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CHEMISTRY OF CYCLOBUTANE

COMPOUNDS

INTRODUCTION

Organic compounds containing either three or four carbon atoms

in an iso-cyclic array are commonly designated as small ring com

pounds. The first synthesis of a small ring compound was reported

23
in 1881 by Markownikoff and Krestikoff. Ethyl a-chloropropionate

was reacted with dry sodium ethoxide to yield ethyl 1, 3-cyclobutane-

dicarboxylate.

EtOzC- CH - CH
2CH CHC1CO Et NaOEt^ | |

CH2-CHCOzEt

In 1883, cyclobutanecarboxylic acid-was successfully prepared by

27
Perkin. An active hydrogen bearing compound, malonic ester,

was successfully dialkylated with trimethylene dibromide.

CH2- c4c°aE"z
Br(CH ) Br + CH (CO Et) NaOEt | NaOEt [

Z Z Z CH2"Br
^COEt

CH -C^.„_ H_0 CH -CHCO.H

I 2 I C°2Et -&— I 2 I 2 +co2
CH2-CH2 CH2-CH2

An analogous reaction with ethylene bromide and malonic ester led

28
to cyclopropanecarboxylic acid. Following Perkin's epochal work,

five additional methods have been developed for synthesis of the



cyclobutane ring, the system with which this thesis is concerned.

12
The Wutrz method utilizes neopentyl type halogen containing com

pounds in the synthesis scheme, but leads to a mixture of products.

CH^-C=CHCH„ + CH„-CH-CH=CH,

/HfBr
CH CH -C- CH -Br Zn^

\„„ „ CH^-C-CHCH2-Br

, 2 T 3
CH2-CH2

\2/ \
CH2 CH2CH3

CH2-CH2

CHXH,-C=CHCH,
3 3

CH2CH3

15
Intramolecular dehydrohalogenation, has been successful

C0oEt
\ 2

CH - CHBr

CH,-CHBr -^^
2 I

C02Et

CO.Et
I 2

CH -CHCN

1 2
CH - CHBr

2 !
C02Et

-HBr

CO^Et
I 2

CH0-C- CN
\ 2 I
CH_-C-H

2 I
C02Et

Dimerization of certain ethylenic compounds such as ketenes and

allenes results in the production of cyclobutanes. Thus, both mono

and dialkyl ketenes of the general formula R R C=C=0 readily

dimerize to yield substituted cyclobutane derivatives.

2R R C=C=0

O

' RlR2Cv /CR1R2
HI

O

13
Recently, cyclizations of enamines have been reported. Ring en

largement of cyclopropane compounds has been developed as a method

for preparing cyclobutyl compounds, utilizing the ring expansion of

5
the cyclopropyl carbinyl cation.



CH - CH- CH OH
\2 / 2

CH.

H' CH -CHOH
I 2 I
CH2-CH2

In all these syntheses, unfortunately, either the preparation of the

initial reactants is associated with considerable difficulty, or the

yields of products are disappointingly low.

The interest in small rings has been perpetuated by the

chemist's desire to understand the complex relationship between

structure and reactivity in chemical compounds. Cyclopropane

derivatives show unusual chemical reactivity involving carbon-carbon

bond cleavage in the presence of such electrophilic reagents as bro

mine, iodine, and halogen acids. The reactivity of cyclobutane

derivatives with the same electrophilic reagents is considerably less

than the analogous cyclopropyl compounds, though definitive studies

are lacking.

A systematic and interesting correlation between ring size and

bond hybridization or percent s-character is shown in Table 1.

TABLE 1

H

H-f^H
^H

• D>-H HxE>-Me
Me' ^Me

-CSC -H

13
J C -H

(cps)
125 134 161 200 220

Percent

"S"

Character

25(29) 27(14) 32(14) 44(6) 50(29)



There is also preliminary evidence that the reactivity of these carbon-

hydrogen bonds also follows the percent s-character. Carbon-carbon

bond strain inherent in small ring compounds is illustrated by the

variation in strain energy. The strain energies for cyclopropane

20 19and cyclobutane are 27. 6 and 26. 2 kcal/mole respectively.

The complexity of the synthesis and reactions of small ring

compounds is increased many fold by the change from a single ring

to a bicyclic ring system. At the present, there are just a few suc

cessful methods for the synthesis of such bicyclic compounds. Trans-

annular elimination has been developed successfully as a method for

preparing strained ring compounds. In this reaction, a new carbon-

carbon bond is formed in an existing ring by elimination of N„ or CO .

In the preparation of bicyclo (2. 2. 0) pentane, Criegee and Rimmer-

lin employed the pyrolytic elimination of N .

+ N,

16
A more recent synthetic development employed by Griffin utilizes

the thermal elimination of nitrosobenzene to also produce bicyclo -

(2. 1. 0) pentane-

/ C6H5 + C,H_NO
b b

Very few methods have been utilized in the preparation of the

strained bicyclo (2. 2. 0) hexane system. Successful completion of



a transannular elimination reaction which resulted in bicyclo (2. 2. 0)*

10
hexane was first accomplished by Cremer and Srinivasan in 1957.

Bicyclo (3. 2. 0) heptan -3-one was irradiated to produce the hydro

carbon in a small yield (5 percent).

