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natingproperfies of SeC14 (Groeneveld, 1953). The ob- 
served A1-CI distances (average 2.13 A) in this struc- 
ture agree very well with those (~2.14 A) found in 
A1Clg- ions in the compound Mg(CH3CN)6(A1CI4)2 
(Stork-Blaisse & Romers, 1971). A1 is coordinated oc- 
tahedraUy in A1C13 and accordingly the A1-C1 distances 
are larger (~2.31 A) (Ketelaar et al. 1947). 

All calculations were performed on the IBM 360/50 
computer with programs developed by Mrs E. W. M. 
Rutten (Fourier and least-squares) and by Mr R. A. G. 
de Graaff (geometry). The authors thank Dr Groene- 
veld for his supply of crystals. They are indebted to 
Mr R. Ch. D. E. Hasekamp and Mr J. C. Portheine for 
the production of the diffraction photographs. 
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The antibiotic 5-oxo-6-N-methylformylamino-4,5-dihydro-l,2-dithiolo[4,3-b]pyrrole, CTH6N202S2, 
crystallizes in the monoclinic space group P21/c with four molecules in a unit cell of dimensions 
a= 14-22, b = 3.788, c= 19"06/~; fl= 116.4 °. The unit cell also contains about 3 molecules of water. The 
structure was solved from two- and three-dimensional Patterson syntheses and refined by the full- 
matrix least-squares method, producing a final R value of 0.105. It shows some disorder, caused partly 
by the water molecules and partly by the presence of two different conformations of the vD844 molecule 
in the crystal. The ring system is approximately planar and the side chain is twisted about 42 ° out of 
this plane, the angle being approximately the same in both of the conformations of the vD844 molecule. 
N-H--- O hydrogen bonds of length 2"83 A connect the vD844 molecules in pairs. The positions of the 
water molecules are not well defined; the molecular packing is very compact and leaves sufficient space 
for only about three of any four equivalent positions to be occupied. The average distance found be- 
tween the oxygen atoms of two water molecules is 2.34/~. 

Introduction 

A compound with anti-bacterial activity, and called 
vD844, has been separated from the culture fluid of an 

unidentified Streptomyces species isolated from a soil 
sample collected near Copenhagen. It is strongly active 
against Neisseria and certain other gram-negative 
organisms, but it is rather toxic. Chemical investiga- 
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tions of the compound have been made by yon Daene, 
Godtfredsen, Tybring & Schaumburg (1969) who 
propose the formula 5-oxo-6-N-methylformylamino- 
4,5-dihydro-l,2-dithiolo[4,3-b]pyrrole (I) for it. 

I /C~ NH 

/ 
H3C-N \ 

C - H  
OZ/ 
(t) 

This communication describes the unambiguous de- 
termination of the molecular structure of vD844 using 
single-crystal X-ray diffraction techniques. A prelimi- 
nary communication on this investigation has been 
published (Jensen, 1969). 

Experimental and crystal data 

Crystals of vD844, which were kindly provided by Dr 
W. O. Godtfredsen, Leo Pharmaceutical Products, 
Ballerup, Denmark, grow slowly at the interface be- 
tween ethyl acetate and water. They are yellow, mono- 
clinic needles elongated in the b direction; m.p. 
181-182°C. X-ray diffraction photographs of them 
indicate some structural disorder. Two types of re- 
flexions are seen: the first is a class of sharp, normally 
strong reflexions which alone correspond to a structure 
with space group P21/c and unit-cell dimensions a =  
14.22+0.03, b=3.788+0.004, c=19.06+0.04 A,, f l= 
116.4+0.3°; between these a second class, consisting 
of weak, diffuse reflexions, is observed. The average 
intensity of these diffuse reflexions is about one half 
of the minimum observed intensity for the sharp re- 
flexions. Consideration of these reftexions leads to the 
space group Cc or C2/c and doubling of the a and b 
axes. However, for reasons discussed below the anal- 
ysis was based on the sharp reflexions only, so that 
remarks in this paper will always refer to the space 
group P21/c and the smaller unit-cell. The density of 
1.63 + 0.02 g.cm -3 measured by flotation in a mixture 
of CC14 and CzHsI shows a great deviation from the 
density of 1.56 g.cm -3 calculated for 4 molecules of 
vD844 having the structure proposed by yon Daene, 
Godtfredsen, Tybring & Schaumburg (1969) and 
indicates an additional content of approximately 50 
a.m.u, per unit cell. That this is due to about 3 mole- 
cules of water of crystallization has been confirmed by 
elementary analysis and by the structure determination. 
The density calculated on this basis is 1.64 g.cm -3. 

