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Abstract—The synthesis of novel dispiroheterocycles containing a bicyclo[2.2.1]heptane ring system through sequential [3+2] and

[4+2] cycloadditions is described.
© 2005 Elsevier Ltd. All rights reserved.

The 1,3-dipolar cycloaddition reaction has long been an
important reaction for the synthesis of five-membered
heterocyclic compounds such as pyrrolidines, pyrrolines,
and pyrroles.! The synthesis of functionalized pyrrol-
idine templates is a good entry point for the synthesis
of peptidomimetic libraries.* Spiropyrrolidines have
received considerable attention as a result of their bio-
logical activity, a number of which display interesting
antimicrobial, antitumoral, and antibiotic properties.
In addition, they also act as inhibitors of human NK-I
receptor activity.>

The Diels—-Alder reaction is a standard method for pre-
paring six-membered ring derivatives, which are versa-
tile building blocks for the synthesis of numerous
natural products. The reaction is useful for the construc-
tion of carbocycles and heterocycles and allows the cre-
ation of two bonds simultaneously with a high level of
regio- and stereoselectivity.®” Furans have been used
as electron-rich diene partners in the Diels—Alder reac-
tions to prepare rigid oxygenated bicyclic systems en
route to various natural products.

As part of our ongoing research program?®'° directed
toward the synthesis of complex nitrogen heterocycles
using the versatile 1,3-dipole, we were interested in
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developing a route to spiropyrrolo-bicyclo[2.2.1]heptane
derivatives via 1,3-dipolar and intermolecular Diels—
Alder cycloaddition in a sequential manner.

In this letter, we describe the 1,3-dipolar cycloaddition
of the azomethine ylide generated by reaction of the
amino acid sarcosine with the ketones, isatin, ninhydrin,
and acenaphthequinone, with (E)-3-furfurylidene-4-
chromanone/(E)-2-furfurylidene-1-tetralone containing
exocyclic double bond for our studies (Scheme 1). (E)-
3-Furfurylidene-4-chromanone 1 and (E)-2-furfurylid-
ene-1-tetralone 2 were prepared according to the litera-
ture report.!!"!2 The azomethine ylide generated by the
reaction of sarcosine with acenaphthaquinone in boiling
aqueous methanol readily reacted with 2 to give a single
regioisomer as evidenced by spectral analysis.'> The
reaction afforded novel dispiroheterocyclic 1/,2',3',4'-
tetrahydro-1’-onespiro[2’.3]N-methyl-(4-furfuryl)pyrrol-
idinespiro[2.2"Jacenaphthen-1"-one 7 in 68% yield con-
taining acenaphthenone, chromanone, and furan ring
systems by regio- and stereocontrolled cycloaddition.
The structure and the regiochemistry of the product
was confirmed by spectral'* and X-ray diffraction
studies.

The '"H NMR spectrum of 7 showed multiplets in the
region ¢ 1.63-2.34 for the tetralone ring protons. The
NCH protons of the pyrrolidine ring demonstrated a
doublet of doublets at 4 3.68 (J =28.8, 10.7 Hz) and at
0 4.05 (J=9.8, 10.7 Hz). The benzylic proton exhibited
a doublet of doublets at 6 5.17 (J = 8.8, 9.8 Hz). If the
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other regioisomer 8 was formed then the '"H NMR spec-
trum would give a singlet for the benzylic proton. This
clearly demonstrates the regiochemistry of the reaction.
The H, and H, protons of the furan moiety resonated
as doublets at § 6.42 (J=6.8Hz) and at o 6.61
(J =2.9 Hz), respectively. The Hy, proton of the furan
ring system showed a doublet of doublets at ¢ 6.53
(J=2.9, 6.8 Hz). In the >C NMR spectrum of 7, the
signals at 0 196.5 and 207.9 ppm manifests the presence
of tetralone and acenaphthequinone ring carbonyls,
respectively. The IR spectrum of 7 showed two
peaks corresponding to tetralone and acenaphthene-
quinone ring carbonyls at 1681.8 and 1705.0cm™',
respectively.

Also the structure of the product was confirmed through
mass, spectral, and elemental analysis. The structure of
the dispirocyclo adduct 7 was finally confirmed through
X-ray diffraction studies (Fig. 1). Similar results were
obtained with other spiropyrrolidine derivatives 5, 10,
12, 15, and 17 synthesized by the cycloaddition of the
azomethine ylide generated from isatin, ninhydrin, and
acenaphthequinone across the exocyclic double bond
of (E)-3-furfurylidene-4-chromanone 1 and (FE)-2-fur-
furylidene-1-tetralone 2.

