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ABSTRACT
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Acryloyl chlorides, aldehydes, and PhSLi undergo a direct aldol cascade sequence in the presence of MgBr.-OEt; via in situ derived thioester
enolates, which is followed by oxidative elimination to give a-alkenyl-f'-hydroxy thioesters. Overall, the procedure is rapid, efficient, and
generally applicable, even to f-substituted acryloyl chlorides, thus providing an alternative to the Morita—Baylis—Hillman reaction with

substantially greater synthetic scope and utility.

The Morita—Baylis—Hillman (MBH) reaction enables straight-
forward access to a-alkenyl-/'-hydroxy carbonyl compounds
from adehydes and o,S-unsaturated carbonyls.™? These
products are useful synthetic intermediates due to their
multifunctional composition and, consequently, have been
elaborated into a variety of natural products and related
compounds.>® The MBH reaction has been the subject of
extensive methodological studies. Despite this, it remains for
the most part remarkably slow, requiring up to days or even
weeks for completion, depending on the nature of the
substrates used.? Furthermore, reaction yields are often quite
low, and it is by no means a general process, as it has
scarcely been reported in the context of -substituted o,f3-
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unsaturated carbony! species.? Several modifications to this
reaction have been investigated in an effort to overcome these
shortcomings, including the use of Lewis acids,> microwave
irradiation, high pressure,>® high temperature and ultra-
sound,” and aqueous media.2 While some progress has been
made toward an improved MBH reaction, no general solution
exists and reaction rates and yields remain highly variable
and often low. Herein, we report an alternative approach to
the preparation of MBH adducts that is rapid, efficient, and
generally applicable, even to -substituted a,5-unsaturated
compounds.

We recently reported an operationally simple MgBr»OEt,-
promoted four-component, direct aldol addition between
aldehydes and a thioester enolate, obtained by conjugate
addition of lithium thiophenolate to an in situ-formed a.,3-
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Scheme 1. Proposed Four-Component Direct Aldol Addition/
Oxidative Elimination Sequence
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unsaturated thioester (cf. Scheme 1, 1 — 4).° The effective-
ness of this process stems from the highly nucleophilic nature
of thiolates in forming the regquisite magnesium enolates,
coupled with the rapid addition of these species to alde-
hydes.’® Given the pronounced nucleophilicity of thiolates,
we reasoned that the scope of the coupling could be extended
to o,B-unsaturated carbonyl species having (-substituents.
If this were indeed the case, then we could potentially
connect this feature with the straightforward and rapid
oxidative elimination of thioethers (4 — 5),** thereby
developing a two-step procedure that is formally equivalent
to the MBH reaction, yet potentialy consistently high-
yielding, rapid, and most notably, general in scope.*2 While
overall this approach would introduce the requirement of an
oxidation step, the resulting decrease in the duration of the
reaction and increase in scope would more than compensate
for the additional step.

The aldol intermediates in this transformation (cf. 4)
contain afree alcohol and possess divalent sulfur in the form
of both a thioester and thioether. Consequently, chemose-
lective oxidation would be required during regeneration of
the a,-unsaturation, and this would need to be managed in
such away that the retro-aldol reaction would be suppressed.
Selective oxidation was not expected to be overly problem-
atic since the sulfur atom in the thioester is considerably
less nucleophilic than in the thioether. Furthermore, provided
that the oxidation conditions used were suitably mild, the
retro-aldol reaction should be avoidable.

We began our exploration of the thiolate-promoted oxida-
tive MBH reaction by determining if the thioether function
could indeed be oxidized without competing side reactions.
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Scheme 2. Studies on the Stepwise Aldol Addition, Oxidation,
and Elimination Sequence
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Table 1. Studies on the Oxidative Elimination of 8 to 10

OH O oxidative OH O
elimination
Ph SPh ————— Ph SPh
PhS 8 10
entry conditions time product(s) ratio” isolated
(h) formed yield of
10 (%)
1 NalO, (1.5 equiv), 12 10 + 12 21 46
MeOH-H,0 (4:1),
reflux
2 NalO, (1.5 equiv), 12 10+8 145 16
THF-H,0O (4:1), reflux
3 NalO, (1.5 equiv), 12 10+8 9:1 39
MeCN-H,0 (4:1),
reflux
4 Oxone (0.56 equiv), 18 9 n.a. 74
DMF-H,0 (1:1)
5 Oxone (0.56 equiv), 0.5 10 n.a. 78
DMF-H,0 (1:1), reflux
6 m-CPBA (1.0 equiv), 0.5 10 n.a. 93
CH,CH,; then PhMe,
reflux®
7 m-CPBA (1.0 equiv), 0.5 10 n.a. 96
PhMe, 0 °C to reflux
OH O OH O
Ph SPh Ph OMe
PhO,S™ 11 12

a Determined by 'H NMR. ® Compound 8 was treated with m-CPBA in
CHCI; for 30 min, the solvent was evaporated, PhMe was added, and the
mixture was refluxed for 30 min. n.a. = not applicable.

