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The ionization hypothesis, and the introduction of a general mechanism
known as the Syl reaction, was without doubt one of the most important
developments in theoretical organic chemistry. The pioneering work of
Ingold and (the late) Hughes stimulated an extensive investigation of
so.volytic displacement reactions and the development of more and more
re:ined methods for the study of reaction mechanisms.

One of the latest addenda to the set of tools used for this purpose was the
application of isotopes. Although 4C was, at the beginning, one of the most
widely used isotopes in organic chemistry, more recently the light isotopes,
particularly deuterium and tritium, have gained in importance.

In connection with kinetic studies isotopic substitution proved to be of
great help in the investigation of the rate-determining step in unimolecular
displacement reactions, and for the elucidation of the structure of short-lived
ionic intermediates.

In the limiting case of displacement reactions the influence of an internal
nucleophile—the neighbouring group—has been the subject of extensive
studies. Systematic investigation of unusual reactivities in systems with
neighbouring group participation produced the hypothesis of resonance-
stabilized transition states, and led to the idea of ‘“non-classical”’ ionsl.
Suich ionic species have been proposed as relatively stable intermediates in a
number of cases where rate enhancements and/or skeletal rearrangements
were observed (Figure I).

In all these structures the transition state stabilization is explained by a
charge delocalization due to partial overlapping of the empty p-orbital at the
reaction centre with the neighbouring carbon-carbon bond.

The relative importance of non-classical intermediates recently became
the subject of considerable controversy2. The number of non-classical
structures that has been proposed has multiplied fantastically in recent
years, and a critical re-examination of the basic concept is certainly justified.

Brown expressed the opinion? that essentially in every case where non-
classical structures have been suggested, strained initial states were involved.
This raises the question as to what extent the observed rate accelerations
are due to non-classical resonance, and how much to raised initial state
free energy.

The cyclopropylcarbinyl system is one of the numerous examples where
hizh reactivities have been attributed to non-classical stabilization of the
transition state. The cationic reactions of this system have been thoroughly
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studied by Roberts and co-workers® and the hypothesis was advanced
that these reactions can be best explained by means of non-classical inter-
mediates. The symmetrical tricyclobutonium ion structure (I) first proposed
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was later replaced by the non-symmetrical bicyclobutonium structures
(ITa—IIc).
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One of the important arguments in favour of (II) was the reported
observation? that (l-methylcyclopropyl)-carbinyl chloride was about 50
times more reactive than cyclopropylcarbinyl chloride. However, the
peculiar behaviour of this system is still not fully understood. The intro-
duction of a phenyl group in the 2-position has only a small effect on the
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rezction ratet, and the same is the case if phenyl groups are attached to
positions 3 and 4 in the cyclopropyl ring5: 6 (Table I).

‘We became interested in this problem some years ago, and the idea was to
find out if the introduction of deuterium at certain positions in cyclo-
propylcarbinyl derivatives could yield more information about the structure

Table 1. Relative solvolytic reactivities of some
cyclopropylcarbinyl derivatives

Compound Relative rates

S CHyX 1:00

S 50°

CH,X
™ _CeHs
1-3
><CH2X
CgHs —
678 hox 062 (cis)®
2 219 (frans)e

CeHs

/~CH2X 0-344
CeHs—

a Chlorides in “30 % ethanol” at 50° (ref. 3).

b Benzenesulphonates in acetic acid at 20° (ref. 4).

¢ B-Naphthalencsulphonates in 90 % dioxan’ at 25° (ref. 5).
d Tosylates in absolute ethanol at 30° (ref. 6).

of the intermediate cation formed in the rate-determining step. Un-
for tunately, the measurements of the solvolysis rates of deuterated compounds
listed in Z'able 2 provided no clear evidence of the structure of the transition
state?. At this stage the only conclusion which could be reached was that a
symmetrical cation of structure (I) is certainly not involved, and that only a
sirall dispersion of positive charge occurs in the ratc-dctermmmg step at the
ring methylcne carbon atoms.