Having developed a simple and efficient synthetic route
for the synthesis of spiropyrrolidine ring systems with
furyl substituents, we turned our attention to explore
the 4n system of furan being used as a diene in
Diels—Alder reactions to yield bicyclo[2.2.1]heptane
systems (Scheme 2).!> Thus, dispiroheterocycles 5, 7,

10X=0 76%
12X =CH, 70% 13X =CH,

A

No©
15X=0  74% 16X=0
17 X = CH, 65% 18 X = CH,

Figure 1. ORTEP diagram of 7.

10, 12, 15, and 17, when subjected to intermolecular
Diels—Alder reactions with dimethylacetylene dicarb-
oxylate (DMAD) in refluxing toluene for 12-15h
under a nitrogen atmosphere, underwent [4+2] cyclo-
addition readily to afford the corresponding bicyclo
derivatives.

The reaction of the dispiroheterocycle 7 with DMAD in
refluxing toluene gave the bicyclo derivative 17,2/,3,4'-
tetrahydro-1’-onespiro[2’.3]-N-methyl-[4-(7-oxa-bicyclo-
[2.2.1Thepta-2,5-diene-2,3-dicarboxylic acid dimethyl
ester)] pyrrolidinespiro[2.2”Jacenaphthen-1"-one 20 in
46% yield. The structure of the bicyclo derivative 20 was
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confirmed through spectral analysis. The "H NMR spec-
trum of 20 exhibited doublet of doublets at § 3.54
(J=28.6, 10.8 Hz) and ¢ 4.20 (J/=9.7, 10.8 Hz) for the
protons of the pyrrolidine ring and a doublet of doublets
at 0 5.09 (J = 8.6, 9.7 Hz) due to C-4 benzylic proton of
the pyrrolidine moiety. The H, and H, protons of the
bicyclo[2.2.1]heptane system resonated as doublets at o
6.21 (/J=5.0Hz) and at 6 6.60 (J= 1.8 Hz), respec-
tively. The Hy, proton showed a doublet of doublets at
8 6.42 (J=1.8, 5.0 Hz). The 3*C NMR spectrum of 20
showed signals at ¢ 164.1, 189.8, and 205.6 ppm for
the ester carbonyl, tetralone carbonyl, and acenaphthe-
none carbonyl groups, respectively. Similar results
were obtained for the other bicyclo[2.2.1]heptane
derivatives.'®

In conclusion, this letter describes a simple and efficient
synthetic approach to spiropyrrolo-bicyclo[2.2.1]hept-
anes. The synthetic route involves 1,3-dipolar cycload-
dition reaction of the azomethine ylide generated from
di- and tri-ketones and sarcosine with (E)-3-furfuryl-
idene-4-chromanone and (E)-2-furfurylidene-1-tetralone
in a regio- and stereocontrolled fashion followed by
intermolecular Diels—Alder cycloaddition of the spiro-
pyrrolidines obtained with dimethylacetylene dicarboxyl-
ate. This two-step synthetic sequence is very efficient and
yielded the dispiro heterocyclic compounds in good
yields.
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Representative procedure for the preparation of dispiro-
pyrrolidine cycloadducts: A solution of sarcosine (1 mmol),
acenaphthaquinone/ninhydrin/isatin (1 mmol), and 3-fur-
furylidene-4-chromanone/2-furfurylidene-1-tetralone (1
mmol) were refluxed in aqueous methanol. Completion
of the reaction was evidenced by TLC analysis. The
solvent was then removed in vacuo and the crude
subjected to column chromatography using petroleum
ether—ethyl acetate as eluent.

1,2’ ,3' 4'-Tetrahydro-1’-onespiro[2’.3]-N-methyl-(4-furfuryl)-
pyrrolidinespiro[2.2”]indane-1",3"-one 12: Yield: 70%; 'H
NMR (400 MHz, CDCls): 6 2.03-2.50 (m, 4H), 2.28 (s,
3H), 3.52 (dd, J=28.8, 12.0 Hz, 1H), 3.78 (dd, J=9.3,
12.0 Hz, 1H), 490 (dd, J=9.3, 8.8 Hz, 1H), 5.88 (d,
J=4.3Hz, 1H,), 6.11 (dd, J =2.9, 4.3 Hz, 1Hy), 6.18 (dd,
J=2.9Hz, 1H,), 6.63-8.03 (m, 8H); '*C NMR (100 MHz,
CDCl;): § 25.0, 25.9, 35.7, 43.7, 55.3, 64.2, 80.7, 108.4,
1104, 122.5,122.8, 126.4, 127.8, 128.0, 132.7, 133.4, 135.5,
136.4, 140.9, 141.6, 141.7, 142.8, 196.0, 196.7, 200.4 ppm.
Mass m/z: 411 (M+). Anal. Caled for C,H, NOy4: C,
7591; H, 5.11; N, 3.41. Found: C, 76.21; H, 5.29; N,
3.20.

