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The mononuclear starting materials [Rh(q4-C8HIz)(~2-P,Sb- 
iPr,PCH,SbRz)]PF6 (la,  b) react with CF&O,H in the pres- 
ence of H2 to give the dinuclear hydridorhodium(II1) com- 
plexes [ ( R ~ H ( K ~ - P , S ~ - ~ P ~ ~ P C H ~ S ~ R ~ ) } ~ ( ~ - H ~ ( ~ - O ~ C C F ~ ) ~ ] P F ~  
(2a, b) in almost quantitative yield. The X-ray crystal structu- 

ral analysis of 2b (R = tBu) reveals a distorted octahedral ge- 
ometry around the two metal centers with the two phosphan- 
yl(stibany1)methanes in a chelating and the two trifluorace- 
tate ligands in a bridging coordination mode. 

In our quest for new unsymmetrical (possibly hemilabile) 
chelating hgands, we recently reported the synthesis of 
phosphanyl(stibanyl)niethaiies R2PCH2SbR’2 with bulky 
alkyl or cycloalkyl groups R and R’.“] Depending on the 
reaction conditions, these ligands react with [CxHI2RhCII2 
to give either neutral compounds [RhC:l(q4-C8HI2)(~-P- 
K2PCH2SbRr2)] or related cationic derivatives [Rh(q4- 
C8H,&~’-P,Sb-R2PCH2SbRf2)]X. For X = BPh4. lhc latter 
affords, in the presence of H2, the half-sandwich type com- 
plcxes [(q6-C6HjBPh3)Rh(~’-P,Sb-R2PCH2SbR’2)], in 
which the tetraphenyloborate i7 coordinated like a substi- 
tuled arene to the metal center.[’][2] 

In order to broaden the chemistry of rhodium com- 
pounds with phosphanyl(stibany1)methancs as ligands, we 
also attempted to prepare carboxykito complexes [Rh(q2- 
02CR)(~2-P,Sb-R2PCH2SbR’2)] or the corresponding di- 
mers from the cationic species [Kh(q4-C8H 12)(~2-P,Sh- 
K2PCH2SbR’2)]X and RC02H. We anticipated that under 
H2 the diolefin would be hydrogenated and finally displaced 
by the carboxylato anion. 

However, the reaction of la,  b (Scheme 1) with 
CF3C02H proceeds in a somewhat different way. Both sub- 
strates react quite rapidly, in the presence of H2 and in the 
molar ratio 1:3, to give yellow air-stable products 2a, b in 
nearly quantitativc yicld. Both compounds are thermally 
unstable (2a less than 2b) and also slowly decompose in 
solulion (THE CH2C12). While the IR and I9F-NMR spec- 
tra of 2a, b confirm that in agrecmcnt with the assumed 
composition one (or two) CF3C02 unit(s) are coordinated 
to the rhodium center, the ‘H-NMR spectra uncxpcctedly 
reveal the presence of two types of metal-bonded hydrido 
ligands. The signal at 6 = -18.45 (for 2a) or -18.41 (for 
2b) is split into a doublet of doublets due to coupling with 
one 31P and one Io3Rh nucleus, and is assigned to a ter- 
minal RhH unit. The second resonance (with half the inten- 
sity of the first one) at S = - 17.00 (for 2a) and - 16.55 (for 
2b) appears as a triplet of triplets with a rather large Rh-H 

coupling or ca. 27 Hz. The latter is typical for a bridging 
RhHRh moiety.[3] The CH3 protons of the isopropyl groups 
at the phosphorus atom display four doublets of equal 
intensity (6666)  in the ‘H{”P)-NMR spectrum while 
those of thc isopropyl groups at the antimony atom (in 2a) 
give rise to three doublets in the ratio 6612.  For the pro- 
tons of thc tert-butyl groups of 2b two singlets of equal 
intensity are observed. The chemical shift of the CH3 reso- 
nances as well as that of the signal assigned to the PCH2Sb 
protons is almost identical to that of the starting materials 
l a ,  b indicating that the coordination mode of the phos- 
phanyl(slibany1)methanes is unchanged. 

