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A3.TH..CT

The llquicd phesc i1somerizutions of methyleycloyentane,
cyoclohexene, ethylcyclopent:zne, methyloyclohexane and
cyocloheptane under curbonium 1on conditions were :tudlied.
T&o daialynts uszed were aluninum chloride ana the
oorreipondlng alkyl ehloride of the oycloalkune, i.e.
l-chloro-l-methyleyclopentane in the isomerization of
nothyloyoiopenfuno. The effect of time, teaperature end
eluainua ohloride cconcentration cn the above hydroocarbdons
was studied.

The guestion of whether primary oarbonium ione ure
formed as reaction intermediotes from the more stable
aioondéry and'tortiary curdoniua ions wes examined. In
all cases where they have been postulated, the datu are
elso in acoord with a dimolecular process which does
not inv:1lve primafi earbonium ions. No evidence was
found in this work supporting bimoleoular reactions,
although the results &o not exolude their ocourrence.

:EFivc; iix and seven~-meambered rings interconvert
uncer tho‘exbefimontal oonditions. In all case¢s the

predoainant pfuhkct is a szi{ix-meabered ring.
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INTAUDIOCTICN

The 1somerization of hydrocarbons emd relsted
eompounds in licuid phase reaotions has deen studied
for many years. These studies have included aifferent
types of eatalysts end reaction oonditicns. Relative to
this work are those oarried ocut with Friedel-Crafts
oatalysts such as aluainua chloride and alualnua droamide.

The proposed mechanisas for these reactions involve
earboniua ions as intermedistes.

" ‘The general conoept of the intermediate foramstion

}‘to explain

of oardoniuam ions was first stated dy Ahitmore
the 1,2 shifts so ocommon in organie chemistry. Then,
followed several discoveries of importance relating to
eluminum halide induced rearrangements. Heldua& reported
that in addition to sluminum helide, hydrogen bhalide and
water, or sn alkyl halide must be present to induce
fsomerization. FPlnes and #acker” also observed that en
olefin or alkyl halide was needed in catalytic amounts to
initiate the reacticn. These findings ooupled with the
discovery by Eartlott, Condon and Schnoider‘ot the repid
hydrogeh-hnlagen‘dxonange between 1soparéfr1n; and alkyl
halides under the influence of Lewis Acids firaly

esteblished the intermediscy of o.rbonium ions. The
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concepts develorped therein‘torm the basis of much of the
modern mechanistio interpretations of 1licuid phase
isomerizations occurring under these conditions,

- By consideration of the above observations and
eoncepts, one is lee to ratioralize the foraation of
eny p:oduot unéer licuid phase csarboniua icn ceconditions.
Eowever, the number of mecheristic paths able to retion-
elize = glven'product is usually lerze. This mzkes the
problex of #ingling out cne specifio mechanistic path
as the correct or even dominant one very difficult,

uechan;sms sugzested for some of the aore common
1iquid phase iscaerizaticns involve the intermediate
formation 9r primary ourbonium ions from the more stable
seocondary and tertiary ocarbonium ions. The follcowing are
typical examples:

The isomerization of n-butane to 1sobutane§

<+
C-CaC-Cy R'zz== C-T-C-C.t EE
c ¢
N ~is 2) ~37 ~»
CmGmCa G S cf-c-*é s GOm0 (1)
) -+

¢ nH v
C-0-C Z— (-0-C. W

8
The {somerization of methyloyclopentune to cyclohexane.

l '?’ K = ! \i + R=
\ + + ) . (g)
é H . OL O+ #
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The above mechanisns ere ocnsistent with the

obeerved results; however, oeloulationavshow that at

least 23 koal/aole of acotivatism energy is reguired to

eoanverts o tertiary carbonfum ion to & priasry oarbsniun

ion and 22 koal/uole of-sctivation ensrgy is reguired to

oonvert a seoondary osrboniun ion €5 a priasry oarboniua

icn.

