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Silver(l) perchlorate or nitrate react readily with bis(di-
phenylphosphanyl)-o-carborane to give the complexes
[AgX{(PPh,),C,BoH10}] [X = ClOy4 (1), NO;3 (2)]. The perchlo-
rate ligand is weakly bound to the silver atom and thus can
be displaced by other ligands affording the three-coordi-
nated complexes [AgL{(PPh,},C,B;oH;0}]C10, [L = PPh; (3),
PPh,Me (4), AsPh; (5), CsHy;NCOOH (6), CgH{NCOOH (7),
SPPh; (8)]. Compounds 3 and 4 can also be obtained by reac-
tion of [Ag(OClO3)PR;] with the diphosphane. Treatment of

complex 1 with bidentate ligands leads to the cationic
four-coordinated [Ag(L—L){(PPh;},C,;BcH;0}]Cl1O, [L-L =
(PPh2)2C5B1oHio (9), bipy (10), phen (11), (SPPhy),CH; (12)]
or to the neutral [Ag(S,CNR,){(PPh,),C,B,,H;0}] [NR, = NEt,
(13), NC Hg (14)]. The crystal structures of 11 and 12 have
been established by X-ray crystallography. In both comple-
xes the silver(I} atoms exhibit tetrahedral coordination by two
phosphorus and two nitrogen or two sulfur atoms, respec-
tively.

Most diphosphane complexes of silver are of the type
AgXP,, where X is halide and P, is a diphosphane!' !, In
general, they adopt dimeric structures in the solid state,
with the exception of the silver chloride complex of 2,11-
bis[(diphenylphosphanyl)methyl]benzo[c]phenanthrene, which
is monomericl®. Complexes of the type [Ag(P,).]" or
[Ag(P,)(1.—L)]* are not common. The previously reported
bisphosphanesilver(I) complexes were prepared by Sadler et
al.”l. who studied by '®Ag{3'P} INEPT pulse sequences the
complexes [Ag(Po)]" with P, = EtP[CH,,PPh,,
Ph,P[CH,],PPh,, Ph,P{CH,];PPh;, and Ph,PCH=CHPPh,.
Subsequently the crystal structures of the complexes
[Ag{(PPhy)y(CH,),},INO;  and  [Ag{(PPh,),(CH=CH)},]-
[SnPhy(NOs),] were reported®®. As far as we are aware no
mixed four-coordinated or cationic three-coordinated silver(I)
complexes have been reported with chelating diphosphane li-
gands.

In our studies with g-carborane derivatives as ligands we
have reported on the synthesis of unusual high-coordinated
gold(I) complexes with the bis(diphenylphosphanyl)-o-car-
borane ligand['%, We have now extended our studies to sil-
ver(I) complexes and prepared a variety of three- and four-
coordinated derivatives where the diphosphine acts as a
chelating ligand. The crystal structures of two mixed tetra-
hedral complexes are described here.

The observation that compounds of the type [M(dppe),]*
[M = Au, Ag; dppe = 1,2-bis(diphenylphosphanyl)ethane]
have significant antitumour activities has increased interest
in these type of complexes!!! 13,
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Synthesis and Properties of the Complexes

Bis(diphenylphosphanyl)-o-carborane reacts with one
equivalent of AgClO, in diethyl ether or with AgNQO; in
acetone at room temperature to give the colourless com-
plexes 1 and 2, respectively (see Scheme 1). In these com-
plexes the rigidity of the o-carborane moiety causes the
chelating mode of the diphosphane ligand to be preferred
to the bridging mode.

The reactivity of complex 1 with monodentate ligands
has been studied. The reaction of 1 in dichloromethane with
tertiary phosphanes leads to the three-coordinated com-
plexes 3 or 4. These complexes can also be obtained by the
reaction of [Ag(OClO3)PR;] with the diphosphane ligand.
Other monodentate ligands with arsenic, nitrogen, or sulfur
donor atoms have been used to synthesize a variety of
three-coordinated complexes of silver(I); the ligands used
were triphenylarsane, triphenylphosphane sulfide, picolinic
and quinoleic acid, whereby the latter act as monodentate
ligands and cannot be deprotonated by treating the com-
plexes with Na,CO; (Scheme 1).

