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Carbonates, Thiocarbonates, and the Corresponding Monoalkyl Derivatives. 2. X-ray
Crystal Structure of Potassium Methyltrithiocarbonate (KS,CSCHz)
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This study presents the first crystal structure determination of a potaSsalkylthiocarbonate, the title compound
potassium methyltrithiocarbonate (KESCH) Single crystals of KECSCH; were obtained by the slow introduction
of methylene chloride into a saturated solution of KSCH; in a 1:1 mixture of methylene chloride and
tetrahydrofuran at OC in a dry N atmosphere. The compound crystallizes in the monoclinic space G2p
containingZ = 4 K* cations and $CSCH;~ anions per unit cell. The unit cell dimensions are= 7.6639(3) A,

b = 6.5804(2) A,c = 12.8426(5) A, ang3 = 91.565(2). The isomorphism to the structurally closely related
compounds KQCOCH;, KOSCOCH, and KSCOCH; is examined.

Introduction

In connection with an ongoing study of the orientations of
13C NMR chemical shift tensors in potassium carbonates,
thiocarbonates, and corresponding methyl derivatives, the
knowledge of the crystal structures of the compounds is
important. A new procedure to obtain single crystals of
potassium methyltrithiocarbonate (KSSCH;) was developed.
Potassium alkylcarbonates a@ehlkylthiocarbonates (K&COR,
.KOSCOR’ K.SCOR’ with R= alkyl group) have been studied Figure 1. Atom numbering scheme and 20% thermal ellipsoids for
in great detail, and the X-ray structures of several members of \ha molecular £SCH- anion.
this series with different alkyl groups are reported in the
literature. Conversely, the structures of Balkylthiocarbonates X-ray Structure Determination. A yellow, plate-shaped crystal,
(KO,CSR, KOSCSR, KE SR, with R= alkyl group) have not 0.3 mmx 0.28 mmx 0.03 mm in size, was mounted on a glass fiber
been reported. This is partly due to the instability of the two tip with tiny traces of viscous oil and then transferred to a Nonius
members of the series, KSOR and KOSCSR. The preparation KappaCCD diffractometer equipped with a MaxKadiation source
and characterization of these two compounds as methyl deriva-(4 = 0.710 73 A). Ten frames of data were collected at 200(1) K with
tives were reported only recentyThis study presents the first ~ @n os_C|IIat|on range of°1_frame and an exposure time of 20 s/_fra?ne.
crystal structure determination of a potassi@ralkylthiocar- {ﬂggé'”foaﬂi;rg;ﬁf,'é{f;@%mae”rﬁgiiecﬂﬁ;'t'ﬂc.’ffe,ivfgt;?fffaé%r}sgfrom
bonate, the title compound KSSCH;. The crystal data obtained )

. . . reflections Pmax = 32.7T) were indexed, integrated, and corrected
for the material reveal that KkESCH; is not isomorphous to for Lorentz, polarization, and absorption effects using DENZO-SMN

the structurally closely related potassium alkylcarbonates and ang multi-Scarf Postrefinement of the unit cell gaze= 7.6639(3)

O-alkylthiocarbonates K@&OCH;, KOSCOCH, and KS$- A, b=6.5804(2) Ac = 12.8426(5) A, an/ = 647.43(4) R. Axial

COCHs. photographs and systematic absences were consistent with the com-
pound having crystallized in the monoclinic space gr&@a/c.

Experimental Section The structure was solved by a combination of direct methods and

heavy atom using SIR97All of the non-hydrogen atoms were refined
Preparation of Single Crystals.Potassium methyltrithiocarbonate  with anisotropic displacement coefficients. Hydrogen atoms were
(KS,CSCH;) was prepared and characterized as previously described Jocated and refined isotropically using SHELXL®7he weighing
by Stueber et &l Crystals of the material suitable for an X-ray  schemew = 1/[02(F,?) + (0.013P)2 + 0.18%F], whereP = (F¢? +
diffraction analysis were grown by the slow introduction of methylene 2F2)/3, was employed. The refinement converged to-RD.0295,
chloride into a saturated solution of the title compound in a 1:1 mixture wR2 = 0.0634, and5 = 1.04 for 1807 reflections with > 2 ¢(l) and
of methylene chloride and tetrahydrofuran at°G in a dry N to R1 = 0.0433, wR2= 0.0695, andS = 1.04 for 2278 unique
atmosphere. Both solvents were purchased from Aldrich as spectro-reflections and 67 parametérdhe maximumA/o in the final cycle
photometric grade materials and dried over molecular sieves before of the least squares was 0.003, and the residual peaks on the final
use. The crystals were separated by filtration, washed with methylene difference Fourier map ranged from0.352 to 0.330 e/A Scattering
chloride, and dried in a vacuum oves@ at 30°C for 3 days. factors were taken from the International Tables of Crystallography,
Volume C78

