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Abstract: The effectiveness of the [TiCpa(CF3503)2] catalyst for the Sakurai reaction has been
explored for a variety of allylic silanes reacting with orthoesters, acetals, ketals, aldehydes and ketones.

The Sakurai reaction (egs 1, 2) is promoted by a variety of Lewis acids!4 including TiCls, AICI3, BFs3,
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SnCly and ZnClp. Generally, stoichiometric or greater amounts of these Lewis acids are required to obtain
convenient rates for most electrophilis, and reactivity has only been demonstrated with allyltrimethylsilane. The
Lewis acids, Me3SiO3SCF3,5 Me3Sil,6 PhaCOCIO37 and PhyBO3SCF3,7 on the other hand, are genuine
catalysts which effect the Sakurai reaction at loadings of 5 to 10 mol%, but these catalysts have only been used
for the reaction of allyltrimethylsilane with acetals and to a lesser extent ketals. Aside from
trimethylorthoformate, orthoesters were generally found to be unreactive with any of the Lewis acids. Overall
the promotion of Sakurai reaction has been limited by the necessity of employing stoichiometric amounts of the
Lewis acid in order to encompass a wide range of substrates. Although a moderately successful boron based
chiral catalyst has been reported? for a limited number of aldehydes, these types of Lewis acids are generally
difficult to convert to chiral catalysts.

The purpose of this communication is to report on the effectiveness of the organometallic complex,
[TiCp2(CF3803)2], for the Sakurai reaction. This catalyst is readily prepared in situ,? can alternatively be
isolated as stable crystals,10 can be modified into sterically well-defined chiral analogues,!! and has proven
effective at very low catalyst loading for a wider range of substrates than has hitherto been reported.
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Some of the results are listed in Tables 1,2 and 3.12 The reactions were carried out generally using 0.5
mol% catalyst at 25°C. In all cases but one, the reaction of 1 with D, 1H NMR monitoring of the reactions
established that only the expected product formed. Table 1 explores the effect of changing the allylic silane and
the solvent for the reactions of benzaldehyde and & series of acetals. For aldehydes other than bénzaldehyde the
catalyst gave some of the expected product, accompanied by a variety of unidentified materials. Inspection of
Table 1 indicates that the rate of reaction of the allylic silane is diminished by the presence of steric hinderance at
the olefin terminus and that the more electron-rich olefin (B) reacts faster than the less electron-rich olefin (A).
The catalysis occurs more slowly in dichloromethane than in nitromethane. Conductivity and 19F NMR
measurements!3 reveal that in nitromethane solutions the triflato ligands are extensively dissociated with a
majority of the catalyst existing as the cationic mono-solvento species [TiCpa(CF3S03)(CH3NO2)]*. No
triflato dissociation is observed in dichloromethane solutions. In.order to obtain catalysis, the oxygen atom of
the electrophile has to bind to the titanium atom and, given the ability of nitromethante solvent to dissociate the
triflato ligands, it is expected that the electrophiles will have a higher binding constant in nitromethane than in
dichloromethane. Provided exchange is fast between substrate and catalyst as is observed for benzaldehyde!3
the higher binding constant will lead to a higher catalytic rate in nitromethane as observed. Assuming that the
catalyst-electrophile adduct serves to activate the incipient carbocation toward attack by the allylic silane then the
rate of catalysis will depend on the stability of the adduct, the stability of the incipient carbocation, the
nucleophilicity of the allylic silane and the steric hinderance emanating from the two substrates. This variety of
factors makes an analysis of the realtive rates difficult. Using the rates of acid hydrolysis as a guide!4 the order
of electrophilicity should be CHz(OCH3)2 << RCH(OCH3)2 <R!IR2C(OCH3); <<< RC(OCH3)3. Thus the
low rate observed for 3 parallels that observed for acid hydrolysis but because catalyst poisoning is observed it
is not certain that this reaction is inherently slower. Silanes A, B and C initially react very quickly with 3 then
the catalysis slows and even stops in some cases. None of the substrates alone cause poisoning; it arises during
catalysis. In order to reach 90% reaction higher catalyst loadings were required. An interesting phenomenon is
observed for electrophiles 4, 5 and 6 reacting with silanes A and B in dichloromethane solution. With silane A
the reaction becomes faster as the steric bulk of the acetal increases whereas the reverse is true for silane B. The
diastereoselectivity of catalysis with silane C is generally high.

