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ABSTRACT

Intermolecular 1,3-dipolar-cycloaddition reaction of azomethine ylides, generated through decarboxylation route,
with (E)-3-arylidene-4- chromanones as dipolarophiles has been investigated. A new class of functionalized
spirooxindoles with pyrrolidine and pyrrolizines framework has been synthesized with high regioselectivity. The
structures wer e established by spectroscopic techniques aswell as single crystal X-ray analysis.
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INTRODUCTION

Intermolecular 1,3-dipolar cycloaddition reactidnagomethine ylide with olefins are considered as of the most
useful method for the construction of the pyrralilistructural unit?This method is widely used in the synthesis of
natural products such as alkaloids and pharmaegstiSpiro-oxindole ring system represents an importéass of
naturally occurring substances characterized blglfigronounced biological properti&&Oxindole derivatives are
found to be potent aldose reductase inhibitors(ARV¥hich help to treat and prevent diabetic congtiams arising
from elevated levels of sorbitdl.

Pyrrolidine and oxindole alkaloifisonstitute another class of compounds with sigaificbiological activities
which are normally found in rhyncophylline, corymime, nitraphylline, vincatine, horsifiline etcAs a part of our
ongoing researcf program in the area of cycloaddition reaction obraethine ylides with 3-arylidene-4-
chromanones, we herein report the highly regexdisle synthesis of Spiro[oxindole-chromanone] pldines and
pyrrolizines through 1,3 —dipolar cycloaddition fmool. Although highly functionalised and substdit
spiropyrrolidines are known, there seems to beapmnt on the synthesis of dispiroheterocycles ugagn and
chromanone moiety. The construction of novel digpyrrolidinyl derivatives 4a-f) was achieved through the 1,3-
dipolar cycloaddition reactions of (E)-3-arylidedeshromanones3] with the azomethine ylides generated from
isatin (1) and sarcosine] through decarboxylation method.

MATERIALS AND METHODS

Refluxing a solution of (E)-3-benzylidenechromawoie @) in boiling aqueous methanol with isatit) (and
sarcosine Z4) afforded 1N-methyl-spiro[2.3'] oxindole-Spiro[3.3"](6"-methoxjhroman-4"-one)-4-phenyl
pyrrolidine @) (Schemel, Table 1). The reaction gave a singbelymt in all cases as evidenced by thin layer
chromatography (TLC). The reaction afforded a sen& novel Spiro derivativesA§-f) through regioselective
cycloaddition of azomethine ylides with the exoayaouble bond of 3-arylidene-chroman-4-on8kif all cases.
No trace of the other regioisoméraff) was detected. The cycloaddition proceeded smptohdfford thesyn-endo
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cycloadduct. The regio and stereo chemical outcofitbe cycloaddition was determined by spectrocleah®nd
single crystal X-ray analysis.
RESULTS AND DISCUSSION

The IR spectra of showed two carbonyl peaks at 1687 @nd 1715 ciwhich correspond to the chromanone
and oxindole ring carbonyls respectively. TRENMR spectrum of the cycloadduétexhibited a singlet &t 7.80,
which corresponds to -CONH proton. A triplet &t4.98 corresponds to benzylic proton. The cycloaatdi
proceeded to afford syn-endo cycloadducts which wery well established from the crystal structufettre
compound! Further, the regiochemistry of the cycloadddatas established by tHel NMR spectrum where a
doublet a 4.70 corresponds to aryloxymethyl protons andubtés atd 3.42 corresponds to N-GHyroton.
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Scheme 1

A singlet ats 3.69 correspond to —OGHprotons**C NMR spectrum oft adds conclusive support for the proposed
structure. It exhibits the presence of benzylidoarats 56.93, spiro carbons &t65.70 and 72.21, N-methyl
carbon ats 34.64, and N-Ckl carbon at 44.01. The signals & 192.17 andd 177.57 indicate the presence of
chromanone and oxindole ring carbonyls respectivetgse observed chemical shift values confirmedptioposed
structure .The mass spectrum of the compound shavpdak at m/z 440.77 (Mwhich corresponds to the
molecular weight of the compound. Identical resulese obtained with other derivatives and it hasnbebserved
that the cycloaddition had taken place regioselebti across the exocyclic double bond of the agyiel
chromanone irrespective of the nature of the suigstt present in the arylidene moiety.

