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type. On this basis it could be suggested that the hy-
drogen bond within the H;O5 ion is of this type. It is,
however, uncertain whether this is a sufficiently defin-
itive test to eliminate the possibility that the bond is
of the statistically symmetric double-potential type.

The authors are indebted to Mr. H. Karlsson for his
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The Crystal Structure of Zinc Isopropylxanthate
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The crystal structure of zinc isopropylxanthate, Zn(S,COiso-C;Hy); has been determined. The final
R value was 6-8%. The crystal is triclinic, space group PT, with a=10-915 (3), b=13-167 @), c=
10-393 (2) A, «=100-89 (2), B=100-42 (2), y=101-33 (7)°, Z=4. The four zinc isopropylxanthate

molecules in the unit cell are linked together by the —Zn-S-C-S-Zn~ bridges to form a tetramer with
a 16-membered ring. The tetramer is centrosymmetric about the centre of the ring. Four isopropylxan-
thate groups (bridging groups) make up the ring formation, and each of the other four (chelating
groups) coordinates to a zinc atom. The coordination of the four sulphur atoms about each zinc atom
forms a distorted tetrahedron, the Zn-S distances ranging from 2-307 to 2-408 A.

Introduction

Although the sulphur coordinations around a zinc
atom in some zinc salts of dithioacids form distorted
tetrahedra, in the crystalline state (Ito, Igarashi &
Hagihara, 1969), the modes of molecular aggregations
are varied as shown schematically in Fig. 1. In zinc
ethylxanthate, Zn(EX), (Ikeda & Hagihara, 1966), the
molecules aggregate into two-dimensional networks
with 16-membered rings [Fig. 1(a)]. In zinc diethyldi-
thiophosphate, Zn(EP), (Ito et al., 1969), only one half

AC28B-4

of the phosphate groups take part in bridge formation,
forming infinite linear zigzag chains [Fig. 1(b)]. On the
other hand, dimeric structures with an 8-membered
ring [Fig. 1(c)] are reported for zinc diethyldithio-
carbamate, Zn(EC), (Bonamico, Mazzone, Vaciago &
Zambonelli, 1965), zinc dimethyldithiocarbamate,
Zn(MC), (Klug, 1966) and zinc diisopropyldithio-
phosphate, Zn(isoPP), (Lawton & Kokotailo, 1969).
In organic solvents, however, the Zn(EC), and
Zn(EP), molecules are monomeric (Bonamico et al.,
1965; Tto et al., 1969).
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In order to study the effect of alkyl substitutions on
the molecular structure, the crystal structure of zinc
isopropylxanthate, Zn(isoPX),, a higher homologue of
Zn(EX),, was investigated. The Zn(isoPX), molecules
have been found to aggregate into tetramers with a
16-membered ring [Fig. 1(d)].

Experimental

Crystal data

Zinc(IT) bis-(O-isopropyldithiocarbonate),
Zn(S,COiso-C3H,),; F.W. 335:61.
Triclinic prismatic along the a axis,

a= 10915 (3), b= 13:167 (4), c= 10:393 (2) A,
a=100-89 (2), p=10042 (2), y=101-33(7)°,
V'=1400-9 (5) A3,

D,,=1-58 g.cm ™3 (by flotation), Z=4, D, =159 g.cm ™3,
Space group PT or P1; PT was assumed.

Zn(isoPX), powder was precipitated by combining
aqueous solutions of zinc chloride and potassium
isopropylxanthate. Crystals were obtained by recrys-
tallization of the powder from an ethanol solution.
The cell parameters were determined from 24 high-
angle reflexions recorded by the Straumanis method
around the a and b axes. The space group was assumed
to be the centric PT; this was subsequently confirmed
by the solution of the structure.

Intensity measurements

k- The intensities were measured with a diffractometer
of the equi-inclination type, READ-1 (Sakurai, Ito &
Iimura, 1970), around the a axis up to the 11th layer.
Mo K« radiation was used with a graphite mono-

b
s

(d)

Fig. 1. Modes of molecular aggregation in zinc salts of dithio-
acids in the crystalline state: (@) two-dimensional networks
in Zn(EX)2, (b) linear chains in Zn(EP),, (¢) dimers in
Zn(EC);, Zn(MC); and Zn(isoPP),, (d) tetramers in
Zn(isoPX);.

THE CRYSTAL STRUCTURE OF ZINC ISOPROPYLXANTHATE

chromator. The crystal was rotated in the w-scan mode
with a scanning speed of 2° per minute. The crystal
used measured 0-23 mm along the a axis with a cross
section of 0-08 x 0-10 mm. Altogether 1550 independent
reflexions were collected. These were corrected for
Lorentz and polarization factors. No absorption or ex-
tinction corrections were applied. The relative scales
of different layers were checked by the h0/ reflexions
measured with a different crystal around the b axis;

Fig. 2. Structure of Zn (isoPX),, viewed along the ¢ axis.

Table 1. Atomic coordinates of the non-hydrogen atoms
with standard deviations ( x 10%)

No. Atom x/a y/b z/c
1 Zn(1) 3707 (3) 1841 (2) 4131 (3)
2 Zn(2) 6848 (3) 4673 (2) 2226 (3)
3 S() 4215 (D) 4092 (5) 8521 (7)
4 S(2) 3488 (7) 3342 (6) 5546 (6)
5 S(3) 2278 (6) 1230 (6) 2011 (7)
6 S(4) 2384 (6) 200 (5) 4305 (6)
7 S(5) 5717 (6) 1513 (5) 3987 (7)
8 S(6) 5500 (6) 3445 (5) 2968 (8)
9 S(7) 8021 (6) 4134 (5) 619 (7)
10 S(8) 8995 (6) 5312 (5) 3446 (7)
11 o) 4551 (14) 2329 (12) 7114 (16)
12 0(2) 806 (14) ~570 (11) 1887 (16)
13 03) 7338 (15) 2540 (13) 2818 (20)
14 0(4) 10425 (15) 4586 (12) 1805 (15)
15 c) 4101 (19) 3190 (16) 7028 (22)
16 C(2) 5202 (22) 2121 (16) 8351 (23)
17 C(3) 4254 (28) 1598 (24) 9095 (27)
18 C(4) 6127 (23) 1429 (24) 7929 (31)
19 C(5) 1736 (20) 193 (15) 2716 (25)
20 C(6) 236 (23)  —1558 (19) 2324 (26)
21 c(7 —828(29) —1289(22) 3011 (36)
22 C(8) —279 (29)  —2422 (18) 1024 (26)
23 C(9) 6306 (19) 2476 (18) 3209 (23)
24 C(10) 8107 (19) 1684 (15) 2904 (27)
25 c(n 8151 (35) 1266 (22) 1483 (29)
26 C(12) 9395 (31) 2313 (24) 3742 (36)
27 C(13) 9256 (20) 4682 (16) 1954 (23)
28 C(14) 11513 (20) 4941 (18) 2938 (26)
29 C(15) 12493 (24) 4304 (21) 2487 (29)
30 C(16) 12069 (23) 6105 (19) 3104 (23)



