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Fluxional Molecular A-Frames Containing Bridging 
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Ph, l-Bu) and Thelr Reactions with Nucleophlles 
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[Rh2( p-v2-C2R)( C0)J p-Ph2PCH2PPh2)2]C10, (R = H, 
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Summary: The carboxylate A-frame complexes [Rh2(p- 
02CR1)(C0)2(pdppm),]C104 (R' = CH,, CF,) react with 
terminal acetylenes, RC,H (R = H, Ph, t-Bu (R' = CF, 
only)), to give the p-v2-acetylide complexes [Rh,(p-q2- 
C,R)(C0),(pdppm),]CIO4 in which the acetylide ligand is 
fluxional, exhibaing an oscillatory type motion. The ace- 
tylide groups in these complexes are susceptible to nu- 
cleophilic attack by H- and PR, to give, in the case of K, 
unstable bridging Vinylidene complexes [Rh2(p-C= 
CHR)(CO),(pdppm),]. In solution, the tert-butylvinylidene 
complex undergoes an unprecedented reoxidation to the 
parent acetylide complex. 

Owing to the difficulties inherent in the characterization 
of chemisorbed species,l a great deal of attention is cur- 
rently being focussed on detailing the structure and 
chemical reactivity of hydrocarbon fragments bound to 
polynuclear transition-metal complexes, in the belief that 
such compounds should function as reasonable models for 
their chemisorbed counterparts as well as displaying un- 
usual patterns of reactivity. This interest has recently 
spawned numerous articles reviewing aspects of this ap- 
proach from differing perspectives.'-1° Acetylide com- 
plexes9J0 have not escaped this attention, although only 
Carty and co-workers seem to have had any success a t  
elaborating the chemistry of acetylide ligands in polynu- 
clear complexes.l0J The vast majority of acetylide com- 
plexes investigated by Carty's group are coordinatively 
saturated and hence the reactivity of the acetylide has been 
limited to (albeit novel) nucleophilic attack at  either the 
a- or the @-carbon of the acetylenic linkage, except in the 
reaction of the unsaturated cluster Ru3(CO),(PPh2)(C= 
C-t-Bu) with dihydrogen in which partial hydrogenation 
of the acetylide function was observed. In this commu- 
nication we wish to report the synthesis of a series of 
p-q2-acetylide complexes [ Rh2( p-q2-C2R) (CO) 2(  p- 
dppm),]ClO, (dppm = Ph2PCH2PPh2) in which the ace- 
tylide groups span two unsaturated metal centers.12 These 
complexes are unique in that the acetylide functions os- 
cillate rapidly in their mode of attachment to the metals 
and undergo @-hydride addition to generate vinylidene 

(1) Muetterties, E. L. Angew. Chem., Ed. Engl. 1978, 17, 545. 
(2) Ugo, R. Catal. Reo.-Sci. Eng. 1975,II, 225. 
(3) Muetterties, E. L. Bull. SOC. Chim. Belg. 1975,84, 959. 
(4) Muetterties, E. L. Bull. SOC. Chim. Belg. 1976, 85, 451. 
(5) Muetterties, E. L.; R h d i ,  T. N.; Band, E.; Brucker, C. F.; Pretzer, 

(6) Muetterties, E. L.; Stein, J. Chem. Rev. 1979, 79, 479. 
(7) Muetterties, E. L. Znorg. Chim. Acta 1981, 50, 1. 
(8) Muetterties. E. L.: Wexler. R. M. Suru. ROP. Chem. 1983. IO. 61. 

W. R. Chem. Rev. 1979, 79,91. 

(9) Holton, J.; Lappek, M. F.; Pearce, R. Yarrow, P. I. W. Chem. Rev. 
1983. 83. 135. 

(IO) Carty, A. J. Pure Appl. Chem. 1982, 54, 113 and references 
therein. 

(11) Carty, A. J. Adu. Chem. Ser. 1982, No. 196, 163 and references 
therein. 

