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The hypho-S2B6H9- anion has been employed to generate a series of new arachno- and hypho-metalladithiaborane 
clusters. Depending upon the conditions, the reaction of hypho-S&Hg- with [ (Q6-C6Me6)RUC12]2 yields either 

directly from I by reaction of I with proton sponge. Single-crystal X-ray studies of I and I1 have confirmed that 
these nine-vertex clusters adopt structures consistent with their respective 26- and 24-skeletal-electron counts in 
which the ruthenium atom is bound to the dithiaborane cage in either an q2- or q4-fashion. The ruthenadithiaborane 
cage framework observed for I can be derived from an icosahedron by removal of three vertices, while that of I1 
is based on an octadecahedron missing two vertices. Reactions of hypho-S2B&- with *CpCo(CO)I2 or CpCo- 
(CO)I2 gave the complexes hypho- 1,2,5-*CpCo(I)S2B6H9 (III), UrUChno-7,6,8-*CpCOS2B6H8 (IV), and arachno- 
7,6,8-CpCoS&,H8 (V). Reaction of the anion with (dppe)NiClz gave the complex urachno-7,6,8-(dppe)NiS2B6H~ 
(VI), the structure of which was shown to be similar to that of I1 by means of a single-crystal X-ray determination. 
The complex aruchn0-7,6,8-(PMe~)~Rh(H)S~B~H~ (VII) was obtained by the reaction of the anion with (PMe3)2- 
Rh(C0)Cl and is proposed to form by a process involving an oxidative addition of a cage-bridging hydrogen to the 
rhodium followed by insertion of the resulting (PMe3)2Rh(H) fragment into the dithiaborane cage framework. 

hypha- 1 ,2,5-(q6-C6Me6)RUClS2B6H9 (I) or UrUChno-7,6,8-(q6-C6Me6)RUs2B6H8 (11). 11 may also be produced 

Introduction 

We recently reported' that the reaction of the arachno-S2B7Hg- 
anion with acetone results in a degradation reaction to give good 
yields of the hypho-S2B6H9- anion. 

ue2cop20 
u ~ u c ~ ~ o - ~ , ~ - S ~ B ~ H ~ -  - hJ'phO-S&&,- (1) 

This dithiaborane anion is a rare example of a 2n + 8 cluster 
system (24 skeletal electrons, 8 cage atoms) and according to 
simple skeletal-electron counting theory2 should adopt a hypho 
cage geometry based on an octadecahedron missing three vertices,3 
such as shown in Figure 1. 

Subsequent reaction of hypho-S&&- with methyl iodide or 
methylene iodide gave the hypho-2,3-(CH~)2SzBsHs and hypho- 
1,2,5-(CH2)&B6H8 derivatives, respectively. Single-crystal X- 
ray structural determinations of the latter two compounds 
confirmed the cage geometry proposed for hypho-S&H9-.' 

We also noted that this reactivity is similar to that which has 
been observed for dithiometal clusters, such as Fe2(C0)6S22-. 

(1) (a) Kang, S. 0.; Sneddon, L. G. J .  Am. Chem. SOC. 1989, 111, 3281- 
3289. (b) Kang, S. 0.; Sneddon, L. G. In Electron Deficient Boron and 
Carbon Clusters; Olah, G. A,, Wade, K., Williams, R. E., Eds.; Wiley: 
New York, 1991; pp 195-213. 

(2) (a) Wade, K. J .  Chem. SOC., Chem. Commun. 1971, 792-793. (b) 
Wade, K. Adv. Inorg. Chem. Radiochem. 1976, 18, 1-66. (c) Wade, 
K.; ONeill, M. E. Compr. Organomet. Chem. I ,  1987, 25-35. (d) 
Wade, K.; ONeill, M. E. In Mefal Interactions with Boron Hydrides; 
Grimes, R. N., Ed.; Plenum: New York, 1982; pp 1-41, 

(3) The isoclectroniccarborane anion hypho-C2B6H13- has also been proposed 
to have a similar structure. See: Jelinek, T.; Plesek, J.; Hermanek, S.; 
Stibr, E. Main Group Met. Chem. 1987, 10. 397. 
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Figure 1. Proposed structure of hypho-S2B&-. 

For example, Fe2(C0)6(SH)2 reactions analogous to those in eqs 
2 and 3 have been found to yield Fe2(CO)&Me2 and 
Fe2(Co)&CH2  product^.^ These results suggested that the 
hypho-SzB&- anion might serve, like Fe2(C0)6(p-S)2,4~s as a 
starting material for the synthesis of a variety of new hybrid 
transition-metal clusters and complexes, in which the metal could 
exhibit either exopolyhedral or cluster-framework bonding modes. 
In this paper we report the syntheses and structural character- 
izations of the first examples of such clusters, including both 
hypho- and arachno-metalladithiaborane complexes. 

Experimental Section 

Materials. The compounds (dppe)NiCI2, CpCo(CO)2, [RhCI(CO)2]2, 
Me3P, 1,2,3,4,5-pentamethyIcyclopentadiene, and [ 1 ,I-bis(dimethy1- 
amino)naphthalene] (proton sponge) were obtained from Aldrich. 
Co2(CO)e was purchased from Strem Chemicals. [ (q6-C6Me6)RuC12]2,6 
CpC0(C0)12,~ *CpCo(CO)I2,7 *CpCo(C0)2,* Rh(PMe3)2(CO)C1,9 and 

(4) (a) Seyferth, D.; Henderson, R. S.; Song, L.-C. J .  Organomer. Chem. 
1980, 192, Cl-C5. (b) Seyferth, D.; Henderson, R. S.; Song, L.-C. 
Organometallics 1982, I ,  125-133. (c) Seyferth, D.; Henderson, R. S.; 
Song, L.-C.; Womack, G. B. J .  Organomer. Chem. 1985, 292, 9-13. 

(5) Cowie, M.; Dekock, R. L.; Wagenmaker, T. R.; Seyferth, D.; Hend- 
erson, R. S.; Gallagher, M. K. Organometallics 1989, 8, 119-132. 

(6) Bennett, M. A.; Huang, T.-N.; Matheson, T. W.; Smith, K. A. Inorg. 
Synth. 1982, 21, 74-76. 

(7) King, R. B. Inorg. Chem. 1966, 5,  82-87. 
(8) Byers, L. R.; Dahl, L. F. Inorg. Chem. 1980, 19, 277-284. 
(9) Sakakura, T.; Sodeyama, T.; Tanaka, M. New. J. Chem. 1989,13,737- 

745. 
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Table I. NMR Data 
IlB NMR 

6, ppm (JBH, Hz) 
compd B9 B1 B8 B10,ll B12 

hypho-l-BH2-2,5-S2B6H9' 2.6 (160) -11.5 (130) -23.1 (175) -22.2 (145) -54.6 (155) 
hypho-1,2,5-(rl-C6~e6)RUcls2B6H9 (I)" -1.8 (160) -18.5 -20.3 (142) -52.6 (148) 
hypha- 1,2,5-*CpCOIS2&,H9 (IV)b -0.2 (1 55) -18.0 -19.1 (113) -52.8 (147) 

compd B5,9 B7 B2,3 B4 B1 
aruchno-6,8-SzB7H9 2.8 -4.4 -22.5 -37.6 -48.8 
afaChnO-7,6,8-(~-C6Me6)RUS2B6Hs (11)" 3.1 (151) -13.1 (163) -35.5 (145) -43.1 (145) 
arachno-7,6,8-CpCOS2B6Hs (111)" 4.8 (1 56) -9.8 (166) -33.7 (153) -40.2 (143) 
araChno-7,6,8-*CpCOS2BsHs (v)9 5.1 (145) -8.0 (175) -34.6 (145) -39.6 (160) 
arachno-7,6,8-(dppe)Nis2B6H~ (VI)" 8.7 -6.8 -33.2 -39.4 (143) 
ararhno-7,6,8-(PMe3)2Rh(H)S2B6H~ (VII)b 8.0 (145) -8.0 (146) -32.0 (1 37) -44.2 (140) 

