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Abstract

Carboxylate bridges link the two independent mol-
ecules of triphenyltin N, N-diethylthiocarbamoylthio-
acetate, (I), and the four independent molecules
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Printed in Great Britain — all rights reserved

[Mn(C24H27N7)](ClOs),

of triphenyltin N-methyl-N-phenylthiocarbamoylthio-
acetate, (II), into linear chains whose Sn atoms
show 1rans-trigonal-bipyramidal coordination, i.e. (I)
is catena-poly][triphenyltin-p- (N, N-diethylthiocarbam-
oylthioacetato-O:O')], [Sn(CeHs)3(u-C7H 2NO,S2)1,,
and (II) is catena-poly[triphenyltin-p-(N-methyl-N-
phenylthiocarbamoylthioacetato-0:0')], [Sn(CsHs)s(u-
C10H¢NO;S:)],. Triphenyltin N, N-tetramethylenethio-
carbamoylthioacetate {or triphenyl (N, N-tetramethyl-
enethiocarbamoylthioacetato-O)tin, [Sn(C¢Hs)3(C7H o-
NO-S;)]} exists as a monomeric tetrahedral molecule.

Comment

Triphenyltin alkanoates adopt linear carboxylate-bridged
polymeric structures that usually propagate by twofold
screw-axial tranglations; these polymers display a repeat
distance of 5.2 A, this distance being generally insensi-
tive to the nature of the substituent on the carboxyl-
ate anion (Ng er al., 1988). Triphenyltin N, N-dimethyl-
thiocarbamoylthioacetate, which crystallizes with two
symmetry-independent molecules in the unit cell, prop-
agates by a twofold screw axis, but its repeat distance of
4.3 A represents an anomaly (Ng & Kumar Das, 1995).
The shorter repeat distance implies a more helical con-
formation of the polymeric chain. The repeat distance
contrasts with a length of 4.9 A for trimethyltin N, N-di-
methylthiocarbamoylthioacetate, whose two symmetry-
independent molecules propagate by mere translations,
so that the architecture approaches a zigzag arrangement
(Ng & Kumar Das, 1996). The rigidities of the poly-
meric backbone in the two carboxylates can be distin-
guished by the slope of the variable-temperature Sn'!*™
Mossbauer plot (Ng & Kumar Das, 1991).
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The title N,N-diethylthiocarbamoylthioacetate poly-
mer, (I), displays a three-line Mossbauer spectrum that
has been interpreted in terms of two Sn sites, one
in a five-coordinate environment and the other in a
four-coordinate environment (Ng & Kumar Das, 1991).
This assignment is, however, not supported by crys-
tal structure analysis. The compound crystallizes with
cell constants that match those of the N, N-dimethylthio-
carbamoylthioacetate polymer; the two structures also
show matching atomic coordinates, so that the origin
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of the three-line MoSsbauer spectrum remains obscure.
On the other hand, tricyclohexyltin N,N-diethylthio-
carbamoylthioacetate exists as a tetrahedral compound
(Ng & Kumar Das, 1997), in agreement with the spec-
troscopic assignment.

The title N-methyl-N-phenylthiocarbamoylthioacetate
polymer, (II), crystallizes with four independent mol-
ecules; the bond dimensions involving the Sn atom are
similar in the four molecules. The chain propagates on
the b-c face of the unit cell, and its repeat distance

()

Fig. 1. ORTEPII (Johnson, 1976) piot of (a) molecule a, (b) molecule b, (c) molecule ¢ and (d) molecule d of triphenyltin N-methyl-N-phenyl-
thiocarbamoylthioacetate, (II), with ellipsoids at the 50% probability level. H atoms are drawn as spheres of arbitrary radii.
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is 22.04 = 5.5 A. The molecules are packed in such a
manner that voids exist (Spek, 1990), so that the packing
can be regarded as being more compact compared with
that of the N, N-diethylthiocarbamoylthioacetate.
Triphenyltin N,N-tetramethylenethiocarbamoylthioac-
etate, (III), exists as a monomeric tetrahedral molecule.

()

Fig. 2. ORTEPI (Johnson, 1976) plot of (a) molecule a and (b)
molecule b of triphenyltin N, N-diethylthiocarbamoylthioacetate, (I),
with ellipsoids at the 50% probability level. H atoms are drawn as
spheres of arbitrary radii.

