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angles of 15 reflections in the range 18' < 20 < 24'. The space 
group was determined from the systematic absences (h01,1= 2n; 
OkO, k = 2n) and subsequent least-squares refinement. 

A total of 5947 reflections were collected. As a check on crystal 
and electronic stability, two representative reflections were 
measured every 98 reflections. The intensities of these standards 
remained constant within experimental error throughout data 
collection. No decay correction was applied. 

Lorentz and polarization corrections, and an empirical ab- 
sorption correction based upon a series of $ scans, were applied 
to the data. Intensities of equivalent reflections were averaged, 
and two reflections were rejected because their intensities differed 
significantly from the average: The agreement factors for the 
averaging of the 284 observed and accepted reflections was 5.6% 
based upon intensity and 4.2% based upon F,. 

The structure was solved by the Patterson heavy-atom method. 
The structure was refined in full-matrix least squares where the 
function minimized was Zw(lF,I - IFc1)2, with a weight w of 1.0 
for all observed reflections. All non-hydrogen atoms, except N1, 
N2, C1, B, and all but C11 in the CHClzCHClz molecules, were 
refined with anisotropic thermal parameters. One CHC12CHClz 
molecule (that containing C47) was situated on a crystallographic 
inversion center with full occupancy ( (RR,SS)-4/CHC12CHC12 = 
1.0/0.5). A second CHC12CHClz molecule was also found and was 
assigned an occupancy of 0.2, in accord with the analytical data; 
this gave satisfactory refinement and reasonable thermal pa- 
rameters. Scattering factors, and Af 'and Af "values, were taken 

from the literature.16 Anomalous dispersion effects were included 
in FC.l7 The final refinement cycle converged to R and R, values 
given in Table I. The highest peak in the final difference Fourier 
had a height of 1.09 e A-3, with an estimated error based upon 
Af of 0.20.'* All calculations were performed on a VAX 8300 
computer with the SDP/VAX package.lg 
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The regio- and stereoselectivity in the hydroxylation reaction of cyclohexyltriphenyltin (l), with biomimetic 
catalysts that mimic the active site of cytochrome P-450 monooxygenase enzyme, iron(III), and manga- 
nese(II1) tetrakis(pentafluoropheny1)porphyrin derivatives [Fe"' or Mn"'TF,PP(Br,OAc)], was studied 
with the oxygen transfer agent, iodosylbenzene, and the results were compared to those results previously 
obtained with the P-450 enzyme from rat liver microsomes. The MnT"TF5PP(OAc) biomimetic catalyst 
provided a 22% conversion of 1 to a mixture of cis- and trans-hydroxycyclohexyltriphenyltin compounds 
that included the trans-4 (5.9%), 2; cis-3 (22%), 3; trans-3 (3.3%), 4; and trans-2 (68.8%), 5, isomers. The 
regiochemistry on a per hydrogen basis shows a C4:C3:C2:C1 ratio of 1:2:6:0 and a high stereoselectivity 
for equatorial over axial hydroxyl products with a EQ/AX ratio of 29. The corresponding Fe"'TF,PP(Br) 
catalyst gave the same pattern of hydroxylation as with the above-mentioned Mn catalyst. In comparison 
to the P-450 enzyme, which had a different regioselectivity ratio on a per hydrogen basis for C4:C3:C2:C1 
of 109:7:1:0, the biomimics appear to have less steric requirements at the active site. Mechanistically the 
tin atom also appears to control the regiochemistry of the hydroxylation reaction by the fact that 3 and 
5 are the major hydroxylation products due to a stabilization of radical intermediates on carbons 2 and 
3 by the tin-carbon CT bond. As well, the hydroxyl rebound reaction to give products 2-5 also appears to 
be stereoselective for the sterically more favorable equatorial product. 