5.7 (167) -12.7 (172) 

IH NMR (IIBJ 
compd 6, ppm (mult, assign) 

hyph0- 1,2,5-(?-CsMe6)RUClS2B6Hs (I)" 
arachno-'1,6,8-(rl-C6Me6)RuS2B6Hg (11)" 
hypho-1,2,5-*CpCO(I)S2B6H9 (IV)b 

arachno-7,6,8-(PMe3)2Rh(H)S2B6Hg (VU)" 

2.89 (s, BH), 2.36 (S, BH), 2.04 (s, CH3). -0.51 (t, JHH = 11 Hz),-1.18 (s, Hbr) 
3.58 (s, BH), 2.1 1 (s, CHs), 1.63 (s, BH), -1.54 (s, Hbr) 
3.94 (s, BH), 3.21 (s, BH), 2.62 (s, BH), 1.11 (s, CH3), -1.31 (Hbr), -1.42 (Hbr) 

3.83 (s, BH), 2.19 (S, BH), 1.67 (d, CH3, &pa = 10 Hz), 1.59 (d, CH3, JHpb 
arachno-7,6,8-(dppe)Nis2B6Hs (VI)' 7.52 (m, Ph), 3.66 (br, BH), 2.41 (m, CHI), 4 . 8 0  (Hbr) 

11 Hz), 
-0.94 (S, Hbr), -1.1 1 (S, Hbr), -13.07 (m, Rh-H, ~ J H R ~  = 18 Hz, 2 J ~ p a  = 18.5 Hz, 
'JHPb, = 23.9 HZ, 3JHH(FJ3H) = 5 HZ) 

31P NMR 3IP NMR 
compd 6, PPm compd 6, PPm ('JPRh, Hz) 

arachno-7,6,8-(dppe)NiS*B6Hs (VI)' +66.4, +54.0 arachno-7,6,8-(PMe3)2Rh(H)S2B6Hs (VII)b +7.7 (130),-1.2 (115) 

~rachno-S2B7H9~~ were prepared by literature methods. Methylene 
chloride was distilled from P205. Ethyl ether and THF were distilled 
from sodium benzophenone. Hexane and pentane were dried over mo- 
lecular sieves. Acetone was used as received. 

PhysicalMemurements. Boron-1 1 NMRspectra at 64.5 MHz, proton 
NMR spectra at 200 MHz, and phosphorus-3 1 NMR spectra at  8 1 MHz 
were obtained on a Bruker WP 200 SP  spectrometer. Boron-1 1 NMR 
spectraat 160.5 MHzandprotonNMRspectraat500MHzwereobtained 
on a Bruker AM 500 spectrometer. All boron chemical shifts are 
referenced to BF~sO(C~H& (0.0 ppm), with a negative sign indicating 
an upfield shift. All proton chemical shifts were measured relative to 
internal residual protons from the lock solvent. The NMR data are 
presented in Table I. 

High- and low-resolution mass spectra were obtained on VG-ZAB-E 
or VG Micromass 7070-H mass spectrometers. IR spectra were obtained 
on a Perkin-Elmer 1430 spectrophotometer. Except where indicated, all 
yields are calculated on the basis of starting arachno-6,8-S2B7Hs. 

hypb2,3-S2B&-. hypho-2,3-S2B&~ was prepared by a modified 
procedure of the previously published method.l In a typical reaction, a 
solution of arachno-6,8-Na+S2B7Hs- was prepared by reaction in vacuo 
of excess sodium hydride with arachno-6,8-S2B7Hs (0.30 g, 2.02 mmol) 
in 20 mL of diethyl ether. After H2 evolution had ceased (1 h), the 
resulting yellow solution was filtered. The solvent was removed and 
acetone was cannulated onto the Na+S2B,Hs- salt. The solution was 
stirred at 40-50 OC until the yellow solution became colorless (2 h). 
Acetone was removed by vacuum distillation, 25 mL of ether was added, 
and the ether solution was filtered. 

~yph~1,2,S-(16-CsMes)Rucls2B6Hs (I). An ether solution of 
hypho-2,3-S2B&-, made from 0.35 g (2.36 mmol) of arachno-6,8- 
S2B7H9, was added dropwise to a 0.92 g (1.38 mmol) suspension of [($- 
C6Me6)RuC12]2 in methylene chloride. After overnight stirring, the 
solvents were vacuum-evaporated and the residue was extracted with 
toluene. Recrystallization from methylene chloride/hexane gave 0.40 g 
(0.92 mmol, 39% yield) of I: yellow solid; mp 168-172 "C dec; exact 
mass calc for R u C I S ~ C ~ ~ B ~ H ~ ~  438.0845, found 438.0823; IR (cm-I) 
2960 (w), 2910 (w). 2540 (vs), 2510 (vs), 2050 (w), 1445 (w), 1375 (s), 
1260 (m), 1195 (m), 1105 (w). 1065 (m), 1015 (w), 1000 (s), 980 (s), 
875 (m), 830 (w), 730 (m), 680 (w), 670 (w), 640 (w), 540 (w). 

(10) Plesek, J.; Hermanek, S.; Janousek, Z .  Collect. Czech. Chem. Commun. 
1971.42, 785-192. 

rra~bno-7,6,8-(r)~-C~es)RuS*B~* 11. An ether solution of 
hypho-2,3-S2&,H9-, made from 0.45 g (3.03 mmol) of urachno-6,8- 
S2B7H9. was added dropwise to a suspension of 1.06 g (1.59 mmol) of 
[ (+C&k6)RUC12]2 in methylene chloride containing an equimolar 
amount of proton sponge (0.68 g). After stirring overnight, the solution 
was concentrated and chromatographed on a silica gel column. The 
mixture was eluted with hexane, followed by solvent mixtures containing 
increasing amounts of methylene chloride. A yellow band was collected. 
After evaporation of the solvents, 0.46 g (1.1 5 mmol, 36% yield) of solid 
I1 was obtained: orange; mp 183 OC dec; exact mass calc for 

2520 (vs), 2480 (s), 1380 (s), 1260 (w), 1060 (w), 1000 (vs), 960 (w), 
900 (w), 875 (m), 800 (m), 735 (m), 580 (m), 525 (w). 

directly from I: A methylene chloride solution containing 65 mg (0.15 
mmol) of I and an excess of proton sponge was stirred overnight at room 
temperature. The solvent was then vacuum-evaporated, and the contents 
of the flask were extracted with benzene. Recrystallization from meth- 
ylene chloride/hexane gave 47 mg (0.12 mmol) of pure product corre- 
sponding to an 80% yield from I. 
hypho-l,2,6-*CpCo(I)S2B& (111). An ether solution of hypho- 

2,3-&B&-, made from 0.45 g (3.03 mmol) of arachno-6,8-S2B7H9, was 
added to a methylene chloride solution containing 1.40 g (2.94 mmol) 
of *CpCo(CO)I2. After stirring for 30 min, the solvents were vacuum- 
evaporated and the residue was extracted with ether. The ether was 
evaporated, and the remaining solid was then washed with a minimum 
amount of pentane (5 mL) to give 0.48 g (1.05 mmol, 34% yield) of 111: 
dark green; mp >300 "C; exact mass calc for ICO&CI&H~~ 460.0255, 
found 460.0203; IR (KBr, cm-I) 2950 (m), 2900 (w), 2520 (vs), 2030 
(s), 1460 (m), 1425 (w), 1370 (s), 1260 (9). 1200 (w), 1160 (w), 1100 
(w), 1000 (s), 870 (w), 800 (s), 550 (m). 

