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Abstract

The synthesis and characterization of T1,[7-Ph-7,8-nido-C,ByH 4], 3« p-cym)-3,1,2-closo-RuC ,BgH;; (1), 1-Ph-3-(mes)-3,1,2-closo-
RuC,BgH;q (2), 1-Ph-3-(p-cym)-3,1,2-closo-RuC,BgH , (3) and 1-Ph-2-Me-3< p-cym)-3,1,2-closo-RuC,BgH (4) are reported.
The ruthenium-containing species are obtained from the reactions between the appropriate [(arene)RuCl,], and either T1,{7,8-
nido-C,BgH ], T1,{7-Ph-7,8-nido-C ;BgH 4] or T1,{7-Ph-8-Me-7,8-nido-C,ByH,]. Crystallographic studies on 2 and 4 reveal that
whereas the former contains an essentially undistorted {RuC,B;} framework, there is some indication that in the latter, a
polyhedral deformation from closo towards pseudocloso has just begun. This idea gains support from comparison of the Hp NMR

shifts for 1, 3 and 4 with those for reference carbaboranes.
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1. Introduction

Recently, we reported that unusual molecular struc-
tures and unusually facile polyhedral rearrangements
can result from intramolecular crowding in carbametal-
laboranes. Specifically, the species 1,2-Ph,-3-(C;Me,)-
3,1,2-RhC,B¢H, has been shown [2] to adopt a “pseu-
docloso” structure based on an icosahedron, but with
an open Rh(3)C(1)B(6)C(2) face, and to show unusu-
ally high frequency shifts in its 'B NMR spectrum,
whereas 1-Ph-3,3-(PMe,Ph),-3,1,2-PtC,ByH,, under-
goes isomerization [3] even at only 55°C to separate the
cage carbon atoms.
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These findings prompted us to make a systematic
study of the effects on the spectroscopic and stereo-
chemical properties and reactivity, gradually increasing
the degree of crowding in a homologous series of
carbametallaborane polyhedra, and we report below
the synthesis and characterization of arene ruthenium
species with phenyl- and methyl-phenyl-C,B, ligands.
Our initial targets were 3-( p-cym)-3,1,2~closo-RuC,B,-
H,, (1), 1-Ph-3-( p-cym)-3,1,2-closo-RuC,ByH,, (3) and
1-Ph-2-Me-3-( p-cym)-3,1,2-closo-RuC,BgH, (4). Struc-
turally characterized analogues of 1 have previously
been reported [4,5] and therefore it was not considered
worthwhile to undertake a crystallographic study of
this species. Compound 3 could only be obtained as
very small crystals, so we also synthesized and struc-
turally analysed 1-Ph-3-(mes)-3,1,2-closo-RuC,B¢H ,
(2) as an alternative to 3.

© 1994 — Elsevier Science S.A. All rights reserved



284 J. Cowie et al. / Steric effects in heteroboranes. Part 7

2. Experimental details

2.1. Synthesis and characterization

All reactions were carried out under dry, oxygen-free
N, by use of standard Schlenk techniques, with some
subsequent manipulations carried out in the open labo-
ratory. Unless otherwise stated, all solvents were dried
and distilled under N, just prior to use. NMR spectra
were recorded on Bruker WP80SY or WH360 spec-
trometers as CDCl; solutions at 298 K, chemical are
reported relative to external SiMe, (*H) or BF; - OEt,
(1B, "'B-{'H}). IR spectra were recorded as a KBr
disk or as reference solutions in CH,Cl, on a Perkin-
Elmer 598 spectrophotometer. Microanalyses were
performed by the departmental service. The starting
materials T1, [7,8-nido-C,B,H;;] [4], T1, [7-Ph-8-Me-
7,8-nido-C,BgH,] [6], [(mes)RuCl,], [7] and [(p-
cym)RuCl, ], [8] were prepared by published methods
or slight variants thereof.

2.1.1. T1,[7-Ph-7,8-nido-C,B,H,,]

A mixture of 1-Ph-1,2-closo-C,B,;H,; (1.76 g, 8.0
mmol) and KOH (2.69 g, 48 mmol) was stirred in
EtOH (20 cm?®) for 0.5 h then heated under reflux for
15 h. The solution was allowed to cool, and EtOH was
removed in vacuo to afford K,[7-Ph-7,8-nido-C,BoH ;]
as a waxy white solid, which was dissotved in H,0 (15
cm?). The solution was filtered, and to the filtrate was
added a solution of TJOOCCH,] (4.21 g, 16 mmol) in
H,0 (10 cm?). The intensely bright yellow solid prod-
uct, T1,{7-Ph-7,8-nido-C,ByH ], which separated out
was filtered off, washed successively with EtOH (3 X 15
cm?®) and Et,O (3 X 15 cm?), and dried in vacuo in a
foil-covered container. Yield 4.0 g, 81%. Calculated for
CH,sBsTl,; 15.6% C, 2.45% H. Found; 15.0% C,
2.18% H. IR (KBr) v,,,, at 2509, 2443, and 2381 (all
B-H) cm™ L.

2.1.2. 3-(p-cym)-3,1,2-closo-RuC,BoH,, (1)

To a mixture of [( p-cym)RuCl, ], (0.29 g, 0.47 mmol)
and T1,[7,8-nido-C,ByH,;] (0.50 g, 0.92 mmol) in a
foil-covered Schlenk tube at —196°C was added
CH,Cl, (20 cm?®). The mixture was allowed to warm
slowly to room temperature and stirred overnight. The
solution was filtered and the orange filtrate concen-
trated to ca. 2 cm’ in vacuo. Preparative thin layer
chromatography (TLC) on silica, with CH,Cl,/n-
hexane (60: 40) as eluent, yielded a mobile yellow band
with R; ca. 0.8. This was collected and the recovered
solid was purified by recrystallization (CH,Cl, /hexane
at —30°C) to afford small yellow crystals of 3-(p-cym)-
3,1,2-closo-RuC,BgH ; (1). Yield 0.09 g, 28%. Calcu-
lated for C,,H,sBgRu; 39.0% C, 6.77% H. Found for

1; 39.2% C, 6.85% H. Lr. (CH,Cl,) v, at 2530 (s, br)
(B-H) cm~!. NMR: 'H; & 593-5.88 (m, 4H,
MngH4CHMez), 3.80 (br s, 2H, C_, H), 2.85 (hept,
1H, °Jyy=7 Hz, MeC,H,CHMe,), 232 (s, 3H,
MeC,H,CHMe,), 1.28 (d, *Jyy =7 Hz, 6H,
MeC,H,CHMe,) ppm. ''B-{'H}; & 2.77 (1B), 1.25
(1B), —-6.67 (2B), —8.24 (2B), —18.59 (2B), —23.21
(1B) ppm.

