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Data collection 

Siemens P4 diff ractometer  
w scans 
Absorption correction: none 
5774 measured reflections 
5372 independent  reflections 
4720 reflections with 

I > 2o'(/) 
Rint = 0.020 

0max -- 27.51 o 
h = - 10 ~ 10 
k =  - 1 2 - - + 0  
l = 0---~ 38 
3 standard reflections 

every  247 reflections 
intensity decay: 5% 

W e  t h a n k  t h e  F o n d s  d e r  C h e m i s c h e n  I n d u s t r i e  f o r  

f inanc ia l  s u p p o r t  a n d  M r  A.  W e i n k a u f  fo r  t e c h n i c a l  

a s s i s t ance .  M r  O. M o e r s  a s s i s t ed  in p r e p a r i n g  the  

f igures .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: FG1348). Services for accessing these 
data are described at the back of the journal. 

Refinement 

Refinement  on F 2 
R[F 2 > 2a(F2)] = 0.032 
wR(F 2) = 0.077 

S = 1.046 
5372 reflections 
293 parameters  
H atoms treated by a 

mixture of  constrained and 
independent  ref inement  

w = l/[crZ(Fo z) + (0.0443P) 21 
where  P = (Fo 2 + 2F~?)/3 

(z~/O')max = --0.001 
Apmax = 0.237 e A -3 
Apmin = --0.283 e / ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Absolute  configuration: 
Flack (1983) 

Flack parameter  = - 0 . 0 6  (6), 
2306 Friedel pairs 

Tab le  1. Selected geometric parameters  (A, o) 

N--SI 1.6651 (18) N'--SI' 1.6705 (18) 
N--S2 1.6777 (18) N'--S2' 1.6723 (17) 
S1--Ol 1.4306 (18) Sl~--O1 ' 1.4197 (19) 
Sl--O2 1.4319 (18) Sl'--O2' 1.4249 (18) 
Sl--C1 1.753 (2) SI '--CI'  1.749 (3) 
N--C10 1.493 (3) N ' ~ 1 0 '  1.493 (3) 
CI0---CII 1.511 (3) CI0'--Cll I 1.516 (3) 

SI--N--S2 120.48 (ll) SI'--N'--S2' 120.48 (ll) 
CI0--N--S1 120.79 (14) C10'--N'--SI' 119.94 (14) 
CI0---N--S2 118.27 (14) CI0'--Nt--S2 ' 118.86 (15) 
OI--S1--N 108.38 (10) Ol ' - -Sl ' - -N'  108.05 (10) 
O2--SI--N 105.73 (10) O2'--SI'--N' 105.83 (ll) 
OI--SI--CI 109.06 (12) OI ' - -SI ' - -CI '  109.31 (13) 
O2--S1--C1 107.97 (12) O2'--SIt---C1 ' 107.98 (13) 
N--S1---CI 105.62 (11) N~--SI~---CI t 105.74 (12) 
O1--SI--O2 119.25 (12) O1'--S1'---O21 119.13 (12) 
N---CI0----CI1 113.72 (17) N'---CI0'--~II' 113.51 (18) 

S2--N--SI---OI 39.91 (16) S2'--N'--SI'---OI ' -39.00 (15) 
$2--N--SI--O2 168.85 (13) $2'--N'--S1'---O2 ~ -167.65 (12) 
S2--N--S1---CI -76.85 (15) S2~--N'--SI'---CI ~ 77.95 (16) 
SI--N--$2--O3 34.18 (16) S1'--N'--$2'---O3 ' -34.41 (14) 
S1--N--$2---O4 162.81 (12) $11--N'--$2'~O4 ' -162.51 (12) 
SI--N--S2---C2 -81.89 (15) SI'--N'--S2'---C2 ~ 82.26 (15) 

Tab l e  2. Hydrogen-bonding geometry (A, °) 

D--H. . .A D--H H. • .A D. • .A D--H. • .A 
C 10--H 10A. • .O4 i 0.99 2.58 3.435 (3) 144 
CI01--HIOD -. -04 I~i 0.99 2.36 3.172 (3) 139 

Symmetry codes: (i) - x ,  y - ½, ½ - z; (ii) ½ + x, ½ - y, I - z. 

Methyl  H atoms were  refined as rigid groups al lowed to rotate 
but not tip; other  H atoms riding. 

Data collection: XSCANS (Fait, 1991). Cell refinement:  
XSCANS. Data reduction: XSCANS. Program(s)  used to solve 
structure: SHELXS86 (Sheldrick, 1990). Program(s)  used to 
refine structure: SHELXL93 (Sheldrick, 1993). Molecular  
graphics: XP (Siemens,  1994). Software used to prepare 
material for publication: SHEI~L93. 

