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The diastereoselective synthesis of hydrazinocyclopentenes 6 or 7 can be achieved in a straightforward manner from Diels—Alder adduct 4
using an acid-catalyzed rearrangement or a palladium-catalyzed allylic substitution reaction. In the latter case, enantioenriched compounds
with ee values up to 58% can be obtained when an appropriate chiral ligand is used.

Disubstituted cyclopentenes are key intermediates in the Among them, one of the most powerful and elegant is the
preparation of numerous natural or synthetic biologically well-known Trost approach based on the desymmetrization
active compounds, including glycosidase inhibitbastiviral of mesa3,5-dihydroxy-1-cyclopentene by asymmetric allylic
and antitumor carbonucleosidest kinase inhibitors (Figure  substitution. It provides useful synthetic intermediates in
1).3 Various racemic or enantioselective strategies, based onexcellent stereo- and enantioselectivifidmother route has
been developed by Miller and co-workers, using isoxazoli-
dines as starting materiakHowever, in both strategies, the
use ofzr-allyl palladium chemistry for the introduction of

NH,

Br NH,
OMe </N \N J B\ . . i .
| | N (1) (a) Lillelund, V. H.; Jensen, H. H.; Liang, X.; Bols, MCchem. Rew.
H,Ny. OH HOHZC;OAN Nél HQNO‘N NJ 2002,102, 515. (b) Berecibar, A.; Grandjean, C.; SiriwardenaChem.

j— Re».1999,99, 779. (c) Ogawa, S.; Morikawa, Bioorg. Med. Chem. Lett.
HO  OH > 7 2000,10, 1047.
1 HO 2 OH HO 3 OH (2) Crimmins, M. T.Tetrahedron1998,54, 9229.
(3) Jarvis, M. J.; Yu, H.; McGaraughty, S.; Wismer, C. T.; Mikusa, J.;
Figure 1. Examples of bioactive aminocyclopentanic derivatives. Zhu, C.; Chu, K.; Kohlhaas, K.; Cowart, M.; Lee, C.-H.; Stewart, A. O.;
Cox, B. F.; Polakowski, J.; Kowaluk, E. ARain 2002,96, 107.
(4) Carbohydrate Mimics: Concepts and Methods; Chapleur, Y., Ed.;
L ) ) ) ) Wiley-VCH: Weinheim, 1998.
stoichiometric or catalyt|c stereoselective transformations, (5) (a) Trost, B. M.; Crawley, M. LChem. Re»2003, 103, 2921. (b)

. : : ; Trost, B. M. Chem. Pharm. Bull2002,50, 1.
have been devised for the preparation of such intermediates. (6) (a) Surman, M. D.: Miller, M. JOrg. L ett.2001,3, 519. (b) Mulvihill,
M. J.; Surman, M. D.; Miller, M. JJ. Org. Chem.1998, 63, 4874. (c)
TUMR 8638. Surman, M. D.; Mulvihill, M. J.; Miller, M. J.J. Org. Chem2002, 67,
*Institut de Chimie des Substances Naturelles. 4115 and references therein.
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heterocyclic substituents has found some limitations mainly || I | | A I

due to regioselectivity and solubility problerhs.

We have recently described the desymmetrizatiomego
hydrazines4, based on a rhodium- or iridium-catalyzed
hydroboration, as a simple way to provide enantioenriched

Table 1. Acid-Catalyzed Stereoselective Rearrangement of
Hydrazine4

0 H

. . . ? . BnO,C. ,N OBn
cyclopentanic diamino alcohdlin 66% overall yield from 7N NoBn Lewis Acid N OxyNNCO,8n
cyclopentadiene (Figure 2)At the same time, Kaufmann N}‘OBn Tor © - o,,,@
O +
| ) X hews Reder et
H entry? acid (equiv) time (h) yield (%)
OYN\NCOZBn 1 Et,AICI (1.75) 12 0
isten, |, G 2 TiCl, (0.25) 5 0
this work @ 3 SnCly (0.5) 2 73
f g 4 Zn(OTf), (1.0) 24 82
! y rac. 6 22
PhOCN\Q,NCOPh 2S,EEIDSAE\N,COZBn 5 BPhs (0.25) 5 0
", ot 8 £ —N—C02Bn NHCO,8n 6 BFs.E6,0 (L.0) 1 43
5 OH 4 - NugNoozsn 7 CH3COOH® 24 0
| 1sten 8 CF3COOH® 1 55

this work 7

Figure 2. Desymmetrization omeso-hydrazines.

