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[DODECAHYDRX)O-6-THIA-nido-DECABORATE( I-)] 
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Wilmington. Delaware 19898 (U.S.A.) * 

(Received l%y 29th. 1974) 

The crystal structure of tris( triphenylphosphine)gold( I) [dodecahydrido-6- 
this-nido-decaborate(l-)], [(CgH5),P13.4uBgHII:S, has been determined using 
X-ray techniques and counter data. The compound is a salt consisting of 

](C,H,),P],A u+ cations and BBHIIS anions. The cation is trigonal and nearly 
planar with Au-P distances of 2.382(5) X and P-Au-P angles of 119.3(36)“. 
The BgH,7_S- thiaborane anion is an open icosahedral fragment with the S atom 
in the 6 position, on the periphery of the decaborane polyhedron. The struc- 
ture is the same as that found in solution for the isoelectronic B,0H142- anion. 
Crystals are triclinic, space group fl, with a = 13.086( 12), b = 19.635(32), 
c = 11.180(S) A, 01 = 103.60(16), 4 = 72.10(g), and -y = 94.76(15)“. The struc- 
ture was refined by least squares to a conventional R of 0.077. 

Introduction 

Reactions of simple salts of copper(H), silver(I) and gold(II) with CsBSH,,S 
in aqueous ethanol solutions containing excess triphenylphosphinn give the com- 
pounds [(C,Hg)3P]3MBsH,zS [M = Cu, Ag, Au] [l]. We were particularly inter- 
ested in these compounds because we initially thought they incorporated 
M-borane or M-H-borane interactions based on their infrared spectra. This 
turns out not to be the case, however, and as this structure illustrates, they are 
instead l/l salts of [(C,H,),PljA u+ cations and Bs H,,S- anions. The structures 
of both components of the salt are of interest in their own right since (a) there 
is very little structural chemistry on Au’ species, and (b) BSHlzS- is isoelectronic 
with B,,H,, ’ -, a known borane with several acceptable topological structures 
whose molecular structure has only recently been established in solution by ’ ‘B 
NMR [ 21. The preparation and chemistry of B9H12S- complexes as well as a 
preliminary account of the structural studies were reported earlier [ 1, 31. 

* Cootnbution No. '2115. 
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JIxperimental 

The copper and gold [(CbHs)3P],MBsH,2S comp!exes were shown to be 
isomorphous in the solid &ate. The structure work was initiated on the copper 
complex in order to minimize the heavy atom contribution to the X-ray diffrac- 
tion. The copper complex, however, decomposed quite rapidly during our data 
collection. We then proceeded to the gold complex for the rest of the X-ray 
work. No decomposition was observed with crystals of the gold complex: this 
is consistent with the observed hydrolytic and oxidative stability for these com- 
plexes where the order of stability is Au > Ag > Cu [ l]. 

Crystals of [(CgHg)3P],A~B9H,zS are triclinic with cell parameters of 
n = 13.086(12), b = 19.635(32), c = 11.180(8) A, 01 = 103.60(16), fl = 72.10(g), 
and 7 = 94.76(15)“. The observed and calculated densities for two formula units 
per cell are 1.41 and 1.42 g cmm3, respectively. The space group is Pi which im- 
poses no special symmetry on either the cation or anion. 

A prismatic crystal of dimensions 0.08 X 0.11 X 0.18 mm was used in the 
3ata collection. Data were measured on a Picker four-circle automatic diffracto- 
meter using Zr-filtered MO radiation (X 0.7107). The 13-28 scan technique was 
used with a scan range of 1.75” (l”/min) plus the K,,-K,, separation. Back- 
grounds of 20 set were taken before and after each reflection. A total of 3591 
reflections was measured out to 35” in 28; this included standards and duplicate: 
in the h01 zone which were averaged. 

An absorption correction was applied to the data in addition to the usual 
Lorentz and polarization corrections *_ The linear absorption correction for MO 
radiation is 30.2 cm-‘. The crystal shape was approximated by six plane faces 
for the absorption correction; the minimum and maximum calculated trans- 
mission factors were 0.60 and 0.76, respectively. The structure factor errors 
were estimated as described earlier [ 41. Those data with F, < 20 (F,) were con- 
sidered “unobserved”. 