Table 1. Synthesis of N-methyl-spiro[2.3JOxindole-Spiro [3.3"](6"-methoxy chroman-4"-one)-4-phenyl pyrrolidines (4a-f)via Scheme 1

Compound R R, Rs
4a H H OCH;s
4b H OC;Hs CHs
4c OCH; | OCH; | CH=CH (CHs)
4d CH; H OCHs
de OCH; | OC;Hs CHs
Af CHs OCHs CHs

Spiro-Compound 4a: IR (KBr ): 1687, 1715 cit 'H NMR (CDCkK/400 MHz):5 2.20 (s, 3H), 3.42 (d, 2H, J=5.2
Hz), 3.69(s, 3H), 4.74 (d, 2H, J=12.4 Hz), 4.981¢t, J=9.0 Hz), 7.80 (s, 1H), 6.42-7.47 (m,12fC NMR
(CDClg/400 MHz): 6 34.64, 44.01, 55.78, 56.93, 65.70, 72.21, 74.98.8D0, 117.75, 124.38, 126.93, 127.33,
128.50, 129.06, 129.44, 141.11, 155.91, 177.57,110ppm; EIMS m/z : 440.77 () ; CHN Anal. Calcd for
CyHouNL0,: C, 73.62; H, 5.49; N, 6.36; O, 14.53%; found73,58; H, 5.34; N, 6.57; O, 14.51%.
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Spiro-compound 4b: IR (KBr): 1688, 1717 ci}; *H NMR (CDCkL/400 MHz):5 1.33 (t, 3H, J=5.4 Hz), 2.05 (s, 3H
), 2.18 (s, 3H, 3.32 (d, 2H J=4.8 Hz 3.79 (q, 2H), 4.75 (d, 2H, J=12.4 Hz), 4.931{, J=12.4Hz), 7.80 (s, 1H),
6.46-7.41 (m, 11H)**C NMR (CDCk/400 MHz):5 34.78, 44.55, 55.76, 56.85, 65.02, 72.65, 74.59,2I7, 120.33,
126.93,127.45,128.50,129.44,129.53,136.50, 141.4.91, 172.68, 198.46 ppm; EIMS m/z : 468.20)(NCHN
Anal. Calcd for GgH»gN,O,: C, 74.34; H, 6.02; N, 5.98; O, 13.66%; found7@,32; H, 6.15; N, 5.80; O, 13.55%.

Spiro-compound 4c: IR (KBr): 1690, 1720 ci;, *H NMR (CDCkL/400 MHz):3 2.27 (s, 3H ), 3.67 (s, 3H3.70
(s, 3H), 3.73 (d, 3H J=5.4 Hz 3.93 (d, 2H J=4.9 Hg4.70 (d, 1H, J=6.2 Hz), 4.75 (d, 2H, J=12.4 HEZ}8 (t, 1H,
J=8.6Hz), 6.06 (d, 1H, J=7.8 Hz), 6.75-7.54 (m, L0801 (s, 1H);*C NMR (CDCk/400 MHz): 5 33.37, 37.55,
55.32, 65.70, 67.34, 68.36, 72.46, 74.72, 108.14,15, 115.96, 119.03, 124.43, 128.50, 129.44,589.36.76,
147.44, 155.91, 172.08, 198.44 ppm; EIMS m/40.58 M); CHN Anal. Calcd for GH3;N,Os: C, 72.92; H,
5.92; N, 5.49; O, 15.67%; found: C, 72.59; H, 5885.88; O, 15.55%.

Spiro-compound 4d: IR (KBr ): 1687, 1754 ciy *H NMR (CDCL/400 MHz):3 2.20 (s, 3H), 2.30 (s, 3H), 3.69
(s, 3H), 3.72 (d, 2H, J=4.8 Hz), 4.77 (d, 2H, J21H4z), 4.98 (t, 1H, J=8.8 Hz), 6.48-7.57 (m,118110 (s, 1H) ;
%C NMR (CDCHK400 MHz): & 24.33, 34.64, 44.01, 56.93, 65.39, 72.21, 74.8%7,75, 122.14, 124.38, 126.93,
127.33, 128.50, 129.06, 129.44, 136.50, 141.11,915372.57, 192.17 ppm; EIMS m/z : 454.19\MCHN Anal.
Calcd for GgH,¢N,O4: C, 73.99; H, 5.77; N, 6.16; O, 14.08%; found7G,84; H, 5.68; N, 6.38; O, 14.10%.