their deviations from unity were found to be less than

three per cent.

Determination of the structure

Patterson map

In the asymmetric unit of a three-dimensional
Patterson map, two prominent peaks with peak values
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of about 2000 e%.A~3 which corresponded to twofold

Zn—Zn vectors, were observed. This indicated that the
space group was probably PT; with the space group
P1, the four zinc atoms in the unit cell are all inde-
pendent and no twofold Zn-Zn vectors were to be
expected except for the case of accidental coincidence

Table 2. Thermal parameters of the non-hydrogen atoms with standard deviations
The thermal parameters refer to the expression T=exp {—1073. 2m2(Up h2a*2+ . .. +2Uhka*b* + .. )}
The Beq values are the equivalent isotropic temperature factors proposed by Hamilton (1959).

Uis
12 (1)
19 (1)

0 (4)
14 (4)

74)

5(3)
234
41 (4)

313

94
1509)
20 (9)

Atom
Zn(1)
Zn(2)
S(1)
S(2)
S(3)
S4)
S(5)
S(6)
S(7)
S(8)
o(1)
0(2)
0(3)
o4
C(1)
C(2)
C(3)
C4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)

Ui
41 (1)
45 (2)
72 (5)
76 (4)
59 (4)
50 (4)
49 (4)
54 (4)
438 (4)
57 (4)
51 (10)
58 (10)
64 (11)
67 (11)
36 (12)
62 (16)

104 (23)
36 (15)
47 (14)
61 (16)

101 (23)

133 (25)
33 (12)
37 (13)

186 (34)

111 (26)
55 (15)
28 (13)
64 (17)
65 (16)

Uz

37(2)
34 (2)
44 (4)
37 (4)
36 (4)
39 (4)
39 (4)
50 (5)
46 (4)
59 (4)
47 (10)
37 (10)
55 (12)
60 (11)
27 (13)
22 (13)
104 (25)
102 (24)
12 (11)
45 (16)
55 (19)
17 (13)
56 (17)
4(11)
69 (21)
69 (22)
29 (13)
50 (17)
61 (18)
47 (16)

Uss
44 (2)
55 (2)
39 (4)
31 (4)
56 (5)
40 (4)
69 (5)

105 (6)
50 (S5)
44 (4)
64 (12)
53 (12)

121 (17)
51 (11)
43 (15)
60 (17)
50 (19)
99 (25)
73 (19)
78 (20)

121 (32)
59 (19)
48 (16)
121 (23)
55 (21)
140 (34)
58 (17)
81 (20)
90 (23)
36 (16)

Uz
10 (1)
15 (1)
27 (4)
25 (3)

0(3)

9(3)
17 3)
24 (4)

8 (3)
20 (3)
26 (8)

5(8)
27 (9)
38 (9)

4 (10)
29 (12)
10 (19)
29 (16)

9 (10)
18 (13)

9 (17)
14 (14)
15(11)
14 (9)

104 (23)
59 (20)
13 (11)

-2(11)
43 (15)

6(13)

47 (12)

24 (9)

6 (12)
—20 (13)
28 (17)
21 (16)
21 (13)
25 (15)
38 (22)
17 (18)
17 (12)
29 (14)
—7(1)
—24 (23)
48 (13)
3(13)
1(16)
-3(13)

Uz
6(1)
14 (1)
2(3)
6(3)
23 (3)
14 (3)
25 (4)
41 (4)
-2@)
6 (4)
23 (9)
2 (9)
50 (12)
23 (9)
-2(11)
4 (12)
62 (18)
19 (20)
—-23(12)
34 (15)
20 (20)
15(13)
31 (13)
24 (13)
—8(16)
—24 (22)
26 (12)
22 (15)
35(17)
25(13)

Table 3. Atomic coordinates (x 10°) and isotropic temperature factors (A?) of the hydrogen atoms,
bond distances (A) with standard deviations

A C28B-4*

Z
o

VOISR WN—

Atom
H(Q2,1)
H(3,1)
H(3,2)
H#4,D
H@4,2)
H(6,1)
H(7,1)
H(7,2)
H(7,3)
H(,1)
H(10,1)
H(11,1)
H(11,2)
H(11,3)
H(12,1)
H(12,2)
H(15,1)
H(15,2)
H(16,1)
H(16,2)

x/a
608 (15)
451 (12)
376 (17)
550 (18)
683 (11)
100 (10)

—120 (17)
—42 (18)
— 145 (20)
—50 (18)
757 (18)
844 (13)
713 (23)
845 (16)
957 (19)
922 (11)
1221 (18)
1279 (22)
1274 (20)
1232 (10)

ylb

296 (13)
155 (10)
94 (15)

93 (15)
196 (10)

—157(9)
—207 (14)
—82(16)
—124 (17)
—324 (15)
115 (15)
64 (11)
104 (19)
205 (13)
270 (16)
257 (10)
368 (15)
446 (19)
644 (17)

605 (8)

z/c
885 (17)
995 (14)
825 (19)
681 (19)
755 (13)
295 (11)
321 (18)
345 (20)
220 (22)
115 (19)
309 (19)
151 (14)

89 (24)
115 (17)
331 (21)
495 (12)
242 (19)
165 (24)
411 (21)
213 (11)
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of vectors. Further analysis was, therefore, continued
with the space group PI. All thirty non-hydrogen
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atoms were located by the heavy-atom method. least-squares method. Unit weights were given to all
reflexions. After three cycles of isotropic refinement,

Least-squares refinement the R value was 11%. An additional three cycles of
The structure was then refined by a block-diagonal anisotropic refinement reduced the R value to 7-5%.