> O hv + CO

37
Steel, Zand, and Cohen, extended the reaction type when they

photolytically decomposed impure 2, 3 -diazobicyclo (2. 2. 2)-2-octene.

.N

N
hv + N,

Cycloaddition of highly reactive olefins (fluoro-olefins and

polycyano-olefins) to double bonds has produced fused ring compounds.

The 1, 2-cycloaddition is exemplified by the reaction of tetracyano-

ethylene with 1-methyl-3-isopropylidenecyclobutene to form 1-methyl-

43
2, 2, 3, 3-tetracyano 5-isopropylidenebicyclo (2. 2. 0) hexane as the

major product.

CH, (CN)

+ (NC)_C=C(CN), "S*

H.C-1-
// ' " " H C-f

CH3 CH3 (NC)2 '(CH3»2
Another interesting method, intramolecular olefinic isomerization,

(NC)^
+

'(CN)-

CH.

utilizes olefinic systems that isomerize on absorption of light to

produce a product that no longer absorbs in the spectral region of

the light used. Successful utilization of the method was employed by



40
van Tamelen in the preparation of bicyclo (2. 2. 0) hex-5-ene-2,

3-dicarboxylic acid anhydride from cis-1, 2-dihydrophthalic

anhydride.

hv

B Br Zn Br
J

Br:Zn -ZnBr2

O

ti

O
The difficulty in preparing bicyclo (2. 2. 0) hexane has produced

a number of unsuccessful attempts, and some of these are worthy of

17
mention. Grob and Bauman found that the reaction of cis-1,

4-dibromocyclohexane with zinc dust gave only biallyl. A concerted

fragmentation mechanism was postulated to explain the product.

O

/ \\

A similar reaction using cis-1, 2-bis (iodomethyl) - cyclobutane was

reported to be unsuccessful in preparing the bicyclic compound by

42
Vogel. The only product was biallyl. In 1963, Bloomfield and

4
Todd attempted to utilize an acyloin condensation to produce

2-hydroxy-bicyclo (2. 2. 0) hexan-3-one from diethyl cyclobutane-1,

2-dicarboxylate but the reaction failed in both toluene and liquid

ammonia.

In this work it was planned to use a new approach for the

synthesis of fused ring compounds, in particular those of the bicyclo

(2. 2. 0) hexane system. The method would utilize the well studied

rearrangement of cyclopropyl carbinyl cations and use the spiro-



(2. 4) heptan-4-yl cation, 1_, as a model system to study methods for

the spiro (2. 3) hexan-4-yl system, 2.

The solvolyses of cyclopropylcarbinyl chloride, cyclobutyl

chloride, and allylcarbinyl chloride have been investigated by Roberts

30
and Mazur. The rates indicated a relative reactivity of 40:1. 5:1

respectively. The products and rates of solvolysis for cyclopropyl-

5
carbinyl and cyclobutyl compounds have been interpreted in terms of

a bicyclobutonium ion.

+
CH

I '
CH

CH,

VCH„

CH CH,

CH, •CH,

-TosH

Rate enhancement of the four and five membered spiranes was ob

served and attributed primarily to relief of ring strain by anchimeric

assistance.

CH

CH,

CH,

CH,
2 ""2 ""2 ~"2 ~"2 ""2

33
Formolysis of allylcarbinyl tosylate has extended the concept of

bicyclobutonium ion to include allylcarbinyl cations.

The successful expansion of a cyclobutyl ring was accomplished

21
by Krapcho during the acetolysis of spiro (3. 4) octan-4-yl tosylate.

OTos

HOAc, NaOAc _

Synthesis of the model carbinyl system would include the



preparation of a spirane. In general, spiranes have been prepared

by applying the usual cyclization methods to 1,1-disubstituted com

pounds. An internal condensation has resulted in spiro (2.4) heptan-

25
4-one.

O

•CH2CH2Br KOH

-HBr

O
H

The self condensation of cyclobutanone to yield a pinacol and the sub

sequent pinacol-pinacolone transformation has resulted in spiro (3. 4)-

41
octan-5 -one.

HO OH
i i

D

O
tl

The only synthesis of a spiro (2. 3) hexane system resulted

when the tosylhydrazone, 3 was decomposed. A small amount of

7
5-methyl-spiro (2.3) hex-4(5)-ene was produced.

CH=NNHTOS

CH3_

- CH,

NaOMe
:t>—

150 I>
CH,

The internal condensation of 2-((3-BromoethyJ.)--cyclopentanone was

chosen as a method that would be applicable to the synthesis of

bicyclic hexane systems.

With the contemplated need for spiro (2. 3) hexan-4-one, an

initial problem was examination of various methods for the synthesis

of cyclobutanone. Many pathways have been utilized in preparing



5
this compound. Oxidation of cyclobutanol has been employed suc

cessfully. An alternative route, the reaction of ketene with diazo-

methane, produces the product in yields as high as 75 percent.

