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Fig. 2. Hydrogen-bonding scheme and packing of the molecules. 
Projection is onto the yz plane. 

molecules form a relatively thick layer parallel to the yz 
plane [~6.6  /k elevation between 0 (2)  and its centro- 
symmetrically related atom] and the molecular arrange- 
ment is relatively open as indicated by the 'hole' in the 
center of the cell, Fig. 2. 

The authors wish to thank Dr H. G. Adolph of this 
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Research Fund, IR-144, of the Naval Surface Weapons 
Center, for financial support. 
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Abstract. CDHaNaOS, orthorhombic, Pna21, a = 
8.508 (17), b = 6.599 (13), c = 10.382 (21) A, V = 
582.9 A 3, Z = 4, D x = 1.47, D m = 1.44 Mg m -3, 2(Mo 
Ka) = 0.7107 ,A,; final R = 5.1%. The molecule has a 
non-planar structure which explains the non-cyclization 
to 3-triazolo[ 3,4-b]thiadiazole. 

0567-7408/79/020489-03501.00 

Introduction. It was shown (Beyer & Kr6ger, 1960) 
that thiosemicarbazide (1) reacts with hot formic acid 
affording good yields of 4-amino-A2-1,2,4-triazoline-5 - 
thione (2) in one stage. We now report that under the 
same experimental conditions a side reaction occurs 
which has not been described previously. Fractional 
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crystallization of the crude product gives a second 
compound identified as 4-formylamino-A 2-1,2,4- 
triazoline-5-thione (3) in small amount (10%). The 
deshielding of the proton of the formyl group (6 -- 8.6 
p.p.m, in Me2SO) could correspond to the existence of 
an intermolecular or intramolecular hydrogen bond. An 
intramolecular hydrogen bond could give the molecule 
a planar structure which could assist further cyclization 
to the unknown 3-triazolo[3,4-b]thiadiazole (4). Never- 
theless, in the presence of catalysts, the cyclization has 
not occurred. The structure of (3) was investigated in 
an attempt to explain its nonreactivity. 

HN--NH2 HN--N HN-N N--N 
/ RCOOH S~Z,~ N ~ R  RCOOH S & N ~  R s A N ~  R s~.C.,, NH ~. o. ~" 

, , o~.~. ,~d NH~. NHI. 

( 1 ) 12) 13) 14) 
R = I',1 
R = Iry| R=aryl 

Single crystals were obtained by evaporation of an 
ethanol solution. Intensities were collected on a Philips 
PW 1100 diffractometer by the 0-20 scan technique. 
Of the 1352 independent reflexions, 1327 had F > 
6a(F). The systematic extinctions (Ok/, for k + l -- 2n 
+ 1 and hOl, for h = 2n + 1) are consistent with Pna2 v 
The intensities were corrected for Lorentz and 
polarization effects, but not for absorption or ex- 
tinction. The structure was solved with M U L T A N  
(Germain, Main & Woolfson, 1971). The E map 
showed only the position of the S atom, which was used 
to phase a Fourier synthesis. Refinement was carried 
out with ORION (Andre, Fourme & Renaud, 1971). 
The final R was 5.1%. The final positional parameters 
are listed in Table 1.* 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 33993 ( l l  pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 5 Abbey Square, Chester CHI 2HU, England. 

Table 1. Positionalparameters (x 104,for H x 103) 

x y z 

C(l) 8592 (3) 4099 (4) 9908 (23) 
C(2) 8931 (3) 6734 (4) 8578 (22) 
C(3) 10583 (3) 2431 (5) 7589 (22) 
N(1) 7497 (2) 5537 (4) 10053 (23) 
N(2) 7687 (3) 7169 (4) 9241 (23) 
N(3) 9525 (2) 4901 (3) 8956 (23) 
N(4) 10816 (2) 3942 (3) 8434 (23) 
O 9310 (3) 1947 (4) 7169 (23) 
S 8771 (1) 1868 (I) 10647 (22) 
H(N4) 1173 417 906 
H(C2) 938 727 781 
H(C3) 1148 151 726 
H(N1) 660 553 1062 

Discussion. Bond lengths and angles are given in Figs. 
1 and 2. The deviation of the triazole ring from 
planarity is negligible (0.004 ,&). The short bond 
distances are evidence for appreciable delocalization of 
the n electrons (Goldstein, Ladell & Abowitz, 1969). 
The delocalization also affects the formylamino group 
and can explain the short N(4)-C(3)  bond. Further- 
more, C(1) -S  (1.67/k) is intermediate between a C=S 
double bond ( 1.61 ,/~) and a C - S  single bond (1.81 A), 
as in derivatives of thiourea and thiocarbazone 
(Iwasaki, 1974; Lecomte, Aubry, Protas, Boussard & 
Marraud, 1974a,b). 