Spiro-compound 4e: IR (KBr): 1688, 1717 ci}; *H NMR (CDCkL/400 MHz):& 1.30 (t, 3H, J=5.4 Hz), 2.08 (s, 3H
), 2.18 (s, 3H, 3.30 (d, 2H J=4.7 Hg 3.68 (s, 3H), 3.76 (q, 2H), 4.72 (d, 2H, J#A1RZ), 4.83 (t, 1H, J=12.2Hz),
7.90 (s, 1H), 6.56-7.51 (m, 10H})C NMR (CDCL/400 MHz): 5 24.61, 34.75, 44.65, 55.76, 56.85, 65.17, 72.65,
74.51, 119.36, 120.23, 126.87, 127.45, 128.50,3R29.29.67, 135.75, 141.11, 156.01, 172.56, 198@¥; EIMS
m/z : 498.22 (M); CHN Anal. Calcd for GH3soN,Os: C, 72.22; H, 6.04; N, 5.68; O, 16.06%; found:72,27; H,
6.06; N, 5.62; O, 16.05%.

Spiro-compound 4f: IR (KBr ): 1687, 1754 ci, *H NMR (CDCk/400 MHz):& 2.27 (s, 3H, 2.30 (s, 3H), 2.35 (s,
3H), 3.73 (s, 3H), 3.72 (d, 2H, J=4.8 Hz), 4.772d, J=12.2 Hz), 4.98 (t, 1H, J=8.8 Hz), 6.51-7(6910H), 8.00

(s, 1H); °C NMR (CDCL/400MHz): 5 24.33, 24.60, 37.94, 44.01, 56.93, 65.71, 72.2151 117.75, 122.14,
124.28, 126.29, 128.23, 128.50, 129.06, 129.44,508641.70, 152.71, 172.57, 198.47 ppm; EIMS mi$8.19

(M") ; CHN Anal. Calcd for gH,gN,O,: C, 74.34; H, 6.02; N, 5.98; O, 13.66%; found:78,30; H, 5.98; N, 6.08;
0, 13.64%.

In continuation of our resear¢h®® we synthesized another series of novel oxindolesppirolizines {a-f)
(Scheme 2, Table 2), which are structurally simitacompoundgla-f but differ in theN-methyl group where a
pyrrolizine moiety replaces tié-methyl group.
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ORTEP diagram of compound 43&*

Refluxing a solution of (E)-3-benzylidenechroma#ke @) in boiling aqueous methanol with isatih) @nd L-
proline @) afforded Spiro [2.3] oxyindolino-spiro [3.3"]-(émethoxychroman-4"-one)-4-phenyl hexahydro
pyrrolizine (7). The reaction proceeded via formation of an azbimetylide which readily undergoes 1,3-dipolar
cycloaddition reaction with 3-arylidene -4- chrorpaes to give a single cycloadduct , in a one pmetttomponent
process as evidenced by thin layer chromatographZ) and spectral studies. The reaction affordesbrdes of
novel spiro derivatives regioselectively in all eass no trace of the other regioisomer was deltecte
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The IR spectral analysis df showed two carbonyl peaks at 1675 tamd 1745 cil which correspond to the
chromanone and oxindole ring carbonyls. THeNMR spectrum of the cycloaddugtexhibited a singlet at 3.56
for three methoxy protons. A doubletdatt.54 indicates the presence of aryloxy methylgroA doublet ab 4.93
corresponds to the benzylic proton. Doublets at77 and 3.34 correspond to N-CH and N-gptoton.**C NMR
spectrum of7 adds conclusive support for the proposed struciZeNMR spectra of exhibits the presence of two
Spiro carbons ab 66.69 andd 72.81. Chromanone and oxindole ring carbonyl$ 483.25 and® 206.45. The
signals até 56.43 andd 48.17 indicate the presence of benzylic and N-Cétbon. The mass spectrum of the
compound showed a peak at m/z 466.62)(Mhich corresponds to the molecular weight of teenpound.
Identical results were observed for the other d@gines irrespective of the nature of the substitygrasent in the
arylidene ring.

0 " R
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© ’ Q."""< ' O O
H oH R® A
o H

1 6 3

ag.methanol
Reflux,4hrs

Scheme 2

Table 2. Synthesis of Spiro[2.3]Oxyindolino-spiroB.3"]-(6"-methoxy chroman-4"-one)-4-phenylhexahydropyrrolizine (7a-f) via Scheme
2

Compound R R, Rs
7a H H OCHs
7b OCH; | OC;Hs OCHs;
7c H OCH; | CH=CH(CH3s)
7d CHs H OCHgs
7e OCH; | OCHjs CHg
7f CHs OCHs; CHs