Table 4. Observed and calculated structure factors

€ PO FC X FO k¢ roFu FC X by K X FOFC x Fu FC R FO FC x FO FC Kk rO FC k FO FC ¥ FOFC ~ FO FC
A 21 2% 735 e3¢ ey 22 AT = a6 &3 “« a4 a3 6 25 =49 6 21 16 =4 13% 132 2 28 21 6 S Su =6 28 28
0o« 0 T 5l =53 v 21 2 -2 32 2 0 35 =33 S 8} aS 1 26 ¢ 9 38 =38 =3 20 =13 3 28 33 T %4 =55 -k 33 =3
-3 Ta =13 2 22 =25 6 86 =p5 =2 N1 =42 6 39 =34 10 46 w2 =3 b5 -pe
2 6A -60 TR0 =5 & 1 -2 62 =53 6 24 =¢T ¢ 31 a0 3 k2 -8 x 3 0 ¢ 22 9 25 -1 19 16
2 22 =) 138-13% & 30 -2 138 =37 =3 n oA 5 28 22
3 131-1a0 11 30 =33 ~v 2y 26 9 107 lUy y k1 Y 36 38 =13 s =33 «7 32 33 2 99 102 L) 6 25 -23
5 38 36 -9 21 =14 =< 108 1n2 1 24 =ty U 38 38 =11 24 =1% -4 26 =20 3 86 =up -2 38 37
b 70 67 en 3> 33 «s o 78 & 36 =33 =1 21 =28 =10 53 %6 -1 23 ~17 & 23 23 =1y 2% 2 =5 &b =4o 5 K &
=7 21 =i v o171 «17 S 2y =ty =5 52 =3¢ -3 < 2 -8 48 =43 1 39 -a3 S 36 39 =9 26 23 ~s 36 34
1 x o =5 21 =23 é 23 22 6 21 32 =a 14 13 ~3 a9 a2 4 60 60 T 32 32 =l 28 25 -2 51 el =10 34 =37
-4 a2 a3 315 1y T b2 6> =) 4l 45 =y a6 49 =2 112-1l¢ 5 55 ~53 8 28 22 1 %5 s 2 64 &> =9 a7 85
=12 28 17 =3 30 =3¢ 8> -a3 8 31 =38 =2 b ~4d  w> 35 385 =l 30 32 T 53 =33 2 3t -2 4 Ak =uh =& 3B =aD
=10 30 33 -l 52 =32 > an -a7 1¢ 48 -3« 0 38 =e0 -3 61 3 o 36 =37 lu 22 ¥ 0 K 3 6 20 =1y -} 69 10
-9 22 =26 0 31 -¢8 L 76 -17 13 29 o7 -2 17 «76 1 35 57 8 x 3 T %9 3 ¢ 3z 31
-8 40 4l A 32 o»n oS¢ se e 25 -1y 10 k1 U %9 89 2 61 =63 -7 x 3 -9 33 =62 “ 36 40
-7 32 33 4 28 =29 v 24 21 1 95 93 5 51 e -8 8) 88 =11 2% e 2 k& 3 40 -3
-5 89 =86 T 26 2t 1 21 =27 P -6 21 1% 2 30 30 T 26 ~20 =~y 24 18 <1 1lg =1¢ =1 39 w0
- 86 86 18 33 =34 =4 24 =33 3 62 6l =3 66 =69 6 81 &3 -4 25 27 =11 26 /% 6 K &
-3 16 =12 8 K 0 2025 21 =12 30 29 =2 21 19 4 38 =37 “ Kk 2z =1 33 =30 =5 31 =30 =3 20-22 =10 39 40
=2 154 las =9 4y =51 6 28 30 S 50 =a9 2 26 26 =4 20%2) =2 30 28 =1 29 =33 =i3 24 20
-1 18 1a -y 28 =22 % At =3 49 =3 6 19 11 -12 24 =2% 4 28 =38 =2 4a 59 & 21 18 -¢ 2C 22 =11 24 19
0 111 -6 22 21 1 40 o 1 x 1 7 46 =43 <1t 35 =38 3 23 =21 0 17 =21 = 42 4l =ll 28 27
2 54 33 w5 32 33 =3 4B way =5 T2 Tu 8 38 35 -4 49 -2 6 36 38 38 =34 9 x 3 =3 33 35 b 24 -2)
4 23 21 =2 6l wcl -~y 25 =25 =y 43 =37 =4 3§ 35 12 25 21 =3 22 2¢ T 21 =22 2 129-13¢ =2 11 =16 =1 39 39
6 T4 =15 <1 33 34 = 1y 14 -4 8y 16 2 20 1y -2 A4 DY & 23 20 3 32 30 =g 31 31 =1 53 a8 =5 27 218
10 30 -32 0 17 =17 =4 48 ~a¢ =3 llg-11g 3 2 2 -2 x 2 -l 74 11 30 34 =35 A 46 47 =T a7 =a( 0 79 =78 =4 23 24
12 42 =as 1 50 a9 =2 @l &> =2 10 =67 0 &l =au 11 23 26 5 41 40 -6 26 2a 1100 99 =3 39 =37
=¢ 104=193 =1 3 = -11 K 2 ~11 &3 92 133 =34 6 43 =45 ~5 231 =30 2 94 =93 0 62 40
2 X 0 9 & 0 =l 50 su 0 57 =5y -5 &1 =37 3 28 =21 ~% K 3 8 51 =52 =1 271 ~30 4 51 =52 2 34 3
¢ A3 Al 1103 10e =5 20 18 =1 55 40 a 76 19 9 <9 <8 5 34 3o 3 4L =a8
~14 32 29 =-10 3l -27 & 95 =94 3 n1on =1 23 =26 =6 24 =19 5 29 =27 -9 38 -39 10 x 3 6 25 o
=10 27 =29 =~y 27 23 3 a6 -7 4 20 -1 s 32 29 6 21 2y =1 21 =2 1% 3 1 22 -1 7T K
-9 13 T8 =1 39 38 v 1l0-108 S 1ud 1u5 -1 x 2 -3 163=144 -5 57 S& =3 21 -11 v 30 =36 .
