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ABSTRACT

A novel regioselective synthesis of a number of functionalized 3-spiropyrrolizidine and 3-spiropyrrolidine oxindoles from Baylis —Hillman adducts
of isatin and heteroaldehydes via [3 +2] cycloaddition of azomethine ylides in excellent yields has been reported.

Oxindoles derivatized at C3 as spirocarbo- and heterocyclics,Hillman reaction is an important reaction giving rise to
spirolactones, and spirocyclic ethers are elegant targets indensely functionalized molecules and is considered to be
organic synthesis due to their significant biological activities atom economi€.The synthesis of title compounds exploiting
(Figure 1)! These derivatives have been served as potential Baylis—Hillman adducts of isatin and heteroaldehydes via
synthons for the synthesis of alkaloids, drug intermediates, cycloaddition reaction is unknown. Thus, as part of our
and clinical pharmaceuticalddence, a number of synthetic research in the area of novel synthetic applications of
routes have been developed for the expedition of theseBaylis—Hillman adductg, particularly with isatin-derived
structural framework&? Azomethine ylides are a class of : :

powerful reagents to utilize in the [1,3]-dipolar cycloaddition Miégn(gt)o?ﬁiagﬁfxé’%j; ﬁggggk’i' A??[?éb';f,g'sﬁ?(gj’giwééfgm.(?r)]t.
reactions which generally afford a range of pharmacologi- Ed.2006,45, 2274-2277. (c) Nair, V.; Vellalath, S.; Poonoth, M.; Mohan,
cally imporant_heterocyclic compoungisThe symhetic i SUSSh £O'6 Lat2o0e o bor- 509, (6 om, K: Lu, Y.
versatility of isatin and its derivatives has led to the extensive p.; Stuckey, J.; Krajewski, K.; Roller, P. P.; Wang,JSMed. Chem2006

use of this compound in synthetic organic chemi3#iynong 49, 3432—3435. (e) Teng Zhang, H.; MendoncaMalecules2006,11,

. . . . 700—706. (f) Lo, M. M. C.; Neumann, C. S.; Nagayama, S.; Perlstein, E.
various carbortcarbon bond-forming reactions, the Baylis  o.: schreiber, S. LJ. Am. Chem. S02004,126, 16077-6086. (g) Hilton,

S. T.; Ho, T. C. T.; Pljevaljcic, G.; Jones, Krg. Lett.2000,2, 2639—
(1) (@) Marti, C.; Carreira, E. MEur. J. Org. Chem2003, 2209. (b) 2641. (h) Malinakova, H. C.; Liebeskind, L. Srg. Lett.2000,2, 4083—

Toyota, M.; Ihara, MNat. Prod. Rep1998,15, 327. (c) Dounary, A. B,; 4086. (i) Nakagawa, M.; Taniguchi, M.; Sodeoka, M.; Ito, M.; Yamaguchi,
Hatanaka, K.; Kodanko, J. J.; Oestreich, M.; Pfeifer, L. A.; Weiss, M. M. K.; Hino, T.J. Am. Chem. S0d983,105, 3709—3710. (j) Chang, K. T.;
J. Am. Chem. So®003,125, 6261 and references therein. Shechter, HJ. Am. Chem. S0d 979,101, 5084—5086.
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Figure 1. Spirooxindole alkaloid natural products.

Baylis—Hilman adduct8,we explored the [3-2]-cycload-
dition reaction of Baylis-Hillman adducts of isatin and

Scheme 1. Retrosynthetic Approach for Spiropyrrolizidine and
Spiropyrrolidine Oxindole Synthesis
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pyrrolizidine derivatives of oxindolé could be synthesized
from the [3+2]-cycloaddition reaction of the BaylHillman

heteroaldehydes with azomethine ylides. The reaction af- 3qqyct of isatinC and dipoleB. Similarly, the spiropyrro-

forded novel 3-spiropyrrolizidine and 3-spiropyrrolidine

lidine derivativesD could be synthesized from the dipdte

oxindoles. The preliminary results of the study are the content gng Baylis—Hillman adduc€E. The dipolesB andE could