The use of bidentate ligands has allowed us to prepare
four-coordinated derivatives, and we have again chosen lig-
ands with various donor centres. The reaction of 1 with the
bis(diphenylphosphanyl)-o-carborane ligand gives the
homoleptic diphosphane complex 9, also obtained by reac-
tion of two equivalents of the ligand with AgClQ,; whereas
with nitrogen or sulfur donor ligands such as bipy, phen,
(SPPh,)CH,, or dithiocarbamates the mixed four-coordi-
nated complexes 10—14 are obtained.
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Scheme 1

[Ag(OCIO3)PR;] i)

ii)

X = Cl04 (1)

vi) NOs3 (2)

i) BigH19C2(PPhy),, ii) PR3,

Compounds 1—14 are air- and moisture-stable solids; all
of them are conducting in acetone solution (1:1 electro-
lytes)!'¥ with the exception of 13 and 14, which are neutral.

The complexes 1—14 have been characterized by means
of elemental analysis, IR and NMR spectroscopy, and by
FAB* mass spectrometry. The NMR-spectroscopic and
analytical data are summarized in Tables 1 and 2, respect-
ively.
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N\
/ Ag-PR; C104

PR3 = PPhy (3)
PPhyMe (4)

iii) L= AsPh; (5) , CsH4NCOOH (6)

CyHgNCOOH (7), SPPh3 (8)

iv)

LL = bipy (10) , phen (11),
SdpmsS (12)

Q = [EzNS2]" (13), [ C4HSNCS2] (14)

lll) L, Vl) L-L, V) Q ,Vi) 2B10H10C2(PPh2)2

The IR spectra of all the complexes show bands due to
the diphosphane and particularly the normal B—H stretch-
ing modes of the o-carborane nucleus between 2551 and
2642 cm~! (vs, br). In the complexes 3—14 the bands
around 1100 (vs, br) and 620 cm™' (s) arise from the
ClOz anion (T)U"3. Compound 1 shows a coordinated
perchlorate anion (Cs,) with bands at 1108 (vs, br), 1160
(vs, br), 920 (w), 618 (s), and 615 cm™! (s), while complex

Table 1. 3'P{'H} NMR data for the complexes!®

Complexes 3P P) J(Ag-P)[b] &L) J(Ag-P) J(PA-Px)
1[Ag(OCIO3){(PPh2)2C2B10H10}] 17.5(dd) 401.6, 350.6

2 [Ag(ONO2){ (PPh2)2C2B19H10}] 16.0(dm)  359.6

3 [Ag(PPh3){(PPh2)2CyB19H)0}1CIO4[c] 21.6(ddd)  279.9, 243.7 13.6(ddr) 549.0, 474.9 63.4
4 [Ag(PPhyMe) { (PPh3)2C2B10H10}1ClO4(€] 20.1(ddd)  282.3, 244.5 -3.6(ddt) 558.1, 483.2 64.2
5 [Ag(AsPh3){(PPhy),C7B 10H10}1C104 22.6(dd) 309.8, 267.4

6 [Ag(CsH4NCOOH){(PPh2)2C2B10H10}1C104 20.0(dd) 378.4, 328.4

7 [Ag(CoHgNCOOH){ (PPh2)2C2B 10H 10} 1C104 19.7(dd) 368.4, 324.5

8 [Ag(SPPh3){ (PPh2)2C2B10H10}1CIO4 17.9(dd) 339.3, 293.0 46.5(s)

