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Abstract: Allylsilanes serve as three-carbon di 
Y 

ole equivalents for the formation of 
tetrahydronaphthalenes via Lewis-acid promoted fomral 3+3]-cycloaddiions with benzylii cations. 
A competing [3+21_pathway resulted in the formation of dihydro(lH)indenes. Both quinone 
methiies and benzyilc alcohols were used a6 precursors to the benzytic cations. 

Allylsilanes have seen wide application as allylic anion equivalents in reactions with various types of 

electrophiles.1 Recently, several groups have shown allylsllanes to be efficient three-carbon cycloaddends in 

formal [3+2]-cycloadditions with u&unsaturated carbonyl compounds 2-4 and nitrosium selts.5 In these t-sac&ma, 

the silicon atom, which serves to stabilize the adjacent posltlve charge, undergoes a 1,2-migration and is retained 

in the final product. A mechanistically related reaction using allenylsitanes was previously reported by Danheiser 

and coworkers.” We have shown that beruylic cations can serve as three-carbon cycloaddends in formal [3+21- 

cycloaddition reaction6 with alkenes.7 and [3+3]-cycloadditions with allenylsilanes6 and considered exploring 

similar methodology with allylsilanes. 

The use of alfylsilanes in formal cycloadditions with benzylic cations may allow the preparatlon of 

tetrahydronaphthalenes via a formal [3+3]-cycloaddition (Scheme 1). Initially, it was not clear if the intermediate 

silyl stabilized cation, 3, would undergo silyl migration to form a tetrahydronaphthalene (4, path e), or a 

dihydro(1 /f)indene (5, path b). We report here our initial observations on this reaction and the factor6 affecting 

the formation of tetrahydronaphthalene and dihydro(1 H)indene products.6 

Schema 1. Proposed Formal [3+3# and [3+2ECycloaddltlon Reactlon. 

p + ~~-~~~:s,~i- R;~~ypp(R.)S 

1 3 4 5 

Allyltriisopropylsilane and allyltert-butyldlphenylsilane were chosen for this initial study because 

Danheisersd had shown that increased steric bulk at silicon suppresses loss of silicon.lo,tt Table 1 summarizes 

our results using benzylic alcohols as the benzylic cation precursor. The presence of an acid scavenger, 

methyltrimethoxysilane or di-tert-butylpyridine. and an excess of allylsilane were required for good yields of 

products.12 Primary benzylic cations afforded good yields of tetrahydronaphthalenes with no trace of 

dihydro(1 /f)indenes, irrespective of which allylsilane was used (entries l-3). Secondary benzylic cations, 
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however, afforded mixtures of five- and six-membered ring products (entries 4-6). It is interesting to note that 

bis-benzylic alcohol 13 afforded 14 and 15 as single diastereomers (capillary GC. tH NMR analysis). Tertiary 

benzylic alcohol 16 (entry 7) afforded a low yield of both five- and six-membered ring products. A preliminary 

survey of benzylic alcohols lacking substituents on the aryl ring showed polymerization of the benzylic alcohol to 

be the major reaction pathway. 

Table 1. Reactions of Benzylic Alcohols with Allylsilanes.a 
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aGeneral Procedure: SnCl4 (3 equiv. 1.0 M in CHzC12) was added to a solution of the benzylic slcofwl(1 equiv). acid scavenger (10 
equiv; conditions A = CH38i(OCH&; 8 = 2,&di+butylpyridine), and allyleilane (5 equiv) in CH$& (0.02 M in benzylk alcohol) at 0%. 
Afler 30 mln, aqueous workup (NeHC03) and flash chromatography afforded the product(s) in the yields indicated. bHPLC separation 
afforded the products in the yields shown. Watio of isomers by ‘H NMR. dlnseparable mixture, ratio determined by GC. BReported 
yield is for the mixture of isomers; HPLC separation afforded each isomer for characterization. ‘Single diastereomer by GC analysis. 

