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Abstract

In the title compound, catena-poly[dipotassium [[(oxal-
ato-0, 0")dioxomolybdate]-p-0xo] monohydrate], oxal-
ate acts as a bidentate ligand coordinating to each
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Mo atom through the two deprotonated carboxylate
groups. The coordination polyhedron of molybdenum is
distorted octahedral and there are infinite chains in the
structure. Principal dlmensmns are: Mo—O(terminal)
1.560 (3) and 1739(3)A Mo—O(bridging) 2.046 (4)
and 2. 410(4)A and Mo—O(carboxylate) 1.949 (3) and
2.113(3)A.

Comment

Oxalate is an important organic ligand, which is coordi-
nated to many metals in complexes exhibiting different
structural characteristics, such as [Cuy(p-0x),(u-pyz)-
(pyz)21» (pyz is pyrazine; Kitagawa et al., 1995), [Cu-
(en);][Cu(ox),] (Oshio & Nagashima, 1992), (Ph4P),-
[(VO)2(H;0)2(C,04)3]-4H,0 and (PhsP)[VOCIK(C,04)]
(Salta et al., 1996), etc. In order to further understand
the structure of the complexes containing the oxalate
ligand, we have decided to turn our attention to molyb-
denum(VI) oxalate complexes. This is because molyb-
denum in the V and VI oxidation states forms a con-
siderable number of oxo complexes (Cruywagen et al.,
1986). Few of these have been unequivocally character-
ized structurally, but it is important to do so in many
cases. The point of particular interest in such compounds
is the different structural arrangements which have an
effect on intramolecular bond distances and angles. We
report here an infinite-chain molybdenum—oxalate com-

pound, (1).
o) 2-
W o
2K*. o/ N ‘H,0
[T
c—C
/ N\
0
(1)

It was found that K;[Mo0,05(C,04)>(H,0),1, (2),
which was structurally characterized by X-ray diffrac-
tion (Cotton et al., 1964), and (1) were considered
to have a similar coordination mode for molybdenum.
Structure analysis shows that in the anion of (1), the var-
ious Mo—O bond lengths and O—Mo—O bond angles
vary considerably. The six oxygen ligands of each Mo
atom are of three types, namely, terminal, bridging
and oxalate, with respective Mo—O bond lengths of
1.560 (3)-1.739 (3), 2.046 (4)-2.410(4) and 1.949 (3)-
2. 113(3)A and angles ranging from 164.01(14) to
76.85(14)°. A comparison of (1) with (2) showed that
one Mo—O(terminal) bond distance [1.560 (3)A]in (1)
is shorter than that in (2) (average 1.69 A) however,
another Mo—O(terminal) bond distance [1.739 (3)A] is
longer than that in (2). Therefore, the Mo—O(bndgmg)
bond distances of (1) are longer than in (2) (1.876 A),
and their corresponding angles are considerably differ-
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ent, in particular, the Mo—O—Mo angle [156.2 (2)°] in
(1) is bent, whereas that in (2) is linear. Both K1 and
K2 are nine-coordinate, with bond lengths rangmg from
2.532(5) to 3.301(5) A. The water molecule is coordi-
nated to two K atoms, with the OW- - K distances rang-
ing from 2.532 (5) to 3.014 (5) A.In addition, the shorter
Mo—O7 bond distance is probably due to the fact that
the K- - -O7 interaction is weaker than the K- - .04 inter-
action, leading to the Mo—O7 bond being stronger than
the Mo—O4 bond, e.g. K2.- 04" 2,611 (4), K2.- .07
3.288 (4) A etc. [symmeitry code: (iv) x—1, y, z].

Fig. [. The structure of the [MoO3(C,04)]*~ infinite chain, with dis-
placement ellipsoids drawn at the 50% probability level. [Symmetry
codes: (i) x, % -y, % +2(vill) x, 0, 1+ 2]

Experimental

The title compound was separated as light-red prismatic
crystals from a reaction system of (NH4):Mo0S,/K-C>0,4-H.O
(molar ratio 1:2), which was used in an attempt to prepare a
bridging sulfur-molybdenum-oxalate compound in a solution
of water and MeOH at room temperature under a nitrogen
atmosphere.

