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A geometric-selective synthesis of (  E)-f-iodo Morita —Baylis —Hillman esters has been developed through a three-component aldol-type reaction
using BF 3-Et,0 and TMS-I. The synthetic utility of the (  E)-f-iodo Morita —Baylis —Hillman esters was demonstrated in the first reported short
synthesis of secokotomolide A.

B-Branched Morita—Baylis—Hillman (MBH) estérsare (Scheme 1). Synthetic approachesZp§-iodo MBH esters
useful precursors for the synthesis of various biologically
active molecules and natural products. However, these ester:
are not easily accessible by general MBH catalifissually
they are prepared from the reactionsefetalated acrylates
with aldehydes.Another efficient route to varioys-branched
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known to proceed without changing the olefinic geometry, o
the stereoselective synthesis gfiodo MBH esters is o J\H \ oH © OH 0
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on the multicomponent couplings of,5-acetylenic esters
with aldehydes as acceptors. Recently we disclosed that Al
promoted highly (Z)-selective synthetic methbdsd ex-

tended the scope of this reaction by using various ketones
as acceptors. However, there are no convenient synthetic

methods to synthesizeE)-3-iodo MBH esters with alkyl
propiolate in one step. Here, we report the first highy-(
stereoselective approachfaodo MBH esters by using BfF
Et,O and trimethylsilyl iodide as an iodide source. The
resultant highly functionalized alkenes can be transformed
into (E)-B-branched MBH esters, which are useful intermedi-
ates of natural products. Indeed, the utility of this methodol-
ogy is illustrated by the expedient synthesis of secokoto-
molide A (Scheme 1).
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We first examined the reaction between ethylpropiolate
and benzaldehyde with various Lewis acids and iodide
anions. To our surprise, only the reaction withsBE,0 and
trimethylsilyl iodide as the iodide source affordeg){major
isomer of1, while all other reaction conditiohis® provided
the (Z)-major isomer ofl (Table 1). This is likely due to

Table 1. Results of the Three-Component Aldol-Type Reaction

OH O
o Q CH,Cly
P /J\ Ph OEt
P H =~ OEt |
[ 1
entry iodide source Lewis acid (equiv) yield?(%) E/Z°
1@ - Mgl 85 7/93
20 - Allg 88 1/>99
3¢ BuyNI Mgl 49 7/93
4 BuyNI BF3-Et20 (1.2) 26 6/94
5¢ TMS-I BF3-Et20 (1.2) 75 83/17
6¢ TMS-1I BF3-Et20 (1.2) 87 91/9
7¢ TMS-1I BF5-Et20 (0.2) 14 99/1
8¢ TMS-1 BF3-Et20 (0.7) 47 99/1

aReaction temperature is @C.P Reaction temperature is-78 °C.
¢ Reaction temperature is40 °C. 9 Yields after column chromatography.
¢ Determined by gas chromatography analysis using HP-5 trace analysis
column.

the multicoordinating Lewis acids (MglAll 5, TiCly) prefer-

ring the chairlike transition state to give the kinetically
favorable (Z)-product oflL.>8° On the other hand, in the
present system theEj-selectivity of f-iodo MBH ester
seems to be directed by thermodynamic control (Scheme 2).
When the reaction was performed for a longer time (5 days)
at—40°C, higher E)-selectivity was observed compared to
2 days (Table 1, entries 5, 6). Interestingly, the chemica
yield is closely related to the amount of BEt,O (Table 1,
entries 6—8). Although the yields were lower, thE){

Dichloromethane provided the best results in terms of yield
and E/Z selectivity of product compared to toluene, THF,
or acetonitrile. The resulting,E isomers ofl could be easily
separated by silica gel column chromatograplty)-Con-
figuration was unambiguously determined by NOESY 2D
NMR and'H NMR spectral analysis.