Thes2 enerzy reqguireaents Justify the examination

of alternats mechaniatio routes,

In all cases where yrlmury carbcniua ions have been

postulated as reaction interimsdiates, the datu are also

in accord with biaslecualar reactions not involving

rrimary curboniua ions. The g¢occurrence of bimovleculer

reactions in the isotope-position rearranzement of

t-eayl chloride with sluainua chloride has been shown?

Binolecular resctions may be formulated for cases (1)

end (2) as follows:

+
C-C-C-C — C-C=(-C + B
: ¢
+ |+
C-Gr0m3 + Cm3 = o0 == -G-C-C 3 M o em G
o c C-S=C-C ~C==C (3)
&3 =H L X _ . v
C- \'3 pa— CeC=2 — =0 = Y (C-C-C-C
Ce=C=C i
/f_t I .
5 | == i+ B
[ — ——— .
’u\ {/'*\ i \ ! H (4)
} _ [t +
Moy = D2 DA
4—
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Sinoe this work deals with eyelio hydrocardons, the
biaclecular reaction process (4) may dbe examined further.
If the rearranzeaent is going by (4), then the possidility
of other produsts being formed by rearrangemnent of the
intermediate curboniua ion must be examined. Keactions

() and (8) eppeur plausible. Icentification therefore of

f /7 -
DT 2= DA = (6)
\___‘ *\—— A
'*‘ <+ [} RN v /'l—\ .L‘-’\ ~+’
z__ AT -~/ ;

rivedand seéven carbon coapounds in the 1isouaarizetion of
methylcyolcpentane would oonstitute evidence for the
occurrence ¢f biaolecular resctions, altusugh 1t would
not rigorously prove the oocurrence of (4).

The interconversion of methylcyclopeniene and
cyclonexane is rercrted in the literature to be an
eguilibrium process. It appeared desirehle, therelore,
to study the resacticne of cyclohexune and methylecycloperntene

under carboniuan icn ccnéiticons.
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Three other conpounds aprezred sultable lor study
under liquid phase curboniua ion eonditivns, naaely
etLyloyolspentane, methyloyclohexane and oycloaszptane,

The following rvastions hsve been re;orted:lo’11’12’15'14

> Ko reaction

21Cl .
':J/\I 10u~, <6 bourd

; 213,71 || + f )
. 8uY, 10 aours (trans) ~—"*—
~~ oSk L

.-/\1 N P ted e t
) , JUje unreate : ars
4-242:112 Jo+ [ e -

f ouY - ’ tfucoa traces
X Se CA78%r ./L
L AlBrg,d.1,25%7 u

/'.\\\
N, S- C4193
\ ./ XlBrg,H3r,200 ) (5

10C,%

The propgsed mechanisms for these reactions involve

primery oerbonium fons, f.e. (7). However, the results are

N ¢ e (7)
! . RH .
[\_u,,’ "—’ ':5 é +RT
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alsa sxplicudble on the basis cof bilaolecalar recctions,

{f.00. (8)0

2“\ g
,,v ;:ﬂ:; (,1:1 R //\v/ N
“\. /J = '\ 7/ ,\ _) —

It oan be scen that the precoaninant product in thess
rezcticns is the six-membdbered ring, metuyloyoclohexans,
which is foramed in pfererenoe to the rive or seven-
menbered rinys. This 18 undcubtedly due to the greater
gtabllity of the six-meanbered ring. opitzer and Hurrn&nls
czloulated from heats of foramastion that oyolohexune is
1 kcal/mole of (i, more stable than any other oyoloalkane.
fitzer's work also leads to the saae oonclusians}6

A general stucdy of liquid ;hase isomerizations of
these ¢ycloalkancs wus undertzken «ith the foullowing
objectives: (a) to dlstinguish between the postulated
priasry curbdbcniua ion processes and bimoleoular resgction
sequsences, arnd (b) to ascertain the smcunt of inter-
ecnversion between five, six and seven-amemdersd rings
uncer liquid prese earbonium ion ecréiticns.