* To whom correspondence should be addressed.
(1) Stueber, D.; Patterson, D.; Mayne, C. L.; Orendt, A. M.; Grant, D.  (2) Nonius, B. V. COLLECT Data Collection Software, 1998.
M.; Parry, R. W. Carbonates, Thiocarbonates, and the Corresponding (3) Otwinowski, B.; Minor, W. Processing of X-ray Diffraction Data
Monoalkyl Derivatives. 1. Their Preparation and Isotrofic NMR Collected in Oscillation ModeMethods Enzymoll997 276, 307—
Chemical Shiftslnorg. Chem 2001, 40, 1902. 326.

10.1021/ic001227y CCC: $20.00 © 2001 American Chemical Society
Published on Web 03/16/2001




Crystal Structure of K8CSCH

Inorganic Chemistry, Vol. 40, No. 8, 2001913

- f ® 3/3 ® 3—9—0"&& & 3
R e $ ® ;%fi f ® IER o 58
J@S{O@Eg\:)? ® d%%.;o% ® g'j’)__.g/& Cgo» | z;}ggp
® o & IR ® fl\% ® C;,_;;@i\'&
® 3"3 2‘9% ® &%g z&;’dl\%
R [ -
K'& ‘% 'f-ébégg@@@ &%\QH% g ‘%{t&ub @@
o 203 ] i LGOS
@?@{)&{a,® ® 2&‘}:‘%}. &t §|,, ®» g@& «@® QQ/&}?’T@
DR 4 2 r,p./)}' p{‘%.»
W 0%t & R e (NG
v A ° }?:Cs o }54 . 3@9@
c @8\7;0%%{\99 & %:\%?%% ) dcg%
LT ZT® oy ¢ 8,
- RS TR %

Figure 2. View of the crystal lattice along the crystallograplsicimension.

Table 1. Selected Crystallographic Data and Structure Refinement
for KS,CSCH;

Table 2. Fractional Atomic Coordinatesx(1(0*) and Equivalent
Isotropic Displacement Parameters?(A 10%) for SHELXL2

empirical formula GH3zKS;  p(calcd), mg/m 1.665

fw, g/mol 162.32 z 4

A 0.71073 aA 7.6639(3)

, mnt 1.650 b, A 6.5804(2)
temp, K 200(1) ¢ A 12.8426(5)
cryst syst monoclinicf, deg 91.565(2)
space group P2:/c R22[l > 20(l),all] 0.0295, 0.0433
v, A3 647.43(4) WwR2[I > 20(l), all] 0.0634, 0.0695

*R1= 3 (IFol — |Fel)/XIFol. ®WR2 = [3(W(Fo* — FA)/3 (Fo)TH2

Results and Discussion

The crystallographic data are summarized in Table 1.
Fractional atomic coordinates(0*) and equivalent isotropic
displacement parametersiA 10°) are given in Table 2. The

crystal is composed of potassium cations and molecular

S,CSCH;~ anions with four ion pairs per unit cell. Selected

X y z Uq
K 4984(1) —3159(1) 3827(1) 32(1)
S1 4866(1) 1842(1) 3704(1) 23(1)
S2 8196(1) 3726(1) 4541(1) 39(1)
S3 8129(1) 147(1) 3101(1) 34(1)
C1 7087(2) 2015(2) 3838(1) 22(1)
c2 10433(2) 428(4) 3373(2) 45(1)

aUgq is defined as one-third of the trace of the orthogonaliZgd
tensor.