In view of the experimental evidence presented so far, it was of consider-
able interest to investigate the influence of deuterium substitution in the
methyl groups of methyl substituted cyclopropylcarbinyl derivatives on the
solvolytic reactivity. If in these reactions an intermediate resembling
(IT) is formed, the solvolysis of (1-methyl-ds-cyclopropyl)-carbinyl deri-
vatives can be considered as analogous to that of beta deuterium labelled
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compounds, and a secondary kinetic isotope effect would be expected. On
the other hand, the introduction of gem methyl and methyl-dg groups in
position 3 should have only a small effect on the solvolysis rate (Figure 2).

Table 2. Isotope effects in the acetolysis of deu-
terium-labelled cyclopropylcarbinyl benzene-

sulphonates
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Figure 2
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SYNTHETIC PROCEDURES
The carbinols (III) and (IV) were synthesized according to the following

schemes.

Scheme 1
ODgBr 4 CH,(COOC,Hy), - CD;—CH(COOC,H;),
|
¥
COOH
Mannich yd
CH,=C—COOGC,H; < CDh,—CH
|
CD, COOC,H,
l CH,N,
CD,
—N,
4I3H2—C|1—COO(32H5 — CHz\ /CDS
CH, N c
A4
N CH, COOGC,H;
J{LiAlm
CH, CD,
l NS
C
RN
CH, CH,OH (111)
Scheme 2
CD, COOC,H;,
N S
CIDgBr + CD;—CH(COOC,H;), ————> C
CD, COOC,H;
l LiAIH,
CD, CH,OTs CD, CH,OH
7 TsCl
\C/ < i C
/N VRN
CIg CH,OTs CD, CH,OH
i XCN
CDa\ CD,
(@] \C
VRN (1) KOH AN
CD, CH—CN —_— CD, CH—CH,OH
/ (2) LiAIH, V4
CH, CH, (Iv)

445



M. NIKOLETIC, S. BORCIC and D. E. SUNKO

1-Methylcyclobutanol was prepared by hydrochloric acid isomerization
of (1-methylcyclopropyl)-carbinol.

The methanesulphonates listed in Table 3 were prepared by esterification
of the alcohols with methanesulphonyl chloride in the presence of pyridine.
They are viscous oils which decompose upon standing at room temperature.
Their purity was in all cases better than 99 per cent as estimated from the
neutralization equivalent. The ir. spectra were in agreement with the
proposed structure.

Table 3. Solvolysis rates of cyclopropylcarbinyl methanesulphonate
and related methyl and methyl-d, substituted compounds at 20°
in 969, ethanol

Compound E k (sec™! x 10%) 1 Relative rates

{>~ CH,X 0-61 1-00
CH, 2:88 472
CHg X
CDs 2:86 470
CH, X

X 4-53 742

(CD3), 1

(CHg)y —
>CH2X 582 96

CH,X 59-2 ‘ 97

Table 4. Solvolysis rates in ““50%, ethanol” of cyclopropylcarbinyl chloride and related
methyl substituted derivatives®

Compound #° k (sec™! x 10%) Relative rates
30 (0-14)® 1 1)
> CHaCl 50 170 (1:25)° 1 (1)
CHs 30 176 (690)° ! (49)
el 50 1208 7
CHa 30 1-02 (0-72)° 4 (5:2)
l 50 (6-17)¢ (4-9)

& Values given in brackets refer to published data.
b J. D. Roberts and R. H. Mazur. J. Am. Chem. Soc. 73, 2509 (1951).
¢ E. F. Cox, M. C. Caserio, M. S. Silver, and J. D. Robherts. J. Am. Chem, Soc, 83, 2719 (1961).
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As reference compounds the chlorides listed in Table 4 were also prepared
using the procedure of Young ¢t al.8 Purification was achieved by gas—
liuid chromatography and checked by determination of the neutralization
equivalent, n.m.r. and ir. spectra. The deuterium content of labelled
compounds was determined from the n.m.r. spectra and was at least 95
per cent of the theoretical values.

