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The Crystal and Molecular Structure of Racemic Potassium Di-p-tartrato-diantimonate (I11)
Trihydrate (Racemic ‘Tartar Emetic’)
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Three-dimensional X-ray analysis shows that racemic potassium antimonyl tartrate is the racemic
mixture of potassium di-u-(+ )-tartratodiantimonate(Ill) and di-u-(— )-tartratodiantimonate(II11) with
three water molecules of crystallization. There are four formula units of K;[Sb2(CsH206)2].3H20 in
the orthorhombic unit cell of dimensions a=8-79, b=16-32, ¢=12-19 A and space group Pca2;. Two
antimony atoms are bridged by two tartrate groups which act as double bidentate ligands through
the deprotonated carboxyl group and a-hydroxyl oxygen atoms with mean Sb-O distances of 2:20
and 2-01 A respectively. The chelate rings are nearly planar and the oxygen atoms about the antimony
atom occupy four corners of a slightly distorted square pyramid, whose apex belongs to the unshared
electron pair. Two of the three molecules of water per formula unit form a three-dimensional hydrogen-
bonded network with tartrato-antimonate ions, while the third water molecule forms separate hydrogen

bonds with the anion.

Introduction

The crystal structures of four compounds considered
to be ‘antimonyl-tartrates’ have been reported: ammo-
nium antimonyl-( +)-tartrate monohydrate (Kiosse,
Golovastikov & Belov, 1964); potassium antimonyl-
(+)-tartrate hemihydrate (Grdeni¢ & Kamenar, 1965),
tris-o-phenanthroline-iron(1l) antimony(-)-tartrate
(Templeton, Zalkin & Ueki, 1966); ammonium anti-
monyl-(+)-tartrate hemihydrate (Kiosse, Golovasti-
kov, Ablov & Belov, 1967). Essentially the same di-
meric tartratoantimonate(Ill) ion [Sby(C,H,O4),]* was
found in the crystal structures of ammonium com-
pounds and the complex iron compound, but in the po-
tassium compound a monomeric ion was reported. The
latter result was obtained on the basis of only one pro-
jection and the structure was not completed at the time.
The three-dimensional structure analysis, the results of
which we now report, has shown that the dimeric tar-
tratoantimonate ion occurs also in the crystal structure
of racemic potassium antimonyl tartrate.

Experimental

Racemic potassium antimonyl tartrate, known as
hemihydrate, with the formula KSbOC,H,O4.1H,0
was prepared by adding antimony(III) oxide to a warm
solution of racemic tartaric acid and potassium hydrox-
ide in water. The crystals obtained were recrystallized
from an aqueous solution.

Cell dimensions, determined from oscillation and
Weissenberg photographs, were as follows:

a= 879+002 A
b=16-32+0-02
¢=12-19£0:02

The systematic absences of 04/ for / odd and 40/ for A
odd indicated Pca2; (C3y) or Pbcm (DL}) as the pos-
sible space groups. The final choice of Pca2, was ratified
in the course of the Patterson synthesis interpretation
and by piezoelectric measurements. The cell contains
8 formula units KSbOC,H,O4.4H,0; measured den-
sity 2-510 g.cm~3, calculated density 2-508 g.cm3,
Three-dimensional intensity data were obtained up to
the 10th layer around [001] and up to the 7th layer
around [100] on an integrating Weissenberg camera
using the multiple-film technique and Cu Ka radiation.
For the photographs taken around [001] the crystal
was spherically ground to 0-43 mm in diameter and for
the data taken around [100] a sphere of 0-50 mm in dia-
meter was used. The intensities were measured by
means of a densitometer and corrected for Lorentz and
polarization factors, and for absorption (=315 cm-1),
and were placed on a common scale by the method of
Rollett & Sparks (1960).

Structure factors, cycles of least-squares analysis,
and Fourier syntheses were calculated by the use of
J.S.Rollett’s general crystal structure analysis pro-
gram on the Oxford University English Electric Leo-
Marconi KDF. 9 computer.

