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Reactions of alkyl and aryl isocyanides with (octaethy1porphyrinato)rhodium hydride, 
(0EP)Rh-H, (octaethylporphyrinato)rhodium(II) dimer, [(OEP)Rhl2, and (tetramesitylpor- 
phyrinato)rhodium(II), (TMP)Rk,  have been investigated for comparison with CO reactivity. 
Alkyl and aryl isocyanides interact with (0EP)Rh- H to form 1:l  adducts, (OEP)Rh(H)(CNR), 
which react further to produce formimidoyl complexes, (0EP)Rh-CH=NR, in analogy with 
the reaction of (0EP)Rh-H with CO that produces a formyl complex, (0EP)Rh-CHO. 
[ (OEP)Rh]2 forms 1:l complexes with isocyanides where the 2,6-dimethylphenyl isocyanide 
derivative persists at equilibrium, but alkyl isocyanides undergo CN- alkyl bond cleavage to 
form alkyl, (0EP)Rh-R, and cyanide, (OEP)Rh(CN) (CNR), complexes. No evidence was 
obtained for bridging isocyanide species analogous to the dimetal ketone RhC(0)Rh and dimetal 
diketone RhC(O)C(O)Rh complexes observed in reactions of [(OEP)Rh]2 with CO. Carbamoyl 
complexes, (0EP)Rh- C(O)NHR, are formed in reactions of [(OEP)Rhl2 with CNR and H2O 
or CO and RNH2. The crystal and molecular structures were deiermined for (0EP)Rh- 
C(O)NH(C,jH3(cH3)2) which crystallizes in the triclinic space group P1 with unit cell dimensions 
a = 12.256(3) A, b = 13.234(2) A, c = 15.075(3) 8, a = 61.79(2)', p = 75.89(2)', y = 73.39(1)O, 
V = 2047.7(7) A3, and Z = 2. 

Introduction 

Binding of carbon monoxide by rhodium(II1) and 
rhodium(I1) porphyrin species has been shown to activate 
CO toward conventional reactions with nucleophiles and 
unusual radical-like reactions at  the carbonyl carbon.'P2 
Metallo radical-C0 complexes, [(por)RhCOl*, have been 
implicated in acyl radical-like reactions that reduce CO 
and produce complexes containing formyl (HC(O)-)3-5 or 
ketone (-C(O)-)@ units. Alkyl and aryl isocyanide ligands 
(:C=N-R) are electronically related to carbon monoxide 
(:CEO) and their coordination chemistry and ligand 
reactions are often closely related.g Cationic isocyanide 
complexes of (octaethylporphyrinato)rhodium(IlI), [(OEP)- 
Rh(CNR)21+, have previously been shown to react with 
nucleophiles to form cationic carbenes, neutral carbamoyl, 
and metalloester species.'O This article is focused on a 
comparative study of solution reactions of isocyanides and 
carbon monoxide with (0EP)Rh-H, [(OEP)Rhh, and 
(tetramesitylporphyrinato)rhodium(II), (TMP)Rh'. 

(1) Wayland, B. B.; Sherry, A. E.; Poszmik, G.; Bunn, A. G. J. Am. 
Chem. SOC. 1992, 114,1673. 

(2) Wayland, B. B.; Balkue, K. J.; Farnos, M. D. Organometallics 1989, 
8, 950. 

(3) Wayland, B. B.; Woods, B. A. J. Chem. SOC., Chem. Commun. 
1981,700. 

(4) Wayland, B. B.; Woods, B. A,; Pierce, R. J. J. Am. Chem. SOC. 1982, 
104, 302. 

(5) Farnos, M. D.; Woods, B. A.; Wayland, B. B. J. Am. Chem. SOC. 
1986,108, 3659. 

(6) Coffin, V. L.;Brennen, W.; Wayland, B. B. J. Am. Chem. SOC. 1988, 
110, 6063. 

(7) Wayland, B. B.; Sherry, A. E.; Coffin, V. L. J. Chem. SOC., Chem. 
Commun. 1989,662. 

(8) Sherry, A. E.; Wayland, B. B. J. Am. Chem. SOC. 1989,111,5010. 
(9) C o k a n ,  J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. Principles 

and Applications of Organotransition Metal Chemistry; University 
Science Books: Mill Valley, CA, 1987; p 148. 

(IO) Boschi, T.; Licoccia, S.; Paolesse, R.; Tagliatesta, P. Organome- 
tallics 1989, 8, 330. 

Results 

Reactions of Isocyanides with Rhodium(I1) Por- 
phyrins. [ (OEP)Rh]z. Benzene solutions of [(OEP)Rhl2 
(-le3 M) interact with methyl and n-butyl isocyanides 

M) to form 1:l isocyanide adducts. A subsequent 
slower reaction cleaves the CN-R bond, producing equal 
quantities of alkyl and cyanide complexes (eqs 1 and 2) 

[(OEP)Rhl, + CNR + [(OEP)Rh12CNR (1) 

[(OEP)Rh], + 2CNR + 

(0EP)Rh-R + (OEP)Rh(CN)(RNC) (2) 

(Figure 1). The cyanide complex contains a coordinated 
isocyanide ligand that is observed by the high field 1H 
NMR resonances of the coordinated alkyl isocyanide group 
(Figure 1). The alkyl complex also coordinates an iso- 
cyanide ligand to form (OEP)Rh(R)(RNC), as evidenced 
by the high field shifts of the Rh-R alkyl resonances 
from their positions in the five-coordinate complexes 
((0EP)Rh-R), but in this case the coordinated isocyanide 
is in fast exchange with excess free ligand in solution. 
Removal of solvent and excess free ligand under vacuum 
and subsequent dissolution in C ~ D B  results in observation 
of a five-coordinate alkyl complex, (0EP)Rh-R, and a 
six-coordinate cyanide complex, (OEP)Rh(CN)(RNC), 
which were identified by comparison with samples of the 
compounds prepared by independent synthesis. Infrared 
spectra of (OEP)Rh(CN)(RNC) complexes show two CN 
bands ( V C ~ N  = 2235-2195 cm-' and V-N = 2135-2131 
cm-l) corresponding to the coordinated isocyanides and 
to the cyanide ligands, respectively. 

Using an aryl isocyanide (2,6-dimethylphenyl isocya- 
nide) eliminates the R-NC bond cleavage reaction and 
thus provides a convenient system for investigating 
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Figure 1. 1H NMR (200-MHz) spectra for the porphyrin 
methine resonances for a solution of [(OEP)RhIz with CH3NC 
(at 298 K; in CD6): (A) [(OEP)RhIz; (B) 2 min after CHsNC 
addition; (C) after 40 min; (D) completed reaction (100 min). 
((cn) (OEP)Rh(CN)(CH3NC); (m) (OEP)Rh(CH3)(CH3- 
NC); (XI [(OEP)RUz; (Y) [(OEP)Rhlz(CH3NC).) 

isocyanide complex formation with [(OEP)Rhl2 without 
complicating additional reactions. When less than a 
stoichiometric quantity of 2,6-dimethylphenyl isocyanide 
is mixed with [(OEP)Rhl2, two sets of porphyrin lH NMR 
resonances are observed for [(OEP)RhI&NR, indicating 
coordination of CNR to one Rh site and slow exchange of 
CNR between the two rhodium sites in [(OEP)Rhl2 (Figure 
2). This is most clearly illustrated in the 'H NMR 
spectrum in toluene-ds a t  208 K where the methine 
resonance for [(OEP)Rh]2 is resolved from the two methine 
resonances associated with [ (0EP)RhI zCNR (Figure 2C). 
Presence of the isocyanide ligand in excess of 1:l stoi- 
chiometry resulta in averaging of the lH NMR positions 
for the inequivalent (0EP)Rh units in [(OEP)Rh]&NR, 
indicating fast ligand exchange between the 1:l complex 
and free isocyanide even at  -65 "C. Mole ratios of 
isocyanide to [(OEP)RhIz of up to 30 do not result in 
shifting of the (0EP)Rh 1H NMR resonances from the 
averaged positions of the 1:l complex, suggesting that 
relatively little 2:l complex is present under the range of 
concentrations studied. Parallel studies of methyl and 
n-butyl isocyanide with [(OEP)Rhl2 also gave resulta 
compatible with exclusive 1: 1 complex formation. 