References 
Allen, F. H., Kennard, O., Watson, D. G., Brammer, L., Orpen, A. G. 

& Taylor, R. (1987). J. Chem. Soc. Perkin Trans. 2, pp. Sl-19. 
Baumgarten, R. J. & Curtis, V. A. (1982). The Chemistry of Functional 

Groups, Suppl. E edited by S. Patai, pp. 929-997. Chichester: John 
Wiley & Sons. 

Dalluhn, J., Pr6hl, H.-H., Henschel, D., Blaschette, A. & Jones, P. G. 
(1996). Phosphorus Sulfur Silicon, 114, 149-160. 

Desiraju, G. R. (1996). Acc. Chem. Res. 29, 441-449. 
Fait, J. (1991). XSCANS Users Manual. Siemens Analytical X-ray 

Instruments Inc., Madison, Wisconsin, USA. 
Hack, H. D. (1983). Acta Cryst. A39, 876-881. 
G6rbitz, C. H., Kazmeier, U. & Grandel, R. (1997). Acta Cryst. C53, 

1302-1305. 
Jones, P. G., Hamann, T., Schaper, W., Lange, I. & Biaschette, A. 

(1995). Phosphorus Sulfur Silicon, 106, 91-104. 
Lange, I., Moers, O., Blaschette, A. & Jones, P. G. (1997). Z. Anorg. 

Allg. Chem. In the press. 
Sheldrick, G. M. (1990). Acta Cryst. A46, 467-473. 
Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 

Crystal Structures. University of G6ttingen, Germany. 
Siemens (1994). XP Molecular Graphics Program. Version 5.03. 

Siemens Analytical X-ray Instruments Inc., Madison, Wisconsin, 
USA. 

Acta Cryst. (1997) .  C 5 3 ,  1 6 7 1 - 1 6 7 3  

trans-(4-)-N,N'-Bis(salicylidene)-l,2-cyclo- 
hexanediamine~ 

QIANCAI Ll-o,~ MENGXIAN DING, YONGHUA LIN AND YAN 

XING 

Changchun Institute of  Applied Chemistry, Chinese Academy 
of  Sciences, 159 Renmin Street, Changchun 130022, People's 
Republic of  China. E-mail: yangliu @public. cc.jl, cn 

(Received 21 January 1997; accepted 10 June 1997) 

Abstract 
T h e  t i t le  c o m p o u n d ,  C20H22N202,  is C2 s y m m e t r i c  w i t h  

the  t w o  N a t o m s  b o n d e d  to s a l i c y l i d e n e  g r o u p s  w h i c h  

are trans w i t h  r e s p e c t  to the  c y c l o h e x a n e  r ing.  

t Alternative name: 2,U-[1,2-cyciohexanediylbis(iminomethyl)]diphe- 
nol. 
:~ Present address: Institute of Applied Chemistry, East China Univer- 
sity of Science and Technology, 130 Meilong Road, Shanghai 200237, 
People's Republic of China. 
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Comment 
The typical Jacobson catalyst N,N'-bis(3 ,5-di- ter t -buty l -  
salicylidene)chloro - 1 , 2  - cyc lohexadiamine-manganese  
(Jacobson, 1993) can be used to catalyse hydrogenat ion 
and epoxidation. Furthermore, it can also be occluded in 
an elastomeric type polymethyls i loxane  membrane with 
the same catalytic activity (Vankelecom, Tas, Patton, 
Vyver & Jacobs, 1996). Recently,  we tried synthesiz- 
ing some organolanthanocenes with racemic and opti- 
cally active Schiff  bases. During this processing, the 
title compound, (I), was considered as a ligand. 

~ N = c H H ~  

N = C H - ~  

~-I HO" 

(_+)-(1) 

In the title molecule,  two N atoms are in trans 
positions. The bond distances of  C 1 - - N 2  and C 6 - - N  1 
are ca 0.2 ~, longer than those of C 14 N2 and C 7 - - N  1, 
demonstrat ing the double-bond character of  the latter. 
The cyclohexane ring is non-planar  with a maximum 
atomic deviation of 0.249 (1)A,  while the other two 
rings are planar. The two phenyl  rings are inclined to 
the mean plane of  the cyclohexane ring at 79.81 (10) 
and 78.12 (12) ° , while  they form an angle of 56.50 (13) ° 
with each other. 

