ABSTRACT

PREPARATION OF ERYTHRO-3-CYCLOPROPYL-2-BUTANOL AND A
STUDY OF THE PRODUCTS OF FORMOLYSIS OF ITS TOSYLATE

By

Andrew A. Holzschuh

Cram found that the p-toluenesulfonate esters of the
d and 1 3-phenyl-2-butanols undergo acetolysis with re-
tention of configuration (1). After making allowance for
its rate-retarding inductive effect Winstein (2) found
that the phenyl group enhances the rate of this acetolysis
reaction by a factor of four over that of the unsubstituted
butyl compound. The formation of an ethylenephenonium ion

intermediate was offered as the best rationalization of

l' ‘\

CHz -C===C-CHj
this unusual behavior.

The present work was undertaken to learn what might
be the effect of the 3-cyclopropyl group in this molecule
on the rate and products of solvolysis.

Several synthetic methods for 3-cyclopropyl-2-butanol
were investigated. After the development of an improved
preparatory method for cyclopropyllithium, it was reacted

with trans-2,3-epoxybutane to yield about 10% of racemic
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erythro-3-cyclopropyl-2-butanol (bp 82-83° at 50 mm).
About 40% of the epoxide rearranged to 3-buten-2-ol and a
small amount of dicyclopropyl was formed. The 3-cyclo-
propyl-2-butanol was found to resist purification, even
by glpc. Infrared, mass, and nmr spectra were obtained on
the purest material made.

Formation of a deep purple color upon mixing the
tosylate (mp 52-54°) of 3-cyclopropyl-2-butanol with
formic acid was an impediment to titrimetric rate determina-
tion. The formolysis product was found to be a mixture of
eight to twelve components. After LiAlH4 reduction, the
product consisted of a mixture of olefins, and probably di-
methylcyclopentanol and 2-(2-hydroxyethyl)-tetrahydrofuran.

Work directed towards the synthesis of 3-cyclopropyl-
2-butanol by a multi-step route starting with a Reformatsky
condensation of ethyl bromoacetate and cyclopropyl methyl
ketone resulted in the preparation of the following new
compounds; ethyl 3-cyclopropyl-3-hydroxybutyrate '(not puri-
fied), ethyl 3-cyclopropyl crotonate, (bp 100.5° at 20 mm,
2?52 1.4780), ethyl 3-cyclopropylbutyrate, and (bp 789 at
20 mm, 2?5231.4200), 3-cyclopropyl-1-butanol (bp 166° at
atmoa,,g?52=1.4350). Infrared spectra of these were ob-
tained.

A mixture of two new 1,3-diketones (not separated, nor
unequivocally identified), considered to be l-cyclopropyl-

4-chloro-1,3-pentanedione and l-cyclopropyl-4-methoxy-1,3-
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pentanedione, resulted from an attempted Darzens condensa-
tion of ethyl 2-chloropropionate with cyclopropyl methyl
ketone using sodium methoxide as the base. The expected
product from this condensation (followed by hydrolytic de-
carboxylation) was 3-cyclopropyl-2-butanone, which would
then have been reduced via LiAlH4 to yield 3-cyclopropyl-
2-butanol.

In a digression from the main objective the new com-

pounds, 6-beta-cyclopropylcholestan-3-beta-6-alpha-diol

(mp 142.5-143.0°), and the 3-beta-acetate of this diol

(mp 1829) were prepared.

REFERENCES

l. Cram, D. J., J. Amer. Chem. Soc., 74, 2129 (1952)
and earlier papers. ~

2. Winstein, S., Morse, B. K., Grunwald, E., Schreiber,

K. C., and Corse, J., J. Amer. Chem. Soc., 74, 1113
(1952). ~




PREPARATION OF ERYTHRO-3-CYCLOPROPYL-2-BUTANOL AND A

STUDY OF THE PRODUCTS OF FORMOLYSIS OF ITS TOSYLATE

By

Andrew A. Holzschuh

A THESIS

Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY
Department of Chemistry

1971



.
Ces
£




ACKNOWLEDGMENT

The guidance and encouragement provided to me through-
out the course of this work by Professor Harold Hart is
deeply appreciated.

I have both enjoyed and found very valuable the associ-
ation with the Department of Chemistry of Michigan State
University.

