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Abstract: The [4+2]-cycloaddition chemistry of several 5-amino-
substituted oxazoles has been examined as an approach toward the
construction of the left-half segment of the aspidosperma alkaloid
haplophytine.
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Construction of azapolyheterocycles through [4+2]-cy-
cloaddition chemistry has been a particularly fruitful area
of exploration, and the synthesis of various types of alka-
loids by this approach has been carried out by numerous
investigators.! During the course of our research dealing
with the cycloaddition chemistry of push-pull dipoles?
and 2-amidofurans,® we began studies geared toward a
synthesis of several aspidosperma alkaloids.* This family
of indole alkaloids contains over 250 members that share
in their molecular structure a common pentacyclic ABCDE
framework, with the C-ring being of critical importance
because all six stereocenters and most of the functional-
ities are located in this ring.’ One of the more architectur-

ally intriguing and synthetically demanding aspidosperma
alkaloids is haplophytine (1).% The haplophytine molecule
consists of a central indole moiety onto which two tetra-
cyclic heterocycles are attached. Acid cleavage of haplo-
phytine (1) led to aspidophytine (2; Scheme 1), a lactonic
aspidospermine-type of alkaloid which has been suggest-
ed to be not only a biosynthetic precursor of 1 but also a
possible intermediate to be used in its synthesis.” Because
of its novel structure, aspidophytine (2) has attracted the
attention of several major research groups,’ including our
own.? Prompted by our initial work dealing with aspido-
phytine (2),% we decided to initiate a synthetic project em-
ploying the cycloaddition chemistry of 5-amino oxazoles
as an approach toward the construction of the left-half
segment of haplophytine (1).

The recently completed synthesis of haplophytine (1) car-
ried out by the Fukuyama® and Nicolaou'® groups made
use of a novel oxidative rearrangement of a tetracyclic -
carboline derivative to furnish the left-hand portion of the
alkaloid.!' These authors took advantage of an inherent
skeletal rearrangement of haplophytine (1) that occurred

haplophytine (1)

Scheme 1  Acid degradation of haplophytine

haplophytine (1)

Scheme 2 Skeletal rearrangement of haplophytine using HBr
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upon treatment with HBr. The rearranged isomer 3 that
formed was converted back into haplophytine under basic
conditions by means of a semipinacol-type rearrangement
(Scheme 2).

Based on this observation, both teams found that the char-
acteristic left-hand segment (i.e. 7) could be formed by the
epoxidation of a tetrahydro-f-carboline derivative (i.e. 4).
The resulting diamino epoxide intermediate 5 underwent
a facile epoxide ring opening to give iminium ion 6. A
subsequent 1,2-shift of the C—N bond furnished the de-
sired left-hand skeleton (i.e. 7) of haplophytine
(Scheme 3). Our synthetic approach to the left-hand por-
tion of haplophytine is also shown in Scheme 3. We
planned to construct the related tetracyclic structure 11
(X = halo, SiR;, SnR;, etc.), a possible precursor to haplo-
phytine, by an intramolecular Diels—Alder cycloaddition
of 5-amido oxazole 8. We envisaged that the resulting
[4+2]-cycloadduct 9 would undergo ready ring opening to
give zwitterion 10. An ensuing semipinacol-type rear-
rangement analogous to the conversion of 6 to 7 could fur-
nish the desired tetracycle 11.

The Diels—Alder reaction of oxazoles with olefins has be-
come a useful tool for the preparation of nitrogen-contain-
ing heterocycles,'? since the first example of this
cycloaddition reaction was reported by Kondrateva in
1957.13 Although numerous studies have described the
utility of oxazoles for the construction of pyridines,'*
there have been few reports exploiting the intramolecular
Diels—Alder reactions of oxazole-olefins for the synthesis
of natural products.!” The feasibility of our approach to-
ward haplophytine that is outlined in Scheme 3 clearly
hinged upon a 5-amido oxazole undergoing an intramo-
lecular [4+2]-cycloaddition with a tethered styrene deriv-
ative. Since this tactic was the focal point of our plan, we
opted to first verify the viability of this reaction using sim-
pler model substrates.

