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each time by vigorous gas evolution. 31P(1H) NMR mon- 
itoring of the reaction mixture only showed the resonances 
due to 2b and 4b. Therefore, the bimetallic allyl precursor 
appears to catalyze the formation of distannanes. The 
structure of 4a was definitely established by X-ray dif- 
fraction (Figure 2h8 The Fe-Pd-Sn chain makes an angle 
of 169.34 ( 2 ) O ,  and the Fe-Pd bond is bridged by an un- 
usual ~2-~2-alkoxysilyl ligand. The Pd-0 bond distance 
of 216.5 (2) pm, similar to other Pd"-O dative bonds,15 
is slightly longer than in in [Fe{p-Si(OMe)z(OMe))- 

(CO)3(p-dppm)PdC1] (210.0 (4) pm), perhaps due to the 
presence of the bulky -SnPh3 group cis to that bond. The 
Si-0(4) bond (166.3 (3) pm) is significantly longer than 
the other two Si-0 bonds in this molecule (160.0 (3) and 
158.1 (3) pm), consistent with a bimetallic "activation" of 
this bond. The Pd-Sn distance is in the expected range,13 
and the Fe-Pd distance is shorter than in [Fe{p-Si- 
(OMe),(OMe))(CO),(p-dppm)PdCl], as a combined re- 
sult of the change in trans ligand and of the bridging mode 
of the SiOMe group. The latter also causes the geometry 
at  the iron atom to be much more distorted than in 2a. 
Thus, while the Si(OMe)3 group is slightly bent away from 
the Pd atom in 2a, the Pd-FeSi angle decreases to 75.00 
(3)O in 4a. The C(3)-Fe-Si angle (90.3 ( 1 ) O )  remains about 
the same as in 2a (C(B)-Fe-Si = 86.4 (2)O), but the C- 
(3)-Fe-P angle opens by about 8.5'; i.e., the tilt of the 
Si(OMe), group is accompanied by a tilting of the CO 
ligand trans to the Pd-Fe bond. The 'H NMR spectro- 
scopic data for 4a indicate a dynamic behavior for the 
-Si(OMe)3 group. The high-temperature spectrum (tolu- 
ene, 363 K) reveals the presence of nine identical protons 
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methoxy protons at  b 3.93 and 3.57 in a 2:l ratio, respec- 
tively, and a further triplet a t  6 3.42 for the dppm protons. 
Although the magnitude of the Sn-P couplings in the 31P 
and lleSn NMR spectra is consistent with the molecular 
structure,13 it is not clear why V(P-Sn) is smaller than 
3J(P-Sn). With a value of 15.1 ppm, the 29Si(1H) NMR 
chemical shift for 4a12 is very similar to that for 2a (12.9 
ppm) and related molecules containing a -Si(OMe), group 
and is consistent with our bonding description, where no 
silylene-type contribution needs to be i n ~ o k e d . ~  

The reactivity of heterobimetallic allyl complexesl6 such 
as 2 will be further investigated. Replacement of the allyl 
group with a ligand occupying only one coordination site 
on a metal center adjacent to a M-Si(ORI3 moiety may 
represent a general access to P ~ - T ~ ~ - S ~ O  bonding. The in- 
teraction between the hard oxygen donor atom and the soft 
palladium ion is the most remarkable feature of 4. Studies 
are in progress to delineate the electronic and steric factors 
that favor the formation of such four-membered rings. 
That this entropically favored intramolecular ~ z - ~ 2 - S i 0  
bridge formation is associated with a hemilabile behavior 
of the ligand is particularly interesting with re- 
spect to the stabilization of unsaturated, reactive poly- 
metallic molecular or surface species. 
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for the -Si(OMe)3 group, as evidenced by the singlet a t  6 

this signal until coalescence is reached at ca. 313 K (AG* 
= 65 f 2 kJ/mol). A rigid four-membered FePdSiO ring 
structure with a pZ-v2-SiO bridge exists at 243 K, 89 shown 
by the prescence of two well-separated singlets for the 

3-78. Progressive cooling of the toluene solution broadens crystallographic details, final atomic coordinates, thermal pa- 
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Summary: The rhodium(II1) complex (Cy,P),Rh(H)CI, is 
an effective catalyst precursor for the hydrogenation of 
the double b o d  of a,fldnsaturat& auehydes or ketones 
under mild conditions. 

a number of investigations.'s2 The highly effective olefin 
hydrogenation catalyst [ (Ph3P)3RuC121 was Shown to be 
completely inactive in the hydrogenation Of  unsaturated 

(1) Colquhoun, H. M.; Holton, J.; Thompson, D. J.; Twigg, M. V. New 
Pathways for Organic Synthesis. Practical Application of Transition 
Metals; Plenum Press: New York, 1984. 