No major funding of this work was sought or obtained
from government agencies, corporations, foundations, etc.
The Dow Chemical Company paid part of the matriculation
fees, and provided substantial assistance in the form of
use of its facilities and services, for which I am very

grateful.

ii



VITA

Name: Andrew A. Holzschuh
Date of Birth: August 20, 1913
Place of Birth: Waters, Michigan

Academic Career: High school at Gaylord, Michigan,
1926 to 1930.

Michigan Technological University at
Hougaton, Michigan, 1930 to 193k4.

Michigan State University at East
Lansing, Michigan, 1951 to present,
(part time basis).

University of Michigan, Ann Arbor,
Michigan, 1953 to 1956 (part time basis).

Degrees Held: B. 8, and M. 8. in Chemical Engineering
M. 8. in Chemistry

Employment: Dow Chemical Company, Midland, Michigan, as
a Research Chemist, 1934 to 1968.

1ia



II




TABLE OF CONTENTS

Page
I. INTRODUCTION . ¢ ¢ o o o o o o o o o o o« o o » 1
II. REVIEW OF THE LITERATURE . . . . . ¢« ¢ ¢« « <« . 4
A. Literature to 1957 . . . . . . . . . . . . 4

B. Literature, 1957 to 1970, Other than
Cyclopropyl Compounds . . . .« . « « « « . 7

C. Literature, 1957 to 1970, Cyclopropyl
CompoundsS « 2 o « o « o o o o o o o o o 19
III. RESULTS AND DISCUSSION .« .« o« « ¢ « o o o o o & 27

A. General Discussion and Chronology . . . . 27

B. Preparation of Cyclopropyl Chloride and
Cyclopropyl Bromide . . . « ¢ « o « « « & 32

C. Attempted Preparation of 3-Cyclopropyl-2-
butanol by Reaction of Cyclopropylmagnesium
Chloride with trans-2,3-Epoxybutane . . . 36

D. Preparation of 3-Cyclopropyl-2-butanol by
Reaction of Cyclopropyllithium with trans-
2 ' 3 —EpOXYbu tane . . . . . . . . . . . . . 40

E. Preparation of Tosylates . . . . . . . . . 47

F. Formolysis of 3-Cyclopropyl-2-butyl
Tosylate . ¢« ¢ o o o ¢« o o o o o o o o o = 50

G. Attempted Preparation of 3-Cyclopropyl-2-
butanol by a Multi-step Route Beginning with
a Reformatsky Condensation of Ethyl 2-Bromo-
acetate and Cyclopropyl Methyl Ketone . . 55

H. Attempted Preparation of 3-Cyclopropyl-2-
butanone by a Darzens Condensation of
Ethyl 2-Chloropropionate with Cyclopropyl
Methyl Ketone . . . . . ¢« ¢« ¢ ¢ o« « o « & 59

I. Attempted Preparation of Cyclopropylmethyl
Acetate . . . . ¢ ¢ ¢ i e e e e e e e . 64

J. Preparation of Cholesterol Derivatives . . 66

iii



TABLE OF CONTENTS (Cont.)

Page
IV. EXPERIMENTAL PROCEDURES AND DATA . . . ¢ « « = 70
A. Preparation of Cyclopropyl Chloride . . . 70

B. Preparation of Cyclopropanecarboxylic Acid 74
C. Preparation of Cyclopropyl Bromide . . . . 76

D. Attempted Preparation of 3-Cyclopropyl-2-
butanol by Reaction of Cyclopropylmagnesium
Chloride with trans-2,3-Epoxybutane . . . 79

E. Preparation of 3-Cyclopropyl-2-butanol. Use
of Cyclopropyllithium Prepared from Cyclo-
propyl Chloride . . . . . ¢« ¢ ¢ o o « o« . 93

F. Preparation of 3-Cyclopropyl-2-butanol. Use
of Cyclopropyllithium Prepared from Cyclo-
propyl Bromide . . . . . <« . . . . . . . . 109

G. Preparation of Tosylates . . . . . . . . . 124
H. Formolysis of Tosylates . . . . . . . . . 132

I. Attempted Preparation of 3-Cyclopropyl-2-
butanol by a Multi-step Route Beginning with
a Reformatsky Condensation of Ethyl Bromo-
acetate with Cyclopropyl Methyl Ketone . . 144

J. Attempted Preparation of 3-Cyclopropyl-2-
butanone by Darzens Condensation of Ethyl
2-Chloropropionate with Cyclopropyl Methyl
Ketone . . ¢ ¢ ¢ ¢ ¢ & o« o « o o « « « « o« 158

K. Attempted Preparation of Cyclopropylmethyl
Acetate . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ e o e « « « . 164

L. Preparation of Cholesterol Derivatives . . 167

V. LITERATURE CITED . . « ¢« « ¢ o« « « « « « « « « 176

iv



FIGURE
1.
2.
3.
4.
S.
6.
7.

