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Abstract 
In the title compound, C22H38N4 O, both the pipera- 
zine rings are in perfect chair conformations and the 
substituents attached to the N atoms of  the pipera- 
zine rings are in equatorial positions. The tertiary 
butyl group is oriented in such a way that the plane 
of the phenyl group nearly bisects the angle between 
two of the methyl C atoms of the butyl group, while 
the third methyl C atom lies in the plane of  the 
phenyl ring. 

Comment 
The X-ray structure analysis of the title compound, 
(I), a binucleating ligand, has been undertaken to 
study the conformational features of  the piperazine 
rings. The compound was synthesized by a modifi- 
cation of  a procedure reported in the literature 
(Hodgkin, 1984). The molecular geometry is in 
agreement with that reported for similar molecules 

t DCB Contribution No. 836. 
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Each piperazine ring adopts a perfect chair confor- 
mation (Bassi & Scordamagila, 1977; Sbit, Dupont ,  
Diderberg, Liegeois & Delarge, 1992) similar to that 
found in morphohne (:~laanmuga Sundara Raj, 
Ponnuswamy, Shanmugam & Kandaswamy, 1993) 
and piperidine (Shanmuga Sundara Raj, Velmu- 
rugan, Ponnuswamy, Shanmugam & Kandaswamy, 
1994). The substituents at the N atoms of  the pipera- 
zine rings are in equatorial positions (Allinger, Car- 
penter & Karkowski,  1965). The molecular packing 
is based on van der Waals interactions. 
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Fig. 1. Perspective view of the molecule with atomic numbering 
scheme. 

Experimental 
Crystal data 

C22H38N40 
Mr = 374.6 
Triclinic 
P1 
a = 9.720 (1)/~, 
b = 9.945 (1)/~, 
c = 12.172 (3)/~ 
a = 84.53 (1) ° 
fl = 84.97 (2) ° 
"7 = 83.49 (1) ° 
V = 1160.2 (3)/~3 
Z = 2  
Dx = 1.07 Mg m -3 

Cu Ka radiation 
A = 1.5418/~, 
Cell parameters from 20 

reflections 
/7 = 15-25 ° 
# = 0.45 mm-i 
T = 298 K 
Transparent needle 
0.3 x 0.25 x 0.2 mm 
White 
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2008 C22H38N40 

Data collection 

Enraf -Nonius  CAD-4 
diffractometer  

~ /20  scans 
Absorpt ion correction: 

none 
3825 measured reflections 
3619 independent  reflections 
2751 observed reflections 

[I _> 3o-(/)] 

Refinement 

Refinement  on F 
R = 0.061 
wR = 0.071 
S = 0.53 
2751 reflections 
396 parameters  
All H-atom parameters  

refined 

Rint = 0.010 
0max = 65 ° 
h = - 1 1  ~ 11 
k = - 1 1  ~ 11 
l = 0---~ 14 
3 standard reflections 

frequency:  120 min 
intensity variation: < 1.5% 

w = 1/[o.2(F) + 0.406F 2] 

(A/o.)m~x = 0.005 
Apmax = 0.27 e / ~ - 3  
Apmi~ = - 0 . 3 3  e / ~ - 3  
Extinction correction: none 
Atomic  scattering fac- 

tors f rom SHELX76 
(Sheldrick, 1976) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (t~x 2) 

Beq = (87rE/a)~i~jUija~ aT ai.a j. 

