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Abstract:

Bicyclo(3.1.0)hexane-6-carboxylic acid [diagram not captured by OCR] has been synthesized by
reaction of cyclopentene with ethyl diazoacetate in the presence of copper powder followed by alkaline
hydrolysis. It has been observed that this compound does not undergo the Hell-Volhard-Zelinsky
reaction.

Rearrangement of 6,6-dichlorobicyclo(3.1.0)hexane was found to occur on heating. Both the original
dichloride and the rearrangement product gave the same I-chloro-6-acetoxy-I-cyclohexene when
refluxed with potassium acetate and acetic anhydride.

The structure of the rearrangement product, 1,6-dichloro-l-cyclohex-ene, was proved by degradation
and by preparing an authentic compound. The unknown and the authentic compound were found
identical by both infrared and vapor phase chromatography analyses.

The following mechanisms are proposed: 1. 6,6-Dichlorobicyclo(3,1.0)hexane* is heated at 150°C.:
[diagrams not captured by OCR] 2. 6,6-Dichlorobicyclo(3.1.0)hexane reacts with potassium acetate in
acetic anhydride: [diagrams not captured by OCR] * The number of members in the ring to the right
exclusive of the members linking the two rings togethere are indicated by a number. Similarly the
members of the smaller ring are designated. Lastly the members of the link (bridge) exclusive of the
linking members are designated by number also. viz. bicyclo(3.1.0)hexane [diagram not captured by
OCR] For the numbering of the compound, start numbering 1 at one of the carbons in the bridge as
illustrated above.
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ABSTRACT

Bicyclo(3.1l.0) hexane-6~-carboxylic acid ( “°°c><1::> ) uas been synthe-
sized by reaction of cyclopentene with ethyl diazoacetate .n the presence
of copper powder followed by alkaline hydrolysis. It nas been observed
that this compound does not undergo the Hell-Volhard-Zelinsky reaction.

Rearrangement of 6,6-dichlorobicyclo(3.1.0)hexane was found to occur
on heating. Both the original dichloride and the rearrangement product
gave the same l-chloro-6-acetoxy-l-cyclohexene when refluxed with potassium
acetate and acetic anhydride,

The structure of the rearrangement product, l,6-dichloro-l-cyclohex~
ene, was proved by degradation and by preparing an authentic compound. The
unknown and the authentic compound were found identical by both infrared
and vapor phase chromatography analyses.

The following mechanisms are proposed:
11 6,6-Dtchlorobicyclo(3.1.0)hexane* is heated at 150°C.,:
Ccl cl cl

s o y'

¥ . |
———-.——’ —_— Jl—ﬁ
-Cl

2, 6,6=Dichlorobicyclo(3.1.0)hexane reacts with potassium acetate in
acetic anhydride:

c

—

o G c1  cl cL ¢l
WA S 700CCH,, N
/ & ¢ _00CCH3 — 00CCH,
CH4C00 o
a o1”

% The number of members in the ring to the right exclusive of the members
linking the two rings togethere are indicated by a number., Similarly
the members of the smaller ring are designated. Lastly the members of
the link (bridge) exclusive of the linking members are designated by num=

ber also., viz. bicyclo(3.1l.0)hexane 5
5< >3
5 4

For the numbering of the compound, start numbering 1 at one of the cer-
bons in the bridge as illustrated above,
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INTRODUCTION
There have been attempts to synthesize cyclopropanone for the past
40 years; however all these attempts have met with failure, This is un=-
doubtedly due to the great strain on a three-membered ring.
In 1922, Ingold (1) reported the synthesis of cyclopropanone by

the following method:

NH
2
N H+ NH4OH Hofmann //
Pl IR (] ") N
“NCOOH C,H50H degradation NH,

e
-NH H
P 1 = BN [::::>=0
H20

Demyanov and Feofilaktov (2) attempted to repeat Ingold's (1) work

very carefully by the following scheme:

CH,Br W g
| + Na-CH s ~  —
CHyBr ~C00C,H, C00C,Hs

///CONHZ I/CONHBr /po NH
. ™ |
/COOH
\
[ NH,HC L

/C°°“ /coou
S, BREIREI ——n
‘ > N \
-CO
0 NH2 OH
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Actually, however, the work was not completed, and they suggest
that the structure of the hydroxy acid, which was the last step they

reached, will bear more study.

Demyanov and Feofilaktov (2) stated that with the evidence presented
it was quite unlikely that Ingold actually had cyclopropanone. They also
concluded that all the evidence points to the non-existence of Ingold's

cyclopropanone, and probable great instability of the compound if, indeed,

it exists at all.

Lipp (3) has attempted to synthesize cyclopropéncne by the followe

ing method:

I;
[>—000Ag i l>—coo—<) A l>_coou + HO—

Y

The final step gave only cyclopropane carboxylic acid and other degrada=-

tion products. Lipp then tried the following method:

—CN + CgHgMghr — D—co—c()x{s ——
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The synthesis was successful as far as diphenyl methylene cyclopropane,
but only benzophenone was obtained on ozonolysis.

