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An intramolecular iminoacetonitrile [4  + 2] cycloaddition functions as the key step in an efficient total synthesis of the quinolizidine alkaloid
(-)-217A.

The importance of substituted quinolizidines and indolizi- efficient new routes to a variety of substituted indolizidines
dines as synthetic targets is well established. The skeletonsand quinolizidines$.As outlined in Scheme 1, this strategy
of a number of bioactive natural products incorporate these

structures, and many of these compounds are available i

very limited amounts from their natural sourcelighly toxic Scheme 1

quinolizidine and indolizidine alkaloids isolated from the skin 1) LDA: R-X H

of poisonous amphibians have attracted much interest as 2) NaBH;CN Y
research tools for neurophysiological investigations, and y

recently quinolizidine alkaloids obtained from marine sources /\’ [4+2] N 3 R
have been identified as lead compounds for the development N | —— CD

of anticancer, antiinflammatory, and cardiovascular drugs. N—CN : H
A number of ingenious methods have been developed in 1 » N m, G\ij
response to the synthetic challenge posed by these molecules, -
and these alkaloids have served as a popular testing ground 4 R
for methods for the construction of pyrrolidines, piperidines,
and various azabicyclic systerhs.

Recently, we reported a strategy for the synthesis of
azabicyclic compounds that should provide the basis for

involves the intramolecular [4 2] cycloaddition of a new
class of activated iminesjminoacetonitriles. Iminoaceto-
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nitriles are conveniently prepared from alcohols by Mit- 10 — 9 as a pivotal step. Alkylation 0® would then be
sunobu coupling with TINHCKCN followed by elimination employed to install the enynylmethyl side chain, and
of trifluoromethanesulfinate and readily undergo intramo- stereoelectronic control in the subsequent reductive decya-
lecular [4+ 2] cycloadditions to affordx-amino nitriles of nation step was expected to deliver the desired stereochem-
general type? 35 The utility of a-amino nitriles as versatile  istry at C-4. Control of the stereochemistry at C-1 would be
intermediates for the synthesis of substituted nitrogen het- established by epimerization of the ketone intermed@te
erocycles is well documentédvietalation provides oppor-  derived from the silyl enol ether cycloadduct. In this first-
tunities for alkylation and other carbewcarbon bond-forming  generation synthesis, we elected to employ resolution to
processes, while exposure to Lewis acids furnishes iminium provide access to the naturat-)-isomer as well as the
ions which can be intercepted with Grignard reagents (i.e., unnatural isomer, deferring for future study the possibility
2 — 4, the “Bruylants reaction”) or engaged in a variety of of employing chiral Lewis acids to catalyze an asymmetric
other useful carboncarbon bond-forming reactions. Stereo- version of the cycloaddition. This decision was also influ-
electronic effects control the outcome of these transforma- enced by the fact that for the synthesis of more complex
tions (vide infra), allowing for the stereoselective elaboration targets such aS and 6 we envisioned strategies involving
of cycloadducts as outlined in Schemé®l. chiral cycloaddition substrates in which the stereogenic
To further test and refine this methodology, we have centers in the “connecting tether” would dictate the stereo-
undertaken the synthesis of several bioactive quinolizidine chemical outcome of the reaction.
alkaloids such as clavepictine (5) halichlorine (6)?'°and
alkaloid 217A {7).1* Herein we report the application of the
iminoacetonitrile cycloaddition as a key step in the total
synthesis of quinolizidine<{)-217A, an amphibian alkaloid
isolated by Daly in 1993 from skin extracts of the Mada-
gascan frogMantella baroni. Previously, elegant total
syntheses of quinolizidine 217A have been reported by the
groups of Pearson and PanélOur goal was the develop-
ment of an approach to the synthesis of quinolizidine 217A
considerably more efficient than these earlier syntheses and
capable of supporting the preparation of significant quantities

