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Abstract : In order to further delimit the scope of application of diphenylphosphonium diylides, their
reactivity towards carbonic acid derivatives was investigated. Non-stabilized diylides react with ethyi
carbonpate to give new monoylide intermediates which lead, by in siru Wittig reaction with carbonyl

compounds, to the eyntheqm of a,f-unsaturated esters or acids the double bond being di- or
trisubstituted. The reaction proceeds in mild conditions and with high £ stereosciectivity. Stabilized
diylides are inactive towards carbonates but semi-stabilized diylides react with ethy! carbonate leading
to the synthesis of non-functionalized alkenes instead of the «,B-unsaturated esters or acids.

© 1998 Elsevier Science Ltd. All rights reserved.

In our recent work, it has been shown that the non-substituted and non-stabilized diphenylphosphonium
diylide 2a, more reactive, owing to its reinforced carbanionic activity, than the corresponding phosphonium
monoylide 1, constitutes an excellent tool in organic synthesis.! Presently we are trying to enlarge our results

to substituted diylides 2b-2d (non-stabilized 2b, semi-stabilized 2¢ or stabilized 2d) in order to determine the

!imitatiens of the synthetic application ficld for this family of rcagents.
T/(;‘H—R
Ph,P =—CRR' PhoP { Li
CH—R
- 2a (R=H) non-stabilized
1 :R=R'=H 2

2b (R = alkyl) non-stabilized
Me 2¢ (R = Ph) semi-stabilized
2d (R =CO-Ph) stabilized

Recently, we showed that the non-stabilized and non-substituted diylide 2

\ ¥ v
carbonate enabling, in a ponctuai case, the synthesis of a funciionalized a,p-unsaturated ester.2 We pres

here a more general work concerning the reactivity of non-substitutcd and substituted diylides 2a-d towards
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SE}ECuVit'y', in short times and under very
mild conditions. Further this reaction constitutes a good model to delimitate, depending on their stabilization

degree, the scope and limitations in the use of phosphonium diylides.

he non-stabilized diylide 2a (a8 : R = H) reacts with ethy! carbonate to give the corresponding
e bman o B b e el B (O b . N L . 1. 44 ST P DU S PR DRSS S PR STSIUIPNY o SUPUSURpIS [y S,
iniermediaie monoylide 3a (Scheme 2). Tne laiier, inrougn an iniramoiecular protoiropy, is {ransiormed inio a

new monoylide 3'a, exhibiting a stabilized character owing to the presence of an ester group on the carbanion.
This monoylide reacts in situ with aldehydes to give a,B-unsaturated esters 4 with a disubstituted double bond
(table 1, Scheme 2), together with methyldiphenylphosphine oxide 7a. The corresponding acids § are obtained
quantitatively through direct basic hydrolysis of the reaction mixture (table 3, Scheme 5). It is noteworthy that
the protonation of this mixture, before adding the carbonyl compound, quantitatively leads to the
phosphonium salt 3"a, in good accordance with the formation of the intermediate monoylides 3a and 3'a.

R BOCOE T, ohR ] [ +,omr +
PP AH L+ (-EOL) ph2$: . |enp HsO
T i CH—C—OEt | == “¢—c—0Et | ————
| & & | | | I
2a:R=H L d L ] |
2b : R =Alkyl 3 3 _
Cl
. + CHaR
1 2C=0 hoP
CHR R_ - R” | (l)H—%—OEt
RN M RZ/C=C\COQE1 ~ |
7 4 3"
Scheme 2

In presence of non enolisable aldehydes (benzaldehyde, furfuraldehyde, cinnamaldehyde) or enolisable
ones (3-methyl-3-phenylpropanal), excellent yields (88-95%) of a,B-unsaturated esters (respectively 4e, 4g, 4i
and 4K) are obtained in a very short time, the Wirtig reaction with 3'a being almost instantaneous (less than 10
minutes at 20°C). These results, obtained through the monoylide 3’a (R = H) as Wittig reagent in the last step,
are very interesting with reference to the literature. Indeed, in comparison, the synthesis of a,B-unsaturated

nd the related stabilized monovlide. the trinhenvicarbethoxyvmethvlene phosphorane 1'
bethoxymethylene

U AU Y R, il e PR Y RS LR LaARSY iyi% ARl e

needs longer reaction times and gives lower yields 32- 4 : several days at room temperature for the synthesis of
ethyl cinnamate from benzaldehyde (77% yield ) 5a or several hours in refluxing benzene for furfuraldehyde
or enolisable aldehydes (yield 50%).5 Even the reaction beetween 3'a (prepared from the beforehand isolated
corresponding phosphonium salt) and benzaldehyde, realized in different solvent/base systems gives in the
best case lower results.5 Only a very recent example deals with the synthesis of ethyl cinnamate and

immediate analogs through a Wittig reaction from 1° and aromatic aldehydes, with good yields and short
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e used (o obtain these results, i.e. the irradiation with microwaves, could

Table 1 : Synthesis of a,-Unsaturated Esters 4 or Alkenes 6, by Reaction of Diylides 2a (R =

H), 2b (R = alkyl) or 2¢ (R = phenyl), with Ethyl Carbonate (EtOCO3EL), Followed by Addi
of Aldehydes or Ketones ( Schcmc 3

-

Fntry Diylides 2 R'\ Alkenes 6 Fister 4
C=0

R R/ Yields (%) 2 (5/7)  Yidds (%)@ (1 7) P
1 1 Ph-CHO - de 95 95/5
2 Me Ph-CHO . 4 85 80/ 20
3 H ) g 95 95/5