mchm7,6,8-*CpC&&& (IV). An ether solution of hypho-&B,&~, 
made from 0.45 g (3.03 mmol) of arachno-S2B7H9, was cannulated onto 
a methylene chloride solution of 1.40 g (2.94 mmol) of *CpCo(CO)I2 
containing an equimolar amount of proton sponge (0.64 9). After stirring 
overnight at room temperature, the solvents were vacuum-evaporated 
and the residue was continuously extracted with hexane until the wash- 
ings were clear. Evaporation of the hexane left 0.64 g (1.94 mmol, 64% 

RUS2C12B6H26402.1078, found402.1171; IR (cm-I) 2910 (W),255O(S), 

Alternatively, UrUChno-7,6,8-(r)6-C6Me6)RUS2B6Hs was produced 



hypho- and arachno-Metalladithiaboranes 

Table 11. Data Collection and Structure Refinement Information 
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I I1 VI 
space group 
a, A 
b, A 
C, A 
a, deg 
8, deg 
7. deg v, A3 
Z 
&,I, g cm-j 
F(000) 
mol formula 
mol wt 
cryst size, mm 

p, cm-1 
tran (min, max) 
8 range, deg 
scan mode 
&h,fk , f / ,  collcd 
no. of measd intensities 
no. of unique intensities 
no. with Fo2 > 3o(Fo2) 
no. of variables 
R 
Rw 
GOF 

A, A 

P21/n 
8.007 (1) 
13.889 (3) 
17.210 (2) 

100.68 (1) 

1880.7 (9) 
4 
1.543 
888 

436.87 
0.02,0.08,0.20 
Cu Ka, 1.541 84 
101.86 
37.6,99.8 
2.0-65.0 

&9,+16,+20 
3468 
3196 
1301 
199 
0.063 
0.064 
1.416 

R U S ~ C I ~ B ~ H ~ ~ C ~  

-28 

yield) of solid. The compound was identified by comparison of its IIB 
and IH NMR spectra with those of the literature." 

Alternatively, arachno-7,6,8-*CpCoS2B6Hs (IV) was produced directly 
from 111: A THF solution containing 0.38 g (0.80 mmol) of 111 and an 
excess (-2 mmol) of proton sponge, was stirred for 1 h. HCI (5 M) was 
then added to precipitate any unreacted proton sponge. The solution was 
filtered, the solvent was evaporated, and the residue was extracted with 
hexane until the washings were clear. Evaporation of the hexane left 
0.19 g (0.57 mmol, 71% yield) of 1V. 

arac~~o7,6,8-CpCoS2BsHs (V).  An ether solution of hypho- 
2,3&B.&-, made from 0.30 g (2.02 mmol) of aruchno-6,8-S287H9, was 
cannulated onto a methylene chloride solution containing 0.82 g (2.02 
mmol) of CpCo(CO)I2. After stirring overnight at room temperature, 
the solvents were vacuum-evaporated and the residue was chromato- 
graphed on silica gel. Elution with hexane gave a purple band containing 
0.19 g (0.73 mmol, 36% yield) of V. The product was identified by 
comparison of its IlB and IH NMR spectra with those of the literature.12 

orach7,6,8-(dppe)NSzB,& (VI). A freshly prepared solution of 
hypho-2,3-S2B&-, made from 0.40 g (2.69 mmol) of aruchno-6,8- 
S2B7H9, was added dropwise to a methylene chloride solution containing 
1.42 g (2.69 mmol) of [ 1,2-bis(diphenyIphosphino)ethane]nickel(II) 
chloride at -78 OC. There was an instantaneous change of color from 
brown to deep blue. The solution was brought to room temperature and 
stirred overnight. The solvents were removed in vacuo, and the residue 
was dissolved in ether and filtered. The filtrate was concentrated, and 
the product was precipitated by addition of pentane. Filtration gave 0.49 
g (0.83 mmol, 31% yield) of VI: dark blue; mp >300 OC; exact mass calc 
(P-1) NiP2S2C26B6H32 593.1254, found 593.1203; IR (KBr, cm-I) 3150 
(w), 2560 (s), 2510 (vs), 1480 (m), 1430 (vs), 1305 (w), 1260 (w), 1190 
(m), 1100 (s), 1010 (s), 980 (w), 920 (w), 875 (s), 840 (w), 805 (s), 745 
(vs), 690 (vs), 675 (w), 645 (w), 555 (m), 515 (vs), 495 (w), 480 (w), 
435 (m). 395 (m), 350 (m). 

arac~~~7,6,8-(PMeo)tRh(H)StBsHs (VII). An ether solution of 
hypho-2,3-S2BsHg-, made from 0.39 g (2.62 mmol) of urachno-6,8- 
S2B7H9, was added dropwise at 0 OC to a methylene chloride solution 
containing 0.75 g (2.36 mmol) of (PMe&Rh(CO)CI. After stirring 
overnight at room temperature, the solvents were removed, benzene was 
added, and the solution was filtered. Vacuum evaporation of the benzene 
gave0.63 gofcrudematerial. Recrystallization frommethylenechloride/ 
hexane gave 0.26 g (0.66 mmol, 25%) of pure VII: light-brown; mp 115 
OC dec; exact mass cak  for RhS2P2C&H27 (P-2) 392.0486, found 
392.046; IR (KBr, cm-I) 2980 (w), 2920 (w), 2520 (vs), 2060 (m), 1790 

~ ~~ ~ 

(11) Kang, S.  0.; Sneddon, L. G. Inorg. Chem. 1988, 27, 3169-3112. 
(12) Zimmerman, G. J.;Sneddon, L. G. J .  Am. Chem. Soc. 1981,103,1102- 

1111. 

Pi 
8.525 (2) 
9.541 (2) 
11.876 (2) 
104.93 (2) 
88.96 (2) 
109.68 (2) 
876.3 (8) 
2 
1.517 
408 
R U S Z C I ~ H ~ ~ B ~  
400.41 
0.03,0.05,0.20 
Cu Ka,  1.541 84 
94.63 
80.7,99.5 
2.0-65.0 

f 10,f l l , f l 3  
3166 
2967 
2536 
190 
0.050 
0.067 
1.888 

w-2e 

P 2 d n  
11.404(1) 
24.693 (5) 
11.593 ( I )  

100.52 (1) 

3210 (1) 
4 
1.319 

0.15,0.25,0.40 
Mo Ka, 0.710 73 
8.49 
94.4, 99.9 
2.0-27.5 
-28 
+14,-32,f15 
7879 
7336 
3668 
385 
0.043 
0.056 
1.518 

(w), 1425 (s), 1305 (w), 1295 (m), 1205 (w), 1150 (w), 1070 (w), 1020 
(m), 955 (vs), 870 (m), 805 (w), 740 (m), 690 (m), 650 (w). 

Crystallographic Data for I, 11, and VI. Single crystals were grown 
by slow evaporation under nitrogen (I) or air (11, VI) of methylene 
chloride/hexane solutions. Suitably sized crystals were mounted and 
transferred to the diffractometer. Refined cell dimensions and their 
standard deviations were obtained from least-squares refinement of 25 
accurately centered reflections. 

Collection and Reduction of the Data. Diffraction data were collected 
at  295 K on an Enraf-Nonius four-circle CAD-4 diffractometer employing 
radiation from a highly oriented graphite-crystal monochromator. The 
intensities of three standard reflections measured at regular intervals 
showed no systematic change during data collection. The raw intensities 
were corrected for Lorentz and polarization effects. 