[Sn(CeHs)3(C7H12NO,S5)], [Sn(CeHs)3(C1oH19NO,S2)]1 AND [Sn(CsHs)3(C7H oNO,S3)]

C17

Cl16

C1s

Fig. 3. ORTEPIl (Johnson, 1976) plot of triphenyltin N,N-tetra-
methylenethiocarbamoylthioacetate, (III), with ellipsoids at the 50%
probability level. H atoms are drawn as spheres of arbitrary radii.

Experimental

The thiocarbamoylthioacetic acids were synthesized from
chloroacetic acid, carbon disulfide and the secondary amine
(Nachmias, 1952), and were recrystallized from ethanol.
Equimolar quantities of diethylthiocarbamoylthioacetic acid
and triphenyltin hydroxide were heated in a small volume
of ethanol; the crystalline organotin carboxylate (I) separated
on cooling the filtered solution. The analogous reaction with
N-methyl-N-phenylthiocarbamoylacetic acid and triphenyltin
hydroxide, and with N,N-tetramethylenethiocarbamoylthio-
acetic acid yielded (II) and (III), respectively. The solid-state
Sn NMR spectrum of (II) shows a cluster of three sites
at —257/—266/-278 p.p.m. (relative to tetramethyltin). The
spectrum of (III) also shows a cluster of sites at —218 to
—297 p.p.m.

Compound (I)

Crystal data

[Sn(CsHs)3(C7H12NO:S»)] Mo Ko radiation

M, = 556.29 A=071073 A
Monoclinic Cell parameters from 25
P2 /c reflections
a=12900(2) A 6 = 12.0-13.0°
b=18135(2) A p=1.195 mm™'
c=21.822(4) A T=298(22)K

B =9742(1)° Block

V=5062(1) A’ 0.55 x 0.50 x 0.45 mm
Z=8 Colorless

D, = 1.460 Mg m~>
D, not measured

Data collection

Enraf-Nonius CAD-4 5739 reflections with

diffractometer 1> 20(l)
w scans Rine = 0.029
Absorption correction: Omax = 25°
1 scan (North ef al., h=-15—-15
1968) k=0 - 21
Tmin = 0493, Thax = 0584 =0 — 25



9167 measured reflections
8911 independent reflections

Refinement

Refinement on F?

R[F* > 20(F%)] = 0.058

wR(F?) = 0.166

S =1.009

8911 reflections

487 parameters

H-atom parameters
constrained, with U(H) =
1.5U(C)

KONG MUN LO et al.

3 standard reflections
frequency: 60 min
intensity decay: 4%

w = U[a*(FZ) + (0.0818P)
+ 7.1495P]
where P = (F}? + 2F})3
(A/0)max = 0.001
Apma = 1198 A7°
Apmn = —0.598 ¢ A3
Extinction correction: none
Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (A °) for (1)

Snla—Cla 2.125 (4)
Snla—C7a 2.113(4)
Snla—Cl3a 2.144 (4)
Snla—Ola 2.186 (5)
Sn1a—O02b' 2.326(5)
Cla—Snla—C7a 122.8 (2)
Cla—Snla—Cl3a 118.3(2)
Cla—Snla—Ola 95.4(2)
Cla—Snla—Q2b' 91.8(2)
C7a—Sn1a—Cl3a 118.5(2)
C7a—Snla—O0la 932 (2)
C7a—Snla—02b' 84.8(2)
C13¢—Snla—Ola 86.9(2)
C13a—Snla—02b' 87.7(2)
Ola—Snla—024' 172.4 (2)
C19¢—0Ola—Snla 126.2 (5)
C19a—02a—Snlb 140.6 (5)

Sn1b—Clb 2.134(3)
Sn16—C7b 2.115(4)
Sn1b—C13b 2.115(4)
Snlb—O1b 2.206 (5)
Sn1h—02a 2.343 (5)
C1b—Sn16—C7b 119.0(2)
C16—Sn16—C13b 1199 (2)
C16—Sn1b—01b 86.4 (2)
C16—S8n1b—02a 88.8(2)
C76—Sn1b—C13b 1208 (2)
C7h—Sn1h—01h 929(2)
C7b—Sn1b—02a 92.1(2)
C13h—Sn16—01b 959 (2)
C13b—Sn1h—02a 83.9(2)
015—Sn1h—02a 1744 (2)
C19+—01b—Snlb 129.3(5)
C196—02b—Snla" 131.3(5)