CH - C=0

CH=C=0 + 2CH N —- — | |
2 CH2-CH2

The successful utilization of methylenecyclobutane has proceeded by

9
two routes; either direct ozonization,

CH -C=CH0 CH -C=0

II o3 | 2 |
CH2- CH2 CH2- CH2

31
or the two step pathway via glycol formation and subsequent oxida

tion with lead tetraacetate. „
OH

fH2-C=CH2 h2Q CH2-6-CH2OH ^ CH2-C=0
CH2-CH2 CH2-CH2 CH2-CH2

Once the synthesis of large quantities of cyclobutanone could

be achieved it was planned to carry out standard reactions, similar

to those utilized in the cyclopentanone series for the construction

of the desired spiro system. While this synthesis was not successful,

in the course of the work an unusual reaction of cyclobutanone ena

mine s was discovered which promises to be equally interesting.
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RESULTS AND DISCUSSION

The initial experiments were aimed at the development of a

large scale synthesis of the key intermediate, cyclobutanone. Aprom-

ising route, which had been investigated mechanistically but not

5
synthetically by Roberts, involved rearrangement of cyclopropyl-

carbinol 4, to cyclobutanol 5_. It had also been reported that

A-
H

4

CH OH

OH

-D°

cyclobutanone, 6_, could be obtained by oxidation of 5_ though the

yields appeared to be low. With the hope of developing a facile syn

thesis of _4, an attempt was made to add the Simmons-Smith reagent

to commercially available allyl alcohol, but surprisingly the reaction

was unsuccessful. Therefore

Zn/Cu No ReactionCHI + CH =CHCH2OH

30
compound 4 was prepared by a known route from trimethylene

chlorobromide.

CI- (CH2)3-Br

CH OH

_^ C1-(CH2)3-CN

LiAlH

^ :

1)

2)

KOH

HO-H

A
COOH

This route provided the desired starting material but the overall

yield was quite low.
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The rearrangement of 4 to 5_ proceeded smoothly, as reported

by Roberts. The final product is not pure cyclobutanol but contains

about three percent allylcarbinol and three percent cyclopropylcar-

binol. Apparently this represents the equilibrium mixture under the

conditions employed. It was thought that these impurities would not

interfere with the oxidation step since only the cyclobutanol should

give a neutral product. All of the standard oxidizing conditions were

investigated. It was found that those involving acidic conditions, in

cluding even use of the Jones reagent, gave quite low yields of impure

products. Apparently the alcohols were reequilibrated. Basic con

ditions were then examined. An Oppenauer oxidation was successful

but the yield (15-25 percent) was quite low even under forcing condi

tions. The most successful method investigated utilized the Sarett

reagent (pyridine-chromium trioxide), but even here the cyclobutanone

was contaminated with about 15 percent of a carbonyl containing im

purity which, could not be easily removed.

Finally it was decided to employ the classical synthesis involving

methylenecyclobutane which is available from pentaerythrityl tetra

bromide. The latter compound is best prepared in one step by treat-

3
ment of pentaerythritol with phosphorus tribromide, but the less

9
expensive two step route was also investigated.

Treatment of the tetrabromide with zinc dust gave methylene

cyclobutane, 7_, in good yield. The reported yield of cyclobutanone



BrH C CHBr

\ /
C

/ \
BrH C CH2Br

Zn

-CH,

D

1—- D

12

-O

~D

-CH OH

OH

upon ozonization of 1_ could not be duplicated, so that the longer two

31
step route was employed. Unfortunately no real improvements in

the overall synthesis had been effected so that cyclobutanone is still

a surprisingly unstudied compound.

Several routes from cyclobutanone to 2-carbethoxy-

cyclobutanone, were suggested by analogous routes to

2-carbethoxycyclopentanone. The latter compound is usually

prepared by Dieckmann cyclization of diethyl adipate, but the same

reaction on diethyl glutarate gives only acyloin product and polymer.

Acylation of cyclic ketones is usually successful, but treatment of

cyclobutanone with base and diethyl carbonate gave only polymer.

Apparently the susceptibility of cyclobutanone to nucleophilic attack

is so great that the enolate anion prefers self condensation to attack

on even as reactive a carbonyl compound as diethyl carbonate.

39
Stork has reported a synthesis of 2-carbethoxycyclopentanone

which involves acylation of a cyclopentanone enamine with ethyl

chloroformate. A successful extension of this model reaction was

developed which gave the product in good yield in a one pot reaction.
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When the same conditions were applied to cyclobutanone, how

ever, an entirely different reaction was observed. Using morpholine

as the amine an attempt was made to isolate the enamine, _8- The

product actually obtained.had properties far different from those

^°^

N

D
=o

•
- N O

"N O

H 2
expected for 8^ In particular the boiling point was much too high,

the ultraviolet spectrum shows Amax 287 mM> and the NMR spec

trum showed protons in the ratio of 1 (vinyl) to 8 to 4 to 4. These

data are only consistent with structure 9_, which is seen to be a

dienamine resulting from nucleophilic addition of the enamine to

cyclobutanone followed by dehydration. That this was the case, was

shown by the careful hydrolysis of _9_ to the interesting

a-cyclobutylidenecyclobutanone, 1Q. Compound 1Q showed the

HzO =o

H
10

expected spectral properties and analytical values. It absorbed one

mole of hydrogen to give a-cyclobutylcyclobutanone with the expected

properties.