9 [Ag{(PPh2)2C2B 10H10}21C104 12.2(dd) 335.5, 291.8

10 [Ag(bipy){ (PPh2)2C2B19H10}1ClO4 24.7(dd) 354.2, 3174

11 [Ag(phen){{PPh3),C;B19H10) 1C104 21.2(dd) 354.2, 3076

12 [Ag{(SPPh2),CH;} {(PPh2)2C2B19H10}1Cl04 15.0(dd) 300.6, 260.3 38.5(s)

13 [Ag(S2CNER){ (PPh2)2C2B1gH 10}] 15.2(s, br)

14 [Ag(S2CNC4Hg){(PPh2)2C2B 10H10}] 5.0¢s, br)

(2l Recorded in [Dg]acetone; s = singlet, dd = doublet of doublets, ddd = doublet of doublets of doublets, ddt = doublet of doublets of triplets,
dm = doublet of multiplets, br = broad. — [* Coupling constants in Hz, J(°°Ag,P) and J(**’Ag,P). — [ Recorded in CDCl;.
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2 possesses vibrations at 1400 (vs, br), 1304 (vs, br), and
999 cm™! (s) for v(NO,) (symmetric and asymmetric) and
v(NO), respectively. The separation of the highest-fre-
quency bands is 96 cm™~! which is in agreement with the
assignment of the NO; as a unidentate ligand!5!"l, For
complex 12 there also appears a band at 580 cm™! (s) for
the vibration v(P=S) (cf. 605 cm™! in the free ligand).

The *'P{'H}-NMR spectra of complexes 1, 2, 5—14 con-
sist of a doublet of doublets because of the coupling of the
equivalent diphosphane phosphorus atoms with both 17Ag
and 'Ag nuclei. For some of the complexes (1, 6, 7, 9—12)
the coupling with both nuclei is observed at room tempera-
ture, whereas for the others signals with an average coupling
constant or a broad singlet appear. For these complexes the
spectra were recorded at low temperature. Lability of phos-
phorus ligands in silver phosphane complexes has pre-
viously been discussed!'®l, The dithiocarbamate derivatives
13 and 14 show a broad singlet even at —80°C. The absence
of 3!P-107:109A0 spin-spin coupling indicates rapid ligand
exchange even at low temperature. In complexes 8 and 12
the resonances for the phosphorus of the SPPh; and
(SPPh,),CH, ligands also appear as singlets.

Two different phosphorus environments are also present
in compounds 3 and 4, but now with mutual coupling. An
AX, system appears for the phosphorus atoms with coup-
ling of A and X with the '“/Ag and ®Ag nuclei; thus a
doublet of doublets of doublets (see Figure 1) is observed
for the X, part (diphosphane phosphorus) and a doublet of
doublets of triplets for the A part (phosphane phosphorus).
The coupling constants of the PR3 phosphorus with both
silver nuclei are bigger than those to the diphosphane phos-
phorus, the latter being the smallest values in the three- and
four-coordinate complexes.

L ..
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Figure 1. 3!P{>'H} NMR spectrum of complex 4 at —55°C

Table 1 shows the 3'P-1%Ag and 3'P-197Ag spin-spin
coupling for the complexes. Although the values in tertiary
phosphane silver complexes usually increase with decreas-
ing coordination number, not many studies have dealt with
bis(tertiary) phosphane complexes. It seems that the coup-
ling constants increase with decreasing Ag—P distance and
increasing P—Ag—P angle!®. In our complexes the values
for the three-coordinated compounds are similar to those
reported for [AgXP,] (X = Cl, SnCl;, ClO,, NO;; P, =

2,11-bis[(diphenylphosphanyl)methyl]benzo[c]phenanth-
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rene)!®. However, the coupling constants in the four-coordi-
nated derivatives are larger than those published for
[Ag{(PPhy),(CH,)s},]" [Waw(AgP) 248 Hz]"). Comparison
with Ag—P distances and P—Ag—P angles can be only
made with compounds 11 and 12, for which crystal
structures have been established. [Ag(phen)-
{(PPh,),C,B,oH}1CIO,4 (11) with short Ag—P distances
(see X-ray comments below) and a wide P—Ag—P angle
possesses a larger coupling constant than complex 12
[\ (AgP) 331 vs. 280.4].