Scheme 1. R = R’ = iPr: a; R = iPr. R’ = tBu: b 

F.C CF, 

la, b 
Za, b 

The result of the X-ray crystal structure analysis of 2b is 
shown in Figure 1. The geometry around both metal cen- 
ters is distorted octahedral with two oxygcn atoms of the 
bridging trifluoracetates, the phosphorus and the antimony 
atoms, the terminal and the bridging hydride occupying the 
six coordination sites. On each rhodium center, one oxygen 
atom is trclnr-disposed to the phosphorus atom and the 
other to the terminal hydride. The dinuclear cation pos- 
sesses C, symmetry, thc rotational axis lying between the 
[O,C.O] planes and passing through the hydrogen atom 
H(3). The Sb-Rh-Rh-Sb unit is nearly linear with 
Sb-Rh distances that are almost identical to the Sb-Rh 
bond length of l b  [2.5876(5) A].[*] The distance 
Rh(1)-Rh(2) [2.955(2) A] is significantly larger than in the 
structurally related dinuclear hydridorhodium cations 
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Figure I .  Molecular structure of 2brdl 

Selected bond lengths [A] and anglcs "7, Rh( 1)-Rh(2) 2 955(2), Rh(1)-P(1) 2.244(4), Rh(1)-Sb(1) 2.533(2), Rh(2)-P(2) 2.229(4), 
Rh(2)-Sb(2) 2.583(2), P(l)-C(lO) 1.83(2), Sb(1)-C(l0) 2.16(2). P(2)-C(40) 1.84(2), Sb(2)-C(40) 2.17(2), Rh(1)-O(1) 2.21(1), 
Rh(l)-0(2) 2.16(1), Rh(2)-O(3) 2 17(1), Rh(2)-0(4) 2.218(9), O(1)-O(3) 2.2372(5), 0(2)-0(4) 2.2224(5): P(1)-Rh(1)-Sb(1) 75.7(1), 
P(Z)-Rh(2)-Sb(2) 75.9(1). P(1)-C(l0)-Sb(1) 94.5(6), P(Z)-C(40)-Sb(2) 95.4(7), P(1)-Rh(1)-O(1) Y8.5(3), P(1)-Rh(1)-O(2) 
1 68.0(3), P(2) - Rh(2) -0( 3) 17 1 .O( 3), P(2) - Rh(2) - O(4) 100 6(3). Sb( 1 ) - Rh( 1) - O(1) 95.2(2). Sb( 1) -Rh( 1)- O(2) 92.7(3), 
Sb(2)-Rh(2)-0(3) 96.0(3), Sb(2)-Rh(2)-0(4) 96.5(2), Sb(l)-Rh(l)-Rh(2) 171.52(5), Sb(2)-Rh(2)-Rh(l) 175.82(5), 
O( 1) - R h( 1)-0(2) 85.3(4), 0(3)  - Rh(2)- O(4) 83.9(4). 

[ (RhH(K*-P,P-iPr2P( CH2)7PiPr2)) 2(p-H)2(p-0,0-C104)]L 
[2.617( 1) A][4] and [Rh2(C0)2(p-P,P-PhZPCH,PPh2)2(p- 
H)(p-CO)]' [2.731(2) A].[5] where a rhodium-rhodium sin- 
gle bond is assumed. However. in these calions the oxi- 
dation number of Rh is + 2  instead of + 3  as in 2b. With 
regard to the Rh(1)-H( 3)-Rh(2) three-center two-electron 
bond, a himilar situation is found in the neutral dinuclear 
complex [f(11~-C~Me~)Rli~I)~(p-C1)(p-H)] wherc the 
Rh-Rh distance is 2.906(1) In this case, a weak metal- 
metal interaction has been discussed. L61 The bond angles in 
the RhPCSb chelates and in the bridging RhOCORh sys- 
tems are almost the same as in the mononuclear compound 
l b  or in dinuclear Rh2(p-02CCH3)2 comple~cs~~1 and need 
no further comments. 

The problem of why the anticipated carboxylato com- 
plexes [Rh(q2-02CCF3)(~2-P,Sb-R2PCH2SbR'2)] or 
[{Rh(ti2-P,Sb-R2PCH2SbR'2)}2(p-02CCF3)2J are not ob- 
tained from la,  b, CF3C02H, and H2 is not clear. We as- 
sume that in the initial step of the reaction, the cyclooc- 
tadiene ligand of la, b is hydrogenated and a mononuclear, 
probably solvated dihydridorhodiuni(II1) cation [RhH2(K2- 
P,Sb-R2PCH2SbR',)]+ is generated. Upon attack or the 
carboxylic acid, another cationic intermediate [RhH(q2- 
O2CCF3)(ti2-P,Sb-R2PCH2SbR'2)]' could be formed which 
by dimerimtion, addition of H2 and deprotonation should 
yield the final product. It is worth mentioning that on treat- 
ment of l a ,  b with acetic acid in the presence of H- com- 
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plete decomposition occurs and no hydridorhodium com- 
plex containing iPrZPCH2SbRZ as ligand can be isolated. 