(12) During the preparation of this manuscript, a report detailing the 
synthesis of a p-q2-acetylide complex of a mixed platinum/rhodium dimer 
appeared. Hutton, A. T.; Shebanzadeh, B.; Shaw, B. L. J. Chem. SOC., 
Chem. Commun. 1984, 549. 
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complexes. In the m e  of R = t-Bu, the addition of hydride 
is reversible. 

We recently reported the synthesis of the complex 
[Rh2(p-q2-CN)(p-CO)(CO)2(p-dppm)2]C10413 which sug- 
gested to us that isoelectronic acetylide complexes should 
also be accessible. This and our observation that the 
carboxylate complexes [Rh2b-02CR1) (CO)2b-dppm)2]C10, 
(R' = CF,, CH3) react with H2/C0 mixtures to yield 
[Rh,(p-H) (p-CO)(CO)2(p-dppm)2]C104,14 prompted us to 
attempt the reaction of terminal acetylenes with these 
carboxylates. Accordingly, the action of excess acetylene, 
RC2H, on [Rh2(p-02CR1)(CO)2(p-dppm)2]C104 in di- 
chloromethane solution led to isolation of the complexes 
[Rh2(p-q2-C2R)(CO)2(p-dppm)2]C104 (1, R = t-Bu;15 2, R 
= Ph;16 3, R = HI7 ) from diethyl ether. The spectroscopic 
properties of 1-3, including an X-ray crystallographic 
analysis of 1,18 clearly establish these compounds as further 
examples of molecular A-frames. Of particular note is the 
fact that all three exhibit typical AA'A"A"'XX' patterns 
in the 31P NMR spectra, establishing that there is a rapid 
oscillation of the acetylide group between the metal atoms 
(eq 1) as is also observed for the cyanide ligand in the 

PhfiPPh, + 
I /  

Ph,P/\PPh, + 
I /  

Phk-PPh, P h 2 P d h p  

1. R =  t-Bu; 2, RZPh; 3. R=H 

complexes [Rh2(p-q2-CN)(p-CO)(C0)2(p-dppm)2]C104,13 
(NEt4)[Cp2M02(p-q2-CN)(C0)3],19 and [Mn,H(p-CN)- 
(CO)4(p-dppm)2].20 As in the first of these examples, the 
motion of the acetylide groups in 1-3 was still rapid at -80 
"C. 

Compounds 1-3 mimic the behavior of the cation 
[Rh2(p-Cl)(CO)2(p-dppm)2]+ 21 by forming labile CO and 
SO2 adducts [Rh&p-?2-C2R)(p-L)(CO)2(p-dppm)2]C104 (L 
= CO, SO2). More interesting, however, is the behavior 
of the acetylide complexes toward nucleophiles. Despite 
the cationic nature of the complexes, we have found nu- 

(13) Deraniyagala, s. P.; Grundy, K .  R. Inorg. Chim. Acta 1984,84, 
205. 

(14) Deraniyagala, S. P.; Grundy, K .  R. Znorg. Chim. Acta, accepted 
for publication. 

(15) 1: 4.5 h; R' = CF,; red or orange crystals, 77%; AM(acetone) = 
131 cmz Q-I mol-'; IR (cm-', CH2Cl2) 1996 (sh), 1982 (vs) (u(CO)), 2023 
(mw) (u(C=C)); 'H NMR (CD2C1z) 6 7.53 (m, Ph), 4.25, 3.66 (m, CHz), 
0.47 (s, t-Bu); ,'P NMR (relative to 85% H3P04, external; CD2C12) 6 20.47 
(m, 1'J~h-p + TJm-pI = 113.7 Hz). Anal. Calcd for C~&P40&1Rh$ C, 
57.52; H, 4.41; P, 10.23. Found: C, 57.22; H, 4.43; P, 11.05. 

