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A Simple Route to «,f-Unsaturated Aldehydes from Prop-2-ynols
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2-Ynols can be isomerized stereoselectively to (2F)-enals with a ruthenium complex as catalyst.

The conversion of 2-ynols to 2-enals is one of the processes in
the synthesis of natural products owing to the easy accessibility
of ynols.! The usual approach consists of reduction with
lithium aluminium hydride (LAH) followed by oxidation with
a suitable metal oxide; this requires multiple steps and often
leads to considerable amounts of environmentally hazardous
wastes.2 This conversion can be regarded as isomerization at
the triple bond. Corey reported the isomerization of oct-2-yn-
1-ol to oct-2-enal using n-butyl-lithium.3 However, this
procedure required the conversion of the 2-ynols to ether
derivatives and also produced a mixture of oct-2-enal and the
prop-2-ynic starting materials. On the other hand, transition
metal catalysts offer a mild approach for hydrogen migrations
and so much attention has been directed towards the use of
these catalysts in the isomerization of alkenic alcohols.* Much
work relating to the intermolecular hydrogen transfer reac-
tions between acetylenes and alcohols has been reported.>
Surprisingly 2-ynols have not been employed as starting
materials for this synthetically useful isomerization reaction.
Recently, we studied the isomerization of 2-ynones to
conjugated dienonesé and of 2-ynoic esters to dienoic esters;”
we found that ruthenium complexes and aliphatic phosphine
ligands were effective in these reactions. Here we wish to
report the RuCl,(PhsP); + R3P catalysed isomerization of
2-ynols to (2E)-enals (equation 1).

The following procedure was typical. A solution of 2-ynol
[(1), 5 mmol], RuCly(PhsP); (0.1—0.2 mmol), and RsP
(0—0.4 mmol) in toluene (5 ml) was heated at reflux for about
36 h. After removal of the solvent, (2E)-enal (2) was isolated
by distillation at reduced pressure and then passed through a
column of silica gel. G.c. and 'H n.m.r. spectroscopy showed
that the product consisted of more than 95% of the E-isomer.
The results are shown in Table 1. In the absence of a ligand, or
using PhsP as the ligand, the reaction did not occur (entries 1
and 2), also Pri;P is found to be a more effective ligand than

Bun3P (compare entries 3 and 4 of Table 1). It is also found
that 2-ynols with an aryl group are less reactive than those with
an alkyl group (compare entries 3 and 8).

The mechanism of this reaction may be similar to that of the
isomerization of 2-ynones to dienones.® Ruthenium hydride
species may be formed first from the reaction of prop-2-ynols
and RuCl,(Ph;P);.8 After the addition and elimination of
Ru-H, 1,2-dienol (3) was formed, which may further tau-
tomerize to (2) (equation 2). Although two other examples of
reactions of but-2-yne-1,4-diol which yield heterocycles have
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Table 1. Isomerization of 2-ynols to 2-enals catalysed by RuCl,(PhsP); + R3P.

Entry 2-ynol Mol % cat. R;P
1 (1a) 2 —
2 (1a) 2 PhsP
3 (1a) 2 Bun,P
4 (1a) 2 PriP
5 (1b) 2 Pri;P
6 (1c) 2 Pri;P
7 (1d) 2 PrisP
8 (1e) 4 Bun;P

a Jsolated yield. ® Determined by 'H n.m.r. spectroscopy.

R;P/cat. t/h Yield/%a
0 30 ob
2 30 ob
2 36 72b
2 32 80
2 36 82
2 36 85
2 36 78
2 48 63

been reported,? this reaction is, to our knowledge, the first
example of isomerization of 2-ynols to the simple enals
catalysed by a transition metal complex.

Under the same conditions, dodec-2-yne-1,4-diol (4) could
isomerize regio- and stereo-selectively to give 4-hydroxy-(2E)-
dodecen-1-al (5) in 44% yield; in addition, a small amount of
2-octylfuran (6) was isolated in 14% yield. A possible route of
formation of 2-octylfuran may be first through an intramol-
ecular cyclization of (5) to give the hemiacetal (7), followed by
dehydration to yield (6).8°
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