“8 53 =58 =& al =0 > 16 1 6 29 =30 - ¢ 5 k2 =6 30 =32 =11 37 =3¢ =2 26 =32 -1z 271 23
=1 21 =26 -3 22 2z & 12 712 T 33 =3 =4 21 =22 -1 21 =19 =3 171 =1> -8 32 =32 =1 x 4 =11 26 24
-6 83 -86 =2 26 30 V28 =25 10 31 33 -1 25 26 U 3% 33 ~10 29 3¢ =2 18 -18 =7 60 62 1k 3 =1 26 =26
=3 54 a8 n 19 22 3 A2 =3l 5 23 19 2 49 1 «7 53 =33 -1 o8 T0 -6 T4 =Tg =13 32 v o22 =22
=2 95 =65 1 31 =33 7?84 eay 3 k1 31242123 <4 128 126 O 26 =24 =3 40 43 4 22 =17 -1L 46 =51 < 26 =32
*1 56 =55 12 38 ae -9 Kk 2 4 A2 a2 =2 35 » 1 59 62 =4 Sa =33 =9 36 =37
0 25 =31 1o x ¢ i3 26 =21 ~12 2y =28 5 30 =26 =1 96 =95 4 23 23 =3 4a w0 -1 Kk & =1 60 55 8 K a
1 65 38 ~3 53 54 =5 a2 =33 T 5% -2 2 61 63 S 26 28 -2 23 =ia -5 23 o1
2 871 =80 -10 27 33 =3 x2 -8 47 51 <3 28 28 9 46 -a8 322 43 10 60 37 -1 93 =98 =3 34 38 ~e 100104 =Y 26 26
3 26 =28 =7 19 =19 =1 21 29 =1 19 =20 10 37 32 4 23 =21 2 61 s ~1 2a 26 «3 2C =13 =5 26 =22
4 25 <23 -4 31 25 15 32 -2% ~6 26 =26 3 13 23 12 40 =6 6 31 =32 =5 x 3 a 10 =74 «2 &t 49 =7 22 21
5 39 -a0 =3 19 =14 =lu A7 -sp -5 ou 60 4 20 24 18 29 =22 T 30 2% 5 32 =3a -10 X & -1 18 =3 =6 40 =39
6 T2 13 el 22 =22 =y 24 =26 -a 15 =13 5 31 =31 10 26 =18 -9 27 28 8 31 aa 0 51 =53 =& 20 =17
T 271 =21 2 2 19 e 59 =59 =3 42 45 8 39 41 -l x 2 -6 26 =21 -5 23 27 139 =a3 -2 21 =17
8 25 21 =1 24 27 =1 17 =t 10 2% 27 6 Kk 2 ~4 22 =23 2 k3 3 a1 =a2 2 2% =30 0 29 =30
9 15 =79 1 x o -6 21 =29 Q 26 ¢y 11 32 -3 =3 1 76 -3 130 129 8 38 =30 4 29 33
-5 28 27 1 <6 =29 =T 53 =3y -10 25 i2 =1 a0 37 =14 30 =32 5 32 =27 9 K 4
3 x 0 2 2% =21 ~3 53 «a9 2 12 12 -8 x 2 6 32 =9 -8 20 ¢¢ 0 20 =21 =12 36 =42 -3 F 4 1 39 -39
5 24 16 =2 36 38 a4 5 46 -3 114=133 -6 25 31 1 62 =62 =9 «a 51 =2 21 =30
=11 40 A4 -l 16 20 5 86 =81 =4 A3 A4 =4 T2 271 -5 21 1% 2 26 26 =B <1 =6 =3 39 =37 0 x a
10 50 =30 =11 K 1 v 114-128 8 95 ap 0 260 26 =3133 127 -a 3a =38 3 a1 46 =5 19 =1 122 =20 1o Kk &
=9 34 =3 1oy 22 2 39 40 =2 38 =36 -2 2% =23 4101 98 -4 29 8 3 42 a0 -15 2¢ 20
-8 52 =5 3 18 18 ¢ a5 A% 4 K1 3 23 =26 0 49 =52 -1 25 28 6 35 38 =3 I3 =37 4 23 =25 =11 al =46 =8 36 33
-6 31 28 s 21 25 4 143 139 S 3 32 1 57 -¢7 Q0 34 3s T 63 =63 =2 24 24 5 29 28 -8 28 26 =2 29 26
-4 3 =38 6 25 =23 5 96 =94 =11 Dy &0 6 3s 33 2 33 -2 49 =44 11 24 =21 -1 33 29 6 33 =36 =T 63 -6l
=3 61 =50 21 =15 T 61 <64 <10 36 3 11 50 &6 3 20 -16 5 21 3 o 81 9 T 20 =18 =6 46 5C -0 x 8
=2 90 -86 b 69 13 -9 & 23 “« s 6 26 =24 - & 3 1 37 =43 8 22 =17 =5 63 =en
0 3y 3 -1 k1 Y23 =21 -1 62 -6a -1 & 2 5 19 =18 8 35 -3 3 67 =68 9 31 29 -a 94 96 =1G 26 -1
1 60 -60 10 &1 5¢ -« 87 84 7T 20 19 =15 31 19 4 26 25 =2 83 =48 =4 23 =27
2 40 38 <1 2% -6 =3 64 =60 =9 31 =25 9 6l 63 K 2 =5 29 29 6 Sa 5 -6 K 4« =1 51 =52 =1 22 19
3 43 =a0 1 32 36 =2 L1 =2 22 =2¢ -3 21 20 10 AQ -a2 =4 A4 A T 23 =23 2 9 98 1 32 =30
4 104 104 3 2 25 Sl b1 ~€l =6 49 49 13 25 18 ~10 34 =36 =3 75 ~74 11 28 23 =5 37 =3u 3 28 26 4 29 39
3 39 -a3 4 20 =22 =11 27 =27 0 ®3 &0 «% 29 2¢ =T 58 > =1 97-102 -4 22 =20 4 38 -39 T 025 -2
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Table 4 (cont.)