In order to generate the desired csrbonium ions under
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ocndéitions anelogous tu thoce used for tus isotoupe=-
position resrrangencnc cf t-aayl onlorias, the alkyl
ochlopide: of the cycloalkines were usged in the [ resence
of elumrinua onloride.

A qualftstive and cuantitative study of tiae,
tsaperature and aluninua chloride conocentration upon the

direatisn and c¢xtant of i3acrization was also wade.






Kegults gnd Discussion

Reactions were run on five different hydrocarbons and
the results obtained, with respect to time, temperature and
aluninua chloride concentration are shown in Tables I-V,’
The reasétions consisted of a volatile fraotion and a dbrown
residue containing the aluminum ehloride and polyaeric -
materisl., The voldiile fraction was analyzed by vepor
phase chrozmotrography. .

Several points of general interest ere apparent froa
the results. (1) The reaotions appear to stop after short
poribés of time., (2) Lthyl mocetate was found to inhibit
the reaction of methyl and ethyloyclopentane. Similar -
reports of inhibition dy other eompounds in this type of
reaction may be found in the 11toratﬁro.1‘7h0reroro,'de-
aotivation of the catalyst seems to be a oomson phenomenon
in this type of reasction. Under the liquid phase reaction
oonditions the deactivation of the catalyst is moat likely
csused by the polymer. (3) Temperature substantially
affects the amount of iscasrizetion. (4) The qualitative
eomposition of the product 1s virtually unaffected by tiae,
Semperature and aluminum ohloride comoentration. Cycloheptane
sppesrs to be an exception. -

"~ " The data given in Tables I and II summerize the results
obtained in the isomerigation of aethyloyelopentane end
eyolohexane. - It can be seen that resction of either compound

leads to only one product. No produst wss found which would
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correspond to the ocourrence of reaction (5) or (8).
Therefore, in the ocase of these two coapcunds, there is
no evidence for the occurrence of c'bimoleoular resqtion,
but the results do not rule out this pcssidility, because
rezction (4) may be ocourring at a much faster rate than
(5) or (8)s Furtheraore, the reaction conditions may bdbe
such that reactions (5) and (Q) are highly unfavorable.
These reacticns involve the foramation of an olefin and a
secondary carbonium fon while (4) involves the forastion
of en olefin and a tertiary carbonium ion. It has been
;oun&?that fission steps leading to secondary earbdonium .
ions do not ccmpete favoradly with those leading to tertiary
earboniua ions. R

Graph I shows that the amount of interconveraioa in
the methyleyclopentane-oyclohexane system is highly
temperature dependent; the ratio methyloyclopentane/
oyoclohexane increcses with teamperature. Grapyh II shows
that reaction is com;lete within a short pericd of tiae.

. Entries (19) end (20) of Table I when oontrasted
with (11) end (15) show the effest of ethyl asetate upon
the amount of iscuerization. iToam these results it aust
be assumed thuat ethyl acetate is an effective inhibitor
for this type of liquid phase reaction.

Table III listed the results cbtained for the isomeri-
gation of ethyleyolopentane. Entries (1),(4) and (3) were
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run with ethyloyclopentane obtained from a hydrozemation
reaction using efnyl acetate as solvent. It 18 noticeable
that these reactions show relatively low percentages of
rearrangedent. By the use of vepor phase ghroaotrography,
1t was found that the ethyleyclopentane eontained 21 ethyl
ecetate es impurity, Further purifieation of the ethyl- "
cyolopentane wus darried out bf‘dac of the Beoknan/
Eegachroae before the remaining resotions were run. Coaplete
eonversion to methyloyoclohexane was obtained in all of these
reaotions indicating that the ethyl acetate was responsidle
for the inhidition of the esrlier resotions. This agrees
with the results obtained for the degnyloycldpcntand"
1somerization. ' It should be noted that the only produet

in this resotion 13 the six-meamdered ring systea, methyl-
eyolohexane, end that there {s no further ring expansion

to a seven-aeambered ring struoture.