2.1.3. 1-Ph-3-(mes)-3,1,2-closo-RuC, B, H,, (2)

To a mixture of [(mes)RuCl,], (0.88 g, 1.5 mmol)
and T1,[7-Ph-7,8-nido-C,BoH ] (1.85 g, 3.0 mmol) at
—196°C in a foil-covered Schlenk tube was added
CH,Cl, (10 cm?). The stirred mixture was allowed to
warm to room temperature, resulting in a colour change
and the appearance of a fine grey precipitate. After ca.
1 h, the mixture was filtered through Celite and the
orange filtrate concentrated to ca. 2 cm® in vacuo.
Preparative TLC (CH,Cl,/n-hexane, 60:40) revealed
several bands, of which that with R; 0.7 (pale brown)
was collected and evaporated. The residue was recrys-
tallized by solvent diffusion (CH,Cl, solution |hexane,
1:4, —30°C) to vyield 1-Ph-3-(mes)-3,1,2-closo-
RuC,B¢H,, (2) as large, well-formed yellow crystals.
Yield 0.37 g, 29%. Calculated for C,;H,,BoRu; 47.5%
C, 6.33% H. Found for 2; 47.1% C, 6.04% H. IR
(CH,Cl,) v,,, at 2522 (s, br) (B-H) cm~'. NMR: 'H;
8 7.28-7.04 (m, 5H, C¢H;), 5.23 (s, 3H, CH;Me,), 4.32
(brs, 1H, CH,,,,), 2.04 (s, 9, CH, Me,) ppm. ' B-('H};
8 3.19 (1B), 2.17 (1B), —4.25 (1B), —6.51 (1B), —8.35
(2B), —14.13 (1B), —18.70 (2B) ppm.

2.1.4. 1-Ph-3-(p-cym)-3,1,2-closo-RuC, B, H,, (3)

In a procedure analogous to that used for 1, a
mixture of [(p-cym)RuCl,], (0.25 g, 0.40 mmol) and
T1,[7-Ph-7,8-nido-C,BoH ;] (0.50 g, 0.81 mmol) in
CH,Cl, (20 cm®) was allowed to warm from —196°C in
a foil-covered Schlenk tube, and stirred overnight. The
resulting peach coloured solution was filtered and con-
centrated to ca. 2 cm®. Preparative TLC (CH,Cl,/n-
hexane 60:40) yielded a complex mixture of bands, the
most mobile of which (R;=0.7) yielded small yellow
crystals of 1-Ph-3-(p-cym)-3,1,2-closo-RuC,B,H,, (3)
by slow diffusion of hexane into a CH,Cl, solution
(4:1) at —30°C. Yield 0.06 g, 18%. Calculated for
CsH yBgRu; 48.7% C, 6.59% H. Found for 3; 47.0%
C, 6.92% H. IR (CH,Cl,) v,,,, at 2970 (C-H) and 2545
(s, br) (B-H) em~'. NMR: 'H; 8 7.27-7.10 (m, 5H,
C¢Hs), 5.51-4.97 (m, 4H, MeC,H,CHMe,), 4.44 (br s,
1H, C,, H), 2.76 (m, 1H, MeC;H,CH Me,), 2.35 (s,
3H, MeC,H,CHMe,), 1.31 (app d, *Jyy; =7 Hz, 6H,
MeC,H,CHMe,) ppm. "'B-('H}; & 2.71 (2B), —4.27
(1B), —6.91 (1B), —7.71 (1B), —8.15 (1B), —14.27
(1B), —18.24 (2B) ppm.
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2.1.5. 1-Ph-2-Me-3-(p-cym)-3,1,2-closo-RuC,B,H,
(4)

Similarly, a mixture of [( p-cym)RuCl, ], (0.29 g, 0.48
mmol) and TI,[7-Ph-8-Me-7,8-nido-C,B,H,] (0.60 g,
0.95 mmol) in CH,Cl, (20 cm®) were allowed to warm
from —196°C and stirred overnight at room tempera-
ture. The resulting deep red solution was filtered to
remove the grey precipitate and the filtrate concen-
trated to ca. 2 cm® in vacuo. Preparative TLC
(CH,Cl,/n-hexane 60:40) yielded two mobile bands.
That at R;=0.7 was collected and yielded a solid,

Table 1
Crystallographic data and details of data collection and structure
refinement
2 3 4
Formula Ci7Hy7BgRu  CigH,gBgRu  CoH;ByRu
M 429.76 443,79 457.82
System Orthorhombic  Monoclinic Monoclinic
Space group P2.2,2, P2, /¢ P2,
a(A) 9.300(4) 13.33(3) 14.803(6)
b (A) 14.217(5) 9.439(3) 18.935(6)
c Q) 15.194(3) 17.627(16) 7.944(3)
B(® 90 108.21(13) 101.43(5)
V(A% 2008.9 2107.7 2181.0
VA 4 4 4 (2 inde-
pendent)
Do (gem™3) 1421 1.398 1.393
u (Mo Ka) 7.64 7.30 7.07
(cm™1)
F(000) (e) 872 904 936
Oorientation () 14-15 6-11 9-22
291+1 291+1 205+1
odata collection (o) 1-25 1-25
h range 0-+11 -17-4+17
k range 0—>+16 0—>+22
I range 0—-+18 0> +9
@ scan speeds 0.92-2.35 0.78-2.35
Cmin~1)
Data measured 2044 4281
Data observed 2012 3412
Criterion for F>200(F) F>200(F)
observed
Period (h) 47 97
Uy (A2 0.082(6) 0.0609(13)
(non-cage)
0.049(6)
(cage)
g 0.001418 0.000960
R 0.0297 0.0419
R, 0.0494 0.0484
S 0.977 1.070
Variables 278 279 (block 1),
280 (block 2)
Max. residue 0.58 0.62 near
(e A3 Ru(3b)
Min. residue —0.60 —-0.47
(eA™Y)

Table 2
Fractional coordinates of non-hydrogen atoms in compound 2
x y z
Ru(3) 0.57101(3) 0.46432(2) —0.05340(2)
c1) 0.6556(4) 0.5716(3) —0.14189(24)
c(11) 0.5327(4) 0.6180(3) —0.1890(3)
c(12) 0.4572(5) 0.6929(3) —0.1499(3)
C(13) 0.3362(5) 0.7331(3) —-0.1919(3)
c(14) 0.2951(6) 0.7018(4) —0.2710(3)
Cc(15) 0.3712(5) 0.6308(4) —0.3144(3)
C(16) 0.4896(6) 0.5885(4) —0.2729(3)
C(31) 0.4960(5) 0.3477(3) 0.0316(3)
C(32) 0.451%5) 0.4340(3) 0.0682(3)
(33) 0.3693(5) 0.5013(3) 0.0209(3)
C(34) 0.3314(5) 0.4793(4) —0.0671(3)
C(35) 0.3724(4) 0.3928(3) —0.1058(3)
C(36) 0.4563(5) 0.3282(3) —0.0572(3)
(311 0.5844(6) 0.2802(3) 0.0838(4)
a(331) 0.3227(7) 0.5899%(4) 0.0628(4)
(351 0.3299(6) 0.3707(4) —0.2006(4)
a2) 0.7069(5) 0.4638(3) —0.1684(3)
B(12) 0.9430(6) 0.4788(5) —0.051%(4)
B(11) 0.8918(6) 0.4581(4) ~0.1620(3)
B4) 0.6918(5) 0.5955(3) —0.0341(3)
B(6) 0.8079(5) 0.5601(4) —0.2043(3)
B(5) 0.7990(6) 0.6435(3) —0.1193(3)
B() 0.7873(5) 0.4096(3) —0.0773(3)
B(9) 0.8817(6) 0.5935(4) —0.0240(3)
B0 0.9526(6) 0.573%(4) —0.1292(4)
B(8) 0.7820(5) 0.4945(4) 0.0108(3)

which was recrystallized from CH,Cl,/n-hexane (1:4)
at —30°C to yield diffraction-quality yellow single crys-
tals of 1-Ph-2-Me-3-( p-cym)-3,1,2-closo-RuC,BoH,, (4).