O CHO
" Me 7 N ) 4h 80 81/19
~07 ~CHO
5 H Ph-ClI=CH-CHO - 4i 95 928
6 Me Ph-CH=CH.CHO - 4 2 75125
7 ] Ph-CH(CH3)CHy-CHO - 4k 88 95/5
8 Me Ph-CH(CHz)CH,-CHO . a 6832
9 H rh{ 0 4m 70 -
p

10 Me P =0 ¢ . 4n 40 )
i H Ph-CO-Ph . 0 -
12 I’h Ph-CHO 60 75  100/0 0
13 Ph OyN-Cgtly-CHO 6p 85 100/0 0 .
14 -COPh Ph-CHO 0 0 -

a Isolated yield. P Determined by 'H-NMR, GC/MS. € In addition to 4n we observe the formation of the 2-(~4
phenylcyclohexylidene)-4-phenylcyclohexanone (autocondensation of phenylcyclohexanone : identified by GC/MS).

Our synthetic way, via the monoylides 3°, corresponds then to a progress in this
with 1', the improvement probably resuits from the change of a phenyi group by a methyl, which increases the
electronic density on the phosphorus, cxalting thus the carbanionic activity of the corresponding
monoylides.3P. ¢ However, the cxtent of the observed phenomenon docs not correspond (o the related
examples already described in the litterature. Indeed, the change of phenyl substituents on the phosphonium
cation by alkyl ones is known to increase the speed of the Wittig reaction 3¢ 7, but the phenomenon is not

very marked, particularly in the case of stabilized ylides. The outcome of such substituents exchanges concern

The non-stabilized diylide 2a permits even from enolisable ketones the formation of u,f-unsaturated
esters with a disubstituted double bond (4m), but under more drastic experimental conditions than from thc
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Indced, as well the triphenylphosphorane 1° as the related stabilized mono-, di- or trialkyl phosphoranes
[PhpR3.pP=CHCO:R’ (n = 0, 1, 2) ; R’ = Me, Et] react scarcely or not at all with ketones, except in drastic
conditions.33. 8 The only example with performances comparable to diylide 2a involves a carbo-tert-
butoxymethylene triphenylphosphonium monoylide and a pyrrolidone as a ketone. 8¢

esters, in thc samc way as 2a, through the in situ formation of a diphenylethylphosphonium monoylide
intermediate 3°b, carrying this time two substituents on the carbanion (an aikyl group and an ester function).
From non enolisable or enolisable aldehydes, excellent yields of a,f-unsaturated esters, with trisubstituted
double bond, are thus obtained and, as previously, within a very short time (table 1 : esters 4f, 4h, 4j and 41).
On the other hand, starting from phenylcyclohexanone, the corresponding ester 4n is obtained in moderate
yield (40%) together with the formation of 2-(-4-phenylcyclohexylidene)-4-phenylcyclohexanone : this last

product which was surprisingly not observed in the same reaction starting from 2a, could result from an aldol

one equivalent of benzoic acid was added beforc
improvement was observed.

The semi-stabilized diylide 2¢ (¢ : R = Ph) reacts with ethyl carbonate to give the corresponding
monoylide intermediates 3¢ and 3’¢ (Scheme 3).

_CH-Ph b) ArCHO CHa-Ph H Ph
2c  PhPl- L+ - PPl : v p00=cC
r
“CH-Ph o H
7c & E:100%
1 a) EtOCO,Et
r
C b) ArCHO 9
CH—Ph 1 r
+/ CH—C—OEt
3c I'Ph2p\ >< o prp” —0 1 e
l (PH—(IE—OEl | rnzr\\ [+
n m
[ Ph O | g
= = 7'c
* b) ArCHO o
* N :("/r’n
/ s H
+ CH—Ph /
3'c Ph,P _ _ \
C—C—OEt CH,—Ph
| LA | \ wocrcom s OHPh PP’ Br-
L — Pt \CH~C—OFEt
LiB T e i i
(Lign b 8
8c : 40% 3¢ 1 52%

Petittie iyl
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This reactivity is pointed out by the total disappearance of the 31P-NMR signal of the starting diylide in
Y P U U, Ty 1 PRI RSP T RPNy o £ JERN ¢ s o TR P PO R Y PN x
favour of two peaks probably corresponding to the rotamers of 3°c. ¥ Their existence is aiSo demol isirated by

the formation of the phosphonium salts 3"c and 8c, isolated with yields of 52% and 40% respectively by
protonation of the reaction mixture. The carbanion 3’c twice stabilized by the ester and phenyl groups is
however inactive towards aldehydes. The product obtained is the alkene 6 (table 1 : entries 12-13 ; yield 75-
85% ; E/Z = 100/0), which results from a Wittig reaction of aldehydes with the intermediate monoylide 3¢ or
directly with the starting diylide 2¢, these two ways involving a displacement of equilibrium. The second
1vpothesis however seems to be the most likely because the benzyldiphenylphosphine oxide 7¢ is the only

itz and isolated to"ethv. with the alkenes 6. The r‘nrhethn)rvhep7y]d1 }

YV ivia wax

Last, the stabilized diylide 2d (d : R = COPh) is inactive towards carbonates. The 31P-NMR signal of
the starting diylide is unchanged in the presence of ethyl or phenyl carbonate, the protonation of the mixture
leading to the quantitative recovery of the initial phosphonium salt 8d [Ph2P(CH,COPh), |+ CI-.

