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The cycloaddition reaction of azomethine ylides, generated through decarboxylation, with (E)-3-arylid-
ene-4-chromanones as dipolarophiles has been investigated. A high degree of regioselectivity has been
observed in the synthesis of a new class of functionalized dispiroheterocyclic compounds bearing chro-
manone and acenaphthenequinone framework. The structures were established by spectroscopic tech-
niques as well as single crystal X-ray analysis.
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Spiroheterocycles represent an important class of naturally
occurring substances characterized by their highly pronounced
biological activities." Intermolecular 1,3-dipolar addition reac-
tions are considered as one of the most useful processes for the
construction of five-membered ring containing the pyrrolidine
structural unit.*> This method is widely used for the synthesis of
natural products such as alkaloids and pharmacologically impor-
tant compounds.® 1,3-Dipolar cycloaddition provides a way for
the synthesis of many dispiroheterocyclic systems through the
cycloaddition reaction of azomethine ylides with the definite
dipolarophiles.

Pyrrolidine and oxindole alkaloids’ constitute another class of
compounds with significant biological activity which are normally
found in rhyncotylline, corynoxeine, nitraphylline, vincatine, hors-
ifiline, etc. Highly substituted pyrrolidines have attracted much
interest as they contribute to the central structural element of
many alkaloids and pharmacologically active compounds.®?
Although highly substituted spiropyrrolidines are known, there
seems to be no report on the synthesis of dispiroheterocycles using
acenaphthenequinone and chromanone moiety. In pursuit of our
research on the synthesis of novel dispiropyrrolidinyl derivatives
(4a-g), we herein report the 1,3-dipolar cycloaddition reactions
of (E)-3-arylidene-4-chromanones (3) with the azomethine ylides
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generated from acenaphthenequinone (1) and sarcosine (2)
through decarboxylation method.

Refluxing a solution of (E)-3-benzylidenechroman-4-one (3) in
boiling aqueous methanol with acenaphthenequinone (1) and
sarcosine (2) afforded 1-N-methyl-spiro[2.2’] acenaphthen-1'one-
spiro[3.3"](chroman-4"-one)-4-aryl pyrrolidine (4) (Scheme 1, Table 1).
The reaction gave a single product in all cases as evidenced by thin
layer chromatography (TLC). The reaction afforded a series of novel
spiro derivatives (4a-g)'>~?! through regioselective cycloaddition
of azomethine ylides with the exocyclic double bond of 3-arylid-
ene-chroman-4-ones (3) in all cases. No trace of the other regio-
isomer (5a-g) was detected. The cycloaddition proceeded smoothly
to afford the syn-endo cycloadduct.'® The regio and stereochemical
outcome of the cycloaddition was determined by spectrochemical
and single crystal X-ray analysis.!!

The IR spectral analysis of 4 showed two carbonyl peaks at
1690 cm~! and 1718 cm™! which correspond to the chromanone
and acenaphthenequinone ring carbonyls, respectively. The 'H
NMR spectrum of the cycloadduct 4, exhibited a singlet at 6 2.09,
which corresponds to N-CHs protons. A triplet at 5 4.98 corre-
sponds to benzylic proton. The regiochemical outcome of the azo-
methine ylide cycloaddition with conformationally restricted S-cis
enones, 3-arylidenechroman-4-ones (3) is probably attributed to
the involvement of the antiylide!? in the transition state, where
the exo orientation of the dipolarophile to W-periphery of the ylide
prevents the formation of the syn ylide which is not observed due
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to the unfavorable steric repulsions between the carbonyl oxygen
of acenaphthenequinone ring and chroman-4-one ring systems.!?
Further the NOE studies show the nonbonded interactions between
the conformationally nearer protons in the molecules, which is fur-
ther confirmed in the crystal structure of the compound.'*

Further, the regiochemistry of the cycloadduct 4 was estab-
lished by the 'H NMR spectrum where a doublet at § 4.56 corre-
sponds to aryloxymethyl protons and a doublet at § 3.28
corresponds to N-CH, proton. Also the '>*C NMR showed two sig-
nals at § 62.00 and 6 71.47 due to the spiro carbon atoms and peaks
at 6 192.02 and 6 206.31 due to the chromanone and acenaphthen-
equinone ring carbonyls, respectively. The mass spectrum of the
compound showed a peak at m/z 474.02 (M"), which corresponds
to the molecular weight of the compound. Identical results were
observed for the other derivatives irrespective of the nature of
the substituent present in the arylidene moiety.

