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"One must be prepared to approach the subject of this

chapter philosophically, prepared to accept conclusions
which are, at first thought, seemingly at variance with
our senses and with a belief that has persisted almost

3t
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unguestioned from the time of the Greeks. . .

F. K. Richtmeyer, E. H. Kennard and T. Lauritsen
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ABSTRACT

The products of the nitrous aclid deamlination of Z2-methyl-
cyclobutylamine, 3-methylcyclobutylamine, 2-methylcyclopropyl-
carbinylamine, cyclopropylmethylcarbinylamine, allylmethyl-
carbinylamine and crotylcarbinylamime have been determined.

In addition, studies on the rates of solvolysis of sultable
derivatives of the same carbon skeleton have been carried
out. The experimental data are reminiscent of those reported
for the reactions of unsubstituted cyclobutyl, cyclopropyl-
carbinyl and allylcarbinyl compounds and are Iinterpreted in
terms of cationic intermediates closely related To those pro-
posed for the latter substances. In the present case, the
intermedlates are most reasonably represented as Three non-
classical, unsymmetrical, non-eqguivalent pyramidal lons,

"picyclobutonium' lons.
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I. INTRODUCTION

The carbonium ilon reactions of a family of isomeric
methyl-substituted cyclopropylcarbinyl, cyclobutyl and allyl-
carbinyl derivatives comprise the subject matter of this
thesis; The two sections of the Introduction include discus-
sions of (a) the nature of the carbonium ion intermediates
formed from unsubstituted cyclopropylcarbinyl, cvclobutyl and
allylcarbinyl derivatives, and (b) the nitrous acid deamina-

on

f..Je

tlons--such reactions providing a standard means of generat

A

of carbonium ions under mild conditions. Cox (1) has recently
consildered the general theory of carbonium ilon rearrangements

4

and the amine-nitrous acid reaction in detall, so no similar

comprehensive review will be attempted here.

The Interconversion of Cyclopropylcarbinyl, Cyclobutyl and

Allylecarbinyl Compounds in Carbonium Ion Reactions

Much of The seemingly contradictory data on the behavior
of cyeclopropyvlcarbinyl, cyclobutyl and allylcarbinyl deriva-
tives in carbonium ilon-type reactions have been shown by
Roberts and Mazur (2) to result from having either kinetic
or equilibrium control over the reaction products. In an
equilibrium-controlled process, the composition of the pro-
ducts 1s determined by the relative thermodynamic stabilities
ofrthe products themselves. On the other hand, the composi-
tion of the products of a kinetically-controlled carbonium
ion reaction usually reflects the relative stabilities of the

different intermediates involved, or the charge distribution
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on a single Intermediate, if such is implicated.

As an example of an equilibrium-controlled feaction,
we may conslder the work of Roberts and Mazur (2) on the
behavior of cyclopropylcarbinyl and cyclobutyl alcohols or
chlorides with Lucas reagent. Allylcarbinyl chloride was
found to be the sole product.* The same reagent under milder
conditions caused a 2:1 mixture of cyclopropylcarbinyl and
cyclobutyl chlorides to isomerize to a 1:1 mixture of allyl-
carbinyl and cyclobutyl chlorides (2). Since other evidence

(vide infra) shows that both cyclobutyl and cyclopropyl-

carbinyl chlorides lose chloride lon to form the same cationic
intermedlate, the disappearance of cyclopropylecarbinyl chlor-
ide from the mixture reflects the lesser stability of this

ive thermo-

[y

ela

H

chloride relative to cyclobutyl chloride. The
dynamic stabllities of the products corresponding to the three
isomeric carbon skeletons are therefore allylcarbinyl 3>
cyclobutyl > cyclopropylcarbinyl. This seqguence 1s as ex-
pected from strain considerations and provides a basis for
prediction of the nature of the reaction products in reversible
reactions of cyclopropylcarbinyl and cyclobutyl derivatives.
Now what is the evidence on the cationic intermediates
involved in these reactions? As has been pointed out, the

products formed in rapid and essentially irreversible kineti-

*
Exchange experiments with radioactilve 3801 showed that,

under the reaction conditions, the small-ring compounds were
in equilibrium with cationic intermediates but the allyl-
carbinyl compound was not.
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cally-controlled reactions usually reflect the nature of

the intermediates. Examples of such reactions are the
deamination of cyclobutylamine and cyclopropylcarbinyl-
amine, solvolysils of cyclobutyl and cyclopropylcarbinyl
derivatives and reactions of cyclobutanol and cyclopropyl-
carbinol with a varilety of reagents, as thionyl chloride and
phosphorous tribromide. Interestingly, all these reactions
give similar mixtures of products, where the relative amounts
of material having the cyclobutyl, cyclopropylcarbinyl and
allylcarbinyl skeletons are about 10:10:1, respectlively.

This suggests incursion of common cationic intermediaﬁes in
carbonium ion reactions of such compounds. All the data thus
far introduced can be interpreted in terms of an egquilibrat-
ing mixture of classical cyclobutyl, cyclopropylcarbinyl and
allylecarbinyl cations and one might ask whether there is any
evidence against this simple explanation. Significantly,
there is. TRoberts and Mazur (2) measured the solvolysis
rates of several chlorides and found that, in 50% agueous
ethanol at 50°%, cyclopropylcarbinyl chloride is 27 times

more reactive than cyclobutyl chloride and 40 times more
reactive than B-methylallyl chloride, cyclobutyl chloride

is 1.5 times more reactive Than B-methylallyl chloride and

15 times more reactlive than isopropyl chloride and allyl-
carbinyl chloride is completely unreactive. The high reac-
tivity of both cyclobutyl and cyclopropylcarbinyl derivatives
and the similarity in the composition of the products of the

reactions of these compounds can best be explained by common,
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non-classical intermediate(s). Before further considering

the nature of these intermediates, two intriguing pieces of

data will be introduced.

14

Mazur (4) has treated cyclopropylcarbinol-a-" C with

Lucas reagent and degraded the resultant allylcarbinyl~§~lqc

14

chloride. The C was found to be distributed equally among

the three methylene groups. In another experiment (4),

THo 14 ZnClo
CH - ~"CH,OH =—ger—> CHy, = CH - CH, - CH,CI
_/ * ————
CH { 1
0.1%
33.4% 65.5%

. , 14 o
cyclopropylearbinylamine-a-~ C was deaminated with aqueous
nitrous acid and the cyclopropylecarbinol and cyclobutanol so

formed were degraded with the results shown below.

35.8% 0.7%

~~OH
CH, \\\\
D U PR HONO + —CH.OH
CE - ~CHNH, = o
cag// & 53.2%

28.1%  35.8% U3 ,3%
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With these results invmind, we may proceed with an analy-
sis of the nature of the common nonéclassical intermediates.
Firstly, consideration of the previously proposed (3) com-
pletely symmetrical "tricyclobutonium" ion II leads to

prediction of equivalent amounts of 14

C in the three methylene
groups of the cyclobutanol—ﬁ;lac formed in the deamination

of cyclopropylcarbinylamine—a-lqc. Since the qu distribu-
tion approaches but does not gquite reach that predicted for
IT as the intermediate, the best formulation for the cationic
intermediates seems to be a rapid but not instantaneous
eguilibrium of three unsymmetrical "bicyclobutonium'" ions
(Ia-c). The foregoing experimental results, in conjunction
with a proposed molecular model (III) for intermediates la-c,
suggest a number of interesting possible characteristics for
these intermediates,

Model III for the "bicyclobutonium™ ion is based on a
model derived previously for the 7-dehydronorbornyl cation,
which seems, from simple molecular orbital and steric strain
calculations to be the best geometric arrangement for a homo-
allylic cation (25). The experimental data obtained in
studies of rates of carbonium ion formation with 7-dehydro-
norbornyl derivatives are in accord with the predicted high
degree of election delocalization in the 7-dehydronorbornyl
cation. A comparison of model III and the drawing below for
the 7-dehydronorbornyl cation demonstrates the close relation-

ship between the '"bicyclobutonium” ion and the latter cation.
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With the "bicyclobutonium" ion, the charge appears to be
almost evenly distributed over the 1, 2 and 4 carbon atoms
(numbering refers to III), since III reacts %o giverapproxi~
mately equal amounts of cyclopropylcarbinyl, cyclobutyl and
allylcarbinyl products (10:10:1) despite the predicted
(and observed) large differences in thermodynamic stabilities.
The next qguestion pertains to the mechanism for the
interconversion of Ta-c. This may reascnably take place
which case, the conformation of II illustrated by IV might
well be most favorable. In IV, the plane determined by the
carbon and two hydrogens of each methylene group is perpen-
dicular to the plane determined by the carbon atoms of the

three methylene groups. However, model III also shows that
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conversion of unsymmetrical ion Ia to Ib (and vice versa)

entails only a slight movement of atoms (referring to the
numbering on III, C, must be transferred from 03 to Cl)
whereas the conversion of either Ia or Ib to Ic (and vice
versa) involves considerable distortion of model III (a bond
must be formed between C, and C3 of III). The first inter-
conversion may thus have a lower activation energy and occur
more readily. Since, in the deamination of cyclopropyl-
carbinylamine~a-140, Ta 1s the cation initlally formed, such
an effect might account for the lack of complete equilibra-
tion of Ia-c and explain the excess 140 in the 2,4-positions
of cyclobutanol and the exocyclic methylené group of cyclo-
propylcarbinol,% The movement of atoms in Ic corresponding
to the Ia-Ib interconversion converts Ic only to its mirror
image.

Experience with a variety of carbonium ion-type reactions
suggests that the nearly equal rates of formation of cyclo-
propylcarbinyl, cyclobutyl and allylcarbinyl derivatives
in kinetically-controlled reactions must arise from a rather

delicate balance of steric and electrical effects in the

*

14 Iz and Ib, it will be observed, form cyclobutanol with
C in the 2,4-positions and, by_themselves, will form cyclo-
propylcarbinol with 50% of th 140 in the exocyclic methylene
group. The large excess of 14¢ 1n the latter position prob-
ably arises mainly from some speclal, non-rearranging catlon.

This process may be closely related to that which causes
anionotropically related allylic amines to give different
mixtures of products. The latter observations are discussed
in the subseguent section of the Introduction.
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unsymmetrical ions Ia;c. Consequently, substitution of a
methyl group for any of the hydrogens of Ia-c might be
expected to cause drastic alterations in the behavior of

the intermediate cations. Cox (1) has studied l-methyl-
cyclopropylcarbinyl, l-methylcyclobutyl and B-methylallyl-
carbinyl derivatives and has observed such effects. For
instance, the amines of these structures give only one cyclic
product, l-methyleyclobutanol, upon treatment with nitrous
acld, and 1~methylcyclopropylcarbinylamine—a~1uC gives only
3% 1DFC in the 3-position of the l-methylcyclobutanol. All

of Cox's (1) results are readily interpretable (5) in terms
of unsymmetrical cations resembling Ia-c, in which the charge
is highly localized on the methinyl carbon atom (in this
family, this carbon has become a potential Tertiary car-
bonium ion center)}. There may be a ready "short-cut”
interconversion for the unsymmetrical ions related to Ia and
Ib but the conversion of either of these ions to Ic via the

pertinent "tricyclobutonium" transition state (with its

. 14
concomitant rearrangement of

1

he 3-position of

o

C into
l-methylcyclobutanol) appears to be energetically unfavor-
able. The methyl group probably stabilizes the "bicyclo-
butonium” ions more than the "tricyclobutonium' transition
state, perhaps because the more delocalized charge on the
1atter is less available for stabilization by the methyl
group (the charge on the symmetrical transition state is
spread over four carbon atoms while the charge on unsymmetri-

cal ions Ia-c is only over three).
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The introduction of a methyl group into Ia-c, as studied

by Cox (1), was expected to cause a maximum perturbation,

o

nce 1t introduced a latent tertliary cationiec center. The

I_la

s
substitution of a methyl group on any of the methylene car-
bon atomsg, with 1ts potential secondary cationic center
(thus, two such in the same molecule) might be expected to
have less drastic effects. This has been the subject of

the investigation reported in this thesis.

At the present time, Dr. E. Renk of this laboratory is
studying the 146—distribution in the cyclobutancl and cyclo-
propylcarbinol formed in the deamination of allylcarbinyl-

14

amine-1-""C. This amine should first form intermediate Ic

and therefore is predicted to give cyclobutanol with > 33.3%
14

14

C in the 3-position and cyclopropylcarbinol with >66.7%
C in the ring positions. The experiment should be a

cruclal test of the proposed reactlion scheme.

The Deamination of Primary Aliphatic Amines

As was seen in Tthe previous section of the Introduction,
the amine-nitrous acld reaction has been used extensively
as a model carbonium lon-Ltype reactlion of cyclopropylcarbinyl,
cyclobutyl and allylicarbinyl derivatives. The results so
obtained have been of consgliderable aid in the interpretation
of otTher carbonium ion reactions of this family of compounds.
However, there are at least two important differences between

the amine deamination reaction and solvolytlc-type reactions.
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First, while a solvblysis normally has an enthalpy of acti-
.vation of order 25 Kcal., the loss of nitrogen from an alkyl-
diazonium ion has a very low enthalpy of activation, or may
even be exothermic (16,23). Second, whereas the solvolysis
reaction leads To the formation of an oppositely charged ion
pair,* the amine-nitrous acid reaction proceeds via the loss
of a neutral nitrogen molecule from a positively charged
carbocation. A serious question therefore arises as to how
closely the carbonium ilons formed in sgolvolytic-type reac-
tlons and in amine-nitrous acid reactions resemble each other.
With specific reference to cyclopropylecarbinyl, cyclobutyl
and allylcarbinyl derivatives, there aie some data that bear:
directly on this question.

Significantly, the compositions of the products obtained
in the deamination of cyclopropylecarbinyl- and cyclobutyl-
amines are greatly similar to those of the mixtures obtained
in other carbonium lon reactions of compounds of the same
carbon skeleton (2). This would indicate that at least for
these compounds, the deamination reaction is a good approxi-
mation to other carbonium ion-type reactions. In the case
of the allylcarbinyl derivatives, a somewhat different situ-
ation arises. No evidence was obtained (2) for the formation

of the allylcarbinyl cation in the solvolysis of allylcarbinyl

¥Of course, there are solvolyses, such as those of
sulphonium salts, in which no ion pair is formed. We con-
sider here only the most common kinds of sclvolyses, where
the leaving group is halide, tosylate, brosylate, etec.
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chloride or in the action of Lucas reagent upon thig chloride
or the corresponding alcohol (Lucas reagent is‘an especially
potent means of generating carbonium ilons from such sub-
stances). On the other hand, the plethora of rearrangement
products obtained in the reaction of allylcarbinylamine
with nitrous acld certainly indicates formation of cationic
intermediétes in this last reaction., There is no direct
evidence, however, that the behavior of the primary cation
produced in the deamination of allylcarbinylamine is in any
way more unusual than that of a primary cation formed in
another manner. The need is to determine a standard for
comparison, and the succeeding pages will indicate Just how
difficult it is to define such a standard. Before proceeding,
however, we shall assume a working hypothesis as to the
mechanism of the deamination reaction.

