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1,3-0imosisipHe  ITUKJIONPUENHAHHS — a30METaH-1Iiay
IIMPOKO BUKOPHCTOBYETHCS JUISi YTBOPEHHS CKIIAJHHX
TeTePOILUKIIIYHUX CHCTEM 3 BIJIHOCHO IPOCTUX IIOIEpe/-
HUKIB. A30METUH-UTIZIM — II¢ KJIac MOTY)KHUX PEaKTHBIB,
SIKIi BHKOPHUCTOBYIOThCSI B peakuisx [l,3]-OinomnspHoro
LIUKJIONIPUETHAHHS 1 € TOTOBUMH JO pearyBaHHS 3
pi3HUMHU OinonspodinamMu Ui yTBOPEHHsI IipPOIiIUHIB
Ta MPPOTI3UIUHIB.

[Mipponiguau Ta mippoi3uauHy (QyHKIIOHANI30BaHI 3
CHCTEMaMHU  CIIIPOOKCHUHONEBUX  KiJlelb  SBISIOTHCS
LUEHTPAIGHUMHU CKEJIeTaMH ISl YUCIEHHHUX aJKaJIOidiB i
(hapMaKoIOriyHO-BaKINBUX CcrIONyK. Li crionyku € Takox
MIPUCYTHIMH y 0araTboX HaTypaJIbHUX MPOIYKTaX.

VY 1iii po0OTi TakOX MPEICTABICHO YACTHHY HAIIOI
ICHYIOUOi JIOCITIHHUILBKOI TpOrpamMH 3 CHHTE3Y Pi3HUX
criporeTepouHKIiB'’, MOKa3aHO MpOIEC CHHTE3y HOBHX
CHIPOOKCHUHJIOII PPOMI3UIMHIB Yepe3 OJHO-CKIIaJI0BYy TPH-
KOMIIOHCHTHY KOHJICHCAIlIF0 a30METaH-1J1iIy, CTBOPEHOI'0
Ha Miclli 3 13aTUHY 1 MPOJIHY 3 MOXiTHUMHU apWiI-BiHiJ-
edipy abo BiHII-Cynbdiay.

CiM'st apuin-BiHMI-e(ipiB 1 BiHWI-CYIb]iaiB Oyia BU-
TOTOBJIEHA NUISIXOM IIPSIMOTO CIIOJIYYEHHS! PI3HUX 3aM-
iHeHUX (PEeHONIB/TIONIB 3 aKTUBI30BAHUMH aJKiHAMH Y
Boal B KiMHaTHiM Temmneparypi. Lli cnomykn MmoxHa
OTpUMATH BUKIIIOYHO SIK (Z)-130MEpH 3TiHO 3 MpOLery-
POI0, sIKa OIUCYETHCS B JIITEPATYI.

Mu nomituiy, mo koau Oinonspodinu la-k mimma-
Bajucs 1,3-7BOMOIIOCHOMY LIUKJIONIPHEHAHHIO 3 a30Me-
TUH UTiZIOM, BHTOTOBJICHUM IIUIIXOM JIEKapOOKCHIIS-
iidHOT KoHAeHcamii i3aTuHy 3 1 mpojiHy 4 B €TaHOI,
OTPUMaHO BHCOKHH JO Jy)KE€ BHCOKOI'O BHUXOAY CyMiIll
IUKI0aAIYKTiB Sa-k 1 6a-k. MossipHe CHiBBiTHOIIEHHS
perioizoepis Bu3HaueHo MeroxomM 'H SMP crekrpo-
ckorrii. BusBHIOCH, 1110 AaHa peakiiis € BiIHOCHO perio-
CEJIEKTUBHOIO i BUCOKOCTEPEOXIMIYHOIO B LIEHTPI CIipati.
Bigmiueno, mo perioizomepu Sa-k Oynu oTpuMmaHi sk
TOJIOBHI IPOAYKTH B yCiX BUMAAKAX
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The one-pot three-component 1,3-dipolar cycloaddition of
the azomethine ylide, which were generated in Situ from isatin
and praline, with aryl vinyl ethersivinyl sulfides were afforded
spirooxindolopyrrolizidines in excdlent yields. The regioche-
mistry and structures of the cycloadducts were determined with
spectroscopic data and by X-ray crystal structure analysis.
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[. Introduction