Introduction 
The recent interest in the synthesis of biomimetic cat- 

alysts that  mimic the biologically important cytochrome 
P-450 dependent monooxygenase enzyme reaction' by 
converting C-H bonds to  C-OH bonds in a regio- and 

(1) (a) Ullrich, V. Angew. Chem., Int. Ed. Engl. 1972, 11, 701 and 
references therein. (b) Molecular Mechanism of Oxygen Actiuation; 
Hayaishi, O., Ed.; Academic: New York, 1974. (c) Guengerich, F. P.; 
MacDonald, T. L. Acc. Chem. Res. 1984,17, 9. (d) White, R. E.; Coon, 
M. J.;Annu. Reu. Biochem. 1980,49, 315. (e) Coon, M. J.; White, R. E. 
In Dioxygen Binding and Actiuation by Metal Centers; Spiro, T. G., Ed.; 
Wiley: New York, 1980; p 73. 

stereoselective manner has led to an  enormous number of 
contributions that have clearly shown similar reactivity to 
the reactive metal center of that enzymea2 While the types 

(2) (a) Groves, J. T.; Nemo, T. E.; Myers, R. S. J. Am. Chem. SOC. 
1979,101,1032. (b) Chang, C. K.; Ebina, F. J.  Chem. SOC., Chem. Com- 
mun. 1981,778. (c) Hill, C. L.; Schardt, B. C. J .  Am. Chem. SOC. 1980, 
102,6375. (d) Groves, J. T.; Nemo, T. E. J. Am. Chem. SOC. 1983, 105, 
6243. (e) Fontecave, M.; Mansuy, D. Tetrahedron 1984, 21, 4297. (f) 
Suslick, K.; Cook, B., Fox, M. J. Chem. SOC., Chem. Commun. 1985,580. 
(9) Smegal, J. A.; Shardt, B. C.; Hill, C. L. J.  Am. Chem. SOC. 1983,105, 
3510. (h) DePoorter, B.; Ricci, M.; Meunier, G. Tetrahedron Lett. 1985, 
26,4459. (i) Nappa, M. J.; Tolman, C. A. Inorg. Chem. 1985,24,4711. 
(j) Cook, B. R.; Reinert, T. J.; Suslick, K. S. J .  Am. Chem. SOC. 1986,108, 
7281. (k) Smegal, J.; Hill, C. L. J.  Am. Chem. SOC. 1983, 105, 3515. 
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of substrates that have been studied with these biomimics 
have included alkanes and alkenes, i t  was surprising, 
therefore, to discover that no examples of organometallic 
substrates have been reported with these biomimetic 
catalysts. 

One class of organometallic compounds, the organotins, 
have been shown to have a wide variety of biological ac- 
tivity3 and have been studied in depth with a cytochrome 
P-450 enzyme system from rat liver  microsome^.^ Those 
studies were unequivocal in determining that the tin atom 
controlled the regiochemistry when substrate steric effects 
a t  the binding site in proximity to the active metal center 
were not a factor.kb In addition, those studies clearly were 
among the first to assign a free radical mechanism to the 
P-450 enzyme in the conversion of C-H bonds to C-OH 
bonds, with the tin atom able to stabilize the intermediate 
carbon radicals that  were CY and p to it.4a-d35 

More importantly, we were also able to study, with the 
enzyme system, the regio- and stereoselective aspects of 
this conversion with cyclohexyltriphenyltin (1) and dem- 
onstrate that steric effects a t  the binding site in proximity 
to the active metal center control the regiochemistry. 
Thus, we wish to report the first example of the use of an 
organometallic substrate, 1, with "OXO" metalloporphyrins 
that  have been shown to be biomimetic catalysts for the 
cytochrome P-450 active metal center, iron(II1) or man- 
ganese(II1) tetrakis(pentafluoropheny1)porphyrin deriva- 
tives [ T F , P P ( B ~ , O A C ) ] ~ ~ * ' I ~  in the presence of the oxygen 
transfer agent, iodosylbenzene, and establish the regio- and 
stereoselectivity of the hydroxylation reaction, while com- 
paring the results to those found for the enzyme system. 