c(350)
Q@

X

§\ .&\\*‘-‘

Fig. 1. Perspective view of the molecular structure of 2 (50% thermal
ellipsoids) with sufficient atoms labelling to completely identify all
atoms. Aromatic rings are labelled cyclically C(xy) (y = 1-6).
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Table 3
Fractional coordinates of non-hydrogen atoms in compound 4
x y z

C(1a) 0.0932(5) 0.088%(4) 0.1179%(9)
C(2a) 0.1741(6) 0.0743(5) 0.3083(9)
Ru(3a) 0.06136(4) 0.00000 0.26946(7)
B(4a) 0.0795(5) 0.0118(4) 0.0014(8)
B(52) 0.1467(5) 0.0823(5) —0.0446(9)
B(62) 0.2036(6) 0.1224(5) 0.1448(9)
B(7a) 0.2125(6) —0.0111(5) 0.3136(9)
B(8a) 0.1551(6) —0.0514(5) 0.1215(9)
B(9a) 0.188%(6) —-0.0057(5) —0.0455(9)
B(10a) 0.2683(6) 0.0622(6) 0.036%(9)
B(11a) 0.2778(6) 0.0579%(6) 0.2596(9)
B(12a) 0.2690(6) ~0.0196(5) 0.1433(10)
C(12a) 0.0360(3) 0.2101(3) 0.1901(6)
C(13a) —0.0335(3) 0.2610(3) 0.1675(6)
C(14a) —-0.1184(3) 0.2472(3) 0.0603(6)
C(15a) -0.1339(3) 0.1825(3) ~0.0243(6)
C(16a) —0.0644(3) 0.1315(3) -0.0017(6)
C(11a) 0.0205(3) 0.1453(3) 0.1054(6)
C(21a) 0.1737(6) 0.1177(5) 0.4746(8)
C(31a) ~0.0547(5) 0.0357(4) 0.4078(8)
C(32a) 0.0130(5) —0.0009(4) $.5194(8)
C(33a) 0.0427(6) —0.0706(4) 0.4844(9)
C(34a) 0.0009(5) ~0.1018(4) 0.328%(9)
C(35a) —0.063%(4) —-0.0652(4) 0.209%(8)
C(36a) -0.0921(5) 0.0031(4) 0.2510(8)
C(37a) -0.0910(6) 0.1055(5) 0.4442(10)
C(40a) 0.0242(6) -0.1787(4) 0.2910(10)
C(41a) 0.1128(7) —0.2046(5) 0.4023(10)
C(44a) -0.0552(D —0.2262(5) 0.3005(10)
C(1b) 0.4055(5) 0.3704(5) 0.4026(8)
C(2b) 0.335%(5) 0.3646(4) 0.204%(9)
Ru(3b) 0.43561(4) 0.45002(3) - 0.22747(8)
B(4b) 0.402%(5) 0.4578(4) 0.4797(8)
B(5b) 0.335%(6) 0.3842(5) 0.5536(9)
B(6b) 0.2970(6) 0.3316(6) 0.388%(10)
B(7b) 0.2858(5) 0.4461(5) 0.1433(9)
B(8b) 0.3238(6) 0.5067(5) 0.321%(10)
B(9b) 0.2840(7) 0.4696(6) 0.5029%(10)
B(10b) 0.2270(6) 0.3908(6) 0.4378(10)
B(11b) 0.2238(6) - 0.3770(5) 0.2241(10)
B(12b) 0.2158(6) 0.4612(6) 0.2973(10)
C(12b) 0.4828(3) 0.24912(23) 0.4123(%)
C(13b) 0.5577(3) 0.20512(23) 0.4741(5)
C(14b) 0.6337(3) 0.23130(23) 0.589%(5)
C(15b) 0.6349(3) 0.30147(23) 0.643%(5)
C(16b) 0.5600(3) 0.34546(23) 0.582((5)
C(11b) 0.4839(3) 0.31929(23) 0.4662(5)
C(21b) 0.3495(6) 0.3102(4) 0.0776(9)
C(31b) 0.5744(3) 0.4167(4) 0.1564(8)
C(32b) 0.5091(5) 0.4280(4) 0.0088(9)
C(33b) 0.463165) 0.4920(5) —0.0171(8)
C(34b) 0.4790(5) 0.5494(5) 0.1068(9)
C(35b) 0.5385(5) 0.53334) 0.2501(9)
C(36b) 0.5884(5) 0.4703(5) 0.2826(9)
C(37b) 0.6328(6) 0.3503(5) 0.1847(10)
C(40b) 0.4323(6) 0.6181(5) 0.0722(10)
C(41b) 0.347%7) 0.6186(6) —0.0726(11)
C(44b) 0.5015(7) 0.6723(6) 0.0507(12)
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Yield 0.06 g, 13%. Calculated for C;oH,;BgRu; 49.9%
C, 6.83% H. Found for 4; 49.4% C, 6.91% H. IR
(CH,Cl,) Vina at 2965 (C-H) and 2540 (s, br) (B-H)
cm~!. NMR: 'H; § 7.36-7.13 (m, SH, C4H,), 5.76-5.23
(m, 4H, MeC,H,CHMe,), 2.88 (m, 1H, MeC H,-
CHMe,), 2.48 (s, 3H, MeC H,CHMe,), 1.64 (s, 3H,
Cage Me), 1.29-1.24 (m, 6H, MeC,H,CHMe,) ppm.
UBHIH); 5 4.1 (2B), —2.05 (1B), —4.83 (1B), —6.50
(1B), —9.03 (1B), —11.30 (1B), —12.51 (1B), —16.07
(1B) ppm.

2.2. Crystallographic studies
All measurements were carried out at room temper-
ature on an Enraf-Nonius CAD4 diffractometer

Fig. 2. Perspective views of single molecules of (a) 4a and (b) 4b,
drawn with the same conventions as Fig. 1.
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Interatomic distances (A) and selected interbond angles (°) in compound 2
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Ru(3)-C(1)
Ru(3)-C(31)
Ru(3)-C(32)
Ru(3)-C(33)
Ru(3)-C(34)
Ru(3)-C(35)
Ru(3)-C(36)
Ru(3)-C(2)
Ru(3)-B(4)
Ru(3)-B(7)
Ru(3)-B(8)
c()-c(11)
Cc()-02)
C(1)-B(4)
C(1)-B(6)
C(D-B(5)
c(1D)-X12)
C(11)-CX(16)
x12)-((13)
C(13)-C(14)
C(14)-C(15)
C(15)-CX16)
c(31)-C(32)
C(D-C(36)
C(31)-C(311)
C(32)-C(33)

O(1)-Ru(3)-C(2)
C(1)-Ru(3)-B(4)
C(31D-Ru(3)-C(32)
CBD-Ru(3)-C(36)
C(32)-Ru(3)-C(33)
C(33)-Ru(3)-C(34)
QO(34)-Ru(3)-C(35)
O(35)-Ru(3)-C(36)
C(2)-Ru(3)-B(7)
B(4)-Ru(3)-B(8)
B(7)-Ru(3)-B(8)

Ru(3)-(1)-C(11)
Ru(3)-A(1)-CX2)
Ru(3)-X1)-B(4)
C(1)-C(1)-C(2)
C(11)-C(1)-B4)
C(11)-C(1)-B(6)
C(1)-C(1)-B(5)
O(2)-C(1)-B(6)
B(4)-(1)-B(5)
B(6)-C(1)-B(5)
aD-Cc11)-c(12)
C(1)-C(11)-X16)
C(12)-(11)-C(16)
C(11)-X(12)~-C(13)
(12)-C(13)-C(14)
C(13)-C(14)-C(15)
C(14)-C(15)-CX16)
C(11)-C(16)-C(15)
Ru(3)-C(31)-C(311)
C(32)-C(31)-C(36)
C(32)-C(31)-C(311)
C(36)-C(31)-C(311)
CGD-C(32)-C(33)
Ru(3)-C(33)-C(331)
C(32)-C(33)-C(34)
C(32)-C(33)-C(331)

