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Abstract: Wittig and Wittig-Horner reactions are favorite tools in preparative organic
chemistry. These olefination methods enjoy widespread and recognition because of their
simplicity, convenience, and efficiency. Phase transfer catalysis (PTC) is a very important
method in synthetic organic chemistry having many advantages over conventional, homogenous
reaction procedures. In this paper, we attempt to summarize the aspects concerning Wittig
and Wittig-Horner reactions that take place under phase transfer catalysis conditions.
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1 Introduction

Thanks to numerous theoretical and practical implications, the modern chemistry of
phosphorus draws increasing attention. Many scientists have dedicated their work inves-
tigating some of the unexplained aspects of organophosphorus compounds. They have
synthesized new compounds and have used them in the new field of fine organic synthesis
or in order to clarify some of the reaction mechanisms.

Although vast literature concerning phase transfer catalysis is available, information
concerning the Wittig and Wittig-Horner reactions are treated separately, not as a whole.
The aim of this review is to join together, in a more systematic manner, the information
regarding the phase transfer catalysis of Wittig and Wittig-Horner reactions.
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2 The Wittig reaction mechanism

The Wittig reaction is known as one of the most versatile methods in organic chemistry
for alkene synthesis. Alkylidene phosphoranes react with aldehydes or ketones to produce
olefins. A carbon-carbon double bond is formed in place of carbonyl group; this rule is
kept even in the case of the a,f-unsaturated compounds.

The ylide is formed as is shown in Scheme 1:
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Scheme 1

The structural requirement of this reaction is the existence of a hydrogen atom at the
carbon adjacent to the phosphorus atom contained in the quaternary phosphonium salt
[1]. The mechanism of the homogenous reaction, discovered by Georg Wittig [2], involves
two main steps:

(1) areversible step which consists of nucleophilic addition of the phosphorus ylide to

the carbonyl compound giving betaine or oxaphosphetane intermediates;

(2) an irreversible decomposition of the betaine or oxaphosphetane to give Z and E

alkenes and trialkylphosphine oxide (Scheme 2) [3].

In order to elucidate the mechanism of the Wittig reaction, it is necessary to under-
stand formation of the two intermediates: the betaine and the oxaphosphetane. A long
time ago, an attempt to isolate and characterize the intermediates was reported with the
formation in most of the cases of the oxaphosphetane, which was detected as a short-lived
species. Betaines were isolated as lithium salt adducts.

G. Wittig [2] proposed oxaphosphetanes as intermediates. In and NMR study, E.
Vedejs [4] observed only 1,2-A5-oxaphosphetanes asintermediates. T. Kowashima and
coworkers [5-8] have isolated other stable 1,2-\’-oxaphosphetanes.

The stable 1,2-A\%oxaphosphetanes having pyridyl groups [9] and furyl groups [10] were
isolated by S. Berger and his team. In order to analyze the oxaphosphetane structures,
the mass spectra of the isolated intermediates were studied by C. H. Wang [11].

M. Schlosser [12] proposed betaines as Wittig reaction intermediates.

Clarification of the different factors influencing the Wittig reaction, led naturally to
attempts to control the stereochemistry. Thus, extensive investigations of the effect of
the ylides, of the carbonyl compounds, and the reaction conditions on the Z/E ratio
have been carried out. According to their general reactivity, which is dictated by the
substituents on the ylide carbon, phosphonium ylides have been classified into three
categories [3]:
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e stabilized ylides - bearing substitutes with a large conjugate capacity, such as
-COOMe, -CN, -SO5R, preferentially form E alkenes;

e semistabilized ylides - bearing substitutes with a small conjugation capacity, such
as -phenyl, propargyl, vinyl, fluorine, represent a more complex situation because a
mixture of Z and E alkenes is formed. The high degree of Z- or E- stereoselectivity
depends upon the reaction conditions.

e nonstabilized ylides - bearing substitutes without conjugation capacity such as
-CHs;, -H, preferentially form Z alkenes.

However, there are exceptions to this generalized stereoselectivity. For example,
B.E. Maryanoff [13] observed an anomalous E steroselectivity in reaction of 4-carboxy-
butylidene-triphenylphosphorane with aromatic aldehydes. This result is believed to
involve an intramolecular interaction of the terminal carboxyl group.

The mechanism of Wittig-type transformations are discussed in detail by W.A. John-
son [14], E. Vedejs [15] and O.I. Kolodiazhny [16], and will not be expanded on here.

3 Alkene Synthesis using phase transfer catalysis (PTC) Wittig
reactions

In 1973, it was discovered that Wittig reactions can be carried out under phase transfer
catalysis conditions. The main advantage of this method is the ease with which the
synthesis is performed [17]. NaOH or KOH, either in concentrated aqueous solutions or
in the solid form, are the bases most often used under PTC conditions, as opposed to
classical conditions, where more reactive bases such as n-BulLi or NaH are used. The
temperatures (room temperature or 60-70°C) are also easier to achieve, , compared to
those under the classical conditions (-100°C to -70°C).

An interesting observation is that the catalyst can be present or absent in PTC
reactions. Sometimes the phosphonium salts are at the same time the reagent and the

catalyst.

3.1 Witting reactions in liquid-liquid systems

E. Markl [18] showed that alkyltriphenylphosphonium salts generate ylides in the presence
of an NaOH,, solution. The isolation of the ylides is not very important because the ylides
decompose quickly in the presence of the aldehydes (Reactions 1, 2 and 3) [19, 20].

T CH,CI,
[(CHy),P-CH,-CH,] Cl +  NaOH, -

RCHO |
(C,H,),P=CHC,H, ———— RCH=CH-C{H, + (C/H,),P=0 (1)
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0
(R),C=PPh, —HZ—>(R)2(F-ﬁ>Ph3 —_— (R)z?ﬁ-th + HPh
HO HO (2)
0

2

(R),CH=PPh
0=PPh, + (R),C=0 2 3 »(R),C=C(R), + O=PPh, 3)

S. Hiinig [21] obtained 1,4-diaryl-1,3-butadiene under the PTC conditions (Reaction 4).

2 Ar-CH=PPh, + OHC-CHO \

Ar-CH=PPh, + OHC-CH=CH-Ar

Ar-CH=CH-CH=PPh, + OHC-Ar /

Ar-(CH=CH),-Ar (4)

The products were dipiridyl butadiene (1 and 2) and dicinconyl butadiene (3 and 4)
(Scheme 3).

O\ N, M—cH-cn Y
(CH= CH)O /\\:/>7( )24@
2

1

SO es
N (CH=CH), Xy N\ / (CH=CH); \ /N

3

Scheme 3

W. Togaki and coworkers [22] examined the PTC Wittig reaction conditions in detail
for obtaining of the maximum yield of olefin. In a series of experiments, increasing
the NaOH concentration increases the yield of olefins (Reaction 5). The maximum yield
depends on the alkyl group bonded at the triphenylphosphonium salt in the initial anions.
The phosphonium salts are consumed in the concurrent reaction (Reaction 6).

The main forces that drive the formation of hydrocarbons in alkaline solution are the
formation of a pentacoordinate intermediate and a strong P=0 bond (Reaction 7).
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R,CHO
N (¢ m,),p=cHR —

R,CH=CHR (5)

+ -
(C,H,),P CH,RX — |

+ -
l _ ~(CH,),P CHROH ——=(CH;);PO + RCH; (6)

OH
+ -
(CH;,P CHR + OH™ m=——== (CHy,K

CH,R

(C,H,),PO + RCH,

The decomposition of the phosphonium salt in a concentrated hydroxide medium
may be caused by the implication of a hydroxyl anion in the decomposition of the above
intermediate.

E. Dehmlow [23] shows that a variety of solvents (e.g. tetrahydrofurane, benzene,
methylene chloride) can be used in this PTC system. Depending upon the phosphonium
salt [PhzP-CHy-R3]TX ™, the yield of the reaction is about 60-80%, when Rz=aryl and
only about 20-30%, when R3=CHs.

The Z/E ratio in the PTC Wittig reactions is similar to that observed for classical
reactions of [PhyP-CHa-R3]*X™ with RyCHO (Z/E=1/1), when Rz=phenyl or a m-,
p- substituted phenyl. If R3= C¢H5-CH=CH or 9-antracenyl, the percentage of the Z
product decreases from 36% to 0%, respectively [18].

Other Wittig reactions using formaldehyde [24], substituted benzaldehyde [25, 26],
and glyoxal [21] in aqueous solution were also performed.

Using PTC liquid-liquid systems, the reactions of phosphonium salts ([PhsP-CH,-
R]"X7), where R= C¢Hs CH=CH-CH,, C¢H5-CHz, CH3, with various aldehydes were
carried out in different solvents (tetrahydrofurane, CHCls, C4Hg, CgH5CHs) [27-33].

The PTC Wittig reaction of o-quinones with 2,5-dimethylthiophene-3,4-diylbis-(methylene)-
triphenylphosphonium chloride [34] is very interesting. The reaction is carried out in an
aqueous lithium hydroxide/ CH5Cly liquid-liquid system (Reaction 8).
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N. Daubresse and coworkers [35] performed the PTC Wittig reaction of 1,3-dioxolan-
2-yl-methyltriphenylphosphonium salts with aromatic and aliphatic aldehydes in liquid-
liquid systems. The reaction is Z- stereoselective (Reaction 9). Table 1 shows that yields
are high and the Z-isomer is formed preferentially.

x @—/ CH,CL/K,CO,
Ph P\)\

40 °C

wetd

Detailed studies were made by E. Vedejs [36] on semistabilized ylides with ester, vinyl
and benzyl substituents.

W. Abdou [37] studied the reaction of the «,F-unsaturated nitriles with three types of
stabilized ylides as Wittig reagents: alcoxycarbonyle (I-I1), 5-ceto-methylenetriphenylpho-
sphorane (III-V), and arylidenephosphorane (VI).

Ph;P=CHCOR
I R= OCH; IV R= -CgH;
II R= OC,H; V R=-H

III R=-CHz VI Ph3P=C(CgHs)2

T. Tsunoda and coworkers [38] studied the PTC Wittig reaction of cyanomethylene-
trimethylphosphorane with various aldehydes and ketones (Reaction 10).

0 CN
CN
)L + Me,P— - = |
X 3 (10)
R X

R

The «,B-unsaturated carbonyl compounds were synthesized starting from monosub-
stituted ozonides and stabilized phosphorus ylide (Reaction 11) [39].

i—)o ) NaOH,,
Ph P=CHY R 11
R0 CH,C, R™ Y (11)
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In all of these cases, the reaction is E stereoselective, as shown in Table 2. In the case
of carboxymethyl stabilized ylides, the yield is 93%. The reaction of stabilized ylides with
2-acetyl-5-bromothiophene and 5-methylfuran were studied under phase transfer catalysis
conditions [40].