The 1,3-Dipolar cycloaddition of azomethine ylides
has been used widely to construct complex heterocyclic
systems from relatively simple precursors.' The 1,3-
dipolar cycloaddition reaction of azomethine ylide with
olefinic dipolarophiles constitutes a versatile protocol for
the synthesis of poly functionalized spiro-heterocycles
alkaloids.> This mode of cycloaddition simultaneously
constructs two carbon-carbon bonds and forms complex
ring systems with regio- and stereocontrol.In general,
spiro compounds such as pyridines, pyrroles, and
pyrazolines display significant biological activities. In
particular, spirooxindolopyrrolizidine derivatives have
served as potential synthetic intermediates and also act as
antiviral, antitumoral and antibiotic agents. Azomethine
ylides are a class of powerful reagents used in [1,3]-
dipolar cycloaddition reactions, react readily with various
dipolarophiles to afford pyrrolidines and pyrrolizidines.’
Functionalized pyrrolidines and pyrrolizidines with
spirooxindole ring systems are the central skeletons for
numerous alkaloids and pharmacologically important
compounds.* These compounds are also present in a wide
variety of natural products .

Due to the above reasons, the synthesis of pyrrolidine
and pyrrolizidine-based heterocycles has been the center
of attraction for the past several decades."

As a part of our ongoing research program on the
synthesis of various spiro heterocycles,'® herein we report
a facile protocol for the synthesis of novel spirooxindo-
lopyrrolizidines via a one-pot, three-component conden-
sation of an azomethine ylide, generated in situ from
isatin and proline, with prepared aryl vinyl ether or vinyl
sulfid derivatives. (Scheme 1)
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Il. Results and Discussion

To the best of our knowledge, there has been a little
report on the using vinyl ethers as dipolarophiles in [3+2]
cycloaddition of azomethine ylide." In this paper, we
report the 1,3-dipolar cycloaddition of azomethine ylides
with aryl vinyl ethers and vinyl sulfides.

A family of aryl vinyl ethers and vinyl sulfides has
been prepared through the direct coupling of various
substituted phenols/ thiols with activated alkynes in water
at room temperature. (Fig 1)."> These compounds are
obtained exclusively as (Z)-isomers according to literature
procedure.

la: Ar = Phenyl
1b: Ar = 4-Chlorophenyl
1c: Ar = 4-Bromophenyl
MeO G, H 1d: Ar= 4—Nitrophpenyly
— le: Ar = 3-Nitrophenyl
CO,Me 1f : Ar = 3-Methoxyphenyl
1 1g: Ar = 2,6-Dimethylphenyl
1h: Ar = 2,5-Dimethylphenyl
1i : Ar = 2,6-Dichlorophenyl
1j : Ar = 1-Naphthyl
1k: Ar = 2-Naphthyl

ArO

MeO,C H
2 2a: R = Phenyl
- 2b: R = 4-Methylphenyl
RS CO;Me 2c: R = 2-Naphthyl
2d: R = Pentyl
2 2c: R = cyclohexyl

Fig 1. Sructure of substrates 1 and 2

In this reaction we used (2)-aryl vinyl ethers and
(2)-vinyl sulfides as dipolarophiles for spirooxin-
doles. We observed that when the dipolarophiles la—
k, were subjected to 1,3-dipolar cycloaddition with
the azomethine ylide generated by decarboxylation
condensation of isatin 3 and proline 4 in ethanol, a
mixture of cycloadducts 5a—k and 6a—k was obtained
in good to excellent yields (Scheme 1). A neat
reaction carried out by refluxing the dipolarophiles
la—k with 1 mmol of isatin 3 and 1 mmol of L-proline
4 in ethanol, led to cycloadducts 5a—k as the major
products and 6a—k as the minor products.

A0 _co,Me H 8
N
Me0,C “H o NO
lak MeO,C *H
A0, Meo?i J CozMe
0 CO,Me 4

5a-k Ga-k
o major minor
N

H o3 EtOH, Reflux

RS__CO,Me N

4 MeO,C Yy 2a€

MeO,C

RS Ta-e

COFZ‘Me
Scheme 1. Regiosd ective Synthesis of spirooxindolo

pyrrolizdines 6a-n and 7a-n

The molar ratio of regioisomers was determined by 'H
NMR spectroscopy. The reaction was found to be relative
regioselective and highly stereochemistry at the spiro
centre. It is noted that regioisomers 5a—k were obtained
as major products in all cases (Table 1).