The aséumed mechanism 1s that the alkyldiazonium ion
loses a molecule of nitrogen to form a "hot" carbonium ilon.
This “hot“ carbonium ion is non-rearranged; indeed, there

is some evidence (vide infra) that the conformation of the

"hot" ion, aside from that about the carbon atom which actually
bears the positive charge, 1s nearly the same as the conforma-
tion of the alkyldiazonium ion 1tself. This "hot" carbonium ion
can then undergo alternative reactions. It should be kept

in mind that this mechanism for the amine-nitrous acld

reaction is not universally accepted, and we shall gilve a

more detailed analysis of the mechanism at the conclusion

of the Introduction.
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With the aid of the above mechanistic hypothesis, let
us first discuss the deamination of primary alivhatic amines.
Whitmore and Thorpe (10) report that methylamine gives no
isolable products, ethylamine gives a 60% yield of ethanol
and n-propylamine gives 7% l-propanol, 32% 2-propanol and
28% propylene. Aside from the anomalous behavior of methyl-
amine, These results are what one would expect 1f the inter—
mediate formed were a primafy cation that can subsequently
react with solvent, lose a proton to form olefin or rear-
range to a more stable cation (which can then react with
solvent, etec.), all these reactions of carbonium ions having
been established in innumerable other instances (22).
Henry (11) has reported that allylamine yields only allyl
alcohol and, as might be expected, shows no tendency to form
acetone via the highly unfavorable isopropenyl catlon (13).
Likewise, cyclopropylcarbinylamine undergoes no hydrogen
migration (2,4) in the amine-nitrous acid reaction. Apparently,
the initial "hot" cyclopropylcarbinyl cation forms the "bi-
cyclobutonium” ions in preference to the l-methyleyeclopropyl
cation, which would be the product of hydrogen migration
and which has been shown to be unusually unfavorable for a
tertiary carbonium ion (1). On the other hand, the deamina-
tion of allylcarbinylamine, as has been mentioned previously,
gives a highly complex mixture of products which include:
crotyl alcchol and a-methylallyl alcohol, formed via hydrogen

migration, and cyclopropylcarkbinol and cyclobutanol, formed
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via the hicyclobutonium" ions. The most reasonable explana-
tion is that the "hot" allylcarbinyl cation, especlally if
formed in the extended conformation, cannot instantaneously
attain the "bicyclobutonium" ion conformation. Thus, the
formation of the resonance stabilized butenyl catlon via
hydrogen migration now competes successfully with the first-
mentioned path.

The behavior of anionotroplcally related allylic amines
also elucidates some of the features of the amine-nitrous
acild reaction. Roberts and Mazur (2) have found that the
deamination of crotylamine and o-methylallylamine gives alco-
hol mixtures of different compositions. The first gives 47%
crotyl alcohol and 53% a-methylallyl alcohol while the second
gives 31% and 69% of these alcohols, respectively. This indi-
cates that the carbonium ion formed in the amine-nitrous

1cid reaction is not completely "free,” but, for allylic

o

cations at least, has a tendency to react at that carbon
which originally carried the awmino group.

FMurther light is shed on the deamination reaction, and
especially on the tremendous driving force assoclated with

it, by the work of Bartlett and Knox (12). hese workers

showed that a bridgehead carbonium ion could be produced

ic deamination reaction whereas no such inter-

ct

in an alipha
nediate could be formed with either water or chloride ilon
ag the leaving group, even under the most vigorous conditions.

[Snd

The loss of the nitrogen molecule presumably occurs, in this
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case, without either solﬁent or neighboring group particl-
pation.

The stereochemical course of the amine-nitrous acid
reaction, when not complicated by neighboring group or un-
usual structural effects, is racemization accompanied by
inversion (14-16), in a manner reminiscent of typical Syl-
type reactions (17). The inversion observed may arise in
a reaction pvath related to Tthat which causgses allylic igsomers
to give different product mixtures, and may reflect a degree
of covalent bonding, in the transition state, between the
solvent molecules and the developing positive carbon atom
of the alkyldiazonium ion. The results of Bartlett and
Knox (12) show that such bonding is not indispensable.

Many interesting experiments on the amine-nitrous acid
reactlion have recently been performed, utilizling 140 as a
tracer for carbon. In the deamination of 3-phenyl-l-propyl-

14

amine-1-""C, Fort and Roberts (21) found no evidence of

benzyl migration but approximately 40% hydrogen migration.
Roberts and Yancey (8) showed that the deamination of

3 . 14 . . ” 14
ethylamine-a-~" C gives ethanol with 1.5 + 0.2% of the C
in the methyl group, indicating the presence of 3% of the

that ig the intermediate.

H

ethylene protonium ion (V, R=H), 1
Roberts and Halmann (18) found that prropylamine—l—lgc glves
n-propyl alcohol with 8.5% of the 140 in the 2-position,

showing that 17% of the reactlon goes by way of the methyl-

bridged structure (V, RzCHB). Roberts and Regan (19) studied
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a series of para substituted 6-phenylethylamines—@-l&C and

found that p-nitrophenyl gives 12% of the bridged inter-
mediate (V, R=p-X-phenyl), while phenyl gives 54% of V and
p-methoxyphenyl, €6% of V. In this last series of compounds,
the formation of the highly resonance-stabilized a-phenyl-
ethyl catlon, via hydrogen migration, was not observed. The
authors (18) offer two possible explanations: (a) the hydro-
gen-bridged intermediate preferentially gives styrene, or (b)
the phenyl bridge is formed concurrently with loss of nitrogen.
In support of hypothesis (b), it is apparent that the con-
formation of the B-phenylethyldiazonium lon with the phenyl
group trans to the nitrogen molecule is highly favored (VI).
The "mot" primary B-phenyvlethyl cation may stabllize itself
g0 rapidly--by elther forming a phenonium ion or by reacting
with solvent--that the carbon-carbon single bond does not

-

have time to rotate and bring the hydrogen atoms into posi-
tion to form a hydrogen-bridged intermediate. In contrast
to the results of Roberts and Regan, the deamination of

either threo or erythro 3-phenvl-2-butylamine gives aboutl
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20% 2-phenyl-2-butanol, the result of hydrogen migration (20).*

Here, the initially formed cation is a more stable secondary
one, and it may last sufficiently long to allow 60° rotation
about a carbon-carbon bond, with subsequent migration of

%
hydrogen.

A recent paper by Raaen and Collins (70) illustrates
some differences between carbonium lons formed in the amine-
nitrous acid reaction and those formed via anotherroute,
specifically the pinacol rearrangement. These authors found
that, in the rearrangement of diphenyl-o-tolylacetaldehyde
and the related glycols to the two isomeric ketornes, the g—tolyl/
vphenyl migration ratio 1s 3. The results are explicable in

terms of a relatively long-lived open carbonium ion inter-

mediate in which the migration of o-tolyl is favored sterically
and electronically. On the other hand, in the deamination of
2,2-dipheny1~2~g—toly1ethylamine—1—146, this ratio is 0.75.

If phenyl and o-tolyl have equal effective sizes, and 1f it

is assumed that rearrangement is so rapild that no rotation

of more than 60° occurs, the ratio is predicted to be 1.00.

"It is interesting to note that Bonner and Tanner (69)
have recently shown that the 3I-phenyl-2-buta 01-1,4~1 C from
the deamination of 3—phenyl—z—butylamine«l—l'C has 50% of its

C in each of the 1 and 4 positions. This is in accord
with a symmetrical phenonium lon as an intermediate in the
formation of 3-phenyl-2-butanol from this amine.
%*COnsideration of the possible conformations of the
diazonium ion shows that one diastereomer preferentially
has methyl opposite to nitrogen (VII) while the other has
phenyl in that position (VIII).
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The value of 0.75 arises, according to the authors, from

)

the fact that the conformation with the o-tolyl group trans

to the diazonium grbup is less-favored, 1t would be inter-
esting to see if 2,2—diphenyl~2~tholylethylamine—1—14C would
give a migration ratlio of 1.00 or even greater.

Let us now proceed to a detaiied congideration of the
mechanism of the amine-nitrous acld reaction. The initial
step 1is assumed to be the formation of the élkyldiazonium
ion (7). The work of Roberts and Yancey (8) rules against
the incursion of a diazo compound as an intermedlate, since

E

they showed that the ethanol produced in the deamination of

ethylamine 1n 99% deuterium oxide contalned only the natural
amount of deuterium. Similarly, Young and Semenow (9)

have ruled out tThe occurrence of a dlazo compound in the
deamination of a- and ¥-methyvlallylamines 1In deuterocacetlc
acid. The mechanistic problem thus centers about the mode

of conversion of the alkyldiazonium ion to the final products.
The most likely route is certainly by way of a carbonlum ion,

so the true controversy rages over the timing and intimate

nature of the loss of the nitrogen molecule from the alkyl-

E3

This is a very strange fact, 1f true, since presumably
o-tolyl is The bulkiest group present and also the one of
highest migration aptitude. Professor J. D. Roberts suggests
that the conformation with o-tolyl trans to nitrogen 1is
favored but that it is twisted, by the non-bonded interac-
tions of the methyl group, out of the position of overlap
most favorable to migration. Therefore, this conformation
may gilve an unusual amount of migration with retention of
configuration (via phenyl migration).
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diazonium ion, and the conseqguent character of the carbonium
lon so formed.

One possible mechanism has been already consldered,
i.e., the alkyldiazonium ion loses a molecule ol nitrogen
to form a "hot” unsolvated cation, which then undergoes
the reactlons characteristic of the amine-nitrous acild reac-
tion. An opposite viewpoint maintains that any reactions
unique to the deamination (as opposed to solvolysils) must
occur simultaneously with the loss of nitrogen, and the
cations remaining after the loss of nitrogen are to be re-
garded as normal, solvolytic cations.i The first interpre-
tation has been recently defended by Cram and McCarty (20)
while the second is supported by Streitwieser (16,23).
These papers contaln comprehensive references to previous
regearches.

Cram and McCarty emphasize that the driving force in
the decomposition of the alkyldiazonium ion comes from
formatlion of a nitrogen molecule and not from nelghboring
group or solveht participation. The open, flat carbonlum
ion formed by the loss of nitrogen is of such high energy
that its half-life is much less than the hallf-1ife of
rotation by 60° about the carbon-carbon bond. The fate of

this "hot'" cation is therefore determined by the proximity

*

Since there 1s no way to form a solvolytilic primary
cation, 1t is hard for one to predict exactly how such a
cation should behave. BSeepreceding discussilon.
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of its neareét neighbdrs, whether they be solvent molecules
or neighboring atoms. If migration occurs, which group
migrates 1s primarlily determined by the conformation of the
alkyldiazonium ion itself.

Recently, Benjamin, Schaeffer and Collins (24) have
reported a very elegant study of the semipinacolic deamina-
tion of one optlcally active diastereomer of 1,l-diphenyl-

I
2-amino-l-propanol labeled with 1'0 in one vhenyl ring. It

®

Ny
HO C.H
65
¥% /C6H5 :E6H5
- C_H-CO-C.. -CO-
sHs 0 C\"CHS + CGHSCO C\'"-H
CHS H H CH3
12 % 88 %
%
C6H5

OPTICALLY ACTIVE

14¢ LABELED

was found that about 25% of thetphenyl a-phenylethyl ketone
product was racemized, although products and reactants
were stable under the reaction conditions. The racemization
was explained when it was shown that almost every time the
uhlabeled ohenyl migrated, the migration terminus had

retained configuration. The proof congisted of showing that




b

about 12% of thé product had rearranged unlabeled phenyl
(corresponding to 24% racemization if each migration of
unlabeled phenyl goes with retention of configuration).
Furthermore, an almost racemic fraction, separated from
the product mixture, had U4U% of its 140 in the phenyl
bonded to the carbonyl and 53% of its 140 in the a-phenyl-

14

ethyl group (calculated 50% of the C in each fragment
for a pure racemlc mixture if all migrations of unlabeled
phenyl occur with retention of configuration). These find-
ings are the first uneguivocal demonstration of a flat,
open carbonium lon in deamination reactions. The tTime for
rotation through 60° about the carbon-carbon single bond
is apparently comparable to the rate of phenyl migration,
and for at least 12% of the phenyl migration, a rearrange-
ment occurring simultaneously with the loss of nitrogen is
not a reasonable possibility. These last experimental data
are readlly accommodated in the scheme of Cram and McCarty
and lend some support to the existence of a "free' cation
and tor-the assumptlon of rapid migrations. As Cram and
McCarty indicate, the observed small differences in migratory
aptitudes in The deamination reaction, when compared to
solvolyses reactions, are also in agreemeht with postulation
of a highly reactive, relatively unselective intermediate.

A recent report by Young (80) provides still further
support for the "hot'" ion mechanism, An extensive study was
undertaken of the previously-mentioned tendency of allylic

amines to react at the same carbon atom from which Tthe amino
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group devarts és nitrogen. In two experiments, pure optic-
ally active a-methylallylamine was deaminated in acetic
acld in the presence of acetate ion. Although the concen-
tration of acetate differed by 340-fold between the two
experiments, the products were identical, both as to rela-
tive amounts of the two isomeric acetates and as To optical
activity (slight predominance of inversion over retention).
Young (80) proposes the intermediacy of a "hot' carbonium
ion, "whose formation does not regquire a distribution of
charge and which reacts with predominant racemization but no
rearrangement.'" This "hot" carbonium lon reacts before it
has a chance to change conformation and distribute 1ts
charge by resonance.*

The opposition to this "hot" carbonium ion mechanism,
as exemplified by Streitwieser (16,23), agrees that the driv-

Y

ing force for the decomposition of an alkyldiazonium ion

e

S
derived from the loss of a nitrogen molecule. However,
according to this author, the alkyldiazonium ion can enter
many reaction paths simultaneously wlth the loss of the

nitrogen molecule. It can (a) undergo an Sy2 reaction with

%In his presentation, Young (80) implies that part of
the reaction goes via the "hot” ion while the rest follows
another route (which apparently resembles a solvolysis).

He makes no explicilt mention of the possibility that all of
the reaction goes via the "hot" lon, which then enters
alternate pathways, one of which may be solvation. A cation
of the latter kind might behave as a solvolytic cation.
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solvent: (b) lose a hydrogen ion to give olefin;{c) undergo
hydrogen or carbon migration to form a normal, rearranged
carbonium ilon; or (d) Jjust lose nitrogen to form a normal,
unrearranged carbonium ilon., In this scheme, Strelitwieser
(16,23) believes that the migrating group is best viewed

as being "pulled over" rather than supplying a "push,” as in
anchimeric-assisted solvolyses. Since this scheme predicts
the stereochemistry of migrations in terms of relative popu-
lations of conformations of the alkyldiazonium ion, Just

as the "hot'" atom mechanism does, 1t will generally be ex-
ceedingly difficult to differentiate between the two mechan-
isms. The work of Benjamin, Schaeffer and Collins (24) and
of Young (80) are the best examples extant in which some
distinction can be drawn, and in both cases, the data favor

the "hot!" carbonium lon mechanism.
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'II. RESULTS AND DISCUSSION

Forward

The purpose of the present research was to examine the
effect of methyl groups substituted at a methylene carbon
atom upon the non-classical "bicyclobutonium" lon intermedi-
ates Ta-c. There are seven isomeric five-carbon cyclopropyl-
carbinyl, cyclobutyl and allylcarbinyl derivatives (X=-XVI)
that can give rise to such intermediates (IXa=c) by processes
involving only interchanges of rings and double bonds. The
amines of structures X=XV have been synthesized and treated
with nitrous acid and the resultant alcohol mixtures analyzed.
In addition, the solvolysis rates of some esters and bromides
of X~XIITI have been determined and the behavior of the
alcohols of structures X-XV under strongly acidic conditilons
has been examined. No efforts were ever made to separate

-

cis-trans isomers, where the possibility for such exist.