Table 2 contains the results for the reaction of a variety of ketones and ketals. Despite their faster acid
hydrolysis rate the lower reactivity of ketals compared to acetals suggests that steric hinderance diminishes ketal
reactivity in general relative to acetals. The low rate observed for 9 with A follows the relative acid hydrolysis
rate but in this case there is also evidence of catalyst poisoning. Silane A does not react with ketones under the
present conditions in contrast to the more electron-rich silane B which reacts well with both ketones and ketals
in nitromethane solution, but is less effective in dichloromethane solution. Unlike the catalysis of acetals, silane
B reacts faster with the more sterically hindered ketals in dichloromethane solution.

Table 3 presents the results obtained for the reaction of orthoesters. The least sterically hindered orthoester
13, despite having the slowest acid hydrolysis rate, reacts much faster than other orthoesters. Neither silane A
nor B reacts with acyclic orthoesters 14 and 16. Cyclic orthoesters have greater rates of acid hydrolysis!5, and
consistently, the more electron-rich silane B reacts with 15 and 17 to give the cyclic ketals.

A consideration of the relative rates of catalysis of trimethyl orthoformate and of acetals allowed us to
perform a clean sequential double allylation (eq 3).



Table 1 Catalytic Allylations of Aldehydes and Acetals Using 0.5mol% [TiCp,(CF,80;),] at 25°C.

1 CHO 2 2Me 3 OMe

OMe “;)—OM'

4 OMe
OMe

5

Me 6 OMe
'OMe *\om

Silane Solvent Time in minutes for 90% conversion ®
o SMe,  CDINO, <5 <5 1100° <5 <5 <5
A cpcl, S%] 28 [3%] 2200 240 140
| SiMe, CD,NO, <5 <5 <5 <5 <5 <S5
B CD,Cl, <5 <5 500 13 100 670
. c
Ma s SiMes CDyNO, 40 <5 0% ] 6 19 23
c (70:30)  (80:20) 400 min (77:23) (80:20) (92:8)
SiMe, af f
D g 3o 19 80% 30%
D cono, | 0] 570 250 min) 150 17 hr NR

a. Diastereomeric ratio of the products are listed in parentheses under the conversion time where

appropriate; unambiguous assignment of stereochemistry was not possible. Results listed in brackets
represent maximum extent of reaction. NR=no reaction b. 1.5 mol% catalyst. At 0.5 mol% catalyst

reaction stopped at 90% conversion. c. Silane was a 9:1 E:Z mixture. d. Unidentifiable side prod-
ucts also observed. e. 1.5 mol% catalyst. . 1.5 mol% catalyst did not improve the yield.

Table 2 Catalytic Allylations of Ketones and Ketals Using 0.5mol% [TiCp,(CF3SO,);] at 25°C.

7\)(L 8 O 9 MO OMe 10 MeO OMe 11 MeO OMe 120
Q S xs O
Silane Solvent Time in_minutes for 90% conversion"

SiM

NS epyNo, NR NR 1800° 54 17 50
A
I $iMe; CD;NO; 100 280 <5 <5 <5 <5
B cD,Cl; NR[3%] 80 21 <5 1200

a. Results listed in brackets represent maximum extent of reaction. NR=No Reaction. b. 1 mol%
catalyst was used. At 0.5 mol% catalyst the reaction reached only 50% in 45 hr.

Table 3 Catalytic Allylations of Orthoesters Using 0.5mol% [TiCp,(CF;S0,),] at 25°C.

13 OMe 14 OMe 5 16 oMe 17 Qg
H—LoMe —(om Q @—(oue @3(0
OMe OMe 'OMe OMe
Silane Solvent Time in minutes for 90% converslol-tr
ASiMe;
z CD;NO, 120° NR NR NR NR
A
A sime,
B CD;NO; <5 NR 27 : NR 60

a. NR=No Reaction. b. Both mono-allylated and di-allylated products obtained in a ratio of 1:1.
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R
OMe RT, 2 min oMe A SiMe; OMe g
—

CD3NO,
H—&-OMe + SiMe, 2 1 o M @)
OMe OMe

[TiCp2(CF3503);]
0.5 mol% R=H, 9% 6 h.
R = CH3, 100% <5 min.

Overall the [TiCp2(CF3503)2] catalyst is, in a number of respects, the most effective catalyst for the Sakurai
reaction yet reported. It encompasses a wider range of substrates using very low catalyst loadings.

Acknowledgement. This work was supported by grants from the National Institutes of Health.
References and Notes

1.

bl ol o

© o N

10.
11.
12.

13.

14,

15.