Fish and Price 

Results and Discussion 
Compound 1 and either the Fem or Mnn1TF5PP(Br,0- 

Ac) catalyst were placed in a Schlenk tube in methylene 
chloride along with the oxygen transfer agent, iodosyl- 
benzene, to form in situ the corresponding ''oxon metal- 
loporphyrin that converted 1 to a mixture of 
cis-hydroxycyclohexyl- and trans-hydroxycyclohexyltri- 
phenyltin compounds (2-5) (-22% based on 1 with the 
Mn"'TF5PP(OAc) catalyst and represents -4 turnover 
numbers) (eq l).7 The regiochemistry on a per hydrogen 

H H 

(3) Fish, R. H.; Kimmel, E. C.; Casida, J. E. Organotin Compounds 
New Chemistry and Applications; Zuckerman, J. J., Ed.; Advances in 
Chemistry 157; American Chemical Society: Washington, DC, 1976; p 
197. 

(4) (a) Fish, R. H.; Kimmel, E. C.; Casida, J. E. J. Organomet. Chem. 
1975,93, C1. (b) Fish, R. H.; Kimmel, E. C.; Casida, J. E. J. Organomet. 
Chem. 1976, 118, 41. (c) Fish, R. H.; Casida, J. E.; Kimmel, E. C. Tet-  
rahedron Lett. 1977,3515. (d) Fish, R. H.; Casida, J. E.; Kimmel, E. C. 
Organometals and Organometalloids: Occurrence and Fate in the En- 
vironment, Brinckman, F. E., Bellama, J. M., Eds.; ACS Symposium 
Series 82; American Chemical Society: Washington, DC, 1978, p 82. (e) 
Kimmel, E. C. Fish, R. H.; Casida, J. E. J. Agric. Food Chem. 1977,25, 
1. (0 Kimmel, E. C.; Casida, J. E.; Fish, R. H. J. Agric. Food Chem. 1980, 
28, 117. 

(5) White, R. E.; Miller, J. P.; Favreau, L. V.; Bhattacharayya, A. J. 
Am. Chem. SOC. 1980,108, 6024 and references therein. 

(6) Traylor, P. S.; Dolphin, D.; Traylor, T. G. J .  Chem. Soc., Chem. 
Commun. 1984, 279. 

Table I. Comparison of the Regio- and Stereoselectivity in 
the Hydroxylation of Compound 1 with Mn"'TF5PP(OAc) 

and a P-450 Enzyme 
compd" MnlllTF,PP(OAc),b % P-450 enzyme: % 

2 5.9 8E1.6~ 
3 22.0 6.5' 
4 3.3 3.0 
5 68.8 1.6 

(I See eq 1 for structures 2-5. See Experimental Section for re- 
action conditions. "P-450 enzyme from rat  liver microsomes (see 
ref 4). dThe  ketone of 2 was present in 1.9%. e T h e  ketone from 3 
and 4 was present in 1.4%. 

basis shows a C4:C3:C2:C1 ratio of 1:2:6:0 and a high 
stereoselectivity for equatorial over axial hydroxyl prod- 
ucts, with a EQ/AX ratio of 29. Compounds 2-5 were 
separated on a normal-phase silica HPLC column (hex- 
ane/THF,  85/15 v/v) and identified by comparison of 
their HPLC retention times and 200-MHz 'H NMR and 
EIMS spectra to those of authentic  sample^.^ Several 
control experiments showed that compounds 2-5 were not 
formed in the absence of catalyst, although iodosylbenzene 
did react with 1 to form a small amount (-1-2%) of a 
triphenyltin derivative (TLC). We also found a small 
amount of cyclohexene, by capillary GC analysis of the 
methylene chloride solution, and verified that it emanated 
from a thermal 1,2-deoxystannylation reaction of 5 in the 
injection port of the gas ~hromatograph.~ Compound 5 also 
provided a trace amount of cyclohexanone upon reaction 
with iodosylbenzene in the absence of catalyst, while ke- 
tone analogues for compounds 2,3, and 4 were not detected 
by HPLC using authentic samples as  standard^.^ 

