Tetrahedron Letters No.54, pp 4735-4738, 1969. Pergamon Press. Printed in Great Britain

PROTOMATED CYCLOPROPANES -- I
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Reoently', the acid-catalysed ring-opening of the cyslopropane dexivative (1)
has been studied, and observed to yield as the major product, the snti-Markownikoff
adtuct (2). This finding has been rationalised in terms of stexic intexferemoe to
solvent approach during the ring-opeming of the protomated cyclopropane (s-protonium
ocomplex) (3). The status of this species, as sn intermediate, or merely as a point
on the free-enexrgy surface leading to a carbonium ion intermediate, is left as sn
open qmationl.

In this commmication we presemt, in & preliminary form, some of our own
results, bearing on the behsviour of the closely related species (4) snd (5). These
results suggest that the phemomens obsexrved by the American workers are not of
general ocourrence in this ring-system, and are not adequately accounted for by sn
argument based upon steric oonsideratioms.
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In connection with our studies on the ohaiutw of methoxyl-substituted carbonium
i.ouz, we had ocoasion to pyrolyse, in an aqueous/l,2-dimethoxyethane medium, the
N-nitrosoamides (6) and (7)3. The greater number of the complex mixture of products
(~70% of the total reaction mirxture) were formally derivable from the ions (8), or
from the related delocalised ions (22). The most acceptable route to such ions would
appear to be via the protonated oyolopropanes (4) and (5)°f'4, an hypothesis supported
by the production of the cyclopropanes (9) and (10) in the ssme resctions. 4s a
further test of this hypethesis, (9) and (10) were separately treated with p-toluene-
sulphonic acid in acetic acid, The major products of the four reactions are listed in
Table 1.

; *
Produot |Pyrolysis of (6)| (10) + YsON/AoCH Pyrolyeis of (7) | 9 + Ta0H/AcOH
) | <¢omm 5.6% 70.0% 0%
(12) B.ﬁ ~ ”
13) 2 0.3% ) 0.6%
(14) 300# 5‘0” 13.7%
(15) 37.3% 5.5% Y 0.7% ~ 2%
(16) 31.6% 6.0% 1.6%
(11) 30“ ~ 1“

The predmots are imterconvertible umder the protomation conditioms, the ultimate

product in both cases (9 & 10) being the ketone (11). The figures im this table refer
to the preducts of 10§ resoticm.

While we wish to defer detailed discussion of these results to amother occasion,
oertain poimts cem be made here: (i) The protomation oxperh\mnt. lead to little
4f sny of the primary acetates (19) (< 0.5%, - 3 { 3% endo- ). The isomeric
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acetates (20) are not known compounds, but in any case could not have been formed in
greater than 5% yield, Further, we have evidence (see below) which strongly suggests
that the oyclopropsnes protomate to give yreferentially the intermedistes (4) amd (5),
rather than the isomeric species (23) and (24) whioh might produce (20). This
oonclusion is in accord with normal structure reactivity considerations, based om the
induotive effect of the methoxyl group.

(11) Ring-opening of the initially formed
protonated cyclopropanes ocours in s normal, Markownikoff fashion to give (formally)
the ions (8) which are then involved im extensive resrrangement leading to products
derivable eitber from the allylic ion (21) or the delocalised iom (22). A similar
partition between these ions is observed both in the pyrolysis and protémation
experiments. That the Americen workers® observed mo similar rearrangesent is not
surprising in view of the kmown resistance to migratiom of anhydride-bearing
substitaents’.

(111) In both the deamination reactioms,
and in the protonation of (9), products of type (12) and (13) are observed in yields
which make it olear that the reactions leading to their formation irt at least
conmpetitive with resctions leading to the primary products (19) anda (20).

It 18 clear therefore that the anti-Markownikoff addition observed by the American
workers is not typical of the chemistry of this ring-system and further, that the
steric argument advanced by them to account for their results, while necessarily
being qualitatively correct, is quantitatively inadequate for this purpose. We would
1like to suggest that their results are interpretable in terms of the indnotive or
field effect of the anhydride group, operating so as to reverse the normal polarisation
of the €”=protcnium complex. The situation is represented schematically in Fig.l.

It is perhaps worth noting that, even in the absence of a perturbing group, the two
states of polarisation would be expected to differ in energy by a much smaller factor
than, say, a primary and secondary carbonium ion. The small arrows indicate the
direction of attack by nucleophile on these species.

Normal. Perturbed.
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There are some further points in comneotion with our results which are worth
noting at this times (a). The protonated cyclopropanes(4) and (5) undergo
ring-opening reactions with a high degree of specificity, the products of backside
attack by the migrating group predominating. Thus (4) leads in TO% yield to the
products of rearrangement of the ion (21), while (5) leads in 99% yleld to the products
derivable from the delocalised ion (22), or from an equivalent set of equilibrating,
leas extensively delocalised ions. The):e is 1ittle leakage, under the kinetically
controlled conditions of the deamination, from (22) to (21) via the ioms (8).

(v). The production of (17) from the pyrolyais of (7)
and from the protonation of (9) suggests the intermediacy of the isomeric o ~protonium
complex (23), and further suggests that this is leas stable than its isomer (4).
The sbaence of this product from the other two reaction mixtures (coupled with the
probable presence of (18)) supports this hypothesis, and suggests the intermediacy of the
epimeric specles (24). Since the pyrolysis medium is non-acidic, it follows that (4) and
(23) mst be directly interconvertible. The solvolysie of the tosylates (25)° prodnces
no trace of (17) or (18), a result which would appesr to rule out ions of the type (8)
as intermediates between (4) and (23). (Hote: the solvolysis of at least two of the
tosylates (25) proceeds without concerted migration to give, in the first instance,
ion-pairs related to the locslised ioms (8)5.). It would seem to follow them that (4)
and (23) are intermediates, which have lifetimes in aqueous solution, long emough to
permit partial or complete oquilibrstion“"‘.

The detailed stxuoctures of the intermediates involved in these and related
reactions will be fully discussed elsewhere,

One of us (L.D.McM.) thanks the SRC for the award of a Studentship,
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