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The title compound, C23H22N2O, was obtained in a condensa-

tion reaction of 1-benzyl-1H-indole-3-carboxaldehyde with 1-

aza-bicyclo[2.2.2]octan-3-one. The crystal structure indicates

the presence of a double bond, connecting an azabicyclic ring

system to an indole-3-carboxaldehyde.

Comment

Indole derivatives have been found to exhibit a wide range of

biological activity. Pyrido[1,2-a]indole derivatives have been

identi®ed as potent inhibitors of human immunode®ciency

virus type 1 (Taylor et al., 1999), and 5-chloro-3-(phenyl-

sulfonyl)indole-2-carboxamide is reported to be a highly

potent non-nucleoside inhibitor of HIV-1 reverse tran-

scriptase (Williams et al., 1993). Indole derivatives also exhibit

antitumor activities (Andreani et al., 2001; Bradlow et al., 1999;

Cirrincione et al., 1999; Tiwari et al., 1994; Dashwood et al.,

1994). Recently tryptamines have been found to be polyamine

site antagonists at the N-methyl-d-asparatate receptor

(Worthen et al., 2001). As part of our synthetic strategy to

obtain rigid analogs of tryptamine, we synthesized a series of

2-(1-substituted-1H-indol-3-ylmethylene)-1-aza-bicyclo[2.2.2]

octan-3-ones. It was observed that, when 1-substituted indole-

3-carboxaldehyes were condensed with 1-aza-bicyclo[2.2.2]-

octan-3-one, different ratios of E/Z isomeric products were

obtained, depending on the nature of the indolic N-substituent

(Tùnder et al., 2000). In the case of an indolic N-methyl

substituent, the Z isomer is the major product, although a

small amount of the E isomer is obtained (Chapman et al.,

1986), whereas bulkier N-substituted indole carboxaldehydes

favor formation of the Z isomer.

The X-ray structure analysis of the title compound (I) was

carried out in order to obtain detailed information about the

solid state stereochemistry and conformation of products

resulting from condensation of indole carboxaldehydes with

bulky N-substituents with 1-aza-bicyclo[2.2.2]-octan-3-one.

The structure of (I) is illustrated in Fig. 1 and selected bond

distances and angles are given in Table 1. It can be seen that

the benzyl group is oriented away from the azabi-

cyclo[2.2.2]octanone moiety by torsions of ÿ101.0 (2)� (C2Ð
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N1ÐC19ÐC20) andÿ155.3 (2)� (N1ÐC19ÐC20ÐC21). This

conformation is stabilized by pairing of the benzyl groups of

inversion-related molecules (Fig. 2) and a CÐH� � �O interac-

tion (Table 2). As expected, the linkage between the indolyl

and azabicyclo[2.2.2]octanone moieties is close to planar,

forming exclusively the Z isomer [torsion angle C2ÐC3Ð

C10ÐC11 is ÿ4.4 (3)�]. This isomer is favored because the

alternative E isomer would result in a steric clash between the

carbonyl O atom and the hydrogen attached to C2 of the

benzyl group.

Experimental

To a stirred solution of diisopropylamine (1.923 g, 19 mmol) in THF

(20 ml) at 273 K under nitrogen was added a solution of 2.0 M

n-butyllithium (9 ml, 18.8 mmol) and the mixture was stirred at 273 K

for 30 min. To this solution at 273 K was added 1-aza-bicyclo[2.2.2]-

octan-3-one hydrochloride (1.5 g, 9.28 mmol) in one portion and

stirring was continued until the mixture completely dissolved

(20 min). The temperature was lowered to 195 K and a solution of 1-

benzyl-1H-indole-3-carboxaldehyde (2.16 g, 9.2 mmol) in THF

(25 ml) was added dropwise. Stirring was continued for 30 min at this

temperature and then at 273 K for 90 min. The reaction mixture was

poured into aqueous saturated NaHCO3 solution at 273 K and the

resulting solution extracted with CHCl3 (3 � 15 ml). The combined

organic extracts were dried over anhydrous Na2SO4, ®ltered, and

evaporated to afford a yellow solid. Crystallization from methanol

gave yellow crystals suitable for X-ray analysis. 1H NMR (CDCl3,

p.p.m.): 2.02 (m, 4H), 2.63 (p, J = 3.3 Hz, 1H), 2.98 (m, 2H), 3.13 (m,

2H), 5.38 (s, 2H), 7.11±7.31 (m, 8H), 7.48 (s, 1H), 7.90 (m, 1H), 8.39 (s,

1H). 13C NMR (CDCl3, p.p.m.): 26.8, 40.8, 47.8, 50.9, 110.4, 110.5,

118.2, 119.3, 121.2, 122.8, 126.7, 127.9, 129.0, 134.6, 136.2, 136.7, 140.8,

205.4.

