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In both title compounds, C;9H»4N,O,, (I), and C;7H,;N;0,,
(IT), respectively, there are two molecules in the asymmetric
unit and the pyrrolidine rings adopt envelope conformations.
The conformations of the cyclooctane [in (I)] and 1-methyl-
piperidone [in (II)] rings are boat—chair and chair, respec-
tively. The indolin-2-one group is almost perpendicular to the
pyrrolidine ring. Intermolecular C—H---O, N—H---O and
N—H- - -N interactions provide stability to the structures.

Comment

Pharmacologically active compounds and many alkaloids have
a substituted pyrrolidine substructure. 1,3-Dipolar cyclo-
addition of azomethine ylides with diverse dipolarophiles
represents one of the most versatile approaches for the
construction of highly functionalized five-membered ring
heterocycles (Padwa, 1984). The spiro ring systems are of
great interest as they exhibit a wide range of biological
activities (Kobayashi et al., 1991; James et al., 1991). Spiro-
pyrrolidines have attracted much attention as potential anti-
leukaemic and anticonvulsant agents (Abou Gharbia et al.,
1979), with antiviral (Lundahl er al, 1972) and local anaes-
thetic (Kornett & Thio, 1976) activities. Isatin and its deriva-
tives have interesting biological activities and hence are widely
used as precursors of many natural products (Saxton, 1983;
Cui et al., 1996; Xue et al., 2000). Spiro-pyrrolidine—indolin-2-
one ring systems are also found in a number of alkaloids of
biological importance (Hilton et al., 2000). Our interest in
preparing pharmacologically active pyrrolidines led us to the
title compounds, (I) and (II), and we have undertaken X-ray
crystal structure determinations of these compounds in order
to establish their conformations.

The asymmetric units of (I) and (II) contain two indepen-
dent molecules; each pair has almost identical geometry (Figs.
1 and 2). In both (I) and (II), the bond lengths and angles show
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normal values and agree with each other (Allen ef al., 1987),
except for the bonds at the spiro junctions. The sums of the
angles at atoms N11 and N21 of the pyrrolidine rings [340.4 (2)
and 341.5 (2)°, respectively, in (I), and 336.8 (2) and 336.1 (3)°,
respectively, in (IT)] are in accordance with sp’-hybridization
(Beddoes et al., 1986; Kumar et al., 2006; Jeyabharathi et al.,
2001), and the sums of the angles at atoms N12 and N22 of the

Figure 1

The two independent molecules of the asymmetric unit of (I), showing the
atom-numbering schemes. Displacement ellipsoids are drawn at the 30%
probability level and H atoms are shown as small spheres of arbitrary
radii.
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indolin-2-one moiety [359.6 (2) and 359.9 (2)°, respectively, in
(I), and 360 (2) and 360 (3)°, respectively, in (II)] are in
accordance with sp>-hybridization (Govind ef al., 2004; Kumar
et al., 2006; Jeyabharathi et al., 2001). In (I) and (II), the bond
lengths within the indolin-2-one moiety match those in similar
structures (Kumar et al., 2006; Jeyabharathi et al., 2001), but
the C—C and C—N bonds within the pyrrolidine ring are
shorter (Table 6). The mean value of the Csp’—Csp® bond
lengths in cyclooctane (I) [1.528 (3) A] is comparable with
those in compounds with similar configurations [1.533 (2)
(Latvala et al, 1993), 1.523 (5) (Hesse et al, 1993) and
1.525 (5) A (Jacobsen et al., 2002)].

In compounds (I) and (II), the five-membered pyrrolidine
rings have envelope conformations with flap atoms C5 and
C25in (I), and N11 and N21 in (II). Puckering parameters (g,
and ¢,; Cremer & Pople, 1975) and the smallest displacement
asymmetry parameters (A; Nardelli, 1983) are shown in
Table 5. The dihedral angles formed by the mean planes C4/

Figure 2

The two independent molecules of the asymmetric unit of (II), showing
the atom-numbering schemes. Displacement ellipsoids are drawn at the
30% probability level for the upper molecule and at the 20% probability
level for the lower molecule, for clarity. H atoms are shown as small
spheres of arbitrary radii.

