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Novel stereoselective synthesis of 3-azabicyclo[3.1.0]hexanes from allenenes is presented. Treatment of N-protected 4-alkyl-4-(N-allyl)amino
allenes with allyl carbonate and a catalytic amount of Pd,(dba);-CHCI; in MeCN leads to stereoselective formation of the 3-azabicyclo[3.1.0]-

hexane framework in moderate to good yields.

3-Azabicyclo[3.1.0]hexane is a basic structure of biologically
active natural products such as CC-1@@iocarmycirt,and
indolizomycin? and also a framework of a pharmacologically

construction of a nonracemic 3-azabicyclo[3.1.0]hexane
framework is an attractive research subject for organic
chemists. Although this bicyclic skeleton can be constructed

important class of compounds such as 3,4-methanoprdlines, via titanium-mediated cyclizatichcyclopropanation with

poly-L-proline type Il peptide mimeticsand conformation-
ally rigid analogues of [1,4bipiperidine]-4-carboxamide$.

sulfur ylide? metal-mediated radical cyclizatidhand reac-
tion of metal carbene complex&scatalytic synthesis of

Moreover, heterocyclic compounds with this ring system are 3-azabicyclo[3.1.0]hexanes is relatively rafé?

known as useful intermediates for cyclopropane amino acids

such as conformationally restricted analogues-glutamaté
andy-aminobutyric acid (GABAY. Therefore, stereoselective

(1) (a) Boger, D. L.; Johnson, D. ®roc. Natl. Acad. Sci. U.S.A995,

92, 3642—3649. (b) Boger, D. L.; Johnson, D.Ahgew. Chem., Int. Ed.
Engl. 1996, 35, 1438—1474. (c) Boger, D. L.; Boyce, C. W.; Garbaccio,
R. M.; Goldberg, J. AChem. Rev1997,97, 787—828.

(2) (@) Gomi, S.; Ikeda, D.; Nakamura, H.; Naganawa, H.; Yamashita,
F.; Hotta, K.; Kondo, S.; Okami, Y.; Umezawa, H.; litaka, ¥.Antibiot.
1984,37, 1491—1494. (b) Yamashita, F.; Hotta, K.; Kurasawa, S.; Okami,
Y.; Umezawa, HJ. Antibiot.1985,38, 58-63.

(3) (@) Fowden, L.; Smith, APhytochemistryl969, 8, 437—443. (b)
Fujimoto, Y.; Irreverre, F.; Karle, J. M.; Karle, I. L.; Witkop, B. Am.
Chem. Soc1971,93, 3471—-3477.

(4) Mamai, A.; Madalengoitia, J. $rg. Lett.2001,3, 561—564.

(5) Schlag, W.-R.; Vilsmaier, E.; Maas, GetrahedroriL994 50, 3123~
3138.

(6) Shimamoto, K.; Ishida, M.; Shinozaki, H.; Ohfune,J Org. Chem
1991,56, 4167—4176.

10.1021/0l0356441 CCC: $25.00
Published on Web 11/15/2003

© 2003 American Chemical Society

In connection with our studies directed toward palladium-
(0)-catalyzed cyclization of allenés>we recently reported
that tricyclic heterocycle8 were formed through the tandem
cyclization of allenene& upon treatment with aryl iodide,
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cyclopropanation of allenenes to form nonracemic 3-azabi-
cyclo[3.1.0]hexanes.

The requisite allenenes were synthesized through the
diethylzinc-mediated reductive synthesis of amino allenes
catalyzed by palladium(G¥,followed by N-allylation. First,
we investigated reaction of allene@@nder some palladium-
catalyzed cyclization conditions (Table 1). We found that

Table 1. Optimization of Reaction ConditioAs

potassium carbonate, and catalytic Pd(@P(Scheme 1}°°
Interestingly, the reactivity of the palladium(ll) intermediates
2 could be controlled by substitution {Rat the olefin
terminus: allenes having a terminal olefin3(R H) led to
exclusive formation of 2,3-cis-pyrrolidine$. During the
course of this study, we found that 3-azabicyclo[3.1.0]-
hexanes5 can be directly constructed from allenenes by
simply changing the reaction conditions. Although the
formation of small rings, including cyclopropan€spy
intramolecular nucleophilic attack onto the allenic moiety
is well documented?'” direct synthesis of bicyclic cyclo-
propanes by the reaction of allenes with an additional
multiple bond is unprecedenté@in this communication, we

present the first palladium(0)-catalyzed highly stereoselective
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catalyst temp  time
entry (20 mol %) solvent (°C) (h) yieldP®
1 Pd(PPhgz)a dioxane 100 4 16%
2 Pd(PPhsz)a CH3CN 80 12 0%
3 [(73-CsHs)PdCI],  CH3CN 80 7 0%
4 Pd,(dba)s*CHCI;  CH3CN 80 4 20%
5¢ Pdy(dba);*CHCI;  CH3CN 80 5 64%
6° Pdy(dba);*CHCI;  dioxane 80 12 0%

aUnless otherwise stated, reactions were carried out with a palladium
catalyst (10 mol %) and allyl carbonate (2 equi)ields of isolated
products* Increased amount of allyl carbonate (6 equiv) was used.
Abbreviation: Mts= 2,4,6-trimethylphenylsulfonyl.

treatment of the allenené with allyl carbonate in the
presence of a catalytic amount of Pd(BRlin dioxane at
100 °C, which are similar reaction conditions to those for
the tandem cyclization of allenenes with an aryl iodiefe,
afforded 3-azabicyclo[3.1.0]hexankin 16% yield, along
with a number of unidentified products (entry 1). Although
the reaction of with catalytic Pd(PP}), or [(173-C3Hs)PdClL

in CH;CN led to recovery of the starting allenene (entries 2
and 3), a slightly improved result (20% yield) was obtained
when using Pgldba}-CHCI; as a catalyst (entry 4). In this
case, a considerable amount6Was recovered. However,
increased loading of allyl carbonate (6 equiv) improved the
yield to 64% (entry 5), and no starting material was
recovered. In all cases, cyclized product of the type
(Scheme 1) was not isolated, and the cyclopropanation
reaction proceeded in a stereoselective mafther.

