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1985). Final positional parameters are given in Table 
1, with selected bond distances and angles in Table 
2.* The atomic labelling scheme and molecular struc- 
ture are shown in Fig. 1. 

Related literature. For other Co/Sb complexes see 
Clegg, Compton, Errington, Hockless, Norman, 
Ramshaw & Webster (1990), and Norman, Webster 
& Farrugia (1992). Other related complexes contain- 
ing Sb---Mn bonds include [SbCI{Mn(CO)2(r/5- 
CsHaMe)}{Mn(CO)5}2] (Lombard, Huttner & 
Zsolnai, 1988), [SbCI{Mn(CO)E(r/5-CsHs)} - 
{MnE(CO)4(r/5-CsHs)2}] (von Seyerl, Wohlfahrt & 
Huttner, 1980), [SbBr{Mn(CO)2(r/5-CsH4Me)} - 
{ Fe(CO)z(r/5-CsHs)}2] and [SbBr{Mn(CO)2(r/5- 
CsH4Me)}{Fe2(CO)4(r/5-CsHs)2}] (Zsolnai, 1984). 
For other monohalo metallastibane or s t ibate(1-)  
species see Ferrer, Rossell, Seco & Braunstein (1989), 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom positional parameters and complete bond lengths and 
bond angles have been deposited with the British Library Docu- 
ment Supply Centre as Supplementary Publication No. SUP 
55401 (21 pp.). Copies may be obtained through The Technical 
Editor, International Union of Crystallography, 5 Abbey Square, 
Chester CH1 2HU, England. [CIF reference: LIl004] 

Trinh-Toan & Dahl (1971), Panster & Malisch 
(1976) and Ma!isch & Panster (1975, 1976). 
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Abstract. C2oH23NO (I), Mr = 293.4, triclinic, P1, a 
=6.486(2),  b=10.921(2) ,  c = 1 2 . 5 4 2 ( 1 ) A ,  a =  
79.90 (1), /3 = 88.87 (2), 9' = 73.50 (2) °, V = 
838.2 (3) A 3, Z = 2, Dx = 1.16 g cm-  3, A(Cu Ka) = 
1.5418 A, /z = 5.15 cm -1, F(000) -- 316, T = 295 K, 
R=0.051 ,  wR=0.070  for 2641 unique observed 
reflections [I > 3tr(/)]. C2oH21C12NO (II), Mr = 362.3, 

* Author for correspondence. 
t Contribution No. 793. 

orthorhombic, Pnma, a = 7.420 (2), b = 23.118 (1), 
c=10.624(2)  A, V=1822.4 (2) •3, Z = 4 ,  Dx= 
1.32 gcm -3, A(Cu Kce) = 1.5418 A, # = 32.95 cm-1, 
F(000) -- 760, T--  295 K, R -- 0.042, wR = 0.048 for 
1221 unique observed reflections [ I>  3~r(/)]. The 4- 
piperidone ring has a slightly distorted chair confor- 
mation in both compounds and the mean torsion 
angles are 54.0 (2) and 52.7 (3) ° for (I) and (II), 
respectively. In (I) the puckering is enhanced in the 
area of N1 and in (II) it is enhanced in the area of 
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C4. The phenyl rings are planar within six standard 
deviations and all molecular dimensions and van der 
Waals interactions are normal in both compounds. 

Experimental. Crystals of the title compounds were 
grown from ethanol at room temperature. The inten- 
sities were collected with an Enraf-Nonius CAD-4 
diffractometer using Ni-filtered Cu Ka radiation. 
Unit-cell parameters were derived from a least- 
squares analysis of 25 reflections with 25 ___ 20 _< 35 °. 
Intensity data were collected with the w--28 scan 
technique. The structures were solved by direct 
methods using SHELXS86 (Sheldrick, 1990) and 
refined on F by weighted full-matrix least squares on 
a MicroVAX II computer with SHELX76 (Shel- 
drick, 1976). Atomic scattering factors were those of 
SHELX76 taken from International Tables for X-ray 
Crystallography (1974, Vol. IV). 