Symmetry codes: () 1 —x, L +y, 4 —z (i)l —x,y— 4, —z

Compound (II)
Crystal data

[Sn(CeHs)3(Ci10H10NO2S2)]
M, = 590.30
Triclinic

Pl .
a=17019(2) A

b =18.466 (2) A
c=18921(2) A

a = 71952 (7)°

B =72.482 (8)°

v =73.333 (9)°,
V= 5267.1 (9) A®
Z=38

D, = 1.489 Mg m™*
D, not measured

Data collection

Enraf-Nonius CAD-4
diffractometer

w scans

Absorption correction:

1 scan (North ef al.,

1968)

Tmin = 0.512, Tmax = 0881
19 187 measured reflections
18 499 independent

reflections

Mo K« radiatgon

A=0.71073 A

Cell parameters from 25
reflections

0 =12.25-12.75°

u=1.154 mm™'
T=282)K
Plate

0.44 x 044 x 0.11 mm
Colorless

11 846 reflections with

I > 20(])
Rine = 0.026
Gmax = 250
h=0— 20
k=-21 —-21
l=-21 - 22

3 standard reflections
frequency: 60 min
intensity decay: 3%

Refinement

Refinement on F?

RIF? > 20(F%)] = 0.052

wR(F?) = 0.124

S =1.002

18 499 reflections

931 parameters

H-atom parameters
constrained, with U(H) =
1.5Uc4(C)
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w = U/[o*(F}) + (0.0538P)
+ 1.1698P]
where P = (F% + 2F2)3
(A/0)max = 0.002
Apmax = 0.759 ¢ A3
Apmin = —0.775 e A3
Extinction correction: none
Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 2. Selected geometric parameters (A, °) for (II)

Snla—Cla 2.145(3)
Snla—C7a 2.125(3)
Snla—Cl13a 2.161 (3)
Snla—O0la 2.187 (4)
Snla—02d' 2.359(2)
Snis—Clb 2.136 (3)
Sn1b—C7b 2.143 (3)
Sn16—Cl13b 2.169 (3)
Snlb—01b 2.197(2)
Sn1b—02a 2.317(4)
Cla—Snla—C7a 120.0(2)
Cla—Snla—Cl3a 129.3(1)
Cla—Snla—Ola 95.2(2)
Cla—Snla—02d 86.6(2)
C7a—Snla—Cl3a 109.8 (1)
C7a—Snla—O0la 87.0(2)
C7a—Snla—024 85.7(2)
C13¢—Snla—Ola 96.0 (1)
Cl13a—Snla—024' 88.7(2)
Ola—Snla—02d' 172.3(2)
C19a—O01la—Snla 129.0 (3)
C19d—02d—Snla" 141.3 (1)
Clb—Sn16—C7b 119.8 (2)
Cl1b—Sn1b—C13b 126.5 (1)
Cl1h—Sn1b—01b 94.2(1)
Cl1b—Sn16—02a 84.8(2)
C76—Sn1b—CI13b 112.8 (1)
C7b—Sn1b—0l1b 87.8(1)
C7b—Sn1h—02a 84.9(2)
C13h—Sn1b—01b 96.7 (1)
Cl136—Sn1b—02a 91.1(1)
O16—Sn16—02a 171.0(1)
C196—01b—Snlb 130.5(1)
C19¢a—02a—Sn1b 140.3 (3)

Snle—Clc 2.131(3)
Snlc—C7¢ 2.159 (3)
Snlc—Cl13¢ 2.145 (3)
Snlc—Ol¢ 2.190(2)
Snl¢—O02b 2.354(2)
Snld—Cld 2.130(3)
Snld—C7d 2.151(3)
Snld—C13d 2.123(3)
Snld—Old 2.188(2)
Sn1d—02¢ 2.396 (2)
Cl¢—Snle—CTc 128.1(2)
Clc—Snlc—Cl13c 119.9 (1)
Clc—Snlc—0Oic 91.7(1)
Clc—Snlc—02b 86.4 (1)
C7¢—Snl¢c—Cl13¢ 111.0(1)
C7¢—Snlc—Ol¢ 97.8 (1)
C7¢—Sn1c—02b 90.4 (1)
C13¢—Snlc—Ol¢ 90.5 (1)
C13¢—Snlc—02b 82.7(1)
C19¢—O0l¢—Snl¢ 135.0(2)
C19h—02b—Snlc 137.2(1)
C1d—Snld—Cl13d 116.2 (1)
C1d—Sn1d—C17d 125.7(2)
C1d—Snld—Old 94.8 (1)
C1d—Sn1d—02c 84.3(1)
C7d—Sn1d—C13d 117.2.(1)
C7d—Sn1d—Old 97.4(1)
C7d—Sn1d—02c 91.3(1)
C13d—Sn1d—01d 86.9(1)
C13d—Sn1d—02¢ 84.6(1)
01d—Snld—02¢ 169.9 (1)
C194—014—Snld 128.0(1)
C19c—02¢—Snld 140.6 (2)