(16) 2: 3.5 h, R' = CH,, red needles, 86%; AM (acetone) = 122 cm2 Q-' 
mol-': IR (cm-'. CH9C1,) 1998 (sh). 1983 (vs) (v(C0)). 2019 (mw) (u(C= 
C)); lH N€& (CDICi2) g7.34 (m, Ph), 6.68'(m, C;Phj;4.26,3.& (m,'CHz); 
,'P NMR (relative to 85% H3P04, external, CD&) 6 20.79 (m, 1'Ja-p 
-t 'JRh-pI = 113.0 Hz). And. Calcd for CuH~P,06ClRh2: C, 58.53; H, 
4.01; P, 10.06. Found: C, 57.95; H, 4.06; P, 9.83. 

(17) 3: 1 h; R' = CHs, red-orange crystals, 74%; AM(acetone) = 127 
cm2 Q-' mol-'; IR (cm-', CH2C12) 2010 (E), 1986 (vs) (u(CO)), 1886 (mw) 
(u(C=C), confirmed by lsCO labeling studies), 3216 (mw) (u(CH)); lH 
NMR (CDIC12) 67.43 (m, Ph), 4.28, 3.46 (m, CHI), 5.60 ((acetone-d,) 8,  
CHzClz); 31P NMR (-40 OC, relative to 85% H3P04, external, CDZC12) 6 
19.24 (m, 1'JRh-p + =JRh+I = 113.4 Hz). Anal. Calcd for 
C,,.6H,P406C1zRh2: C, 54.61; H, 3.79; P, 10.35. Found (CH2C12 hemi- 
solvate): c, 54.28; H, 3.75; P, 10.02. 

(18) Cowie, M. Organometallics, in press. This paper also discusses 
the origin of the low u ( C 4 )  value in 3. 

(19) Curtis, M. D.; Han, K. R.; Butler, W. M. Inorg. Chem. 1980,19, 
2096. 

(20) Aspinall, H. C.; Deeming, A. J.; Donovan-Mtunzi, S. J. Chem. 
SOC., Dalton Trans. 1983, 2669. 

(21) Cowie, M.; Mague, J. T.; Sanger, A. R.; J.  Am. Chem. SOC. 1978, 
100, 3628. 
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all four dppm phosphorus atoms, a situation not likely to 
pertain in a structure such as a. Although there are un- 
doubtedly electronic effects a t  play, we feel that steric 
effects also play a dominant role in preventing adduct 
formation between the bulky phosphorus nucleophiles and 
complexes 1 and 2, a possibility which has been alluded 
to previously.1° 
[Rh,(p-~~-C~-t-Bu)(CO)~(p-dppm)~]ClO~ reacts with ei- 

ther Li[BHEt3] or NaBH4 in ethanol suspension to yield 
an air-sensitive, intensely colored bridging vinylidene 
complex Rh2(pC2[H]-t-Bu) (CO)2(p-dppm)2 (6).% Anal- 
ogous derivatives of 2 (7) and 3 (8) were prepared in situ 
by the addition of Li[BHE&].= The structures of 6-8 are 
almost certainly of type b resulting from @-addition to the 
acetylide. The possibility of a-addition to give complexes 
of type a has been eliminated by noting that under these 
conditions, 7 and 8 would be identical with the acetylene 
complexes Rh2(p-.r12-HC2R)(CO)2(p-dppm)2, previously 
characterized by Eisenberg et a1.26 Their physical prop- 
erties are, however, quite different. Structures of type c 
can be eliminated on steric grounds, a t  least for 6 and 7 
(vide supra). The observation of an AA'A"A"'XX' pattern 
in the 31P NMR spectrum of 8 does not allow us to dis- 
tinguish between a structure of type b or fluxional c. The 
close similarlity of 8 to 6 and 7 would suggest, however, 
a symmetric p-7'-bridging mode for the vinylidene ligand 
in all three complexes. 

