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y-Hydroxy-a,f-acetylenic esters are used as precursors to prepare y-hydroxy-a,f-alkenoic esters by means of trans-selective additions of
two hydrogen atoms or one hydrogen atom and one iodine atom across the triple bonds. These methods allow for the preparation of -substituted
and o,f-disubstituted alkenoic esters in highly stereoselective manners.

Stereoselective alkene synthesis is an important topic inseveral steps from the corresponding aldehydes, have po-

organic synthesisOf particular interest are the preparation

tential to be excellent precursors B(Scheme 1). However,

of a,5-alkenoic esters because these compounds are versatiléhe conversion oA to B is extremely raré,presumably due

synthetic intermediatéd and are contained in many natural

to the lack of a general method for achieving trans addition

productst This class of compounds has been prepared by of two hydrogen atoms across the triple bond in a kinetically

several different methods$;®among which the most common
method is the Wittig approach. The shortcomings of the
Wittig approach are thadi-alkoxy (or hydroxy) aldehydes
are prone to epimerization and that@alkoxy group often
influences thee:Z selectivity of the Wittig reactions, often
generating a mixture of stereocisoméfs.

Alternatively, y-hydroxy-o,3-acetylenic ester#, which
can be prepared enantioselectively by known methaus
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Scheme 1. Trans-Selective Reduction of Acetylenic Esters
OH
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alcohols are known, calling for LiAll--NaOMe in THF at
reflux!® or NaAlH,(OCH,CH,OCH,), (Red-Al) at room
temperaturé! However, these reaction conditions are not
compatible with many functional groups. Herein, we report
a general method for preparing from A by a simple
procedure using readily available sodium borohydride or
Red-Al at lower temperatures.

Recently, we reported the reduction of ketdh# form
(E)-enoate 3 (Scheme 232 We hypothesized that this

Scheme 2. Trans-Selective Reduction gfKeto-a,3-acetylenic
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not detected

unexpected stereoselective reduction of the ynoate proceede

through intermediate@.

To test this hypothesis, we treated alcoalith NaBH,
at —34 °C in methanol and found thaE}J-enoate5 was
formed in 86% isolated yield (Scheme 3, eq a). We were

Scheme 3. Control Experiments to Elucidate the Mechanism of
the Trans-Selective Reduction of Acetylenic Esters
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not able to detect any other byproducts even when this
reaction was performed in an NMR tube in €D (from
—72 to 20°C) in an attempt to detect minor products.

To gain insight into the mechanism of this stereoselective
reduction, this reaction was carried out in £ID (eq b).
Subsequently, the deuterated compo@mnas isolated as a
sole product, suggesting the conjugate addition of a hydride
at C-3 of4. To address the role of the hydroxy group at the
y-position in this stereoselective reduction 4fthe TBS-
protected derivative was subjected to the same reaction
conditions (1.2 equiv of NaBHn MeOH at—30 °C), which
resulted in the recovery of the starting material in a
guantitative yield. When this reduction was carried out at 0
°C for 1 h, the NMR spectrum of the resulting crude mixture
showed the presence of approximately 15% encai&sZ
= 1:2) together with 80% of the starting material (eq c).
We also treated acetylenic es@ewith NaBH, in methanol
at 0°C, which resulted in the recovery of the starting material
in nearly quantitative yield (eq d). These results suggest that
the reduction o#i to 5 is facilitated by the/-hydroxy group,
and this hydroxy group is involved iB/Z stereocontrol. To
determine whether this reduction was a thermodynamic or a
kinetic process, NaBlvas added to a solution af)-enoate
10 in methanol at—34 °C. The olefin was reduced to the
saturated methyl estdrl, and no trace ofE)-olefin 5 was
detected (eq e). This result indicates ttra reduction o4
to 5 is kinetically controlled

This (E)-selective reduction of acetylenic esters appears
‘fio be general, as shown in Table 1. Upon treatment of the
acetylenic ester® and4 with NaBH, in methanol (condition
a), the correspondingd)-enoated were obtained in good
to excellent yields with littleE. The base-sensitive-Fmoc
group of alcoholl2'3 was found to be compatible with this
method, providing the corresponding){enoate in quantita-
tive yield with excellent E)-selectivity (£)-isomer was not
detectable). Sterically more hindered alcoH@and14 gave
somewhat compromised stereoselectivities.

