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Methods for the construction of five membered oxacyclic compounds are important for the synthesis 

of a number of classes of natural products. Marshall and co-workers have developed an efficient method for 

the synthesis of dihydrofurans by a silver (I) catalyzed cyclization of allenyl carbinols. 1 Furans are also 

readily formed in a similar fashion from the derived allenyl ketones. 2 Methods for the synthesis of the aUenyl 

alcohol precursors have involved [2,3]-Wittig rearrangement of ct-propargyloxy acetates and the Still-Wittig 

rearrangement of stannyl substituted propargylic ethers. 3 However, this novel approach to dihydrofurans is 

limited by the availability of the allene precursors. 1 This limitation is due to the fact that the Still-Wittig 

rearrangement is typically restricted to transmetallation of tributylstannylmethanol derivatives. 4 We recently 

published a stereoselective method for the synthesis of stannyl substituted alkyl / ailyl ethers by the 

nucleophilic addition of vinyl copper species to stannyl substituted mixed acetals. 5 We now wish to report 

the extension of this chemistry to the direct addition of alkynylstannanes to stannyl substituted mixed acetals. 

~-Stannylethynyl ethers and dialkyl amines have been shown to be effective nucleophiles for 

alkynylation of a number of reactive electrophilic species such as acid chlorides, isocyanates, ketenes, or 

carbodiimides. 6 We are aware of one example of the Lewis acid catalyzed alkynylation of a ketone; however, 

alkyl or aryl substituted alkynylstannanes were found to be generally unreactive. 7 The advent of palladium 

catalyzed coupling reactions has resulted in alkynylation of a number of substrates including aryl iodides, 

vinyl halides and vinyl triflates via the alkynylstannane. 8 However, there are apparently no reports of Lewis 

acid catalyzed reactions of acetals with alkynylstannanes. 

Non-commercially available alkynylstannanes were prepared from the corresponding lithium acetylide 

by the addition of chlorotributyltin. 9 The tributylstannyl derivative of ethyl propitiate was prepared from 

ethoxytributylstannane. 10 Initial reactions were carded out using alkynylstannanes and mixed acetal l a  (1), 
R 

1. R=CH 3 o / [ " o  "/ Me3SiOTf ~ ~  
- -  2a R = CH 3 

lb R = H /[,.. + R' SnBu3 CH2C12 R' 2b R = H (l) 
C5HI l SnBu3 -78°C CsHI 1 - -  "SnBu3 

see the data in the Table. Our previous work on aldol and allylation reactions of stannyl substituted acetals led 
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us to use trimethylsilyltriflate as the Lewis acid for the reaction. 11 Given the initial success with TMSOTf, 

other Lewis acids have not been investigated. Optimum yields of the alkynyl addition products were obtained 

using 1.5 equivalents of the Lewis acid. Less than stoichiometric amounts resulted in somewhat lower yields. 

Ethynyltributylstannane, entry 1, did not provide the alkyne addition product 2a (R'=H) in reasonable yield; 

however, the diastereoselectivity of the reaction was found to be > 13:1 by GC analysis. It is interesting to 

point out that (1-tributylstannyl)(2-trimethylsilyl)ethyne reacted chemoselectively at the stannyl substituted 

carbon, providing the trimethyisilyl substituted alkyne product in 87% yield, entry 2. Phenyl and butyl 

substituted alkynes also resulted in the propargylic ether in excellent yields with selectivities greater than 13: I 

(by GC), entries 3 and 4, respectively. Remote ether functional groups present on the alkyne moiety, benzyl 

and TBDMS ethers, were compatible under the reaction conditions and did not significantly effect the 

selectivity of the reaction, entries 5 and 6. However, a slightly reduced selectivity was observed for the 

benzyl ether case. The TBDMS ether was also susceptible to partial cleavage in reactions using more than 1.5 

equivalents of TMSOTf. The dimethylamino and ester substituted alkynes, entries 7 and 8, were not effective 

coupling partners in this reaction and only led to decomposition products. In contrast, a remote ester 

functional group on the acetal can be tolerated (62% yield of 4 from acetal 3, 7:1 diastereomeric mixture) as 

illustrated in (2). 12 It is interesting to note that the stannyl substituted formyl acetal derivative lb  (1) is quite 
O O 

Me3SiOTf O / ~ ~  
O J  + C4H9 - -  SnBu3 ~" 

~ CH2CI2 
MeO SnBu3 -78°C 

3 
C4H9 

(2) 

unreactive under the reaction conditions found to be optimum for alkyl substituted acetals such as la. Indeed, 

less than 5% of the alkyne addition product 2b (R'=Ph) was obtained in reactions of l b  and (1- 

tributylstannyl)(2-phenyl)ethyne. Apparently an alkyl substituent must be present on the acetal carbon for 

efficient formation of an oxocarbenium ion intermediate. 

