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easily differentiate (or set up dynamic equilibria between) the 
various conformers seen from the van der Waals energy calcu- 
lations. Some of these conformers are expected to have different 
enough local chemical environments for the central methylene and 
bridging ethylene protons to give rise to the 'H NMR spectra seen 
in Figure 3.8 

The qualitative, almost quantitative, agreement of the simple 
van der Waals energy calculations with the solid-state structures 
and solution dynamics is rather impressive and opens the door 
for more detailed N M R  studies into these and other eHTP com- 
plexes. We are currently examining the reactions of 3 relative 
to those of mononuclear model complexes to see if this type of 
binuclear system can exhibit cooperative behavior between the 
metal centers for C-C bond-forming reactions in alkenes. 
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(8) The cobalt complex (2) also exhibits marked solvent dependencies 
(although no anion effects have been observed) for its 'H NMR spectra. 
We are currently concluding detailed two-dimensional studies on the 
cobalt system and plan to explore the nickel system in more detail: 
D'Avignon, A.; Askham, F. R.; Stanley, G. G., manuscript in prepa- 
ration (cobalt system). 
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Coordinatively unsaturated ruthenium porphyrin complexes 
such as [Ru(porp)], (porp = dianion of 2,3,7,8,12,13,17,18- 
octaethylporphyrin (OEP) or 5,10,15,2O-tetraphenylporphyrin 
(TPP)),' K2[Ru(porp)] (porp = OEP or 5,10,15,2O-tetratolyl- 
porphyrin dianion),2 Ru(TMP) (TMP = dianion of 5,10,15,20- 
tetramesitylp~rphyrin),~ Ru(0EP)R (R = CHCH3 and C2H5,4 
CH3 and C6Hss) and the in situ hydride6 [RuH(TTP)]- have been 
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reported recently. This note describes the synthesis, character- 
ization, and some chemistry of the analytically pure complexes 
Ru(porp)(PR3) (2, porp = TMP, R = n-Bu; 4, porp = OEP, R 
= Ph); such 16-electron species, formed in situ by dissociation 
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equilibria involving Ru(porp)(PR3)2,"8 have been implicated as 
intermediates in catalytic oxidation of phosphines8 and decarbo- 
nylation of  aldehyde^.^ Reaction of 2 or 4 with CO or PR3 gives 
the expected six-coordinate derivatives, while aerobic treatment 
with HBr gives RuBr(porp)(PR,); 2 and 4 are unreactive toward 
02, N2, H2, and aldehydes, and the implications of this non- 
reactivity for the reported catalysis are discussed. 
Experimental Section 

IH and 31P N M R  spectra were obtained in C6D6 in vacuo, with Varian 
XL-300 and Bruker WP-80 and WH-400 spectrometers, and shifts are 
reported relative to Me4Si or 85% H3P04, downfield shifts being positive. 
Visible spectra were run on a Cary 17D spectrophotometer. 

Ru(TMF')(n-Bu,P), (1). The carbonytRn(TMP)(CO) (170 mg, 0.19 
mmol), prepared by a literature method,I0 was dissolved in 20 mL of 
CH2C12 under N,, and n-Bu,P (0.34 mL, 1.4 mmol) was added. The 
solution was refluxed under N, until the visible spectrum of the carbonyl 
(A,,, 412, 524 nm) changed to that of 1. After reduction of the solution 
volume to 5 mL by evaporation, dropwise addition of MeOH (15 mL) 
precipitated a purple powder that was filtered off, washed with MeOH, 
and dried under vacuum (200 mg, 84%). Anal. Calcd for 
C8,HlMN4P,Ru: C, 74.67; H,  8.30; N,  4.35. Found: C, 74.63; H, 8.22; 
N, 4.37. ' H  NMR: 6 8.43 s (8 H,  pyrrole H), 7.23 s (8 H,  m-H), 2.48 
s (12 H,  p-CH,), 2.43 s (24 H,  o-CH,), 0.54 m (12 H ,  CH,CH,), 0.46 
t (18 H, CH,CH,), -0.44 br (12 H,  PCH2CH2), -1.79 br, t (12 H,  
PCH,). ,lP N M R  6 -0.38 s. UV/visible (CH,Cl,): Amax 437, 530, 562 
nm. 

