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with a pulsed-field gradient accessory and a triple resonance probe 
with an actively shielded z gradient. No water presaturation was 
used. Figure 2 illustrates an F,(13Ca//3) - F3(1Ha) slice at a C 
shift of 178.1 ppm. The slight amount of residual water does not 
pose a problem for the observation of correlations to Ha protons 
that resonate at or very near the water line. 

In summary, a pulsed field gradient experiment is presented 
which correlates l3Ca/|8, 13C, and 1Ha chemical shifts with high 
sensitivity. The field gradient approach described here is equally 
applicable to other experiments such as the HCACO and HCA-
(CO)N and should greatly facilitate recording of all of the triple 
resonance backbone experiments in H2O. 
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We herein describe the preparation and reactivity of the first 
group 4 complexes that contain both an alkyl ligand and a co
ordinated alkene; these complexes are the first group 4 molecular 
analogues of the key alkyl/alkene intermediate12 that just precedes 
the insertion step in the mechanism of the Ziegler-Natta polym
erization of alkenes. Interestingly, some of these complexes are 
active catalysts for the dimerization of alkenes. 

Alkylation of HfCl4 with 6 equiv of ethyllithium in diethyl ether 
at -78 0C, followed by warming to room temperature and addition 
of N,NJ*J',N -tetramethylethylenediamine (tmed), gives colorless 
crystals of the remarkable species [LiOmCd)I2[Hf(C2H4)Et4] (1), 
which is formally an ethylene complex of Hf".34 The 13C NMR 

HfCl4 + 6LiEt + 2tmed — 
[Li(tmed)]2[Hf(C2H4)Et4] + 4LiCl + C2H6 

spectrum of 1 in C7D8 at 20 0C contains a triplet at S 30.5 due 
to the ethylene ligand; the '7C H coupling constant of 119 Hz is 
unprecedentedly low for an ethylene ligand. In comparison, ' /C H 

(1) (a) Cossee, P. Tetrahedron Lett. 1960, 12-16. (b) Cossee, P. Tetra
hedron Lett. 1960, 17-21. (c) Cossee, P. J. Catal. 1964, 3, 80-88. (d) 
Arlman, E. J.; Cossee, P. J. Catal. 1964, 3, 99-104. (e) Cossee, P. Reel. Trav. 
Chim. Pays-Bas 1966, 85, 1151-1160. (0 Rodriguez, L. A. M.; van Looy, 
H. M. J. Polym. Sci. Part A-I 1966, 4, 1971-1992, and references therein. 

(2) Boor, J. Ziegler-Natta Catalysts and Polymerizations; Academic 
Press: New York, 1979; Chapter 13. 

(3) Anal. Calcd for 1: C, 46.4; H, 9.94; N, 9.84; Li, 2.24; Hf, 31.4. 
Found: C, 46.3 H, 9.76; N, 9.83; Li, 2.77; Hf, 30.6. 1H NMR (C7D8, 20 0C): 
i 0.31 (s, Hf-CH4); 0.05 (q, J1111 = 7.5, Hf-C//,Me); 2.06 (t, / H H • 7.5, 
Hf-CH1Me); 2.00 (s, NMe,); 1.70 (s, NCH,). 13C NMR (C7D8, 20 0C): S 
31.0 (t, yc H = 119, Hf-CH4); 41.9 (t, J 0 1 = 106, Hf-CH2Me); 13.8 (q, JCH 
= 121, H(-CH.Me); 45.9 (q,JCM = 132, NMe,); 56.5 (t, Jat = 136, NCH,). 
11CI1HI NMR (CPMAS,-50 0C): 5 31.7 (s, Hf-CH4); 46.7 (s, Hf-C//,Me); 
14.8 (s, Hf-CH,Me); 48.0 (s, NMe,); 57.7 (s, NCH,). 