8.

9.

10.

11.

12,

13.

14.

15.

16.

LIST OF FIGURES

Rate of tosylation of 2-propanol . . . . .

Potentiometric titration curves . . . . . . .
Mass spectrum of cyclopropyl bromide . . . .
Infrared spectrum of cyclopropyl bromide . .
Nmr spectrum of cyclopropyl bromide . . . . .
Infrared spectrum of 3-cyclopropyl-2-butanol.
Infrared spectrum of dicyclopropyl . . . . .

Infrared spectrum of glpc fraction A-2
(Grating machine). . . . . . . . . < . . . .

Infrared spectrum of glpc fraction A-2
(Regular) . ¢ v ¢ v ¢ v ¢ o ¢ o o o « o o o -

Infrared spectrum of glpc fraction B . . . .

Mass spectrum of 3-cyclopropyl-2-butanol
(glpc purified) . « ¢ ¢« ¢ ¢ ¢ ¢« v 4 4 . . .

Infrared spectrum of 3-cyclopropyl-2-butanol
(glpc purified). . . . ¢ ¢ ¢ ¢ @ « ¢« o o . .

Nmr spectrum of 3-cyclopropyl-2-butanol
(glpc purified) e e e e e e e e e e e e e

Infrared spectrum of 3-cyclopropyl-2-butyl
p-toluenesulfonate . . . . . . . . . o . . .

Glpc chromatogram of the LiAlH4 reduction
product of the formolysis product of 3-cyclo-
propyl-2-butyl tosylate . . . . . . . . . . .

Infrared spectrum of ethyl 2-cyclopropyl-
crotonate . . . . . . ¢ e e i e e e e e o .

Page
51
53
80
81
8la

102

108

116

117

118

120

121

122

128

140

147



LIST OF FIGURES (Cont.)

FIGURE

17.

18.

19.

Infrared spectrum of ethyl 3-cyclopropyl-3-
hydroxybutyrate . . . . . . . . . ¢ . . . . .

Infrared spectrum of ethyl 3-cyclopropyl-
butyrate . . . . . ¢ ¢ 4 b e e e e e e e e

Infrared spectrum of 3-cyclopropyl-1l-butanol.

vi

Page

149

154

157



I. INTRODUCTION

The purpose of this research was to study the solvoly-
sis of 3-cyclopropyl-2-butyl p-toluenesulfonate. At the
time (1957) this work was undertaken the rather unique
solvolytic behavior of the same ester of 3-phenyl-2-butanol
had been reported (1,2). As described in more detail in
the following section, the nature of the solvolysis products
of 3-phenyl-2-butyl tosylate was not consistent with any of
the established displacement mechanisms, SNl, SNZ, SNi, etc.
A mechanistic scheme based on a bridged phenonium ion
intermediate was proposed.

Past work (117) has shown that the cyclopropyl group
strongly stabilizes a positive charge generated at an ad-
jacent carbon atom. In this research it was hoped to
determine whether the solvolysis of 3-cyclopropyl-2-butyl
tosylate would exhibit evidence of a bridged ion intermedi-
ate as a consequence of its ability to stabilize a positive
charge.

Some progress had been made in this laboratory (3) in
the preparation of cyclopropyllithium, and 2-cyclopropyl-
ethanol had been readily prepared from it (4) by reaction
with ethylene oxide. trans-2,3-Epoxybutane was readily

available (5). Expectations were that
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3-cyclopropyl-2-butanol could be prepared by reaction of
cyclopropyllithium with 2,3-epoxybutane.

