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Photolysis of [CpMn(CO);] in the presence of 1,3,4,5-tetra-
methylimidazoline-2-thione, SC3N,Me,; (1), produced a
thione-bridged dinuclear complex, [{CpMn(CO)y},(u-
SC3N,;Mey)] (2). Compound 2 shows unprecedented geome-
try of the Mn-S-Mn framework, featuring a pyramidal sulfur
atom and long Mn---Mn distance. Photoreaction of [M(CO)g]

(M = Mo, W) with 1 afforded mononuclear complexes
[M(CO)5(SC3N,;Mey)] [M = Mo (3), W (4)]. In compounds 2—
4, the C-S bond of the thione ligand is stretched on coordina-
tion because of the polarization of the metal-ligand linkage.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Introduction

N-Heterocyclic carbenes (NHC) have proved to be excel-
lent ligands in transition-metal complexes.!"¥ NHCs also
form various adducts with p-block element fragments to
give compounds with a formula of E-C(NR),(CR’),, where
E = BX;, AlX;, Gel,, SnCl,, CH,, S, Se, and so forth.[
The sulfur adducts, imidazolinethiones (cyclic thioureas),
are employed as precursors of NHCs.[®! They are also com-
ponents of tris(mercaptoimidazolyl)hydroborate ligands,
which attract considerable attention because of their face-
capping character and strong electron-donating ability, and
are applied to enzyme models.[”l It is thus increasingly im-
portant to better understand the coordinating ability of
imidazolinethiones. However, few examples of their transi-
tion-metal complexes have been reported.®'% In this paper,
we describe the reaction of 1,3,4,5-tetramethylimidazoline-
2-thione (1) with [CpMn(CO)s], which produces a dinu-
clear complex that involves a rare bridging thione ligand,
[{CpMn(CO),}»(1-SC3N,Mey)] (2). The syntheses and
structures of molybdenum and tungsten derivatives,
[M(CO)s5(SCsN,Mey)] [M = Mo (3), W (4)], are also re-
ported here.

Results and Discussion

Synthesis of a Thione-Bridged Dinuclear Manganese
Complex [{CpMn(CO),}>(n-SC3N;Mey)| (2)

Irradiation of [CpMn(CO);] with 1 in a 2:1 ratio pro-
duced a red solution. Its '"H NMR spectrum exhibited three
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singlet resonances at 6 = 1.11, 3.13, and 4.41 ppm, and their
relative intensity was 6:6:5. This suggests formation of a
mononuclear thione complex, [CpMn(CO),(SC3N,Me,)].
However, cooling the solution afforded a small amount of
[{CpMn(CO),}»(1-SC3N,Mey)] (2) as red needles. Probably,
the thione ligand is labile in solution, and a [CpMn(CO),]
fragment generated is reversibly coordinated to the sulfur
atom of another molecule of [CpMn(CO),(SC;N,Mey,)] to
provide the dimer 2, which precipitates on cooling [Equa-
tion (1)]. Indeed, when crystals of 2 were dissolved in [Dg]-
benzene, the solution showed the "H NMR spectrum of the
monomer.
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The molecular structure of 2 is displayed in Figure 1, and
key geometrical parameters are given in Table 1. Two
[CpMn(CO),] moieties are bridged by the imidazolin-
ethione ligand. The Mn(1)-S and Mn(2)-S bond lengths
are 2.3343(15) and 2.3495(11) A, respectively. These values
are similar to those of [Mn,(u-SMe),(u-CO)(PMes),-
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(CO)4] (av. 2.331 A).['] Cationic dinuclear manganese thio-
lates, [{(MeCp)Mn(CO),}->(u-SR)|[PF4] (5, R = iPr, tBu;
MeCp = n°-MeCsHy), have substantially shorter Mn-S
bonds [2.242(2)-2.267(1) A].'2 The Mn-S bonds of “inid-
ene” complexes, [{CpMn(CO),},{pu-S(CcH4X)} [PF¢] (6, X
= H, NO,), are even shorter [2.177(3)-2.218(3) A] because
of their multiple bond character.['?13]
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Figure 1. ORTEP drawing of [{CpMn(CO),},(u-SC3N,Mey)] (2)
(30% thermal ellipsoids).