(2) James, B. R. Homogeneous Hydrogenation; Wiley: New York, 
1973. 

The selective homogeneous hydrogenation of 
carbon-carbon double bonds in unsaturated carbonyl 
compounds, especially aldehydes, has been the object of 
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Table I. Hydrogenation of ad-Unraturated Carbonyl Compounds by 1 and H20 or NaOH at 1 atm 
GC yield, % 

amt of I ,  organic solvent (conversn, 
substrate (amt, mmol) mol % promoter ( a t ,  mL) (amt, mL) T, 'C time, h product %I 

Ph 4 (1) 

Y 
CHO 

1 

0.5 

1 

1 

1 

2 

1 

5 
5 

0.5 N NaOH (0.5) 

0.5 N NaOH (0.2) 

0.5 N NaOH (0.2) 

H20 (0.5) 

HzO (0.2) 

H20 (0.2) 
HZO (0.2) 

benzene (2) 

benzene (2) 

benzene (2) 

m-xylene (2) 

m-xylene (2) 

benzene (2) 

m-xylene (2) 

m-xylene (2) 
neat 

50-55 20 

25 11 

25 18 

25 22 

25 48 

35 22 

25 21 

25 48 
25 40 

93a (100) 

96 (100) 

90 (100) 

81 (100) 

95 (100) 

60 (66) 

36 (35) 

90 (100) 
15 (16) 

Isolated yield. *Rhodium metal deposited approximately 24 h after the reaction began. 

aldehydes., Wilkinson's catalyst [(Ph,P),RhCl] easily 
decarbonylated aldehydes under mild conditions to give 
the corresponding hydrocarbon along with catalytically 
inactive [(Ph3P)2Rh(CO)C1].4 That is why only a few 
examples of the hydrogenation of a,&unsaturated aldeh- 
ydes catalyzed by [ (Ph3P),RhC1] are k n o ~ n . ~ ~ ~ ~ ~  These 
procedures usually require very dilute solutions of sub- 
strate, pretreatment of the catalyst with H2, and induced 
hydrogen pressure. However, even under such conditions, 
the catalytic turnover numbers are not very high, and the 
desired product is often contaminated with byproducts 
such as hydrocarbons. Some recent publications on the 
hydrogenation of unsaturated aldehydes with use of ru- 
thenium' and iridium8 complexes reported low chemose- 
lectivity, i.e., simultaneous and independent reduction of 
both the double-bond and carbonyl functions. Colloidal 
palladium and nickel can be used sometimes for the se- 
lective reduction of aldehydes, but usually heterogeneous 
reactions are sensitive to many factors such that "...a de- 
sired monoreduction of a di- or polyfunctional compound 
can make the choice of catalyst a rather lengthy decision.* 

We now wish to report on a highly selective hydrogen- 
ation of C-C bonds in a,O-unsaturated ketones and al- 
dehydes catalyzed by the chlorohydridorhodium complex 
[ (Cy3P)2Rh(H)C12] (Cy = cyclohexyl; 1) under biphasic 
conditions. Phase-transfer catalysis and biphasic systems 
have already been used for rhodium-lO and cobalt-cata- 
lyzed" hydrogenation of carbon-carbon double bonds in 
unsaturated ketones, but these catalysts cannot be used 

(3) Jardine, F. H.; Wilkinson, G. J. Chem. SOC. C 1967, 270. 
(4) Tsuji, J.; Ohno, K. Tetrahedron Lett. 1967, 2173; Synthesis 1969, 

157. . 
(5 )  Harmon, R. E.; Parsons, J. L.; Cooke, D. W.; Gupta, S. K.; 

(6) Mizoroki, T.; Seki, K.; Meguro, S.; Ozaki, A. Bull. Chem. SOC. Jpn. 

(7) Suarez, T.; Fontal, B. J. Mol. Catal. 1988,45,335. 
(8) Chin, C. S.; Lee, B.; Park, S. C. J. Organomet. Chem. 1990, 393, 

Schoolenberg, J. J. Org. Chem. 1969,34, 3684. 

1977,50,2148. 

131. 

42, 551 and references cited therein. 

34, 229. 