Structure determination

A three-dimensional Patterson function sharpened to
‘point atoms at rest” computed from 1873 independent
reflexions gave the positions of the antimony and po-
tassium atoms. The light atom positions were found
by means of several successive Fourier syntheses. The
structure was then refined by several cycles of least-
squares using the data uncorrected for absorption. At
this stage of refinement the reliability index was R=
0-129. After absorption correction the refinement pro-
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Table 1. Observed and calculated structure factors (x 100) with caléulated phases
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Table 1 (cont.)

h k 1 ’0 !‘c K pxl h k 1 Fo Fc o1 h k 1 I-‘o Fc dhkl h k 1 Po I-‘c Ayl h k 1 Fo Fc dhkl
9 5 3 3392 3279 15 3 8 3 2306 2400 84 912 0 1939 1542 -180 10 2 6 2440 3257 -29 10 6 0 5010 5679 -180
4 7302 8584 3 4 3599 4452 178 1 4749 4966 -36 7 1443 3251 -111 1 5382 7274 108
6 3332 3860 23 5 1272 1268 -165 10 O © 5875 6837 -180 10 3 1 1649 1427 -135 2 2906 3911 ~149
¢ 1997 2861 -106 6 3061 4199 179 1 5645 7444 115 2 4473 5197 =27 3 2634 2814 ~179
8 2522 4339 9 9 9 0 3710 3864 -180 2 6699 8188 -139 3 5776 7809 -111 5 3623 4705 27
9 6 1 3297 3193 -32 1 4137 4300 =30 3 3787 4831 165 4 6150 8284 5 10 7 1 2110 2611 96
2 1997 2107 -94 2 1939 2124 -120 4 3749 4690 127 5 5152 6797 -45 2 3795 4372 -154
s 2835 2906 60 3 2804 3169 74 % 4342 5863 9 6 2256 3380 64 5 1863 2558 68
4 2731 2962 43 4 2151 2502 48 & 3190 4782 144 10 4 1 3885 4046 54 1 2906 3683 158
5 2955 2636 137 s 2623 2616 -179 7 4151 6661 88 2 2906 3399 44 10 8 1 5309 5288 48
7 1831 2106 -82 6 1381 1297 152 10 1 1 2858 3061 7 3 1613 1897 -141 2 3075 3103 83
9 7 0 2487 2168 -180 910 0 4179 4264 o 2 2916 3121 134 4 2083 1963 0 3 2452 2892 46
1 3756  4C€3 119 1 4095 4721 144 3 3271 3920 91 9 2151 2462 -60 10 ) 2667 2626 [}
2 4981 5550 145 2 4857 5947 33 4 3042 3610 -149 6 1295 2111 -4 1 1649 1799 -134
3 4524 5147 -135 3 2865 4049 -122 3 2151 2332 115 10 5 0 2601 2308 0 1010 0 1783 1551 9]
4 7669 9213 -166 4 1666 2997 54 6 1924 2875 ~167 1 2381 2133 =17 11 1 0 4499 521% Y]
3 5078 5694 -20 5 4512 4627 -26 7 798 1399 151 2 3032 3727 133 1 3271 3964 -100
6 3032 3463 -132 911 0 4755 6569 0 10 2 O 6664 7697 ¢ 3 3315 43, 83 2 4165 5394 87
J 4052 4498 99 1 1767 1490 7 1 3599 4268 -49 4 2994 3520 -172 11 2 O 3733 43416 -180
9 8 ¢ Z%é ;8;g lgg g 5?]2% 5;;5 ;}g g %;gg %g%: gg g 2306 3129 136 1 3817 5217 -81
= - 18 2 0 -
2 4179 4841 -173 4 2623 3176 21 5 2306 3065 -164 78 328 = 2 2816 3152 43