The pioneering work of Fleury and co-workers!'® showed
that a-acyl amino acids readily undergo cyclization upon
treatment with acid anhydrides in the presence of strong
acids to furnish 5-(acetamido)oxazoles. In subsequent
work, Lipshutz demonstrated that a variety of appendages
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on oxazole precursors can be tolerated during the cycliza-
tion step.!” Following the Lipshutz procedure, the prepa-
ration of our model oxazole 18 commenced with the
coupling of N-fert-butoxycarbonylalanine (12) with o-
iodoaniline to give 14 in 73% yield. The N-Boc group was
removed with TFA and then acetylated with acetic anhy-
dride to afford 16 in 64% yield (Scheme 4). Although the
path to 16 may seem a bit round-about, we found that an
initial protection of alanine’s nitrogen with acetic anhy-
dride greatly inhibited the peptide coupling. With 16 in
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Scheme 4  Synthesis and [4+2]-cycloaddition chemistry of 5-aza
oxazoles
Ar A
. — O
N Y N\R N N\
Co o R
O
6 7
Ar
(0] / X
N N

10 11

Scheme 3 Semipinacol-type rearrangement for synthesis of the left-half segment of haplophytine
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Scheme 5 A linked Stille cross-coupling—cycloaddition cascade

hand, cyclodehydration using the Lipshutz protocol gave
5-anilino oxazole 18 in 92% yield. Stille coupling of 18
with n-tributylvinylstannane did not produce the expected
cross-coupled styryl oxazole 20. Instead, the initially
formed oxazole 20 spontaneously underwent an intramo-
lecular [4+2]-cycloaddition followed by ring opening and
loss of water to give the 9H-pyrido[3,4-b] indole system
21in 70% yield (Scheme 4). A corresponding set of reac-
tions also occurred when the closely related 5-anilinoox-
azole 19 (R = Ph) was treated with n-tributylvinylstannane
in the presence of a palladium catalyst at 100 °C in DMF
affording 9H-pyridoindole 22 in 54% yield.

Somewhat more relevant examples of the 5-amido ox-
azole cycloaddition reaction concern those systems pos-
sessing a CH,CH,CO,Me appendage at the C-4 position
of the heterocyclic ring. We expected that N-acylation at
the anilino nitrogen would eventually lead to a 6,7-dihy-
drooxazolo[5,4-b]pyridin-5(4H)-one such as structure 8
in Scheme 3. To establish the viability of this approach,
oxazoles 23-25 were prepared using standard synthetic
reactions similar to those outlined in Scheme 4. After
some experimentation, we found that a linked Stille cou-
pling—thermolysis cascade provided 9H-pyrido[3,4-b]in-
doles 26-28 in good yield (ca. 60%). In the case of 26,
treatment with p-TsOH at 120 °C gave rise to 4H-indo-
10[3,2,1-de][1,5]naphthyridin-6(5H)-one 29 in 75% yield
(Scheme 5).

With reaction conditions established for both the forma-
tion of the 5-amido oxazole system and the subsequent in-
tramolecular [4+2]-cycloaddition, the reaction scope of
this annulation reaction was further explored and the re-
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sults obtained are outlined in Scheme 6. The two-step syn-
thesis of oxazole 32 from the known amide 30 worked
well furnishing 32 in 80% overall yield. Acylation of 32
with but-3-enoyl chloride gave 33 in 57% yield. The ther-
molysis of 33 at 120 °C in toluene afforded pyridine 34 in
61% yield. This product is formed by an intramolecular
Diels—Alder cycloaddition followed by the ready loss of
water.