Chroman-4’-onespiro[3’ .3]-N-methyl-€4-furfuryl)pyrrolidin-
espiro[2.3"]oxindole 15: Yield: 74%; "H NMR (400 MHz,
CDCl;): 6 2.20 (s, 3H), 3.47 (d, J = 12.2 Hz, 1H), 3.69 (dd,
J=1.8,9.0Hz, 1H), 3.84 (dd, J=9.0, 10.8 Hz, 1H), 4.50
(dd, J=10.8, 7.8 Hz, 1H), 4.74 (d, J = 12.2 Hz, 1H), 6.36
(d, J=5.0 Hz, 1H,), 6.59 (dd, J = 5.0, 2.6 Hz, 1H,), 6.62

15.

16.

(d, J=2.6 Hz, 1H), 6.78-7.80 (m, 8H), 7.93 (s, 1H); *C
NMR (100 MHz, CDCl;): ¢ 35.8, 42.0, 56.3, 61.4, 70.4,
74.3, 114.4, 115.1, 119.2, 120.8, 122.0, 123.4, 127.6, 127.5,
129.1, 129.8, 136.6, 141.6, 176.0, 192.0 ppm. Mass m/z:
400 (M+). Anal. Calcd for C,4H,oN>O4: C, 72.00; H, 5.00;
N, 7.00. Found: C, 72.29; H, 5.18; N, 6.85.
Representative procedure for the preparation of spiropyr-
rolo-bicyclo[2.2.1]heptane cycloadducts: A solution of
dispiroheterocycle (1 mmol) obtained in the previous step
was refluxed in toluene with dimethylacetylene dicarboxy-
late (1.2 mmol) under a nitrogen atmosphere until the
completion of the reaction as evidenced by TLC analysis.
The solvent was then removed in vacuo. The crude was
then subjected to column chromatography using petro-
leum ether—ethyl acetate as eluent.

1',2',3' 4'-Tetrahydro-1'-onespiro[2’.3]-/N-methyl-[4-(7-0xa-
bicyclo[2.2.1]hepta-2,5-diene-2,3-dicarboxylic acid dimethyl
ester)|pyrrolidinespiro[2.2”]indane-1",3"-one ~ 22:  Yield:
53%; '"H NMR (400 MHz, CDCls): § 2.03-2.32 (m, 4H),
2.20 (s, 3H), 3.60 (dd, J=8.8, 11.0 Hz, 1H), 3.66 (s, 3H),
3.69 (s, 3H), 3.74 (dd, J=9.8, 11.0 Hz, 1H), 4.67 (dd,
J=28.8, 9.8 Hz, 1H), 6.49 (d, J=4.6 Hz, 1H,), 6.55 (dd,
J=23,4.6Hz, 1Hy), 6.70 (d, J = 2.3 Hz, 1H,), 6.75-8.05
(m, 8H); '3C NMR (100 MHz, CDCl5): § 25.5, 26.1, 36.1,
44.5, 56.8, 58.9, 69.9, 70.6, 70.8, 71.0, 72.7, 112.1, 114.5,
115.8, 122.1, 124.8, 125.1, 126.1, 126.1, 126.7, 127.0, 127 4,
129.7, 137.1, 142.5, 162.8, 190.7, 200.0, 212.7 ppm. Mass
mfz: 553 (M.
Chroman-4'-onespiro[3’.3]-N-methyl-[4-(7-oxa-bicyclo[2.2.1]-
hepta-2,5-diene-2,3-dicarboxylic acid dimethyl ester)]pyrrol-
idinespiro[2.3"Joxindole 23: Yield: 56%; 'H NMR
(400 MHz, CDCl3): 6 2.17 (s, 3H), 3.43 (d, J=12.2 Hz,
1H), 3.74 (dd, J=17.8, 8.8 Hz, 1H), 3.77 (s, 3H), 3.80 (s,
3H), 3.99 (dd, J=28.8, 10.7 Hz, 1H), 4.48 (dd, J=17.8,
10.7Hz, 1H), 4.60 (d, J=12.2Hz, 1H), 6.51 (d,
J=4.8Hz, 1H,), 6.55 (dd, J=2.0, 4.8 Hz, 1H,), 6.71
(d, J=2.0 Hz, 1H,), 6.89-7.61 (m, 8H), 8.07 (s, 1H); '*C
NMR (100 MHz, CDCl;): § 37.8, 45.6, 59.2, 59.6, 66.6,
68.1, 69.6, 71.7, 73.7, 116.5, 120.9, 21.1, 122.2, 125.9,
126.9, 127.6, 127.9, 128.7, 129.2, 135.1, 141.2, 160.9, 177.3,
191.6 ppm. Mass m/z: 542 (M.
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