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Stereoselective approach to alk-2-yne-1,4-diols. Application to
the synthesis of musclide B
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Abstract—An expedient method for the stereoselective preparation of alk-2-yne-1,4-diols has been achieved, based on the addition
of chiral alk-1-yn-3-ols (or their protected derivatives) to aldehydes mediated by zinc triflate, Et3N, and (+)- or (–)-N-
methylephedrine. In general, the configuration observed at the emergent stereocenter depends on the N-methylephedrine employed
resulting in good to excellent diastereoselectivities. This strategy has been applied to the enantioselective synthesis of musclide B,
a bioactive metabolite from musk. © 2002 Elsevier Science Ltd. All rights reserved.

Achieving stereocontrol in the construction of acyclic
systems is of considerable interest in organic synthesis.
In particular, the efficient construction of chiral alk-2-
yne-1,4-diols (1) and/or (E)-alk-2-ene-1,4-diols (2) is a
challenging goal not only because these substructures
are often present in natural products,1 but also due to
the fact that such compounds are amenable to conver-
sion into saturated diols and other useful chiral
synthons.2

In this connection, we have recently described a route
(Scheme 1) to chiral C2-symmetrical unsaturated 1,4-
diols through the oxazaborolidine-mediated reduction
of the parent acetylenic3 (3) or ethylenic diketones (4).4

Moreover, we have applied these diols to the syntheses
of (–)-methylenolactocin and (–)-phaseolinic acid.5

Nonetheless, this approach to compounds 1 and 2

suffers from some limitations: (i) unsymmetrical start-
ing diketones 3 or 4 (R�R�) are not as easy to obtain
as the symmetrical ones;6 (ii) the reduction of diketones
with a chiral reagent obviously tends to give rise to two
stereocenters with the same configuration, leading to
the syn products rather than the anti isomers (meso
compounds when R=R�). In addition, if any derivative
with one protected hydroxyl group is required, an
additional, sometimes troublesome regioselective
monoprotection step has to be achieved.

Very recently, Carreira et al. reported the enantioselec-
tive addition of Zn-alkynylides to aldehydes using com-
mercially available zinc trifluoromethanesulphonate
(zinc triflate), (+)- or (–)-N-methylephedrine and Et3N
to afford highly enantioenriched propargylic alcohols.7

Based on these studies, we envisioned that addition of a
chiral O-protected propargylic alcohol, 5, to an alde-
hyde could provide a ready access to the syn- or anti-
propargylic diols 1 in a predictable way by using Car-
reira’s methodology. This would be the case if, as
expected, the stereochemical course of the addition was
ruled by the chiral auxiliary rather than by substrate
control (see Scheme 2).8 Since chiral compounds 5 are,
in turn, available in both configurations by different
ways, including the enantioselective reduction of the
parent ketone9 or the aforementioned addition of Zn-
alkynylides to aldehydes, this strategy could constitute
a flexible, modular approach to any stereoisomer of 1
(or their monoprotected derivatives 6). We wish to
report here our findings in this connection.

In order to assess the viability of this strategy, we
launched the study of the addition of some representa-
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Scheme 2.

tive protected, highly enantioenriched alk-1-yn-3-ols
(5)10 with a few aldehydes in the presence of zinc
triflate, (+)- or (–)-N-methylephedrine and Et3N.11 With
regard to the results summarised in Table 1 some
remarks should be noted:

(i) Reactions worked well in the absence of solvent
or, even better, with a very small amount of dry
toluene. Although not pointed out in Table 1 for the
sake of simplicity, lower yields or longer reaction
times were observed in a number of preliminary
experiments using 0.3–0.5 M toluene solutions of
terminal alkynes 5 (for instance, 6a was obtained in
24% yield besides a 55% of recovered starting 5a,
after 1 day at 65°C, entry 1 in Table 1).
(ii) In general, good to excellent yields were noted in
all the cases. With regard to the stereochemical con-
trol, the use of (+)- or (–)-N-methylephedrine mainly
determined the configuration of the new stereocenter.
Monoprotected diols were formed in excellent
diastereoselectivities12 in the matched cases (entries 2,
4, 6, 8–10, 12 and 14) but also good in the mis-
matched ones (entries 3, 5, 7, 11 and 13).
(iii) The process is tolerant with a range of protective
groups (benzyl, benzoyl, acetyl, and tert-
butyldimethylsilyl groups). However, faster reactions
and, in general, better stereoselectivities were noted
for alkynes with the hydroxyl protected as benzoate
or acetate (2–4 hours at 20°C)13 than for alkynes
protected as silyl ethers (overnight at 20°C) or benzyl

ethers (5–12 h at 65°C).14 This fact can be attributed
to the higher acidity of propargylic esters 5b and 5d–f
in comparison with propargylic ethers 5a and 5c,
which probably favours the formation of the Zn-
alkynylide intermediate in the reaction media.