of this letter.
The synthetic strategy for the construction of the title

compounds is shown in Scheme 1. Accordingly, the spiro-

(3) (@) Huang, A.; Kodanko, J. J.; Overman, L. E.Am. Chem. Soc
2004,126, 14043. (b) Bagul, T. D.; Lakshmaiah, G.; Kawabata, T.; Fuji,
K. Org. Lett.2002,4, 249. (c) Dounay, A. B.; Overman, L. Ehem. Rew.
2003,103, 2945. (d) Trost, B. M.; Frederiksen, M. Angew. Chen2005,
117, 312;Angew. Chem. Int. EQ005,44, 308. (e) Yong, S. R.; Willams,
M. C.; Pyne, S. G.; Ung, A. T.; Skelton, B. W.; White, A. H.; Turner, P.
Tetrahedron2005,61, 8120. (f) Beccalli, E. M.; Cleriici, F.; Gelmi, M. L.
Tetrahedror2003,59, 4615. (g) Kawasaki, T.; Ogawa, A.; Terashima, R.;
Saheki, T.; Ban, N.; Sekiguchi, H.; Sakaguchi, K.; Sakamoto,JMDrg.
Chem.2005, 70, 2957. (h) Mao, Z.; Baldwin, S. WOrg. Lett. 2004, 6,
2425. (i) Booker-Milburn, K. I.; Fedouloff, M.; Paknoham, S. J.; Strachan,
J. B.; Melville, J. L.; Voyle, M.Tetrahedron Lett200Q 41, 4657. (j) Somei,
M.; Yamada, F.; lzumi, T.; Nakajou, Mdeterocyclesl 997,45, 2327.

(4) For reviews, see: (a) Pandey, G.; Banerjee, P.; Gadre, Sh&n.
Reu 2006 106, 4484-4517. (b) Coldham, |.; Hufton, RChem. Re. 2005

105, 2765—2809. (c) Pardasani, R. T.; Pardasani, P.; Sharma, I.; Londhe,
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Gu, Y. G.; Xu, Y.; Krueger, A. C.; Madigan, D.; Sham, H. Tetrahedron
Lett. 2002,43, 955—957. (e) Rehn, S.; Bergman, J.; Stensland&us. J.
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Soc. 2000, 122, 5666—5667. (k) Nair, V.; Sheela, K. C.; Rath, N. P.;
Eigendorf, G. K.Tetrahedron Lett2000,41, 6217—6221. (I) Kawashima,
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be generated in situ from isatin and proline or sarcosine by
thermal decarboxylation reaction.

In a prototype experiment, the reaction of the Baylis
Hillman adduct ofN-methylisatinl with in situ generated
azomethine ylideB (isatin, proline, and eco-friendly mont-
morillonite K10 clay) in methanol was refluxed for 0.5 h to
afford the corresponding spiropyrrolizidine oxindole deriva-
tive 8in 88% yield (Table 1, entry 1). TH&l NMR spectrum
of the compound showed a singlet ai 8.37 and a broad
singlet atd 5.3 due to the hydrogens attached to nitrogen
and oxygen at the spiroxindole moiety. Two doublets
centered ad 3.51 andd 3.26 with a coupling constadt=
14.1 Hz showed the mutually coupled geminal protons at
the 2'-carbon of the pyrrolizidine ring.

To check the effect of solvent and catalyst requirements,
the reactions in 1,4-dioxane, toluene, and methanol as
solvents and with and without montmorillonite K10 clay
catalyst were tested. The combination of methanol as a
solvent and 100% w/w montmorillonite K10 clay as the
catalyst gave better yields and was found as the optimum
conditions. Reactions in 1,4-dioxane also provided the same
yields as that of methanol, whereas in toluene, poor yields
of the products £20%) were observed. The adduct of
N-benzylisatin2 with dipole B under optimized conditions
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2007,48, 4535—4537.

4096

Shanmugam, P.; Vaithiyanathan, V.; Baby, V.; SuchithraTktrahedron
Lett. 2007, under revision.

(8) (@) Shanmugam, P.; Vaithiyanathan, V.; BabyT¥trahedror2006
62, 4342-4347. (b) Shanmugam, P.; Vaithiyanathan, V.; Baby, V.
Tetrahedron Lett.2006, 47, 6851—6855. (c) Shanmugam, P.; Vaithiy-
anathan, V.; Baby, VAust. J. Chem2007,60, 296—301.