2.181(4)
2.215(4)
2.196(4)
2.251(5)
2.248(5)
2.253(4)
2.210(4)
2.157(5)
2.196(5)
2.188(5)
2.232(5)
1.501(5)
1.656(6)
1.706(6)
1.713(6)
1.714(6)
1.407(6)
1.402(7)
1.414(7)
1.338(7)
1.398(7)
1.404(7)
1.408(6)
1.427(6)
1.491(7)
1.421(6)

44.9(16)
45.8%(16)
37.22(16)
37.63(16)
37.23(16)
36.76(17)
36.62(17)
36.88(16)
47.56(18)
47.85(18)
48.15(18)
109.1(3)
66.81(21)
67.55(20)
120.7(3)
121.4(3)
114.13)
115.2(3)
62.5(3)
62.4(3)
61.6(3)
120.7(4)
121.3(4)
117.94)
120.8(4)
119.9(5)
121.3(5)
119.6(5)
120.3(4)
128.2(3)
117.8(4)
120.8(4)
121.44)
123.0(4)
131.3(4)
117.6(4)
121.0(4)

C(33)-C(34)
C(33)-C(331)
C(34)-C(35)
C(35)-C(36)
C(35)-C(351)
c(2)-B(11)
C(2)-B(6)
C2)-B(7)
B(12)-B(11)
B(12)-B(7)
B(12)-B(9)
B(12)-B(10)
B(12)-B(8)
B(11)-B(6)
B(11)-B(7)
B(11)-B(10)
B(4)-B(5)
B(4)-B(9)
B(4)-B(8)
B(6)-B(5)
B(6)-B(10)
B(5)-B(9)
B(5)-B(10)
B(7)-B(8)
B(9)-B(10)
B(9)-B(8)

B(11)-0(2)-B(7)
B(11)-B(12)-B(7)
B(11)-B(12)-B(10)
B(7)-B(12)-B(8)
B(9)-B(12)-B(10)
B(9)-B(12)-B(8)
C(2)-B(11)-B(6)
C(2)-B(11)-B(7)
B(12)-B(11)-B(7)
B(12)-B(11)-B(10)
B(6)-B(11)-B(10)
Ru(3)-B(4)-C(1)
Ru(3)-B(4)-B(8)
O(1)-B(4)-B(5)
B(5)-B(4)-B(9)
B(9)-B(4)-B(8)
C(1)-B(6)-C(2)
C(1)-B(6)-B(5)
O(2)-B(6)-B(11)
B(11)-B(6)-B(10)
B(5)-B(6)-B(10)
C(1)-B(5)-B(4)
C(1)-B(5)-B(6)
B(4)-B(5)-B(9)
B(6)-B(5)-B(10)
B(9)-B(5)-B(10)
Ru(3)-B(7)-C(2)
Ru(3)-B(7)-B(8)
C(2)-B(7N-b(11)
B(12)-B(7)-B(11)
B(12)-B(7)-B(8)
B(12)-B(9)-B(10)
B(12)-B(9)-B(8)
B(4)-B(9)-B(5)
B(4)-B(9)-B(8)
B(5)-B(9)-B(10)
B(12)-B(10)-B(11)

14147
1.476(7)
1.414(7)
1.413(6)
1.527%(D
1.724(D
1.748(7)
1.752(7
1.763(8)
1.793(7)
1.77%8)
1.793(8)
1.788(8)
1.768(7)
1.753(7)
1.81(8)
1.771(D
1.773(7)
1.796(7)
1.755(D
1.776(8)
1.787(7
1.745(8)
1.804(7
1.752(8)
1.766(7)

60.6(3)
59.1(3)
61.2(3)
60.5(3)
58.7(3)
59.3(3)
60.1(3)
60.5(3)
61.3(3)
60.2(3)
59.5(3)
66.56(20)
67.12(22)
59.0(3)
60.6(3)
59.3(3)
57.2(3)
59.2(3)
58.7(3)
61.4(3)
59.2(3)
58.6(3)
59.1(3)
59.8(3)
61.0(3)
59.5(3)
65.31(22)
67.22(22)
58.9(3)
59.6(3)
59.6(3)
61.0(3)
60.6(3)
59.7(3)
61.0(3)
59.1(3)
58.6(3)
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Table 4 (continued)

C(34)-C(33)-C(331) 121.4(4)
C(33)-C(34)-C(35) 121.1(4)
Ru(3)-C(35)-C(351) 129.7(3)
C(34)-C(35)-X(36) 119.8(4)
C(34)-C(35)-C(351) 120.0(4)
C(36)-C(35)-C(351) 120.1(4)
C(31)-C(36)-C(35) 120.7(4)
Ru(3)-C(2)-C(1) 68.30(21)
Ru(3)-C(2)-B(7) 67.13(22)
Q(1)-C(2)-B(6) 60.33)
B(11)-C(2)-B(6) 61.2(3)

B(12)-B(10)-B(9) 60.2(3)
B(11)-B(10)-B(6) 59.1(3)
B(6)-B(10)-B(5) 59.8(3)
B(5)-B(10)-B(9) 61.5(3)
Ru(3)-B(8)-B(4) 65.03(22)
Ru(3)-B(8)-B(7) 64.63(22)
B(12)-B(8)-B(7) 59.9(3)
B(12)-B(8)-B(9) 60.1(3)
B(4)-B(8)-B(9) 59.7(3)

equipped with graphite-mgnochromated Mo Ka X-
radiation (A, = 0.71069 A) operating in the 0-28
mode.

Table 1 lists details of the unit cell data for 2—4,
and, in the cases of compounds 2 and 4, iniensity data
collection and structure refinement. In each case, the
unit cell parameters and the orientation matrix for
data collection were established by least-squares re-
finement of the setting angles of 25 strong, high angle,
reflections. Remeasurement at intervals of the intensi-
ties of check reflections revealed no crystal decay in
either case. Only data with F > 2.00(F) were retained
for structure solution and refinement.

Both crystal structures were solved by Patterson
(metal atom) and difference Fourier (all other non-H
atom) methods, and refined by full-matrix least-squares.
Although the structure of 2 was solved and refined
without any difficulty, that of 4 suffers from the effects
of severe pseudosymmetry, since the arrangement of
RuC,B, icosahedra corresponds closely to P2;/n.
However, the true space group is only P2,, with two
crystallographically-independent molecules per asym-
metric unit. This situation was greatly clarified by the
use of pDIRDIF [9]. An empirical absorption correction
(piraBs [10]) was applied to each data set following
isotropic convergence. Phenyl rings were treated as
rigid, planar hexagons (C-C 1.395 A). Cage H atoms in
4 were located from difference Fourier maps and al-
lowed positional refinement subject to a common B-H
distance of 1.10(5) A, whereas those in 2 were fixed in
idealized positions 1.1 A from their respective C or B
atoms. All non-cage H atoms in both structures were
fixed at idealized sites (C-H 1.08 A). H atoms were
assigned (variable) group thermal parameters (2 in 2, 1
in 4). All non-H atoms were refined with anisotropic
thermal parameters, and in the final stages of refine-
ment data were weighted such that w™!=[o?%(F) +
gF?).