Concerning the stereochemistry of the o,f-unsaturated esters, the results show a good E
stereoselectivity. The determination of the structure has been realized by IH-NMR spectroscopy, from the
3Jy 1 coupling constants, whenever possible. For o B -unsaturated esters with trisubstituted double bond the

Table 2 : Identification of E and Z Isomers for a,B-Unsaturated Esters with Trisubstituted Double Bond.
Chemical Shift of the Proton Carried by the Carbon § to the Esler Function.

ester isomer E 6 (H) / (ppm) isomer Z 8 (H) / (ppm)
ar Ph\Czc _CH3 27 Ph\c:c _COEt 671
H™  ComE I e
4h ﬂ u Cll3 742 ” " CO,Et 6.45
Ve
© /‘C‘ﬁ5< © A=
H CO,Et H CH3
e TV 7] Ty S Wl s ia §1 CO45Et
4j }’h(,ll_(,li\ A3 7.50-7.29 hCH=CH 2 6.60
C=C L=
H CO,lkit H Cli3
) PhCH(CH3)Ci I COsEt
a PRCHCHCH O 6.77 ey A2 585
/L'=L'\ AT
H CO,Et H CH3
These results are in accordance with the E stereoseiectivily expecied for the Witlig reaction from

stabilized phosphonium monoylides.3d Notice that, starting from 2a which is transformed into the stabilized
methyldiphenylphosphonium monoylide 3'a as Wittig reagent, the E/Z ratio is grcater (95/5) than the 85/15
ratio usually observed in the Witlig reaction from the related stabilized triphenylphosphonium monoylides 1
and aldehydes. 3¢. 52, 11 If this improvement has already been noted when the three phenyl groups of 1' are
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replaced by three cyclohexyl or three nbutyl groups or by one ferrocenyl, 3¢. 7¢. 11. 12 the opposite
phenomenon has alsoc been © s
increase of the substituent size on the phosphorus atom promoting the E isomer formation. 13 Other litterature
results, more contrasted, show that this increase has a little effect on the stereochemistry of the reaction. 2
According to our results, it seems on the contrary that a higher steric hindrance on the phosphorus favours
rather the Zisomer, the E form remaining the major one : starting {rom diylide 2b (R = Me), the E/Z ratio falls
around 80/20 (table 1).

To explain the different stereochemical results obtained from 2a and 2b, the in situ generation of lithium

ethanolate in our reaction mixture could probably be taken into account (Scheme 4).

11 COEt
— F’hg(CH?_R)P—C-‘R |
L__z._.,] ‘ (I) cittH !
8 trans C R
: / e M vo=c{
| EtOCOE! | T v’ CO.Et
]
, - EOL) I | eoH =t (e )
Y / | ( EiOLi) +
Ph,P —CH,R
+ JCHR O Il
PhP” _ PhCHO | Lt 1 0
‘C—CO,Et
i 2 Ph.(CH.R\P—C”  “OEt
i Phg(Ct .4..,.| T
0 C..lllH
-
3a:R=H \ Npp
3'b : R=Alkyl \ 1
T EtoLi R=H) H\C_C A
(— EOH) Ph™  “CO,E
\ ey
N
| th(JHzR)T_T-—C—Z—t +
JiH —  Ph,P—CH,R
R nie O &. l!
8 cis C NP O
Scheme 4
Indeed, the probable Wirtig rcaciion mechanism, 5¢ applicd to the stabilized monoylides 3' intermediate,

involves a first irreversible step, slow and under kinetic control, ieading to thc formation of an
oxaphosphetane 8 (Scheme 4). In this step, the later transition state close to the products, leads preferentially
to the trans oxaphosphctane and further to the E «,B-unsaturated ester. The formation of the cis
oxaphosphetane, not favoured, is however not negligible since the E/Z a,f-unsaturated ester ratio found in the

case of 2b is around 80/20. To explain, starting from 2a (R = H) the increase of the E isomer ratio (E/Z :

95/5), we can postulate that in this case the oxaphosphetane cis is probably isomerized by EtOLi into the
thermodynamically more stable oxaphosphetanc trans. Starting from diylide 2b(R = alkyl) the increase of the
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roton, on the oxaphosphetane ring (schemc 4).

1513

Ld.bl it is i'lUlCW(.)ﬂI]y thai most of ihe siereochemical studies reportea in the literature were done with

reaction times higher than four hours, without specification of the possibie influence of the reaction mixture

on an eventual isomerization, subsequent to the a,B-unsaturated ester formation. 3¢ 14 Our measurements,

very quickly realized, could be on this point of view more significant.

As an extension of the ester synthesis it was possible, starting from substituted or non-substituted
diylides (2a-2b), to obtain directly the corresponding a,f-unsaturated acids by the in situ saponification of the

reaction mixtures (Scheme 5 ; table 3). The acids have been obtained with good yields and a total E

PRLPE - Lt

CHR

2a:R=H
2b : R =Alkyl

a) EtOCO,Et R R

2 ~ 7

- 2 /C=C\
[N oln 2’\ R 'Oa 1
Uj R z°
¢) NaOH/H0
- 5 E/Z=100/0
d) HgO X
Scheme 5
saturated Acids § by Reaction of Diylides 2a (R =H) or2b (R =

Ketones and then by Basic Hydrolysis of the Reaction Mixture.