Lipp also tried diazomethane expansion of ketene (3), but this
yielded only cyclobutanone which has been known for years.

Lipp has concluded that Ingold mistook 1,l=-dihydroxy-cyclopropane
for cyclopropanone,

Francis and Wilson (4) obtained a cyclic derivative of phorone for

which they assigned the structure shown below:

Br
CHj,
CHy—>
=0
CHa
cug/
OH

Ingold and Shoppee (5) suggested that the compound prepared by Francis and

Wilson was stabilized by tautomerism:

CH Br Br CH
CH = :<cu3
3 . // 3 +
=0 ———— 0= + H
333/ N <gg3
3 OH 0 +

Guha and Seshadringar (6) have reported obtaining bicyclo(3.1.0)=
hexan~-l-on=2,6-diethyl carboxylate, but they failed to give any definite
evidence.

In all cases, where the three-membered ring saturated ketone has
been clearly identified, there have been geminal or large groups present
on the three-membered ring or an adjacent ring of the condensed or spirane
type. Known compounds include cyclopropan-l-on-2,2-dimethyl carboxylate

(7), l=bromo=2,2,3,3~tetramethyl=bicyclo(2,1.0)pentan=4=0l=50ne (4),
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bicyclo(3.1.0)hexan=l-on=2,6-diethyl carboxylate (6), and cyclohexane-
spiro=cyclopropanone (8).

The importance of steric effects on the stability of the following
compounds

R —COOH

Ly g

COCOOH

Y G IWET T
R' —COOH R' \\cnzcoou

(1) (1I)
has been discussed by Thorpe et al (9) (10) in Table I. The composition

of the equilibrium mixture is definitely dependent on the nature of sub=
stituents, R and R', as shown by the data in Table I. This transformation,
being an equilibrium and consequently directly related to the thermodynamic
stabilities of the reactant and product, offers convincing evidence that
gem=substituents or a condensed ring system may stabilize a three-membered
ring, perhaps through an effect on bond angles.

The corrected structure of compound I has been reassigned by Wiberg

and Holmquist (1l1) as follows:

R\\\C//CQ:EOOH
Lo

CH-COOH

The above compound still possesses the same effect (12) with which Thorpe
et al have observed.

Stabilization by resonance is also possible as has been demon-
strated by Breslow, Haynie and Mirra (13) who have synthesized diphenyl

cyclopropenone from phenyl ketene dimethyl acetal with bemzal chloride




R
hydrogen
metiyl.
methyl
ethyl
n-propyl

R and R' =

"wl3e

TABLE I

Composition of Equilibfiuﬁ Mixtures of I<>II

R ' %.0of I in Mixtures

hydrogen . .0 ]
methyl | . 0
ethyi 0
ethyl ' 62

n=propyl - 71
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and potassium t-bgtoxide followed by hydrqusis in neutral aqueous solu-
tion. Thermal decomposition of diphenfl cyclopropenone at 130=40°C,
causes evolution of carbon monoxide and diphenyl acetylene. The relative-
ly high temperature at which decomposition occurs and the fact that di-
phenyl cyclopropenone can also be isolated from hydroxylic medium, sﬁow
that the cyclopropenone system muét have strong resonance stabilization
indeed to compensate for its high angle strain.

| Several other reactions which might have some bearing on the syn-
thesis of cyclopropanone have been reported,

In the course of studies on the formation of dichlorocarbene as an
intermédiate in the alkaline hydrolysis of chloroforﬁ, Doering and : ..
Hoffmann (14) tréaéed chloroform with cyclohexene in the pfesence of
potassium—taﬁutoxide and obtained 7,7-dichlorobicyclo(4.1.0)heptane,
ther élefins were found by these workers to react similarly with chlorge
form and bromoform in the presence of strong baées to give gem-dihalocycleo=
propane and further examples of this reaction have been reported by Parham
(15a, b, c), Skell (l6a, .b,.c), and their co-workers.

Dale and Swartzentruber (17) tried to hydrolyze 2 4 2=dichlorocyclo=
propyl benzene in water in a sealed-pyrex tube heated to 200-5°C., Only a
black polymeric material was obtained., Under less drastic conditions only
the starting material was observed,

McElvain and Weyna (18) have described the reaction of ketene
acefals with dichlorocarbene to form 2?2=dichlorocyclopropanone acetals.

These products'can be isolated only by distillation under low pressure as
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they undergo pyrolysis above 100°C. to a-chloroacrylic esters and an alkyl
chloride.,

All the procedures which have been attempted (1) (2) (3) for the
preparation of cyclopropanone involved aqueous solutions, Even though
cyclopropanone may exist, it would be expected that its hydrated form
would be isolated from these solutions because in cyclopropanone the usual
equilibrium between a ketone and its hydrate should be strongly shifted to

the right as a result of the I-strain effect (19).