A similar series of reactions was carried out using piperidine

as the base and also led to lQ. The only advantage of this system
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was that the dienamine was more easily purified and gave successful

analytical values. Compound J^O has the unusual property of being a

cyclobutenone. Conjugated cyclobutenones in which the double bond

is endocyclic are quite unstable, but 10, which appears to be the first

compound containing an exocyclic cyclobutenone, exhibits no such

tendency. There does appear to be a base (or acid) catalyzed

equilibration with the (3 , y isomer, but this feature was not further

rO ^ r=i 1 1= O

investigated. It should also be interesting to study the photochemical

dimerization of lQ_ which should lead to a tetracyclobutylcyclobutane

ring system.

The unusual feature of an enamine being reactive enough to

undergo nucleophilic addition to a carbonyl group deserves further

comment. The result seems to be limited to cyclobutanone enamines

as the nucleophile and cyclobutanone itself as the electrophile.

Cyclopentanone enamines were shown to not attack cyclobutanone or

cyclopentanone, even when polar solvents were employed and molecu-

39
lar sieves were used to remove the water. Very recently,

26
Paquette, reported a similar reaction. It will be interesting

. O OH

V |T*rCHO -
^^OH ^Nv

V
to see if further study allows extension of this interesting reaction.
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EXPERIMENTAL

Pentaerythrityl Tetrabromide, Method A. --In a 1 -1. three-

necked flask fitted with an air-cooled condenser and a 1-1. separatory

funnel, was placed 250 g. of pentaerythritol (1.838 moles). The mix

ture was warmed on a steam bath, while 1000 g. of phosphorous

tribromide (3. 70 moles) was slowly added. After the addition was

complete, the temperature was slowly raised over a six hour period

to 180 and maintained at 180 for an additional 20 hours. The reddish

mixture was cooled and poured into 2-1. of cold water. After break

ing up the chunks that formed, the reddish solid was collected on a

filter. The solid was extracted with several 1200 ml. aliquots of

ethyl alcohol. After sublimation and crystallization from ethyl al

cohol, the pentaerythrityl tetrabromide was collected as white prisms,

m.p. 159-160°, yield 499-8 g. (70 percent) (lit. m. p. 158-160°).
9

Pentaerythrityl Tetrabromide, Method B. -- To 1166 g. of

crude pentaerythritol tribromide (3.58 moles), in a 3-1. three-necked

flask fitted with a mechanical stirrer, air-cooled condenser, separa

tory funnel; and thermometer, was slowly added, with stirring, 500 g.

of phosphorus tribromide (1. 85 moles) while the temperature was

maintained between 180-200 . After heating the mixture for 15 hours

at 185 , the cooled solution was poured into 2-1. of cold water. The

crude material was collected on a filter, washed with boiling water,



16

and then taken up in boiling ethyl alcohol. Crude pentaerythrityl

tetrabromide was collected from the cold solution and upon recrystal-

lization from ethyl alcohol yielded 333. 3 g. (24 percent), m. p. 157-

159 , (lit. m. p. 155 ). The mother liquors were concentrated and

neutralized with sodium carbonate. The oily precipitate that resulted

from the neutralization was crystallized from hexane to yield 575 g.

of pentaerythritol tribromide (1.77 moles, m. p. 60-61 ). This

material was heated to 180 and 500 g. of phosphorus tribromide

(1. 85 moles) was slowly added as described in the initial portion of

Method B. After maintaining the mixture at 185 for 15 hours, the

cooled material was poured into 2-1. of cold water. The solid was

collected on a filter, washed with boiling water, and then taken up

in boiling ethyl alcohol. The precipitated material was collected by

filtration and then sublimed to yield 419 g- (73 percent) of penta

erythrityl tetrabromide, m. p. 157-158 .

3
Pentaerythritol Tribromide. --A mixture containing 1300 g.

of 62 percent hydrobromic acid, 700 g. of 48 percent hydrobromic

acid, 600 g. of glacial acetic acid, and 700 g. of pentaerythritol

(5. 14 moles) was maintained at reflux for 15 hours. Distillation

through a Claisen head yielded 1423 g. of product (b. p. 118-140 ,

0. 1-0.05 mm) that exhibits a carbonyl peak in its spectrum. The

yield, assuming all product to be the acetate, was 75 percent. To

a solution containing 100 ml. of methanol and 80 ml. of 48 percent
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hydrobromic acid was added 25 6 g. (0. 681 mole) of the above product.

After heating under reflux for two hours, distillation yielded 210 g.

(90 percent) of pentaerythritol tribromide, b. p. 132-139 (1.0mm).

34
Methylenecyclobutane. -- To a 5-1. round bottom three-

necked flask fitted with a mechanical stirrer and a vertical air-cooled

condenser that was connected, via a Claisen head and 90 connector,

to a water-cooled spiral condenser was placed 10. 0 g. of zinc

bromide (0. 04 mole), 476 g. of zinc dust (7. 3 g-atoms), 30 ml. of

ethyl alcohol, and one 1. of water. After heating the mixture to 90 ,

678 g. of pentaerythrityl tetrabromide (1. 75 mole) was added as fast

as the foaming of the mixture would allow. The distillate was col

lected in a dry-ice cooled flask. After the addition had been com-

o o

pleted, the temperature was raised to 95 and maintained at 95 for

an additional hour. The distillate was washed twice with ice-cold

water and dried over calcium chloride. The crude yield was 89-0 g.