To evaluate the substrate scope of this methodology, we
investigated the (E)-stereoselective reaction of various al-
dehydes as aldol receptors under optimized conditions. The
optimal reaction conditions are as follows. In a dry reaction
round-bottom flask are added 1.3 mmol of ethyl propiolate
and 4.0 mL of dry dichloromethane at ambient temperature
under N conditions. The solution is cooled te45 °C, and
1.2 mmol of BR-Et,0, 2.4 mmol of trimethylsilyl iodide,
and 1.0 mmol of the aldehyde are added quickly. After
stirring for 30 min at this temperature, the mixture is placed
in a freezer {40 °C or —23 °C) for the times indicated in
Table 2. The results are summarized in Table 2.

For aromatic aldehydes, substitution by an electron-
donating group increased the reaction rate and yield (Table
2, entries 2, 3). Conversely, substitution by an electron-
withdrawing group retarded the reaction but provided the
higher E/Z-selectivity (Table 2, entries-®). Aliphatic
aldehyde¥ can be employed as electrophilic acceptors in
this reaction although they show slightly lower yields (Table
2, entries 10,11).

The synthetic utility of the present reaction was further
demonstrated by the first synthesis of secokotomolidé A,
which was isolated from cinnamomum kotoense. Secoko-
tomolide A was found to induce significant cell death in the
human HeLa cell line by apoptotic-related DNA daméate.
Secobutanolides including secokotomolide hae-long-
chain branched MBH methyl ester structures.

Thus. we utilized$-iodo MBH methyl ester for the
synthesis, which was envisioned as a suitable precursor for
the preparation of secokotomolide A and its various deriva-
tives.
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Table 2. Results of the Synthesis of Varioug)(Selective
p-iodo MBH Esters
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R™H CH,Cl,
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MBH esters
entry product R temp time yield E/Z*

() @ e

@g— -40 5 87 91/9

1 3a

2 3b Q§ -40 1 91 90/LO
3 3c @g— -40 3 91 90/10
4 3d Ph@? 40 sS85 89/
5 3e F@§— -40 8 83 946
6 3f C'Oé_ -40 8 84 93/7
7 3g BH@%' -40 8 86  95/5
8 3h NCOE' 23 5 77 95/5
9 3 F3C@§' 23 7 76 98
10¢ 3 "CeHys 23 1 6 93¢
11 3k ﬁ}h -40 3 60 93774

aYields after column chromatographyDetermined by gas chromatog-

raphy analysis using HP-5 trace analysis and cyclosil B col@rb equiv
of ethyl propiolate and 4.0 equiv of TMS-I was usédetermined by
column chromatography separation.

furnished racemic secokotomolide A, which was identical
in its spectral properties to those of the naturally occurring
secokotomolide A (Scheme 3%

Scheme 3 Total Synthesis of Secokotomolide A
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In conclusion, an efficient synthetic method f&)<{5-iodo
Morita—Baylis—Hillman esters has been developed. The new
protocol utilizes boron trifluoride diethyl etherate as the
Lewis acid promoter and trimethylsilyl iodide as the iodide
source. This methodology was successfully applied to the
short synthesis of secokotomolide A in five steps, starting
from methacrolein and methyl propiolate. The asymmetric
synthesis and application of this chemistry to other bioactive

The three-component coupling of methacrolein and me- compounds are currently in progress.

thylpropiolate under similar conditions of ethyl propiolate

produced the adduétin 60% yield and 84:1&/Z-selectivity.

After protection of the alcohol group with a triethylsilyl
group, thep-iodo MBH ester7 was subjected to a cross-
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coupling with magnesium bromide in the presence of 070-C00073)).

lithium—copper bromide. The resultinge)-S-long-chain

branched MBH methyl est@&was obtained in high yield of
83% without changing theej-geometry. Selective ozonolysis

of 8.in dichloromethane afforded the keto®@ 62% yield.

Finally, deprotection of the triethylsilyl group with TBAF
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