OH
e HZO —_— D/
\\OH

Therefore, it would seem wise to use non-aqueous solvents or no solvent at

all, in order to avoid the possibility of hydrating any cyclopropanone
that might be formed.

The proposition that a non-aqueous reaction sequence for the syn-
thesis of cyclopropanone might be successful can be extended to simple
substituted cyclopropanones which are not stabilized by resonance or the
presence of geminal or large groups on the three-membered ring. The re-
action schemes shown below were chosen in the hope of obtaining products

which would be of interest for further studies.
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SCHEME I
H ///COOCZHS
CuO
+ NchCOOCZHS T
n-heptane
OH™
H COCH
Nt
HVZ reaction
Brz, CCl4 & P
Bxr NH
N7 2 Br /,CONH Br\\\//COBr
Hofmann
e e
degradation in CgHg
N32003 or KOH, Steam

Na® in liquid NH,

NH OH /COOH 0
I Y I
Dry HC1 Conc,
3 _-—T.-
in CgHg o H




+

:CCl2

al7=

SCHEME II
C
0°
————
n=pentane
H4CCO00

1

1 g
o

CH5COOK,
CH;COOH, &
Ac,0  (20)

00CCH3

A

i

@ + Ac,0
&
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EXPERTMENTAL

Preparation of ethyl bicyclo(S.1.0)hexane;6~carboxylate.

Cyclopenténe preparediby deﬁydration of cyclopentanol in the pre-
sence of 857 phosphoric acid (21), and then purified through a Todd Pre-
cise Fractionation Assembly, Qés‘collected at 39-40° at 641 mm,

‘A mixture of cyclopentene (76.4 g., 1l.12 moles), n-heptane (180 ml.)
and copper powder catalyst (3.0 g:) was heated at 53-8%9, Ethyl diazo-
acetéﬁe‘(128 8oy 1l.12 molesj which was prépared from methylene aminoace=
tonitrile (22) (23) was added over a period of 4 hours with rapid étirring.
The mixture Waswcoéled to room temperature and the catalyst was remOQed:
by filtration, Theifiltraté was washed twice with 20 ml. portions of 107
sulfuric acid, one 100 ml. portion of water, one 50 ml. portion of sat-
urated sodium bicarbonate and finaily with saturated sodium chloride and
dried over sodium sulfate, The solvent was removed in vacuo, and the
resi&ue was distilled through a 6" micrbfractionating column packed with
stainless steel helices giving a main’ fraction boiling at 5 mm. : yield
53.3 g. (30.8%).

Preparation of-bidyclo(B.1.0)héxane46-carboxylic acid,

A mixture of-25’é. (0:162 moles) of ethyl bicycle(3.1.0)hexane=6-
éarboxylate and 250 ml. of 2 N, potassium hydroxide was refluxed for 3
hours. The solution was filtered; the filtrate was neutralized with 507
sulfuric acid.and repeatedly extracted with ether. The combined extracts
were evaporated to dryness and the residue, recrystallized from alcohol

as prisms, melted at 61.6-62,6°C. (corrected) : yield 15 g. (73.4%) .
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Analysis: Calculated for C;Hjg0, : Neutralization Equivalent 126,16

Found: : , , 126,04

Preparation of bicyclo(3.1,0)heggne~6—carbonyl bromide;

Two grams (0,0158 m&le) of bicyclo(S.1.05hexaﬁew6—carboxylic acid
Vasﬁ@issolved in 10 ml. of carben te;rachioxide‘and 0.2 g. of anhydrous
rédﬁghogphdrus which was firstlﬁashéé free of all acid and carefully dried
was added, 3%&3 mixturé was heated to ﬁoiling an@ after the addition of
2.9 g. (0.018 inole) of bromine was refluxed for 1§'minutes, vacuum distile-
1atioﬁ,igaﬁé a main fraction Whiéﬁ béiled at 47° at 1,0 mm,

Analysis: Calculétéd for CyHgBrO :‘ Br, 42.26%I

Found: - 43,02%

Preparation of bicyclo(S.1.0)hexane¥§$carboxamide: .

TWO.érams of biéyclo(é.I;O)hexéneaﬁacarﬁoﬁ§1 bromi&e_was added drop-
Wise to an excess ice=cold éoncenérated aqueous ammonia solution with
ﬁigoious-agitatibn. Thé precipitate, gfter'filtration, washing with water
and recrystallization from alcohol as needles, melted at 193-94°C. (uncor-
rected), '_
Analysis: Calculated for C,H;;NO : N, 11.19%

Found: _ 10.73%

Preparation of 6,6~dichlorobicyclo(3ﬁ1.0)hexane.'

| One'hundfed andréhirty-six érams i2 moles) of purified cyclopentene,
510 ml., of n=pentane and 284.5 g. (2.54 ﬁoles) o% potassium t-butoxide
(10% excess) were added to a 2 liter 3=necked’flask which was equipped