(TMP)Rh". Toluene solutions containing (TMP)Rh* 
(- 10-9 M) when mixed with 2,6-dimethylphenyl isocya- 
nide (- 1P2 M) at  low temperature (200 K) and then frozen 

A 
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Figure 2. lH NMR (200-MHz) spectra for the porphyrih 
methine resonances for [ ( O E P ) R ~ I Z ( C ~ H ~ ( C H ~ ) ~ " )  in 
toluene-de: (A) excess isocyanide (298 K); (B) excess 
[(OEP)Rhh (298 K); (C) excess [(OEP)RhIz (208 K). ((x) 
(0EP)RhI 2; (Y) [ (0EP)RhI z(C~H~(CH~)ZNC) J 

g = 2.0037 

g1,gz I I 

i 1 
r, 

g3 

Figure 3. Anisotropic EPR spectrum for [(TMP)Rh(CeHS- 
(CH&NC)]* in toluene at 90 K (gl -gz - 2.158, g3 = 1.995, 
A(lo3Rh) = 60 MHz, A(14N) = 28 MHz). 

(90 K) exhibit the EPR spectrum illustrated in Figure 3. 
The observedgvalues (gl= 2.158,gl= 1.995) are consistent 
with a primarily rhodium based odd electron occupying 
a dZ2 molecular orbital (mo).' Ligand hyperfine splitting 
on the g3 transition from the isocyanide nitrogen dem- 
onstrates that the species present is a 1:l complex, 
[ (TMP)Rh(CNR) 3'. 

Mixing benzene solutions of (TMP)Rh' ( - 10-9 M) with 
CH3NC (-le2 M; T = 295 K) resulta in quantitative 
formation of equal amounts of cyanide and methyl 
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Figure 4. lH NMR (200-MHz) spectrum of (0EP)- 
Rh-CH=N(CeH3(CH3)2) formed in the reaction of 
(0EP)Rh-H and 2,6-dimethylphenyl isocyanide (298 K in 
c a s )  (a) porphyrin methine; (b) aryl p-H; (c) aryl m-H; (d) 
Rh-CH=; (e) 2,6-dimethylphenyl methyls). 

derivatives during the time required to record the lH NMR 
spectrum (eq 3). (TMP)Rh' similarly reacts with n-BuNC 

B(TMP)Rh' + BCNCH, - c&S 

(TMP)Rh-CH3 + (TMP)Rh(CN)(CH,NC) (3) 

to form n-butyl and cyanide derivatives quantitatively; 
however the n-BuNC reaction is substantially slower than 
that observed for CH3NC. 

Reactions of Isocyanides with (0EP)Rh-H. Ben- 
zene solutions of (0EP)Rh-H ( -lP3 M) initially react 
with alkyl and aryl isocyanides (-10-2 M) to form 1:l 
adducts (eq 4) that are conveniently observed through 

(0EP)Rh-H + CNR * (OEP)Rh(H)(RNC) (4) 

changes in the hydride 'H NMR resonance. The hydride 
NMR resonance for (0EP)Rh-H (6m-1-1 = -41.5 ppm; 
So3m-H = 44 Hz) shifts by -11-12 ppm to lower field, 
and the l03Rh-H coupling decreases by -24-27 Hz upon 
adduct formation with the isocyanides studied. The largest 
change in Rh-H chemical shift and l03Rh-H coupling 
occurs for the methyl isocyanide complex (6Rh-H = -27.9 
ppm; J'03m-~ = 16.8 Hz) followed by the complexes of 
n-butyl isocyanide (6m-~ = -29.3 ppm; So3Rh-H = 18.5 
Hz) and 2,6-dimethylphenyl isocyanide = -29.8 ppm; 

Subsequent to isocyanide coordination a slower reaction 
occurs between the (0EP)Rh-H species and excess 
isocyanide to produce formimidoyl complexes, (0EP)- 
Rh-CH=NR (eq 5). Production of formimidoyl com- 

(OEP)Rh(H)(CNR) + RNC e 
(OEP)Rh(CH=NR) (RNC) (5 )  

plexes from alkyl isocyanides is accompanied by appear- 
ance of alkyl and cyanide complexes (eq 2)) but the CN-R 
cleavage reaction is quenched when 2,6-dimethylphenyl 
isocyanide is used for reaction 5. Formation of the 
formimidoyl species in solution is most easily followed by 
appearance of the relatively high field resonances of the 
N-alkyl or N-aryl groups (Figure 4). The most diagnostic 
1H NMR peak for (0EP)Rh-CH=NR complexes is the 
formimidoyl C-H resonance which occurs as a doublet 
at  6 = 0.52 ppm (S03m- CH = 2.7 Hz) in the five-coordinate 
2,6-dimethylphenyl derivative (Figure 4) and shifts to 6 
= 1.33 ppm ( S o 3 ~ - C H  = 3.0 Hz) in the presence of a large 
excess of the free isocyanide. The formimidoyl C-H peak 
for the n-butyl derivative in the presence of excess 
isocyanide occurs at  6 = 1.28 ppm (So3m+H = 2.9 Hz). 

flo3m-H = 19.0 HZ). 

I I I I 
10.4 1 0 . 2  1 0 . 0  

PPM 
Figure 5. 1H NMR (200-MHz) spectra for the porphyrin 
methine resonances for the reaction of [(OEP)Rhl, with 
CsHdCHd2NC and water (at 298 K in CeDe): (A) after 1 h; 
(B) after 1 day; (C) after 3 days; (D) after 15 days. ((x) 

Rh-H).) 
(OEP)RhC(O)NHR; (0 (OEP)Rh-CH=NR; (h) (0EP)- 

The formimidoyl complexes were also identified by the 
parent ion in the FAB mass spectrum. 

Reaction of Isocyanides and HzO with [ (0EP)RhIz. 
Addition of water M) to a benzene solution of 
[(OEP)Rhl2 (- 103 M) and 2,6-dimethylphenyl isocyanide 
(- M) results in formation of a carbamoyl complex 
together with (0EP)Rh-H which subsequently reacts 
with excess isocyanide to produce a formimidoyl complex 
(eqs 6 and 7) (Figure 5). Formation of the formimidoyl 

[(OEP)Rhl, + C,H,(CH,),NC + H,O - 
(0EP)Rh-C(O)NH( C,H,(CH,),) + (0EP)Rh-H 

(6) 
(0EP)Rh-H + C6H3(CH3),NC 

(OEP)Rh-CH=N(C,H,(CH,),) (7) 

from (0EP)Rh-H is relatively fast in the presence of 
[(OEP)Rhl2 but reaction 7 is very slow after the dimer is 
consumed in reaction 6. The carbamoyl complex always 
appears in higher concentration than the formimidoyl due 
to the loss of some (0EP)Rh-H to regenerate the dimer 
(eq 8). In a very slow reaction the formimidoyl complex 

2(0EP)Rh-H + [(OEP)Rh], + H2 (8) 

reacts away to give the carbamoyl as the final thermo- 
dynamic product over a period of several months. The 
reactions of alkyl isocyanides (CH3NC, n-BuNC, - 10-2  
M) with [(OEP)Rhl2 M) and water (-le2 M) 
result in the formation of products derived from both 
reaction 6 and the CN-R bond cleavage reaction (eq 2). 
(OEP)Rh-CH3 and (OEP)Rh(CN)(CH3NC) are the pre- 
dominant products of the reaction of [(OEP)Rhl2 and 
CH3NC even in the presence of a large excess of H20. The 
reaction of [(OEP)Rhl2 with n-BuNC and H2O gives 
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Reactions of Isocyanides with Rhodium Porphyrins 

c33 

Figure 6. ORTEP view of (OEP)RhC(0)NH(C8H3(CH3)2). 
Thermal ellipsoids are shown at the 30% probability level. 

