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Over the years there has been considerable interest in the nature of the intermediate
produced via solvolysis of cyclobutyl systems. Current feeling is that this process is best
described by a concerted, symmetry allowed disrotatory ring opening proceeding from the side
opposite to the leaving group to generate a cyclopropylcarbinyl species.1 This suggestion has
received additional support recently by a study of the solvolysis of a series of strained,
fused-ring cyclobutyl derivatives (e.g., 1lb, ¢ and 2b, c¢) which showed both large rate dif-
ferences as well as unique product distributions as a function of the configuration of the

starting material.2
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Since photolysis of ketone tosylhydrazone salts in protic media provides a convenient
in situ source of diazonium :l.ons,3 the irradiation of the tosylhydrazone derivatives 1d and 2d
in NaOMe-MeOH was carried out in an attempt to generate the corresponding epimeric cyclobutyl
diazonium ions to examine both the stereoselectivity of their decomposition as well as the

tendency toward equilibration in basic media.

Irradiation of 1d in NaOMe-MeOH (7 hr, 25°, 450 Hg watt lamp, Pyrafilter, produced a rather
complex mixture of seven products.5 Products 4 and 5, resulting from the opening of the strain-
ed 2-5 bond in the starting material, are produced in ca. the same relative ratio as in the
solvolysis of the tosylate 1lb in anhydrous methanol, possibly suggesting a common intermediate.
However, the generation of olefins 7 and 8 requires the cleavage of the peripheral 45 3
bond, a process not previously detected in the solvolysis of 1lb. 1In this respect it should be
noted that the formation of products resulting from 4-5 bond cleavage are, in fact, the major
ones associated with the solvolysis of the corresponding epimeric tosylate lc which produces
<7% of material from rearrangement of the more strained 2-5 bond.2 Furthermore, the stereo~
specific formation of the unrearranged cyclobutyl ether 6 was unique to the photolysis, since

no products of this type were ever observed in the solvolysis of either 1lb or lc.
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When the unsaturated derivative 2d was photolyzed under the same conditions, the product
distribution was as shown above. Again, the satio of 9/10 was the same as previously observed
in the solvolysis of the endo tosylate 2b in buffered methanol. The structure of the unusual
tetracyclic product 1l was verified by synthesis from the corresponding exo-alcohol 3b produced
by the Meerwein-Pondorf-Verley reduction of the known ketone 33,6 This material presumably
arises by initial cleavage of the 4-5-bond and intramolecular cyclization involving the two
double bonds. A similar product 3c was isolated (85%) from the solvolysis of the exo-tosylate
2¢ in buffered acetic acid, (120°).

A tentative mechanism which rationalizes the apparent lack of bond selectivity in the
photolysis reactions relative to the corresponding solvolyses is shown below for ;g,7 Subsequent
results which are reported in Table I provide some additional support for this mechanism and
bear on the question of the possible equilibration of 13 and 14 via 12. It should be noted
that the product composition from the photolysis of 1d is essentially unchanged over a wide
range of base concentrations.8 This suggests that the cyclobutyl ether 6 is probably not
arising via the traditional SN—2 displacement on the incipient diazonium ion. This seems
reasonable since the displacement center is both secondary and cyclobutyl and hence resistagt
to direct nucleophilic displacement.9 Furthermore, this product invariance implys that if the
equilibration of 13 and 14 is significant under the reactilon conditions (i.e., k-1 and k-2 > k3

and k ). it must be essentially complete even at low concentrations of sodium methoxide.
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In an effort to generate the diazonium ilon 13 stereospecifically under conditions which are
assuredly nonequilibrating, the corresponding endo amine ;5}0 was prepared and diazotized using
sodium nitrate-aqueous perchloric acid.11 The alcohols thus produced were quantitatively

methylated12 to facilitate the subsequent analysis. Under these conditions, the ethers 4 and
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5 were the only isolable materials from solvent capture, and no products resulting from either
;he cleavage of the 4-5-bond (i.e., 7 or 8) or from direct displacement without rearrangement
could be detected. Thus, even the highly reactive diazonium ion 13 generated in situ undergoes
a highly selective cleavage of the more strained 2-5-bond which in this case is able to open

in the preferred disrotatory fashion to yield the observed products.

To test the configurational stability of 13 under potentially equilibrating conditioms,
the nitrosourethane derivative 55}3 was prepared and decomposed in base. In the weakly basic
media, NaHCO3—MeOH, the products of 2-5-bond cleavage (4 and 5) again predominated, and the
yields of 6, 7 and §,were reduced to a very low level (Table I). The results were essentially
the same when 1d decomposed in 1M NaOMe~MeOH at 0°. The slightly increased amounts of 6, 7
and 8 produced under these conditions were still far less than those observed for the photo-
lysis of 1ld under comparable conditions. 1In order to answer the question of whether 13
and 14 were equilibrating and to further assure that significant quantities of 4 and 5 were
not arising directly from 14 via this route, 1f was decomposed in IM NaOMe-MeOD. The ethers

4 and 5 were produced in this manner were isolated and found to be <157d This low deuterium

1
incorporation assures that 4 and 5 are produced predominately from 13 prior to any significant
equ:l.l:tbr:at:i.on.]'5 On the other hand, the isolation of 6 from this reaction mixture and mass

spectral analysis showed that it was 857 dl’ further assuring that 13 generated directly from

1f is not the primary source via simple direct displacement.

Conditions Products (%)
4 5 6 1 8
(75)°
1d  NaOMe - 1M 486 13 24 7 8
[50]
e NaNO,-HClo,S | 8 14 - - -
[87]
1f  NaHCO;-MeOH 78 13 5 2 2
[85]
NaOMe ~1M 72 14 8 3 3

a. Total Yield; b. Relative Yield; c. Converted to Methy!
Ethers for Analysis

On the basis of this evidence, it seems reasonable that the photochemical decomposition of 1d

or 2d in NaOMe-MeOH leads to isomeric cyclobutyl diazonium ions via protonation of the initially
formed diazo compounds. These ions appear to decompose rap:i.dly without significant equilibration
each to unique product mixtures with relatively little crossover. This distinct regioselectivity

for rearrangement as a function of the stereochemistry of the diazonium ion is reminiscent of

that observed in the solvolysis of 1b, ¢ and ZL)_,__£2
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