Table IV shows th:t this {s also the 6ase for methyle
cyclobexane. %here i{s no ring expansion to cycloheptane,
but there 18 a ring oontreotion to a dimufhyloyoiopentane.
In the sase of eyoloheptune, ss shown in Tadle V, the major
prodact is nethyloyolohéxano along with smell emounts of a
dimethyleyolopentene. The above results, coupled with -
rejorts in the literature that dinethyloyclopentanes

1somerize to methyleoyolohexanel®1leads to the following
‘eonolusions: ~ There is an equilidbrium between methyls -
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cyelohexane and dimethyloyolopentane shifted higzhly in
the direction of methyloyelohexane. The conversion of
eyoloheptane to~methy}oyolohexane.1l notArqveraibla, and
the nitpyloyolonexano formed then isomerizes to a five-
nemﬁercd ring structure. The stsbility of the vsrious
ring ntruqturos must also be considered. The eonclusions
egree with the previous repqr%gzlin that the six-membered
ring structure is more stedble than a five or seven-meabered
structure, It may be further concluded thet the five-
meabered structure, dimecthyloyolopentane, is more stubdle
than the seven-membdered structure, cycloheptane.

The dimethyloyclopentane reported in the isomerization
of bdoth methyleyclohexane and eycloheptans was not definitely
determined, but the rollowihg evidence points to one or
both of the trens 1,2 or 1l,3-dimethylcyolopentsnes.

The position of the signal peak for the compound in
the vaspor phese chromatagraph shows it to be a seven-ctrbdon
compound with a boiling point slightly below thsat of
methyloyolohexene, A sample of the compound was separated
on the chrometazraph snd analyzed by n.m.r. end infra-pred
speastroscopy. Figures I-IV show the speotra obteined.

The n.m.rTs spectra are shown in rigures III and IV,
The peak et T9.03 wculd correspond to the methyl groups.
The presence of tertiary hydrogzens is also siuown in the
spectra, This eliminstes the presence of 1,l1-dimethyl-

cyclopentane.
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The infra=red spsotra are shown in figgres I and II.

Theae sliow the presence of a methyl. group but tuo ahnpnoo
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Table I

Isomerization of Methwlcyclopentanoa

No. m.moles A1C1, , mfo:f) Tgrg{:. wt. %O
1 L3l 30 =35 0

2 L.3k 10 0 0.9
3 L.3bL | 20 0 23.0
h b3, 30 0 5.l
S 8.68 10 0 1.5
6 8.68 20 0 L.l
7 8.68 30 6 8.3
8 L.3L 5 26 8.3
9 Lo3k 10 26 3L.
10 L3k 20 26 43.2
1 L3k 30 26 53.5
12 8.68 5 26 13,0
13 8.68 10 26 Lo.2
1) 8.68 20 26 Lok
15 8.68 30 26 60.7
16 b2l 10 40 26.L
-::i7 8.68 10 4o 27.3
18 L3k 180 30 60.5
P19 b.3L 30 26 0.8
%20 8.68 30 26 1.0

8 4l.6 m.moles of methylcyclopentane and 1.63 m.moles of
1-chloro-l-methylcyclopentane were used in each reaction.

b. 3,24 of ethyl acetate present.



Table II

Isomerization of Cyclohexane®

No. m.moles AlCl4 (:ﬁ) T?rg?. .Wb. % é
1 1.7 10 0 <1
2 1.7 20 0 <l
3 1,7 30 0 0.k
h 3.4 10 0 0.9
5 3.k 20 0 1.7
6 3.h 30 0 2.7
7 1.7 10 26 <l
8 1.7 20 26 1.9
9 1.7 30 %6 .| 6.9

10 3.4 10 26 6.3

11 3.k 20 26 1.5

12 3.4 30 26 1.6

13 1.7 180 30 8.7

1 1.7 10 Lo 1.3

15 3.4 10 Lo 5.9

8. )6,k m.moles of cyclohexane and 1.7 m.moles of chloro-
cyclohexane were used in each reaction.
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Table III

Isomerization of Ethylcyclopentane®

No. m.moles A1C1, % EtAc Time Temp, W, % o
(min,) c.

