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The asymmetric unit of the title compound, C25H20N2O2,

contains an enantiomeric pair of molecules, which are linked

by NÐH� � �O hydrogen bonds involving NÐH and C O

groups of the pyrrole ring. In both molecules, the central six-

membered ring of the anthrone moiety adopts a boat

conformation, the pyrrolidine ring adopts an envelope

conformation and the ®ve-membered ring in the oxindole

moiety is slightly distorted from planarity. Both the anthrone

and oxindole moieties are almost perpendicular to the

pyrrolidine ring.

Comment

Anthrone derivatives are used to study the reaction rate of

acid catalysts (Ghosh et al., 1993). The indole ring system is

present in a number of natural products (NigovicÂ et al., 2000),

many of which are found to possess psychotropic (Grinev et

al., 1978) and antidepressant (Grinev et al., 1984) properties.

They also exhibit antimicrobial (El-Sayed et al., 1986; Gada-

ginamath & Patil, 1999), antitumor (Schollmeyer et al., 1995),

antibacterial (Okabe & Adachi, 1998) and anti-in¯ammatory

(Rodriguez et al., 1985; Polletto et al., 1974) activities. They

have been proven to display high aldose reductase inhibitory

activity (Rajeswaran et al., 1999). The pyrrolidine skeleton

occurs in many families of biologically important compounds.

The resulting functionality, due to ease of substitution and

therefore modi®cation at several positions (Baldwin et al.,

1994a,b), has been utilized to synthesize compounds with

varying properties. For example, several unusual amino acids,

which contain the pyrrolidine motif, were investigated

(Galeazzi et al., 1999) and optically active pyrrolidines have

been used as intermediates in controlled asymmetric synthesis

(Suzuki et al., 1994). In view of its medicinal importance, the

crystal and molecular structure determination of the title

compound, (I), was carried out by X-ray diffraction.

The asymmetric unit of (I) contains two crystallographically

independent molecules (1 and 2), with almost identical
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geometry. The superposition of molecule 1 and the inverted

image of molecule 2, using BIOSYM (Biosym/MSI, 1995),

shows that the r.m.s. deviation for all the non-H atoms in the

molecules is 0.19 AÊ . The bond lengths in the pyrrolidine

moiety are slightly longer than the normal values and are

comparable with those already reported (Jeyabharathi et al.,

2001; Gzella & Wrzeciono, 1990). This may be due to the

spiro-atom character and the steric effect of the bulky groups

substituted at C2 and C3. In the benzene ring of the oxindole

system, the endocyclic CÐCÐC angles at C12 and C9 are

slightly narrowed from 120�, while those at C11 and C13 are

slightly widened from 120�. This effect may be caused by the

fusion of the smaller pyrrole ring to the six-membered

benzene ring. A similar effect has also been observed by

Sivaraman et al. (1994a,b, 1996), Govindasamy et al. (1999)

and Sankaranarayanan et al. (2000, 2001).

In both the molecules, ring B adopts a boat conformation

and ring D is in an envelope conformation. Ring E in molecule

1 is planar, and in molecule 2 it is slightly twisted along the

C7BÐC2B bond. The conformations were con®rmed by their

puckering parameters (Cremer & Pople, 1975): for ring B, q2 =

0.303 (1), q3 = 0.049 (1), QT = 0.307 (1) AÊ and '2 = ÿ4.2 (3)�

for molecule 1, and q2 = 0.373 (2), q3 = ÿ0.071 (1), QT =

0.380 (2) AÊ and '2 = ÿ177.5 (2)� for molecule 2; for ring D, q2

= 0.418 (1) AÊ and '2 = 143.6 (2)� for molecule 1, and q2 =

0.407 (2) AÊ and '2 = ÿ39.7 (2)� for molecule 2.

The oxindole moiety is not strictly planar and the dihedral

angle formed by the pyrrole and benzene planes is 5.56 (5)�

for molecule 1 and 4.90 (6)� for molecule 2. A similar effect

has also been observed in related indoles (Sankaranarayanan

et al., 2001; Yokum & Fronczek, 1997; Beddoes et al., 1986).

The anthrone moiety is folded about the line passing through

atoms C3 and C15, and the dihedral angle between the two

halves is 22.79 (3) and 29.59 (3)� for molecules 1 and 2,

respectively. The dihedral angles between the outer rings A

and C of the anthrone moiety is 22.23 (5) and 29.83 (6)� for

molecules 1 and 2, respectively. The pyrrolidine moiety makes

dihedral angles of 83.62 (4) and 80.84 (5)� with the oxindole

rings in molecules 1 and 2, respectively, corresponding to

nearly perpendicular con®gurations. The anthrone ring is also

nearly perpendicular to the pyrrolidine ring, with dihedral

angles of 76.36 (4) and 74.42 (5)� in molecules 1 and 2,

respectively. The dihedral angles between the anthrone and

oxindole moieties are 53.08 (3) and 40.02 (3)� in molecules 1

and 2, respectively. In the crystal, the molecules 1 and 2 form

an enantiomeric pair linked by NÐH� � �O hydrogen bonds

involving NÐH and C O groups of the pyrrole ring. The

dimers are interlinked by a network of weak CÐH� � �O
hydrogen bonds (Jeffrey, 1997) (see Table 1).