Kk FC FC x FC_FC o x FURC x PO HC YOFO FC PG FC
-n a4 4% “—lo 2% 32 =& 3T =28 1 &b a2 i1 K &
- x5 => 57 33 -y sl 354 ) 24 26 © 62 =ga
- Bl «n3 =5 53 =50 1 51 =48 5 3 31 4 35 =4l
=% &1 32 *3 &% =¢1 =4 3% 35 326 =2y T 29 21 ~T 28 -33
% 1 <z Yo% 57T =2 51 54 « 31 32 8 40 =44 <4 35 aQ
“3 7 g 2 &1 41 2 26 29 1¢ 25 11 =3 38 =a3
-z 31 =3 3 107~11¢ 3 al al -6 K b .2 20 2%
6 8p -4a “ 4y 51 -3 Kk ¢ -1 53 -38
2 4h as 5 e =3y LI ) - 29 =21 v 32 37
“ 4 =2y 6 25 v 4 35 32 -3 46 -a? 2 60 65
S ik -2b 5 te =y =10 26 32 =2 28 2% =7 32 &1 385 «ss
¢ 22 -18 -8 24 22 =1 s -6l 23 &8 &7 4 32 38
a 41 a2 158 ~2 66 =67 6 30 =21 -1 19 37 6 40 4%
-1 33 30 T 22 20 1 a0 -39
“3 5 =i2 2% 31 1 45 a8 2 23 2% ¢ k¢
-y 27 20 3 aa =46 =7 v e 3 12 13
-% <8 30 -7 42 -4s4 6 25 =28 <l¢ 31 37
=3 63 ~61 *5 [l =s> 6 x -5 33 33 7 27 .28 =6 30 33
-¢ 19 85 ~h 1 ¢t -3} 22 20 6 38 37 -5 26 27
=1 713 =70 =3 Js &p =11 24 2% 1 33 30 ~ 37 &l
5102 102 =1 28 -3y =19 25 =27 3 26 0 - & g 0 % 56
1 82 =81 6 20 =22 =4 a6 =47 4 21 =22 1 50 -2
2 3a =34 1 62«69 =2 28 29 5 26 21 =12 34 -3 3 S8 40
3 85 -t% 3 %2 S -1 2a =21 6 23 11 -4 38 g1 & 23 22
4 35 39 4 de =24 1 51 =50 =3 39 -32
9 32 =36 2 23 -1 -6 K b -2 81 39 30Kk ¢
¢ x5 4 26 23 -1 41 -39
2 K 5 =10 28 <23 2 4l 47 ~ls 27 19
-7 53 =52 7k 5 =7 54 8% 7 33 33 =T 58 66
~9 42 «51 -8 29 =21 -6 28 26 8 30 <26 ~b 50 -sl
=% 5% =60 =6 15 -7 =4 39 31 -3 2% -2y -1 1 15
“« 83 51 =5 40 4z =1 38 =37 -1 57 56 -l Kk 6 47 -33
.3 4y =47 =2 4 =3% 2 38 38 9 23 =27 5 21 =24
-2 39 31 0 40 =39 739 =36 <32 3u 39
“1 &0 -i1 133 32 8 x 3 8 30 30 -6 1T g0 “ R b
1 20 =25 e 37 <36 -5 37 -4l
3 33 33 5 5% 52 =11 25 29 L2 'Y -3 60 =0 =~y 28 33
T 4y 2y -5 25 22 -2 28 =28 =3 38 =38
-1 k5 9 34 =31 =5 35 26 -0 28 16 .1 32 37 =1 21 -3
1 21 25 =8 32 33 v 37 39 2 26 =31
9 40 42 3 ¢ 5 =7 31 =37 1 30 30 3 34 =32
-6 8a =41 ¢ X 3 -4 29 32 2 63 =790
-5 33 36 =11 26 33 -1 52 =% 4 45 —41 5 kK &
“A 42 49 =10 g ~57 =1 21 26 122 -i7
=) %4 55 -3 54 =34 2 38 37 v K 6 -4 25 =26
~2 1y =1y =5 a5 a7 =11 X o . 26 =22 % 37 =38
1 7o 12 -5 28 1b S 3B =37 =6 B4 =g ~& 23 ~ly
2 35 41 =3 30 <23 =3 23 -1¢ 6 38 =37 5 29 =32 =l 24 2%
3 037 36 el 21 =17 = 25 24 1 26 28 =k 47 -pa 0 31 -7
5 23 =20 0 21 26 =3 46 50
B 21 37 127 33 =12 r . K 6 0 36 -al 6 K 6
“ 30 32 1 58 «61
0k 5 6 23 26 1 29 25 =9 40 -37 2 39 38 =5 43 4l
4 22 =21 -1 31 -3% « 27 285 =3 38 33
=12 271 =28 “ o« 8 -4 35 37 5> 26 -27 =2 36 =34
1l 44 w8 -3 £ & =2 30 -31 s 25 23 1031 s
-7 41 4l =11 32 =36 -1 %2 ua

At this stage, a difference electron-density map re-
vealed the positions of 20 out of the 30 hydrogen
atoms. These were then included in the refinement
with the isotropic temperature factors. After three
cycles, the final R value was 6-8 %.

The final atomic coordinates and thermal parameters
of the non-hydrogen atoms are given in Tables 1 and
2. Those of the hydrogen atoms are given in Table 3.
The hydrogen atoms are numbered according to the
carbon atoms to which they are bonded. The observed
and calculated structure factors are compared in
Table 4. The atomic scattering factors used for the
non-hydrogen atoms were taken from International
Tables for X-ray Crystallography (1962), and that for the
hydrogen atom was taken from the calculations of
Stewart, Davidson & Simpson (1965).

