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Acid-catalyzed nucleophilic substitution of bicyclic hydrazine —epoxide involves nitrogen participation, leading to a skeletal rearrangement.
This transformation enables the fast preparation of disubstituted bicyclic hydrazines in a regio- and stereoselective manner, leading to several
polyfunctional diaminocyclopentanes after hydrogenolysis.

Skeletal rearrangements are powerful processes for generat- We wish to report herein our results concerning acid-
ing molecular diversity with atom economy. Numerous catalyzed skeletal rearrangements of the corresponding
transformations, involving neighboring group participation epoxide4.

by o or & bonds, have been reported in the chemistry of

bicyclo-[2.2.1] heptanes (norbornanés)nd similar partici- _
pation has also been established for the corresponding Scheme 1. Acid-Catalyzed Rearrangements of Bicyclic
7-azanorbornane skeleton, leading to compounds of high Hydrazines

interest via a very short synthetic sequef&@our ongoing
work on the use of bicyclic hydrazines as starting material ﬁ]}
for the synthesis of polyfunctionalized aminocyclopentanes, 1
we recently reported a new route to aminocyclopentitols lH+ lthis work
based on an acid-catalyzed rearrangement of compaund H
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Although the involvement of aziridinium intermediates in
numerous substitution reactions is well recognizetie
participation of nitrogen lone pairs of hydrazines in similar
transformations has been less describatfe therefore
decided to first establish the formation of such a reactive
intermediate before studying epoxide rearrangements.

The racemization observed during the solvolysis of opti-
cally activeexo-brosylate7 is now a textbook experiment
for the characterization of a transiemtdelocalized sym-
metrical carbonium ion in the norbornane series (Figure 1).

7 rac. 8
Figure 1. Racemizing solvolysis of brosylaté

AcOH

We therefore investigated similar transformations starting
from enantiomerically enriched hydrazino-alcoBdScheme
2)8

Scheme 2. Stereochemical Studies of the Nucleophilic
Substitution of9 under Mitsunobu Conditions with
p-Nitrobenzoic Acid
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a Determined by chiral HPLC.

The use of Mitsunobu reaction conditi@nsvith p-
nitrobenzoic acid led to substituted compouf@ with
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retention of relative configuration as a single diastereother.

Alcohol 9 was then obtained after hydrolysis, however, in a

partially racemized form. Not surprisingly, alcoh®lwas
recovered without any racemization after a classical esteri-
fication—hydrolysis sequence, showing that racemization
occurred during the substitution reaction.

A similar behavior was observed wigitnitrophenol as a
nucleophile, leading to the largely racemized substituted
bicycle 11 (Scheme 3).

Scheme 3. Stereochemical Studies of the Nucleophilic
Substitution of9 under Mitsunobu Conditions with
p-NitrophenoI
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In both cases, partial epimerization of the three stereogenic
centers and the overall retention of relative configuration
under Mitsunobu conditions clearly indicate that the substitu-
tion occurred via a transiemeso-aziridinium intermediaté.

Having established that the nitrogen lone pairs of bicyclic
hydrazines could be involved in the stabilization of bridged
cationic species, we then turned our attention to the acid-
catalyzed rearrangement of epoxilélhis reaction has been
reported on norbornene oxidé2 to involve a skeletal
rearrangement leading to 2,7-syn disubstituted norbornane
13 (Figure 2)*2

According to our preliminary studies with nucleophilic
substitutions, assisted ring opening should be followed by
the formation of a transient aziridinium, leading to a
rearranged skeleton after regioselective nucleophilic attack.
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s lective manner. Sulfuric acid proved to be the best for

Brgnstedt acid-catalyzed rearrangements, leading to the
® HO introduction of a hydroxyl group in a nonnucleophilic solvent
% (trifluoroethanol}® or a methoxy group in methan®.The
best results were obtained with organoaluminum reagents
in Lewis acid activated reactions, leading to the stereose-
lective creation of carberhalogen or carboncarbon bond¥!
In all the cases, only the rearranged skeleton was obtained,
in a stereoselective manner.
As in our former studies, hydrogenolysis over platinum
oxide of the hydrazine bond afforded the corresponding
aminocyclopentanegb,c in almost quantitative yields (Scheme

39% 13

Figure 2. Rearrangement of epoxide under acidic conditions.

Although the epoxidation of had been described to be
problematic and to require harsh conditidhsye were
pleased to find that compourfdcould be obtained in 63%
yield with optimized conditions on a multigram scale.
Nucleophilic opening was then investigated under various

acidic conditions (Scheme &)j. _

Scheme 5. Hydrogenolysis of Disubstituted Bicyclic
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oo NCO,Bn In conclusion, several tetrasubstituted cyclopentanes can
0 NCO,Bn be prepared in a short synthetic sequence (four steps from
LJ}NCOan mCPBA O NCO,Bn cyclqpentadiene) With good overall yield (30%). The _key
A ~NCO,Bn Te3% 4 NCO:Bn ELAIC] step involves an acid-catalyzed rearrangement of epakide
‘0 . . e
1 cﬁzmz Z\E\NCOZBn followed by a regio- and stereoselective nucleophilic attack,
es% NCO,Bn leading to control of the relative configuration of four
el contiguous stereogenic centers in a single operation. Involve-
CHCL  °R ment of an aziridinium intermediate during this process is
NggoBzB“ supported by mechanistic studies on the stereochemical
BN

outcomes of nucleophilic substitutions on alcoBolinder
59% 5e R = Pent . .
3% 5f R =Ph Mitsunobu conditions.
63% 5g R =(CH,);Cl
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