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biochemical counterpart of the regiospecificity of Eschenmoser*s 
biomimetic C-methylation of dipyrrocorphins8 which is controlled 
by the presence (or absence) of a coordinating metal. The recent 
isolation9 of a cobalt-free intermediate, precorrin 6x, in which six 
melhylations, an oxidation, and ring contraction have already 
occurred, from genetically engineered Pseudomonas denitrificans, 
and its bioconversion to hydrogenobyrinic acid 5a (Co+* = H) 
strongly suggest that, in this aerobic organism, the B,2 pathway 
is different from that of P. shermanii in that cobalt insertion is 
postponed in P. denitrificans, whereas hydrogenobyrinic acid 5a 
(Co++ = H) is not a precursor of cobyrinic acid in P. shermanii}0 

Further implications of these new findings are under investi­
gation." 
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We report an unexpected reaction that has implications for 
organoborane/organocarborane chemistry, the consequences of 
which are currently being tested in our program in asymmetric 
catalysis. Our research on the coordination chemistry of mac-
rocyclic derivatives of wro-dithiocarbaborane compounds1'* has 
shown the singularity of ^heir chemistry: great reactivity resem­
blance with diphosphines and, remarkably, the ability to form the 
unprecedented B(3)-H-M bond (Figure 1) which is modulated 
by the length of the exo-cluster macrocyclic chain.7 This ob­
servation led us to the synthesis of [N(CHj)4] [RhCl|7,8-M-S-
(CH2CH2)S-C2B9H1OlM1S-^-S(CH2CH2)S-C2B9H9I],

8 the first 
reported example of a B(3)-M interaction. AU metal complex 
derivatives of these e\xo-dithiocarbaborane ligands contain the 

five-membered ring Sa-M-Sb-Cc-Cc as a common feature. The 
geometrical requirements of this ring together with the sulfur-
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Figure 1. Schematic representation of the B(3)-H-M interaction in 
Mo-dithiocarbaborane compounds. 

Figure 2. Molecular representation of the series of anions |7-SR-8-Me-
7,8-C2B,H|0|. Only relevant hydrogen atoms have been indicated. 

Figure 3. Molecular structure of 3 (hydrogens omitted) Selected in­
tramolecular distances (A) angles (deg) are as follows: Pd-S 2.355 (1); 
Pd-Pl, 2.266 (1); Pd-P2, 2.309 (1); Pd-Cl. 2.342 (1); Pl-BIl, 1.922 
(5); C7-BI1, 1.609 (7): C7-S, 1.803 (5); C7-C8, 1.573 (6); C8-B9, 
1.651 (8);B9-BI0. 1.853 (9); BI0-B11, 1.783 (7); S-Pd-Pl, 90.2 (0); 
P2-Pd-Pl, 100.2 (0); Cl-Pd-P2, 85.0 (0); Cl-Pd-S, 84.4. 

carbaborane interaction have to be, in great part, responsible for 
this novel chemistry. To get further insight in the sulfur-car-
baborane mutual influence, we have studied the reactivity of 
exo-monothiocarbaborane compounds. Even though there is only 
one sulfur atom on the molecule, the system evolves to the for­
mation of a new five-membered Sa-M-P-B-C t ring. 

The reaction of [NMe4]|7-SMe-8-Me-7,8-C2B9Hl0| (1) (Figure 
2) with Pd(PPh3)2Cl2 (2) in degassed ethanol resulted in the 
formation of a yellow solid (3). Absorptions (ppm) at -4.5, -6.3, 
-8.9, -12.9, -14.1, -20.15, -23.1,-27.2, and -33.8, all of intensity 
1, are observed in the "B NMR |H) spectrum. The absorption 
at -8.9 was split in two equal absorptions in the "B NMR and 
"B NMR |H| spectra (J = 200 Hz), suggesting B-P bond for­
mation. It was previously known that thermolysis of the closo-
3,3-(triarylphosphine)2-3,l,2-NiC2B9H|| series in benzene solution 
leads to the formation of the corresponding c/o$o-3,8-(triaryl-
phosphine)2-3-H-3,l,2-NiC2B,HM.9 Similar ligand-interchange 