Figure 1. Molecular structure of [Li(tmed)]2[Hf(C2H4)Et4]. Thermal 
ellipsoids are represented by the 35% probability surfaces; the methyl 
groups of the tmed ligands have been omitted for clarity. Important bond 
distances (A) and angles (deg) for molecule 1: Hf(l)-C(19) 2.26(4), 
Hf(l)-C(20) 2.31(4), Hf(I)-C(Il) 2.39(5), Hf(l)-C(15) 2.45(4), Hf-
(1)-C(13) 2.38(4), Hf(l)-C(17) 2.43(6), C(19)-C(20) 1.49(6), Li-
(1)-C(19) 2.40(9), Li(2)-C(20) 2.37(9), Li(I)-C(U) 2.05(8), Li(2)-
C(15) 2.04(9), Hf(l)-C(13)-C(14) 109(3), Hf(l)-C(17)-C(18) 110(4), 
Hf(I)-C(11)-C(12) 101(3), Hf(l)-C(15)-C(16) 105(3), C(13)-Hf-
(1)-C(17) 149(2), C(I I)-Hf(I)-C(15) 132(1), C(I I)-Hf(I)-C(19) 
94(2), C(15)-Hf(l)-C(20) 97(2). 

coupling constants for all other transition-metal ethylene complexes 
are 144 Hz or larger and are typically 150-160 Hz.5"8 

The formation of the [Hf(C2H4)Et4
2"] dianion presumably 

proceeds via the hexaethylhafnate complex [HfEt6
2"], which would 

be analogous with the known9 hexamethylhafnate species 
[HfMe6

2"]. However, [HfEt6
2"] is evidently unstable and spon

taneously loses 1 equiv ethane. The gases evolved upon treating 
HfCl4 with 2,2,2-trideuterioethyllithium (LiCH2CD3) were an
alyzed by GC/MS and were found to consist almost exclusively 
of ethane-d4. This result clearly shows that the principal pathway 
for formation of the [Hf(C2H4)Et4

2"] dianion is /3-elimination. 
The X-ray crystal structure10 of [Li(tmed)]2[Hf(C2H4)Et4] 

reveals that the complex can best be considered as a square-based 
pyramid with the ethylene ligand occupying the axial position and 
the four ethyl groups occupying the basal sites (Figure 1). The 
[Li(tmed)+] cations bridge between the ethylene ligand" and two 

(4) Few hafnium alkene complexes are known. See: (a) Takahashi, T.; 
Tamura, M.; Saburi, M.; Uchida, Y.; Negishi, E. J. Chem. Soc, Chem. 
Commun. 1989, 852-853. (b) Buchwald, S. L.; Kreutzer, K. A.; Fisher, R. 
A. J. Am. Chem. Soc. 1990, 112, 4600-4601. 

(5) Mann, B. E.; Taylor, B. F. '3CNMR Data for Organometallic Com
pounds; Academic Press: New York, 1981; Table 2.10. 

(6) (a) Fellmann, J. D.; Schrock, R. R.; Rupprecht, G. A. J. Am. Chem. 
Soc. 1981, 103, 5752-5758. (b) Fellmann, J. D.; Schrock, R. R.; Traficante, 
D. D. Organometallics 1982, /, 481-484. 

(7) Cohen, S. A.; Auburn, P. R.; Bercaw, J. E. J. Am. Chem. Soc. 1983, 
105, 1136-1143. 

(8) For discussions of 1Jcx coupling constants, C-C bond distances, and 
the degree of ir-back-bonding to alkene ligands, see: Tolman, C. A.; English, 
A. D.; Manzer, L. E. lnorg. Chem. 1975, 14, 2353-2356. Chisholm, M. H.; 
Huffman, J. C; Hampden-Smith, M. J. J. Am. Chem. Soc. 1989, / / / , 
5284-5299. Brookhart, M.; Volpe, A. F.; Lincoln, D. M.; Horvath, I. T.; 
Millar, J. M. J. Am. Chem. Soc. 1990, 112, 5634-5636. Bender, B. R.; 
Norton, J. R.; Miller, M. M.; Anderson, O. P.; Rappe, A. K. Organometallics 
1992, / / , 3427-3434. 

(9) Morse, P. M.; Girolami, G. S. J. Am. Chem. Soc. 1989, / ; / , 
4114-4116. 