Structure solution and refinement 

The structure was solved stepwlse using heavy atom techniques. The R 
value (ZlIF,I-1F,II/CIF,i) was 0.28 for the 2100 largest reflections with the 
Au atom only in the model. The phenyl rings were treated as rigid bodies in 
the refinement (C-C = 1.397 .S, C-H = 1.0 a). The R and R,,, 
[~w(IF,I---~FF,I)‘/~:~F, I z ‘j2, for an isotropic refinement with all nonhydrogen 
atoms in the model and group temperature factors for the phenyl rings are 
0.069 for R and 0.085 for R, (1796 largest reflections used). At this point the 
noting atoms were given anisotropic temperature factors and the ring carbon 
atoms individual isotropic temperature factors. Hydrogen atoms were located 
on an electron density difference map for the thiaborane cage (0.2 to 0.5 e- A-‘) 
these hydrogen positional parameters were refined, but not the thermal param- 

l The absorption program used was Prewitt’s ACACA. Other programs used were tbe Busing-Levy 
error fuDction OXFFE. the least-squares program ORFLS (a COPY of which WAS received 
from Dr. G.D. Stuchy). the Johnson plotting program ORTEP. and tbe Fourier program FOUR (a 
local version of a program wntten by Dr. L.J. Fritchie. Jr.). 
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?ters (6.0 A’ ). Hydrogen atoms were placed at their calculated positions on the 
Ljhenyl rings with fixed isotropic temperature factors of 6.0 .h2. The refinement 
i:ontinued including all observed reflections and refining the position and 
thermal parameters in two groups: (a) the Au, P, and nine rigid group atoms, 
.xnd (b) the Au, P, B, and borane H atoms. The final R values for 3094 observed 
reflections were 0.077 for R and 0.071 for R,; the R values for all the data 
J,3900 reflections) are 0.095 for R and 0.089 for I?, . A final electron density 
tiifference map showed no unusual peaks except for two of 1.4 and 1.5 e- Am3 
in the immediate vicinity of the Au and P atoms. 

Neutral atom form factors were used [5]; the Au atom was corrected for 
!the real and imaginary part of the anomalous scattering effect [6]. The function 
~w(~F,l-lF~l)~ was minimized in the refinement. A List of observed and calcu- 
ilated structure factors (X 5 in electrons) is available *. 

The final positional and thermal parameters for the nonring atoms are 
given in Table 1; the phenyl ring atom parameters are listed in Table 2. 

Results and discussion 

The crystal structure of [(CgH5))P13AuBJHIzS consists of the packing of 
discrete [(C,H,),P13AuC cations and BsHIzS- anions. The overaLl structure of 
the anion is shown in Fig. 1. The thiaborane framework is that of an open 
icosahedral fragment. The !abeling here is the conventional polyhedral labeling 
up to B(5); S is in the polyl-.edral 6-position, B(6) in the polyhedral 7-position, 
etc. The hydrogen atoms are labeled according to the B atoms to which they 
are bonded, except for H(8) through H( 12) where the H and B atom correspon- 
dence is given in Table 1. It is significant, although not too surprising, that the 
S atom is on the periphery of the polyhedral cage; this was predicted earlier [3]. 
All hydrogen atoms are terminal escept for H(11) and H(12) which bridge 
B(5) - B(9) and B(6) - B(7), respectively, on the periphery of the polyhedron. 
There is no crystallographically imposed symmetry, but the BqH12S- anion has 
idealized C,(m) point symmetry where the idealized mirror plane contains the 
atoms S, B(2), H(2), B(4), H(4), B(8), H(8) and H(9). 

A list of interatomic distances and angles is given in Table 3. Individual 
distances for the thiaborane cage are shown in Fig. 2 which also shows an 
idealized planar view of the anion; mean thiaborane distances and all pertinent 
angles are given in Table 3. The B-B and B-H distances are in the range fre- 
quently found for similar geometries in other compounds. The distances are 
consistent with the idealized C,(nz) point symmetry when the estimated errors 
are taken into account. The relatively large o values here probably result primar- 
ily from the overwhelming dominance of the scattering by the [(C,H,),P],Au+ 
cation. The average B-S distance of 1.89(3) A is consistent with difference in 
radii of Band S. A value of 2.02(5) A was found in [(CzHj)3P]zPt(H)BgHIoS 
where the S atom is also incorporated in the polyhedral framework [7], but 

* This table IS deponted as NAPS Document, with ASISINAPS. c/o hlicroflche Pubhcatrons. 305 E. 

46tb Street. New York. New York 10017. A COPY may be secured by citing the dccument and re- 
mittmg $1.50 for microhche or $5.00 for photocopies. Advance payment is requred. hlake checks 

payable to Microfiche Publications. 
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Fig. 1. Struclure of the Bg H rzS_ anion. 

there the S ti also bound directly to the Pt metal. A B-S distance of 1.92(l) A 
was observed in BloHIz [S(CH,), lz where S is exterior to the polyhedral cage 
181. 