x y z Beq 
C1 0.3755 (2) -0.0367 (2) 0.7229 (2) 3.91 (5) 
C2 0.3057 (2) -0.1031 (2) 0.6522 (2) 4.01 (5) 
C3 0.1621 (2) -0.0979 (2) 0.6688 (2) 4.08 (4) 
C4 0.0848 (2) -0.0250 (2) 0.7492 (2) 3.94 (5) 
C5 0.1579 (2) 0.0417 (2) 0.8165 (2) 4.12 (5) 
C6 0.3024 (2) 0.0372 (2) 0.8045 (2) 4.03 (5) 
07 0.5174 (1) -0.0415 (2) 0.7113 (1) 5.07 (5) 
C8 -0.0744 (2) -0.0210 (2) 0.7610 (2) 4.63 (7) 
C9 -0.1170 (3) -0.1615 (3) 0.7970 (3) 7.58 (11) 
C10 -0.1314 (2) 0.0275 (3) 0.6486 (3) 6.56 (9) 
Cll -0.1414 (3) 0.0790 (4) 0.8456 (3) 7.47 (8) 
C12 0.3783 (2) 0.1120 (2) 0.8795 (2) 5.12 (7) 
N13 0.3050 (2) 0.2421 (2) 0.9071 (1) 4.00 (5) 
C14 0.2860 (2) 0.3373 (2) 0.8093 (2) 4.65 (5) 
C15 0.2117 (3) 0.4709 (2) 0.8417 (2) 5.17 (8) 
N16 0.2906 (2) 0.5318 (2) 0.9166 (2) 4.73 (5) 
C17 0.3114 (3) 0.4378 (2) 1.0130 (2) 4.85 (7) 
C18 0.3838 (2) 0.3030 (2) 0.9825 (2) 4.64 (5) 
C19 0.2230 (3) 0.6624 (3) 0.9447 (3) 6.64 (8) 
C20 0.3827 (2) -0.1709 (2) 0.5564 (2) 4.79 (5) 
N21 0.5171 (2) -0.2452 (2) 0.5845 (1) 4.19 (4) 
C22 0.6021 (2) --0.2814 (2) 0.4845 (2) 5.09 (7) 
C23 0.7369 (3) --0.3597 (3) 0.5117 (2) 5.70 (8) 
N24 0.7144 (2) -0.4820 (2) 0.5832 (2) 5.80 (7) 
C25 0.6325 (3) -0.4447 (2) 0.6835 (2) 5.55 (8) 
C26 0.4951 (2) -0.3687 (2) 0.6569 (2) 4.86 (5) 
C27 0.8436 (4) -0.5607 (3) 0.6085 (4) 8.83 (13) 

Table 2. Selected geometric parameters (/~, o) 
C1----C2 1.396 (3) N13---C18 1.460 (3) 
C1--C6 1.389 (3) C14---C15 1.508 (3) 
C1--O7 1.370 (2) C15--N16 1.456 (4) 
C2----C3 1.389 (3) N16---C17 1.443 (3) 
C2---C20 1.502 (3) N16--C19 1.445 (4) 
C3---C4 1.395 (3) C17----C18 1.505 (3) 
C4--C5 1.389 (5) C20---N21 1.477 (3) 
C4---C8 1.538 (3) N21----C22 1.461 (3) 
C5---C6 1.395 (3) N21---C26 1.467 (3) 
C6----C12 1.518 (3) C22----C23 1.493 (3) 
C8---C9 1.516 (4) C23--N24 1.453 (3) 
C8---C10 1.537 (4) N24----C25 1.453 (3) 

c8----c 11 1.549 (4) N24---C27 1.443 (4) 
C12--N13 1.458 (3) C25----C26 1.503 (3) 
N13----C14 1.460 (3) 

C6---C1---O7 119.0 (2) C12--N13---C18 109.4 (2) 
C2---C1---O7 120.3 (2) C12 N13---C14 112.2 (2) 
C2----C1----C6 120.7 (2) C14--N13----C18 108.4 (2) 
C1---C2---C20 120.9 (2) N13----C14----C15 110.5 (2) 
C 1----C2---C3 118.2 (2) C14---C15---N16 110.9 (2) 
C3----C2----C20 120.8 (2) C15--N16--C19 111.3 (2) 
C2----C3---C4 123.0 (2) C15---N16----C17 108.7 (2) 
C3---C4----C8 120.2 (2) C17--N16----C19 112.4 (2) 
C3----C4--C5 117.0 (2) N16--C17--C18 111.7 (2) 
C5----C4----C8 122.8 (2) N13----C18-----C17 1il.0 (2) 
C4---C5---C6 122.1 (2) C2----C20---N21 112.9 (2) 
C1--C6--425 119.0 (2) C20--N21---C26 110.5 (2) 
C5----C6----C12 120.4 (2) C20---N21---C22 110.8 (2) 
C1----C6---C12 120.6 (2) C22--N21---C26 109.5 (2) 
C4---C8---C11 112.0 (2) N21----C22----C23 111.3 (2) 
C4---C8---C10 109.1 (2) C22---C23--N24 111.0 (2) 
C4----C8----C9 110.3 (2) C23---N24----C27 111.9 (2) 
C10---C8--C11 107.6 (2) C23--N24----C25 109.1 (2) 
C9----C8----C11 108.7 (2) C25---N24----C27 111.2 (3) 
C9---C8--C10 108.8 (2) N24----C25----C26 110.9 (2) 
C6----C12--N13 113.8 (2) N21---C26---C25 110.1 (2) 