Table I. Crystal Data for (OEP)RhC(O)NH(CaH;(C;)*) 
foimula 
fw 
cryst class 
space group 
z 
cell constants 

a, A 
b, A 
c, A 
a, deg 
I% deg 
Y, deg v, A3 

abs cocff, cm-' 

data collcn temp, OC 
Crwt dimens, mm 

Dclk, g/cm3 

F(OO0) 
Mo Ka radiation. A. A , ,  

0 range, deg 
scan mode 
h,k,l collected 
no. of reflns measd 
no. of unique reflns 
no. of reflns used in refinement 
no. of params 
datafparam ratio 
R 
R W  
GOF 

R h C u H d W  
783.87 
triclinic 
Pi (No. 2) 
LI L 

12.256(3) 
13.234(2) 
1 5.075( 3) 
61.79(2) 
75.89(2) 
73.39(1) 
2047.7 (7) 
4.47 
1.271 
24 
0.20 X 0.22 X 0.36 
824 
0.710 73 
2.0-27.5 

+ 15,f170f 19 
9788 
9354 
5587 (a > 3.00) 
469 
11.9 
0.05 1 
0.058 
1.446 

*2e 

(0EP)Rh-(n-Bu), (OEP)Rh(CN)(n-BuNC) and the car- 
bamoyl complex as principal products. 

The metallocarbamoyl complexes were independently 
prepared by the reaction of [(OEP)Rhl2 with CO and the 
corresponding amines (eq 9). The metallocarbamoyl 

[(OEP)Rhl, + 2CO + SRNH, - 
2(OEP)Rh-C(0)NHR + H, (9) 

complex derived from 2,6-dimethylphenyl isocyanide was 
crystallized from benzene and characterized by single 
crystal X-ray structure determination (Figure 6). Table 
I summarizes the crystal data, and selected bond distances 
and angles for non-hydrogen atoms are given in Table 11. 
The Rh atom deviates by 0.072 A from the mean plane of 
the 4 pyrrole nitrogens and by 0.032 A from the mean 
plane of the 24-atom core of the porphyrin ring. 
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Table 11. Selected Bond Distances (A) and Angles (deg) for 
(OEP)R~C(O)NH(C~HB(CH;)~)' 

Bond Distances 
R h-N 1 2.025(3) Rh4237 1.988(5) 
Rh-N2 2.021 (4) C37-01 1.197(6) 
Rh-N3 2.026( 3) C37-N5 1.341(5) 
Rh-N4 2.019(4) C38-N5 1.444(7) 

Bond Angles 
Nl-Rh-N2 90.1(1) N3-Rh-N4 89.8(1) 
Nl-Rh-N3 175.0(1) N3-Rh4237 91.2(2) 
N 1-Rh-N4 89.9(1) N4-Rh-C37 92.0(2) 
N 1-Rh-C37 93.9(2) Rh4237-01 122.1(3) 
N2-Rh-N3 89.9( 1) Rh-C37-N5 114.6(4) 
N2-Rh-N4 176.9(1) N54237-01 123.2(4) 

a Numbers in parentheses are estimated standard deviations in the 

N2-Rh4237 91.1(2) C37-N5-C38 123.0(5) 

least significant digits. 

Scheme I 
(0EP)Rh-CH=O 

(0EP)Rh-CHZNR 
(0EP)RhH 

co  [(OEP)Rh]a:CO, (0EP)Rh-C(O).Rh(OEP), 
(0EP)Rh-C(0)-C(0)-Rh(0EP) 

[(OEP)RhI2:CNR 

(0EP)RhR + (OEP)Rh(CN)(CNR) 

co. RNHL (0EP)Rh-C(0)NHR 

RNC, H'k (0EP)Rh-C(0)NHR + (0EP)RhH 

[(TMP)Rh:CO]*, (TMP)Rh-C(0)-C(0)-Rh(TMP) 

(TMP)Rh. (<! RNC a ' [(TMP)Rh:CNR]* 

RNC a'k ' (TMP)Rh(CN)(CNR) + (TMP)RhR 

Discussion 
Reactivity studies of alkyl and aryl isocyanides with 

rhodium porphyrin species were undertaken for compar- 
ison with the unusual set of CO reactions that have been 
observed previously. A summary of these reactions is 
illustrated in Scheme I. 

Carbon monoxide reacts with (0EP)Rh-H to produce 
a formyl complex3 and with [(OEP)Rhl2 to give an 
equilibrium distribution between a 1:l complex (Rh-Rh 
CO), a dimetal ketone (Rh-C(0)-Rh), and a dimetal 
diketone (Rh-C(0)C(O)-Rh)1*6 (eqs 10-13). Eachof these 

(0EP)Rh-H + CO + (0EP)Rh-CHO (10) 

[(OEP)Rhl, + CO * [(OEP)Rhl,CO (11) 

[(OEP)Rh], + CO + (0EP)Rh-C(0)-Rh(0EP) (12) 

[(OEP)Rh], + 2CO * 
(0EP)Rh-C(O)C(O)-Rh(0EP) (13) 

reactions is thought to occur through the intermediacy of 
a paramagnetic CO complex, [(OEP)RhCOl*, that reacts 
like an acyl radical.lJl Direct observation of the EPR 
spectrum of monocarbonyl species of this type, [(par)- 

(11) Paonessa, R. S.; Thomas, N. C.; Halpem, J. J.  Am. Chem. SOC. 
1985,107,4333. 
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RhCO]* , has been accomplished by using more sterically 
demanding porphyrins such as the tetramesityl derivative, 
(TMP)Rh*, which occurs as a stable metallo radical.lt8 
Analysis of t h e  E P R  parameters  for [ ( T M P ) -  
Rh13C0]* and related species indicates the presence of a 
nonlinear Rh-CO unit with substantial carbon spin 
density, and reactivity of these 17-electron monocarbonyls 
is dominated by one-electron reactions at  the carbonyl 
carbon in a manner analogous to an acyl radica1.l 

Alkyl and aryl isocyanides react with (0EP)Rh-H to 
form 1:l complexes (OEP)Rh(H)(RNC), that subsequently 
convert to formimidoyl species, (0EP)Rh- CH=NR (eq 
5). Observation of adducts of (0EP)Rh-H with isocy- 
anides (&(298 K) > lo4) where the corresponding CO 
complex was not detected even at  low temperatures in 
toluene solution (T = 200 K) illustrates the superior CT 

donor properties of isocyanides compared with CO. 
Production of formimidoyl complexes is directly analogous 
to the CO reaction that yields formyl complexes (eq 10). 
Addition of metal hydrides to isocyanides is thermody- 
namically more favorable than the corresponding reaction 
of C0l2 and thus the observation of formimidoyl complexes 
was anticipated on the basis of the prior observation of 
reaction 10. (OEP)Rh-CH=N(C6H3(CH3)2) shows a IJ-N 
band (KBr) at  1699 cm-1 that is substantially higher than 
the values reported for other metalloformimidoyls (1560- 
1630 cm-1),13J4 which probably results from relatively 
strong Q bonding and ineffective d r p r  back-bonding 
by the Rh(II1) porphyrin group. 