The structure of the [(C,H,),P],Au+ cation is shown in Fig. 3. There are 
three triphenylphosphine ligands trigonally disposed about the Au atom. The 
resultant Au-phosphine geometry is essentishy planar; the Au atom is 0.20 A out 
oftheleast-squares plane through the Patoms(0.7294.~ + O.Olr33y - 0.6827~ - 

0.881 = 0). The cation point symmetry is approximately C1(3) as illustrated in 
Fig. 3. The following dihedral angles were found between the planes identified 
by the first label digit in Table 2 and shown on Fig. 3: 

l-2, 94.1”; 45, 84.0”; 7-8, 68.3”; 
l-3, 121.2”; 46, 97.5”; 7-9, 81.0”; 
2-3, 69.5”; 5-6, 95.3”; 8-9, 75.5”. 

Individual distances and angles for the cation are given in Table 3. There are no 
closely related structures with Au’-P bonds for comparison; however, observed 
Au’-P distances for two-coordinate, linear Au geometries are 2.19 A in 
Cl,PAuCl [9], 2.23(2) in (C6HS)JPAuCo(C0)4 [lo], 2.25(l) in 
(CgH5)3PL4u(C0)3WCjHS [ll]; 2.251(3) in (C~H~)~PAUSSCN(C~HS)~ 1121, 
2.28(l) in [(CtHg)3PAuC(CFJ)]2 [13], and 2.33(l) # in (CbHj)xPAuMn(CO),- 
P(OC6Hg)j [ 141. In fact, the Au-P distance of 2.382(5) d found here is among 
the longest observed for any gold geometry or oxidation state. The 2.5 A 
distance in (CH3)3PAuBr, is discounted because the determination is not as 
accurate as the afore cited structures [ 151. Au’-P single bonds have been esti- 
mated at about 2.42 A [13, 141. The fact that the Au-P distance here is so long 
and close to the expected single bond value is somewhat surprising and suggestive 
perhaps that the gold-phosphorus n bonding is minimal. 

fmntrnued on p. 279) 
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TABLE 3 

INTERATOMIC DIS’TANCES AND ANGLES FOR [(C,Hj)3PI JAuB~HI~S D 
:.‘- 

Disklrlces (A) 

Au-W 1) 2.38-l(7) 
Au-P(2) 2.389(6) 
Au-P(J) 2373(114) 

av. 2.382(S) 

B-s ilv. of 3 1.89(3) 

5Bnv. of 18 1.80(l) 

B-f-f tel-nxnal 
a”. of 10 l-10(6) 

B-H bridge 
BY. or 4 1.31(g) 

P(lJ-C(l6) 1.87(l) 
ec 1 k-cw 1 185(l) 
P(1 I-C(32) 1.86(l) 

P(2FC(-tf 1 1.82(l) 
P(apc(51) 1.81(l) 
P(2l-C(61) 1.83(l) 
P(3I-C(71) 1.83(l) 

P(3l-C(81) 1.82(l) 
P(3)--c(93) 1.84(l) 

9”. 1.8-l(1) 

P(I)_Au-P(2) 112.3(C) 
P(l)-AU-P(~) 121.5(2) 
Pfm--Au-P(3) 12&l(2) 

B(2)_S--B(6) 60.0(17) 
B(2)-S-B(5) 58.8(12) 

JY. 59.4(6) 
a” 119.3(36) 

- Au-P(lFC(l6) 118.6(G) 
AU-P(I)-C(%l) li8.-1(5) 
Au-P(l)--c(32) 111.0(5) 
AlJ-P(2I-c(4l) 119.5(-t) 
AU-P(B)-c(Bl) 11 i.Z<.z) 
AU-P(2)-C(61) 106.8(I) 
Au-P(3H(71) 116.6(J) 
Au--P(3FC(Sl) 108.-I(1) 
Au-P(3)-C(93) 118.0(.%) 

av. 114.6(16) 

C(l6)_P(lFC(21) 
C(l6)-P(lFC(32) 
C(31 FP(1 )-C(32) 
C(.~l)_P(S~c(5l) 
C(41 )-P(2FC(61) 
C(51)_P(2k-C(61) 
C(7l)_P(3W(81) 
C(71 )-P(3)_C(93) 
C(6~)_P(3l--C(93) 

P(l~C(l6)_C(ll) 
P(l)-C(l6)_C(l5) 
P(1)--C(21+Cf2?, 
P(l)-_c(2l~C(26) 
P(1)--c(32)--c(3~) 
P(1 rC(32I-C(33) 
P(2)-C(41 k-C(42) 
P(2)--c(-f 1 I-C(46) 
P(2FC(51FC(52) 
P(2)_C(51FC(56) 
P(2)--c(61 )-C(62) 
?(2)_C(61)_C!(66) 
P(3)-cx?lM(72, 
P(3)--c(71I-C(76) 
P(3)--c(Sl FC(82) 
P(3I-C(81 FC(86) 
P(3I--c(93_(92) 
P(3l-aS3ka9-I) 

100.1(5) 
101.1(6) 
105.4(5) 
1 O-1.4(5) 
103.7(6) 
107.2(6) 
lOi.8(5) 
102.9(5) 
101.8(6) 

av. 103.8(?) 

