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A two-step process for the synthesis of allylic syn 1,3-diols is developed. An intramolecular oxa-Michael
reaction onto vinyl heteroaromatic sulfones allows the diastereoselective formation of 1-sulfonyl 2,4-
diols protected as benzylidene acetals. These sulfones are then engaged in a modified Julia olefination
to furnish the olefins contiguous to the benzylidene acetal ring with good E/Z selectivity.
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The syn 1,3-diol motif flanked by an olefin is found in numerous
natural products. In the course of our studies on intramolecular
oxa-Michael reactions,1 we wanted to develop a new access to
such a motif by the sequence shown in Scheme 1. The protected
syn 1,3-diol 2 would be installed via an intramolecular oxa-Michael
addition of a hemiacetal anion, prepared in situ from homoallylic
alcohol 1 in the presence of benzaldehyde and a sub-stoichiometric
amount of base, onto a vinyl sulfone. The resulting sulfone would
then be engaged in a Julia olefination2 to give the required alkene.

We have previously reported such a conjugate addition on tolyl
vinyl sulfones 1 (Ar = Tol), which led to the corresponding b-oxy-
genated sulfones 2 in good yields.3 Since the addition of aryl sulf-
ones onto aldehydes is reversible, direct condensation of these
substituted b-oxygenated sulfones with aldehydes is not possible
because of a competing retro-Michael reaction. In order to avoid
this side-reaction, the benzylidene acetal was reduced to free the
proximal hydroxy group. Addition of the dianion of the b-hydroxy
sulfones to aldehydes was successful, but an additional two steps
(acetate or benzoate formation, and reductive elimination) were
required to form the alkene, with the issue of differentiating the
two hydroxy groups in the first step.3

In this Letter, we report a two-step synthesis of protected allylic
syn 1,3-diols from hydroxy vinyl heteroaromatic sulfones 1
(Ar = heteroaromatic). The one-pot olefination first described by
S. Julia for benzothiazolyl and pyridinyl sulfones,4 and later extended
to phenyltetrazolyl and tert-butyltetrazolyl sulfones by Kocienski5

would allow direct conversion of the intermediate b-oxygenated
heteroaromatic sulfones 2 into the protected allylic diols.6 The
challenge of this sequence is the careful selection of the reaction
conditions (especially the base) for both steps. In the oxa-Michael
reaction, an unwanted subsequent olefination product could result
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from further condensation with benzaldehyde, and the retro-Mi-
chael reaction has to be avoided during the olefination step.

We first studied the intramolecular oxa-Michael reaction with
benzothiazolyl sulfone 3a7 (Eq. 1, Table 1). Treatment of this com-
pound with excess benzaldehyde and a catalytic amount of potas-
sium tert-butoxide at 0 �C, which are the conditions that had been
optimized for phenyl sulfones,3a led to the desired benzylidene
acetal in only 24% yield (due to poor conversion), with no diastere-
oselectivity. We assumed that this conjugate addition is under
thermodynamic control, as is the case for phenyl vinyl sulfones,
thus we tried to displace the equilibrium in favor of the product
by performing the reaction at higher temperature. Raising the tem-
perature to 20 �C slightly improved the conversion and the selec-
tivity, but the result was still disappointing. Switching to
KHMDS8 improved the conversion, but not the selectivity. In addi-
tion, with KHMDS at 20 �C the olefination side-product resulting
from the condensation of 4a with benzaldehyde was isolated in
20% yield. Changing the base counterion to lithium greatly im-
proved both the conversion and the syn/anti ratio.9 Gratifyingly,
Allylic syn 1,3-diols H R'

Scheme 1. Synthesis of allylic syn 1,3-diols via oxa-Michael addition followed by
Julia olefination.
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Table 3
Optimization of the modified Julia olefination with 4c

O

Hex
5a

O

Ph

O

Hex
SO2BT

4c

O

Ph

Ph
PhCHO

base
Temp

BT = Benzothiazol-2-yl

(3)

Entry Base Solvent T (�C) Yield (%) E/Z

1 LiHMDS THF �78 to 20 41a 5:1
2 NaHMDS THF �78 to 20 75b 5:1
3 KHMDS THF �78 81 3:1
4 KHMDS DMF �60 78c 7:1
5 NaH THF 20 71 33:1

a 52% recovered sulfone.
b 10% recovered sulfone.
c 7% recovered sulfone.

