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Anomalous ozonolysis of strained bicyclic allylic alcohols yields o-hydroxymethyl ketones. The proposed mechanism involves an unusual
trapping of the primary ozonide that undergoes a Grob-like fragmentation instead of dissociating into the Criegee intermediates.

In the course of a total synthesis of the cardioactive steroid oxide with carbonyl compounds, alcohols, &trimary
ouabair? we required a good method for the preparation of ozonides have never been isolated and have only been
the o-hydroxycyclobutanoné. An ideal approach would observed in the gas phas@ argon matrice8,or in low-
involve the ozonolysis of tha-hydroxy methylenecyclobu-  temperature solutiorfsAlthough there have been reports of
tane 2 or a hydroxyl-protected derivative. However, the the oxidation of other molecules by primary ozonidess
ozonolysis of2 did not proceed as expected and gave far as we know, no unambiguous evidence for the trapping
instead of3 (Scheme 1). We describe here the results of of the primary ozonide has been presented. We report here
such anomalous ozonolyses, which furnish clear evidencethe first trapping of primary ozonides of strained allylic
for the trapping of a primary ozonide. alcohols via a Grob-like fragmentatidn.

There have been many reports of the trapping of carbonyl  Allylic alcohols® and methylenecyclobutari@sire known
to undergo anomalous ozonolysésSeveral mechanisms
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abnormal products, but few involve trapping of the primary would suggest the allylic rearrangement as the preferred
ozonide!'® Subjecting the racemic allylic alcohd to mechanism, while formation of the hydroxymethyl ketone
standard ozonolysis conditions (@E,, =78 °C, Os; Me,S) 8 would argue for the intermediacy of the Grob-like
surprisingly did not produce the ketor®ebut gave 2-(3-  fragmentation as the most likely mechanism. Treatment of
hydroxy-2-oxopropyl)cyclopentanongin 47% yield. We the alcohol6 in dichloromethane at-78 °C with ozone,
have considered two possible mechanisms to account for thefollowed by reductive workup with dimethy! sulfide, afforded
formation of 4. The first one involves an initial allylic  the ketone8 in 98%. Therefore, we believe that the
rearrangement that would yield the endocyclic olefin, which mechanism of this anomalous ozonolysis involved a Grob-
could lead directly tel through a normal ozonolysis pathway. like fragmentation of the primary ozonideas shown in
Although this mechanism did not seem probable, since the Scheme 2. In addition, because the allylic alcdhisl derived
cyclobutane would have significant additional strain and there from naturally occurring camphor, the keto®& necessarily
was no acid catalyst for such rearrangement, we could notoptically pure. This is an efficient and general method to
rule it out a priori. The second possible mechanism involves synthesize 3-substituted homochiral cyclopentanones, a
the formation of the primary ozonidg which could undergo ~ subunit commonly found in natural products.
a Grob-like fragmentation to yield via thea-hydroperoxy- The precursors for the cyclobutane formation were pre-
ketone intermediaté as shown in Scheme 2. The strain pared by reacting 2,3-dibromopropene with the thermody-
namic enolates of 2-methylcyclopentanone and -hexanone
using Negishi's proceduré. The intramolecular four-
membered ring formation, however, was problematic. The
vinyl bromide moieties of and9 are surprisingly unreactive,
Me Meofa\ being resistant to metal insertion reactions (Rieke'ziaod

e}

Scheme 2

HO, 2 samarium(ll) iodidé®). The successful halogemetal ex-

- change and subsequent cyclization was based on a procedure

of Mori et al.}” using the potent fused salt GSISOH as

the fluoride sourcé® Thus, treatment of the vinyl bromides

o- 1 and 9 with 3 equiv of BySnSiMe and 3 equiv of CsF

. “§/o DMS CsOH in THF at ambient temperature generates the corre-
00 sponding bicyclic compoundg and 10 in 47% and 43%

isolated yields, respectively. The cyclohexyl analogj0also

I 4 gave the anomalous ozonolysis prodiitin 57% yield. We

energy release of the cyclobutane would be the driving force

. Scheme 4
for this unusual rearrangement.

To test the first hypothesis, we decided to ozonize the Ne BugSn-SiMes Me
allylic alcohol 6, prepared in two steps from+§j-camphor (If CsFCsOH Q:k
(Scheme 3¥2 It cannot undergo an allylic rearrangement to (o} THF/25°C OH CHz
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next considered the possibility that this primary ozonide

O o 0 fragmentation could be effected with electron-donating
—_— groups other than hydroxyl, ethereal oxygen and amide
DMS OH . ;
98% Me” Me nitrogen. However, ozonolysis of both the benzyloxymethyl
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ether12, prepared in 94% yield fror@, and the bicyclic

acetamidel4, easily prepared in two steps from-) Scheme 6
camphort®?0 afforded the normal product$3 and 15 in Me
unoptimized yields of 89% and 40%, respectively. Thus,
. Bu3SnH/KH
stronger electron donation than that offered by ethers and <I\) J'ET’ u
amides is required. BuzNBn CU25 °C OH ©
Finally, we have shown that one can control an additional 16 42% 17 H
stereocenter on the side chain by this ozonolysis process by Me
using a trisubstituted alkene of known geometry. Thus the CH%IZ: Y
bromo-alkenyl keton&6, prepared in 80% vyield by alkyla- “oms Hin
tion of the ketone with thé&-allylic iodide, was converted 50% OHO Me
18
Scheme 5 face of the alkene to give after fragmentation only the single
diastereomefl8 in 50% yield?!
CHS&Iz: Ozonolysis of the correspondirgjisomer19? afforded
v the opposite diastereom@p as the minor isomer in a 9:1
oCH, 8';3‘ 89% OCH OBn ratio with the hydroxygyclobutanon@.” Thus, one can
12 2 control the stereochemistry of a secondary alcahtd the
NHAG NHAG ketone of the side chain by this process.
C"'2 CHz&z, °
——-»
Scheme 7
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into the E-ethylidenecyclobutandl7 using a modification 19 Me 20 3
of the stannyl anion procedure. Ozonolysis of this alkene 10% 90%

occurred by addition of ozone on the more accessible exo
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corresponding cyclobutanone (prepared from the silyl enol ether of
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