Solvolyses

The original intent of this investigation was to synthe-
size and measure the rates of solvolysis of the bromides of
the isomeric five-carbon compounds X-XVI. 3-Methylcyclobutyl
bromide was readily prepared as a mixture of clg-trans
isomers by conventional means. However, all efforts to
convert cyclopropylmethylcarbinol to the corresponding bromide
failed, extensive rearrangement apparently taking place.
Attempts were made to determine the nature of the resultant

bromides. The vapor phase chromatographlc spectrum
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(hereinafter v.p.c.) showed three peaks, the relative sizes
of which varied slightly depending upon the synthetic method
employed.

The peak of greatest retention time and of largest size
(80%) was most likely crotylcarbinyl bromide for the following
reasons. Firstly, in the v.p.c.'s of alcohols X-XVI, crotyl-
carbinol has the longest retention time; the bromides might
Tfollow the same order of appearance as the alcohols. Also,
the infrared spectrum of the bromide mixture was similar in
many respects to that of crotylcarbinol. The nuclear magnetic
resonance spechbrum (n;m.r.) of the bromide mixture was nearly
identical to that of crotylcarbinol except, of course, for
the 0-H proton peak. l—Cyclopropylethanol—l—EH was synthe-
sized and converted to the bromide mixbture. Qualitative
n.m.r.'s of the bromides prepared from the deuterated and
undeutérated alcohols, when compared, also showed the effects
expected 1f the predominant speciles present was crotylcarbinyl
bromide. Thus, in the spectrum of the deutero-bromide
(CHBCQ = CHCHQCH2BP), the peak assigned to the methyl group
was no longer split into two and the vinylic hydrogen peak
was diminished by about one-half.

Referring back to the v.p.c. of the bromide mixture, the
peak of medium retention time, representing 8-1L% of the total
peak area, was arbitrarily assigned to the desired cyclo~
propyimethylcarbinyl bromide. The reason for this assoclatlion,
aside from the relative retention‘time, was that the percent-

age approximately corresponds to that for a very reactive
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bromide, as estimated from the solvolysis data (vide infra).

The peak of shortest retention time was 3-5% of the total
peak area, and had the same retention time as allylmethyl-
carbinyl bromide. No attempt was made to confirm this
tentative assignment.

The rates of solvolysis of 3-methylcyclobutyl bromide
and of the bromide mixture were measured at 25° in 50%
ethanol-water. Under these conditions, cyclobutyl bromide

6 sec. T (2).

exhibits first-order kinetics, k; = .2 x 107
3=Methylcyclobutyl bromide solvolyzes with a sharply decreas-
ing k. The possibility that the cis and trans isomers, which
most certainly occur 1n the material, solvolyze at highly
different rates cannot be excluded. However, since cyclobubtyl
bromide is so reactive under the same conditions (2), it seems
unreasonable to propose that a methyl group either cis or
trans to the bromine atom'ln the B-poéition of the cyclobutyl
ring could cause the compound to be essentially unreactive.
The most likely alternative explanation is that 3-
methyleyclobutyl bromide undergoes two competing first-~order
reactions, one leading to solvolysils products and one giving
rearranged, slightly reactive bromide (76). This latter might
be allylmethylcarbinyl bromide, for instance. Calculations
(see Experimental) based on such a reaction scheme give lk, for

-6

o - £3 '-‘1 . 1 o
the formation of products as 3.@7 x 10 sec. —, while k, for

£ “
0 = ] - i

the rearrangement equals C.2 x 10 sec. .

The solvolysis curves of the various bromide mixtures

from the cyclopropylmethylcarbinyl bromide preparations all



-31=-

indicated the presence of ca. 10% of an extremely reactive
compound. After two hours, reaction essentially ceased. An
estimate, probably on the low side, for cyclopropylmethyl-

-6 1

carbinyl bromide is k, = 170 x 10 sec. — (see Experimental).

1

Several p-nitrobenzoate esters were prepared, and the
rates of acid-catalysed solvolysis in 80% acetone measured at
Ole7° (77). Most of the plots exhibited poor first-order
rate curves. The reason for this behavior is not clear but
may have been tled, in some way, to instabllity of the
solvent mixture at the elevated temperature employed.' Ho
control runs on pure solvent were éade. Details for these
kinetics are in the Experimental and the results are summarized.
in Table I. The solvolysis of some p~bromobenzenesulfonates
(brosylates) at 25° in 50% ethanol-water were also carried
out and these resulis are included in Table I.

Examination of Table I immediately reveals that the
relative reactivities exhibited by the p-nitrobenzoates are
far out of line with all the other results, so discussion of
the former will be deferred. The salient feature of Table I
is that the enhanced reactivity observed (2) for cyclobutyl
and cyclopropylcarbinyl derivatives has been retalned, and
perhaps even increased, in the methyl-substituted compounds.
Cyclopropylmethylecarbinyl derivatives (even the p-nitro-
benzoate) are exceedingly reactive. Cyclobutyl and methyl-
substituied cyclobutyl derivatives are all of the same order
of reactivity, and are all as reactive as the corresponding

allyl derivatives.
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imde

The anitrobénzoctrs were prepared in the hope that the
acid-catalysed solvolysis would resemble the deamination

eactlon, in that for both reactions, a neutral molecule is
leaving a developing cationic center. However, all the
compounds studlied, with the exception of cyclopropylmethyl-
carbinyl, show‘abouﬁ the same kl“ This is especially striking
in comparing cyclooropylecarbinyl and cyclooutyl, for the
chloride of the first-named structure is 27 times more reactlve
than that of the second. A possible rationalization 1s that
in the acid-catalysed solvolysis, no ilon pair is feormed and

no electrostatic attraction hetween oppositely charged entities

has to be overcome. The transition state for the acid-

catalysed solvolvsis may therefore come at a positlion In the
*
reactlon coordinate that bears greater resemblance to the

with less positive charge developed on the

1y
L

carbon atom. BSuch a factor, in turn, mlz

qu.

rht decrease the
necessity, or perhaps rather, The opportunity for delocaliza-

ve (less positive charge ig avallable

for delocalization) and much ity of the rest of the

<

*
As a crude example, consider the fact that the uncat-
alysed solvelysis of the p-nitrobenzoates under tkﬁ same
cnditions of solvent and “eﬂoewauxre is dmmeasuranly slow,
This Tells us that the en rof activation for bhe catalysed
reaction 1is probably 1@5 Lnan that of the uncatalysed reac-
tion, so that, by the Hammond postulate (72), the transition
state for the first reuction hears nore resem@lunbo to the
starting material than does the transition state for the
second reaction. However, accord;w¢ to Tthe same principle, the
transition state for halide solvelysis bearsg a greater resem-
blance to starting material than does that for the catalysed
p-nitrobenzoate reaction, since the former presumadly nas a
Tower activation enerpv. Thus the alkyl halides should show

even lesgs spread in reactivity, which 1s not observed.

ey
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molecule to expedite the solvolysis will be lost. This
hypothesis could be tested in many ways.

The important polnt to be derived from the kinetic data,
however, is that the high reactivity of both the cyclobutyl
and cyclopropylcarbinyl derivatives, as dliscussed in the
Introduction, is best understood in terms of non-classical
cationic intermediates. We shall conslider, in the next
section, whether the compounds at hand can be accommodated
in a scheme of intermediates similar to that outlined in the

Introduction for the ummethylated derivatives.

Amine~Nitrous Acid Reactlons

The deamination of the amines of structures X-XV and of
2,2-dimethyleyclopropylcarbinylanine wa&s: carried out in
agqueous perchloric acld, with the intent of learning something
about the relative stabilitiles of the carbonium lon inter~
mediates formed under these conditions of kinetic control.
Table II records the results of the amine experiments and the
Experimental contalns the details. It was established that
the alcohols were stable to the reaction conditions; analyses
are good to +2%, in general.

The great variety in both kinds and amounts of products
formed rule out a common methyl-substituted "tricyclobutonium"
intermediate resembling ITI. ILet us focus our attention on
the three non-classical unsymmetrical intermediates, IXa=c,
which are similar to JTa-c except that the llq’C label has been

replaced by a methyl group. The introduction of this methyl
S L
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TABLE IT
PERCENT COMPOSITION OF THE ALCOHOL MIXTURES OBTAINED IN THE DEAMINATION
OF METHYL-SUBSTITUTED CYCLOBUTYL-, CYCLOPROPYLCARBINYL- AND
ALLYLCARBINYLAMITES . ”

Amine il
D-cneHy ho MR v, LLW -
Alcohol
“D““‘”"“s 100 51 100 L7 17 7
tHg
ko 0 13 0 9 3P 0
oH
u(“g 0 6] O 0 e} O
4
‘D‘M 0 0 0 5 0 0
M3 v
A 0 35 0 30 g 0
A - - - —— 25 -
o
b
IS -- -~ -- - -
ol b
AN 0 0 0 0 0 10
D“on
AN - - - - - 16
“uz'b-cﬁ,uﬂb
o
B-cchy 17

O

OH
N 83

®p dash(--) indicates that no effort was made to identify this
alcohol in the reaction mixture. As the Experimental shows, at least
ﬂ . . b . o . .
90% of each product mixture was identified. The identification of this

alcohol was unsure (see Experimental).
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group, of course, means that Ia-c are no longer equally stable
and we must now consider how large the effect of the methyl
will be In determining the relative stabilities of IXa-c.

IXb, in Which'ﬁhe methyl group does not help in stabilizing
the positive-charge, must certainly be the intermediate of
highest energy. The formation of cyclopropylmethylcarbinol
in the deamination of all these amines shows that IXa is

more stable than IX¥ec (see Table II and later discussion;
cyclopropylmethylcarbinol is formed only from IXa) and an

Fa el

explanation can be offered for this. In Ia-c (the inter-
mediates without methyl substituents), the positive charge
lies primarily on the two carbon atoms at which reaction
ocecurs to give cyclobutyl and cyclopropylcarbinyl products
(Cl and C, of Ta-c) (2,4). A methyl group at ¢, or C, can
thus be more effective in stabilizing the positive charge than
one at 03' Therefore, IXa, in which the methyl group is at
02, should be of lower energy than IXc, in which the methyl
group is at GB. The effects of a methyl group at C1 were
studied by Cox, Silver and Roberts (1,5}.

One of the most interesting properties of unsymmetrical
ions IXa-c ig their mode of interconversion. By analogy to
Ia-c complete interconversion may occur by way of a methyl-
substituted symmebtrical pyramidal transition state similar
to II, and some such transition state is indeed necessary to
interconvert IXec with IXa or I1Xb (gg. Introduction). In the
present case however, the symmetrical transition state may

open preferentially to the most stable "bicyclobutonium'
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ion, IXa, 1In addition, the possible low-energy route
previously suggested for the interconversion of "bicyclo-
butonium' ions Ia and Ib is available for interconverting

IXa and IXb. Here again, however, the non-equivalent
stability of IXa-c introduces an added degree of complexity
and the previously reversible interconversions may tend, under
these kinetically-controlled conditions where the stablility
of the cations is paramount, toward essentially one-way
reactlons-~thus, IXb 1s probably converted relatively rapldly
to IXa and slowly (if at all) to IXc while IXc is converted
relatively slowly to IXa.

As to the products formed by reaction of these cations
with water, reactlon of IXa at positlons 1, 2 and 3 glves
2-methylcyclobutanol, cyclopropylmethylcarbinol and crotyl-
carbinol respectively; reaction of IXb at positions 1, 2 and
3 gives 2-methyleyclobutanol, 2-methyleyclopropylcarbinol and
a-methylallylcarbinol respectively; reaction of IXc at posi-
tions 1, 2 and 3 gives 3-methylcyclobutanol, 2-methylcyclo-
propylecarbinol and allylmethylcarbinol respectively (Fig. 1).
In regards to formation of IXa-c, 1t would appear that in that

fraction of each deamination which follows the scheme of

=

io. 1, the "picvelobutonium" icn initially formed is the
& ]

most stable one which can be formed directly from the start-

d

ing amine. As an example, 2-methylcyclobutylamine can close To
either IXa or IXb. Since the deamination of this amine gives

cyclopropylmethylcarbinol as the sole product, 1t appears that



...39...

only cation IXa is férmeda% Presumably the same preferential
formation of the most stable unsymmetrical ion occurs as well
in other carbonium ion reactlons of this family of compounds.

Fig. 1 has beenconstructed primarily on the basis of the
product distributions in the amine-nitrous acid reactions.

It has been assumed that the relative amounts of these products
reflect: the respective barrier heights for going from an Inter-
mediate to such products. For instance, 2-methylcyclopropyl-
carbinol and allylmethylcarbinol are both formed from inter-
mediate IXec. Since the first alcohol is formed in consistently
smaller amounts than the second, it 1s reasonable to aésume
that the activation energy for the formation of the former
alcohol is larger. The possible reaction paths for each of

The unsymmetrical intermediates will now be considered in
detail, taking the intermediates one at a time.

The least stable intermediate, IXb, 1ls probably only formed
from a-methylallylcarbinyl derivatives, and none of these have
been studled. SBince the methyl group of IXb is falrly well
insulated from the region of positive charge, the propertiles
of IXb should be predictable, however, from those of unmethyl-
ated unsymmetricél ion Ib. It i1s known (see Introduction)
that Ib gives cyclobutanol, cyclopropylcarbinol and allyl-

carbincl in the ratioc of 10:10:1, respectively. Therefore,

*The possibility cannot be eliminated, with the data at
hand, that 2-methylcyclobutylamine also closes to IXb, but
that IXb converts rapidly and exclusively to IXa. If the de-
amination of Gmethylallylcarbinylamine afforded products
derived from IXb, the latter explanation would be proven false.
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IXb will probably give;about equal amounts of 2-methylecyclo-
butanol (A) and 2-methylecyclopropylcarbinol (C) and a lesser
amount of a-methylallylcarbinol (B). The barriers should

therefore be 1in the order B>A~ C. The barriers for conver-
sion of IXb to the other intermediates (barrier D, for con-
version to both of the other "bicyclobutonium® ions via the
symmetrical transitlon state, and barrier E, for conversion
to the "short-cut’ partner IXa) must be relatively small.

If the "short-cut' path is availa"blAe,—H D>E and B>»A~C>D>E,
As to intermediate IXc, the one of medium stablility,
since 3-methylcyclobutylamine and 2-methylcyclopropylcarbinyl-

amine give nearly equal amounts of allylmethylcarbinol (J3)

and cyclopropylmethylcarbinol (ZEQ.K through IXa), it appears
that the barriers J and K are of about the same height (assum-
ing all of IXa goes to cyclopropylmethylcarbinol, ag ls sug-

gested by the fact that 2-methylcyclobutylamine and cyclopro-

pylmethylecarbinylamine give only this alcohol upon deamination).