(9) Russell, T. W.; Duncan, D. M.; Hansen, S. C. J. Org. Chem. 1977, 

(10) Azran, J.; Buchman, 0.; Amer, I.; Blum, J. J.  Mol. Catal. 1986, 

(11) Lee, J. T.; Alper, H. Unpublished results. 

in the case of aldehydes. Recently, the system l-H2-alkali 
was shown to effectively catalyze H/D exchange between 
deuterated arenes and H212 and hydrogenolysis of the 
carbon-chlorine bond in chloro aromatic compounds.13 
The results of complex 1 catalyzed hydrogenation of a,@- 
unsaturated ketones and aldehydes are listed in Table I. 
The hydride 1 itself showed very low activity in the hy- 
drogenation process. Water" or 0.5 N NaOH are necessary 
to promote the generation of the catalytically active 
species. For example, conversion of benzylideneacetone 
(benzene/l% 1; 5&55 OC; 1 atm of H,; 16 h) was found 
to be 9% and 91% in the absence and in the presence of 
0.5 N NaOH, respectively. Hydrogenation of croton- 
aldehyde in dry m-xylene (1% 1; 25 "C; 1 atm of H2; 4 h) 
afforded butyraldehyde in only 5% yield, while in the 
presence of water the yield was 42%. The rate of reactions 
is significantly dependent on the structure of the substrate. 
As anticipated, aldehydes with sterically hindered C = C  
bonds exhibit lower reactivity than crotonaldehyde and 
cinnamaldehyde. An exception was trans-dimethylprop- 
enal, where some rhodium black deposited during the 
course of this reaction. In no other case was the formation 
of rhodium metal observed (reaction mixtures remained 
colored but clear). Saturated carbonyl compounds are the 
only products of the hydrogenation, and neither alcohols 
nor hydrocarbons were detected in the reaction mixtures. 
The catalyst used is able to decarbonylate aldehydes, but 
at elevated temperature. Reaction of 1 with benzaldehyde 
or 2-naphthaldehyde in toluene in the presence of H2 and 
i-Pr2NEt as a base (90-95 "C, 15-20 h) led to the corre- 
sponding arene and the complex [ (Cy,P),Rh(CO)Cl] in 
60-7070 yield. Hence, 1 exhibits quite low activity for the 
decarbonylation of aldehydes. 

The following mechanistic considerations explain the 
observed results. A reversible coordination of H2 to 1 
followed by reductive elimination of HC1 gives the di- 

(12) Grushin, V. V.; Vymenits, A. B.; Vol'pin, M. E. Metalloorg. Khim. 
1990, 3, 702. 

(13) Grushin, V. V.; Alper, H. Organometallics, in press. 
(14) While very dilute solutions of NaOH are capable of promoting the 

hydrogenation of unsaturated aldehydes, the resdtant sahratsd alaeh- 
ydes undergo alkali-induced aldol condensation under these conditions. 
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hydride [(Cy,P),Rh(H),Cl] (2).15 
The equilibrium of 1 with 2 (eq 1)16 can be shifted to 

the dihydride by the addition of base.ls Even water is able 
L,Rh(H)Cl, + H2 F L2Rh(H)ZCl + HC1 

L = Cy3P 

(1) 
1 2 

to remove HC1 from a low-polar organic phase. The mo- 
nohydride l exhibits low catalytic activity, while the di- 
hydride 2 is isostructural and is isoelectronic with 
[ (Ph,P),Rh(H),Cl], which was shown to be an active cat- 
alyst in olefin hydrogenation catalyzed by Wilkinson's 
~ o m p l e x . ~ J ~  The absence of any additional phosphine 
ligands in the present system increases the catalytic ac- 

(15) Gusev, D. G.; Bakhmutov, V. I.; Grushin, V. V.; Vol'pin, M. E. 
Inorg. Chim. Acta 1990, 175, 19. 

(16) Grushin, V. V.; Vymenits, A. B.; Vol'pin, M. E. J .  Organomet. 
Chem. 1990,382, 185. 

(17) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. Prin- 
ciples and Applications of Organotransition Metal Chemistry; Univer- 
sity Science Books: Mill Valley, CA, 1987. 

tivity. On the other hand, bulky tricyclohexylphosphine 
ligands probably decrease the ability of 2 to decarbonylate 
aldehydes. In contrast to 2,lS monohydride 1 is air-stable 
and very easy to prepare and use.13 

In conclusion, complex 1 in the presence of H20 with 
or without a base is an efficient catalyst (usually 100/1 
ratio of substrate/catalyst) for the highly selective hy- 
drogenation of carbon-carbon double bonds in unsaturated 
carbonyl compounds, including a1deh~des.l~ 

(18) Van Gaal, H. M. L.; Verbaak, J. M. J.; Posno, T. Inorg. Chim. 
Acta 1977, 23, 43. 

