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Abstract

Aryl alkynols provide a convenient entry into�-hydroxyketones via thiol addition followed by hydrolysis. Thiols
have been added to several non-activated alkynes under mild, basic conditions. A coordinating functional group in
close proximity to the triple bond facilitates this reaction. © 1999 Elsevier Science Ltd. All rights reserved.
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�-Hydroxy ketones are versatile intermediates in the synthesis of biologically active compounds,
heterocycles, and pharmaceutical products. These compounds have previously been prepared by the
selective oxidation of 1,2-diols,1 often in low yields. Hydroxy ketones have also been prepared from
alkenes by treatment with an oxidizing agent and catalytic osmium2 and with permanganate in acetic
acid.3 In addition, they have been prepared by the rearrangement of�-hydroxy epoxides with palladium.4

We required hydroxymethyl-�-aryl ketones of the general structure3 as pharmaceutical intermediates,
and sought a method that would not require harsh oxidative conditions. Specifically, we were interested
in the 4-cyanobenzyl ketone3b (R_CN).

Recently,�-aryl ketones were prepared by the palladium catalyzed arylation of ketones under mild
basic conditions; selective reactions were observed with several alkyl and aryl methyl ketones.5 Unfor-
tunately, we found that�-hydroxy ketones were not good substrates with this method, resulting in no
reaction or complex mixtures. Alkynols1, already in the required oxidation state, are readily available
via Castro–Stephens6 coupling of the acetylenes with aryl halides; thus the regioselective formal addition
of water to1 would provide the desired hydroxy ketones3.
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Since addition of water directly to an alkyne typically requires the use of heavy metal catalysts such
as mercury or palladium salts,7 an indirect hydration method was sought. Both alkyl and aryl thiols have
been shown to add to alkynes to give vinyl sulfides. With activated alkynes such as�,�-acetylenic esters
and ketones, the addition has been performed under basic conditions, using reagents such as KOH8 and
triethylamine.9 However, for unactivated alkynes, radical initiators,10 transition metal catalysts11 and
high temperatures12 have been required. In our work, we have found that under mild, basic conditions
thiols add to unactivated aryl alkynols1, facilitated by a neighboring group effect.13 The vinyl sulfides
can then be hydrolyzed under a variety of conditions to provide the desired hydroxy-ketone.14

We anticipated that the cyanophenyl alkyne1b would be sufficiently electron deficient to allow facile
nucleophilic addition of a thiol to the alkyne. Reaction of1b with n-butanethiol and NaOH in acetonitrile
at room temperature gave the vinyl sulfide2b in 90% yield. Remarkably, reaction of1a bearing only
a phenyl group without a strongly electron withdrawing functionality with butanethiol and NaOH in
acetonitrile at 75°C gave the vinyl sulfide2a in 86% yield.15 As in previous reports, in both cases we saw
almost exclusively theZ product in the crude1H NMR (6.8 ppmZ, 6.4 ppmE). In addition, we saw very
high selectivity (100:1) for addition of the thiol� to the phenyl group. The vinyl sulfides2aand2b were
then hydrolyzed using 0.4 M H2SO4 in 4:1 ethanol/water at 50°C overnight,16 giving 1-hydroxy-3-aryl-
propan-2-one (3a and3b) in 83 and 85% yields respectively. The unanticipated ease of thiol addition
to 1a prompted us to study the scope of the reaction with several substituted alkynes.17 The results are
shown in Table 1.

The more electron deficient alkyne (1c) reacted with butanethiol exothermically even at room tempe-
rature, with the thiol adding exclusively� to the aryl group. However, the less electron deficient alkyne
(1d) required 5 h at 75°C to react and was slightly less selective in the�/� ratio. Increased branching
at the carbon bearing the hydroxyl group (1e and1f) lead to reduced reactivity. In the tertiary alcohol
case, fragmentation to the ketone and acetylide became the major pathway. Surprisingly, even when the
moderately electron-withdrawing aryl group was absent, reaction with butanethiol still occurred under
the mild, basic conditions. Addition of butanethiol to 2-butyn-1-ol (1g) gave 70% conversion after 24
h with only moderate�/� selectivity. With butynediol1h, the reaction was complete in only 3 h; in
contrast, addition to phenylbutyne1i led to only 7% conversion by1H NMR after 24 h.13 This profound
difference in reactivity shows that the presence of the neighboring alcohol group has a significant effect
in the thiolation of alkynes. The data indicates that the neighboring group is relatively weak in directing
the regiochemistry, but is clearly accelerating the reaction.

A possible mechanistic explanation for the acceleration in which the alcohol group coordinates with
the metal of BuS�Na+ is indicated below. Interestingly, when butanethiol was added to1a with CsOH
or KOH as the base, the reaction was complete in 20 min,18 NaOH required 90 min, and with LiOH the
reaction required over 24 h. The identity of the base had no significant effect on the yield and theZ/Eand
�/� selectivity.

Increasing the distance between the alcohol group and the alkyne through methylene spacers also
reduced the reactivity (1j and1k); nevertheless, both products were isolated after completion in good
yields. Phenyl alkynes with other functional groups that can provide coordination to a metal cation
showed good reactivity with butanethiol (1l and1m).19 In conclusion, aryl alkynols provide a convenient
entry into aryl ketones via the vinylic sulfides, avoiding the use of strong oxidizing agents. The base



143

Table 1
Addition of thiols to alkynesa

catalyzed addition of thiols to alkynes takes place under mild conditions due to acceleration by the
neighboring hydroxyl group.
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