To do this, compound 8 was prepared from acryloyl chloride,
benzal dehyde, and lithium thiophenolate using our previously
established method.® Gratifyingly, when this compound was
treated with m-CPBA, the desired mono-oxidation product
(9) was obtained as a mixture of diastereomers, with neither
overoxidation of the thioester nor the retro-aldol reaction
detected (Scheme 2).2® On heating, the desired elimination
product was readily obtained in excellent yield (9 — 10). In
total, the process required 1.5 h of reaction time and gave a

(13) The corresponding sulfone (11) was obtained from thisreaction in
7% yield due to the presence of a slight excess of m-CPBA.
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Table 2. Four-Component Direct Aldol Addition Reaction and Oxidative-Elimination Sequence

0 PhSLi, MgBryOEt,  OH O m-CPBA, PhMe OH O
CHyCl, 0 °C to reflux, 30 min
RCHO + | cl R SPh R SPh
R! R'" “SPh R!
entry aldehyde acid aldol product time (h) yield (%) elimination product EZ9  yield
chloride (%)
1 CHO 0 OH O 05 88 OH O na 96
Cr <A, MS% Mgph
SPh
8 10
2 _~_-CHO o] OH O 05 71 OH O n.a 77
\)km /\)\EU\SPh /\)\[ﬁkSPh
SPh 22
13
3 \rCHO o] OH O 05 76 OH O na 84
\)J\CI \H\[\ksph Nsph
SPh 23
14
4 CHO o] OH O 0.5 81 OH O na 81
O/ \)J\m wsph Wsph
SPh
15 24
5 CHO o] OH O 05 71 OH O na 88
SPh
16 25
6 CHO o] OH O 2.0 80 OH 0 n.a 99
/©/ s SPH SPh
MeO
MeO SPh MeO
17 26
7 CHO 0 OH © 2.0 68 OH O 1:2.3 96
©/ /\)J\C, Msph wsph
SPh
18 27
8 /©/CHO /\)oL OH O 2.0 86 OH O 1:2.3 94
X
Fac cl Msph /wsph
FsC SPh FsC
19 28
9 CHO o] OH © 10 61 OH O 1:2.2 88
O/ /\)J\m wsph O/j)\sph
SPh
20 29
10 CHO u OH O 4.0 no n.a. n.a n.a
©/ _xn cl SPh reaction
SPh
21
#n.a. = not applicable.
76% overal yield. By comparison, the Baylis—Hillman To simplify the oxidative-elimination process, we set out
reaction between methyl acrylate and benzaldehyde con- to develop adirect, one-pot protocol to circumvent isolation
ducted neat using DABCO as the catalyst has been reported and purification of the sulfoxide intermediate. Thus, avariety
to give 39% yield of 12 after 6 days.***® of oxidizing conditions were surveyed using compound 8

Org. Lett, Vol. 10, No. 21, 2008 4821



as a model substrate (Table 1). Use of NalO, gave only
modest yields of the desired elimination product in standard
solvents (entries 1—3), and when MeOH was used a
considerable amount of the S—O acyl transfer product was
obtained (entry 1). Oxone proved to be an effective oxidant
for the transformation, providing a very good yield of the
desired product (entries 4 and 5), as did m-CPBA (entries 6
and 7), which gave even better yields.

Having developed effective conditions for the oxidative-
elimination sequence, we examined the scope of the four-
component aldol addition reaction further. This was done
using a variety of aldehydes and o,3-unsaturated acid
chlorides (Table 2), in addition to those that we had examined
previously (entries 1—5).° The four-component direct aldol
addition proved very general and provided the desired
productsin areasonably short period of time (30 minto 2 h),
with both electron-rich and electron-poor aldehydes. Hin-
dered a-disubstituted aldehydes were also amenable to the
cascade sequence and gave very good product yields (entries
3 and 4). Notably, as we had hoped, the thiolate-promoted
aldol addition reaction proceeded effectively even in the case
of the 3-substituted o, 5-unsaturated acid chloride, crotonoyl
chloride (entries 7—9). An especially interesting example
appearsin entry 9 where a hindered a-disubstituted aldehyde
and a f-substituted o, 5-unsaturated acid chloride gave the
desired adol product in good yield. The success of the aldol
addition in these hindered systems prompted us to examine
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(15) Recently, the same transformation has been reported to give 85%
yield after 3 days, although details of the reaction conditions used were
not given. See: Deng, J.; Hu, X.-P.; Huang, J.-D.; Yu, S.-B.; Wang, D.-Y .;
Duan, Z.-C.; Zheng, Z. J. Org. Chem. 2008, 73, 2015-2017.
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2002, 85, 1051-1057.
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the 5-disubstituted system, 3-methylbutenoyl chloride (entry
10), but the reaction was not successful with this very
hindered system.

Lastly, we undertook the conversion of the aldol addition
products into the corresponding a-alkenyl-f3'-hydroxy thioesters
using the oxidative-elimination protocol developed above.
We were pleased to find that this transformation also proved
both general and reliable (Table 2). In al cases, the
elimination product was produced in very good to excellent
yield, within only 30 min. Entries 7—9 are especially
noteworthy as the products obtained equate to MBH cou-
plings that would be extremely difficult, if not impossible,
to achieve under conventional conditions.

In conclusion, we have developed areliable, practical, and
genera alternative to the MBH reaction that provides
straightforward access to a-akenyl-3'-hydroxy thioesters.
Unlike the traditional MBH reaction, this procedure is
consistently rapid and high yielding and is amenable to the
use of both electron-rich and electron-poor aldehydes.
Moreover, it can be applied in situations involving both
sterically hindered aldehydes and 5-substituted o, 5-unsatur-
ated acid chlorides, thus providing access to structures that
would be difficult or impossible to generate using conven-
tional MBH reaction conditions.
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