[ (OEP)Rh]2 exclusively forms 1:l complexes with iso- 
cyanides and CO, where the equilibrium constants for 
isocyanide coordination (Kl(298 K) > lo5) are much larger 
than the value for CO (K11(298 K) = 48 f 4).6 EPR studies 
for (TMP)Rh* with isocyanides and CO in toluene glass 
media also demonstrate the exclusive presence of 1:l 
adducts. Similarity of the EPR parameters for [ (TMP)- 
RhCNR]* (gl - g2 - 2.16;g3 = 1.995;A(lo3Rh) = 60 MHz) 
and [(TMP)RhCO]* (gl - g2 - 2.16;g3 = 1.995; A(lo3Rh) 
= 67 MHz) in toluene glass (90 K) suggest that these species 
have related electronic structures. 

Alkyl isocyanides react further with (por)RhI1 com- 
pounds by CN-alkyl bond cleavage to form alkyl and 
cyanide complexes. Cleavage of the N-C single bond in 
isocyanides was accomplished previously by thermal 
decomposition of cationic transition-metal isocyanide 
complexes,15-18 by thermolysis of (DMPE),Ru(naphthyl)H 
in the presence of t-BuNC,lg and by the reaction of 
(C5Me&Sm(THF)2 with cyclohexyl and tert-butyl iso- 
cyanides.20 The (por)RhI1 mediated R-NC cleavage re- 
action is unusual in that it results in the simultaneous 
incorporation of both the alkyl and CN units into a metal 
complex, as shown by formation of equal amounts of 
(por)Rh-CN and (por)Rh-R complexes. 

(12) Christian,D. F.;Clark,G.R.;Roper,W.R.; Waters, J. M.; Whittle, 

(13) Collins, T. J.; Roper, W. R. J. Chem. SOC., Chem Commun. 1976, 

(14) Wolczanski, P. T.; Bercaw, J. E. J. Am. Chem. SOC. 1979, 101, 

(15) Giandomenico, C. M.; Hanau, L. H.; Lippard, S. J. Organometallics 

(16) Bell, A.; Lippard, S. J.; Roberts, M.; Walton, R. A. Organometallics 

(17) Bell, A.; Walton, R. A. J. Organomet. Chem. 1984,263, 359. 
(18) Farr, J. P.; Abrams, M. J.; Costello, C. E.; Davison, A.; Lippard, 

(19) Jones, W. D.; Kosar, W. P. Organometallics 1986,5, 1823. 
(20) Evans, W. J.; Drummond, D. K. Organometallics 1988, 7, 797. 

K. R. J. Chem. SOC., Chem Commun. 1972,458. 

1044. 

6450. 

1982, 1, 142. 

1983,2, 1562. 

S. J.; Jones, A. G. Organometallics 1985, 4, 139. 

A B 

Figure 7. Structure simulations of (0EP)Rh-(CNCH3)- 

(B). (ethyl groups on the porphyrin rings are omitted for 
clarity.) 

Rh(0EP) (A) and (OEP)Rh-C(NCH+C(NCH+Rh(OEP) 

During this investigation no evidence was obtained for 
bridging imine (Rh-C(NR)-Rh) or diimine (Rh-C(NR)- 
C(NR)-Rh) species in contrast with reactions of CO that 
form dimetalketone (Rh-C(0)-Rh) and dimetal diketone 
(Rh-C(O)C(O)-Rh) c~mplexes.~,~ Reduction and coupling 
are thermodynamically easier for isocyanides than they 
are for C0.21 Absence of species containing bridging and 
coupled alkyl isocyanide units is most probably a conse- 
quence of the increased steric requirements of the isocy- 
anide ligands compared to CO. Formation of dimetal 
imines, (0EP)Rh-C(NR)-Rh(OEP), is probably precluded 
by unfavorable interporphyrin interactions that are known 
to occur in bent one-atom bridged complexes such as the 
dimetal k e t ~ n e , ~  (0EP)Rh-C(0)-Rh(OEP), as well as by 
additional interactions between the N-R group and the 
porphyrin ligands. Coupling of isocyanides in forming 
dimetal diimines, (0EP)Rh-C( NR)C (NR)-Rh(OEP), 
would relieve the interporphyrin repulsions, but unfa- 
vorable interactions occur between the N-alkyl and N-aryl 
groups and the two porphyrins which would encapsulate 
the organic fragment. Among the isocyanides studied only 
the coupling product from CH3NC is sterically plausible, 
and in this case the relatively fast CH3-NC cleavage 
reaction may preclude observation of this species. Struc- 
ture simulations using Chem 3D illustrate the steric effects 
associated with the bridging and coupled isocyanide species 
(Figure 7). 

Mechanistic Considerations. Alkyl and aryl isocy- 
anide complexes with rhodium(I1) porphyrin metallo 
radicals, [ (por)RhCNRl *, may be important intermediates 
in isocyanide reactions in a manner analogous to the role 
of [(por)RhCO]* species in CO reactions.lJl Reaction of 
[(por)RhCNRl* with (por)Rh-H could be a pathway to 
produce formimidoyl complexes in analogy with the known 
role of [(por)RhCOI* in producing formyl complexes.ll The 
alkyl isocyanide N-alkyl bond cleavage reaction can be 
envisioned as occurring by either ionic or radical path- 
ways.15-20 Ligand induced disproportionation to form 
[ (por)Rh(CNR)21+ and [ (por)Rhl- followed by nucleophilic 
attack of the anionic rhodium(1) fragment at  the a-carbon 
of the alkyl group of the coordinated isocyanide is a 
plausible ionic mechanism. An alternate radical pathway 
could involve attack of a second metallo radical, (por)Rh., 
a t  the isocyanide alkyl carbon of [(por)RhCN-R]*. Either 
reaction pathway would result in the concerted formation 
of (por)Rh(CN)(CNR) and (por)Rh-R through a trimo- 
lecular transition state similar to that suggested for the 
reactions of (por)RhII complexes with H2 and hydrocar- 
b o n ~ . ~ ~ ~ ~ ~  Absence of R-NC bond cleavage in the reaction 
of 2,6-dimethylphenyl isocyanide with (por)Rhn complexes 

(21) Vrtis, R. N.; Lippard, S. J. Isr. J. Chem. 1990,30, 331 
(22) Wayland, B. B.; Ba, S.; Sherry, A. E. Inorg. Chem. 1992,31,148. 
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Reactions of Isocyanides with Rhodium Porphyrins 

is a consequence of the steric demands associated with 
accommodating two (por)Rh units in a transition state 
where the porphyrin planes cannot be nearly parallel. A 
related argument has been invoked to explain why 
(por)Rhu complexes activate methane but not aromatic 
C-H bonds.23 

Reactions of isocyanides and water with [(OEP)Rhl2 
that produce carbamoyl complexes and (0EP)Rh-H (eq 
6) probably involve addition of water to coordinated 
isocyanide to form an intermediate cationic hydroxycar- 
bene which is subsequently deprotonated by (0EP)Rh- 
(eqs 14 and 15). Cationic hydroxycarbene complexes have 

[(OEP)RhI, + CNR + H20 - 
[(OEP)Rh=C(OH)NHRl+[(0EP)Rhl- (14) 

[(OEP)Rh=C(OH)NHRl+ + [(OEP)Rhl- - 
(0EP)Rh-C(0)NHR + (0EP)Rh-H (15) 

previously been proposed as intermediates in the reactions 
of cationic isocyanide complexes, [(OEP)Rh(CNR)z]+, 
with water.lO Reaction 14 could proceed through either 
the observed 1:l complex [(OEP)Rhl&NRor [(OEP)Rh- 
(CNR)zI+ which may be formed by a donor induced 
disproportionation of [ (OEP)Rh]2. Pyridine is known to 
produce disproportionation of [(OEP)Rhl2 to form 
[(OEP)Rh(py)z]+ and [(OEP)Rhl-, but 2,6-dimethylphen- 
yl isocyanide to [(OEP)Rhl2 mole ratios of greater than 
lo3 failed to produce lH NMR observable quantities of 
products associated with disproportionation. Formation 
of carbamoyl complexes through reaction of CO and RNH2 
with [(OEP)Rh]z could also occur through a hydroxycar- 
bene intermediate, [(OEP)Rh=C(OH)NHRl+. 