In summary, we have developed a cycloaddition protocol
to construct various substituted pyridines by an intramo-
lecular Diels—Alder reaction of a 5-amino-substituted ox-
azole. The potential value of this approach toward a total
synthesis of haplophytine is under active investigation
and will be reported in due course.

Supporting Information for this article is available online at
http://www .thieme-connect.com/ejournals/toc/synlett. Included are
experimental procedures and 'H NMR, *C NMR, HRMS, and IR
spectral data for all compounds.

Acknowledgment

The financial support provided by the National Science Foundation
(CHE-0742663) is greatly appreciated.

References

(1) (a) Weinreb, S. M. Chem. Rev. 2006, 106, 2531. (b) Jeong,
J. H.; Weinreb, S. M. Org. Lett. 2006, 8, 2309.

(2) (a) Weingarten, M. D.; Prein, M.; Price, A. T.; Snyder, J. P.;
Padwa, A. J. Org. Chem. 1997, 62, 2001. (b) Padwa, A.;
Lynch, S. M.; Mejid-Oneto, J. M.; Zhang, H. J. Org. Chem.

B TFAA COEt
o A IA g
AGO COLE NHCOCFs

32;91%

(o}

A

CO,Et
heat i\/
toluene /4 NCOCF3

O

33; 57%

Scheme 6 Intramolecular Diels—Alder-ring opening—dehydration cascade for the synthesis of substituted pyridines

Synlett 2011, No. 2,215-218 © Thieme Stuttgart - New York

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



218

M. Chughtai et al.

LETTER

3

“

&)

(©)

@)

®)
)]

10)

(1)

2005, 70, 2206. (c) Meija-Oneto, J. M.; Padwa, A.
Tetrahedron Lett. 2004, 45, 9115.

(a) Padwa, A.; Dimitroff, M.; Waterson, A. G.; Wu, T.

J. Org. Chem. 1997, 62, 4088. (b) Padwa, A.; Wang, Q.

J. Org. Chem. 2006, 71,7391. (c) Zhang, H.; Padwa, A.
Org. Lett. 2006, 8, 247. (d) Zhang, H.; Boonsombat, J.;
Padwa, A. Org. Lett. 2007, 9, 279.

(a) Mejia-Oneto, J. M.; Padwa, A. Org. Lett. 2004, 6, 3241.
(b) Padwa, A.; Lynch, S. M.; Mejid-Oneto, J. M.; Zhang, H.
J. Org. Chem. 2005, 70, 2206. (c) Irgolic, K. J. In Houben-
Weyl, 4th ed., Vol. E12b; Klamann, D., Ed.; Thieme:
Stuttgart, 1990, 150.

Saxton, J. E.in The Aldaloids: Chemistry and Biology, Vol.
51; Cordell, G. A., Ed.; Academic Press: San Diego / CA,
1998, 1-197.

Yates, P.; MacLachlan, F. N.; Rae, I. D.; Rosenberger, M.;
Szabo, A. G.; Willis, C. R.; Cava, M. P.; Behforouz, M.;
Lakshimikantham, M. V.; Ziegler, W. J. Am. Chem. Soc.
1973, 95, 7842.

(a) He, F.; Bo, Y.; Altom, J. D.; Corey, E. J. J. Am. Chem.
Soc. 1999, 121, 6771. (b) Sumi, S.; Matsumoto, K.;
Tokuyama, H.; Fukuyama, T. Org. Lett. 2003, 5, 1891.

(c) Sumi, S.; Matsumoto, K.; Tokuyama, H.; Fukuyama, T.
Tetrahedron 2003, 59, 8571. (d) Marino, J. P.; Cao, G.
Tetrahedron Lett. 2006, 47, 7711. (e) Nicolaou, K. C.;
Dalby, S. M.; Majumder, U. J. Am. Chem. Soc. 2008, 130,
14942,

Mejia-Oneto, J. M.; Padwa, A. Org. Lett. 2006, 8, 3275.
Ueda, H.; Satoh, H.; Matsumoto, K.; Sugimoto, K.;
Fukuyama, T.; Tokuyama, H. Angew Chem. Int. Ed. 2009,
48, 7736.