Spiro-compound 7a:IR (KBr): 1685, 1715 cit; *H NMR (CDCL/400 MHz):5 2.13 (m, 4H ), 3.34 (d, 2H, J=12.4
Hz), 3.56(s, 3H, 3.77 (d, 1H, J=14.4Hz ) 4.54 (d, 2H, J=12.4 H43 (d, 1H, J=11.3 Hz), 6.06-7®1m, 12H)
7.82 (s, 1H, ) °C NMR (CDCL/400 MHz): 5 24.45, 28.05, 48.17, 51.25, 56.43, 66.69, 72.2196 109.72,
121.36, 123.61, 125.28, 127.81, 128.32, 129.27.403031.47, 137.23, 141.67, 162.94, 172.45, 198(26; EIMS
m/z: 466.62 (M); CHN Anal. Calcd for GH,¢N,O4: C, 74.66; H, 5.62; N, 6.00; O, 13.72%; found:7@,45; H,
5.68; N, 5.97; O, 13.35%.

Spiro-compound 7b: IR (KBr): 1672, 1718 cit; *H NMR (CDCL/400 MHz):8 1.52 (t, 3H,J=5.4Hz ), 2.18 (m,
4H), 3.34 (d, 2H, J=12.2 Hz 3.56 (s, 3H ), 3.61 (s, 3H 3.62 (d,1H, J=14.2Hz ), 4.15 (q, 2H4.58 (d, 2H,
J=12.2Hz ), 4.93 (d, 1H, J=11.4 Hz ), 6.36-7.86 {0OH ), 8.01 (s, 1H );°C NMR (CDCL/400 MHz): 5 24.40,
28.24, 48.29, 51.48, 56.55, 66.60, 72.48, 109.26,48, 123.55, 125.15, 127.24, 128.36, 129.31,21729.30.40,
131.47, 137.28, 141.56, 162.55, 172.21, 192.98 ; BHMS m/z : 524.61 (M); CHN Anal. Calcd for GH3,N,Os:
C, 73.26; H, 6.15; N, 5.34; O, 15.25%; found: C203H, 6.21; N, 5.25; O, 15.34%.

Spiro-compound 7c:IR (KBr): 1685, 1712 cit; 'H NMR (CDCkL/400 MHz):8 2.16 (m, 4H) , 3.38 (d, 2H)=
12.2 Hz) , 3.50 (d, 1H, J= 14.2 Hz), 3.63 (d, 3H5.4 H2), 3.68 (s, 35 , 3.98 (d, 1H, J=6.2 Hz), 4.58 (d, 2H,
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J=12.2 Hz), 4.98 (d, 1H, J= 6.4 Hz), 5.88 (s, 1HB.05 (s, 1H) , 6.59-7.62 (m, 11H), 8.09 (s, 1HE NMR
(CDCly/ 400 MHz): & 24.46, 28.00, 48.17, 51.25, 56.43, 66.69, 72.2196, 109.72, 121.33, 123.61, 125.43,
127.85, 128.32, 129.32, 129.27, 131.96, 132.28,2137141.63, 147.65, 150.08, 162.94, 172.41, 198(6; EIMS
m/z: 506.59 (M); CHN Anal. Calcd for GH3N,O,: C, 75.87; H, 5.97; N, 5.53; O, 12.63%; found:75,90; H,
6.00; N, 5.50; O, 12.60%.

Spiro-compound 7d:IR (KBr): 1687, 1713 cit; *H NMR (CDCkL/400 MHz):5 2.14 (m, 48 , 2.78 (s, 3H), 3.36
(d, 2H, J=12.4 Hz), 3.60 (d, 1H, J=14.4), 3.673@8), 4.68 (d, 2H, J=12.4 Hz), 4.90 ( d, 1H, J=62),H.35-7.88
(m, 11H), 7.98 (s, 1H);*3C NMR (CDCL/400 MHz): 5 24.45, 28.05, 39.37, 48.29, 51.48, 56.23, 66.68546
109.76, 121.36, 123.54, 125.28, 127.81, 128.32,27129.29.27, 130.40, 131.47, 137.23, 141.67, 162192.38,
193.54 ppm; EIMS m/z: 480.55 (M CHN Anal. Calcd for gH,gN,O4: C, 74.98; H, 5.87; N, 5.83; O, 13.32%;
found: C, 74.90; H, 5.80; N, 5.91; O, 13.39%.