Table 1
1,3-Dipolar cycloaddition reaction
of aryl vinyl ether 1a-k with isatin 3 and L-proline 4

Entry | substrate | Products | Yiled% Regiobisomer
ratio’ (5:6)
1 1a ba+6a 94 65:34
’ 1b So+éb | 89 54:46
’ te Sc+bc | 85 7426
* 1d 5d+éd | 88 54:46
: 1e Se+be | 87 56:44
° o 5 + 6f 89 58:42
7 19 59+ 69 86 57:43
’ 1h Sh+6h | 90 59: 41
’ U 5i+6 89 6337
10 Y 5 +6 95 6732
! 1k 5k + 6k 9 6436

* Combind yield of isolated cycloadducts.
® Determind by 'H NMR spectroscopy.

The structures and the regiochemistry of the
cycloadducts were confirmed by spectroscopic data. The 'H
NMR spectrum of the cycloadduct 5a showed a doublet at o
3.94 ppm (J=10.0 Hz) for the -CH proton of the pyrrolizine
ring system. The -NCH proton of the pyrrolizine ring
appeared as multiplet at ¢ 4.83ppm. The structure of product
5a was further confirmed by mass spectrometry which
showed a molecular ion peak at m/z 436.

The 'H NMR spectrum of pyrrolizidinoxindole
derivative 6a demonstrated a singlet at ¢ 4.66 ppm due to
-CH proton of the pyrrolidine ring system and a multiplet
at 0 4.61ppm for the -NCH proton.

The stereochemical outcome of the cycloaddition was
determined by a single X-ray crystal structure of
cycloadduct 5d (Fig. 2). The sterecochemistry of
cycloadducts is consistent with a S-shaped ylide and
subsequent cycloaddition by an endo-transition state.
However, the cycloadduct corresponding to exo-TS was
not observed.

Attempts were also made to carry the reaction using
dimethyl (2)-2-(phenylthio)-2-butenedioate as dipolarop-
hile and we found that cycloadduct 7a was obtained in
excellent yield in shorter time. No trace of the other
regioisomer was obtained.(Table II, entry 1) A similar
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trend was observed for all the derivatives when we
replaced aryl vinyl ethers 1 with vinyl sulfides 2 as 2=n
component.(Scheme 1, Table 2) The reaction was very
rapid and completed in 1-2 min, as indicated by TLC. The
formation of the cycloadducts was confirmed by
spectroscopic techniques.

Fig. 2. ORTEP diagram of 5d

Table 2
1,3-Dipolar cycloaddition reaction
of vinyl sulfide 2a-ewith isatin 3and L-proline4

Entry substrate Products Yiled*%
1 2a 7a 94
2 2b 7b 89
3 2c 7c 85
4 2d 7d 88
5 2e 7e 87
* Isolated yield.
1%

Fig. 3. ORTEP diagram of 7d.

The 'H NMR spectrum of compound 7a exhibited a
doublet at ¢ 3.95ppm (J = 10 Hz) for the -CH proton of
the pyrrolidine ring system and a multiplet at ¢ 4.77ppm
for -NCH proton. The structure of product 7a was further
confirmed by mass spectrometry which showed a

molecular ion peak at m/z 452. The regio- and
stereochemical outcome of the cycloaddition was
confirmed by X-ray crystallography of the cycloadduct
7d. (Fig. 3) The stereochemistry of cycloadducts is
consistent with a Sshaped ylide and subsequent
cycloaddition by an exo-transition state. However, the
cycloadduct corresponding to exo-TS was not observed.

[1l. Conclusion

In summary, we report a simple one-pot three-
component protocol for a facile transformation of the aryl
vinyl ethers and vinyl sulfides into spirooxindolopyrro-
lizidines moiety through thel,3-dipolar cycloaddition
reaction of the azomethine ylide generated from isatin and
secondary amino acid, proline, in good to excellent yields

IV. Acknowledgments

We are grateful for the financial support of University
of Mazandaran, Islamic Republic of Iran.