a All reactions were performed in Gi8ly, at room temperaturé.Yield
of analytically pure compound.Used as a solvent.

and co-workers reported a diastereoselective palladium-Whereas more azaphilic catalysts (entries 3, 4) led to the
catalyzed ring opening of similar intermediates during Picyclic cyclppenten@ in 73—82% yield!2 BFs-EtO (entry
hydroarylation reactions, providing racemic trans-3,4-disub- 6) and protic conditions (entry 8) also catalyzed the re-
stituted hydrazino-cyclopentene derivatives in up to 69% arrangement. These results suggest that fragmentation prob-
overall yield from cyclopentadierféVe wish to report herein _ably occurs throu_gh nitrogen activation. Mechanisms |r_1volv-
our results concerning the ring openingroésohydrazine  ing both a [3,3]-sigmatropic rearrangemiétr the stepwise
4 using acid-catalyzed rearrangement or palladium-catalyzedtrapping of an intermediate allylic cation have been proposed
allylic substitutions, leading to bicyclic carbazaeor cis- for similar transformation&: In our case, the detection by
hydrazinocyclopentenes MS of dimeric structures coming from the collapse of two
Such derivatives could be useful intermediates in the iOnic species indicates that a dissociative pathway takes place.

modulation of heterocyclic substituents by multicomponent ~ Although neutral nitrogen leaving groups are not com-
hydrazine-based chemist. monly used in palladium-catalyzed allylic substitutichs,

Ring opening of N,N-acyloxy-2,3-diazabicyclo[2.2.1]- several_ examples of such a reactivity have been described
heptenes by cleavage of the—® bond has only been On Strained substratés. _
reported for a limited number of particular substrétesid The encouraging results in acid-catalyzed fragmentations
has not been exploited for synthetic purposes. To evaluate/®d US to envision the use of palladium for generating and
the fragmentation ability of hydrazink we first investigated ~ trapping this allylic reactive species (Table 2).
its acid-catalyzed rearrangement to carbafa(@able 1).

Interestingly, behavior similar to Lewis acid-catalyzed ;4
rearrangement dfi-acyl aziridines was observétiOxophilic
Lewis acids (entries 1, 2) did not promote the rearrangement,

(12) Ferraris, D.; Drury, W. J., Ill; Cox, C.; Lectka, J. Org. Chem.
98,63, 4568.

(13) Experimental Procedure. Compound4 (91 mg, 0.25 mmol) was
introduced in a round-bottom flask, dissolved in freshly distilled methylene
chloride (2.5 mL), and placed under argon. SN@IM in CHxCly, 125uL,

0.125 mmol) was added, and the mixture was stirred at room temperature
for 2 h. Water (2 mL) was added next, and the organic layer was separated
and concentrated. Purification by flash chromatography (cyclohexane/ethyl
acetate= 70/30) affordedac-6 as a colorless oil (50 mg, 73%).

(14) Mackay, D.; Campbell, J. A.; Jennison, C. P.@an. J. Chem.

(7) Cowart, M.; Bennett, M. J.; Kerwin, J. F. Ji. Org. Chem1999,
64, 2240.

(8) (a) Pérez Luna, A.; Ceschi, M.-A.; Bonin, M.; Micouin, L.; Husson,
H.-P.; Gougeon, S.; Estenne-Bouhtou, G.; Marabout, B.; Sevrin, M.; George,

P.J. Org. Chem2002,67, 3522. (b) Pérez Luna, A.; Bonin, M.; Micouin, 1970,48, 81.
L.; Husson, H.-PJ. Am. Chem. So2002,124, 12098. (15) Mackay, D.; Pilger, C. W.; Wong, L. L1. Org. Chem1973,38,
(9) (@) Yao, M.-L.; Adiwidjaja, G.; Kaufmann, D. EAngew. Chem., 2043.

Int. Ed.2002,41, 3375. For alternative routes to hydrazinocyclopentanes,
see: (b) Tauh, P.; Fallis, A. G. Org. Chem1999,64, 6960. (c) Marco-
Contelles, J.; Rodriguez, Mietrahedron Lett1998,39, 6749. Vol. 2, 1817.