Entry Diylides 2 i Acid 5§
~
R g2L0 Yields (%) @ (/7)
16 H PhCHO Se 92 100/0
17 Me PhCHO st 62 100/0
18 Et PhCHO 5r 57 100/ 0
19 H O,N-CgHy-CHO Ss 95 10070
sg 84 100/ 0
0 H IL 1
2 0~ “CHO
21 H Ph-CH=CH-CHO Si L 100/ 0
22 H Ph-(CH,),-CHO 5t 90 100/0
23 H phd{ =0 5m 55 -
N/
24 H OHC-Cgll;-CHO Su 50 b)

a Isolated yield . b presence of three isomers EE / EZ / ZZ which have not been separated.
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An interesting feature of this method lies in the fact that the generation of the acid is possible in situ

=]

after several synthetic operations using the ester function as protectin

stabilized phosphonium monoyllde 1' have been realized, but they require more drastic conditions (as already
£~ 1

seen for the esters synthesis) and essentially concern the synthesis of o,B-unsaturated acids with a
disubstituted double bond. Morcover, at least in the case of aldehydes 6 5b, the stereochemical aspect has not

been considered.

CONCLUSION

The study of the reactivity of phosphonium diylides 2 towards carbonic acid derivatives confirms,
widening their application field, that these reagents are good tools in organic synthesis.

Thus non-stabilized phosphonium diylides 2a (R = H) and 2b (R = Me, Et) react with ethyl carbonate
allowing, in presence of carbonyl compounds, the synthesis of o,B-unsaturated esters 4 with a di- or
trisubstituted double bond. The reaction proceeds in very mild conditions (very short time at room

temperature) and with a high E stereoselectivity. particula _I startin ng from 2a. The corresnon d_n_g E acids are

Jdic wl b ¥s P L e al

[=a

¢

obtained in similar conditions with an in situ additional hydrolysxs step of the reaction mixture.

n
Tl casset acs Mo /D
1 11C SO l.dUlllLUU u1yuu S 4T (K

= Ph) react also with ethyl carbonaic but the resulting intermediate
monoyiide 3'¢, twice stabilized by the ester function and by the phenyi group, does not react with carbonyi
compounds. The products obtained, the E alkenes, result from the direct Wittig reaction with the starting
diylide 2¢ which is in equilibrium with 3 cand 3'c.

Last, the stabilized diylide 2d (R = COPh) is inactive towards ethyl or phenyl carbonates.

EXPERIMENTAL

All experiments were performed under nitrogen by means of the Schlenk technology. NMR spectra
were recorded on a Brucker AC 200 instrument (at 50.32 MHz for 13C-NMR and 200.13 MHz for 'H-NMR).
The chemical shifts are expressed in parts per million (ppm) downfield from external tctramethylsilane.
(singlet), d (doublet), t (triplet), td

R =

Cguplmg constants (J) are mven in Hertz. Multmhcmeq are recorded as

s LAllly 11 11 L2 AW

Q
(trinlat af danhlaty ta (trnlat Af anartat) a (guartet) an inlet) Infrared spectra were obtained on a
\l- Wi A S L3 \4!.’ (258 l\tl-]- Aidsidai v Ul}v\al—l“ FY Wi VLSALIIWNE WS i

Wi GVMVIVE), WY \‘Ilpl

DX 300 via direct introduction by positive Electronic impact (EI+)(70 ¢V). Microanalyses were performed by
the Microanalysis Laboratory at ENSCM. Melting points were carried out on a METTLER FP 5 or a LEITZ
350 apparatus, for recrystallized products. Tetrahydrofuran (THF) was distilled under nitrogen atmosphere

over sodium/benzophenone and stored upon sodium.

General procedure for the synthesis of a,p-unsaturated esters (4) and alkenes (6) .

Under nitrogen atmosphere, the phosphonium salt {6 (10 mmol) corresponding to the wished diylide
[2a (R = H), 2b (R = Me), 2¢ (R = Ph) or 2d (R = COPh)], is introduced in anhydrous THF (100 ml). To the
heterogeneous mixture, cooled at -50 °C, a solution of n-butyllithium 2.5 N in hexane (8 ml, 20 mmol) is
added dropwise. After 30 mn at this temperature, the solution is allowed to warm up to room temperature.



H. J. Cristau, M. Taillefer / Tetrahedron 54 (1998) 1507-1522 1515

~
O
[= 9%

room temperature, the carbonyl compound (20 mmol) is then added quickly, except in the case of 2d for

which no reaction with carbonates is observed.

From 2a or 2b and enolisable or non enolisable aldehydes, the reaction is performed almost
instantaneously, in less than 10 minutes at 20°C (de, 4g, 4i, 4k and 4f, 4h, 4j, 4l). From 2a or 2b and
phenylcyclohexanone, the reaction is stopped after two days in refluxing THF (4m and 4n), and from 2¢ and

non enolisable aldehvdes, the reaction is performed in 3 hours in refluxing THF (

and 6n)
isable aldehydes reactio ur eflluxing THF (60 and 6p).
Then, in all the cases, the mixture is acidified with HCl1 0.2 N (l(N‘“ m!) fter evapu““rat.on of solvent,

mixture 1s concentraied and tums into a crude oii, which is purified by chromatography on silica gel to give
a,f~unsaturated esters 4 or alkencs 6.