Ru(TMP)(n-Bu,P) (2). Complex 1 (60 mg, 0.05 mmol), on pyrolysis 
for 1 h at  270 "C under a 4 X Torr vacuum loses phosphine and 
forms 2 quantitatively. Anal. Calcd for C68H79N4PR~: C, 75.31; H,  
7.34; N,  5.17. Found: C, 75.05; H,  7.33; N, 5.20. IH NMR: 6 8.45 
s (8 H,  pyrrole H), 7.29 s (4 H,  m-H), 7.12 s (4 H,  m-H), 2.63 s (12 H, 
p-CH,), 2.47 s (12 H, o-CH,), 1.72 s (12 H, o-CH,), 0.43 m (15 H,  
CH,CH,), -0.64 m (6 H, PCH,CH,), -1.54 m (6 H, PCH,). "P NMR: 
6 53.09 s. UV/visible (CH,Cl,): A,, 410, 498, 523 nm. 

Ru(OEP)(PPh,), (3). Complex 3 was prepared according to the 
literature procedure.' IH NMR: 6 9.12 s (4 H,  meso H), 6.57 t (6 H, 
p-H), 6.36 m (12 H, m-H), 4.36 m (12 H,  o-H), 3.75 q (16 H,  CH,), 
1.89 t (24 H,  CH,). ,IP NMR: 6 8.31 s. 
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Ru(OEP)(PPb,) (4). This complex was made from 3 by the method 
described for 2 (2 h at 200 OC, 1 X Torr, 1 mol equiv of PPh, being 
removed by sublimation). Anal. Calcd for CS4Hs9N4PRu: C, 72.40; H, 
6.59; N, 6.26. Found: C,  72.49; H, 6.70; N, 6.13. 'H NMR: 6 9.56 
s (4 H, meso H),  6.50 t (3 H,p-H), 6.29 m (6 H, m-H), 4.21 m (6 H, 
o-H), 3.78 m (16 H, CHI), 1.85 t (24 H, CH,). These data agreed with 
those noted earlier for an impure sample8 (see below). ,'P NMR: 6 
58.59 s. The UV/visible spectrum is the same as that recorded for the 
species formed in situ.'s8 

Results and Discussion 
The synthesis of the five-coordinate complexes 2 and 4 dem- 

onstrates again the utility of the pyrolysis procedure in metallo- 
porphyrin c h e m i ~ t r y . ~  An earlier synthesis of 4 via amalgam, 
reduction of RuBr(OEP)(PPh,) gave a product contaminated with 
inorganimS The lack of a porphyrin plane of symmetry in the 
five-coordinated species leads to 'H N M R  inequivalent o-CH~ 
groups and meta protons within Z3 and inequivalent -CH2- protons 
of the ethyl groups within 4.' 

Both 2 and 4 can be stored under N2 for months without 
decomposition, and in benzene a t  - M the species are un- 
reactive toward 1 atm of N2, H2, and even dry (P205-treated) 02. 
Solid samples of 2 and 4 are stable in air over days, but in solution, 
oxidation by air or undried O2 occurs in minutes. 'H N M R  
spectral changes show that 4 generates the Ru" p-oxo species 
[Ru(OEP)OH] 20,1' a process clearly requiring the presence of 
trace moisture. The product from 2 has not been identified, but 
it is not R U ( T M P ) ( O ) ~ . ~ . ~ ~  Earlier studies* showed that impure 
4 in toluene reacted with O2 (undried) to give [Ru(OEP)(OH)],O, 
which decomposed at  50 OC with trace water into R u 0 2  and 
free-base porphyrin. The formation of the pox0 species during 
the O2 oxidation of [Ru(OEP)], has been similarly attributed to 
trace m0i~ture . l~  These data highlight the trace water problem 
in this area. A stoichiometric O2 oxidation of R u ( O E P ) ( P P ~ ~ ) ~  
had been considereds to proceed via either (a) replacement of the 
O2 of undetectable Ru(OEP)(PPh3)02 as peroxide by attack of 
free PPh3 or (b) a pathway that involves reaction of Ru- 
(OEP)(PPh3)02 with Ru(OEP)(PPh,). The present findings rule 
out (b) but remain consistent with (a). An alternative outer-sphere 
O2 oxidation of the bis(phosphine) species, assisted by protons 
(from water), that involved superoxide and then peroxide formation 
( H 0 2  - 1/2H202 + 1/202) was ruled out on kinetic grounds,s but 
the rate data were preliminary, and more detailed studies using 
a controlled water content should be carried out to test for possible 
contribution from an outer-sphere process. 