Symmetry codes: (iyx,y — 1,1+ z (iyx, 1 +y,z— 1.

Compound (III)
Crystal data

[Sn(CsHs)3(C7H10NO2S>)]
M, = 554.27
Triclinic

P1 .
a=97442 (3) A
b=98923 (5) A
c= 133187 4) A
a = 107.064 (4)°

B = 95.246 (3)°

v =97.153 (4)° i
V= 1206.62 (8) A’
Z=2

D, = 1.526 Mg m~?
D.. not measured

Mo K radiation

A =071073 A

Cell parameters from 25
reflections

6 = 14.0-16.0°
pu=1.253 mm™!
T=298 (2) K
Block

0.43 x 0.22 x 0.22 mm
Colorless



748

Data collection

Enraf-Nonius CAD-4 3971 reflections with

diffractometer I>20(])
w—20 scans Rint = 0.009
Absorption correction: Omax = 25.06°
1 scan (North et al., h=0-—11
1968) k=—11 11
Tinin = 0.677, Trnax = 0.738 1= —-15 — 15

3 standard reflections
frequency: 60 min
intensity decay: 1%

4532 measured reflections
4259 independent reflections

Refinement
w = l/[cX(F2) + (0.0340P)
+ 0.4226P]
where P = (F2 + 2F2)/3

Refinement on F*
RIF? > 20(F?)] = 0.021
WR(FZ) = 0.057

S = 1.003

4259 reflections

280 parameters

H-atom parameters
constrained, with U(H) =

(A/0)max = 0.002

Apmax = 0320 A7°
Apmin = —0.281 ¢ A™?
Extinction correction: none
Scattering factors from

International Tables for

1.5U¢4(C)
« Crystallography (Vol. C)

Table 3. Selected geometric parameters (A, °) Sor (I1I)

Sn1—O1 2.055(2) Sn1—C7 2.118(2)
Sn1—Cl1 2.117(2) Sn1—C13 2.125(2)
C1—Sn1—C7 115.2(1) C7—Sn1—CI3 113.2(1)
C1—Sn1—C13 111.0(H C7—Sn1—01 107.4 (D)
C1—Sn1—01 113.7(1) C13—S8n1—01 94.6 (1)

Phenyl rings were refined as rigid hexagons in (I) and (II). In
(I), the group was restrained with C—C = 1.54+0.01, N—C =
1.454+0.01, N-..C = 2.444+0.02 and C.---.C = 2.51+0.02 A;
a FLAT instruction was imposed on the S:CNC: unit. The
final difference map had a peak of 1e A~ around the
dithiocarbamoyl group of molecule a.

For all compounds, data collection: CAD-4/PC (Kretschmar,
1994); cell refinement: CELDIM in CAD-4 VAX/PC (Enraf-
Nonius, 1988); data reduction: XCAD4 (Harms, 1997); pro-

[Sn(CgHs)3(C7H,2NO,S,)], [Sn(CeHs)3(CioH1oNO2S2)] AND [Sn(CeHs)3(C7Hi1oNO,S,)]

gram(s) used to solve structures: SHELXS97 (Sheldrick,
1997a); program(s) used to refine structures: SHELXI97
(Sheldrick, 1997b); molecular graphics: ORTEPII (Johnson,
1976); software used to prepare material for publication:
SHELXL97.

The authors thank the National Science Council for
R&D (IRPA 09-02-03-0004 and IRPA 09-02-03-0371)
for supporting this work.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: SK1233). Services for accessing these
data are described at the back of the journal.
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