As it actually turned out, the preparation of cyclo-
propyllithium from cyclopropyl chloride was still quite
a difficult task. (In 1962 a method for preparation of
cyclopropyl bromide (36,37,38) became available, which
brought considerable relief to the preparation of cyclo-
propyllithium.). The reaction of the lithium compound
with trans-2,3-epoxybutane was found to be so unsatis-
factory that it can hardly be considered useful. Yields
ranging from 5 to 15% as derived from glpc graphs could be
obtained, and the isolation and purification of the pro-
duct proved to be very unwieldy. A number of other chemi-
cal routes to obtain this product were explored without
success.

An improved procedure for the preparation of cyclo-
propyllithium from the chloride was developed. The course
of the reaction of the lithium compound with 2,3-epoxybu-
tane was elucidated to a fair degree, and enough of the
desired product was ultimately obtained to get spectro-
scopic identification and physical properties.

The tosylate of 3-cyclopropyl-2-butanol was prepared
and some information regarding the nature of its formolysis
products was obtained. Several other new cyclopropyl com-
pounds were prepared and tentatively identified.

Due to the fact that the writer was maintinaing full

time employment while doing this work on Saturdays, progress
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on a calendar basis was quite slow. Several papers relating
to this topic were published (6a,7,8) and it seemed best
not to continue to put further effort into this project.

The status of the knowledge at the time of this
writing is that participation by phenyl via a non-classical
ethylenephenonium ion in solvolysis at the adjacent carbon
atom may vary from essentially zero to 100% depending on
the chemical structure of the compounds reacting and the
physical conditions under which the reactions are performed.
Much less is known about cyclopropyl but it does appear to
be capable of participation via a bridged ion although to
a considerably lesser degree than phenyl. The reactions
of the cyclopropyl compounds are complicated by the fact

that some ring opening occurs in the acid media.



II. REVIEW

A. Literature to 1957

We will first conside
10,11,12) by Cram on this
reported in these papers h
involving an ethylenepheno

of the tosylates of the 3-

OF THE LITERATURE

r the five earliest papers (2,9,
subject. Based on the results

e proposed the following mechanism
nium ion (I) for the acetolysis

phenyl-2-butanols and similar

pentanols: — -
' _k1_> ,'I‘:‘\ -
CHg ~CH-CH-CHj D CH3-CH=CH-CH3| + OTs
- L _
? in HOAc I
Ts
k2 ) |
I + HOAc ——> CH3-CH-CH-CHz + CH3-CH-CH-CHg4
]
0] )
L] L]
Ac Ac

Unique to this system
the optically active threo
acetate and (b) the active

active erythro acetate of

were the observations that (a)
tosylate yielded a racemic threo
erythro tosylate yielded an

the same configuration.
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As summarized by Hine (la), an SN2 mechanism would
require that erythro (+) give threo (+), etc.; an SNl mech-
anism would yield a mixture of erythro and threo both of
the same sign; while for an SNi reaction retention of con-
figuration would be expected. He also points out that the
concerted mechanism of Swain (118) would demand that threo
(+) tosylate be converted to threo (-) acetate.

By comparison of the rate of loss of optical activity
by the threo tosylate with the rate of acetolysis, Cram (12)
concluded that k_; 1is equal to about five times k,. A
rather tight ion pair I'0Ts  was indicated by the fact
that exchange of brosylate moiety in the ester for tosylate
in the presence of a large excess of brosylate, was much
slower than racemization.

Cram extended his reasearch to the study of the acetol-
ysis of the tosylates of 3-phenyl-2-pentanol and 2-phenyl-3-
pentanol (10). As the above proposed mechanism would demand,
identical products were obtained from the two compounds,
about seven parts of 3-phenyl-2-pentyl per three parts of
2-phenyl-3-pentyl acetate.

Up to this time the acetolyses had all been performed
at 70° with no indication that more than one mechanism was
involved. Olefin formation--about 20 to 60%-- had been
noted, but not further investigated. Also no absolute rate

data had been reported.
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A study of the mechanism of olefin formation, next
undertaken by cCcram (13,14), showed it to be of first order
kinetics with respect to tosylate, as was acetate formation.
It was also found that by carrying out the acetolysis at
30°% rather than 70° one obtained some tertiary alcohol
acetate, which was found to be unstable at 70°. The ef-
fect of a methyl group substituent was compared to that of
the phenyl. It was concluded on the basis of the results
that methyl bridged ions were not important, and that the
ethylenephenonium ion is 245 times as good as the ethylene-
protonium ion; also that for the threo structure the
ethylenephenonium ion is somewhat less favored over the
ethyleneprotonium ion than it is in the case of the erythro
structure.