It seems most likely that the initial attack of [BHEtJ 
occurs directly a t  a metal center, although the possibility 
exists that initial attack occurs a t  a terminal carbonyl to 
produce a transient formyl spe~ies.~' A rapid hydride 
migration from [formyl to] metal to C, would then com- 
plete the transformation. The implication that vinylidene 
formation here results from the transfer of a metal hydride 
to C, of the bound acetylide is consistent with the thesis 
that acetylene to vinylidene rearrangements on metal 
clusters occur via initial oxidative addition of the acetylene 
followed by hydride migration to yield the vinylidene 
tautomer.29 A recent communication has also noted the 
addition of a platinum hydride [PtH(acetone) (PEt3)2]+, 
across the C=C bond of an acetylide ligand in Pt- 
(C2Ph)2(PEQ2 to generate a bridging vinylidene complex.30 

All three vinylidene complexes are unstable in air, es- 
pecially in solution. Compounds 7 and 8 undergo oxidation 
to yield as yet uncharacterized materials containing ter- 
minal and bridging carbonyl groups. In dichloromethane 
solution, however, 6 undergoes a novel and unprecedented 

(25) 6 blue crystals, 97%; AM(acetone) = 0 cm2 n-' mol-'; IR (cm-', 
CH2C12) 1943 (a), 1918 (vs) (r(CO)), 1666 (w) (u(C=C), tentative only, 
Nujol); 'H NMR (CD2Clz) 6 7.31 (m, Ph), 4.60 (m, vinylidene H), 2.95, 
3.75 (m, CH2), 0.41 (8, t-Bu); 31P NMR (relative to H3P01, external, 
CD2C12) 6 30.13 (m). Anal. Calcd for CSHNP4O2Rh2: C, 62.60; H, 4.89. 
Found: C, 61.75; H, 4.90. 7: purple; IR (cm-') 1948 (s), 1924 (vs); 31P 
NMR 6 29.53 (m). 8: blue; IR (cm-') 1945 (s), 1923 (vs); 31P NMR (-40 
"C) 6 30.99 (m, 1'Jw-p + xJw-pI = 167.9 Hz). 'H NMR spectra of 7 and 
8 were rendered uninterpretable by exma EhBH- anion, BE& derivatives 
and THF. The vinylidene proton resonance in 12 was verified by deu- 
teration. 

(26) Kubiak, C. P.; Woodcock, C.; Eisenberg, R. Inorg. Chem. 1982, 
21, 2119. 

(27) Bulky [BHEtJ attacks all three acetylide complexes with com- 
parable facility, unlike similarly bulky phosphines. Molecular modeljng 
suggests severe steric interactions will occur between the BHEt3- anion 
and dppm phenyl groups during either direct C, attack or attack at  either 
Rh atom from either face. Such interactions are exacerbated by the 
acetylide R group, especially when R = t-Bu. Direct attack at a terminal 
carbonyl group is slightly less hindered. The addition of [BHEtJ to 
cationic carbonyls is known to generate formyl complexes, the less stable 
of which are themselves capable of functioning as hydride donors.ls 

(28) Tam, W.; Lin, G.-Y.; Gladysz, J. A. Organometallics 1982,1,525. 
(29) Bernhardt, W.; Vahrenkamp, H. Angew. Chem., Int. Ed. Engl. 

1984,23, 141 and references therein. 
(30) A f d ,  D.; Lenhert, P. G.; Lukehart, C. M. J. Am. Chem. SOC. 1984, 

106, 3050. 

cleophilic addition to compounds 1-3 to be a considerably 
less general phenomenon than observed for their closest 
analogue Fe2(p-v2-C2Ph)(p-PPh2)(CO)g.10 Furthermore, we 
have found no clear cut evidence in favor of a-attack in 
our system. The apparently decreased incidence of nu- 
cleophilic addition to the acetylide function in 1-3 is in 
part due to the fact that the metal centers now also com- 
pete favorably as a site for attack.22 

Steric factors are undoubtedly another important fador 
in determining the outcome of nucleophilic attack on 1-3. 
Thus, for example, neither 1 nor 2 are subject to attack 
by tertiary phosphines whereas 3 reacts with excess PR3 
to give adducts [Rh2(p-C2H [PR,]) ( CO)2(p-dppm)2] C104 (R 
= Ph, 4; R3 = MePh2, 5Iz3 which could possess any of the 
structural types depicted in a-c, depending on whether 