More detailed kinetiemechanistic studies are in progress 
which are directed toward distinguishing between radical 
and ionic reaction pathways of [(OEP)Rh]z that respec- 
tively involve homolysis or heterolysis of the Rh-Rh bond. 

Experimental Section 
General Methods. All manipulations were performed by 

vacuum line techniques or in an inert atmosphere box. NMR 
data were recorded on an IBM-Bruker WP 200SY instrument. 
Mass spectrometry results were obtained on a VG ZAB-E mass 
spectrometer using the fast-atom bombardment (FAB) method. 
EPR spectra were obtained by use of an EPR l00D X-band 
spectrometer. IR spectra were taken on a Perkin-Elmer 1760-X 
infrared Fourier transform spectrometer. Samples were prepared 
as either KBr pellets or Nujol mulls. Microanalytical data could 
not be obtained due to the small quantities of materials available. 
Structure simulations were performed with the Chem 3D Plus 
3.0 molecular modeling program licensed from Cambridge 
Scientific Computing Inc. 

Solvents and Reagents. Benzene and toluene were degassed 
by freeze-pump-thaw cycles and then refluxed over sodium/ 
benzophenone until the solvent turned purple. Methyl isocyanide 
was prepared by the method of Weber and UgiSu Syntheses of 
(TMP)Rh-CHs, [(OEP)Rhl2, and (0EP)Rh-H have previously 
been reported.le2 All other reagents were purchased from Aldrich 
or Fluka. Methyl, n-butyl, and 2,6-dimethylphenyl isocyanide 
were stored over type 4-A molecular sieves to remove water. 

Reactions of [ (OEP)Rh]a with Isocyanides. Weighed 
samples of [ (OEP)Rh]z (-0.5 mg) were placed in vacuum adapted 

(23) Wayland, B. B.; Ba, S.; Sherry, A. E. J. Am. Chem. SOC. 1991,113, 
5305. .~~ 

(24) Weber, W. P.; Gokel, G. W.; Ugi, I. K. Angew. Chem., Int. Ed. 
Engl. 1972,11, 530. 
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NMR tubes and evacuated prior to vacuum transfer of both C& 
(-0.5 mL) as solvent and variable quantities of an isocyanide 
(0.2-2.0 mg). The NMR tubes were sealed, and lH NMR waa 
used in following the evolution of reaction products (T = 295 K). 

Methyl Isocyanide. The reactionof CH&C with [(OEP)Rh12 
yields a solution containing equal quantities of (0EP)Rh- 
(CHs)(CHsNC) and (OEP)Rh(CN)(CHsNC) as the exclusive 
products within a period of - 1 h. Excess isocyanide coordinates 
to the sixth coordination site of the rhodium-alkyl complex, 
causing a downfield shift of the porphyrin methine hydrogen 
resonance and an upfield shift of the axial methyl hydrogen 
resonance. The coordinated ligand is in fast exchange with 
uncoordinated isocyanide in the case of (0EP)RhlCHs) (CHSNC) 
and in slow exchange in the case of (OEP)Rh(CN)(CHsNC). 
Coordination of the isocyanide significantly enhances the sol- 
ubility of the (0EP)Rh-CN complex which is virtually insoluble 
in C&e in the absence of excess isocyanide. 

(OEP)Rh(CHS)(CHfiC). 1H NMR (6 in c&): 10.28 (8,  
4H, porphyrin -CH=), 3.98 (m, 16H, CHzCHs), 1.91 (t, 24H, 
CH&Ha), -6.63 (d, 3H, axial CH3, V ~ - H  = 2.1 Hz). FAB MS: 
m/e 650 (calculated for (0EP)Rh-CHs: m/e 650). 

(OEP)Rh(CN)(CHaNC). lH NMR (6 in c&): 10.41 (s,4H, 
porphyrin-CH=), 3.99 (m, 16H,CH&Hs), 1.90 (t, 24H, CH~CHS), 
-1.76 (d, 3H, CN- CH3). FAB MS: m/e 702 (calculated m/e 
702). I R  v(C3N) = 2235 cm-l, 2131 cm-1 in KBr. 

n-Butyl Isocyanide. The reaction of n-BuNC with [(OEP)- 
Rh]2 gives (OEP)Rh(CH2CH&H&Hs)(n-BuNC) and (0EP)Rh- 
(CN)(n-BuNC) in equal amounts as exclusive products within a 
period of several hours. Coordination of excess isocyanide to the 
rhodium-alkyl complex has similar effects on the solubility and 
'H NMR as described above for methyl isocyanide. 
(OEP)Rh(CHzCH&HzCHs)(n-BuNC). lH NMR (6 in 

C&): 10.29 (s,4H, porphyrin -CH=), 3.99 (m, 16H, porphyrin 
CHzCHs), 1.90 (t, 24H, porphyrin CHZCH~), -1.01 (t, 3H, 
R ~ C H Z C H ~ C H ~ C H ~ ) ,  -1.78 (m, 2H, R~CH~CHZCH~CHS), -4.65 
(m, 2H, RhCH2CH&H&Ha), -5.91 (m, 2H, R~CHZCH~CH~CH~) .  
FAB MS: m/e 692 (calculated for (OEP)Rh(n-Bu): m/e 692). 

(OEP)Rh(CN)(n-BuNC). lH NMR (6 in c&): 10.36 (8,  
4H, porphyrin -CH=), 3.98 (m, 16H, porphyrin CH~CHS), 1.91 
(t, 24H, porphyrin CH~CHS), -0.44 (t, 3H, CNCHZCHZCH~CHS), 
-0.86 (t, 2H, CNCHZCHZCHZCH~), -1.37 (m, 2H, CNCH2- 
CH&H&Hs), -1.56 (m, 2H, CNCH~CHZCHZCH~). FAB MS: 
m/e 744 (calculated m/e 744). I R  v(C=N) = 2200 cm-l, 2133 
cm-l in KBr. 

2,B-Dimethylphenyl Isocyanide. The only reaction observed 
for 2,8dimethylphenyl isocyanide is immediate 1:l adduct 
formation where a single isocyanide is coordinated to the metal- 
metal bonded dimer. If the system contains more than a 
stoichiometric amount of isocyanide, the coordinated ligand is 
in fast exchange with the excess isocyanide present, making the 
two sides of the Rh-Rh bonded dimer appear to be equivalent 
in the 'H NMR spectrum. 

[ (OEP)Rh]z((C'H,(CHa)a)NC) in the Presence of Excess 
Isocyanide. lHNMR (SinCae): 9.05 (s,8H,porphyrin-CH=), 
4.46 (m, 16H, CHAHBCH~), 4.00 (m, 16H, CHAHBCHS), 1.68 (t, 
48H, CH2CH3). 