1 1.16 2 30 26 1

2 1.16 0 30 26 100

3 1.16 0 S 26 100

L .58 2 30 Lo 8

S 1.16 2 30 Lo 12

6 1.16 0 30 70 100

7 1.7 0 90 70 100

a. 15.6 m.moles of ethylcyclopentane and .58 m.moles of l-chloro-l-
ethylcyclopentane were used in each reaction




Table IV

Isomerization of Methylcyclohexane?

No. | m.moles A1C1, (:?:) Tgrg;:. wg, ES R
1 1.5 30 0 0

2 3.0 30 0 0

3 1.5 30 26 0
L 3.0 30 26 (0

5 1.5 180 26 )
6 1.5 30 Lo 1.5
7 3.0 30 Lo Lol
8 1.5 30 70 7.5
9 3.0 30 70 10.0
10 L.5 30 70 9.4
1 3.0 60 70 9.9

a. 39.3 m.moles of methylcyclohexane and 1.5 m.moles of
l-chloro-l-methylcyclohexane were used in each reaction.



Table V

Isomerization of Cycloheptane®

No. m.moles A1C1, (:f,:) Teléq.:. W, % b W, % é'
1 1.2 30 -15 3.1 0

2 6 30 - 0 3.5 0

3 1.2 | 30 0 5.1 0

L .6 30 26 5.6 0

5 1.2 30 26 37.4 2.0

6 6 30 Lo )/ 0

7 1,2 30 Lo 52.5 2.5

8 1.2 30 70 89.7 7.2

a. 16.6 m.moles of cycloheptane and 0.6 m.moles of chlorocycloheptane
were used in each reaction.
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2 1 0O ppm

Pig. III. NMR Spectrum of '"dimethylcyclopentane". From the
resction of cycloheptane.



| L | ! |
2 1 0'ppm

Fig. IV. NMR Spectrum of 'dimethylcyclopentane". From the reaction of
methylcyclohexene,
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Granh I

Zffect of Time upon Extegt of Reaction
Temperature 26 C., |
Folar Katio: AlClB/cyclic chloride 2 f‘ororé
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Graph II
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EXI o RIUeNTAL

- ? apparatus:

’ é§ The reactions were carried out in a 25 ml. round bottom

| flask eguipped with a sice-srm inlet. 7The flask was connected
Ej t0 & vacuum systea turough & smell colunn end distilling head.

Hesction Frocedure:

Five ml. of wcthyleyolopentane were placed in thne reaction

flesk and the rlask was lamersed in a pre-heated oil bath for

ten minutes. To tié magnetically stirred sclution was added,

through the side-arm, 0.2 il. ¢f l-ohloro-lemsthylcyclopentans
and +29 g 0f aluainuam chloride (Baker & .damson, reagent
grade). After thirty minutes, the liguid pertion wes

collected under vacuum, at liquid eir tearerature, A brown

a # 3 SRR NIy - A L

residue reaained in the reaotion flask, presumadbly polymerio

meterisl and aluairum chleoride,

The above proocedure wz=s followed for the cther com-ounds,

with veriaticns in time, tearerature and aluminua ohloride

ooncentration.

?
*i
%
i

A
4

Chenigcals:

Xethyloyclopentone wus cbtained from ‘thillips Tetrcleum

Coupany. Fkure grade (99 mole % minimum purity).

Methvlovelohaexuan® was obtained from ihillirs tetroleum

Company. Pure grece (99 mole % miniaum purity).

Cyclohexane was freshly distilled labeoratory grude.
18
Boiling point 81-82°/751 mm. TLitereture velues: b.f.