This work was supported by the Dezitsche I;'or.c.chUngsge'rP7?ei~z- 
schaft (SFB 347) and the F0nd.s der Chcinischen Industrie. We thank 
in particular the latter for a Doktorandenstipendium (to M. M.), 
the Uegtissa AG for gifts of cheinicals. Mrs. R. Scliedl and C. R 
Kneizcis for chemical analyscs and DTA mcasurments, and Dr. W 
Buchnei Mrs. IM-L. Srlz2ifer9 and W Stiicr for recording NMR 
spectra. 

Experimental Section 
All operations were carried out under argon using Schlcnk tech- 

niqucs. The starting materials l a  and l b  were prepared as describcd 
in thc literature.['1 - IR: Pcrkin-Elmer 1420. - NMR: Bruker 
AMX 400. 

1. Prepmution c?f' [ /R/iH(h"-P,Sb-iPrzPCI~~SbiPI._71 ) z ( , u - I f )  ( p -  
O,CCF,),]PF, (2a): A solution of 89 mg (0.13 mmol) of l a  in 6 
mi of' CH2CI2 was treated with 30 pl(0.39 mmol) of CF3CO2H and 
then stirred under H2 (1 .O bar) for 10 min at room temp. A change 
of color from orange-red to yellow occurred. Alier removal of the 
solvent in vacuo, an oily residue was obtained which upon treat- 
ment with 10 nil of ether (twice) and 5 ml of pentane (twice) gave 
a yellow. almost air-stablc solid; yield 71 mg (88%): dec. temp. 
52°C. - IR (CH,Cl,): 9 = 2100 cm * [v(RhH)]; 1670 
[v(OCO),,,,,l, 1460 [v(OCO),,,]. 1200: 1150 [v(CF)]. - 'H NMR 
(400 MIIz, CDZC12): 6 = 2.99. 2.80 [2 Sept, J(HH) = 7.2 Hz, 2 H 
each, SbCHCH?], 2.68 [br. d, J(PH) = 9.2 Hz, 4 H, PCH2Sb]. 2.19, 
1.Y4 (2 m, 4 H each, PCFKH;), 1.56: 1.55 [7 d, J(HH) = 7.2 Hz, 
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6 H each SbCHCH,], 1.48 [d, J(HH) = 7.2 Hz, 12 H, SbCHCH,], 
1.37-1.13 (br. In, 24 H, PCHCH3), -17.00 [tt, J(RhH) = 26.5, 
J(PH) = 10.7 Hz. 1 H, Rh-H-Rh], -18.45 [dd, J(RhH) = 13.7, 
J(PH) = 24.4 Hz, 2 H. RhII]. - 13C NMR (100.6 MHz, CDZCIJ: 
6 = 169.1 [q, J(l-C) = 37.6 H7, OICCF,]. 115.9 [q. J(FC) = 281.8 
Hz. CF,]. 28.9 [d; J(PC) = 26.8 Hz, PCHCH31. 26.4 [d, J ( P C )  = 

24.2 Hz, PCHCH,], 25.6, 23.2 (2 S, SbCHCH3). 22.2. 21.8, 21.4 (3 
S, SbCHCH3). 20.1, 17.2, 17.1 (3 S, I'CHCH?)? 16.8 [d. J(PC) = 5.0 
Hz; PCHCH31, 14.9 [dd, J(RhC) = 1.9. J(PC) = 19.1 Hz, 
PCH,Sb]. - I9F NMR (188.3 MHz; CDZClz): 6 = -73.4 [d, 
J(PF) = 710.6 Hz, PF,J], -75.4 (s. CF,). - "PNMR (162.0 MHz, 
CD,C12): 6 = 46.1 [d, J(RhP) = 110.8 Hz, iPr2P]. -144.0 [sept, 

C 28.64, H 5.05: found C 29.01. H 5.18. 
J(FP) = 710.6 Hz, PF6-1. - C?(,H63F12P3Rh?Sb? (1258.0): calcd. 

2. Prepamtion o j  / (Rh Hlg-I;: Sli-iPr2PCH2SlitBu,) ,$ ( p H )  ( p -  
02CCFiJ2JPF6 (2b): Analogously as described for 2a. from 127 mg 
(0.17 tnmol) o f l b  and 43 pl(O.56 mmol) of CF3C02H. The yellow 
solid was recrystallized from 3 ml of methanol (40°C to -78°C); 
yield 96 tng (84'Yo); dec. temp. 69°C. - IR (CH,Cl,): i. = 2125 
cm-' [v(RhH)], 1665 [v(OCO),,,,]. 1465 [v(OCO),,,1, 1205. 1150 
[v(CF)]. - 'H NMR (400 MIIz, CD2Cl2): 6 = 2.69 [d. J(PH) = 