0002-7863/91/1513-9895S02.50/0 ©1991 American Chemical Society 



9896 J. Am. Chem. Soc. 1991, 113, 9896-9898 

Figure 4. Proposed intermediate in the synthesis of 3. The dashed lines 
indicate possible pathways for the P-C cleavage by the activated hy­
drogen atom and subsequent B-P formation. 

reactions are also found in (phosphine)rhodacarborane,10 (phos-
phine)ruthenacarborane,u and (phosphine)platinacarborane.12 In 
these examples a metal-bonded PPh3 unit migrates and forms a 
B-P(PPh3) bond with the formally B(IO) in the free ligand. Since 
the 11B NMR spectrum of 3 presents a doublet of doublets at -27.2 
ppm attributable to a B(IO)-H2 fragment, it may be concluded 
that B(IO) remains unaltered. The absorption at -23 ppm (at­
tributed to B(4) or B(2)) is observed at a considerably higher field 
than in the free ligand (at least 5 ppm), thus suggesting that either 
B(4) or B(2) is experiencing a strong effect, probably an "antipodal 
effect",13 which is equivalent to considering that the antipodal 
boron atom (i.e., B(Il) if B(4) is taken) has been significantly 
altered, e.g., by formation of a B-P bond. This favors a P dis­
position on B(Il) or B(9) which is also in agreement with the 11B 
NMR absorption (B-P) at -8.9 ppm. The subsequent X-ray 
analysis of 314 clearly establishes the position of the B-P moiety 
at the B(Il) position, but surprisingly, the phosphine is a PPh2 
fragment and not the PPh3 unit (Figure 3). The Pd is square 
planar surrounded by P(PPh3), P(PPh2-carbaborane), S, and Cl, 
so that the compound has the formula PdPPh3Cl(7-SMe-8-Me-
ll-PPh2-7,8-C2B9H9) (3) which includes the new ligand (7-
SMe-8-Me-ll-PPh2-7,8-C2B9H9}. Similarly to the exo-dithio-
carbaborane metal complexes, a five-membered ring is also formed, 

i i 

Sa-M-P-B-Cc, which now includes one sulfur and one phos­
phorus instead of two sulfur atoms. While examples of this kind 
of bond cleavage and P-B bond formation have already been 
published, never previously had they been observed in the same 
compound and under such exceedingly mild conditions. Examples 
of relatively mild phase-transfer-catalyzed P-C bond cleavage in 
platinum15 and iridium16 have recently been reported, but in all 
these cases, basic conditions were required. The ligand modifi­
cation (B-P formation and P-C cleavage) is not restricted to the 
particular case presented here, but to every R (Figure 2) tested 
so far (R = CH3, CH2CH3, (CH2)3, CH2CH2C(CH3)3, CH2Ph). 
We believe that the system evolves from an initial agostic B-
( l l ) -H-M (Figure 4) interaction which enhances the strong 
hydrido character of the hydrogen. This in turn produces the P-C 
bond cleavage favored by the formation of the five-membered ring 
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to form a phosphido group17 23 which couples with the carbaborane 
cage. 
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The anomalous NMR properties of some transition metal 
trihydrides, namely (C5Me5)RuH3PR3 (I),1 [(C5H5)IrH3PR3]

2 

(2), and (C5H3R'R")2NbH3 (R' = R" = H (3a); R' = SiMe3, 
R" = H (3b); R' = R" = SiMe3 (3c))3 have recently attracted 
considerable interest. Thus these compounds which adopt a similar 
geometry implying a coplanar configuration for the hydrides show 
NMR spectra characterized by AB2 type patterns for the hydrides 
but with large temperature-dependent 7A_B coupling constants. 
The largest observed value is so far 1565 Hz in an iridium complex, 
well outside the normal range of H-H coupling constants.2 The 
physical phenomenon has been clearly identified by two groups4,5 

as due to quantum mechanical exchange of hydrides. However, 
the chemical origin of these couplings remains unclear. One 
striking problem was the presence of the anomalous couplings in 
niobium derivatives of type 3 whereas they were not found in the 
related isoelectronic and isostructural tantalum compounds 
[(C5H3R'R")2TaH3: R' = R" = H (4a); R' = SiMe3, R" = H 
(4b); R' = R" = SiMe3 (4c)]. The variation of the NMR spectra 
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