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Intramolecular, Reversible C-H Oxidative Addition-Reductive Elimination at Rhodium. 
Reaction of the Intermediate with Different Types of C-H Bonds and Dihydrogen 
Claudio Bianchini, Andrea Meli, Maurizio Peruzzini, and Fabrizio Zanobini 
lstituto per lo Studio della Stereochimica ed Energetica dei Composti di Coordinazione, C. N. R., Via J. Nardi, 39, 
Firenze 50 132, ltal y 

The ortho-metallated complex [{ (Ph2PCH2CH2)2N(CH2CH2PPhC6H4)}RhH](S03CF3) thermally or chemically undergoes 
reductive elimination of the substituted phenyl group; the N(CH2CH2PPh2)J3h+ fragment thus formed is stabilized by 
CO, halides, C2H4, or engaged in oxidative additions of H2 and C-H bonds from arenes, alkynes, and aldehydes. 

Some examples of transition metal complexes capable of 
inserting into hydrocarbon C-H bonds have recently appeared 
in the literature.' In most instances, these metal systems 
contain as ancillary ligands pentamethylcyclopentadienyl, 
carbonyls, and/or trialkylphosphines, but polyphosphane 
tripod-like ligands are also quite efficient.2.3 One of these is 
the potentially tetradentate hybrid ligand N(CH2CH2PPh2)3, 
denoted np3. 

The fragment (np3)Ir+ generated by C1- elimination from 
(np3)IrC1 in tetrahydrofuran (THF) , undergoes straight- 
forward oxidative addition of a C-H bond from different 
alkenes, to give cis-hydrido(malkeny1) derivatives, equation 
(1).2 These are quite stable, probably because of the kinetic 
inertness of iridium complexes. 

Since substitution of rhodium for iridium in many reactions 
gives analogous products but with considerably less stab- 
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LH = cyclo-octa-l,5-diene (cod), or cyclo-octene (coe) 

ility,lby4 we have tried to generate the (np3)Rh+ moiety 
through the reductive elimination of CH4 from the unstable 
cis-(hydride)methyl complex [(np3)RhH(Me)]+, equation (2). 
Unexpectedly, under the reaction conditions employed for 
iridium, the isoelectronic (np3)Rh+ fragment does not insert 
into the COD or COE unsaturated C-H bonds, but undergoes 
intramolecular C-H bond oxidative addition of a phenyl group 
of the np3 ligand, to give the ortho-metallated complex 

equation (2). f 
Interestingly, the intramolecular reaction shown in equa- 

tion (2) can be reversed back to the 16-electron (np3)Rh+ 
species either thermally or by suitable substrates. Electro- 
philic attack by Me+ from MeOS02CF3 on the RhI hydride, 
(np3)RhH (2),2 in benzene at reflux temperature, gives only 
the ortho-metallated derivative (1). Under the same condi- 
tions but at a temperature of 20 "C, a 3 : 1 mixture of (1) and of 
the hydrido(pheny1) complex [(np3)Rh(H)Ph](S03CF3) (3) is 
f0rmed.f Finally, by lowering the temperature to the melting 

[ { (Ph2PCH2CH2)2N(CH2CH2PPhC6H4)} RhHI(S03CF3) (1) , 

t All compounds were isolated as crystalline solids which gave 
satisfactory elemental analyses. 

Selected spectroscopic data: (1) I.r., v(Rh-H) 2000, orfho-metal- 
lated phenyl 1560 cm-1; 31P{lH} n.m.r. (positive shifts to high 
frequency of external 85% H3PO4) ABCX system (C6D6, 293 K), 
6 25.70 [PA, J(PA-PB) 22.6, J(PA-P,) 436.1, J(PA-Rh) 104.3 Hz], 
12.95, [PB, J(P,-P,) 13.2, J(PB-Rh) 80.9 Hz], -34.08 p.p.rn. [Pc, 
J(PcRh) 74.8 Hz]; 1H n.m.r. ([2Hs]THF, 293 K) -11.5 (Rh-H, m, 
1H). 
(3) I .r . ,  v(Rh-H) 2010, reinforced phenyl vibration 1580 cm-1; 

31P{'H} n.m.r., AB2X System (C6D6,293 K), 6 23.64 [PA, J(PA-PB) 
21.9,J(P~-Rh) 91.5 Hz], 6 31.97 p.p.rn. [PB, J(PB-Rh) 115.7 Hz]; 'H 
n.rn.r. (CD3COCD3, 293 K), 6 -8.1 (Rh-H, dm, 1H). 
(5) I.r., v(C0) 1975 cm-1; 31P {1H} n.m.r., A3X system 

(CD3COCD3, 293 K), 6 39.55 [J(P-Rh) 134.1 Hz]. The solubility of 
[(np3)RhX] (X = C1, N3) is too low to allow any spectroscopic 
characterization in solution. However the crystals are isomorphous 
with the trigonal-bipyrarnidal rhodium derivative (2).2 The i.r. 
spectrum of [(np3)RhN3] shows a strong absorption at 2015 cm-1 
assigned to the stretching mode of the azido ligand. 
(7) I.r., v(Rh-H) 2010 cm-', v(C6H4CF3) 1430 cm-1; 3lP{lH) 

n.m.r., AB2X system (CD&OCD3, 293 K), 6 34.28 [PA, J(PA-PB) 
26.3, J(PA-Rh) 98.4 Hz], 6 47.8 p.p.m. [PB, J(PB-Rh) 123.7 Hz]; 'H 
n.m.r. (CD3COCD3, 293 K), 6 -11.30 (Rh-H, dm, 1H). 
(8): I.r., v(Rh-H) 2000, v(GC) 2120, reinforced phenyl vibration, 