K,[Mo03(C,04)]-H,0

Absorption correction: h=-10—- 10
empirical via ¥ scans k=—-15—1
(North et al., 1968) l=-1—>8

Tin = 0.564, Ty = 0.812
2047 measured reflections
1454 independent reflections
1361 reflections with

I > 20()

Refinement
Refinement on F*

3 standard reflections
every 97 reflections
intensity decay: 1.5%

Apmax = 1.196 ¢ A~

R(F) = 0036 Apmln - ~O 953 € A—1
wR(F*) = 0.103 Extinction correction:
S=1.123 SHELX193 (Sheldrick,
1454 reflections 1993)

119 parameters Extinction coefficient:

H atoms not located 0.0123 (13)

w = U[o*(F?) + (0.0673P)°
+ 1.6151P]
where P = (F} + 2F3)3
(A/0)max = 0.039

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (fi, °)

Mo—0O7 1.560 (3) Kl1---02 3104 (4)
Mo—04 1.739 (%) K1-..05' 3.109(5)
Mo—03 1.949 (3 Ki---04" 3.301 4
Mo—Ol 2.046 (4) K2...04" 2611 (4
Mo—Q2 2.113(3) K2.-.05' 2.639 (4)
Mo—O1’ 2410 (4) K2-..05 2.862(4)
KI1...Oow 2.532(9) K2---06 2.865 (5)
Kt ..04 2.648 (3) K2...07" 2.888 (4)
Ki---01” 2.804 (4) K2...0wW 3.014 (5)
K1---03 2.826(3) K2---06' 3157 (6)
Ki...om™ 2.935(4) K2...07" 3.288 (4)
Kl --02" 2973 (4)

07—Mo—04 109.3 (2) 03—Mo—02 79.51 (12)
07—Mo—03 156.2 (2) O1—Mo—02 86.32 (14)
04—Mo—03 82.15(14)  O7—Mo—O1’ 82.7(2)
07—Mo—01 102.2(2) 04—Mo—O1' 87.88 (15)
04—Mo—O01 104.5 (2) 03—Mo—O1' 76.85(14)
03—Mo—01 94.55(15) O1—Mo—O1' 164.01 (14)
07—Mo—02 84.8(2) 02—Mo—01" 78.93(13)
04—Mo—02 159.41 (14)  Mo—O1—Mo"" 156.2(2)
Symmetry codes: (i} x, 3 — v, ! + o (ii) l—x,2—y,—z(iii)l—ax, L+
ywi—sivix—~ 1, :,(\)—x ni-ova~1,i—y1+z

(vil) x, : - VI

ot

Crystal data

K>[M00;(C,04)]-H,0

M, = 328.18

Monoclinic

P2| /C

a = 7.5130 (10) A
=12.740 (2) A

¢ = 8.6800(10) A

B =95.67(2)°,

V=826.72) A’

Z=4

D, =2.637 Mg m™>

D,, not measured

Data collection

Siemens P4 diffractometer
w Sscans

Mo Ka radiation

A=071073 A

Cell parameters from S0
reflections

6 = 2.72-28.97°
p = 2.605 mm™'
T=293(2)K
Prism

0.36 x 0.22 x 0.08 mm
Light red

Rine = 0.035
Omax = 28.97°

The structure was solved by direct methods and refined by
full-matrix least-squares techniques. The non-H atoms were
refined anisotropically to convergence.

Data collection: P4 (Siemens, 1994a). Cell refinement: P4
and XSCANS (Siemens, 1994b). Data reduction: XSCANS. Pro-
gramy(s) used to solve structure: SITELXS86 (Sheldrick, 1985).
Program used to refine structure: SHELXL93 (Sheldrick,
1993). Molecular graphics: SHELXTL-Plus (Sheldrick, 1990).
Software used to prepare material for publication: SHELX193.
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Supplementary data for this paper are available from the IUCr
electronic archives (Reference: TA1220). Services for accessing these
data are described at the back of the journal.
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coumarin-3-carboxylate with O-donor
ligands: (coumarin-3-carboxylato)triphenyl-
tin—-L (L = ethanol, diphenylcyclopropenone
and quinoline N-oxide) and bis[(coumarin-
3-carboxylato)triphenyltin]-L (L = tri-
phenylphosphine oxide and triphenylarsine
oxide)
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Abstract