Results and discussion

Mode of molecular aggregation

The crystal structure of Zn(isoPX),, viewed along the
¢ axis, is shown in Fig. 2. The four molecules in the

|
unit cell are linked together by the -Zn-S—C-S-Zn-
bridges to form a tetramer with a 16-membered ring.
The tetramer is centrosymmetric about the centre of
the ring. Four isopropylxanthate groups (bridging
groups) make up ring formation, and each of the other
four (chelating groups) coordinates to a zinc atom,
forming a four-membered chelate ring. These tetramers

K FO_FL X fO_iC k FO FC K FO FC_ & FO_FC K FO FC
9 K & ¢ 35 3y 2 x 17 =1 24 =27 o & 8 =1 30 =3a
3 22 1s =2 50 =49 2 % 1
=1 23 -1y 4 43 4y =1l 26 =26 =1 a6 =ap =7 35 =30
6 31 =38 =3 62 =wd U 51 51 = 43 4 1 K 9
-10 x 7 9 26 24 =1 59 =63 1 21 =26 0 371 =32 .
2 26 29 2 35 38 1 32 31 -5 i8 2
~3 24 =ce =3 Kk 7 4 21 =29 3 371 -3 2 25 =23 =6 280 31
2 30 =29 6 25 =23 -1 28 35
5 23 2z =3 sp W 721 23 3 x 8 5 k8
-4 21 -13 3 k9
-9 K 7 -2 34«40 3 x 7 ~9 a4 =a3 =4 26 =17 .
0 21 -2l =3 5a =53 -8 27 33
-3 4w 3 155 51 %13 26 =34 5 26 29 6 K 8 =1 37 =33
4 32 =33 ~1u 32 2
-8 kK 7 9 33 =30 =T 42 ~a&d -2 k8 -8 28 3 4 x 9
4 25 =28
-4 30 2o =2 k7 2 30 28 =6 4l =45 -6 K 9 ~9 21 =29
3 26 =23 =2 29 2% -1 271 1§
=l 27 =19 =5 42 =45 “ k7 -5 26 =23 .
G 31 36 =6 22 =¢2 -1 x & 1 3o -2% =3 X 1o
11 28 lo =4 68 =61 =9 25 24
2 42 =4 =7 a2 47 <11 39 45 -5 k9 3 85 =47
-1 k7 v 33 32 =2 3 29 -9 30 30
152 =55 -8 32 =39 -2 59 =62 -2 % 1u
-9 21 =20 7 ey =6l s k7 =5 30 31 1 a3 38
-8 25 16 =4 30 36 4 31 e23 ~10 32 -28
-5 31 =37 -l &7 -5 2. 29 6 31 &
-3 4 -2l - 23 27 -4 K 9 -1 K10
“2 24 22 =b 29 =2y =1 36 =37 0 x 8
1 31 =33 -5 62 ~b% -4 4p w4y =10 O30 ?n
5 26 25 =3 22 =24 6 x 1 =9 28 ~18 =1 32 34 =3 8 27
6 53 ~31 -2 3% 63 =7 30 3 2 29 -4
9 27 1y =1 22 1Y =6 21 28 =5 3a =37 -3k 9 4 271 =27
0 53 =56 =2 23 %19 =3 2% =29
-6 K 7 0 &y =as -8 48 28 0 X 10
[ -1 x 8 -1 23 ~17
0 28 =30 1 ¢ 8 0 32 2 =1 23 19
1 28 21 =12 34 37 0 29 32 5 23 =21 =3 33 =2g
5 35 =36 =1 41 =40 2 21 e =7 32 =30 -1 33 ¢
=% &b 52 => 39 45 -2 K 9
-5 K 17 -3 34 3 =6 X 8 =4 42 =44 1 KW
2 50 =49 =3 36 43 =3 27 =24 ;
16 34 =28 1 41 % -4 25 22 2 71 -~7b 2 30 31 =1 26 ~27
-t b =34 2 33 =32 -1 3 3% 127 3 4 31 =3
-1 26 0 3 29 32 1025 21 5 32 -3 5 36 41 2 k30
0 65 66 5 2 23 5 4«0 40
125 =2> 2 x 8 -1 &k 9 -2 21 =24
. 23 22 1 x 7 “> K 8
6 47 46 -7 32 31 =10 271 ~32
“7 45 53 -6 24 =23 el 31 31 =4 6 =21
=« & 7 -4 3p =31 =3 27 22 0 8 26 0 ¢35 =21

28 =31 2 25 =23 3 KX &
-3 28 3 1 29 -2 =1 46 =23
“2 41 a3 4 35 36 - % 8 o 21«25 =6 25 19

are packed three-dimensionally with van der Waals
contacts of sulphur-methyl and methyl-methyl.

The tetrameric structure of Zn(isoPX), is unique
among related zinc salts of dithioacids (Fig. 1). As a
result of the substitution of ethyl groups by larger
isopropyl groups, the two-dimensional network in zinc
ethylxanthate, Zn(EX),, is terminated within a 16-
membered ring in Zn(isoPX),, resulting in a tetramer
[Fig. 1(a) and (d)]. A similar situation is also found for
the pair of dithiophosphates, Zn(EP), and Zn(isoPP),;
the linear chain in the former is terminated within two
monomer units in the latter, resulting in a dimer [Fig.
1(b) and (c)]. These comparisons suggest that the modes
of molecular aggregation in these crystals are mainly
determined by packing considerations of ligand groups.

Molecular structure

The bond distances and angles are given in Table 5
and are also shown in Fig. 3. Since there are two in-
dependent monomer units with similar atomic con-
figurations, the average values of the two are also
given in the Table. The C-H distances are included in
Table 3.