Experimental

A mixture of 9-methylene-anthrone (3 mmol) in sarcosine (4.5 mml)

and isatin (3 mmol) was re¯uxed for 6.5 h until the starting material

had disappeared, as evidenced by thin-layer chromatography. After

the reaction, the solvent was evaporated in vacuo and the resulting

crude product was puri®ed by column chromatography, using a

hexane±ethyl acetate mixture (8:2). Crystals (m.p. 445±447 K)

suitable for X-ray diffraction studies were grown by slow evaporation

from a chloroform±methanol (2:1) solvent system.

Crystal data

C25H20N2O2

Mr = 380.43
Monoclinic, P21=c
a = 8.338 (1) AÊ

b = 28.339 (4) AÊ

c = 17.045 (2) AÊ

� = 108.18 (1)�

V = 3826.5 (9) AÊ 3

Z = 8

Dx = 1.321 Mg mÿ3

Cu K� radiation
Cell parameters from 25

re¯ections
� = 15±30�

� = 0.67 mmÿ1

T = 293 (2) K
Needle, orange
0.36 � 0.30 � 0.13 mm

Data collection

Enraf±Nonius CAD-4
diffractometer

!±2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.794, Tmax = 0.918

8049 measured re¯ections
7521 independent re¯ections
6411 re¯ections with I > 2�(I)

Rint = 0.025
�max = 72.0�

h = 0! 10
k = ÿ34! 0
l = ÿ21! 19
3 standard re¯ections

frequency: 120 min
intensity decay: <1%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.044
wR(F 2) = 0.124
S = 1.04
7521 re¯ections
524 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.068P)2

+ 0.7213P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.21 e AÊ ÿ3

��min = ÿ0.20 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0047 (2)

Table 1
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N6AÐH6A� � �O28B 0.86 2.00 2.832 (2) 161
N6BÐH6B� � �O28A 0.86 2.08 2.883 (2) 155
C23AÐH23A� � �O28A 0.93 2.49 3.000 (2) 115
C23BÐH23B� � �O28B 0.93 2.74 3.093 (2) 104
C20AÐH20A� � �O27Ai 0.93 2.85 3.641 (2) 144
C5AÐH5B� � �O27Ai 0.97 2.95 3.872 (2) 159
C11AÐH11A� � �O27Aii 0.93 2.74 3.461 (2) 135
C12AÐH12A� � �O27Biii 0.93 2.88 3.702 (2) 149
C18BÐH18B� � �O28Aiv 0.93 2.95 3.643 (2) 133
C19BÐH19B� � �O27Bv 0.93 2.56 3.403 (2) 151

Symmetry codes: (i) xÿ 1; y; z; (ii) ÿx; 1ÿ y;ÿz; (iii) x; 1
2ÿ y; zÿ 1

2; (iv)
1� x; 1

2ÿ y; 1
2� z; (v) 1� x; y; z.
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Figure 1
The structures of the two independent molecules of the title compound,
showing 30% probability displacement ellipsoids and the atom-
numbering scheme for the non-H atoms, and illustrating the NÐH� � �O
hydrogen-bonded dimer.
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Data collection: CAD-4 Software (Enraf±Nonius, 1989); cell

re®nement: CAD-4 SDP (Frenz, 1978); data reduction: CAD-4

Software; program(s) used to solve structure: SHELXS97 (Sheldrick,

1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick,

1997); molecular graphics: ZORTEP (Zsolnai, 1997); software used

to prepare material for publication: PARST97 (Nardelli, 1995).

AAA thanks the Council of Scienti®c and Industrial

Research, India, for the award of a Senior Research Fellow-

ship.

References

Baldwin, J. E., Mackenzie Turner, S. C. & Moloney, M. G. (1994a).
Tetrahedron, pp. 9411±9424.

Baldwin, J. E., Mackenzie Turner, S. C. & Moloney, M. G. (1994b).
Tetrahedron, pp. 9425±9438.

Beddoes, R. L., Dalton, L., Joule, J. A., Mills, O. S., Street, J. D. & Watt, C. I. F.
(1986). J. Chem. Soc. Perkin Trans. 2, pp. 787±797.

Biosym/MSI (1995). BIOSYM. Release 95.0. Biosym/MSI, San Diego, CA
92121±3752, USA.