The results in eq 1 were compared to the previously 
reported enzyme results4c,d9f (Table I), and a dramatically 
different regioselectivity for the enzyme was observed, with 
1 as the substrate, that provided on a per hydrogen basis 
a C4:C3:C2:C1 ratio of 109:7:1:0. As with the biomimetic 
catalysts, the enzyme also demonstrated an extremely high 
stereoselectivity for equatorial over axial hydroxyl products 
with a EQ/AX ratio of 59. Again to reiterate, what is 
evident is the pronounced regiochemical differences be- 
tween the enzyme and the biomimics, which obviously 
reflects the steric requirements of the enzyme system in 
comparison to the biomimics and provides for the pre- 
dominant formation of compound 2 rather than 5. Thus, 
the concept of shape selectivity, which was recently in- 
troduced in several biomimetic catalyst studies, might 
provide a more realistic model for the binding site of the 
enzyme system, and future biomimetic studies should 
utilize this concept.zf,j 

Mechanistically, the tin atom can be a probe for dif- 
ferentiating free radical versus carbonium ion intermedi- 
ates for the biomimetic Fe and Mn catalysts used in this 
study. The formation of trans-2-hydroxycyclohexyltri- 
phenyltin (5 )  as the predominant oxidation product further 
substantiates that a free radical mechanism is operative, 
as was postulated previously with these biomimics,2 and 
that radical stability, via tin-carbon u bond overlap with 
the carbon radical p orbital,48-dp8 controls product distri- 
bution in the absence of stringent steric requirements.2i 
The intermediacy of a carbonium ion 0 to a tin atom in 
the biomimetic oxidation would not provide 5; rather, the 
elimination of the triphenyltin group and formation of 

(7) Fish, R. H.; Broline, B. M. J. Organomet. Chem. 1978, 159, 255. 
(8) (a) Krusic, P. J.; Kochi, J. K. J.  Am. Chem. SOC. 1971,93,846. (b) 

Kawamura, T.; Meakin, P. J.; Kochi, J. K.J .  Am. Chem. SOC. 1972, 94, 
8065. (c) Lyons, A. R.; Symons, M. C. R. J.  Chem. Soc., Chem. Commun. 
1971, 1068. (d) Symons, M. C. R. Tetrahedron Let t .  1975, 793. 
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cyclohexene would O C C U ~ . ~  The formation of a substantial 
amount of cis-3-hydroxycyclohexyltriphenyltin (3) might 
also imply that  the carbon-tin u bond can stabilize a 3- 
carbon radical by overlap of the p orbital. This possibility 
is strengthened by the fact that the carbon-tin bond length 
is -2.18 8, and the A value for a triphenyltin group on a 
cyclohexyl ring is - 1.5, which allows for an axial confor- 
mation population for the tin atom and 1,3 diaxial u 
bond-p orbital ~ v e r l a p . ~  

It is also interesting to note that C1 hydroxylation did 
not appear to occur to any significant extent, since we saw 
only trace amounts of cyclohexanol, the breakdown prod- 
uct of any 1-hydroxycyclohexyltriphenyltin that might be 
f ~ r m e d . ~ ~ ' ~  This latter result may be due to a steric effect 
of the triphenyltin group in proximity to the oxo metal- 
loporphyrin complex and the fluorine substituents on the 
meso phenyl groups that prevents close proximity of the 
C1 hydrogen to the oxo metal center.2bsfaiJ-6 