The coordination of the four sulphur atoms about
each zinc atom is distorted tetrahedral, as is common
among related crystals (Ito es al., 1969). The Zn-S
distances are from 2:307 (8) to 2-408 (7) A and fall
within the range 2:302 (6) to 2-443 (3) A found in
Zn(isoPP), (Lawton et al., 1969) and Zn(EC), (Bona-
mico ef al., 1965). The structures of the four-membered
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Table 5. Bond distances and angles with standard deviations

Zn(1)-S(2) 2311 (DA Zn(2)-S(6)
Zn(1)-S(5) 2:343 (8) Zn(2)-S(1")
Zn(1)-S(3) 2:351(7) Zn(2)-S(8)
Zn(1)-S4) 2:408 (7) Zn(2)-S(7
Bridging isopropylxanthate groups

S(2)—C(1) 163 (2) S(5)—C(9)
S(1)-—C(1) 1:73 (2) S(6)—C(9)
o(1)—C(1) 1-33 (3) 0(3)—C(©9)
o(1)—C(2) 1-45 (3) 0(3)—C(10)
C(2)—C(3) 1-53 (4) C(10)-C(11)
C(2)—C(4) 1-55 (4) C(10)-C(12)
Chelating isopropylxanthate groups

S(4)—C(5) 1-67 (3) S(7)—C(13)
S(3)—C(5) 172 (2) S(8)—C(13)
0(2)—C(5) 1-32 (2) 0(4)—C(13)
0(2)—C(6) 1-51 (3) 0(4)—C(14)
C(6)—C(7) 1-53 (4) C(14)-C(16)
C(6)—C(8) 1-53 (3) C(14)-C(15)
S(3)—Zn(1)-S(4) 767 (0-2)° S(7)—Zn(2)-S(8)
S(4)-—Zn(1)-S(5) 106-6 (0-3) S(6)—Zn(2)-S(7)
S(3)—Zn(1)-S(5) 110-2 (0-3) S(6)—Zn(2)-S(8)
S(2)—2Zn(1)-S(4) 114+1 (0-3) S(1")—Zn(2)-S(7)
S(2)—Zn(1)-S(3) 117-7 (0-3) S(1)—Zn(2)-S(8)
S(2)—2Zn(1)-S(5) 1221 (0-2) S(1")—Zn(2)-S(6)

Bridging isopropylxanthate groups

Zn(2')-S(1)—C(1)
Zn(1)-S(2)—C(1)
S(1)-—C(1)—S(2)
S(1)—C(1)—0(1)
$(2)—C(1)—O0(1)
C(1)—O(1)—C(2)
O(1)—C(2)—C(4)
0(1)—C(2)—C(3)
C(3)—C(2)—C(4)

Chelating isopropylxanthate groups

Zn(1)—S@)—C(5)
Zn(1)-S(3)—C(5)
S(3)—C(5)—S(4)
S(3)—C(5)—0(2)
S(4)—C(5)—0(2)
C(5)—0(2)—C(6)
0(2)—C(6)—C(8)
0(2)—C(6)—C(7)
C(1)—C(6)—C(8)

1021 (0-8) Zn(2)-S(6)—C(9)
102-4 (0-8) Zn(1)-S(5)—C(9)
123-9 (1-4) 5(5)—C(9)—S(6)
117:3 (1-7) S(6)—C(9)—0(3)
118-8 (1-6) S(5)—C(9)—0(3)
125-1 (1-7) C(9)—0(3)—C(10)
1055 (2:0) 0(3)—C(10)-C(11)
112-1 (1-9) 0(3)—C(10)-C(12)
113:6 (2:3) C(11)-C(10)-C(12)

80-9 (0-7) Zn(2)-S(1)—C(13)

81:6 (0-7) Zn(2)-S(8)—C(13)
120-8 (1-1) S(7)—C(13)-S(8)
113:6 (1-8) S(8)—C(13)-0(4)
1256 (1-8) S(7)—C(13)-0(4)
120-9 (1-8) C(13)-0(H—C(14)
104-9 (2-1) 0(4)—C(14)-C(15)
106:4 (2:1) 0(4)—C(14)-C(16)
112:7 2D C(15)-C(14)-C(16)

2:307 (8) A
2-342 (8)
2:357 (7)
2:370 (8)

77-1 (02
121-5 (0-3)
118-1 (0-3)
107-6 (0-3)
117:7 (0-3)
111-0 (0-3)

105-8 (0-8)
101-5 (0-8)
1199 (1-4)
1164 (2:0)
123-6 (2:0)
121:3 (2-1)
1039 (2:2)
103-0 (1-8)
1121 (2:6)

81-4 (0-9)

81:1 (0:7)
120-2 (1-4)
122-3 (1-4)
117-4 (1-6)
120-8 (1-8)
103-4 (1-8)
109-1 (2-1)
108-9 (2-0)

Table 6. Structures of four-membered chelate rings

Y

Zn< > Y; Y=CorP
S
Zn(isoPX), Zn(EC), Zn(MC);
Bonamico Klug
Present work et al. (1965) (1966)
Zn-S 2351 (DA 2:357(7) A 2:355(3) A 2:333 (6) A
Zn-S’ 2:408 (7) 2-370 (8) 2-443 (3) 2:429 (6)
S—Y 172 (2) 171 (2) 173 (1) 175 (2)
S'—Y 167 (2) 1-68 (2) 172 (1) 1-70 (2)
S—Zn-§' 767 (0-2)° 76:9 (0-2)° 758 (0-2)° 764 (0-2)°
Zn-S—Y 81-6 (0-7) 81-1 (0-7) 84-5 (0-6) 84-0 (0-6)
Zn-S'—Y 80-9 (0:7) 81:4 (09) 81:9 (0-6) 82:0 (0-7)
S—Y—§ 120-8 (1-1) 20-2 117:5 (0:9) 117:3 (1-1)

120-2 (1-4)

Average

2:309 A
2:343
2-354
2:389

1-68

1-33
1-48
1-52
1-55

76-9°
114-1
1142
110-8
117-7
116:6

104-0
102:0
121-9
1169
121-2
123-2
104-7
107-6
1129

81-2

814
120-5
118:0
121-5
120-9
104-2
107-8
110-8

Zn(EP),
Ito et al.
(1969)
2:351 (6) A
2:401 (7
1-987 (9)
1973 (11)
859 (0-2)°
82-5 (0-3)
81-5 (0-3)
109-7 (0-4)

Zn(isoPP),
Lawton et al.
(1969)

2:351 (5) A
2:409 (5)
1-984 (7)
1-968 (7)
855 (0-2)°
82:6 (0-2)
81-4 (0-2)
109-7 (0-3)
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chelate rings in Zn(isoPX), are similar to those ob-
served in related crystals. They are compared in Table
6. It can be seen from the Table that one Zn-S distance
in each chelate ring is significantly longer than the
other except for the second ring in Zn(isoPX),, in
which the difference, 0-013 A, between the two dis-
tances is hardly significant.