Atomic scattering factors for B, C, and H were those
inlaid in sHELX-76 [11], whilst those for Ru were taked

from International Tables [12]. Programs used in addi-
tion to those referenced above were capass [13], caLc
[14], and sHELXTL [15]. Tables of final (non-H) atomic
positional parameters appear as Tables 2 and 3. Tables
of anisotropic thermal parameters and H atom posi-
tions, and full lists of interbond angles have been
deposited at the Cambridge Crystallographic Data
Centre.

3. Results and discussion

The anion [7-Ph-7,8-nido-C,BoH ,]*~ is produced
in high yield by decapitation of 1-Ph-1,2~closo-
C,BgH;, with 6 equivalents of KOH in refluxing
EtOH. As previously shown to be the case for other
C,B, carbaborane dianions [2,4,16), [7-Ph-7,8-nido-
C,ByH (]*" is readily isolated as its thallium(l) salt,
which is a convenient precursor for transition metal
complexes of the PhC,BgH,, ligand [3].

Thus, T1,[7,8-nido-C,ByH,;] and T1,[7-Ph-7,8-nido-
C,ByH,,] react with the species [(arene)RuCl,],
[arene = C4H;Me,-1,3,5 (mes) or C,H MePr-1,4 (p-
cym)] to afford the carbaruthenaborane compounds
1-3, respectively, in moderate yield following purifica-
tion involving preparative TLC and subsequent recrys-
tallization. Similarly, T1,[7-Ph-8-Me-7,8-nido-C,BgH,]
[6] reacts with the p-cymene ruthenium dimer to afford
the doubly C_,,. substituted compound 4 in modest
yield after similar work-up. The syntheses of 1-4 in
this way parallel those of other 1-R-2-R’-3-(arene)-
3,1,2~closo-RuC,BgH, compounds, specifically R = R
=H, arene = C¢H( [4,17};, R=CH,OCH,, R’ =H,
arene = p-cym [18}; and R = R’ = CH,OCH,, arene =
p-cym [18]. A related method involves reaction between
the same kind of metal substrate and the appropriate
monoanionic carbaborane ligand in the presence of
base, as exemplified by the synthesis [19] of 3-(C Me,)-
3,1,2-closo-RuC,B H;;.

Compounds 1-4 were characterized by microanaly-
sis, IR, '"H NMR and 'B/"B-{'"H} NMR spectro-
scopies, as detailed in Section 2. In the g spectra all
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Interatomic distances (A) and selected interbond angles (°) in compound 4

(C(1a)-C(2a)
C(1a)-Ru(3a)
C(1a)-B(4a)
C(1a)-B(5a)
C(1a)-B(6a)
(1a)-C(11a)
C(2a)-Ru(3a)
C(2a)-B(6a)
C(2a)-B(7a)
C(2a)-B(11a)
C(2a)-C(21a)
Ru(3a)-B(4a)
Ru(3a)-B(7a)
Ru(3a)-B(8a)
Ru(3a)-C(31a)
Ru(3a)-((32a)
Ru(3a)-C(33a)
Ru(3a)-C(34a)
Ru(3a)-C(35a)
Ru(3a)-C(36a)
B(4a)-B(5a)
B(4a)-B(8a)
B(4a)-B(9a)
B(5a)-B(6a)
B(5a)-B(9a)
B(5a)-B(10a)
B(6a)-B(10a)
B(6a)-B(11a)
B(7a)-B(8a)
B(7a)-B(11a)
B(7a)-B(12a)
B(8a)-B(9a)
B(8a)-B(12a)
B(9a)-B(10a)
B(9a)-B(12a)
B(10a)-B(11a)
B(10a)-B(12a)
B(11a)-B(12a)
C(31a)-C(32a)
((31a)-C(36a)
C(31a)-C(37a)
C(32a)-C(33a)
((33a)-C(34a)
((34a)-C(35a)
((34a)-C(40a)
0(35a)-C(36a)
C(40a)-C(41a)
C(40a)-C(44a)

C(2a)-C(1a)-Ru(3a)
C(2a)-C(1a)-B(6a)
C(2a)-C(1a)-C(11a)
Ru(3a)-C(1a)-B(4a)
Ru(3a)-C(ia)-C(i1a)
B(4a)-C(1a)-B(5a)
B(4a)-C(1a)-C(11a)
B(5a)-C(1a)-B(6a)
B(5a)-C(1a)-C(11a)
B(6a)-C(1a)-C(11a)
C(1a)-C(2a)-Ru(3a)
C(1a)-C(2a)-B(6a)
C(1a)-C(2a)-C(21a)
Ru(3a)-C(2a)-B(7a)
Ru(3a)-C(2a)-C(21a)

1.754(11)
2.175(7)

1.719(10)
1.648(11)
1.725(11)
1.505(9)

2.157(8)

1.713(12)
1.712(12)
1.684(13)
1.557(12)
2.211(8)

2.204(9)

2.213(8)

2.315(7)

2.241(8)

2.228(8)

2.214(7)

2.199(7)

2.246(7)

1.746(11)
1.779(11)
1.763(11)
1.746(12)
1.780(12)
1.826(12)
1.811(12)
1.770(13)
1.765(12)
1.728(13)
1.733(12)
1.738(12)
1.765(12)
1.776(12)
1.737(12)
1.749(13)
1.763(13)
1.725(13)
1.384(10)
1.403(10)
1.476(11)
1.434(11)
1.398(11)
1.390(10)
1.540(11)
1.417(10)
1.510(12)
1.493(12)

65.6(3)
59.0(4)
121.6(5)
68.0(3)
110.8(4)
62.4(5)
124.1(5)
62.3(5)
116.7(6)
113.1(5)
66.7(4)
59.7(5)
122.2(6)
68.3(4)
109.5(5)

C(1b)-C(2b)
C(1b)-Ru(3b)
C(1b)-B(4b)
C(1b)-B(5b)
O(1b)-B(6b)
C(1b)-C(11b)
C(2b)-Ru(3b)
C(2b)-B(6b)
C(2b)-B(7b)
C(2b)-B(11b)
C(2b)-C(21b)
Ru(3b)-B(4b)
Ru(3b)-B(7b)
Ru(3b)-B(8b)
Ru(3b)-C(31b)
Ru(3b)-C(32b)
Ru(3b)-C(33b)
Ru(3b)-C(34b)
Ru(3b)-C(35b)
Ru(3b)-C(36b)
B(4b)-B(5b)
B(4b)-B(8b)
B(4b)-B(9b)
B(5b)-B(6b)
B(5b)-B(9b)
B(5b)-B(10b)
B(6b)-B(10b)
B(6b)-B(11b)
B(7b)-B(8b)
B(7b)-B(11b)
B(7b)-B(12b)
B(8b)-B(9b)
B(8b)-B(12b)
B(9b)-B(10b)
B(9b)-B(12b)
B(10b)-B(11b)
B(10b)-B(12b)
B(11b)-B(12b)
C(31b)-C(32b)
C(31b)-C(36b)
C(31b)-C(37b)
{(32b)-C(33b)
(33b)-C(34b)
((34b)-C(35b)
C(34b)-((40b)
(35b)-C(36b)
O(40b)-C{41b)
((40b)-((44b)