C14/C18/C19 with C20/C19/C4 and C14/C15/C17/C18 with
C15/C16/C17 in the cyclooctane substituted at C4 are 55.29 (2)
and 57.59 (4)°, respectively; similar values are observed for the
cyclooctane substituted at C24. These values are different
from those in similar structures [60.09 (2) and 49.22 (4)°;
Kumar et al., 2006]. The chair conformation of the 1-methyl-
piperidone ring in (II) is evident from the torsion angles
(Table 3).

In the indolin-2-one systems, the benzene and pyrrole rings
are individually planar and make dihedral angles of 6.2 (2) and
6.7 (1)°in (I) and 4.2 (1) and 1.2 (1)° in (IT), respectively, while
atoms O11 and O21 deviate from the pyrrole ring of the
indolin-2-one system by —0.145(4) and —0.192 (4) A,
respectively, in (I), and by —0.220 (4) and —0.232 (4) A,
respectively, in (II), because of the different interactions in
which these O atoms are involved (Tables 2 and 4). The
indolin-2-one systems are in a nearly perpendicular config-
uration with the respective to the pyrrolidine rings, as can be
seen from the dihedral angles [81.7 (1) and 80.7 (1)° in (I), and
87.3 (1) and 89.1 (1)° in (II)]. In both compounds, in the
benzene ring of the indole system, the endocyclic angles at C7,
C11, C27 and C31 are contracted, while those at C10, C12, C30
and C32 are expanded (Tables 1 and 3). This may be due to the
effect of the fusion of the smaller pyrrole ring to the six-
membered benzene ring, with the strain taken up by angular
distortion rather than by bond-length distortions (Sethu
Sankar et al., 2002). Compounds (I) and (II) are in centro-
symmetric space groups, so there must be equal numbers of
opposite enantiomers; they contain chiral atoms C4, C5, C24
and C25. Of the four possible stereoisomers, those present in
compound (I) are §,§ and its enantiomer R,R, and in
compound (II) S,R and its enantiomer R,S.

The structure of (I) is stabilized by C—H---O and N—
H.---O interactions. The Cl11—H11..--011 and NI12—
H12.--O21 interactions (Table 2) generate primary graph-set

Figure 3

A partial packing view showing the intermolecular N—H.--O and C—
H- - -O interactions (dashed lines) in compound (I). H atoms and some
ring atoms not involved in hydrogen-bonding interactions have been
omitted for clarity. [Symmetry code: (i) x, —y +32,z +1]
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Figure 4

A partial packing view showing the intermolecular N—H---O and N—
H.- - -N interactions (dashed lines) generating an R?(5) graph-set motif in
compound (II). H atoms and some ring atoms not involved in hydrogen-
bonding interactions have been omitted for clarity. [Symmetry code: (i)
x—1,y,2]

motifs (Etter et al., 1990) of C}(6) and C5(8) and form a zigzag
linear double chain parallel to the ¢ axis (Fig. 3). These two
interactions, along with an intermolecular N22—H22-.-011
interaction, generate a secondary R3(10) graph-set motif. In
addition to this, a weaker intermolecular C29—H?29-.-022
(Table 2) interaction generates a C}(8) graph-set motif.

In compound (II), the intermolecular N22—H22. - -O11 and
N22—H22---N11 (Table 4 and Fig. 4) bifurcated interactions
together generate an R3(5) graph-set motif. This, along with
some weak interactions, pack the molecules to form a linear
chain running along the a axis. Adjacent chains are only
interconnected by means of van der Waals interactions.

Experimental

For the preparation of compound (I), a mixture of isatin (1 mmol),
sarcosine (2 mmol) and cyclooctanone (1 mmol) in methanol (20 ml)
was refluxed in a water bath for 6 h. After completion of the reaction
(monitored by thin-layer chromatography), the excess solvent was
removed under vacuum and the residue was subjected to flash column
chromatography using petroleum ether—ethyl acetate (8:2 v/v) as
eluant (yield 46%; m.p. 448-449 K). For the preparation of (II), a
mixture of isatin (1 mmol), sarcosine (2 mmol) and 1-methyltetra-
hydropyridin-4(1H)-one (1 mmol) in methanol (20 ml) was refluxed
in a water bath for 6 h. After completion of the reaction (monitored
by thin-layer chromatography), the excess solvent was removed
under vacuum and the residue was subjected to flash column chro-
matography using petroleum ether—ethyl acetate (8:2 v/v) as eluant
(yield 57%; m.p. 403-404 K).