Winstein and co-workers (15) studied the kinetics of
the acetolysis of the tosylates of the 3-phenyl-2-butanols
and compared the rates with that for sec-butyl tosylate.
They found:

kX, seconds ! at 49.6°

2-butyl brosylate 12.9 x 107°
2-butyl tosylate 4.3 x 10°%%
threo-3-phenyl-2-butyl tosylate 2.38 x 10 °
erythro-3-phenyl-2-butyl tosylate 2.72 x 107°

*This tosylate has not yielded to purification by crystal-
lization. The figure listed was obtained by taking one-
third of the figure for the brosylate.

By these figures the actual decrease in rate of acetoly-

sis as caused by the replacement of hydrogen by phenyl is a
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little less than a factor of two. It is estimated on the
basis of inductive effects (1lb) that for this structure the
phenyl group should retard the solvolysis rate by a factor
of about eight compared to the corresponding unsubstituted
butyl compound. By combination of the observed effect with
the factor of eight a rate enhancement of four is obtained
as the effect due to neighboring group participation.

At this point the present work was started.

B. Literature, 1957 to 1970, Other than Cyclopropyl Compounds

During this time period thirty papers--more or less--
have appeared, dealing with the mechanism of solvolytic dis-
placement as affected by a neighboring (at the two position)
carbon moiety substituent. Hammett sigma-rho reaction rate
correlations, stereochemistry, migration tendency of groups
sometimes recognized by isotopic labelling, effect of p-
phenyl substitutents on the solvolysis rates, and effect
of polarity of the solvent on the same, form a large part
of the subject matter of these articles. The behavior of
groups other than phenyl--including cyclopropyl--was studied.
Some work was done in which the carbonium ions were generated
by deamination. Direct observation of the ethylenephenonium
ion by nmr was reported.

No doubt a significant contribution to the incentive
for this intense activity was a polemic which arose--and

still continues--as a result of the proposal by Brown (119)
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of an alternate mechanism based on rapidly equilibrating
classical ions, and claimed by him to offer a better ra-
tionalization of the observed facts than that of the non-
classical bridged ion proposed by Cram. Brown's argument
is not limited to the ethylenephenonium ion but includes
all cases in which sigma bonded non-classical carbon
skeleton ions have been proposed as intermediates.

By working under very mild conditions, Winstein and
Baird (16) were able to isolate spiro-(2,5)-octa-1,4-diene-
3-one which was formed by alkaline solvolysis of 2-p-

hydroxyphenyl-1-ethyl bromide. While this structure is

(0] 0]
| "
: @
) N\
CH2 "CH2 Br CHz—"CHz

quite far removed from those of present interest it does

constitute an example of extreme phenyl group participation.
Cram and McCarty (17) subjected 3-phenyl-2-butylamines

to deaminative acetolysis by nitrous acid. As in the case

of the earlier work with the alcohols, optically pure

stereoisomers were used. Novel to this method of genera-

tion of the carbonium ions were the much greater degree of

migration of neighboring hydrogen, and the substantial migra-

tion of methyl which was not found at all in the case of

the tosylate solvolysis. The relative amounts of migration

observed were as follows:
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Methyl Phenyl Hydrogen
threo 32 24 24
erythro 6 68 20

It was postulated that bridged non-classical ions of all
three types played a part. The steric requirements of the
diazonium ion and lack of ion pair formation were invoked
to rationalize the results. A much more complex reaction
scheme is required than that suggested for solvolysis of
the tosylate.

The four optically active 3-cyclohexyl-2-butanols were
prepared by Cram and Tadanier (18). The rates of solvolysis
of their tosylates in several solvents were measured, and
the products of solvolysis were identified. A number of
mechanisms operating simultaneously were required to ex-
plain the findings. Bridged ethyleneprotonium ions play a
part.

