
228 C17H28N~.C104-- 

C21--N21 1.147 (6) C12--C13 1.510 (7) 
C3----C4 1.493 (8) C13----CI4 1.520 (7) 
C4----C5 1.528 (8) C14--C15 !.504 (7) 
C5--C6 1.517 (6) CI5--N16 1.509 (5) 
C6----C7 1.527 (7) N16--C17 1.508 (5) 

. C7---C17 1.518 (6) 

C10---N1--C6 112.2 (3) C8--C7--C6 110.2 (4) 
C10---NI---C2 i10.8 (3) C9---C8----C7 106.2 (4) 
C6---N1--C2 112.1 (3) C10----C9--C8 109.2 (4) 
N 1---C2--C21 108.4 (4) C10--C9--CI 1 113.2 (4) 
N 1--C2--C22 112.4(4) C8--C9---C 11 !12.1 (3) 
C21--C2---C22 109.4 (4) N 1--C10--C9 112.3 (3) 
N 1---C2--C3 109.4 (4) C12---C1 l--N16 111.0 (3) 
C21--C2--C3 108.1 (4) C12--C1 !---C9 113.9 (4) 
C22--C2---C3 109.1 (4) NIr - -c I  I--C9 109.3 (3) 
N21---C21---C2 177.2 (5) C13--C12--C11 112.6 (4) 
C4--C3--C2 113.7 (4) C12--C13---C14 110.2 (4) 
C3--C4-----C5 108.9 (4) C15--C14--C13 111.1 (4) 
C6---C5--C4 111.9 (4) C14----C15---N 16 111.3 (4) 
N 1---C6---C5 110.6 (4) Ci7--N16--C15 112.5 (3) 
N 1---C6---C7 110.8 (3) CI7--NI6---CI 1 112.8 (3) 
C5----C6--C7 112.5 (4) CI5--NI6---CI 1 112.4 (3) 
C17------C7---C8 108.8 (4) N16----C17--C7 111.8 (3) 
C 17--C7----C6 115.0 (4) 

Siemens (1989). Stereochemical Workstation Operation Manual. Re- 
lease 3.4. Siemens Analytical X-ray Instruments Inc., Madison, Wis- 
consin, USA. 

Skolik, J., Krueger, P. J. & Wiewirrowski, M. (1970). J. Mol. Struct. 
5, 461-476. 

Walker, N. & Stuart, D. (1983). Acta Cryst. A39, 158-166. 

Acta Cryst. (1996). C52, 228-231 

Co-Crystallization of Stereoisomers of 
N,N'-Bis(2-phenyl-5-hydroxymethyl-l,3- 
dioxan-5-yl)ethanediamide 

JENNIFER-NICOLA ROSS, a JAMES L. WARDELL, a JOHN N. 
Low b AND GEORGE FERGUSON c 

H atoms were positioned riding on their parent C atoms, with 
fixed C--H distances and idealized angles, and with Uiso(H) 
= 1.2Ueq(C). The minor disorder component of the anion was 
initially restrained to have a similar geometry to the major 
component and was subsequently held fixed as a rigid group. 

Data collection: P2~ software. Cell refinement: P21 soft- 
ware. Data reduction: PRADIR (Jask61ski, 1990). Program(s) 
used to solve structure: SHELXS86 (Sheldrick, 1990). Pro- 
gram(s) used to refine structure: SHELXL93 (Sheldrick, 1993). 
Molecular graphics: Stereochemical Workstation (Siemens, 
1989). Software used to prepare material for publication: 
SHELXL93. 

This study was supported jointly by Projects No. 2 
0759 91 01 KBN and S/II. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates, complete geometry and torsion angles have been 
deposited with the IUCr (Reference: CF1028). Copies may be obtained 
through The Managing Editor, International Union of Crystallography, 
5 Abbey Square, Chester CHI 2HU, England. 
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Abstract 
X-ray analysis has revealed that two stereoisomers of 
the title compound, C24H28N208, co-crystallize in form 
(I). The unit cell of (I) contains equal numbers of the 
N, N'-bis( trans-2-phenyl-5-hydroxymethyl- 1,3-dioxan-5- 
yl)ethanediamide, (Ia), and the N,N'-bis(cis-2-phenyl- 
5-hydroxymethyl-1,3-dioxan-5-yl)ethanediamide, (Ib), 
stereoisomers, each lying about crystallographic inver- 
sion centres. Fractional crystallization of the first mother 
liquor afforded crystals (II) containing only molecules 
of stereoisomer (Ia), also with crystallographic inversion 
symmetry. The stereoisomer (Ia) is Z-shaped in (I) and 
(II), whereas (Ib) is maximally extended. In both (I) and 
(II), the molecules are linked about inversion centres by 
O - - H . . . O  hydrogen bonds. 