*

As will be seen immediately, the fact that the ion of
intermediate stability (IXe) affords products derived both
from itself and from the most stable unsymmetrical ion (IXa)
indicates that the barrier to converslon of IXc to a more
stable ion (IXa) is of the same order of magnitude as the bar-
rier to the formation of product. All the barriers (D, E and
K) to the formation of more stable intermediates from less
stable ones should be of about the same height, the major
differences arising in distinguishing between the '‘short-cut”

path and the "tricyclobutonium™ transition state.
%
If such a path is available, the deamination of g-methyl-
£

allylcarbinylamine would have to give more cyclopropylmethyl-
carbinol relative to allylmethylcarbinol than did eilther
2-methylecyclopropylcarbinylamine or 3-methylcyclobutylamine.
However, observation of such "excess'" cyclopropylmethylecar-
binol would not prove the existence of an alternate low-energy
path, since "excess'" cyclopropylmethylcarbinol might just as
well arise from preferential formation of IXa relative to IXc
by way of the “"tricyclobutonium’ transition state.
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K (for converting IXb to IXc) and D (for converting IXc to
IXa) are probably nearly equal since they both apparently
involve formation of the "tricyclobutonium" transition state.
Barriers ' and M, for reaction of IXc to form 3-methylcyclo-
butanol and 2-methylcyclopropylcarbinol respectively, should
be relatively large, since products formed via Tthese routes
Involve reactlon at a cationic center that bears only a small
amount of positive character (most of the positive charge of
I¥c must lie on the carbon bearing the methyl group}.‘ The
formation of both 3-methylcyclobutancl and 2-methylcyclo=-
propylcarbinol from 3-methylcyclobutylamine but of no detect-
able amount of 3-methylcyclobutanol from Z2-methylcyclopropyl-
carbinylamine means that barrier F (IXec to 3-methyleyclo-
butanol) is greater than barrier M (IXc to 2-methylecyclopropyl=-
carbinol). The probable fomation of Z2-methylcyclopropyl-
carbinol in the deamination of allylmethylcarbinylamine is
also in accord with this idea., There is no a priori reason
for the intrusion of this difference between the helghts of

F and M, since in intermediate Ic, without the methyl group,
the two comparable barriers are of equal height (Ic to
cyclobutanol and cyclopropylcarbinol), and it would seem that
the barriers for reaction at these Two positions would be
affected nearly the same by the introcduction of a methyl group
at the third reactive position in the intermediate. One could
introduce an alternate reaction sequence to explain the forma-
tion of 2-methylecyclopropylcarbinol in the deamination of

3-methyleyclobutylamine, and then attribute the formation of
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3-methyleyelobutanol from this amine, and of 2-methylcyclo-
propylcarbinol in the deamination of 2-methylecyclopropyl-
carbinylamine, to a non-rearranging, SNE—type reaction (see
Introduction). This picbture also involves mumerous |
assumptions and has no special merit, so the explanation
based on unequal barrier heights 1s favored. The barriers
for IXc are thus F>» MY J~K, and combined with those for IXb
FPM>BYA~NC> DN I~VK>E, Intermediate IXc 1s presumably
formed from 3-methylcyclobutylamine, 2-methylcyclopropyl-
carbinylamine and allylmethylcarbinylamine.*

Only the barriers to reaction of intermediate IXa re-
main to be defined. IXa, formed necegssarlily by cyclopropyl-
methylcarbinylamine and crotylcarbinylamine and preferentially
by 2-methylcyclobutylamine, gives only cyclopropylmethyl-
carbinol upon reaction with water. The barrier for formation
of this product (L) must be small, perhaps about the same as
E (which is the barrier to the "short-cut? interconversion).
The barriers ¢ (IXa to 2-methyleyclobutanol) and H (IXa to
crotylecarbinol) must be large, since neither of these products
is formed from IXa (the crotylcarbinol formed in the deami-
nation of crotylcarbinylamine must arise from an alternate

reaction path and not from IXa). Barriers G and H are

% ;
The deamination of the open-chain amines is more com-

plicated than that of the small-ring amines, since the

former give hydride-shift products whereas the latter do not.
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probably about as large ag F, which is the barrier for the
convergion of IXc to 3-methylcyclobutanocl, a process that

was also uncobserved. The final barriers are therefore
FReGNHDYM?B2 ANC?DV IV EKY E T,

where the height for conversion to elither an intermedilate
or a product is measured from the level of the less stable
of the two specles being considered,

Nearly all the information for completing Fig. 1 has
been presented. Previous studies (2) have established that
the decreasing order of stability of products is allyl-
carbinyl‘i>oyclobutyl;>cyclopropylcarbinyl and the methyl-
substituted compounds should be similarly related. Dif-
ferences within the group-types are relatively small but,
non-bonded interactions between 1,2-substituents may decrease
the stability of 1,2-disubstituted small-ring compounds.
There ig some evidence that the allylmethylcarbinyl struc-
ture is less stable than the crotylcarbinyl structure under
condlitions of strong aoidity.% In addition, a terminal
double bond is less favorable than a more highly substituted

one (73).

*

T. A, Favorskayva and Sh. A. Fridman, J. Gen., Chem.,
20, 413 (1950); Chem. Abs., 44, 77538 (1950} report that
allyimethylethylcarbinol rearranges to d-methyl-3-hexen-1l-ol
at reflux temperature with 25% sulfuric acid., We observed
that allylmethylcarbinol only polymerized under These con-

ditions; no crotylcarbinol was observed.
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While the results df the treatment of alcohols of
structure ¥X-X with strong acid should not be given great
welght, they are in accord with the scheme of Fig. 1. The
cyclopropylcarbinols rearranged to allylmethylcarbinol
extremely rapidly. The fact that cyclopropylmethylcarbinocl
gave no detectable 2-methylcyclobutanol or crotylcarbinol
indicates G and H probably rise above J in Filg. 1. The
cyclobutyl alcohols were only rearranged under more forcling
conditions, the 2-methyl alcohol reacting at least
times faster than the 3-methyl alcohol (in solvolysis, the
2-methyl brosylate wag three times more reactive than the
3-methyl brosylate). The open~chain alcohols were recovered
unchanged in all experiments.

The behavior of 2,2-dimethylcyclopropylcarbinylamine
with nitrous acid also fits the scheme of Fig. 1. The
intermediate corresponding to IXc, when compared to IXc
itself, is seen to have an even more highly locallzed charge,
with a consequent greater parrier for conversion to the IXa-
type intermediate and avlower barrier for reaction to gilve
allyldimethylcarbinol. The formation of cyclopropyldimethyl-
carbinol shows that some of the conversion to the IXa-type
intermediate still occurs. This high but not complete
localization of charge is analogous to the effect wrought
by one methyl group in the l-methylcyclobutyl series of

compounds (1,5)}. Surprisingly, the v.p.c. of the deamination

product of 2,2-dimethylcyclopropylcarbinylamine showed no
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peak that could be assigned to 2,2-dimethylcyclopropyl-
carbinol., Assuming that the retention time of this alcohol

is not identical with that of the two alcohols detected

and that it is stable under the reaction conditions, the
unexplained reactlion of IXc to give 2-methylecyclopropyl-
carbinol does not occur with the dimethyl derivative. Indeed,
no detectable SNQ—type reaction takes place; substitution

occurs only at the tertiary catlonic center.
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TIT. EXPERIMENTAL

A1l melting points and boiling points are uncorrected,
Analyses by A. Elek, Los Angeles, California., Typical ex-
periments are described for most preparations. Infrared
spectra and v.p.c.'s are at the end of the Experimental.
Appendix I gives detailed descriptions of all distillation
columns.

Cyclopropylcarbinol was prepared in 33% vield by the

reduction of cyclopropanecarboxylic acid (37) with lithium
aluminum hydride in ether solution. The low yleld was attri-
buted to the poor grade of hydride used. The product had

b 1 [e] 251 L’,” E) 2 ~ 0 6 25

b.p. 121-122°, n“”D 1.4300 (1it. b.p. 122-123 (26), n°D

1.4300 (2)).

The anitrobenzoate was recrystallized from hexane,
m.p. 52.6-54,6°,

Anal, Calcd., for C11 ]1OAN C, 59.72; H, 5.01. Found:
¢, 60.00; H, 4.93.

1,1-Dicarbethoxycyclobutane was prepared according to

o5
n“’D 1.4330.

Mariella and Raube (27), b.p. 109° (16.3 mm.),

&=

1,1-Cyvclobutanedicarboxylic Acid.--To a solution of 210 g.
2 g J

(3.75 moles) of potassium hydroxide in 333 ml. of ethanol and
1250 ml., of water in a 2- 9 round-bottemed flask was added

250 g. (1.25 moles) of 1,l-dicarbethoxycyclobutane and the

resultant mixture was heated under reflux for 4 hr., con-

n an ice bath and acidi-

}4._.10

centrated to about 300 ml., cooled

fied with ice- cold dilute sulfur acid. The agueous solution
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was extracted with ether, and the ether solution was dried
over magnesium sulfate, filtered and concentrated. The
product was filtered off, wt. 141 g. (79%). A small amount

of the acid was recrystallized from benzene, m.p. 1

7.6~

\J1

158.4° (1it. m.p. 156-158° (30)).

1,1-Cyclobutanedicarbonyl chloride was prepared in 90%

vield by heating 170 g. (1.18 moles) of 1,l-cyclobubtanedi-
carboxylic acid and 500 g. (4.2 moles) of thionyl chloride
under reflux for several hours and distilling the residue.
The product had b.p. 90-95° (30-40 mm., water aspirator).

Cyclobutanone.,~-Efforts were directed to finding a

safe way of preparing this compound from cyclobutane-1,1-

™

dicarbonyl chloride, in high yield, but no successful pro-
(indeed, one preparation exploded). Brief

cedure was found

descriptions are given for some of the experiments performed.
To a solution of 33 g. (0.5 mole) of sodium azide in

100 ml. of water in an 800-ml. beaker was added, with stirring,

250 ml, of acetone. The suspension was cooled to 5° in an

ice bath and, with good stirring, 25 g. (0.168 mole) of

1,1-cyclobutanedicarbonyl chloride was added at such a rate

that the addition was completed within 15 min., Stirring

was maintained for 15 min. The solution was poured into a

mixture of 1000 ml. of water and‘lOO ml. of ether, the

ether layer separated and the aqueous phase extracted with

four 100-ml. portions of ether. The combined ether layers

were dried over potassium carbonate and decanted into a 1-%,

P’

round-bottomed one-necked flask which contained 175 ml. of
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4

n-butyl cellosclve and many bolling chips. To the flask

there was attached a condenser positioned for downward
distillation. The ether was digtilled and the azide decom-
posed smoothly, using pans of warm water as a heat source.
The solution was heated at 100° for 15 min,, a solution of
12.5 ml. of sulfuric acid in 200 ml. of water was added,

and the resultant solution, after being allowed to stand for
15 min., was distilled until 200 ml. of distillate had been
collected. The distillate was saturated with potassium
carbonate, the layers separated, and the agueous layer ex-
tracted with an egual volume of n-butyl cellosolve. The
combined organic solutions were dried over magnesium sulfate,
filtered and fractionated, the material bolling between

75° and 96° being saved (two layers). This distillate was
saturated with potassium carbonate, the organic phase separ-

ated, redried and redistilled and the fraction of b.p. 94.5-

3

97.2° (2.65 g., 26.5%) taken as product.

An attempt to separate the ketone from the original steam
distillate via the bisulfite complex gave only 1.4 g. (14%)
of product, b.p. 96-98°.

Decomposition of the azide in propylene glycol gave
2.7 . (27%) of cyclobutanone, b.p. 97-97.5°, fractionated
through column 3.

Decomposition in propylene glycol, followed by heating
the sulfuric acid solution under reflux for 2.5 hr. before

distillation gave 5.4 g. (56%) of cyclobutanone, b.p. 97-100°,

through column 3. A run on twice the usual scale was too
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large to be managed cohveniently, but gave 8.1 g. (42%) of
cyclobutanone.

Decomposgition in xylene followed by heating the sul-
furic acid solutilon under reflux for several hr. gave
vields of 30-40%. A run with xylene and immediate distilla-
tion of the sulfuric acid solution gave a 50% yield of cyclo-
butanone.

Some cyclobutanone was carefully fractionated through
column 3 and had b.p. 96.5° (1it. b.p. 98-100° (28)).

Cyclobutanol was prepared in 80% yield by the reduc-

tion of 10 g. (0.143 mole) of cyclobutanone with 1.5 g.
(0.04 mole) of lithium aluminum hydride in ether solution
and had b.p. 119-120°, n2°D 1.4333-1.4340 (1it. b.p. 125°,
n29p 1.4347 (28)).

The p-nitrobenzoate had m.p. 84.0-85.3° after recrystal-

lization from heXane.
Anal. Calcd. for 011H1104N= C, 59.72; H, 5.01. Found:
¢, 59.59; H, 4,98,

Cyclobutyl p-Bromobenzenesulfonate.--Sodium hydride

(0.8 g.) was suspended in about 10 ml. of ether in a 100-ml.
three-necked, round-bottomed flask equipped with mechanical
stirrer, dropping funnel and reflux condenser. Cyclobutanol
(1.24 g.) was added and the mixture heated under reflux for
30 min. A solution of 3.8 g. of p~bromobenzenesulfonyl

chloride in 15 ml, of ether was added and the resultant mix-

ture was heated under reflux for 1 hr. Water (15 ml.) was

added and the layers separated. The ether solution was dried
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over magnesium sulfate, filtered, the filtrate concentrated

at reduced pressure at room temperature and then frozen in

Dry Ice, Upon warming there was obtained a mixture of solid
and ligquid. The solid was removed by filtration and recrystal-
lized with care from ether, m.p. 52.5-53.0°. This material
titrated 95-96% of the theoretical amount in kinetic runs

and was falrly stable at room temperature.

7

Cyclopropylmethylecarbinol was prepared in 71% yield by

the reduction of cyclopropyl methyl ketone (62.7 g., 0.746
mole) with lithium aluminum hydride (11.4:g., 0.3 mole) in
ether solution, and had b.p. 120-121°. Some of the material

was redistilled through column 3, b.p. 122-124°, 225D 1.4202-

20

1.4298 (1it. b.p. 123.55 n°"D 1.4316 (29)).

by

The p-nitrobenzoate was recrystallized from hexane,

m.p. 54-55.5°,
Anal., Caled. for ClEHlBOMN: c, 61.27; H, 5.57. TFound:
¢, 61.55; H, 5.46,

The p-bromobenzenesulfonate could not be prepared.

1~Cyclopropylethanol—l—2H.-—In a 100-ml., fthree-necked,

round-bottomed flask equipped in the usual manner were placed
1.2 g. (0.0286 mole) of lithium aluminum deuteride and 50 ml.
of ether. The flask was cooled in an ice bath and 9 g,

(0.107 mole) of cyclopropyl methyl ketone was slowly added.
The mixture was stirred at room temperature overnight and then
8 ml. of ethylene glycol was added and the mixture distilled
through column 1. The product, b.Dp. 118-121°, weighed 7.06 g.

(77%) -
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Attempted Preparation of Cyclopropylmethylcarbinyl

T ——

equipped with mechanical stirrer and two calcium chloride
drying tubes was flamed out and cooled in a Dry Ice-acetone
bath. The drying tubes were removed and anhydrous hydrogen
bromide was passed into the flask until more than 5 ml. had
condensed. Cyclopropylmethylcarbinol (10 g., 0.116 mole)
was added slowly with vigorous stirring and more hydrogen
bromide was condensed in the flask. Stirring was maintained
at this temperature for 15 min., and the solution was then
slowly warmed to 0°. The material was washed with dilute
sodium bicarbonate solution and water at 0°. Ether (20 ml.)
was added, the solutlon was dried over magneslium sulfate,
filtered and distilled through column 1. The middle frac-
tion had b.p. UB-50° (115 mm.), n°°D 1.L4674, yield 32.5%.
The infrared spectrum and nuclear magnetic resonance spectrum
(n.m.r.) indicated it was mainly crotylcarbinyl bromide
(see Discussion).

Anal. Calcd. for C5H98r: C, 40.29; H, 6.05. Found:
C, 40.02; H, 6.55,

A similar preparation was carried out using l-cyclo-
propylethanol—l—gH (2.3 g.) and gave 2.9 g. (74%) of deutero-
bromide, b.p. 122°. The various spectra of this mixture
were consistent with a predominance of 3—penten—l—ol—4~gﬁ.

The general method of Coe, Landauer and Rydon (31)

for the preparation of bromldes was tried. In a 100-ml.
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distilling flask was placed 18.5 g. (0.060 mole) of tri-
pheﬁyl phosphite. In the neck of the flask was placed a
dropping funnel, and the sidearm was protected with a dry-
ing tube. Bromine (9.1 g., 0.057 mole) was slowly added to
the cooled flask, and a vigorous reaction was observed.

