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and are comparable with those given by Glen, Silverton
& Hoard (1962). All oxygen atoms in the ligand are
coordinated to the alkali metal ions. Three of the
coordination sites are used by a chelated ligand and the
rest by carboxylate oxygen atoms of four adjoining
ligands (Fig. 1).

Table 8. Coordination distances
in NaHOXY and KHOXY

NaHOXY KHOXY
M*-0O(1) 2398 3) A 2:740 2) A
M*-0(2) 2:742 (3) 2-805 (2)
M*-0O(4) 2:468 (3) 2:708 (2)
M +-0(3i) 2773 (3) 2:770 (2)
M+-0(4") 2:378 (3) 2695 (2)
M *-0(24) 2-407 (3) 2:756 (2)
M *-0(5") 2:720 (3) 2921 (2)

This work was supported by the Swedish Natural
Science Research Council.
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Guanidinium 5,5- Diethylbarbiturate Dihydrate
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[CHgN;]*[CsH 11 N,0;31-.2H,0: M.W. 274-3: triclinic, PT: a=12-984(5), 6=7-134(3), c=9110(4)A,
0=92-92(2), B=104-00(2), y=114-73(2)°:25°C: Dineas=126, Dcsic=125 g cm=3 for Z=2. The two
covalent and two hydrogen bonds at the barbiturate deprotonated nitrogen atom are tetrahedrally
disposed. The crystal structure has features in common with that of calcium barbital trihydrate.

Introduction

The salt (Fig. 1) was prepared by addition of one equiv-
alent of 5,5-diethylbarbituric acid (hereafter called
barbital) to a fresh solution of guanidine in ethanol.
The ethanol was evaporated and the dihydrate was
recrystallized from water.

The lattice parameters* and intensity data were meas-

* The transformation matrix (0, —1,0/0,0,1/—1,—1,0)
gives the reduced cell with parameters 7-134, 9-110, 11-914 A,
73-29, 81-79, 87-71°. The reduced cell was not used in this crys-
tal structure determination.

ured on a computer-controlled four-circle diffractom-
eter using graphite monochromated MoK« radiation
(A=0-7107 A). The crystal was a transparent prism
(0-25x0-35x 0-40 mm) mounted with ¢ along the dif-
fractometer ¢ axis. Intensities were scanned in the 6/26
mode at 1° in 260 per 60 s, with 10 s background
counts at the scan limits. Of the 2757 non-symmetry-
related reflections with 26 < 50°, 868 were found to have
an integrated intensity less than 2. These were assigned
an intensity of a(I). No corrections were made for X-
ray absorption.

The phase problem was solved by direct methods,
using the symbolic addition procedure. The atomic par-
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ameters (Table 1) were refined by full-matrix least-
squares methods, minimizing >AF?/¢*(F) with ¢*(F)
= 0-66—0-10|F| +0-0043| F|?. The variances in all struc-
ture amplitudes, including the unobservably weak, were
assumed to be given by this expression. The final value
of R=JAF|3 Fpeas With AF=|Fyeasl — | Fearcl 1s 0-044.
The list of |Fpess| and |F.q,c| is available.t

Discussion

The nature of the molecular and ionic interactions in
guanidinium 5,5-diethylbarbiturate dihydrate are of
interest because they may be illustrative of the as-
sociation of weakly acidic barbiturate drugs with
the strongly basic arginine residues of proteins. The
molecular structures of the component ions are similar
to those observed in guanidinium chloride (Haas, Har-
ris & Mills, 1965), sodium barbital (Berking & Craven,
1971) and calcium barbital trihydrate (Berking, 1972).
The guanidinium C-N bond lengths are 1:311, 1:315,
1-307, the bond angles N~C-N are 120-1, 120-2 and
119-8°, and the carbon and nitrogen atoms are co-

7 The table of structure factors has been deposited with
with the National Lending Library, England, as Supplementary
Publication No. SUP 30081. Copies may be obtained through
the Executive Secretary, 1.U.Cr., 13 White Friars, Chester,
CHI1 INZ, England.

