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. . . many others have reported the formal syntheses based on
Abstract: A formal synthesis of aspidospermidine is reported Stork’s tricyclic ketone. In addition, the diasteromer of 5a
through a novel preparation of Stork’s penultimate tricyclic ketone y e > .
intermediate. The key steps of the synthesis consist of an intramo- could . be us¢d in the preparation of aspido-
lecular cascade transannular cyclization, triggered by the removal Spel"mldlne-3c’g’4j’n

of Boc group, which simultaneously forms the C, D, and E rings of
aspidospermidine and conveniently setting up the quaternary stereo-
center via decarboxylative alkylation reaction of the B-keto ester.

Key words: alkaloid, total synthesis, palladium, cross-coupling,
cyclization

The Aspidosperma alkaloids have received much atten-
tion from the synthetic community due to their structural
complexity and interesting biological activities. To date,
over 250 alkaloids in this family have been isolated! and
many of them incorporate the core exemplified by aspido- N
spermidine (1, Figure 1). Unlike the more complicated
vinblastine and vincristine, which are frontline drugs in
cancer therapy,” aspidospermidine is not of pharmacolog-
ical interest and is lacking in sensitive functional groups.
Also for this reason, 1 has often been used as an attractive
target for the development of new routes to these alka- quebrachamine (3) vindoline (4)
loids, thereby culminating in a cornucopia of synthetic

aspidospermidine (1) aspidospermine (2)

studies in the literature.>* A pioneering work in this area, N Nf’\ 9

Stork and Dolfini first synthesized the alkaloids aspido- (

spermine (2) and quebrachamine (3) nearly 50 years ago.’ !
In their classic synthesis, a late-stage Fischer indole syn- H

thesis to introduce the indole moiety onto a tricyclic o} o

ketone intermediate 5a was successfully adopted. More-
over, this work established that all of the stereocenters in
the final target were responsive to a Single, nonepimeriz- Figure 1 Natural pI'OdUCtS, intermediate ketone Sa, and tetracyclic
able quaternary center in ketone 5 (Scheme 1). Since then, ~ unnatural alkaloid 6
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SYNLETT 2013, 24, 1303-1306

Advanced online publication: 08.05.2013

DOI: 10.1055/s-0033-1338447; Art ID: ST-2013-W0185-L
© Georg Thieme Verlag Stuttgart - New York

Downloaded by: Dot. Lib Information. Copyrighted material.



1304 J.-Z. Huang et al.

LETTER

N D

aspidospermidine (1)
cascade

transannular

cyclization

Boc

Scheme 2 Retrosynthetic analysis of aspidopsermidine

In the context of our ongoing synthetic endeavor on the
complex polycyclic Lycopodium alkaloids,® we first ob-
served an unusual intramolecular cascade cyclization
while attempting to initiate a plausibly biomimetic cycli-
zation approaching to lycojapodine A.®* Thus obtained
product 6 is unique in the tetracyclic skeleton in which the
left moiety of fused tricyclic vinylogous amide is similar
to ketone 5. Based on this observation, we conceived that
our cascade cyclization would be synthetically useful and
planed to showecase its utilities in the synthesis of Aspido-
sperma alkaloids.
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Scheme 3 Synthesis of ketone 5b
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As discussed above, we elected to intercept Stork’s inter-
mediate 5a (or its diastereomeric equivalent 5) to consti-
tute a formal synthesis of 1. Thus, our retrosynthesis of 5,
shown in Scheme 2, begins with the reduction of the inter-
nal double bond of a tricyclic vinylogous amide 8, which
in turn would be accessed from a key reaction of cascade
transannular cyclization of functionalized nine-membered
ring 9. The challenging all-carbon quaternary stereocenter
of the nine-membered ring 9 could be installed through an
enantioselective decarboxylative alkylation reaction of -
keto ester 10, a powerful methodology developed by the
Stoltz group recently.’