of the target alkaloid. CHy y CHs
OSiR; 2 A\ OSiRs
" N  — N
: N\—CN ;
: CN

CH3 I
N\j Our first synthetic subgoal was the development of an
HsC 6 7 efficient route to cycloaddition substrai®. Based on our
OH ) i . :
- o o previous studies, we anticipated tH&twould be available
Clavepictine A 5 Halichlorine Quinolizidine 217A . L . .
from sulfonamidel6 by elimination of sulfinate on exposure
to a weak base such as carbonate. Scheme 3 outlines our
efficient four-step route tal6. Mitsunobu couplin of
commercially available 5-hexenol (1%)ith TINHCH,CN
(5) For a theoretical study of the iminoacetonitrile Dielsider reaction, pro‘{'ded the expectgd Su”onamlqe' a”‘?‘ .ozono.IyS|.s then
see: Su, M.-DOrganometallic2004,23, 2507. furnished aldehydé3 in excellent yield. Wittig olefination

(6) Reviews: (a) Enders, D.; Shilvock, J. ®hem. Soc. Re 2000,29, i 14 i
359. (b) Rubiralta, M.; Giralt, E.; Diez, A. IrPiperidine: Structure, of 13 using the acylphosphorare produced the desired

Preparation, Reactizity, and Synthetic Applications of Piperidine and its (E)-a,p-unsaturated ketond5 in 85—-87% vyield after
Derivatives; Elsevier: Amsterdam, 1991; pp 22512. (c) Husson, H.-P; purification by column chromatograpB¥Finally, conversion

Royer, J.Chem. Soc. Rel.999,28, 383. to the desired | eth hi d . th |
(7) Isolation and anticancer activity: Raub, M. F.; Cardellina, J. H., II; O th€ desired enol ether was achieved using the genera

ngudhagry,aM.Sl.; Ni, C.-Z; Clardy, J.; Alley, M. C1. Am. Chem. Soc  procedure of Dunogues et*lto afford16in excellent yield

1991,113, 3178. i At

(8) Synthetic studies: (a) Toyooka, N.; Yotsui, Y.; Yoshida, T.; Momose, after pu”flcatlon by column Chromatography on acetone-

T.; Nemoto, H.Tetrahedron1999,55, 15209. (b) Ha, J. D.; Cha, J. K.

Am. Chem. Sod 999,121, 10012. (12) Previous syntheses of quinolizidine 217A required-29 steps;
(9) Isolation and activity as inhibitor of vascular cell adhesion molecule- see: (a) Pearson, W. H.; Suga,HOrg. Chem1998,63, 9910. (b) Huang,
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Scheme 2

AcO™ 10 9

Scheme 2 outlines our retrosynthetic strategy, which
features the intramolecular iminoacetonitrile cycloaddition

D. Tetrahedron Lett1996,37, 3867. (13) Reviews: (a) Hughes, D. Org. React1992 42, 335. (b) Hughes,
(10) Synthetic studies: (a) Trauner, D.; Schwarz, J. B.; Danishefsky, S. D. L. Org. Prep. Proced. Int1996,28, 127.
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Andriamaharavo, N. R.; Andriantsiferana, M.Nat. Prod.1993 56, 1016. of E- andZ-enones.
(b) Jain, P.; Garraffo, H. M.; Yeh, H. J. C.; Spande, T. F.; Daly, J. W.; (16) Cazeau, P.; Duboudin, F.; Moulines, F.; Babot, O.; Dunogues, J.
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Scheme 3
Qe
NN

1) 1.0 equiv TINHCH,CN
1.2 equiv Ph3P-DIAD
2h 89-92%

C/ rt
OH 2) O3, CHoClp, 78 °C;

1.05 equiv PhsP

" nt 18h 92-93% 12 Z=CH;
132=0
o
PPh; | toluene
”3°)kf 70°C,7h
14 CHs
85-87%
CHj 1.1 equiv -BuMe,SiCl CH
osiR. 15 eauiv Nal, 2 equiv EtgN 3
3 CH4CN, rt, 18 h o
1'\? Tf
90-96% Nj
16 CN 45 CN