The above-mentioned argument on the regioselectivity 
of the C-H activation reaction, which predominates at the 
2- and 3-carbon positions relative to the triphenyltin group 
in 1, is further strengthened by the recent results of Nappa 
and Tolman2' on the phenyl-substituted Fe porphyrin 
catalyzed hydroxylation of methylcyclohexane and tert- 
butylcyclohexane. They show, with the tetra-2-fluoro- 
phenyl-substituted Fe porphyrin catalyst, that  the re- 
gioselectivity ratio for methylcyclohexane (the methyl 
group has an A value of -1.8 and a C-C bond distance 
of 1.54 A), C4:C3:C2:C1, on a per hydrogen basis, is 
1:1.5:2:7. If the triphenyltin group has approximately the 
same steric requirements as the methyl group on a cyclo- 
hexane ring (similar A values), then the 2-position of 
compound 1 is three times more reactive than the corre- 
sponding 2-position in methylcyclohexane, while the 1- 
position is unreactive in compound 1 for reasons just 
mentioned. Nappa and Tolman2' also found that by in- 
creasing the steric bulk of the cyclohexane substituent from 
methyl to tert-butyl, a dramatic increase in hydroxylation 
at the 3- and 4-positions was noticed along with a decrease 
a t  the 1- and 2-positions; the C4:C3:C2:C1 ratio on a per 
hydrogen basis being 2.8:4:1:0. Both compound 1 and 
tert-butylcyclohexane show no C1 hydroxylation, while the 
2-position in 1 is six times more reactive than the corre- 
sponding position in tert-butylcyclohexane. Hence, our 
regiochemical results with 1 clearly are indicative of car- 
bon-tin bond stabilization of intermediate radicals a t  
carbons 2 and 3. 

Lastly, the high stereoselectivity for equatorial products 
by the Mn"'TFSPP(OAc) catalyst (Le., no cis-2-hydroxy- 
cyclohexyl- or cis-4-hydroxycyclohexyltriphenyltin com- 
pounds were detected in the NMR spectra of their trans 
isomers, 2 and 5, respectively) suggests that  while the 
formation of the carbon radical may occur from abstraction 
of either equatorial or axial hydrogens, the hydroxyl re- 
bound reaction to carbon radical to form the sterically 
more favorable equatorial alcohol, via some radical cage 
effect, must be extremely selective and the reason for the 
dominant products observed.2d*e,ivk This latter statement 
is further confirmed by comparing the stereochemistry of 
the hydroxyl rebound reaction with 1 and tert-butyl- 
cyclohexane,2i i.e., equatorial/axial ratios. Compound 1 
had no cis hydroxylation products a t  carbons 2 and 4 
(axial), while tert-butylcyclohexane had trans/& ratios 
of 2.5 and 2, respectively. More importantly, compound 
1 had a cis/trans ratio a t  carbon 3 of 6.7, while tert-bu- 
tylcyclohexane had a 2.0 ratio. These observations, we 
believe, are a consequence of the triphenyltin group con- 
trolling both the regiochemistry and the stereoselectivity 
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Scheme I. Proposed Homolytic Mechanism for the 
Conversion of C-H to C-OH Bonds Using "Oxo" 

Metalloporphyrin Catalysts with C-Sn Bond Stabilization 
of Carbon Radical Intermediates, Followed by a 

Stereoselective OH Rebound Reaction 

of the hydroxyl rebound reaction as shown in Scheme I. 

Conclusions 

The biomimetic P-450 model enzymes, substituted 
metalloporphyrins, which we have used to compare to rat 
liver microsomes, provide a hydroxylation pattern with 
compound 1 that  has a dramatically different regioselec- 
tivity than the enzyme, due probably to the lack of strin- 
gent steric requirements a t  the active putative n ~ ~ ~ n  metal 
site. The tin-carbon u bond appears to influence the 
regiochemistry by stabilization of carbon radicals on the 
2- and 3-positions, while a high stereoselectivity for 
equatorial product, as is the case with the enzyme,4c co- 
incides with a highly stereoselective hydroxyl rebound 
reaction to carbon radical. Finally, these metalloporphyrin 
catalyzed monooxygen transfer reactions offer a facile 
synthetic entry to hydroxy-substituted organometallic 
derivatives, a class of compounds not readily a ~ a i l a b l e , ~  
but of significant interest for their biological proper tie^.^ 

Experimental Section 

Materials and Instrumentation. Compounds 1-5 were 
synthesized previously and r e p ~ r t e d . ~  The H2TF5PP ligand was 
obtained from Aldrich Chemical Co., while the iron6 and man- 
ganeseZb complexes of H2TF5PP were prepared according to 
literature methods. The 'H NMR spectra at  200 MHz, EIMS 
spectra, and elemental analyses were obtained in facilities located 
in the Department of Chemistry, University of California, 
Berkeley. The HPLC separations for 2-5 were obtained on a 
Beckman/Altex Ternary HPLC system equipped with a rapid- 
scan UV-vis detector. 