V. Experimental
General Considerations

All melting points are uncorrected. Infrared spectra
were recorded on a Shimadzu IR-8300 series FT-IR
spectrophotometer. '"H NMR and *C NMR spectra were
recordrd on a Bruker 500 and 300-MHz instrument in
CDCI3 and DMSO solvent with TMS as a standard. Mass
spectra were recorded by a Jeol DX303 HF mass
spectrometer. Elemental analyses were carried out by
Perkin-Elmer CHNS 2400 instrument. An Endraf-Nonius
CHD4  diffractometer and Smart CCD  Area
diffractometer were used to perform X-ray diffraction
data collection. Column chromatography was performed
on silica gel (Acme, 100-200 mesh). Routine monitoring
of the reaction was made using thin-layer chromatography
(TLC) developed on glass plates coated with silica gel-G
(Acme) 25 mm thick and visualized with iodine.

Typical  procedure for  the
spirooxindolopyrrolizidines:

A mixture of isatin (0.147 g, 1 mmol), proline (0.115 g, 1
mmol), and dimethyl 2-phenoxymaleate (0.236 g, 1
mmol) in ethanol (10 mL) was stirred at reflux for 2-3
min. After completion of the reaction, as indicated by
TLC, and cooling the reaction mixture, the precipitated
solid was separated by filtration, which contained mixture
of two regioisomers 5a and 6a The molar ratio of 5a/6a
was determined by "H NMR spectroscopy. However, the
pure cycloadducts 5a was obtained by recrystallization
from ethanol and the products 6a were purified on a
silica-gel plate or column chromatography(eluent hexa-
ne/ethyl acetate 1:1). The structures and the regioche-
mistry of the cycloadducts were confirmed by spectrosco-
pic data.

Spir o-[2.3']oxindole-3-methoxycar bonyl-3-pheno-
xy-4-methoxycar bonyl-hexahydr o-1H-pyrr olizine(5a).
White solid, '"H NMR (400 MHz, CDClL): ¢ = 9.17
(s, IH, NH), 6.85 -7.30 (m, 9H, Ar-H), 4.82 (q, 1H, J= 8 Hz,
N-CH), 3.85(d, 1H, J= 10.4 Hz, H pyrrolizine), 3.42 (s, 3H,

synthesis  of
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OMe), 3.01(s, 3H, OMe), 1.67-2.84 (m, 6H, pyrrolizine).
3C NMR (75 MHz, CDCly): 6 =176.52, 169.23, 167.72,
156.09, 141.96, 130.23, 128.92, 126.80, 123.80, 122.09,
121.72, 117.96, 117.47, 110.46, 97.91, 79.04, 66.95, 54.84,
52.09, 47.51, 31.31, 28.24. IR (KBr, cm™) v =3195, 2983,
1746, 1617, 1494, 1290, 1210. Anal. Calcd for C24H24N206: C,
66.04; H, 5.54; N, 6.42. Found: C, 66.89; H, 5.48; N, 6.39; MS
m'z=436.1 (M+)

Spir o-[2.3']oxindole-3-methoxycar bonyl-4-metho-
xycar bonyl-4-phenoxy-hexahydr o-1H-pyrrolizine(6a)
White solid, 'H NMR (400 MHz, CDCI3): 6= 8.79 (s, 1H,
NH), 6.93- 7.63 (m, 9H, Ar-H), 4.56 (t, 1H, J=7.6 Hz, N-
CH), 4.55(s, 1H, H pyrrolizine), 3.68 (s, 3H, OMe),
3.32(s, 3H, OMe), 1.91-2.74 (m, 6H, pyrrolizine).
3C NMR (75 MHz, CDCls): 6 =177.37, 168.83, 167.57,
141.70, 135.72, 131.31, 130.25, 128.77, 128.50, 126.61,
125.32, 121.99, 110.66, 78.45, 72.75, 65.66, 55.26, 51.96,
51.56, 47.47, 32.01, 28.99. IR (KBr, cm™) v =3187,2951,
1747, 1610, 1490, 1240. Anal. Calcd for C24H24N206: C,
66.04; H, 5.54; N, 6.42. Found: C, 66.89; H, 5.48; N,
6.39; MS m/z= 436.1 (M+)
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