The 2J(PP) values are 63.4 and 64.2 Hz for complexes 3
and 4, respectively. No comparison can be made with other
three-coordinated silver complexes but the values are
smaller than those in the related gold(I) complexes
[Au(PR3){(PPh;),C;:B1oH 0}]CI04 [R3 = Ph;, Ph,Me:
2J(PP) = 136.3 Hz]!L.

The complexes show the molecular cation/ion peaks in
the FAB* mass spectra at m/z (%) 620 (1, 100), 620 (2, 100),
882 (3, 100), 820 (4, 82), 914 (8, 83), 1133 (9, 20), 776 (10,
22), 800 (11, 72), 1069 (12, 10), 767 (13, 37), and 769 (14,
I1). In the spectra of compounds 5—7 the highest peak
corresponds to the [Ag{(PPh,),C,B;oH;¢)}]" fragment,
which is also present with high intensity in all the com-
plexes.

Crystal Structure Determinations

[Ag(phen) {( PPh;),C5B;,H;y} ]CIO, (11): The molecu-
lar structure of the cation of complex 11 is shown in Figure
2. The silver atom is chelated by one diphosphane and one
phenanthroline ligand, thus presenting a somewhat dis-
torted tetrahedral geometry. The distortions arise from the
restricted bite of the diphosphane [P(1)-Ag—P(2)
89.38(6)°] and the phenanthroline [N(1)—Ag—N(10)
72.7(2)°]. These values compare well with others found in
related complexes with bis(diphenylphosphanyl)-o-carbo-
rane acting as a chelating ligand, e.g.
[Au(PPh;){(PPh,),C,B oH;o}]ClO, 90.2(1)°'%1, and also
with those found in the tetrahedral complex
[Ag(dppe)-]NO;P! with bite angles of 84.5(1) and 83.8(1)°.
The dihedral angle between the AgP(1)P(2) and
AgN(1)N(2) planes is 79.2°, close to the ideal value of 90°.

The Ag—P bond distances are Ag—P(l) 2.463(2) and
Ag—P(2)2.479(2) A and may be compared to those in other
four-coordinated silver complexes [Ag(PPh3),]X (four inde-
pendent crystal structure determinations)!'"~23 and
[Ag(dppe),]NO;. The Ag—P bonds in the latter compounds
are all longer than the Ag—P bonds in 11. In [Ag(PPh;),]X,
with the cation situated on a crystallographic three-fold axis
(i.e. two unique Ag—P bond distances), there are one short
and three longer Ag—P bonds, X = CIO, [1 X 2.650(2), 3
X 2668(5) A]. The same trend is observed for
[Ag(dppe),]NO; where the Ag—P distances fall in the
range 2.488(3)—2.527(3).

The Ag—N bond distances are 2.312(5) and 2.333(5) A
and are of the same order than those found in other tetra-
hedrally coordinated silver(I) with macrocycles as li-
gands?>24],
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Figure 2. Structure of the cation of 11 in the crystal. H atoms are

omitted for clarity. Radii are arbitrary. Selected bond lengths and an-

gles: Ag—N(1) 2.312(5), Ag—N(10) 2.333(5), Ag—P(1) 2.463(2),

Ag—P(2) 2.479(2), P(1)—C(1") 1.888(7), P(2)—C(2") 1.884(6) A,

N(1)—Ag—N(10) 72.7(2), N(1)—Ag—P(1) 122.47(1), N(10)—Ag—

P(1) 126.21(13), N(1)—-Ag—P(2) 134.64(13), N(10)—Ag—P(2)
116.17(14), P(1)—Ag—P(2) 89.38(6)°

[Ag{(SPPh;),CH;} {( PPh;),C>B,oH 0} ]ClO4 (12): The
cation of 12 is shown in Figure 3. The chelating ligands
now involve two phosphorus and two sulfur atoms, respect-
ively. The geometry at the silver atom is again slightly dis-
torted tetrahedral, with ligand bite angles P(4)—Ag—P(3)
84.56(5) and S(2)—~Ag—S(1) 99.20(5)° that are similar to
those in 11. The dihedral angle between planes AgP(3)P(4)
and AgS(1)S(2) is 85.1°.