Our synthesis commenced with B-keto ester 10, shown in
Scheme 3, which could be easily prepared in multigram
quantities in three steps from cheap adipic acid (see Sup-
porting Information). At the outset, we took on the race-
mic B-keto ester 10 to test the decarboxylative alkylation
reaction under the conditions of Pd(OAc),/Ph;P, and the
transformation proceeded nicely to provide a-quaternary
cyclopentanone 11 in racemic form. Using this racemic
cyclopentanone as a linchpin, elongation of a nitrogen-
containing side chain on 11 was expected. To this end, we
first converted the ketone into its vinyl triflate 12 with
standard procedures in high yield, and then a highly effec-
tive Suzuki-Miyaura cross-coupling® between this vinyl
triflate 12 and allylic carbamate derivative was enlisted to
yield diene 13. Selective hydroboration of the allylic po-
sition of 13 delivered the primary alcohol 14 uneventfully.
Iodination of the alcohol 14 followed by the treatment of
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the iodide intermediate 15 with potassium zerz-butoxide in
THEF, a cyclization occurred smoothly to close the nine-
membered ring 16. Eventually, the double bond of the cy-
clopentene ring inside of 16 was facilely cleaved by oxi-
dation with RuCl;/NalO,, furnishing two desired carbonyl
functional groups for the next cascade reaction.’ With the
oxidative cleavage product 9a in hand, we are poised for
the pivotal cascade cyclization. First, we heated the acid
compound 9a at 100 °C in AcOH-H,0 (96:4) mixture;'°
a trace of cyclized vinylogous amide 8 could be isolated.
In the case of methyl ester 9b under the same conditions,
18% yield of the product was obtained. Then we took on
the methyl ester 9b as the substrate for the optimization of
reaction conditions. It is soon to find that in the presence
of pure AcOH heated at 110 °C, the yield can be enhanced
to 32%. Using TFA as solvent instead of AcOH at lower
temperature (90 °C), 61% yield of the product can be iso-
lated. This cascade process toward tricyclic vinylogous
amide 8 could be rationalized briefly as shown in Scheme
4." Cleavage of the Boc gives a secondary amine 17 that
attacks the ketone to form enamine 18. The enamine 18
continues to proceed an intramolecular nucleophilic sub-
stitution to yield tricyclic system 19, which is terminated
by deprotonation. Vinylogous amide 8 was first reported
by Banwell,% and its internal double bond was reduced by
the addition of lithium aluminium hydride to provide a tri-
cyclic ketone Sb. The stereochemistry of two methines of
ketone 5b was confirmed by the comparison with the data
of Banwell. According to the Fischer indole reaction in-
vestigated by previous groups, 5b could be led to aspido-
spermidine (vide ante).'? During the performance of this
work, the Stoltz group reported the enantioselective de-
carboxylative alkylation reaction of B-keto ester 10
(Scheme 5), an optical a-quaternary cyclopentanone (—)-
11 obtained in good yield and enantioselective excess.’

© Georg Thieme Verlag Stuttgart - New York

Taken all together, in principle, here our route will consti-
tute an enantioselective formal synthesis of 1.

In conclusion, a formal synthesis of aspidospermidine is
reported based on a novel synthesis of the pivotal tricyclic
ketone in which a cascade transannular cyclization plays
the key role; and decarboxylative alkylation reaction of 3-
keto ester to set up the quaternary stereocenter was effi-
ciently adopted.

Synthesis of Vinylogous Amide 8

Methyl ester 9b (28 mg, 0.0789 mmol) was dissolved in TFA (1.5
mL) and then placed in a 90 °C oil bath. The resulting deep orange
reaction was stirred at 90 °C for 12 h. After the mixture was cooled
to r.t., to the residue was added 6 N NaOH to reach pH >7 and di-
luted with CHCl; (3 mL), washed with brine, dried, and concentrat-
ed. The crude product was purified by flash column
chromatography (CHCl;—MeOH, 100:1) to provide 9.8 mg of tri-
cyclic ketone 8 (61%) as dark yellow oil.