Compound (1)

Crystal data

CisH4N,0,

M, = 312.40
Monoclinic, P2,/c
a=29.0670 (11) A
b =11.2560 (9) A
¢ =10.1480 (7) A
B = 96.580 (5)°

Data collection

Nonius MACH3 four-circle
diffractometer

Absorption correction: ¥ scan
(North et al., 1968)
Tnin = 0.982, Tpa = 0.985

6828 measured reflections

Refinement

R[F? > 20(F%)] = 0.043
wR(F?) = 0.120

S =1.00

5781 reflections

450 parameters

V =32983 (4) A3
Z=8

Mo Ka radiation

u =008 mm~!
T=293(2)K

0.19 x 0.15 x 0.11 mm

5781 independent reflections
3081 reflections with 7 > 20(1)
Rine = 0.042
3 standard reflections
frequency: 60 min
intensity decay: none

H atoms treated by a mixture of
independent and constrained
refinement

APpax = 0.19 & A3

Apmin = —0.18 ¢ A3

Table 1

Selected geometric parameters (A, °) for (I).

C2—N11 1.462 (3) C22—N21 1.454 (3)
C5—N11 1.455 (3) C25-N21 1.453 (3)
C6—NI11 1.461 (3) C26—N21 1451 (3)
C12—-C7—-C8 119.7 (2) C31-C32—-C27 1224 (2)
C9—C10—Cl1 122.1 (3) C5—N11—C6 1167 (2)
C12—C11—Cl10 1172 (3) C5—N11—C2 108.78 (19)
C11—C12—C7 122.0 (3) C6—N11—C2 114.9 (2)
C28—C27—C32 119.1 (2) C26—N21—-C25 1172 (2)
C31-C30—C29 121.4 (3) C26—N21—-C22 115.0 (2)
C32—-C31—-C30 117.6 (3) C25—N21—-C22 109.3 (2)
Table 2

Hydrogen-bond geometry (A, °) for (I).

D-H--A D—H H--A D---A D-H---A
Cl1—Hil.--011’ 0.93 2.60 3320 (3) 135
N12—HI12---021" 0.86 2.29 3.041 (3) 145
C29—H29---022" 0.93 2.58 3.499 (3) 170
N22—H22---011 0.86 2.28 2.829 (3) 122

Symmetry codes: (i) x, —y + 3,z + % (i) x, =y + 1, z + 1.

Compound (1)

Crystal data

C7H2N;0,

M, =299.37
Monoclinic, P2,/n
a=95194(7) A

b =21.8847 (14) A
c=155413 (11) A
B = 93.86 (4)°

Data collection

Nonius MACHS3 four-circle
diffractometer

Absorption correction: ¥ scan
(North et al., 1968)
Tnin = 0.985, Tpax = 0.991

6392 measured reflections

V =32303 (4) A’
Z=8

Mo Ko radiation

# =008 mm™!
T=293(2) K

0.19 x 0.16 x 0.11 mm

5685 independent reflections
2327 reflections with I > 20(1)
Rine = 0.025
3 standard reflections
frequency: 60 min
intensity decay: none
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Refinement

R[F? > 20(F?)] = 0.048
wR(F?) = 0.134
§=097

5685 reflections

402 parameters

H-atom parameters constrained
Apmax =014 e A7

APmin = —0.15¢ A7

Table 3 .

Selected geometric parameters (A, °) for (II).

C2—N11 1.457 (3) C22—N21 1.465 (4)
C5—N11 1.464 (3) C25—N21 1.469 (3)
C6—NI11 1.464 (3) C26—N21 1.460 (4)
Cl12—C7—-C8 119.1 (3) C31-C32—-C27 1232 (3)
C9—C10—Cl1 1214 (3) C2—N11—-C5 106.7 (2)
C12—C11—-C10 117.5 (3) C2—N11-C6 115.0 (2)
Cl1—C12—C7 1223 (3) C5—N11—C6 1152 (2)
C28—C27—C32 118.9 (3) C26—N21—-C22 114.1 (3)
C29—C30—C31 122.0 (4) C26—N21—C25 1155 (2)
C32—C31—-C30 116.3 (4) C22—N21—C25 106.4 (2)
C17—C4—-C14—C15 —48.7 (4) C34—C35—C36—N23 579 (4)
C4—Cl14—-C15—Cl16 48.8 (4) C34—C24—C37—N23 —53.5(3)
C14—C15—C16—N13 —52.7 (4) C4—C17—N13—-Cl16 —66.7 (4)
C14—C4—C17—N13 56.0 (3) C15—C16—N13—-C17 62.9 (4)
C37—C24—C34—-C35 51.2 (4) C24—C37—N23—-C36 62.9 (3)
C24—C34—C35—C36 —55.5 (4) C35—C36—N23—-C37 —62.6 (4)
Table 4 .

