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The title compounds were prepared by the reaction of
diethyl (arylsulfinylmethyl)phosphonate with aldehydes in the
presence of piperidine in aceto(or propio)nitrile.

Reaction of phosphonate carbanions with carbonyls
(ketones or aldehydes) is well known to result in the Wittig-type
olefin formation called Wittig-Horner reaction.] Moreover, the
reaction of dialkyl (substituted-methyl)phosphonate (1), having
another electron-withdrawing group (EWG) as a substituent on
the methyl group, with carbonyls is the best method to give the
corresponding o, B-unsaturated ketones 2a, esters 2b, nitriles 2,
sulfoxides 2d2 etc 2e.3 and we are calling the reaction Horner-
Wadsworth-Emmons (HWE) reaction4

Horner-Wadsworth-Emimons reaction
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Scheme 1.

On the other hand, we have found out that the reaction of
sulfinyl activated-methylene compounds 3 with aldehydes (and
ketones) gave y-hydroxy-o,-unsaturated-EWG compounds 45
in which the o-carbon of the starting carbonyls was
functionalized into the y-hydroxy carbon of the product 4 via the
following three-step reaction, (1) Knoevenagel (or aldol) reaction
of 3 with carbonyls to give a-arylsulfinyl-a,-unsaturated-EWG
compounds, (2) migration of the o,3-double bond to {,y-double
bond, and (3) Mislow-Evans rearrangement of the allylic
sulfoxide to give sulfur-free allylic alcohols 4. This reaction
seems to be more useful, when we require y-hydroxy-o,f3-
unsaturated-EWG compounds 4, than HWE reaction of 1 with o.-
hydroxycarbonyls which are somewhat more difficult to prepare
than simple carbonyls used in our reaction (Scheme 2).
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Scheme 2.

Mikolajczyk et al.22 have first reported the preparation of
o, B-unsaturated sulfoxides 2d by HWE reaction of 1d with

carbonyls. Since then, there are a few works on the application of
the reaction of 1d for synthesis of some o,f-unsaturated

sulfoxides.2 However, there is no report on a reaction of 1d with
aldehydes under our reaction conditions to give dialkyl y-
hydroxy-o, 3-unsaturated phosphonate 5. Herein, we describe the
reaction of diethyl (arylsulfinylmethyl)phosphonate 1d with
aldehydes under Knoevenagel reaction conditions to give 5 which
is expected to play an important role in organic synthesis as one
of the useful vinylphosphonates reviewed by Minami et al.6

At first, we tried to allow to react 1d (Ar=XCgH4; X=H)
with hexanal to give 5a as shown in Table 1, and made it clear that
treatment under the moderate heating (at 40 "C) gave a better yield
in a shorter reaction time than that of the cases at room
temperature. Next, we examined the substituent effect of the aryl
group (p-XCgH4) of 1d, and we could obtain the desired
products 5 by using p-CICgH4 (X=Cl) derivative more effectively
than CgHs (X=H). The typical procedure is representable as
follows; diethyl (p-chlorophenylsulfinylmethyl)phosphonate 1d
(X=Cl, 311 mg, 1 mmol), hexanal (0.09 ml, 1.5 mmol), and
piperidine (0.5 ml, 5 mmol) were dissolved in acetonitrile (3.5 ml),
and the solution was stirred at 40 °C for 12 h.7 The reaction
mixture was acidified with diluted hydrochloric acid (1N) and
extracted with chloroform twice, and then usual work-up gave 5a8
as a single product.

The difference of the products between this reaction and
HWE reaction due to the reaction condition would be explained
as shown in Scheme 3. That is, our reaction condition seems to
be similar to that of the Knoevenagel reaction in which the

Table1. Reaction of Diethyl (arylsulfinyl)phosphonate
with Aldehydes (RCH,CHO)

aldehyde Reaction 5 Yieldb
Xa R) solvent temp/C time/h 1%
H CH3(CH2)3 MeCN  rt. 12 a 33
H CH3(CH2)3 MeCN r.t. 24 a 56
H CH3(CH2)3 MeCN 40 12 a 57
H CH3(CH2)3 MeCN 40 24 a 89
H CH3(CH2)3 MeCN-THF (2/1) 40 24 a 86
H CH3(CH2)3 THF 40 24 a 38
Cl CH3(CH2)3 MeCN 40 6 a 70
Cl  CH3(CH2)3 MeCN 40 12 a 86
Cl  citroneral © MeCN 40 13 b 90
Cl  i-PrO2C(CHp)p  MeCN 40 12 ¢ 57d
Cl i-PrOpC(CHp), MeCN 40 24 ¢ 59d
Cl i-PrO2C(CHp)z  BtCN 40 12 ¢ 63d
Cl  THPO(CH2)3 EtCN 40 12 d 71
Cl PhS(CH2)3 EtCN 40 12 e 77
Cl ¢-CgH11CHO MeCN 40 20 f <25

2 Substituent(X) in p-XCgH4SOCHpPO(OEt) (1d).

b After column chromatography on silica gel.

€ (CH3)2C=CHCH2CH2CH(CH3)CH2CHO
Isolated as the corresponding y-butyrolactone.
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condensation reaction of an active methylene compound with
aldehyde is accelerated via the initial formation of the iminium salt
from an aldehyde and a secondary amine.? Therefore, in this
reaction, the Knoevenagel-type condensation reaction proceeds
advantageously rather than the HWE reaction which proceeds via
an oxyanion intermediate from the phosphonate carbanion and
carbonyls.2 Then the migration of the double bond followed by
Mislow-Evans allylic rearrangement of the sulfinyl group should
give the allylic alcohol 5.
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Scheme 3.

The geometry of 5 was perfectly E,8 and 1d, as well as 3b,
3¢, and 3d, did not react with ketone (cyclohexanone), though 3a
reacted with ketones and aldehydes.5a-C

Synthetic application of dialkyl 3-hydroxy-1-alkenyl-
phosphonates is now in progress.
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When we used pyrrolidine as a base, we could obtain the same
result.

The single isomer 5 was determined to be E, as well as 4,
formed by the reaction of 3 with carbonyls, in which the single
isomer (4) was determined to be E. See Ref. 5.

5a: Rf 0.35 (EtOAc); 1H NMR (CDCl3) & 6.80 (1H, ddd,
J=22.4, 17.2, and 4.4 Hz, H-2), 5.93 (1H, ddd, J=18.7, 17.2,
and 1.8 Hz, H-1), 4.28 (1H, m, H-3), 4.09, 4.07 (each 2H, q,
J=7.0 Hz, O-CH2CH3), 2.35 (1H, m, O-H), 1.58 (1H, m,
H-4), 1.2-1.5 (4H, m, H-5 and 6), 1.33 (6H, t, J=7.0 Hz, O-
CH2CH3), 0.91 (3H, t, J=7.2 Hz, H-7).
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Kitamura, Y. Okada, and J. Ichikawa,J. Org. Chem., 59, 6717
(1994), references cited therein.

10 In this case, it was difficult to purify 5S¢ which was not

detectable on silica gel TLC (Merck, Kieselgel 60 F254),
though the progress of the reaction was clearly detected by
consumption of the sulfoxide and increase of disulfide
(ArS)2 by the TLC monitorring. Then, we obtained the
correct result after conversion of S¢ into TLC detectable
derivatives such as the corresponding lactone or acetate. The
conversion was estimated >90% by using partially isolated Sc.
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