A Typical Catalyzed Oxidation Procedure with Cyclo- 
hexyltriphenyltin (1). Compound 1 (900 mg, 2.08 mmol), 
MnmTFPP(OAc) (124 mg, 0.114 mmol), and iodosylbenzene (459 
mg, 2.08 mmol) were placed in a 100-mL Schlenk flask under 
argon. Degassed methylene chloride (40 mL) was transferred to 
the solids by cannula, and the resulting mixture was stirred for 
3 h at ambient temperature. The insoluble iodosylbenzene was 
apparent during this period, and reaction was allowed to continue 
for 3 h more. The solution was filtered and analyzed for com- 
pounds 1-5 by HPLC (silica, hexane/THF 85:15 v/v: UV de- 
tection at 254 nm) to show 75% l ,  22% 2-5, and 3% unidentified 
material. This represents -4 turnovers of the Mn catalyst. 
Compound 1 and the Mn"'TF5PP(OAc) catalyst were separated 
from 2-5 via column chromatography (100% CHzClz and then 
50-70% Et20) on silica gel. Compounds 2-5 were then isolated 
by preparative HPLC and identified by 200 MHz 'H NMR and 
EIMS and were completely consistent with the authentic mate- 
rials? The corresponding FemTF2P(Br) also gave similar results, 
but separation of the catalyst from compound 1 and that of 5 from 
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iodobenzene by HPLC was difficult and we could not accurately 
quantify the products 2-5. 
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The seven-coordinate [ReClz(CNR)3(PMePhz),If cations, R = Me or t-C4H9, react with Zn(s) or Al(s) 
in refluxing THF containing - 170 HzO to form (alky1amino)carbyne complexes [ReCl(CNH-t-Bu) (CN- 
~ - B U ) ~ ( P M ~ P ~ ~ ) ~ ] ( S ~ F ~ )  (1) and [ReC1(CNHMe)(CNMe)z(PMePhz)z](SbFs) (2). The structure of 1, de- 
termined by X-ray diffraction, contains a chloride ligand, trans pairs of phosphine and isocyanide ligands, 
and a ReZCNHR carbyne unit characterized by a Re-C bond length of 1.82 (1) A, a C-N distance of 
1.30 (1) A, a Re-C-N angle of 175.7 (9)O, and a C-N-C bend angle of 127.6 (9)O, consistent with 
considerable Re=C=NHR character. Infrared and 'H, 31P, and 13C NMR spectroscopic data support the 
persistence of this structure for both 1 and 2 in solution. Multiple recrystallizations of 2 from THF led 
to the formation of [ReC1(CNMe)3(PMePhz)z] (3) through formal loss of HSbF,. Compound 3 was 
structurally characterized by X-ray diffraction. It contains two trans phosphine ligands and a meridionally 
disposed set of three isocyanide ligands, all of which have considerable Re=C=NR character, judging 
by C-N-C bend angles ranging from 144 (2) to 155 (2)'. Addition of excess zinc to 2 in acetonitrile leads 
to a similar electron-rich isonitrile complex, [Re(NCMe)(CNMe)3(PMePhz)z](SbF6) (5), in which an 
acetonitrile solvent molecule replaces the chloride ligand. The structure of 5 is similar to that of 3, but 
with less back-donation to the isocyanide ligands judging by the C-N-C angles of 160.4 (5)-178.4 (5)O, 
owing to the positive charge on the complex. Reaction of [ReBr2(CNMe)3(PMePh2)z]+ with Zn in refluxing 
aqueous THF gave only [ReBr(CNMe)3(PMePhz)z] (4), which was not protonated. Spectral studies of 
3-5 established that the solution structures were analogous to those found in the solid state for 3 and 5.  
These results are consistent with the following reaction pathway for reductive coupling of isocyanide (and 
analogous CO) complexes: 

{M(CNR),X~+ - ( M ( c N R ) ~ ~ ) +  - {M(CNHR)(CNR)]"+ - (M(RHNC=CNHR)X)"+ 
+2e- H+ HX 

-X- 

In the present instance, the (Re(CNHR)(CNR))2+ unit is presumably too stable to form the reductively 
coupled (Re(RHNC=CNHR)C1)2+ moiety. 