Table 2. Atomic and thermal parameters and their standard deviations ( x 10%, in parentheses)

xla ylb z/c Uiso

Sb(l) 0-3615 (2) 0-1627 (1) 0-5019 (1) 0-0186 (5)
Sb(2) 0-4355 (2) 0-3199 (1) 0-1377 (2) 0-0188 (5)
K(1) 0-3803 (11) 0-0175 (5) 0-2367 (8) 0-0363 (20)
K(2) 0-3024 (10) 0-5652 (5) 0-3331 (8) 0-0329 (18)
o(l) 0-1998 (28) 0-1040 (15) 0-3827 (23) 0-0264 (56)
0(2) 0-0124 (37) 0-1286 (19) 0-2694 (24) 0-0415 (73)
0(3) 0-2601 (28) 0-2514 (13) 0-1906 (19) 0-0205 (48)
O(4) 0-2477 (28) 0-2614 (12) 0-4364 (18) 0-0156 (43)
O(5) 0-5364 (29) 0-2543 (15) 0-5284 (21) 0-0252 (55)
0O(6) 0-4961 (27) 0-1452 (14) 0-3662 (20) 0-0201 (48)
O(7) 0-7625 (35) 0-3019 (16) 0-4621 (23) 0-0332 (61)
0O(8) 0-6740 (31) 0-0995 (16) 0-1601 (23) 0-0329 (62)
0(9) 0-5167 (27) 0-1946 (14) 0.0994 (20) 0-0219 (50)
O(10) 0-5838 (30) 0-3056 (16) 0:2510 (23) 0-0280 (57)
O(11) 0-3667 (42) 0-4400 (21) 0:5202 (33) 0-0561 (92)
0O(12) 0-3303 (27) 0-4064 (15) 0-2478 (21) 0-0219 (51)
0O(13) 0-1094 (34) 0-4281 (18) 0-3304 (26) 0:0373 (69)
O(14) 06728 (35) 0-4344 (19) 0-5993 (26) 0-0395 (73)
O(15) 0-4679 (52) —0-0083 (30) 0-4927 (43) 0:1019 (124)
C(1) 0-1083 (40) 0-1543 (21) 0-3307 (25) 0-0123 (57)
C(2) 0-1294 (35) 0-2473 (19) 0-3618 (30) 0-0216 (69)
C@3) 0-1548 (35) 0-2929 (21) 0-2544 (28) 0-0156 (63)
C4) 0-1946 (40) 0-3797 (19) 0-2833 (27) 0-:0139 (59)
C(5) 0-6472 (36) 0-2506 (20) 0:4586 (30) 0-0217 (71)
C(6) 06376 (37) 0-1880 (19) 0-3673 (28) 0-0157 (61)
C(7 0-6644 (43) 0-2270 (20) 02570 (29) 0-0186 (67)
C(8) 0-6169 (34) 0-1697 (22) 0-1689 (31) 0-0267 (77)

cess was continued using the full-matrix least-squares
method assuming independent isotropic thermal para-
meters for each atom. The weighting scheme used was

]
(I’Fa —b ) ,
a

1+

Ve =

where ¢ =b=40 on the same scale as Table 1. The fi-
nal reliability index for the observed reflexions was
R=0-11. Table I lists the observed structure amplitudes
and calculated structure factors based on the final ato-
mic coordinates given in Table 2. Atomic scattering
factors used were those in International Tables for X-
ray Crystallography (1962).

Description and discussion of the structure

It follows from the interatomic distances and angles
given in Tables 3 and 4 as well as from Figs.1 and 2
that the crystal structure of ‘tartar emetic’ is built up of
dimeric tartratoantimonate(IIl) ions,[Sby(C4H,O¢)]>~.
It confirms the previously reported structure of this
jon in ammonium antimonyl-( +)-tartrate monohy-
drate (Kiosse, Golovastikov & Belov, 1964), tris-o-phe-
nanthroline-iron(ll) antimony( +)-tartrate (Templeton,
Zalkin & Ueki, 1966) and ammonium antimonyl-
( +)-tartrate hemihydrate (Kiosse, Golovastikov, Ab-
lov & Belov, 1967). Both antimony atoms in the
[Sby(C4H,-Og),])2- ion are bound to four oxygen atoms
in a slightly deformed square pyramid whose apex is
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occupied by the unshared electron pair. Two oxygen
atoms are from two carboxyl groups and the other two
oxygen atoms from the a-hydroxyl groups at mean
distances of 2:20 and 2-01 A respectively. These values
of the Sb—O bond lengths are close to those found
in  (NH,)[Sby(D-tart),].3H,0 (2:18 and 2:02 A
respectively) as well as in (NH,),[Sb,(D, L-tart),].4H,0

CRYSTAL AND MOLECULAR STRUCTURE OF RACEMIC ‘TARTAR EMETIC’

(2:15 and 204 A respectively). The antimony
atom thus belongs to two nearly planar five-mem-
bered rings with an average O-Sb-O angle of 80°.