(1. 31 mole, 75 percent). The crude product was distilled through a

vacuum-jacketed vigreux column to yield 76 g. (64 percent), b. p.

40.0-41.5°, (lit. b. p. 41. 39°[750 mm] ).
31

Cyclobutanone, Method A. --In a three-necked 1-1. flask

fitted with a Soxhlet extractor and mechanical stirrer was placed

30. 4 g. (0. 3 mole) of 1-(hydroxymethyl) -1- cyclobutanol and 25 0 ml.

of dry methylene chloride. In the Soxhlet thimble was placed 146. 2 g.

(0. 33 mole) of lead tetraacetate. The lead tetraacetate was
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transferred into the flask by the refluxing methylene chloride. After

the transfer was completed, the mixture was maintained under reflux

an additional hour and then was allowed to stand at room temperature

overnight. Water (250 ml. ) was added and the mixture steam distilled

until one liter of distillate had been collected-. The distillate was cooled

with an ice-water bath and neutralized with an ice-cold 40 percent

sodium hydroxide solution. After continuously extracting the neutral

solution with methylene chloride, the extract was distilled to yield
•3-1

15.1 g. (72 percent) of cyclobutanone, b. p. 98-99°, (lit. b. p. 98-

100).

9
Cyclobutanone, Method B. -- After cooling a mixture con

taining 30 g. of methylenecyclobutanone (0. 44-mole), 15 g. of

pyridine (0. 19 mole), and 200 ml. of dichloromethane to -80 , an

equivalent amount of ozone was passed through the solution. The

mixture was allowed to slowly reach room temperature after being

o
swept with oxygen. At -20 care must be exercised in controlling a

very slight exotherm. After standing overnight at room temperature,

the liquid was decanted from some brown tar. Ten ml. of concen

trated hydrochloric acid was added slowly. After the solution was

stirred for two hours, the organic layer was separated and dried over

calcium chloride. Distillation through a 8-inch glass-helices packed

column yielded 7. 9 g- (26 percent) of cyclobutanone, b. p. 98-100

(lit.9 b. p. 98-100°).
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5
Cyclobutanone, Method C. --In a flame dried 500 ml. three-

necked round bottom flask fitted with a reflux condenser, stirrer,

thermometer, and drying tube was placed 225 ml. of anhydrous

pyridine. The temperature of the solution was maintained between

20-30 with an ice bath while 15. 0 g. of chromium trioxide (0. 15

mole) was added slowly. After the addition of chromium trioxide was

completed, the mixture was cooled to 15 with an ice bath and 7. 2 g.

of cyclobutanol (0. 1 mole) in 30 ml. of pyridine was added over an

hour. The cyclobutanol was only 94 percent pure because it had been

prepared by the acid catalyzed rearrangement of cyclopropyl carbinol

and the impurities that resulted had not been separated. The mixture

was allowed to remain at room temperature for 48 hours. Then the

mixture was heated at 40 for two hours, cooled to 0 , and poured

onto a solution containing 300 g. of ice and 292 g. of concentrated

hydrochloric acid. The product was removed by distillation under

aspirator pressure and the distillate was collected in a dry ice *-

acetone cooled flask. After continously extracting the distillate with

ether, the extract was dried over sodium sulfate, and the ether was

removed by distillation to yield crude product. G.L. C. analysis of

the crude showed three major peaks with relative areas of 71, 21,

and 8 (arranged in order of increasing retention time). The com

ponent with the shortest retention time (71 percent) was cyclobutanone.

Cyclobutanol (eight percent) was retained longer than the other two
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components. The intermediate component (21 percent) was not

identified.

39
2-Carbethoxycyclopentanone. --In a 500 ml. three-necked

flask fitted with a magnetic stirrer, separatory funnel, condenser,

and Stark water-separator under positive nitrogen pressure was

placed 16. 8 g. of cyclopentanone (0. 2 mole), 25. 1 g. of morpholine

(0. 3 mole), and 100 ml of benzene. The mixture was heated under

reflux for eight hours. After cooling, the benzene was removed

under water aspirator pressure. Under positive nitrogen pressure,

100 ml. of dry chloroform, 29- 8 g. of N, N-diethylanilihe (0.3 mole),

and 32. 5 g. of ethylchloroformate(0. 3 mole) were added. The solu

tion was then maintained at a gentle reflux for eight hours. The

cooled mixture was extracted with four 50 ml. portions of five per

cent hydrochloric acid and four 25 ml. portions of water. The

aqueous layer was extracted with two 20 ml. portions of benzene.

After combining the organic layers and removing the solvent, the

crude residue weighed 20. 8 g. Distillation of the crude residue

yielded 16.0 g. (51 percent) of 2-carbethoxycyclopentanone, b. p.