Solution and Refinement of the Structure. All calculations were 
performed on a VAX 11/750 computer using the Enraf-Nonius structure 
package. The full-matrix least-squares refinement was phased on F, and 
the function minimized was xw(lFoI - The weights (w) were taken 
as 4F02/(a(Fo2))2 where IFo[ and IFcJ are the observed and calculated 
structure factor amplitudes. The neutral-atom scattering factors and 
complex anomalous dispersion corrections are those stored in the SDP 
package. Agreement factors are defined as R = cIIFoI - IFcll/xlFol and 

Three-dimensional Patterson syntheses gave the coordinates of the 
metal atoms in all compounds. Subsequent Fourier maps led to the 
locations of all other non-hydrogen atoms. Anisotropic refinements 
followed by difference Fourier syntheses resulted in the location of all 
cage hydrogens. The positions of the remaining hydrogens were then 
calculated. Calculated hydrogen positions were not refined, but included 
as constant contributions to the structure factors. The final refinements 
included either numerical or empirical absorption corrections along with 
anisotropic thermal parameters for non-hydrogen atoms and fixed isotropic 
thermal parameters for the hydrogen atoms (6 A2). Final difference 
Fouriers were featureless. Crystal and refinement data are given in Table 
11. FinalpcsitionalparametersaregiveninTables III,V,andVII.Selected 
intramolecular bond distances are presented in Tables IV, VI, and VIII. 

Results and Discussion 

Depending upon t h e  conditions, t h e  reaction of [($- 
C&fe6)RuC12]2 with hypho-Na+s2B&€g- gave two different ru- 
thenadithiaborane complexes. Thus, when a 2: 1 ratio of the  anion 
a n d  [ (+C6Me6)RuCl2I2  was  reac ted ,  hypho-l ,2,5-(q6- 
C6Me6)RuC1S2B6H9 (I) was produced, but when proton sponge 
was  added t o  t h e  reac t ion  mix tu re  arachno-7,6,8-(q6- 
C6Me6)RuS2B6H8 (11) was obtained. I t  was subsequently 

Rw = (UIFOl - IFcl)2/xIFol2)'/2. 
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Table 111. Refined Positional Parameters for 
hypho- 1 ,2,5-(lr6-CsMes)RuCIS2B6Hg ( I )  

Mazighi et al. 

atom X V z E=,O A2 
~ ~~ 

Rul 0.1575 (2) 0.1148 (1) 0.28357 (7) 3.31 (2) 
s 2  0.3411 (5) 0.2281 (4) 0.3641 (3) 4.7 (1) 
S5 -0.0189 (5) 0.1057 (4) 0.3820 (2) 4.9 (1) 
C1 -0.0140 (6) 0.2450 (4) 0.2193 (2) 5.6 (1) 
B7 0.229 (3) 0.327 (2) 0.412 (1) 5.0 (6) 
B8 0.006 (2) 0.338 (2) 0.407 (1) 5.5 (6) 
B9 -0,066 (2) 0.226 (2) 0.423 (1) 5.7 (6) 
BlO 0.117 (3) 0.146 (2) 0.482 (1) 5.5 (6) 
B11 0.305 (2) 0.210 (2) 0.472 (1) 4.8 (5) 
B12 0.119 (2) 0.273 (2) 0.484 (1) 4.6 (5) 
c1 0.222 (2) -0.037 (1) 0.3069 (8) 4.0 (4) 
c 2  0.076 (2) -0.033 (1) 0.2471 (9) 3.7 (4) 
c 3  0.077 (2) 0.025 (1) 0.1801 (8) 4.6 (4) 
c 4  0.229 (2) 0.073 (1) 0.1698 (8) 4.8 (4) 
c 5  0.377 (2) 0.068 (1) 0.2290 (8) 3.8 (4) 
C6 0.374 (2) 0.010 (1) 0.2990 (9) 4.5 (4) 

C8 -0.080 (2) -0.089 (1) 0.256 (1) 5.2 (5) 
C9 -0,079 (2) 0.028 (1) 0.1 145 (9) 5.6 (5) 
C10 0.233 (2) 0.129 (1) 0.0946 (8) 6.2 (5) 
C11 0.535 (2) 0.118 (2) 0.2199 (9) 6.3 (5) 
C12 0.528 (2) 0.008 (2) 0.365 (1) 6.1 (5) 

c 7  0.221 (2) -0.097 (1) 0.381 (1) 5.5 (5) 

a E ,  = 4/3[@ll~2 + @22b2 + /333c2 + @ l 2 ~ b  COS 7 + / ~ I ~ U C  COS /3 + 8236~ 
cos a]. 

determined that I can, in fact, be directly converted to I1 by 
reaction of I with proton sponge. 

2 hypho-Na+S,B,H; + [($-C6Me6)RUC12], --+ 

2 hyph0-1,2,5-(11~-C~Me,)RUClS,B~H, (I) + 2NaC1 (4) 

hypho-1 ,2,5-(t16-C6Me6)RuClS2B6Hg (I) + proton 

sponge --+ UrUChnO-7,6,8-(s6-C6Me6)RUs*B6HE (11) + 
HCl (6) 

The 1 I B NMR spectra (Figure 2) of I and I11 (discussed below) 
and hypho-&B,H~ I (Le. hypho- 1 -BH2-2,5-SzBsHs) are quite 
similar and are highly characteristic of their cage frameworks. 
For example, as we previously noted, compounds, such as 
hypho-S2B6H9- and hypho-l-BH2-2,5-S2B6H9, that contain a 
dithiahexaborane fragment with three boron-boron bridging 
hydrogens, have spectra in which the B8 resonance appears near 
-25 ppm and the apical B12 resonance near -55 ppm.’ Similar 
spectra were observed for I and I11 consistent with such bridged- 
dithiahexaborane frameworks. A single-crystal X-ray study 
confirmed these features, as shown in Figure 3. 

The observed cage structure has one puckered six-membered 
RuS2-B7-B8-B945 open face and one five-membered Ru- 
S2-B 1 l - B l M 5  open face. The five-membered face is also non- 
planar, with the Ru atom lying 0.67 A out of the S2-B1 1-Bl0- 
S5 plane. Bridging hydrogens are present on both faces, at the 
B7-B8, B8-B9, and BlO-Bll edges, respectively. 

There are at least two different ways in which the structure 
of I may be viewed. If the compound is considered a nine-vertex 
cluster, composed of six boron, two sulfur, and one ruthenium 
atoms, then according to skeletal-electron counting procedures,2 
the compound would contain 26 skeletal electrons and fall into 
the hypho electronic class. I would therefore be isoelectronic in 
a cluster sense with hypho- 1-(CH2)-2,5-S2B6H8 and should adopt 
a similar structure derived from an icosahedron by removing 
three vertices. The observed cage geometry of I can indeed be 
derived in this manner, as shown in Figure 4. 

Rul-SZ 
R u l S 5  
Rul-CI 
Rul -Cl  
R u l 4 2  
Rul-C3 
R u l 4 4  
Rul-C5 
Rul-C6 
S2-B7 
S2-B 1 1 
S5-B9 

2.409 (4) 
2.402 (4) 
2.412 (5) 
2.195 (16) 
2.213 (15) 
2.172 (15) 
2.218 (16) 
2.240 (1 5) 
2.240 (16) 
1.905 (23) 
1.943 (20) 
1.887 (25) 

S5-BlO 
B7-B8 
B7-B11 
B7-Bl2 
B8-B9 
B8-B 12 
B9-Bl2 
B1C-Bll 
B1C-B12 
B11-Bl2 
Cl-C2 
Cl-C6 

1.943 (19) 
1.779 (28) 
1.964 (30) 
1.819 (29) 
1.690 (34) 
1.714 (27) 
1.772 (26) 
1.783 (30) 
1.767 (32) 
1.776 (29) 
1.412 (18) 
1.41 1 (21) 

Table V. Refined Positional Parameters for 
aruchn0-7,6,8-(~~-C6Me6)R~i~~B6H~ (11) 

C 1 -C7 
C 2 4 3  
C 2 4 8  
c3-c4 
c3-c9 
c 4 c 5  
C4-ClO 
C5-C6 
C5-C11 
C6-C 12 

1.514 (23) 
1.410 (22) 
1.496 (22) 
1.424 (23) 
1.522 (19) 
1.415 (19) 
1.516 (22) 
1.455 (22) 