The anion [Sby(C,H,04)]2~ is asymmetric in the crys-
tal structure, since the space group Pca2; does not
require any point symmetry, but, if idealized, the anion
would have point symmetry D,. Racemic ‘tartar emetic’

Table 3. Some interatomic distances with standard deviations (in parentheses)

The positions are denoted as follows:

No superscript x y z
0] T+x, - z
(ii) —X, -Y '} +z
(a) Within the tartratoantimonate(1II) ion (b) Coordination about K(1)

Sb(1)-0O(1) 225 (0-03) A K@)+ -0O(1) 2:77 (0:04) A
Sb(1)-0(4) 2:06 (0-03) K(1): - - O(21) 2:68 (0-04)
Sb(1)-0(5) 2:17 (0-03) K(1):--0(6) 2-81 (0-04)
Sb(1)-0(6) 2:05 (0-02) K(1)---O(8Y) 279 (0-04)
Sb(2)-0(3) 2-01 (0-03) K1) --0(8) 3-06 (0-04)
Sb(2)—-0(9) 2-22 (0:03) K1) - -O(15%) 3-26 (0-06)
Sb(2)-0(10) 1-91 (0-03)
Sb(2)-0(12) 2:16 (0-03) (¢) Coordination about K(2)
o()—C) 1:31 (0-04) K(2): - -O(7) 2:70 (0-04) A
0(2)—C(1) 1:20 (0-05) K(2): - -O(10%) 3-02 (0-04)
0(4)—C(2) 1:40 (0-04) K(2):--0(11) 3-11 (0-05)
O(5)—C(5) 1-29 (0-04) K(2)---0(12) 2-80 (0-04)
0(6)—C(6) 1:43 (0-04) K(2)-+-0(13) 2-81 (0-04)
O(NH—C(5) 1:31 (0-05) K(2):--0O(13%) 2-70 (0-04)
0(3)—C(3) 1-39 (0-04) K(2)---0(141) 2:86 (0:04)
0(9)—C(8) 1-29 (0-04)
O(8)—C(8) 1-26 (0-04) (d) Hydrogen-bonded contact distances
0(10)-C(7) 1-47 (0-05) o(11)- - -0(14) 286 A
0(12)-C(4) 1-34 (0-04) o(11)---0(4) 3:26
0(13)-C(4) 1:23 (0-04) 0O(14)- - -O(11%) 2:84
C(1)—C(2) 1-57 (0-05) 0(14)- - - O(7) 2:85
C(2)—C@3) 1-52 (0-05) O(15)- - - 0(6) 2:95
C(3)—C4) 1-50 (0-05) O(15)- - -O(8i1) 2-82
C(5)—C(6) 1-51 (0-05)
C(6)—C(7) 1-51 (0-05)
C(7)—C(8) 1-48 (0-05)

Table 4. Some interatomic angles with standard deviations (in parentheses)

(a) At the antimony atoms

O(1)-Sb(1)-0(4) 77-0 (1-0)°
0(1)-Sb(1)-0(6) 775 (1-0)
O(4)-Sb(1)-0(5) 82:0 (1-0)
O(5)-Sb(1)-0(6) 789 (1-0)

(b) Within the tartrate groups

Sb(1)-0(1)—C(1) 115 (2:3)°
Sb(1)-0(4)—C(2) 119 (2:1)
o) —C(1)—C(2) 114 (3-0)
C(1)—C(2)—O0(4) 113 (2:9)
0(1)—C(1)—0(2) 120 (3-4)
0(2)—C(1)—C(2) 124 (3-3)
C(1)—C(2)—C(3) 106 (2:8)
O(4)—C(2)—C(3) 111 (2+9)
C(2)—C(3)—0(3) 110 (2:8)
C(2)—C(3)—C(4) 107 (2:8)
0(3)—C(3)—C(4) 116 (2-9)
C(3)—C(4)—0(12) 115 (3-0)
C(3)—C(4)—O0(13) 125 (3-3)
0(12)-C(4)—0(13) 118 (3-3)
Sb(2)-0(3)—C(3) 114 (2-0)