119.8(S) 
11X6(8) 
115.9(8) 
12J.l(9, 
123.9(9) 
116.0(9) 
119.0(9) 
120.7(9) 
118 6(7) 
121.2(i) 
116.-f(S) 
123.6(g) 
118.1(S) 
121.9(8) 
115.9(7) 
12&O(7) 
116.0(S) 
124.0(9) 

B(Z)_Bf 1 I-B(3) 60.7(18) 
8(3)_B(l k-B(J) 60.0(19) 
Bf2)_Bfl)_Bf5) 61.9(19) 
Bf4)-B(l)_EU9) 56.1(20) 
B(5)_B(l)-B(S) 64.0(21) 
B(l)-B(2)_B(3) 61.6(18) 
8(1 )-B(2+E(5) 56.7(18) 
B(3kBW-B(6) 57.6(20) 
B(6)_B(2)-S 60.5(18) 
B(5)_B(2k-s 63.3(15) 
B( 1 kB(3)-B(2) 57.8(16) 
B(lJ-B(3J-B(4) 60.1(19) 
8(3)-B(3)_Bf6) 62.6(10) 
Bf4FBf3)_B(7) 57.3(19) 
B(6FW3FBG’) 61.0(21) 
Bf1 )_B(4)_fX3) 59.9(20) 
EC1 r-B(-I)_B(S) 60.7(22) 
Bf3)_Bf~)_W7) 60.3( IS) 
9(7kBf4)-B(8) 64.4(18) 
Bf9)_B(4)_Bf8) 68.0(23) 
B(1 I-BW-B(2) 58.4(18) 
B(1 k-B(5J-J3(9J 59.6(20) 
B(?,~B(S)_S 57.9(13) 
fWQ-B(6)_fX3) 59.8(20) 
8(2)_9(6l-9 59.5(15) 
8(3I-i3(6)_-8(7) 60.2(20) 
Bf3+8(7FB(6) 58.9(21) 
B(3FB(7)_B(4) 62.4(20) 
Bf4kB(7)_B(8) 57.4(17) 
B(4)_-8(8)_-8(7) 58.1i17) 
B(4)_B(8J-B(9J 55.5(17) 
B( 1 I-B(9)_9(4) 6X2(22) 
B( 1 )-B(S)-B(5) 56.4(18) 
B(-IJ-Bf9I-B:8) 56.5(19) 

a”. 60.0(5) 

a”. 119.9(7) 

a fnd.itidual dwces invohng boron atpns are given in Fig. 2. The estunared errors of the mean values 
were calculated dCCOrdlLlg t0 f Zfdi-Zlj’/nf~l)J % where di sod dare the fixmti~n and mean function. 
ESped.iVdY. 
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A stereoview of the crystal structure is shown in Fig. 4. AU. intermolecular 
distances were calculated. The shortest contacts between anions and cations 
were 2.72 A for the C-(or B-)H type and 1.90 A for the H-H type (H(8) to 
H(92)). The shortest interactions involving only the cations were all intramolec- 
ular (between phosphines on a given cation) and they are 2.79 A for C-C, 2.53 A 
for C-H, and 2.45 A for H-H. 

The BsH,,S anion is isoelectronic with B,,H,J’- and hence the latter 
might be expected to have the same structure. Reddy and Lipscomb [ 161 pre- 
dicted this earher based on the anticipated similarity between B,oH,q”- and 
B10H,2(CHJCN), whose structure is like that of BgH,,S’ except that S and B(S) 
are replaced by HBNCCH3 groups. The other acceptable topological structure 

FIG 3. Sts’uchrre of the [<CtjH5)jPj~Au+ cation. 
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f?ig. 4. Stereovlew of Lhe crystal structure of [(C~H~)~PI~AUB~HI~S. 

for B,0H,3 *- could have four bridging H atoms in the B(8)-B(9) and B(5)-S 
type positlons of Fig. 1. A recent ” B NMR study [2] of RbZB,,H,, shows that 
it does have the same structure in solution as found here for BqH12S. Thus the 
solution NMR data and the X-ray evidence from an isoelectronic anion are in 
agreement on the structure of B,oH,42-. 
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