Ethyl cinnamate 4e : E isomer 4. IR (KBr) (cm-1): v = 3045, 2970, 1700 (CO), 1632, 1460, 1315, 1260, 1170
cm-1. 1H-NMR (CDClL) : 6 =7.68 (d, 3Jyn = 16.03 Hz, 1H, CH=CH-C0),7.52-7.33 (m, 5H, CeHs), 6.43 (d,
3Jy = 16.03 Hz, I1H, CH=CH-CO), 4.25 (q, 3J;;13 = 7.13 Hz, 2H, CH3CH;0), 1.32 (1, 3Ji1=7.13 Hz, 3H,

CH;3;CH0). I3BC{1H}-NMR (CDCl3) : § = 166.9 (CO), 144.6 (C=C-CO), 134.5 (i-C, C¢Hs), 130.2 (p-C,

s - 11Q 2 M0 MW LN ML MY
LO(\0-L, LEI5), 1102 (L= -LUj, GU \Lng\,n3

-
o
¢
3
L\
c
u!
‘9
-
z
w
—~~
)
L
E

1
1
Vo A oy Y U | Pl Ya Ly "
z (%) 176 (M*, 35), 148 (22

Ethyl 2-methyl-cinnamate 4f : E isomer 152 IR (KBr) (cm-!) : v = 3050, 2970, 1705 (CO), 1632, 1442, 1312,
1250, 1110 cm~}. TH-NMR (CDCl3) : & = 7.72 (q, 4JCH3,H = 1.47 Hz, 1H, CH=C-CH3), 7.42-7.28 (m, 5H,
CeHs), 4.28 (q, 3y 1 = 7.12 Hz, 2H, CH3CH0), 2.12 (d, 4JC;h n = 1.47 Hz, 3H, CH=C-CH3), 1.35 (1, 3/ 11
= 7.12 Hz, 3H, CH;CH;0). 13(”“]-]1 NMR (CDCl3) : § = 1687 (CQ), 138.63 (C=C-CQ), 13599 (i-C,

LA LR A ) Q0 120

| B SAY 1")97 TN ¢ N ANQA (LI ML 1A22 (OLI_ /LI N

.23 (o- C, m-C, D- C \,(,1 15), 120 (FZL‘LU) GU.O0 (L1 12\.,111) 14.33 (CH2CH3),
/z (%) 190 (M+, 55), 161 (20), 145 (55), 117 (100). Anal. Calcd. for
, 16.83. Found : H, 7.27 ; C, 7589 ; O, 17.11.

cE

S (EI) :
Ci2H140,: H, 742 ;C,75.75 ;

Z isomer 15 IH-NMR (CDCl3) : 6 =7.38-7.26 (m, 5H, CeHs), 6.71 (q. #Jcuz n = 1.64 Hz, 1H, CH=C-CH3),
4.12 (q, 341 = 7.12 Hz, 2H, CH3CH;0), 2.10 (d, 4Jcug u = 1.64 Hz, 3H, CH=C-CH3), 1.11 (t, 3/yp = 7.12
Hz, 3H, CH3;CH,0). 13C{!H}-NMR (CDCl3) : 6 = 168.9 (CO), 134.27 (C=C-CO), 136.40 (i-C, C¢H3),
128.09, 127.99, 127.52 (o-C, m- C p- C, (‘(H; , 130.20 (‘—f‘.(‘()\ 60.57 M"’Hn(‘H 13.77 ({‘Hn(‘l—h) 21.04

(C=C-CHjg).
b "——" ‘
Ethyl 3-(2-furyl)-acrylate 4g ’K( H

E isomer 13¢ IR (KBr) (cm-ly : v = 3140, 2965, 1715 (CO), 1630, 1460, 1255 cm™1. IH-NMR (CDCl3) : é =
7.44 (d, 3y, 1, = 1.8 Hz, 1H, Hy), 7.39 (d, 34y u = 15.6 Hz, 1H, CH=CH-CO), 6.56 (d, 3Jy. 1y = 3.38 Hz, 1H,
H,), 6.42 (dd, 3y, 1. = 3.37 Hz, 3Jyy i, = 1.8 Hz, 1H, Hp), 6.27 (d, 3Jy 4 =15.7 Hz, 1H, CH=CH-CO), 4.16
(Q, 3y u = 7.13 Hz, 2H, CH3CH,0), 1.28 (t, 3Jy 4 = 7.13 Hz, 3H, CH3CH20). I3C{1H}-NMR (CDCl3) : é =
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166.90 (CO), 150.90 (Cy), 144.64 (Cy), 130.90 (C=C-CO), 114.58 (C=C-CO), 115.90-112.
(CH,CH3), 14.24 (CH2CH3). MS (EI) : m / z (%) 166 (M*, 70), 138 (53), 121 (an). Ana!. ("““‘f'. for

AN \ava

C9H003: H, 6.07 ; C,65.04 ; O, 28.90. Found : H, 6.21 ; C, 64.83 ; O, 28.35.

E + Z isomer (mixture). 1H-NMR (CDCl3) : identification of the Z isomer (by comparison with the spectra of
the isolated E isomer) : 8 =7.62 (d, 3Jj, 1, = 1.85 Hz, 1H, Hy), 6.80 (d, 3Jy 1 = 12.1 Hz, IH, CH=CH-CO),
6.56 (d, 1H, H), 6.46 (dd, 3Juy, 11 = 3.4 Hz, 3Jy, 11, = 1.85 Hz, 1H, Hp), 5.7 (d, 3Jy y =12.1 Hz, 1H, CH=CH-

In HH

C0), 4.14 (q, 3Jyy = 7.12 Hz, 2H, CH3C m 126 (t. 3Ji1+: = 7.12 Hz. 3H. CHCH,O). 13C Jlm NMR
» » n,r ] ’ ""JV"“’I’ S N\ VLI Padde Riksy A3y AEEJRLRELNS g ARJ ANAvRRR

(CDCIY - & = 166 00 (Y Q1 ("N 14482 (C )Y 1202 (= OO 11420 (O— WY 117119 &5 ¢

\Nreasy) U = 1WA (WA, 1L (Vg 1T e (Lg)y EV.OT LU TUU), 11 OL (U TUU ), 11771400 (L

60.06 (CH2CH3), 14.24 (CH2CH3).