(10) Crystal data for C,H,„N4Li,Hf (T= 198 K): orthorhombic, space 
group Pbca, a = 21.513(9) A, 6 = 17.443(4) A, c = 32.100(7) A, V = 
12046(11) A\ Z = 16, Rf = 0.077, and RwF = 0.078 for 244 variables and 
2216 unique data for which / > 2.58<r(/). The hafnium atoms were refined 
anisotropically, and all other non-hydrogen atoms were refined isotropically. 
Hydrogen atoms on the tmed ligands were included as fixed contributors in 
idealized positions, and a group isotropic thermal parameter was refined for 
them. No other hydrogen atoms were included in the refinement. There are 
two molecules in the asymmetric unit whose metric parameters are generally 
similar, and each hafnium atom resides on a general position. 

(11) NMR studies show that the 'yCH coupling constants are identical in 
coordinating and noncoordinating solvents. We conclude that the Li-C 
contacts present in the solid-state structure of [Li(tmed)],[Hf(CH4)Et4] are 
not responsible for the unusually small 119-Hz 'y tH coupling constant of the 
ethylene ligand. 
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of the ethyl groups in the square base. The C-C distance of 
1.49(6) A between the two carbon atoms of the ethylene ligand 
must be interpreted cautiously since the standard deviation is large. 
For comparison, the longest C-C distances reported previously 
for any transition-metal ethylene complex are the 1.438(5)-A, 
1.486(8)-A, and 1.477(4)-A bond lengths, respectively, in 
(C5Me5)2Ti(C2H4),

7 (C5Hj)2Zr(C2H4)(PMe3),
12 and (C5Me5)-

Ta(C2H4)(CHCMe3)(PMe3)2.
13 

The orientation of the ethylene ligand with respect to the ethyl 
groups and its apparent metallacyclopropane character are un
doubtedly consequences of strong dir-pir* overlap with a filled 
hafnium dx2 orbital. The structure of [Li(tmed)]2[Hf(C2H4)Et4] 
is further evidence that early transition-metal centers in their lower 
oxidation states are strong 7r-donors.14 The hafnium alkyl/alkene 
complex 1 does not react with ethylene; in general, hafnium 
complexes make poor Ziegler-Natta catalysts. 

Although the hafnium(II) complex 1 is the first alkyl/alkene 
derivative of a group 4 metal, it would be of greater interest if 
such a complex could be prepared for the catalytically most 
relevant Ziegler-Natta metal, titanium. Treatment of toluene-d8 
solutions of the known15 titanium(II) alkyl franj-TiMe2(dmpe)2 
(dmpe = l,2-bis(dimethylphosphino)ethane) with ethylene (50 
equiv) at -40 0C yields two new titanium(II) species, which have 
been identified as the titanium alkyl/alkene complexes TiMe2-
(C2H4)(jj

2-dmpe)(V-dmpe) (2) and [TiMe2(C2H4)(7)2-dmpe)]r 
(M-dmpe) (3) by a combination of one-dimensional, two-dimen
sional, and selectively decoupled 1H, 13C, and 31P NMR exper
iments.16 The equilibrium constant K^ = [3][dmpe]/[2]2 is 

Me 

Me y 
c 

Me 
P, 

Me yv O 
Me 

approximately 0.3 at -40 0C. The ethylene ligands lie in the plane 
of the three bound phosphorus atoms in both 2 and 3, and as a 
result the two ethylene carbon atoms are chemically inequivalent. 
Thus, for 2, the 13Cj1HJ NMR spectrum shows resonances for the 
ethylene ligand at S 58.6 and 58.3; the 13C-13C coupling constant 
is 39.2 Hz as measured for a sample made from 13C2H4, while 
the 'yCH coupling constant is 146 Hz. The orientation of the 
ethylene ligand maximizes the ir-back-bonding from the filled 
titanium dxy orbital; no evidence of rotation of the ethylene ligand 
about the C-C bond is noted up to -10 0C. 

Above -40 0C, compounds 2 and 3 become catalytically active. 
Specifically, ethylene is rapidly dimerized to 1-butene; at 1 atm 
the rates are ca. 440 turnovers/h at -20 0C.1718 If solutions of 
the catalyst are cooled below -40 0C while the dimerization is 
taking place, only resonances due to 2, 3, free dmpe, ethylene, 
and 1-butene are seen. No 2-butene was detectable by 13C(1H) 
NMR spectroscopy. 