Quinone methides could also be used as precursors to the benzylic cations (Table ~).ts Entries 1, 3, 

and 4 in Table 2 gave the same products as entries 2, 7, and 4 in Table 1, respectively. In these cases the 

yields and ratios of five- vs. six-membered ring products were similar, showing the reactions to be independent 

of cation precursor. A major advantage offered by a quinone methicfe route to a benzylic cation is that a catalytic 

amount of Lewis acid (0.1 equiv.) may be employed. 
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Table 2. Reactions of Quinone Methides with an Allylsilane. 
0 

H3C CH3 1.5 equhr 

~SW03 

0.1 equiv SnCL. 0% 

1.5 equiv (CH@)&CH, 

Entry Quinone Methide Product(s) 
0 OH 

Yield(%) 

78 

_ (1.6 : l)a,c (2.7 : l)apc 

Watio ol dlastereomem by GC. 
9nseparable mixture. 

bHPLC separation afforded the products in the yields shown. 

There appear to be at least three factors that affect the ratio of tetrahydronaphthatene to dihy- 

dro(1 H)indene products: (1) substituents on silicon; (2) substituents on the aryl ring of the benzylic cation; and 

(3) substitution on the benzyllc carbon of the cation. l4 Primary benzylic cations afforded tetrahydronaphthalene 

products, regardless of substitution on the benzylic cation or on silicon. Secondary and tertiary banzylic cations 

afforded tetrahydronaphthalene andlor dihydro(1 H)indene products depending on the factors noted above. For 

example, the cations derived from 20 (Table 2, entry 2) and 23 (Table 2, entry 4) are both secondary benzylic 

cations. Quinone methide 20 afforded six-membered ring cyclization product 21 exclusively, whereas 23 

afforded a mixture of both five- and six-membered ring products (11 and 12). The formation of dihydro(l /f)indene 

12 from 23 can be attributed to the difference in substitution on the aryl ring of the benzytic cation; the aryl ring of 

the intermediate p-silylcation derived from 23 is activated toward electrophilic aromatic substitution relative to that 

derived from 20. Treatment of bis-benzylic alcohol 13 with allyltriisopropytsilane afforded a mixture of five- and 

six-membered ring products (Table 1, entry 6). The more bulky allyltert-butyldiphenylsilane afforded 

dlhydro(1 /f)indene 15; Rs = f-Bu(Phs) exclusively (Table 1. entry 5). The complete selectivity for the five- 

membered ring closure is noteworthy. It may be that the changes in ratio of the dihydro(lH)indenes to the 
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tetrahydronaphthalenes are due to a difference in the degree of vertical vs. bridging stabilization of the 

intermediate fi-silylcations. Rapid capture of the intermediate silyl-stabiliied cation, prior to bridging, would afford 

a larger portion of dihydro(1 H)indene .l”sl 1 Tertiary benzylic cations also afforded dihydro(lH)indene products. 

This may be due to a gemdialkyl effect.‘5 

The results of this study show that both formal [3+3]- and [3+2]-cycloadditions are possible with 

allylsilanes and benzylic cations. An in-depth study of these competing formal cycloadditions may allow the 

factors affecting silyl migration to be examined. We are currently exploring ths regie and stereoselectivity of this 

reaction with substituted allylsilanes and will report the results in due course. 

ACKNOWLEDGMENTS 
We would like to thank Dr. Richard Kondrat and Mr. Ron New, of the UCR Mass Spectrometty Laboratory for 
mass spectra data. This research was su 
and the UCR Committee on Research. S fi 

ported by a grant from the National Institutes of Health (GM39354) 

Foundation 1992-l 994. 
A acknowledges supporl of a Fellowship Grant from the A.P. Sloan 

REFERENCES 
I. 
2. 

3. 

4. 

5. 
6. 

7. 

8. 
9. 

10. 

11. 

12. 

13. 

74. 

15. 