+ 
-Whp + Ph2P/ \PPhp  

I I  
PhpP 

I I 

a b 

Ph2P ,-y + 

Ph2PL;,,PPhe I 

ii 
C 

4, L=PPh3. 5, L=PMePh2. 6, L=t-Bu, 7, LsPh. 8, L = H  

a- or 8-addition has occurred. Although we cannot assign 
structures for these compounds unambiguously, our evi- 
dence suggests that the structure of type b is most likely 
the correct one. Molecular models suggest somewhat se- 
vere steric crowding in a and c (impossibly 80 in c) between 
the phosphine addend and the dppm phenyl and methy- 
lene groups, which is absent in b. Furthermore, the ,lP{lH) 
NMR spectra for 4 and 5 in the dppm region appear as 
slightly perturbed AA'A"A"'XX' patterns coupled with a 
further I = 1/2 nucleus.24 This suggests that the added 
phosphorus nucleus is coupling almost equivalently with 

(22) For example, 2 and 3 react on mixing with 1 equiv of p-tolyl 
isocyanide to give produds resulting from carbonyl substitution. We see 
no evidence for nucleophilic addition to the acetyMe function as observed 
for Mz0C-s2-Cgh)0C-PPh2)(CO)e. E.g., R = P h  IR (an-', CH2C12) 2112 
(s) (u(CN)), 1981 (w) (v(C0)). A slight shoulder on the high-energy side 
of the u(C0) absorption was attributed to v(C=C). R = H: IR (cm-') 
2115 (s) (v(CN)), 1987 (w) (v(CO)), 1873 (mw) (~(Cac)). The u(CN) 
frequencies in these isocyanide complexes are in the range expected for 
terminal RNC ligands and too low to be diagnoetic of an ieocyanide bound 
to an acetylide ligand. See ref 10, pp 122-3. 

(23) 4: purple cry~tale, 75%; IR (an-', CHzCl2) 1973 (a), 1957 (vd; "P 
NMR (relative to 86% H3P0,, external, CD2C12, excess PR3) 6 24.29 (m, 
(dppm)), -11.8 (m, (Cz[H]PPh3)), -4.76 (8, br (PPh,, free)). Anal. Calcd 
for C72H~SOeClFth2: C, 61.01; H, 4.27; P, 10.93. Found C, 60.61; H, 
4.19; P, 11.20. 5 purple crystals, 71%; IR (cm-', CHzClz) 1974 (a), 1956 
(vs); NMR 6 27.66 (m, (dppm)), -14.5 (m, (C2[H]PMePhz)), -24.8 (8, 
br (PMePhz, free)). Anal. Calcd for Ce7H&~OeC1Rh2: C, 59.38; H, 4.31; 
P, 11.43. Found C, 58.34; H, 4.38; P, 11.55. 

(24) The perturbation is manifested by a lifting of degeneracy in the 
minor peaks of the dppm multiplets. The principal linea of the multiplets 
(singlets in an AA'A"A'NXX' pattern) appear as doublets with separations 
of 7.20 Hz for 4 and ca. 5.5 Hz for 5. Furthermore, these lines also showed 
the beginnings of structure to the extent that in 5, the higher field 
principal ah rp t ion  appeared as a doublet of doublets at  high resolution, 
with further splittings of ca. 1.0 Hz. 
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reoxidation to the parent cation [Rh2(p-q2-C2-t-Bu)- 
(CO)2(p-dppm)2]+ with a comcomitant color change from 
blue to red.31 The reoxidation is clean, no other products 
being discernible. We have been able to eliminate the 
possibility that the vinylidene complex 6 undergoes oxi- 
dation by functioning as a hydride donor to adventitious 
water. Whether in wet or dry degassed CH2C12, 6 remains 
intact until sufficient dry dioxygen is admitted, after which 
the oxidation proceeds smoothly and rapidly. We are 
currently attempting to determine the stoichiometry of the 
oxidation as well as identifying the nature of the dioxygen 
reduction products. 