According to Eisenman, Minieri, Abbey, Carlebois, 
Moncrieff-Yeates & Rigler (1953), the antibiotic HA-9, 
which is apparently identical with vD844, forms small, 
probably orthorhombic, crystals from benzene. A few 
attempts to prepare anhydrous crystals, limited by the 

small amount of compound available, were made, but 
without success. 

X-ray diffraction photographs from several crystals 
were taken, and all show the same pattern, even those 
from specimens of vD844 recrystallized from ethanol. 
All the X-ray data used for intensity measurements 
were registered from a needle with the dimensions 
0.14 x 0-1 x 0.55 mm. Using Cu Ks radiation and Weis- 
senberg equi-inclination techniques, multiple-film ex- 
posures were taken of the layers 0 < k < 3 and of the 
two weak, diffuse layers with k = ,1, and '3' respectively. 
Precession photographs of hkO, Okl and lkl were also 
taken with Mo Kc~ radiation. The intensities of all the 
reflexions were estimated visually, corrected for geo- 
metrical factors, including corrections due to spot shape 
variations (Phillips, 1956) and scaled to produce a total 
of 965 sharp and 527 diffuse non-zero reflexions. Data 
measured from the precession photographs were used 
in the data scaling to correlate the Weissenberg-re- 
corded observations but were not included in the final 
data set. The number of sharp reflexions observed 
corresponds to about 52% of that theoretically at- 
tainable with copper radiation. No corrections for 
extinction or absorption were applied (linear absorp- 
tion coefficient, pCu Kc~ = 30.6 cm-1). 

Determination and refinement of the structure 

Because of the very short b axis, the x and z param- 
eters of most non-hydrogen atoms were easily deduced 
from the Patterson synthesis, P(xz), using the minimum 
function (Buerger, 1959). The inversion peaks cor- 
responding to the two sulphur atoms were found, and 
by combination of the two Mz(XZ) maps for these 
peaks an Ma(xz) map was obtained from which the 
coordinates of the atoms of the greater part of the 
molecule could be postulated. An electron density 
projection, O(xz), phased on the contributions of these 
atoms to the structure factors, showed the whole 
molecule clearly. After a single cycle of R minimization 
(Bhuiya & Stanley, 1963) using an ALGOL program 
written by Danielsen,* the R(hOl) value was 0.28. 

The y parameters were subsequently found from the 
three-dimensional Patterson synthesis, P(xyz), calcu- 
lated from the sharp reflexions. 

The disorder in the structure had thus far been 
neglected. An electron density projection Q(xz) calcu- 
lated at this stage is shown in Fig. 1, and shows two 
features which can be interpreted to lead to the presence 
of the weak, diffuse reflexions observed. (1) Two peaks 
(indicated by arrows) are situated in positions which 
correspond to those expected for the oxygen atom in 
the formylamino group of the side chain in each of two 
orientations. Both appear with peak heights about one 
half of that expected for an oxygen peak. Thus the 

* J. Danielsen. D 45, Stepwise Minimization of the R value. 
Department of Inorganic Chemistry, University of Arhus, Den- 
mark. 
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vD844 molecules appear to be present in two con- 
formations in the crystal and the electron density map 
shows a superposition of the two. (2) The peaks near 
(½,¼) correspond to the oxygen atoms of water mole- 
cules with only about 75% occupancy of the 4 equi- 
valent positions in the unit cell. 

As none of the distances from the water oxygen 
atom positions to the atoms in the side chains is 

shorter than the sums of the respective van der Waals 
radii, a connection between the two kinds of disorder 
seemed improbable. In an attempt to determine the 
nature of the irregularities the following postulates 
were tested. (1)The ring system of the vD844 molecules 
can be completely described in the space group P21/c; 
and the difference in conformation of the vD844 mole- 
cules is regular so that their packing alone corresponds 

<:~ 

- . ,  0 ' 0  , . . . . . . . . . . . . . . . . . . . . . . .  ½a 

// 
Fig. 1. Electron density projection on (010). The contour levels are on an arbitrary scale. Two peaks (indicated by arrows) ale 

situated in positions corresponding to disordered formyl oxygen atoms, and indicate the presence of two conformations of the 
vD844 molecules in the crystal. 