Hydrogen-bond geometry (A, °) for (II).

D—H---A D—H H---A D---A D—H---A
N22—H22---011! 0.86 2.49 3.144 (3) 133
N22—H22. - -N11* 0.86 227 3.066 (3) 153
N12—HI12---021 0.86 2.30 3.008 (3) 140
N12—H12---N21 0.86 2.47 3.198 (3) 143
Cl11—H11---021 0.93 2.44 3.173 (4) 136

Symmetry code: (i) x — 1, y, z.

Table 5
Pyrrolidine puckering parameters in compounds (I) and (II) (g, in A, 0
in ° and A in A); see Comment for discussion.

Parameter Molecule Molecule Molecule Molecule
1 of (I) 2 of (I) 1 of (IT) 2 of (II)

q> 0.401 (3) 0.381 (3) 0.399 (3) 0.398 (3)

©y 136.8 (4) —40.2 (5) —177.8 (4) —6.4(5)

A, (C2) 0.048 (1)

Ay(CS) 0.036 (1)

A,(C22) 0.056 (1)

A((C25) 0.019 (2)

A,(C3) 0.084 (1)

A (N11) 0.015 (2)

A,(C23) 0.050 (1)

Ay(N21) 0.033 (2)

H atoms bound to atoms C15, C20, C35 and C40 of compound (I)
were found in a difference Fourier map and their positional and
isotropic displacement parameters were refined. The remaining H
atoms were placed in calculated positions and allowed to ride on their
parent atoms, with C—H = 0.93-0.97 A and N—H = 0.86 A, and with
Uiso = 1.2U4(CN) for CH,, NH and CH groups, and 1.5U4(C) for
CH; groups.

Table 6
Selected bond lengths (A) in compounds (I), (III) (Kumar ef al., 2006)
and the two molecules of (IV) (Jeyabharathi er al., 2001).

Bond (I) (I11) Molecule A Molecule B
in (IV) in (IV)
C5—NI11 1.455 (3) 1.470 (2) 1.460 (3) 1472 (4)
C5—C4 1.579 (3) 1.608 (2) 1.596 (3) 1.588 (4)
C4—C3 1.545 (3) 1.573 (2) 1.579 (3) 1.572 (3)
C5—C13 1.555 (3) 1.573 (2) 1.571 (4) 1.572 3)
C13—011 1227 (3) 1.218 (2) 1213 (4) 1.225 (3)
CI3—N12 1352 (4) 1354 (2) 1.360 (3) 1343 (4)
C12—N12 1.407 (3) 1.399 (2) 1.397 (3) 1.397 (3)
C12—Cl1 1.376 (4) 1379 (3) 1.377 (3) 1374 (3)
C10—Cl1 1.380 (4) 1.381 (3) 1.381 (2) 1377 3)
C10—C9 1.377 (5) 1.379 (4) 1378 (3) 1.375 (3)
C9—C8 1.384 (4) 1.394 (3) 1.386 (3) 1.395 (3)
c8—C7 1.385 (3) 1375 (3) 1.385 (3) 1.374 (3)
C5—-C7 1.507 (3) 1.518 (2) 1.523 (3) 1.518 (4)
C12—C7 1.381 (4) 1.394 (3) 1.398 (4) 1.400 (3)

For both compounds, data collection: CAD-4 EXPRESS (Enraf-
Nonius, 1994); cell refinement: CAD-4 EXPRESS; data reduction:
XCAD4 (Harms & Wocadlo, 1996); program(s) used to solve struc-
ture: SHELXS97 (Sheldrick, 1990); program(s) used to refine struc-
ture: SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON
(Spek, 2003); software used to prepare material for publication:
SHELXL97.

The authors thank the UGC and the DST for the SAP and
FIST programmes, respectively. JS thanks the UGC and the
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GA3060). Services for accessing these data are
described at the back of the journal.

