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The Photochemistry of Acetylenic Ethers.
A Novel Carbon-Oxygen to Carbon-Carbon Bond Conversion
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Abstract : Irradiation of acetylenic ethers in methanol gives homologated esters via a formal [1,3]-oxygen-to-
carbon migration involving a ketene intermediate.

Photochemical [1,3]-oxygen-to-carbon migrations of exocyclic vinyl ethers such as 1 are useful reac-
tions for formation of quaternary carbon-carbon bonds.! However, we have not been able to extend this chem-
istry to simple vinyl ethers. Undoubtedly, the weak carbon-oxygen bond in 1 is important for obtaining high
yields in the 1 ~» 2 transformation. Acetylenic ethers would be expected to be thermodynamically less stable
than the corresponding vinyl ether.2 Thus, there would be more driving force for thermal or photochemical
rearrangement and a [1,3]-shift analogous to the 1 — 2 conversion could be more general. We report herein
that the photochemical rearrangement of acetylenic ethers? in methanol gives carboxylic esters arising from a
formal [1;3]-oxygcn-to-carbon migration which occurs with a substantial degree of stereospecificity.
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The acetylenic ethers used in this work were prepared by the procedure of Greene (see below).* Sev-
eral comments about the preparation are in order. First, if the potassium hydride contained appreciable amounts
of potassium,’ low yields of acetylenic ethers resulted. Second, chromatographic separations were best per-
formed on base-washed silica gel® or else partial hydrolysis of the acetylenic ether to the corresponding ester
was observed. Since the acetylenic esters were thermally sensitive, we avoided heating the compounds above
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60 °C. When these precautions were observed, the acetylenic ethers could usually be prepared in 65-80% yield
(Scheme I). All new compounds in Scheme I showed 'H NMR, IR, and exact mass measurements in agreement
with the structures.
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Scheme 1. Acetylenic Ethers Prepared from the Corresponding Alcohols

Our initial studies were performed with 3 since its preparation was known and it could be obtained in
high purity. Irradiation of 3 through quartz at 253.7 nm’ in methanol led to a mixture of menthol, 9a, the
acetate of menthol, 9b, and a product subsequently assigned as 10. The acetate 9b undoubtedly arose from
addition of water to the acetylenic ether catalyzed by adventitious acid since 9b is formed in high yield from
the acid-catalyzed reaction of water with 3. When methanol freshly distilled from magnesium/iodine® was
employed as solvent, the ester 9b was either totally absent or else a very minor product from the reaction. The
mass spectrum of the major product 10 indicated the formula C,,H,,0,: obsd m/z 212.1769, calcd 212.1776.
This compound showed an ester absorption in the IR spectrum at 1741 cm’!, and the 'H NMR data further
supported the presence of a methyl ester: & 3.67 (s, 3 H); 2.55 (dd, J= 3.8, 14.4 Hz, 1 H), 2.0-1.9 (m, 2 H),
1.8-1.6 (m, 4 H), 1.35 (m, 1 H), 1.0-0.7 (m, three overlapping doublets at 0.90 (/=7 Hz), 0.88 (J = 7 Hz), and
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0.75 (J = 7 Hz), total area 13H). Although the IR and "H NMR spectra suggested a pure ester and no impurity
could be detected by vapor phase chromatography, the '3C NMR spectrum of 10 showed a minor product
having a similar '3C NMR spectrum. To analyze this mixture, the ester was reduced to the alcohol with lithium
aluminum hydride, the alcohol was derivatized to its Moser's ester,? and the product mixture was analyzed by
19F NMR spectroscopy. The !F NMR spectrum indicated the product was a 93:7 mixture of two esters.
These data suggest that 10 is a difficult-to-separate 93:7 mixture of esters differing at the configuration of the
carbon of the original alcohol. The supposition that this was a mixture of diastereomers, rather than two
fundamentally different ester photoproducts, was supported by the rearrangement of the cyclohexyl system 4.
Irradiation of the cyclohexyl derivative 4 gave, in addition to cyclohexanol, the ester 11 which showed spec-
troscopic properties identical to an authentic sample. No second ester product was detected by 13C NMR

spectroscopy.
: O—-C=CH : S \mHa : “OH
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To establish the stereospecificity of the rearrangement, the acetylenic ethers derived from (+) and (-)-
2-octanol, 5, were prepared and irradiated. The esters, 13, from the rearrangement were reduced to the alcohols
and converted to the Moser's esters as described for 10. Analysis by !F NMR showed that in both cases a 4:1
mixture of diastereoisomeric Moser's esters was produced, corresponding to 60% ee. Thus, specificity is
associated with the rearrangement of the acetylenic ethers to esters.
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The generality of the rearrangement remains to be fully investigated. The acetylenic ethers studied thus
far were bonded to 2° centers. Irradiation of the 3° system 6 in methanol afforded the rearranged ester in only
20% yield whereas the 1° system 7 did not give a homologated ester. Finally, irradiation of the methyl-substi-
tuted acetylene 8 in methanol gave the rearranged ester as a mixture of diastereomers in 28% yield. It appears
that this rearrangement is most facile with 2° systems. However, different reaction conditions were not ex-
plored for compounds 6, 7, and 8, and a refinement of reaction conditions could lead to improved yields for
these compounds.

The two major photochemical processes for the acetylenic ether linkage are rearrangement to a
homologated acid and a cleavage reaction, giving the alcohol. Light is required for the formation of the
alcohol since storing 3 dissolved in the irradiation solvent system for several days in the dark did not produce
alcohol, 9a. However, irradiation of this solution afforded the ester 10 together with 9a. Nucleophilic addi-
tions to excited state acetylenes have been proposed and perhaps an exchange reaction involving methanol
leads to the alcohol (e.g., 9a) formed in the reaction.!® The ester formation is the interesting reaction and
could be occurring via a concerted {1,3]-shift in the excited singlet state (15 excited singlet — 17) and/or via
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a short-lived biradical intermediate (15 excited state — 16 — 17). Both possibilites would give retention of
configuration and involve a ketenc intermediate. If the reaction was performed in tetrahydrofuran/water, then
the corresponding acid was the product. We did investigate reaction conditions for irradiation of 3 in an
attempt to maximize the preparative formation of the ester 10. Indeed, irradiation of 3 in a 75:20:5 mixture of
dry hexane/xylene/methanol gave on a ca. 1-gram scale the ester 10 (46%) with only a trace of alcohol being
detected by vpc.!l In smaller runs, yields for 10 as high as 60% were recorded.
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This chemistry comprises a novel method for a chain extension of an alcohol via its acetylenic ester to a
carboxylic acid derivative. Improving the chirality transfer from the acetylenic ether to the carboxylic acid
derivative would comprise a useful method for preparation of chiral acid derivatives from readily available
optically active alcohols.
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