122 ~ "  

5 

~ 126 

Fig. 2. Bond distances (/~) and angles (°). 
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to Cc symmetry, and only the water molecules are 
really disordered and cause the weak reflexions to be 
diffuse. (2) The vD844 molecules occupying only one 
equivalent position may have different conformations 
and these may give rise to small displacements of the 
neighbouring molecules and thereby cause all of them 
to contribute to the disorder. (3) The ring systems have 
practically fixed positions and both the side chains 
and the water molecules contribute to the disorder. 

Postulate (1) was rejected for the following reason. 
The asymmetric unit in space group Cc will contain 4 
molecules of vD844 and 3 molecules of water, and 
the vD844 molecules should differ from each other only 
in the conformation of the side chain. Attempts were 
made to postulate an ordered structure in space group 
Cc, but none of the possible combinations of vD844 
molecules having different conformations produced the 
intensity distribution of the diffuse diffraction pattern; 
and all calculated Fourier syntheses showed peaks cor- 
responding to a formyl oxygen atom in each of the two 
conformers in all the four vD844 molecules in the 
asymmetric unit. As stated later in this paper (see 
Discussion) an ordered distribution of the vD844 
molecules of different conformation is not too likely. 

If postulate (2) were true exceptional 'thermal vi- 
brations' for all atoms in the structure would have 
been expected. But the anisotropic motion actually 
found is normal for the greater part of the vD844 mol- 
ecule, and could not give rise to the observed disorder 
effects. (2) was therefore abandoned. 

Postulate (3) was then accepted. The refinement of 
the structure was made assuming space group P21/c, 
and only the sharp reflexions were included. Attempts 
to explain the intensity distribution of the weak diffuse 
zones have not been made. 

The refinement was performed by the full-matrix 
least-squares method. Positional parameters for all 
atoms, including those corresponding to both possible 
side chain orientations and the postulated water oxygen 
atom, were refined in all cycles. Site occupancy factors 
for the disordered atoms were also refined. In the first 
three cycles individual atomic isotropic temperature 
factors were assumed, but these were extended to 
anisotropic parameters for the next four cycles. Fi- 
nally four scale factor parameters, each corresponding 
to a layer of observed data, were varied. To avoid the 
possible occurrence of matrix singularities, some ther- 
mal parameters (but not the same parameters for all 
cycles) were held fixed. The data weighting scheme 
was that proposed by Hughes (1941), and no un- 
observed reflexions were included in the calculations. 
The scattering factors were taken from International 
Tables for X-ray Crystallography (1962). After the last 
cycle all shifts were less than one third of their corres- 
ponding estimated standard deviations. The final re- 
liability index, R, is 0.105• Table 6 lists the observed 
structure amplitudes and the corresponding calculated 
structure factors from the final structural parameters. 
After the refinement a difference Fourier synthesis was 
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calculated, but it was not possible to establish the 
positions of the hydrogen atoms in the structure from 
this with any reasonable certainty. 

Most of the calculations were performed on the 
IBM 7090 and 7094 computers at Northern Europe 
University Computing Center, Lyngby, Denmark,  
using the integrated program system X-Ray 63 from 
the University of Maryland (Stewart, 1964). 

D e s c r i p t i o n  a n d  d i s c u s s i o n  o f  t h e  s t r u c t u r e  

The bond lengths and angles and their corresponding 
estimated standard deviations, calculated from the 
final atomic coordinates in Table 1, are given in Tables 
2 and 3 and Fig. 2, and a list of interatomic distances 
describing the surroundings of the sulphur atoms, the 
formyl-oxygen atoms and the water oxygen atom is 
given in Table 4. The least-squares planes, A, B a n d  
C, through N(4), C(5), C(6), C(7) and C(8), through 
C(6), N(10), C( l l ' ) ,  O(12') and C(13') and through 
C(6), N(10), C(11"), O(12") and C(13"), respectively, 
were calculated. The parameters of these planes, the 
deviations of the atoms from them and the angles be- 
tween them are given in Table 5. 