Table 4
Modified Julia reactions with benzothiazol-2-yl sulfone 4c
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BT = Benzothiazol-2-yl

(4)

Entry R0 Product Yield (%) E/Z

1 Ph 5a 71 33:1
2 PhCH@CH 5b 93 1.8:1
3 PhCH2CH2 5c 70 1:3
4 i-Pr 5d 60 1:3

Table 1
Optimization of the oxa-Michael reaction with 3a

OH

R
3a

SO2BT
O

R
SO2BT

4a

O

Ph

R = PhCH2CH2
BT = Benzothiazol-2-yl

3.3 eq. PhCHO
0.3 eq. base

THF
Temp

(1)

Entry Base T (�C) Yield (%) syn/anti

1 t-BuOK 0 24 50:50
2 t-BuOK 20 35 75:25
3 KHMDS 0 50 50:50
4 KHMDS 20 54 50:50
5 LiHMDS 0 80 90:10
6 LiHMDS 20 62 90:10
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no unwanted olefination product was observed. In this case, the
yield was lower when the reaction was performed at 20 �C, be-
cause of partial decomposition of the product, and with no gain
in selectivity.

These optimized conditions (LiHMDS, 0 �C)10 were then applied
to sulfones 3b and 3c (Eq. 2, Table 2). The syn/anti ratio was de-
duced from analysis of the 1H NMR spectrum of the unpurified
products; it was lower in the case of the hindered i-Pr substituent.
In all cases, this ratio was improved after recrystallization (the
yields in Table 2 refer to recrystallized products).

Having established the feasibility of the oxa-Michael reaction,
we next examined the one-pot Julia reaction with compound 4c.
Only a few examples of modified Julia olefination with a sulfone
bearing a b-oxygenated substituent have been reported. In some
cases the reaction is straightforward, such as the olefination em-
ployed in the synthesis of phorboxazole between a b-methoxy sul-
fone and an unsaturated aldehyde.11 However, this reaction can be
plagued by b-elimination, leading to poor yields,12 or by epimeriza-
tion of the b-center resulting from a b-elimination/oxa-Michael se-
quence.13 Reaction between 4c and benzaldehyde (Eq. 3, Table 3)
was slow in the presence of LiHMDS, and the conversion was mod-
erate (less than 50%). The use of NaHMDS improved the yield of 5a,
but the conversion was still not complete. The best yields were ob-
tained with KHMDS, and the E/Z ratio was higher in DMF as a sol-
vent. This reaction was also performed with success in the
presence of NaH in THF, leading to excellent E selectivity.14 This
selectivity in favor of the E-isomer in the one-pot olefination with
aromatic aldehydes had been observed by S. Julia and co-workers.2,4c

It is worth noting that in all cases, no b-elimination or epimerized
side-products were observed, meaning that even if the b-elimina-
tion occurs, the oxa-Michael/retro-Michael equilibrium occurs fas-
ter than the olefination reaction.
Table 2
Oxa-Michael reactions with benzothiazol-2-yl sulfones 3a–c

OH

R
3a-c

SO2BT
O

R
SO2BT

4a-c

O

Ph
3.3 eq. PhCHO
0.3 eq. LiHMDS

THF, 0 ºC

BT = Benzothiazol-2-yl

(2)

Entry R Product Yield (%) syn/anti

1 PhCH2CH2 4a 80 90:10 (94:6)a

2 i-Pr 4b 82 75:25 (90:10)a

3 Hex 4c 75 90:10 (92:8)a

a After recrystallization.
The modified Julia reaction was then extended to a range of alde-
hydes (Eq. 4, Table 4). With saturated aldehydes such as hydrocinna-
maldehyde and iso-butyraldehyde, alkenes 5c and 5d were obtained
as 3:1 mixtures of isomers favoring the Z-olefin.2,5b We tried to im-
prove the selectivity by running the reaction in toluene,15 but unfor-
tunately sulfone 4c was not reactive in this solvent. Reaction with
cinnamaldehyde led to alkene 5b with poor selectivity. This tends
to prove that the behavior of unsaturated aldehydes in the modified
Julia olefination with benzothiazolyl sulfones is intermediate be-
tween those of aromatic and saturated aldehydes.