(10) Although an impressive number of carbocyclic nucleosides syntheses  (17) From allylic aziridines: Aggarwal, V. K.; Alonso, E.; Fang, G.;
have been described, reports on the preparation of such derivatives bearing-errara, M.; Hynd, G.; Porcelloni, MAngew. Chem., Int. EQ2001, 40,
pyrazoles or fused heterocyclic pyrazoles are scarce; see ref 7 and: Bhagwat]l433. From azabicyclic substrates: (a) Katagiri, N.; Takebayashi, M.;
S.; Cowart, M. D. WO 96/4068. For examples of the usefulness of Kokufuda, H.; Kaneko, C.; Kanehira, K.; Torihara, W1.Org. Chem1997,
hydrazinocyclopentanes in the synthesis of bioactive compounds, see:62, 2, 1580. Other metal-catalyzed enantioselective ring openings of

(16) Murahashi, S.-I.; Imada YHandbook of Organopalladium Chem-
istry for Organic SynthesidNegishi, E.-I., Ed.; Wiley: New York, 2002;

Kuang, R.; Ganguly, A. K.; Chan, T.-M.; Pramanik, B. N.; Blythin, D. J.;
McPhail, A. T.; Saksena, A. KTetrahedron Lett2000, 41, 9575 and
references therein.

(11) (a) Tufariello, J. J.; Spadaro, JT&trahedron Lett1969 10, 3935.
(b) Dao, D. L.; Mackay, DCan. J. Chem1978,56, 1724.
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azabicyclic derivatives have also been described, but consideration of their
stereo- and regioselectivity led the authors to propose a mechanism not
involving r-allyl species: (b) Lautens, M.; Hiebert, S.; Renaud, JOLg.

Lett. 2000,2, 1971. (c) Lautens, M.; Fagnou, K.; Hiebert, &c. Chem.
Res.2003, 36, 48.
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Table 2. Palladium-Catalyzed Diastereoselective Ring Opening Table 3. Palladium-Catalyzed Enantioselective Ring Opening
of Compound4 of Compoundst and8—10
4.8 % Pd°, NHCO,Bn

0
L&NJ\OBn 6.5% L, NuH NuﬁNCOZBn 7
N i A
THF A}NN R

O%osn
4 rac 7Ta-g }‘R

5 % Pd,{(dba)s, NHCOR

|
17 % (R)-PHOX, THF On..\\NCOR
PhOH

(¢)
- 4,8-10 7a, 11-13
yield
iti 04)a
entry NuH conditions compd (%) entry R.R compd  t(h) vyield(%)® ee (%)°
b.d .
1 PhOH Pdx(dba)s; PPhs 7a 75 1 OBn, OBn 7a 5 82 50
2 PhOH [Pd(allyl)Cl]2; NaH; DPPF  7a 83 o0 OBn. OBn 7a 2 80 58
3 3-BrPhOH [Pd(allyl)Cl]2; NaH; DPPF  7b 83 3d OBn’ OBn 7a 2 68 55
4 AcONa [Pd(allyl)Cl];; NaH; DPPF  7c 0 4 OiPr’ oiPr 11 4 88 0
5b phthalimide Pd(dba)s; DPPF 7d 84 5 OtBu’ OtBu 12 15 75 36
C . . ,
6 CH3NO> [Pd(allyl)Cl]2; NaH; DPPF  7e 75 6 _NPh— 13 15 <5

7°  CHy(COOEt), [Pd(allyl)Cl]; NaH; DPPF  7f 76

8 CH3(COOtBu), [Pd(allyl)Cl]z;; NaH; DPPF  7g 75 aYield of analytically pure compound.Determined by chiral HPLC.
¢ Performed in toluene! Performed in toluene with [Pd(ally)Gllas a
aYield of analytically pure compound.Performed under reflux Per- precatalyst.

formed at 0°C. 9 Performed with 10% Pddba) and 40% PP#.

o 50% ee?® Hydrazine protective groups proved to have an

Thus, treatment of hydrazinein the presence of phenol  ihfluence on the conversion rate as well as the enantio-
and a large amount of catalyst in refluxing tetrahydrofuran selectivity (entries 1, 4, 5), and almost no reaction occurred
led to the desired compourith in 75% yield. No reaction  starting from a tricyclic urazole (entry 6). A slight increase
could be observed in the absence of palladium or phosphine,n ee was observed when toluene was used as the solvent
ensuring that the ring opening oc_curred yia a true catalytic (entry 2). It is worth noting that with a P,N ligand, #dba);
process. Better results were obtained using @ ligand  couid be used as a precatalyst, suggesting that electron-
and [Pd(allyl)Cl} as a precatalyst, enabling the substitution donating ligands enhance the system’s reactivity and make
to occur at room temperature with a lower amount of catalyst. j; unnecessary to add sodium hydride. Moreover, the choice
Addition of a small amount of sodium hydride (5%) was of precatalyst had little influence on enantioselectivity (entry
necessary to generate the I_Dd(O) reactive sp_ecies. This set °§). Since the enantioselective determining step in this
conditions proved to be suitable for phenolic nucleophiles {ransformation is probably an irreversible ionization step, the
(entries +3) or nitromethane (entry 6). However, no reaction enantioselectivity should be weakly dependent on the nu-
occurred with phthalimide, and theallyl intermediate had cleophile used!
to be generated with R@lbay. Malonates (entries 7, 8) were The use ofm-bromophenol as a nucleophile in such a

