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epared in an enantioselective manner by direct copper-catalysed

acyloxylanon of alkynes w1th t-butyl peroxybenzoate High product yields and reasonable levels of induction are
obtained upon the oxidation of non-terminal alkynes with excess perester using copper-bisoxazoline complexes
as catalysts. © 1998 Elsevier Science Ltd. All rights reserved.
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Propargylic alcohols and their derivatives are important synthetic intermediates, and can be used for the
1 . . .
preparation of £ or Z allylic alcchols, chiral allenes’ and a variety of other functionalised synthetic building

blocks. At the present time, there are three general methods for preparation of e nantlomencally pure propargylic
alcohols: the addition of alkynyl organometallic reagents to aldehydes (2+3—1),” the addition of organometallic
reagents to alkynyl aldehydes (4+5—1),® and the reduction of alkynyl ketones (6—1)* (Scheme). Although
some of these methods have general applicability, many of them involve the use of air-sensitive reagents,
require stoichiometric amounts of a chiral additive, or deliver propargylic alcohols of modest enantiomeric
purity. In an effort to develop a novel and efficient general strategy for the direct enantioselective synthesis of
propargylic alcohol derivatives that circumvents these problems, we have explored the catalytic asymmetric
propargylic oxidation of unfunctionalised alkynes (7—1) (Scheme). The results of our preliminary
investigations directed towards this objective are described in this Letrer.
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Scheme
As far as we are aware, the direct enantioselective synthesis of propargylic alcohols by oxidation of simple

alcohols from unfunctionalised alkenes using an asymmetric variant of the Karabh -Sosnovsky reaction,” we
initiated a programme to develop an analogous catalytic reaction for the enantioselective oxidation of alkynes to
propargylic alcohol derivatives.

alkynes is unprecedented. Following our recent work concerning the enantioselective synthesis of &lyli‘



There are very few examples of propargylic oxidation using the Karash-Sosnovsky acyloxylation reaction,
the first general study having been performed by Kropf and co-workers in 1977.° The results of that study
showed that the acyloxylation of some simple alkynes could be performed under rather harsh conditions to
provide esters of propargylic alcohols in low or modest yields (eq. 1). In order to establish the viability of this
reaction, we commenced our studies by performing some of the reactions described by Kropf, but under milder
conditions (acetonitrile, 40 °C) and with a more suitable copper(I) source [Cu(MeCN),PF]. Similar yields (13-
51%) to those reported by Kropf were obtained when an excess of the alkyne was used.® Alkynes were found
to be very much less reactive substrates than alkenes and reactions took several days to proceed to completion.
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After confirming that is was possible to accomplish propargylic oxidation using the Karash-Sosnovsky
reaction, we turned our attention to the development of an asymmetric variant of the reaction. Bisoxazolines
were selected as candidate ligands because we® and others’ had found them to be highly effective for the
enantioselective acyloxylation of alkenes. The ligands 10a—e and 11 were chosen as representative examples of
this class of ligands (Figure).® Preliminary investigations were then undertaken to discover whether it was
possible to perform the reaction enantioselectively and to gauge how ligand structure influences yields and
levels of asymmetric induction.
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those performed using the Kropf procedure.® Although the non-terminal alkyne 7a underwent oxidation in good
yield, the terminal alkyne 7b was oxidised in modest yield (16-47%) irrespective of the particular bisoxazoline

LyLIC

ligand used (Table 1). Low levels of asymmetric induction were obtained in all cases, but those reactions
involving ligands without gem-dimethyl substitution between the oxazoline rings (10a, 10c and 10d) provided
products with very low ee (£12%). The product yields were found to be largely unaffected by the structure of
bisoxazoline ligand employed.

The results of the screening studies revealed that bisoxazoline 10b was the most satisfactory ligand of those
investigated (Table 1). This was consistent with our findings concerning the allylic acyloxylation reaction,
which indicated that phenyl-substituted bisoxazolines were generally superior to f-butyl-substituted
hisoxazolines as ligands in these oxidation reactions.’
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Table 1. Enantioselective propargylic oxidation of 3-hexyne (7a) and 1-hexyne
(7b) using copper-bisoxazoline complexes as catalysts (eq. 2)

Substrate’ Ligand Yield 12(%)° ee(%)°
7a 10b 80 21
7b 10b 41 21
7a 10e 81 13
7b 10e 35 7
7a 11 67 7
7b 11 41 19

a A four-fold excess of the alkyne was used. b Yield of
isolated material after  purification by column
chromatography. b Enantiomeric excesses were determined
by chiral HPLC analysis.

the reaction to a wider range of alkyne qubqtrateq (Table 2) The@e studies revealed that it was possible to
oxidise 3-hexyne (7a) using either a stoichiometric amount or an excess of z-butyl peroxybenzoate without
significant over-oxidation, even with substrates containing two oxidisable propargylic positions. Significant
double oxidation was only encountered when a very large excess of percster was used and the reaction time was
extended. However, even under these conditions the double oxidation reaction was very slow and the
mono-oxidation product was still the predominant product. When the oxidation reaction of 3-hexyne (7a) was
performed using a 1:1 ratio of the alkyne and oxidant, the yields were low, so it was clear that it was best to
perform the reaction using an excess of the perester.

Table 2. Enantioselective propargylic oxidation of a range of alkynes (7a—e)
using a copper complex of the bisoxazoline 10b as the catalyst (eq. 2)

Substrate  7:Perester  Yield 12 (%) ee (%)°
7a 51 80° 21
7a 1:1 38 21
7Ta 1:2 567 21
7b 1:4 43¢ 20
7e 5:1 76°¢ 15
7d 1:4 954 51
7 1:4 2 46

a Yield of isolated material after purification by column
chromatography. b Enantiomeric excesses were determined by
chiral HPLC analysis. ¢ Yield based on the amount of perester
used. d Yield based on the amount of the alkyne used.
e Combined v!gld of nrndnr-fc rpcnlfmo from oxidation at the

methyl and methylene groups (~7:3 rano in favour of oxidation
at the methylene group).

