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INTRAMOLECULAR ANODIC OLEFIN COUPLING REACTIONS: 

THE USE OF ALLYLSILANES 

Kevin D. Moeller* and Christine M. Hudson 

Department of Chemistry, Washington University, St. Louis, MO 63130 

Abstract: The use of allylsilanes as directing groups in the intramolecular electrochemical coupling of electron 
rich olefins has been examined. The allylsilanes were shown to provide an effective means for controlling 
product selectivity, and led to the formation of five- and six-membered ring products in 59-84% isolated yields. 

Recently, we reported that the intramolecular coupling of electron-rich olefins can be accomplished with 

the use of an anodic oxidation reaction? These cyclizations were effectively initiated by the oxidation of alkyl 

and silyl enol ethers, and terminated with the use of styrenes, simple alkyl olefins, and enol ethers. Although 

the use of simple alkyl-substituted olefins held promise as a general means of carbon-carbon bond formation, 

these reactions often led to mixtures of products. This problem was particularly acute when a disubstituted 

olefin was employed as the terminating group. For example, the anodic oxidation of 1 at a platinum anode 

under constant current conditions led to the formation of three cyclized products in approximately equal yields. 
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The formation of a product mixture in this case was not surprising, particularly when the reaction was 

viewed as proceeding through initial formation of a radical cation from the enol ether followed by cyclization 

to form either a secondary carbocation or a secondary radical that could be further oxidized to a secondary 

carbocation.2 If this were the case, then the mixture of products would arise from the non-selective 

decomposition of the secondary carbocation. These considerations suggested that the electrochemical 

cyclizations could be channelled toward the formation of a single product with the use of an allylsilane as one 

of the olefin participants.3 However, the low oxidation potential of the allylsilane moiety,4 and the tendency 

for anodic allylsilane oxidations to afford allylic ether products raised concerns about the compatibility of the 

allylsilane group with the electrolysis conditions needed for carbon-carbon bond formation. Herein, we report 
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the first examples of allylsilanes being used to direct the regiochemical outcome of an anodic carbon-carbon 

bond forming reaction. The results of these studies are reported in Table 1.5 

Table 1: Anodic Cyclizations using Allylsilanesa 
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Entry Compound R R n Anode Solvent 3b 4 5 
(ret 2) 

1. 2a. H CH, 1 Pt AC 46% 5% <3%d 

2. 2a. H CH, 1 RVCe A 84% 7% -- 

3. 2b. CH, H 1 RVC A 66%(15%) -- -- 

4. 2c. H H 2 RVC A 40%f 6% -- 

5. 2c. H H 2 RVC B 59%S 10% -- 

6. 2d. H CH, 2 RVC B 61% 13% -- 

7.h 2d. H CH, 2 RVC B 68% h __ __ 

a. ) Conditions: The oxrdatlons were performed on degassed solutrons of the substrate (cu. 0.04-0.01 M) in an 
undivided cell under constant current conditions (1526 mA) using either a platinum or carbon anode and a 
platinum wire or carbon rod cathode. A 0.1 M solution of lithium perchlorate in one of the specified solvent 
systems was used as electrolyte. b.) The products were obtained as a mixture of cis and trans isomers. The ratio 
of the isomers varied from cu. 3: 1 to 1.3:1. c.) Solvent A = 50% methanol/ tetrahydrofuran; Solvent B = 20% 
methanol/ methylene chloride. d.) Product was impure. e.) Reticulated Vitreous Carbon anode. f.) The product 
was impure. In addition a 7% yield of uncyclized material was obtained. g.) The yield is of a representative 
case. The range over four runs was 5565%. h.) In this trial, 4d was isolated and then converted to 3d using 
acetic acid in methanol. The yield reported represents the total amount of 3d obtained. 

Several of the examples in Table 1 deserve comment. The initial oxidation attempt (entry 1) utilized the 

electrochemical reaction conditions that had been the most successful in past cyclizations.’ Hence, compound 

2a was oxidized using constant current conditions, an undivided cell, a platinum anode, and a 1 M lithium 

perchlorate in 50% methanol/ tetrahydrofuran electrolyte solution. This oxidation led to the desired olefinic 

compound, 3a, in a 46% isolated yield. Along with 3a, a small amount of an ether product (4a) and a small 

amount of an impure vinylsilane product (5a) were obtained. The formation of the vinylsilane product was 

surprising, since it seemed unlikely that a vinylsilane would be formed by the elimination of a proton from the 

anticipated l3-silyl carbocation (path a in Scheme 1). It seemed more likely that the vinylsilane would arise from 

the elimination of a hydrogen atom from a fi-silyl radical (path b in Scheme 1). This scenario would require 

that the radical cation cyclization led to the formation of a radical beta to the silicon atom, and that elimination 

occurred before the loss of a second electron to the anode surface. It was reasoned that if this mechanism 
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Scheme 1: Possible Mechanism for Vinylsilane Formation 

5 .\.” 
Ii path a 

f 

path b 

YTMS -MS I 
. ..* Ii 

TTMS 

operated to a large extent, then the cyclization reaction might benefit from the use of a carbon anode, an anode 

material known to foster two-electron oxidations.6 In practice (entry 2), the use of a reticulated vitreous carbon 

anode’ led to a dramatic increase in the cleanliness of the reaction and an 84% isolated yield of the desired 

product. 