Table 2. Bond lengths, with their e.s.d.'s (× 103) in 
parentheses 

Distances between atoms probably not belonging to the same 
conformation of the vD844 molecule are marked with an 

asterisk. 
S(1) S(2) 2.065 (5)/~ 
S(2)--C(3) 1.728 (11) 
C(3)--C(8) 1-371 (15) 
C(8)--C(7) 1.455 (16) 
C(7)--S(1) 1.736 (8) 
C(8)--N(4) 1.327 (9) 
N(4)--C(5) 1"368 (14) 
C(5)--C(6) 1"442 (13) 
C(6)--C(7) 1-351 (13) 
C(5)--O(9) 1 "248 (9) 
C(6)--N(10) 1.406 (16) 
N(10)--C(11') 1.361 (23) 
C(11') -O(12') 1-130 (25) 
N(10)--C(13') 1-485 (17) 
N(10)--C(11") 1.567 (33) 
C(13"')-O(12") 1.137 (43) 
N(10)--C(13") 1.286 (25) 
C(11")-O(12') 0.877 *(43) 
C(13') -O(12") 1.208 *(33) 
C(11') -C(11") 0-402 (42) 
C(13') -C(13") 0.505 (28) 

Table 3. Bond angles, with their e.s.d.'s in parentheses 

Angles including atoms probably belonging to different con- 
formations of the vD844 molecules are marked with an 

asterisk. 
S(1) S(2)--C(3) 96.2 (0.5) ° 
S(2) C(3)--C(8) 116.3 (1.0) 
C(3)--C(8)--C(7) 117-6 (0.8) 
C(8)--C(7)--S(1) 114.4 (0.7) 
C(7)--S(1)--S(2) 95.5 (0.4) 
C(3)--C(8)--N(4) 134-9 (1-1) 
C(7)--C(8)--N(4) 107.5 (0.8) 
C(8)--N(4)--C(5) 110-6 (0"8) 

Table 3 (cont.) 

N(4)--C(5)--C(6) 107-0 (0.7) 
N(4)--C(5)--O(9) 125-6 (0.9) 
C(6)--C(5)--O(9) 127.1 (1.0) 
C(5)--C(6)--C(7) 107.4 (1.0) 
C(6)--C(7)--C(8) 107-4 (0-8) 
S(1) C(7)--C(6) 138.2 (0.9) 
C(7)--C(6)--N(10) 128-8 (0.9) 
C(5)--C(6)--N(10) 123.9 (0-8) 
C(6)--N(10)--C(11') 121.4 (1.2) 
N(10)--C(11') -O(12') 129.0 (2.5) 
C(6)--N(10)--C(13') 116.5 (1.1) 
C(11') -N(10)--C(13') 121.5 (1.5) 
C(6) N(10)--C(11") 113.6 (2-2) 
C(6) N(10)--C(13") 121.5 (1-8) 
N(10)--C(13")-O(12") 118.8 (2-6) 
C(11")-N(10)--C(13") 119.9 (2-6) 
N(10)--C(11 ")-O(12') 132-0 *(4.9) 
N(10)--C(13') -O(12") 101.1 *(1.4) 
C(113 -N(10)--C(13") 116.0 *(2.1) 
C(11")-N(10)--C(13') 129.7 *(2.4) 

Table 4. lnteratomic distances describing the surround- 
ings of the sulphur atoms, the formyl oxygen atoms and 

the water oxygen atom 

General equivalent positions of the molecules are: 
I (x , y  , z) 

II(-x,y-½,½-z) 
III( - x,  2 -  y, 1 - z) 
IV(-  x, 1 -y ,  1 - z) 
V (x,y-1, z) 

From atom 
S(1) I 
S(1) I 
S(2) I 
O(12') I 
O(12") I 
0(12') I 
O(12') I 
O(12') i 

v I  (x, 2½--y, ½+z) 
VII (x,1½-y, ½+z) 

VIII (x, y + 1, z) 
IX(1 -x,y+½,1½-z) 
X ( 1 - x , y - { , l { - z )  

to atom 
s(2) ii 3-84 A 
S(1) II 3.54 
S(1) II 3.76 
O(12") III 3-68 
COl') III 3.85 
C(11") III 3.74 
O(12') III 4.19 
O(12") IV 4.38 

Fig. 3. Thermal vibrational ellipsoids drawn at the 50% signi- 
ficance level. C(11) and C(13) are shown as one atom each, 
not as the fractional atoms mentioned in the paper. 
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Table  4 (cont.) 