The Newman projection (Fig. 3) shows the non- 
planar structure of the molecules. The non-conjugation 
of the amide group with the ring does not favour the 
enolate form and therefore the subsequent closure. 

/H(NI) 

N ( ~  N(I) 

o 

\% ,(c2) / Meg) 

° H(C3) ~ H(N4) 

Fig. 1. Bond distances (A) with e.s.d?s in parentheses. 

113.78 / H ( N I )  

(13) N(I) 
104 38 N ~ i  

(i3)-~ 128.16 
110.20 / 102.151 (12) .S 

(13) V (12)/~(1) 
nO C(2y] 109.47 /129.66 

\ H(C2) . . . . . .  N(3) 
\ ( ' 2"~/N (132)4.5 3 

\124.27 / (13) \ (]4)118.69// --" 

14(C3) ",,H(N4) 

Fig. 2. Bond angles (o) with e.s.d.'s in parentheses. 

C(2) o"81 
N(4~}~-.~ 6"22 ~ C ( 3 )  

2 0 . ~ ~ N L 3 ~  
H(N41 "eC(1) 

~N¢ 
Fig. 3. Newman projections along N(3)-N(4) and C(3)-N(4). 
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Table 2. Interatomic distances (/~) 

For the hydrogen bond A-H...B, the distance H. . .B is in 
parentheses. 

Symmetry code 

(1) x + ½ , ~ - y , z  (IV) 2 - x , - y , z  ½ 
(II) x+½,½-y,z (V) Z - x , l - - y , z - ½  
(III) { - x , Y - ½ ,  z+½ (VI) x - ½ , ~ - y , z  

N(4)-H(N4)... N(2)' 3.134 (2.55) 
N(4)-H(N4)... S II 3.448 (2.49) 
N(1)-H(N 1)...O III 2.838 (2.01) 
C(3)-H(C3)... S Iv 3.524 (2.79) 
N(2)...C(2) vx 3-348 
C(3)... O vl 3.277 
C(3)... N(I) v 3.376 

u:u  7, 

/ 

The molecules are connected by hydrogen bonds and 
van der Waals contacts (Table 2 and Fig. 4). 

The S atom is engaged in an intermolecular 
hydrogen bond. This analysis removes any ambiguity 
about the nature of the hydrogen bonding involving 
H(C3). 
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cis-Dibromo-2,4 Bicyclo[3.2. l]octanone-3 
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Abstract. CsH~0Br20, triclinic, Pi ,  a = 12.877 (5), b = 
7.041 (3), c = 10-829 (4) tk, , = 105.07 (2), fl = 
89.10 (2), y = 99.47 (2) °, Z = 4, D x = 2.00 Mg m -3. 
The structure has been solved by direct methods from 
three-dimensional X-ray data. The molecules possess m 
symmetry. The Br and ethano bridge substituents 
occupy axial positions in a cyclohexanone ring with a 
flattened-chair conformation. 

Introduction. Le compos~ globulaire qui fait l'objet de 
la pr6sente analyse cristallise avec deux mol6cules dans 

* Charg6 de recherche du Fonds National de la Recherche 
Scientifique. 
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l'unit6 asym6trique. Sa configuration exacte s'6tant 
av6r+e difficile b, pr+ciser par les m+thodes spectro- 
scopiques habituelles, une investigation par diffraction 
de rayons X a 6t6 jug6e pr&6rable. La structure a 6t6 
d6termin~e par le syst+me M U L T A N  (Main, Lessinger, 
Woolfson, Germain & Declercq, 1976) et affin+e par 
les programmes XRAY 72 (Stewart, Kruger, Ammon, 
Dickinson & Hall, 1972) par moindres carr6s dans 
l'approximation des blocs diagonaux avec constantes 
d'agitation thermique anisotropes. L'analyse repose sur 
un spectre de 1707 r~flexions consid~r6es comme 
observ~es qui ont, parmi les 2771 r6flexions ind~pen- 
dantes mesur6es, des intensit6s qui d6passent 2,5 fois 
l'6cart-type des mesures d'intensit& 
© 1979 International Union of Crystallography 