((2a)-B(11a)-B(6a)
C(2a)-B(11a)-B(7a)
B(6a)-B(11a)-B(10a)
B(7a)-B(11a)-B(12a)
B(10a)-B(11a)-B(12a)
B(7a)-B(12a)-B(8a)
B(7a)-B(12a)-B(11a)
B(8a)-B(12a)-B(9a)
B(9a)-B(12a)-B(10a)
B(10a)-B(12a)-B(11a)
((1a)-C(11a)-C(12a)
((1a)~C(11a)-C(16a)
Ru(3a)-C(31a)~-C(37a)
(32a)-C(31a)-C(36a)
C(32a)-C(31a)-C(37a)

1.702(10)
2.157(8)

1.76%(11)
1.750(12)
1.748(12)
1.517(9)

2.172(D

1.786(12)
1.740(11)
1.711(12)
1.485(11)
2.159%(8)

2.185(8)

2.224(9)

2.322(7)

2.264(7)

2.211(8)

2.261(8)

2.174(7)

2.248(8)

1.870(12)
1.793(12)
1.817(12)
1.655(13)
1.799(13)
1.694(13)
1.625(13)
1.750(13)
1.826(12)
1.788(12)
1.776(12)
1.802(13)
1.791(13)
1.740(13)
1.74%(14)
1.70%(13)
1.725(13)
1.70%(13)
1.38(10)
1.413(11)
1.517(12)
1.384(11)
1.453(11)
1.330(11)
1.473(12)
1.398(11)
1.521(14)
1.481(14)

59.4(5)
60.2(5)
61.9(5)
60.3(5)
61.0(5)
60.6(5)
59.9(5)
59.5(5)
61.0(5)
60.2(5)
123.1(5)
116.9(5)
133.4(5)
117.1(7)
124.6(7)
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B(6a)-C(2a)-B(11a)
B(6a)-C(2a)-C(21a)
B(7a)-C(2a)-B(11a)
B(7a)-C(2a)-C(21a)
B(11a)-C(2a)-C(21a)
C(1a)-Ru(3a)-C(2a)
C(1a)-Ru(3a)-B(4a)
C(2a)-Ru(3a)-B(7a)
B(4a)-Ru(3a)-B(8a)
B(7a)-Ru(3a)-B(8a)
C(31a)-Ru(3a)-C(32a)
C(31a)-Ru(32)-C(36a)
C(32a)~Ru(3a)-C(33a)
C(33a)-Ru(32)-C(34a)
C(34a)-Ru(3a)-C(35a)
C(35a)-Ru(3a)-C(36a)
C(1a)-B(4a)-Ru(3a)
C(1a)-B(4a)-B(5a)
Ru(3a)-B(4a)-B(8a)
B(5a)-B(4a)-B(9a)
B(8a)-B(4a)-B(9a)
C(1a)-B(5a)-B(4a)
C(1a)-B(5a)-B(6a)
B(4a)-B(5a)-B(9a)
B(6a)-B(5a)-B(10a)
B(9a)-B(5a)-B(10a)
C(1a)-B(6a)-C(2a)
C(1a)-B(6a)-B(5a)
C(2a)-B(6a)-B(11a)
B(5a)-B(6a)-B(10a)
B(10a)-B(6a)-B(11a)
C(2a)-B(7a)-Ru(3a)
C(2a)-B(7a)-B(11a)
Ru(3a)-B(7a)-B(8a)
B(8a)-B(7a)-B(12a)
B(11a)-B(7a)-B(12a)
Ru(3a)-B(8a)-B(4a)
Ru(3a)-B(8a)-B(7a)
B(4a)-B(8a)-B(%a)
B(7a)~B(8a)-B{12a)
B(9a)-B(8a)-B(12a)
B(4a)-B(9a)-B(5a)
B(4a)-B(9a)-B(8a)
B(52)-B(9a)-B(10a)
B(8a)-B(9a)-B(12a)
B(10a)-B(9a)-B(12a)
B(52)-B(10a)-B(6a)
B(5a)-B(10a)-B(9a)
B(6a)-B(10a)-B(11a)
B(9a)-B(10a)-B(12a)
B(11a)-B(10a)-B(12a)
B(6b)-B(5b)-B(10b)
B(9b)-B(5b)-B(10b)
C(1b)-B(6b)-C(2b)
C(1b)-B(6b)-B(5b)
C(2b)-B(6b)-B(11b)
B(5b)-B(6b)-B(10b)
B(10b)-B(6b)-B(11b)
C(2b)-B(7b)-Ru(3b)
C(2b)-B(7b)-B(11b)
Ru(3b)-B(7b)-~B(8b)
B(8b)-B(7b)-B(12b)
B(11b)-B(7b)-B(12b)
Ru(3b)-B(8b)-B(4b)
Ru(3b)-B(8b)-B(7b)
B(4b)-B(8b)-B(9b)

62.8(5)
114.0(6)
61.2(5)
122.4(6)
116.7(7)
47.8(3)
46.2(3)
46.2(3)
47.4(3)
47.1(3)
35.3(3)
35.8(3)
37.4(3)
36.7(3)
36.7(3)
37.2(3)
65.8(3)
56.8(4)
66.4(4)
60.9(5)
58.8(5)
60.8(5)
61.0(3)
60.0(5)
60.9(5)
59.0(5)
61.4(5)
56.7(5)
57.8(5)
61.8(5)
58.5(5)
65.4(4)
58.6(5)
66.7(4)
60.6(5)
59.8(5)
66.2(4)
66.2(4)
60.1(5)
58.8(5)
59.4(5)
59.1(5)
61.1(5)
61.8(5)
61.0(5)
60.2(5)
57.4(5)
59.2(5)
59.6(5)
58.8(5)
58.8(5)
58.0(5)
59.7(5)
57.6(4)
61.8(5)
57.95)
62.2(6)
60.7(5)
66.1(4)
58.0(4)
66.6(4)
59.6(5)
57.3(5)
64.0(4)
64.4(4)
60.7(5)

(36a)-C(31a)-C(37a)
C(31a)-C(32a)-C(33a)
((32a)-((33a)-C(34a)
Ru(3a)~C(34a)-C(40a)
((33a)-C(34a)-C(35a)
C(33a)-C(34a)-C(40a)
(C(35a2)~((34a)-0(40a)
C(34a)~C(352)-C(36a)
C(31a)-C(36a)-C(35a)
C(34a)~-C(40a)-C(41a)
C(34a)-C(40a)-C(44a)
C(41a)~C(40a2)-C(44a)
C(2b)-C(1b)-Ru(3b)
C(2b)-C(1b)-B(6b)
C(2b)-C(1b)-C(11b)
Ru(3b)-C(1b)-B(4b)
Ru(3b)-C(1b)-C(11b)
B(4b)-C(1b)-B(5b)
B(4b)-C(1b)-C(11b)
B(5b)-C(1b)-B(6b)
B(5b)-C(1b)-C(11b)
B(6b)-C(1b)-C(11b)
C(1b)-C(2b)-Ru(3b)
C(1b)-C(2b)-B(6b)
C(1b)-C(2b)-C(21b)
Ru(3b)-C(2b)-B(7b)
Ru(3b)-C(2b)-C(21b)
B(6b)-C(2b)-B(11b)
B(6b)-C(2b)-C(21b)
B(7b)-C(2b)-B(11b)
B(7b)-C(2b)-C(21b)
B(11b)-C(2b)-((21b)
C(1b)~Ru(3b)-C(2b)
(1b)-Ru(3b)~-B(4b)
C(2b)-Ru(3b)-B(7b)
B(4b)-Ru(3b)-B(8b)
B(7b)-Ru(3b)-B(8b)
C(31b)-Ru(3b)~C(32b)
C(31b)-Ru(3b)-C(36b)
C(32b)-Ru(3b)-(33b
C(33b)-Ru(3b)-((34b)
C(34b)-Ru(3b)~-C(35b)
C(35b)-Ru(3b)-C(36b)
C(1b)~-B(4b)~Ru(3b)
((1b)-B(4b)~B(5b)
Ru(3b)-B(4b)--B(8b)
B(5b)-B(4b)--B(9b)
B(8b)-B(4b)~B(9b)
C(1b)~B(5b)-B(4b)
C(1b)~B(5b)-B(6b)
B(4b)~-B(5b)-B(9b)
B(7b)-B(11b)-B(12b)
B(10b)-B(11b)-B(12b)
B(7b)~-B(12b)-B(8b)
B(7b)-B(12b)-B(11b)
B(8b)~B(12b)-B(9b)
B(9b)-B(12b)-B(10b)
B(10b)-B(12b)-B(11b)
C(13b)-(12b)-C(11b)
C(12b)-C(13b)-C(14b)
Q(13b)-((14b)-C(15b)
C(14b)-C(15b)-C(16b)
C(15b)-C(16b)-C(11b)
C(1b)-C(11b)-C(12b)
(1b)-C(11b)-C(16b)
(12b)-C(11b)-C(16b)