Table 2. Interatomic distances and angles

The atomic nomenclature (Fig. 1) is the same as in Berking
(1972). E.s.d.’s are 0-003 A in ring bonds, 0-004 A in ethyl
group bonds, 0-03 A in bonds involviag hydrogen atoms, 0-2°
in bond angles.

(a) Bond lengths and angles in the barbital anion

N(1)-C(2) 1-390 A C(6)-N(1)-C(2) 125-4°
C(2)-N(3)  1-345 N(1)-C(2)-N(3) 120-6
N(3)-C(4) 1-342 C(2)-N(3)-C(4) 120-4
C(4)-C(5) 1-525 N(3)-C(4)—C(5) 123-0
C(5)-C(6) 1-505 C(4)~-C(5)-C(6) 1131
C(6)-N(1)  1-348 C(5)-C(6)-N(1)  117-4
C(2)-0(2) 1-229 N(1)-C(2)-0(2) 117-3
C(4)-0(4) 1-233 N(3)-C(2)-0(2) 122:1
C(6)-0(6) 1-220 N(3)-C(4)-0(4) 119-4
C(5)-C(D 1-532 C(5)-C(4)-0(4) 117-7
C(5)-C(9) 1-535 C(5)-C(6)-0(6) 121-9
C(7)-C(8) 1-502 N(1)-C(6)—-0O(6) 120-6
C(9)-C(10)  1-502 C(4)-C(5)-C(7) 108-3
N(1)-H(1)  0-87 C(4)-C(5)-C(9) 108-7
C—H 0-95-1-01 C(6)-C(5)-C(7) 108-0
C(6)-C(5)-C(9) 108-3
C(7)-C(5)-C(9) 1106
C(5)-C(7)-C(8) 114-2
C(5)-C(9)-C(10)  114-1
(b) Hydrogen bond distances
N(1)—O(2) 2:85A W(2)—N(3) 2:94 A
W(1)—O0(2) 2-84 GN(@3)-N(@3) 3-00
W(2)—O(4) 2-81 GN(1)-W(2) 293
GN(1)-0(4) 2-86 GNQ)-W(1) 2:94
W(1)—O(6) 2-85 GNQ)-W(2) 2:98

GUANIDINIUM 5,5-DIETHYLBARBITURATE DIHYDRATE

planar within 0-003 A. Guanidinium N-H distances are
in the range 0-78 to 0-89 A. The barbiturate bond
lengths and angles (Table 2) are all within the range
observed for corresponding values tabulated by Berk-
ing (1972) for five independent barbital anions, except
for the ethyl C-C bond lengths which are slightly
shorter (0-01 A). The oxopyrimidine ring is almost
planar and thus resembles ion II in Berking’s (1972)
Fig. 2. The water molecule O-H distances range from
0-79 to 0-82 A and the H-O-H angles are 104 and 105°.

The crystal structure is shown in Fig. 2 and the hydro-
gen bonding arrangements about the guanidinium and
barbital ions are shown in Figs. 3 and 4.

All guanidinium N-H groups are hydrogen bonded
except one, which forms a weaker interaction (H---O
distance, 2-46 A) with water molecule W(2). Each
guanidinium cation forms two hydrogen bonds with
the same barbital anion, and three other hydrogen
bonds to water molecules. The barbiturate NH group
forms NH- --0O(2) hydrogen bonded dimers across a
crystallographic center of symmetry, similar to those
formed by all four independent anions in calcitm bar-
bital trihydrate. In the latter structure, water molecules
link dimers of anions I and IV by means of N(3)- - -
HOH---0O(2) hydrogen bonds to form chains.
In anions II and III the deprotonated nitrogen atom
N(3) interacts with Ca cations, In the guanidinium
salt these features are combined, with the barbital N(3)

W)

v

Fig. 1. Molecular structure and atomic nomenclature for guani-
dinium $5,5-diethylbarbiturate dihydrate. Non-hydrogen at-
oms are represented as ellipsoids with 50 % probability of
enclosing the atoms, as determined from anisotropic tem-
perature factors.
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Fig. 2. The crystal structure of guanidinium 5,5-diethylbarbiturate dihydrate, projected down the b axis. Circles of decreasing
size represent oxygen, nitrogen, carbon and hydrogen atoms, respectively. Hydrogen bonds are shown as dotted lines.

