvene 
derivative, and hydrogenation of the latter 

Intermediate compounds, when not previously 
described in the literature, have been character
ized, and additional data have been given for 
compounds already known. 

First Method.—3-Chlorocyclopentene, pre
pared by 1,4-addition of hydrogen chloride to 
cyclopentadiene,3'4 reacts with aryl-6 or alkyl-
magnesium halides6'7 to give 3-substituted cyclo-
pentenes. The yields, based on the original 
cyclopentadiene, Table Ia, were 23-48% with 
primary alkylmagnesium halides, 20-27% with 
secondary, and only 2% with tertiary butylmag-
nesium chloride. Yields were slightly better with 
chlorides than with bromides. Reactions per
formed in copper vessels gave yields slightly 
better than in glass and distinctly better than in 
steel. Reversing the order of the addition, i. e., 
adding the Grignard reagent to the 3-chlorocyclo-
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bond of cyclo-C6F6Cl2 was found exceedingly 
difficult, but chlorination was performed quanti
tatively in ultraviolet light, at 70°. The result
ing cyclo-CtCUFj resisted all attempts at further 
fluorination. 
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pentene, lowered the yields from 34-41% to 9-
16%, in the case of propylmagnesium bromide. 

TABLE Ia 

3-ALKYLCYCLOPENTENBS 

R-Mg-X 
Me-Mg-Cl 

Et -Mg-Cl 
E t -Mg-Br 

n-Pr-Mg-Cl 

n-Pr-Mg-Br 

w-Pr-Mg-Br 
ra-Pr-Mg-Br 

«-Pr-Mg-Br 

i-Pr-Mg-Cl 
i-Pr-Mg-Br 
M-Bu-Mg-Br 

t-Bu-Mg-Br 

j -Bu-Mg-Br 

<-Bu-Mg-Br 

Moles 
U-Mif-X 

12 
12 

3.7 
20 

18 
S 

12 
11 

12 

3.7 
5 

5 

18 
18 

Moles 
C H T C I 

8.7 

8.5 

3.0 
14.1 

14.6 
7.34 

9.32 

8.95 
9.2 

3.7 

3.1 

3 .1 
13.7 

14.2 

Reaction 
vessel 

Copper 

Copper 

Glass 
Copper 

Iron 

Glass 
Copper 

Copper 

Copper 

Glass 
Glass 

Glass 

Copper 
Copper 

Yield, 
% 

23.7 
48.3 

42.7 

47.5 

17.8 

37.9 
41.1 

15.6" 

27.6 

20.0 

46.3 
39.0 

23.7 

2 .0 

" Order of addition reversed. 

Ozonolysis of the alkylcyclopentenes yielded 
a-alkyl glutaric acids, showing that the side chains 
are in the 3-position. Table Ib lists the physical 
properties of the 3-alkylcyclopentenes produced. 
All were hydrogenated to the corresponding alkyl-
cyclopentanes, the properties of which are sum
marized in Table II. 

TABLE Ib 

3-ALKYLCYLCOPENTENES 

Alkyl 
group 

Methyl-
Ethyl-
»-Propyl-

t-Propyl-
M-Butyl-

s-Butyl-
i-Butyl-
i-Butyl-

B. p., 
0C. 

760 mm. 

64.9 
9SL. 1 

125.9 
121.2 
151.6 
149.7 
143.6 

139.1 

d't 

0.7622 
.7830 
.7910 
.7941 

.7990 

.8092 

.7936 

.8066 

« » D 

1.4207 
1.4321 
1.4359 

1.4380 
1.4407 
1.4464 
1.4393 
1.4430 

M. R. 
L. and L. 

27.29 
31.85 
36.38 
36.40 
41.03 
40.97 
41.19 
40.83 

M. R. 
Calcd. 

27.24 

31.86 
36.48 
36.48 
41.10 

41.10 
41.10 
41.10 
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M. 
CaI 
27. 
32. 
36. 
36. 
36. 
41. 
41. 
41. 
41. 