(a) Hosomi, A.; Sakurai, H. Tetrahedron Lett. 1976, 1295. (b) Hosomi, A.; Endo, M.; Sakurai, H.
Chem. Lett. 1976, 941. (c) Hosomi, A.; Endo, M.; Sakurai, H. Chem. Lett. 1978, 499. (d) Trost,
B.M.;l(gjg;z)p?s, B.P. J. Am. Chem. Soc. 1982, 104, 6879. (¢) Chan, T.H.; Kang, G.J. Tetrahedron
Lett. , 3011.

Deleris, G.; Dunogues, J.; Calas, R. Tetrahedron Lertr. 1976, 2449.

Reetz, M.T.; Jung, A.; Bolm, C. Tetrahedron 1988, 44, 3889.

Cambanis, A.; Baiiml, E. ; Mayr, H. Synth. Commun. 1989, 19, 128.

(a) Tsunoda, T.; Suzuki, M.; Noyori, R. Tetrahedron Lett. 1980, 71. (b) Sternbach, D.D.; Hobbs, S.H.
Synth. Commun. 1984, 14, 1305.

Sakurai, H.; Sasaki, K.; Hosomi, A. Tetrahedron Lett. 1981, 745.

Mukaiyama, T.; Nagaoka, H.; Murakami, M.; Ohshima, M. Chem. Let:. 1985, 977.

Furuta, K.; Mouri, M.; Yamamoto, H. Synletz 1991, 561.

Typical in situ Preparative Procedure. AgCF3503 (20.0 mg, 0.078 mmol) in CH3NO; (2 mL)
was injected under Argon into a solution of [TiCp2Cla] (9.5 mg, 0.039 mmol) in CH3NO (1 mL). The
bright red mixture was stirred at 25°C in the dark for one hour, filtered through a fine frit under Argon and
washed with CH3NO2 (1 mL). Trimethy! orthoformate (0.93 g, 7.8 mmol) was added, followed
immediately by 2-methylallyltrimethylsilane (2.05 mL, 7.8 mmol) and the solution was stirred for 15
minutes. The solution was passed through a plug of florosil, and the solvent removed in vacuo. The
spectroscopically pure product, 2-methyl-4.4-dimethoxybutene (0.74 g, 65%) was obtained as an oil.
Typical Catalytic Procedure. The catalyst, [TiCp2(CF3503)2] (1.4 mg, 0.0029 mmol), was
weighed into an NMR tube under Argon. Dry CD3NO2 (400 pL)) was injected. To the red/orange solution
were added 3,3-dimethyl-2-butanone dimethyl ketal (95 uL, 0.58 mmol) and allyltrimethylsilane (93 uL,
rgacglon was monitored by 1H NMR integration of the product signals compared with the substrate
signals.

Thewalt, U.; Klein, H.-P. Z. Kristallogr. 1980, 153, 307.
Wild, F.R.W.P.; Zsolnai, L.; Huttner, G.; Brintzinger, H.H. J. Organomet. Chem. 1982, 232, 233.

Preparation of substrates was carried out according to the procedures found in the following references:
silanes B and C, Hagen, G.; Mayr, H. J. Am. Chem. Soc. 1991, 113, 4954, silane D, Andreini, B.P.;
Carpita, A.; Rossi, R.; Scamuzzi, B. Tetrahedron 1989, 45, 5621. Acctal entries 5 and 6, Wiberg, K.B.;
Squires, R.B. J. Am. Chem. Soc. 1981,103, 4473, ketal entries 10 and 11, Wiberg, K.B.; Squires,
R.B.J. Am. Chem. Soc. 1979, 101, 5512. Cyclic orthoester entries 15 and 17, M.J.; Chiang, Y.;
Kresge, AJ.; Salomaa, P.; Young, C.I1. J. Am. Chem. Soc. 1974, 96, 4494. 1 and 3 were distilled and
stored under Argon,; all other substrates were obtained commercially and used as received.

(a) Hollis, T.K.; Robinson, N.P.; Bosnich, B. Organometallics 1992, 11, 2745. (b) Hollis T.K.;
Robinson, N.P.; Bosnich, B. Tetrahedron Lett. 1992, 33, 6423. (c) see also Denmark, S. E.;
Almstead, N. G. Tetrahedron 1992, 48, 5565.

(a) Kreevoy, M. M.; Taft, R. W. J. Am. Chem. Soc. 1955, 77, 5590. (b) Bunton, C. A.; DeWolfe, R.
H. J. Org. Chem. 1965, 30, 1377.

Bergstrom, R.G.; Cashen, M.J,; Chiang, Y.; Kresge, A.J. J. Org. Chem. 1979, 44, 1639.

(Received in USA 11 September 1992; accepted 12 May 1993)