The thick yellow olly product slowly grew large, snow-white
crystals of exceptional beauty. Cyclopropylmethylcarbinol
(5 g., 0.058 mole) was added, the flask was corked and the
sidearm of the distillation flask fitted with a test Tube
with sidearm. The system was evacuated to 70 mm. and the
flask placed in an oil bath while the test tube was cooled
in a Dry Ice bath. The temperature of the oll bath was
slowly raised to 95°, distillation was halted, the distil-
late was washed with aqueous sodium bicarbonate, diluted
with ether, dried over magnesium sulfate, filtered and
distilled through column 1, wt. 2.6 g., b.p. 122,5-124°,
Q?5D 1.4650-1.4660. The preparation was also carried out
on 1—cyclopropylethanol—l—gH, Infrared spectra and n.m.r.'s
of both products were similar to those of the corresponding
materials from the hydrogen bromide preparation.

Cyclopropylmethylcarbinylamine was prepared by

Dr. R. H. Mazur (32) and isolated as the amine hydrochloride

in 54% yield from 20.8 g. (0.21 mole) of methyl cyclopropyl

ketoxine and 11.7 g. (0.31 mole) of lithium aluminum hydride.
| The benzamide had m.p. 96.8-97.6° after recrystalliza-

tion from hexane-benzene.
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Anal. Caled. for u12H C, 76.15; H, 7.99. Found:

15N
C, 76.31; H, 8.00.

1-Bromo-3-chloro-2-methylpropane.--In a 1-%. three-

necked round-bottomed flask equipped with two gas 1inlet tubes
and Dry Ice condenser wag placed 380 g. of p-methallyl chlor-
ide. A slow stream of oxygen and a rapid stream of anhydrous
hydrogen bromide were bubbled into the reaction mixture for

8 hr., at which time 1t appeared that gas absorption had
ceased. The solution was washed with water, dried over
potassium carbonate and distilled through column 5. The
product (402 g., 65.5%) had b.p. 55-63° (26-28 mm.). The
n.m.r, showed three main peaks and the splitting was con-
sistent with the assigned structure. Very little of the
isomeric l~chloro-2-bromo-2-methylpropane appeared to have
been formed.

1-Cyano-3-chloro-2-methylpropane.--A solution of 260 ml.

of 75% aqueous ethanol, 32.5 g. (0.66 mole) of sodium cyanide
and 88.5 g. (0.56 mole) of l-bromo~3-chloro-2-methylpropane
was heated under reflux for 7.5 hr., diluted to 18 and ex-
tracted with three 170-ml, portions of chloroform. The
combined organic layers were dried over calclum chloride

and distilled through column 4 %o give 39.6 z. (60.5%) of
1-cyano-3-chloro-2-methylpropane, b.p. 74-79° (11.7 mm.),
2%3D 1.4430 (11%. b.p. 82-83° (16 mm.), n°°D 1.4426 (35)).

‘2—Methylcyc1opropanecarb0xylic Acid.--In a 250-ml.

round-bottomed flask equipped with reflux condenser were

placed 39 g, of l-cyano-3-chloro-2-methylpropane and e g,
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of ground sodium hydroxide flakes. Since heating on a steam
bath caused no visible reaction, a Wood's Metal bath was
substituted. At 150-160°, a vigorous reactlon occurred,

and after 30 min. a so0lld cake had formed in the flask,
Heating was maintained at this temperature for 1 additional
hr, and the flask then transferred to a steam bath. Water
(150 ml.) was added over a 20 min. period and the contents
of the flask heated for 3 hr., cooled to 0° and poured

over a slurry of 100 g. of ice and 37 ml. of sgulfuric acid.
A strong smell, reminiscent of butyric acid, was observed.
The layvers were sgeparated, the agueous phase extracted with
two 100-ml., portions of ether and the combined organic
solutions dried over magnesium sulfate and distilled through
column U to give 23.1 g. (68%) of product, b.o. 97-98°

(17.6 mm.), n® 7D 1.4384-1.4387 (1it. b.p. 98-99° (18 mm.),
n'PD 1,441 (33)).

L (2-Furyl)-3-buten- -2-one was prepared from furfural

and acetone in 58% yield, according to Leuck and Cejka (34).

2-Methylcyclopropanecarboxylic Acid.--An attempt was

made bto prepare this compound by oxidation of U4-(2-furyl)-
3-buten-2-one according to Kishner (33) but in our hand

th almost no success.

s

et w

=]

2-Methyleyelopropylearbinol was prepared in 78% vield

by the reduction of 23.1 g. (0.231 mole) of 2-methylcyclo-
propanecarboxylic acid with 7.2 g. (0.2 mole) of lithium
aluminum hydride in ether, b.p. 129-134° for the crude alco-

hol. A portion of the product was carefully fractlonated



through column 3, b.p. 133°, n“’D 1.4283. The v.p.c. of

this material showed two cleanly separated peaks that were
atiributed to cis-trans isomers. The peak areas were of

the same order of magnitude.

Anal. Calcd. for C5H100: ¢, 69.72; H, 11.70. Found:

¢, 69.75; H, 11.90.

‘30

The p-nitrobenzoate could not be obtalned in crystal-

o R 4

ine form at room temperature, desplte repeated atlempts at

ford

recrystalllzation from hexane.
Anal. Caled. for C12H13O&N: ¢, 61.27; H, 5.57. Found:
C, 61.14; H, 5.68.

2-Methylcyclopropylcarbonitrile.,-~-Sodamide was pre-

pared from 6 g. (0.522 mole) of sodium and 500 ml. of
ammonia in & 1~9., threé«necked, round-bottomed flask
equipped with Dry Ice condenser, mechanical stirrer and
glass stopper. A solution of 28.8 g. (0.203 mole) of
l-cyano-3-chloro-2-methylpropane in 50 ml., of ether was
added in 1 min. with good stirrling. The condenser wasg re-
moved and 190 ml, of ether added over 1.5 hr., Ammonium
chloride (4 g.) was added and the ammonia allowed to evapor-
ate overnight. The solution wag filtered. The filter cake
was dissolved in water and extracted with ether. The
ether extracts were combined with the previously obtalned
filtrate, dried over Drierite and concentrated by removing
the ether through column 2. The residue was fractlonated
through column 1, wt. 9.3 g. (57%), b.p. 143-1465 EQSD
)

1.4202-1,4250 (1it. n® D 1.4259 (35)).
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2-Methylcyélbpropylcarbinylamine was prepared in 55% vield
by the reduction of 9.3 g. (0.115 mole) of 2-methylecyclopro-
panecarbonitrile with .55 g. (0.12 mole) of lithium aluminum
hydride in ether. The product was very hard to dry, and
although the water did not complicate the deamination reac-
tions, considerable purification was needed to obtaln an
analytical sample of the amine, b.p. 102-102.5°, Q?SD 1.310.

Anal. Calcd. for 05H11N: ¢, 70.52; H, 13.02. Found:
C, 70.37; H, 13.09.

3~-Methyl-1,1l-dicarbethoxycyclobutane was prepared from

l-bromo-3-chloro=-2-methylpropane and malonic ester in a manner
analogous to that used to synthesize 1,l-dicarbethoxycyclo-
butane. The yield was 34% of material of b.p. 99-116°

(11 mm.).

3=Methylcyclobutanecarboxylic acld was prepared in poor

yield by basic saponifiéation of 3-methyl~-l,l~dicarbethoxy-
cyclobutane, followed by acldification .and heating under reflux,
bep. 96° (13 mm.). This material had an infrared spectrum that
was identical to that of 3-methylcyclobutanecarboxylic acid
(bep. 92-93° (8 mm.)) prepared by the catalytic hydrogenation

of 3-methylenecyclobutanecarboxylic acid (vide infra).

3~-Methylcyeclobutyl bromide was prepared from the silver

salt of 3-methylcyclobutanecarboxylic acid followling the
procedure of Cason and Way (36) for the synthesis of cyclobutyl
bromide from cyclobutanecarboxylic acid. The yield was 1.2%,

b.p. 117°.
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Anal. Calcd. for C HgBr: G, 1L0.29; H, 6.09., Found:

5
C, 40.26; H, 6.16.

3-Methylenecyclobutanecarbonitrile was prepared from

allene and acrylonitrile according to Cripps, Williams and
gharkey (37) and had b.p. 66-67° (20 mm.), ngD 1.11590-
1.4598 (1it. b.p. 6L -65° (21 mm.), 325@ 1.4595 (37)).

3=-lethylenecyclobutanecarboxylic Acid.~-A solution of

300 g. (lLL.55 moles) of potassium hydroxide, 500 ml. of water,
500 ml. of ethanol and 161 g. (1.73 moles) of 3-methylenecyclo-
butanecarbonitrile was heated under reflux for 7.5 hr. and
evaporated to dryness under reduced pressure. Water (200 ml.)
was added and evaporated and the process was repeated again.
Water (100 ml.) was added and the solution made strongly acid
With;concentrated hydrochloric acid. The layers were separated
and the aqueous‘phase extracted with two 100-ml. portions of
ether. The combined organic layers were dried over magnesium
sulfate and distilled. The product weighéd 165 g. (85%),

bepe 99-104° (11.4-15.8 mm.).

3-Methyleyclobutanecarbonyl chloride was prepared in

86% yield from 3-methylcyclobutanecarboxylic acid and thionyl
Cl’llOI’ide F] btp ® YS"'B]—O (90"91 MMe ) .

3-Methylenecyclobutanecarboxamlde was prepared in 81% vield

from 101.5 g. (0.915 mole) of 3-methylenecyclobutanecarboxylic
acid, 92.5 (0.915 mole) of triethylamine, excess ammonia and
100 g. (0.922 mole) of ethyl chlcrocarbonate in 32. of chloroc-

form, m.p. 156.7-157.2°, after sublimation. The procedure was



~59-

analogous to that of Roberts, Moreland and Frazer (lL0).
Anal. Caled. for Céﬁgomz c, 6L..82; H, 8.17.  TFound:
¢, 6L.61; H, 8.08.

3=-Methylcyclobutanecarboxamide was prepared in 92% yield

by the low~pressure hydrogenation of 3-methylenecyclcocbutane-
carboxamide in acetic acid over reduced platinum dioxide. A
small sample was sublimed twice, m.Dp. 15).5~163.0° (cis-trans
isomers).

Apnal. Caled. for CH,,ON: C, 63.68; H, 9.80. Found:
C, 63.47; H, 9;64.

3-Methyl-l-acetylcyclobutane.~~The procedure followed was

that of Pinson and Friess (39) for the preparation of acetyl-
cyclobutane from cyclobutanecarbonyl chloride and methylmagne-
sium ilodide. The yleld of 3-methyl-l-acetylcyclobutane, from
25 g. of 3-methylcyclobutanecarbonyl chloride, was 2.5& £e
(12%), bep. 142-143.5°, n°°D 1.L2l2-1.42}8.

3=Methyl-l-acetylcyclobutane was also prepared by the
reaction of 3-methylcyclobutanecarboxamide with me thylmagnesium
iodide, following the general method of Whitmore, Noll and
Meunier (AO) for the conversion of an amide to a ketone.
From 25 g. (0.221 mole)‘of 3-methylcyclobutanecarboxamide,
21.L g. (O.BSM‘mole) of magnesium and 128 g. (0.90 mole) of
methyl iodide there was obtained 16.7 g. of 3-methyl-l-acetyl-
cyclobutane (69%), b.p. 10-143°, g25D>1.u269~1.M275. The
3~methyl-l—écetylcyclobutane obtained by the two routes
exhibited nearly identical infrared spectra. Part of the

material from the second procedure was carefully fractionated
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through column 3, b.p. 140-1L0.5°, stD 1.1.261.

Anal. Caled. for C.H

2508 G 7h..95; H, 10.78. TFound:

¢, 7h.90; H, 10.90.

The 2,L-dinitrophenylhydrazone was prepared, m.p. 113.0=

116.6°, after recrystallization from ethanol.
'[\"L’- ® e » " (v} ; ";'. : r} oL} :(C,... . . I :
Anal. Caled. for ”lZHléoulh C, 53.112; H, 5.52. Found
¢, 53.40; H, 5.53.

3=Methyl-l-acetoxveyelobutane was prepared in 79% vield

by the oxidation of 11.2 z. (0.1 mole) of 3-methyl-l-acety

cyelobutane with peroxytrifluorocacetic acld (from M 1 ml. of

90% hydrogen peroxide and 25.L ml. of trifluocroacetic

anhydride) in methylene .chloride in the presence of anhydrous

disodium hydrogen phosphate. The method was that of Emmons

. m 3 5 - N ) 0 21—{‘“\

and Lucas (41). The product had b.p. 140-1l2.5°, n™D
1.4165-1.4170. A center cut was fractionated through

column 3, b.p. 1.0.5, w22 *2

D 1.b172. The v.p.c. showed one
broad, partially resolved pealk.

Anal. Caled. for C Hy,0,: G, 65.59; H, 9.Lli. Found:
¢, 65.38; H, 9.29.

3-Methyleyelobutanol was prepared in 75% yield by basic

saponification of B—methyl~l—acetbxycyclobutame, b.p. 131°,

323D l.&300. Redistillation through column 3 gave material

of b.p. 133-13L°, 2%°D 1.L287-1.1292. The v.p.c. showed one
broad, partially resolved peak.

Anal. Calcd. for CoH,,0: C, 69.72; H, 11.70. Found:

5710
C, 69.43; H, 11.72.
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The p-nitrobenzoate had m.p. 50.8-69.5° after recrystal-

lization from hexane.
Anal. Calcd. for 0123130AN: ¢, 61.27; #H, 5.57. Found:
¢, 61.29; H, 5.55.

The p-bromobenzenesulfonate was prepared and purified iIn

the fashion described for the corresponding cyclobutyl deriv-
ative, m.p. 39.6=12.1i°, sap. equiv. 303.5 (calecd. 301).

3-Methyleyclobutylamine was prepared by the Schmidt

reaction (L2} of 3-methylcyblobutanecarboxylic acld. FIrom

27 ge (O.EA mole) of organic acid, 50 ml. of concentrated
sulfuric acid, 200 ml. of chloroform and 19 g. (0.3 mole) of
sodium azide, there was obtained 9.2 g. of 3-methylcyclobutyl-
amine (distilled through column 2), b.p. 9=95°, EESD
1.11290-1.4293.

¢, 70.56; H, 13.006.

2-Methylul,l»dicarbethoxycyclobutane was prepared in
37% yield from 920 g. (L..25 moles) of 1,3-dibromobutane,
197 g. (8.60 moles) of sodium and 810 g. (4.3 moles) of
diethyl malonate, b.p. 112-121° (17.3-28 mm. ), ngD 1.4322-
10303 (1it. b.p. 86-87° (2.8 mm.), n2oD 1.1349-1.1351 (13)).

2=-Methyl=-1,l-cyclobutanedicarboxylic acld was prepared

in 75-85% yield by basic saponification of 2-methyl-l,l-dicar-
bethoxyeyelobutane, m.p. 161.7-162.8° (dec.) (lit. m.p. 163~
16L.° (43)) after crystallization from chloroform.

“Anal. Caled. for C H;n0): O, 53.16; H, 6.37. Found:
C, 53.28; H, 6.30.
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2=Methyl-1,l~cyclobutanedicarbonyl chloride was preparéd

in 85% yield from 60 g. of the diacid and 150 g. of thionyl
chloride, bep. 95-100° (25-32 mm. ).

