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Fig. 3. Stereoscopic view of molecule 2. Thermal ellipsoids enclose 
35% probability for non-H atoms. 

C(11)--N(11) and S ( 1 2 ) - C ( 7 2 ) - C ( 1 2 ) - N ( 1 2 ) :  
--3.7 (3) ° for the former and - 7 . 5  (3) ° for the latter. 
The steric strain between H(21) [or H(22)] and the 
methyl group is somewhat relieved by the slight 
clockwise rotation of the whole five-membered ring 
around the C(11)--C(71) [or C(12)--C(72)] bond (to 
an extent not to interfere with the partial 7r character of 
this bond). The H(2) . . .C(8)  separations are 2.53 (3) 
and 2.53 (4) A in molecules 1 and 2. To achieve further 
the energy minimum, the methyl H atoms have rotated 
to positions which permit relatively facile inter- 
penetration by the neighboring H(2), resulting in 
H(21) . . .H(8b l )  and H(21) . . .H(8e l )  distances of 
2.24 (4) and 2.16 (4) A in molecule 1; the correspond- 
ing values are 2.26 (5) and 2.12 (5)A in molecule 2. 
Fig. 3 shows a stereoscopic view of molecule 2. 

Relatively large deviations from the corresponding 
five-membered rings for the methyl carbons, C(81) and 
C(82) [ - 0 . 0 7 7  (5) and - 0 . 0 2 8  (4) A, respectively], can 
also be regarded as a consequence of the molecules 
alleviating the intramolecular strain. Despite the dif- 
ferences in molecular conformation arising also in part 
from possible packing effects, differences in the intra- 
molecular contacts S(3).. .C(8), N(1). . .S(1) and 
C(2) . . .C(8)  are 0.011 (3), 0.004 (3) and 0.018 (5) A -  
not large enough to be significant. 

The author is indebted to Professor Ernest Bueding 
of The Johns Hopkins University for furnishing the 
sample of oltipraz and to Dr C. R. Richmond, 
Associate Director of ORNL,  for the arrangement of 
financial support. Helpful discussions with Drs G. M. 
Brown and J. H. Burns are also gratefully 
acknowledged. 
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Structure of Dihydroxyacetic Acid (Glyoxylic Acid Monohydrate), C2H404 
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Abstract. M r =  92.0, triclinic, P] ,  a = 5.833 (4), b = 
5.397 (5), c =  6.586 (6) A, a =  97.95 (7), f l =  
94.71(7) ,  7 =  118.26 (6) ° , V = 1 7 8 . 3 A  3, Z = 2 ,  
D m = 1.70, D x = 1.72 Mg m -3, #(Mo Ka, 2 = 

0.71069 A) = 0.19 mm -I, F(000) = 96, T = 296 
+2 K, final R = 0 . 0 4 0  and R w = 0 . 0 4 5  for 690 
non-zero reflexions. The X-ray analysis showed that 
glyoxylic acid monohydrate (CHOCOOH.H20)  
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crystallized from aqueous solution exists in the solid 
state as dihydroxyacetic acid. The C - C  bond length is 
1 .522(3)A and the C-O(alcoholic) distances are 
1.400 (3) and 1.404 (3)/k. The (H)O-C--O(H) bond 
angle is 112.4 (2) °. All O bonded H atoms are involved 
in hydrogen bonds. 

Introduction. Work on Mn carboxylates (Lis, 1982) 
showed that Mn I~ glyoxylate crystallizes from water as 
the dihydroxyacetate. A similar result has been reported 
(Mattes & Uckelmann, 198 l) for the Na salt. To extend 
our knowledge of this acid some of its other compounds 
are being examined. Here we report a study of glyoxylic 
acid monohydrate, O C H - C O E H . H 2 0 ,  which is found 
to crystallize as dihydroxyacetic acid, (HO)2CH-- 
COEH. 

Experimental. Single crystals of dihydroxyacetic acid 
were grown at room temperature by slow evaporation 
of an aqueous solution of commercial glyoxylic acid 
monohydrate (Ferak Berlin). The irregularly shaped 
crystals deliquesce rapidly and form a syrup on 
exposure to air. D m measured pycnometrically in 
1,2-dibromoethane/CCl 4. A specimen 0.26 x 0.18 × 
0.12 mm was cut from a large crystal and sealed in a 
capillary; Weissenberg photographs showed the triclinic 
system. Syntex P2~ diffractometer, Mo Kct radiation for 
lattice-parameter (15 reflexions, 18 < 2 0 < 3 0  °) and 
intensity measurements; 20-09 scan technique; 1043 
intensities measured below 0 = 30°; h 0 to 8, k - 7  to 6, 
1 - 9  to 8; two standards, variation +3%; no absorption 
correction; all calculations performed on a NOVA 
1200 computer with programs supplied by Syntex 
(1976); neutral-atom scattering factors from 
International Tables for X-ray Crystallography (1974); 
structure solved by direct methods assuming space 
group P]-; refinement on F[C, O anisotropic, H (from 
difference map) isotropic] gave R = 0.040 and Rw= 
0.045 for 690 reflexions with I > 2o(/); w = I/o2(Fo); 
maximum least-squares shift to error 0.01. The residual 
peaks in the final difference Fourier map were confined 
to the molecular bonds; the higher peaks, 0.3 e A -3, 
were on the C - C  bonds. No correction for secondary 
extinction. 