From atom to atom 
O(12') I C( l l ' )  IV 3.42 
O(12') I C( l l " )  IV 3.49 
O(12') I O(12') IV 3.44 
O(12') I O(12") V 3.98 
O(12') I N(10) V 3.65 
O(12') I C( l l ' )  V 3.61 
O(12') I C( l l " )  V 3.36 
O(12') I S(1) I 3"15 
O(12") I S(2) VI 3"02 
O(12") I C(3) VI 3-56 
O(12") I S(2) VII 3.51 
O(12") I C(3) VII 3.37 
0(12") I C(13') VIII 3.75 
0(12") I C(lY') VIII 4"01 
O(12") I N(10) VIII 3.68 
O(12") I C( l l ' )  VIII 3.43 
O(12") I C(11") VIII 3.79 
O(14) I C(lY) IX 3.33 
0(14) I C(lY') IX 3.82 
0(14) I 0(12") IX 4"06 
0(14) I 0(9) IX 2"69 
0(14) I 0(14) IX 2.33 
0(14) I C(13') X 3.54 
0(14) I C(13") X 3.73 
0(14) I 0(12") X 4.02 
0(14) I C(13') I 3.52 
0(14) I C(lY') I 3.92 
0(14) I 0(12") I 3.83 

The  devia t ions  of  all the r ing a toms  a n d  of  N(10) 
f rom plane  A are small  and  not  significant,  and  the 
b o n d  lengths  in the r ing system are as expected for  a 

p l ana r  sys tem wi th  con juga ted  double  bonds .  The  S-S  
dis tance of  2.07 A indicates  definitely a single bond ,  

Tab le  5. Least-squares planes and the angles between 
them 

The equations of the planes are in orthogonal A space (1 
parallel to a; J parallel to b and K parallel to e*) and the 
distances of the atoms from the least-squares planes are in A. 

Distances to atoms defining the plane are asterisked. 
A 0.269021+ 0.93571J+ 0.22820K- 4.7401 = 0 
B 0.20409I- 0.93268J+ 0.29741K+ 0.64812 = 0 
C 0.11601I-0"91997J+0"37443K-2"1666 =0  

Atom 
S(1) 
s(2) 
C(3) 
N(4) 
c(5) 
C(6) 
c(7) 
c(8) 
0(9) 
N(10) 
C(11') 
0(12') 
C(lY) 
C( 11 ") 
0(12") 
C(13") 

/_ planeA planeB41 ° 
/_ planeA p laneC42  ° 
/_ p laneB p laneC 7 ° 

A 
0"028 
0"002 

-0"011 
--0"007* 

0"002* 
0"004* 

--0"008* 
0"009* 
0"089 
0"008 

-0"017" 

0"042* 
--0"036* 

0"016" 
--0"005* 

0"25 
0"41 
0"32 

--0"032* 

-0"138" 
-0"30 
-0"19 
- 0"27 

0"005* 
0"022* 
0"144" 

0"0 --7 ~a 

/ x 
Z 

,#I %.:~! 

&..O..¢o.. ............. 

~ r  ............... . t  _ J 

3'65 

,, "',,3'83 

"°'k , , ~  

1-x'v-~' lbz 

Fig. 4. The structure viewed along the b axis. The N - H "  • O hydrogen bonds are shown together with the surroundings of O(12'), 
O(12") and of the water of crystallization [O(14)]. From the molecule (x,y,z) broken lines go to the molecules with the general 
positions indicated, and dotted lines are drawn to the molecules below. Distances to C(11") and C(13") are given in parentheses. 

A C 27B - I 0  
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2b 

> 
C 

c ~c 

Fig. 5. The structure viewed along the a* axis. All molecules shown have the same x coordinates. The distances to O(12') and 
O(12") are indicated. Distances to C(11)" and C(13") are given in parentheses. 

while both of the S-C bond lengths, 1.73 and 1.74 A, 
are significantly shorter that the accepted value for a 
single bond, 1.82 It (Sutton, 1965), and may be com- 
pared with the S-C bonds in thiophen, 1.718 .~ (Bak, 
Christensen, Rastrup-Andersen & Tannenbaum, 1956) 
and similar compounds. The other bond lengths also 
show that the n-electrons of the double bonds must be 
delocalized. The length of N(4)-C(8) is 1.33/~, a value 
intermediate between the C-N bond lengths in pyrrole, 
1.383 A (Bak, Christensen, Hansen & Rastrup-Ander- 
sen, 1956) and in succinimide, 1.27 A (Mason, 1956). 
Finally, the distance N(4)-C(5), 1.37 A, is similar to 
the value 1.333 A given for N-C bonds in amides, 
(Sutton, 1965). 

