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Piperonal as Electrophile in the Baylis-Hillman Reaction. A Synthesis of
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Abstract: Aromatic aldehydes are reluctant to serve as substrates for the Baylis-Hillman reaction at all
under the relatively mild conditions. In our research, we have achieved that piperonal could be an useful

roda in thie rasctis fir taniio Tha addied s,
substrate in this reaction, empioying ultrasound technigue. The adduct obtained was used in the

preparation of key intermediates for the total synthesis of hydroxylated lignans. © 1998 Elsevier Science Ltd.
All rights reserved.

The Baylis-Hillman reaction' is an emerging carbon-carbon bond forming reaction. It may be broadly
defined as a reaction between the a-position of activated alkenes (i) and carbon electrophiles containing
electron-deficient sp” carbon atom (ll) under the influence of a suitable catalyst, particularly a tertiary amine,
producing multifunctional molecules lli (scheme 1).

Scheme 1

o Ry, OH
EWG + catalyst EWG
R R’ satalysty, R
' ¥
R and/or R’ = H, alkyl, ary! i
EWG = CO,R, CN, COR
This reaction has been drawing increased attention, as evidenced by the number of publications

N

describing various aspects of the reaction including its chemo, regio, diastereo and enantioselectivity.* As a

part of a program aiming at the synthesis of lignans® we have envisaged the a-methylene-3-hydroxy ester 1,
as an useful intermediate for those compounds (scheme 2). The Baylis-Hillman adduct bears three functional
groups (i.e, hydroxyl, olefin and ester) and may therefore be expected to undergo a variety of organic
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nucieophilic carbon, foliowed by ester carbonyi group reduction couid provide the basic skeieton of the

hydroxyiated p-piperonyl-y-butyrolactone 2.
schem 2 OR TN Dnolisndinn W

Michael! addition {C-C bond formation, elongation)
In this way we envisaged piperonal 3 as an appropriate starting material to our synthesis. First
attempts to obtain 1 via Baylis-Hillman reaction involving piperonal 3, methyl acrylate 4 and DABCO as
catalyst failed (entry 13, table 1).* These results were previously observed in the literature® for aromatic

aldehydes bearing electron-releasing groups on the aromatic ring; reaction times of two weeks or more were
common and some conditions took more than twenty days to completion
OH
o . -CHO ~ / l COMa
+ DABCO
\ ‘ ™
3 ) 1
Table 1
antru randitiane? timea (davell viald 04.C
wi lll, UGV il \unyal 1S /0
1 A 21 25
2 B 20 30
3 C 15 15 (22)
4 D 8 40 (73)
a:-Conditions. A: room temperature, no solvent; B: room temperature, MeOH, THF or dioxane as solvent; C: heat or 0°C,
with or without solvent, D: ultrasound, MeOH, THF or dioxane; b: Time after which the reaction mixture no longer
Py [ PRpiy PV s B Py PN B IPRpRpRpN By N Py Ve e PR . UL + Ry ¥y . . [ Ry P, Ry Ry [Py PRy g B gy W |
evolved, c.isolated yieid based on aidehyde, after puriticalion by COIUMN C 1at f1y. in parenthesis, isolated yleid

based on recovered piperonal.

From table 1 it is clear that ultrasound technique provided better yields of the required product. These
results were completely independent of DABCO concentration (10 mol% — 1 mol). Ultrasound technique was
also employed in experiments with p-chlorobenzaldehyde and p-anisaldehyde using condition D. The results

are shown in Table 2.

Table 2
entry substrate time (days)® | vyield %°
1 p-chloro benzaldehyde 4 74(87)
2 p-anisaldehyde 4 25(90)

a: Time after which the reaction mixture no longer evolved; b:isolated yield based on aldehyde, after purification by
column chromatography. In parenthesis, isolated yield based on recovered aldehyde.
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derivative 5 (scheme 3). Michael addition of KCN to 5 in presence of NH.CI,* provided 6a/b (3:1 ratio by 'H-
NMR) in 77% vyield after purification. We have not been able to separate 6a/8b at this stage. The relative
stereochemistry of the major diasterecisomer was determined by using 'H- NMR spectroscopy. Silyl group
was removed and the resuiting alcohol’ analysed: the vicinal constant coupling Jas for the major isomer is
5.1Hz, suggesting the correspondent syn isomer (6a).® There is in the literature® another example of this syn

obtarnnanlantivib far tha Ainkhan
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Scheme 3 oH OTBS
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( T/ Tré- T'“"HB + L \]/ \|r==-\5<H — 522 e (+1)2 (R= H)

Reagents and Conditions: a)TBDMSCI, imidazol, DMF (77%); b)KCN, NH,Cl, DMF-H,Q (77%); c)LiBH., THF, 0°C —»
room temperature, 48h, 79 %; d)Column Chromatography: Hexane/EtOAc, 2:1; e) NaOH 40%, THF-H-0 (3:1), then HCI

(52%).

cyclisation.
This methodology seems to be versatile since the anti diasterecisomer could be obtained as major

product when the adduct 1 was directly submitted to the Michael addition of KCN (table 3).

Table 3
Michael Acceptor Major Adduct Ratio Yield (%)
OH OH
.0\/\/\/‘:02"‘ : co,m
( o/l\/" " <°;l\) Ha ;Ha 4:1(anti/syn) 80
1 CN
' (+HT
tI:Tss (‘)TBS
CO,Me o - ) COMe
’om <\|/\EC=;\P{“"'"5 1 tovnanti -
AN —x ™, 1 (syn/anti)
5 (+/) 6a
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in this regard it shouid be noticed that Bayiis-Hiliman adducis derived from 'nonzmnonyoe have been obtained
from activated alkenes in optically active form,? or by resolution via diastereomer crystallization using a chiral
amine-diol as agent.'® One of these protocols should be provide enantiomerically pure aicohol 1. Studies on

this subject are ongoing.
Anbnasdadmamante: Anithare thanlk CADECD far finanecial aninnart
ﬂbl\llv"wucllmllw. MULIVIO UIGIIinNn g T LT 1 nial ivial au’lpull.
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