Table 1. Selected bond lengths [A] and angles [°] for [{CpMn-
(CO)2}2(n-S=CN,Me,CoMey)] (2).

Bond lengths [A]

Mn(1)-S(1) 2.3343(15) Mn(2)-S(1) 2.3495(11)
Mn(1)-C(6) 1.764(3) Mn(1)-C(7) 1.773(3)
Mn(2)-C(13) 1.767(3) Mn(2)-C(14) 1.779(3)
CNT(1)-Mn(1) 1.785 CNT(2)-Mn(2)& 1.787
C(6)-0(1) 1.163(3) C(7-0(2) 1.158(4)
C(13)-0(3) 1.167(4) C(14)-0(4) 1.159(4)
S(1)-C(15) 1.740(3) C(15)-N(1) 1.348(3)
C(15)-N(2) 1.344(3) C(16)-N(1) 1.389(3)
C(17)-N(?2) 1.393(3) C(16)-C(17) 1.357(4)
Bond angles [°]
Mn(1)-S-Mn(2) 126.793)  C(15)-S-Mn(1) 110.05(10)
C(15)-S-Mn(2) 106.08(9)  CNT(1)-Mn(1)-SkI 124.20
CNT(1)-Mn(1)-C(6)  123.13 CNT(1)-Mn(1)-C(7)al 12575
C(6)-Mn(1)-S 88.22(10)  C(7)-Mn(1)-S 96.13(10)
C(6)-Mn(1)-C(7) 88.85(13)  CNT(2)-Mn(2)-Stl 117.68
CNT(2)-Mn(2)-C(13)@ 124.16 CNT(Q2)-Mn(2)-C(14)  123.38
C(13)-Mn(2)-S 94.56(10)  C(14)-Mn(2)-S 99.92(11)
C(13)-Mn(2)-C(14) 90.20(14)  N(1)-C(15)-S 129.4(2)
N@2)-C(15)-S 123.73(19)  N(@2)-C(15)-N(1) 106.8(2)
C(15)-N(1)-C(16) 109.7(2) C(15)-N(2)-C(17) 109.9(2)
C(17)-C(16)-N(1) 106.9(2) C(16)-C(17)-N(2) 106.7(2)

[a] CNT: the centroid of the cyclopentadinyl ring.
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The bridging sulfur atom is pyramidalized. The sum of
the bond angles around this atom is 343°, indicating the
existence of a lone electron pair at the sulfur atom. The
Mn(1)-*Mn(2) interatomic distance is 4.1878(18) A, and the
Mn(1)-S-Mn(2) bond angle is 126.79(3)°. These indicate
the absence of bonding interaction between the two metal
atoms. Thus, the structure of 2 features a pyramidal sulfur
atom and long Mn--Mn separation. This is an unprece-
dented geometry of the Mn-S-Mn framework (see
Scheme 1). Thiolates 5 contain a pyramidal sulfur atom,
but they have a Mn—Mn single bond.['”) The intermetallic
bond length is 2.906(1) (R = iPr) or 2.962(1) A (R = rBu).
In contrast, the inidene complex 6 (X = NO,) includes a
planar sulfur atom and long Mn---Mn distance (4.032 and
4.046 A; two independent molecules are present in the
asymmetric  unit).l'?  Complex [Mn,(u-SMe),(u-CO)-
(PMe;)»(CO),4] has pyramidal sulfur atoms and a Mn—-Mn
single bond (2.581 A).l'1
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Scheme 1.

The C-S bond of the imidazolinethione ligand is
stretched on coordination to the manganese atoms. The
C(15)-S bond length is 1.740(3) A, which is significantly
longer than that of free 1, 1.690(2) A.I'4 This is probably
due to the pronounced polarization of the metal-ligand
linkage (canonical structures B and C, Scheme 2), which is
induced by the capability to take positive charge into the
imidazole ring of the thione ligand. Through this polariza-
tion, the C-S moiety carries a single bond character. The
imidazole ring is almost perpendicular with respect to the
Mn-Mn vector. This is also consistent with the canonical
structures B and C. If the sulfur-manganese interaction was
composed of coordination of the lone electron pair on sp>-
sulfur (Scheme 2, A), the imidazole ring would be expected

to be nearly parallel to the Mn—Mn vector.
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Scheme 2.

