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The title compound, 2,9-bis(3-nitrophenyl)-1-azatricyclo-

[3.3.1.13,7]decan-4-one, C21H19N3O5, has a tricyclic structure.

The torsion angles may be used to describe the relationship of

the carbonyl group to the adjacent faces, whereby it is seen

that the angles on the face of the arylpiperidinone side

[122.0 (3) and ÿ122.0 (3)�] are greater than those on the

cyclohexanone side [ÿ119.8 (4) and 119.9 (4)�]. Although

these differences may explain a facial selectivity during

nucleophilic addition to the carbonyl group, the presence of

the aryl rings is probably also important.

Comment

Numerous investigations have shown that substitution in

adamantanones and azaadamantanones may affect facial

selectivity during nucleophilic addition to the carbonyl group

(Kaselj et al., 1999). Structural studies of azaadamantanone

have been used to explain its facial selectivity; the distortion in

the calculated geometry (HF/6-31G*) of azaadamantanone

has been discussed by Gung & Wolf (1996). We recently

designed the 2-eq-9-ax-diarylazaadamantan-4-one (eq is

equatorial and ax is axial) analogues to the title compound,

(I), as probes for facial selectivity in the nucleophilic addition

of sodium borohydride in methanol. The highly preferential

anti attack in the reduction of these ketones has been

described; both steric and electronic effects were involved

(JimeÂnez-Cruz et al., 2000).

The molecular structure of (I) is shown in Fig. 1 and

selected geometric parameters are given in Table 1. The

molecule consists of a tricyclic azaadamantanone cage with

aryl rings (3-nitrophenyl) substituted at the 2 and 9 positions.

Rings A (C11±C16) and B (C17±C22) are attached to atoms

C2 and C9 in equatorial and axial positions, respectively,

relative to the piperidinone ring. The rotation between each

aryl ring and the tricyclic framework may be described by the

torsion angles C3ÐC2ÐC11ÐC12 [ÿ28.4 (4)�; ring A] and

C5ÐC9ÐC17ÐC18 [ÿ37.2 (4)�; ring B]. The aromatic rings

are themselves planar [mean deviations 0.006 (2) AÊ for ring A

and 0.008 (3) AÊ for ring B], and although the ring and the nitro

group in pure m-nitroacetophenone are almost planar, with an

angle between the groups of 1.8 (2)� (Feeder et al., 1996), in

(I), the planes of the 3-nitrophenyl groups are rotated signif-

icantly away from the planes of the rings [11.2 (6)� for ring A

and 10.7 (2)� for ring B].

The average CÐC bond length within the adamantane cage

in (I) is 1.53 (4) AÊ . The bonds N1ÐC2, N1ÐC9 and N1ÐC8

are 1.479 (4), 1.484 (4) and 1.472 (4) AÊ , respectively. These

values are greater than those reported for 2-phenyl-3,5,7-tri-

methylazaadamantane-4,10-dione, (II) (Risch et al., 1991), in

which the NÐC distances are 1.462 (3), 1.458 (3) and

1.452 (3) AÊ , and are less than those described in chloro-

phenyloxyazaadamantane hydrochloride, (III) (FernaÂndez et

al., 1989), in which the NÐC distances are 1.514 (7), 1.49 (3)

and 1.50 (3) AÊ . The C O distance (C4ÐO1) is 1.214 (4) AÊ in

(I), which is similar to the values in (II) (1.211 and 1.214 AÊ ).

The C3ÐC4ÐC5 bond angle is 112.7 (3)� in (I), which is less

than the values in (II) (114.25 and 114.95�; Risch et al., 1991).

The torsion angles used to describe the two faces of the

other side of the cage (see Scheme above) show that the angles

on the arylpiperidinone side [C9ÐC5ÐC4ÐO1 122.0 (3)� and

C2ÐC3ÐC4ÐO1 ÿ122.0 (3)�] are greater than on the

cyclohexanone side [C6ÐC5ÐC4ÐO1ÿ119.8 (4)� and C10Ð

C3ÐC4ÐO1 119.9 (4)�]. These geometrical parameters may

provide some understanding of the nucleophilic addition

reactions on these substrates. Although these differences

imply a facial asymmetry that may explain a preferential

selectivity, the presence of the aryl rings is also important in

preferential attack on the cyclohexanone face.