(19) General procedure for the hydrogenation of unsaturated carbonyl 
compounds: the substrate and an organic/aqueous two-phase system (see 
Table I for specifics) was placed in a 150-mL Schlenk tube. The mono- 
hydride 1 was added, and the mixture was immediately degaseed by two 
freeze-pump-thaw cycles. The Schlenk tube was purged with H,, and 
the reaction mixture was stirred under H, (see Table I for reaction tem- 
perature and time). The organic phase was analysed by GC with an 
internal standard and by GC-MS. Workup (e.g., 4-phenyl-2-butanone) 
was effected by separation and concentration. The resulting oil was 
treated with pentane and then percolated through silica or alumina to 
give pure product. 
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Summary: Reaction of [ 2.2lanthracenophane (1) with 
[Cp'Ru(CH,CN),]+CF,SO,- (Cp" = q5-pentamethylcyclo- 
pentadienyl) results in cleavage of the ethano bridges to 
form stable complexes (trans - [(Cp *Ru),(q6:q6dibenzo-p - 
quinodimethane)] 2+(CF,S03-)2 (3) and [(Cp Ru)(q6-di- 
benzo-p -quinodimethane)]+CF,SO,- (4)) of the highly re- 
active dibenzo-p-quinodimethane (2). An X-ray structural 
analysis of 3 shows the dibenzo-pquinodimethane moiety 
to be in a boat conformation. 

The use of organometallic groups to stabilize otherwise 
highly reactive organic species has received considerable 
attention, with the stabilization of cyclobutadiene by iron 
tricarbonyl ligands being perhaps the paradigm.' Mo- 
lecular orbital calculations show that quinodimethanes 
have unusually high free valence at the terminal methylene 
carbons2 and are consequently highly reactive species that 
rapidly dimerize or polymerize when generated under 
normal  condition^.^-^ Several o-quinodimethane and 
similar species stabilized with iron,8v7 cobalt,8 and ruthe- 
nium*12 moieties have been isolated and characterized, but 

(1) Emerson, G. F.; Watts, L.; Pettit, R. J. Am. Chem. SOC. 1965.87, 
131-133. 
(2) Coulson, C. A,; Streitwieser, A. Dictionary of r-Electron Calcula- 

tions; W. H. Freeman: San Francisco, 1965; pp 103-120. 
(3) VBgtle, F.; Neumann, P. Synthesis 1973, 85-103. 
(4) Golden, J. H. J. Chem. SOC. 1961, 3741-3748. 
(5) Errede, L. A.; Szwarc, M. Q. Reu., Chem. SOC. 1958,12,301-320. 
(6) Grosselin, J.-M.; Le Bozec, H.; Moinet, C.; Toupet, L.; Dixneuf, P. 

(7) Johnson, B. F. C.; Lewis, J.; Thompson, D. J. Tetrahedron Let t .  
H. J. Am. Chem. SOC. 1985,107, 2809-2811. 

1974.43. 3789-3792. 
(8) Hersch, W. H.; Hollander, F. J.; Berg",  R. G. J. Am. Chem. SOC. 

1983,105, 5834-5846. 
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the stabilization of p-quinodimethane species presents a 
particular challenge. Only one type of metal-stabilized 
p-quinodimethane has been reported (two bis(tri- 
carbonyliron) p-quinodimethanes), and synthetic yields 
were very low (<3.5%).13 [2.2](9,10)-Anthracenophane 
(1) is known to cleave at  moderately high temperatures 
(100-200 0C)4 to form dibenzo-p-quinodimethane (2), 

(9) Simpson, N. J.; Cole-Hamilton, D. J. Polyhedron 1988, 7, 

(10) Bennet, M. A.; McMahon, I. J.; Turney, T. W. Angew. Chem., Int. 

(11) Hull, J. W.; Gladfelter, W. L. Organometallics 1982, I, 17161718. 
(12) Chappell, S. D.; Cole-Hamilton, D. J.; Galas, A. M. R.; Huret- 

(13) Koray, A. R.; Krieger, C.; Staab, H. A. Angew. Chem., Int .  Ed .  

1945-1951. 

Ed. Engl. 1982, 21, 379. 

house, M. B. J. Chem. SOC., Dalton Trans. 1982, 1867-1871. 

Engl. 1985,24, 521-522. 
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