- with mercur& sealed stirrer, condenser and dropping funnel. The entire
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apparatus was placed in an ice-bath. The potassium t-butoxzide was'p:q:e-=
pared from 90,0 g. (2.30 moles) of metéilic potassium by adding excess of
t-butyl- alcohol, a;& distilling off the excess aldohol, It was then dried
in evacuated oven at 959°C. for 16 hours. The suspension was cooled to 06C.
and stirred throughbut the whole reaction. Two hundred thirty-eight and
eight-tenths grams (2 moles) oflchlgrqform were added dropwise at such a
rate that the tempeéature remained getweénuo and 5°C.. F@liowing the addi-
tion .of the chloroform (which required 4 hoﬁ%s), the mixture was stirred
.f6} an additional hour;;and then poured into ice water, The organic léyer
was separated and the aqueous layer was extracted with two 250 ml. portioms
of n=pentane whiéh were cembined with the organic layer, after drying with
.anhydrous calcium chloride, the solvent was evaporated and the residue &is=
tilled in vacuo. A main fractiqﬁ (102 g,,.BB.SZD, b.p. 57=-8°C, at 13 mm,
pressure was obtained through the Todd Precise Fractionation Assembly at
the reflux ratio of 50:1.
D23 = 1,1605 N2« 1,4942 |
Analysis: Calculated for C6H8012 s Cl, 46,96%

* Found: . , 47,17%

'Examination of this material by vapor phase chromatography showed
only 6,6=dichlorobicyclo(3. L.0) hexane and l,6wdichlorocyclbhexene in the
ratio 92.3 : 7.7, The méjor cémponent was isolated by vapor‘phase chroma-
tography and was shown bf infrared anélysis to be purér5;6~dichlorobi¢yclo=
I(3,1.O)hexane, In the vapor phase chromatography analyses, two columns

were employed;. (1) 5 ft. x 0,25 in. Ucon Polar column operated at 96°C.
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with helium flow rate 9,5 cm3, /sec., and (2) 5 ft, = 0,5 in. Craig column
operated at 114°C, with helium £low rate 8.5 cmd. /sec.

The infrated~spéctrum of 6 6-dichlorobicyclo(3'l d)hexane showed the
Iusual cyclopropane absorption at 3. 35,&0(3070 em” L, ) and 9, 8.&6(1020 cm“’l ).

. Pre aration of 1, 6-dichloro-l=cyc1ohexene.

o (a) Fifty grams of 6 6=dichlorobicyclo(3 1. O)hexane were refluxed
at 150°c. for one hour, and then distilled through the Todd Precise Frace-
' tionatigh Aseembly giving a main fraction boiling at 83-4°C. at 15 mm,;
yield 47.5 g. (95%). | |

(c) Anﬂautﬁentic compound.tas prepared from cyclohexanone by
chlorinetlon_(ZA)'and subsequent teection with phosphorous pentachloride
at 0°C, The reaction mixture was poured into ice-water and extracted with
ether., The solvent was evaporated in vacuo and a main fraction that had
a boiling toiﬁt of 82a4° at 15 mm., was obtained.

The authentic compound was separated by.vapor'phaée chromatography
in order to obtain a.pure product, and then checked with infrared analye-
sils, the spectrum was suggrimposable with the 1 6=dichloro=lacyclohexene
(25) primarily obtained. The results are presented in figures 5 and 6,
Analysis: Calculated for CgHgCly : Cl, 46.96%

Found: . 46,33%

Preparation of luchlorth-acetoxynlmcyclohexene'frdﬁ 6,6~dichlorobicyclo=

g3.1.02§exane.

!

Thirtyaeight and one-half grams (0.255 mole) of .6,6=«dichlorobicy=

clo(3 L. O)hexane, 50 8o (0 51 mole) of enhydx@us potaseium acetate, 77 ml,
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of glacial acetic acid-and 38.5 ml. of acetic anhydridé were refluxed at
92-5°¢, for 72 hours, and poured into ice-water. The organic layers was
separated,.tne aqueous layer was extracted with two 30 ml, portioms of
benzene, ,The combined organic sold;ions,were distilled until the benzene
was gone, and the residue distilled in vacuo through a Todd Precise Frac-
tienation Assembly. A main fractinn,'b.p, 83-49C, at 5 mm., was obtained;
yield 30.7g. (69%).

Mgnssefon et al (26).report the following constants for this com=

pound:

b.p. 107-8°C. at 15 mm. ; D33 = 1.168 ; 725 = 1,4805

Analysis: Calculated for CgH,;Cl0, : -Cl, 20,317
_Found: ) 20,31%
Detailed vapor phase'chromatography studies, similar to those men=

tioned on nagé 20 showed that the prodnct was contaminated by 0.1% of

-

6,6-dichlorobicyclo(3.1.0)hekane.

Prepération of 1~éhior096;ace;oxy=1Lcyclohexene from 1l,6=dichloro=1l=cvclo=

hexene.