An alkene mixture is frequently obtained when the ylides are semistabilized (Reaction
12) [41].

aq +
+ o >_< —
CH,CI
Ph,P CILPh] C] 2 {  cH=CHPh H W (12)
64% 36%

Benzyltriphenylphosphonium ylide reacts with 9-anthraldehyde to give E-alkenes.
This result is compared to the reaction of benzaldehyde in which the final mixture con-
tains a Z : E= 59:41 isomer ratio (Reaction 13).

CHO

50% NaOH,
Ph,P=CH-Ph 4 OOO S

n = 65%

The vinyl-semistabilized ylides can be prepared and isolated by the reaction of the
phosphonium salts with a NaOH solution (Reaction 14) [42].

+ -
(C.H,,P' CH-CH=CH-CN + NaOHaq (CH,),P CH-CH-CH-CN + NaX
X (14)

This type of ylide is synthesized with the phosphonium salts containing COOCHj3
[43] or CHO [44] replacing CN group (Reaction 15). This is advantageous for obtaining
heterocyclic compounds [42].

J.-J. Hwang and coworkers [45] have investigated the PTC Wittig reaction of ben-
zyltriphenylphosphonium salts with benzaldehyde in a biphasic organic solvent/NaOH,,
system (Scheme 4).

Stilbenes (Reaction 16) are obtained using 0,1 N NaOH aqueous solution and CH,Cls.
Regarding the organic solvent used for the synthesis of the Z-alkenes, CHCl3 produces
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R X R
CHOP CHCH=CH-X + K |
(CsHy), m 1&" HC._ _N
N Y
Y
(15)
X=CN, CHO, CO,CH,
Y=0,CH,
R= C,H,, CO,CH,, p-NO,-CH,
n = 65— 80%

Ph,PO  + XCH,CH=CHC]H,Y =— YC,H,CHO + PHP-CH-C,H,X

Ph,P 'CH,C,H,X

H organic phase

aqueous phase H

+ -
PhP'CHCHX + HO —— (PhP-HC-CH-X<—> Ph,P=CH-C{H-X)
Scheme 4

more of the Z isomer than CH,Cly, as presented in Table 3.

CHO

E.C. Dunne and coworkers [46] studied the reaction of benzyltriphenylphosphorane
with substituted benzaldehydes (Reaction 17). The resulting alkenes are stilbene deriva-
tives. NaOH,, (50%) and CHCl; are used in the liquid — liquid system.

Lo
Ph,p Br

Ho _O % X
X X Y
Y N . CH=CH (17)
Y Y
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Generally, semistabilized ylides gives both Z and E olefins.

Nonstabilized ylides attack ketones and aldehydes in an equimolar ratio to form
oxaphosphetane adducts. These decompose into triphenylphosphine oxide and olefins
[47]. J. Gillois and coworkers [48] performed Wittig reactions under phase transfer cata-
lyst conditions. The formation of nonstabilized ylides takes place in anhydrous solvents
with strong bases.

This type of ylide forms preferentially contra thermodynamic Z-alkenes. The stere-
oselectivity depends upon the nature of the substituents on the ylide carbon and on the
P atom. Z—Alkenes are formed in the case of ylides RsP=CHR'‘, where R‘= alkyl and
R=phenyl.

This stereochemistry results when the reagents approach in the “anti” position. The
“anti” transition state will most likely be formed in a solvent with increased polarity
(Scheme 5) [49].

E. Vedejs [50] used the following nonstabilized ylides.

Et,P=CHCH,

Ph,EtP=CH-CH, O

(E)DBP=CH-CH, - :
Ph,P=CH-CH,
Ph, tBu=CHCH,
When using PhsP=CH-CH;, the Z/FE ratio was 16:1 (n= 92%) when reacted with
Ph-CH,-CH,CHO and 32:1 (n=85%) when reacted with Ph-CHo-CH(CH3)CHO. The

reaction of (Et)DBP=CH-CHjis an exception to the general rule because Z/FE ratio is
1:18 (7=83%) for Ph-CH,-CH,CHO.

3.2  Wittig reactions in liquid-solid systems

Solid base is used in other Wittig reaction path, where triphenyl-alkylphosphonium salts
react with aldehydes [35]. Triphenylalkylphosphonium chlorides or bromides may be
used with addition of NaF (n=7-20% in alkenes) or tetramethyl ammonium fluoride as
catalysts (n=63-69%). Good yields were the result in the last case because of the high
solubility of the phosphonium salts in the organic phase (Reaction 18).

G. Kofmehl [51] found a new method to transform phosphonium chlorides, bromides
and iodides into fluorides using dibenzo-18-crown-6 as the catalyst in organic solvents
using an excess of solid KF. The phosphonium fluorides react quickly with carbonyl
compounds (Reaction 19).

The mechanism of the ylide formation presumes that the fluoride anion is transported
with a potassium counteranion (K*) from the solid phase into the organic phase by the
crown ether. At the same time, the phosphonium halide is transformed into phosphonium
fluoride.
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CHO
+ -
(CeH ), PCH,R]X  + -  » R CH=CHR
R

(18)
R=CN, OAc, COCH,
R'=NO,, N(CH,),
R;R,C=0 B
R RC=C=RR, = (R),P-C-R R, =™ (R),P=CR/R,
- R,PO
-HF || +KF
+ - . + -
(R),P-CHR R, X - — (R),P-CR R, I
. (19)
F X liquid phase
solid phase
KF KF
R,=H R,=p-CH,-C H, X=Cl, Br, 1
R,=CH,CH; R,=CF, = dibenzo-18-crown-6

The reaction of w,w,w-trifluoro-p-methylacetophenone with phosphonium salts was
studied (Reaction 20, 21).

R.M. Boden [52] obtained trans-stilbene in a liquid-solid system using THF and
CH,Clyas solvents and t-C,HgOK or Ky;COs3as solid bases; the reaction yield was higher.

For the synthesis of hydroxycinnamic esters, J.F. Dupin [53] reports the results of the
reaction of (carbethoxymethyl)triphenylphosphonium bromide with aromatic o-hydroxy-
aldehydes in a liquid-solid binary system (Reaction 22). The reaction was carried out in
potassium carbonate/methanol system and good yields of alkene were reported.

The PTC Wittig reaction between cyclopropylidenetriphenylphosphorane was studied
by J.A. Stafford and coworkers [54]. They used TDA-1 as a catalyst in order to increase
the reaction yield (n=59-95%) (Reaction 23).



A. Pascariu et al. / Central European Journal of Chemistry 4 (2003) 491-542 501

0
] * -+ KF/crownether
H,C C—CF, + (CH,),P-CH,-Ar] Cl -
acetonitrile 70°C
CF,

Hﬁ@ C ==CHAr
0 N X
(|3| CF, + Cl-[(C H,),P-CH,-P(C H,),] Cl- + KF/crownether
o 3 v o acetonitrile 70°C

(20)

(|3F3 (|3F3 (21)
H§c~©— C =—CH-Ar-CH— C‘@*C}g
X N 250C
CHO + (C.H,),PCH,COOCH >
sl CHy *®  K,CO,/CH,0H
Br
OH H
AN COOC,H
C=—¢C -~ 20 (22)
S
H
X OH

The reaction of various azadicyclo-ketones with diverse phosphonium salts (e.g. triph-
enylmethylphosphonium iodide, triphenylethylphosphonium iodide) in the following sys-
tems: solid potassium carbonate/benzene, solid potassium ¢-butoxide/benzene and 60%
aqueos sodium hydroxide/dichloromethane were also investigated [55]. The best system
was the combination of --BuOK/benzene.

J.G. Cui and coworkers [56] synthesized steroids using Wittig reaction in solid-liquid
phase transfer conditions.
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BnO H TDA-1 BnO

o TN T f&q

TDA-1 ﬂ m (23)
NN T
\_/O\_/

The following carbonyl compounds were used.
0 O 0)
: O Ej b
4 The Wittig-Horner reaction mechanism

The mechanism of the homogenous Wittig-Horner reaction closely resembles that of the
Wittig reaction (Scheme 6) [57].

RO‘“P| 0 R
i _—
— =
(RO),P-"CHR,
R
o
R,CHO 0 -
“P—0
RO
— H/C:C\H
Ry By
Ry R,

Scheme 6 The Wittig-Horner reaction mechanism.



A. Pascariu et al. / Central European Journal of Chemistry 4 (2003) 491-542 503

In the presence of a strong bases (metallic Na, NaH) phosphonates produce the car-
banions for the Wittig-Horner reaction. The carbanion reacts with carbonyl compounds
passing through a betaine intermediate and then through a cyclic oxaphosphetane inter-
mediate. Depending on the carbanion stability, the final products of the reaction are cis
or trans alkenes. In the case of phosphonates, the major product is a trans-olefin [58].

Under phase transfer catalysis conditions, the base moves from the aqueous phase to
the organic phase aided by the phase transfer catalyst. There the carbanion is formed,
and it reacts with the carbonyl compound. Olefins are formed in the organic phase
(Scheme 7). The phosphonate moves back from organic phase into the aqueous phase as
an ion pair with the catalyst.

In a liquid — solid system, the process takes place on the surface of the solid base, via a
complex intermediate. In order to elucidate the Wittig-Horner reaction mechanism quan-
tum chemical and molecular mechanics methods were employed. The stereoselectivity is
normally influenced by the two different transition states: the addition and closeness of
the oxaphosphetane ring need to develop two molecular mechanics models [59].

+- +-
Qfal,, + NaOH,, —» QUOH, + MaCl,

+- At
Q fICIJOHaq = Q' OH,, :
QTOH,, + R-CHyP(ORy)y —» Q7 R-CHP(OR)), + HyO
O 0
ot R-'CH-IIJ(Olez + RyCH=O —» ROHC=CHR, + ot 'o-zlr!(ORl)zMg
i i
QM OP(ORy)y,,,  —» QP OR(ORY),,,
0
o 'O-II;(Olezaq +NaOH,, —* QOH,, +Na0-P(OR1),,

O

Scheme 7

A theoretical study of the Wittig-Horner reaction of the dialklphosphonoacetate with
acetaldehyde iss reported by K. Ando (Scheme 8) [58].

RHF/6-31 + G* ab initio calculations show that the selectivity of the Wittig-Horner
reaction is the result of both kinetic and thermodynamic control of the reversible for-
mation of the erytro and threo intermediate states followed by the decomposition of the
intermediate into the corresponding alkene. The typical formation of trans alkenes in
Wittig-Horner reactions can be explained by the formation of the threo adduct that is
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i
RO -
CHo_ _H >p 0
Y RO H,, — T\
5 & - CHz COOEt
/ H "COOEt CgH; cis-alkene
+ eryiro
‘ 0
. ? \ R O\|I|) o COOEt
>P RO/ C6H5”h, = /
R'O™ *CH,COOE ol
H COOEt H trans-alkene
threo
Scheme 8

thermodynamically more stable.