Roberts and Regan (22) diazotized a number of 2-phenyl-
ethylamines having various substitutents at the para posi-
tion of the ring and carbon-14 at the number one position,
in water and in acetic acid. Ring substituents were meth-
oxyl, hydrogen, and nitro. The greatest degree of phenyl
migration (ca. 45%) was found in case of the methoxyphenyl
compound when diazotized in acetic acid, and the lowest (ca.
5%) for the nitro compound regardless of solvent. It is
pointed out that electron-donating groups in the ring would

be expected to stabilize the ethylenephenonium ion.
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Lee and Finlayson (27) carried out some research on
the acetolysis and formolysis of 3-methyl-2-butyl tosylate.
Conditions were chosen such that olefins were the only
products. From the product composition they concluded
that hydrogen participation, methyl participation and un-
assisted solvolysis were all occurring, and that in formol-
ysis methyl participation played a greater part--at the ex-
pense of unassisted solvolysis--than it did in acetolysis.
Acetic acid, a stronger nucleophile, should be able to
compete against neighboring group assistance better than
formic acid.

Lee and co-workers (28) investigated the solvolysis of
2-(a-naphthyl)- and 2-(B-naphthyl)ethyl tosylates with a
carbon label at the one position. The reactions were car-
ried to 50% completion and the unreacted tosylates and the
products were examined for carbon atom rearrangement. The
results follow, and are compared with those reported in

the literature for the corresponding phenyl compound.

Acetolysis Formolysis
Product Recovered Product Recovered
Tosylate Tosylate
Phenyl S 2 45 3
a-Naphthyl 46 38 50 <1
B-Naphthyl 34 31 43 0.7

(The numbers are in percent rearrangement and 50 would
indicate complete equilibration of the aryl group over
the two carbon atoms of the ethylene moiety.)
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Lee points out that these results are consistent with the
order of the capability of the several aryl groups to stabi-
lize positive charge, and with the fact that ion pair forma-
tion becomes less important as the dielectric constant of
the solvent is increased.

Brown finds it difficult to accept the ethylenephenon-
ium ion concept (119) on two counts. Firstly, the formation
of a stable intermediate should lower the activation energy
which in turn should lead to a very significant rate en-
hancement, much greater than has been observed. Secondly,
during a change in the reaction coordinate diagram from
that representing a classical carbonium ion mechanism to
one which represents the bridged ion one must pass through
a range of conditions which would be characterized by a
pair of equilibrating classical ions. It does not appear
credible to him that nature would leave such a gap when
one consideres the very wide range of molecular structures
available. Brown believes that stereospecificity does not
have to be lost if the rate of equilibration of the pair
of classical carbonium ions is sufficiently great.

Cram (19) counters that rationalization of the research
results on the basis of Brown's proposed mechanism becomes
complex to the point of being untenable and, also that it
is inconsistent with known effects of solvent on stereo-
specificity. A "blow by blow" review of this polemic is
not attempted in this thesis. In the last paragraph of

this section some comments are given on the matter by the
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writer. A forthcoming book for which, so far only the table
of contents has been published, will contain two chapters
covering the two sides of the question, these authored by
Brown and Cram (123).

Collins and associates entered the fray (20,122) with
a long series of kinetic expressions dealt with by computer
processing, through which I did not attempt to find my way.
They conclude that Brown's model is not successfully re-
futed by Cram's arguments.

Coke (21) deaminated carbon-labelled 1l-phenylethyl-
amine in acetic acid with sodium nitrite. Eighteen percent
of l-phenylethyl alcohol (after LiAlH, reduction of the
acetates) and 82% of 2-phenylethyl alcohol were obtained.
(Diazotization of 1l-phenylethylamine yielded only the second-
ary alcohol.) Of the 2-phenylethyl alcohol 27% was found
by carbon labelling to have rearranged, i.e. 54% was formed
by a mechanism involving a phenyl-bridged intermediate or
transition state. The fact that the l-phenylethyl alcohol
product showed practically no rearrangement was used as
evidence that stable intermediate rather than a transition
state was participating. It is concluded tentatively that
46% of the primary alcohol and all but a trace of the
secondary alcohol are formed by the classical carbonium ion
(or diazonium ion) mechanism. It is presumed that there
is no leakage between the two mechanisms; kA mechanism for
that involving the bridged intermediate, and ks for classi-

cal ion mode. (Note: These literature citations are given
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here approximately in chronological order. More work by
Coke will come later.)

Lee and Tewari (124) hydrolyzed several 2-phenylethyl-
1-14c compounds in aqueous dioxane. With the bromide no
scrambling of carbon occurred. With the mercury perchlor-
ate two or three times as much rearrangement occurred as
did with the tosylate. Scrambling increased considerably
with the water content of the solvent.

