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Thiols catalyse the radical-chain addition of primary
aldehydes to enol esters and to silyl enol ethers to give
aldol derivatives in good yields under mild conditions.

The intermolecular radical-chain addition of an aldehyde to an
alkene to give a ketone! (hydroacylation) was first studied by
Kharasch and co-workers2 nearly 50 years ago. The usefulness
of this reaction in synthesis was extended by Patrick,> who
showed that good yields could often be obtained from the
addition of primary aldehydes (RCH,CHO) to certain electron-
deficient alkenes (e.g. «,f-unsaturated ketones and dialkyl
maleates). However, a major problem with the radical-chain
pathway [reactions (1) and (2)] remains the inefficiency with
which the acyl radical adduct 1 abstracts hydrogen from the
aldehyde [reaction (2)]. A modern adaptation, which circum-
vents this difficulty and has been used successfully for both
inter- and intra-molecular hydroacylation, is to use a selenoester
in conjunction with tributyltin hydride instead of the aldehyde,
when reaction (2) is replaced by the pair of more rapid reactions
(3) and (4).4-¢

. |
RC=0+ >C=C< — RC(O)?—C< H
1

RC(O)('f—(‘k +RCHO — RC(O)?‘—(lf—H +RC=0  (2)

RC(O)(lf—C< +BusSnH — RC(O)(%—ﬁIZ—H +BusSn: (3)

Bu;Sn' + RC(0)SePh — RC=0 + Bu3SnSePh ()

The RC(O) group behaves in many ways like the R3St group
and we have shown recently that radical-chain hydrosilylation
of alkenes is catalysed by thiols.” This result, along with
consideration of the various factors that influence the rates of
hydrogen-atom transfer reactions® and the previous observation
that thiols catalyse the radical-chain decarbonylation of alde-
hydes,® suggests that thiols should also catalyse the hydro-
acylation of alkenes. Here we report experimental confirmation
of this prediction and we describe the application of thiol-
catalysed hydroacylation of enol esters and of silyl enol ethers
to provide a radical-chain route to aldol derivatives
(Scheme 1).

A solution in dry dioxane (2.5 cm?) containing freshly
distilled butanal 2a (5.0 mmol), isopropenyl acetate 3b (2.5
mmol) and di-zert-butyl hyponitrite!© initiator (TBHN, 0.063
mmol, 2.5 mol% based on alkene) was heated at 60 °C and
stirred under argon for 1.5 h. A further 2.5 mol% of TBHN was
then added and heating was continued for a further 2 h. Methyl
benzoate was added as an internal standard, volatile material
was removed at room temperature under reduced pressure
(10-15 Torr) and the residue was examined by 'H NMR
spectroscopy. Only a small amount (8% yield based on 3b) of
the aldol addition product 4 had been formed.{ However, when

the experiment was repeated under the same conditions except
that tert-dodecanethiolf (TDT; 2.5 mol%) was added at the start
of the reaction and also with the second portion of TBHN, the
yield of 4 increased to 58%. The hydroacylation evidently
follows a radical-chain mechanism involving thiol catalysis; the
proposed propagation cycle, in which steps (b) and (¢) replace
the direct abstraction of hydrogen from the aldehyde, is shown
in Scheme 2. Of the thiols investigated as catalysts, TDT and
methyl thioglycolate (HSCH,CO,Me; MTG) proved to be the
most suitable and generally higher yields of the aldol adducts
were obtained using the latter catalyst. For example, when the
addition of butanal to isopropenyl acetate was repeated with
MTG (2 X 2.5 mol%) as catalyst, the yield increased to 67%
and with MTG (2 X 5 mol%) it was 80% (Table 1, entry 4).

The thiol-catalysed hydroacylation of a number of enol esters
and silyl enol ethers with primary aldehydes was investigated
and selected results are summarised in Table 1. The products
were readily purified by flash chromatography on silica gel and
the isolated yields were generally good. Similar results, but with
somewhat lower yields, were obtained using hexane (entries 7
and 8).

The thiol-catalysed hydroacylation is generally very clean
and the material balance (yield 4 + unreacted 3) was =95% in
most reactions. Production of trace amounts of a radical-
scavenging inhibitor during the reaction (possibly related to the
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Table 1 Results of selected hydroacylation reactions at 60 °C initiated with TB

HN in dioxane«

Aldehyde? Alkene Yield 4¢
Entry 2 3 Thiol (mol%)< Conditions9 (%)
1 a a TDT (5) A 81 (74)
2 a b TDT (5) B 58
3 a b MTG (5) B 67
4 a b MTG (10) B 80 (67)
5 b b MTG (10) B 79 (63)
6 [ b MTG (10) B 68 (59)
7 a c TDT (5) Ccf 45
8 a c TDT (5) C 53
9 a c TDT (5) B 61
10 a c TDT (5) D 64
11 a c Octane-1-thiol (5) B 55
12 a ¢ Adamantane-1-thiol (5) B 56
13 a c MTG (5) B 67
14 a c MTG (10) B 90 (83)
15 a d MTG (10) B 65 (52)
16 a e MTG (10) B 36 (29)
17 a f MTG (10) B 66 (58)

@ Unless stated otherwise. » 2 equiv. based on alkene. ¢ Total amount based on alkene. 4 A = the alkene in dioxane was added during 2 h using a syringe
pump; B = half the TBHN and half the thiol was added at the start of the reaction, the remainder of each was added after 1.5 h; C = all the TBHN and thiol
was added at the start of the reaction; D = TBHN (ca. 1 mol%) and thiol (ca. 1 mol%) were added at the start of the reaction, the remainder of each dissolved
in dioxane was added during 2 h using a syringe pump. ¢ Determined by 'H NMR spectroscopy; isolated yields given in parentheses. Satisfactory

spectroscopic and analytical data were obtained for all adducts. / In hexane.

formation of «,f3-unsaturated carbonyl compounds by elimina-
tion from the aldol adducts) is probably responsible for the
incomplete consumption of alkene under the conditions used.
Further optimisation of the reaction conditions should lead to
increased conversion of 3 and, thus, to increased yields of 4.

Reaction of butanal with vinyl acetate 3a under the usual
conditions gave an 8: 1 mixture of 4 with the ‘dimeric’ product
formed by addition of 1 to a second molecule of alkene before
H-atom transfer from the thiol. However, when the alkene was
added slowly to the reaction mixture using a syringe pump, the
ratio 4 :dimer increased to 12:1 and the yield of 4 was 81%
(entry 1).

The classic aldol addition of an enol or enolate derivative to
an aldehyde or ketone is one of the key reactions for carbon—
carbon bond formation; it is a heterolytic process and acids or
bases (Brgnsted or Lewis) are often present. The com-
plementary thiol-catalysed radical-chain addition reaction de-
scribed here, although certainly more limited in scope, takes
place in non-polar solvents under mild, neutral conditions.

We thank the EPSRC for support.

Footnotes

+ TBHN decomposes cleanly to form fert-butoxyl radicals and nitrogen;'°
in the absence of TBHN no 4 was produced.
I This is the mixture of isomers of trert-C,,H,sSH obtained from Aldrich.
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