The molecules in the crystal of (I) are linked by several

weak CÐH� � �O bonds involving the O atoms in the carbonyl

ketone and the nitro groups (Table 2).
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Figure 1
A molecular view of (I) with the atom-numbering scheme. Displacement
ellipsoids are drawn at the 50% probability level and H atoms are shown
as small spheres of arbitrary radii.² Deceased.



Experimental

The title compound was prepared according to the procedure

described by JimeÂnez-Cruz et al. (2000). After puri®cation via a

chromatographic column, crystals of (I) were grown by slow

evaporation of a chloroform±hexane solution at room temperature

(m.p. 498±500 K).

Crystal data

C21H19N3O5

Mr = 393.39
Orthorhombic, Pbca
a = 13.318 (1) AÊ

b = 15.217 (2) AÊ

c = 17.965 (1) AÊ

V = 3640.8 (6) AÊ 3

Z = 8
Dx = 1.435 Mg mÿ3

Mo K� radiation
Cell parameters from 40

re¯ections
� = 3.0±12.5�

� = 0.10 mmÿ1

T = 293 (2) K
Block, yellow
0.6 � 0.3 � 0.3 mm

Data collection

Siemens P4/PC diffractometer
�/2� scans
3999 measured re¯ections
3185 independent re¯ections
1685 re¯ections with I > 2�(I)
Rint = 0.049
�max = 25�

h = ÿ1! 15
k = ÿ1! 18
l = ÿ1! 21
3 standard re¯ections

every 97 re¯ections
intensity decay: <2%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.058
wR(F 2) = 0.133
S = 1.00
3185 re¯ections
263 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0478P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max = 0.002
��max = 0.35 e AÊ ÿ3

��min = ÿ0.26 e AÊ ÿ3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coef®cient: 0.0012 (4)

The positional parameters of the H atoms were calculated

geometrically and ®xed, with Uiso(H) = 1.2Ueq of the parent atom.

Data collection: XSCANS (Siemens, 1994); cell re®nement:

XSCANS; data reduction: XSCANS; program(s) used to solve

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

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

SHELXTL/PC (Sheldrick, 1990); software used to prepare material

for publication: SHELXL97.

The authors are indebted to Javier PeÂrez-Flores and RocõÂo

PatinÄ o-Maya for technical assistance.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: DA1181). Services for accessing these data are
described at the back of the journal.
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Table 1
Selected geometric parameters (AÊ , �).

O1ÐC4 1.214 (4)
N1ÐC8 1.472 (4)
N1ÐC2 1.479 (4)
N1ÐC9 1.484 (4)
C2ÐC3 1.553 (4)

C3ÐC4 1.517 (4)
C4ÐC5 1.507 (5)
C5ÐC9 1.548 (4)
C7ÐC8 1.528 (5)

C8ÐN1ÐC2 110.4 (2)
C8ÐN1ÐC9 109.3 (3)
C2ÐN1ÐC9 109.7 (2)
N1ÐC2ÐC3 111.0 (3)
O1ÐC4ÐC5 124.1 (3)

O1ÐC4ÐC3 123.1 (3)
C5ÐC4ÐC3 112.7 (3)
N1ÐC8ÐC7 112.0 (3)
N1ÐC9ÐC5 109.9 (3)

C10ÐC3ÐC4ÐO1 119.9 (4)
C2ÐC3ÐC4ÐO1 ÿ122.0 (3)
O1ÐC4ÐC5ÐC6 ÿ119.8 (4)

O1ÐC4ÐC5ÐC9 122.0 (3)
C3ÐC2ÐC11ÐC12 ÿ28.4 (4)
C5ÐC9ÐC17ÐC18 ÿ37.2 (4)

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

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

C2ÐH2� � �O4i 0.96 2.54 3.249 (4) 131
C20ÐH20� � �O1i 0.96 2.44 3.300 (5) 150
C21ÐH21� � �O3ii 0.96 2.53 3.263 (6) 133

Symmetry codes: (i) ÿx;ÿy; 1ÿ z; (ii) 1ÿ x;ÿy; 1ÿ z.