first deprotonated with 1 equiv of sodium hydride before {ansformation led to compourith in 50% ee (Scheme 1).
reacting. Disubstituted hydrazinocyclopentefasg bearing

oxygen, nitrogen, or carbon substituents could be prepare_
in a completely regio- and stereoselective manner i 69
84% yield1® Scheme 1
The starting material beingeso, we then envisioned using
chiral ligands in order to perform an enantioselective
transformation (Table 3).
Encouraging preliminary results could be obtained using
PHOX ligand, leading to compounth in good yield and

Br

0
J{ 5 % Pd,(dba)s, NHCO,Bn
/i NN OBn 17 % (S)-PHOX, THF ONCOan
_—m
J—0Bn Br-PhOH
0 72% 7o
4 50% (90%)° ee

(18) dppf: 1,1'-bis-(diphenylphosphino)ferrocene.

(19) General Procedure for Allylic Substitution. Racemic allylic
substitution o4 with phenol is representative: [Pd(allyl)e(R.3 mg, 0.0063
mmol) and 1,1'-bis-(diphenylphosphino)-ferrocene (9.5 mg, 0.017 mmol)
were placed in a Schlenk tube, dried under vacuum (0.1 mmHg) for 1 h, Thi d Id b iched 90% b inal
and then placed under argon. Freshly distilled THF (3 mL) was degassed IS compound cou e enriched up to 0 ee Dy a single
and then added to the mixture at room temperature. The yellow solution crystallization, and its absolute configuration was determined
was stirred for 30 min4 (96 mg, 0.26 mmol) and phenol (127.5 mg, 1.35 _ 0
mmol) dissolved in THF (1 mL) were added. Next, NaH (60% dispersion by X-ray crystallography%.
in mineral oil, 8.1 mg, 0.2 mmol) was added and the solution was stirred
at room temperature until TLC analysis indicated full conversion. After (20) See Supporting Information. PHOX: 2-[2(diphenylphosphino)-
dilution with diethyl ether (5 mL), the mixture was washed with sodium phenyl]-4-phenyl-4,5-dihydrooxazole. No conversion was obtained when
hydroxide (1 M, 2x 5 mL) and brine (5 mL) and concentrated. Purification  using the classical Trost ligand 1,2-diaminocyclohexbié-bis(2-di-

a After one recrystallization

by flash chromatography (cyclohexane/ethyl acetatgradient) afforded
8a as a slowly crystallizing white solid (100 mg, 83%).
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phenyl-phosphinobenzoyl).
(21) Trost, B. M.; Patterson, D. B. Org. Chem1998,63, 1339.
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In conclusion, we have shown that bicyclic hydrazines can under investigation in our laboratory and will be reported in
rearrange under acidic conditions or be desymmetrized bya due course.
an unusual allylic substitution reaction in a totally regio- and
diastereoselective manner. Considering the ease of the Acknowledgment. We thank the CNRS for financial
preparation Of bicyc"c hydraziné_ and the overa” good Support and Prof. H.-P. Husson for fruitful discussions and
chemical yields of these transformations, these routes provide€ncouragement.
a new valuable entry to the diastereoselective synthesis from
cyclopentadiene of polysubstituted amino-cyclopentenes as
well as their hydrazino counterparts. Furthermore, prelimi-
nary results using chiral ligands open the road to enantio-
selective transformations, leading to valuable intermediates
for the development of compounds of biological interest. The
use of compoun@ in the synthesis of glycosidase inhibitors
as well as hydrazinegin the search for kinase inhibitors is  0OL0357393

Supporting Information Available: Experimental pro-
cedure for enantioselective allylic substitution reaction and
characterizations of compounés7a, 7d—g, 11, andl2and
determination of absolute configuration @b by X-ray
analysis. This material is available free of charge via the
Internet at http://pubs.acs.org.
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