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In the title molecule, C20H29NO, the cyclobutane ring is

puckered, with a dihedral angle of 19.8 (3)� between the two

planes. The pyrrolidine ring adopts an envelope conformation.

There are intermolecular CÐH� � �O and CÐH� � �� interac-

tions.

Comment

3-Substituted cyclobutane carboxylic acid derivatives exhibit

anti-in¯ammatory and antidepressant activities (Dehmlow &

Schmidt, 1990), and liquid crystal properties (Coghi et al.,

1976). A recent communication showed that compounds

incorporating 1,3,4-trisubstituted pyrrolidine ring scaffolds

were potent CCR5 antagonists (Lynch et al., 2002). The

pyrrolidine ring is a structure very often encountered in the

alkaloid ®eld (Martin & Brossi, 1987). Furthermore, numerous

chiral non-racemic substituted pyrrolidines and pyrrolidones

are used as intermediates, chiral ligands or auxiliaries in

asymmetric synthesis (Huryn et al., 1991). The development of

new methods for the preparation of enantiomerically pure,

highly substituted pyrrolidines and pyrrolidones is then of

increasing interest. Taking into account the importance of

cyclobutane and pyrrolidine, we have undertaken an X-ray

diffraction study of the title compound, (I).

Fig. 1 shows the molecular structure and conformation of

(I), with the atomic numbering scheme. The four-atom bridge

(N1/C9/C10/C5) linking the cyclobutane and pyrrolidine rings

is not planar, the N1ÐC9ÐC10ÐC5 torsion angle being

ÿ54.1 (4)�, which corresponds to the (ÿ)synclinal con®gura-

tion. Although close to planar, the cyclobutane ring is more

puckered than that in a related compound; the C8/C5/C6

plane forms a dihedral angle of 19.8 (3)� with the C6/C7/C8

plane in (I) [11.55 (3)� in the related compound; OÈ zdemir et

al., 2004]. However, the bond lengths in the cyclobutane ring

are similar to those in the related compound. In (I), the

pyrrolidine ring is close to an envelope conformation, with

atom N1 deviating by 0.257 (4) AÊ from the C1±C4 plane, and

puckering parameters (Cremer & Pople, 1975) Q2 =

0.408 (5) AÊ and '2 = 354.1 (7)�.
The crystal structure does not exhibit intramolecular or �±�

interactions. There are, however, CÐH� � �O and CÐH� � ��
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intermolecular interactions (Table 2). Atom O1 and the

centroid, Cg3, of the C12±C17 benzene ring act as a double

acceptor for CÐH� � �O and CÐH� � �� interactions, respec-

tively.

Experimental

A mixture of 1-phenyl-1-mesityl-3-(2-chloro-1-oxoethyl)cyclobutane

(5.29 g, 20 mmol) and pyrrolidine (2.874 g, 40 mmol) in dry benzene

(50 ml) was re¯uxed with continuous stirring. The course of the

reaction was monitored by IR spectroscopy. The product was formed

after about half an hour. After cooling to room temperature and

®ltration of the pyrrolidine salt, benzene was removed under reduced

pressure through a rotary evaporator. The oily product was treated

with diethyl ether and dried over magnesium sulfate. Shiny crystals of

(I) suitable for X-ray analysis were obtained from a diethyl ether

solution by deep freezing at 253 K (yield 78%, m.p. 412 K). IR (KBr):

1724 cmÿ1 (C O). 1H NMR (DMSO-d6, p.p.m.): 1.59 (s, 3H, CH3 on

cyclobutane), 1.85 (s, 3H, p-CH3 on mesitylene), 2.24±2.74 (br, 10H,

o-CH3 on mesitylene plus ±CH2± on pyrollidine), 2.78±3.04 (br, 8H,

±CH2ÐNÐCH2± plus ±CH2± in cyclobutane), 3.31 (q, j = 7.8 Hz, 1H,

>CH±), 3.58 (s, 2H, ±COÐCH2ÐN), 6.77 (s, 2H, aromatics on

mesitylene).

Crystal data

C20H29NO
Mr = 299.44
Tetragonal, P42=n
a = 21.2110 (9) AÊ

c = 7.8940 (4) AÊ

V = 3551.6 (3) AÊ 3

Z = 8
Dx = 1.120 Mg mÿ3

Mo K� radiation
Cell parameters from 18 614

re¯ections
� = 1.4±26.0�

� = 0.07 mmÿ1

T = 293 (2) K
Prism, yellow
0.42 � 0.29 � 0.20 mm

Data collection

Stoe IPDS-II diffractometer
! scans
Absorption correction: none
23 972 measured re¯ections
3390 independent re¯ections
1642 re¯ections with I > 2�(I)

Rint = 0.068
�max = 26.0�

h = ÿ26! 26
k = ÿ26! 26
l = ÿ9! 8

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.068
wR(F 2) = 0.194
S = 1.01
3390 re¯ections
202 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0947P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max < 0.001
��max = 0.74 e AÊ ÿ3

��min = ÿ0.24 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0042 (12)

Table 1
Selected geometric parameters (AÊ , �).