To us, the most intriguing aspect of this oxidation 
process concerns whether the interaction of 6 with di- 
oxygen occurs initially a t  one or both metal centers or 
whether dioxygen attack occurs directly a t  the ligand, 
possibly through some form of electron-transfer process. 
Our attempts to discern the exact nature of this initial 
interaction are ongoing. 

Acknowledgment. We acknowledge the National 
Sciences and Engineering Research Council of Canada for 
financial support. We also wish to thank the Atlantic 
Regional Laboratory of the National Research Council 
Canada and the Atlantic Region Magnetic Resonance 
Centre for their services in obtaining NMR spectra. 

Registry No. 1, 94294-51-6; 2, 94323-95-2; 3, 94294-53-8; 4, 

94294-60-7; [Rhz(p-~2-CzB~-t)(p-CO)(CO)2(p-dppm)2]C104, 
94294-62-9; [Rh2(p-~2-CzPh)(p-CO)(CO)z(p-dppm)z]C104, 94294- 
64-1; [Rh2(p-~2-CzH)(p-CO)(CO)2(p-dppm)2]C104, 94294-66-3; 
[Rh2(p-~2-CzBu-t)(p-S02)(CO)2(p-dppm)2]C104, 94323-97-4; 
[Rhz~-~2-C2Ph)(p-S02)(CO)2(p-dppm)2]C104, 94323-99-6; [Rhz- 
(p-~2-CzH)(p-S02)(CO)2(p-dppm)2]C104, 94324-01-3; [Rhz(p-$- 
CzBu-t)(CO)2(p-dppm)2]+, 94294-50-5; [Rh2(p-02CCH3)(CO)z(r- 
dppm)2]C104, 93646-75-4; [Rh2(p-02CCF3)(CO)z(p-dppm)zlC104, 

94294-55-0; 5, 94294-57-2; 6, 94294-58-3; 7, 94294-59-4; 8, 

93646-77-6; t-BuC,H, 917-92-0; PhCzH, 536-74-3; HCZH, 74-86-2. 

(31) In the v(C0) region of the infrared, this transformation is char- 
acterized by the gradual but complete disappearance of ban& at 1943 and 
1918 with the concomitant growth of bands at 2022 (w), 1996, and 1982 
cm-' over a period of ca. 30 min. Further monitoring up to 24 h shows 
no further changes. 

A Stable l&Electron Rhodium( I I I )  Rhodacarborane 
Derived from an I n t e r d a t e  Contalnlng an Agostlc 
Hydrogen Atom. Molecular Structure of 

Donna M. Speckman, Carolyn B. Knobler, and 
M. Frederlck Hawthorne" 
Department of Chemistry and Biochemistry 
University of Californla 
Los Angeles, California 90024 

c/oso-~-( q3-C,H,3)-1,2-(CHS)~-3,l,2RhC,B& 

Received October 8, 1984 

Summary: Protonation of [PPN] [closo -3,3-(q4-1 3- 
cyc1ooctadiene)- 1 ,2-(CH3),-3, 1 ,2dhC.$3gHg] with trifluoro- 
acetic acid in dichloromethane at -73 OC results in the 
formation of an unstable intermediate that exhibits an 
agostic hydrogen interaction and that rearranges at 7 OC 
to produce an unusually stable 16-ekctron rhodium( I I I )  
metallacarborane, closo -3-(q3-C8H,3)-1,2-(CH3)2-3, 1,2- 
RhC2BgHg, which, as determined from an X-ray crystal 
structure study, is not stabilized via any apparent M-H-C 
interactions. 