Winstein (125) undertook to provide an answer to the
question of expected rate enhancement due to formation of
the proposed intermediate ethylenephenonium ion, which was

raised by Brown (119). The rate constant k, is assigned

ol
to the phenyl-assisted reaction and kS to the direct reac-
tion of the substrate with solvent. It is pointed out that
the ratio of kA to ks should be lowest in the most nucleo-
philic solvent and should increase with a change in solvent
in the order; ethanol, acetic acid, formic acid, trifluoro-
acetic acid. He also states that it is pretty well agreed
that neophyl tosylate is solvolyzed completely by the kA
route, and that for it kA should correlate with kt (total
rate as measured). In the same manner solvolysis of ethyl
tosylate should show correlation of kS with kt' The rates
of solvolysis and the degree of carbon scrambling for ethyl,
2-phenylethyl, and neophyl tosylates in trifluoroacetic acid

were measured. Corresponding data for the other three

above-mentioned solvents were taken from the literature.
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From the kt values the kA and ks values were determined. A

logarithmic plot of the k, values for phenylethyl tosylate

A
(in the four solvents) versus the kt values for neophyl
tosylate yielded a straight line, whereas when kt's for

the phenyl were used a straight line was not obtained. For
plots of the phenylethyl tosylate data versus those for
ethyl tosylate, a straight line was obtained when the ks
figures for phenylethyl were plotted against the kt figures
for ethyl tosylate. Again a straight line was not obtained
when the kt figures for the two were plotted against each
other. The data also show that as kA becomes more important
the rate enhancement increases. 1In CF3COOH 2-phenylethyl
tosylate solvolyzes 1700 times as fast as ethyl tosylate.
Winstein states that these results show quite conclusively
that an ethylenephenonium ion intermediate is involved in
the kA route.

Nordlander (126) and co-workers also studied the sol-
volysis of ethyl tosylate and 2-phenylethyl tosylate in tri-
fluoroacetic acid and using their data along with data taken
from the literature they show that rate enhancement due to
phenyl increases as the nucleophilicity of the solvent de-
creases. Only total rate constants are used. They find a
3040 rate enhancement in trifluoroacetic acid. Work in 1-
phenyl-2-propyl tosylate gave results which were consistent
with those of the ethyl compound.

Coke and co-workers (127) further pursued the study of

the solvolysis rate enhancement due to substitution of phenyl
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moiety in ethyl tosylate. Total rate constants kt were

separated into k, and ks. Substitution of p-methoxy group

A

in the phenyl ring increased the k, for acetolysis at 75°

A
109 fold over that of the unsubstituted 2-phenylethyl
tosylate. They prepared 2-phenylethyl tosylates with the
phenyl groups substituted at the para position with hydro-
gen, chlorine, methyl, and methoxy and also labelled with
carbon-14 in the side chain. Rates of acetolysis at several
temperatures were measured along with rates of carbon
scrambling in the unsolvolyzed tosylate and degree of
scrambling in the product. From these data ks (unassisted

solvolysis) and k, values were calculated, the latter in-

JAN
cluding the scrambling which occurs in the unsolvolyzed
tosylate. Total rate constants of acetolysis were measured
for neophyl tosylates carrying the same phenyl group sub-
stituents. A straight line was obtained when logarithms

of these total rate constants of acetolysis of the neophyl
compounds were plotted against the logarithms of the kA of
the like-substituted phenylethyl tosylates. The consensus
that neophyl tosylate is solvolyzed exclusively by the
mechanism involving phenyl group participation is assumed.
The straight line Hammett plot is considered strong evidence
that a like mechanism is occurring in the acetolysis of the
2-phenylethyl tosylates to a degree characterized by the

magnitude of kA‘ The final statement by Coke is worth re-

peating here.
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For the type of solvolysis shown the competing k
and k_ concept enjoys overwhelming success in exﬁlain—
ing all the known data including rate constants, scram-
bling data, kinetic isotope effects, stereochemistry,
substituent effects, solvent effects, and entropies
of activation.