Comment  
The co-crystallization of enantiomers, in a 1:1 ra- 
tio, is relatively commonplace as evidenced by the 
popularity of such space groups as P21/c. In con- 
trast, from the lack of reports in the literature, 
co-crystallization of other types of stereoisomers is 
much rarer. We were able to prepare serendipitously 
(see Experimental section) crystals of (I) which we 
subsequently showed to contain equal numbers of 
two different stereoisomers, N,N'-bis(trans-2-phenyl- 
5-hydroxymethyl- 1,3-dioxan-5-yl)ethanediamide, (Ia) 
and N,N'-bis(cis-2-phenyl-5-hydroxymethyl- 1,3-dioxan- 
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5-yl)ethanediamide, (Ib). Fractional crystallization of the 
first mother liquor afforded pure crystals, (II), of the (Ia) 
form of these stereoisomers. 1H-NMR spectra showed 
that there is no interconversion of the isomers in solu- 
tion. 

Ph'--~O 
O % C H 2  OH 

H--N-.c= O 
I 

O=C~ 
N--H 

L----O-..~__ p h 
(la) 

Ph----~ C~ OH 
\ "O---~ 0 H I  
0 II I / )  . 

~ \  .~-c-c-N ~ o " h V l  II \ " , 
~ H  O ~----0.. \ 

/C H2 "-4___ Ph 
HO 

In (I), both independent molecules [(Ia) and (Ib)] lie 
about inversion centres and the asymmetric unit contains 
two half molecules. The crystals of (II) contain only 
molecules of (Ia), which also lie about inversion centres 
and the asymmetric unit in this case contains one half 
of a molecule. 

Views of the two independent centrosymmetric mol- 
ecules (Ia) and (Ib) in crystals of (I) are given in Figs. 
1 and 2 respectively; molecule (Ia) in crystals of (II) is 
shown in Fig. 3. In all three molecules [the two forms of 
(Ia) and the one of (Ib)], the 1,3-dioxan rings are in chair 
conformations with the phenyl substituents equatorial. 
The hydroxymethyl group attached to C5 of the dioxan 
ring is axial in both forms of (Ia) and equatorial to the 
ring in (Ib). As a result, the two isomers have quite 
distinct shapes: the trans isomer (Ia) has a Z-shaped 
arrangement in both (I) and (II), while the cis isomer 
(Ib) has a quasiplanar-type arrangement. Despite these 
differences, the two stereoisomers are clearly able to 
pack together in (I) in a regular manner. The main 
difference between molecule (Ia) in (I) and in (II) is 
in the orientation of the terminal phenyl rings as shown 
by the torsion angles O1A---C2AIC7A---C12A 23.4 (3) 
in (I) and O l I C 2 - - - C 7 - - C 1 2  46.0 (6) ° in (II). In (Ib), 
the phenyl ring is rotated even more about the exocyclic 
C2B---C7B bond [ O 1 B I C 2 B I C 7 B - - - C 1 2 B  99.8 (3)°]. 
Bond lengths (Table 2) are essentially as expected and, 
with the location of the relevant H atoms, establish the 
structures unequivocally. 

In all the molecules there are inversion-symmetry- 
related pairs of intramolecular N - - H . . . O  hydrogen 
bonds (Table 3) between amide N - - H  groups and 
adjacent carbonyl O atoms. In both (I) and (II) the same 
type of intermolecular O---H.--O hydrogen bonding 
between the hydroxymethyl hydroxyl group [O17A in 

C]4Ao ~ O15Ao. 