For leading references on allylsilane chemistry see: Hosomi, Akira Ace. Chem. Res. 1988,&V, 200-206. 
For the develo ment of the formal [3+2l_cycloaddition of ally1 silanes see: (a) Danheiser, R. L.; Dixon, B. R.; 
Gleason, R. 8. J. Org. Chem. 1992. 57, 6094-6097. (b) Danheiser, R. L.; Takahashi. T.; Bertok, 6.; 
Dixon, 6. R. Tetrahedmn Lett. 199gq, 34,3845-3848. (c) Kn6lker, H.-J.: Graf, R. Tetrahedron Lett. 1993,34, 
47654768. (d) Kndlker, H.-J.; Foltzik, N.; Goesman. H.; Graf, R. Angew. Chem. Intl. Ed. Engl. 1993, 32, 
1061-1083. (e) Panek. J. S.; Jain, N. F. J. Org. Chem. 1993, 58,2345-2347. 
For isolated examples of high yield formal [3+2]-cycloaddiions of allylsilanes see: (a) Ohkata. K.; lshimaru, 
K.; Lee, Y.; Akiba, K. Chem. Mt. 1999, 1725-1728. (b) Lee, Y.-G.; Ishimaru, K.; lwasaki, H.; Ohkata, K.; 
Akiba, K. J. Org. Chem. 1991,SS. 2056-2066. 

Panek, J. S., Beresis, R. T. J. Am. Chem. Sot. 1993, 115,7896-7899. 
(a) Danheiser, R. L.; Carini, D. J.; Fink, D. M.; Basak, A. Tetrahedmn 1983.39,935-947. (b) Danheiser, R. 
L.; Fink, D. M. Tetrehedron Lett ISaS? 26,2513-1516. (c) Becker, D. A.: Danheiser. R. L. J. Am. Chem. 
Sot. 1989, 177, 369-391. (d) Danhelser, R. L.; Kwasigroch, C. A.; Tsai. Y.-M. ./. Am. Chem. Sot. 1985, 
107,7233-7235. 
(a) Angle, S. R.; Arnaiz, D. 0. J. Org. Chem. 1990, 55, 3708-3710. (b) An 
Chem. 1992,57,6937-5947. (c) Angle, S. R.; Frutos, R. P. J. 0~. Chem. 1 & 

le. S. R.; Amaiz, D. 0. .I. Org. 
,58,5135-5144. 

Angle, S. R.; Arnaiz, D. 0. Tetrahedron Lett. 1 g91,32,2327-2330. 
In our allenylsilane work, spirodecadlenone products were observed.* No spiradecadienone, or allylation 
products, wsre observed in the allylsilane formal cydoadditions reported here. 
For a discussion of laavin 
P. Synlett 1993, 97-104. e 

group ability vs. p-effect see: (a) Brook, M. A.; Hen 
%:. 

C.; Jueschke, R.; Modi, 
Tetrahedron 1990, 46, 

2077-2089. 
or a review of the j%silyl effect see: (b) Lambert, J. 

For leading references on the stabilization of adjacent 
Jor risen,, W. L. J. Am. Chem. Sot. 1989, 7 II, 620-6 ! 

ositive charges b $iT;;e: e(a 
1 

Ibrahim, M. R.; 

J. Ie 
4. (b) Lambert. * 

m. Chem. Sot. !993, 7 75, 1317-1320. (c) White, M. J. M.; Robertson, & B. J. 
“8 , A. W.; Malany, S. 

rg. Chem. 1992, 57, 
:~~~-4$4$. (d) Wlerschke, S. G.; Chandrasekhar, J.; Jorgensen, W. L. J. Am. Chem. Sot. 1985. 707, 

initial opti&ation of the reaction conditions led to the use of 5 equiv. of allylsilane. The influence of the 
equivalents of allylsilane employed on the yield of the reaction will be d&bed in a full paper. 
For leadin 
R.:TumbuI.K.D. J-Am. Chn.Soc.1989. 711.1136-1138. B 

references on the chemistry and synthesis of quinone methldes see reference 5 and: Angle, S. 

To test the-stability of the products to the reaction conditions three control reactions were carried out: a 
mixture of 14 and 15, pure 14, and pure 15 were resubjected to the reaction conditions. There was no 
change in any of the three reactions by GC analysis. 
For leading ref&ences to the gemdialkyl effect see: (a) Jung, M. E.; Geway, J. J. Am. Chem. Sot_ 1991, 
113,224-232. (b) Okamura, W. H.; Curtin, M. L. Syn/eft. 1990. l-9. 

(Received in USA 5 April 1994; revised 12 July 1994; accepted 15 July 1994) 