Table 1
Synthesis of 1-N-methyl-spiro[2.2’]acenaphthen-1’-one-spiro[3.3”](chroman-4"-
one)-4-aryl pyrrolidines (4a-g)'>~2! via Scheme 1

Compound R, Ry R3

4a H H OCH3

4b CH3 OCH3 CHs

4c H OCHj; CH;

ad CH; 0C,Hs CH;

4e OCH3 OC;Hs CH3

af OCH; OCH; CH=CH (CHs)
4g CH; H OCH3

As part of our ongoing research, another series of novel spiro-
pyrrolizines (7a-f)?>=27 were synthesized (Scheme 2, Table 2),
which are structurally similar to compounds 4a-g but differ in
the N-methyl group where a pyrrolizine moiety replaces the
N-methyl group.
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Table 2
Synthesis of spiro[2.2']acenaphthen-1'-onespiro[3.3"]-4-arylhexahydro pyrrolizine
(7a-f)*2~27 via Scheme 2

Compound Ry Ry Rs

7a H H OCH3
7b H OCH3 CHs;
7c OCH3 OCH3; CHs;
7d CHs OCH3 CHs
7e OCH3 OC,Hs OCH3
7f CHs H OCH3

Refluxing a solution of (E)-3-benzylidenechroman-4-one (3) in boil-
ing aqueous methanol with acenaphthenequinone (1) and L-proline
(6) afforded spiro [2.2’] acenaphthen-1'-onespiro[3.3"]-4-aryl hexa-
hydro pyrrolizine. The reaction gave a single product in all cases as
evidenced by thin layer chromatography (TLC). The reaction
afforded a series of novel spiro derivatives through regioselective
cycloaddition of azomethine ylide with the exocyclic double bond
of 3-arylidenechroman-4-ones (3) in all cases. No trace of the other
regioisomer was detected.

The IR spectral analysis of 7 showed two carbonyl peaks at
1690 cm~! and 1710 cm™! which correspond to the chromanone
and acenaphthenequinone ring carbonyls. The 'H NMR spectrum
of the cycloadduct 7 exhibited a doublet at § 4.63, which corre-
sponds to the aryloxy methyl proton. This is infact a doublet of
doublet due to the two protons that are diastereotropic in nature.

A doublet at § 4.87 corresponds to the benzylic proton. A triplet at 6
3.41 corresponds to N-CH, proton. A quartet at § 3.32 corresponds
to N-CH proton. '>C NMR spectrum of 7 adds conclusive support
for the proposed structure. The '3C NMR spectra of 7 exhibit the
presence of two spiro carbons at 6 66.70 and § 71.65 and chroma-
none and acenaphthenequinone ring carbonyls at 5 194.35 and 6
205.55. The signals at § 55.79 and ¢ 48.14 indicate the presence
of benzylic and N-CH, carbon. The mass spectrum of the com-
pound showed a peak at m/z 500.18 (M"), which corresponds to
the molecular weight of the compound. Identical results were ob-
served for the other derivatives irrespective of the nature of the
substituent present in the arylidene ring.

In conclusion, we synthesized several novel spiropyrrolidines
and spiropyrrolizines using 1,3-dipolar cycloaddition of azome-
thine ylides with 3-arylidene-4-chromanones. In both cases, the
azomethine ylide was generated through decarboxylative route
and these studies showed that, in most cases, the azomethine cyc-
loadditions are highly regioselective, giving good yields of novel
dispiroheterocycles.
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. Spiro-compound 4a: IR (KBr): 1690, 1718 cm™'; '"H NMR (CDCl5/400 MHz): &

2.09 (s, 3H), 3.28 (d, 2H, J = 12.8 Hz), 3.53 (s, 3H), 4.56 (d, 2H, ] = 12.4 Hz), 4.98
(t, TH, J = 11.2 Hz), 7.17-7.77 (m, 14H); '3C NMR (CDCl5/400 MHz): & 34.72,
43.75, 55.70, 62.00, 71.47, 107.64, 120.14, 122.96, 124.63, 127.30, 128.53,
129.11, 129.79, 130.76, 137.13, 141.66, 154.62, 192.02, 206.31 ppm; EIMS m/z:
474,02 (M*); CHN Anal. Caled for C3,H,sNOg. C, 78.30; H, 5.30; N, 2.95; O,
13.46. Found: C, 78.28; H, 5.44; N, 2.90; 0, 13.38.