Sb(2)-0(12)-C(4) 111 2-1)

0(3)—Sb(2)-0(9) 785 (1-0)
0(3)—Sb(2)-0(12) 80-6 (1-0)
0(9)—Sb(2)-0(10) 79-7 (1-0)
0(10)-Sb(2)-0(12) 85-6 (1-0)
Sb(1)-0(5)—C(5) 113 2-2)°
Sb(1)-0(6)—C(6) 115 (2-0)
0(5)—C(5)—C(6) 118 (3-1)
C(5)—C(6)—O(6) 112 (2:8)
0(5)—C(5)—0(7) 121 (3:3)
O(7)—C(5)—C(6) 119 (32)
C(5)—C(6)—C(7) 111 (2:9)
0(6)—C(6)—C(7) 109 (2:8)
C(6)—C(7)—O(10) 109 (2:9)
C(6)—C(7)—C(8) 109 (3-1)
0(10)-C(7)—C(8) 112 (3-0)
C(7)—C(8)—0(9) 118 (3:3)
C(7)—C(8)—O(8) 121 (3:4)
0(9)—C(8)—O(8) 120 (3:4)
Sb(2)-0(10)-C(7) 118 (1-5)
Sb(2)—0(9)—C(8) 111 (2:2)
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is therefore a racemic mixture of dimeric ( +)-tartrato-
antimonate(IIT) and (—)-tartratoantimonate(11I), and
not a (+)-tartratoantimonate whose dimeric anion
would be formed of both (+) and (—)-tartaric acid.
The (+), (—) combination has been observed so far
only in the case of the divanadyl(IV) tartrate ion (Tap-
scott, Belford & Paul, 1968) but the divanadyl(IV)
tartrate ion occurs in the optically active (+) form (For-
rest & Prout, 1967). A meso-tartrate of this kind is
sterically impossible (Reihlen & Hezel, 1931). There is
no antimonyl group in the structure of the so called

5z 07
\CS 131
’1574 1\\1,51

Cs 3 ~Cq
\152 I1s1
C3 139 yc7

/148

2.01 191
C,u34 129 C8
123 4 e 126
013/ 012W$I:)2609 Og

Fig.1. The [Sba(C4H20¢)2]2~ ion with atom designations and
bond lengths.
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antimonyl-tartrates; the oxygen atoms required by the
chemical analysis belong to the water of crystalli-
zation. The proper formula of ‘tartar emetic’ is thus
Kz[sbz(C4H206)2].3H20 and not KSbOC4H406é‘H20
or K[Sb(C,H,06)H,0].4H,O (Gmelin’s Handbuch,
1953).

The three crystallographically independent water
molecules are differently bound in the crystal structure.
While H,O(11) and H,0O(14) build up the mutually hy-
drogen-bonded zigzag chains between [Sb,(C,H,O04),]>~
ions along the a axis, the third water molecule [H,O(15)]
has no contact with other water molecules. At the same
time H,O(11) and H,0(14) are more closely bound to
the potassium ions than H,O(15). The potassium—oxy-
gen (11) and potassium-oxygen(14) distances are 3-11
and 2-86 A respectively, while the potassium-oxygen(15)
distance is 3-26 A. These results explain the observa-
tions that potassium antimonyl tartrate on heatingloses
one third of its water at 100 °C, while the remaining
two thirds is driven off only at 200 to 220 °C (Gmelin’s
Handbuch, 1953). This is probably also the reason for
the relatively high temperature factor found for the
oxygen atom which belongs to the water molecule
H,0(15). The hydrogen bond lengths are given in
Table 3.

