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Table 4. Calculated (Hencsei & Pdrkdnyi, 1985) 
molecular parameters (Si,--N), ASi, AN and ~t(NSiO) 
for the title compound compared with the corresponding 

experimental data 

Calculated Observed 
Si.-N 2.172 A 2.134 (1) A 
dSi 0.178 0.209 (1) 
AN 0.380 0.384 (1) 
a(NSiO) 83.8 ° 82.8 (1) ° 

Si,O,C,N moiety are similar in dimensions and direction 
[AC(4): 0.380(2), AC(6): 0.557 (2), AC(l l ) :  
0.494 (2) Al. 

It can be concluded that in contrast with the 
silatranes (Hencsei & Pfirkfinyi, 1985) where Si,-N 
bond lengths can be correlated with the character of the 
R substituents, in silatranones the effect of the C=O 
group on their bonding weakens the direct influence of 
the R substituents. This is substantiated by the structure 
determination of the title compound with R = CH 3, the 
Si*-N distance of which falls in the middle of the range 
observed for the known silatranone structures. 
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Abstract. C4HI2N2.HCI, M r = 124.613, orthorhombic, 
Pbca, a = 9.878 (4), b -- 10-638 (1), c = 13.751 (2) A, 
V =1444.  98 (6) A 3, Z = 8 ,  D m=1.125  (9), D x= 
1.145 gcm -3, 2(Cu Ka) = 1.54180 A, /~(Cu) = 
39.342 cm -1, F(000) = 544, T -  293 K, R = 0.048 for 
956 observed reflections. The structure consists of 
symmetry-related [(CH3)3C(NH)(NH2)] and HCI 
moieties arranged in a chain structure on the yz plane. 
(CH3)3C and (NH)(NH2) are coordinated by a C--N 
bond. The coordination around the C bonding to C 
atoms of (CH3) 3 is a slightly distorted tetrahedron. 
Hydrogen bonds contribute significant stabilizing force 
in holding the molecule in a stable crystalline state. 
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Introduction. The title compound is of chemical 
importance as it is used to determine some organic 
compounds (e.g. aldehydes) in certain organic reac- 
tions. Its crystal and molecular structures are therefore 
described here. 

Experimental. Prismatic colourless crystals were ob- 
tained by slow evaporation of an aqueous solution of 
[(CH~)aC(NH)(NH2)].HCI at room temperature for a 
week. Experimental data and structure refinement 
procedures are listed in Table 1. The H atoms were 
located on difference Fourier maps and a riding model 
was used in the refinement of H positions. 

© 1988 International Union of Crystallography 
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Table 1. Experimental data and structure refinement 
parameters 

Method of measuring D~, 
Crystal shape and size (ram) 
Diffractometer used and data 

collection technique 

Number and 0 range of reflections 
used for measuring lattice 
parameters 

Absorption correction applied 

Maximum value of (sing)/). reached 
in intensity measurements (A -~) 

Range of h,k and l 

Standard reflections and their 
intensity variation throughout 
experiment 

Number of reflections measured 
Number of unique reflections 
Number of unobserved reflections 
Criterion for recognizing 

unobserved reflections 
Method used to solve structure 
Use ofF or F ~ magnitudes in least- 

squares refinement 
Parameters refined 

Values of R, wR 
Method used to calculate w 
Final residual electron densities 

(e A -~) for max. and rain. peaks 
Max. (a/a) 

' Source of atomic scattering factors 
andf ' , f "  values 

Computer programs used 

Table 2. Atomic coordinates and isotropic or equiva- 
lent isotropic thermal parameters with e.s.d.'s in 

Pycnometer (CC14) 
Prismatic, 0.1 x 0.15 x 0.25 
0>-20 scan, four-circle 

diffractometer (Enraf-Nonius) 
CAD-4 CI(I) 

25 reflections with C(1) 
11 ° _< 20 _< 22 ° C(2) 

C(3) 
Semi-empirical (North, Phillips & C(4) 

Mathews, 1968) N(1) 
0.638 N(2) 

H(1) 
-1  < h < 1 2 , - l _ _ k < 1 3 ,  H(2) 