To further improve the K)-selectivities of the sterically
hindered alcohol§3and14, we turned our attention to other
reducing agents. After screening various reducing agénts,
we found that Red-Al showed excellerif){selectivities in
the reduction of alcohol$3and14to form the corresponding
o,B-alkenoic esters (Table 1, condititm). It is noteworthy
that the!H NMR analyses of the crude mixtures of these
two reactions indicate that neither formations of the corre-
sponding Z)-enoates or saturated compounds nor reduction
of the methyl esters occurred. To test the compatibility of
this Red-Al reduction with an epoxide, compoubst! was
treated with Red-Al at-72 °C for 25 min to afford the
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Table 1. Scope of NaBH and Red-Al Reductions of
Acetylenic Esters €

H
conditions
R ST
R

co,Me  @Or b Ry COxMe
R
C D E
- isolated
substrate conditions  vield (%) D:E
2 a 70 2D only
(2D =3)
4 a 86 4D only
(4D =5)
H
FmocHN § 12 a quant. 12D only
CO,Me
H
He X 13 a 75 5.5:1
orex coz,&e ) b 80 13D only
H
a 60 41
A\ (14)
COMe b 7 14D only
H
M (15) b 80 >40:1
o~ CO,Me

aReagents and conditions: (a) NaBf.2—4 equiv), MeOH,—34 to 0
°C, 15-50 min; (b) Red-Al (2 equiv), THF-72 °C, 25 min.

corresponding K)-alkenoate in 80% vyield. Therefore, the
NaBH;- or Red-Al-mediated E)-selective reductions of

to form allenolateG. We postulate two possible pathways
from this point. Either allenolat& reacts with MeOH or
H,0 acidified by the Lewis acid formed at the bottom face
of the allenolate as shown iH (patha) or ate complex
reacts with MeOH or KD to form compoundD. These
working hypotheses imply wide applications of this method
by using other electrophiles.

To extend the application of the trans-selective Red-Al-
promoted conjugate addition toward acetylenic esters, the
Red-Al reduction oft was quenched with rather than water
(Scheme 5). Subsequently, we isolated vinyl iodidkein

Scheme 5. Preparations of Highly Functionalized,
o,-Disubstituted Alkenoatés
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aReagents and conditions: (a) Red-Al (1.5 equiv}2 °C, 25
min; then b (5.0 equiv),—72 — —10 °C, THF, 2 h, 78%; (b)
1-hexyne (2.0 equiv), Pd(BR),; (10 mol %), Cul (5 mol %),
i-PLNH (excess), 23C, 6 h, 64%; (c) ChH=CHSnBuy (1.2 equiv),
Pd(PRP)CI; (2 mol %), DMF, 23°C, 48 h, 45%.

78% yield®® This vinyl iodide could be transformed into
disubstituted alkenoatels’ (64% yield; not optimized) and

acetylenic esters are compatible with both the base-sensitive; g (45% yield; not optimized) by means of Sonogashira

N-Fmoc group and the electrophilic epoxide.

We speculate that this unusual trans addition of two
hydrogen atoms across the-C triple bond can be accounted
for by either of the following mechanisms (Scheme 4). First,
both Red-Al and NaBH react with alcoholC to form
intermediatd~. Then, a hydride is delivered intramolecularly

Scheme 4. Plausible Mechanisms
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coupling and Stille coupling, respectively. These two-step
schemes have potential for the preparation of highly conju-
gated disubstituted alkenoates in a trans-selective manner.
In conclusion, we have developed a general method for
preparing synthetically versatil&)Y-enoate® and ¢)-enoate
16 from acetylenic ester€ under mild conditions. The
working hypothesis depicted in Scheme 4 indicates that it is
possible to further functionalize intermediaB or | with
other electrophiles.
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(15) @)-geometry of vinyl iodidel6 was determined by means of a
NOESY experiment after the DIBALH reduction of a closely related
compound (see Supporting Information for details).
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