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Redox isomerization is a synthetically important process

Note

TABLE 1. Conversion of 1to 2 and 3
OH

)\ O CO,Me o
D — +
Ph” X on N N NZN co,Me
CO,Me
(D)
1 (3-a+)2 3
entry base solvents ta 2:3
1 PrL,NEt CDCk 60 1.2:1
2 PrNEt CsDe 126 1.0:1
3 'PrNEt DMSO-ds 12 1.6:1
4 'PrNEt DMSO-dg/D20 (8:1) n.d. 3d-2 only
5 NaHCQ DMSO-dg/H20 (8:1) n.d. 2only

important substrates in DietsAlder cycloaddition¥~1° and
potentially in many other cycloaddition reactios.and E-y-
oxo-a,5-alkenyl ester® andC are interesting electrophiles as
a result of their distinct reactivities, with the greater electro-
philicity of C compared to that oB.2° Presumably because of
such differences, they exhibit distinct biological activitfés.
These distinctive chemical reactivities and biological activities

because it creates two new functional groups in the product, yrompted us to develop divergent synthetic methods to prepare

among which is the isomerization of propargylic alcohols
to conjugated enones. Althougkenones have been prepared
by this approachZ-enones could not be accessed. We
previously reported DABCO-catalyzdelselective isomer-

ization of electron-deficient propargylic alcohols to enones

a range of analogB andC from common intermediateA.

We have recently reported the stereoselective isomerization
of A (and other electron-deficient propargylic alcohols)Go
using catalytic DABC(122Despite the synthetic and biological
importance of esterB, the only general approach towaBdis

and its mechanism. Based on this mechanism, we have nowthe oxidation of 2-alkoxyfurans that are not readily accesgble.

developed the firstZ-selective redox isomerization of
electron-deficient propargylic alcohol to enone using sodium
bicarbonate as a catalyst.

Presumably for this reason, the full synthetic and biological
potential ofB has not yet been explored. In this paper, we wish
to describe a convenient and highly stereoselective method to
produce B from readily availableA.242% This is the first
stereoselective isomerization of electron-deficient propargylic

Diversity-oriented organic synthesis has emerged as a newalcohols to the correspondirfyenones.

paradigm to discover small molecules that perturb biological
processes. In this field, a new and exciting challenge is to

develop synthetic methods to prepare skeletally and stere-

ochemically diverse bioactive small molecules from common
substrated. As part of our efforts in this area, we became

interested inZ- and E-y-oxo-a,3-alkenyl estersg andC, eq

1) and their derivatives. These moieties are part of biologically
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important natural and unnatural compouidé and are also
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based hydrogenation of was notZ-selective, providing a
mixture of 2 and 3 in a 1:5 ratio in favor of3. Therefore, the
lack of a convenient method to prep&prompted us to develop

a new synthetic methodology so that we would be able to
prepare bott2 and 3 stereoselectively from the same precur-
sor 1.

We previously screened various organic bases (DBU, DMAP,
DABCO, EgN, 'PLNEt) in NMR solvents (CDG, CeDs,
DMSO-ds, CD:CN) to convertl to 3.22 As Table 1 shows, we
discovered thaPr,NEt catalyzed the conversion afto 2 and
3in CDClz (entry 1) and @D (entry 2) and more rapidly in
DMSO-s (entry 3). In the presence &PrLNEt, the E:Z ratio
remained the same even aftewvas consumed, excluding the
possibility for isomerization o to 3. Although the stereose-
lectivity was less than desirable at this point, ranging from 1:1
to 1.6:1, we became interested in the mechanism of this
moderately Z-selective transformation. To determine how
hydrogen atoms are transferred in tReNEt-catalyzed isomer-
ization of1, we subjected to 10 mol % of P.NEt in a DMSO-
ds—D20 mixture (8:1) at 23C and monitored the reaction in
an NMR tube. To our surprise, this experiment generated
exclusively 3d-2 (entry 4) and noE-isomer! This high
Z-selectivity is not due to the potential selective degradation of
3 since compoun@® was found to be stable under the reaction
conditions.