Figure 3. Structure of the cation of 12 in the crystal. H atoms are
omitted for clarity. Radii are arbitrary. Selected bond lengths and an-
gles: Ag—P(4) 2.526(2), Ag—P(3) 2.532(2), Ag—S(2) 2.540(2),
Ag—S(1) 2.588(2), P(1)—S(1) 1.980(2), P(2)—S(2) 1.983(2),
P(1)—C(3) 1.826(5), P(2)—C(3) 1.828(5) A; P(4)~Ag—P(3) 84.56(5),
P(4)—Ag—S(2) 121.10(5), P(3)—Ag—S(2) 122.29(5), P(4)—Ag—S(1)
109.77(5), P(3)—Ag—S(1) 120.74(5), S(2)—Ag—S(1) 99.20(5)°

The Ag—P distances, 2.526(2) and 2.532(2) A, are longer
than in complex 11 and are more similar to those in
[Ag(dppe),]*. The Ag—S bond lengths, 2.540(2) and
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2.588(2) A, can be compared with the values in the complex
[Ago{S,C,(CN),}(PPhs),] for the silver atom in a tetra-
hedral geometry, 2.653 and 2.568 A3,

We thank the Direccion General de Investigacion Cientifica y Téc-
nica (no. PB91-0122) and the Fonds der Chemischen Industrie for
financial support.

Experimental

IR: Range 4000—200 cm ™!, Perkin-Elmer 883, Nujols mulls be-
tween polyethylene sheets. —~ Conductivities: ca. 5 - 10™* mol dm™3
solutions, Phillips 9509 conductimeter, A in Q! em? mol~!. — C,
H, and N analyses: Perkin-Elmer 240C microanalyser (Table 2). —
NMR: Varian X1.200 and Varian X1.300 Unity spectrometers in
CDCl; or [Dglacetone. Chemical shifts are cited relative to SiMe,
(*H), 85% H5PO, (external, 3'P). — All reactions were carried out
at room temperature. Bis(diphenylphosphanyl)-o-carboranel?6],
bis(diphenylphosphanyl)methane disulfide?”), and perchlorato(tri-
phenylphosphane)silver(1)!?®]  were prepared as described,
(methyldiphenylphosphane)perchloratosilver(I) in a similar man-
ner. All other reagents were obtained commercially.

[AgX{(PPh,),C,B,;,H;p} ] [X = ClO4 (1), NO; (2)]: To a solu-
tion of AgClO, (0.021 g, 0.1 mmol) in 20 ml of diethyl ether or
AgNO; (0.017 g, 0.1 mmol) in 20 ml of acetone was added
(PPh,),C;B1oH;p (0.051 g, 0.1 mmol). Upon stirring for 1 h, com-
plex 1 precipitated as a white solid. For complex 2 the solution was
concentrated to 10 ml, and addition of 15 ml of diethyl ether yiel-
ded a white solid of 2.

[AgL{(PPhy),C,ByH 9} JCIO, [L = PPh; (3), PPh,Me (4),
AsPh; (5), CsH;NCOOH (6), CGHsNCOOH (7), SPPh; (8)]: To a
solution of 1 (0.071 g, 0.1 mmol) in dichloromethane (25 ml) was
added PPh; (0.026 g, 0.1 mmol) or PPh,Me (0.020 g, 0.1 mmol) or
AsPh; (0.030 g, 0.1 mmol) or CsHyNCOOH (0.013 g, 0.1 mmol)
or CoH¢gNCOOH (0.017 g, 0.1 mmol) or SPPh; (0.029 g, 0.1 mmol)
and the reaction mixture stirred for 1 h. The solution was concen-
trated to ca. 5 ml, and addition of diethyl ether (15 ml) gave com-
plexes 3—8 as white or yellow solids.