Creighton and co-workers have reported the reaction of
an imidazolinethione with CuCl,. During the reaction, Cu'!
is reduced to afford a dimeric Cu' complex 7 (Scheme 3),
which contains bridging imidazolinethione ligands and a
short Cu—Cu contact [2.914(1) A].U'S)
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Scheme 3.

Several manganese complexes containing a bis- or tris-
(mercaptoimidazolyl)hydroborate ligand have been re-
ported (8-10, Scheme 3).l'¢!7] The crystal structures of 9
and 10 were determined, and it was shown that they had
Mn-S bond lengths of 2.435(3)-2.569(8) A and S—C bond
lengths of 1.707(2)-1.721(2) A.l'7 Compound 2 has a
shorter Mn—S bond and a longer C-S bond than 9 and 10.
Hence, the thione ligand polarizes very strongly in 2, proba-
bly because the charge separation concentrates in one imid-
azolinethione unit.

Synthesis of Group 6 Metal Complexes
IM(CO)s(SC3N;Mey)| [M = Mo (3), W (4)]

Group 6 metal complexes of chalcogenoimidazolines
have been synthesized by Kuhn and co-workers. Thione, se-
lone, and tellone, E=C(NiPr),(CMe), (E = S, Se, Te), react
with [M(CO)g] or [M(CO)s(thf)] to produce the correspond-
ing mononuclear chalcogenoimidazoline complexes.®!
Chromium derivatives [Cr(CO)s{E=C(NiPr),(CMe),}] (11,
E S, Se, Scheme 4) were crystallographically charac-
terized. However, with regard to tetramethylimidazoline de-
rivatives, only the tellone complex [W(CO)s{TeC3N,Mey}]
has been documented.®] Does the use of sterically less de-
manding 1 influence the number of metal fragments in the
product, as observed in the formation of 2? To clarify this
point, we carried out the reaction of 1 with [M(CO)q] (M
= Mo, W) under photolytic conditions.

Photoreactions of [M(CO)s] with 1 proceeded smoothly
and gave yellow solutions, from which the thione complexes
[M(CO)5(SC3N>Mey)] [M = Mo (3), W (4)] were isolated as
analytically pure crystals [76% for 3 and 33% for 4, Equa-
tion (2)]. No evidence for the formation of dimeric species
was obtained.
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Figures 2 and 3 display the crystal structures of com-
pounds 3 and 4. The important bond lengths and angles
are listed in Tables 2 and 3. Although the molecular struc-
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tures of 3 and 4 are quite similar, the two compounds are
not isomorphous. Crystals of 3 contain two crystallographi-
cally independent molecules in the asymmetric unit. How-
ever, their structures are essentially the same. The two mole-
cules of 3 are associated through m-stacking of the imid-
azole rings. The separation between the five-membered
rings is 3.3-3.6 A. In 3 and 4, the [M(CO)s] unit is coordi-
nated to the cyclic thione ligand through a M-S dative
bond to form an octahedral geometry. As a whole, their
structures are akin to Kuhn’s complex 11.81 They also re-
semble that of a methyleneimidazoline complex, [Mo(CO)s-
(CH,=C5N,Me,)],!'81 whose ligand, an ylidic olefine, is iso-
electronic with 1. The M-S bond lengths are 2.6084(11) A
and 2.6113(11) A in 3, and 2.6146(14) A in 4. In compound
12 (Scheme 4), one thione unit of the bis(mercaptoimidaz-
olyl)dihydroborate bridges the molybdenum center and tin
atom with a long Mo-S bond length of 2.631(3) A. The
interatomic distance between the molybdenum and sulfur
of the other (“terminal”) thione moiety is 2.51(2) A.l!*]

Figure 2. ORTEP drawing of [Mo(CO)s(SCs3N>Mey)] (3) (50%
thermal ellipsoids). Hydrogen atoms have been omitted for clarity.

Figure 3. ORTEP drawing of [W(CO)s(SC;N,Me,)] (4) (50% ther-
mal ellipsoids).