5 Stereochemical control

The literature data show that the majority of olefins obtained from homogenous Wittig-
Horner reactions are trans-selective. This is surprising, since the investigated systems
generally contain groups capable of forming conjugate systems with the incipient double
bond that diminish the steric factors and favor trans-olefin formation. However, in the lit-
erature cis-olefins formation was reported, especially in the case of tri or tetra-substituted
olefins, and some experiments show the formation of cis-alkenes with significant yields
(Reaction 24, 25) [60]. This unusual stereoselectivity is based upon unexpected stereo-
chemistry.

0
N BCOO M NaH/DME

* T = EtOCO—CH=CH—COOE! (24)
0

—
E©0” “CH,COOE

38% cis 20% trans

~ n T NaH/DME
MeN™ > >  R,-CH=CH—OR, (%9

50-70% cis

In the case of PTC Wittig-Horner reaction the stereochemistry is influenced by many
factors such as the solvent, temperature, catalyst, carbanions and carbonyl compounds.
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The influence of the catalyst on the Z/F ratio.

Z. Mouloungui and coworkers studied the influence of the catalyst of the reaction of
diethylphosphonoacetate with 2-carbonyl-pirole, 3-carbonyl-indole, salicylic aldehyde and
p-hydroxybenzaldehyde. The research was carried out in a solid-liquid system using phase
transfer catalysis (Reaction 26) [61].

0
EtO-_|| R H M,CO, (M=K,Cs)
P + 3 - —CH=—CH—COOQE
N . -~ R—CH t (26)
CH,COOEt O organic solvent / water

CsoCOs is an efficient phase transfer catalyst for Wittig-Horner reactions, giving the
higher yields and trans-stereoselectvity (Table 5).

According to E. D‘Incan [64] the catalyst and its quantity are important in PTC
Wittig-Horner reaction. The stereoselectivity of the reaction depends on the stereoselec-
tivity factors: k_1/k;‘ and k_o/ky‘ and by the k; /ko ratio (Scheme 9).

M+

C H, H E B
\[r tO || O ~ C.H, CN
& y—={
0 H CH,
+ H z
O
"o \ o —(
EO | f CH, CH,
EtO” %CN 0 K, -
/, H
N “N CN
H "COOEt CMH, E
Scheme 9

As is shown in Table 6, all catalysts facilitate E-isomer formation, but the stereospeci-
ficity is not very good [64].

The data from Table 7 confirm that the influence of the catalyst has only a small
influence, while the solvent has a major influence on the reaction stereochemistry.

The influence of the solvent on the Z/E ratio.

According to the data in Table 7, CHyCl, facilitates the F isomer formation, and
CeHgfacilitates the Z isomer formation.

S.K. Thompson[64] confirms that the solvent plays a very important role on Z/FE
ratio (Reaction 27 and Table 8).

The Li*cations in DME and at room temperature confer the highest E-stereoselectivity.
The nature of solvent influencesthe reaction (Table 9) [63].
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MeO_|| - R. _H H H R H
N N
P— + S Sl ¥ —
MeO”  NcooMe T R

la.R= >:\></ 1'b. R=i-Pr 1. R=/-Bu

Nonpolar solvents facilitate the formation of Z-isomers, while the presense of polar
solvents (CH,Cly, CHCl3) facilitates the formation of E isomers.

Solvents have a major influence under classical homogenous conditions [65]; thus,
the reaction between benzaldehyde and diethoxyacrylonitrilphosphonate (Reaction 28)
using NaH or t-BuONa/THF /20°C gives a ratio Z/E = 40/60, while the same reaction
with NaH or -BuONa/HMPT/20°C gives a ratio Z/E = 20/80. (HMPT=hexamethyl-
phosphorous triamide).

0 CH CN CH, CH

B0 | - CH~_ _H 6 — 3
P—C—CN 4+ Y - > + >_<
E0” | H CH H (28)
0 CN
CH A E

3

J.H. Babler [67] studied the reaction between cyanomethyl-diethyl phosphonate with
3,3-dimethylbenzophenone under various conditions such as MeLi/Benzene or NaH/DMF
or DMSO. In MeLi/ Benzene, the percentage of the Z isomer is 28% and the E siomer is
72% and in the NaH/DMF or DMSO systems, the percentages are 60% (Z) and 40% (E)

In both phase transfer catalysis and under classical conditions, nonpolar solvents
facilitate the formation of Z-isomers.

The influence of temperature on the Z/FE ratio.

According to S.K. Thompson [64], the effect of the temperature on the reaction 27 depends
upon the cation and the solvent used in the reaction. In this case, as the temperature is
increased from -78 to 23°C, it was observed that the use of Li™ cation at room temperature
increases the E-stereoselectivity. (Table 8)

S. Kojima and coworkers [67] used (-hydroxy-«,(3-diphenylspirophosphonates in order
to obtain cis and trans stilbene at temperatures between -60 and -5°C. In the reaction of
benzaldehyde with diethyl-2-cyanoethylphosphonate, the reaction temperature markedly
influences the Z/E alkene ratio (Reaction 29) [62].

J. Petrova [68] noticed that at -33°C the cis isomer is regularly formed, and at 10°C the
trans isomers predominate for the reaction of benzylidene with phosphonate in NaNHs,
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0
CH N CH CH
B0 | CH A Buok ° 5\_/C TN/
_P—CH—CN - )\ (29)
EtO | H CH, H CN
CH,
-78°C 80% 20%
+65°C 10% 90%

or liquid ammonia and ether.

This aspect was emphasized in the case of classical Wittig-Horner reactions. In the
case of PTC Wittig-Horner reactions, the temperature has a reduced effect on the Z/FE
ratio and a slight influence is observed on the yield.

In a biphasic solid-liquid system synthesis, J.V. Sinisterra and coworkers [69] have
studied the effect of cesium carbonate (Cs;CO3) as catalyst and the effect of tempera-

ture, concluding that the temperature does not influence the reaction yields (Table 10)
(Reaction 30).

0
- " 0
Et0\|I|)_ R H ool based R L OOt Et0\| )
EO” C|H_C00Et . 1,4-dioxane ‘ * =0 (30)
R

The influence of carbanions.

A very easy way to prepare carbanions is to add phosphonates at room temperature to a
NaOH solution in 1,2-dimethoxyethane. The alkyl phosphonate carbanions that do not
bear activating groups, cannot be prepared because the anion formed is not stable at the
reaction temperature.

In order to synthesize cyclopropane, only carbanions that contain activating groups,

such as carboethoxy or cyan, are used. The resonance structures of carbanions are shown
(Scheme 10).

0 0
RO\|1|)_é <R RO\P_é _R RO\P_C _R
> —
RO R RO”. R RO” R
a b c
Scheme 10

Structures ¢ and b use a phosphorus d orbital, as in phosphorane. It is well known
that P=0O bond in phosphate and phosphonates, exhibit some characteristics of a single
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bond, which can be explained by structures b and ¢ [70].

Although phosphonates were studied using a variety of physical methods, similar
studies were done on carbanions. The 3'P-NMR chemical shift for a -keto-carbanion
(I) is about -38 ppm, and it is independent of the carbanion. However the situation is
more complex for stabilized carbanions esters. They seem to exist as a dependent mixture
of cations in one of two forms, /I and III (Scheme 11) in t-butanol/ THF [71].

M+
0 O---M+
0 0 .
RO_|| - M EtO_ | | EO_|
~ Sp SP— CHCOOCH
ro- P CH—COCH, RN o’ ro” o 3

I 1 biti

Scheme 11

The results of the different spectroscopic studies suggest that the phosphonate group
is just as efficient as a carbonyl group for stabilizing an adjacent carbanion but is less
efficient than a phosphonium group; this is confirmed by their relative reactivities.

The influence of the carbonyl compound.

The carbonyl compounds used in Wittig-Horner reactions are various aldehydes or ke-
tones. Ketones are generally less reactive than aldehydes, and they frequently require
special conditions, , because of steric effects [72]. Compaared to steric effects, electronic
effects have a minor importance, although trifluoromethylketones have an increased re-
activity.

Aldehydes with long hydrocarbon chains are less reactive or in some cases nonreactive
[73].

Ketones can be enolized faster and lead to olefins but the yields are poor. Cyclopen-
tanone and acetophenone are the well-known examples. This aspect is not very important
when phosphonates have a more acidic character [74].

Ketones react with phosphonate carbanions producing allenes, an aspect that is not
very well studied. Similar reactions with carbonyl esters are rare, e.g. oxalic acid esters
give vinyl esters (Reaction 31).

0
RO || i R,0 COOR R'OCO OR, 0
AN RO
s \[r , \|P|_O

_P—CHCOOR

RO 0 H OOR RIO/

(31)

—_— — +

Imines react similarly with aldehydes and ketones to form olefins, but an excess of
base must be used. Otherwise the S-amine phosphonate, shown in the Scheme 12, will
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be formed.
0
R]O\| |
/P—CH—CH—N
R.O I | I
1 R‘ R" Ruv
Scheme 12

6 Alkenes synthesis under PTC conditions

The phase transfer catalysis method represents a new and efficient way to facilitate the
contact between a nonpolar substrate situated in an organic phase and an ionic reagent
situated in an aqueous phase that is in contact with the organic phase.

The transfer of reagent from the aqueous phase to the organic phase is achieved by a
phase transfer catalyst. This type of catalysis in Wittig-Horner reactions can be achieved
in both liquid-liquid and liquid-solid systems [75]. The Horner reaction is applied to
different combinations than the Wittig reaction. The two methods complement each
other and extend the synthetic possibilities of unsaturated compounds.

6.1 PTC Wittig-Horner reactions in liquid-liquid systems

According to J. Dockx [76], the anionic intermediate is generated in an aqueous solution
by NaOH, and the reaction takes place in an organic solvent in the presence of a phos-
phonium salt with bulky alkyl groups. C. Piechucki [77] performed the Wittig-Horner
synthesis under the following conditions: NaOH,, (50%) and CH2Cl,, using tetrabuty-
lammonium iodide as the catalyst (Reaction 32).

EtO Q R R,
t \|P|—C + | >:CHR3
RO~ R R2>:O R, (32)

where

AN
Ri= Q : QCH=CH— ,- CH3 Ro= - H, - CH3 Rg= -CN, -COOC,H;, | _
N

Benzene was used as the solvent for different phosphonates and aldehydes in order to
obtain the same diene or triene (when the radical contains a double bound) [79] (Reaction
33 and 34).