thy 

R. 
Cd. 
71 
33 
94 
94 
94 
56 
56 
56 
56 

'lful 

TABLB II 

ALKYL CYCLOPENTANES 
B . p . , 

0 C . M . R. 
Alkyl F . p . , 760 L and 
g roup C C . ram. J£0* n30D L. 

M e t h y l - 7 1 , 6 0 .7480 1.4098 2 7 . 8 6 
E thy l - 103 .7 ,7660 1.4200 3 2 . 4 4 
n-Propyl - - 1 1 8 . 7 130 .8 .7761 1.4266 3 7 . 0 6 
• -Propyl-" - 1 1 6 . 1 126 .4 .7774 1,4269 3 7 . 0 2 
»-Propyl-k - 1 1 1 . 7 126 .4 ,7763 1.4260 3 7 . 0 1 
ir-Butyl- 156 .7 .7840 1.4318 4 1 . 7 4 
i - B u t y l - Glass 154 .5 .7934 1.4357 4 1 . 5 7 
i -Buty l - Glass 1 4 8 . 3 .7807 1.4300 4 1 . 7 7 
/ -Buty l - - 9 « 144 .9 .7894 1.4338 4 1 . 6 3 

" From 3-isopropylcyclopentene. ' From dime 
vent-. 

Second Method.—1-Alkylcyclopentanols were 
prepared by adding cyclopentanone to a Gri
gnard reagent. 1-Propylcyclopentanol, obtained 
in 60% yield, was dehydrated and hydrogenated 
by procedures described in the literature.8'9 1-Iso-
propylcyclopentanol was obtained in only 3.6% 
yield, confirming previous reports,9'10 and when 
the order of addition of the reactants was re
versed, no 1-isopropylcyclopentanol was obtained. 
In the preparation of 1-allyl and 1-methallyl-
cyclopentanol it was necessary to add a mixture 
of cyclopentanone and the allylic chloride to mag
nesium in ether to prevent the formation of di-
allyl and dimethallyl, respectively. Along with 
the alkylcyclopentanols, three by-products were 
formed: cyclopentanol by reduction of cyclo
pentanone, and cyclopentylidine- and dicyclopen-
tylidene-cyclopentanone by condensation of cyclo
pentanone with itself. 

The cyclopentanols were dehydrated and hy
drogenated by standard procedures. 

Third Method.—Dimethylfulvene has been 
prepared by the condensation of acetone and 
cyclopentadiene in the presence of an equi-
molecular quantity of sodium ethoxide9'11,12 or a 
concentrated solution of potassium hydroxide in 
methanol.13 

In this work, conditions for the reaction were 
varied widely. As little as 5 g. of sodium in 100 
ml. of ethanol, or 100 ml. of a 10% solution of 
potassium hydroxide for a 5-mole run gave yields 
of the same order (30-60%) as those obtained 
with much larger quantities of condensing agent. 
The smaller quantities also lowered the tendency 
to form large amounts of high boiling residue. 
Sodium hydroxide, in spite of its much lower solu
bility in methanol or ethanol, proved a satis
factory condensing agent. The best results were 
obtained using 100 ml. of 20% potassium hy
droxide in ethanol for a 5-mole run. 

Because the formation of dimethylfulvene in
volves the reaction of an active methylene with a 
keto group, it was thought that ammonia might 

(8) C h a v a n n e a n d Becker . Bull. soc. Mm. BeIg., 36, 501 (1927). 
(9) P ines a n d Ipatieff, T H I S J O U R N A L , 61 , 1076 (1939). 
(10) Mee rwe in , Ann., 4OS, 156 (1914). 
(11) Th ie l e , Ber., 33, 671 (1900). 
(12) K a z a n s k i l , P l a t e and G n a t e n k o , ibid., 68B, 954 (1936). 
0 3 1 Thie le and Ba lhoru . Ann., 348, 6 (1906). 

be employed as a catalyst as in the Knoevenagel 
reaction. Yields of 25-38% of dimethylfulvene 
were obtained by stirring equivalent quantities of 
cyclopentadiene and acetone with an equal volume 
of concentrated (28%) aqueous ammonia. Using 
alcoholic ammonia to make the reaction mixture 
homogeneous increased the yields to 50-72%. 
Dimethylfulvene prepared with alcoholic am
monia was not hydrogenated readily, probably 
because of amine impurities, but no difficulty was 
experienced with that prepared with aqueous 
ammonia. 