The imidazolinethione ligand is connected to the central
metal, directing the face of the heterocycle to the [M(CO)s]
fragment. This is in sharp contrast to a chromium-thioace-
tone complex [Cr(CO)s(S=CMe,)]?” and a mercury deriva-
tive [HgCl,(SC3N,H,),],2!1 in which the thione ligand di-
rects the edge of the molecular plane to the metal. Such
geometry of 3 and 4 suggests sp> hybridization of the sulfur
atom caused by the greatly polarized M-S-C linkage (ca-
nonical structure E, Scheme 5). Indeed, the M-S-C bond
angles are 108.31(7) and 109.40(7)° in 3, and 103.29(16)° in
4, which are close to the tetrahedral angle. As expected, the
3198
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Table 2. Selected bond lengths [A] and angles [°] for [Mo(CO)s-
(8=C5N,Mey)] (3).

Bond lengths [A]

Molecule A
Mo(1)-S(1) 2.6084(11)  Mo(1)-C(1) 2.071(2)
Mo(1)-C(2) 2.026(2) Mo(1)-C(3) 2.044(2)
Mo(1)-C(4) 2.072(2) Mo(1)-C(5) 1.971(2)
C(1)-0(1) 1.132(3) C(2)-0(2) 1.141(3)
C(3)-0(3) 1.141(3) C(4)-0(4) 1.128(3)
C(5)-0(5) 1.148(3) S(1)-C(6) 1.719(2)
C(6)-N(1) 1.355(2) C(6)-N(2) 1.348(2)
C(7)-N(1) 1.397(2) C(8)-N(2) 1.389(2)
C(7)-C(8) 1.353(2)

Molecule B
Mo(2)-S(2) 2.6113(11)  Mo(2)-C(13) 2.066(2)
Mo(2)-C(14) 2.050(2) Mo(2)-C(15) 2.037(2)
Mo(2)-C(16) 2.062(2) Mo(2)-C(17) 1.971(2)
C(13)-0(6) 1.139(3) C(14)-0(7) 1.139(3)
C(15)-0(8) 1.143(3) C(16)-0(9) 1.134(3)
C(17)-0(10) 1.150(3) S(2)-C(18) 1.717(2)
C(18)-N(3) 1.349(2) C(18)-N(4) 1.351(2)
C(19)-N(3) 1.399(2) C(20)-N(4) 1.389(2)
C(19)-C(20) 1.352(3)

Bond angles [°]

Molecule A
C(1)-Mo(1)-S(1) 85.34(7) C(2)-Mo(1)-S(1)  91.61(6)
C(3)-Mo(1)-S(1) 94.20(7) C(4)-Mo(1)-S(1)  90.58(6)
C(5)-Mo(1)-S(1) 174.83(5) C(6)-S(1)-Mo(1)  108.31(7)
N(1)-C(6)-S(1) 126.04(14) N(2)-C(6)-S(1) 127.50(13)
N(1)-C(6)-N(2) 106.21(15)  C(6)-N(1)-C(7) 109.82(15)
C(6)-N(2)-C(8) 110.24(15)  C(8)-C(7)-N(1) 106.70(16)
C(7)-C(8)-N(2) 107.03(15)

Molecule B
C(13)-Mo(2)-S(2) 86.10(7) C(14)-Mo(2)-S(2)  89.10(7)
C(15)-Mo(2)-S(2) 96.60(6) C(16)-Mo(2)-S(2) 88.27(7)
C(17)-Mo(2)-S(2) 175.09(5) C(18)-S(2)-Mo(2)  109.40(7)
N(3)-C(18)-S(2) 128.29(14)  N@4)-C(18)-S(2) 125.50(14)
N(@B3)-C(18)-N(4) 106.07(16)  C(18)-N(3)-C(19)  109.95(16)
C(18)-N(4)-C(20) 110.36(15)  C(20)-C(19)-N@3) 106.78(17)
C(19)-C(20)-N(4) 106.83(17)

Table 3. Selected bond lengths [A] and angles [°] for [W(CO)s-
(8=C5N>Mey)] (4.