The Sn atoms in (coumarin-3-carboxylato-0O®)(ethanol-
O)triphenyltin, [Sn(CgHs)3(CioH504)(C2HgO)], (cou-
marin-3-carboxylato-03)(1,2-diphenylcyclopropenone-
O)Iriphenyllin, [Sn(CeHs)3(Ci1oHsO4)(Cy5sH,00)], and
(coumarin - 3 - carboxylato - O* ) triphenyl (quinoline N-
oxide—O)tin, [SH(C(,H5)3(C|0H5O4)(C9H7NO)], are five-
coordinated with trans-C3SnQO, trigonal-bipyramidal
geometries. In the ethanol adduct, a hydrogen bond
links adjacent molecules into a helical chain along
the b axis. The molecular 1,2-diphenylcyclopropen-
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one and quinoline N-oxide adducts were synthesized
by condensing triphenyltin hydroxide with coumarin-
3-carboxylic acid in ethanol in the presence of an
equimolar quantity of the O-donor ligand. With tri-
phenylphosphine oxide as the Lewis base, the conden-
sation yields u-(coumarin-3-carboxylato)-1x03:2k0% -
(coumarin-3-carboxylato)-1xO°-hexaphenyl-1x3C,2x3C-
(triphenylphosphine oxide)-2x0-ditin, [Sny(C¢Hs)e-
(C10H504)2{PO(CsHs)3 }1; this dinuclear complex con-
sists of a dimeric carboxylate-bridged bis[(coumarin-
3-carboxylato)triphenyltin] entity that is coordinated
by the phosphine oxide. p-(Coumarin-3-carboxyl-
at0)-1k0*:2k0* -(coumarin-3-carboxylato)- 1 kO3 -hexa-
phenyl- 1> C,2x>C-(triphenylarsine oxide)-2x0-ditin,
[Sn2(CeHs)6(C1oHs504)2{ AsO(CeHs)3 }1, is isomorphous
with the phosphine oxide. The carboxylate bridge is
longer than the dative Sn—O; bond in both dinuclear
compounds.

Comment

Unlike triorganotin halides and pseudohalides that yield
a plethora of 1/1 adducts with ‘pointed’ (Ng et al., 1982)
O-donor ligands, triorganotin carboxylates rarely fur-
nish such molecular complexes because the carboxyl-
ates are themselves either only weak Lewis acids (as
with triphenyltin arylcarboxylates) or are already sat-
urated with respect to coordination through carboxyl-
ate bridging (as with triphenyltin alkanoates) (Ng et
al., 1988). Complexes of triphenyltin carboxylates with
water (Kumar Das et al., 1977; Ng, 1996; Ng & Kumar
Das, 1995a; Ng et al., 1996) and methanol (Alcock &
Roe, 1989) have been isolated, albeit serendipitously;
these adducts are held together in the crystal struc-
ture by hydrogen bonds involving the solvate mol-
ecules. [Bis(N, N-dimethylthiocarbamoylthio)acetato]tri-
phenyltin is an unusual example of a triorganotin
carboxylate showing Lewis acidity; the compound
forms 1/1 complexes with hexamethylphosphoramide,
triphenylphosphine oxide (Ng, 19955) and quinoline N-
oxide (Ng, 1997). The Lewis acidity of this carboxylate
can be attributed to the electron-withdrawing capacity
of the dimethylthiocarbamoylthiolyl units in the anionic
group; in fact, the compound is so Lewis acidic that
even ethanol can coordinate to it (Ng & Kumar Das,
1991). On the other hand, bis(triphenyltin) succinate,
which yields isolable adducts with several O-donor lig-
ands (Ng, 1998a), represents an anomaly, as the succin-
ato group is not normally considered a strongly basic
entity.

Although the coumarin-3-carboxylate anion does not
appear to be able to endow the triphenyltin derivative
with enhanced Lewis acidity, triphenyltin coumarin-3-
carboxylate accepts a coumarin-3-carboxylate anion to
form the bis(coumarin-3-carboxylato)triphenylstannate
anion, which has been structurally characterized as its
tetramethylammonium salt (Ng & Kumar Das, 19975).
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