. Spiro-compound 4b: IR (KBr): 1690, 1716 cm™!; 'H NMR (CDCl3/400 MHz): &

2.13 (s, 3H), 2.18 (s, 3H), 2.23 (s, 3H), 3.16 (s, 3H), 3.33 (d, 2H, ] = 12.4 Hz), 4.66
(d, 2H, J=12.2 Hz), 4.98 (t, 1H, J=11.3 Hz), 7.03-7.77 (m, 12H), '*C NMR
(CDCl3/400 MHz): § 34.78, 43.27, 55.94, 57.43, 61.56, 71.59, 107.64, 118.57,
121.36, 124.41, 127.34, 128.03, 129.20, 129.64, 130.47, 136.98, 141.69, 147.05,
192.04, 206.35 ppm; EIMS m/z: 503.21 (M"); CHN Anal. Calcd for C33H,9NO,. C,
78.71; H, 5.80; N, 2.78; O, 12.71. Found: C, 78.65; H, 5.77; N, 2.88; 0, 12.70.

Spiro-compound 4c: IR (KBr): 1692, 1718 cm™'; 'H NMR (CDCl3/400 MHz): &
1.93 (s, 3H), 2.15 (s, 3H), 3.16 (s, 3H), 3.28 (d, 2H, J=12.2 Hz), 4.66 (d, 2H,
J=12.1Hz), 498 (t, 1H, J=11.4Hz), 7.17-7.78 (m, 13H); >C NMR (CDCls/
400 MHz): ¢ 20.53, 34.83, 43.62, 55.96, 57.29, 71.56, 74.51, 108.80, 122.14,
124.63, 127.39, 128.56, 129.07, 129.67, 141.75, 147.06, 155.91, 192.15,
206.25 ppm; EIMS m/z: 489.19 (M*); CHN Anal. Calcd for C3Hy7NO,4. C,
78.51; H, 5.56; N, 2.86; O, 13.07. Found: C, 78.44; H, 5.52; N, 2.89; O, 13.15.

. Spiro-compound 4d: IR (KBr): 1687, 1714 cm™'; 'H NMR (CDCl3/400 MHz): &

1.30 (t, 3H, J=6.6 Hz), 2.83 (s, 3H), 2.90 (s, 3H), 2.15 (s, 3H,) 3.34 (d, 2H,
J=12.4Hz),3.93 (q, 2H), 4.54 (d, 2H, ] = 12.2 Hz), 4.86 (t, 1H, ] = 11.6 Hz), 6.67-
7.69 (m, 12H); '3C NMR (CDCl5/400 MHz): § 34.78, 44.55, 55.76, 56.85, 65.02,
72.65, 74.51, 108.77, 120.33, 126.93, 128.50, 129.44, 129.51, 136.50, 141.11,
155.91, 192.68, 206.36 ppm; EIMS m/z: 517.23 (M"); CHN Anal. Calcd for
C34H31NOy4: C, 78.89; H, 6.04; N, 2.71; O, 12.36. Found: C, 78.80; H, 6.12; N,
2.68; 0, 12.40.

. Spiro-compound 4e: IR (KBr): 1687, 1715 cm™'; '"H NMR (CDCl5/400 MHz): &

1.47 (t,3H,] = 6.4 Hz), 2.16 (s, 3H), 2.18 (s, 3H), 3.33 (d, 2H, J = 12.2 Hz), 3.73 (s,
3H), 4.08 (q, 2H), 4.67 (d, 2H,J = 12.2 Hz), 4.98 (t, 1H,] = 11.4 Hz), 6.84-7.84 (m,
12H); *C NMR (CDCl3/400 MHz): ¢ 34.71, 43.06, 55.23, 57.87, 61.44, 64.69,
71.80, 113.84, 120.18, 120.23, 122.88, 124.35, 127.28, 128.44, 129.68, 130.56,
136.98, 141.70, 146.33, 158.78, 192.42, 206.38 ppm; EIMS m/z: 533.22 (M");
CHN Anal. Calcd for C34H31NOs. C, 76.53; H, 5.86; N, 2.62; O, 14.99. Found: C,
76.58; H, 5.84; N, 2.57; O, 14.92.