1580 cm-l; 31P{1H} n.m.r., AB2X system (CD3COCD3, 293 K), 6 

J(PB-Rh) 85.7 Hz]; lH n.m.r. (CD3COCD3, 293 K), 6 -7.70 [Rh-H, 
dm, lH, J(H-Pt,,,) 170 Hz]. 
(9) I.r., v(Rh-H) 1990, v(C=O) 1630 cm-1; 31P{1H} n.m.r., AB2X 

system (CD3COCD3, 293 K), 6 35.32 [PA, J(PA-PB) 21.6, J(PA-Rh) 
124.1 Hz], 6 5.93 p.p.m. [PB, J(PB-Rh) 102.9 Hz]; 1H n.m.r. 

35.42 [PA, J(PA-PB) 19.7, J(PA-Rh) 102.4 Hz], 6 19.98 p.p.m. [PB, 

(CD3COCD3, 293 K), 6 -8.2 [Rh-H, ddt, ZH, J(H-Ptranr) 142, 
J(H-P,k) 8, J(H-Rh) 18 Hz]. 

(CD2C12,223 K), 6 47.97 [PA, J(PA-PB) 21.0, J(PA-Rh) 113.2 Hz], 6 
(10) I.r., v(Rh-H) 2000 cm-1; 31P{1H} n.m.r., AB2X system 

37.13 p.p.m. [PB, J(P,-Rh) 99.0 Hz]. 1H n.m.r. ([2H8]THF, 293 K), 
6 -14.60 (N-Rh-H, m, lH), -9.0 [P-Rh-H, dm, lH, J(H-Pt,,) 
100 Hz]. 

( 6 )  31P{1H} N.m.r., A3X system (CD3COCD3, 293 K), 6 30.38 
p.p.rn. [J(P-Rh) 121.8 Hz]. On lowering the temperature to 203 K the 
pattern changes to give two broad resonances centred at 6 28.50 and 6 
-5.20p.p.m.; lHn.m.r. (CD3COCD3,293K),62.96(C2H4,m,4H). 

( 3 )  

co 
(5) 

Solution Solid state 

(6 )  

1 MeCHO 

point of benzene, only the arene activation takes place as 
evidenced by i.r., 1H and 31P n.m.r. spectroscopy. In 
particular, the 31P{1H} n.m.r. spectrum of (3) consists of an 
AB2X pattern whereas the cyclometallated derivative exhibits 
an ABCX pattern. 

In addition to benzene, other substrates bearing sp2 and sp 
C-H bonds, as well as other diatomic and triatomic molecules, 
are able to shift the equilibrium shown in equation (2) towards 
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(5) 

(11) 1 cs2 ~ f i r , c 4 +  / Rh / 

N' 1's 
\-P 

(12 1 

the (np3)Rh+ fragment via addition to (1). Noticeably, the 
reactions are stoicheiometric and occur at ambient tempera- 
ture. The (np3)Rh+ system can be forced back to the trigonal 
bipyramidal geometry of the starting product (2) by adding 
monodentate ligands such as halides or pseudohalides to give 
(4) and CO to give (5), equation (3). By contrast, reagents 
such as a,a,a-trifluorotoluene, phenylacetylene, and acetal- 
dehyde with sp2 or sp C-H bonds oxidatively add to the 
rhodium fragment to yield rare, stable examples of octahedral 
cis-(H)(o-organyl)Rh"' complexes such as [(np3)RhH(a- 
C6H4CF3)1(S03CF3) (71, [(nPdRhH(o-CzPh)l (S03CF3) (8), 
and [(np3)RhH(o-COMe)](S03CF3) (9), equation (4).t 

Complexes with octahedral geometry are also formed by 
treating (I) in THF with H2, C12, and CS2. As a result, 
cis-dihydride (10) ,t cis-dichloride (11) ,5 and q2-CS2 (12)6 
complexes are obtained, equation (5). Reductive elimination 

of the phenyl group of (1) also occurs when it is treated with 
C2H4 to give the fluxional complex [(np3)Rh(C2H4)](S03CF3) 
(6).t In this case, however, the octahedral solid state 
geometry changes to trigonal bipyramidal in solution as 
evidenced by the 31P{lH} n.m.r. spectrum at 293 K which 
exhibits an A3X system. 

The (np3)Rh+ fragment has potential applications in several 
catalytic cycles. In this respect, excellent preliminary results 
have been observed in alkene hydrogenation and hydro- 
formylation reactions and in aldehyde decarbonylations. This 
is not surprising considering the easy formation of the 
cis-(dihydride), x-ethylene, and cis-(hydride)acyl derivatives. 

Received, 21st November 1986; Corn. 1658 
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