O15A ~ CI4A 

~ N13R 

017fl ~C5R]_\C4A _03A 

c~A r ~ 6 ~  °A 
-- I .... $ .... c12A CllR 

Fig. 1. A view of me bis-trans isomer (Ia) in crystals of (I). 
Displacement ellipsoids are drawn at me 30% probability level. The 
atoms labelled with an 'a' are at symmetry position 2-x,  2-y,  -z. 

. '~°-r clUB n 

" -~3~'-~c14Bo v " 7 ~ ~  "'° 7 c~0B 

F \ 4 0,sB---' , - - -  ~ , I B  

1 
Fig. 2. A view of the bis-cis isomer (Ib) in crystals of (I). Displacement 

ellipsoids are drawn as in Fig. 1. The atoms labelled with an 'a' 
are at symmetry position 1 - x, 2 - y, -z .  

Cl4o.~ 015o 

oi5~c14 

017 }~ C5~\C4 3 O3 C8 C9 

C12 Cll 
Fig. 3. A view of the bis-trans isomer (Ia) in crystals of (II). 

Displacement ellipsoids are drawn as in Fig. 1. The atoms labelled 
with an 'a' are at symmetry position 1 - x, -y, 2 - z. 

(I), O17 in (II)] and carbonyl O atoms [O15A in (I), 
O15 in (II)] links (Ia) molecules (Table 3). There is a 
further intermolecular hydrogen bond in (I) involving 
the hydroxymethyl group of molecule (Ib) and a dioxan 
O atom of (Ia) linking molecules about other inversion 
centres. 

Experimental 
Three stereoisomers, (Ia), (Ib) and N-(trans-2-phenyl-5-hydro- 
xymethyl- 1,3-dioxan-5-yl)-N'-(cis-2-phenyl-5-hydroxymethyl- 
1,3-dioxan-5-yl)ethanediamide, (Ic), were formed in a 
1.3:1.8:1.0 ratio in the acid-catalyzed reaction of (HOCHJ3- 
CNHC(O)C(O)NHC(CH2OH)3 with excess PhCHO. Crystal- 
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lization from aqueous  acetone o f  the crude reaction prod- 
uct gave a first crop of  crystals and recrystallization from 
Me2CO/H20 ,  gave crystals, (I), which we subsequent ly  
showed  to contain a I:1 mixture of  the (Ia) and (Ib) stereoiso- 
mers. Repea ted  fractional crystallization, from EtOAc/Me2CO,  
of  the residue from the first mother  l iquor led to the separa- 
tion of  pure (Ia) [compound (II)] and (Ic) isomers; we were 
unable to prepare (Ic) in a crystalline form for suitable for 

X-ray analysis. 

Data collection 
Enraf -Nonius  CAD-4  

diffractometer  
0/20 scans 
Absorpt ion correction: 

none 
1414 measured reflections 
1268 independent reflections 
671 observed reflections 

[I > 2o'(/)] 

C o m p o u n d  (I) Refinement 
Crystal data 

Refinement  on F 2 
C24H28N208 M o  Kc~ radiation R[F 2 > 2rr(F2)] = 0.0517 
Mr = 472.48 A = 0.7107 ,~ wR(F 2) = 0.1568 
Monocl inic  Cell parameters  from 25 S = 0.909 

P21/c reflections 1265 reflections 
a = 10.3023 (9) ,~ 0 = 10 .0-12 .0  ° 155 parameters  

b = 6.6712 (7) ,~, ~ = 0.105 mm - I  w = 1/[o.2(Fo 2) + ( 0 . 0 7 7 1 P f ]  
c = 33.0305 (4) ~, T = 294 (1) K 

Plate where P = (Fo 2 + 2F~2)/3 
/3 = 95.489 ( 8 ) ° 3  (A/cr)m,x < 0.001 
V = 2259.7 (3) 0.42 x 0.32 x 0.07 mm 
Z = 4 Colourless  