(12) Alt, H. G.; Denner, C. E.; Thewalt, U.; Rausch, M. J. Organomet. 
Chem. 1988, 356, C83-C85. 

(13) Schultz, A. J.; Brown, R. K.; Williams, J. M.; Schrock, R. R. J. Am. 
Chem. Soc. 1981, 103, 169-176. 

(14) (a) Morris, R. J.; Girolami, G. S. Inorg. Chem. 1990, 29, 4167-4169. 
(b) Gardner, T. G.; Girolami, G. S. Organometallics 1987, 6, 2551-2556. (c) 
Gardner, T. G.; Girolami, G. S. Angew. Chem., Int. Ed. Engl. 1988, 27, 
1693-1695. 

(15) Jensen, J. A.; Wilson, S. R.; Schultz, A. J.; Girolami, G. S. / . Am. 
Chem. Soc. 1987, 109, 8094-8096. 

(16) "PI1H) NMR (C7D8, -40 0C): compound 2 exhibits an ABCD spin 
system with 8A = 39.2, «B = 13.3, Sc = 5.1, 6D

 m -47.1, JAB = 14.3, JCD = 
20.5; all other P-P coupling constants are 0; compound 3 exhibits an 
AA'BB'CC spin system with 5A = 38.9, 6B = 13.2, 6C = 5.7, JAB = 13.6 Hz, 
J<_ i • = 15 Hz; all other P-P coupling constants are 0. These complexes are 
unusual in that the coupling constants between the mutually trans phosphorus 
atoms are 0. Following are other NMR data for the bound ethylene and 
methyl ligands of 2. 1 H N M R ( C A ^ O 0 C ) : S 2.35 (m, Ti-CH4); -2.97 
(q, Vp11 = 4.5 Hz, Ti-Me). 13C NMR (C7D8, -40 0C): 6 58.0 (dd, ' / t „ = 
146 Hz, VCp = 8.8 Hz, Ti-CH4); 57.1 (dd, '/CH = 146 Hz, VCP = 10.4 Hz, 
Ti-C2H4); 24.1 (q, 1 Z 0 1 - HOHz1Ti-Me). The 1H and 13C NMR chemical 
shifts and coupling constants for the ethylene and methyl groups in the di-
nuclear complex 3 are similar. 

By analogy with the chemistry of other early transition-metal 
compounds,17 we propose that substitution of the V-dmpe ligands 
in 2 and 3 with ethylene gives the bis(ethylene) complex 
TiMe2(C2H4)2(dmpe), which undergoes an oxidative coupling to 
form a titanium(IV) metallacyclopentane species. Subsequent 
/3-hydrogen elimination to give a titanium butenyl hydride complex 
and reductive elimination to give 1-butene completes the catalytic 
cycle. 

The dimerization of propene is much slower but can be ac
celerated if trimethylaluminum is added to the reaction solutions. 
Several isomers of hexene are formed: 1-hexene, 4-methyl-l-
pentene, 4-methyl-2-pentene, and 2,3-dimethyl-2-butene are 
generated in a roughly 4:2:2:1 ratio. The distribution of isomers 
shows that coupling of propene does not occur specifically to give 
a single metallacyclopentane isomer; instead, most of the catalytic 
activity is due to head-to-head19 and head-to-tail coupling. This 
regiochemistry is different from other early transition-metal alkene 
dimerization catalysts, in which tail-to-tail coupling predomi
nates.171' 

Surprisingly, even though 2 is the first alkyl/alkene complex 
of titanium, it does not undergo Ziegler chemistry. That is, no 
insertion of alkenes into the titanium-alkyl bond takes place. 
This may be a consequence of the unfavorable relative orientation 
of the two ligands: insertion of the ethylene molecule into the 
Ti-alkyl bond probably requires that the ethylene C-C bond and 
the Ti-alkyl axis be mutually parallel rather than perpendicular. 
However, even if the proper orientation were established, insertion 
of the ethylene ligand into the metal-carbon a-bond may be 
thermodynamically disfavored due to the loss of the stabilizing 
ir-back-bonding interaction. In contrast, ir-back-bonding con
siderations will favor the formation of metallacyclopentanes from 
titanium bis(ethylene) intermediates since the two ethylene ligands 
will be held in a mutually coplanar orientation.20 

