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The 8-azabicyclo[3.2.1]octane framework (tropane) is common
in a wide range of natural produétand pharmaceutical agerits.
Synthetic methods to tropanes have a long histand is still a
very active field! [4 + 3] Cycloadditions between pyrroles and

3-carbon electrophiles offer direct entries to tropanes, and consider-
able efforts have been expended to render these reactions enanti-

oselective’® The most broadly explored approach has been the
reaction of allyl cations with pyrrolesyhile we have developed
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the tandem cyclopropanation/Cope rearrangement (TCCR) betweerfgure 1. Chiral dirhodium catalysts.

vinylcarbenoids and pyrrolés.

Early studies on the use of chiral catalysts for an enantioselective

entry to tropanes using the TCCR sequence were not very
promising® Even though the dirhodium tetraprolinates, ,f@
TBSP), and RB(SDOSP), (Figure 1), are exceptional in a range
of vinylcarbenoid reaction&their application to tropane synthesis
with the vinyldiazoacetat2 has been disappointirfgDue to their
highly electrophilic nature, side products derived from zwitterionic
intermediates, such @& and 6, dominated the reaction (Scheme
1).8 Introduction of a 2-siloxy substituent onto the vinylcarbenoid
eliminated the formation of the side produ€tsut the dirhodium
tetraprolinates gave low levels of enantioselectivity with this type
of vinylcarbenoic An effective TCCR sequence to form tropanes
was eventually achieved using chiral auxiliarfdsyt this is not as
desirable as a successful outcome using a chiral catalyst.

The impetus for this study came from"Mer’s observation that
Rh(SNTTL), is capable of highly enantioselective intermolecular
cyclopropanations with a 2-(siloxyvinyl)diazoacetaté&/e have
shown that dirhodium catalysts containing an adamantyl group
rather than &ert-butyl group give higher levels of enantioselectivity
in certain carbenoid reactiod%In this paper, we describe that the
adamantyl glycine-derived catalyst RB-PTAD), is very effective
for the enantioselective synthesis of tropanes.

The Rh(SPTAD);-catalyzed reaction of vinyldiazoacet&with
N-Boc-pyrrole {) eliminated the formation of zwitterionic side
products, but carbenoid trimerizatigrio form 9 became a major
side reaction. The optimum conditions with 10 equivivBoc-
pyrrole gave the troparin 58% yield and 65% ee (Scheme 2).The
reaction ofN-Boc-pyrrole ) with the 2-(siloxy)vinyldiazoacetate
10 gave much better results (Table 1). As expected(RDOSP),
gave low enantioselectivity (31% ee), but much higher levels were
obtained with Hashimoto’s catalyst, RE8-PTTL),'? (88% ee) and
Rh(SNTTL),® (85% ee). The enantioselectivity was further
improved to 91% ee when RI&PTAD),° was used as catalyst.
Rhp(SDOSP) gave the same sense of asymmetric induction as the
other catalysts, which is opposite to that observed in previous
studies'® The room temperature reactions were relatively low
yielding due to low conversions, but when the reaction was
conducted at 50C, the yield of11 was 86%. The reaction can be
conducted with the pyrrol@ as the limiting agent, which offers
the opportunity to extend the reaction to elaborate pyrroles. 2,2-
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catalyst 7:2ratio  8:9ratio 8
yield (%) ee (%)
Rhy(S-PTAD)y  1:2 1:2 19 64
Rhy(R-PTAD),  10:1 41 58 65 (-)

Dimethylbutane was used as solvent, but as the pyrrole is a reactive
trapping agent, hexanes can also be used.

The Rh(SPTAD),-catalyzed reaction withOis applicable to a
range of substituted pyrroles. Under the standard reaction conditions

Table 1. Catalyst Evaluation Studies

COM Boc
2Me  Rn1l) catalyst N
_— Ny (1 mol %) COMe
QN—BOO " 0TBS 7 N
2,2-DMB OTBS
7 10 (2 equiv.) 1"
temp yield ee
catalyst (°C) (%) (%)
Rhy(R-DOSP), 23 31 )29
Rhp(SNTTL), 23 25 85
Rhp(SPTTL)s 23 34 88
Rhy(S-PTAD)s 23 38 91
Rhy(S-PTAD), 50 86 92
Rhy(S-PTAD), 6% 81 85

aReaction was performed in hexane. 2,2-DMB2,2-dimethylbutane.
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Table 2. Enantioselective Synthesis of Tropanes
CO,Me
substrate N, 1% Rhy(S-PTAD),  Product
+ OoTBS S
1,1216 2,2-DMB, 50°C 17-22
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(47% from 23) 24

(2 mol % of catalyst, 2,2-dimethylbutane (DMB) as solvent, 50
°C), N-Boc andN-phenyl-substituted pyrroles are compatible with
this chemistry. 2-Substituted, 2,3- and 2,5-disubstituted pyrroles
also resulted in good yields of tropane products with excellent levels
of enantioselectivity (Table 2). The value of this chemistry is
illustrated by the ready conversion bf to the tropan®4 (Scheme