C(16)

®

Fig. 3. (@) Bond distances (A) and (b) bond angles (degrees)
in Zn(isoPX),.

1703

(O]

Fig. 4. Staggered configuration of methyl groups: (a) projec-
tion along C(6)-C(7), (b) projection along C(10)-C(11). The
standard deviations of the dihedral angles involving one
and two hydrogen atoms are about 5 and 8°, respectively.

Although the coordinations of the bridging and
chelating isopropylxanthate groups about zinc atoms
are different, the two xanthate groups have almost the
same structure; the effect of different coordinations
are limited within the coordination sphere of zinc
atoms. All distances and angles in the xanthate groups
can be regarded as normal compared with those in re-
lated crystals.

The isopropylxanthate groups are planar except for
the methyl ends and hydrogen atoms; the maximum
deviations of the dithiocarbonic and tertiary carbon
atoms from the planes defined by SSO are 0-02 and
0-13 A, respectively. The zinc atoms are also located
approximately on the planes, the maximum deviations
being 0-30 A.

It is interesting to note that all methyl hydrogen
atoms that could be located in the present analysis take
staggered configurations, typical examples of which
are shown in Fig. 4.

Van der Waals contacts of tetramers

The closest distances between adjacent tetramers are
summarized in Table 7. These values may be compared
with the sums of van der Waals or ionic radii of atoms:
S.-.§=3-70, S---C=3-85, C---C=4-00 A (Pauling,

Table 7. Van der Waals contacts of tetramers
The primes denote inversion at (4, %, %).

S(1)- -« -S(V, +a) 344 (1) A
S(6)- - -C(15, —a) 366 (3)
S4)- - -C@’, —b) 3-67 (3)
S(2). - -C(15, —a) 3-70 (3)
S(7)- - C2, —¢) 3-72 (2)
S@---C(T, —a—b) 373 (4)
S(8)- - -C(12/, +a) 373 (3)
S(7---CU6’, +a) 3-80 (3)
C@)---C(5’, —b) 3-53 (4)
C(9)---C(16’, +a) 3-85 (3)
C(3)---C(7’, —a—b)  3-88(4)
C4)---CQ6’, +a) 3-89 (4)
Cc()---C(7’, —a—>b) 393 (4)
C(4)---C(6", —b) 4-00 (4)
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1960). The closest S- - -S distance of 3-44 A is smaller
than the expected value by 0-26 A; such a short
distance (3-38 A) was also found in Zn(EX), (Ikeda
et al., 1966). The closest C- - - C distance of 3-53 A may
be attributed to the small volume of the dithiocarbonic
carbon atom. The other distances are normal. It can
be seen from the Table that the sulphur-methyl and
methyl-methyl contacts are most important in the
structure.

The numerical calculations were performed on the
FACOM270-30 computer of this Institute, with a
universal crystallographic computation program
system, UNICS (Sakurai, Ito, Iwasaki, Watanabe &
Fukuhara, 1967).

The author is grateful to Dr H. Hagihara for his

encouragement and valuable discussions throughout
the work.
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Studies on Flavin Derivatives. The Crystal and Molecular Structure of
5-Ethyl-3,7,8,10-tetramethylisoalloxazinium Perchlorate

BY ROLF NORRESTAM AND OVE TILLBERG
Institute of Inorganic and Physical Chemistry, University of Stockholm, S-104 05 Stockholm, Sweden

(Received 2 November 1971)

The crystal structure of S-ethyl-3,7,8, 10-tetramethylisoalloxazinium perchlorate, C,;sH,;sCIN,Os, has
been derived from three-dimensional X-ray diffractometer data. The unit cell is orthorhombic, space
group P2,2,2,, with the dimensions a=7-768 (3), b=13-255 (4) and ¢=17-647 (6) A. There are four
formula units in the unit cell. The structure was determined by direct methods. Full-matrix least-squares
refinement of the structural parameters gave an R value of 0-042 for the 1342 observed reflexions. The
isoalloxazinium ring system is nearly planar. The packing of the molecules in the unit cell leads to
several very short (2-8 to 3-0 A) non-bonded C- O and N--.O contacts.

Introduction

The structure determination of 5-ethyl-3,7,8,10-tetra-
methylisoalloxazinium perchlorate (ETIP) reported
here is part of a series (Kierkegaard et a/., 1971) of
structural investigations of flavin derivatives in dif-
ferent states of protonation and oxidation.

A schematic structural formula of ETIP is given in
Fig. 1. ETIP is an example of a S5-alkylflavoquino-
nium ion. The significance of such ions in the catalysis
of flavin enzymes has been discussed by Hemmerich,
Ghisla, Hartman & Miiller (1971).

Experimental

A blackish crystalline specimen of 5-ethyl-3,7,8,10-
tetramethylisoalloxazinium perchlorate was kindly
supplied by Dr S. Ghisla (University of Konstanz,

Germany). The crystals were examined by X-ray
photographic methods (Guinier, oscillation and Weis-
senberg techniques). The photographs indicated or-
thorhombic symmetry and the systematic absences
among the X-ray reflexions were consistent with the
space group P2,2,2,. The crystal finally selected had
the dimensions 0-04 x 0-12 x 0-36 mm, with the pris-
matic axis along [011], and was mounted on a goniom-
eter along the a axis. The cell parameters were ob-
tained by least-squares refinement of diffractometer
measurements with Cu Ka radiation (1=1-54184 A).

The crystal data are:
Composition of asymmetric unit=C,;sH;,CIN,Og, a=
7-768 (3), b=13255(4), c=17647(6)A, V,=
1817-0 A%, D.,=1-45 g.cm™3, Z=4, u(Cu Ka)=22-6
cm™!, space group P2,2,2,.

Three-dimensional X-ray intensity data were col-
lected on a Siemens AED single-crystal diffractometer