Discussion. Final atomic parameters are listed in Table 
1,* hydrogen-bonding data and bond distances and 
bond and torsion angles in Table 2. Fig. 1 is an OR TEP 
diagram (Johnson, 1976) of one acid molecule, and also 
gives the atom-numbering scheme. The C - C O O  group 
is planar. The acid [H(1)] atom is also situated in this 
plane. There is also a tendency for one [0(3)] of the two 
gem-hydroxylic 0 atoms to lie in this plane as indicated 
by the conformational angles. Thus the configuration of 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 38559 (6 pp.). Copies may be 
obtained through The Executive Secretary, International Union of 
Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 

the acid molecule having point symmetry 1 is different 
from that of the C(OH)2COO- ion in the sodium salt, 
where point symmetry m was found. The molecular 
structure of crystalline dihydroxyacetic acid is probably 
influenced by H bonds. All O-bonded H atoms are 
involved in H bonds (Fig. 2). The strongest links are 
from the carboxyl groups as donors to the 0(3) atoms, 
forming infinite strings along a. The 0(4) atoms (as 
donors) form with the carbonyl 0(2) atoms infinite 
chains along the a + b vector. The two-dimensional nets 
so formed are connected by H bonds between 0(3) 
(donor) and 0(4) (acceptor) atoms giving a double- 
layer structure. 

Table 1. The final atom coordinates and isotropic 
thermal parameters 

For non-H atoms Beq = ](B,,  + B22 + B33). 
Beq or 

x y z B,so (A 2) 
O(1) 0-8488 (4) 0.2845 (4) 0.6825 (4) 3.34 (14) 
0(2) 0.8970 (3) 0.7206 (4) 0.7744 (3) 2.74 (12) 
0(3) 0.3713 (3) 0.5106 (4) 0.7254 (3) 2.21 (10) 
0(4) 0.4083 (4) 0.1605 (4) 0-8736 (3) 2.13 (10) 
C(1) 0.7617 (4) 0.4648 (5) 0.7268 (4) 1.67 (12) 
C(2) 0.4629 (4) 0.3117 (5) 0.7114 (4) 1.63 (12) 
H(I) 1.020 (7) 0.383 (7) 0.709 (5) 5.3 (8) 
H(2) 0.377 (5) 0.180 (5) 0.583 (4) 1.9 (5) 
H(3) 0.460 (7) 0.643 (8) 0.827 (6) 5.7 (9) 
H(4) 0.253 (6) 0.037 (7) 0.842 (5) 3-9 (7) 

Table 2. Bond lengths (A), bond angles (°), torsion 
angles (o), and H-bonding data 

O(l)-C(1) 1.306 (3) O(3)-C(2) 
O(2)-C(1) 1.198 (3) O(4)-C(2) 
C(I)-C(2) 1.522 (3) C(2)-H(2) 

O(l)-C(1)-O(2) 125.1 (2) 0(1)-C(1)-C(2) 
O(2)-C(1)-C(2) 123.0 (2) O(3)-C(2)-O(4) 
0(3)-C(2)-C(I) 110-5 (2) O(4)-C(2)-C(1) 
H(1)-O(1)-C(l) 107 (3) H(3)-O(3)-C(2) 
H(4)-O(4)-C(2) 106 (3) 

H(I)-O(I)-C(1)-C(2) -173 (3) 
O(1)-C(I)-C(2)-O(3) -170.1 (7) 
O(I)-C(!)-C(2)-O(4) 67.9 (7) 
H(2)-C(2)-C(I)-O(I) -51 (3) 
H(2)-C(2)-O(3)-H(3) - 171 (3) 
H(3)-O(3)-C(2)-C(1) -49 (3) 
H(4)-O(4)-C(2)-O(3) 79 (3) 

H-bond distances (/k) and angles (o) 

O-H. . .O 0 . . . 0  O-H H...O / O - H . . . O  
O(1)-H(1)-..O(3') 2.664 (3) 0-87 (4) 1.82 (5) 166 (4) 
O(3)-H(3)...O(4") 2.786 (2) 0.83 (4) 2.00 (4) 158 (4) 
O(4)-H(4)--.O(2 "i) 2.739 (2) 0.82 (4) 1.92 (4) 175 (4) 

Symmetry code: (i) 1 +x,y,z; (ii) l -x ,  l -y,  2-z; (iii) x -  1, y -  1, z. 