-1  _< l < 17 H(3) 
122, 122, 122, variation (%) 6, 5, 3 H(4) 

respectively H(21) 
H(22) 

2272 H(23) 
1466 H(31) 
510 H(32) 
I < 30(/) H(33) 

H(41) 
Direct methods H(42) 
F H(43) 

(Coordinates and anisotropic 
temperature factors of non- 
hydrogen atoms) 63 

0.048, 0.052, S not calculated 
w--1 
+0.47 and -0.30 

+0.41 
International Tables for X-ray 

Crystallography (1974). 
SHELXS86 (Sheldrick, 1986), 

CRYSTALS (Watkin, 
Carruthers & Betteridge, 
1985), SNOOPI (Davies, 1983). 

Discussion. The final coordinates and equivalent 
isotropic thermal parameters are given in Table 2.* The 
structure as viewed down the x axis is shown in Fig. 1. 
It consists of C--N coordinated [(CHa)aC(NH)(NH2)] 
and HCI moieties. The nearest neighbours of C(1) 
involve three methyl C atoms. The average distance 
from C(1) to these neighbours is 1.51 A. A fourth nearest 
neighbour, N belonging to (NH) at 1.53 A, completes a 
slightly distorted tetrahedron (Fig. 2). The symmetry- 
related molecules are so arranged that one sees them as 
a chain structure while looking down the x axis (Fig. 1). 
As can be seen from Table 3 the bond lengths and 
angles which were calculated from the final coordinates 
generally agree with those observed in related com- 
pounds. Because of some differences in the bond 
lengths and angles within the (CHa)~ group from their 
ideal values, the ligand appears slightly distorted. Most 
of the H atoms form intramolecular hydrogen bonds 
with neighbouring atoms. These hydrogen bonds 

* Lists of structure factors, anisotropic thermal parameters and 
bond lengths and angles involving H atoms have been deposited 
with the British Library Document Supply Centre as Supplemen- 
tary Publication No. SUP 44627 (13 pp.). Copies may be 
obtained through The Executive Secretary, International Union of 
Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 

parentheses 
, $ 

Ueq = ~ZtZyUua i aj a~.ay. 

x y z U/Ueq(A9 
0.2498 (1) 0.40886 (9) 0-21176 (8) 0-0499 

--0.0441 (4) 0.2202 (4) 0.0940 (3) 0.0403 
--0.1745 (5) 0.1474 (4) 0.0855 (3) 0.0511 

0.0744 (5) 0.1500 (5) 0-0529 (3) 0-0556 
--0.0557 (5) 0.3510 (4) 0-0502 (3) 0.0546 
--0.0177 (3) 0.2442 (3) 0.2020 (2) 0.0385 

0.0007 (4) 0.1384 (3) 0.2667 (3) 0.0474 
0.0644 0.2949 0.2023 0.0800 
0.4191 0.5879 0.2383 0.0800 
0.0772 0.5901 0.2405 0.0800 
0.2265 0.31337 0.22101 0.0800 
0.3053 0.1375 0.4837 0.0800 
0.3300 0-0671 0.3869 0.0800 
0.2538 0.1965 0.3837 0.0800 
0.1745 0.1922 0-0588 0-0800 
0.0670 0.1453 -0.0157 0.0800 
0.0742 0.0662 0.0752 0.0800 

-0;0733 0.3418 -0.0192 0-0800 
--(). 1293 0.3977 0.0758 0-0800 

0.0220 0.3977 0.0624 0.0800 

H23 H31 
o o L,* ~ M2 M~ Q o C4 

C2~ ~ r, 4 ~  H4 H~ ,-~ H31 H23 __H23 H31 

Hze C h J " % _ . ~  ~ . 3  He ~ ~ H22 

c,- 12 ,1g  

H22 d d I H4~ ~ }-143 b b ri¢ ~ d 6 H=I2' 
I " - eL, (.;L] H22 H22 CL] CLI 

H42 C4 M2 3 H42 C H22 

H22 ~ I  ~,oo L:Li ' ~  I H22 
C ^'0'"~" H2 H3 - H42 UL! C, LI H42q~.. O ~  

C4- • ~ b ~-~ M2 d-~" --C ~ o o 
H31 H23 t~C H23 H31 " H4 H4 H31 H23 

Fig. 1. Crystal structure as viewed down the a axis. 