21 was obtained at best in only 30% overall yield after
reductive decyanation (Scheme 5). Although alkylation with

Scheme 5

1) LDA, THF
18, -78°C,1.5h

2) NaBH3CN, AcOH CHs
o CH3CN, t, 2 h
30%
: 17x=1 2
: SiMe; 18x=Br !
: x~\—/ 19xX=Cl |

20X = OMs

model alkylating agents such as allyl bromide proceeded
smoothly, complex mixtures resulted from the reactio® of

deactivated silica gel. Attempts to employ a cross-metathesisWith enynylmethyl derivatived7—20. Although we have

strategy’ for the conversion ofl2 to 15 by reaction with

3-methyl-3-buten-2-one were frustrated by the homodimer-

ization of 12, which produced a dimer unreactive in
secondary metathesis.

Scheme 4
CHj CHj
CSQCO3 OSiR 130 °C ';l .
THF C/\’( 1H3 36h E OSiR3
16 ——» N EE———
55 °C N-CN 3 equiv N
15h BHT éN
10 EIZ8416  toluene 9
85-92%
55-59%

(SiR3 = Sit-BuMey)

As shown in Scheme 4, exposure I8 to the action of
cesium carbonate led to the elimination of trifluoromethane-
sulfinate and formation of iminoacetonitril@0 as the
expected mixture oE and Z imine isomers. The stereo-
chemistry of this intermediate is not crucial, as we have
previously demonstrated that iminoacetonitrile isomers in-
terconvert under the conditions of the§42] cycloaddition?

In the event, heating iminoacetonitril® at 130°C for 36
h produced the desired-amino nitrile 9 in good yield.
Addition of BHT was found to be beneficial in suppressing

decomposition of the desired product. As expected, the

isomer with arexo-oriented (axial) cyano group was isolated

been unable to characterize any of the byproducts of this
reaction, we speculate that electron transfer to the enynyl-
methyl halide from the metalated nitrile (thus generating a
capto-dative stabilized amino nitrile radical) may be com-
plicating this alkylatior?® We therefore turned our attention
to a less unsaturated allylic halide, (Z)-3-bromo-1-chloro-
propene, with the idea of later elaborating the full enyne
moiety via a Sonogashira coupling reaction.

In the event, we were pleased to find that alkylatiordof
with (Z)-3-bromo-1-chloropropene proceeded cleanly, and
reductive decyanation of the crude alkylation product with
sodium cyanoborohydride then afforded the desired quinoli-
zidine22in 74—77% overall yield (Scheme 6). As predicted,

Scheme 6
1) LIHMDS CHy
RBr, THF TBAF Hi" 6
78°C 2h THE :
——-
2) NaBH3CN -78°C a
AcOH 2h
CH5CN 87-93% 23
no2

L o i
i RBI’:BI’/\/I H

axial delivery of hydride to the intermediate iminium ion

as the exclusive product of the reaction as a consequence Ofgads to the formation of the desired diastereomer as the

the “a-amino nitrile anomeric effect"®

For the next stage of the synthesis, alkylatiormedmino
nitrile 9, we initially focused our attention on the enynyl-
methyl compound47—20.2° Surprisingly, the desired enyne

(17) (a) Connon, S. J.; Blechert, 8ngew. Chem., Int. E®003,42,
1900. (b) Chatterjee, A. K.; Choi, T.-L.; Sanders, D. P.; Grubbs, Rl.H.
Am. Chem. So2003,125, 11360.

(18) Bonin, M.; Romero, J. R.; Grierson, D. S.; Husson, HJPOrg.
Chem.1984,49, 2392.

Org. Lett, Vol. 7, No. 14, 2005

(19) These alkylating agents were prepared from the corresponding
alcohol (Hartung, I. V.; Eggert, U.; Haustedt, L. O.; Niess, B.; Schafer, P.
M.; Martin, H.; Hoffmann, RSynthesi2003 1844) as described previously.
For17and20, see: Feldman, K. Setrahedron Lett1982,23, 3031. For
18and19, see: Tsushima, K.; Murai, Aetrahedron Lett1992,33, 4345.