1.514 (19) 
1.477 (22) 

atom X V z Bm.a A2 

Ru7 0.21675 (6) 0.33541 (5) 0.23796 (4) 2.511 (9) 
S6 0.5002 (2) 0.4047 (2) 0.3037 (2) 4.35 (5) 
S8 0.1543 (2) 0.5358 (2) 0.3736 (2) 4.59 (5) 
B1 0.485 (1) 0.714 (1) 0.2908 (8) 4.1 (2) 
B2 0.447 (1) 0.515 (1) 0.2043 (8) 4.1 (2) 
B3 0.274 (1) 0.5838 (9) 0.2401 (8) 3.8 (2) 
B4 0.546 (1) 0.765 (1) 0.4386 (9) 4.9 (2) 
B5 0.609 (1) 0.620 (1) 0.338 (1) 4.8 (2) 
B9 0.335 (1) 0.725 (1) 0.3963 (9) 5.0 (2) 
C1 0.2145 (8) 0.1490 (7) 0.0805 (6) 3.0(1) 
C2 0.1088 (8) 0.2291 (7) 0.0581 (6) 3.1 (1) 
C3 -0.0246 (8) 0.2396 (7) 0.1309 (6) 3.3 (2) 
C4 -0.0480 (7) 0.1791 (7) 0.2289 (6) 3.0 (1) 
C5 0.0596 (8) 0.0984 (7) 0.2537 (6) 3.2 (2) 
C6 0.1907 (8) 0.0852 (7) 0.1788 (6) 3.2 (1) 
C7 0.355 (1) 0.1375 (9) 0.0038 (8) 4.6 (2) 
C8 0.135 (1) 0.2968 (9) -0.0457 (7) 4.6 (2) 
C9 -0.137 (1) 0.3242 (9) 0.1076 (8) 5.0 (2) 
C10 -0.182 (1) 0.192 (1) 0.3087 (8) 5.0 (2) 
C11 0.030 (1) 0.0274 (9) 0.3552 (7) 4.8 (2) 
C12 0.3082 (9) 0.0088 (8) 0.2091 (8) 4.6 (2) 

a Eq = 4 / 3 [ j 3 1 1 ~ 2  + @22b2 + &c2 + /312~b COS + @ ~ ~ U C C O S  /3 + 8236~ 
cos a]. 

Alternatively, I may be regarded as an exopolyhedrally 

ment, or the CHI fragment in hypho- 1 -(CH2)-2,5-S2B&, could 
then be considered as an exopolyhedral bridging unit having 
localized two-center, 2-electron bonding interactions with the 
two sulfur cage atoms. The observed ruthenium-sulfur distances 
R u S 2  2.409 (4) A and R u S S  2.402 (4) A are, in fact, at the 
high end of the range observed for normal ruthenium-sulfur 
bonds.13 Likewise, the bond angles at the metal center, S2- 
R u S S  90.3 (2)O, S2-Ru-Cl90.5 (2)O, SS-Ru-Cl90.2 (2)O are 
consistent with a six-coordinate ruthenium. Thus, I could be 
considered a hybrid molecule that is composed of a “nonclassi- 
cal” dithiaborane cluster substituted by a “classical” arene- 
ruthenium fragment. In this view, the dithiaborane anion would 
be an analogue of T2-dithiolene or bis(mercapt0) ligands. 

The boron-boron and boron-sulfur cage distances in I are 
similar to those found’ in hypho-2,3-(CH~)2S2BaHs and hypho- 
l-(CH2)-2,5-S2B6H8 with the exception that the B10-Bll 
distance, 1.783 (30) A, in I is longer (compared to 1.64 (1) and 

(1 3) See, for example: (a) Brunner, H.; Janietz, N.; Wachter, J. J .  Orgu- 
nomet. Chem. 1988,356.85-91. (b) Cordes, A. W. Acru Crystullogr. 
1988, C44, 363-364. (c) Bruce, M. I.; Liddell, M. J.; Snow, M. R.; 
Tiekink, E. R. T. J .  Orgummet. Chem. 1988,352,199-204. (d) Killops, 
S. D.; Knox, S. A. R.; Riding, G. H.; Welch, A. J. J .  Chem. SOC., Chem. 
Commun. 1978, 486-488. (e) Torres, M. R.; Perales, A.; Ros, J. Or- 
gunometullics 1988, 7, 1223-1224. (0 Dev, S.; Imagawa, K.; Mizobe, 
Y.; Cheng. G.; Wakatsuki, Y.; Yamazaki, H.; Hidai, M. Orgunome- 
tallics 1989. 8, 1232-1237. (g) Amarasekern, J.; Rauchfuss, T. B.; 
Rheingold, A. L. Inorg. Chem. 1987,26,2017-2018. (h) Lockemeyer, 
J. R.; Rauchfuss, T. B.; Rheingold, A. L. J. Am. Chem. Soc. 1989, I 1  I ,  
5733-5738. ( i )  Clearfield, A.; Epstein, E. F.; Bernal, I. J .  Coord. Chem. 
1977, 6,227-240. (j) Sellmann, D.; Binker, G.; Knoch, F. Z. Nurur- 
forsch. 1987, 428, 1298-1 306. 

Substituted hyph&&Hg- cluster. The (?f-C6Me6)RUCl frag- 



hypho- and arachno-Metalladithiaboranes 

Table VI. Bond Distances (A) in 
arachno-7,6,8-(r16-C6Me6)Rus2B6H~ (11) 
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Table VIII. Bond Distances (A) in arachno-7,6,8-(dppt)NiS2BsHs 
(VI) 

R u 7 S 6  
R u 7 S 8  
Ru7-B2 
Ru7-B3 
Ru7-C 1 
Ru7-C2 
Ru7-C3 
Ru7-C4 
Ru7-C5 
Ru7-C6 
S b B 2  
S6-B5 

Table VII. 
arachno-7 

2.369 (2) 
2.367 (2) 
2.235 (8) 
2.246 (9) 
2.219 (6) 
2.182 (6) 
2.217 (7) 
2.233 ( 5 )  
2.261 (6) 
2.242 (6) 
1.920 (1 1) 
1.880 (10) 

S8-B3 
S8-B9 
Bl-B2 
Bl-B3 
B 1 -B4 
B1-B5 
Bl-B9 
B2-B3 
B2-B5 
B3-B9 
B 4 B 5  
B k B 9  

1.939 (9) 
1.899 (9) 
1.835 (12) 
1.813 (12) 
1.735 (14) 
1.781 (17) 
1.779 (15) 
1.811 (15) 
1.939 (13) 
1.951 (12) 
1.807 (15) 
1.759 (16) 

Refined Positional Parameters for 
.6,8-(d~pe)NiS2BsHs (VI) 

c1-c2 
C1-C6 
C1-C7 
C 2 4 3  
C2-C8 
c3-C4 
c3-c9 
c4-c5 
c4-c10 
C5-C6 
C5-C11 
c6-c 12 

1.429 (11) 
1.431 (11) 
1.505 (11) 
1.431 (10) 
1.513 (11) 
1.410 (11) 
1.514 (13) 
1.458 (11) 
1.490(11) 
1.434 (10) 
1.507 (12) 
1.518 (12) 

atom X Y z E,," A2 
Ni7 0.07482 ( 5 )  0.15195 12) 0.31997 15) 2.89 (1) 
P1 
P2 
S6 
S8 
B1 
B2 
B3 
B4 
B5 
B9 
c1 
c 2  
c 3  
c 4  
c5 
C6 
c 7  
C8 
c 9  
c 1 0  
c11 
c 1 2  
c 1 3  
c 1 4  
C15 
C16 
c17  
C18 
C19 
c 2 0  
c21  
c22  
C23 
C24 
C25 
C26 
C27 
C28 
C29 
HB1 
HB2 
HB3 
HB4 
HB5 
HB9 
HB45 
HB49 

0.2518 (i)' 
0.0190 (1) 
0.0898 (1) 
0.0530 (1) 

-0.1064 ( 5 )  
-0.0595 ( 5 )  
-0,0802 ( 5 )  
-0.0039 (7) 
-0,0027 (6) 
-0.0331 (6) 