81.4°/760 mn., nd2 1.4250,
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vyoloneptune wus obtained rrom salcrich Chemioal

coumpany, Teohnical grace.

Lthyloyeiopentane wus prepared from oyclopentanone and

etayl bromiue by & Grignard reaction, subsequent dehyar=tion
of the aloohol end hydrozenation of the resulting olefins.
The Grignard reaction wss run with 218 g. (2 moles) of
otnyl-bromide, 48 g, (2 a0les) of .lagnesiua turninss end
84 go (1 mblo) of ocyolopentanone, The reescticn mixture
was ¢ecoapoeed directly to the olerins with 1CL hycdrochlorie
acld solution, Llistillation gave &9 g. (.4U8 molss, 40.8%)
of two oletiﬁs {(ethylcyolopentane &nd ethylidine oyclopentane)
be e 42-§8°/B Mide

Tne olefins were hycrszensted in ethyl acetate, ut
ataospneric pressure and a teupersturs of 500 over ylatinua
oxide to wive s gusntitative s1eld ol etnyl-cyclopentuns
dee 101-1020/750 1., n%g l.41uS. Titersture valaegab.p.
102-1032/760 an., nf-::f-’ 1.4134.

l-chlory=lenetnvicvclonentsne was prepared by the

Crignard roeactisn of natayl {odile end eyolopentinones,
Ueing 962.2 g. (2.5 zcles) of awthyl iodlds, 62.4 g.
(2.8 moles) of Mugnesiua turuinss aud 10-5.2 2. (l.o m5les)

of cyclopentinone, 43.2 Ze (o432 Moles, 27,0 of 1=1s hsloyelo=

l\)

pent-.u-lvl b':. \)-L-Elﬁ /lO AUAIC. n l.‘! &\JU W“‘b JD U.Ln\/do Lit‘r.‘
O - . k.l J
ture valuga, b.D. 51-5¢°/lu Mhle n-;‘ lebaZ3e
he l-methylesclopentuniol wasg treoicd with a tyo-f51d

excess ol ccld concentreted hyiroehlorie ucia suiuticn and
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shaken intermittently fcr twenty minutes. The l-chloro-
l-methyleyclopentane formed as en urper layer. This was
sep;rated,’dricd in an air stream for thirty minutes and
diéfilled in cuantitative yleld, DBoiling roint 20-71%/
145>mm.,'n%2 1,44284. Values 1listed in the literaturgf'b.p.
70%/145 mm.,<n§9 1.4483, d§9 9341,

The l-chloraQI-methyloyclopentane was prepared
1mmed1ate1y‘berore use end was not stored for over six
houreAbercré usee

Chlorocyelcheyane wns prejpared by the additicn of 60 ml

of ocncentrated hydrochloric acid solution to 20 ge (420
moles) of cyelohcxanol and refluxing for one houre.e After
seperaticn, washing, drying end dlstillation, 13.8 g.

(o 14 aoles 704) of chlarocycloheXane was cbtained. Bcilling
point 142-1400/751 mn.. nﬁ- 1.4621. Literature valueﬁ?
b.p. 142°/760 ma., nn- 1.46264.

l-chloro-l-methyloyclghexane was prepared by the Gri&nard

reaction of methyl iodide with cyclohexanone and treatment of
the resultino alcohol with concentrated hydrochloric acid,.

In the reaction, 142 ge (1 mole) of methyl lodide, 24 g.
(l‘mole} of segnesium turnings &nd 49 g. (0.5 moles) of -
ojclohexanol were used, Distillation yielded 36 go (.32 moles,
“‘E;E%)‘ot l-methylcyclohexanole Boiling point 64-66°/20 mn., ,
n%g 1.4587. Literature velueg? %.p. 67-68°/21 mm¢,-n§9

1.4584,
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The lfmethyloyolohexanol wss treath with a two-f.1d
ex0€s8 of éold concentrated hydroohlorie éold and shaken
for thirty minutes. Tne l-obloro-l;methyloyclohexane that
rormed was separetad, dried in aﬁ air'stream ro; thirty
minutes, &nd distilled in gquantitative yield. Boiling
point 42-4d°/20 m@. , "E' 1.4572.‘ Values listed in ;be
literuturgf b.p. 43°/20 mm., nn- 1. 4579.