Synder and Jablonski (128) suggest that it might be
worthwhile to consider the ratio of stereochemical retention
to carbon label rearrangement in the ethyl group as useful
information in the study of the mechanism of solvolysis of
2-phenylethyl arenesulfonates. If Brown's equilibrating
cation mechanism is correct then it follows that this ratio
could hardly remain constant over a range of conditions of
solvent and temperature. On the other hand, the concept of
the ethylenephenonium ion intermediate would demand that
this ratio remain constant at a value of two. Using mostly
data from the literature plus some obtained in the labora-
tory Snyder and Jablonski find that this ratio does indeed
remain constant and equal to two, and cite this as strong
support for the phenonium ion mechanism.

Several papers have appeared in the literature (23,24,
25,26) which report direct observation of the ethylenephenon-
ium ion by nmr. In the latest of these (26) Olah and co-
workers prepared solutions of 2-p-anisylethyl chloride and
2-(2,4,6-trimethylphenyl)-ethyl chloride in SbFgz-SO, solvent
at minus 60° and in each case found the four ethylene pro-
tons to have the same nmr chemical shift.

This part of the literature review will be concluded

with the citation of the most recent papers of the key
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adversaries, Brown and Cram, followed by some comments by
the writer.

In his latest paper Cram (129) points out shortcomings
in the kinetic model used by Collins (20) as evidence
against the phenonium ion mechanism. It is suggested that
the effect of a p-nitro substituent in the phenyl group of
3-phenyl-2-butyl tosylate might be quite informative. It
should greatly reduce or eliminate phenyl group participa-
tion, whereas, under the equilibrating cation concept it
would be expected to have little or no effect on reaction
characteristics. The p-nitro compounds were prepared and
solvolyzed in acetic acid, formic acid, and trifluoroacetic
acid. The degrees of retention of configuration in the
product esters were found to be 7%, 30%, and 95% in the
respective solvents. The p-nitrophenyl group seems to have
very little chance against the stronger nucleophile, but
as the nucleophilicity of the solvent is decreased it is
able to participate much like the unsubstituted phenyl
group. The rate ratios of racemization (ionization) of the
nitro tosylate compared to unsubstituted phenyl compound
for the tﬁree solvents were in the order given above; 190,
560, and 36,000. The p-methoxyphenyl compound was found
to racemize 15,000 times as fast as the p-nitro in acetic
acid. Cram concludes,

These results demonstrate unequivocally that aryl and
solvent are in competition with one another in nucleo-

philically assisting ionization at the back face of
the incipient carbonium ion.
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At the time of this writing the latest word from Brown
(130) is a report of kinetic and product data obtained by
acetolysis of p-substituted 3-phenyl-2-butyl brosylates.
Eight substitutents ranging from nitro to methoxy were used.
When sigma plus values were plotted against the logarithms
of the solvolysis rates a straight line was obtained indi-
cating that there is considerable charge delocalization
into the phenyl ring. The acetate product configuration
varied from 100% retention for methoxy to only 7% for nitro.
A kA mechanism is considered as a possibility and the re-
sults are not claimed as support for the equilibrating
cation concept. "These results point up the urgent need
to clarify the precise processes involved in the acetolysis
of secondary alkyl arenesulfonates."”

At this point a few comments by the writer may not be
out of order. It is obvious from the foregoing that the
phenonium ion theory is rather strongly favored over that
based on equilibrating classical cations with respect to
the chemical evidence. It appears to the writer that the
proponent of the equilibrating ion concept has taken a first
step towards its abandonment as it concerns the 3-phenyl-2-
butyl system (130). If the equilibrating ion pair theory
is unacceptable then what about the two premises which
stimulated Brown's interest in it (119)? The rate enhance-
ment question has been answered to a fair degree at least
by separation of the rate constants (125,127) into k, (for

reaction via phenonium ion route) and ks' by including in
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the rate constant the rate of ethyl carbon atom rearrange-
ment in the starting tosylate (129), and by choosing less
nucleophilic solvents (125,129). Rate enhancements of 100
to 36,000 were found. Brown's second premise is that be-
tween the classical ion and the bridged ion reactions the
reaction coordinate for the equilibrating ion mechanism
must exist. The writer should like to point out here that
the classical ion--free, solvated, or ion-paired--is char-
acteristic of the SNl mechanism only and not of SN2. The
reported results of the solvolysis of 2-phenylethyl tosylates
are notable for retention (phenyl assisted displacement)
and inversion (unassisted displacement) of configuration
and for absence of r<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>