Dx = 1.389 Mg m -3 

Rim = 0.014 
0max = 23.9 ° 
h = - 1 1  ~ 11 
k = 0 ---* 7 
l = 0 ~ 3 7  
3 standard reflections 

frequency:  120 min 
intensity decay: no decay, 

variation 0.2% 

Apmax = 0.288 e A -3 
mpmin = - 0 . 2 6 5  e ~ - 3  
Extinction correction: none 
Atomic  scattering factors 

from International Tables 
for Crystallography ( 1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Data collection 
Enraf -Nonius  C A D - 4  

diffractometer  
0/20 scans 
Absorpt ion correction: 

none 
3740 measured reflections 
3537 independent  reflections 
2002 observed  reflections 

[I > 2o'(/)] 

Refinement 
Refinement  on F 2 
R[F 2 > 2o-(/72)] = 0.0423 

wR(F 2) = 0.1075 

S = 0.933 
3 5 3 7  reflections 

309 parameters  

w = 1/[o.2(Fo 2) + (0 .0573P)  2] 
where  e = (Fo 2 + 2F2)/3 

(A/o.)m~x = 0.007 

M o  Kc~ radiation 
A = 0.7107 ~, 
Cell parameters  from 25 

reflections 
0 = 7 . 0 - 1 8 . 0  ° 
/z = 0.101 mm - I  
T = 294 (1) K 
Plate 
0.42 x 0.32 x 0.07 mm 
Colourless  

C o m p o u n d  (II )  

Crystal data 

C24H2sN208 
M, = 472.48 
Monocl inic  

e21/C 
a = 6.2996 (11) 
b = 31.2070 (12) * 
c = 6.378 ( 3 ) / ~  

fl = 110.57 (2) ° 
V = 1173.9 (6) .~3 

Z = 2  
D~ = 1.337 M g  m -3 

Rint = 0.013 
0max = 22.0 ° 
h = - 6  ---' 5 
k = 0 - - ,  32 
l = 0 ---, 6 
3 standard reflections 

frequency:  120 min 
intensity decay:  no decay, 

variation 0.2% 

m,Omax = 0.219 e / ~ - 3  
Apmi, = - 0 . 2 3 1  e ,~-3 

Extinction correction: none 
Atomic scattering factors 

from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A 2) 

Ueq = (1 /3)EiEjUqa  7 a~ ai.aj. 

x y z Ueq 

(II) 
Ol 1.0502 (5) 0.10141 (10) 1.2065 (5) 0.0390 (9) 
C2 0.9193 (I0) 0.1394 (2) 1.1438 (8) 0.0441 (15) 
O3 0.6889 (6) 0.12940 (10) 1.0305 (6) 0.0476 (10) 
C4 0.6594 (9) 0.1069 (2) 0.8278 (8) 0.0428 (15) 
C5 0.8017 (9) 0.0660 (2) 0.8680 (8) 0.0370 (14) 
C6 1.0452 (8) 0.0784 (2) 1.0110 (8) 0.0399 (14) 