3), an important intermediate used in the synthesis of biologically
active tropanes®13 Comparison of the optical rotation ¢4
confirmed that the absolute configuration2fis (1R,55).614 The

absolute configuration of the other tropanes is assigned by assuming 14
h

the expectation that the non-synchronous cyclopropanation initiates

an analogous chiral influence by the catalyst in each case and wit

at the C-3 position of the pyrrofet°An enantioselective version
of a key step used by Kende and Smalley in the synthesig)pf (
isostemofoliné® further illustrates the potential of this chemistry.
Rh(R-PTAD),-catalyzed TCCR of the pyrrol@5 with the 2-

Scheme 4
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(siloxy)vinyldiazoacetatd O generated the highly functionalized
tropane26 in 79% vyield and 84% ee (Scheme 4). In conclusion,
we have reported a novel methodology for the asymmetric synthesis
of tropanes from the RIS PTAD),-catalyzed decomposition of a
2-(siloxy)vinyldiazoacetate in the presence of pyrroles. The reaction
proceeds via a tandem cyclopropanation/Cope rearrangement mech-
anism, resulting in good yields of the tropanes with high asymmetric
induction. The further application of this chemistry to the synthesis
of novel pharmaceutical targets is currently in progress.

Acknowledgment. This research was supported by the National
Institutes of Health (DA06301 and DA15225) and the National
Science Foundation (CHE-0350536).

Supporting Information Available: Full experimental procedures
and characterization of new compounds. This material is available free
of charge via the Internet at http:/pubs.acs.org.

References

(1) (a) O'Hagan, DNat. Prod. Rep200Q 17, 435. (b) O’'Hagan, DNat.
Prod. Rep 1997, 14, 637. (c) Fodor, G.; Dharanipragada, Rat. Prod.
Rep 1994 11, 443. (d) Lounasmaa, M.; Tamminen, T. Tine Tropane
Alkaloids in Alkaloids Academic Press: New York, 1993; Vol. 44, pp
1-114.

(2) Singh, SChem. Re. 200Q 100, 925.

(3) (a) Willstatter, R.Ber. 1896 29, 936. (b) Willstatter, RLiebigs Ann.
Chem.1903 326, 23. (c) Robinson, RJ. Chem. Sacl917, 111, 762.

(4) (a) Shing, T. K. M.; Wong, W. F.; Ikeno, T.; Yamada,dtg. Lett 2007,
9, 207. (b) Armstrong, A.; Shanahan, S.@rg. Lett 2005 7, 1335. (c)
Aggarwal, V. K.; Astle, C. J.; Rogers-Evans, Krg. Lett.2004 6, 1469.
(d) Malinakova, H. C.; Liebeskind, L. SOrg. Lett.200Q 2, 3909. (e)
Lin, R.; Castells, J.; Rapoport, H. Org. Chem1998 63, 4069.

(5) (a) Antoline, J. E.; Hsung, R. P.; Huang, J.; Song, Z.; LiG&g. Lett.
2007, 9, 1275. (b) Huang, J.; Hsung, R. P.Am. Chem. So@005 127,
50. (c) Xiong, H.; Huang, J.; Ghosh, S. K.; Hsung, RJPAm. Chem.
Soc.2003 125 12694. (d) Cho, S. Y.; Lee, J. C.; Cha, J. K.Org.
Chem.1999 64, 3394. (e) Lautens, M.; Aspiotis, R.; Colucci,J.Am.
Chem. Soc1996 118 10930.

(6) Davies, H. M. L.; Matasi, J. J.; Hodges, L. M.; Huby, N. J. S.; Thornley,
C.; Kong, N.; Houser, J. HJ. Org. Chem1997, 62, 1095.

(7) Davies, H. M. L.; Peng, Z.-Q.; Houser, J. Fetrahedron Lett1994 35,
8939.

(8) Davies, H. M. L.Eur. J. Org. Chem1999 9, 2459.
(9) Miller, P.; Bernardinelli, G.; Allenbach, Y. F.; Ferri, M.; Flack, H. D.
Org. Lett.2004 6, 1725.
(10) (a) Reddy, R. P.; Lee, G.; Davies, H. M.@rg. Lett.2006 8, 3437. (b)
Denton, J. R.; Sukumaran, D.; Davies, H. M.Qug. Lett.2007, 9, 2625.
(11) Davies, H. M. L.; Hodges, L. M.; Matasi, J. J.; Hansen, T.; Stafford, D.
S. Tetrahedron Lett1998 39, 4417.
(12) Watanabe, N.; Ogawa, T.; Ohtake, Y.; Ikegami, S.; Hashimoto Synlett
1996 85.
(13) Davies, H. M. L.; Gilliat, V.; Kuhn, L.; Saikali, E.; Ren, P.; Hammond,
P. S.; Sexton, T.; Childers, S. B. Med. Chem2001, 44, 1509.
(a) Katoh, T.; Kakiya, K.; Nakai, T.; Nakamura, S.; Nishide, K.; Node,
M. Tetrahedron: Asymmet3002 13, 2351. (b) Hernandez, A. S.; Thaler,
A.; Castells, J.; Rapoport, H. Org. Chem1996 61, 314.
(15) Hedley, S. J.; Ventura, D. L.; Dominiak, P. M.; Nygren, C. L.; Davies,
H. M. L. J. Org. Chem2006 71, 5349.
(16) Kende, A. S.; Smalley, T. L., Jr.; Huang, Bl. Am. Chem. Sod.999
121, 7431.

JA072936E

J. AM. CHEM. SOC. = VOL. 129, NO. 34, 2007 10313