IR (KBr): v, = 3432, 2857, 1614, 1514, 1438, 1354, 1300, 1264,
1189, 923, 853, 702 cm™'. 'H NMR (600 MHz, CDCl,): 6 = 3.60 (1
H, td, J=10.8, 3.6 Hz), 3.30 (1 H, dd, /= 11.7, 6.0 Hz), 3.18 (1 H,
q,J=10.8 Hz), 2.80 (2 H, m), 2.63 (1 H, m), 2.44 (1 H, m), 2.27 (1
H, m), 1.60-2.00 (6 H, m), 1.54 (1 H, td, J=13.2, 4.8 Hz), 1.13 (1
H, td, J=13.8, 3.6 Hz), 0.89 (3 H, t, /= 7.8 Hz) ppm. 3C NMR
(150 MHz, CDCly): = 190.4, 175.3, 107.8, 54.1, 47.3, 35.2, 33.8,
32.7, 28.8, 25.4, 24.2, 18.8, 8.1 ppm. HRMS (EI): m/z calcd for
C,;H,oNO [M]': 205.1467; found: 205.1469.

Acknowledgment

We thank the National Natural Science of China (No. 81102348,
21072200), Programs of ‘One Hundred Talented People’ and ‘We-
stern Light’ Joint Scholar of Chinese Academy of Sciences for fi-
nancial support.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.

Synlett 2013, 24, 1303-1306

Downloaded by: Dot. Lib Information. Copyrighted material.



1306

J.-Z. Huang et al.

LETTER

References and Notes

(M
@

©)

4)

Saxton, J. E. In The Alkaloids; Vol. 51; Cordell, G. A., Ed.;
Chap. 1; Academic Press: New York, 1998.

(a) Malawista, S. E.; Sato, H.; Bensch, K. G. Science 1968,
160, 770. (b) Gigant, B.; Wang, C. G.; Ravelli, R. B. G.;
Roussi, M. O.; Steinmetz, P. A.; Curmi, P. A.; Sobel, A.;
Knossow, M. Nature (London) 2005, 435, 519.

Syntheses of nonracemic aspidospermidine: (a) Node, M.;
Nagasawa, H.; Fuji, K. J. Org. Chem. 1990, 55, 517.

(b) Schultz, A. G.; Pettus, L. J. Org. Chem. 1997, 62, 6855.
(c) Iyengar, R.; Schildknegt, K.; Aube, J. Org. Lett. 2000, 2,
1625. (d) Kozmin, S. A.; Iwama, T.; Huang, Y.; Rawal, V.
H. J. Am. Chem. Soc. 2002, 124, 4628. (¢) Marino, J. P.;
Rubio, M. B.; Cao, G.; Dios, A. J. Am. Chem. Soc. 2002,
124, 13398. (f) Gnecco, D.; Vazquez, E.; Galindo, A.;
Teran, J. L.; Orea, L.; Bernes, S.; Enriquez, R. G. ARKIVOC
2003, (xi), 185. (g) Iyengar, R.; Schildknegt, K.; Morton,
M.; Aube, J. J. Org. Chem. 2005, 70, 10645. (h) Ishikawa,
T.; Kudo, K.; Kuroyabu, K.; Uchida, S.; Kudoh, T.; Siato, S.
J. Org. Chem. 2008, 73, 7498. (i) Suzuki, M.; Kawamoto,
Y.; Sakai, T.; Yamamoto, Y.; Tomioka, K. Org. Lett. 2009,
11, 653. (j) Jones, S. B.; Simmons, B.; Mastracchio, A.;
MacMillan, W. C. Nature (London) 2011, 475, 183.
Syntheses of racemic aspidospermidine: (a) Harley-Mason,
J.; Kaplan, M. Chem. Commun. 1967, 915. (b) Kutney, J. P.;
Abdurahman, N.; Gletsos, C.; LeQuesne, P.; Piers, E.;
Vlattas, 1. J. Am. Chem. Soc. 1970, 92, 1727. (c) Wenkert,
E.; Hudlicky, T. J. Org. Chem. 1988, 53, 1953. (d) Wenkert,
E.; Liu, S.J. Org. Chem. 1994, 59, 7677. (e) Forns, P.; Diez,
A.; Rubiralta, M. J. Org. Chem. 1996, 61, 7882.