M. Miklolajeczyk [79] carried out the reaction of phosphonates with aldehydes in molar
ratio 1:1. The alkene is formed at one phosphonic group (Reaction 34).
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EO|
CP—CH,Ar + QCH=CH-CHO
EtO
CH
Ar=CH,, p-C.H ® T
T ets: Pty 2 CH
i (33)
O CH
EtO\H |
_P—CIH,-CH=CH © AICHO Al
EtO
oy
Ar=p-NO,C H,, 7 . C,H,-CH=CH-
0
0 0 OF EtO\||
EO | | OFt NaOH 60% P H
_P—CH;—P__ + RCHO — g0~ \__ (34)
EtO OEt

H R
R= p—Br—C6H4—, p—(CHg)—N—C6H4—, C()'H5—CH:CH—

This reaction is used for the synthesis of stiryl phosphonate, because of the good
E-stereoselectivity and the good yield.

Analogous to the reaction studied by C. Piechucki [77, 78], M. Miklolajczyk [79] has
worked with different aldehydes and phosphonates in liquid-liquid systems (Reaction 35).

EO ] NaOH 60%
_P—CH,X + RCHO ————» X-CH=CH-R (35)
EtO CH,CI,

X:-CN, -CO-06H5, -COOCHg, p-S—C6H4- s p-SO-CﬁH4, -SO-CHg, ‘SO‘CﬁH5
R=C¢Hs, p-Cl-CeHy, p-Br-CeHy-, p-(CH;)oN-CgHy-

Thus M. Miklolajezyk and coworkers [80] have obtained a diverse set of olefins (Re-
action 36).

The CH,Cly/NaOHaq system is specific for aromatic aldehydes (Reaction 36). Ke-
tones and aliphatic aldehydes are unreactive. If n = 1 or 2, cis/trans mixtures were ob-
tained, and if n = 3 only trans compounds are produced. When quaternary ammonium
chloride is used, Z and FE olefins are obtained; on the contrary, quaternary ammonium
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0
E'[O\H RCHO — > R-CHZCH- -R
P—CHZ-ﬁ-R1 * T ! (36)

EO” n=0,2,3
Oy

),

bromide or iodide give predominately E alkenes.

According to P.G. Ciattini [81], the reaction of N-acyl-2-(dietoxyphosphoryl)-glicylmethyl
ester with different aldehydes, result in anionic derivatives (Reaction 37). The reaction
conditions were a 20% NaOH solution / CH,Cly without a typical catalyst.

R, g 0
EO ] NaOH 20% H  COOC,H;
* P._ _COOC,H, = —

0 B0” Y CHCL RD NmR 0
NHR,

R1: —C6H57m—N02—C6H4—, O—CHgO- CﬁH4'7 O-CI-C(5H4-, n—C7H15, (E)—06H5—CH:CH—

Ro= benzoxycarbonyle, ¢- benzoxycarbonyle

The reaction is carried out at room temperature. The reaction yield is between 45
and 95% and is Z-stereoselective.

Recently, J. Villieras and coworkers [82] described the synthesis of a-acrylates from
triphenylphosphonoacetate and formaldehyde under PTC conditions (Reaction 38).

0

Et0\|| H R Et0\||
SP—cHX ¢ reno KCORQ A=+ Sy (@39

EtO H X EtO

X = COOCyH;5, CORS

Reaction times and temperature depend upon the methylene proton acidity from
a radicals, the electrophilic character of the carbonyl compound, the reagents and the
reaction conditions. The reactions are carried out without solvent.

The influence of the temperature and the reaction time was studied for reactions of
aldehydes with long carbon chains. Yields are higher at room temperature and when the
reaction time increases (Reaction 39).
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0 K,C0,,100°C, 10 min
EtO\ | 277 ’ n-CH,, COOC,H,
n=64% -
_P—CH,-COOC,H, =
EtO o
K,CO,,100 C, 1 h H H
+ > "
n = 76% o (39)
o EtO\| |
n-C.H,,-CHO K,CO,,100C, 20 h _P—OH
n=_81% EO

It is also possible to obtain a pheromone secreted by the mandibles glands of the royal
bee under PTC conditions in good yield (Reaction 40) [83].

0

2N K,CO, 20°C,1h
_P—CH,-COOC,H,; + CH,CO(CH,);CHO >
EtO o
E©_ | (40)
CH,CO(CH,),-CH=CH-COOH  + Sp—oH
EtO
n=381%

D.-Q. Shi and coworkers [84] have synthesized a series of compounds with structures
similar to abscisic acid (ABA), from bisphosphorylmethane with a-substituted propenals,
«, [-substituted propargyl aldehydes and «, (-substituted methyl ketones (Scheme 13
and 14).

ABA

Scheme 13
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/—/CHO o
K aVaN\"2a
- R P

50% NaOH,, /  CH,CI, OR

1

R=Ph, 0-NO,-Ph, p-NO,-Ph

RO || | OR — || OR,
0 _OR, RC= CCHO YN
P—CHP_ 50% NaOH,, / CH,CI RC:CJ\P\
RO OR, . 2 OR,
(‘3 R=Ph, 0-NO,-Ph

R,= Bt i-Pr

R=p-Cl-Ph, p-Me-Ph, p-MeOPh
HC CH

X

CH

3

R = Et, 1-Pr
Scheme 14
Unsaturated phosphonates were obtained in 53-78% yields. This type of phosphonate

has been synthesized by M.A. Loreto [85] starting from trimethylsilanylmethyl-tetraethyl-
metylene diphosphonate and various aldehydes (Reaction 41).

Et0\|| |O| _OEt R PO(OEt),
_P—CH—P__ + RCHO ——
EtO ' OFEt H CH,SiMe, (41)
CH,SiMe,
R=H, CH,

The PTC Wittig-Horner reaction was performed in a liquid-liquid system of NaOH,,
(50%) and CH,Cly; when R = CHj a tetrabutylammonium iodide catalyst is necessary.

6.2 PTC Wittig-Horner reactions in liquid-solid systems

Recently, a new way has been developed to perform Wittig-Horner reactions under PTC
conditions using a liquid-solid system. E. V. Dehmlow [86] uses solid KOH, NaOH,
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K,;COg3, and KF in the reaction between benzylphosphonic acid diisopropyl ester and
various carbonyl compounds (Reaction 42).

@)
|| R Pr
_~0OPr R, 2 Ph 1 O\
PRCH—PT 4 ﬁ(k — \— + P—OH (42)
0 H R, PrO

For the reaction of benzaldehyde in the NaOHg,;4/ CHyClosystem, the yield of olefins
is 23% without a catalyst, and 66% with TEBA as the catalyst. For the KOHg,;4/benzene
system, the yield is 52% without acatalyst and 78% with 18-crown-6 ether as the catalyst.

Ba(OH)s, KoCO3, and CsyCOj3 are the bases utilized most in liquid-solid systems.
Solid bases are not as efficient when hydroxybenzaldehyde or aldehydes with acidic H are

=0

used, e.g. N-H bond, because this poisons the catalyst.

J.V. Sinisterra [69] described the efficiency of cesium carbonate as a catalyst in Wittig-
Horner reactions in a solid-liquid system; this catalyst is more efficient than K,CO3 or
Ba(OH), (Reaction 43).

o ] - O
<l R COOEt EO ||
_P—CH-COOC,H; + R'CHO —= >:< N0 (43)
+ e
EtO | EtO
R H R

Also J.V. Sinisterra [87] proposes using barium hydroxide as a base in the synthesis
of ethyl-3-(1‘-pyrenyl)-acrylate and ethyl-3-(1‘-pyrenyl)-acrylonitrile (Reaction 44).

EtO Q

0

\|| EtO |

P—CH,R, + R,CHO ———= Ny -
EtO/ >—<R /P 0

R,=Ph. CH,-CO-Ph- 0-NO,Ph, C,H, & (>\ @5
N -

3

R,= COOC,H,. €N

F. Textier-Boulet [88] transforms aldehydes and ketones into esters and «,3-unsaturated
nitriles using the KOH, 4/ THE system. The same author improves the selectivity and
control of the hydration of the reaction medium by depositing KF on Al,O3 (Reaction
45) [92].

Reaction B is a well known Wittig-Horner reaction, and A is the Knoevenagel reaction.
The stereoselectivity for reactions using KF deposited on Al;Osis given in Table 13.
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L Gl H
CH,CHO + NC-CH,PO(OEt), ——> >—<
H CN

(45)

C H, H
B > _ <
—_—
H CN

The phase transfer catalyst increases the stereoselectivity in this case.
Scheme 15 shows how the betaine intermediate is attached on the catalytic support

(KF/Al;03). Water molecules on the catalyst surface make the product separation pos-
sible.

R HH oy H CN
O PO(OEY), R H
H
N
o
e

TTTT7 T 7777

Scheme 15

M. Delmas [90, 91] studied PTC Wittig-Horner reactions using K;COj in fat alco-

hols. The reaction produces ethylene compounds and is coupled with a transesterification
reaction (Reaction 46).

© R
P—CH,COO + R,CHO >—<
Eto/ 2 RZ 1 RZOH
H H
(46)
R2= C8H17’ C14H29
R,=CII,

n =54 — 90%
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Primary, secondary and tertiary alcohols such as methanol, ethanol, propanol, n-
butanol, izopropanol, and t-butanol were used as solvents, too.

Cesiumcarbonate catalyzes the transformation of pyrol-2-carboxaldehyde, salicylic alde-
hyde, p-hydroxyl benzaldehyde to olefins (Reaction 47) [61].

@)
EtO\ |
_P—CH,COOEt + RCHO —= R-CH=CH-COOEt  (47)

EtO
R = & OOH

N

OH
n = 86% 98% 66%

CsoCO3 facilitates reactions in cases where the substrate contains an acidic group
(p-hydroxyl benzaldehyde). Other bases, e.g. Ba(OH)s,tend to have no effect (n=0%),
but K,COj3 produces yields between 0 and 15 %.

Z. Mouloungui and coworkers [92] studied the conversion of furfurol and benzaldehyde
into o, f-unsaturated compounds by reaction with triethyl-phosphonoacetate in the pres-
ence of Ba(OH)oxH,0, KoCO3x1,5H50, and CspCO3x3H50. They were interested in the
determination of the carbanion structures and the effect of water on carbanion formation.
The quantity of water needed to accelerate the reaction depends upon the nature of base
cation. Apparently, water decreases the reticulation energy of the crystalline structure
at the interface level. The interaction between water and the solid base corresponds to
the solid/liquid equilibrium in binary system (Reaction 48 and 49).

Ba(OH), x 8 H,0 — Ba(OH), x 3H,0 — Ba(OH), x 2 H,0 — Ba(OH), (48)

K2C03 X 5 HZO —_— K2C03 X 175 HZO — > K2C03 XO,S HZO —>K2CO3 (49)

The reactions under the specified conditions procede through three distinct steps:

(1) Phosphonate absorption on the base active center and carbanion formation (Re-
action 50)

(2) The reaction between carbanion and carbonyl substrate with the formation of the
final product (Reaction 51)

(3) The dissociation of the reaction product.