68-69° (0. 8 mm) (lit. b. p. 99-104° [15 mm] ).

r i 242- [{3-Bromoethylj-2- Carbethoxycyclopentanone._ --Asolu-

tion containing 1.5 ml. of water, 27.5 ml. of ethyl alcohol, and

5. 6 g. of potassium hydroxide (0. 1 mole) was cooled to 5 . Over a

period of three minutes, 15. 6 g. of 2-carbethoxycyclopentanone was
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added while the temperature was maintained below 20 . Suction

filtration of the resulting precipitate yielded 14.5 g. (73 percent) of

the potassium salt. This potassium salt and 112. 8 g. of

1, 2-dibromoethane (0. 6 mole) were maintained at 110 for eight hours.

After filtration and removal of the excess 1, 2-dibromoethane, distil

lation through a short-path column yielded 6. 5 g. (25 percent) of

2- [(3 -Bromfoethyl]-2-carbethoxycyclopentanone, b. p. 109-H0 ,

(0. 5 mm) (lit. 24 b. p. 144-145°, [4 mm] ).
25

2- [ (3 - Br omoethyl] - Cyclopentanone. -- A solution containing

25 ml. of 48 percent hydrobromic acid and 6. 5 g. of 2-[(3-Bromoethyl]

-2-carbethoxycyclopentanone (0. 025 mole), and a few clay chips was

heated under reflux for 90 minutes. The cooled solution was extracted

with six 50 ml. portions of ether. After removal of the ether, distil

lation through a short path column yielded 2. 3 g. (49 percent) of

2- [p -Bromoethyl]-cyclopentanone, b. p. 78 -80 (1.0 mm), (lit.

b. p. 99°, [4 mm] ).
25

Spiro [2. 4] heptan-4-one. -- In a 100 ml. flask fitted with

a condenser and magnetic stirrer was placed 1 5. 4 g. of

2-[(3 -Bromoethyl]-cyclopentanone (0.08 mole) and 70 ml. of 30 per

cent potassium hydroxide. The mixture was heated under reflux

with stirring. The cooled mixture was extracted with ether and the

ether extracts were combined, washed with a saturated salt solution

and dried over sodium sulfate. After removal of the ether,
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distillation yielded 6. 7 g. (76 percent) of product b. p. 57-58 (13 mm),

(lit. 25b. p. 54-55 [14 mm] ).
22

Spiro [2. 4] heptan-4-one Tosylhydrazone. - - In a 125 ml.

Erlenmeyer flask was placed 11. 2 g. of p-toluenesulfonylhydrazine

(0. 06 mole) and 90 ml. of methyl alcohol. After the hyrazine had

dissolved, 6. 6 g. of spiro [ 2. 4] heptan-4-one was added. The solu

tion was allowed to remain at room temperature for six hours and

then cooled to 0 . After standing at 0 for four hours, a white

precipitate had formed. The precipitate was collected on a filter to

yield 16.0 g. of tosylhydrazone, m. p. 139-140 . The infrared spec

trum of the product in nujol has absorption peaks at 3240, 3220,

2940, 2870, 1460, 1340, 1170, 1165, 1095, 1015, 810, 725 and

668 cm

2
Spiro [2. 4] heptan-4-ol. -- In a flame dried 1 -1. three-

necked flask fitted with a mechanical stirrer, separatory funnel, and

condenser was placed 200 ml. of anhydrous ether and 5. 7 g. of

lithium aluminum hydride (0. 15 mole). After stirring the mixture

for an hour to produce a suspension of the hydride, 16, 5 g. of spiro-

[ 2. 4] heptan-4-one (0. 15 mole) in 200 ml. of dry ether was added

slowly over a two hour period. The mixture was allowed to stand at

room temperature for an additional hour. After adding an additional

100 ml. of ether, the excess hydride was decomposed by the slow

dropwise addition of a saturated ammonium chloride solution.
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The residue was extracted with seven lOO ml. portions of ether. The

extracts were combined, washed with three 25 ml. portions of one

percent hydrochloric acid, four 50 ml. portions of saturated sodium

chloride, and dried over sodium sulfate. The ether was removed

by distillation through a Claisen head to yield a residue weighing

14. 0 g. Distillation of the residue yielded 12. 6 g. (7 5 percent) of

product, b. p. 33-34 (0.02 mm). The infrared spectrum exhibits

bands at 3400, 3050, 2980, 2890, 1440, 1090, 1030, 1015, 995, 965,

and 9 55 cm . The NMR spectrum shows the cyclopropyl hydrogens

as a multiplet at 0. 396, the cyclopentyl methylene hydrogens as a

multiplet at 2. 836, the cyclopentyl methine hydrogen as a triplet at

3. 55'S and the hydroxyl hydrogen as a concentration dependent singlet

at 2. 536.

21
Spiro [2.4] heptan-4-yl Tosylate. -- In a 125 ml. Erlenmeyer

flask was placed 8. 5 g. of p-toluene sulfonyl chloride (0. 047 mole),

18 ml. of anhydrous pyridine, and 5. 0 g. of spiro [2. 4] heptan-4-ol

(0. 047 mole). The mixture was placed in an ice-box at 0 for 48

hours. The precipitate was collected by suction filtration and was

immediately placed in 50 ml. of cold pentane. The filtrate was

collected on ice and water. After extracting the filtrate with three

20 ml. portions of cold pentane the pentane solutions were combined

and washed with three 10 ml. portions of ice-cold five percent

hydrochloric acid, one 10 ml. portion of ice-cold sodium bicarbonate,
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and 10 ml. portion of ice-cold water.