The procedure described in the preceding section was followed using
38.5 g. (0,255 mole) of l,6-dichlor0wl-cyclohexene, 77 ml, eof glacial
acetic acid and 50. 0 g (0 51 mole) of anhydrous pota551um acetate, Re-
flux temperature was 130- 32°C. The product boiled at 83-4°C, at 5 mm.,
and was shown by infrared anglysis and vapor phase chrematography to be
the same as the one mentioned above, |

Preparatlon of b1cyclo(3 1 O)hexane.

The method descrlbed by Doering .and Hoffmann’ (1&) for the reduction




«23w

of 7,7-dibromobicyclo(4,1;0)heptane was employed. Following the complete
reaction of the sodiuﬁ métal (31 g., 2.0 g. atoms) with wet methanol
(10 ml. of water to 300 ml, of methanoel), and 30 ml of ether asg olvenﬁ
100 ml, of water was added the ether layer was separated, and the aqueous
layer was extracted twice with 20 ml, portions of ether. From 10.2 g.
(0.0675 mole) of 6 6~dichlorobicyclo(3,1,0)hexane the yield was 2,85 8o
(51.7%) of bicyclo(3.l.0)hexane as a "colorless’ liquid, bep. 74°C, (641 mm.).

An infrared analy31s showed the usual cyclopropane absorptzon at
3,35,40(3084 cm’l) and 9.77 4 (1024 cm=1) and showed no absorption fer un-
saturation which ﬁould have apéeared aﬁ é=6.5,a9{1668;1548 cm'l).

Vapor éhase chromatography proved the homégeneity of the product,

The reduction of 1,6-dichloro~l-cyclohexene with sodium and methanol.

1,6=Dichloro-l=cyclohexene (10.2 g., 0.0675 mole) was reduced with
31 g. (2.0 g. atoms) of sodium and 200 ml. of wet methanol inm the above
manner; The producé obtained (3.g., 54.5%) was identified with known

cyclohéxené by both infrared and vapor phaéé chromatography analyses;

Preparation of l=chlofo=6=hydroxy-l=cyclohexeﬁe.

A'solution of 35 ge (0,624 mole) Bf potassium hydroxide and 10 g,
(0.0755 mole) of Iéchloro=6;acetoxy-1=éyclohexene in 200 ml, of 99% ethyl
alcohol was ;efluxed for 3 hours, The_solﬁtion was filtered and the £fil-
trate was neutralized with 50% sulfuric acid and then refiltered. This
filtrate was diluted with 100 ml. of water and extracted twice with bene
' zene, The extracts were distilled until the benzene was removed and the

residue was distilled in vacue. A main fraction, b.p, 86-7°C. at 15 mm.,
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- was obtained; yield 4.74 8o (62.5%) -
Mousseron et al (26) report the féilowing censtants:

b.p. 86-7°C. at 15 m, ; ngg =1.18 ; 7 55 = 1.5066
Analysis: Calcglated for CgHgClO : Cl, 26.74%

Found: 26.49%

Preparation of lechloro=cyclohex=l=en=6=0ne,

Potassium dichromate (1.48 g., 0.0050“m01é)-ﬁas.dissplved in 20 ml,
of water and 4 ml. of concenéféfé& sulfuric acid ﬁas added. The mixture
was added dropwise to 2 g. (0.0151 mole) of l=chloro=6-hydroxy-l=cycle=
hexene, keeping thevtémperaiure betweén“ZS and 30°cC, Followiné addition
of the potassium dichfpmate the reaction mixture was heated in a beaker
of Watér at 60°C. for 20 minuteg° Fiffy milliliter% of water was then
added and the solution ¢ooleﬁ in a coeling bath fer 2 hours, After the
precipitate ha& been separated by suction, it was washed‘with ice-water
and.dried in degiccator,' After recrystallization from alcohol it had a
m.p,oﬁ 75.6f76,4 (correctéd); yield 1.2 g, (61%). Mousseron et al (27)
report a m.p. of 70°C, ) . “
| Analysis: Calculated for CgH,Cl0 : C1, 27,15%
Found: | 27.11%

Semicarbazone (recrystallized from alcohol) melted at 195-97°C,

reported at 195=98°G.‘by Mousseron et al (27).

The reaction of‘l=ch10ro=6~hydroxy~1wqyc10hexene with petassium perman=

ganate solution,

’

The method described-by Cressley and Haas (28) was employed with
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only a slight modification as follows:

Two grams of l=chloro=6-hydroxy~l-cyclohexene were suspended in
‘30 ml, of ﬁater and a cold, saturated solution of potassium permanganate
added until the coler of 1atter.remained permanent. After filtering the
separétedsmanganesé'diggide, a small amount of sodium bisulfite was added
in order ta destfoy the excess permanganate and the liquid was evaporated
to a very small volume., acidified with sulfuric acid and repeatedly ex-
tracted with ethef. After recrystallizatipn from chloroform, the m.p. of
the pro&uct;was 96;5=7.3°C.;'yield 0.5 g This-m,ﬁa was indicative of
'élutaric acid which was the product expected from this reactionm.