Very high yields and reasonable levels of induction were obtained upon oxidation of non-terminal alkynes
bearing a large non-oxidisable group (e.g. phenyl or trimethylsilyl). Terminal alkynes were oxidised in lower



yield than non-terminal alkynes even when excess oxidant was used. The high yield and good level of induction
for the final example in Table 2 are especially noteworthy because alkyne substrates of this type are readily
available and the trimethylsilyl group is easily removed after oxidation to provide terminal alkynes, which can
be elaborated further.

The oxidation of the alkyne 7¢ is particularly interesting because this substrate possesses two non-
equivalent sites for oxidation that should differ in their reactivity. Under our reaction conditions, preferential
oxidation at methylene position was observed even though a statistical preference for oxidation at the methyi
group, reinforced by steric effects, might be expected. This observation suggests that electronic factors are
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The mechanism of the propargylic oxidation reaction is unclear at the present time. However, it is apparent
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in these reactions because alkyne transposxtlon or allene formatlo S not encountcred i’ Thus the pencychc
mechanism that has been proposed for allylic acyloxylation must be incorrect or a different mechanism must be
operative during the propargylic oxidation reaction.

The potential synthetic scope of the enantioselective propargylic oxidation reaction is obvious. Partial
hydrogenation of the oxidation products will provide E or Z allylic alcohols and their derivatives in non-racemic
form. This route has significant advantages compared to the direct allylic acyloxylation of acyclic alkenes
because problems associated with regiocontrol and control of alkene geometry, which are frequently
encountered during the oxidation of non-terminal acyclic alkenes, will be avoided. The propargylic oxidation
reaction has the additional advantage that complete and high yielding conversion of the alkyne can be
accomplished when an excess of the ox1danl 1s used.

Acknowledgements: We are grateful to Dr. Tan Davies (Merck Research Laboratories, Rahway, USA) for
supplying us with samples of the ligand 11 and substantial quantities of (15,2R)-aminoindanol. We thank the
DTI and EPSRC for the award of a studentship (KT) as part of the LINK Initiative in Asymmetric Synthesis,
and the University of Nottingham for the award of a grant to support some of our preliminary studies.

References and Notes

1. For the stereospecific synthesis of allenes from propargylic alcohols, see: Myers, A. G.; Zheng, B. J. Am. Chem. Soc. 1996,
ii8, 4492 and references therein.

2. (a) Mukaiyama, T.; Suzuki, K. Chem. Lett. 1980, 255. (b) Ishizaki, M.; Hoshino, O. Tetrahedron: Asymmetry 1994, 5
1901. (c) Corey, E. J.; Cimprich, K. A. J. Am. Chem. Soc. 1994, 116, 3151.

3. (a) Niwa, S.; Soai, K. J. Chem. Soc., Perkin Trans. I 1990, 937. (b) Weber, B.; Seebach, D. Tetrahedron 1994. 50, 7473.
{c) Oguni, N,; Satoh, N.; Fuji, H Symen 1995, 1043. (d) Liigjens H.; Nowotiny, S.; Knochel, P. Tefrahedron: Asymmetry
1995, 6. 2675.

4. (a) Brinkmeyer, R. S.; Kapoor, V. M. J. Am. Chem. Soc. 1977, 99, 8339. (b) Cohen, N.; Lopresti, R. J.; Neukom, C;
Saucy, C. J. Org. Chem. 1980, 45, 582. (c) Noyori R.; Tomino, I.; Yamada, M.; Nishizawa, M. J. Am. Chem. Soc. 1984,
106, 6717. (3) Midland, M. M.; Tramontano, A.; Kazubski, A.; Graham, R. S.; Tsai, D. J. S.; Cardin, D. B. Tetrahedron
1984, 40, 1371. (e) Ramachandran, P. V.; Theodorovic, A. V.; Rangaishenvi, M. V.; Brown, H. C. J. Org. Chem. 1992,
57, 2379. (D Bach, J.; Berenguer, R.; Garcia, T.; Loscertales, T.; Vilarrasa, J. J. Org. Chem. 1996, 61, 9021. (g) Helal,
C.J.; Magriotis, P. A.; Corey, E. J. J. Am. Chem. Soc. 1996, /18, 10938. (h) Matsumura, K.; Hashiguchi, S.; Ikariya, T.;
Noyori, R. J. Am. Chem. Soc. 1997, 119, 8738.

5. Clark, J. S.; Tolhurst, K. F.; Taylor, M.; Swallow, S. J. Chem. Soc., Perkin Trans. 1 1998, 1167.

6. Kropf, H.; Schrider, R.; Folsing, R. Synthesis 1977, 894.

7. (a) Gokhale, A. S.; Minidis, A. B. E.; Pfaltz, A. Tetrahedron Lett. 1995, 36, 1831. (b) Andrus, M. B.; Argade, A. B.; Chen,
mment. M C Torrahodvon Iers 1008 26 2045 (o) Andric M B - Chan ¥ Tetrahodron 1087 3 mzag

Y - Pa
AL, ramment, M. G, jelranédaron Leéll, 1555, 30, 2742. (C) ANGIUS, M. . UNCh, A, 18Iranearon 1777, 335, 10

8. (a) A. Pfaltz, Acc. Chem. Res. 1993, 26, 339. (b) C. Bolm, Angew. Chem. Int. Ed. Engl 1991, 30, 542.
9. Beckwith, A. L. J.; Zavitsas, A. A. J. Am. Chem. Soc. 1986, 108, 8230.