Org. Lett, Vol. 9, No. 21, 2007



Table 1. Synthesis of Bis[3-spiro-3'-pyrrolizidineJoxindoles Table 2. Synthesis of Bis[3-spiro-3'-pyrrolidine]oxindoles from
from the Baylis—Hillman Adduct of Isatin the Baylis—Hillman Adduct of Isatin
o R! HO f Q_i +HO;C> Montmorillonite K10
+Z O+ / \ Montmorillonite K10 0 O HN' MeOH, reflux, 6 h
o COH——————— N N \
N 0 N 1}1 MeOH, reflux, 0.5 h R2 R3
R g2 H 75-91% 15, 18,17 i
1.7 ~x
OH
entry R! R2 . y ioz ’ *
o O N >
1 methyl H COzMe 88 A T040% R sousit
2 benzyl H COoMe 85 18-26(Py) 21, 23(P,)
3 allyl H COz:Me 90 .
1d %
4 methyl H SO.Ph 75 yeer
5 propargyl H COsMe 89 entry R! R2 R3 Z P; Py
6 metiyi ge SI(\)IM oL 1 H methyl Me COMe 70  —
7 methy e 60 2 H benzyl H  COMe 65  —
a Mixture of inseparable regioisomers determinedlblyNMR. ® An 3 H allyl H CO:Me 40 35
eliminated product was observed as determined by NMR and mass 4 H propargyl H COzMe 40 36
spectroscopic data. 5 H methyl Me CN 65 _
6 Br H Me COsMe 70 —
7 NOq methyl H COqMe 60 -

afforded pyrrolizidine oxindole derivativ@ in 85% vyield
(Table 1, entry 2). Similarly, other BayliHillman adducts
3—7 having different substituents at the heterocyclic nitrogen free hydoxyl proton andN-H protons in the products was
and at activated alkenes underwent-B3-cycloaddition confirmed by BO exchange experiments. The results are
smoothly with dipoleB and afforded the corresponding summarized in Table 2.
spiropyrrolizidine oxindoled0—14in excellent yields. All
the compounds were thoroughly characterized by spectro-
scopic methods (IRH, 3C NMR and FAB-mass spectra).
The results are summarized in Table 1.

It was noticed that the bis[3-spird-Byrrolizidine]oxindole
14is unstable in solution at room temperature and underwent A COzMe @Cozm @Eg: MeOH, Mont K10,

Table 3. Synthesis of 3-Spiropyrrolizidine Oxindoles from the
Hetero Baylis—HiIIman Adduct

SoMe

\ /

elimination to give spiropyrrolizidine oxindotEs. However, R1 Reflux, 1.5h
the compound was found stable when it was stored as 273
crystalline solid. The observation was evidenced from its *=0:S:Ri=H.BrRo=H, CHy 3134
proton NMR and mass spectral data. The transformation is  entry X Rl R2 yield %
shown in Scheme 2. 1 s q q 0

2 0 Br H 60

3 0 H CH; 35

Scheme 2. Elimination of N-Methylisatin from14 4 S H H 25
coMe Having excellent preliminary results, we then turned our
on standing 0 attention to examine the reaction of Baylidilman adducts

- - . +

in solution at rt N o

" -

Table 4. Synthesis of 3-Spiropyrrolidine Oxindoles from the
Hetero Baylis—HiIIman Adduct

Subsequent to the preliminary study, we extended the study Cone M@z_i Montmorillonite K40 COMe
to [3+2]-cycloaddition reaction of Baylis—Hillman adducts ) Ly X Hozc © MeOH, reflux, 3 h o OH; |

1-5, 16, and17 with azomethine ylideE derived from * a0

Iz

2 35-38
sarcosine under optimized reaction conditions to afford x=0.8:R'=H, Br R*=H.CH,
spiropyrrolidine oxindole derivative48—26 in excellent entry X RI R2 vield %
yield. Interestingly, in addition to the major pyrrolidine

; s : 0 H H 68
oxindoles, other regioisomefd and23 were isolated from 5 o Br H 50
the reaction of azomethine ylide with N-allyl and N- 3 o - CH, 30
propargyl isatin derivatives of BalyiHillman adducts 4 s H H 929

(Table 2, entries 3 and 4), respectively. The presence of a

Org. Lett, Vol. 9, No. 21, 2007 4097



27—30 derived from heteroaromatic aldehydes and azo- 3-spiropyrrolidine oxindoles starting from Bayti$lillman
methine ylidesB and E. These reactions under optimized adducts of isatin and heteroaldehydes with azomethine ylides
reaction conditions furnished novel spiropyrrolizidine oxin- via [3+2]-cycloaddition. Further studies using these products
doles31—34and spiropyrrolidine oxindole derivative@s— for total synthesis of indole alkaloids are underway in this
38 with 3'-heterocyclic (furan/thiophene) substituents, re- laboratory.

spectively, in moderate to good vyields. The results are
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In conclusion, we have developed a synthetic route for
the construction of functionalized 3-spiropyrrolizidine and 0L701533D
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