We are continuing to explore the chemistry of these unusual 
group 4 alkyl/alkene complexes. 
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(17) By contrast, other ethylene dimerization catalysts based on early 
transition metals are considerably slower: (a) CpTaCl2(C4H8), 4.5 turno
vers/h at 80 0C: McLain, S. J.; Sancho, J.; Schrock, R. R. J. Am. Chem. 
Soc. 1980,102, 5610-5618. (b) Cp*TaCl,(RCH=CH,), 1.2 turnovers/h at 
50 0C: Schrock, R. R.; McLain, S.; Sancho, J. Pure Appl. Chem. 1980, 52, 
729-732. (c) TaEt(CH4MPMe3), 30 turnovers/h at 0 0C: Fellmann, J. D.; 
Rupprecht, G. A.; Schrock, R. R. J. Am. Chem. Soc. 1981, 103, 5752-5758. 
(d) [Zr(C4HJ(dmpe)],(M-dmpe), 1.43 turnovers/h at 49 0C: Datta, S.; 
Fischer, M. B.; Wreford, S. S. J. Organomet. Chem. 1980,188, 353-366. (e) 
Cp,Zr(C4H»), 0.3 turnovers/h at 60 0C: Dorf, U.; Engel, K.; Erker, G. 
Angew. Chem., Int. Ed. Engl. 1982, 21, 914-915; Angew. Chem. Suppl. 1982, 
1984-1991. (0 Cp^TaHBr(CHPMe7)(PMe3), 1.6 turnovers/h at 70 0C: 
Gibson, V. C; Kee, T. P.; Poole, A. D. J. Chem. Soc., Chem. Commun. 1990, 
1720-1722. (g) CpZr(C4Hft)Et(dmpe), 0.1 turnovers/h at 25 0C: Wielstra, 
Y.; Gambarotta, S.; Spek, A. L. Organometallics 1990, 9, 572-577. 

(18) For general references to alkene oligomerization catalysts, including 
heterogeneous systems, based on early transition metals, see: Yasuda, H.; 
Nakamura, A. Angew. Chem., Int. Ed. Engl. 1987, 26, 723-742. Pillai, S. 
M.; Ravindranathan, M.; Sivaram, S. Chem. Rev. 1986, 86, 353-399. For 
nickel-based alkene oligomerization systems, see: Bogdanovic, B. Adv. Or
ganomet. Chem. 1979, 17, 105-140. 

(19) Head-to head coupling puts the methyl groups on the a-carbons of 
the metallacyclopentane ring. Interestingly, the formation of 1-hexene shows 
that /3-elimination occurs from the hydrogens of the a-methyl groups and not 
from (3-carbon atoms of the metallacyclic ring. See also: Swanson, D. R.; 
Rousset, C. J.; Negishi, E.; Takahashi, T.; Seki, T.; Saburi, M.; Uchida, Y. 
J. Org. Chem. 1989, 54, 3521-3523. 

(20) Certain heterogeneous Ziegler-Natta catalysts are active for the 
dimerization of ethylene to 1-butene. It is possible that this behavior is a 
consequence of the overreduction of some of the titanium centers to the 
titanium(II) oxidation state. See: Beach, D. L.; Kissin, Y. V. J. Polym. Sci:. 
Polym. Chem. Ed. 1984, 22, 3027-3042. Kissin, Y. V.; Beach, D.L. J. Polym. 
Sci.: Polym. Chem. Ed. 1986, 24, 1069-1084, and references therein. 
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Supplementary Material Available: Tables of atomic coordi
nates, thermal parameters, and bond distances and angles for 
[Li(tmed)] [Hf(C2H4)Et4];