9.6 Hz, 4 H, PCH,Sb], 2.46, 2.02 (2 ni, 2 H each. PCHCH3). 1.59, 
1.55 (2 s. 18 H each. SbCCH3), 1.33. 1.27 [2 ni. in 'H{"P) 2 d, 
J(HH) = 7.1 Hz, 6 H each, PCHCH,], 1.24 [m, in 'H{3 'P} d, 
J(HH) = 7.3 Hz, 6 H, PCHCH3], 1.20 [m; in lH{ilP} d, J(HH) = 
6.8 Hz, 6 H, PCHCH.31, -16.55 [tt, J(RhH) = 27.0, J(PH) = 10.7 
Hz, I H, Rh-H--Rh], -18.41 [dd, J(RhH) = 13.7; J(PH) = 24.4 
Hz, 2 H. RhH]. - I3C NMR (100.6 Mhz, CD2Cl:): 6 = 169.3 [q. 
J(FC) = 38.2 Hz, O,CCF,]; 116.0 [q. J(FC) = 288.9 Hz. CF;]. 
43.7, 40.2 (2 s, SbCCH?), 31.4, 31.3 (2 s, SbCCX;), 29.9 [d. J(PC) = 

24.8 Hz, PCHCH?], 26.1 [d, J(PC) = 23.1 Hz, PCHCHi], 20.7 ( s ,  
PCHCH?). 17.8 [d, J(PC) = 5.1 Hz, PCHCH,]. 17.2 [d: J(PC) = 

4.7 Hz, PCHCH,]. 17.1 [d: J(PC) = 1.5 Hz. PCHCH,], 15.6 [dd. 
J(KhC) = 1.9, J(PC) = 17.2 Hz, PCH,Sb]. - "F NMR (376.6 
MHz, CD2C12): 6 -73.7 [d, J(PF) = 711.6 Hz, PF6-1. - 75.5 
(s. CF?). ~~ "'P NMR (162.0 MHz. CDzC12): S = 43.8 [d, J(RhP) = 
111.6 Hz, iPr2P]. -143.7 [sept. J(FP) = 711.6 Hz, PF6-]. - 

found C 30.70. H 5.49, Rh 15.69. 
CjqH7LFIlP3Rh2Sbz (1314.2): calcd. C 31.07. H 5.44. Rh 15.66: 

3. Dctenninatiow qf the X - q ,  Crysttil Stuucturc. of 2bL'I: Single 
crystals ~7cre gron711 upon slow cooling of a saturated solution of 
2b in methanol from 25°C to -78°C. Crystal data (from 25 reflec- 
tions, 10" < 0 < 16"): triclinic; sqace group Pi (No. 2); a = 

9.462(7), h = 15.88(1). c = 17.93(1) A. a = 89.22(5). = 86.44(5), 
y = 76.11(6)": 1; = 2609(3) A3, 2 = 2; dG,clLi, = 1.673 gem-? 
p(Mo-K,) = 1.812 mm-I; crystal si7e 0.25 X 0.35 X 0.45 mm: 
Enraf-Nonius CAD-4 diffractometer. Mo-K, radiation (0.70930 

A), graphite monochromator, zirconium filter (factor 15.41); 7' = 

293(2)K; w - 0  scan. max. 28 = 50": 7439 reflections measured, 6832 
independent, 4576 with I > 2o(i). Intensity data were corrected 
for Lorentz and polarization cffects and an empirical absorption 
correction ('I-scan method) was applied (niin. transmission 
70.68'Yo). The structure was solved by direcl methods (SHELXS- 
86). Atomic coordinates and the anisotropic thermal parameters of 
non-hydrogen atoms were refined by full-matrix least squares on 
F, (SHELXL-93). The positions of all hydrogen atoms except H( I) ,  
H(2);oand H(3) were calculated according to ideal geometry (C-H 
0.95 A) and were refined by using the riding method. The positions 
of H(l), H(2), and H(3) could be located in a final difference Four- 
ier synthesis and relined isotropically [with fixcd distances 
Rh(l)-H(l) and Rh(2)-H(2) of 1.3 A and a "same distance" rc- 
straint for Rh(l)-H(3) and Rh(2)-H(3)]. Since there i s  a disorder 
of the PF6 anion, only the fluorine atoms F(3) and F(6) could be 
refined anisotropically. Conventional R = 0.0700 [for 4576 reflec- 
tions with I > 20(1)], and weighted wR2 = 0.2315 for all 6832 
located reflections: refleqparameter ratio 11.8; residual electron 
density i 0.8741- 1.269 e k 3 .  

'' Dedicated to Professor Luigi Kenanzi on the occasion of his 
70th birthday. 
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