Along with the expected isopropylcyclopentane, 
the hydrogenation of dimethylfulvene produced 
a large amount of high boiling material. Hy
drogenation over platinum oxide in ethanol at 
room temperature introduced approximately 
enough hydrogen to saturate two of the three 
double bonds, yielding incompletely saturated 
isopropylcyclopentane in about 50% yield. Simi
lar results have been reported by others.12'14 A 
higher boiling fraction (b. p. 64-44° at 17 mm.), 
apparently a saturated polymer, melted at 69.5-
70.5° after recrystallization from methanol. 
Hydrogenation in an inert hydrocarbon solvent 
at higher temperatures and pressures over nickel7 

gave the best results. Yields of 38-55% of iso
propylcyclopentane were obtained, the remainder 
being high boiling material. Different tempera
tures and pressures had little effect on yields. 

Experimental 
3-Alkylcyclopentenes.—Cyclopentadiene was diluted 

with an equal volume of dry ether and hydrogen chloride 
was passed in at Dry Ice temperature until a slight excess 
over the theoretical was added. The 3-chlorocyclopentene 
solution was further diluted with ether to bring the total 
to 300-400 ml. of ether per mole and was used immediately 
or stored in the cold for not more than a few days. The 
solution was added slowly to a 2 5 % excess of Grignard 
reagent in a steel, copper or glass vessel, provided with a 
powerful stirrer, a water jacket, and a metal reflux con
denser of large capacity. Free hydrogen chloride in the 
3-chlorocyclopentene reacted very vigorously to destroy 
some alkylmagnesium halide, but this was compensated 
by the use of an excess of Grignard reagent. After hy
drolysis with dilute acid and removal of the ether the crude 
3-alkylcyclopentene was steam distilled to separate it 
from a gummy residue which otherwise interfered with the 
fractional distillation by evolving hydrogen chloride and 
solidifying in the flask. During the fractionation, which 
was done in a glass helix-packed column, the presence of a 
small amount of dicyclopentadiene caused a depression in 
the distillation temperature when it reached its decomposi
tion temperature, forming monomeric cyclopentadiene, 
boiling at 40°. The 3-alkylcyclopentenes were refraction-
ated at least once and the center of the constant-boiling 
cut was taken for physical constants. Beilstein tests for 
halogen were negative. 

Standard procedures were used in hydrogenating the 
3-alkylcyclopentenes to the alkylcyclopentanes. The 3-
methyl-, 3-isopropyl-, and 3-/-butylcyclopentenes were 
hydrogenated over platinum oxide catalyst at room 
temperature and under low pressure; the others were 
hydrogenated over nickel on kieselguhr at higher tempera
tures and pressures. Before physical constants were 
taken the alkylcyclopentanes were washed' with concen-

(14) K a z a n s k i l a n d T a t e v o s y a n , / . Gen. Chem. (U. S. S. R . ) , 9, 
JJ48 (1930) 
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trated sulfuric acid and fractionally distilled from metallic 
sodium. 

Cyclopentanols.—1-Propylcyclopentanol, m. p. —17.0°, 
b. p. 72° at 12 mm., <f«4 0.9046, »JOD 1.4538, and 1-iso-
propylcyclopentanol, m. p. 21-22°, b. p. 70° at 15 mm., 
dM4 0.9135, »"!> 1.4560, were prepared, dehydrated over 
iodine and hydrogenated by standard procedures. 

A solution of 63 g. of 1-propylcyclopentanol in 70 g. of 
absolute ethanol was hydrogenated directly to propyl -
cyclopentane over nickel catalyst at 250° under 250 atm. 
of hydrogen, yielding a two-phase mixture of water, 
alcohol and propylcyclopentane. 

1-Allylcyclopentanol was prepared by adding 536 g. 
(7 moles) of allyl chloride and 504 g. (6 moles) of cyclo-
pentanone in 3000 ml. of dry ether to 146 g. (6 atoms) of 
magnesium turnings and 1500 ml. of dry ether in a copper 
reaction vessel. The reaction was started with a little 
undiluted allyl chloride. Stirring was continued over
night before hydrolyzing the mixture with dilute hydro
chloric acid. A 54% yield of 1-allylcyclopentanol, b. p. 
63° at 10 mm., d2\ 0.9247, » !0D 1.4683, was obtained. A 
similar run, in a glass vessel, with 2 moles of methallyl 
chloride gave a 25% yield of 1-methallylcyelopentanol, 
b. p. 98.5° at 40 mm., d*\ 0.9244, »2°D 1.4720. 