References

Abou Gharbia, M. A. & Doukas, P. H. (1979). Heterocycles, 12, 637-640.

Allen, F. H., Kennard, O., Watson, D. G., Brammer, L., Orpen, A. G. & Taylor,
R. (1987). J. Chem. Soc. Perkin Trans. 2, pp. S1-19.

Beddoes, R. L., Dalton, L., Joule, T. A., Mills, O. S., Street, J. D. & Watt, C. 1. F.
(1986). J. Chem. Soc. Perkin Trans. 2, pp. 787-797.

Cremer, D. & Pople, J. A. (1975). J. Am. Chem. Soc. 97, 1354-1358.

Cui, C. B, Kakeya, H. & Osada, H. (1996). Tetrahedron, 52, 12651-12666.

Enraf-Nonius (1994). CAD-4 EXPRESS. Version 5.1/1.2. Enraf-Nonius,
Delft, The Netherlands.

Etter, M. C., MacDonald, J. C. & Bernstein, J. (1990). Acta Cryst. B46, 256-262.

Govind, M. M., Selvanayagam, S., Velmurugan, D., Ravikumar, K., Suresh-
babu, A. R. & Raghunathan, R. (2004). Acta Cryst. E60, 054-056.

Harms, K. & Wocadlo, S. (1996). XCADA4. University of Marburg, Germany.

Hesse, M., Zurcher, A., Vincent, B. R. & Linden, A. (1993). Private
communication (refcode HABZIT). CCDC, Union Road, Cambridge,
England.

Hilton, S. T., Ho, T. C., Pljevaljcic, G. & Jones, K. (2000). Org. Lett. 2, 2639—
2641.

Jacobsen, M., Jurks, M., Hazell, R. & Skrydstrup, T. (2002). J. Org. Chem. 67,
2411-2417.

James, D. M., Kunze, H. B. & Faulkner, D. J. (1991). J. Nat. Prod. 54, 1137—
1140.

Jeyabharathi, A., Ponnuswamy, M. N., Amal Raj, A., Raghunathan, R., Razak,
I. A., Usman, A., Chantrapromma, S. & Fun, H.-K. (2001). Acta Cryst. E57,
0901-0903.

Kobayashi, J., Tsuda, M., Agemi, K., Shigemori, H., Ishibashi, M., Sasaki, T. &
Mikami, Y. (1991). Tetrahedron, 47, 6617-6622.

Kornett, M. J. & Thio, A. P. (1976). J. Med. Chem. 19, 892-898.

Acta Cryst. (2007). C63, 0538—0542

0541

Suresh et al. » Cy9H4N,0O; and Cy,H, N30,



organic compounds

Kumar, R. G, Gayathri, D., Velmurugan, D., Ravikumar, K. & Poornachan-
dran, M. (2006). Acta Cryst. E62, 04821-04823.

Latvala, A., Stanchev, S., Linden, A. & Hesse, M. (1993). Tetrahedron
Asymmetry, 4, 173-176.

Lundahl, K., Schut, J., Schlatmann, J. L. M. A., Paerels, G. B. & Peters, A.N. V.
(1972). J. Med. Chem. 15, 129-132.

Nardelli, M. (1983). Acta Cryst. C39, 1141-1142.

North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Cryst. A24, 351-
359.

Padwa, A. (1984). In 1,3-Dipolar Cycloaddition Chemistry. New York: Wiley.

Saxton, J. E. (1983). Indoles. In The Monoterpenoid Indole Alkaloids. New
York: Wiley.

Sethu Sankar, K., Kannadasan, S., Velmurugan, D., Srinivasan, P. C., Shan-
muga Sundara Raj, S. & Fan, H.-K. (2002). Acta Cryst. C58, 0277-0279.

Sheldrick, G. M. (1990). Acta Cryst. A46, 467-473.

Sheldrick, G. M. (1997). SHELXL97. University of Gottingen, Germany.

Spek, A. L. (2003). J. Appl. Cryst. 36, 7-13.

Xue, J., Zhang, Y., Wang, X. I. & Xu, J. H. (2000). Org. Lett. 2, 2583-2586.

0542 suresh etal. + CyoH24N,O, and Ci,H, N30,

Acta Cryst. (2007). C63, 0538—0542