Table 3. Selected Bond Distances (A) and Bond Angles (deg)

bond distances bond angles dihedral angles

S1-C1 1.7100(15) C+S3-C2 106.36(9) S2C1-S3-C2 4.28(13)
S2-C1 1.6624(14) S2C1-S1 126.33(9) C+S3-C2—H1 320.7
S3-C1 1.7562(14) S2C1-S3 122.23(9) C+S3-C2-H2 78.3
S3-C2 1.800(2) S*C1-S3 111.43(8) C+S3-C2-H3 194.8

bond distances, bond angles, and dihedral angles in theproximately 4-5° out of that plane (see dihedral angle-S2

S,CSCH;™ anion are given in Table 3. Figure 1 introduces the

C1-S3-C2 in Table 3). Figure 2 shows a view of the crystal

corresponding atom numbering scheme and shows the 20%51ice along the crystallographia dimension. The crystal

thermal ellipsoids. It was found that theGS entity of the anion
is essentially planar, with the methyl carbon rotated ap-

(4) Altomare, A.; Burla, M. C.; Camalli, M.; Cascarano, G.; Giacovazzo,
C.; Guagliardi, A.; Moliteni, A. G.; Polidori, G.; Spagna, RProgram
for the Automatic Solution and Refinement of Crystal Structures,
SIR97 release 1.02.

(5) Sheldrick, G.IMSHELXL97[Includes SHELXS97, SHELXL97 and
CIFTAB], Programs for Crystal Structure Analysiselease 97-2;
University of Gdtingen: Gitingen, Germany, 1997.

(6) R1=3(IFol — IFcl)/3|Fol, WR2=[5 (W(Fo? — Fc?)%/3 (F?)? "2 and
S= goodness-of-fit orF2 = [T (W(Fo? — Fcd?/(n — p)]¥2 wheren is
the number of reflections amlis the number of parameters refined.

(7) Maslen, E. N.; Fox, A. G.; O'Keefe, M. Anternational Tables for
Crystallography: Mathematical, Physical and Chemical Tables
Wilson, A. J. C., Ed.; Kluwer: Dordrecht, The Netherlands, 1992;
Vol. C, Chapter 6, pp 475516.

(8) Creagh, D. C.; McAuley, W. Jinternational Tables for Crystal-
lography: Mathematical, Physical and Chemical TabMélson, A.

J. C., Eds.; Kluwer: Dordrecht, The Netherlands, 1992; pp-Z#2.

consists of chains of anions along the crystallograpldzection

that are rotated out of thac plane. The anions are separated
by the unit cell length in that dimension, 7.664 A. In each chain,
the methyl groups point in the same direction. Furthermore, the
chains are staked along the crystallographiaddimension,
separated by the unit cell length of that dimension, 6.580 A,
with alternating methyl group orientations and rotation angles
from theac plane. Alternating stacks are shifted relative to each
other in theb anda dimensions. The distance between every
other stack along the dimension with the same methyl group
orientation and angle to thaec plane is the length of the unit
cell ¢ dimension, 12.843 A. The potassium cations are placed
in rows along the crystallograph& dimension in the tunnels
formed by the anion chains, separated by the unitackdhgth.

The resulting coordination polyhedron of the cations is illustrated
in Figure 3. Each cation is surrounded by foyg€SCH;~ anions
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Figure 3. Coordination polyhedron of the potassium cations.

and interacts with four S1, two S2, and two S3 atoms. All eight
K—S distances are similar, varying between 3.279 and 3.570

Comparing the structure of KESCH; to those structures
found for the closely related potassium alkylcarbonates and
O-alkylthiocarbonates K@COCH;,? KOSCOCH;, !0 and KS-
COCH! reveals that the crystals are not isomorphBusS,-
CSCH; and KOSCOCHboth crystallize in a monoclinic space
group with four ion pairs per unit cell and have similar unit
cell dimensions? however, the arrangement of the ions in the
crystal lattice is completely different. KGOCH; and KS-
COCH; crystallize in a triclinic space group with two and six

Stueber et al.

ion pairs per unit cell, respectively, and reveal very different

unit cell dimensions and ion stacking arrangements. These
findings are in agreement with the general observation that
isomorphism is seldom found for crystals with small molecules

and unit cells because variation in the identity of one atom

causes a significant change in the structdre.
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