Ethyl 3-(2-furyl)-2-methyl-acrylate 4h : E isomer 156 IR (KBr) (cm-1) : v = 3140, 2970, 1690 (CO), 1628,
1472, 1360, 1260, 1110 cm™ k. IH-NMR (CDCl3) : 6 =7.49 (d, 3y, 1y = 1.87 Hz, 1H, Hy), 7.42 (d, Ycpgp =
1.26 Hz, 1H, CH=C-CH3), 6.56 (d, 3Ji1. ny, = 3.46 Hz, 1H, H,), 6.44 (dd, 3/ 11 = 3.46 Hz, 3Jpp 11, = 1.87 Hz,
IH, Hp), 421 (q, 3y = 7.12 Hz, 2H, CH3CH0), 2.18 (d, 4oy n = 1.38 Hz, 3H, CH=C-CHj3), 1.29 (t,
3Jun = 7.12 Hz, 3H, CH3CH20). 13C{1H}-NMR (CDCl3) : 6 = 168.35 (CO), 151.93 (Cy), 143.75 (Cy),
125.50 (C=C-CO), 124.98 (C=C-CO), 114.58-111.92 (C,, Cp), 60.73 (CH2CH3), 14.22 (CH2CHj3), 13.95

Ifawe e @ Y ln(‘ ra o A% f o £\ 10OMN 1\ £ e VAN IEF\ £ LN I‘\E VNS s LAY
{C=C-CHg). MS(El) :m/ z (%) 180 (M*, 1050), 152 (66), 135 (84), 106 (69). Anal. Calcd. for CigH 203 : H,
6.72;C,66.64 ; O, 26.65. Found : H, 6.93 ; C,65.92 ; O, 26.31.

E + Z isomer (mixture). Identification of the Z isomer (by comparison with the spectra of the isolated E
isomer). IH-NMR (CDCl3) : 6 =7.34(d, 3Juy, np, = 1.87 Hz, 1H, Hy), 6.85 (d, 31,1y, = 3.46 Hz, 1H, H.) 6.45
(1H, CH=C-CH3), 6.37 (dd, 3Jiy, 1. = 3.45 Hz, 3/, 4, = 1.85 Hz, 1H, Hp), 4.10 (q, 3Jyy = 7.12 Hz, 2H,
CH3CH30), 2.05 (d, 4](‘”1” = 1.61 Hz, 3H, CH=C-CH3), 1.20 (t, 3J;yy = 7.12 Hz, 3H, CH3CH20).

13C{TH}-NMR (CDCl3) : § = 16845 (CO), 150.72 (Cy), 142.50 (C,), 123.16 (C=C-CO), 125.71 (C=C-CO),
11 N 111 771 107 LSy LN EN MY _MITYT N 1A 1D /LY 71Ty A1 D0 Y LI N
112.20-111.71 (Cg Up), DUDU (L TMIZ2U13), 1410 (LI120 113, <1.00 (L=0-U1N3)

Ethyl 5-phenyl-2.4-pentadiencate 4i : Ph-HqCy=CcHcHpCh=CaHa-CO2EL : EE isomer. IR (KBr) cmly - v
= 2890, 1695 (CO), 1610, 1440, 1230, 1150, 1110, 985 cm-1. IH-NMR (CDCl) : 8 = 7.50-7.30 (m, 5H,
CegHs), 7.35 (m, |H, Hp), 6.89 (d, 3JHd,Hc 15.40 Hz, 1H, Hyp), 6.86 (dd, 3Jnc up = 10.3 Hz, 3]}{‘,‘}{‘1 = 15.40
Hz, 1H, Hp), 6 (d, 3Ji, 11, = 15.31 Hz, 1H, Hp), 4.23 (q, 3/n = 7.14 Hz, 2H, CH3CH>0), 1.31 (1, 3un=
7.14 Hz, 3H, CH3CH>0). 13C{1H}-NMR (CDCl3) : § = 167.05 (CO), 144.5 (Cp), 140.35 (C,), 136.06 (i-C,
CgHs), 12023, 128 80, 127.1R8 (0-C, m-C, p-C, CgHs), 126.26 (Cy), 121.35 (Cy), 6034 (CHaCH3y), 14.13

[ Ay Y oy R TP PARIP AR, WD VLA R2V2ES

(CH2CH3). MS (ED) : m / z (%) 202 (M*, 30), 157 (47), 129 (100). Anal. Calcd. for Cy3H1402: H, 6.98 ; C,
77.19: 0, 15.83. Found : H, 7.15; C, 76.97 ; O, 15.44.

EZ + EE isomer.(mixture). Identification of the EZ isomer (by comparison with the spectra of the isolated EE
isomer). 'H-NMR (CDCl3) : & =8.17 (ddd, W11, = 1.02 Hz, 3Jjio iy, = 11.40 Hz, 3j.11g = 15.70 Hz, 1H,
H,), 7.55-7.23 (m, 5H, CeH5), 6.82 (dd, 3Jy 1. = 15.70 Hz, ¥yg up = 1.05 Hz, 1H, Hy), 6.75 (dd, 3y, 1, =
11.4 Hz, 3Jyp ua = 11.3 Hz, 1H, Hp), 5.73 (d, 3/, np = 11.30 Hz, 1H, Hy), 423 (q, 3Juu = 7.13 Hz, 2H,
CH3CH20), 1.30 (1, 3Jy y = 7.13 Hz, 3H, CH3CH20).
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Ethvl 7-mot'ﬂ1’-§-nhon\)l-7 d-nan!nlll'onnntp Aj . Dh_u.lc
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EE jcnmom ID /D sovens-1) L ar o 20WY DQAN DONVY
[ &7 V) laUl"Cl in \l\.l)l) L1510 ¢ Sy BN v J\)\N a7, LNNT,