Cremer, D. & Pople, J. A. (1975). J. Am. Chem. Soc. 97, 1354±1358.
El-Sayed, K., Barnhart, D. M., Ammon, H. L. & Wassel, G. M. (1986). Acta

Cryst. C42, 1383±1385.
Enraf±Nonius (1989). CAD-4 Software. Version 5.0. Enraf±Nonius, Delft, The

Netherlands.
Frenz, B. A. (1978). The Enraf±Nonius CAD-4 SDP. Computing in Crystal-

lography, edited by H. Schenk, R. Olthof-Hazekamp, H. van Koningsveld
and G. C. Bassi, pp. 64±71. Delft University Press.

Gadaginamath, G. S. & Patil, S. A. (1999). Indian J. Chem. Ser. B, 38, 1070±
1074.

Galeazzi, R., Geremia, S., Mobbili, G. & Orena, M. (1999). Tetrahedron
Asymmetry, 10, 587±605.

Ghosh, R., Lynch, V. M., Simonsen, S. H., Prasad, R. S. & Roberts, R. M.
(1993). Acta Cryst. C49, 1013±1015.

Govindasamy, L., Velmurugan, D., Shanmuga Sundara Raj, S. & Fun, H.-K.
(1999). Acta Cryst. C55, 1315±1317.

Grinev, A. N., Shvedov, V. I., Krichevskii, E. S., Romanova, O. B., Altukhova,
L. B., Kurilo, G. N., Andreeva, N. I., Golovina, S. M. & Mashkovskii, M. D.
(1984). Khim. Farm. Zh. 18, 159±163.

Grinev, A. N., Tro®mkin, Yu. I., Lomanova, E. V., Andreeva, N. I. &
Mashkovskii, M. D. (1978). Khim. Farm. Zh. 12, 80±84.

Gzella, A. & Wrzeciono, U. (1990). Acta Cryst. C46, 2107±2109.
Jeffrey, G. A. (1997). An Introduction to Hydrogen Bonding. New York:

Oxford University Press.
Jeyabharathi, A., Ponnuswamy, M. N., Amal Raj, A., Raghunathan, R., Razak,

I. A., Usman, A., Chantrapromma, S. & Fun, H.-K. (2001). Acta Cryst. E57,
o901±o903.

NigovicÂ, B., AntolicÂ, S., KojicÂ-ProdicÂ, B., Kiralj, R., Magnus, V. & Salopek-
Sondi, B. (2000). Acta Cryst. B56, 94±111.

Nardelli, M. (1995). J. Appl. Cryst. 28, 659.
North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Cryst. A24, 351±

359.
Okabe, N. & Adachi, Y. (1998). Acta Cryst. C54, 386±387.
Polletto, J. P., Allen, G. R. & Weiss, M. J. (1974). US Patent 3 801 594; Chem.

Abstr. (1974). 81, 3769.
Rajeswaran, W. G., Labroo, R. B. & Cohen, L. A. (1999). J. Org. Chem. 64,

1369±1371.
Rodriguez, J. R., Temprano, F., Esteban-Calderon, C., Martinez-Ripoll, M. &

Garcia-Blanco, S. (1985). Tetrahedron, 41, 3813±3823.
Sankaranarayanan, R., Velmurugan, D., Shanmuga Sundara Raj, S., Fun, H.-

K., Babu, G. & Perumal, P. T. (2000). Acta Cryst. C56, 475±476.
Sankaranarayanan, R., Velmurugan, D., Shanmuga Sundara Raj, S., Fun, H.-

K., Rao, S. N., Kannadasan, S. & Srinivasan, P. C. (2001). Acta Cryst. C57,
569±571.

Schollmeyer, D., Fischer, G. & Pindur, U. (1995). Acta Cryst. C51, 2572±2575.
Sheldrick, G. M. (1997). SHELXS97 and SHELXL97. University of

GoÈ ttingen, Germany.
Sivaraman, J., Subramanian, K., Velmurugan, D., Subramanian, E. &

Sadanandan, E. V. (1994a). Acta Cryst. C50, 787±789.
Sivaraman, J., Subramanian, K., Velmurugan, D., Subramanian, E. &

Sadanandan, E. V. (1994b). Acta Cryst. C50, 789±791.
Sivaraman, J., Subramanian, K., Velmurugan, D., Subramanian, E. &

Seetharaman, J. (1996). J. Mol. Struct. 385, 123±128.
Suzuki, H., Aoyagi, S. & Kibayashi, C. (1994). Tetrahedron Lett. 35, 6119±6112.
Yokum, T. S. & Fronczek, F. R. (1997). Acta Cryst. C53, 362±363.
Zsolnai, L. (1997). ZORTEP. University of Heidelberg, Germany.


	mk1