This substance was -further identified as glutaric-acid, by & -
mixed Mo Do détermination with-known glutaric aéid. Neo melting point de-

pression was observed.

The regction of ;acbloro—G-hydroxy-l-cyc1ohéxené with_thionyl chloride,

A soluﬁion of 1;2~g. k0.00QOS mole).bf 1~thoro-6~hydroﬂyl;1ec§c1@5
hexene and 1.6 g. (0.0134 moie) of thionyi chloride was refiuxed on the
steam=bath until h&drogen chloiide gas evolufion yad ceased (about 2
hours), The excess thionyl chloride was removed under vacuu@ leaving a
,produétvwhich boilgﬁ at 68-99C, at 7.5 mm;

This materi§1 was shown by infrared and vapor phase chromatography
analéses to be 1,6~dichloro~l-cyclohexene.

ﬁehydrogenation og l-chlero=6=acetoxy=l=cyclohexene in the presence of

sulfur or éhloranilo

‘ The methods described by Coqkéx (29) and Arnold (30) were followed:
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.(a) A solution of 5 g, (0.0286 mole) of lwchlor0n6~é¢etoxyala
cyclohexene and 1,84 g. (0.0572-mole) of sulfur was refluxed at 220-40°C,
for 24 hours, The product was then distilled, About 70% of unreacted
mate¥ial was :ecovéyed, and a small amount of low boiling material which
was not investigateé was also obtaine&. )

(b) A solution of 5 g. (0.0286 mole) of I=chiéro§6=acetoxy~1=
cycloheiene and 13.76 g.'(0.126jmoie5 of chi@ranil in 30 ml. of xylene
Was;iefluxéd for 14,hours; cooled, aﬁd filtered. The filtrate was di-
:;u;ﬁgci»';.wmh an:equal quantity of ether, washed with dfluted dlkali, dried
over sodium sulfate and fractionate&ll ce .

"' 'No 2-chloro-1-phenoxy acetate,.the expected product, could be

isolated,
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Figure 1, Bicyclo(3.1.0)hexane-6-carboxylic acid (5% w/w in CC14)
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DISCUSSION

Although neither of thg reaction schemes outlined in the introduc~
tion for the synthesizing of bicyclo(3°1.0)hexan—6=one'was realized a num-
ber of interesting points developed in the course of t@e:investigation;

Reaction sequence I was garriedhas far as bicyclo(B.l.O)hexane~6$
carboxylic acid, but the introduction of bromine into the acid by the well-
known HelldVolhard~Zeli;ék§:réaction failed,

The Hell-VolhardﬁZeiinsky feaetioﬁ pormaIIy'sugstitutés bromine on
thelwﬁcarbong Repeated attempts upéer most of the known conditions gave
6nly starting material, Even réaction of bromine’with the acid chloride,
which is presuméd to be an integmédiate in the HeIl»Voihard«ZelinsE&zréw
action, gave negative results,

The brominé molecule in Hell-Volhard-Zelinsky reaction acts és an
électrophilic reagent, The propééed.meéhanism is: (31)

.l. '3REH9COO0H + PﬁrB - 3RCH2COBr + P(Oﬁ)sl

2, RCH,COBr. + ~Br”'Br",——.a RCHBrCOBr +  HBr

3. RCHBrCOBr + RCH,COOH —> RCHBrCOOH + RCHyCOBr

~The cyclopropane riné:has:been classified as a nucléophilic group .
Becaﬁsé the carbon-carbon bonds of thé cyqlopropané ring are ébnormally
weak and.cyclopropané.deri;ati§es miéht be expected to be readily attacked
by'electrophilic reééen?é. However, the electronegative group which'is
directly attacﬁed to cycloprbpéne r;ﬁg would diminish the additive éctiﬁa'
igy of cycloﬁfbpane tbward bromine thfough exércise of inductomeric or

mesomeric electron attraction away from the nucleophilic center (325;




L

Kosower (33) has demonstrated electron delocalization in alkyl propyl ke-

D_E_R SR

A similar delocalization could occur in bicyclo(3.1l.0)hexane=-6-carboxylic

tones:

-.'_
st

acid,
- G
i < 0
N0 ol 8
~OH OH
—————— \/ or
This may be the reason why the Hell-Volhard-Zelinsky reaction was
unsuccessful.

Skell and Garner (l6b) have prepared 6,6-dibromobicyclo(3.1.0)-=
hexane, but reported no chemical properties.