(I) 
O1A 0.8476 (2) 0.9715 (3) 0.12113 (5) 0.0360 (4) 
C2A 0.9652 (2) 0.9723 (4) 0.14655 (7) 0.0345 (6) 
O3A 1.0734 (2) 0.9485 (3) 0.12368 (5) 0.0374 (5) 
C4A 1.0690 (2) 0.7602 (4) 0.10258 (7) 0.0372 (7) 
C5A 0.9421 (2) 0.7399 (4) 0.07522 (7) 0.0318 (6) 
C6A 0.8301 (2) 0.7830 (4) 0.10050 (7) 0.0357 (6) 
C7A 0.9790 (3) 1.1662 (4) 0.16993 (7) 0.0364 (7) 
C8A 1.1010 (3) 1.2244 (5) 0.18718 (8) 0.0472 (7) 
C9A 1.1142 (4) 1.3922 (5) 0.21163 (9) 0.0592 (9) 
CIOA 1.0068 (4) 1.5050 (5) 0.21886 (9) 0.0623 (10) 
C11A 0.8859 (4) 1.4492 (5) 0.20128 (9) 0.0578 (9) 
C12A 0.8714 (3) 1.2803 (4) 0.17691 (8) 0.0463 (7) 
N13A 0.9358 (2) 0.8918 (3) 0.04281 (6) 0.0338 (5) 
CI4A 1.0180 (3) 0.9126 (4) 0.01465 (7) 0.0331 (6) 
O15A 1.1158 (2) 0.8097 (3) 0.01130 (5) 0.0437 (5) 
CI6A 0.9290 (3) 0.5296 (4) 0.05754 (8) 0.0398 (7) 
OI7A 0.8075 (2) 0.5130 (3) 0.03392 (6) 0.0548 (6) 
O1B 0.5398 (2) !.4309 (3) 0.12943 (5) 0.0431 (5) 
C2B 0.4942 (2) 1.6245 (4) 0.11869 (8) 0.0361 (6) 
O3B 0.3710 (2) 1.6150 (3) 0.09568 (5) 0.0354 (4) 
C4B 0.3783 (3) 1.5050 (4) 0.05905 (7) 0.0357 (6) 
C5B 0.4238 (2) !.2921 (4) 0.06871 (7) 0.0322 (6) 
C6B 0.5560 (3) 1.3082 (4) 0.09443 (8) 0.0445 (7) 
C7B 0.4772 (2) 1.7405 (4) 0.15699 (7) 0.0330 (6) 
C8B 0.3669 (3) 1.7187 (4) 0.17709 (8) 0.0427 (7) 
C9B 0.3504 (3) 1.8298 (4) 0.21130 (8) 0.0463 (7) 
C10B 0.4450 (3) 1.9635 (5) 0.22587 (8) 0.0524 (8) 
C11B 0.5555 (3) 1.9853 (5) 0.20612 (9) 0.0573 (9) 
C12B 0.5717 (3) 1.8752 (4) 0.17186 (8) 0.0462 (7) 
NI3B 0.4356 (2) 1.1929 (3) 0.02938 (6) 0.0405 (6) 
CI4B 0.5134 (3) 1.0439 (4) 0.02139 (8) 0.0380 (7) 
OI5B 0.5981 (3) 0.9726 (4) 0.04477 (6) 0.0901 (9) 
CI6B 0.3268 (3) 1.1794 (4) 0.09210 (8) 0.0457 (7) 
O17B 0.2004 (2) i.2038 (3) 0.07151 (6) 0.0594 (6) 
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C7 0.9436 (11) 0.1649 (2) 1.3496 (8) 0.0428 (15) 
C8 0.7625 (11) 0.1856 (2) 1.3817 (10) 0.056 (2) 
C9 0.7959 (14) 0.21 I0 (2) 1.5659 (12) 0.070 (2) 
CI0 1.0076 (16) 0.2163 (2) 1.7230 (! 1) 0.071 (2) 
Cll 1.1904 (13) 0.1957 (2) 1.6953 (10) 0.072 (2) 
C12 1.1561 (I 1) 0.1707 (2) 1.5070 (9) 0.060 (2) 
N13 0.7230 (7) 0.03502 (12 )  0.9956 (6) 0.0322 (11) 
C14 0.5177 ( 1 0 )  0.01726 (15 )  0.9234 (8) 0.0338 (13) 
O15 0.3618 (6) 0.02756 (I I) 0.7499 (5) 0.0433 (10) 
CI6 0.7866 (9) 0.0477 (2) 0.6417 (8) 0.0445 (15) 
Oi7 0.8635 (6) 0.00442 (12 )  0.6683 (5) 0.0501 (11) 

Table 2. Selected bond lengths (,~) 

Crystal (I) (I) (II) 
Molecule (Ia) (Ib) (la) 

n=A n=B n4-79 
Oln---C2n 1.407 (3) 1.409 (3) 1 (6) 
O! n---C6n 1.434 (3) 1.439 (3) 1.431 (5) 
C2n---O3n 1.414 (3) 1.417 (3) 1.410 (6) 
C2n--C7n 1.506 (3) 1.507 (3) 1.495 (6) 
O3n--C4n 1.435 (3) 1.423 (3) 1.425 (5) 
C4n----C5n 1.522 (3) 1.520 (3) 1.530 (6) 
C5n---C6n !.514 (3) 1.539 (3) 1.533 (6) 
C5n--N 13n 1.471 (3) 1.473 (3) 1.458 (6) 
C5n---C16n 1.521 (4) 1.520 (3) 1.524 (6) 
Nl3n---Cl4n 1.324 (3) 1.319 (3) 1.331 (6) 
C14n---CI4n i 1.538 (5) 1.530 (5) 1.523 (9) 
Cl4n--O15n 1.233 (3) 1.206 (3) 1.236 (5) 
Cl6n--Ol7n 1.415 (3) 1.420 (3) 1.424 (5) 

Equivalent positions: for (Ia) in (I) (i) = 2 - x, 2 - y, - z ;  for (Ib) in (I) 
(i) = 1 - x, 2 - y, - z ;  for (Ia) in (II) (i) = 1 - x, - y ,  2 - z. 