Bond lengths [A]

W(1)-S(1) 2.6146(14) W(1)-C(1) 2.040(4)
C(1)-0O(1) 1.145(6) C(2)-0(2) 1.151(6)
C(3)-0(3) 1.151(6) C(4)-0(4) 1.160(6)
C(5)-0(5) 1.166(5) S(1)-C(6) 1.731(5)
C(6)-N(1) 1.353(5) C(6)-N(2) 1.351(6)
C(7)-N(1) 1.390(5) C(8)-N(2) 1.377(6)
C(7)-C(8) 1.341(6)

Bond angles [°]
C(1)-W(1)-S(1)  90.77(12) C(2)-W(1)-S(1) 90.82(14)
C(3)-W(1)-S(1)  90.02(12) C(4)-W(1)-S(1) 91.22(15)
C(5)-W(1)-S(1)  178.00(13) C(6)-S(1)-W(1) 103.51(15)
N(1)-C(6)-S(1) 125.9(4) N(2)-C(6)-S(1) 127.5(3)
N(2)-C(6)-N(1)  106.6(4) C(6)-N(1)-C(7) 109.5(4)
C(6)-N(2)-C(8)  109.1(3) C(8)-C(7)-N(1) 106.5(4)
C(7)-C(8)-N(2)  108.3(4)

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

C=S bond is elongated. The C-S interatomic distances are
1.719(2) and 1.717(2) in 3 and 1.731(5) A in 4 [that of free
1is 1.690(2) A].l' Such phenomena are also found in 11
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[the C-S bond length is 1.737(5) A]®®) and a rhodium com-
plex [RhCl(cod)(SC;N>Mey)] [1.725(2) A].°T An iron—sulfur
cluster 13 includes two imidazolinethione ligands, whose C—
S bond lengths are 1.689(14) and 1.719(16), respectively.!!?]
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Scheme 5.

The strong donating ability of the thione ligand leads to
enhancement of back-donation to the trans carbonyl ligand.
The bond lengths between the metal and trans-carbonyl
carbon atoms are 1.969(2) and 1.967(2) A for 3, and
1.966(5) A for 4. These are substantially shorter than the
metal-cis-carbonyl bonds. The averages of the separations
between the metal and cis carbonyls are 2.05 and 2.04 A for
3 and 4, respectively. In fact, the infrared spectra of 3 and
4 showed carbonyl stretching bands that are low-frequency
shifted relative to [M(CO)g].

Experimental Section

All manipulations were carried out under high vacuum or dry ni-
trogen. Reagent-grade hexane, THF, and toluene were distilled un-
der nitrogen from sodium-benzophenone ketyl just before use. [Dg]-

Table 4. Crystal data for compounds 2, 3, and 4.

benzene was dried with potassium mirrors before use and transfer-
red into NMR tubes under vacuum. SC;N,Me, (1) was prepared
according to the literature.ly [Mo(CO)g] (Strem), [W(CO),] (Ald-
rich), and [CpMn(CO)s] (Strem) were used as purchased. 'H and
13C NMR spectra were recorded with a JEOL a-500 spectrometer.
IR spectra were recorded with a JASCO FTIR-350 spectrometer.
Mass spectra were measured with a JEOL JMS-S600H spectrome-
ter.

Syntheses of [{CpMn(CO),},(n-SC3N,Mey)] (2): A solution of
[CpMn(CO);] (80 mg, 0.040 mmol) and 1 (31 mg, 0.020 mg) in hex-
ane (4 mL) and THF (1 mL) mixture was irradiated with a 450-W
medium-pressure Hg arc lamp for 1 h. Removal of volatiles, extrac-
tion of the residue with toluene, and cooling of the extract afforded
2 as red needles in small amounts. 'H NMR (500 MHz, [D¢]ben-
zene): 0 = 1.11 (s, 6 H, CMe), 3.13 (s, 6 H, NMe), 4.41 (br, 5
H) ppm. This spectrum is consistent with a mononuclear complex,
[CpMn(CO)x(SC3N>Mey)].

Syntheses of [Mo(CO)s(SC3N,Mey)] (3): A dichloromethane solu-
tion of [Mo(CO)¢] (85 mg, 0.32 mmol) and 1 (46 mg, 0.30 mmol)
was irradiated at 8 °C for 1 h with stirring using a 450-W medium
pressure Hg lamp. The resulting yellow solution was concentrated
to about 1 mL and diluted with hexane (4 mL). Cooling the solu-
tion to —25 °C provided 2 (90 mg, 0.23 mmol, 76%) as yellow-gray
crystals. '"H NMR (500 MHz, [Dg]benzene): 6 = 1.09 (s, 6 H, CMe),
2.92 (s, 6 H, NMe) ppm. '3C NMR (125 MHz, [Dg]benzene): J =
7.96 (CMe), 31.9 (NMe), 122.6 (ring-C), 158.6 (C=S), 206.5, 213.7
(CO) ppm. IR (Nuyjol mull): ¥ = »(CO) 2066, 1987, 1912,
1872 cm™!. MS (70 €V): m/z (%) = 393 (IM™]), 156 ([SC3N,Me,*)).
C,H ,MoN,OsS (392.24): caled. C 36.75, H 3.08, N 7.14; found
C 36.59, H 3.10, N 6.96.