Complexes 3 and 4 were also prepared by another procedure: To
a solution of [Ag(OClO;)PPhs] (0.047 g, 0.1 mmol) or [Ag-
(OCI03)PPh,Me] (0.041 g, 0.1 mmol) in 20 ml of dichloromethane
was added (PPh,),C,B;oH; (0.051 g, 0.1 mmol). The reaction mix-
ture was stirred for 1 h, concentrated to ca. 5 ml, and addition of
diethyl ether led to white solids of complexes 3 or 4.

[Ag(L—-L) {(Pth)zcszHw}]C104 [L-L = (PPhy),C;B1oH10
(9), bipy (10), phen (11), (SPPh;),CH,; (12)]: To a solution of 1
(0.071 g, 0.1 mmol) in 20 ml of dichloromethane was added
(PPh,),C,B;oH, (0.051 g, 0.1 mmol) or bipy (0.016 g, 0.1 mmol)
or phen (0.018 g, 0.1 mmol) or (SPPh,),CH, (0.044 g, 0.1 mmol)
and the mixture stirred for 1 h. Concentration of solvent to ca. 5
ml of addition of diethyl ether (15 ml) gave complexes 9—12 as
white or yellow solids.

Complex 9 was also synthesized by reaction of AgClO, (0.021 g,
0.1 mmol) and (PPh,),C,BgH; (0.102 g, 0.2 mmol) in dichloro-
methane (25 ml) for 1 h.

[Ag(S:CNR;) {( PPh;),CaByoH )} ] [NR; = NEt, (13), NCyHj
(14)]: To a solution of 1 (0.071 g, 0.1 mmol) in dichloromethane
(25 ml) was added a solution of NaS,CNEt, (0.017 g, 0.1 mmol)
or NaS,CNC,;H; (0.017 g, 0.1 mmol) in water (10 ml). Separation
of the organic layer, evaporation and addition of diethyl ether af-
forded complexes 13 or 14 as yellow solids.

Crystal Structure Determination of Complex 11: Crystal data:
CiygHagAgB,(CIN,O4P,, M, = 900.1, orthorhombic, space group

Chem. Ber. 1994, 127, 835—840
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Table 2. Analytical data and properties for the complexes

Yield Analysis(%)lal

Complexes (%) C H N Apm! v(B-H)l¢]

1 [AZ(OCIO3){(PPhy)sCaB1oHi0}] 82 43.28 4.20 123 2594
(43.38) (4.20)

2 [Ag(ONOy){(PPh2)2CaB10H 0}] 69 45.86 4.78 2,14 2 2614
(45.76) (4.43) (2.05)

3 [Ag(PPh3){(PPh2)2C2B19H;0}1C104 85 53.55 4.43 134 2616
(53.80) (4.61)

4 [Ag(PPhsMe) { (PPhy)2C2B 16H10}C104 94 51.19 4.81 126 2605
(50.91) 4.71)

5 [Ag(AsPh3){(PPh2)2C2B1gH10}1C104 88 51.89 4.43 127 2600
(51.49) 4.41)

6 {Ag(CsH4NCOOH){(PPh2)2C7B10H10}1C104 88 45.42 4,12 133 2585
(45.59) (4.18)

7 [Ag(CoHgNCOOH){ (PPh2)2C2B10H10}1C104 79 48.03 4.34 1.55 121 2582
(48.41) 4.17) (1.56)

8 [Ag(SPPh3){ (PPh2)2C2B10H)0}1ClO4 75 51.83 421 143 2605
(52.10) 4.47)

9 [Ag{(PPhy),C3B16H10)21C104 68 50.50 5.16 161 2578
(50.67) (4.90)