C. Alvarez-Ibarra [93] studied the effect of Ba(OH)y on Wittig-Horner reaction’s stere-

oselectivity in the case of a-enone synthesis. The synthesis of «,F-unsaturated ketones
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™ NI
>P CH,COOEt P_CH_COOEt

(50)
- i N

n | -/

N P— 1 COOE
po” . RCHO =——" R.CH-CH-COOFt Eio NI % 5
= IN oy

R = Ar, W

has been studied under PTC conditions using a solid-liquid system of Ba(OH)s x 0.8 H,O
(C-200) and 1,4-dioxan (Reaction 52).

0 Ph
>CH—CH:o + EtO\|| €-200

_ R, CH=CH-CO-R, (52)
R, O _P—CH,COR, 1 4-dioxane R,

Ri= Me, t-Bu
Ro=Me, t-Bu, Ph

The yields are between 75-98%.

In comparison, the results of Wittig-Horner reactions in liquid-liquid and liquid-solid

systems show that the yields and the stereospecificity are higher in the liquid-solid system.
Table 14 presents the results in the case of Reaction 53.

EtO ||

R H R O

; : R t \||
P— CH—R, > P—OH (53
EO7 0~ 53)

R, R, R;

The same research group obtains «,(-unsaturated ketones with an asymmetrical car-
bon (Reaction 54) [94].
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COC(CH

/ (CH,),
7/[3 21%E

EtO ‘O
— N NaOH n
>CH—C—O + _P—CH,COC(CH), ——— (54)
Me EtO DME
/

C= Cl 65% 7

7/13 @ "COC(CH,),

E-2.2-dimethyl-6-phenylhepten-4-en-3-one is partially transformed into Z- and E-2,3-
dimethyl-6-phenylhepten-5-en-3-one isomer mixtures.

For R; = Me, Ro= Me, C-200 as the catalyst, and 1,4-dioxane as the solvent, the
yields are between 45 and 96% (Reaction 52).

S. Arai [95] studied the Wittig-Horner reaction of cinchonine derivatives using an
asymmetric catalyst. The treatment of a prochiral ketone with phosphonates leads to
unsaturated asymmetrical ketones. Quaternary ammonium salts are used as catalysts

55).

COOR,
" |
O 0O
N con rof]
RZO/P_CHzCOOR . benzene &O/P ©
(55)
t-Bu t-Bu

R,~CH,, C,H,

R,=CH,, C,H,, n-Fr, -Pr, t-Bu

27752

The asymmetrical catalyst is studied intensively because reactions lead to isomers that
are very hard to separate. Recently, many reactions have been developed for asymmetrical
Wittig-Horne reactions [96, 97, 98].

P. Tundo [99, 100] has demonstrated the Wittig-Horner reactions in a gas-liquid phase
transfer catalysis system.

Conclusions

PTC Wittig and Wittig-Horner reactions need milder conditions (room temperature,
smooth bases, and cheaper solvents) than the same reactions under classical conditions.
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The carbanion obtained in such PTC reactions is extremely nucleophilic and reacts with
a larger number of carbonyl compounds.

One major problem in the Wittig reaction is separation of the alkene and phosphine
oxide products. Phosphoric acid derivatives obtained from the Wittig-Horner reaction
are all soluble in water, so separation of the olefin is easily to achieve.

While phosphonium ylides require relatively expensive phosphines as starting ma-
terials, phosphonates are cheaply and conveniently prepared from phosphates by the
Michaelis-Arbuzov reaction. This does not apply to phosphine oxides, and since these
reagents are less reactive towards carbonyl compounds, but more sensitive to air than
phosphonate carbanions, they have generally been used less.

References

[1]  H.J. Cristau and F. Plenat: “Preparation, properties and reactions of phosphonium
salts”, In: F.R. Hartley (Ed.): The chemistry of organophosphorus compounds, Vol.
3, John Wiley&Sons, 1994, pp.45-183.

2] G. Wittig and H. Ziemmermann: “Zur mollkiilasymmetrie des 4,5-dimethyl-
phenantrens, gleichzeitig ein beitrag zur metallorganisch geleiteten synthese von
phenanthren-derivaten”, Chem. Ber., (1953), pp. 629-630.

[3] A.A. Restrepo-Cossio, H. Cano, F. Mari and C.A. Gonzalez: “Theoretical study of
the mechanism of the Wittig reaction: ab initio and MNDO-PM3 treatment of the
reaction of unstabilized, semistabilized and stabilized ylides with acetaldehydes”,
Heteroatom Chem., Vol. 8 (1997), pp. 557-569.

[4]  E. Vedejs and K.A.J. Snoble: “Direct obsevation of oxaphosphetanes from typical
Wittig reactions”, J. Am. Chem. Soc., Vol. 95, (1973), pp. 5778-5780.

[5] T. Kawashima, K. Kato and R. Okazaki: “Novel synthetic route to isolable
pentacoordinate 1,2-oxaphosphetanes and mechanism of their thermolysis, the
second step of the Wittig reaction”, J. Am. Chem. Soc., Vol. 114, (1992), pp. 4008-
4010.

[6] T. Kawashima, K. Kato and R. Okazaki: “Synthesis, structure and Thermolysis of

a 3-methoxycarbonyl-1,2-\’-oxaphosphetane”, Angew. Chem. Int. Ed. Engl., Vol.
32, (1993), pp. 869-870.

[7] T. Kawashima and K. Takami: ”Synthesis structure and thermolysis of a 1,5-dioxa-
4\5-phosphaspiro-[3.3Jheptane: A novel pentacoordinate 1,2-oxaphosphetane”, J.
Am. Chem. Soc., Vol. 116, (1994), pp. 4509-4510.

[8] T. Kawashima and R. Okazaki: “Synthesis and reactions of the intermediates of
Wittig, Peterson, and their related reactions”, Synlett., (1996), pp. 600-605.

9]  U. Schroder and S. Berger: “The Wittig reaction with pyridylphosphoranes”, Eur.
J. Org. Chem., (2000), pp. 2601-2604.

[10] M. Appel, S. Blaurock and S. Berger: “A Wittig reaction with 2-furyl substituents
at the phosphorus atom; Improved (Z) stereoselectivity and isolation of a stable
oxaphosphetane intermediate”, Eur. J. Org. Chem., (2002),pp. 1143-1148.

[11] C.H. Wang, M.W. Huang, C.Y. Lee, H.L. Chei, J.P. Huang, and J. Shiea: “Detection
of a thermally unstable intermediate in the Wittig reaction using low temperature


http://www.ingentaconnect.com/content/external-references?article=/0009-2940^281953^29L.629[aid=5314735]
http://www.ingentaconnect.com/content/external-references?article=/1042-7163^281997^298L.557[aid=5314736]
http://www.ingentaconnect.com/content/external-references?article=/0002-7863^281992^29114L.4008[aid=5314738]
http://www.ingentaconnect.com/content/external-references?article=/0002-7863^281994^29116L.4509[aid=5314740]
http://www.ingentaconnect.com/content/external-references?article=/0936-5214^281996^29L.600[aid=398104]
http://www.ingentaconnect.com/content/external-references?article=/1434-193X^282000^29L.2601[aid=5314741]
http://www.ingentaconnect.com/content/external-references?article=/1434-193X^282002^29L.1143[aid=5314742]
http://www.ingentaconnect.com/content/external-references?article=/0002-7863^281992^29114L.4008[aid=5314738]
http://www.ingentaconnect.com/content/external-references?article=/0002-7863^281994^29116L.4509[aid=5314740]
http://www.ingentaconnect.com/content/external-references?article=/1434-193X^282000^29L.2601[aid=5314741]

520

A. Pascariu et al. / Central European Journal of Chemistry 4 (2003) 491542

[22]
23]

[24]

[27]

28]

liquid secondary ion and atmospheric pressure ionization mass spectroscopy”, J.
Am. Soc. Mass. Spectr., Vol. 9, (1998), pp. 1168-1174.

M. Schlosser and H.B. Tuong: “Neuer hinweis auf zwitterionsche zwischenstufen bei
der Wittig reaktion”, Angew. Chem., Vol. 91, (1979), pp. 675-677.

B.E. Marianoff and B.A. Duhl-Emswiler: “Trans stereoselectivity in the reaction of
(4-carboxybutylidene)triphenylphosphorane with aromatic aldehydes”, Tetrahedron
Lett., Vol. 22, (1981), pp. 4185-4188.

W.A. Johnson: “Ylides and imines of Phosphorus”, John Wiley&Soms: New York,
1993, pp. 1-136

E. Vedejs and M.J. Peterson: “Stereochemistry and mechanism in the Wittig
reaction”, Top. Stereochem., Vol. 21, (1994), pp. 1-157.

0O.I. Kolodiazhny: “Phosphorus ylides”, Wiley-VCH: Weinheim, 1999, pp. 127-253

W. Weber and G.W Gokel: Phase Transfer Catalysis in Organic Synthesis, Mir.
Press, Moscow, 1978, pp. 281-325.

E. Méarkl and A.Merz: “Carbonyl olefinierungen mit nicht-stabilisierten phosphorin-
alkylenen im wagrigen”, Synthesis, (1973), pp. 295-297.

F. Kronke: “Carbeniat-zwitter ionen, III. Mittel: Tiefferbige, mesomere
phosphonium betaine”, Chem. Ber., Vol. 83, (1950), pp. 291-296

E. Dehmlow and S. Dehmlow: Phase Transfer Catalysis, Werlag Chem: Berlin,
1980, pp.103-110.

S. Hiinig and I. Stemmler: “Synthese von 1,4-dipyridyl und 1,4-dichinolyl-
butadienen durch Wittig synthese im zweiphasensystem”, Tetrahedron Lett., Vol.
36, (1974), pp. 3151-3154.

W. Togaki, I. Inoue, Y. Yano and T. Okonogi: “Wittig reaction in benzene-aqueous
alkaline solution”, Tetrahedron Lett., Vol. 15, (1974), pp. 2587-2590.

E. Dehmlow and S. Dehmlow: Phase Transfer Catalysis, Werlag Chem: Berlin,
1980, 127-164.

Y. Le Bigot, M. Delmas and A. Gaset: ”A simplified Wittig synthesis using
solid /liquid transfer process. II. The use of potassium carbonate for the synthesis of

alkenes from aromatic and aliphatic aldehyde”, Synth. Commun., Vol. 12, (1987),
pp. 107-112.

J.W. Xiao, Z.L. Tang, M.W. Ding, F. Wen and T.J. Wu: “Studies on the Wittig
reaction. XXVII. Phase transfer catalytic bis-Wittig reaction of 1,2- and 1,3-
bisylide”, Chinese Chem. Lett., Vol. 8, (1997), pp. 361-364.