Fig. 3. The hydrogen bonding of the guanidinium cation [see
also Table 2(d)].

hydrogen bonded both in a water bridge and with the
guanidinium cation. In Fig. 4, the guanidinium ion is
below the plane of the barbital ring and water W (2) is
above, so that the two hydrogen bonds and the two co-
valent bonds at N(3) are tetrahedrally disposed.
Thus, the two crystal structures of the hydrated cal-
cium and guanidinium salts of barbital are more closely
related to each other than to the anhydrous potassium
and sodium salts. In the latter (Berking & Craven,
1972; Berthou, Rérat & Rérat, 1965), hydrogen bond-
ing and ionic interactions involve the barbital oxygen
atoms, but not the deprotonated nitrogen atom.

This work was supported by grants NS-02763 and
GM-01728 from the U. S. Public Health Service, Na-
tional Institutes of Health. Computer programs used
were those written or modified by Dr R. Shiono.

References

BERKING, B. (1972). Acta Cryst. B28, 98-113.
BERKING, B. & CRAVEN, B. M. (1971). Acta Cryst. B27,
1107-1115.



1864

(G
N(3}

I p
VAT

S

&
B,

&

)

168° 68

Yo

AV
@

\

GUANIDINIUM 5,5-DIETHYLBARBITURATE DIHYDRATE

b

)
"

170\

il 6
gi ote) @

w2
— Y
1e4e’ (N ,’;

Fig. 4. The hydrogen bonding of the barbital anion [see also Table 2(b)].

BERTHOU, J., RERAT, B. & RERAT, C. (1965). Acta Cryst. 18,
768-777.

Acta Cryst. (1973). B29, 1864

Haas, D. J., Harris, D. R. & MiLLs, H. H. (1965). Acta
Cryst. 19, 676-679.

The Crystal Structure of Gallium Thiophosphate, GaPS,
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GaPS, is monoclinic with a=8-603 (4), 5=7-778 (3), c=11-858 (5) A, f=135-46°, space group P2,/c
and Z=4. The structure has been determined from 706 reflexions and refined to R =0-066. It consists
of puckered hexagonally close-packed sulphur layers. Of the interlayers only every other one is occupied
by Ga and P cations. Filled and empty interlayers thus alternate, causing perfect cleavability parallel
to (100). Ga and P are each surrounded by four sulphur atoms at the corners of distorted tetrahedra.

Introduction

Gallium thiophosphate belongs to a group of ternary
metal-phosphorus—sulphur-compounds of the type
MPS, (M =B, Al, Ga, In, Sb, Bi). The crystal struc-
tures of AIPS, and BPS, have been solved by Weiss &
Schaefer (1960, 1963). The structure of InPS, has been
determined by Carpentier, Diehl & Nitsche (1970).
Studying the crystal growth of metal-phosphorus—
sulphur compounds by vapour transport, Nitsche &

Wild (1970) obtained single crystals of GaPS,. The
crystals were grown by chemical transport with iodine
in a temperature gradient from 650 to 600 °C. Cell con-
stantsand space group have been determined by Buck &
Nitsche (1971). The platelike morphology of the crystals
differs significantly from that of the other compounds
mentioned above. It therefore seemed reasonable for
a better understanding of the crystal chemistry of ter-
nary phosphorus chalcogenides to determine also the
crystal structure of GaPS,.