(20) Other conceivable side reactions include deprotonation of the
enynylmethyl halide and addition of the lithiated nitrile to the enyne moiety.
For examples of the metalation of allylic halides, see: Julia, M.; Verpeaux,
J.-N.; Zahneisen, TSynlett 1990, 769. For addition of organolithium
compounds to conjugated enynes, see: Brandsn®&yrthesis of Acetylenes,
Allenes, and Cumulenes; Elsevier: Oxford, 2004; p 74.
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exclusive product of the reactiéh Treatment of silyl enol
ether22 with 1.1 equiv ofn-BwNF in THF then generated

. . i Scheme 7
ketone23 as a single diastereomer with the C-1 methyl group 1.2 equiv TSNHNH,
in the desired equatorial orientation. Finally, resolution of cat. TsOH
quinolizidine (H-23 using (B-(—)-1,1-binaphthyl-2,2! DIF, Sufelene
diylphosphoric aci¢? provided enantiomerically pure (—)- :
23in 44% overall yield from the racemate.
The last stage of the synthesis, involving reductive excision
of the carbonyl group and Sonogashira coupling, proved " ,
P . en add 4.0 equiv
unexpectedly difficult. Initial attempts to effect deoxygen- NaBH3CN
ation of ketone23 (as well as derivatives of the correspond- 1) cat. PdCly(PhCN), 15 equiv +-BuSH
. . . cat. Cul 110°C 5h
ing alcohol) were complicated by the formation of a 208 I
0eq MesSi—= 63-66%

byproduct ultimately identified as the tricylic amirg23
Since this side product appeared to arise from cyclization
of C-2 radical intermediates onto the vinyl chloride append-

piperidine, rt 2 h

2) 1.0 equiv KoCO3
MeOH, 1t 2h

age, we focused our attention on strategies in which the
reduction step could be carried out in the presence of efficient
hydrogen atom transfer agents so as to more effectively

mtercfgpt Itlhe mtr?'rmeglage radical prl?cr tﬁ cyclization. Succesls acetylene was added slowly to suppress competing alkyne
was finally achieved by means of the one-pot protoco dimerization. Finally, desilylation with ¥CO; in methanol

outlined in Scheme 7. Thus, reduction of the tosylhydrazone afforded quinolizidine €)-217A (7) ([o]% —14 (c 0.8,

CHCly), lit.*? [a]?% —13.75 (c0.4, CHC})) with spectral
H characteristics identical with those reported for the natural

S | product112
N ¢ In summary, the intramolecular iminoacetonitrile{42]

cycloaddition functions as a key step in an efficient assembly
of the quinolizidine core of the amphibian alkaloid)(217A,
enabling the total synthesis of this natural product in only
12 steps. The application of iminoacetonitrile cycloadditions
in the synthesis of other bioactive alkaloids is under
investigation.

80-82%

derivative of (—)-23with NaBH;CN in the presence of
excesstert-butyl mercaptan completely suppressed the
undesired radical cyclization and furnished vinyl chloride
26 in 63—66% overall yield. Sonogashira coupling with
trimethylsilylacetylene proceeded smoothly, provided thatthe  Acknowledgment. We thank the National Institutes of
Health (GM 28273) and Merck Research Laboratories for

(21) Approach of hydride in this fashion maintains maximal orbital generous financial support. K.M.M. was supported in part
overlap between the incoming nucleophile and the developing lone pair on i
nitrogen. For a discussion of stereoelectronic control in nucleophilic by NIH Training Grant No. CA 09112.
additions to cyclic iminium ions, see: (a) DeslongchampsStereoelec- . . . . .
tronic Effects in Organic Chemistry; Pergamon: New York, 1983; pp211 Supporting Information Available: Experimental pro-
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