Spiro-compound 4f: IR (KBr): 1690, 1714 cm™'; 'H NMR (CDCl3/400 MHz): &
2.70 (s, 3H), 3.20 (s, 3H) 3.37 (s, 3H), 3.38 (d, 2H, J=12.2 Hz), 3.63 (d, 3H,
J=6.0Hz), 3.98 (d, 1H, J=4.4Hz), 4.68 (d, 2H, J=12.4Hz), 498 (t, 1H,
J=11.2Hz), 5.88 (s, 1H), 6.75-7.54 (m, 12H); '*C NMR (CDCl3/400 MHz): &
34.78,43.27,55.94, 57.43, 61.56, 71.59, 107.64, 117.58, 118.57, 121.36, 124.41,
127.34, 128.03, 129.20, 129.64, 130.47, 136.98, 141.69, 147.05, 192.04,
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206.35 ppm; EIMS m/z: 54522 (M*); CHN Anal. Calcd for C3sH3;NOs. C,
77.04; H, 5.73;N, 2.57; O, 14.66. Found: C, 77.12; H, 5.75; N, 2.50; O, 14.63.
Spiro-compound 4g: IR (KBr): 1690, 1718 cm~!; 'H NMR (CDCl3/400 MHz): &
2.20 (s, 3H), 2.74 (s, 3H), 3.36 (d, 2H, J=11.8 Hz), 3.73 (s, 3H), 4.56 (d, 2H,
J=12.4Hz), 498 (t, 1H, J=11.3 Hz), 7.17-7.77 (m, 13H); '*C NMR (CDCls/
400 MHz): ¢ 20.53, 34.83, 43.62, 55.96, 57.29, 71.56, 74.51, 108.80, 117.63,
122.14, 124.63, 127.39, 128.56, 129.07, 129.67, 141.75, 147.06, 155.91, 192.15,
206.25 ppm; EIMS m/z: 489.19 (M*); CHN Anal. Calcd for C3;H,7NOy: C, 78.51;
H, 5.56; N, 2.86; O, 13.07. Found: C, 78.45; H, 5.65; N, 2.75; O, 13.15.
Spiro-compound 7a: IR (KBr): 1690, 1710 cm™'; 'H NMR (CDCl5/400 MHz): &
2.62 (m, 4H), 3.32 (q, 1H), 3.41 (t, 2H, J=12.2 Hz), 3.61 (s, 3H), 4.63 (d, 2H,
J=12.4Hz), 487 (d, 1H, J=6.0 Hz), 6.06-7.916 (m, 14H); '*C NMR (CDCls/
400 MHz): § 25.34, 28.03, 29.65, 47.50, 48.14, 50.98, 55.65, 55.79, 60.75, 66.70,
67.57, 71.65, 107.73, 121.36, 123.54, 125.28, 127.81, 128.32, 129.27, 130.40,
131.47, 137.23, 141.67, 162.94, 194.35, 205.55 ppm; EIMS m/z: 500.18 (M*);
CHN Anal. Calcd for C33H,7NO4. C, 79.02; H, 5.43; N, 2.79; 0, 12.76. Found: C,
79.05; H, 5.50; N, 2.72; 0O, 12.73.

Spiro-compound 7b: IR (KBr): 1660, 1716 cm™'; 'H NMR (CDCl3/400 MHz): &
2.08 (s, 3H), 2.58 (m, 4H), 3.38 (q, 1H), 3.48 (t, 2H,J = 12.1 Hz), 3.83 (s, 3H), 4.63
(d, 2H,J =12 Hz), 4.98 (d, 1H, J = 6.6 Hz), 6.27-7.99 (m, 13H); '*C NMR (CDCls/
400 MHz): ¢ 25.04, 27.98, 48.35, 50.33, 56.19, 67.05, 71.99, 114.00, 118.39,
121.61, 124.40, 127.27, 127.53, 129.82, 130.05, 130.15, 141.32, 147.27, 158.87,
193.39, 206.25 ppm; EIMS m/z: 515.21 (M"); CHN Anal. Calcd for C34H29NO4: C,
79.20; H, 5.67; N, 2.72; O, 12.41. Found: C, 79.15; H, 5.62; N, 2.77; 0, 12.45.
Spiro-compound 7c: IR (KBr): 1665, 1714 cm™'; 'H NMR (CDCl5/400 MHz): 6 2.41 (s,
3H),2.66 (m,4H),3.30(s,3H),3.38(q, 1H), 3.54(t,2H,]J=12.2 Hz),3.61 (s,3H),4.70(d, 1H,
J=6.4Hz),4.74(d, 2H, ] = 123 Hz), 6.90-7.69 (m, 12H); '*C NMR (CDCls/ 400 MHz): &
25.07,27.97, 48.29, 50.66, 56.15, 66.90, 71.96, 114.00, 118.33, 121.59, 124.40, 127.27,
127.50, 129.01, 130.02, 130.55, 132.00, 141.29, 147.24, 148.61, 193.33, 206.14 ppm;
EIMS my/z: 545.62 (M"); CHN Anal. Calcd for C3sH31NOs, C, 77.04; H, 5.73; N, 2.57; O,
14.66. Found: C, 77.10; H, 5.67; N, 2.64; O, 14.59.