The pentane solution was dried over sodium sulfate and con

centrated to approximately 30 ml. on a rotary evaporator. The flask

was maintained at 0-5 during the evaporation. After cooling the

solution to - 80 , a small amount of oil separated. The solution was

used without further purification.

r i 21Solvolysis of Spiro L2. 4] heptan-4-yl Tosylate. -- To a solu

tion containing 0. 047 mole of spiro [2, 4] heptan-4-yl tosylate in

20 ml. of pentane was added 15. 0 ml. of anhydrous acetic acid and

1.12 g. of sodium acetate. The solution became clear after a slight

heating of the flask with -warm water. The solution was allowed to

stand at room temperature overnight. A white solid was removed by

filtration and was identified as sodium acetate. The pentane solution

was washed with ten 10 ml. portions of saturated salt solution and

dried over sodium sulfate. Removal of the pentane by distillation

through a six-inch vacuum-jacketed vigreux column yielded 3. 8 g.

of crude porduct. G. L. C. analysis of crude product showed three

major peaks on a five ft. silicone grease column. The percentages

were 42, 28, and 30 (arranged in order of increasing retention time).

The component of shortest retention time (42 percent) was a

hydrocarbon identified as bicyclo [3. 2. 0] hept-l(4)-ene from its

infrared and NMR spectrum. The infrared spectrum has absorption

peaks at 29705 2870, 1475, 1435, 1305, 1245, 1220, 1165, 1140, 955,
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-1
910, and 890 cm . The NMR spectrum exhibits two multiplets, one at

2. 32 6 and the other at 1-9 56. The component with the longest

retention time (30 percent) was identified as spiro [2. 3] heptan-4-yl

acetate from its infrared and NMR spectrum. The infrared spectrum

has absorption peaks at 3050, 2950, 2870, 1720, 1440, 1370, 1240,

1180, 1090, 1040, 970 and 900 cm"1. The NMR spectrum exhibits

a multiplet at 4. 66 6, a multiplet at 1. 95 6, and a multiplet at 0. 58 6

in a ratio of 1:9:4. The component with the intermediate retention

time (28 percent) was not identified. The infrared spectrum has

absorption peaks at 3050, 2970, 2870, 1650, 1450, 1300, 1260, 1040,

nad 665 cm . The NMR spectrum exhibits a multiplet at 5. 34 6, a

triplet at 3. 55 6, and a multiplet at 2.42 6 in a ratio 1:2:7.

39
l-(N-Morpholinyl)-Cyclopentene. -- In a 1-1. round bottom

flask fitted with a Stark water-separator under positive nitrogen

pressure, was placed 100. 8 g. of cyclopentanone (1. 2 mole), 154. 8 g.

of morpholine (1. 8 mole), and 200 ml. of dry benzene. The mixture

was heated under reflux with stirring for 20 hours. The benzene

was removed under water aspirator pressure. Distillation yielded

39
155. 0 g.. (84. 4 percent) of the enamine, b. p. 109-110 (14 mm) (lit.

b. p. 104-106 [12mm] ).

1-(N-Morpholinyl) - 2-(Cyclobutenyl) - Cyclobutene. -- In a

500 ml. round bottom flask fitted with a magnetic stirrer and a

Stark water-separator under positive nitrogen pressure was placed
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14. 0 g. of cyclobutanone (0. 2 mole), 25. 8 g. of morpholine (0.3mole)j

and 200 ml. of dry benzene. The mixture was heated under reflux

for 48 hours. The solvent was removed under water aspirator pres

sure and the excess morpholine under high vacuum at room tempera

ture. Distillation through a short-path column with a hot water

heated condenser yielded 12. 6 g. (69 percent) of enamine, b. p.

98-99° (0. 05 mm).

Anal. Calcd. for C H NO: C, 75,35; H, 8. 96: Found:

C, 72.43; H, 8. 67.

The ultraviolet spectrum exhibits a maximum at 287 m.K(t, 4900).

The infrared spectrum has absorption peaks at 29 50, 2930, 2870,

1650, 1450, 1400, 1250, 1120, 1070, and 745 cm"1. The MNR spec

trum exhibits a multiplet at 2. 72 6 and a triplet at 2. 10 6 in a ratio

of four to one.

l-(N-Piperidinyl)-2-(l-Cyclobutenyl)-Cyclobutene. - - In a

100 ml. round bottom flask fitted with a Stark -water-separator under

positive nitrogen pressure was placed 6.4 g. of piperidine (0.07 5

mole), 3. 5 g. of cyclobutanone, and 70 ml. of dry benzene. After

heating the mixture under reflux for 24 hours, the solvent and excess

piperidine were removed by vacuum distillation. Further distillation

yielded 1. 0 g. (26 percent) of product, b. p. 121-123 (1. 0 mm).