Introduction 

Previousiy we studied reductive coupling of isocyanides 
in seven coordinate group 16 transition metal complexes 
to form coordinated bis(alkylamino)acetylenes.lyz Anal- 
ogous reactions of group 15 metal carbonyls produced 
bis(trialkyl~iloxy)-~ and dihydr~xyacetylene~ complexes. 
Mechanistic studies of the carbonyl reductive coupling 
reaction revealed the formation of (trialkylsi1oxy)carbyne 
intermediates that  react further with coordinated CO to  

(1) (a) Lam, C. T.; Corfield, P. W. R.; Lippard, S. J. J. Am. Chem. SOC. 
1977,99,617. (b) Giandomenico, C. M.; Lam, C. T.; Lippard, S. J. J.  Am. 
Chem. SOC. 1982, 104, 1263. (c) Caravana, C.; Giandomenico, C. M.; 
Lippard, S. J. Inorg. Chem. 1982, 21, 1860. (d) Hoffmann, R.; Wilker, 
C. N.; Lippard, S. J.; Templeton, J. L.; Brower, D. C. J .  Am. Chem. SOC. 
1983, 105, 146. 

(2) Warner, S.; Lippard, S. J. Organometallics 1986, 5, 1716. 
(3) (a) Bianconi, P. A.; Williams, I. D.; Engeler, M. P.; Lippard, S. J. 

J.  Am. Chem. SOC. 1986,108,311. (b) Bianconi, P. A,; Vrtis, R. N.; Rao, 
Ch. P.; Williams, I. D.; Engeler, M. P.; Lippard, S. J. Organometallics 
1987, 6, 1968. 

(4) Vrtis, R. N.; Rao, Ch. P.; Bott, S. G.; Lippard, S. J. J .  Am. Chem. 
SOC. 1988, 110, 7564. 
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give the bis(trialkylsi1oxy)acetylene ~ o m p l e x e s . ~  
In the interest of extending the isocyanide reductive 

coupling chemistry to other metal centers, the system 
[ReX2(CNR),L2]X (X  = C1, Br; L = PMePhz, PMe,Ph; 
R = Me, i-Pr, t-Bu, cyclohexyl, benzyl) was investigated. 
These rhenium(II1) cations6 appeared to  be good candi- 
dates for reductive coupling. The prototypical compound 
[R~C~,(CN-~-BU)~(PM~P~~)~]S~F~ is a seven coordinate 
d4 complex with capped trigonal prismatic geometry in the 
solid state and close nonbonded C-C contacts of 2.330 (9) 
and 2.341 (8) A.6 These properties are known to contribute 
to  reductive coupling of isocyanides in several seven co- 
ordinate molybdenum(I1) and tungsten(I1) complexes.'J 

(5) Vrtis, R. N.; Rao, Ch. P.; Warner, S.; Lippard, S. J. J .  Am. Chem. 
SOC. 1988, 110, 2669. 

(6) Tulip, T. H.; Calabrese, J. C.; Warner, S.; Williams, I. D.; Lippard, 
S. J., in preparation. In this synthesis, [ReX2(CNR)3L2]+ cations are 
formed by addition of excess RNC to mer-ReX3L3, where L = PMePhp 
and X = halide. 

(7) (a) Chatt, J.; Rowe, G. A. J.  Chem. SOC. 1962,4019. (b) Rouschias, 
G. Chem. Reu. 1974, 74, 531. 
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