Spiro-compound 7d: IR (KBr): 1669, 1713 cm™'; 'H NMR (CDCl5/400 MHz): &
2.36 (s, 3H), 2.65 (m, 4H), 2.78 (s, 3H), 3.40 (q, 1H), 3.67 (s, 3H), 3.75 (t, 2H,
J=12.3Hz), 4.68 (d, 2H, J=12.4 Hz), 4.80 (d, 1H, J=6.6 Hz), 6.35-7.88 (m,
12H); >C NMR (CDCl3/400 MHz): & 24.45, 28.05, 39.37, 48.29, 50.48, 56.23,
66.65, 71.96, 72.46, 114.76, 118.11, 121.36, 123.54, 127.28, 127.81, 128.32,
129.27,130.40, 131.47, 137.23, 147.67, 148.94, 193.54, 206.45 ppm; EIMS m/z:
529.62 (M"); CHN Anal. Calcd for C35H3;NO4: C, 79.37; H, 5.90; N, 2.64; O,
12.08. Found: C, 79.36; H, 5.85; N, 2.70; O, 12.01.

Spiro-compound 7e: IR (KBr): 1668, 1711 cm™'; 'H NMR (CDCl5/400 MHz): &
1.40 (t, 3H,J = 5.6 Hz), 2.68 (m, 4H), 3.31 (s, 3H), 3.36 (q, 1H), 3.61 (s, 3H), 3.78
(t,2H,J =12.2 Hz), 4.02 (q, 2H), 4.53 (d, 2H, ] = 12.2 Hz), 4.83 (d, 1H, ] = 6.4 Hz),
6.77-7.88 (m, 12H); '3C NMR (CDCl3/400 MHz): & 20.50, 27.91, 39.37, 48.67,
50.40, 55.21, 67.14, 72.09, 114.20, 118.57, 120.92, 122.02, 124.48, 127.27,
128.42, 128.95, 130.20, 131.93, 137.15, 141.40, 146.47, 162.94, 192.94,
206.28 ppm; EIMS my/z: 575.65 (M"); CHN Anal. Calcd for C3gH33NOg: C,
75.11; H, 5.78; N, 2.43; 0O, 16.68. Found: C, 75.05; H, 5.80; N, 2.42; O, 16.70.
Spiro-compound 7f: IR (KBr): 1664, 1712 cm™!; '"H NMR (CDCl5/400 MHz): &
2.63 (m, 4H), 2.66 (s, 3H), 3.38 (q, 1H), 3.70 (s, 3H), 3.88 (t, 2H, J = 12.6 Hz), 4.55
(d, 2H, J=12.2 Hz), 4.85 (d, 1H, J=6.3 Hz), 6.25-7.99 (m, 13H); *C NMR
(CDCl3/400 MHz): § 25.34, 28.03, 29.65, 48.14, 50.98, 55.65, 55.79, 60.75,
66.70, 67.57, 71.65, 107.73, 115.11, 121.36, 123.54, 125.28, 127.81, 128.32,
129.27,130.40, 131.47, 137.23, 141.67, 162.94, 194.35, 205.55 ppm; EIMS m/z:
515.60 (M"); CHN Anal. Calcd for C34Hp9NO,4: C, 79.20; H, 5.67; N, 2.72; O,
12.41. Found: C, 79.12; H, 5.60; N, 2.82; O, 12.51.