1.404 (3) 
1.400 (3) 
0.95 (3) 

I 11.9 (2) 
112-4 (2) 
105-9 (2) 
110 (3) 

H(l)-O(1)-C(1)-O(2) 7 (2) 
O(2)-C(1)-C(2)-O(3) 9.9 (9) 
O(2)-C(1)-C(2)-O(4)-112. l (9) 
H(2)-C(2)-C(1)-O(2) 129 (3) 
H(2)-C(2)-O(4)-H(4) -40 (3) 
H(3)-O(3)-C(2)-O(4) 69 (3) 
H(4)-O(4)-C (2)-C(1)- 160 (3) 

o4 :J~4 

o4 L 
Fig. 1. O R T E P  plot (Johnson, 1976)ofdihydroxyacetic acid. The 

thermal ellipsoids are at 50% probability. 
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Fig. 2. Molecular packing and H-bonding scheme in the crystal 
structure of dihydroxyacetic acid. 

The C - C  bond length of 1.522 (3)A is 0.015 A 
shorter than in Na[C(OH)2COO] and 0.020 A longer 
than in hydroxyacetic acid (Pijper, 1971; Ellison, 
Johnson & Levy, 1971). The C-O(alcoholic) bond 

lengths and (H)O--C--O(H) bond angles are similar to 
the values found in other geminal diols (Mattes & 
Uckelmann, 1981). The electrostatic repulsion between 
0(2)  and O(3), which are syn, results in the 
O(3 ) -C(2 ) -C(1 )  bond angle being larger than 
O(4) -C(2) -C(1) .  
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D6termination Structurale du Monom6re Bis(butoxycarbonylm6thylcarbamate) de 
Hexadiyne-2,4 Diyle-l,6, C 2 0 H 2 5 N 2 0  8 

PAR P. SPINAT, A. WHULER ET C. BROUTY 

Laboratoire  de Mindralogie-Cristal lographie des Universitds Pierre et Marie  Curie et Paris VII, associd au 
C N R S  (LA 09), 4 place Jussieu, 75230 Paris C E D E X  05, France 

(Recu le 3 mars 1983, acceptd le 6 avril 1983) 

Abstract. M r =  424, m.p. = 336 K, triclinic, P]-, a = 
25.753 (8), b =  13.966 (2), c = 4 . 9 4 0 ( 1 ) A ,  a =  
85.19(1), f l = 9 0 . 3 8 ( 2 ) ,  y = 8 4 . 5 2 ( 2 )  °, V =  
1762 (1) A 3, Z = 3, D x -- 1.20 Mg m -3, F(000) = 678, 
2 ( C u K ~ t ) = l . 5 4 1 8 A ,  p = 0 . 7 9 m m  -~, room tem- 
perature, R = 0.095 for 1540 hkl  with F o > 0.02FomaX. 
The monomer crystal is not polymerizable under 
X-radiation. The structure is described as stacks of 
monomer-molecule ribbons based on a repeated pattern 
of three consecutive molecules; H bonds maintain the 
intermolecular cohesion within these ribbons. The 
structural results can explain how neither polym- 
erization nor trimerization is possible. 

Introduction. Dans le cadre de l'&ude cristallogra- 
phique des compos6s diac6tyl6niques R - C = C - C =  
C - R  des s~ries carbamates (ou ur6thanes) [R = 
(CH2)n--COONH-Y] (Brouty, Spinat & Whuler, 
1983; Spinat, Brouty & Whuler, 1983), nous abordons 
ici l'&ude structurale de l'un des d~riv~s du type 
butoxycarbonylm&hylur&hane pour lesquels Y = 
CH2COOC4H 9. Comme les compos~s de type 
ph~nylu_r~thane (PU), les compos6s diac6tyl~niques 

b_utoxycarbonylm6thylu_r&hane (BCMU) ont la pro- 
pri&~ de se polym6riser h l'&at cristaUin par irradiation 
X, UV ou y (Patel & Miller, 1981). L'arrangement 
structural des monom6res conditionne l'activit6 des 
monocristaux (Baughman, 1974), qui restent incolores 
s'ils sont inactifs, tandis qu'ils acqui~rent diverses 
couleurs s'ils sont polym6risables. 

Dans la s6rie BCMU (n = 1,2,3,4), seul le compos6 
&udi6 ici [n-- 1, appel~ 1 BCMU ou HDBCMU en 
r&6rence h la nomenclature g~n6ralement utilis6e par 
les auteurs, ~ savoir (en anglais), 2,4-h_exad_iyne-1,6-diyl 
bis(b_utoxy_carbonylm_ethylu_rethane)], est inactif, ses 
cristaux restant incolores sous irradiation X. Le prbsent 
travail a pour but d'expliquer rinactivit6 du HDBCMU 
/t partir de ses caract~ristiques structurales. 

Partie exp6dmentale. Cristaux pr6par6s par G. N. 
Patel,* recristallisation dans anisole, cristaux mono- 
m~res incolores inactifs sans inclusion de solvant 
(contr61e par ATG); plaquette 0,7 × 0,3 × 0,06 mm, 

* Allied Chemical Corporation Chemical Company, PO Box 6, 
Solvay, New York 13209, E-U. 
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