The l-obloro-l-methyloyclohexane was prepured
1mmediately befar e use and was not stored for more than
slx bours beiore use.

Chloroqxcloheptane wus prepured by a Lithiun Aluninun

P

Hyarido roduotion or oycloheptanone and aubsequent treatment

of the nlcohol with hydroohlorio soid. Ten grams (.062 moles)
of oyoloheptanone were treated with 1.2 g. (6C31 moles) of
Lithium Alumlnum Fydride, to yield 8.8 go (U758 moies, 85 3%)
of oyolobeptanol. Bo 111ng point 86-88°/15 ma., n§9 1. 4754.
Values listed in the literatursf b.p. 87-88°/15 mm., n§9_1.4757.
The:oyoléheptanol was treated with a three-tcldlexoeéa
of concentrated hydrochlorie acid and refluxed forvtbree
houfa. The ohlorocycloheptane that formed was sepsrated,
;Qahed, éried and distilled to give a quantitative yieid.
Byo\lling point 45-486°/6 ma., n%? 1.4692. Literature value§?
bep. 174°/760 aa., ni—o not listed, LY .9957.
l-chloro-l-ethylcyclopentene was prepared by a Grignard

resction of ethyl bromide with cyclopentanone and trqatment

of the resulting aloohol with concentrauted hydrochloric acid.
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The l-ethylcyclopentanol was prepsred in bdz2u% yield dy the
reaction of 109 z. (1 mols) of etuyl bromide and £4 g. {1 mole)
of Magnesium turninges in ether with 42 g. (0.5 moles) of
oyblopentanone. Obtained were 3O g (.263 moles) of l-ethyl-
oyclopentanol, b.p. 43-44°/4 am., n§9 1.4559. Literature -
Valuegz b.p. 58.5°/8 ma., ngp 1.4540.,

The l-ochloro-l-ethyleyclopentane was prerared in
quantitative yield froa l-ethylcyoclopentenol by treatment
with & two-fold excess of oold ooncentrated hydrochlorio
égid, with shexing for thirty minutes. FYhysical properties
found, bep. 52-53°/35 wmm., n20 1.4523. Values listed in the

v

‘ ' 28
literature, b.p. 550/35 mm. , n%g 1.4525, d%g «9548,

Analysis of Prodw ts:

Small amounts of the distilled reaction mixtures were
injected into, and separsted to the various components by
a Ferkin-Elamer i¥oduel 154 Vapor Fractoueter. The e¢clumns
used were 5-3C% Silicon Cil on Celite ana the temperutures
used were 65-100°, Identifiocation of the compounds was
made by & oompariscn of the retention times of pure samples
of known oompounads with those of the reaction products, by
separation, collection and infra-red and n.m.r. spectrosoopy
on the collected suuples.

wuantitative detcrmination of product percentagzes was
made by integration of the aress under the siznals and

direot correlation of these areas to component weight.



hY N "
iy o

s

i

ve
L6
i O ]
-4 . .
-t
. -
: o .
o o
~
s -
<
.
-
2
<
g y
]
» A y
.
. -
. 4
i
.

r

«J

u

4

o tlas

.

-

ey

i

.

-* .

. —— e

EO
L v oe

TV oA




- 28 -

In the case of ethylcyclopentane a different method
was uscd, The produot resulting from the isomerization of
ethyloyolopentune is mettyloyeclohexane, A good separation
of the two oompounds oould not be obtained by the use of
vapor phase chromotrozraphy, ®o quantitative determination
was cearried out by use of infra-red speotroboopy.

