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Abstract: We have discovered a novel cyclization reaction, achieved through selective electrophilic cleavage of an
organotin compound containing remote alkene functionality. The reaction has proven to be quite general with respect to
a variety of substitution patterns.

In order to further enhance the synthetic utility of our recently-discovered cycloaddition reaction where
allylstannanes and o, B—unsaturated acyliron complexes are combined to produce tributyltin-substituted cyclopentane
derivatives,] we have embarked upon a program to develop new carbon-tin bond cleavage reactions. We have
developed a method for conversion of a tributyltin group at a secondary carbon atom to the corresponding alcohol with
retention of configuration at carbon.2 Carbon-tin bond cleavage reactions which lead to direct formation of carbon-
carbon bonds are potentially more useful processes. The intramolecular reaction of tetraalkylstannanes with
carbocations can often lead to three-> or five-membered4 carbocycle formation in very high yield. Five-membered ring-
forming processes are usually initiated from oxygen-containing carbocation precursors, and thus are not compatible
with the reaction in reference 1. The reaction of 5-hexenyltributyltin with halogens and pseudohalogens produces
cyclization products only when the counterion is very non-nucleophilic (Scheme 1).5 The scope and limitations of this
cyclization reaction with respect to alkene and tethering-chain substitution pattern are reported herein.

SCHEME 1. Reaction of 5-Hexenyltributyltin with Electrophiles (E*X").
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From Direct Cleavage of the C-Sn Bonds

A variety of alkene-containing tetraalkylstannanes have been prepared and examined for their reactivity
toward N-phenylselenophthahmxde (NPSP) and tin tetrachloride at -78 °C in dichloromethane. This combination of
reagents was reported to produce the highest yield of cyclization product when reacted with stannane 1. 5 In the Table,
the yield and identity of the cyclization products from this reaction are reported. The cyclization reaction proceeds with
monosuBstituted (Entries A, D, E, and F), 1,1-disubstituted (Entry C), and 1,2-disubstituted alkenes (Entry B). Three-
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membered rings can also be produced from this reaction (Entry G). Listed in the Figure are some substrates which are
not suitable for the reaction. This cyclization reaction is apparently restricted to the formation of three- and five-
membered rings, since substrates that would lead to other ring sizes (c.g. 25, 26) do not undergo the cyclization
reaction. Also, substrates such as 22-24, where the most electrophilic carbon of the episelenonium cation intermediate
is six carbons away, do not undergo the cycloaddition reaction. Note that in compound 2, the more electrophilic
carbon® is five carbons away and cyclization proceeds readily. Phenylselenium chloride double bond addition products
are sometimes observed when the cyclization fails or proceeds in low yield.

TABLE. Reaction of Alkenes Containing Remote Tributyitin Groups with NPSP/SnCl4.2

ENIRY STANNANE PRODUCT(S) & YIELD
AN

A 4 1 SnBu; (Ref. 10) O_-]—\SOPh 9%
4

B \/\s/\/\S“BUa (Ref. 11) O;(s,eph 93%

C v )\/1\0/\ SnBug (Ref. 12) :11; sepn %

D ¢\></\s,,8u:1I (Ref. 13) )Oﬁ 66%
- 12 SePh
13
E MSnBus (Ref. 13) bq 52% %O“ 21%

16 SePh
7N q~ SnBug (Ref. 13) serh 62% Q:SePr?l%

SePh 1%

o A snpu,  Ref. 10 D
2 2

2 For a procedure, see reference 5.

FIGURE. Substrates which do not undergo the cyclization reaction.

Ph CHZ0. ~ VA
NI N\(CHa 8B 2 NCHy) SnBus 7N NCH,),S1BUS ANGHy)nBu, #N\/STBUS
22 (Ref. 11) 23  (Ref. 11) 24 (Ref. 11) 25 (Ref. 10) 26 (Ref. 10)

The reaction proceeds with only a modest degree of stereoselectivity as can be seen in Entries E and F of the
Table. The major stereoisomer in Entry E is assigned as the cis isomer via authentic synthesis. Conversion of iodide
27 (Scheme 2) to organolithium derivative 28, followed by warming to 25 °C is known to produce mostly the cis
organolithium derivative 29. Treatment of 29 with NPSP provided sclenides 15 and 16 in a 10:1 mixture. The major
isomer from the reaction in Scheme 2 is identical to the major isomer obtained from NPSP-induced cyclization of
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stannane 14. The stereoselectivity in selenium-induced cyclization of alkene-stannanes is noticeably lower than that
obtained in the anion cyclization7 or the recently-reported organotitanium-mediated cyclizatiovn,8 but similar to that
reported for radical cyclizations.9 Since the cation intermediate of the alkene-stannane cyclization is very highly
electrophilic, then the transition state is probably very reactant-like, thus the half-chair transition state proposed by
Bailey is less important in our reaction. Interestingly, attempts to prepare compounds 18-19 by the anion cyclization
route have not been successful.

SCHEME 2. Authentic Synthesis-Stereochemical Assignment of Compound 15.

/\A/\ t-Buli/-78 °C /\*/\ -718°C —-0°C
7 1 74 Li

penatne/ ether
27 © 28
(Ref. 7)

Since 5-hexenyllithium derivatives (e.g. 28, Scheme 2) used in the preparation 5-hexenylstannanes undergo
direct cyclization at 20 °C, an obvious question is: what advantages does the organotin method offer? Advantages of
this method include successful cyclization reactions with 1,2-disubstituted alkenes, successful cyclization at -78 °C, and
successful cyclization reactions when both three- and five-membered rings are formed. Although similar three-
membered ring-forming cyclization reactions of 4-stannyl-1-butenes are well-@locumented,:‘}g’h only these conditions
allow for the reaction to proceed at -78 °C. Further evaluation of other cyclization initiators is presently in progress.
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