RESULTS AND DISCUSSION

The kinetic measurements were performed in a thermostated cell using
ar. automatic recording titrator (Radiometer, Copenhagen, Type SBR
2/SBU 1).

The solvolysis of all compounds with the exception of (1-methylcyclo-
propyl)-carbinyl derivatives followed first-order kinetics. The reaction of
the 1-methyl derivatives was accompanied by an internal rearrangement to
the corresponding cyclobutyl derivative (Figure 3), and the instant rate
constant was calculated according to the procedure of Young ¢t al.9.

CH; "
g —F  » Products + HX
CH,X
1 CH, “
ke X

Figure 3

The results of the kinetic measurements are summarized in Tables 3 and 4.

Perhaps the most salient feature of our results is the clear disparity
between the expected data and those obtained. The effect of deuterium
substitution in the methyl groups had no influence on the reaction rate.
Ir. the case of (1-methyl-ds-cyclopropyl)-carbinyl methanesulphonate this
cannot be rationalized on the basis of a non-classical intermediate of
structure (IT). We were also unable to confirm the reported data3 whereby
the introduction of a methyl group in the 2 position causes a 50-fold rate
acceleration. The relative rate ratio was only 1 : 5 (for methanesulphonates)
ard 1 : 7 (for chlorides) respectively. This observation weakens one of the
arguments in favour of (IT).

The introduction of two gem methyl groups in the 3 position of the cyclo-
propane ring resulted in a hundred-fold increase of the reactivity. This
result can be accommodated only by assuming a pronounced increase of the
initial state free energy. If this were not the case, two mcthyl groups being
approximately as effective in stabilizing a carbomum ion as one phenyl
group, tae reactivity of the dimethyl derivative should be the same as of the
ccrresponding phenyl derivative and not much dlﬁ'ercnt from the un-
substituted methanesulphonate.

Although further experimental evidence is needed for this and other
systems before a conclusion can be reached regarding the relative importance
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of non-classical intermediates, our results re-open the question of how to
formulate the structure of the first formed intermediate in solvolytic reactions
of cyclopropylcarbinyl derivatives.

References

L A. Streitwieser, Jr. Solvolytic Displacement Reactions, p. 181, McGraw-Hill, New York (1962).

*H. C. Brown. In The Transition State, Special Publication No. 16, pp. 140, 174, The
Chemical Society, London (1962);
H. C. Brown and F. J. Chloupek. J. Am. Chem. Soc. 85, 2322 (1963);
H. C. Brown and H. H. Bell. J. Am. Chem. Soc. 85, 2324 (1963);
S. Winstein, A, H. Lewin, and K. C. Panda. J. Am. Chem. Soc. 85, 2324 (1963).

3 E. F. Cox, M. C. Caserio, M. S. Silver, and J. D. Roberts. J. Am. Chem. Soc. 83,2719 (1961)
and previous papers.

4 J. W. Wilt and D. D. Roberts. J. Org. Chem. 27, 3430 (1962).

5 R. A. Sneen, K. M. Lewandowski, I. A. I. Taha, and B. R. Smith. J. Am. Chem. Soc. 83,
4843 (1961).

¢ R. Breslow, J. Lockhart, and A. Small. J. Am. Chem. Soc. 84, 2793 (1962).

5. Bortié, M. Nikoletié, and D. E. Sunko. J. Am. Chem. Soc. 84, 1615 (1962).

8 S. H. Sharman, F. F. Caserio, R. F. Nystrom, J. C. Leak, and W. G. Young. J. Am. Ckem.
Soc. 80, 5965 (1958).

* W. G. Young, S. Winstein, and H. L. Goering. J. Am. Chem. Soc. 73, 1958 (1961).

448