C4 

C2 C5 

c,o % c,o c13 c,o 

Fig. 1. The molecular structure of C2oH2oO2N 2 showing the 50c~ 
probability displacement ellipsoids. H atoms have been omitted for 
clarity. 

Experimental 

The synthesis of (I) was carried out by treatment of trans- 
(+)-l,2-cyclohexanediamine with 2.4 molar equivalents of 
salicylaldehyde in boiling toluene. Yellow prism crystals were 
obtained by crystallization from ethanol. 

Crystal data 

C20H22N202 
M, = 322.40 
Monoclinic 
Cc 
a = 16.001 (1) ~, 
b = 11.821 (3) A 
c = 9.641 (1) A 
3 = 98.53 (3) ° 
V = 1803.4 (5) ,~3 
Z = 4  
D~ = 1.187 Mg m -3 
Om not measured 

Data collection 

Siemens P4 diffractometer 
w/20 scans 
Absorption correction: 

empirical ~b scans (North, 
Phillips & Mathews, 
1968) 
Tmin = 0.271, /'max = 0.295 

2489 measured reflections 
2186 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2o'(F~-)] = 0.037 
wR(F 2) = 0.085 
S = 0.869 
2186 reflections 
282 parameters 
H atoms not refined 

-) .)  

w = ll[o''(F,,) + (0.0396P) 2] 
where P = (Fo + 2Ff)/3 

Mo Ka radiation 
A = 0.71073 ]k 
Cell parameters from 30 

reflections 
0 = 4.47-12.59 ° 

= 0.077 mm- 
T = 293 (2) K 
Needle 
0.42 x 0.36 x 0.14 mm 
Yellow 

1423 reflections with 
I > 2o'(/) 

Ri,,t = 0.017 
0ma,, = 26.98 ° 
h =  -1  ---, 20 
k = 0 --~ 15 
I = - 12 ~ 12 
3 standard reflections 

frequency: 100 min 
intensity decay: none 

(A/o.)max = 0.002 
Apmax = 0.094 e A -3 
Apmin = -0.131 e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 

Table 1. Selec ted  geometr ic  parameters  (A, °) 

O I - - C 9  1.337 (4) NI---C6 1.454 (4) 
O2~C20  1.340 (4) N2---C14 1.265 (4) 
NI---C7 1.269 (4) N2--CI  1,471 (4) 

C7--NI- - -C6 118.4 (3) NI~-C6---C5 110.8 (3) 
C I 4 - - N 2 - - C I  119.0 (2) NI~C6- - -CI  109.8 (2) 
N2--C1---C2 110.0 (3) N 1 ~ 7 - - - C 8  122.8 (3) 
N2---C1---C6 108.8 (2) N2--CI4----C15 122.8 (3) 

The structure was solved by direct methods. All H atoms were 
placed in ideal positions with common isotropic displacement 
parameters (Ui.,o = 0.08 ,~2). 

Data collection: DIF4 (Stoe & Cie, 1991a). Cell refine- 
ment: DIF4. Data reduction: REDU4 (Stoe & Cie, 1991b). 
Program(s) used to solve structure: SHELXTL-Plus (Sheldrick, 
1991). Program(s) used to refine structure: SHELXTL-Plus. 
Molecular graphics: SHELXTL-PIus. Software used to prepare 
material for publication: XL in SHELXTL-PIus. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: V J1061). Services for accessing these 
data are described at the back of the journal. 



QIANCAI LIU et al. 1673 

R e f e r e n c e s  
Jacobson, E. N. (1993). Catalytic Asymmetric Synthesis, edited by I. 

Ojima, pp. 159-202. New York: VCH. 
North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Cryst. 

A24, 351-359. 
Sheldrick, G. M. (1991). SHELXTL-Plus. Release 4.1. Siemens 

Analytical X-ray Instruments Inc., Madison, Wisconsin, USA. 
Stoc & Cic (199 l a). DIF4. Diffractometer Control Program. Vcrsion 

7.08. Stoe & Cie, Darmstadt, Germany. 
Stoe & Cie (1991b). REDU4. Data Reduction Program. Version 7.08. 

Stoe & Cie, Darmstadt, Germany. 
Vankelecom, I. F., Tas, D., Parton, R. F., Vyver, V. V. & Jacobs, P. A. 

(1996). Angew. Chem. Int. Ed. Engl. 35, 1346-1348. 

Acta Cryst. (1997). C53, 1673-1675 

Pseudosymmetry in 2,5-Dimethyl-l,4- 
benzenediol 

GRAEME J. GAINSFORD, a IAN J. MILLER, b SELWYN C. 

