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ABSTRACT
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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 B1(Scheme 1). However,
of a,5-alkenoic esters because these compounds are versatiléhe conversion oA to B is extremely raré,presumably due
synthetic intermediaté8 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 method$;°among which the most common  controlled manner. (E)-selective reductions of propargylic
method is the Wittig approach. The shortcomings of the

Wittig approach are. th:?m-alkoxy (or hydroxy) aldehydes (4) (a) Aldridge, D. C.; Armstrong, J. J.; Speake, R. N.; Turner, W. B.
are prone to epimerization and that@alkoxy group often Chem. Commuril967, 26-27. (b) Weber, H. P.; Hauser, D.; Sigg, H. P.
influences theE:Z selectivity of the Wittig reactions, often gf'sf’:;%'rghﬁcﬁlgzlé?; d@?gﬁ ggggiéf%?if;hgﬁémﬁr?;Yﬁu\r{]lt{a,’\‘li;
generating a mixture of stereocisomérs. Wogan, G. N.J. Am. Chem. S0d.973,95, 54235425, (d) Huneck, S.;

Alternatively, y-hydroxy-a,5-acetylenic ester&, which Schreiber, K.; Steglich, W.Tetrahedron 1973, 29, 3687—3693. (e)

. . . Rodphaya, D.; Sekiguchi, J.; Yamada, J.Antibiot. 1986,39, 629—635.
can be prepared enantioselectively by known methads ® T%ka):natsu, S.; ?(im, Y. P.; Hayashi, M.; Hiraoka, H.; Natori, M.;

Komiyama, K.; Omura, SJ. Antibiot.1996,49, 95-98. (g) Hu, T.; Curtis,

(1) (@) Faulkner, D. JSynthesid971, 175—189. (b) Maciagiewicz, |.; J. M.; Walter, J. A.; Wright, J. L. CTetrahedron Lett1999,40, 3977—
Dybowski, P.; Skowronska, ATetrahedron2003,59, 6057—6066. 3980. (h) Smith, C. J.; Abbanat, D.; Bernan, V. S.; Maiese, W. M,;
(2) (a) Gung, B. W.; Francis, M. BJ. Org. Chem.1993,58, 6177— Greenstein, M.; Jompa, J.; Tahir, A.; Ireland, C. MNat. Prod.2000,63,

6179. (b) Ibuka, T.; Taga, T.; Habashita, H.; Nakai, K.; Tamamura, H.; 142-145. (i) Yamada, T.; Iritani, M.; Doi, M.; Minoura, K.; Ito, T.; Numata,
Fujii, N. J. Org. Chem1993,58, 1207—1214. (c) Marshall, J. A.; Elliott, A. J. Chem. Soc., Perkin Trans.2D01, 3046—3053. (j) Berg, A.; Notni,
L. M. J. Org. Chem1996,61, 4611—4616. (d) McKinney, J. A.; Eppley,  J.; Dorfelt, H.; Gréafe, UJ. Antibiot.2002,55, 660—662.

D. F.; Keenan, R. MTetrahedron Lett1994,35, 5985—5988. (e) Zheng, (5) Tanikaga, R.; Nozaki, Y.; Tamura, T.; Kaji, Synthesid983 134—
W.; DeMattei, J. A.; Wu, J.-P.; Duan, J. J.-W.; Cook, L. R.; Oinuma, H.; 135.

Kishi, Y. J. Am. Chem. S0d.996,118, 7946—7968. (f) Noda, M.; Ibuka, (6) Harcken, C.; Martin, S. FOrg. Lett.2001,3, 3591—-3593.

T.; Habashita, H.; Fujii, NChem. Pharm. Bull1997,45, 1259—-1264. (g) (7) Koenig, S. G.; Lowe, R. S.; Austin, D. Synth. Commur2002,32,
Lee, J. Y.; Chung, Y. J.; Bae, Y.-S.; Ryu, S. H.; Kim, B. H.Chem. Soc., 1379—1383.
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Scheme 1. Trans-Selective Reduction of Acetylenic Esters
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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)-enocate 3 (Scheme 232 We hypothesized that this

Scheme 2. Trans-Selective Reduction ¢fKeto-a,-acetylenic
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not detected

unexpected stereoselective reduction of the ynoate proceede

through intermediat@.

To test this hypothesis, we treated alcoalith NaBH,
at —34 °C in methanol and found thaEj}-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 compo6nias 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% enddi@gsz
= 1:2) together with 80% of the starting material (eq c).
We also treated acetylenic esgewith 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 of J2noate
10 in methanol at—34 °C. The olefin was reduced to the
saturated methyl estdrl, and no trace off)-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
go be general, as shown in Table 1. Upon treatment of the
acetylenic ester® and4 with NaBH, in methanol (condition
a), the corresponding (E)-enoateswere obtained in good
to excellent yields with littleE. The base-sensitivid-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 ((Z)-isomer was not
detectable). Sterically more hindered alcoH@and14 gave
somewhat compromised stereoselectivities.

To further improve the E)-selectivities of the sterically
hindered alcohol§3 and14, we turned our attention to other
reducing agents. After screening various reducing agénts,
we found that Red-Al showed exceller){selectivities in
the reduction of alcohol$3and14to form the corresponding
a,(-alkenoic esters (Table 1, conditid). 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

(10) Corey, E. J.; Katzenellenbogen, J. A.; Posner, Gl.FAm. Chem.
Soc.1967,89, 4245—4247.

(11) (a) Marshall, J. A.; DeHoff, B. S1. Org. Chem1986,51, 863—
872. (b) Kucera, D. J.; O’Connor, S. J.; Overman, L.JEOrg. Chem.
1993 58, 5304-5306. (c) Roulland, E.; Monneret, C.; Florent, J.3JCOrg.
Chem.2002,67, 4399—4406.

(12) Naka, T.; Koide, KTetrahedron Lett2003,44, 443—445.

(13) Shahi, S. P.; Koide, KAngew. Chem., Int. ER004,43, 2525—
2527.

(14) Besides NaBldand Red-Al, we tested NaBg&N, n-Bus;NBH,, and
BHs, none of which afforded the desired product.
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Table 1. Scope of NaBH and Red-Al Reductions of
Acetylenic Esters €

H -
conditions
RR' AN F + /
R

co,Me AOrb R CO,Me T
Cc D E
. isolated
substrate conditions  vyield (%) D:E
2 a 70 2D only
(2D = 3)
4 a 86 4D only
(4D =5)
H
FmocHN\/K (12) a quant. 12D only
COzMe
3“\
He = 13 a 75 5.5:1
orex Coz,\f,e ) b 80 13D only
H
a 60 41
x (14)
COoMe b 77 14D only
H
M (15) b 80 >40:1
o~ CO,Me

aReagents and conditions: (a) NaBf.2—4 equiv), MeOH~-34to 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 id (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 kather than water
(Scheme 5). Subsequently, we isolated vinyl iodidkein

Scheme 5. Preparations of Highly Functionalized,
o,3-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

M
NaMH, 0 '/“ H

EIT' aj\%\! —

R
Sy R"OM
Ha ke @

DEV path a l
Na® " .OMe
Nz Na
o—mMe R
’,J\fl\cozue w

LA Mo (W
B d =
\ /

o

Org. Lett., Vol. 6, No. 11, 2004

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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