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Acid-catalyzed nucleophilic substitution of bicyclic hydrazine

NH,

NH,

—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 (norbornanésind similar partici-

pation has also been established for the corresponding Scheme 1. Acid-Catalyzed Rearrangements of Bicyclic
Hydrazines

7-azanorbornane skeleton, leading to compounds of high

interest via a very short synthetic sequeh&@our ongoing
work on the use of bicyclic hydrazines as starting material
for the synthesis of polyfunctionalized aminocyclopentanes,
we recently reported a new route to aminocyclopentitols
based on an acid-catalyzed rearrangement of compaund
(Scheme 1}.
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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 activeexabrosylate7 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

(5) Reviews: (a) Cossy, J.; Gomez Pardo,Targets Heterocycl. Syst
2002 6, 1. (b) Dahanukar, V. H.; Zavialov, L. ACurr. Opin. Drug.
Discovery Dev. 2002 5, 918.

(6) For a NMR description of aziridinium imide, see: Poon, T. H. W.;
Park, S. H.; Elemes, Y.; Foote, C. 8.Am. Chem. S0d.995 117, 10468.

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 wighnitrophenol 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 transiemeseaziridinium 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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lective manner. Sulfuric acid proved to be the best for
Brgnstedt acid-catalyzed rearrangements, leading to the
introduction of a hydroxyl group in a nonnucleophilic solvent
(trifluoroethanol}® or a methoxy group in methan¥l.The
best results were obtained with organoaluminum reagents
in Lewis acid activated reactions, leading to the stereose-
lective creation of carberhalogen or carboncarbon bondd!
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

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. 5).
Nucleophilic opening was then investigated under various

acidic conditions (Scheme 4)j. _

Scheme 5. Hydrogenolysis of Disubstituted Bicyclic

. Hycazines

Scheme 4. Acid-Catalyzed Nucleophilic Substitution of HoN
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LE\,NCOzB  MCPBA O NCO,Bn cyclqpentad|ene) Wlth good overall yield (30%). The _key
NCOBn a0~ 4 NCOzBn ELAICH HO step involves an acid-catalyzed rearrangement of epakide
1 CH,Cl, mzj}lNcoan folloyved by a regio- and stereosglective nucleqphilic attack,
68% 5q NCOzBN leading to control of the relative configuration of four
Re—  AM Ho contiguous stereogenic centers in a single operation. Involve-
CHCl 2 Resr ment of an aziridinium intermediate during this process is
N,’ggoazsn supported by mechanistic studies on the stereochemical
BN

outcomes of nucleophilic substitutions on alcoBolinder
59% 5e R = Pent . L.
63% 5f R =Ph Mitsunobu conditions.
63% 5g R =(CH,)5Cl
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As expected, acid-catalyzed epoxide substitution led to the

rearranged bicyclic hydrazinga in a regio- and stereose-  Supporting Information Available: Analytical data for
all new compounds and NMR spectra of all synthesized
(13) Allred, E. L.; Anderson, C. L.; Smith, R. L1. Org. Chem1966 compounds. This material is available free of charge via the
31, 3493.

(14) Typical procedure. Preparation of compousids representative: Internet at http.//pubs.acs.org.
Compound4 (200 mg, 0.53 mmol) was placed in a Schlenk tube, dried OL060972X
under vacuum for 1 h, and then placed under an argon atmosphere. After
addition of freshly distilled anhydrous GBI, (10 mL), a solution of
PhCCAIMe (1.48 M in heptane, 0.43 mL, 0.64 mmol) was added dropwise, (15) For an excellent review on the use of trifluoroethanol as a solvent
and the reaction mixture was stirred at room temperature during 20 h. The in cationic rearrangements, see:dde J.-P.; Bonnet-Delpon, D.; Crousse,
reaction was quenched by a Rochelle’s salt aqueous solution (2 M, 10 mL). B. Synlett2004 18.
The organic layer was separated, and the aqueous phase was extracted by (16) Acid-catalyzed aziridinium generation from 2,3-epoxy amines has
CH,Cl; (3 x 10 mL). Organic phases were dried over MgSthe solvent been described: Liu, Q.; Marchington, A. P.; Rayner, C.Tdtrahedron
was evaporated, and the crude was purified by silica gel chromatography 1997, 53, 15729.
(elution conditions: cyclohexane/ethyl acetate 80:20) to s a yellow (17) The reaction of organoaluminum reagents with 2,3-epoxy amines
oil (160 mg, 0.33 mmol). The alane solution was prepared according to has been described to involve aziridinium intermediates, leading to a C-2
our previously reported procedure: Feuvrie, C.; Blanchet, J.; Bonin, M.; ring-opened product with retention of configuration: Liu, C.; Hashimoto,
Micouin, L. Org. Lett.2004 6, 2333. Y.; Saigo, K.Tetrahedron Lett1996 37, 6177.
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