Nicolaou, K. C.; Dalby, S. M.; Li, S.; Suzuki, T.; Chen,

D. Y.-K. Angew Chem. Int. Ed. 2009, 48, 7616.

(a) Matsumoto, K.; Tokuyama, H.; Fukyama, T. Synlett
2007, 3137. (b) Nicolaou, K. C.; Majumder, U.; Roche,

Synlett 2011, No. 2,215-218 © Thieme Stuttgart - New York

12)

13)

14)

s)

16)

A7)

S. P.; Chen, D. Y.-K. Angew Chem. Int. Ed. 2007, 46, 4715.
For a review on bimolecular oxazole Diels—Alder reactions,
see: Levin, J. I; Laakso, L. M. The Chemistry of
Heterocyclic Compounds, Vol. 60, Part A; Palmer, D. C.,
Ed.; John Wiley and Sons: Hoboken / NJ, 2003, 417-472.
(a) Kondrateva, G. Y. Khim. Nauka Prom. 1957, 2, 666;
Chem. Abstr. 1958, 52, 6345a. (b) Kondrateva, G. Y. Izv.
Akad. Nauk SSSR., Otd. Khim. Nauk 1959, 484; Chem.
Abstr. 1959, 53, 21940d.

For some leading references, see: (a) Jacobi, P. A. Advances
in Heterocyclic Natural Product Synthesis, Vol. 2; Pearson,
W. H.,, Ed.; JAI Press: Greenwich / CT, 1992, 251-299.

(b) Levin, J. 1.; Weinreb, S. M. J. Am. Chem. Soc. 1983, 105,
1397. (c) Levin, J. I.; Weinreb, S. M. J. Org. Chem. 1984,
49, 4325. (d) Subramanyam, C.; Noguchi, M.; Weinreb, S.
M. J. Org. Chem. 1989, 54, 5580.

For some examples of intramolecular oxazole-olefin Diels—
Alder reactions, see: (a) Shimada, S.; Tojo, T. Chem.
Pharm. Bull. 1983, 31, 4247. (b) Levin, J. I. Tetrahedron
Lett. 1989, 30, 2355. (c) Subramanyam, C.; Noguchi, M.;
Weinreb, S. M. J. Org. Chem. 1989, 54, 5580. (d) Jung,

M. E.; Dansereau, S. M. K. Heterocycles 1994, 39, 767.

(e) Padwa, A.; Brodney, M. A.; Liu, B.; Satake, K.; Wu, T.
J. Org. Chem. 1999, 64, 3595. (f) Sun, X.; Janvier, P.; Zhao,
G.; Bienaymé, H.; Zhu, J. Org. Lett. 2001, 3, 877.

(g) Janvier, P.; Sun, X.; Bienaymé, H.; Zhu, J. J. Am. Chem.
Soc. 2002, 124, 2560. (h) Gonzélez-Zamora, E.; Fayol, A.;
Bois-Choussy, M.; Chiaroni, A.; Zhu, J. Chem. Commun.
2001, 1684. (i) Gdmez-Montano, R.; Gonzdlez-Zamora, E.;
Potier, P.; Zhu, J. Tetrahedron 2002, 58, 6351.

(a) Clerin, D.; Kille, G.; Fleury, J. P. Tetrahedron 1974, 30,
469. (b) Clerin, D.; Fleury, J. P. Bull. Soc. Chim. Fr. 1973,
3127.

Lipshutz, B. H.; Hungate, R. W.; McCarthy, K. E. J. Am.
Chem. Soc. 1983, 105, 7703.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Copyright of Synlett isthe property of Georg Thieme Verlag Stuttgart and its content may not be copied or
emailed to multiple sites or posted to alistserv without the copyright holder's express written permission.
However, users may print, download, or email articles for individual use.