As evident from entries 4-7, the cyclizations could also be used to construct six-membered rings. These 

cyclizations were less efficient than those leading to the formation of five-membered rings and benefited from 

the use of solvent systems having lower concentrations of methanol. For example, the oxidation of 2c (entry 4) 

using constant current conditions, an undivided cell, a reticulated vitreous carbon anode, and a 1 M lithium 

perchlorate in 50% methanol/ tetrahydrofuran electrolyte solution led to only a 40% isolated yield of impure 

olefin 3c. The 300 MHz ‘H NMR of the crude product showed a large amount of unidentified polymethoxylated 

material. On the other hand, the oxidation of 2c using identical conditions except for a 0.4 M lithium 

perchlorate in 20 % methanol/ dichloromethane electrolyte solution (entry 5) led to the formation of a 59% 

isolated yield (range SS-65%) of olefin 3c along with a 10% yield of 4c. The yield of the oxidations showed no 

dependence upon electrolyte concentration. The switch to dichloromethane was made because dichloromethane 

had been reported to stabilize radical cations,’ and allowed for the use of lower methanol concentrations than 

did tetrahydrofuran as a cosolvent. For comparison, methanol concentrations lower than 30% methanol in 

tetrahydrofuran led to severe fluctuations in current flow and drastic decreases in the yield of the cyclization 

products. On a final note, the use of gem methyl substituents did not lead to a significant increase in the yield 

of six-membered ring formation (entry 6). 

The origin of the cyclized ether products (4) was examined. To this end, the oxidation of 2d was repeated 

using d4-methanol as the solvent. In this experiment, a 60% isolated yield of 3d was obtained along with a 10% 

yield of 4d. The ether products (4d) were analyzed after cleavage of the acetal with PPTS in acetone. Fifty-six 

percent of this material contained an -OCH, ether. This product clearly arose from intramolecular migration 

of the methoxy group that was initially part of the enol ether in 2d. The remaining 44% of the ether product 

contained an -OCD, group. This material was formed either from solvent trapping of the p-silyl carbocation, 

or from intramolecular migration of an -OCD, group from a mixed -OCH,, -OCD, acetal formed during the 

oxidation reaction. At this time, neither mechanism can be ruled out. 

Finally, it is important to note that the cyclized ether products (4) can readily be converted to the desired 

olefinic products by treatment with acid. For example, treatment of 4d with acetic acid in methanol led to the 

formation of 3d in a 74% isolated yield. Hence, product 3d could be obtained in a net 68% yield from the 

electrochemical oxidation of 2d (entry 7). 
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In summary, we have found that allylsilanes can be used to efficiently direct product formation in the 

intramolecular anodic olefin coupling reaction. These cyclizations represent the first examples of anodic carbon- 

carbon bond forming reactions that utilize allylsilane groups for this purpose. The reactions have been shown to 

be useful for the construction of five- and six-membered rings. Further studies aimed at elucidating the 

mechanisms of the reactions and at determining the overall synthetic potential of the reactions are currently 

underway. 

Acknowledgements: This work was supported by Washington University. the donors of the Petroleum 

Research Fund, administered by the American Chemical Society, and by the Biomedical Research Support 

Program, Division of Research Resources, National Institutes of Health. We also gratefully acknowledge the 

Washington University High Resolution NMR Facility, partially supported by NIH lSlOR02004 and the 

Washington University Mass Spectrometry Resource Center, partially supported by NIHRR00954 for their 

assistance. 

1. 

2. 

3. 

4. 

,5. 

6. 

7. 

8. 

References and Notes: 

Moeller, K. D.; Marzabadi, M. R.; Chiang, M. Y.; New, D. G.; Keith, S. .I. Anz. CXertz. Sot. 1990, 112, 

6123 and Moeller, K. D.; Tinao, L. V. Electroorganic Synthesis-Festschtift in Honor of Manuel M. Baizcr 

in press. 

For discussions concerning the mechanism of anodic olefin dimerization reactions see: a.) Koch, D.; 

Schaefer, H.; Steckhan, E. CIrem. Ber. 1974, 107, 3640, b.) Engels, R.; Schaefer, H.; Steckhan, E. Jzrstus 

Liebigs Ann. Chem. 1977, 204, c.) Baltes, H.; Steckhan, E.; Schaefer, H. J. C11enz. Ber. 1978, Ill, 1294, 

d.) Steckhan, E. 1. Am. Cller?z. Sot. 1978,100,3526, e.) Schaefer, H. J.; Burgbacher, G. J. Am. Chem. Sot. 

1979,101, 7590. 

For a review of reactions involving allylsilanes see: a.) Schinzer, D. Synthesis 1988, 263 and b.) Fleming, 

I., in Comprehensive Organic Chemistry, Vol. 3; Ed. Jones, D. N.; Pergamon Press, Oxford, 1979, pg. 541, 

as well as references therein. 

For electrochemical oxidations of allylsilanes see a.) Yoshida, Y.; Murata, T.; Isoe, S. Tetrahedron Lett. 

1986, 27, 3373, b.) Koizumi, T.; Fuchigami, T.; Nonaka, T. Bull. Chem. Sot. Jpn. 1989, 62, 219. For 

photochemical oxidations of allylsilanes see a.) Tu, C. L.; Mariano, P. S. J. Am. Chem. Sot. 1987, 109, 

5287 and references therein, b.) Mizuno, K.; Yasueda, M.; Otsuji, Y. C%r/n. Lett. 1988, 229. 

In the current reactions, it is not clear whether the enol ether or the allylsilane is oxidized first. 

a.) Lund, H. in Organic Electrochemisty: An Introduction and A Guide, 2nd Ed; Ed. Baizer, M. M.; Lund, 

H.; M. Dekker, New York, 1983, pg. 183, b.) Brennan, M. P. J.; Brettle, R. J. Chem. Sot. Perkin Trans. 

I 1973, 257. 

This electrode material was purchased from The Electrosynthesis Co., Inc. 

Phelps, J.; Santhanam, K. S. V.; Bard, A. J. J. Am. Chem. Sot. 1967, 89, 1752. 

(Received in USA 25 January 1991) 