10 [Ag(bipy){ (PPh2)2C2B19H10}1C104 64 49.07 4.66 3.39 148 2584
(49.35) 4.37) (3.19)

11 [Ag(phen){(PPhy)»C2B16H10} ICI04 78 50.93 4.50 311 174 2597
(50.67) (4.25) (3.11)

12 [Ag{(SPPhy)2CH3} { (PPh2)2C2B10H 0} JCIO4 58 52.18 4.67 111 2629
(52.42) (4.48)

13 {Ag(S2CNE1){(PPh2)2C2B1gH10} 1 63 47.98 5.55 1.89 11 2590
(48.43) (5.24) (1.82)

14 [Ag(S2CNCaHg){ (PPh)2C2B 10H 10} 68 48.14 467 1.80 2586
(48.56) (4.99) (1.82)

[4] Calculated values in parentheses. — ! In acetone, Q~! cm? mol™'. — [ cm™*,

Pna2, a = 22.219(4), b = 13.154(3), ¢ = 13.750(3) A, U=4019Q2)
A3, Z = 4, Dy = 1.488 Mgm™3, F(000) = 1824, AM(Mo-K,) =
071073 A, p = 0.69 mm~!, T = —95°C. — Data collection and
reduction.: Single crystals of 11 in the form of colourless prisms
were obtained by diffusion of n-hexane into a dichloromethane
solution of 11. A prism 0.14 X 0.16 X 0.26 mm was mounted in
inert oil (type RS3000, donated by Riedel-de-Haén), transferred to
the cold gas stream of a Siemens R3 diffractometer, and used to
collect 6450 unique intensities to 2@, 50°, which were used for
all calculations. An absorption correction based on ‘¥ scans was
applied, with transmission factors 0.83—0.89. Cell constants were
refined from setting angles of 50 reflections in the range 20 =
20-23°. — Structure solution and refinement: The structure was
solved by Patterson analysis followed by tangent expansion and
subjected to anisotropic full-matrix least-squares refinement on F2
(program Siemens SHELX1-93)2I, H atoms were included by us-
ing a riding model. The weighting scheme was of the form w! =
o%(F?) + (aP)® + bP, where P = (F2 + 2F2)/3. Refinement pro-
ceeded to R'(F%) 0.104 with a conventional R(F) of 0.040 for 523
paou'ameters and 417 restraints; S = 1.06; maximum Ap = 0.78
eA3,

Crystal Structure Determination of Complex 12: Crystal data:
Cs5;:Hs4AgB1oCliO4P4S,, M, = 1253.27, monoclinic, space group
P2,/n, a = 13.286(6), b = 20.762(9), ¢ = 20.658(9) A, B = 95.93(4)°,
U = 5668(4) A3, Z = 4, Doyea = 1.469 Mgm ™3, F(000) = 2552,
MMo-K,) = 0.71073 A, u = 0.729 mm ™!, T = —100°C. — Data
collection and reduction. A total of 12221 intensities were recorded
from a pale-yellow prism of 0.60 X 0.60 X 0.20 mm, obtained from
liquid diffusion of petroleum ether into a CH,Cl, solution. An ab-
sorption correction based on ¥ scans was applied, with trans-
mission factors 0.59—0.63. Merging equivalents gave 10009 (R,
0.041) unique reflections, of which 10005 were used for all calcu-
lations. Other details as for complex 11. — Structure solution and
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refinement: The structure was solved by direct methods and refined
as above. Refinement proceeded to R'(F?) 0.131, conventional R(F)
0.046 for 680 parameters and 450 restraints. S = 1.05; maximum
Ap = 1.3eA3.

Further details of the structure determinations have been de-
posited at the Fachinformationszentrum Karlsruhe, Gesellschaft
fiir wissenschaftlich-technische Information mbH, D-76344 Eggen-
stein-Leopoldshafen, Germany. Any request for this material
should quote a full literature citation and the reference number
CSD-400594 (11), CSD-400595 (12).
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