(I): A crystal with dimensions 0.25 × 0.20 × 
0.20 mm was used for data collection. 3031 unique 
reflections (h - 7  to 7, k - 1 3  to 13, l 0 to 15) up to 
20 = 140 ° were measured, of which 2641 had intensi- 
ties greater than 3tr(/). During data collection three 
standard reflections, monitored after every 2h of 
X-ray exposure, indicated no decay over the full 36 h 
period. The intensity data were corrected for 
Lorentz, polarization and absorption (0-scan 
method) effects (transmission-factor range 0.9603- 
0.9954). Using STATC, a Fortran program for con- 
ducting statistical tests for centrosymmetry (Partha- 
sarathy, Ponnuswamy, Elango & Sekar, 1990), the 
space group of the crystal was found to be Pi .  H 
atoms were located from a difference Fourier map. 
All the H atoms were refined with isotropic atomic 
displacement parameters in the final cycles. Final 
maximum A/0. = 0.05 and maximum and minimum 
heights in final Ap maps were 0.204 and 
-0 .224  e A-3, respectively. Refinement with weights 
given by w = [0.2(F) + 0.006689(Fo2)]-1 converged at 
R = 0.051, wR = 0.070 and S = 1.12 for 291 param- 
eters. 

(II): A crystal with dimensions 0.30 x 0.20 x 
0.30 mm was used for data collection. 1494 unique 
reflections (h 0 to 8, k 0 to 27, l 0 to 12) up to 20 = 
130 ° were measured, of which 1221 had their intensi- 
ties greater than 30-(/). During data collection three 
standard reflections, monitored after every 2 h of 
X-ray exposure, indicated no decay over the full 20 h 
period. The intensity data were corrected for Lor- 
entz, polarization and absorption (0-scan method) 
effects (transmission-factor r ange  0.7631-0.9724). 
Systematic absences showed that the space group of 
the crystal could be either Pna21 or Pnam. The space 
group was tentatively chosen to be Pna21. During 
refinement, an examination of the least-squares cor- 
relation matrix showed that the correlation coeffi- 
cients of all pairs of atoms in the groups attached to 

Table 1. Atomic coordinates (× 104) and equivalent 
isotropic thermal parameters (/~2x 103) for non-H 

atoms with e.s.d. 's in parentheses 

U~ = (1/3)Y.,Yj Uoa,*aj*a,.a j. 

x y z 

O) 
NI 3041 (2) 1027 (I) 7623 (1) 
C2 3213 (2) 1994 (1) 6671 (1) 
C3 1785 (2) 1996 (1) 5679 (I) 
C4 2210 (2) 611 (2) 5481 (1) 
C5 2159 (3) - 3 7 9  (2) 6469 (1) 
C6 3624 (2) - 299 (I) 7375 (1) 
C7 4529 (4) 1050 (2) 8485 (1) 
C8 2694 (2) 3329 (1) 6988 (1) 
C9 978 (3) 3763 (2) 7641 (1) 
C10 573 (4) 4963 (2) 7962 (2) 
E l l  1867 (4) 5754 (2) 7630 (2) 
C12 3565 (4) 5345 (2) 6978 (2) 
C13 3966 (3) 4149 (2) 6653 (2) 
C14 -623  (3) 2494 (2) 5852 (2) 
C15 2385 (4) 2831 (2) 4674 (1) 
O16 2495 (2) 318 (I) 4591 (1) 
C17 3465 (3) - 1274 (1) 8373 (1) 
C18 1573 (3) - 1138 (2) 8935 (1) 
C19 1436 (4) -2028 (2) 9848 (2) 
C20 3176 (4) - 3091 (2) 10192 (1) 
C21 5035 (4) - 3244 (2) 9648 (2) 
C22 5192 (3) -2343 (l) 8729 (l) 

(n) 
CII 1099 (1) 5080 1844 (1) 
NI 143 (3) 2500 4627 (2) 
C2 -499  (3) 3043 (1) 5208 (2) 
C3 -2567 (3) 3047 (1) 5380 (2) 
C4 - 3144 (4) 2500 6044 (3) 
C5 2115 (4) 2500 4625 (3) 
C6 27 (3) 3546 (1) 4360 (2) 
C7 794 (3) 4047 (I) 4845 (2) 
C8 1140 (3) 4519 (I) 4079 (2) 
C9 725 (3) 4486 (1) 2814 (2) 
CI0 - 5  (3) 3988 (1) 2302 (2) 
E l l  -341 (3) 3522 (1) 3080 (2) 
C12 -3236 (4) 3588 (1) 6063 (3) 
O13 - 3961 (4) 2500 7023 (2) 

v~ 

45 (l) 
44(1) 
49 (I) 
50 (1) 
54(I) 
45 (l) 
69 (l) 
48(1) 
59 (l) 
74 (l) 
76 (1) 
77 (1) 
63 (1) 
67 (1) 
74 (I) 
65 (I) 
48 (1) 
63 (1) 
77 (1) 
74 (l) 
72 (1) 
58 (1) 