 31P(1H) and 13C(1HI NMR spectra for 
2 and 3 (9 pages); table of final observed and calculated structure 
factors (10 pages). Ordering information is given on any current 
masthead page. 
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Hydroformylation is a widely used and well understood process 
catalyzed by a variety of transition metals.1 The process in
corporates an inexpensive source of carbon (i.e., carbon monoxide) 
and produces the aldehyde functionality, which is one of the most 
versatile and reactive functional groups in organic chemistry.2 A 
variety of alkenes will undergo hydroformylation; however, car
bon-oxygen double bonds (e.g., aldehyde) produce a formate ester 
and not the desired a-hydroxyaldehyde.3 Murai and co-workers4 

in 1979 reported that treatment of aliphatic aldehydes (3-fold 
excess) with diethylmethylsilane and carbon monoxide (50 kg/ 
cm2) in the presence of Co2(CO)8/PPh3 (100 0C, benzene) af
forded a-silyloxyaldehydes in moderate yield.4 More recently, 
Ojima and co-workers5 and Matsuda and co-workers6 independ
ently reported the transition-metal-catalyzed "silylformylation" 
of alkynes.7 

As part of our ongoing research effort to develop new chiral 
ligands and new reactions catalyzed by rhodium(I),8 we have 
discovered that [(COD)RhCl]2 is a very effective catalyst for the 
silylformylation of aldehydes. The rhodium(I)-catalyzed silyl
formylation of aldehydes appears very general, affords high yields 

(1) Marko, L.; Ungvary, F. / . Organomet. Chem. 1992, 432, 1-214, and 
references cited therein. Collman, 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; pp 621-632, and references 
cited therein. 

(2) Evans, D. A.; Nelson, J. V.; Taber, T. R. Top. Stereochem. 1982, 214, 
395. Heathcock, C. H. In Asymmetric Synthesis; Morrison, J. D., Ed.; 
Academic Press: New York, 1984; Vol. 3, Chapter 2. Masamune, S.; Choy, 
W.; Petersen, J. S.; Sita, L. R. Angew. Chem., Int. Ed. Engl. 1985, 24, 1. 
Braun, M. Ibid. 1987, 26, 24. Heathcock, C. H. In Comprehensive Organic 
Synthesis, Volume II; Heathcock, C. H., Ed.; Pergamon Press: Oxford, 1991; 
Chapter 1.6. 

(3) Marko, L. Proc. Chem. Soc. 1962, 67. Marko, L.; Szabo, P. Chem. 
Technol. (Berlin) 1961, 13, 482; Chem. Abstr. 1962, 56, 7102. Harrod, J. 
F.; Chalk, A. J.; Wender, I.; Pino, P. Organic Synthesis via Metal Carbonyls; 
Wiley: New York, 1977; Vol. 2, pp 12, 84. 

(4) Murai, S.; Kato, T.; Sonoda, N.; Seki, Y.; Kawamoto, K. Angew. 
Chem., Int. Ed. Engl. 1979, 18, 393. Murai, S.; Sonoda, N. Angew. Chem., 
Int. Ed. Engl. 1979, IS, 837 and references cited therein. 

(5) Ojima, I.; Ingallina, P.; Donovan, R. J.; Clos, N. Organometallics 1991, 
10, 38. 

(6) Matsuda, I.; Ogiso, A.; Sato, S.; Izumi, Y. J. Am. Chem. Soc. 1989, 
/ / / , 2332. 

(7) This work has also recently appeared in the patent literature: Krafft, 
T. E.; Rich, J. D.; Burnell, T. B. US Patent 5,124,468, 1992. A related 
reaction involving a "formal silylformylation" has been reported: Matsuda, 
I.; Sakakibara, J.; Inoue, H.; Nagashima, H. Tetrahedron Lett. 1992, 5799. 
For additional reactions involving silane reagents and carbon monoxide, see: 
lkeda, S.-l.; Chatani, N.; Murai, S. Organometallics 1992, / / , 3494. Ikeda, 
S.; Chatani, N.; Kajikawa, Y.; Ohe, K.; Murai, S. J. Org. Chem. 1992, 57, 
2. During publication of this work a report describing the silyl formylation 
of alkynes appeared: Doyle, M. P.; Shanklin, M. S. Organometallics 1993, 
12, 11. 

(8) Wright, M. E.; Svejda, S. A. Polyhedron 1991, 10, 1061. Wright, M. 
E.; Svejda, S. A.; Arif, A. M. Inorg. Chim. Acta 1990, 175, 13. Wright, M. 
E.; Svejda, S. A.; Jin, M.-J.; Peterson, M. A. Organometallics 1990, 9, 136. 