O1ÐC10 1.186 (4)
N1ÐC1 1.401 (5)
N1ÐC9 1.450 (4)
N1ÐC4 1.561 (5)
C5ÐC10 1.498 (5)
C5ÐC6 1.527 (5)
C5ÐC8 1.540 (4)
C6ÐC7 1.565 (4)

C7ÐC12 1.525 (4)
C7ÐC11 1.534 (4)
C7ÐC8 1.554 (4)
C9ÐC10 1.572 (5)
C13ÐC18 1.508 (4)
C15ÐC19 1.521 (4)
C17ÐC20 1.521 (4)

C1ÐN1ÐC9 114.5 (3)
C1ÐN1ÐC4 105.5 (3)
C9ÐN1ÐC4 108.3 (3)
N1ÐC1ÐC2 104.7 (3)
C1ÐC2ÐC3 106.1 (4)
C4ÐC3ÐC2 106.7 (3)
C3ÐC4ÐN1 98.0 (3)
C6ÐC5ÐC8 88.8 (2)

C5ÐC6ÐC7 90.4 (3)
C12ÐC7ÐC11 111.2 (2)
C11ÐC7ÐC8 111.9 (3)
C11ÐC7ÐC6 111.3 (2)
C8ÐC7ÐC6 86.9 (2)
C5ÐC8ÐC7 90.3 (3)
O1ÐC10ÐC5 122.9 (3)
O1ÐC10ÐC9 119.0 (3)

N1ÐC9ÐC10ÐC5 ÿ54.1 (4)

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

Cg3 is the centroid of the C12±C17 benzene ring.

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

C6ÐH6B� � �O1i 0.97 2.65 3.594 (4) 164
C9ÐH9A� � �O1i 0.97 2.69 3.450 (5) 136
C9ÐH9B� � �Cg3ii 0.97 3.05 3.994 (4) 165
C11ÐH11A� � �Cg3iii 0.96 2.96 3.818 (3) 149

Symmetry codes: (i) ÿx; 1 ÿ y; 1ÿ z; (ii) ÿx;ÿy; 2ÿ z; (iii) ÿ1
2ÿ y; x; 1

2ÿ z.

H atoms were positioned geometrically and treated as riding, with

CÐH bond lengths of 0.93±0.98 AÊ , and with Uiso(H) = 1.2Ueq(C)

[1.5Ueq(C) for methyl]. In the ®nal difference Fourier map, the

maximum residual density was located 1.27 AÊ from atom H1A, and

the minimum was 0.26 AÊ from H18C.

Data collection: X-AREA (Stoe & Cie, 2002); cell re®nement:

X-AREA; data reduction: X-RED32 (Stoe & Cie, 2002); program(s)

used to solve structure: SHELXS97 (Sheldrick, 1997); program(s)

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

graphics: ORTEP-3 for Windows (Farrugia, 1997); software used to

prepare material for publication: WinGX (Farrugia, 1999).

References

Coghi, L., Lanfredi, A. M. M. & Tiripicchio, A. (1976). J. Chem. Soc. Perkin
Trans. 2, pp. 1808±1810.

Cremer, D. & Pople, J. A. (1975). J. Am. Chem. Soc. 97, 1354±1358.
Dehmlow, E. V. & Schmidt, S. (1990). Liebigs Ann. Chem. p. 411.
Farrugia, L. J. (1997). J. Appl. Cryst. 30, 565.
Farrugia, L. J. (1999). J. Appl. Cryst. 32, 837±838.
Huryn, D. M., Trost, B. M. & Fleming, I. (1991). Editors. Comprehensive

Organic Synthesis, Vol. 1, pp. 64±74. Oxford: Pergamon.
Lynch, C. L., Gentry, A. L., Hale, J. J., Mills, S. G., MacCoss, M., Malkowitz, L.,

Springer, M. S., Gould, S. L., DeMartino, J. A., Siciliano, S. J., Cascieri,
M. A., Doss, G., Carella, A., Carver, G., Holmes, K., Schleif, W. A.,
Danzeisen, R., Hazuda, D., Kessler, J., Lineberger, J., Miller, M. & Emini,
E. A. (2002). Bioorg. Med. Chem. Lett. 12, 677±679.

Martin, S. F. & Brossi, A. (1987). Editors. The Alkaloids, Vol. 30, ch. 3.
Orlando: Academic Press.

OÈ zdemir, N., DincËer, M., Yõlmaz, IÇ. & CË ukurovalõ, A. (2004). Acta Cryst. E60,
o145±o147.

Sheldrick, G. M. (1997). SHELXS97 and SHELXL97. University of
GoÈ ttingen, Germany.

Stoe & Cie (2002). X-AREA (Version 1.18) and X-RED32 (Version 1.04). Stoe
& Cie, Darmstadt, Germany.

organic papers

o1524 Muharrem DincËer et al. � C20H29NO Acta Cryst. (2004). E60, o1523±o1524

Figure 1
An ORTEP-3 (Farrugia, 1997) drawing of (I), showing the atomic
numbering scheme. Displacement ellipsoids of non-H atoms are drawn at
the 50% probability level.
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