Dimethylfulvene.—Approximately 5 moles of cyclo-
pentadiene and an equivalent amount of acetone were 
placed in a Florence flask cooled with ice, and 100 ml. of a 
20% solution of potassium hydroxide in ethanol was added 
through a reflux condenser. When the vigorous reaction 
was complete, the flask was stoppered and kept cool over 
night. The water layer was separated, the low-boiling 
materials were removed under vacuum, and the dimethyl
fulvene was distilled rapidly from a Claisen flask. The 
60-70° cut was stored in the absence of air and in the cold 
until it was hydrogenated. Using alcoholic ammonia, the 
condensation was carried out by allowing 5 moles each of 
cyclopentadiene and acetone with 250 ml. of a saturated 
solution of ammonia in ethanol to stand for two days in a 
flask with an escape vent. 

Hydrogenation of Dimethylfulvene.—Dimethylfulvene 
was hydrogenated in 2 to 3 times its volume of hexane or 
petroleum ether boiling up to 85°. The amount of nickel 

Some years ago absorption spectra were used as 
evidence for two different types of conjugation 
in camphorquinone and benzalcamphor.2 The 
present investigation was undertaken with the 
hope of obtaining further optical evidence for 
these two types of conjugation in corresponding 
compounds in the cyclohexane and cyclopentane 
series. I t was soon found from a study of the 
literature8 that the absence of the bridge structure 
of camphor decreased the stability of a-dike-
tones and increased the stability of the mono-enol 
configuration in the simpler alicyclic compounds. 
The problem thus resolved itself into two prob
lems, first, the determination of the effect of a-

(1) All abstract of a thesis submitted in partial fulfillment of the 
degree of Master of Arts. 

(2) Lowry and French, J. Chtm. Soc, IW, 1921-1927 (1924). 
(3) Notably Wallach, Ann., M7, 150-152 (1924). 

on kieselguhr used as catalyst was about 10% of the 
weight of the fulvene. Under pressures of about 30 
atmospheres, hydrogen absorption began at about 120° 
with fresh catalyst, or at 60-80° with catalyst activated 
in a previous hydrogenation. The heat of hydrogenation 
raised the temperature to 180-200°. The hydrogenated 
product was distilled, and the 123-126° fraction was re-
hydrogenated (undiluted) over fresh catalyst at 200° under 
pressures up to 150 atmospheres. Rehydrogenation of 
the 126-35° fraction also gave pure isopropylcyclopentane. 

Acknowledgment.—The help of J. R. Bright 
in determining the melting points, S. Blitzer in 
preparing the cyclopentanols, and of F. Haeckel 
in preparing dimethylfulvene is gratefully ac
knowledged. 

Summary 
The condensation of Grignard reagents with 

cyclopentanone has given: 1-propyl-, 1-iso-
propyl-, 1-allyl-, and 1-methallylcyclopentanol. 
The last two are new. Dehydration yielded the 
corresponding 1-alkylcyclopentenes. 

The condensation of 3-chlorocyclopentenes with 
Grignard reagents has given the 3-alkylcyclopen-
tenes: methyl-, ethyl-, re-propyl-, i-propyl-, 
re-butyl-, 5-butyl-, isobutyl-, and £-butyl-. All 
excepting the first two are new. The first has 
been prepared for the first time by this method. 

Dimethylfulvene has been prepared by the 
condensation of acetone with cyclopentadiene in 
the presence of various alkaline agents, including 
aqueous ammonia. 

The alkylcyclopentenes and dimethylfulvene 
have been hydrogenated to the corresponding 
alkylcyclopentanes. 
COLUMBUS, OHIO RECEIVED NOVEMBER 1, 1944 

benzal groups on the absorption spectra of cyclic 
mono, ketones, and the comparison of this effect 
with the earlier results on benzal camphor; 
second, the determination of the absorption spec
trum of the enol of the cyclic- a-diketone, 3-
methyl-l,2-cyclohexanedione, its differences from 
that of camphorquinone, and the application of 
those differences to give evidence for its structure. 
All of these compounds are a, ̂ -unsaturated ke
tones, a class of compounds whose absorption 
has recently been studifed extensively by' Wood
ward,4 and by Gillam and his co-workers.6'9 

Our results should offer further contributions 
to the study of similar compounds. 

(4) Woodward, THIS JOURNAL, (a) M, 1123 (1941); (b) M, 76 
(1942); (c) Woodward and Clifford, ibid., SS1 2727 (1941). 

(5) Gillam, Lynas-Gray. Penfold and Simonsen, J. Chem. Soc, 62 
(1941). 

(6) Gillam and West, ibid., 483, 486, 671 (1942). 
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