W. Huang, M.W. Ding, X. Wenjing and T. Wu “Studies on the
Wittig reaction. XIII. Phase transfer catalyzed (PTC) Wittig reaction of (2-
butinyl)methyldiphenylphosphonium salt with substituted benzaldehydes”, Chinese
Chem. Lett., Vol. 3, (1992), pp. 411-414.

H. Li, Y, Deng and H. Xu: “Phase transfer catalysts for Wittig reaction”, Huazue
Tongbao, (1988), pp. 18-20 (C.A. Vol 110, (1989), 134325h).

E.V. Demhlow: “Fortschitte der phasentransfer-katalyse”, Angew. Chem., Vol. 89,
(1977), pp. 521-533.


http://www.ingentaconnect.com/content/external-references?article=/1044-0305^281998^299L.1168[aid=5314743]
http://www.ingentaconnect.com/content/external-references?article=/0044-8249^281979^2991L.675[aid=5314744]
http://www.ingentaconnect.com/content/external-references?article=/0040-4039^281981^2922L.4185[aid=5314745]
http://www.ingentaconnect.com/content/external-references?article=/0082-500X^281994^2921L.1[aid=402716]
http://www.ingentaconnect.com/content/external-references?article=/0009-2940^281950^2983L.291[aid=5314747]
http://www.ingentaconnect.com/content/external-references?article=/1001-8417^281992^293L.411[aid=5314752]
http://www.ingentaconnect.com/content/external-references?article=/0044-8249^281977^2989L.521[aid=5314754]
http://www.ingentaconnect.com/content/external-references?article=/1044-0305^281998^299L.1168[aid=5314743]
http://www.ingentaconnect.com/content/external-references?article=/0040-4039^281981^2922L.4185[aid=5314745]
http://www.ingentaconnect.com/content/external-references?article=/1001-8417^281992^293L.411[aid=5314752]
http://www.ingentaconnect.com/content/external-references?article=/0044-8249^281977^2989L.521[aid=5314754]

A. Pascariu et al. / Central European Journal of Chemistry 4 (2003) 491-542 521

[29]

[30]

[33]

[34]

[35]

[36]

[37]

[40]

[41]

[42]

[43]

G.M. Lanpman, R.W. Koops and C.C. Olden: “Phosphorus and sulfur ylide
formation: Preparation of 1-benzoyl-2-phenylcyclopropane and 1,4-diphenyl-1,3-
butadiene be phase transfer catalysis”, J. Chem. Educ., Vol. 62, (1985), pp. 267-281.

C. Bottegki, G. Caccia and S. Gladiali: “A convenient two steps homologation
of aldehydes”, Chem. Ind., Vol. 59, (1977), pp. 839-841. (C.A., Vol. 88, (1978),
152172u)

S.M. Lu: “A novel and efficient method for the synthesis of -triazolyl alkenes via

the phase-transfer catalyzed Wittig reaction”, Heterocycl. Commun., Vol. 6, (2000),
pp. 319-322.

V.N. Listvan, A.P. Stasyuk, and L.N. Kurgan: “Reaction of phosphorus ylides with
acylating agents in a two phase system”, Zh. Obsch. Khim., Vol. 57, (1987), pp.
1534-1540. (C.A., Vol. 109, (1988), 6617x)

V.N. Listvan: “Acylation of arylmethylenetriphenylphosphoranes by acid chlorides
under phase transfer catalysis conditions”, Zh. Vses. Khim. O-va. In D.IL
Mendeleeva, Vol. 30, (1985), pp. 233.(C.A., Vol. 104, (1986), 19633w)

D.N. Nicolaides, K.E. Litinas and N.G. Argylopoulos: “Reactions of o-quinones with
2,5-dimethylthiophene-3,4-diylbis(methylenetriphenylphosphonium chloride) in the
presence of lithium hydroxide. Application of phase transfer catalysis”, J. Chem.
Soc. Perkin Trans I, (1986), pp. 415-419

N. Daubresse, C. Frenchesch and C. Rolando: “Phase Transfer Wittig Reaction
with 1,3-Dioxolan-2-yl-methyltriphenyl phosphonium Salts: an Efficient Method for
Vinylogation of Aromatic Aldehydes”, Tetrahedron, Vol. 54, (1998), pp. 10761-10770

E. Vedejs and T.J. Fleck: “Kinetic not equilibrium factors are dominant in Wittig
reaction of conjugated yilides”, J. Am. Chem. Soc., Vol. 11, (1989), pp. 5861-5871.

W.M. Abdou, A.F. Ganoub and A.A.M. Shaddy: “Selective addition of Wittig
reagents bifunctionalized compounds. Condensation of 3-phenyl(benzothiazolyl)-
acrylonitrile”, Tetrahedron, Vol. 54, (1998), pp. 9079-9088.

T. Tsunoda, H. Takagi, D. Takaba, H. Kaku and S. Ito, “Cyanomethylene-
trimethylphosphorane, a powerful reagent for the Wittig olefination of esters,
lactones and imides”, Tetrahedron Lett., Vol. 41, (2000), pp. 235-237.

Y.S. Hon, L. Lu, R.C. Chang, S.W. Lin, P.P. Sun and C.F. Lee: “Syntheses of «,-
unsaturated carbonyl compoundsfrom the reactions of monosubstituted ozonides
with stable phosphonium ylides”, Tetrahedron, Vol. 56, (2000), pp. 9269-9279.

W.M. Abdou and A.A. Kamel: “Heterocycles from ylides. Reactivity of 2-acetyl-
5-bromothiophene and 5-methylfuran with stabilized and nonstabilised ylides”,
Tetrahedron, Vol. 56, (2000), pp. 7573-7580.

A.F. Asato and R.S.H. Liu: “7-cis, 9-cis and 7-cis, 9-cis-13-cis retinal. Stereoselective
synthesis of 7-cis, 9-cis-g-ionylideneacetaldehyde”, J. Am. Chem. Soc., Vol. 97,
(1975), pp. 4128-4134.

P. Dalla Croce and D. Pocar: “Heterocycles from ylides: Part III. Reactivity of
Allylicphosphonium ylides with 1,3-dipoles”, J. Chem. Soc. Perkin Trans, Vol. 6,
(1976), pp. 619-670.

F. Bohlman and C. Zdero: “Eine neue synthese von cyclohexadien derivaten”,
Chem. Ber., Vol. 106, (1973), pp. 3779-3787.


http://www.ingentaconnect.com/content/external-references?article=/0021-9584^281985^2962L.267[aid=5314755]
http://www.ingentaconnect.com/content/external-references?article=/0793-0283^282000^296L.319[aid=5314757]
http://www.ingentaconnect.com/content/external-references?article=/0300-922X^281986^29L.415[aid=5314758]
http://www.ingentaconnect.com/content/external-references?article=/0040-4020^281998^2954L.10761[aid=5314759]
http://www.ingentaconnect.com/content/external-references?article=/0040-4020^281998^2954L.9079[aid=5314761]
http://www.ingentaconnect.com/content/external-references?article=/0040-4039^282000^2941L.235[aid=5314762]
http://www.ingentaconnect.com/content/external-references?article=/0040-4020^282000^2956L.9269[aid=5314763]
http://www.ingentaconnect.com/content/external-references?article=/0040-4020^282000^2956L.7573[aid=5314764]
http://www.ingentaconnect.com/content/external-references?article=/0002-7863^281975^2997L.4128[aid=5314765]
http://www.ingentaconnect.com/content/external-references?article=/0009-2940^281973^29106L.3779[aid=460812]
http://www.ingentaconnect.com/content/external-references?article=/0793-0283^282000^296L.319[aid=5314757]
http://www.ingentaconnect.com/content/external-references?article=/0300-922X^281986^29L.415[aid=5314758]
http://www.ingentaconnect.com/content/external-references?article=/0002-7863^281975^2997L.4128[aid=5314765]

522

A. Pascariu et al. / Central European Journal of Chemistry 4 (2003) 491542

[44]

[45]

[46]

[47]

48]

[49]

[50]

[51]
[52]

[53]

[54]
[55]

[56]

J.M. Berenguer and J.Castells: “y-Halogenation of «,(-unsaturated aldenydes”,
Tetrahedron Lett., Vol. 6, (1971), pp. 493-495.

J.J. Hwang, R.L. Lin, R.L. Shieh and J.J. Jwo: “Study of the Wittig reaction
of benzyltriphenylphosphonium satl and benzaldehyde via ylide-mediated phase-
transfer catalysis. Substituent and solvent effect”, J. Mol. Catal. A- Chem, Vol.
142, (1999), pp. 125-139.

E.C. Dunne, E.J. Coyne, P.B. Crowley and D.G. Gilheany: “Co-operative
ortho-effects on the Wittig reaction. Interpretation of selectivity in the reaction
of ortho-halo-substituted benzaldehydes and benzylidenetriphenylphosphoranes”,
Tetrahedron Lett., Vol. 43, (2002), pp. 2449-2453.

E. Vedejs and K.A.J. Snoble: “Direct observation of oxaphosphetane from typical
Wittig reactions”, J. Am. Chem. Soc., Vol. 95, (1973), pp. 5778-5780.

J. Gillois, G. Guilierm, M. Savignac, E. Stephan and L. Vo-Quang:
“Diphenylbutadienes syntheses by means of the Wittig reaction”, J. Chem. Educ.,
Vol. 57, (1980), pp. 161-162.

E.N. Walsh, E.J. Griffith, R.W. Parry and L.D. Quin: Phosphorus Chemistry
Developments in  American Science, ACS Symposium Series 486, American
Chemical Society: Washington, DC, 1992.

E. Vedejs, C.F. Marth and R. Ruggeri: “Substituents effects and the Wittig
mechanism. The case for stereo specific oxaphosphetane decomposition”, J. Am.
Chem. Soc., Vol. 110, (1988), pp. 3940-348.

G. Kofmehl and R. Nuck: “PhasentransferkatalysiertevWittig-reaktionen ohne
basenznsatz”, Chem. Ber., Vol. 112, (1979), pp. 2344-2346.

R.M. Boden: “Crown ether catalysis of the Wittig raection”, Synthesis, Vol. 12,
(1975), pp. 784.

J.F. Dupin and J. Chenault: “Phase transfer catalysed Wittig-Horner synthesis
preparation of hydroxycinnamic esters from ortho hydroxyl aromatic aldehydes
obtained of hydroxycinnamic acids”, Synthetic Commun., Vol. 15, (1985), pp. 581-
586.

J.A. Stafford and J.E McMurry: “An efficient method for the preparation of
alkylidenecyclopropanes”, Tetrahedron Lett., Vol 29, (1988), pp. 2531-2544.

G. Trigo and E.F. Llama: “Wittig reaction of azabicyclo-ketyones in various two-
phase systems”, Heterocycles, Vol. 23, (1985), pp. 2999-3007.