The angle between the ring plane and the plane of 
the side chain is about 42 ° in both of the two molecular 
conformations. Brown (1966) found a value of 17.6 ° 
for the corresponding angle in acetanilide, even though 
the C(ring)-N-(side chain)bond length of 1.413 ~ is 
of similar length to that of 1.41 A for the equivalent 
bond in this molecule. 

In one of the two molecular conformations C(11) 
is the carbonyl carbon atom and C(13) is the methyl 
carbon atom; in the other the functions of C(11) and 
C(13) are interchanged. The same two conformations 
of the vD844 molecules are found also in DMSO-solu- 
tion (von Daene, Godffredsen, Tybring & Schaumburg, 
1969). As the N - C ( =  O) bond length is almost certainly 
shorter than the N-C(H3) bond length it is unlikely 
that the individual atoms of the pairs of contributors 
forming the C(11) and C(13) Fourier peaks respectively 
should be at exactly the same positions. Therefore two 
atoms were postulated each for C(11) and C(13). From 
the final positions of these atoms it seems likely that 
N(10), C(l l ' ) ,  O(12') and C(13') constitute the side 
chain of one of the molecular conformations of vD844 
and N(10), C( l l " ) ,  O(12") and C(13") form the side 
chain of the other. 

Large 'thermal' vibrations are found for O(12') and 
O(12"). These could express random variation in the 
positions of the oxygen atoms which may be induced 
by the neighbouring molecules having different con- 
formations. Also, large contributions to the 'thermal' 
parameters may result from the neglect of the three 
methyl hydrogen atoms, which in one of the molecular 
conformations are situated close to the positions of the 
formyl oxygen atoms of molecules in the second con- 
formation. The site occupancies found are 0-64 (e.s.d. 
0.04) for both O(12') and O(12"). The differences from 
the expected values of 0.5 for each are also probably 
due to the influence of these methyl hydrogen atoms. 

0 ( 9 ) 0  . 2"69 ,, 

2"3,~ 

119°, ` 
o . . . . . . .  0," 

129 ° ", 

) (14) 

"t',,-- . . . .  - 0  o(9') 
,* 0 (14 ' )  

1 0 9  ° 

Fig. 6. The hydrogen bond system around the screw axis 
(½,Y,¼). The system is disordered since only three of every 
four of the water positions [O(14)] are occupied; the ac- 
curacies of the distances and angles shown are low due to 
variations in the positions of the water molecules. 
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Table 6. Observed and calculated structure factors for v D 8 4 4  

The column headings are the index 1, I Fol and I Fcl. 
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Table 6 (cont.) 

0 1 3 , L  8 1 2 7  1 1 8  - -7  9 2  8 6  --2 1 2 3  101  S I 1 9  9 4  --6 2 1 4  2 7 2  - - 1 0  8 7  7 7  
2 167 113 9 92 82 --6 172 154 0 101 90 12 lOt 94 --5 119 125 --8 116 137 
5 156 157 -5 I12 106 I 165 I00 -4 156 163 --7 77 75 

127  114  213 tL  - 4  108  111  2 321  337  6~3eL  - -3  8~  90  - -3  101  50  
8 2 2 2  2 4 5  - - 1 4  151  141  --2 1 6 9  1 2 0  3 1 4 0  1 2 4  - - 1 8  101  1 1 5  --1 7 1  7 0  --1 9 6  61  
9 a2 8 0  -11 I01 115 0 309 359 4 148 120 -17 I05 114 0 165'185 I 87 29 

I0  27g 296 - I 0  77 81 I 156 129 6 175 163 -16  105 102 4 87 74 4 222 250 
I I  112 146 -9  77 72 2 143 114 7 77 6g -14 112 122 8 96 g@ 6 200 205 
12 15~  149 -8  148 147 3 133 13g I0 123 126 --13 8 7  92 