If less than a stoichiometric amount of isocyanide is present, 
the coordinated isocyanide is in slow exchange and the adduct 
displays two sets of porphyrin resonances and peaks associated 
with a coordinated isocyanide in the lH NMR spectrum. 

[ (OEP)Rh]z( (C@Hs(CH,)z)NC) in the Presence of Excess 
[(OEP)Rh],. 'H NMR (6 in Cas) :  9.29 (e, 4H, porphyrin 
-CH=), 8.81 (s,4H, porphyrin-CH=), 5.25 (t, lH, phenylpara), 
4.81 (d, 2H, phenyl meta), 4.54 (m, 8H, CHAHB-CHS), 4.38 (m, 
8H, CHAHB-CH~), 3.99 (m, 16H, CHACHB-CH~), 1.68 (t, 48H, 
CHa-CHg), -1.50 (8,  6H, phenyl CH3). I R  = 2160 
cm-1 in Nujol. 

Reactions of [ (OEP)Rh]z with Isocyanides and Water. 
Weighed samples of [(OEP)Rh]z (-0.5 mg) were placed in 
vacuum adapted NMR tubes and evacuated prior to vacuum 
transfer of c& (-0.5 mL), variable quantities of an isocyanide 
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(0.2-2.0 mg), and excess HzO (0.1-1.0 mg). The NMR tubes 
were sealed and 1H NMR was used to follow the reactions (T = 
295 K). 

2,6-Dimethylphenyl Isocyanide. Addition of excess water 
to a solution of [(OEP)Rh]z and 2,6-dimethylphenyl isocyanide 
results in formation of the carbamoyl and metallohydride 
complexes over a period of 1 day. In a subsequent reaction the 
metallohydride compound reacts with the excess isocyanide to 
produce a formimidoyl complex. 
(OEP)Rh(C(O)NH(CsHs(CH,)I))((C6Hs(CHs)z)NC). 'H 

NMR (6 in Cas) :  10.36 (8, 4H, porphyrin -CH=), 5.98 (t, lH, 
phenyl para), 5.80 (d, 2H, phenyl meta), 4.00 (m, 16H, CH~CHS), 
1.90 (t, 24H, CH2CH3), -0.14 (s,6H, phenyl CHs), -1.28 (br, lH, 
C(0) -NH-) .  FAB MS: m / e  783 ( ca l cu la t ed  for  
(OEP)Rh(C(O)NH(CsH3(CH&)): mle 783). I R  v ( C 4 )  = 1676 
cm-1 in KBr. Removal of the excess isocyanide from the system 
results in significant upfield shifta of the porphyrin methine peaks 
(10.36 to 10.24) and of the C(0)NH (-1.28 to -1.55) resonances. 

Methyl Isocyanide and n-Butyl Isocyanide. Formation 
of the carbamoyl and formimidoyl compounds is in competition 
with the CN-R bond cleavage reaction, and all four products 
were observed in the reaction mixtures. 

Reactions of (0EP)Rh-H with Isocyanides. Weighed 
samples of (0EP)Rh-H (-0.5 mg) were placed in vacuum 
adapted NMR tubes and evacuated prior to vacuum transfer of 
c a s  ( -0.5 mL) as solvent and variable quantities of an isocyanide 
(0.2-2.0 mg). The NMR tubes were sealed, and lH NMR 
spectroscopy was used in following the evolution of reaction 
products (2' = 295 K). 

Methyl Isocyanide. Immediate reaction of (0EP)Rh-H with 
CH3NC results in formation of the 1:l complex (OEP)Rh(H)- 
(CHsNC), as evidenced by changes in the lH NMR, including a 
large downfield shift of the hydride resonance and decrease in 
the Rh-H coupling constant. In slower subsequent reactions 
the formimidoyl, alkyl, and cyanide complexes form over a period 
of several hours (T = 295 K). 

(OEP)Rh(H)(CHaC). lH NMR (6 in c a s ) :  10.25 (s,4H, 
porphyrin-CH=), 3.99 (m, 16H, CHzCHd, 1.90 (t, 24H, CH2CH3h 

(OEP)Rh(CH=NCHs)(CHaC). lH NMR (6 in c a s ) :  10.34 
(s,4H, porphyrin -CH=), 3.99 (m, 16H, CHzCHa), 1.93 (t, 24H, 
CH~CHS), 0.14 (s,3H, N-CH3). The resonance for the Rh-CH 
hydrogen was obscured by other peaks. FAB MS: mle 677 
(calculated for (OEP)Rh(CH=NCH& mle 677). 

n-Butyl Isocyanide. Fast adduct formation is followed by 
insertion of an isocyanide molecule into the Rh-H bond, yielding 
the metalloformimidoyl compound as the major product in a few 
hours. In a parallel reaction some Rh-CN and Rh-alkyl also 
form as a result of a slower alkyl C-N bond cleavage reaction. 

(OEP)Rh(H)(n-BuNC). lH NMR (6 in c a s ) :  10.22 (s,4H, 
porphyrin-CH=), 3.99 (m, 16H, CHzCHs), 1.91 (t, 24H, CHZCH~), 

(OEP)Rh(CH=NCH&H&H&Ha)(m-BuNC). lH NMR (6 
inCeD6): 10.29 (s,4H, porphyrin-CH=), 4.00 (m, 16H, porphyrin 
CHzCHa), 1.95 (t, 24H, porphyrin CHgCHs), 1.28 (d, lH, 

CHzCHzCH3), -0.11 (t, 2H, CH=NCH2CH2CHzCHd, -0.57 (m, 
2H, CH=NCHzCHzCHzCHs), -0.88 (m, 2H, CH=NCH2- 
CH2CHzCHs). FAB MS: mle 719 (calculated for (0EP)Rh- 
(CH=N-n-Bu): m/e 719). 

2,B-Dimet hylphenyl Isocyanide. Fast adduct formation is 
followed by exclusive formation of the formimidoyl product within 
1 day. 
(OEP)Rh(H)((C,H,(CHs)2)NC). lH NMR (6inCsD6): 10.23 

(s,4H, porphyrin -CH=), 3.99 (m, 16H, CH~CHS), 1.90 (t, 24H, 

(OEP)Rh(CH=N(CsHa(CHs)z))((CaHs(CHs)r)NC). 'H 
NMR (6 in c&3): 10.30 (s, 4H, porphyrin -CH=), 6.05 (t, lH, 
phenyl para), 5.87 (d, 2H, phenyl meta), 4.02 (m, 16H, CHzCHs), 

-0.41 (8, 6H, phenyl CHs). FAB MS: m/e 767 (calculated for 
(OEP)Rh(CH=N(C&,(CH3)2)): mle 767). I R  u(C=N) = 1699 

-27.9 (d, lH, Rh-H, 'J=-H = 16.8 Hz). 

-29.3 (d, lH, Rh-H, 'J&-H = 18.5 Hz). 

RhCH-N-, 2 J ~ h - ~  = 2.9 Hz), 0.24 (t, 3H, CH=NCH2- 

CHzCHa), -29.8 (d, lH, Rh-H, 'J=-H = 19.0 Hz). 

1.91 (t, 24H, CHzCHs), 1.33 (d, lH, Rh-CH, 2 J ~ - ~  = 2.7 Hz), 

Poszmik et al. 

cm-l in KBr. Removal of the excess isocyanide from the system 
results in upfield shifts of the porphyrin methine (10.30 to 10.09) 
and Rh-CH=N- (1.33 to 0.52) resonances. 

Addition of excess CFaCOOH (-0.5 mg) to the 2,6-dimeth- 
ylphenyl formimidoyl complex led to an immediate color change 
from orange to reddish-brown, presumably yielding the proto- 
nated complex. 