(f) Callaghan, O.; Lampard, C.; Kennedy, A. R.; Murphy, J.
A. Tetrahedron Lett. 1999, 40, 161. (g) Callaghan, O.;
Lampard, C.; Kennedy, A. R.; Murphy, J. A. J. Chem. Soc.,
Perkin Trans. 11999, 8,995. (h) Toczko, M. A.; Heathcock,
C.H.J. Org. Chem. 2000, 65,2642. (i) Patro, B.; Murphy, J.
A. Org. Lett. 2000, 2, 3599. (j) Banwell, M. G.; Smith, J. A.
J. Chem. Soc., Perkin Trans. 12002, 2613. (k) Banwell, M.
G.; Lupton, D. W. Org. Biomol. Chem. 2005, 3,213.

(1) Banwell, M. G.; Lupton, D. W.; Willis, A. C. Aust. J.
Chem. 2005, 58,722. (m) Sharp, L. A.; Zard, S. Z. Org. Lett.

Synlett 2013, 24, 1303—-1306

®)
(6)

(N

®)
©
(10)

(an

(12)

2006, 8, 831. (n) Pearson, W. H.; Aponick, A. Org. Lett.
20006, 8, 1661. (0) Coldham, I.; Burrell, A. J. M.; White, J.
E.; Adams, H.; Oram, N. Angew. Chem. Int. Ed. 2007, 46,
6159. (p) Callier-Dublanchet, A.-C.; Cassayre, J.; Gagosz,
F.; Quiclet-Sire, B.; Sharp, L. A.; Zard, S. Z. Tetrahedron
2008, 64, 4803. (q) Ishikawa, T.; Kudo, K.; Kuroyabu, K.;
Uchida, S.; Kudoh, T.; Saito, S. J. Org. Chem. 2008, 73,
7498. (r) Sabot, C.; Cuerard, K. C.; Canesi, S. Chem.
Commun. 2009, 2941. (s) De Simone, F.; Gertsch, J.; Waser,
J. Angew. Chem. Int. Ed. 2010, 49, 5767. (t) Jiao, L.;
Herdtweck, E.; Bach, T. J. Am. Chem. Soc. 2012, 134,
14563.

Stork, G.; Dolfini, J. E. J. Am. Chem. Soc. 1963, 85, 2872.
(a) Yang, Y.-R.; Shen, L.; Wei, K.; Zhao, Q.-S. J. Org.
Chem. 2010, 75, 1317. (b) Yang, Y.-R.; Lai, Z.-W_; Shen,
L.; Huang, J.-Z.; Wu, X.-D.; Yin, J.-L.; Wei, K. Org. Lett.
2010, /2, 3430. (c) Yang, Y.-R.; Shen, L.; Huang, J.-Z.; Xu,
Tao.; Wei, K. J. Org. Chem. 2011, 76, 3684.

Behenna, D. C.; Mohr, J. T.; Sherden, N. H.; Marinescu, S.
C.; Harned, A. M.; Tani, K.; Seto, M.; Ma, S.; Novak, Z.;
Krout, M. R.; McFadden, R. M.; Roizen, J. L.; Enquist, J. A.
Jr.; White, D. E.; Levine, S. R.; Petrova, K. V.; Iwashita, A.;
Virgil, S. C.; Stoltz, B. M. Chem. Eur. J. 2011, 17, 14199;
and references cited therein.

Miyaura, N.; Ishiyama, T.; Sasaki, H.; Ishikawa, M.; Satoh,
M.; Suzuki, A. J. Am. Chem. Soc. 1989, 111, 314.
Paquette, L. A.; Hu, Y.; Luxenburger, A.; Bishop, R. L. J.
Org. Chem. 2007, 72, 209.

Yamashita, D.; Murata, Y.; Hikage, N.; Takao, K.;
Nakazaki, A.; Kobayashi, S. Angew. Chem. Int. Ed. 2009,
48, 1404.

After we originally reported the discovery of this cascade
cyclization,® Tu and Lei also observed the similar
cyclization in their total syntheses of lycojapodine A, see:
(a) Li, H.; Wang, X.; Hong, B.; Lei, X. J. Org. Chem. 2013,
78, 800. (b) Zhang, X.-M.; Shao, H.; Tu, Y.-Q.; Zhang, F -
M.; Wang, S-H. J. Org. Chem. 2012, 77, 8174.

Similar to the description by Banwell,¥ we also found the
ensuing Fischer indolization process was capricious when
carried out on a small scale.
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