Table Alkvnvlation Addition Product 2a 

R' Diastereoselectivitv Yield (%) 

1 H 1 : 1 3 . 7  5 
2 Me3Si 1 : 11.4 87 
3 Ph >1 : 20 98 
4 Bu 1 : 13.4 88 
5 BnO(CH2)3 1 : 9.0 85 
6 TBDMSO(CH2)3 1 : 14.0 92 
7 Me2NCH2 
8 EtO2C 

In all of the above cases, we have assigned the relative stereochemistry of the products as anti (as 

shown) based upon our earlier work. 5,11 The diastereoselectivity observed in the reactions of aeetal l a  is 

presumed to arise by selective addition to an oxocarbenium ion intermediate. The facial selectivity of the 

reaction is controlled not only by a steric effect, but by a stereoelectronic effect imparted by the tributyltin 
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group. 11 Since acetal l a  is prepared as a 1:1 mixture of diastereomers (GC), the alkyne addition reaction 

reported herein cannot occur via a direct SN2 reaction. To test the importance of the stereoelectronic effect of 

the tributylstannyl substitutent on the reaction, the addition of alkynylstannanes to non-stannyl-substituted 

mixed acetals 5a and 5b was also examined. As anticipated, the alkyne addition reaction occurs in good 

yield, but in a non-stereoselective fashion. For example, the reaction of mixed acetal 5a and (l-  

tributylstannyl)(2-phenyl)ethyne provided the adduct 6a in 91% yield as a 1:1.1 diastereomeric mixture, 

while 5b provided the adduct 6b in 80% yield as a 1:1.2 diastereomeric mixture (3). 

~[~OAO/ Me3SiOTf~ ~ R ~  ~ 
+ Ph ~ SnBu3 CH2C12 PB (3) 

C5HII - - R  -78°C C5H11 

5a R = cycloHex 6a R = cycloHex 
5b R=iPr 6b R=iPr 

Furthermore, the addition reaction for acetal 5a and 5b is not completely regioselective. The 

regioisomeric product 7 was identified in both of the reactions with acetal 5a and 5b, in 5% and 12% yield, 

respectively. This regioisomer is derived from formation of the other possible oxocarbenium ion intermediate 

from the acetal (4). The analogous regioisomeric product was not observed in reactions of the stannyl 

O A O / 

C5 HI 1 ~ "  R ~" 7 
R = cycloHex or il:h- 

substituted acetal l a  with any of the alkynylstannanes examined. 13 These data imply that a single 

oxocarbenium ion regioisomer is formed from the stannyl substituted mixed acetals by loss of the methoxy 

group. As in our previous work, these results show that the stannyl substituent is required for regio- and 

stereoselective addition of the alkynylstannane. 

Surprisingly, reaction of stannyl acetal 8 with phenyl or butyl substituted alkynylstannanes provided 

the propargylic ethers 9 and 10 in very good yields, but the selectivity of the reaction was dramatically 

reduced (5). Indeed, both of the alkynyl addition products 9 and 10 derived from acetal 8 were obtained with 

less than 2:1 selectivity. We have no explanation for this contrasting behavior for the benzaldehyde derived 

acetal 8 and additional experiments are underway. 

O A O  / Me3SiOTf L ~ , ~  

ph,~SnBu 3 + R' - -  SnBu3 CH2C12" R' 
.78oC Ph SnBu3 

8 
9R=Bu 
10R = Ph 

(5) 

The addition of alkynylstannanes to stannyl substituted mixed acetals results in very good yields of 

stannyl substituted propargyl ethers which can be used as precursors for the synthesis of substituted allenyl 

carbinols via the Still-Wittig rearrangement. This stereoselective route is efficient, and provides a higher 

degree of substitution on the allene than possible by previously reported methods. 14 
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