(6 in C&): 10.47 (s, 4H, porphyrin -CH=), 5.80 (t, lH, phenyl 
para), 5.39 (d, 2H, phenyl meta), 4.03 (m, 16H, CH&H,), 1.87 
(t, 24H, CH2CH3), -0.96 (e, 6H, phenyl CH3). The resonances for 
Rh-CH-NH- hydrogens were not found. 

Reactions of [(OEP)Rh]2 with CO and Amines. Weighed 
samples of [(OEP)Rh]z (-0.5mg) were placed invacuum adapted 
NMR tubes and evacuated prior to vacuum transfer of C a 6  ( -0.6 
mL) as solvent and variable quantities of methyl- and n-butyl- 
amine and 2,6-dimethylaniline. The NMR tubes were pressurized 
with -400 Torr of carbon monoxide and sealed. lH NMR 
spectroscopy was used in following the evolution of the reaction 
products (T = 295 K). 

Methylamine and n-Butylamine. The reactions reached 
completion by the time the 'H NMR spectra were taken. 
Carbamoyl complexes ((OEP)RhC(O)NHR) formed as exclusive 
products observed in the lH NMR spectrum. 

(OEP)Rh(C(O)NH(CHs)). lH NMR (6 in C&): 10.27 (8, 
4H, porphyrin -CH=), 3.99 (m, 16H, CHZCH~), 1.92 (t, 24H, 
CH2CHa), -0.31 (d, 3H, N-CH3, 'JH-H = 4.8 Hz), -2.49 (br m, 
lH, N-W. FAB MS: mle 693 (calculated mle 693). IR: 
v(C=O) = 1676 cm-l in KBr. 

10.29 (8, 4H, porphyrin -CH=), 4.00 (m, 16H, porphyrin 
CHzCHs), 1.92 (t, 24H, porphyrin CH2CH3), 0.29 (m, 2H, 

(m, 2H, N H C H ~ C H ~ C H ~ C H S ) ,  -0.80 (m, 2H, NHCH2- 
CHZCH~CH~), -2.63 (m, lH, N-W. FAB MS: mle 735 
(calculated m/e 735). IR. v(C=O) = 1624 cm-l in KBr. 

2,6-Dimethylaniline. The reaction reached completion 
within 1 day, yielding the carbamoyl complex as the exclusive 
product observed by lH NMR. 

Preparation of (0EP)Rh-CN and (TMP)Rh-CN. 
(0EP)Rh-CN and (TMP)Rh-CN were prepared by the reaction 
of (por)Rh-I (-10 mg) and excess AgCN (-3 mg) in 20 mL of 
dried ethanol. The mixture was stirred overnight at room 
temperature under argon atmosphere which resulted in the 
formation of an orange-red precipitate that was subsequently 
filtered out and washed with water and ethanol. The rhodium 
cyanide products are not soluble in CDCls or C&, but addition 
of excess isocyanide resulted in slow dissolution over a period of 
several hours. 

(0EP)RhXN. I R  v(C=N) = 2203cm-1inKBr. Anal. Calcd 
for C3,H&N&h C, 67.17; H, 6.66; N, 10.59. Found: C, 66.84; H, 
6.82; N, 10.32. 

(TMP)RhXN. I R  &EN) = 2147 cm-l in KBr. Anal. Calcd 
for Cs,HszN&h: C, 75.25; H, 5.72; N, 7.70. Found: C, 74.81; H, 
5.02; N, 8.12. 

(OEP)Rh(CN)((C&(CHs)z)NC). lH NMR (6 in c a s ) :  
10.38 (s, 4H, porphyrin -CH=), 5.67 (t, lH, phenyl para), 5.25 
(d, ZH, phenyl meta), 3.99 (m, 16H, CHzCHs), 1.88 (t, 24H, 
CHzCH3), -0.55 (s,6H, phenyl CH3). I R  v(C=N) = 2195,2135 
cm-1 in KBr. 

Reactions of (TMP)Rk with Isocyanides. Weighed sam- 
ples of (TMP)Rh-CH3 (-0.5 mg) were placed in vacuum adapted 
NMR tubes and evacuated prior to vacuum transfer of benzene 
(-0.5 mL) as solvent. The solutions were photolyzed for 6 h in 
a Rayonnet photoreactor (A t 350 nm) which is known to result 
in the complete conversion of (TMP)Rh-CHs to (TMP)Rh'.l 
The benzene solution of (TMP)Rh' was evacuated to dryness 
followed by sequential vacuum transfer of c a s  (-0.5 mL) and 
variable quantities of an isocyanide (0.2-2.0 mg). 

Methyl Isocyanide. Immediate color change occurs upon 
addition of the CHsNC to a benzene solution of (TMP)Rh'. The 

[ (0EP)Rh (:CH-NH(C&(CHs)2)]+CF&OO-. 'H NMR 

(0 EP ) Rh (C (0) NHCH&HzCH&H*). 'H NMR (6 in C&) : 

NHCH&H2CH&Hs), 0.01 (t, 3H, NHCH~CH~CHZCHS), -0.58 
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Rh 
N1 
N2 
N3 
N4 
c1 
c 2  
c 3  
c4 
c 5  
C6 
c 7  
C8 
c 9  
c 1 0  
c11  
c12  
C13 
C14 
C15 
C16 
C17 
C18 
C19 
c20  
c21  

-0).036(1) 
-0.2609(4) 
-0.2594(4) 
-0.0518(4) 

0.1022(4) 
0.3175(4) 
0.3481(5) 
0.4586(6) 
0.291 5(7) 
0.0325(8) 

-0).3663(5) 
-0.3641(5) 
-0.1749(5) 

0.23 19(5) 
0.4296(5) 
0.176 l(4) 
0.3810(5) 
0.4646( 5 )  
0.5685(5) 
0.5863(7) 
0.5054(7) 
0.3957(7) 
0.3080(8) 
0.4432(6) 
0.2708(4) 
0.1721(3) 

0.0408( 5 )  
0.2976(4) 
0.5017(4) 
0.7400( 3) 
0.75 11 (3) 
0.5056(4) 
0.2860(4) 
0.2028(5) 

-0.0350(5) 
-0.0228(6) 

0.3224(6) 
0.5982(5) 
0.8188(4) 
0.7138(4) 
0.485 l(5) 
0.3200(3) 
0.1941 (4) 
0.2304( 5 )  
0.1734(6) 
0.0837(7) 
0.0458(6) 
0.1032(5) 
0.0648(5) 
0.3267(6) 
0.25 12(3) 
0.3340(3) 

10.7(4) 
6.0(2) 
4.8(1) 
4.7(1) 
5.4(1) 
5.4(1) 
5.9(2) 
8.9(3) 
9.6(3) 

15.3(4) 
9.8(2) 
6.4(2) 
7.4(2) 
7.6(2) 
7.8(2) 
3.9( 1) 
6.5(2) 
7.9(2) 

10.5(3) 
13.1 (3) 
11.7(3) 
9.0(2) 

10.7(3) 

5.9(1) 
5.6(1) 

9.4(3) 

Table 111. Refined Positional Parameters for (OEP)RhC(0)NH(C6I-I3(CH3)d and Their Estimated Standard Deviations' 
atom X Y z atom X Y z E,, A2 

0.17946(3) 0.03968(3) 0.39479(2) 3.166(7) C22 0.2492(6) 
0.0205(3) 0.1396(3) 0.4002(2) 3.47(9) C23 0.5671(5) 
0.1975i3j 
0.3319(3) 
0.1578(3) 

-0.05 14(4) 
-0.0269(4) 