2=-Methyleyelobutanone.--Attempts To convert the diacid

chloride to the ketone by rearrangement of the intermediate
diazide (see cyclobutanone) gave poor yields. The use of xylené
as a solvent for decomposition gave a product that was diffi-
cult to separate from the xylene by fractional distillation.
Hydroxylic solvents were totally unsatisfactory.

Preparation of this compound by methylation of cyclo-
butanone also failed. l~(N¥?yrrolidyl)—l-cyclobutene was
prepared from cyclobutanone (L), but treatment of this
compound with methyl lodide (AS) gave no isolable product.

2=Methylcyclobutanecarboxylic Acid.--Distillation of

ZO-MO g. of 2-methyl-1l,l-cyclobutanedicarboxylic acid at
atmospheric pressure gave 92-~99% yields of 2-methylcyclo-
butanecarboxylic acid, 2259 1.1380 (1ist. QEOD 1.1394 (L3)).

The acid was used without further purification and was converted
to 2-methyleyclobutanol by a series of reactions exactly
paralleling the conversion of 3-methylenecyclobutanecarboxylic
acid to 3-methylcyclobutanol (except that there was no cata-
lytic hydrogenation). ‘The steps are outlined below.

2-NMethyleyclobutanecarboxamide, m.p. 130-133° (1lit. m.p.

130-131.2° (1i3)) from 2-methylcyclobutanecarboxylic acid in
89% yield, recrystallized from benzene.

2=NMethyl-l-acetylecyclobutane was prepared in 57% yield

from the above amide and had b.p. 10-145°, gzsb 1.11290.



-63-

The ve.p.c. showed two cleanly resolved peaks, attributed to
cis~trans isomers. The peak of lower retention time was
considerably larger than the other.

Anal. Calcd. for CoHy 0t C, 7l..95; H, 10.78. Found:
¢, 7l..80; H, 10.82.

Z-Methyl-l—acetoxycyclobutane was prepared from the acetyl

analogue in 65-77% yields, b.p. 139=-11°, QESD 1.4160-1.01180.
Careful purification of a sample of this compound gave material
of the correct elemental composition, b.p. 139.5°, gst 1.4170.
The Ve.p.c. showed three peaks. One specific group may not have
migrated during the oxidatlon.

Anal. Caled. for CoHy,0,: G, 65.59; H, 9.ldi. TFound:
¢, 65.49; H, 9.51.

 2-Methylcyclobutanol was prepared in 80% yield by saponi-
25D

fication of 2-methyl-l- acetcxycyCIOLuuane, b.p. 131°, n

l.&}O@. The v.p.c. showed two peaks. In addition the infra-
red spectrum of this material was nearly ldentical to that of
a small amount of 2-methylcyclobutanol formed by the reduction
of 2-methylcyclobutanone with lithium aluminum hydride (since
the proportion of cis-trans ilsomers 1s presumably different,
the two spectra would not be expected to be identical).

Anal. Calecd. for GSH100 ¢, 69.72; H, 11.70. TFound:
¢, 69.51; H, 11.73.

The p-nltrobenzoate, recrystallized from hexane, had
m-p. 5003"'52.500

Anal. Calcd. for C 0),N: ¢, 61.27; H, 5.57. Found:

12139,
¢, 61.30; H, 5.55.



The p=-bromobenzenesulfonate was prepared as was described

for the cyclobutyl ester but proved highly intractable. It
could not be crystallized, and the oily product partly decom-
posed overnight at room temperature in a vacuum. Some of the
dark oll was used immediately in a kinetic run. A saponifi-
cation equivalent was 120% of theory, indicating the presence
of p-bromobenzenesulfonyl chloride. A positive silver nitrate
test confirmed this suspicion. The very rapid initial
consumption of base in the kinetic run was taken as evidence
that about L% of the mixture was p-bromobenzenesulfonic acid.
Assuming a mixture of the desired ester, this acid and of
Q—bromobenzenesulfcnyl chloride, and using the saponification
equivalent and the estimated amount of free acld, 1t was pos-
sible to estimate that the mixture contained ca. 83% of the
desired ester. This figure was used in the kinetic
calculations.

2-lMethylcyclobutylamine was prepared from 2-methylcyclo-

butanecarboxylic acid in the fashion described for the 3-methyl
analogue. The amine had b.p. 92°,~g25D 1.301.

Anal. Calcd. for CsﬁllN: C, 75.52; H, 13.02. Found:
¢, 70.L1; H. 12.90.

Allylmethylcarbinol was prepared from zinc, acetaldehyde

and allyl bromide according to Levene and Haller (l16),
bep. 113.5-111.5°, EESD 1.11227 (1it. b.p. 114° (49)).

Allylmethylcarbinyl bromide was prepared in 57% vield

from the corresponding alcohol, following the procedure of

Goering, Cristol and Dittmer for an isomeric compound L7y,

g
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The product had b.o. 110.5-113°, n°’D 1.4587 and the v.o.c.

had one peak.

Allylmethylcarbinyl p-toluenesulfonate was prepared (78%)

according to the general procedure of Sekera and Marvel (48).
The crude ester was used in synthetic work.

2-Nitro-4-propene,--Several attempts were made to prepare

this compound from allyl bromide and nitroethane, following a
procedure of Hoover and Hass (50). In all runs sodium ethoxide
was prepared from 5.75 g. (0.25 mole) of sodium and 100 ml, of
absolute ethanol. The nitroethane (18.8 g., 0.25 mole) and
allyl bromide (30 g., 0.25 mole) used were redistilled.

In run 1, the nitroethane was added to the sodium ethoxide
solution. Then 150 ml, of alcohol was added and the allyl
bromide was dripped in. The solution was heated under reflux
for 6 hr., cooled and filtered. The filtrate decomposed into
a s0lid cake while velng distilled at atmospheric pressure.

The same procedure was repeated with distillatlion under
reduced pressure (56 mm.). Just as some distillate of the
b.p. expected for 2-nitro-U-propene began coming over, a
violent decomposition occurred and all the material was lost.

An identical run was made, but after heating the ethanolic
solution under reflux, the reactlon mixture was concentrated

il

at room temperature under reduced pressure and 50 ml. of water

was added., A small amount of a top layer separated and the
agueous phase was saturated with sodlum chloride and extracted

with methylene chloride. The combined organlc layers wer

concentrated to constant weight (14.3 g.) at room temperature
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under reduced pressure (water aspirator). This residue was
added to 100 ml. of water, 28 ml. of concentrated hydrochloric
acid and 32 g. of iron filings and heated under reflux. After
1 hr., the solution was neutral to pH paper. About 30 ml. of
acid were added. The solution was stlll neutral or slightly

Ty

alkaline. The solution was heated under reflux a total of
13.5 hr., then made strongly basic and distilled until 50 ml.
of distillate was collected. The distillate was saturated
with potassium carbonate and extracted with ether. The ether
solution was dried and distilled; after the ether was mostly
removed, less than 2 g. of material remained, containing
mainly solvent but smelling strongly of amine. This synthetic

approach was abandoned.

I=-(Allylmethylcarbinyl)-phthalimide.--All efforts to
prepare this compound in the conventional manner (51), uti-
lizing the reaction of the corresponding bromide or tosylate

with potassium phthalimide in dimethylformamide, falled.

Allylmethylcarbinylamine.~--After the fallure to obtain

this compound via E-nitro-u-propene, the easliest route appeared
tc be that Involving the reaction of allylmethylcarbinylmagne-
sium bromide with O-methylhydroxylamine (52). The Grignard
reagent (0.l mole) was prepared and cooled to =10 to -15°

while an ether solution of 0.2 mole of O-methylhydroxylamine
was slowly added. The solution was stirred for 30 min. at

~10 to =15°, slowly warmed to room temperature and then heated
under reflux for 2 hr. The solution was made strongly alkaline

and the ether layer separated, dried over barium oxide and
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concentrated with the aid of column 5. The residual material
was distilled through column 1, and gave a main fraction of
bepe 107-110° (2.45 g.). The residue weighed 3.2 g. A V.DecC.
of the center fraction showed three peaks. One corresponded
to what is believed to be genuine allylmethylcarbinylamine
(see below). The other two are probably isomeric compounds,
formed by some rearrangement of the Grignard reagent. As a
test, this Grignard reagent was oxygenated. The product
~alcohol mixture gave a v.p.c. that showed three peaks that
could be assoclated with alcohols. The largest peak had the
same retention time as allylmethylcarbinol (L2%). The peak
of intermediate size had the same retention time as
a~methylallylcarbinol (18%). The third peak could not be
even tentatively identified (7%).

Recourse was then made to the method of Streltwieser and
Séhaeffer (53) for the preparation of 2-occtylamine. A solution
of 200 ml. of methanol, L0 ml. of water, 15.5 g. of sodium
azide and 33 g. of allylmethylcarbinyl tosylate was. heated
under reflux for 22.5 hr., cooled and diluted with 200 m}.of
e ther and 125 ml. of water. A solution of 200 g. of calcium
chloride in 500 ml. of water was added, the organic layer
separated and the aqueous phase thoroughly extracted with
ether. The ether exbracts were dried over calcium chloride,
filtered and added to a suspension of 5.5 g. of lithium
aluminum hydride in ether. The resultant solutlion was made®
strongly acid and extracted with ether . (the extracts were

discarded). The agueous residue was made alkaline and
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extracted with ether. <The combined etheral solutions were
dried over barilum oxide, filtered and the ether removed through
column 2. The residue, 2.8 g. and still containing ether, was
distilled through a micro apparatus, two fractions being taken
(l.1 g. and 1.5 g.). A v.p.c. of the second fraction showed
only an ether peak and a homogeneous amine peak (which was
about 70% of the total peak area). This amine band had the
same}retention time as that of the largest amine band from the
above-mentioned Grignard synthesis. Some of the material
prepared via the azide was used in the deamination reaction,
some was hydrogenated and some was converted to the phenyl-
thiourea.

The phenylthiourea was recrystallized from ethanol-water

and had. Iﬂopo 82.8"82,{_‘»00-
Anal. Calcd. for Cy,H NSt C, 65.41; H, 7.32. Found:
¢, 65.Lds #, 7.38.

2-Pentylamine was prepared by hydrogenating the above

unsaturated amine. The phenylthiourea had m.pe 73.5—7@.O°
(ethanol-water) and the p-nitrobenzamide had m.p. 92.6-93.,8°
(benzene-hexane). 2-Pentylamine was also prepared from
commercial 2-pentanone and ammonium formate, following the
procedure of Rohrmann and Shoule (54), b.p. 89-89.5° (1it,
“b.p. 89° (55)). The V.p.é. of this material showed only one
peak, and this peak had exactly the same retention time as
thét of the 2-pentylamine prepared from the unsaturated amine.
The amine from 2-pentanone gave a phenylthiourea, recrystal-

lized from ethanol-water, of m.p. 65-66.5°, mixed m.p. 65-73°.
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The infrared spectra of the two phenylthioureas were iden=
tically superimposable. It seemed possible that the
2-pentanone was contaminated, perhaps with 3-pentanone (the
V.pec. showed no separation between these ketonlic isomers).
Therefore, the p-nitrobenzamide of the amine from 2~pentanohe
was prepared, and after repeated recrystallizatlion from
benzene—hekane, it had m.p. 92.0-9l..0°, mizxed m.p. 92.0-93.5°.
The infrared spectra of the p-nitrobenzamides were identical
except for two shoulders in the spectrum of the material
synthesized from 2-pentanone (6.85 and 7.75 w).

l-Penten-3-0l was prepared from ethylmagnesium bromide and
2
25D

acrolein according to Funsdiecker (56), b.p. 112-114°, n

1.1221-1.4227 (11it. b.p. 11lh.2-110.4°, 22% 1.0240 (57)).

l=Cyvano=-2~=butene was prepared from a mixture of l-chloro-

2-butene and 3-chloro~-l-butene (b.p. 66-82°, prepared in
Ol..5% yield from hydrogen chloride and butadiene according to
Hateh and Hesbitt (58)) and cuprous cyanide, following the
directions of Lane, Fenbress and Sherwood (59), b.p. 1Lh2-1L1°,

2%°D 1.4199 (1it. b.p. 16°, n°°p 1.4228 (59)).

3-Pentenoic acld was synthesized from the cyano compound

according to these same authors (59), b.p. 95-96° (35 mm.),

0

QzSD 14300 (1it. b.p. 93° (1l mm.), 22 D 1.4362 (59}). The

manometer used in this distillation was probably malfunctioning.

Crotylecarbinol was prepared in 63% vield by the lithium
aluminum hydride reduction of 3-pentenocic acid, b.p. 13L-13[.5°,
3253 1.4339-1.4340. The v.p.c. indicated that this product

was very pure. The pure trans alcohol 1s reported to have
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b.p. 136-137°, g?SD 1.4322-1.032l (60).

Crotylcarbinylamine could be prepared in 30-L0% yield by

the reduction of l-cyano-2-butene with lithium aluminum hydride
provided the reduction and subsequent work-up were all at 0°.
The product had b.p. 10}.5-106.5°, QESD 1.1345-1.4350, and the
VeP.C. showed one peak.

Anal. Caled. for CSH11N: ¢, 70.52; H, 13.02. Ffound:
¢, 70.42; H, 13.20.

3=Penten-2-o0l was synthesized from methylmagnesium iodide

and crotonaldehyde, b.p. 117-122°, n°°D 1.L270 (1it. n'’D
1.1288 (61)).

l-Cyvano=-2,2~dlmethylcyclopropane was prepared according

to Helson, Malenthal, Lane and Benderly (62) from the di-
togylate of 2,2-dimethyl-1l,3-propanediol, b.p. 150-151°,
QZDD 1.11250 (1it. b.p. 154.5-155.55 9233 1.ll261 (62)).

2y,2=Dimethyleyclopropylecarbinylamine was prepared by the

reduction of l-cyano-2,2-dimethylcyclopropane with lithium
8 Luminum hydride, b.p. 111.5=112.0°, 3259 1.1300. The v.p.c.
showed one peak.
Anal. Celed. for CyHyaN: G, 72.66; H, 13.21. Tound:
¢, 72.69; H, 13.29.

Cyclopropyldimethylecarbinol was prepared from methyl-

magnesium iodide and methylcyclopropyl ketone and had b.p. 121~
g

1230,‘g2)n 1.14338 (1it. b.p. 123.4~123.6° (752 mm.), ggOD

1.4326 (63)).

Allyl p=nitrobenzoate had m.p. 27.5° (1it. m.p. 28.5°

(6L.)), recrystallized from hexane.
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Allyl p-bromobenzenesulfonate was prepared by the

procedure described for the cyclobutyl ester. Unfortunately,
a m.p. was not taken, but the material titrated 96% of theory

in a kinetic run.