0.3791 (4) 
0.3684 ( 5 )  
0.4642 ( 5 )  
0.5715 ( 5 )  
0.5862 ( 5 )  
0.4889 ( 5 )  
0.2805 (4) 
0.1876 ( 5 )  
0.2078 ( 5 )  
0.3183 (6) 
0.4095 ( 5 )  
0.3921 ( 5 )  
0.2672 (4) 
0.1528 ( 5 )  

-0,0383 (4) 
-0.1584 ( 5 )  
-0,1995 ( 5 )  
-0.1234 (6) 
-0.0037 (6) 

0.0397 ( 5 )  
-0,0866 (4) 
-0.1200 ( 5 )  
-0.1944 (6) 
-0.2344 (6) 
-0.2008 (6) 
-0.1267 ( 5 )  

0.4358 (7) 
0.4200 ( 5 )  
0.3041 (8) 

-0.195 (4) 
-0 .1  30 (4) 
-0.156 (4) 
-0,034 (4) 
-0.036 (4) 
-0.094 (4) 
0.078 (4) 
0.045 (4) 

0.14731 ( s j  
0.19867 ( 5 )  
0.20839 (6) 
0.06476 ( 5 )  
0.1275 (3) 
0.1800 (2) 
0.1118 (2) 
0.1053 (3) 
0.1750 (3) 
0.0640 (2) 
0.1521 (2) 
0.1358 (2) 
0.1368 (3) 
0.1539 (3) 
0.1716 (3) 
0.1706 (2) 
0.0868 (2) 
0.0649 (2) 

-0.0027 (2) 
0.0181 (2) 
0.0628 (2) 
0.2037 (2) 
0.2098 (2) 
0.2661 (2) 
0.2791 (2) 
0.3290 (2) 
0.3673 (2) 
0.3557 (2) 
0.3058 (2) 
0.1711 (2) 
0.2014 (2) 
0.1783 (3) 
0.1265 (3) 
0.0961 (3) 
0.1185 (2) 

-0.0038 (4) 
-0.0023 (3) 
-0.0027 (3) 
0.129 (2) 
0.209 (2) 
0.104 (2) 
0.093 (2) 
0.200 (2) 
0.023 (2) 
0.139 (2) 
0.070 (2) 

0.0201 (2) 

0.425 1 (i) ' 
0.4596 (1) 
0.1643 (1) 
0.2671 (1) 
0.0727 ( 5 )  
0.1806 ( 5 )  
0.2260 ( 5 )  

-0.0105 (6) 
0.0328 ( 5 )  
0.1 106 (6) 
0.3516 (4) 
0.2367 ( 5 )  
0.1790 ( 5 )  
0.2380 (6) 
0.3520 (7) 
0.4090 (6) 
0.5178 (4) 
0.5642 ( 5 )  
0.6366 ( 5 )  
0.6637 ( 5 )  
0.6189 ( 5 )  
0.5454 ( 5 )  
0.5294 ( 5 )  
0.5745 (4) 
0.4175 (4) 
0.4024 ( 5 )  
0.3628 ( 5 )  
0.3374 ( 5 )  
0.3528 (6) 
0.3932 ( 5 )  
0.5454 (4) 
0.6349 ( 5 )  
0.7023 ( 5 )  
0.6821 (6) 
0.5951 ( 5 )  
0.5250 (4) 
0.0008 (7) 
0.1129 ( 5 )  
0.1291 (8) 
0.033 (4) 
0.197 (4) 
0.268 (4) 

-0.094 (4) 
-0.042 (4) 

0.075 (4) 
-0,004 (4) 

0.044 (4) 

3.20 i2j  
3.40 (3) 
4.55 (3) 
3.96 (3) 
4.3 (1) 
3.6 (1) 
3.7 (1) 
5.5 (2) 
4.8 (2) 
4.5 (1) 
3.6 (1) 
5.0 (1) 
6.4 (2) 
7.4 (2) 
7.5 (2) 
5.8 (2) 
3.6 (1) 
4.8 (1) 
5.4 (1) 
5.7 (1) 
5.9 (2) 
4.7 (1) 
4.1 (1) 
4.4 (1) 
3.5 (1) 
4.7 (1) 
5.2 (1) 
5.9 (2) 
6.6 (2) 
5.3 (1) 
3.9 (1) 
5.3 (1) 
6.8 (2) 
7.4 (2) 
6.1 (2) 
4.4 (1) 
9.9 (3) 
6.3 (2) 

10.4 (3) 
6.0' 
6.0* 
6.0* 
6.0* 
6.0* 
6.0' 
6.0* 
6.0* 

a Starred values refer to atoms whose thermal parameters were not 
refined. B,  = 4/3[i311a2 + i322b2 + i333c2 + i312ab cos y + i313ac cos B +  
823bc cos a]. 

1.660 (6) A, respectively), consistent with the presence of the 
bridging hydrogen at this edge. The nonbonded sulfur-sulfur 
distance 3.410 (9) A is similar to that in hypho-l-(CH2)-2,5- 
S&Hs (3.34 A). The RU-(?+-C6Me6) centroid distance (1.696 
(1) A) is normal and in the range observed for other metalla- 
borane-arene compounds.'4 The arene ring is aligned such that 
the Cl-Ru-B12-B8 plane forms a dihedral angle of 90.7 (8)O 

Ni7-PI 2.162 (1) 
Ni7-P2 2.176 (1) 
Ni7-S6 2.311 (2) 
Ni7-S8 2.240 (1) 
Ni7-B2 2.129 ( 5 )  
Ni7-B3 2.143 ( 5 )  

P1-C7 1.835 ( 5 )  
Pl -C l3  1.831 ( 5 )  
P2-Cl4 1.854 ( 5 )  
P2-Cl5 1.822 ( 5 )  

P1-C1 1.817 ( 5 )  

P2-C21 1.827 ( 5 )  
S6-B2 1.883 (6) 

S8-B3 1.903 ( 5 )  
S8-B9 1.898 (6) 
Bl-B2 1.813 (8) 
Bl-B3 1.790 (8) 
Bl-B4 1.733 (11) 
B1-B5 1.785 (10) 
Bl-B9 1.795 (9) 

S b B 5  1.879 (6) 

Bl-HB1 
B2-B3 
BZ-BS 
B2-HB2 
B3-B9 
B3-HB3 
B4-B5 
B4-B9 
B4-HB4 
B4-HB45 
B4-HB49 
B5-HB5 
B5-HB45 
B9-HB9 
B9-HB49 
c1-c2 
C1-C6 
C2-C3 
c3-C4 
c4-c5 
C5-C6 

D I 0 . I  I 

1.028 (44) 
1.792 (8) 
1.943 (9) 
1.125 (50) 
1.933 (9) 
1.088 (51) 
1.791 (10) 
1.816 (10) 
1.013 (44) 
1.246 (47) 
1.150 (46) 
1.071 (45) 
1.388 (48) 
1.250 (45) 
1.288 (52) 
1.375 (7) 
1.384 (7) 
1.381 (9) 
1.356 (8) 
1.373 (11) 
1.391 (9) 

C7-C8 
C7-Cl2 
C8-C9 
C9-C 10 
Clo-Cll 
Cl l -c12 
C13-Cl4 
C15-Cl6 
C 1 5 4 2 0  
C16-Cl7 
C17-Cl8 
C18-Cl9 
C 19-C20 
c 2  1 -c22 
C21-C26 
C22-C23 
C23-C24 
C 2 4 4 2 5  
C25-C26 
C27-C28 
C 2 8 4 2 9  

1.382 (8) 
1.388 (7) 
1.383 (8) 
1.362 (9) 
1.346 (9) 
1.387 (8) 
1.499 (8) 
1.386 (7) 
1.387 (7) 
1.369 (7) 
1.352 (9) 
1.374 (10) 
1.377 (8) 
1.387 (8) 
1.383 (7) 
1.377 (9) 
1.363 (10) 
1.367 (9) 
1.389 (9) 
1.346 (11) 
1.368 (12) 

1310.1 I 

a c s  

<hC4 

1 

Figure 3. ORTEP drawing of the molecular structure of hypho-1,2,5- 
($-C&fe6)RUC&B6H9 (I). 

with the C2-Ru-CS plane and thus bisects the C 3 4 4  and C1- 
C6 distances. 