Both five-coordinate complexes react rapidly in benzene ( 
M) with CO to give Ru(porp)(PR3)C014 and with 1 equiv of the 
appropriate phosphine to give the precursor bis(phosphine) species. 
Of interest in a catalytic context, neither 2 or 4 in benzene show 
reactivity toward benzaldehyde even at  100 "C in sealed tubes. 
Solutions of R u ( T P P ) ( P P ~ ~ ) ~  containing added n-Bu3P are ex- 
tremely effective for catalytic decarbonylation of  aldehyde^;^ a 
radical mechanism, although poorly defined, has been established? 
and loss of C O  (from Ru(porp)(PR3)C0 formed via aldehyde 
decarbonylation) according to demonstrated equilibria' such as 
eq 1 was considered as a possible step in all the overall catalysis. 

Ru(porp)(PR,)CO + PR3 * Ru(porp)(PRJ2 + C O  (1) 

The present data show that any such carbonyl complex is unlikely 
to be formed by a purely thermal (or laboratory-light-induced) 
reaction of the aldehyde with a (porphinato)(phosphine)ruthe- 
nium(I1) species. Attempts to synthesize Ru(TPP)(PPh,) by 
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7.30 s (4 H, m-H), 7.02 s (4 H, m-H), 2.68 s (12 H, o-CH,), 2.45 s (12 
H, p-CH,), 1.53 s (12 H, 0-CH,), 0.43 br (15 H, CH2CH,), -0.95 br 
(6 H, PCHzCX,), -2.08 s (6 H, PCH,). (b) Ru(OEP)(PPh,)(CO) has 
been synthesized previously: Barley, M.; Becker, J. Y.; Domazetis, G.; 
Dolphin, D.; James, B. R. Can. J .  Chem. 1983, 61, 2389. 
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vacuum pyrolysis of R u ( T P P ) ( P P ~ ~ ) ~  simply led to sublimation 
of the bis(phosphine) complex; this behavior was unexpected, in 
that the degree of dissociation of PPh3 from the Ru(porp)(PPhJ2 
complexes in toluene was greater for the TPP than for the OEP 
systems.' 

Treatment of solutions of 2 or 4 with HBr(g) or 48% aqueous 
HBr under aerobic conditions gives high yields of RuBr- 
(TMP) ( n-Bu3P) l 5  or RuBr( OEP) ( PPh3), l6 respectively. Aerobic 
treatment of R ~ ( p o r p ) ( P R ~ ) ~  complexes with H X  has proved 
useful previously for the synthesis of Ru"' porphyrin halide species, 
but the oxidation process concomitantly generates phosphine oxide, 
which has to be removed by chromatography.s,16 Use of the 
five-coordinate precursors obviates the necessity of the separation 
procedure. 

Finally, IH N M R  and 31P N M R  studies show (a) that there 
is no tendency of 2 or 4 in solution to dissociate a phosphine to 
give R u ( T M P ) ~  or [Ru(OEP)I2,' respectively, and (b) that 1:l 
mixtures of the mono- and bis(phosphine) species 3 and 4 undergo 
fast exchange of phosphine, while mixtures of 1 and 2 do not. 
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During the last few years, we have been interested in the 
syntheses and properties of new [CpM(L),]+ complexes (Cp = 
q5-cyclopentadienyl; M = Fe, Ru; L3 = 6-electron-donor ligand) 
via the photolytically generated [CpM(S),]+ solvato complexes 
(M = Fe, S = CH2C12; M = Ru, S = CH3CN).I,2 One new 
complex that we synthesized in high yields via the photochemical 
route is [CpFe(CHT)](PF,) (CHT = g6-cycloheptatriene).3 The 
relative ease of obtaining this material and its favorable chemical 
properties suggested that it would be a good candidate for hydride 
abstraction studies designed to convert the coordinated CHT ligand 
to the coordinated tropylium (trop') ligand: 

(5 * 
As we pursued our chemical investigations, we also became in- 
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