The coordination of each potassium ion is different
both as to the number of and the distances from the
surrounding oxygen atoms. There are six oxygen atoms
about K(1) at distances of 2:68 to 3-26 A and seven-
fold coordination is completed by the unshared elec-
tron pair from the antimony atom Sb(1). There are
seven oxygen atoms about K(2) at distances of 2-70 to
3-11 A and eightfold coordination is similarly completed

D
@ ona
1 Sbi) @on
@ois
o
K2
02O
K1)
oiel .
09 ®
7 ]
c e @
@H,0 Osp
b o K
oo

Fig.2. The crystal structure of racemic potassium di--tartratodiantimonate(I1l) trihydrate projected along the a axis.
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by the unshared electron pair from Sb(2). The next
nearest oxygen atom to K(1) is O(15) at 3-46 A, and
symmetrically related O(14) to K(2) at 3-44 A. The co-
ordination polyhedra about the potassium ions are
similar to those found in other potassium salts where
the potassium-oxygen distances are also in the range
2:62 to 3-20 A (Palenik, 1967,.

The authors thank the Oxford University Computing
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X-ray Structure Determination of (+)-Dibromodehydrotetrahydrorugulosin, a Heavy Atom

Derivative of (+)-Rugulosin

By NoBukO KOBAYASHI, YOICHI [ITAKA AND SHOJI SHIBATA
Faculty of Pharmaceutical Sciences, University of Tokyo, Hongo, Tokyo, Japan

(Received 25 July 1969)

The crystal structure of (+)-dibromodehydrotetrahydrorugulosin water and methanol solvate,

. C30H22010Br2. H,0.2CH;0H, has been determined in order to elucidate the molecular structure and

absolute configuration of rugulosin, C30H22010, a fungal pigment isolated from Penicillium rugulosum
Thom. The crystals are monoclinic with space group P2; and the unit-cell dimensions are a=978,
b=17-04, c=9-45 A and p=98-0°. Two formula units are contained in the cell. The crystal structure
was solved by the heavy-atom method and refined by the block-matrix least-squares method including
anisotropic thermal parameters. The final R value for 1482 non-zero observed structure factors was
0-109. The absolute configuration was determined by the use of the anomalous dispersion of bromine
atoms for Cu K« radiation.

The molecule consists of two tricyclic rings of partially hydrogenated anthraquinone cross-linked
at the 4 and A4’ rings by means of four C-C covalent bonds. On the basis of the results obtained by
the present structure determination, the structures and stereochemistry of (+)-rugulosin, (—)-luteo-

skyrin and (—)-rubroskyrin have been established, including their absolute configurations.

Introduction

(+)-Rugulosin, C30H»,04, is a fungal pigment isolated
from Penicillium rugulosum Thom and some other
fungi (Shibata, Tanaka, Chihara & Mitsuhashi, 1952;
Breen, Dacre, Raistrick & Smith, 1955; Shibata &
Udagawa, 1963). The chemical structure of rugulosin
has since been extensively investigated and it has been
shown that it is a representative of a new group of
colouring matters having a dimeric structure of par-
tially hydrogenated anthraquinones (Shibata, Mura-
kami, Kitagawa & Kishi, 1956; Shibata, Murakami &
Takido, 1956; Briggs & LeQuesne, 1965; Shibata,
Ogihara, Kobayashi, Seo & Kitagawa, 1968; Sankawa,
Seo, Kobayashi, Ogihara & Shibata, 1968).

Among the related compounds obtained from Pen-
icillium islandicum Sopp, (—)-luteoskyrin, C;H»,O,

and rubroskyrin, C;0H»,04,, were shown to have very
close structures to rugulosin. Luteoskyrin was partic-
ularly noted as a toxic principle causing liver damage
and sometimes liver cancer in experimental animals.
To date, several structures have been put forward for
these substances mainly on the basis of chemical and
spectroscopic data, but they are not conclusive. An X-
ray structure analysis of a heavy-atom derivative of
rugulosin was therefore undertaken. A preliminary
report of the present study has already been published
(Kobayashi, litaka, Sankawa, Ogihara & Shibata,
1968).

Experimental
Various attempts at bromination of the skeleton of

rugulosin failed to produce a suitable derivative for X-
ray analysis. It was finally found that only the hydro-