We then attempted to expand the scope of this reaction
to simpler, unprotected alk-1-yn-3-ols. Although the
successful addition to aldehydes of the Zn-alkynylide
derived from 2-methylbut-3-yn-2-ol, which bears a free
tertiary alcohol, has been recently reported by Carrei-
ra’s group,10 related additions with substrates contain-
ing a less hindered, unprotected alcohol were still
undocumented. Since in a series of preliminary experi-
ments using representative propargylic alcohols in the
absence of solvents, we observed moderate yields of the
expected unprotected diols 1,15 we turned our attention
to toluene solutions. To our satisfaction, the expected
diols were obtained in useful yields and good to excel-
lent selectivities, as shown in Table 2.16

These goods results prompted us to apply this strategy
to an enantioselective synthesis of musclide B, a car-
diotonic potentiating principle present in musk. Musk,
a dried secretion from the preputial follicles of a male
musk deer (Moschus moschiferus L.), has been pre-
scribed traditionally in Chinese medicines, based upon
its three pharmacological actions, cardiotonic, sedative
and anti-inflammatory properties. Kikuchi et al. have

Table 1. Addition of O-protected (S)-1-alkyn-3-ols (5) to aldehydes

Entry Yield (%)ProductT (°C)N-MethylephedrineR� in R�-CHOAlkyne syn/anti

(−)1a Cyclohexyl 65 6a 24 –5a
5a Cyclohexyl (−)2 65 6a 94:670

6:94(+)Cyclohexyl5a3 816a65
5a Isopropyl (−)4 65 6b 75 93:7

13:87Isopropyl (+) 655 6b5a 70
98:25b6 Isopropyl (−) rt 6c 97
7:93Isopropyl (+) rt7 6c5b 90

8 99:1646drt(−)tert-Butyl5b
856ert 96:4(−)Isopropyl5c9

99:1tert-Butyl (−)10 rt5d 6f 72
5d tert-Butyl (+)11 rt 6f 78 7:93

Isopropyl5e 95:512 846grt(−)
10:907213 6g5e rt(+)Isopropyl

5f Cyclohexyl14 (−) rt 6h 76 98:2

a Reaction performed in a 0.3 M toluene solution.
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Table 2. Addition of unprotected (S)-1-alkyn-3-ols to cyclohexanecarbaldehyde

Alkyne (R)Entry N-Methylephedrine Time (h) Yield (%) syn/anti

(−) 31 82Methyl 95:5
Methyl2 (+) 4 99 17:83

(−) 40Cyclohexyl 683 99:1
(+) 40 604 3:97Cyclohexyl

reported that the cardiotonic activity is due to the
presence of three aliphatic 1,4-diol monosulfates,
musclides A1, A2 and B.17 Very recently, Tezuka et al.
have determined the structure of musclide B to be
(2R,5S)-2-hydroxy-7-methyloct-5-yl hydrogen sulphate
(7) (Fig. 1) by comparison of the natural product with
the 2S,5R and the 2R,5R stereoisomers obtained from
(S)-(–)-ethyl leucate.18

Our approach to musclide B is summarised in Scheme
3. The slow addition of 3-methylbutanal to the Zn-
alkynylide derived from ent-5a in the presence of (+)-
N-methylephedrine afforded the monoprotected diol 6i
in a 90:10 (R,R)/(R,S) ratio.19 After reduction of 6i
with LiAlH4 in THF, the minor R,S stereoisomer was
separated by chromatography (MPLC, hexane/ethyl
acetate 98:2) to obtain diol 8. Finally, hydrogenation of
8 on Pt afforded the known saturated diol 9.20 Since an
efficient transformation of 9 into 7 has been
described,18 this approach constitutes a formal,
stereoselective synthesis of musclide B.

In summary, we have demonstrated that the stereose-
lective addition of chiral 1-alkyn-3-ols (or of their pro-

tected derivatives) to aldehydes mediated by zinc
triflate, Et3N, and (+)- or (–)-N-methylephedrine consti-
tutes an efficient, modular way to prepare chiral syn- or
anti-2-alkyne-1,4-diols (or their monoprotected deriva-
tives). This strategy has been applied to the synthesis of
musclide B, a bioactive metabolite from musk. It
extends the scope of the enantioselective alkynylation
of aldehydes recently described by Carreira’s group.
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