The loss of HCl from I results in the loss of two skeletal electrons. 
Therefore, the elimination product 11, which was obtained as a 
product of both the original reaction and of the reaction of I with 

(14) See, for example: (a) Faridoon; McGrath, M.; Spalding, T. R.; Fon- 
taine, X. L. R.; Kennedy, J. D.; Thornton-Pett, M. J .  Chem. Soc., Dal- 
ton Tram. 1990, 1819-1829. (b) Brown, M.; Fontaine, X. L. R.; 
Greenwood, N. N.; Kennedy, J. D.; Thornton-Pett, M. J .  Chem. Soc., 
Dolton Tram. 1988, 925-930. (c) Brown, M.; Fontaine, X. L. R.; 
Greenwood, N. N.; Kennedy, J. D.; Thornton-Pett, M. J .  Chem. Soc., 
Dalton Trans. 1990, 3039-3049. 
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Figure 4. Derivation of ninbvertex hypho structures for I and 111 from 
an iMsahcdron by removal of thrcc vertias. 

I1 I 

Figure 5. Boron-I I NMR spectra of (a) arachno.Sz&Hp. (b) arachruc 
7,6.8-(s6-C6Mc6)RuSz~6Ha (11). a n d  (c) arochno- 
7.6.8(Me,P)z(H)RhSzB6H~ (VII). 

Figure 6. ORTEP drawing of the molecular structure of arach~7,6,8- 
(s6-C6Mcs)RuSzB6Ha (11). 

protonsponge,shouldbeaninevertex24-skelctal-clect~cluster. 
Such a cluster should exhibit an arachno geometry based on an 
octadecahedron missing two vertices, as suggested for the iso- 
electronic cluster arachno-6,8-SzB7H9.10 The “B NMR spectra 
of I1 and arachno-6,8-SzB7H9 are quite similar (Figure 5) and 
support similar cagegeometrics. This was confirmed by asinglc- 
crystal structural study of 11. as shown in Figure 6. 

In I the chloride is situated over the R u S ~ - B ~ - B & B ~ - S S  
faceof thedithiaborane framework with a CI-H78(89) distance 
of -2.9A.suggesting that HCleliminationshould involveeither 
theH78orH89protons. However, theHIO-1 I hydrogenbridges 
two borons, BIO and B11, that are both directly bonded to a 
sulfur atom, and the electron-withdrawing effect of these two 
sulfurs would be expected to significantly enhance the acidity of 
this hydrogen. Furthermore, the Ru-HIO-11 distance is only 
-2.6 A and an elimination process involving an initial addition 
of HIO-ll to the ruthenium, as observed for compound VI1 

Figure 7. Conversion of hypho-l,2.5-(n’-C6Mcr)RuC~z~H~ (I) IO 
aroehno-7.6.8-(n’-C6Mcs)RuSzB6H~ (11). 

discussed below, would be reasonable. Regardless of the detailed 
elimination mechanism, the conversion of I to I1 involves the lass 
of the HIO-11 hydrogen, as depicted in the scheme in Figure 7, 
with the Ru atom then bonding in an $-fashion to the BIO- 
BI I S 2 4 5  face of the dithiaborane cage (Ru to plane centroid 
1.514A). Accordingly. the B2-B3distanceisgreater, 1.881 (2) 
A,in I1 thanin 1,consistent with thebondinginteractionsofthsc 
two borons with the Ru atom. Likewise, the Ru-B3 2.246 (9) 
A and Ru-B2 2.235 (8) A distances clearly indicate bonding 
interactions. The R u S  bonding distances, R u S 6  2.369 (2) A 
and 2.367 (2) A. in 11 are slightly shorter (-0.03 A) than in I, 
and both t h e S b R u S 8  angle (98.2O) and the nonbonded S 6 s 8  
distance (3.580 (3) A) are greater. The Ru-(q6-C6Me6) cen- 
troid distance remains essentially the same ( I  .703 ( I )  A), but in 
mntrast to I, the ring is aligned such that twoof the ring carbons, 
C5 and C2. lie on the Ru-BI-B4 plane. The S6-B2-B3S8 and 
arene planes are parallel. 

As observed for the ruthenium compounds, it was found that, 
depending upon the presence of proton sponge, the reaction of 
*CpCo(CO)Iz with an quimolaramount of hypho-Na+SzB6H9- 
led to the formation of two different cobaltadithiaboranc 
complexes, hypho-l ,2,5-*CpCoISzB6H9 (111) or arachno-7.6.8- 
*cpC&zB6H8 (IV). On the other hand, reaction of the parent 
CpCo(CO)Iz with hypho-Na+SzB6H9- even in the absence of 
proton sponge gave only arachno-7.6.8-CpCoS~BsHs (V). 

hypho-Na+S,B,H; + *CpCo(CO)I, - 
hypho-I,2,5-*CpColS,B,H, (111) + N a I  (7) 

hypho-Na+S,B,H; + *CpCo(CO)I, + proton sponge - 
arachno-7,6,8-*Cp2B6Hg (IV) + N a I  + HI (8) 

hypho-Na+S,B,H; + CpCo(CO)I, - 
arachno-7,6,8-CpCoS,B6Hg (V) + N a I  + H I  (9) 

IV and V were identified by comparison of their spectroscopic 
data with those from the literature.”Jz V has pmiously been 
structurally characterized and has bcen shown to have a cage 
geometry similar to that of its isoelectronic analogues arachno- 
6,8-SzB7Hp and 11. in which the CpCo unit occupies the seven- 
vertex cage position.” As noted above, the IIB NMR spectrum 
of 111 (Figure 2b) is quite similar to that of I and is therefore 
consistent with the propod hypho structure shown in Figure 8. 

As with CpCo(CO)Iz (q 9). only an arachno cage product 
was obtained in the reaction of (dppe)NiCl2 with Na+SzB6H9-. 

hypho-Na+S,B,H; + (dppe)NiCI, - 
arachno-7,6,8-(dpp$NiS2B6H8 (VI) + NaCl + HCI (10) 

An X-ray study (Figure 9 )  confirmed that VI has a cage 
structure similar to that of 11, IV, and V, with the metal again 
occupying the seven-vertex cage position. The observed N i S 8  
2.239 (l)A,Ni-S62.312(2)A,Ni--E22.133 (6)A,andNi-B3 
2.139 (6) A bond distances are consistent with an +bonding 
mode with respect to the dithiaborane cage (nickel to plane cen- 
troid. 1.254(1)A). BoththeS6-NiS8angle(112.7(I)o)and 
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metal, eq 11, as O ~ S C N ~ ~  for I and 111. with the bonding to the 
metal involving one normal covalent and one dative sulfur - 
metal bond. 

hypho-Na+S,B,H; + (PMe,),Rh(CO)CI - 
(PMe,),Rh(vz-S,B6H,) + CO + NaCl (I  I )  

The spectrumpic data discussed below, however, clearly 
establish the presence of a rhodium hydride. Thus, the reaction 
must have involved (eq 12) an oxidative addition of a bridging 

hypho-NaS,B,H; + (PMe,),Rh(CO)CI - 
a~~chno-7,6,8-(PMe,),Rh(H)S~B6H~ (VII) + 

N a C I + C O  (12) 

proton to the rhodium to pmduce a rhodium(II1) center and 
insertion of the resulting (PMehRhH unit into the cage. The 
(PMe9)zRhH fragment would then bea 2-skeletal-elcctrondonor. 
and as a rsult,  the cluster would be isoelectronic with I1 and 
IV-VI. Similaroxidativeadditions ofbridging hydrogens to metal 
centers in metallacarboranes," as well as a metallathiaborane,'8 
are well-documented. 
The "B NMR spectrum of VI1 has resonances in the same 

general region as I1 and IV-VI, suggesting that it is also 
structurally similar to arachno-S,B7H9. However, the spectrum 
of VI1 also shows (Figure Sc) that the two resonances assigned 
to the equivalent B2.3 and B5.9 borons in 11, IV, and V are each 
split into two resonances, suggesting that VI1 like VI does not 
havea molecular mirror plane. Likewise, thereantworesonances 
in the "P NMR spectrum, indicating that the two PMe3 ligands 
are not symmetry related and do not interconvert on the NMR 
time scale. Both phosphorus resonances show doublet structure 
due to coupling to the Rh, along with multiplet fine structure 
consistent with Jpp and complex JpH (methyl and hydride) 
couplings. 