Having established the reaction conditions affording the
desired cyclopropang&, we next investigated the reaction
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Table 2. Synthesis of 3-Azabicyclo[3.1.0]hexanes from Scheme 2
Allenenes RO\ o R alyl
1
entry allenene time product yieldb 8 ally 2_ Ru
2 - RN allyl « R°-N
RE-N_ | a4 Y Pd
- T s
_ R o R
1 Mts—N . 7h 59% 20 (single isomer) 19 18
1 1
8 i SO
~ -
R RZ_N i Pd-OMe RZ_N /é;
i /./ _§ : OMe path B
Mis—=N R 16 R 47
2 9a (R=H) 7h 13a (R=H) 57% R! allyl
3 9b (R = Me) 24 h 13b (R = Me) 39% R! 1
R2_N allyl - R2-N)__
- Pd-OMe H ~ g’d-OMe
isomerization a3 H R
>_>\// 3 P 21
Mis—N__ R , Pd-OMe
R R’
§ P Lallyl
4 10a (R = H) 24h 14a (R = H) 35% R2N allyl RZ_N 20
5 10b(R=Me) 24h 14b (R = Me) 36% ~ Pd z, single
R® 03 24 R (isomer)

2

reactivity of allenes with a palladium(0) catalyst. Scheme 2
shows two explanations of the reaction leading to the bicyclic
a All reactions were carried out with R@ibay-CHCIs (10 mol %) and CyC.IOprOpaneQO' Reactlon_ of alleneng6 with z-allylpal-
allyl carbonate (6 equiv) in C4#N. ® Yields of isolated products.Starting ladium(ll) methoxide, derived from allyl carbonate and
allenenell was recovered (29%). palladium(0), gives the allylated-allylpalladium(ll) inter-
mediatel?. If deprotonation ofl7 predominates to form a
palladium carbene intermediat® (path A), stereoselective
formation of the cyclopropan&0 is readily understoodt
However, to the best of our knowledge, generation of a
palladium carbene species framallylpalladium(ll) meth-
oxide is unprecedented. If the intramolecular carbopalladation
of 17 via 21 predominates (path B), alkylpalladium inter-
mediate22 would be formed? Although isomerization of
the double bond 022 to 23 is necessary, this pathway also
enables the stereoselective formation of bicyclic cyclopro-
pane20. Path A better explains the experimental result that
a cyclized product of the typ& (Scheme 1) is not observed
in the reaction mixture; however, further investigation would
be necessary to determine the reaction mechanism. The
reason the present reaction conditions promote the cyclo-
propanation reaction instead of the Oppolzer cyclization

- T
6 Ts—N 60h  Ts—N 24%°
T
15

1

of allenenes8—11 (Table 2). The treatment of allene8e
having a methyl group on the-position with allyl carbonate
and catalytic Pgldba)-CHClI; in CH3;CN at 80°C stereo-
selectively gavel2 having two quaternary carbons in 59%
yield. Similarly, both of the isoleucine derivative®a and

9b, which bear aecbutyl group on thex-position, afforded
3-azabicyclo[3.1.0]hexarE8aand13bin 57 and 39% vyields,
respectively, under identical reaction conditions. In contrast,
alleneneslOa and 10b having an isobutyl group (entries 4
and 5) andll having a geminal dimethyl group (entry 6)
gave relatively low yields of the bicyclic cycloproparbsa,

14b, andl15, respectively. In the reaction @fi, 29% of the
starting material was recovered after a prolonged reaction
time (60 h). These results clearly show that the presence of
an appropriate stgncally congesjced substltuent.ambesr leading to4 is unclear.
tion to the allenic moiety, which would assist and not ) )

interfere in the cyclization, is extremely important for the N conclusion, we have developed a palladium(0)-catalyzed
successful conversion. In fact, the corresponding alleneneSt€reoselective cyclopropanation of allenenes to form
without thea-substituent was completely inert to the reaction 3-@zabicyclo[3.1.0]hexanes in moderate to good yields.
conditions. In some cases, isolation of the desired bicyclic FUrther studies in the field of allenene cyclization and
cyclopropane from other unidentified products was trouble-

some. We obtained pure cyclized products by flash chro- (21) For a review on the cyclopropanation of palladium carbenes, see:
Reiser, O. InHandbook of Organopalladium Chemistry for Organic

matography, followed by recrystallization or preparative synthesis; Negishi, E., Eds.; John Wiley & Sons: New York, 2002; Vol.
TLC. 1, pp 15611577.
. . . . (22) From our previous study on the palladium-catalyzed cyclization of
. AIthOUgh the reaCtl.On mec'hamsm of this cyclopropanatlon allenenes leading to pyrrolidire(Scheme 1P the cis cyclization to give
is not understood, this reaction clearly demonstrates a novel22 (Scheme 2) would be the predominant process over the trans cyclization.
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