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The title compound, C38H37NO4, crystallizes with two mol-

ecules in the asymmetric unit. The molecules have similar

geometric parameters and represent opposite enantiomers of

the title compound. In both molecules, the pyrrolidine ring

adopts an envelope conformation; the pyran ring in the

chromanone moiety has a half-chair conformation. The

molecular packing in the crystal is stabilized by CÐH� � �O
and CÐH� � �� interactions, in addition to van der Waals

forces.

Comment

Substituted pyrrolidines have gained much importance in

recent years, since they are the basic structural elements of

many alkaloids and pharmacologically active compounds

(Jeyabharathi et al., 2002). Pyrrolidine derivatives possess

anti-in¯uenza virus (Stylianakis et al., 2003) and antic-

onvulsant (Obniska et al., 2002) activity. The title compound,

(I), a pyrrolidine derivative, was chosen for crystallographic

study to determine its structure and function.

The asymmetric unit of (I) contains two molecules (Fig. 1);

their corresponding bond lengths and bond angles are in good

agreement.

All the CÐC bond lengths in the aromatic rings (C, D, F

and G) and the cyclohexyl ring (B) are comparable with the

corresponding literature values of 1.384 (13) and 1.539 (16) AÊ ,

respectively (Allen et al., 1987). The bond lengths in the

pyrrolidine ring (A) are comparable with those reported

earlier (Jeyabharathi et al., 2001, 2002; Abdul Ajees et al.,

2002; Gzella & Wrzeciono, 1990). The bond lengths in the

pyran ring (E) in the chromanone moiety are also close to

those found in related structures (Jeyabharathi et al., 2002;

Abdul Ajees et al., 2001).

The title compound has four chiral centres and crystallizes

in the non-centrosymmetric space group P212121. The lack of

Received 18 August 2003

Accepted 22 August 2003

Online 30 September 2003



effective anomalous scatterers did not allow us to determine

the Flack (1983) parameter. It is noteworthy that the two

independent molecules in the crystal structure of (I) are

opposite enantiomers (Fig. 1, Table 1). The title compound is

thus racemic, but crystallizes in a space group usually adopted

by single enantiomers of chiral molecules.

The conformations of both molecules are quite similar. The

dihedral angle between rings C and D is 56.5 (1)� for molecule

A and 65.7 (1)� for molecule B. The dihedral angle between

rings F and G is 30.7 (1)� for molecule A and 42.0 (1)� for

molecule B.

The pyrrolidine ring (A) is in an envelope conformation

with puckering parameters (Cremer & Pople, 1975) q2 =

0.370 (2) AÊ and ' = ÿ177.7 (3)� for molecule A, and q2 =

0.409 (2) AÊ and ' = 2.5 (4)� for molecule B. Atom N1 deviates

by 0.544 (2) and 0.598 (2) AÊ from the least-squares plane

through the remaining four atoms (C2±C5) of that of ring for

molecules A and B, respectively. The cyclohexyl ring adopts a

chair conformation. This is con®rmed by the puckering para-

meters q2 = 0.038 (4) AÊ , q3 = 0.574 (4) AÊ = QT, � = 3.8 (4)� and

' = 10 (7)� for molecule A, and q2 = 0.031 (2) AÊ , q3 =

ÿ0.580 (3) AÊ = QT, � = 176.9 (4)� and ' = ÿ165 (5)� for

molecule B. The pyran ring in the chromanone moiety has a

half-chair conformation with the lowest asymmetry param-

eters of �C2(C21±C20) = 0.059 (2) for molecule A and

0.050 (1) for molecule B (Nardelli, 1983).

Intramolecular CÐH� � �O interactions stabilize the

conformation of the molecules (Fig. 2), whereas the crystal

structure is stabilized by intermolecular CÐH� � �O interac-

tions (Table 2 and Fig. 3). In addition to this, the molecules in

the crystal are also interlinked by CÐH� � �� interactions, so

that H11B (bonded to C11A) is 2.83 AÊ from the centroid of

phenyl ring C of molecule B transformed by (3
2 ÿ x, 2 ÿ y,

z ÿ 1
2), with a C11AÐH11B� � �centroid angle of 158� and a

C11A� � �centroid distance of 3.751 (4) AÊ ; H11D (bonded to

C11B) is 2.87 AÊ from the centroid of phenyl ring C of mol-

ecule A transformed by (5
2 ÿ x, 2 ÿ y, 1

2 + z), with a C11BÐ

H11D� � �centroid angle of 152� and a C11B� � �centroid

distance of 3.750 (3) AÊ .