Reaction sequence II was carried as far as 6,6-dichlorobicyclo~
(3.1,0) =hexane (34). 6,6=Dichlorobicyclo(3.1.0)hexane was found to be in-
ert to bromine in carbon tetrachloride, but reacted readily with potassium
permanganate solution, The compound showed no absorption at 6-6.5 4 (1668~
1548 cm'l) which is consistent with the absence of a double bond. The
chloride was remarkably active in displacement reactioms, There was pre-
cipitation with alcoholic silver nitrate within 3 minutes at room temp~
erature, The reaction of the chloride with potassium acetate in acetic
anhydride gave only the rearrangement prcduct, l-chloro-6-acetoxy-l-cyclo-

hexene., The structure of this compound was demonstrated by a series of
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reactions as follows:

Vs | |
CH4COOK —00CCH, oH" —OH
—_—
in Ac,y0 C,H50H
a
(1), (34) (IT) { 26) (III) (26)
o Y “b B
CH,UH, MnO,, A i
Na H
¢l
|
?OOH —0
(CHy) 3
O0OH
(VI) (14) W) (V) (27)

A number of similar rearrangements have been reported in the litera-
ture. The reaction of pyrrole (35) (36) (37) and indole (38) (39) with
chloroform and base has given rise to, respectively, 3=chloro-pyridine and
3-chloro-quinoline, in addition to the expected aldehyde,

Skell and Sandler (34) have reported the rearrangement of 6,6-di-
halobicyclo(3.1.0) hexane with electrophilic reagents., Treatment with
alcoholic silver nitrate, yielded 6-hydroxy-l-cyclohexene. According to
thegse authors the strain in the 5«3 ring system results in greatly en-
hanced reactivity, 6,6-dibromobicyclo(3.1.0)hexane being 200 times as re=
active as the analogous 7,7/=dihalobicyclo(4.1.0)heptane, wnich has a 6-=3
ring system,

Parham, Reiff and Swartzentruber (l5a) have reported the reaction

of indenylsodium with chloroform in excess indene. 2-Chlorcnapthalene
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was the product when the reaction mixture was steam distilled, but they
also found 1,l-dichloro=-la,6a-dihydrocycloprop(a)indene when non-polar
solvents were employed in processing the crude reaction mixture., The pro-

posed mechanism follows:

cl /Cl
i u/\u
cl
y 7
\ + Hel
cl
¥ u

Parham and Twelves (15b) have reported dibromochloromethane, indene

and base should lead preferentially to the formation of the following com-

Br

4
cl //Br
Br

pounds:
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The crude cyclopropyl derivatives obtained from this reaction, proved to
be thermally unstable. However, when the crude product was distilled a
high yield of a mixture of the 2-bromonaphthalene and 2-chloronaphthalene
was obtained.

The compound 6,6=-dichlorobicyclo(3.1.0) hexane appears to undergo a

similar thermal rearrangement when heated at 150°C.

Presumably, the bond between carbon atoms 1 and 5 is the weakest
bond and it will break during a rearrangement reaction, The weakness of
this bond is due to the ring strain in the 5-3 ring system. During the
rearrangement of the 6,6-dichlorobicyclo(3.1.0)hexane, the removal of one
of the chlorine atoms is assisted by the mesomeric effect of the other
chlorine atom attached to the same carbon atom, The mesomeric effect of
the other chlorine atom will tend to stabilize the intermediate cyclopro=
pane carbonium ion.

The bond between carbon atoms 1 and 5 breaks because of the in-
creased ring strain on the cyclopropane ring which results from the forma-
tion of a carbonium ion center at carbon atom 6.

The mechanism of the rearrangement most likely in effect follows

on the next page:
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1’ U6y cl cl
k_/\//\- N [
150° S
* e ———
«Cl~

cl

Ccl

Because of the increased internal energy of the malecule at 150°C.,
it is possible that the rearrangement is initiated by the creating of the
bond between carbon atoms 1 and 5. The resulting intermediate could be
stabilized by the participation of the neighboring chlorine atom to form
a chloronium ion., An alternative concerted mechanism may be postulated

for this reaction:

eL. . ¢l 1. o £ a1
e \/ \‘\\/
150° + - \ 2
A b 56 .
AN
cl ﬁl
¢ _cl 1

-
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1,6=dichloro=l=cyclohexene has been synthesized by Mousseron (25).
This compound and 1,3-dichloro-l-cyclohexene both on oxidation with potas=-
sium permanganate would give glutaric acid. Therefore, the authentic com=-

pound was synthesized by passing chlorine gas through cyclohexanone (24)

followed by the reaction of phosphorous pentachloride as follows:

0 L cl
Il
—— B — +
0° 0*

The authentic compound was separated from 1,2-dichloro-l-cyclchexene by

0

distillation. The authentic compound was further purified by vapor phase
chromatography analysis and was identified by infrared analysis. 1,2-Di-
chloro-l=cyclohexene (40) was found to be melted at 26-7°C.