YORKE c AND A. DAVID RAE d 

aThe New Zealand Institute for Industrial Research and 
Development, PO Box 31-310, Lower Hutt, New Zealand, 
b Carina Chemical Laboratories Ltd, PO Box 30366, 
Lower Hutt, New Zealand, "New Zealand Pharmaceuticals 
Limited, PO Box 1869, Palmerston North, New Zealand, 
and dResearch School of  Chemistry, Australian National 
University, Canberra, ACT 0200, Australia. E-mail: 
g.gainsford@ irl.cri.nz 

(Received 23 Januao" 1996; accepted 13 May 1997) 

A b s t r a c t  

The title compound, CsH1002, was prepared from di- 
acetyl by a high temperature and pressure reaction. 
Pseudosymmetry in the structure results in diffraction 
symmetry enhancement for half the reflections and the 
possibility of twinning and stacking faults. The structure 
consists of two independent but pseudosymmetrically- 
related P2t/c substructures, each having centrosymmet- 
ric molecules on centres of inversion which are strongly 
hydrogen bonded to symmetry-related molecules to form 
layers perpendicular to c*. The structure may be de- 
scribed as an occupancy modulation, ordering a disor- 
dered parent structure in Pnma symmetry to form, upon 
change of axes, the P2~/c structure reported. The hy- 
droxyl H atoms have two site options corresponding to 
alternative hydrogen-bonding patterns and the methyl H 
atoms in one substructure are rotationally disordered. 

C o m m e n t  

High temperature and pressure reactions utilizing indige- 
nous materials led to a study of the reaction chemistry 

of diacetyl, resulting in the title compound, (I). A full 
quadrant of data was collected using a nearly orthorhom- 
bic B-centred cell [a' - 13.211 (4), b '  = 4.518 (1), c' = 
23.655 (8) ,~, and/3'  = 89.50 (3)°]. A check on the Laue 
symmetry led to the observation that the structure is 
monoclinic (Rim for 2/m symmetry is 0.027), but reflec- 
tions with l even define a pseudo-orthorhombic parent 
structure (Rint for pseudosymmetry operations is 0.075). 
Reflections with l odd have an Rint for pseudosymmetry 
operations of 0.91 and are clearly monoclinic. A primi- 
tive cell was then chosen and reflections re-indexed, so 
as to describe the P21/c structure as reported. 

OH ~ CH 3 

H3C/ y 

OH 
(I) 

The B-centred cell is described as a '  = 2a + c, b '  = 
b, c ~ = c relative to the reported cell for P21/c and the 
pseudo-orthorhombic reflections describe an apparent 
scattering density with a primitive unit cell a "  = a72, 
b "  = b ~, c"  = c'/2. Thus, a "  = a + e/2, b "  = b 
and c" = c/2, and the structure can be thought of 
as an occupancy modulation [modulation vector q = 
(a"* + c '*) /2] ,  ordering and distorting a disordered 
parent structure of P21/n21/m2~/a symmetry. Absence 
conditions h' ,k ' ,O,  h" odd and O,k' , l ' ,  k" + l" odd of 
Pnma become pseudo-absence conditions h,k,O, h odd 
and h,k,-2h, h + k odd for the re-indexed reflections and 
the pseudo-equivalence of intensities relates reflections 
h,k,l and - h - l , k , l  with l even. 

The symmetry operations associated with the a "  and 
c"  axes of Pnma must be destroyed in the ordered 
structure as otherwise the extra reflections will not 
be observed. However, pseudosymmetry operations can 
be used to describe the relationship between adjacent 
layers of the ordered structure. Using the cell a,b,c with 
1 - x ,  1 - y ,  1 - z  chosen as the asymmetric unit for the 
second molecule, the relationship between layers may 
be described as: layer at x = (2N + 1)/2 is obtained from 

1 I layer at x = N by operation ~+x ,  y, ~ + x - z ;  layer 
at x = N is obtained from layer at x = ( 2 N -  1)/2 by 

1 operation ~ + x, y, x - z ,  any N. Both these operations 
correspond to a-glide operations of Pnma for the cell 
a " , b ' , c ' .  

The odd and even layers belong to separate substruc- 
tures of P21/c symmetry. A pseudo-a-glide that trans- 
forms substructure 1 into substructure 2 also transforms 
substructure 2 into substructure 1 translated by e/2. This 
corresponds to a re-orientation of the total structure. It 
also allows the possibility of alternative origins for indi- 
vidual layers. The consequence of such stacking faults 
has negligible effect on l even reflections but can be 
modelled as a scaling and twinning of l odd reflections 
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