80 (1) 
40(1) 
41 (I) 
46(1) 
49 (I) 
57 (1) 
41 (1) 
48 (1) 
54 (1) 
50 (l) 
50 (i) 
46 (1) 
70 (I) 
73 (I) 

the 4-piperidone ring were large. Hence the space 
group Pna21 was discarded. Since the space group 
Pnam is not in the standard form, the equivalent 
space group Pnma was chosen and necessary trans- 
formations were made. H atoms were located from a 
difference Fourier map. All the H atoms were refined 
with isotropic atomic displacement parameters in the 
final cycles. Final maximum A/0. = 0.05 and maxi- 
mum and minimum heights in final Ap maps were 
0.13 and - 0.33 e A -3, respectively. Refinement with 
weights given by w = [0.Z(-F) + 0.006814(Fo2)] - 1 con- 
verged at R = 0.042, wR = 0.048 and S = 0.75 for 
158 parameters. 

Final positional and thermal parameters are listed 
in Table 1" with bond lengths and angles obtained 
using PARST (Nardelli, 1983) in Table 2. PLUTO 
(MotherweU & Clegg, 1978) drawings of each mol- 
ecule showing the molecular geometry are presented 
in Figs. 1 and 2, respectively. 

* Lists of  structure factors, anisotropic thermal parameters,  
H-a tom parameters and least-squares-planes calculations have 
been deposited with the British Library Document  Supply Centre 
as Supplementary Publication No. SUP 55383 (32 pp.). Copies 
may be obtained through The Technical Editor,  Internat ional  
Union of  Crystallography, 5 Abbey Square, Chester CH1 2HU,  
England. [CIF reference: AB0270] 
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Table 2. Bond 
selected torsion 

(I) 
N I - - C 2  
C2---C3 
C3- -C4  
C4--C5 
C 5 I C 6  
C6- -N  1 
N I - - C 7  
C2--C8 
C8---C9 
C9---C10 
CI 0---CI 1 
CI 1- -CI2  
C I 2 - - C I 3  

N 1 - - C  2---C 3 
C2---C3--C4 
C3---C4---C5 
C4IC5----C6 C 5---C6---N 1 
C6---N I - -C2 
C6---N I ---C7 
C7- -N  I---C2 
C 8 - - C 9 - - C I 0  
N 1---C2---C8 
C3--C2---C8 
C2--C8---C9 
N I---C6---C 17 
O 16---C4----C5 
C9----C I 0---C I 1 
C I 0 - - C I  1--C12 
CI 1 - - C I 2 - - C I 3  
C12--C13--C8 
C 9 - - C 8 - - C  13 

N 1---C2---C3--C4 
C 2 I C 3 I C 4 - - C 6  
C3---C4---C 5---C6 

(II) 
N1--C2 
C2--C3 
C3--C4 
N 1----C5 
C2---C6 
C6---C7 
C7--C8 

N 1 - - C 2 - - C 3  
C2---C3--C4 
C2---C3---C 12 
C 4 - - C 3 - - C  12 
C 3 - - C 4 - - O  13 
C2- -N  1---C5 
C2---C6--C l 1 
C2---C6----C7 
C 6 I C 2 - - N  1 
C2- -N  1 ---C2' 

N 1 --C2----C3--C4 
C2--C3---C4--C3" 

lengths (•), bond angles (°) and 
angles (o)for structures (I) and (II) 

1.474 (2) C8--C13 1.391 (3) 
1.565 (2) C 3 - - C I 4  1.526 (2) 
1.522 (3) C 3 I C I 5  1.533 (2) 
1.501 (2) C 4 - - 0 1 6  1.211 (2) 
1.525 (2) C 6 ~ C 1 7  1.517 (2) 
1.476 (2) C I 7 - - C I 8  1.387 (3) 
1.472 (3) CI8---C19 1.385 (3) 
1.522 (2) CI9 - -C20  1.381 (3) 
1.391 (2) C20--C21 1.357 (3) 
1.391 (3) C21--C22 1.401 (3) 
1.377 (4) C17--C22 1.382 (2) 
1.376 (4) 
1.389 (3) 