Crystal data

C23H22N2O
Mr = 342.43
Triclinic, P1
a = 9.245 (2) AÊ

b = 10.015 (3) AÊ

c = 11.245 (3) AÊ

� = 112.38 (2)�

� = 92.78 (2)�


 = 109.51 (2)�

V = 888.8 (4) AÊ 3

Z = 2
Dx = 1.280 Mg mÿ3

Mo K� radiation
Cell parameters from 26987

re¯ections
� = 1.0±27.5�

� = 0.08 mmÿ1

T = 173 (1) K
Irregular plate, pale yellow
0.44 � 0.38 � 0.04 mm

Data collection

Nonius KappaCCD diffractometer
! scans at ®xed � = 55�

Absorption correction: none
6198 measured re¯ections
3118 independent re¯ections
2342 re¯ections with I > 2�(I)

Rint = 0.041
�max = 25.0�

h = ÿ10! 10
k = ÿ11! 11
l = ÿ13! 13

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.057
wR(F 2) = 0.121
S = 1.08
3118 re¯ections
236 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0457P)2

+ 0.2487P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.15 e AÊ ÿ3

��min = ÿ0.18 e AÊ ÿ3

Extinction correction: SHELXL
Extinction coef®cient: 0.017 (3)

Table 1
Selected geometric parameters (AÊ , �).

OÐC18 1.232 (2)
N1ÐC9 1.383 (3)
N1ÐC19 1.456 (3)
C3ÐC10 1.442 (3)
C10ÐC11 1.340 (3)

C11ÐN12 1.446 (2)
C11ÐC18 1.471 (3)
N12ÐC17 1.481 (3)
N12ÐC13 1.483 (3)
C15ÐC18 1.506 (3)

C2ÐN1ÐC9 108.68 (17)
C2ÐC3ÐC10 128.90 (19)
C11ÐC10ÐC3 129.6 (2)
N12ÐC11ÐC18 113.64 (18)
C11ÐN12ÐC17 109.50 (16)
N12ÐC13ÐC14 111.59 (17)

N12ÐC17ÐC16 112.40 (17)
OÐC18ÐC11 125.0 (2)
OÐC18ÐC15 124.0 (2)
C11ÐC18ÐC15 111.01 (18)
N1ÐC19ÐC20 112.62 (16)

C2ÐC3ÐC10ÐC11 ÿ4.4 (3)
C2ÐN1ÐC19ÐC20 ÿ101.0 (2)

N1ÐC19ÐC20ÐC21 ÿ155.31 (17)
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Figure 2
Crystal packing of (I), viewed down the b axis. H atoms have been
omitted for clarity.

Figure 1
A view of the title compound, showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level and H
atoms as spheres of arbitrary radius.
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Table 2
Hydrogen-bonding geometry (AÊ , �).

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

C2ÐH2� � �N12 0.95 2.54 3.077 (3) 116
C10ÐH10� � �O 0.95 2.55 2.894 (3) 101
C21ÐH21� � �Oi 0.95 2.37 3.301 (3) 167

Symmetry code: (i) x; 1� y; 1� z.

H atoms were located in Fourier difference maps, but were

subsequently included at calculated positions using an appropriate

riding model. CÐH distances were ®xed at CÐH 0.95 AÊ , CH2 and

CH3 0.99 AÊ and Uiso(H) = 1.2 Ueq(parent C atom).

Data collection: COLLECT (Nonius, 1999); cell re®nement:

SCALEPACK (Otwinowski & Minor, 1997); data reduction:

DENZO±SMN (Otwinowski & Minor, 1997); program(s) used to

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

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

XP in SHELXTL (Sheldrick, 1995); software used to prepare

material for publication: SHELXL97 and local procedures.

This investigation was supported by the National Institute

of Alcohol Abuse and Alcoholism, Grant AA12600.
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