Cyclopentyl p-nitrobenzoate was only recrystallized once

from hexane, m.p. 59.5-61.5°,

Kinetics of the Solvolysis of the Alkyl Bromides.--The

solvent used was 50% ethanol-water and was prepared by pilpet-
ing 200 ml. of conductivity water (71) and 200 ml. of puri-
fied absolute ethanol (78) into a glass-stoppered flask and
shaking. The 0.01 N sodium hydroxide solution was prepared
in the conventional fashion (65) and was standardized against
hydrochléric acid and potassium acid phthalate. A Sargent
constant temperature bath was used and the temperature was

4
L

25.0°, The kinetic procedure was to welgh out the sample
in a 5O_m1f volumetric flask and dilute to the mark with
solvent that had already been equilibrated in the thermostat.
Vigorous shaking was sometimes necessary for obtaining a
homogeneous solution; zero time was btaken as the point when
shakihg was begun, In taking a point, a 5 ml. sample was
removed, and diluted to 30 ml. with 50% ethanol-water. The
free acid was determined using bromthymol blue indicator.
3-Methylcyclobutyl bromide was found to exhibit a first
order rate constant decreasing with time. Table III demon-
strates the best run carried out and gives the ky calculated

for some points relative to zero time. A run 0,0324 M in

organic bromide and 0.0367 M in potassium bromide gave

@
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Table IIIL

Run #3; Solvolysis of 0.0356 M 3-Methyleyclobutyl

Bromide in 50% Ethanol-Water at 25.0%

Time (lO"L'r sec.) % Unreacted k. (106 sec.-l)

0.36 97.0 ) 8.7
2.16 93 .k 3.17
7.6l 81.l 2.72
10.75 79.0 2.19
19.2 72.2 1.69
28.0 69.1 1.33

34.6 7.0

}.%_301 66'7
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points that closely colncided with those of the run recorded

g3

in Table III, showing that the decreasing rate constant 1is
not due to elther a general salt effect or to bromide ilon,
specifically. As was mentioned in the Discussion, the most
reasonable interpretation igthattwo competing first order
reactions are occurring, one giving solvolysis product énd
the other giving rearranged, lesg reactlive bromide. The
final slope can be taken as the rate of solvolysis of the
rearranged bromide. It is desirable to estimate the rate
of rearrangement and the rate of solvolysis of 3-methyl-
cyclobutyl bromide.

A similar situation has been treated by Young, Winstein
and Goering (66)., These authors studied the solvolysis of
¥, ¥ -dimethylaltyl chloride and o,a-dimethylallyl chloride
and observed that the second of these halides exhiblted a
first order rate constant that decreased with time, the
final value coinciding with that of the ¥, -isomer. They
ascribed this observation to an internal return isomeriza-
tion to the less reactive ¥,¥-isomer, which eventually is
the only chloride remaining. Using graphical methods of
analysis, values for three rate constants were obtained. The

k., was measured directly by studying the solvolysis of ¥,¥ -di-

2
methylallyl chloride, k3 was estimated from the initial slope
of the solvolysis curve of the a,a-isomer, and kl was obtained

by the aforementioned graphical method.



K
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products
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A recent paper by Winstein and Fainberg (€7) has described
a more exact, analytical method of successlive approximations
for extracting the values of the rate constants for a solvoly-
sis system that behaves in a similar fashion (E—Q—anisy1~1—
oropyl and 1—E~anisyl—2—propyl). These results were reported
after the completion of the calculations presented below, which
also invoke successive approximations. Both methods presum-
ably give the same results; both schemes would have to be tried
on the same calculation in order to determine which 18 more
easily handled. While the data of Winstein and Fainberg (67)
could be treated by the scheme presented below in order to
get a direct comparison between the ftwo methods, the worth
derived did not seem to justify the time I1nvolved.

The simplified scheme considered is:

K
RX 3

A4

products, acdd

R1X

~F
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Let RX = A, R'X = B, product acid = C

—(kl+kq)t
-d(A)/dat = kl(A) + kB(A) (A) = (A o8 -
—(k1+k3)t
a(B)/at = kq(A) - ke(B) = kl(A)oe - -k, (B)
k. (4) ~(k,+k, )t -k t
(B) = k;”kl?kg e 13T TRy
(A) + (B) + (c) = (&), (B)y=(C)g=0

where subscript o refers to concentrations at t = O.

Substituting in the equation (C) = (A)o - (A) - (B), we get:

- -1 JD }‘ —1 ’\J_. - J. -1 2
(C) . kSte kl i &l . ije klb_e kgc
ZAiO kg"kl“kg

A
Let X =1 - %ﬁfm‘z fraction of halides unreacted
o

and simplify algebraically

7 P "k t
o —k3t —Klu e 2 e
X =e e - TR -k
3 72
or
N
X = ae 1 - —E;§~ k. (1)
d 1
k.t
a = e BL
—kgu
b= e
d = lg-kp

fraction unreacted

b
i
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This last form of the equation is especially convenient
for calculations. For each experimental point, the value
of kl is determined that balances both sldes of eqguation 1.
The data of Young, Winstein and Goering (60) were

treated by the above technique. The value of kg, 2.1 x 10

O

Sec."l had been measured directly and is presumed correct.
For a first approximation the value of ks (16 x 10'6 Sec.—l)
reported by these workers was taken, and the value of kl
needed to balance equation 1 for each experimental point was

calculated. The values of ky for all the points were added

and the average deviation determined. This gave kl =

67(+24) x 10 sec.”t A different value of k3 (12.3 x 107~

et —-/‘ —
sec. l) gave ky = 32(+6) x 10 © sec. 1, a marked improvement.

-6 -1 \
Finally, assuming k, = 13.2 x 10 6 sec. = gave ki = 4o(+3)
~d
P
6

x 107 sec."‘1 These values compare favorably with the

. . o
. . - -0 -1
graphically-derived (66) values of 16 x 10 = sec. and
P
» ) -1 s
36 x 10 sec. ~, respectively, and are probably more

accurate.
A similar treatment was now carried out for 3-methyl-

cyelobutyl bromide. The value of k2 was estimated from the
—/“ —
final slope of the solvolysis curve to be 0.15 x 10 o sec. 1

-6
An assumed k3 = 4,70 x 10
sec.—l; k3 3.75 x 10"6

sec. 1 gave ky = 17(+6.7) x 10
)

I

sec. ™t gave k, = 10.2(+1.9
sec.-]g k., = 3.47 % ZLO‘"6 sec.~l pave k, = 8.2(+0.5)
3 1 -

x 10~

-1 . . . e . o
sec. The estimated error in this last determination of kl
is about the same as that in the analysis of the data of

Young, Winstein and Goering. As a further check on the
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method, one calculation was made with a k2 = 0,24 x 10—6

-1

sec. ~, since the value of k, estimated from the plot was

6 1

2

subject to much error. Assuming kB = 3,47 x 107" sec.

~
; -0 -1 . . .

gave ky = 8.7(+0.5) x 107~ sec. ~, indicating that the

values of k3 and kl are not highly subject to errors in Ko

In summary, the best rate consbants for 3-methylcyclobutyl
. -6 -1 . .

bromide are 3.47 x 10 sec. for reaction To form acid

: -6 -1 .

and 8.2 x 10"~ sec. for rearrangement.
Cyclopropylmethylcarbinyl bromide was prepared in a

highly impure state as described previously. Analysis of

the mixtures has been described in the Discugsion section

where it was pointed out that the mixtures probably contained
8-14% cyclopropylmethylcarbinyl bromide. This is in accord
with the kinetic experiments that showed about 10% of a
highly reactive bromide (gi, Table IV). The same kinetic
procedure as for 3-methylcyclobutyl bromide was employed.
This was an unfortunate choice and a technlique for following
fast reactions should have been used. The amount of unreac-
tive bromide in the starting material can be estimated from
the place in the kinetic plot where essentially all reaction
ceases. By assuming that cyclopropylmethylcarbinyl bromide
does not rearrange to a less reactive species and that all
other species present are very much less reactive, one can
-6 -1
estimate kl as approximately 170 x 10 sec. ~, which is
probably a minimal value correct only to an order of magni-

tude.
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Table IV

Run #6; Solvolysis of 0,0hlﬁ M Cyclopropylmethylcarbinyl

Bromide in 50% Ethanol-Water at 25.0°.

Time (1074 sec.) % Unreacted
0.72 g6.2
1.83 80.3
7.35 78.2
10.27 777
19.1 76.1
25.9 , 75.3
3.2 3.7

370 73 .1
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The kinetics of the solvolysis of the alkyl brosylates

were measured in a more sbphisticated manner. A water
thermostat was maintained at 25.0°, and absolute ethanol
and freshly boiled distilled water were equillibrated in it.
At The beginning of each run, 200 ml. of each solvent were
pipetted into a 1—Q.three—necked round-bottomed flask immersed
in the water bath and eguipped with mechanical stirrer,
nitrogen inlet tube and burette containing 0.0529 M sodium
hydroxide in 50% agueous ethanol. The mixed solvent was
allowed to reach temperéture equilibrium, stirring was begun
and some bromthymol blue was added. Base was added until
the indicator Just turned color and the burette readlng was
taken. Excess base was added, the burette read and the
sample was introduced as stopwatch A was started. When the
indicator began to turn to the acid color, stopwatch A was
stopped, stopwatch B was started and some more base was
added. In the interim, the burette was read, and A was
read and returned to zero time. The process was then re-
peated as many times as was desired. Infinity titers were
taken after 10 half-lifes. The only flaw in the procedure
was the manner of introduction of the sample. Four pro-
cedures were tried. In runs 21-26, the sample was weighed
out on a small watch glass which was dropped into the sol-
vent at time zero. Since the esters dissolved slowly, this
gave curvature in the plot of the data. If the ester sol-

volyzed in a well-behaved fashion, the zero time could be



-80-

taken arbitrarily and the straight line portion of the
solvolysis curve considered. If internal return occurred
(2— and 3-methyleyveclobutyl esters), no such correction could
pe applied. In runs. 27 and 28, the sample was dissolved

in 1 ml. of ether and poured into the reaction flask. This
was unsatisfactory because the ether solutlion ran down the
side of the flask and the ether evaporated, leaving ester

on the walls of the flask. In run 29, the ether solution
was pipetted into the reaction flask. This procedure was
qulte satisfactory, but the ether solution was difficult

to pipet. In runs 30 and 31, the 1l-ml., volumetric flask
containing the ether solution of the ester was dropped into
the solvent mixture. There seemed to be some difficulty
with rates of mixing and diffusion, however. The detalls of
a few runs are given below, but the various compounds will
first be discussed,.

Allyl brosylate gave straight line plots, especially

in run 31 if the first few points were ignored. Run 23,

k, = 5.1(+0.2) x 10-& sec.“l, run 31, ki = 5.2(+0.1) x 10~
-1

1
, o -4 -1
sec. ~; average is ky = 5.2 ¥ 10 sec.

n

Cyclobutyl brosylate gave good straight lines in indi-

vidual runs, but considerable scatter from run to run.

Run 27 seemed most reliable and 1t also falls near the

average of three runs. Run 21, k; = 11.1(+0.1) x 10—4

-1 - _
sec. 3 run 24, ky = 12.3(+0.3) x 10 4 sec. 1; run 27,

ky = 11.9(+0.03) x 10"4 sec._l; average 1s ky = 11.8 x
-4 1

10 sec.
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For 3-methyleyclobutyl brosylate, no corrections could

%

be applied to individual runs since internal return to a

-

rearranged compound apparently was occurring, and only

2

about 40% of the theoretical amount of acid was produced.

Two methods of analysis of the data were trled. First, the

Ea g

data were plotted and the maximum slope of the curve was

i -]
determined. This gave: run 22, k, = 3.0 x 10 " sec. T3

A - -4
B gee. ™Y wun 2o, k, = 2.8 x 10

(o]
it
no
'r:_-—
b
et
&
{a

run 26, 1

q

sec. = Because of the method of sample introduction, run 29

1

L

to glve

O

is believe

I

®

treatment of the data assumed that two [first order compe-
tition reactions were occurring, one leading to solvolysis
products and one leading to rearranged, complebtely unreac-
tive brosylate. Different values of these two rate con-

stants were taken and a theoretical value for the amount of

unreacted material calculated, for each experimental polint.

This value was compared to the experimental value, and the

average difference between The pairs of values minimized
by varying Tthe rate constants. Values for k, (products)

jo} ¥ “Lé“ o 1 h 1 r\"‘ii_
= 2,0 z 10 sec, and for k, (rearrangement) = 4.2 x 10

- | .
sec. ~ gave the best 1t for run 29, and the k., value is
the same as that estimated directly from the graph of the

data. The average discrepancy between theoretical and actual

J

values for 13 points in run 29 1s

[ ST P o S < 1 e T PR o i
2-Methylevelobutyl brosvliate presented

:

problems as the 3-methyl derivative and, as described earller

4 R N b PEAP S P B PR I i L L e ol
t was contaminated with 1mpuritcties., I'nege impurliiles were

the most accurate value of kl‘ A second
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agsumed to be unreactive and 1t was indeed shown that gwbromo-

-

benzenesulfonyl chloride reacted very slowly under the reac-

tion conditions (a saturated solution in 50% ethanol-water

T

at room temperature showed no appreciable pH change over a

period of several hours). 0Only one run (#30) is believed
to have real validity. The data of this run were analyzed
as described for the 3-methyl isomer. From the graph, kl

. - -1 ; "
was estimated as 12 x 10 4 SEC. From calculations, Kl =

- =1 : -] -
11 x 10 4 sec. — and k2 (rearrangement} = 13 x 10 4 sec. l,

with an average discrepancy between seven theoretical and
observed points of 0.7%.

Solvolysis of the alkyl p-nitrobenzoates was carried

out in 80% acetone-20% water solution, 0.052l I in perchloric
acid. Standard ampule technique (79) was used and the
temperature was 9L.7° A pH meter was used to follow titra-
tions to pH 9, which was taken as the endpoint.

Cyelopropylmethylcarbinyl p-nitrobenzoate gave a
£ 2 J N : &)

-rJ s
reasonable first order plot, kl = ll(jO.é) x 1077 sec. +

Cycloopropylcarbinyl p-nitrobenzoate did not gilve very

good straight lines. Run 11, k1 = O.ZY(T0.0Z} x 1077 sec. 3
run 13, Xy = 0.29(+0.02) x ].O'"5 sec.-l; average, ki =
0.28 x 10°° sec. t

2=Methyleyelopropylcarbinyl p-nitrobenzoate was even

worse behaved, kl = O.32(§0.03) X 10_5 sec.-:L

Cvelobutyl p-nitrobenzoate gave a good first order
1

plot, ki = 0.33(40.01} x 10_5 Sec.



Table V

Run #27; Solvolysis of 1.05 x 10“3 M Cyclobutyl

Brosylate in 50% Zthanol-Water at 25.0°.

Time (1073 sec.) 9% Unreacted kl(loa secg”l)
0.186 80.1 11.9
0.258 73.5 11.9
0.1.25 60.3 11.9
0.525 53.6 11.9
0.633 117.0 11.9
0.768 oL 11.8
0.920 33.8 11.8
1.10 27.2 11.8
1.33 20.5 11.9
L. 66 13.9 11.9

ey = 11.9 x 1077 sec.



Table VI

Run #29; Solvolysis of 2.17 x 10_3 M 3-lMethyleyclobutyl

Brosyl

1.37
1.68

2.13
2.70
3.48
lp.66

ate in 509 Hthanol-Water at 25.0°.

% Unreacted  Caled.
1{1 == 2.
k2 = li.

i1

2.8 x 107H sec.

L

-} -
1.2 x 1077 sec.

o
)

8]

O

2

L

1

Unreagted for
107% see.”t ana
1
. -1
x 10 4 SE8C.

b

98.0
.9
91.2
88.0
85.1
81.7
78 .11
75.0
71.9
63.6
65.6
63.0
61.0
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Table VII

Run #30; Solvolygis of 1.07 x 10—3 M 2=llethylcyclobutyl

Brosylate in 50% ZEthanol-Water at 25.0°.

Time (10~3 Sec. ) % Unreacted  Calecd. % Unre?cted for
e [ ] .
Kl = 11 x 10 f Sec. 1 and
-]l -1
= 13 x 10 ™ gec.

k2 =
0,050 93.8 9lL.9
0.128 87.1L 87.9
0.225 81.5 81.0
0.31.5 - 75.3 Tl
0.L9ly 69.1 8.1
0.698 63.0 62.8

1.06 56.8 57.6



Table VIIT

o o3 B s 4 - an [ y -
Run #31; Solvolysis of 1.10 x 10 3 i Allyl Brosylate

in 50% ZEthanol-Water at 25.0°.