The 'H NMR spectrum shows two methyl resonances each 
split into doublets owing to phosphorusGoupling ('JH-P. = 10 
H Z . ~ J ~ . ~ =  11 Hz,rspectively),aswellastwodiffmntbridging- 
hydrogenresonances. Mastsignifnntly, the'H NMRspectrum 
also has a multiplet resonance upfield at -13.07 ppm, consistent 
with the presence of a rhodium hydride. Analysis of the mul- 
tiplet structure of the hydride resonance (Figure IO), in con- 
junction with the "B and )'P NMR data, supports the structure 
proposed in Figure 11 in which the Rh(PMehH is substituted 
at the seven-vertex cage position but cannot freely rotate with 
respect to the dithiaborane cage. Thus, as shown in Figure lob. 
the hydride resonance appears as a doublet of doublets in the 3IP 
spin-decoupled spectrum. owing tocoupling of the hydride to the 
rhodium (JHRh = 18 Hz) and toonecage hydrogen (JHH = 5 Hz). 
Selectivepmtondecouplingexperimcntestablished that thelatter 
coupling arises from coupling of the hydride to one terminal cage 
proton. The observed 5-Hz coupling is consistent with 'JHH 

Flprr 8. Ropoacd StNClUre for hyph~l ,2 .S-*CpCo( l )~~H~ (111). 

Fiplrr 9. ORW drawiug of the molecular st~cture of orochno-7,bJ- 
(dppc)NiS,hHo (VI). The phenyl rings on the d p p  ligand have been 
omitted in the figure. 

the S M 8  (3.790 (2) A) nonbonded distance are greater than 
those in either I or 11. 
The two phosphorus atoms of the dppe ligand lie on opposite 

sidesoftheNi-Bl-B4planeofthecage,withtheNi-Pl-PZand 
Ni-Bl-B4 planes having a dihedral angle of 12.7O. Likewise, 
the SbB2-B3S8 and Ni-Bl-B4 planes have a dihedral angle 
of81.87 ( 8 p .  Thus,Pl andPZareorientedsuchthatP1 iscloser 
to the B 3 S 8  edge (e+ P l S 6  3.576 (2) A and P 1 S 8  3.336 (2) 
A) and P2 is closer to the B 2 4 6  edge (e+ PZ-B2 3.228 (6) A 
andPZ-B3 3.478 (6)A) ofthecage. Thisorientationisconsistent 
with the "B NMR spectrum of the compound. which shows 
resonances in the same chemical shift ranges as 11 and IV, but 
with the resonances assigned to the B5,9 and B2,3 borons 
significantly broadened, suggesting that B5 and B9 and BZ and 
El3 are not equivalent in VI. Likewise, two singlets are observed 
in the "P NMR spectrum, indicating that the two phosphorus 
atoms are oriented differently and do not interconvert on the 
NMR timescale. The remaining cagedistances in VI aresimilar 
to those observed in 11. 

The Ni-dppc bond distances (Ni-PI 2.161 (1) A and Ni-PZ 
2.175 ( 2 )  A) and angles (e.g. PI-Ni-P2 angleof 88.1 (1)') are 
in the rangesobserved forNi(dppe) ~mplexes .~*  Also,asobsmed 
inotherdppecomplexes,ls~'6theNi-PI-C13~l~PZringisnot 
planar, with theC13andC14atomsoutoftheNi-Pl-P4plane 
bent tauardtheS6sideofthecage by067 and0.l I A.respectivcly. 

(PMc3),Rh(CO)CI rcactswith hypho-SzBsH9-toyield a single 
product, VII. In principle, twotypesofisomeric~plexes, having 
different metal-bonding modes, could bc formed in this reaction. 
For example, ifthe rhodium retains its 16-electron square-planar 
environment in the product, then chloride displacement and car- 
bonyl loss could result in a four-coordinate rhodium(1) complex 
in which the dithiaborane cage is bound in an 1 2  fashion to the 
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proposed S ~ N C ~ U ~  in which the mirror symmetry of the dithia- 
borane cage is broken, as was observed in VI by the arrangement 
of the PMe, and hydride ligands relative to the cage. 

In summary, as demonstrated by the results discussed above, 
the hypho-SzB6H9- anion exhibits different types of reactivity. 
centered at the sulfur and bridge hydrogens, respectively. and 
may thus exhibit avariety of bondingconfigurations with respect 
to transition-metal coordination. As evidenced by its reactions 
with transition metals and with methyl iodide (q 2). methylene 
diiodide (q 3), and (borane).THF,' the electron density in the 
anionappcantobeprimarilylocatedatthesulfuratoms,leading 
toinitial electrophilic attacks at these sites. Such reactions could 
give +coordinations, but these complexes were not observed. 
Instead, bridging $-complexes were obtained in the case of 
ruthenium and cobalt (I and 111) in which an exopolyhedral lone 
pair of electrons on the second sulfur atom is apparently 
sufficiently basic to form a dative sulfur-metal bond. In this 
configuration the S2B6H9- anion functions as a 4-electron ligand 
to the formal Ru'+ and Col+ metal centers, giving an 18-electron 
wunt for both metals. 

Bridging hydrogens on polyhedral boranes are protonic. The 
hypho-SzB6H9- anion has three bridging hydrogens, with the 
hydrogen bridging the Bl0-BI I edgeexpected to haveenhanced 
acidity owing to its proximity to the cage sulfur atoms. This 
reactivity resultsin the ready eliminationofany metalsoordinated 
halogen as HX. This loss changes both the cluster and metal 
electron counts and requires a change in the coordination gannetry 
to an q'-configuration in order for the metal to achieve an 18- 
electron wunt. Thus, in these +complexes the formal SzBgH& 
dianion functions as a 6-electron donor to the Ru2+ (II), Co3* 
(IV, V), and Ni'+ (VI) metal ions. In the absence of a second 
halogen at the metal, as in the reaction with (PMe,)ZRh(CO)CI, 
an elimination reactionisnot possible; however, theacidicnature 
oftheH10-l I protonresultsinanoxidativeadditiontotherhod- 
ium to yield the hydride complex (VII). 
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F&we 10. Hydride resonanre in the IH NMR spectra of arachno-7,6,8- 
(Me,P)z(H)RhS&HS (VII): (a) "P-decouplcd: (b) "P-couplcd, (c) 
PANIC simulation. 

1 H 
FIm 11. Pmpoacdstmcturc foramehno-7.6,8-(Me1P)z(H)RhSz~H* 
(VII). 

wuplings observed in other M(CHzR)(H) hydride comple~es '~ 
and in carborane cagcs.'o Therefore, the ruthenium hydride is 
moat likely coupled to the terminal B3 proton. In the3lP-coupled 
IH NMRspectrum (Figure loa) thedoubletofdoubletrmnance 
is furthersplit by the twodifferent phosphorusatomsasindicated 
to give the multiplet structure shown. PANIC simulations of 
thisstructuregaveestimated JHpcouplingsofJHp, = 18.5 Hzand 
JHP, = 23.9 Hz. Thus, collectively these NMR data support the 
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