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Ethynyl Alcohol Precursors to Methylene Lactones 

By TIMOTHY F. MURRAY, VIJAYA VARMA, and JACK R.  NORTON* 
(Department of Chemistry, Princeton University, Princeton, New Jersey 08540) 

Summary bvans-2-Ethynyl substituted alcohols can be 
obtained by treatment of epoxides with ether-stabilised 
methyl ethynyl alanes; a cis analogue, obtained by 
oxidation and stereoselective reduction, has been con- 
verted into the corresponding cis ring-fused methylene 
lactone. 

SINCE our palladium-catalysed synthesis' of or-methylene 
lactones requires 2-ethynyl substituted alcohols as sub- 
strates, we have explored general synthetic routes to them. 
While the more reactive cyclic epoxides may be converted 

into trans-2-ethynyl alcohols by Li(en)C-CH (en = ethyl- 
enediamine) in dimethylsulphoxide2 or hexamethylphos- 
phoramide,l s3 the strongly basic conditions and generally 
slow reaction rates preclude its use as a general synthetic 
method. A more promising approach is suggested by the 
work of Fried, et al., in which dialkyl alkynyl alanes 
(R1,A1C=CR2, R1 = Me, Et, R2 # H) in non-polar solvents 
rapidly convert epoxides into trans-2-alkynyl substituted 
alcohols. 

The acidic proton on an ethynyl group makes i t  imposs- 
ible to prepare an analogous reagent with R2 = H, and 
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attempts to prepare uncomplexed R1,AIC =CH invariably 
produce polymeric materials.6-s 

However, a number of ethynyl aluminium complexes are 
stable when complexed with donor ligands.63839 We have 
prepared several ethynyl alkyl aluminium compounds in 
complexing solvents, and have investigated their ability to 
convert epoxides into trans ethynyl alcohols. Diethyl 
ether was the most useful complexing agent, presumably 
because i t  is readily displaced by epoxides ; methyl alumin- 
ium chlorides were the most useful and readily available 
precursors. The resulting solutions of Me,Al(&CH),-,- 
Et20 (n = 1 or 2) react rapidly a t  room temperature with 
most epoxides. 

Yields varied somewhat among the methyl aluminium 
chlorides obtained from different sources. However, a 
standardized and effective reagent can be prepared from 
Me,A12C1, (checked for purity by n.m.r. spectroscopy : 
Me-A1 signals a t  T 10.51 and 10.73 in ether solution).1° 
After treatment with NaCECH in ether for 5 h a t  room 
temperature and removal of NaC1, n.m.r. spectra showed 
sets of signals a t  T 8.12 and 10.87, and 8-03 and 10-80, 
assigned to the etherates of Me2A1C=CH and MeAl(C=CH),, 
respectively. Addition of toluene and removal of all but 
the co-ordinated ether yielded a solution of the ethynyl- 
aluminium reagent into which a solution of epoxide (mole 

a j n = 3  
b ; n = 4  
c j n  = 5 
d i n  = 6 

111 
C 
H 

TABLE 

% Yield of trans 
Epoxide Time ethynyl alcohola 

40 min 36(44) 
40 min 53(66) (62)b 
2 h  20(27) 

(14 
(W 
(1c) 
(14 
(3) 

24 h(50 "C) 4(9) 
2 h  44(53) 

ratio epoxide : A1 1 : 1.4) in toluene was then added dropwise. 
The reaction is more effective at  concentrations >5 M. 

Examples are shown in the Table. While the best 
results were obtained with cyclohexene oxide (1 b), the 
reagent even produces some ethynyl alcohol from epoxides 
prone to transannular reactions under basic conditions and 
for which Li(en)C:CH is therefore unsuitable. For 
example, exo-norbornene oxide (3) gave no trans-2-ethynyl 
alcohol (4) even after prolonged stirring with Li(en)CfCH 
in dimethylsulphoxide; a similar lack of success has been 
reported with (Id) .2C 

The major byproducts with the alane reagent were ethers 
such as (5), presumably formed by the attack of the product 
alkoxide on the unchanged epoxide. The ethynyl alcohols 
are easily separated by distillation. It is unclear why this 
side reaction (which addition of the epoxide to the alane 
minimizes but does not eliminate) should occur more 
readily with ethynyl alanes than with Ionger-chain alkynyl 
g r o ~ p s . ~  

cis-Ring fused methylene lactones are also important 
natural products,ll and these may be made via inversion 
of the stereochemistry of the trans-compounds. E .g., trans- 
2-ethynylcyclohexano1 (2b) was first oxidised (two-phase 

Et20 NQ2C9O7 
H20 H2SOL 1 

co 
OH W C l 2  a t u ,MeZCO 
8 

(6) (7) 

(tu =thiourea) 

a Yield from g.1.C. analysis with reagents characterized as c11romic acid)2b,l2 to the unstable ketone, which was then 
described in the text; yields in parentheses were the highest 
obtained with dimethy~aluminium &loride, from various reduced with  s select rid el^ to cis-2-ethynyl cyclohexanol 
sources, as starting material. b Isolated yield. (6) (51 % yield; stereoselectivity ca. 95%).t Palladium 

t B.p. 45 O C  at 0.2 mmHg; m.p. of 3,5-dinitrobenzoate 104-105 "C. All new compounds were characterized by n.m.r. and i.r. 
spectra and elemental analysis or high-resolution mass spectrometry. 
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chloride, thiourea, and carbon monoxide in acetonel We thank the National Cancer Institute for financial 
converted (6)  into the known cis  ring-fused methylene support and a training grant (to T.M.) 
lactone (7) (62%). The overall yield of (7) from cyclo- 
hexene oxide (lb) was 21%. (Received, 5th July 1976; Corn. 758.) 
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