Scheme I 

OSiMe2Ph 

of the a-silyloxyaldehydes, and does not require the use of excess 
aldehyde. 

Initially our studies focused on the use of diphenylsilane, which 
is commonly used in rhodium(I)-catalyzed hydrosilylations.9 

Although at early stages in the reaction we could detect a new 
aldehyde group, at the completion of the reaction no a-silyloxy-
aldehyde could be isolated. We soon realized that an intramo
lecular hydrosilylation occurs after silylformylation, thus con
suming the a-silyloxyaldehyde and producing the protected diol 
I.10 

Utilization of the monohydric dimethylphenylsilane is found 
to work superbly in the rhodium(I)-catalyzed silylformylation of 
aldehydes (Scheme I, Table I). Since there is no evidence for 
the production of "diol" products, the relative rate of reaction for 
the starting aldehyde substrate must be much greater than that 
of the newly formed a-silyloxyaldehyde. A simple bulb-to-bulb 
distillation affords analytically pure a-silyloxyaldehydes.1' Ketone 
substrates (e.g., acetophenone) yield silylenol ethers as the sole 
product. This result suggests that /3-hydrogen elimination is much 
faster than migratory insertion of carbon monoxide.12 

It can be seen from Table I that the reaction is quite general 
and works well for heterocyclic as well as aliphatic systems. The 
very mild reaction conditions permit discrimination of the starting 
aldehyde from the newly formed and more sterically demanding 

(9) Yamamoto, K.; Hayashi, T.; Kumada, M. / . Organomet. Chem. 1971, 
31, C9. Dumont, W.; Poulin, J.-C; Dang, T.-P.; Kagan, H. B. J. Am. Chem. 
Soc. 1973, 95, 8295. Ojima, I.; Kogure, T.; Nagai, Y. Chem. Lett. 1973, 541. 

(10) Compound 1 was independently synthesized from phenylethanediol 
and Ph,SiCl: and found to be identical by GC-MS to the silyloxymethylation 
product. The hydrosilylation product 2 was unambiguously identified by 
comparison of 1H NMR data. 

Z = X ^ 0 - S i P h 2 = \ OSiPh2H 

CHa 

1 
"Sila-oxymethrlation* product 

C H H 

Hydrosilylation product 

(H) Full experimental details and spectroscopic and analytical data for 
the a-silyloxyaldehydes are deposited in the supplemental material. 
C6H^CH(OSiMe1Ph)CHO (3a) (74%, bp 130-140 0C at 0.1 mmHg): 1H 
NMR (CDCl,) 6 9.52 (s, 1 H, CHO), 7.55-7.28 (m, 10 H, Ar H), 4.99 (s, 
I H, -CWCHO), 0.43, 0.37, 0.33 (ss, 6 H, SiCH,); 11C NMR (CDCl1) i 
198.4 (CHO), 139.4 (Ar C), 136.3 (Ar C), 135.9 (Ar C), 133.3 (Ar CH), 
132.8(ArCH), 132.7(ArCH), 130.0(ArCH), 129.7(ArCH), 129.0(Ar 
CH), 128.5 (Ar CH), 128.3 (Ar CH), 128.2 (Ar CH), 128.1 (Ar CH), 128.0 
(Ar CH), 127.8 (Ar CH), 127.5 (Ar CH), 126.5 (Ar CH), 126.2 (Ar CH), 
79.9 (-CHCHO), 0.6, -1.4, -1.6, (SiCH1); IR (CH,C1,) KC_0 1736. Anal. 
Calcd for C111H18O2Si: C, 71.06; H, 6.72. Found: C, 71.12; H, 6.94. It is 
noteworthy to mention that in each silaformylation reaction studied to date 
we observe at least two NMR signals for the prodiastereotopic silicon methyl 
groups. We also believe rotomers about the silicon-oxygen bond exist and 
have been indirectly supported by molecular mechanics analysis. 

(12) Experimental data strongly suggests that the a-silyloxy moiety favors 
migratory insertion [see: Gladysz, J. A.; Selover, J. C; Strouse, C. E. J. Am. 
Chem. Soc. 1978, 100, 6766]; however, its influence on the /9-hydride elim
ination pathway has not been established. 
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