Anal. Calcd. for C H N: C,82. 48; H, 10.12: Found:

C, 82. 28; H, 9- 98.
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The ultraviolet spectrum has an absorption peak at 293 m M^,

(C, 3300) in ether. The infrared exhibits peaks at 2930, 2850, 1645,

1400, 1250, 1120, 915 and 745 cm" .

a -Cyclobutylidenecyclobutanone. -- In a 50 ml. flask fitted

with condenser and magnetic stirrer was placed 12. 5 g. of 1-(N-

morpholinyl) 2-(l-cyclobutenyl)- cyclobutene (0. 065 mole), 15 ml.

of benzene, five ml. of water, five ml. of acetic acid, and 2. 5 g. of

sodium acetate, The mixture was heated under a gentle reflux for

two hours. The organic layer was separated. The aqueous layer

was extracted with five 10-ml. portions of benzene. The combined

organic extracts were washed first with four 5 ml. portion of five

percent hydrochloric acid, then with four 5 ml. portions of ten per

cent sodium bicarbonate, and finally with four 5 ml. portions of

water. The solvent was removed under water aspirator pressure-

to yield a reddish residue weighing 7. 4 g. Distillation of the crude

residue yielded 2, 8 g. (35 percent) of product, b. p. 45-47°

(0. 05 mm).

Anal. Calcd. for C0H O: C, 78.65; H, 8.25. Found:
o 10

C, 78. 43; H, 8. 04.

The ultraviolet spectrum has an absorption peak at 253 mx-c

(£, 1-3,400) in 95 percent ethanol. The infrared spectrum ex

hibits peaks at 2980, 1745, 1690, 1390, 1240, 1190 and 1090 cm"1.

The NMR spectrum exhibits a multiplet at 2. 75 6 and a triplet at
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a-Cyclobutylidenecyclobutanone 2, 4-Dinitrophenylhydrazone

-- A solution of 2, 4-dinitrophenylhydrazine was prepared in a five

ml. test tube by adding 0. 2 ml. of concentrated sulfuric acid to

59. 4 mg. of 2, 4-dinitrophenylhydrazine and then 0. 3 ml. of water.

The hydrazine solution was immediately added to a solution of 24. 2

mg. of g-cyclobutylidenecyclobutanone (0. 0002 mole) in two ml. of

9 5 percent ethyl alcohol. A deep red precipitate formed immediately

o

to yield 49-0 mg. of product, m. p. 205.5-206.0 .

Anal. Calcd. for C^H^N^: C, 55. 63; H, 4. 67.

Found: C, 55. 42; H, 4. 73.

g -Cyclobutylcyclobutanone. -- In a 50 ml. Erlenmeyer flask

fitted with a magnetic stirring bar was placed 1. 22 g. of

u-cyclobutylidenecyclobutanone (0. 01 mole), 0. 122 g. of five percent

palladium on charcoal, and ten ml. of methyl alcohol. With rapid

stirring, the mixture was allowed to react with 235 ml. of hydrogen

(0. 0103 mole) over a 31 minute period. The catalyst was removed

by filtration and the solvent was removed by distillation through

a six-inch vacuum-jacketed vigreux column. The crude product

was distilled through a micro Olympic column under vacuum to

yield 0. 9 g- of product b. p. ca. 40 (2 mm). The infrared spectrum

has absoprtion peaks at 2980, 2870, 1780, 1450, 1390, 1245, 1205,

1080, 1055, 980, and 915 cm" .

28

35
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Attempted Alkylation of l-(N-Morpholinyl)-2-(Cyclobutenyl)-

38
Cyclobutene. - - In a 100 ml. round bottom flask fitted with a mag

netic stirrer, condenser, and a nitrogen inlet was placed 50 ml. of

anhydrous dioxane, 4. 26 g. of methyl iodide (0. 03 mole), and 5. 73 g.

of l-(N-morpholinyl)-2-(l-cyclobutenyl)-cyclobutene (0. 03 mole).

The solution was heated under a gentle reflux for 19 hours. Then,

a solution containing 1. 5 g. of sodium acetate, three ml. of acetic

acid, and three ml. of water was added and the mixture was main

tained at reflux for an additional four hours. After cooling the solu

tion, ten ml. of water and 40 ml. of ether was added. The dark

residue was mixed with 20 ml. of water and the entire mixture was

extracted with eight 50 ml. portions of ether. The ether extracts

were combined and washed with three 20 ml. portions of hydrochloric

acid, two 10 ml. portions of sodium bicarbonate and three 10 ml.

portions of saturated salt solution. After drying the extract over

sodium sulfate, the ether was removed through a six-inch vacuum

jacketed vigreux column. G. L. C. analysis and the infrared spec

trum identified the residue as dioxane.

Attempted Synthesis, of l-(N-Morpholinyl)-2-(Cyclopentenyl)-

Cyclopentene. --In a 100 ml. round bottom flask fitted with a magnetic

stirrer, condenser, and aStark water-separator under positive nitro

gen pressure was placed 16, 8 g. of cyclopentanone (0. 2 mole),

15. 3 g. of l-(N-morpholinyl)-cyclopentene, 3 5 ml. of benzene, and



30

35 ml. of acetonitrile. The mixture was heated under reflux for

24 hours. No water had separated. The solvents were removed

under water aspirator pressure. Further distillation yielded 15. 0 g.

(98 percent recovery) of l-(N-morpholinyl)-cyclopentene. The same

procedure was repeated with the solvent being varied to a 50:50

mixture of dimethyl formamide and benzene. The results were the

same, just recovered starting material.
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