The position of the deuterium incorporation indicates that the
mechanism is analogous to the DABCO-catalyEeselective
isomerization, except that the finZlto E isomerization does
not take place. In other words, as shown in SchemBrZtN
first abstracts the 4-H to form cumuleno&teT his intermediate
is then protonated byPrLEtNH™ to form the allene intermediate
6. It is worthwhile to mention here tha®PrLEtNH™ reacts faster
with 6 than with DO (i.e., no proton exchange with water)
during this process, analogous to our previous stiiies.
Intermediate6 then abstracts a deuterium atom froraC(Dto
generate 3+2. An alternative mechanism has recently been
described for a closely related transformation, in which the

(26) Sonye, J. P.; Koide, KOrg. Lett 2006 8, 199-202.
(27) Wang, S.-H.; Tu, Y.-Q.; Wang, MTetrahedron Lett2006 47,
8621-8623.

JOCNote

TABLE 2. Scope ofZ-lsomerization

Entry Substrate Product Time (h) Yield (%)
OH 0  CO,Me
1 S Z 25 76
©)\002Me ©)v
1 2
OH 0  COEt
2 Q)\co i ©)‘\/ 73 55
7 2 8
OH 0 CO,Me
3 /@\ W 3 50
FiC 9 coMe ¢ 10
OH 0 COMe
4 O)\ O)\/ 18 58
MeO 1 CoMe oo 12
Br OH Br O CO.Me
5 @2\ @/“\/ 54 20
CO,Me
13 14
F OH F 0 COMe
6 @/\COM @2‘\/ 38 22
15 2 16
OH 0 CcO,Me
7 AN SANA 75 57
Vo Scome \_0 (0.9 equiv of
17 18 LiBr was added)
OH 0 CcO,Me
8 ©/\)\ ©/\)K/ 75 53
CO,Me
19 20
s 0 coMm
L Ne
9 W\co PP 24 52
21 e 22
OH Complex
10 /\/\)\ 75 rixture
CO,Me
23
g Compl
omplex
1 O)\ 44 mixture
CO,Me
24

authors proposed a 1,3-hydride sRifTheir transformation can
also be explained by extending our mechanism presented here
and in our previous communicatidhwhich does not involve

the 1,3-hydride shift that is known to be antarafacial and thus
requires extremely high temperati#fe.

With such highz-selectivity in wet DMSO, we screened other
non-nucleophilic bases and found that NaHG@o catalyzed
the conversion ofl to 2 (entry 5, Table 1). After some
optimization efforts, we found that this transformation was
efficient whenl was treated with 0.5 equiv of NaHG@nd
0.1 mol % of hydroquinone (as a possible stabilizet ahd2)
in an 8:1 DMSG-H,0O mixture. Under these conditiordwas
obtained in 76% yield with tracd (~1%) after 24 h at 23C
(Table 2, entry 1).

We then set out to determine the scope of this method. Unless
specifically noted, the following reactions provided exclusively
Z-products. To verify that the optimized conditions can be
applied to other types of esters, the ethyl e3téentry 2) was
treated with NaHC@to generated in 55% isolated yield. The

(28) Baldwin, J. E.; Fleming, R. Hl. Am. Chem. So0d972 94, 2140~
2142,
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TABLE 3. Isomerization of Phosphonate 25
OH Reagent(s)
; OEt o
Ph)\ ot (0.5-0.75 equiv) 0 %o, I P,?g.E '
P-OEt DMSO/H,0 (8:1) pp e s
0 23 °C
25 26 27
combined
entry reagent(s) time (h)  26:27 yield (%)
1 NaHCQ 52 1:2 45
2 NaHCGQ + LiBr 52 1:>20 50
3 KHCGO; 50 1:4 n.d.
4 CsHCQ (40°C) 29 1>20 38
SCHEME 3. Diels—Alder Reactions of Z- and