"The peroentage ocomposition of the reaction mixtures
were determined by comparison of several lines in thdqspeotra
with the spectra of mixturese of known ocomposition. The
following liﬂea were used: |
ethylcyolopentane- - 8,04n and $.52u,
methyloyolohexane- 10,80n, 11,08u, 11.48u, and 11.30u.
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SULMLLARY

The liquid phase isoacrization of wmethyleyclopentane
to eyclohexane in the presence of l-chloro-l-methylcyclo-
pentane and aluainua chloride was studled with the objectlive
of assessingz the contributicn of blmolecular reactlions to
the rearrangement. The reverse reaction, cyclohexane to
methyleyelopentene, was studied under similar oconditions.,
Nolevidenoé w&8 found in support of a bimolecular reaoction
sequence, but the data do not exclude this possibility.

Thrég other hydrncarbons, ethyleyclopentane, methyl-
cyclohexane and cycloheptane were also isomerized under
similar conditions. No evidence was found for the oocurrence
oan bimoleculsr process, but as above data do not rule out
this possibility.

The isomerizations favor the formation of six-membered
rinzs over the five or seven-membered rings.

Methyloyolohexene and oyocloheptane were found to yleld
§ga11 amounts of a mixture of trans 1,2 and/or 1,3-dimethyl-
cyelopentane. Identification of the structures was aude b}
infre-red and n.m.r. spectra.

Ethyl acetate wes found to inhibit the isomerization

of methyl and ethylcyclopentane.
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AFFENDIX

Atteupted Freparation of Lthyloysclobutane

It has been found that dialkyl oxalates decowpose in
29
good yleld to give olefins. It seemed interesting to try.
the reaction on l-etnyloyclobutanol. Therefore, tiae following

reaction reaotion sequence was used in an atteapt to prepare

ethyloyolobutane: N o f 7
" ,"m O — o ’
r~—“f"o . ] ~ Ol % " ! % 9 i k
: | 1) CpHgBr,ug ; 01-c.abc;?;.,_%0-c. 0
& B0 T B T L
- : 4 a
r— 0 0 ~ —— i : :
IR T “f_ 5 || o
| ! 4 X !
! ! i — ot ! |
| S _____l L e .

70 7.5 8¢ (lel44 moles) of idagnesiua turnings in ether
and 124.7 g. (1l.144 moles) of ethyl bromide wus acded %0 g.
(,286 moles) of syclobutanone. The excess Srignard reagent
was deoomposed by addition of fce-ccld saturated solution
of ammonium ohloride. The l-ethyleyclobutanol was separated,
washed, dried s«nd distilled. The yield wus 2.8 g. (.228 moles,
79.9%) with the following physical propcrties: be.pe. 86-68%/
40 mn., n%g 1.4410. neport of the compuvund in the literature
could not be found so verificaticn of the structure was made
by infra-red &nd ne.m.r. spectra.

The l-ethyloyclobutanol wus treateda with oxalyl chloride

to form the di-ester. This was tried in two diflerent ways.

In the first procedure, l-ethylcyclobutanol was dissolved
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in ether snd pyridine and the oxalyl ochloricde wts added

drop-wisé. The zixture was refluxed for fhfee Lours end

then dissclved in water. The ethér layer wus sepsrated,

washed snd the sclvent distilled off. The resulting ester
wae pyrolized at love- 219, -

The seocond jrocedure involved dlsoo}ving tke aloohol
in a six-fold excess of freshly distilled quinoline followed
by drop-wiso addition of the oxalyl ohloride. The reaction
mixture was then pyrolized directly at éénbératdrei.uﬁ to
2359,

Neither method gave aatiaruotory renults, in thst,
only a small quantity of oompuund was recovered from the
pyrolysia. The coapound contained a band in tbe 1nrra-red
at 5.80-5.83 oorreapondlng to a oarbonyl strotoh and had
a boiling point of 55°/751 mm.
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