Table 3. Hydrogen-bonding geometry (,4, o) 
D--H-  • .A D - - H  H. • .A D. • .A D--H. • .A 

(I) 
N13A--HI3A. • .O15A i 0.86 2.28 2.695 (3) 109 
NI3B--HI3B. • .O15B ii 0.86 2.28 2.679 (3) 108 
Oi7A--H17A. • . O I 5 A  iii 0.82 2.00 2.778 (3) 158 
OI7B--H17B...O3A iv 0.82 2.06 2.831 (3) 157 

(II) 
Nl3--Hl3. • .O17 v 0.86 2.23 2.995 (5) 149 
Ol7--Hl7. . .O15 v~ 0.82 1.93 2.731 (5) 166 

Symmetry codes: (i) 2 - x, 2 - y , - z ;  (ii) 1 - x, 2 - y , - z ;  (iii) 
2 - x ,  1 - y ,  - z ;  ( i v ) x -  1,y, z; (v) 2 - x ,  - y ,  2 - z ;  (vi) 1 - x ,  - y ,  1 - z .  

Data  col lec t ion  was t e rmina ted  at a 0 value  o f  22 ° for  (I) and 
24 ° for  (II) because  o f  the absence  o f  observable  data. The  
d iag rams  were  prepared  us ing ORTEPII (Johnson,  1976) as 
i m p l e m e n t e d  in PLATON (Spek,  1995a). E x a m i n a t i o n  o f  the 
s tructures wi th  the SOLV opt ion  in PLATON s h o w e d  that  there 
were  no so lvent -access ib le  voids  in the crystal  lattices. For  all 
three s tereoisomers ,  H a toms  were  ref ined as r iding [defaul t  
in SHELXL93 (Sheldr ick,  1993) C - - H  0 .93-0 .98 ,  N - - H  0.86 
and  O - - H  0.82 A,]. 

For  both  c o m p o u n d s ,  da ta  col lect ion:  CAD-4 Software 
( E n r a f - N o n i u s  1992); cell ref inement :  SET4 and CELDIM 
(CAD-4 Sof tware) ;  da ta  reduct ion:  DATRD2 (NRCVAX94; 
Gabe ,  Le  Page,  Char land ,  Lee & Whi te ,  1989); program(s)  
used  to solve structures:  SOLVER (NRCVAX94); program(s)  
used  to refine structures:  NRCVAX94; SHELXL93 (Sheldr ick ,  
1993); molecu la r  graphics:  NRCVAX94; PLATON (Spek,  
1995a); PLUTON (Spek 1995b); sof tware  used to prepare  ma-  
terial for  publ icat ion:  NRCVAX94; SHELXL93 and WordPer- 
fect. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: AB 1322). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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Abstract 
The structures of the 1:1 molecular adducts of the her- 
bicide 3-amino-lH-1,2,4-triazole (amitrole, 3-AT) with 
5-nitrosalicylic acid (5-NSA), 3-amino-2H,4H÷-l,2,4 - 
triazolium 5-nitrosalicylate, C2H5N~.C7HnNOs-, (1), 
and 3,5-dinitrosalicylic acid (DNSA), 3-amino-2H,4H ÷- 
1,2,4-triazolium 3,5-dinitrosalicylate, C2H5N~-.C7H3N2- 
07-, (2), have been determined by X-ray diffraction and 
refined to residuals R = 0.035 and 0.037 for 1355 and 
826 observed reflections, respectively. In both adducts, 
the acid protonates the hetero N atom of the amitrole 
ring. For (1), both molecules are involved in a network 
structure in which all available proton-donor and accep- 
tor atoms, including the nitro O atoms, participate in 
hydrogen bonding. For (2), the two-dimensional sheet 
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