Cell ref inement  and data reduction: SDP (Frenz, 1978). 
Structure solution: SHELXS86 (Sheldrick, 1985). Structure 
refinement:  SHELX76 (Sheldrick, 1976). Molecular  diagrams: 
PLUTO (Motherwell  & Clegg, 1978). Software used to prepare 
material  for publication: PARST (Nardelli, 1983). Computers  
used: VAX 730, MicroVAX H. 

SSSR thanks the University of Madras for providing 
a fellowship. 

Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates, complete geometry and least-squares-planes data have been 
deposited with the IUCr (Reference: HA1065). Copies may be obtained 
through The Managing Editor, International Union of Crystallography, 
5 Abbey Square, Chester CH1 2HU, England. 
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Abstract 
In the title compound,  CI6H23C1N203, both  mor-  
pholino rings adopt  chair  conformat ions  with an 
angle of  49.4 (1) ° between their mean planes. The 
maximum puckering ampli tude of  the morphol ino  
rings is calculated as ~Pr = 0.57/~ for both rings. The 
molecules are held together by van der Waals  forces 
and one C - - H . . . O  hydrogen bond of  3.298 (2) A. 

Comment 
The ligand was prepared by a modification of  a 
procedure reported in the li terature (Hodgkin,  1984), 
employing the Mannich  reaction. Each morphol ino  
ring assumes a perfect chair conformat ion.  The 
molecular  geometry is in agreement with that  of  
similar molecules except that  the average C - - O  bond 
length in the morphol ino  rings, 1.419 A, is slightly 
greater than the literature value of  1.364 A (Allen 
et al., 1987; Swaminathan,  Sundaral ingam, 
Cha t topa thyaya  & Reese, 1980; Baydar,  Boyd, Stride 
& Lindley, 1984; Shanmuga Sundara  Raj, 
Ponnuswamy,  Shanmugam & Kandaswamy,  1993; 
Ianelli et al., 1992a,b). The mean planes passing 
through the four C a toms of  the morphol ino  rings A 
and B make dihedral angles of  67.4 (1) and 70.3 (1) °, 
respectively, with the plane of  the phenyl ring, and 
are inclined to each other at 49.4 (1)°. 

~f DCB Contribution No. 834. 

An intermolecular  short  contact  between the 
a toms  C9 and O18 [ - x  + 1, - y ,  - z  + 1; 
3.298 (2)A,] is suggestive of  a C - - H . . . O  hydrogen 
bond. In addit ion,  int ramolecular  contact  distances 
involving a toms C14 and O21 [2.851 (2)A],  and N8 
and O21 [2.750 (2)A,] are suggestive of  hydrogen- 
bonded interactions. The packing of  the molecules is 
stabilized mainly by van der Waals interactions. 

C4 
C5 C3 

C6 C2 C13 N15 C 6 ~  ~ C  C ~ 012 

C ~ O  11 

018 C9 ~ C 1 0  
Fig. 1. Perspective view of the molecule with atomic numbering 

scheme. 

Experimental 
Crystal data 

C16H23C1N203 Cu Ko~ radiation 
Mr = 326.82 A = 1.5418/~, 
Monoclinic Cell parameters from 22 
P21/ c reflections 
a = 10.798 (2) A. 0 = 15-25 ° 
b = 10.771 (3) A, # = 2.18 mm -1 
c = 14.235 (4)/~ T = 295 K 
/3 = 94.65 (2) ° Needle 
V = 1650.1 (7)/~3 0.25 x 0.22 × 0.15 mm 
Z = 4 White 
D~, = 1.32 Mg m -3 

Data collection 
Enraf-Nonius CAD-4 Rim = 0.013 

diffractometer 0max = 70 ° 
w/20 scans h = - 13 ~ 13 
Absorption correction: k = 0 ~ 13 

empirical 1 = 0 ~ 17 
Tmi~ = 0.984, Tma~ = 3 standard reflections 
0.999 frequency: 120 min 

3329 measured reflections intensity variation: 
3065 independent reflections < 1.35% 
2803 observed reflections 

[I > 3or(/)] 
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