Experimental

A mixture of (E)-3-(p-methylbenzylidene)-4-chromanone and cis-1-

cyclohexyl-2-phenyl-3-benzoylaziridine was re¯uxed in toluene

under a nitrogen atmosphere for 48 h. After the reaction was

complete, the solvent was evaporated in vacuo and the resulting

crude product was puri®ed by column chromatography using a

hexane±benzene mixture (7:3) as eluant. The product was crystallized

from ethanol (Amalraj et al., 1999).
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Figure 2
The CÐH� � �O intramolecular interactions in molecule A..

Figure 3
Packing of the molecules in the crystal of (I), viewed down the b axis.

Figure 1
The molecular structure of the title compound, showing 30% probability
displacement ellipsoids; H atoms have been omitted for clarity.
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Crystal data

C38H37NO4

Mr = 571.69
Orthorhombic, P212121

a = 11.8945 (3) AÊ

b = 19.2698 (4) AÊ

c = 27.0279 (6) AÊ

V = 6194.9 (2) AÊ 3

Z = 8
Dx = 1.226 Mg mÿ3

Mo K� radiation
Cell parameters from 24284

re¯ections
� = 2.0±28.2�

� = 0.08 mmÿ1

T = 293 (2) K
Block, yellow
0.24 � 0.20 � 0.16 mm

Data collection

Siemens SMART CCD area-
detector diffractometer

! scans
Absorption correction: none
42360 measured re¯ections
8348 independent re¯ections

6500 re¯ections with I > 2�(I)
Rint = 0.037
�max = 28.3�

h = ÿ10! 15
k = ÿ25! 23
l = ÿ35! 32

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.047
wR(F 2) = 0.137
S = 1.07
8348 re¯ections
775 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0668P)2

+ 1.0304P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.28 e AÊ ÿ3

��min = ÿ0.17 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

N1AÐC2A 1.461 (3)
N1AÐC5A 1.464 (3)
C2AÐC3A 1.557 (4)
C3AÐC4A 1.562 (4)
C4AÐC5A 1.576 (4)
C4AÐC22A 1.536 (3)
C19AÐO3A 1.219 (3)
C19AÐC20A 1.477 (4)
C20AÐC21A 1.395 (4)
C20AÐC23A 1.409 (4)
C21AÐO2A 1.365 (3)
C22AÐO2A 1.435 (3)

N1BÐC2B 1.464 (3)
N1BÐC5B 1.465 (3)
C2BÐC3B 1.559 (4)
C3BÐC4B 1.564 (4)
C4BÐC5B 1.568 (4)
C4BÐC22B 1.530 (3)
C19BÐO3B 1.212 (3)
C19BÐC20B 1.484 (4)
C20BÐC21B 1.385 (4)
C20BÐC23B 1.403 (4)
C21BÐO2B 1.374 (4)
C22BÐO2B 1.438 (4)

C27AÐC3AÐC4AÐC19A ÿ114.0 (2)
C2AÐC3AÐC4AÐC19A 116.9 (2)
C19AÐC4AÐC5AÐN1A ÿ96.3 (2)
C19AÐC4AÐC5AÐC12A 141.4 (2)
C19AÐC4AÐC22AÐO2A ÿ60.5 (3)

C27BÐC3BÐC4BÐC19B 115.4 (2)
C2BÐC3BÐC4BÐC19B ÿ115.3 (2)
C19BÐC4BÐC5BÐN1B 93.5 (2)
C19BÐC4BÐC5BÐC12B ÿ145.7 (2)
C19BÐC4BÐC22BÐO2B 62.4 (3)

Table 2
Hydrogen-bonding geometry (AÊ , �).

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

C3AÐH3A� � �O3A 0.98 2.26 2.813 (3) 115
C3BÐH3B� � �O3B 0.98 2.27 2.822 (3) 114
C2AÐH2A� � �O1A 0.98 2.49 3.028 (3) 114
C2BÐH2B� � �O1B 0.98 2.39 2.969 (3) 118
C22AÐH22B� � �O1A 0.97 2.53 3.120 (4) 119
C22BÐH22C� � �O1B 0.97 2.52 3.089 (4) 118
C26AÐH26A� � �O1Bi 0.93 2.59 3.310 (4) 134

Symmetry code: (i) xÿ 1; y; z.

The H atoms were positioned geometrically and were treated as

riding on their parent C atoms, with aromatic CÐH distances of

0.93 AÊ , methyl CÐH distances of 0.96 AÊ , methine CÐH distances of

0.98 AÊ and methylene CÐH distances of 0.97 AÊ , and with Uiso =

1.5Ueq(C) for methyl H atoms and 1.2Ueq(C) for other H atoms. Due

to the lack of anomalous scatterers, the absolute structure was not

determined from the X-ray diffraction data and Friedel pairs were

merged.

Data collection: SMART (Siemens, 1996); cell re®nement: SAINT

(Siemens, 1996); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEP-3 (Farrugia, 1997) and PLATON (Spek, 1990)'; software

used to prepare material for publication: SHELXL97 and PARST

(Nardelli, 1995).
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