The oxa-Michael reactions were next investigated with pyridi-
nyl sulfones 7a–c.16 Reaction of 7a17 with LiHMDS and benzalde-
hyde proceeded smoothly at either 0 �C or 20 �C to give the
expected benzylidene acetal 8a with excellent selectivities9 (Eq.
5, Table 5). Surprisingly, the conjugate addition of the same sub-
strate with KHMDS at 20 �C was even more diastereoselective,
and no olefination side-product was detected. The syn/anti ratio
was very high for 8b and 8c as well.

Next, we examined the Julia olefination with sulfone 8a. Once
again, the reaction conditions that had been optimized for the ben-
zothiazolyl sulfones could not be directly transposed to the pyrid-
inyl sulfones. Reaction of 8a with benzaldehyde in the presence of
NaH in THF at 20 �C only furnished traces of the desired alkene 5e
(Eq. 6, Table 6). When the same reaction was performed in DMF,
the yield improved to 50%. Similar yields were obtained with
KHMDS, with the best E selectivity observed in dichloromethane.
In all these reactions, conversion of the starting sulfone 8a was
complete. The moderate yields stemmed from the formation of
polar side-products that could not be isolated, possibly due to ret-
ro-Michael side-reactions.



Table 5
Oxa-Michael reactions with pyridin-2-yl sulfones 7a–c

OH

R
7a-c

O

R
SO2PYR

8a-c

O

Ph
4.4 eq. PhCHO

0.4 eq. base

THF
TempSO2PYR

PYR = Pyridin-2-yl

(5)

Entry R Product Base T (�C) Yield (%) syn/anti

1 PhCH2CH2 8a LiHMDS 0 85 92:8a

2 PhCH2CH2 8a LiHMDS 20 80 94:6b

3 PhCH2CH2 8a KHMDS 20 72 >98:2
4 i-Pr 8b KHMDS 20 76 94:6
5 Hex 8c KHMDS 20 65 96:4

a 97:3 after recrystallization.
b 96:4 after recrystallization.

Table 6
Modified Julia reactions with pyridin-2-yl sulfone 8a

O

R
5e

O

Ph

O

R
SO2PYR

8a

O

Ph

Ph

PhCHO

base, solvent
TempR = PhCH2CH2

PYR = Pyridin-2-yl

(6)

Entry Base Solvent T (�C) Yield (%) E/Z

1 NaH THF 20 Traces ––
2 NaH DMF 20 50 8:1
3 KHMDS THF �78 to 20 40 5:1
4 KHMDS Toluene �78 to 20 44 9:1
5 KHMDS CH2Cl2 �78 to 20 47 16:1
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We also performed the oxa-Michael reaction with compound
10a, which possesses a methyl group at the allylic position. This
alcohol was synthesized by regio- and diastereoselective addition
of the anion of crotyl pyridinyl sulfide to hydrocinnamaldehyde,
followed by m-CPBA oxidation (Scheme 2).16 Formation of 11a oc-
curred in a good yield and with an excellent diastereoselectivity.

In conclusion, we have developed a straightforward and effi-
cient synthesis of protected allylic syn 1,3-diols, in only two steps
from hydroxy vinyl heteroaromatic sulfones. Similar good yields
and selectivities were observed for the benzothiazolyl and the
pyridinyl sulfones during the intramolecular oxa-Michael reaction,
but the yields of the modified Julia olefination were significantly
higher with the former sulfones. Olefination with aromatic alde-
hydes led to the E-isomer with excellent selectivity, while use of
aliphatic aldehydes furnished the Z-olefins as the major isomers.
This method may be very useful for the synthesis of polyene anti-
biotics and polyketide natural products, for example.
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Scheme 2. Oxa-Michael reaction with a substrate bearing an allylic substituent.
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