E-y-Oxo-a,f-Alkenyl Esters
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more electron-deficient trifluoromethyl derivati@&(entry 3)
and the electron-rich substratel (entry 4) underwent the
isomerizations smoothly, providing th&products10 and 12
in 50% and 58% yields, respectively. Thédoromo derivative
13 (entry 5) was converted to its derivativiel in 20% yield
after 48 h. We also recovered the starting matet&in 20%
yield. Similarly to this example, anothertho halo-substituted
compound proved to be a poor substrate: atfleioro derivative
15 (entry 6) underwent isomerization to git& in 22% yield.
Interestingly, the isomerization of compoudd (entry 7)
under the above conditions generated a mixtur&@-pfoduct
18 and itsE-isomer in a 3.5:1 ratio (not shown). However, the
presence of LiBr (0.9 equiv) as an additive allowed for the
exclusive formation ol8in 57% yield, indicating compatibility
with furans. The cinnamylalcohol derivativé9 (entry 8)
underwent the isomerization more rapidly (7.5 h) than most other
substrates to afford the diene compo@trin 53% yield. The
aliphatic alkene derivativ@l (entry 9) provided the expected
product 22 in 52% vyield, whereby the crude NMR did not
indicate any byproduct formation. This result shows that the
NaHCGOs-catalyzed isomerization is not limited to aromatic
compounds. Unfortunately, substrag&and24 (entries 10 and

11) generated intractable mixtures under the reaction conditions.

(29) Friess, S. L.; Farnham, Nl. Am. Chem. Sod95Q 72, 5518~
5521.
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The isomerization of phosphonat®s under the above
conditions gave a 1:2 mixture @6 and27 in 45% combined
yield (Table 3, entry 1). In an attempt to improve tide
selectivity, we screened related bases. Because LiHE 6ot
commercially available, we mixed NaHG@iith LiBr (1:1) to
test the effect of cations. Interestingly, these modified conditions
increased thé&-selectivity (entry 2). With other bases such as
KHCO;3 (entry 3) and CsHC@(entry 4), we were only able to
improve theE-selectivity. Thus, this challenging transformation
would require further substantial investigation for thelefin
formation.

To demonstrate the viability of our base-dependent isomer-
ization methods in the context of diversity-oriented synthesis,
we subjected compoun@sand3 to Diels—Alder reactions with
2,3-dimethyl-1,3-butadiene (10 equiv) in the presence of AICI
(0.2 equivy”18for 1.5 h (Scheme 3). From thi&compound2,
the correspondingis Diels—Alder product28 was generated
in 86% yield without epimerization. The-substrate3 afforded
29 in 94% yield. Since a cyclohexyl group has a higher
migratory aptitude than a phenyl group in Baey¥illiger
oxidation reactiong? the benzoyl groups i28 and 29 could
serve as precursor for benzoyl-protected hydroxy groups.

In conclusion, we have developed the first method to
stereoselectively transforéy to B using catalytic NaHC®in
DMSO—water. This divergent approach to prep&@end C
from A should allow for the preparation of stereochemically
diverse small molecule libraries.

Experimental Section

General Procedure for the Preparation of Z-Olefins. To a
solution of alkynoate (0.2500 mmol) in 1:38—-DMSO (1.25 mL
total) at 23°C was added a 0.01 M solution of hydroquinone in
DMSO (25uL, 2.5umol). Subsequently, NaHG{15.8 mg, 50.0
umol) was added in one portion, and the resulting solution was
stirred at the same temperature for the indicated time. The reaction
was then diluted with water (25 mL) and then acidified to pH 3
with a pH 3 phosphate buffer. The resulting aqueous mixture was
extracted with BO (25 mL x 3). The combined organic layers
were then washed with water (25 mL) and brine (25 mL), dried
over NaSQ,, filtered, and concentrated under reduced pressure.
The resulting residue was purified by silica gel chromatography
(EtOACc in hexanes) to afford the correspondiiglefin.
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