112.8 (I) CI4---C3--C15 109.3 (1) 
109.0 (I) C4--C3---CI4 106.7 (1) 
115.2 (1) C4---C3---C15 109.2 (1) 
110.9 (I) C3- - -C4IO16  123.3 (2) 
110.6 (I) C5--C6---C17 109.4 (I) 
111.9 (1) C0- -C17- -CI8  121.1 (I) 
108.1 (1) C17- -CI8 - -C19  120.9 (2) 
108.6 (I) C18--C19--C20 120.1 (2) 
121.2 (2) C19---C20---C21 119.8 (2) 
109.5 (I) C20--C21--C22 120.5 (2) 
111.7 (I) C21--C22--C17 120.5 (2) 
121.7 (I) C22- -C17- -C6  120.7 (I) 
110.7 (I) C 2 2 - - C I 7 - - C I 8  118.2 (1) 
121.5 (2) CI3--C8---C2 120.7 (1) 
120.3 (2) C2---C3---C14 113.4 (1) 
119.4 (2) C 2 I C 3 - - C 1 5  109.1 (1) 
120.4 (2) 
121.1 (2) 
117.5 (2) 

- 50.1 (2) C4---C5--C6---NI 55.5 (2) 
48.2 (2) C 5 - - - C 6 - - N I I C 2  -59 .4  (2) 

- 52.0 (2) C6- -N  I - -C2- -C3  57.5 (2) 

.478 (3) C8---C9 1.381 (3) 

.545 (3) C 9 I C I 0  1.384 (3) 

.510 (3) CI0---C11 1.381 (3) 

.463 (4) c r I C I I  1.388 (3) 

.522 (3) C9---C11 1.739 (2) 

.390 (3) C4--O13 1.204 (4) 

.385 (3) C3- -CI2  1.529 (4) 

112.0 (2) C6---C7---C8 121.0 (2) 
109.4 (2) C7---C8---C9 119. I (2) 
112.6 (2) C8mC9--CIO 121.1 (2) 
111.8 (2) C8---C9--CII 119.8 (2) 
123.1 (1) CII- -C9---CI0 119.1 (2) 
108.8 (1) c g - - C l O - - C l  I 119.0 (2) 
119.9 (2) C I 0 - - C I  1--C6 121.3 (2) 
121.5 (2) C 7 - - C 6 - - C I  1 118.5 (2) 
108.6 (2) C6--C2---C3 108.7 (2) 
116.3 (2) C3- -C4- -C3 '  II3.8 (2) 

51.1 (2) C 2 ' - - N I - - C 2 - - C 3  - 50.3 (2) 
- 56.6 (3) 

Related literature. The 4-piperidone rings in both 
compounds have a slightly distorted chair conforma- 
tion. In the 4-piperidone ring, puckering is enhanced 
in the area of N1 and decreased in the area of C3 for 
compound (I); however, it is enhanced in the area of 
C4 and decreased in the area of N1 for compound 
(II). The puckering observed in the 4-piperidone 
rings of other structures, namely, (i) 3-methyl- 
2,6-diphenyl-4-piperidone (Sekar, Parthasarathy & 
Rajalingam, 1990), (ii) 2,6-bis(p-methoxyphenyl)-3,5- 
dimethyl-4-piperidone (Sekar, Parthasarathy & 
Radhakrishnan, 1990), (iii) 1,1'-di(4-pyridyl)-2,- 
2',6,6'-bi(4-piperidone) dihydrochloride dihydrate 
(Cheer, Cosgrove & Vittimberga, 1984), (iv) 
3,5-bis(4-dimethylaminobenzylidene)-l-methyl-4- 
piperidone (Jia, Quail, Arora & Dimmock, 1989a), 

cio C7 ~,~ ~ ~ j  C ,/j ~c20 

C l Q ~ ~ c  c5 

Fig. 1. A view of the molecular structure of compound (I) with 
atom numbering. 

C5 

C10- C 1 2 ~  

Fig. 2. A view of the molecular structure of compound (II) with 
atom numbering. 

(v) 3,5-bis(benzylidene)-l-methyl-4-piperidone me- 
thobromide hemiethanol solvate (Jia, Quail, Arora & 
Dimmock, 1989b), (vi) 3,5-bis(4-dimethylamino- 
benzylidene)- 1-methyl-4-piperidone methoiodide 
(Jia, Quail, Arora & Dimmock, 1989c) and (vii) 
3,5-bis(benzylidene)-4-piperidone hydrochloride and 
its N-methyl analogue (Jia, Quail, Arora & Dim- 
mock, 1988), is opposite to that observed in (II). 

Thanks are due to the Council of Scientific and 
Industrial Research, India, for the award of a Senior 
Research Fellowship to KS. 
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