1. 1H.NMR (CDCl3) : 6 =7.50-7.29 (m, 6H, CeHsand Hp), 7.08 )
iH, H,), 6.86 (d, 3Jiyy u. = 15.33 Hz, 1H, Hy), 4.25 (q, -‘JHH 7. , 2H, CH3C 20), 2.10 (d "qu3 Hb =
1.24 Hz, 3H, CH=C-CH3), 1.34 (1, 3JHH 7.15 Hz, 3H, CH3CH0). 13C{1H}-NMR (CDCl3) : 6 = 168.34
(CO), 138.95 (Cp), 138.20 (C), 136.65 (i-C, CgHs), 128.77, 128.67, 127.06 (0-C, m-C, p-C, CgHs), 127.51
(Ca), 123.97 (Cp), 60.59 (CH2CH3), 14.36 (CH2CH3), 12.89 (C=C-CH3). MS (El) : m / z (%) 216 (M+, 45),
187 (10), 171 (22), 143 (100), 128 (82). Anal. Caled. for C1aH1505 : H, 7.46 ; C, 77.74 ; O, 14.R0. Found : H
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EZ + EE isomer(mixture). Identification of the EZ isomer (by comparison with the specira of the isolaied EE
isomer) . \H-NMR (CDCl3) : 6 =7.50-7.27 (m, 5H, CeHs ), 7.95 (dd, JJHC Hq = 15.62 Hz, ’J”cnb = 11.30 Hz,
1H, Hp), 6.70 (d, 3Jyy 1. = 15.60 Hz, 1H, Hy), 6.60 (dq, 3Ji1p, 11 = 11.30 Hz, 4/, cui, = 1.20 Hz, 1H, Hp), 4.27
(q, 3Jun = 7.15 Hz, 2H, CH3CH?0), 2.04 (d, *Jcug, 1y = 1.22 Hz, 3H, CH=C-CH3), 1.38 (1, 3/iy s = 7.15 Hz,

3H, CH3;CH,0).

Ethyl 5-phenyl-2-hexenoate 4k : E isomer. IR (KBr) cm-1): v = 2972, 1716 (CO) 1643, 1453, 1280, 1180,
m-1. IH-NMR (CDCl3) : 8§ = 7.35-7.15 (m, 5H

Lh
(')

Rr1 C/H:¢ RA (m 5 T
i L DL . i, 23, L4355, 080 U0, 1, AX—NLT , 2.0 o HH
15QHs 471.. .. — 18T Hz 1H CH=CH.CON A17{a 3T - 712 H> 2H CHLOH) M99 (m W
1.0 iz, ViLChp = 1.2/ Nz, i, L=l =U), 4o/ WY, "VHH = /.10 114, &Xl, Lri3aivJ), J5.1£-2.07 \11l, 511,
Vet ar s} - Ar ~TY TY N 1 AN 2y ATY T ~TT oy 12~y AR ATy
CH-CHz ), 1.31 (d, 2y u = 6.4 Hz, 3H, CH-CH3), 1.29 (t, 2Jy y = 7.13 Hz, 3H, CH3CH20). ‘-’b{‘ﬂ}-l MR

(CDCI3) : 6 = 166.45 (CO), 148.53 (C=C-CO), 146.31 (i-C, CgHs), 128.53, 127.05 (0-C, m-C, CgHs), 126.18
(p-C, CgHs), 120.51 (C=C-CO), 59.83 (CH»CH3), 39.88 (CH-CH3), 37.0 (CH»2-C=C), 22 (CH-CH3), 14.29
(CH>CH3). MS (E) : m/ z (%) 218 (M*, 15), 132 (26), 105 (100). Anal. Calcd. for Cy4H802: H, 832 ; C,
77.02;0, 14.67. Found : H, 8.65; C, 76.75 : O, 15.42.

Ethvl 2-methvi-5-phenvl-2- ,}ggag noate 4 : E isomer. IR (KBr) lnr_n_“l\;\,l = 3075. 3050. 2920. 1700 (CQ) 1640

1495, 1450, 1410, 1260 cm~!. IH-NMR (CDCl3) : 6 =7.36-7.16 (m, 5H, CgH5s), 6.77 (qt, 4JH,C[]3 = 1.45 Hz,
3Jyp = 7.55 Hz, 1H, CH=C-CO), 4.20 (q, 3Jyy = 7.11 Hz, 2H, CH3CH;0), 2.96-2.88 (m, 1H, CHCHy),
2.50-2.42 (m, 2H, CHCH)), 1.80 (d, %ic Ha,H = 1.45 Hz, 3H, CH=C-CHj), 1.35-1.25 (m, 6H, CH3CH>0 and

CH;CH). 13C{1H}-NMR (CDCl3) : é = 168.11 (CO), 146.47 (i-C, C¢Hs), 140.30 (C=C-CQ), 128.76 (C=C-
CO), 128.45, 12685 (0-C, m-C, C¢Hs), 126.24 (p-C, CeHs), 60.39 (CH2CHz), 39.45 (CH-CHs), 37.46 (CHa-
C=C), 21.53 (CH-CHg), 14.28 (CH,CH3), 12.47 (C=C-CH3). MS (EI) : m / z (%) 232 (M*, 12), 105 (100),
128 (36). Anal. Calcd. for CysHagO7 : H, 8.68 ; C, 77.54 ; O, 13.78. Found : H,9.19 ; C, 76.18 ; O, 14.10.