Spiro-compound 7e:IR (KBr): 1680, 1714 cit; *H NMR (CDCkL/400 MHz):3 2.17 (m, 4H ,2.78 (s, 3H), 3.66
(s,3H), 3.71 (s, 3M, 3.62 (d,1H, J=14.2Hz ), 4.68 (d, 2H, J=12.9H#.93 (d, 1H, J=11.4 Hz ), 6.51-7.59 (m,
10H ), 8.01 (s, 1H )**C NMR (CDCK400 MHz): 5 23.60, 24.62, 29.21,50.26, 55.48, 56.55, 66.501872.09.86,
121.36, 123.55, 125.15, 126.24, 128.40, 129.22,21/29.30.98, 131.47, 139.72, 141.56, 162.55, 172193.98
ppm; EIMS m/z : 510.22 (K); CHN Anal. Calcd for GH3N,Os: C, 72.92; H, 5.92; N, 5.49; O, 15.67%; found: C,
72.88; H, 5.88; N, 5.55; O, 15.69%.

Spiro-compound 7f : IR (KBr): 1674, 1716 cit; '"H NMR (CDCL/400 MHz):3 2.14 (m, 4H ,2.35 (s, 3H), 2.36
(s, 3H), 3.73 (s, 3M, 3.68 (d,1H, J=14.2Hz ), 4.18 (d, 2H, J=12.9H#.87 (d, 1H, J=11.4 Hz ), 6.52-7.56 (m,
10H ), 8.00 (s, 1H )**C NMR (CDCL/400 MHz): & 23.60, 24.30, 24.62, 29.21,50.21, 56.24, 56.584672.24,
109.86, 121.36, 123.55, 125.15, 126.24, 128.54,2129.29.45, 130.92, 131.47, 139.63, 141.56, 162133.08,
192.45 ppm; EIMS m/z : 494.22 (M CHN Anal. Calcd for GH3oN,O4: C, 75.28; H, 6.11; N, 5.66; O, 12.94%;
found: C, 75.33; H, 6.08; N, 5.69; O, 12.90%.

In conclusion, we synthesized a new class of Spxindole [pyrrolidines/pyrrolizines] through cyeddition of
azomethine ylides generated from isatin, sarcaaeL-proline with 3-arylidene-4-chromanones. Iithbecases, the
azomethine ylide was generated through decarbdoxglabute and the cycloadditions are highly rediestve,
giving good yields of novel dispiroheterocycleseTieaction in particular is of interest since ivgsmthe way for the
synthesis of a variety of biologically significaBpiro-oxindole derivatives using easily availalilrting materials.

REFERENCES

[1]Lown, J. W.1,3-dipolar cycloaddition chemistry; Padwa, A., Ed.; Wiley: New york,984 Vol.1, p 653.
[2]Tsuge, O.; Kanemasa, Bdvances in heterocyclic chemistry; Katritzky, A. R., Ed.; Academic: San died®89
Vol. 45 232.

[3] Williams, R.M.; Fegley, G.Jetrahedron Lett. 1992,33, 6755

[4] Longeon,A.; Guyot, M.; Vacelef,Experentia. 199046, 548-556.

[5] Kobayashi, J.; Tisuda, M.; Agemi, K.; Shigemd.; Ishibashi, M.; Sasaki,T.; Mikami, Yetrahedron 1991,
47, 6617

[6] James, D. M.; Kunze, H. B.; Faulkner, DJJNat. Prod. 1991, 54, 1137.

[7] Rajeswaran,W.G.; Labroo, R.B.; Cohenl. Chem. Soc.,Perkin Trans 1 1995 2433.

[8] a. Fujimori,S.; Jap.pat.Appl.88,29Chem Abstr., 112, 1990 98409 ;( b) Saxton, J.E.; Indolds the
Monoterpenoid Indole Alkaloids,Ed.; Wiley: New york,1983 Bristol,J.A.; Annual Reportsin Medicinal Chemistry;
Academic Press; San Died99Q Vol 25 and earlier volumes in this series.

[9] a. Hendrickson,J.B.; Silva,R.AAM.Chem.Soc.,1962,34,643,;

(b) Shavel,J.;Zinnes,H.Am.Chem.Soc.,196335,1320; (¢) Van Tamelan,E.E.;Yardley,J.P.;MiyahoTetrahedron
Lett. 1963,1011.

[10] Augustine,A.P.T.; Charles C.Kanakam.;SchotastiMary Vithiya.;Ramkumar,V.Tetrahedron Lett. |,
2009,505906-09.

[11] Augustine, T.;Scholastica Mary Vithiya.,Ignacithu.S; Ramkumar,\VActa cryst (2010, E66, 03002.

[12] T.Augustine Arul Prasad., B.Scholastica Mary WthiS.lgnacimuthuDer Pharma Chemica, 2011, 3(3):293-
299

[13] Scholastica Mary Vithiya. B, Indumathi. U., AuguniArul Prasad. TDer Pharma Chemica, 2012 4(5):1906-
1912.

188
www.scholar sresear chlibrary.com