14 77 83 - 7  71 73 5 123 98 I I  77 85 --6 IS9 195 813eL lO t3 tL  
- -6  I 011CO 6 133 129 12 159 1 4 2  --4 82 64 - 13  123 128 --16 ~ ?  8 6  
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--8 1 2 7  130 0 42g 315 14 151 168 --16 8 7  7 8  3 189 210 -6  203 243 4 119 l lO  
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- 4  116  106 ~ ~C7 500 -12 177 19g 6 96 71 - 3  77 67 ) I , 3 t L  
--2 200 138 4 IE2 150 4 ,31L  --I0 127 107 7 92 87 4 130 12g -- 116 107 

0 324 208 5 105 88 --12 112 I I )  --8 g6 g3 1 2  82 95 6 197 194 - ~  92 69 
I f IG 80 I 0  e7 73 -10  2 2 2  2 6 8  -6  140 147 8 96 I18 --2 127 137 
2 276 180 14 I01 106 --9 I01 I15 - 5  77 75 713t L --I 96 I08 
3 143 148 --8 177 10S --: 105 115 --16 108 94 9,31L 0 71 66 
4 361 336 3e21L -7  143 128 0 304 328 -14 112 118 --14 101 83 
6 71 49 - I 0  224 2~2 -6  101 108 2 190 176 - I 0  130 143 -13  108 99 
7 77 68 - 8  154 164 -3  112 123 4 341 360 --8 148 181 -11 87 82 

The position of O(14), the oxygen atom in the 
water molecule, is not well defined. Its 'vibrational' 
parameters shown diagrammatically in Fig. 3, are 
extremely large. The multiplicity found for O(14) is 
only 0.80, possibly because the close packing around 
the water molecules leaves sufficient space for only 
about three of any four equivalent positions to be 
occupied. One water molecule may cause those im- 
mediately above and below it to move a little upwards/ 
sideways and downwards/sideways respectively, and 
these displacements may not leave enough space for 
the next molecules in the series to occupy their expected 
'ordered' positions. Eventually, the displacements be- 
come such that one 'ordered' position is omitted. 

The water molecules are involved in a disordered 
hydrogen bond system. Each water molecule can act 
as donor for two hydrogen bonds, one to a carbonyl 
oxygen atom, 0(9), and one to a neighbouring water 
molecule; and it accepts a hydrogen bond from another 

• water molecule, see Fig. 6. The O(9)---O(14) distance 
is about 2.69 A and it is nearly unaffected by the pos- 
sible variable position of O(14) since the direction of 
the greatest 'vibration' for this atom is roughly per- 
pendicular to the O(9)-O(14) direction. The average 
distance between the oxygen atoms in neighbouring 
water molecules is 2.34 A. The length of the centred 
hydrogen bond in potassium hydrogen chloromaleate 
is 2.40 A (Ellison & Levy, 1965), so this length is 
much too short, even for an O - H - - - O  hydrogen bond. 
The vD844 molecules themselves are connected in 
pairs by hydrogen bonds, N(4)---O(9), of length 
2.83 A. The deviation of 0(9) from the ring plane A 
is 0.09 A in the direction of the neighbouring N(4) 
atom. 

The surroundings of O(12') and O(12") are illustrated 
in Figs. 4 and 5. Since no really close contacts to side 
chains in other molecules exist, order in the distribu- 
tion of the two molecular conformations is probably 
very unlikely, even around a single row of symmetry 
centres, e.g. (0, n x ± ± • 2, 2), and, further, it is even more 
unlikely that some possible order could be translated 
to the next, equivalent row of symmetry centres, e.g. 
(1,n ×½,½). 

The disulfide groups are arranged closely around 
the screw axes. S--- S contacts between disulfide groups 

have been found in several crystal structures, (Fridrich- 
sons & Mathieson, 1967), and they may exercise a 
strong influence on the molecular packing. Further 
close sulphur contacts are an intramolecular distance 
of 3.15 A between S(1) and O(12') and an intermole- 
cular distance of 3.02 A between S(2) ~nd O(~2"). The 
sum of the van der Waals radii is 3.25 [-- • + 1.40, 
Pauling (1960)], so these distances may indicate weak 
oxygen-sulphur attractions. 

The author thanks Professor Bodil Jerslev for her 
kind interest in this work and Dr K. Watson, Chemical 
Laboratory IV, H. C. Orsted Institute, Copenhagen, 
for helpful discussions and suggestions. 
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