118.2(7)
123.2(7)
117.4(7)
131.7(5)
121.0(7)
119.7(7)
119.2(7
119.5(6)
121.6(7
113.3(7)
110.5(7)
112.0(7)
67.3(4)
62.3(5)
123.3(6)
65.9(4)
114.8(4)
64.2(5)
123.3(6)
56.5(5)
112.4(6)
112.6(6)
66.4(4)
60.1(5)
122.3(6)
66.9(4)
113.0(5)
60.0(5)
115.1(6)
62.4(5)
122.1(6)
114.9(6)
46.3(3)
48.4(3)
47.13)
48.3(3)
48.9(3)
35.03)
36.0(3)
36.0(3)
37.9(3)
34.8(3)
36.8(3)
65.8(4)
57.4(4)
67.8(4)
58.4(5)
59.9(5)
58.4(4)
61.7(5)
59.3(5)
61.0(5)
60.6(5)
61.6(5)
61.7(5)
61.2(5)
60.1(5)
59.7(5)
120.0(4)
120.0(4)
120.0(4)
120.0(4)
120.0(4)
122.%4)
117.1(4)
120.0(4)
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B(7b)-B(8b)-B(12b) 58.8(5)
B(9b)-B(8b)-B(12b) 58.2(5)
B(4b)-B(9b)-B(5b) 62.3(5)
B(4b)-B(9b)-B(8b) 59.4(5)
B(5b)-B(9b)-B(10b) 57.2(5)
B(8b)-B(9b)-B(12b) 60.6(5)
B(10b)-B(5b)-B(12b) 59.3(5)
B(5b)-B(10b)-B(6b) 59.8(5)
B(5b)-B(10b)-B(9b) 63.2(5)
B(6b)-B(10b)-B(11b) 63.3(6)
B(9b)-B(10b)-B(12b) 60.6(5)
B(11b)-B(10b)-B(12b) 59.7(5)
C(2b)-B(11b)-B(6b) 62.1(5)
C(2b)-B(11b)-B(7b) 59.6(5)
B(6b)-B(11b)-B(10b) 56.0(5)

Ru(3b)-C(31b)-C(37b) 133.9(5)
C(32b)-C(31b)-C(36b) 118.1(7)
C(32b)-C(31b)-((37b) 122,47
C(36b)-0(31b)-C(37b) 119.5(7)
C(31b)-C(32b)-C(33b) 120.1(7)
C(32b)-C(33b)-C(34b) 123.0(7)
Ru(3b)-C(34b)-C(40b) 130.7(6)
C(33b)-C(34b)-C(35b) 113.5(7)
O(33b)-C(34b)—-C(40b) 121.8(7)
O(35b)-C(34b)-C(40b) 124.6(7)
C(34b)—-C(35b)-C(36b) 126.1(7)
C(31b)-C(36b)-C(35b) 118.%(7)
C(34b)-C(40b)-C(41b) 115.5(8)
C(34b)-C(40b)-C(44b) 108.%(8)
CO(41b)-C(40b)-C(44b) 113.0(8)

signals appear as doublets with the expected 1JBH cou-
pling of 115-170 Hz. Compounds 2—-4 were also sub-
jected to crystallographic analysis (Table 1) but only 2
and 4 afforded single crystals of suitable size for the
collection of intensity data.

Figs. 1 and 2 present similar perspective views of
each compound (two crystallographically independent
molecules in the case of 4) and Tables 4 and 5 list
interatomic distances and selected interbond angles.

The structure of compound 2 was determined pri-
marily to reveal any stereochemical consequence of
substitution of a single phenyl group at cage carbon in
arene carbaruthenaboranes. We have previously re-
ported [2] that in the diphenyl species 1,2-Ph,-3-
(CsMe;)-3,1,2-pseudocloso-RhC ,B,H, there is a sub-
stantial polyhedral deformation and we have recently
shown [20] that in related arene compounds 1,2-Ph ,-3-
(arene)-3,1,2-pseudocloso-RuC ,B4H,, (arene = C¢Hy,

p-cym and CgMe¢) there is a similar deformation.
Although we believe that these cluster deformatlons in
which the C(1)-C(2) distance is raised to ca. 2.5 A and
M(3)...B(6) is concomitantly reduced to ca. 2.9 A, are
a result principally of intramolecular steric crowding, it
is necessary also to consider the possible electronic

influence of C_,,-phenyl substitution, particularly as
no other transition metal complexes of the diphenyl
C,By ligand have been reported.

In compound 2 the geometry of the RuC,B, core is
essentially undistorted, and thus this molecular siruc-
ture serves as a suitable reference with which to com-
pare structures in which H(2) is replaced by bulklcr
groups. The C(1)-C(2) separation in 2 is 1.656(6) A,
identical with that [S] [1.657(10) A] in 3-{C¢Meg)-
3,1,2-closo-RuC,B¢H,,, very close to that [17]
[1.644(16) A] in 3-(mes)-3,1,2-closo-FeC,BgH,; and
that [21] [1.646(8) Al in the parent carbaborane 1-Ph-
1,2closo-C,B,,H,;, and only marginally longer than
that [4] [1 626(4) A] in 3-(C ¢H ¢)-3,1,2-closo-
RuC,ByH,;. Ru(3)...B(6) is 3.459 A. A root mean
square misfit calculation [22] between the {C,B,} frag-
ments of 2 and those of 3-(C4Hg)-3,1,2-closo-
RuC,BgH,, and 3-(CMeg)-3,1,2-closo-RuC,BgH
affords misfits of only 0.034 and 0.028 A respectlvely

We describe the conformation of cage-bound phenyl
rings in arylcarbaboranes and their derivatives in terms
of 6, the modulus of the average C_,~C,,.~C-C
torsion angle [23]; thus, if @ = 90°, the plane of the
phenyl ring eclipses the C(1)-C(2) vector. In 2, the

Table 6

"B NMR chemical shifts * (ppm) in carbaboranes and carbaruthenaboranes

Compound Chemical shifts [excluding B(3)} Weighted average
C,B,H,, —1.78(2B) — 8.5%2B) — 12.99(3B) — 14.10(2B) —9.64

PhC,B, H,, —1.11 —3.40 —7.97(2B) —9.78(2B) —10.29 —11.77(2B) -820
PhMeC,B,,H,, —2.36 —3.76 —8.53 (3 or 4B) —9.37 (4 or 3B) —7.69 or ~7.59 ®
1 2.771.25 —6.67(2B) - 8.24(2B) —18.59(2B) —23.21 —9.58

3 2.71(2B) —4.27 —6.91 —7.71 —8.15 —14.27 ~18.24(2B) —-8.04

4 4.112B) —2.05 —4.83 —6.50 —9.30 —11.30 —12.51 —16.07 —-6.04

® References: C,B,gH, [16]; PhC, B, H, [21} PhMeC,B,oH , [6].

