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Summary: A method for the conversion of aldehydes to acetylenes via I-alkenylstannanes 

is reported, including its application to the synthesis of 9(O)-thia-A6-PCIl. 

In connection with studies directed toward the synthesis of prostacyclin analogs, it was 

required to develop a mild method for the transformation of aldehydes (RCH CHO) 
2 

to acetylenes 

(RC&H),l hopefully via 1-alkenylstannanes. In this communication, we wish to report a solution 

to this problem as well as its successful application to the synthesis of 9(O)-thia-Ah-PGI1 (26). 

Previously we have reported a general method for the preparation of a-haloalkylstannanes 

from aldehydes. 
2 

Therefore, if the dehydrohalogenation of a-haloalkylstannanes occurs readily 

to lead to 1-alkenylstannanes, it occurred to us that a series of reactions (RCH2CH0 -----t 

RCH2CH(X)Sn(n-Bu)3---tRCH=CHSn(n-Bu)3+RCrCH) would offer a solution to this problem. 
3 

In the 

first place, our assumption was tested using the simple model compound (1). The aldehyde (l_) 

was converted to the quite stable cl-bromoalkylstannane (2)4 by the method reported by us2 in 

80% overall yield from 1. Treatment of z with 3 equiv of DBU in toluene at 110°C for 2 hr was 

found to afford the vinylstannane derivative (3) in excellent yield. The vinylstannane deriva- 

tive (3) was further treated with lead tetraacetate in acetonitrile according to Corey's 

-3 
method, providing the terminal acetylene (i)4 in 65% overall yield from 2. Thus, a new mild 

method for the conversion of aldehydes to acetylenes via 1-alkenylstannanes was realized. The 

method described above could be applied to more complex molecules including functionalities 

such as a double bond, an epoxide, a t-butyldimethylsilyl ether and a THP ether. The results 

are summarized in Table I. 

Stereochemistry of the vinylstannane derivative (3) was determined by the PMR spectrum and 

further the GLC analysis,5 showing that the E-isomer was formed as the major product in a ratio 

of ca. 8(~):1(~).~ Interestingly, this stereoselectivity was slightly superior to that of 

hydrostannation of 5-phenyl-1-pentyne(E:z= ca.7:1). 

It is generally known that the Shapiro reaction, which provides alkenyllithiums from 

carbonyl compounds via tosylhydrozones, is limited to the case of ketones. 
7 

Therefore, the 

present reaction opens the new method for the preparation of 1-alkenylithiums from corresponding 

aldehydes, since alkenylstannanes are readily convertible to alkenyllithiums. 8 

By the use of this methodology, aldehydes can be converted to a variety of useful compounds 

as summarized in Scheme I. 

In the case of aldehydes possessing a substituent on the a-carbon atom, cc-bromoalkyl- 

stannanes are generally obtained as a mixture of diastereomers. Accordingly, it was anticipated 

that separation of stereoisomers, followed by dehydrobromination, would produce stereochemically 
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PhwCHo 

L 

Ph-* 
'H 

4 
N 

cH3 H 
Ph.-. 

b-5 
OH 

n8u3 

d 
,j,@=8:1) 

Table I. Conversion of Aldehydes to Acetylenes via a-Bromoalkylstannanes 

RCH2CHO -----+ RCH2CH(Br)Sn(n-Bu)3 - RCZH 

5 3 
GJ 

I33 
zicf, 

Entry R % Yield from I_ % Yield from LI 

1 Ph(CH2)2CH=CH(CH2)2- 70 55 

2 Ph(CH2)2CF;$H(CH2)2- 67a'b 55 

OTHP 

3 b _._ 65a 54 

4 (C&)2- 65a 64 

a, Yields were calculated on the basis of the recovery of starting 
aldehydes (ca.5%). b, Since there was obtained a small amount of the 
bromohydrin, probably formed through epoxide opening by HBr, the crude 
reaction mixture was treated with DBU in toluene at room temperature. 

pure l-alkenylstannanes. This was found to be the case. Using Still's method, 2-phenylpropion- 

aldehyde was converted to the a-hydroxyalkylstannane (E), which was subsequently treated with 

Ph3P-diethyl azodicarboxylate (DAD)-CH2Br2 in benzene at reflux temperature, affording the 
9 

a-bromoalkylstannanes (2 and I__) in a ratio of 9:l (40% overall yield from the aldehyde). The 

major stereoisomer (z),4 which was separated from Lo4 by preparative TLC technique, was trans- 

formed to the stereochemically pure z-vinylstannane derivative (1;i) in excellent yield: PMR 

(CDC13) 65.85 (lH, broad s), while the E-isomer (12): P?iR(CDC13) 66.20 (lH, s), was exclusively 

obtained from the other stereoisomer (LO). 
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Generality of the present method was further demonstrated by applying to the synthesis of 

9(O)-thia-A6-PGIl (28). The starting aldehyde (il-),4 which was prepared from the well-known 

lactone (AZ) in six steps (57% overall yield), 
10 

was converted to the a-bromoalkylstannane 

(Js)4 (two steps, * 54% yield). The terminal acetylene (1_L)' was then obtained via the vinyl- 

stannane derivative (36J" in 63% yield by the method described above. The coupling of the 

lithium acetylide ($8,) with methyl 4-formylbutylate afforded the propargylic alcohol (33' in 

nearly quantitative yield. Crucial deoxygenation of 5% was accomplished by converting it to 

the propargylic chloride (20,) (5 equiv of CC14, 3.3 equiv of HMP, ether) followed by treatment 

with tri-rr-butyltin hydride in toluene. Under these conditions, none of the allenes was 

observed in the reaction mixture. Cleavage of the t-butyldimethylsilyl group in pd afforded 

the 9B-alcohol (33)4 in 60% overall yield from 1%. The 9B-alcohol (2;) was then efficiently 

converted to the 9ol-thioacetate (?J)4 by the method of Volante (70% yield).12 Cleavage of the 

THP groups in 33 led cleanly to zs4 (83% yield), which was followed by treatment with excess 

potassium carbonate in methanol to provide the endo-enol thioether (~EI)~ in 66% yield. 

Comparison of its spectral data with those of an authentic sample 
13 

confirmed their identity. 

Finally 39 was hydrolyzed by treatment with lithium hydroxide in THF-H20 (3:1), followed by 

acidification with pH 4.01 buffer solution, leading to 9(O)-thia-A6-PGLl (26,) in 78% yield. 

__+k_sk 
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