When 6,6-dichlorobicyclo(3.1.0)hexane and 1,6~dichloro-l-cyclohex-
ene were reacted individually with anhydrous potassium acetate in acetic
anhydride and refluxed at 92-5°C,, both gave l=chloro=-6-acetoxy=l-cyclo=-
hexene, whereas 6,6~=dichlorobicyclo(3.1.0)hexane when heated alone at 959C.
for an hour gave no rearrangement product,

In this case, the rearrangement was probably due to the nucleophilic
activity of the acetate ion. This causes a fission of the ring giving cy-
clohexene derivative which was characterized to be l=chloro-6-acetoxy~l-

cyclohexene, The proposed mechanism follows:
cl
Cl\‘gl cl ”91_ CL\~’/91 '

R 00CCHj
CH3C00 e 7 00CCH, —00CCH

——

a -CL"
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The infrared spectra of some representatives of biecycle(3.1.0)-
hexanes are shown in figures 1, 2, 3 and 4. 'Each of the bicyclo(3.1.0)-
hexane'derivatives has medium to strong absorption peaks between 9.77 -
9.96,4&(1024 and 1004,cm°1). Ailen and‘c09workers {41) have pointed oﬁt
that in a random selection_of organic compounds 42% contained one or more
moderate or sﬁrong'absorption peaks ‘between 9.7 - 10.05,&9(10336995 cm‘”l)°
The same authors noted that aBsorptioh at 3,2445;égion which preﬁiouslyA
ﬁad-been éséribed to the ﬁethyiene groﬁp of the cyclpopropane structure is
-also unreli;ble. The speétra of figurés 1, 2, 3?énd 4 sho& ne absorption

at 3,2 «, but a shoulder appears consistently at 3.35 4.
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THE POSSIBILITIES OF FUTURE RESEARCH

l, A further investigation should be made of the reaction of di=-
chlorocarbene with cyclobutene, cyclohexene, cycloheptene, cyclogctene
and other like compounds:

Theoretically, it would be hard to prepare a seven-membered ring
analogous to 1,6=dichloro~l-cyclohexene from 7,7=dichlorobicyclo(4.1.0)~
heptane because of the stability of the six-membered ring and the steric
influences existing possibly in seven~membered rings. However, it may be
feasible to prepare a higher membered ring than a seven-membered one, which
then might indeed be a novel ring expansion method,

2, It may be possible by the use of labelled chlorine (c138) to
determine the mechanism of the rearrangement of 6,6-dichlorobicyclo(3.1.0)~
hexane by heating. The procedure of Roberts and Mazur (42) could be modi-
fied by using NaIl3l in acetone or HC138 in benzene in order to carry out
the above reaction for labelling purposes.

3, The kinetic studies of the following mechanisms might be inves-

tigated.to advantage if intermediate compounds can be isolated.

C Ccl cl cl ql
i

N/ !

(1)

|
|
|

N1

4 ‘\ - /C 1

|
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The rate of rearrangement of scheme (1) could be éxpected to- be more rapid
than the rate of rearrangement-of scﬂéﬁe (2). This can be deﬁerﬁined only
if intermediate compounds.;an be isolated: |

4, From the évidence,preéeﬁted on pages 30 and 31, the bicyclo-

(3.1.0) hexane=6=-carboxylic acid could be expected to be attacked by nucleo= .

philic reagents such. as potassiuﬁ permanganate, Theref@re, it may be
feagible to prepare bicyglo(So1.0)hexéne~6éhydroxyfﬁwcarboxylic acid with
potassium permanganate, The avhy&rbxy acid could be expected te undexrgo
oxidation with concentrated éulfufic acid resulﬁing in the formation of
bicyélo(3.1.0)hexanw6qoﬁe. This would be in keeping with Meinwald and

Gassman (43).
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SUMMARY
Bicyélo(B.l;O)hexane-6~cafboxylic acidAhas been synthesized from cy=
clopenténe with éthyl diazoacetate in the presence of copper powder
and followed by the alkaline hydrolysis. Its amide derivative was
also obtained, These are new compounds.
The reaction of this acid by the Hell-Volhard-Zelinsky methoed has been
discussed. Evidence indicates this ﬁéthod can not be applied to this
compound.
6,6-Dichlorobicyclo(3.1.0)h§xane has been synthesized from cyclopen-
tene with dichlorocarbene in népentane.' This confirms previous syn=
thesis with dichlorocarbene.
Rearrangement occurred when'6,6~dichlorobicyclo(3,l,O)hexéne'is heat-
ed at 150°C., or refluxed with acetate ion at 9é;5°C: ‘These are new
findings. The mechanisms ére‘proposed.
ﬁoth 6,6~dichlorobicyclo(3.1.0)hexane and 196=dichloro-1-cyclohexeﬁe
have beeﬁ shown té give same l~cH10ro~6aacetoxy=1=éycl@héxene, the
former a new finding. .
1,6=Dichloro=l=cyclohexene is further proved by preparing‘an authentic
compound which checked completely by infrared and vapor éhase chroma=
tography analyses and also checked by the.degradation of l=chloro=6=

keto=l-cyclohexene to glutaric acid.
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