H3 

H22 2 

H1 H4 

43 H4I 

Fig. 2. A SNOOPI  (Davies, 1983) drawing of the title molecule with 
the atom-numbering scheme. The thermal ellipsoids are drawn at 
the 50% probability level. 
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Table 3. Bond lengths (A) and bond angles (o) of 
non-hydrogen atoms with e.s.d.'s in parentheses 

C(1)-C(2) 1.508 (6) C(I)-N(I) 1.530 (5) 
C(I)-C(3) 1.498 (6) N(1)-N(2) 1.446 (4) 
C(1)-C(4) 1.521 (6) 

C(3)-C(1)-C(2) 112.5 (4) N(I)-C(I)-C(3) 108.5 (4) 
C(4)-C(1)-C(2) 112.0 (4) N(1)-C(I)-C(4) 104.2 (3) 
C(4)-C(1)-C(3) 111.4 (4) N(2)-N(I)-C(I) 119.2 (3) 
N(I)-C(I)-C(2) 107.8 (3) 

contribute significant stabilizing force in holding the 
molecule in a stable crystalline state. 

The authors are grateful to Dr C. K. Prout and Dr 
D. Watkin of Chemical Crystallography Laboratory, 

University of Oxford (UK) for provision of laboratory 
facilities. 
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Abstract. CI2H17N4OS+.C6H2N307,  M r= 493"455, 
triclinic, Pl ,  a = 1 0 . 4 6 4 ( 1 ) ,  b=12 .951(1 ) ,  c =  
8.6615 (8)A, a =  107.368 (8), f l=  104.627 (8), ? =  
70.544 (9) °, V =  1040.9 (2)/13, Z = 2, D x = 
1.574 g cm -3, 2(Mo Ka) = 0.71073/~, g = 2.09 cm -l, 
F(000) = 512, T =  293 K, R =0 .047  for 2595 ob- 
served reflections. The thiamine molecule adopts the 
S conformation. There are three kinds of ring- 
stacking interactions: pyrimidine-phenyl, thiazolium- 
thiazolium and phenyl-phenyl. 

Introduction. Thiamine (vitamin BI), as its pyrophos- 
phate ester, is a cofactor for a number of metabolic 
enzymes catalyzing the decarboxylation of a-keto acids 
and the transfer of aldehyde or acyl groups (Krampitz, 
1969). Structural investigations of molecular inter- 
actions between thiamine and an anion molecule 
containing both a carboxyl (or its analogue) group(s) 
and a ring moiety(ies) are of interest to examine the 
ring-ring stacking and/or thiamine-carboxyl inter- 
action modes; a carboxyl group functions as a model 
for the carboxyl group of a substrate that should be 

* To whom correspondence should be addressed. 
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fixed close by the C(2) catalytic site and a ring moiety is 
a model for the indole zc system of the tryptophan 
residue of the apoenzyme at the active center (Heinrich, 
Moack & Wiss, 1971; Kochetov & Usmanov, 1970; 
Kochetov, Usmanov & Mevkh, 1973). We report here 
the crystal structure of the thiamine picrate, where the 
picrate anion bears carboxyl-like nitro groups and a 
phenyl ring; there is a partial overlap between the 
phenyl ring of picric acid and the neutral pyrimidine 
moiety of the thiamine molecule which adopts the S 
conformation but no interaction between the nitro 
group and the thiazolium moiety. 

Experimental. The complex was prepared by mixing 
thiamine nitrate (32.7mg, 0.1 mmol) dissolved in 
10mL of water and sodium picrate (26.9mg, 
0.1 mmol) in l0 mL water and allowing the solution to 
stand at room temperature. Yellow rod-like crystals 
formed after a few months. Crystal 0.51 x 0.42 x 
0.40 mm, Rigaku diffractometer, graphite-mono- 
chromated Mo Ka radiation; cell parameters by a 
least-squares fitting of diffractometer setting angles for 
19 reflections (20 < 20 < 30°); reflection data 20ma x 
= 5 5  ° ( h - - 1 2  to 12, k = 0  to 16, l = - 1 0  to 10), 
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