0.0683(4) 
0.09 17(4) 
0.1917(5) 
0.2337(4) 
0.3377(4) 
0.3831(4) 
0.4919(4) 
0.5081 (4) 
0.4076(4) 
0.3915(4) 
0.2940(4) 
0.2760(4) 
0.1671(4) 
0.1 184(4) 
0.0115(4) 

-0.0340(4) 
-0.1416(4) 
-0.1515(4) 

0.0156(5) 

0.0274(3 j 
-0.0727(3) 

0.0441(3) 
0.1939(4) 
0.1803(4) 
0.1119(4) 
0.0999(4) 
0.0245(5) 

-0.0097(4) 
-0.0846(4) 
-0.1144(4) 
-0.1927(4) 
-0.1928(3) 
-0.1 162(3) 
-0.0909(3) 
-0.025 1 (3) 
-0.0060(4) 

0.0581 (4) 
0.0806(3) 
0.1458(4) 
0.1761 (3) 
0.2562(4) 
0.2677(4) 
0.1690(5) 

0.5295(2j 
0.3959(2) 
0.2644(2) 
0.3256(3) 
0.2367(3) 
0.207 3 (3) 
0.1 1 35 (3) 
0.1 149(3) 
0.2087(3) 
0.2388(3) 
0.3255(3) 
0.3540(3) 
0.4396(3) 
0.4653(3) 
0.5476(3) 
0.5781(3) 
0.6678(3) 
0.6741(3) 
0.5855(3) 
0.561 l(3) 
0.4746(3) 
0.4447(3) 
0.3530(3) 
0.0298(4) 

3.41(9j 
3.61(9) 
3.9(1) 
3.8(1) 
4.3(1) 
4.3( 1) 
5.3(1) 
5.7(1) 
4.9(1) 
4.9( 1) 
4.1(1) 
4.2(1) 
3.9(1) 
3.7(1) 
3.7(1) 
3.5(1) 
4.0( 1) 
4.1(1) 
3.7(1) 
3.9( 1) 
3.7(1) 
4.1(1) 
4.0(1) 
7.1(2) 

C24 
C25 
C26 
C27 
C28 
C29 
C30 
C3 1 
C32 
c 3 3  
c34  
c35  
C36 
c37 
C38 
c39 
C40 
C4 1 
C42 
c 4 3  
c44  
c45  
N5 
0 1  

0.6053(4j 
0.3633(4) 
0.106 l(5) 

-0.2201 (4) 
-0.2423(4) 
-0.2054(6) 

0.0344(6) 
0.333(1) 
0.5240(7) 
0.5751(5) 
0.3624(5) 
0.1011(6) 

-0.1 8 54( 6) 
0.2563(4) 
0.2342(4) 
0.1971(5) 
0.2372(6) 
0.3085(7) 
0.3410(6) 
0.3043( 5 )  
0.3401 (6) 
0.1203(6) 
0.1966(3) 
0.3498(3) 

only NMR observable products were identified as Rh-CH3 and 
Rh-CN complexes which form in equal quantities. 

(TMP)Rh(CH8)(CH3NC). 'HNMR (6inCDs): 8.79 (s,8H, 
pyrrole), 7.19 (s,4H, mesityl meta H), 7.09 (s,4H, mesityl meta 
H), 2.44 (8,  12H, mesityl para CH3), 2.14 (8, 12H, mesityl ortho 
CH3), 1.83 (8,  4H, mesityl ortho CH3), -5.79 (d, 3H, Rh-CH3, 
2 J ~ - ~  = 2.2 Hz). FAB MS: mle 898 (calculated for (TMP)Rh- 
CH3: mle 898). 

(TMP)Rh(CN)(CH3NC). lH NMR (6 in c a s ) :  8.90 (e, 8H, 
pyrrole), 7.19 (s,4H, mesityl meta H), 7.04 (e, 4H, mesityl meta 
H), 2.43 (s, 12H, mesityl para CH3), 2.07 (e, 12H, mesityl ortho 
CH3), 1.86 (s, 12H, mesityl ortho CH3), -0.47 (8,  3H, N-CH3). 
FAB MS: mle 950 (calculated: mle 950). 

m-Butyl Isocyanide. The reaction reaches completion within 
30 min and yields Rh-CN and Rh-n-butyl complexes as exclusive 
producta. The (TMP)Rh-CN precipitates and redissolves slowly 
in several hours. 
(TMP)Rh(CHzCH2CHzCH8)(n-BuNC). lH NMR (6 in 

c a s ) :  8.77 (e, 8H, pyrrole), 7.20 (8, 4H, mesityl meta H), 7.07 
(s,4H, mesityl meta H), 2.43 (s,12H, mesityl para CH,), 2.15 (s, 
12H, mesityl ortho CH3), 1.99 (s,12H, mesityl ortho CH3), -0.52 
(t, 3H, RhCH2CH2CH2CH3), -0.90 (m, 2H, RhCH2CH2CH2CH3), 
-3.93 (m, 2H, Rh-CH2CH&H2CH3), -5.16 (m, 2H, Rh- 
C H ~ C H ~ C H Z C H ~ ) .  FAB MS: mle 940 (calculated for 
(TMP)Rh-n-Bu: mle 940). 

(TMP)Rh(CN)(n-BuNC). lH NMR (6 in C6Ds): 8.91 (s,8H, 
pyrrole), 7.21 (s,4H, mesityl meta H), 7.04 (s,4H, mesityl meta 
H), 2.43 (s, 12H, mesityl para CHs), 2.13 (8,  12H, mesityl ortho 
CHs), 1.81 (s, 12H, mesityl ortho CH3), 0.14 (t, 2H, CNCH2- 
CH~CH~CHS), -0.25 (t, 3H, CNCH2CH&H&Hs), -0.92 (m, 2H, 
CNCH~CH~CH~CHS), -0.94 (m, 2H, CNCH2CH2CH2CH3). FAB 
MS: mle 992 (calculated: mfe 992). 

X- ray  S t r u c t u r e  D e t e r m i n a t i o n  of ( 0 E P ) R h C -  
(O)NH(CsH3(CH&). Purple crystals of the carbamoyl were 
obtained by slow evaporation of a benzene solution in air. The 
compound crystallizes in the triclinic space group P1 with a = 

12.256(3) A, b = 13.234(2) A, c = 15.075(3) A ,  a = 61.79(2)", 0 
= 75.89(2)", y = 73.39(1)", V = 2047.7(7) As, 2 = 2, and hc = 
1.271 g/cm3. The cell constants were determined from a least 
squares fit of the setting angles for 25 accurately centered 
reflections. X-ray intensity data were collected on an Enraf- 
Nonius CAD4 diffractometer employing graphite-monochro- 
mated Mo Ka radiation (X = 0.710 73 A) and using the m-28 scan 
technique. A total of 9788 reflections were measured over the 
following ranges: 4 5 28 4 55O, 0 5 h 5 15, -17 5 k 5 17, -19 SI 
4 19. Three standard reflections measured every 3500 s of X-ray 
exposure showed no intensity decay over the course of data 
collection. 

The intensity data were corrected for Lorentz and polarization 
effects but not for absorption. Of the reflections measured, a 
total of 5587 unique reflections wi thF  > 3a (F) were used during 
subsequent structure refinement. 

The structure was solved by standard heavy atom Patterson 
techniques followed by weighted Fourier syntheses. Refinement 
was by full-matrix least-squares techniques based on F to 
minimize the quantity Zw(pol - pcl)2 with w = l/a2(F). Non- 
hydrogen atoms were refined anisotropically and hydrogen atoms 
were included as constant contributions to the structure factors 
and were not refined. Refinement converged to R = 0.051 and 
R, = 0.058. Positional parameters are listed in Table 111. 
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