J.G. Cui, C.W. Lin, L.M. Zeng and J.Y. Su: “Synthesis of polyhydroxysterols(III):
Synthesis and structural elucidation of 2,4-methylenecholest-4-en-33,6a-diol”,
Steroids, Vol 67, (2002), pp. 1015-1019.

R.C. Lum and J.J. Grabowski: “Carbon versus phosphorus site selectivity in the
gas phase anion molecule reactions of dimethyl methylphosphonate”, J. Am. Chem.
Soc., Vol. 115, (1993), pp. 7823-7832.

K. Ando: “A Mechanistic Study of the Horner-Wadsworth-Emmons Reaction:
Computational Investigation on the Reaction Pass and the Stereochemistry in
the Reaction of Lithium Enolate Derived from Trimethyl Phosphonoacetate with

Acetaldehyde”, J. Org. Chem., Vol. 64, (1999), pp. 6815-6821.

P.-O. Norrby: “Selectivity in asymmetric synthesis from QM-guided molecular
mechanic”, J. Mol. Struc.-Theochem, Vol. 506, (2001), pp. 9-16.


http://www.ingentaconnect.com/content/external-references?article=/1381-1169^281999^29142L.125[aid=5314768]
http://www.ingentaconnect.com/content/external-references?article=/0040-4039^282002^2943L.2449[aid=5314769]
http://www.ingentaconnect.com/content/external-references?article=/0021-9584^281980^2957L.161[aid=5314770]
http://www.ingentaconnect.com/content/external-references?article=/0002-7863^281988^29110L.3940[aid=5314771]
http://www.ingentaconnect.com/content/external-references?article=/0039-7911^281985^2915L.581[aid=5314774]
http://www.ingentaconnect.com/content/external-references?article=/0040-4039^281988^2929L.2531[aid=5314775]
http://www.ingentaconnect.com/content/external-references?article=/0385-5414^281985^2923L.2999[aid=5314776]
http://www.ingentaconnect.com/content/external-references?article=/0039-128X^282002^2967L.1015[aid=5314777]
http://www.ingentaconnect.com/content/external-references?article=/0002-7863^281993^29115L.7823[aid=486373]
http://www.ingentaconnect.com/content/external-references?article=/0022-3263^281999^2964L.6815[aid=5314778]
http://www.ingentaconnect.com/content/external-references?article=/0166-1280^282001^29506L.9[aid=5314779]
http://www.ingentaconnect.com/content/external-references?article=/1381-1169^281999^29142L.125[aid=5314768]
http://www.ingentaconnect.com/content/external-references?article=/0021-9584^281980^2957L.161[aid=5314770]
http://www.ingentaconnect.com/content/external-references?article=/0002-7863^281988^29110L.3940[aid=5314771]
http://www.ingentaconnect.com/content/external-references?article=/0039-7911^281985^2915L.581[aid=5314774]
http://www.ingentaconnect.com/content/external-references?article=/0002-7863^281993^29115L.7823[aid=486373]

A. Pascariu et al. / Central European Journal of Chemistry 4 (2003) 491-542 523

[60]

[61]

[66]

[67]

[68]

[69]

R.F. Huff, C.E. Moppett and J.K. Sutherland: “A stereoselective synthesis of

substituted malei esters by use of phosphonates”, J. Chem. Soc. C, (1968), pp.
2725-2726.

Z. Mouloungui, I. Murengezi, M. Delmas and A. Gaset: “Cesium carbonate in
weakly hydratated solid/liquid heterogenous medium: a new reagent for anionic
activation synthesis”, Synthetic Commun., Vol. 18, (1988), pp. 1241-1245.

E. V. Dehmlow and S. Barahona-Naranjo: “Application of phase transfer catalysis.
Part 18. Horner-Emmons reactions”, J. Chem. Res.-S, (1981), pp. 143.

E. D’Incan : “Catalyse par transfert de phase et extraction par paires d‘ions.

Stereoselectivite de la réaction de Horner-Emmons”, Tetrahedron, Vol. 33, (1977),
pp- 951-954.

S.K. Thompson and C.H. Heathcock: “Effect of cation, temperature and solvent on

the selectivity of the Horner-Emmons reaction of trimethylphosphonoacetate with
aldehydes”, J. Org. Chem., Vol. 55, (1990), pp.3386-3388.

B. Descamps, G. Lefebwe, A. Redjal and J. Seyden-Renne, “Mécanisme de la

réaction Horner Emmons II. Effet de solvant sur la stéréosélectivité de la réaction
d‘aldéhydes aromatiques et de phosphonitriles”, Tetrahedron, Vol. 29, (1973), pp.

2437-2445.

J.H. Babler, H. Kaneko, M. Okazaki and T.R. Mortel: “Stereospecific carbonyl-
olefination on 3-ketosteroids with phosphonate carbanion”, Tetrahedron Lett.,
(1966), pp. 219-222.

S. Kojima, K. Kawaguchi, S. Matsukawa and K. Akiba: “Stereo specificitystilbene
formation from B-hydroxy-a,(-diphenylethylphosphonates.
Mechanistic proposalsbased upon stereochemistry”, Tetrahedron, Vol. 59, (2003),
pp. 255-265.

M. Kinlov and J. Petrova: “Uber die stereochimie und den mechanismus
der umsetzung von p-methyl-benzylphosphonsaure-di-athylester mit n-benzyliden-
anilin in gegenwart von metallhatinger basen, IV”, Tetrahedron Lett., (1970), pp.
2129-2132.

J.V. Sinisterra, J. Barrios, Z. Mouloungui, M. Delmas and A. Gaset: “New
CsyCOg3 catalyst for the Wittig-Horner synthesis of acrylates in interfacial solid-
liquid conditions”, Bull. Soc. Chim. Belg. (European Section), Vol. 100, (1991), pp.
267-275.

W.S. Wadsworth Jr and W.D. Emmons: “The Utility of Phosphonate Carbanions
in Olefin Synthesis”, J. Am. Chem. Soc., Vol. 83, (1961), pp. 1733-1738.

T.A. Albright and E.E. Schweizer, “Conformation and electronic structure of the
lithium adduct of methylenephosphoranes” J. Org. Chem., Vol. 41, (1976), pp. 1168-
1173.

I. Shahok and J. Almong: “Horner —~Wittig synthesis of «,f-unsaturated sulfide and
sulfones”, Synthesis, (1969), pp. 170-172.

G.D. Durrant and J.K. Sutherland: “Some observations on the Wadsworth-Emmons
olefination reaction”, J. Chem. Soc., Perkin I, (1972), pp. 2582-2584.

M. Mikolajezyk, S. Grejszezaks and A. Zatorski:“a-Phosphonyl sulfoxides II
Synthesis of «,(-unsaturated sulfoxides and configurational assignments to
geometrical isomers”, J. Org. Chem., Vol. 40, (1975), pp. 1979-1984.

M. Vlassa, M. Kezdi, M. Strajescu and F. Teodor: Cataliza prin Transfer Interfazic,
Dacia: Cluj-Napoca, 1985.


http://www.ingentaconnect.com/content/external-references?article=/0039-7911^281988^2918L.1241[aid=5314781]
http://www.ingentaconnect.com/content/external-references?article=/0040-4020^281977^2933L.951[aid=5314782]
http://www.ingentaconnect.com/content/external-references?article=/0022-3263^281990^2955L.3386[aid=5314783]
http://www.ingentaconnect.com/content/external-references?article=/0040-4020^281973^2929L.2437[aid=5314784]
http://www.ingentaconnect.com/content/external-references?article=/0040-4039^281966^29L.219[aid=5314785]
http://www.ingentaconnect.com/content/external-references?article=/0040-4020^282003^2959L.255[aid=5314786]
http://www.ingentaconnect.com/content/external-references?article=/0040-4039^281970^29L.2129[aid=5314787]
http://www.ingentaconnect.com/content/external-references?article=/0002-7863^281961^2983L.1733[aid=468365]
http://www.ingentaconnect.com/content/external-references?article=/0022-3263^281976^2941L.1168[aid=5314788]
http://www.ingentaconnect.com/content/external-references?article=/0022-3263^281975^2940L.1979[aid=5314790]
http://www.ingentaconnect.com/content/external-references?article=/0040-4020^281977^2933L.951[aid=5314782]
http://www.ingentaconnect.com/content/external-references?article=/0040-4020^281973^2929L.2437[aid=5314784]
http://www.ingentaconnect.com/content/external-references?article=/0040-4039^281966^29L.219[aid=5314785]
http://www.ingentaconnect.com/content/external-references?article=/0040-4020^282003^2959L.255[aid=5314786]
http://www.ingentaconnect.com/content/external-references?article=/0040-4039^281970^29L.2129[aid=5314787]
http://www.ingentaconnect.com/content/external-references?article=/0022-3263^281976^2941L.1168[aid=5314788]

A. Pascariu et al. / Central European Journal of Chemistry 4 (2003) 491542

[81]

[82]

[33]

[89]

[90]

[91]

J. Dockx: “Quaternary Ammonium Compounds in organic synthesis”, Synthesis,
(1973), pp. 441-456.

C. Piechucki: “Wittig-Horner synthesis in an aqueous two-phase system using phase
transfer catalysis”, Synthesis, Vol. 12, (1974), pp. 869-870.

C. Piechucki: “Phase transfer catalysed Wittig-Horner reactions of diethylphenyl
and styrylmethionephosphonates, a simple preparation of 1-aryl-4-phenylbute-1,3-
diones”, Synthesis, (1976), pp. 187-188.

M. Mikolajczyk, S. Grzejszezak, W. Midura and A. Zatorski: “Horner-Wittig
reactions in a two phase system in the absence of a typical phase-transfer catalyst”,
Synthesis, Vol. 6, (1976), pp. 396-398.

M. Mikolajczyk, W. Midura and A. Zatorski: “Synthesis of «,3-unsaturated
sulphides, sulphoxides, and sulphones by Wittig-Horner reaction in two phase
system catalysed by quaternary ammonium salts and crown ethers”, Synthesis,
(1975), pp. 278-280.

P.G. Ciattini, E. Mona and G. Ortar: “Horner synthesis of didehydroamino acid

derivatives in a liquid-liquid two-phase system”, Synthesis, Vol. 2, (1988), pp. 140-
142.

J. Villieras and M. Rambaud: “Wittig-Horner reactions in heterogenous media;2.A
convenient synthesis of «,f-unsaturated esters and ketones using weak bases in
water”, Synthesis (1983), pp. 300-303.

J. Villieras, M. Rambaud and M. Graff : “La réaction de Wittig-Horner en
milieu heterogene VI. Sélectivité de la réaction sur des composes difunctionelles”,
Tetrahedron Lett., Vol. 26, (1985), pp. 53-56.