Syntheses of [W(CO)s(SC3N,Me,)| (4): The synthesis of 4 was con-
ducted in a similar manner to that of 3. The yield of yellow crystals

2 3 4
Empirical formula C21H22Mn2N204S C|2H12M0N205S C|2H12N205SW
Formula mass 508.35 408.24 480.15
Crystal color red yellow-gray yellow
Temperature [K] 153(2) 153(2) 153(2)
Wavelength 0.71073 0.71073 0.71073
Crystal system triclinic triclinic monoclinic
Space group P1 P1 C2le
a[A] 8.945(5) 10.827(6) 20.494(9)
b [A] 9.911(6) 11.281(6) 6.474(4)
c[A] 13.650(7) 14.582(6) 24.651(11)
a [°] 107.69(2) 111.07(2) 90
1] 92.521(19) 99.989(19) 112.932(14)
y[° 109.35(2) 106.31(2) 90
VA% 1073.6(10) 1518.4(13) 3012(2)
Z 2 4 8
Deyica [Mgm™3) 1.573 1.786 1.588
Abs. coeff. [mm'] 1.303 1.031 5.872
F(000) 520 806 1368
Crystal size [mm] 0.25x0.20 X 0.08 0.60 < 0.40 X 0.30 0.50x0.15x0.10
0 range [°] 3.12-27.46 3.08-27.47 3.30-27.48
Index ranges “11=h=11, 0=h=14, 0=h=26,
-12=k=12, 14 =k =13, 0=k=38,
-17=1=15 -18=/=18 31=/=29
Independent reflections 10625 6874 3434
No. of parameters 275 387 194
Gof on F? 1.086 1.138 1.066

Final R indices [{ > 20([)]
R indices (all data)

Largest diff. peak and hole [e A3

R, = 0.0414, wR, = 0.1194
R, = 0.0540, wR, = 0.1371
0.883 and —0.616

R, = 0.0253, wR, = 0.0941
R, = 0.0271, wR, = 0.0999
0.487 and ~1.535

R, = 0.0357, wR, = 0.1170
R, = 0.0366, wR, = 0.1206
1.520 and —2.902
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of 4 was 33%. '"H NMR (500 MHz, [D¢]benzene): 6 = 1.00 (s, 6 H,
CMe), 2.91 (s, 6 H, NMe) ppm. '3*C NMR (125 MHz, [D¢]ben-
zene): 0 = 7.91 (CMe), 31.8 (NMe), 123.0 (ring-C), 157.3 (C=S),
199.6, 201.6 (CO) ppm. IR (Nujol mull): ¥ = »(CO) 2064, 1980,
1899, 1864 cm™'. MS (70eV): miz (%) = 480 (M), 156
([SC3N>Mey*)). C1,H | 5N,O5SW (480.14): caled. C 30.02, H 2.51,
N 5.83; found C 30.20, H 2.71, N 5.59.

X-ray Crystal Structure Determination: Crystals of 2, 3, and 4
(Table 4) were grown by cooling their solutions. Intensity data were
collected with a Rigaku RAPID imaging plate diffractometer using
graphite-monochromated Mo-K, radiation (1 = 0.71073 A). Data
collection was carried out at —120 °C. Crystal data, data collection
parameters, and convergence results are listed in Table 4.

Numerical absorption corrections were applied on the crystal
shapes. The structures of all complexes were solved by the direct
method and refined on F2. All non-hydrogen atoms were located
and refined applying anisotropic temperature factors. Coordinates
of hydrogen atoms were idealized with the use of riding models.
Calculations were performed using the program package SHELX
97.1221

CCDC-634432 (for 2), -634433 (for 3), and -634434 (for 4) contain
the supplementary crystallographic data for this paper. These data
can be obtained free of charge from the Cambridge Crystallo-
graphic Data Centre via www.ccde.cam.ac.uk/data_request/cif
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