0276-7333/85/2304-0426$01.50/0 

The importance of the formation of transient 16-electron 
metal species in organometallic catalytic reactions has been 
widely recognized for a great many years, and attention 
has recently focused upon the ability of such unsaturated 
transition metal species to activate aliphatic C-H bonds 
of both coordinated and uncoordinated organic moieties.' 
There have now been several reported examples of stable 
16-electron transition-metal complexes containing organic 
ligands whose stability has been attributed to a unique 
mode of interaction between the metal center and a 
proximal C-H bond of the bound ligand; the C-H bond 
shares its u electrons with the metal to provide a two- 
electron, three-center M-H-C interaction, thus providing 
the metal with a formal 18-electron configuration.2 We 
wish to report here the formation of a surprisingly stable, 
16-electron rhodium(II1) (q3-cyclooctenyl)rhodacarborane 
species that is unusual in that, unlike other electron-de- 
ficient q3-cycloalkenyl organotransition-metal complexes,2 
it exhibits no apparent distortion of the cyclooctenyl or 
carborane ligands due to M-H-C interactions, yet its 
formation occurs via an intermediate that appears to 
contain such an M-H-C interaction. We also wish to 
report evidence which indicates that the stability of the 
(q3-cyclooctenyl)rhodacarborane appears to be due to the 
substituents on the carbon atoms of the carborane ligand. 

Protonation in vacuo of a dichloromethane solution of 
the (1,5-cyclooctadiene)rhodacarborane anion [closo- 
3,3-(q4-1,5-cyclooctadiene)-1,2-(CH3)2-3,1,2-RhC,B~,]- (U3 
using 2 equiv of trifluoroacetic acid at -73 "C was found 
to result in the formation of a thermally unstable inter- 
mediate, la, which exhibits broad resonances in the 200- 
MHz 'H FT NMR spectrum at 3.99, 2.95, 2.31, 2.08, and 
-3.94 ppm. The unusual resonance at  -3.94 ppm was 
found to represent a single proton via integration. Due 
to the broadness of the signals, combined with a lack of 
response to decoupling, it appears that this unstable 
species is fluxional in solution. By comparison of the 'H 
NMR spectrum for la with that of complex 1: the reso- 
nances at  3.99, 2.31, and 2.08 ppm can be attributed to 
vinyl, methylene, and carboranyl methyl protons, respec- 
tively, and based upon chemical shift, the resonance at 2.95 
ppm appears to be representative of aliphatic protons. 
However, the broad upfield resonance observed at -3.94 
ppm was not readily identifiable. In order to determine 
the nature of this unique proton, we chose to examine 
potential sites of interaction between complex 1 and the 
acid source. 

Since a chemical shift of -3.94 ppm is not unusual for 
a hydrogen involved in a bridging B-H-B bonding inter- 
action, the possibility that the protonation of 1 occurs a t  
the carborane ligand to produce an exo-nido species5 
containing a B-H-B bridging bond was considered. Ex- 
amination of this protonation reaction via low-temperature 
127-MHz llB(lH) FT NMR spectroscopy ruled out this 
possibility by revealing only resonances due to an appar- 
ently symmetric (six resonances) closo-metallacarborane 
species and displaying no signals due to boron atoms in- 
volved in either B-H-B or M-H-B bonding interactiom6 

(1) Janowicz, A. H.; Bergman, R. J. Am. Chem. SOC. 1983,105,3929 
and references therein. 

(2) Brookhart, M.; Green, M. L. H. J.  Organomet. Chem. 1983,250, 
395 and references therein. 

(3) Analytically pure complex 1 was prepared by reaction of the di- 
substituted monoanion Cs[nid0-7,8-(CH~)~-7,8-C~B,H,,] with 4 equiv of 
sodium isopropoxide and 1 equiv of [Rh(1,5-C~H&l]~ in 2-propanol, 
followed by precipitation of the PPN+ salt by addition of (PPN)Cl. 

(4) 1: 'H NMR (CDaC12, 25 "C, 6) 3.95 (8, br, 4 H, vinylic CH), 2.38 
(m, br, 8 H, methylene CH), 2.08 (8, 6 H, carboranyl methyl CH). 

(5) Long, J. A.; Marder, T. B.; Behnken, P. E.; Hawthorne, M. F. J. 
Am. Chem. SOC. 1984,106, 2979. 
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