Time (10"3 sec.) 9% Unreacted kl(qu secanl}
0.196 90,1 5.30h
0.1118 80.1 5.30
0.665 70.2 5.32
0.965 60.2 5,26
1.33 50.3 5.19
1.75 Loy 5.19
2.3 30,0 5.08



2-Methvleveclobutyl p-nitrobenzoate had k., =

0.28(+0.01) x 1077

sec.,

3-Methylcvelobutyl p-nitrobenzoate, kl = 0. 6(f0.02)

W1

) N

Cyclopentyl p-nitrobenzoate, ki = 0.12(+0,006) x 10

Independent experiments showed that the uncatalysed
reactions of the cyclovutyl and cyclopropylcarbinyl compounds
were immeasurably slow under the reactlon conditlons.

The Deamination Reactions.--The same procedure was followed

P

in the deamination of all amines but one. In a 500-ml., round-
bottomed, three-necked flask egulpped with mechanical stirrer,
slass stopper and condenser position for downward distillation
was placed a solution of 22-43 g, of sodium nitrite (depend-
ing on the amount of amine to be used) and of amilne (1-10 g,)

]

o the condenser there was attache

o

a

cF
=

in 280 ml. of water.

round-bottomed flagk with sidearm that opened to the atmosphere
via a Dry Ice trap and calcium chloride dryving tube. The
reaction flask was cooled in an ice bath, the stirrer started
and 17 ml. of 60% perchloric acid added. After about 30 min.,

the ice bath was replaced with a heating mantle and distilla-
tion begun and continued until 75 ml. of homopeneous distiliate
had been collected after the initial two-phase distillate.

The distillate was saturated with potassium carbonate and

the organic (upper) laver separated. The agueous phase was

extracted with two 15-ml. portions of ether. The combined

and the ether removed through column 2. The reslidue was dis-
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.

tilled through column 1, no effort being made to cut fractions.
Everything distillable was driven over, so no regidue was

left in the distillations. The Dry Ice trap used in the
deamination reaction wasg never observed to collect anything
but oxides of nitrogen.

The first step in performing the analysis of the alcohol
mixture was to measure, on the vapor phase chromatograph, the
retention time of each alcohol 1likely to be present. This
included the six isomeric alcohols (X-XV) as well as appro-
priate allylic alcohols if the starting amine was olefiinic.
Some alcohols had identical retention times and recourse had
to be made to infrared analysis, using comparisons with the
spectra of known mixtures., For instance, The 2~ and 3-methyl-
cyclobutanols and 2-methyleyclopropylcarbinol fell at the same
place. Also, a-methylallylcarbinol coincided with cyclopropyl-
methylcarbinol: there was no reason why The former alconol
should be formed from any of The amines studied so no effort
was made to identify i€ and no ambiguities arose because of

f the retention time of an alcochol seemed

h

this assumption.
to bhe affected by the presence of other alcohols, a synthetic
mixture was run to redetermine refention times. Also, there
were often peaks of minor size, generally of high retention
time, that could not be identified. These presumably arose
from nitro compounds, side reactions, ete. The final analysis
was checked by prevaring a synthetic mixture of
composition and comparing its infrared spectrum to that of
the reaction mixture. The infrared spectra are at the end of

the Experimen
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The Vavor Phase Chromatogcraphy Apparatus and 1its

Calibration.--+he apparatus was a 5 ft. column equipped with

thermal conductivity cells and a Varlan G-10 recorder, chart
speed 1 inch = L min. It was surrounded by a vapor jacket

b 0 3

that was heated by bolling toluene. The effluent pgas was
nelium and the stationary phase dioctyl phthalate supported
on Johns Manville Celite (0.L5 . of liguid/g. Celite). Peak
areas were measured by counting squares or by tracing the
curves on onion skin, cutting out and welghing. Both methods
were accurate. Table IX shows the resullts obtalned with
standard solutions. Pig. 2, at the end of the Lxperimental,

shows some typical v.p.c.'s.

Proof of

s A S e

[#2]

5tability of Alcohols under Deamination

Conditions.-=1wo g. of an alcohol mixture was substituted for

the amine in the deamination procedure and the starting

material and products were analyzed. There was little

Alcohol %
Taken Aecovered
Allyimethylcarbinol 36 33
Cyclopropylmethylcarbinol b 51
3=Methylcyclobutanol
16 16

2-ilethylceyclopropylcarbinol
change in The composition of the mixture,
In a separate experiment, 2-methylcyclobutanol was Ttested

and found to be completely stable and recoverable.
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of Isolation Procedure in Deamination.=--In ths

deamination of crotylcarbinylamine, an analysls of the initial
steam distillate was performed and compared to the final

analysis.

Alcohol %
Crude Pure
3-Penten-2-ol 16.9 15.2
Cyclopropylmethylcarbinol 72.6 73.6
Crotylcarbinol 10.5 11.3

The deamination of cyclopropylmetihylcarbinylamine was

carried out by Dr. R. H. Mazur (32) employing a slightly
different procedure from that described above. Two fractions
(yield 69%} were recovered, one of which appeared to be
unreacted amine and the other of which was, according tc the

infrared spectrum, pure cyclopropylmethylcarbinol.

The deaminatlion of Z2-methylevelobutvlamine gave a 567
oS, / fa - 7

(KRR

vield of alcohols. The v.p.c. (g.v.) showed only one peak,
corresponding to cyclopropylmethylcarblinol and the Infrared
spectrum was superimposable with that of this alcohol.

The deamination of Z-methylcyclopropylcarbinylamine gave

a 58% yield of a mixture of alcohols. All but 5% of the total
peak area of the v.p.c. was accounted for. The alcohols
present were cleanly separated and infrared analysis ghowed
that‘no detectable amount of 3-methylcyclobutancl lay under
the 2-methyleyclopropylecarbinol peak in the v.pe.c. The 8.10 M

band seemed characteristic of 3I-methylcyclobutanol.
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Deamination of 3-methylcyclobutylamine was carried out

twice, with yields of alcohols amounting to LQ and 70%.

Analysis of the first run and the second run gave: cyclo-

ropylmethylecarbinol: L8, I5%; allylmethylcarbinol: 39, 39%;
3-methyleyclobutanol: &5, 6%; 2-methyleyclopropylcarbinol:

8, 10%. ‘his was the only duplicate deamination carried ocut.
Since the last two alcohols had identical retention times,
infrared analysis was used on the main fractlon {90% of the
total distillate) of the second run to determine the relative
amounts of these two alcohols. It was assumed that 1n all
fractions of both runs, these alcohols occurred in the same
ratio. There was no doubt that both alcohols were present,

Xal

judging from the infrared spectra., Over oli% of the total peak
areas in the v.p.c. were accounted for in the analyses.

The deaminatlon of crotylcarbinylamine was carried oub

in AM% yield and the product mixture had a highly complex
Vv.p.C. The final analysis, in which cyclopropylmethylcarbinol,
crotylcarbinol and 3-penten-2-0l were detbtected, accounted for
92% of the total peak area of the V.p.C.

The deamination of allylmethylcarbinylamine gave a 21%

4

yield of alcohols; only 0.8 g. of amine was available. fhe
resultant v.p.c. had four peaks. Two peaks (91%) were assigned
to cyclopropylmethyvlcarbinel and a mixture of allylmethyl-
carbinocl and ethylvinylcarbinol. This last mixture was analyzed
via infrared spectra. A peak, area 6%, had the same retention

time as crotylcarbinol but was assigned to 2-penten-l-ol

(should be present but was not synthesized). This alcohol
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might be expected to have a retention time close to that of
crotylcarbinol. The last remaining peak ( 3%) had a reten-
tion time corresponding to that of 2-methylcyclopropylcarbinol
(shown by adding genuine 2-methylcyclopropylcarbinel to the
reaction mixture and observing the increase in the size of
this peak). However, one cannot be sure of the nature of

this peal.

The deamination of 2,2-dimethylcyclopropylcarbinylamine

gave a 65% vield of alcohols. The v.p.c. showed two peaks.

A synthetic mixture of allyldimethylcarbinol and cyclopropyl-

dimethylcarbinol of composition indicated by the v.p.c. had

[82]

an infrared spectrum nearly identical to that of the reactlon
mixture.

The Behavior of the Isomeric VSPlOO Alcohols under

Strongly Acidic Conditions.-~These experiments were carried

out only in an exploratory fashion and some of the results
were not reproducible. Analyses were performed with vapor
phase chromatography but the v.p.c.'s thus obtalned were
senerally not of goecd quality. The alcohols tested were
e-methylcyeclopropylcarbinol, cyclopropylmethylcarbinol,

2~ and 3=-methylcyclobutanol, crotylcarbinol and allylmethyl=-
carbinocl.

With 1159 fluoboric acid at room temperature, both
cyclopropylecarbinols rapldly rearranged to allylmethylcarbinol
and variable amounts of unidentified material. The other

alcohols were stable.



With 229 fluoboric acid heated under reflux for 30 min.,

3-methylcyclobutanol showed approximately 80% starting mate-
rial and 20% allylmethylcarbinol. Under the same conditions,

2-methylcyclobutanol was totally rearranged to allylmethyl-
carbinol and the olefinic alcohols were unaffected.
Allylmethylcarbinol gave only polymer and unrearranged
alcohol when heated under reflux for 1 hr. with 25% sulfuric
acid. Under the same conditions, it 1s reported that allyl-

methylethylcarbinol is totally rearranged to [-methyl-3-hexen-

- e . 8 o -
1-01 (68). This corresponds to the rearrangement of allyl-
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Curve Subject
1 ‘ The alcohols from the deamination of
2=methylcyclobutylamine.
2 The galcohols from the deamination of

3-methyleyclobutylamine.

3 The qualitetive separation of a mix-
ture of allylmethylcarbinol,
cyclopropylmethylcarbinol, 2-
methylcyclopropylcarbinol and
crotylcarbinol. Alcohols named
1ln order of occurrence in spectrum
from left to right.

il The alcohols Pf@ﬁ the deamination of

crotylcarbinylamine.

The vapor phase chromatograms were obtained at 110°,
using helium gas as carrier and dicctyl phthalate on Celite
as the stationary phase. These spectra were run at different
gas Tlows, so the retention times in different spectra are

not comparable.
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Fig. 2
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Curve Compound

=

Methylcyclobutancl,

2 2-Methylecyclopropylcarbinol.

3 2-Methylcyclopropylecarbinylamine +
HONO,

4 51% Cyclopropylmethylcarbinol, 36%

allylmethylcarbinol, 13% 2-methyl-

cyclopropylcarbinol.

The infrared spectra were obtained with a model 21
Perkin-Elmer double beam recording spectrophotometer quippea
with NaClﬁopticsg using pure 1liguids in an 0.025 mm. NaCl cell.
The band at 6.43 w, in the spectra of the deamination products,

was assigned to small amounts of nitro compounds (T74).
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Fig. 4
Curve Compound

i 3~-Methyleyclobutylamine + HONO.

2 L45% Cyclopropylmethylcarbinol, 39%
allylmethylcarbinol, 106% 3-
methylcyclobutanol.

3 45% Cyclopropylmethylcarbinol, 39%

allylmethylcarbinol, 10% 2-methyl-
- 5 7
cycelopropylcarbinel, ©%

cyclobutanol.

The infrared spectra were obtalined with a model

!_..A

Perkin-Elmer double beam recording spectrophotometer eguiovped
with NaCl optics, using pure liguids in an 0.025 mm. NaCl cell.
The band at 6.43 w, in the spectra of the deamination products,

wasg assigned to small amounts of nitro compounds {74

R—

@
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Pig. 5
Curve Compound
1 Allylmethylcarbinylamine + HONG.
2 17% Cyclopropylmethylcarbinol, 55%

allylmethylcarbinol, 28% ethyl-
vinylcarbinol.
3 Cyclopropylmethylcarbinol.

2-Me thyleyclobutylamine + IHONO.

5=

The infrared spectra were obtained with a model 21

Perkin~ilmer double beam recording spectrophotometer egulpped

|

with NaCl optics, using pure liguids in an 0.025 mm, NaCl cell.

N

The band at 6.43 1, in the spectra of the deamination products,

was assigned to small amounts of nitro compounds (7@).
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IV. APPENDIX I
DESCRIPTION OF FRACTIONATING COLUMNS

Column No. 1.--A 0.8 x 26 cm. column packed with a tantalum
wire coll and carrying an evacuated Jacket and a partial
reflux head (75).

Column No. 2.--A 1.0 x 48 cm. column packed with stainless

steel Helipaks and carrying an electrically heated

p

t and a total reflux head.

i

air Jacke

Column No. 3.--A 0.8 x 30 cm. concentric tube column ecquipped

with a vacuum Jacket and total reflux, solenoid operated
head. This column is rated by the manufacturer, Preci-
sion Distillation Apparatus Co., at 75 theoretical
plates at total reflux.

Column No. 4.--A 0.7 x 60 cm. column packed with a tantalum
wire coil and eqgulpped with an electrically heated air

Jacket and a total reflux head.

S8

0Q
[
&%)

Column No. 5.--A 1.3 x 80 cm. column packed with
helices and eqguipped with an electrically heated air

)

Jacket and a total reflux head.
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L. The unknown guantities in the amine-nitrous acid reaction
[N ) sy oy A s o~ N [ St o o Pham 1 P e
are the nature of the catlion remalining arlte: 0858 01 Tne

nitrogzen molecule from the alkyldiazonium lon and the nature

3

of the cation remaining after

occurred in the "hot' carbonium ion (if such is imoplicated).

Two kinds of experiments will illuminate the nature of these
cationsg,

(a) Shiner and others (1,2) have shown that the composi-
A ]

£ the vroduct mixtures cbtalned in $N1~tjpe solvolyvses

o

are markedly affected by the substitution of deuterium for

beta hydrogens. The effect of beta deuterlum substitution on

]_Jo

the course of the deamination of primary alivhatic amines

ntramolecular hydrogen migration in this reaction is to be
" . e 1 i o Y
regarded as a solvolytic cation, the "hot" ion mechanism ()

leaves open the possibility that some of the "hotness” may be

o ral

retained in the rearranged catioc A comparison of
havior of carbonium ions formed via hydrogen migration in the
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2. Grob and Kammiller (7) have recently published persuasive

D
o

3
e
o3

dence for an intramolecular 1,5-hydrogen migratvlion in tThe
5-phenylpentyl free radical. The deamination of 5-phenyl-

nentylamine 18 predicted to show a similar 1,5-migra
view of the fallure (8) to observe a 1,i-hydrogen migratlion
5

n the L-phenylbutyl free radical, 1T would also be interest-

amination of 4d-phenylbutyvlamine, and see

¥J1
)
e
(4N
O
w
<t
[N
St
ot
i
0}
o

if 1t undergoes 1,4-hydrogzen migration.

3

3. The possibility of incorporating vapor phase chromatog-

raphy into a scheme for rapid gualitative and guantitative
inorganic analysis should be examined, in view of the great

elements That form velatile hydrides, halides, etec.
The great sensitivity of the chromatography process might be

esveclally useful in the routine determination of trace amounts.
J

5

L, Striking isotope-position and structural rearrangements
have been observed in the overall formation and reactlons of
allylcarbinyl Grignard reagents (9). A gquestion that should
he answered immediately i1s whether the allylcarbinyl and cyclo-
propylcarbinyl Grignards are best represented by one common

atructure TtThat reacts

propane could vield 2-phenyl-l-prooyl derivatives and that of
~ SN VT Y 3T A s N N A A tra
l-phenyl-2-methyl - hloropropane could yileld neophyl deriva-

tives.
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