It has not proved possible to unambiguously assign the I'B spectrum of

PhMeC,B,H,, because of the coincident resonances at —8.53 and —9.37 ppm, in spite of recouse to 11B/uB COSY, 'H- {"'B, jecte} and

'H/'H COSY experiments.
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value of 8 is 68.2(5), i.e. 21.8(5)° from eclipsed, with
C(16) dipping towards B(6) and C(12) elevated away
from B(5). It is of considerable interest to note that in
1-Ph-1,2-closo-C,B,yH,; the measured @& value is
68.8(6)°, and that ab initio optimization [21] of this
parent carbaborane (at the RHF/6-31G* level) af-
fords 6 = 65.3°.

The traditional reference plane in icosahedral
MC,B, polyhedra [24,25] is the lower boron belt,
B(5)B(6)B(11)B(12)B(9). With respect to this, the
C(1)-C(11) vector in 2 is inclined at 21.8°, and the
arene ring, C(31)-C(36), makes a dihedral angle of
4.7°. Both these values imply a slight degree of interac-
tion between the cage-bound aryl and metal-bound
arene groups; arene /B dihedral angles of only 2.3 and
2.1° are observed [4,5] in 3-(C4H{)-3,1,2-closo-
RuC,B¢H,; and 3-(C Me,)-3,1,2-closo-RuC,B,H,,,
respectively, ascribed to the differing trans influences
of cage carbon and cage boron atoms [4,26]. Similar
crowding between the cage phenyl group and metal-
bound n-hydrocarbon has been observed [27] in 1-Ph-
3<(C4H,)-3,1,2-closo-CoC,B,H,,. In the crystallo-
graphically determined structure of 2 the nearest arene
proton, H(34), lies only 2.89 A from the plane of the
aryl ring, with C(34)~H(34) nearly eclipsing C(1)-C(11).
In solution at room temperature, of course, the arene
is free to rotate, as illustrated by the "H NMR spec-
trum of 2.

The two crystallographically independent molecules
(a and b) of compound 4 are of opposite chirality. This
notwithstanding, the overall arrangement of { p-cymRu}
and {PhMeC,B,} fragments within both molecules are
broadly comparable, e.g. the twist of the phenyl group
and the relative orientation of the p-cym ligand (see
later).

Compound 4 was subjected to a crystallographic
study to determine whether its cage geometry lay be-
tween that of 2 (which is relatively undistorted) and
those [20] of 1,2-Ph,-3-(arene)-3,1,2-pseudocloso-
RuC,B,H, (which are severely distorted). Unfortu-
nately, the results are somewhat ambiguous. This arises
from that fact that although the precision of the struc-
tural study of 4 (gauged by, e.g., the typical e.s.d. on a
B-B connectivity) is only about half that for the study
of 2, there nevertheless appears to be a measurable
difference between the two indeQendent molecules. In
molecule b C(1)-C(2), 1.702(10) A, is longer than in 2,
but Ru(3)...B(6), 3.451(9) A, is not. In fact, the
C(1b)-C(2b) distance in 4 is close to that [28] [1.696(5)
Al in the parent carbaborane 1-Ph-2-Me-1,2-closo-
C,B,,H;, although it should be noted that the phenyl
orientations () are quite different, 60.1(7) and 16.7(5)°,
respectively, and we have already shown [23] that the
length of C(1)-C(2) is dependent to some extent on 6.

In contrast, molecule a displays a fairly long C(1)-C(2)
distance, 1.754(11) A. The possibility that this is merely
an artefact of one or both cage carbon atoms being
imprecisely located (see caveat to ref. [9]) can probably
be rejected in view of the fact fact that Ru(3)...B(6) in
4a is complementarily short, 3.407(8) A. Thus it does
appear that the molecular structure of 4a can be inter-
preted as lying along the ‘deformation pathway’ from
closo [exemplified by 2 (and 4b)] to pseudocloso {exem-
plified by 1,2-Ph,-3-(CMes)-3,1,2-pseudocloso-RhC ,-
ByH, [2] and 1,2-Ph,-3-(arene)-3,1,2-pseudocloso-
RuC,ByH, [20]], albeit much closer to the former. In
keeping with this overall conclusion, the {C,B,} frag-
ment of molecule a fits rather less well against that of
our standards 3-(C4Hg)-3,1,2-closo-RuC,B,H,, and
3-(C¢Meg)-3,1,2-closo-RuC,BoH ; in rms misfit calcu-
lations, 0.051 and 0.048 ,2\, than does the same frag-
ment of molecule b, 0.047 and 0.039 A, respectively. In
each of the calculations involving 4a, the worst individ-
ual atom misfit is for B(6), 0.089 and 0.086 A, respec-
tively.

The fact that C(1b)~C(2b) is shorter than C(la)-
C(2a) may be consistent with the recognition of rather
more crowding between the p-cym ligand and the
cage-bound phenyl and methyl groups in the 4b. The
p-cym ligand is in a rotationally similar position in both
molecules ('Pr trans to the C,,,, substituents) with the
arene ring/reference B, plane dihedral angle 5.6° in
4a and 7.0° in 4b. Similarly, the C(1)-C(11) and C(2)-
C(21) vectors are relatively depressed in 4b, making
angles of only 19.8 and 18.1°, respectively, to the lower
B, belt (cf. 21.0 and 18.8° respectively, in 4a). Unex-
pectedly, 8(4a) is somewhat greater than 6(4b), 60.1(7)
(cf. 55.8(7)°).

In sterically distorted pseudocloso carbametallabo-
ranes, we have consistently recorded 15 NMR chemi-
cal shifts at, on average, very high frequencies relative
to those for analogous undistorted species [2,20]. It was
therefore of interest to determine whether the begin-
ning of this sort of deformation that is suggested by the
structural analysis of 4a is supported by a similar
(albeit smaller) movement to high frequency in the
spectrum of 4 (where, of course, “4a” and “4b” cease
to have independent existence). Table 6 lists the
weighted average 1B NMR chemical shifts for the 9
relevant boron atoms of various 1,2-dicarbaboranes [no
B(3) contribution] and 1,2-dicarba-3-( p-cym)ruthen-
aboranes, measured under identical conditions. As a
reference, going from C,B,,H;, to PhC,B,;H,, to
PhMeC,B, H,, causes successive high frequency
movements of 1.4 and either 0.5 or 0.6 ppm. In com-
parison, going from 1 to 3 to 4 results in a similar first
movement (1.5 ppm) but a somewhat greater second
one (2.0 ppm). The effect is clearly small, but fully
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consistent with the overall results of the structural
studies: Starting from 3-(p-cym)-3,1,2-closo-RuC,-
By,H,,, replacement of one CH unit by C,.Ph
(1 - 3) causes no measureable polyhedral deforma-
tion; further replacement of the other C_,H by
CeageMe (3 — 4) just begins to deform the closo poly-
hedron towards pseudocloso. In a forthcoming paper
[20], we will report fully on such pseudocloso species,
formed when the second C_,__H is replaced by C_,_.Ph.

cage cage
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