D.Q. Shi, Y.-M. Wang and R.-Y Chen: “Synthesisand stereoselectivity of a new type
of unsaturated phosphonates”, Heteroatom Chem., Vol. 11, (2000), pp. 261-266.

M.A. Loreto, C. Pompili and P. Tardella: “a-Methylene S-amino phosphonic ester
derivatives by amination of (1-trimethylsilanylmethyl-vinyl) phosphonic esters”
A. Tetrahedron, Vol. 57, (2001), pp. 4423-4431.

E.V. Dehmlow and S. Barahona-Naranjo: “Application of phase transfer catalysis.

Part 17. Wittig reaction in various two phase system”, J. Chem. Res.-M, (1981),
pp. 1763.

J.V. Sinisterra, Z. Mouloungui, M. Delmas and A. Gaset: “Barium hydroxide as
catalyst in organic reactions; V. Application in the Horner reaction under solid-
liquid phase transfer conditions”, Synthesis, Vol. 12, (1985), pp. 1097-1100.

F. Textier-Boullet and A . Foucaud: “The Wittig-Horner reaction in solid-liquid
two pahse system”, Synthesis, Vol. 11, (1979), pp. 884-885.

F. Textier-Boullet, D. Villemin, M. Ricard, M. Moison and A. Foucaud : “Reaction
de Wittig, Wittig-Horner and Knoevenagel par activation anionique avec 1‘alumine
ou le fluorure de potassium depose sur l‘alumine, sans solvant”, Tetrahedron, Vol.
41, (1985), pp. 1259-1267

Z. Mouloungui, M. Delmas, and A. Gaset: “Synthesis of a,3-ethylenic esters in a
heterogenous solid-liquid medium II-a transesterification reaction linked to a protic
medium”, Synth. Commun., Vol. 15, (1985), pp. 491-494.

Z. Mouloungui, R., Elmestour, M. Delmas and A. Gaset: “Reactions de Wittig-
Horner et de transesterification en une opeartion par a activation anionique de liaison


http://www.ingentaconnect.com/content/external-references?article=/0040-4039^281985^2926L.53[aid=5314798]
http://www.ingentaconnect.com/content/external-references?article=/1042-7163^282000^2911L.261[aid=5314799]
http://www.ingentaconnect.com/content/external-references?article=/0040-4020^282001^2957L.4423[aid=5314800]
http://www.ingentaconnect.com/content/external-references?article=/0040-4020^281985^2941L.1259[aid=5314803]
http://www.ingentaconnect.com/content/external-references?article=/0039-7911^281985^2915L.491[aid=5314804]
http://www.ingentaconnect.com/content/external-references?article=/0040-4020^281985^2941L.1259[aid=5314803]

A. Pascariu et al. / Central European Journal of Chemistry 4 (2003) 491-542 525

[92]

[93]

[94]

[95]

C-H et O-H en milieu heterogene carbonate de potassium/alcool”, Tetrahedron, Vol.
48, (1992), pp. 1219-1232.

Z., Mouloungui, M. Delmas and A. Gaset: “The Wittig-Horner reaction weakly
hydratated solid-liquid media: Structure and reactivity of carbanionic species
formed from ethyl(Didiethylphosphono)acetate by adsorption on solid inorganic
bases”, J. Org. Chem., Vol. 54, (1989), pp. 3936-3941.

C. Alvarez-Ibarra, S. Arias, G. Banon, M.J. Fernandez, M. Rodriguez and V.
Sinisterra: “An efficient and stereoselective Wittig-Horner synthesis of acyclic a-
enones with barium hydroxide as solid caatlyst”, J. Chem. Soc., Chem. Commun.,
(1987), pp. 1509-1511.

C. Alvarez-Ibarra, S. Arias, M.J. Fernandez and V. Sinisterra: “Efficient Wittig-
Horner synthesis of acyclic a-enones with an asymmetric carbon at «-position using
barium hydroxide”, J. Chem. Soc., Perkin Trans II, (1989), pp. 503-508.

S. Arai, S. Hamaguchi and T. Shioiri: “Catalytic assimetric Horner-Wadsworth-
Emmons reaction under phase transfer catalysis conditions”, Tetrahedron Lett., Vol.
39, (1998), pp. 2997-3000.

S.E. Demnark and C.T. Chen: “Electrophylic activation on the Horner -
Wadsworth-Emmons-Wittig reaction high selective effect of dissymmetric olefins”,
J. Am. Chem. Soc., Vol. 114, (1992), pp. 10674-10694.

H.E. Gais, G. Schmidl, W.A. Ball, J. Bund, G. Hellmann and J. Erdelmeier:
“Synthesis of optically active oxa-carbocyclic precursor featuring asymmetric
Horner-Emmons reaction”, Tetrahedron Lett., Vol. 29, (1988), pp. 1773-1774.

H.J. Rehwinkel, J. Skupsch, H. Vorbruggen: “E- or Z- selective Wittig reactions of
substituted bicycle[3.3.0]octane-3-ones with chiral phosphonoacetate”, Tetrahedron
Lett., Vol. 29, (1988), pp. 1775-1777.

E. Angeletti, P. Tundo and P. Venturello: “Gas-Liquid Phase-transfer Catalysis:
Wittig-Horner Reaction in Heterogeneous Conditions”, J. Chem. Soc. Perkin
Trans.1, (1987), pp. 713-714.

[100] E. Angeletti, P. Tundo and P. Venturello: “The Wittig Synthesis of Alkenes under

Gas-Liquid Phase-transfer”, J. Chem. Soc. Chem. Commun., Vol. 6, (1983), pp.
269-271.


http://www.ingentaconnect.com/content/external-references?article=/0040-4020^281992^2948L.1219[aid=5314805]
http://www.ingentaconnect.com/content/external-references?article=/0022-3263^281989^2954L.3936[aid=5314806]
http://www.ingentaconnect.com/content/external-references?article=/0040-4039^281998^2939L.2997[aid=5314808]
http://www.ingentaconnect.com/content/external-references?article=/0002-7863^281992^29114L.10674[aid=5314809]
http://www.ingentaconnect.com/content/external-references?article=/0040-4039^281988^2929L.1773[aid=474871]
http://www.ingentaconnect.com/content/external-references?article=/0040-4039^281988^2929L.1775[aid=5314810]
http://www.ingentaconnect.com/content/external-references?article=/0040-4020^281992^2948L.1219[aid=5314805]
http://www.ingentaconnect.com/content/external-references?article=/0040-4039^281998^2939L.2997[aid=5314808]
http://www.ingentaconnect.com/content/external-references?article=/0040-4039^281988^2929L.1775[aid=5314810]

526 A. Pascariu et al. / Central European Journal of Chemistry 4 (2003) 491542

O
R;
R,
(@]
R3
() P
Betaine (1) Oxaphosphetane (2)

R R
I\C C/R3 + Rz\c—c/ 3 + R\?’PZO
R, R, R} R,

(Z) alkene (E)

Scheme 2 The mechanism of the Wittig reaction.
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R | Yield (%) Z/E

H 95 66:34
2-NOg 91 52:48
2-OMe 71 63:37

2-F 84 60:40
2-Cl 89 55:45
2-Br 80 52:48
3-Me 76 64:36

3-NOg 90 58:42

3-OMe 75 63:37

3-F 100 62:38
3-Cl 97 61:39
3-Br 98 60:40
4-Me 78 66:34
4-CN 100 72:28

4-NOg2 88 60:40

4-F 77 60:40
4-Cl 86 63:37
4-Br 86 61:39

Table 1 Yields and Z/F ratios for the reaction of 1,3-dioxolan-2-yl-methyltriphenylphosphonium
salts with o-, m~,p- substituted benzaldehyde.
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R Y E %
{5\/
\7% COOMe &5
&v
\5% COPh 55
COOMe 93
é O
COPh 72
COOMe 93
HOH\)Q
COPh 65
COOMe 91
PhCH,CH- COPh 67

Table 2 The stereselectivity in the synthesis of «,3-unsaturated carbonyl compounds from the
reaction of the monosubstituted ozonides and stabilized phosphorus ylides.
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Stilbene Z/E ratio (yield %)
CH»Cly CHCl;
2-CISB | 0.92 (55) 0.92 (52)
3-CISB | 1.5(82) L5 (79)
2,2-CLLSB | 1.8 (86) 3.5 (80)
4,4-CL,SB | 2.1 (90) 2.3 (93)
2,3-CL,SB | 1.4 (90) 1.7 (87)
2,4-CL,SB | 1.2 (90) 1.5 (83)
3,4-CLSB | 1.2 (90) 1.2 (94)
2.CISB | 2.1 (50) -
A-CISB | 2.7 (98) 2.9 (97)
3,3-CLSB | 1.7 (92) 1.9 (94)
3,2-CLSB | 3.3 (81) 5.5 (81)
42-CL,SB | 2.7 (95) 5.3 (96)
4,3-CLSB | 1.3 (90) 1.5 (92)

Table 3 The substituent effect upon the Z/FE ratio of stilbene compounds.

SB=stilbene
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Salt Aldehyde Z/E
Y XY X
H H| F H 70:30
F H|H H 2674
F H]| F H 90:10
F F| H H 14:86
H H| F F 9:91
F H| F F 2377
F F|F H 2575
H H|H H 40:60
H H|H H 6139
H H|Cl H 7723
Cl H|{H H 2377
Cl H|fCl H 8713
Cl CI|H H 199
H H|Cl ClI 595
Cl H|Cl Cl 2575
Cl Cl| Cl Cl 40:60
Ccl CIfcl Gl 1:99
H H|Cl H 955
H H|Br H 8515
Br H| H H 50:50
Br H|Br H 95:5
F H|Br H 955
Br H| F H 955
Me H| Cl H 90:10
Cl H|Br H 7030
H H|Me H 5743
Me H| H H 67:33

Table 4 The Z/FE ratio of the alkenes obtained in reaction of o, o‘—substituted benzyltriph-

enylphosphonium bromides with substituted benzaldehydes.
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Scheme 5 The possible mechanism of Z-oxaphosphetane formation in solution.
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Aldehyde Base Solvent Reaction time (h) Yield (%) E/Z
L~
ITI CHO
H K5C0; 0
C85CO3 1,4-dioxane / water 3 36 100
C-200" 0
CHO
N
| kcoq 15
C55CO5 1,4-dioxane / water 3 46 100
C-200* 0

Table 5 The influence of the PT catalyst on yield.

C-200 = Ba(OH)Q * HQO
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Catalyst n—BuyNCl n—BuyNBr n—Buys/NI PhyPCl PhyAsCl
Reaction time (min.) 15 40 50 5 5
Z/E 43/57 43/57 48/52 44/56 44/56

Table 6 The influence of an equimolecular quantity of the catalyst under the specified PTC
conditions: NaOH 0,2 N/CH»Cl,, 25°C.