a2 tLY

5 ¥ innmmeose frmsviiies) !U_Y\Tle (OTYWOLLY - sdantiflicatinn f tha 7 icnmar (Thuy reomnarienn with the cnectra nnf
LT L ISOMET \MIXWIC), "ri-IvVIR (a3 - iUliiuinlaun Un uiv L ISUINT Uy CUIIPAIISUIL il uil SpRtuda i
tha iamlatad B icommer - 8 — TAA T 1L fon &I O SR (at 1. . —~ 1 ANVH, 3L... - AR Hz 1

LIC 1S0dicd £ dDUINCE) - 0 = /.09 /.10 UL, Jr1, Wty ), J.092 W\, VHCHy — 1.7V 114, Ui — V.0V 116, 11,
P ~ s T ATY SNTTY IT N\ AN AT 7. MTY /MIF NTIT Y 1 0™ 3 AT — 1 AL
CH=C-CHjg), 4.18 (q ~‘JH H= /.11 HZ, 21, CAH3UH20), LY0-L./1 (m, a0, L-UHR), 1.0/ 4, 7UC3 = 14U
Hz, 3H, CH=C-CHj3), 1.30-1.22 (m, 6H, CH3CH20 and CH3;CH). 1 { Hj-NMR (CDCl3) : = 168.04

(CO), 146.74 (i-C, CgHjs), 141.04 (C=C-CO), 128.37 (C=C-CO), 128.07, 128.04 (0-C, m-C, CgHs), 126.05
(p-C, CgHs), 60.05 (CHaCH3), 40.14 (CH-CH3), 37.71 (CH2-C=C), 22.02 (CH-CH3), 20.06 (C=C-CH3),
14.28 (CH2CH3).
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Ethyl (4-phenylcyclohexylidene)-acetate 4m : IR (KBr) (cm-1): v = 2095, 1710 (CO), 1600, 1420, 1240 cm-1.
IH-NMR (CDCl3) : 8 = 7.35-7.18 (m, SH, C¢Hs5), 5.70 (m, 1H, C=CH-CO), 4.21 (q, 3Jyy = 7.14 Hz, 2H,
CH3CH,0), 2.90-2.80 (m, 1H, Ph-CH), 2.50-1.70 (m, 8H, CgHiHg), 1.30 (t, 3y = 7.14 Hz, 3H

VA 433, TSI, S S5, LGNAEg), 1OV L, VHH T L3d, 251,
CH3CH20). 3C{!H}-NMR (CDCl3) : 6 = 171.9 (CO), 146.8 (i-C, C¢H3), 131.2 (C=C-CO), 128.40, 126.90,

1L Nz Pal f‘-f N LAYDIA s T T T AN DA O OFT AN NO

126.06 (0-C, m-C, p-C, CgHs), 12530 (C=C-CO), 60.34 (CH2CH3), 43.26, 33.54, 29.87, 29.08 (4 CHa,
(E

C Iy:m/z (%) 244 (M*, 61), 199 (20), 171 (20), 140 (76), 112

CeHo), 39.71 (Ph-CH), 14.36 (CH2CH3). MS (E
(100). Anal. Calcd. for C16H2002: H, 8.26 ; C, 78.64 ; O, 13.10. Found : H, 845 ; C, 78.57; O, 12.84.

Ethyl 2-(4-phenyicyclohexylidene)-propionate 4n : IR (KBr) cm1): v = 3010, 1695 (CO), 1605, 1430, 1255
em! . IH-NMR (CDCl3) : 6 =7.357.16 (m, SH, CgHs), 4.23 (q, 3J41 3 = 7.14 Hz, 2H, CH3CH;0), 3.23-3.15

(m, 1H, Ph-CH), 2.83-2.70 (m, 2H, CeH7H>1 ), 2.22-1.97 (m, 4H, CgHsH ), 1.93 (s, 3H, C=C-CH3), 1.75-1.51
(m, 2H, CgH7H> ), 1.33 (1, 3,,;”. = 7.17 Hz, 3H, CH3;CH0). BC{!H}-NMR (CDCl3) : § = 170.56 (CO),

i ., 1,0 IR (CDCI (C
14 Asi 11y 1A MY /—0 (WY 190 AN 194 QA 115 I’)/;f‘ P . Fa R & JFRN |’!I\( LT W £8P
140.4 (i-L, \.,()l 15), 1943.7U \LEU-UUJ, 120.44, 12004, 1£0.12(0-L, Fii- ; L Lpllg), 1LUD(L=0-0U), OULLD
(CH2CH3), 44.4 (Ph-CH), 35.24, 34.87, 32.03, 30.90 (4 CH», CeHy), 15.29 (C=C-CHz), 14.31 (CH2CH3).

t\)

MS (ED) : m/ z (%) 258 (M+, 100), 213 (54), 184 (20), 54(58) 126 (65), 104 (54), 91 (90). Anal. Caled. for
C17H2202 : H, 8.59 ; C, 79.02 ; O, 12.39. Found : H, 8.81 ; C, 79.15 ; O, 12.56.

trans-stilbene 60 : mp : 124°C. 'H-NMR (CDCl3) : = 7.55-7.05 (m, 12H).

trans-p-Nitrostilbene 6p : mp : 158°C. |H-NMR (CDCl3) : 6 =8.25-8.16 (m, 2

nder nitraeen atmosnhere. the nhosnhonium salt 16 110 mmol) corresnondino 1o the divlide 2a (R = HD
unger nitrogen atmospaere, (e paosphonium sal (10U mmoi) corresponaing lo the aryiige Za (K = 1)
e YV T o Ao e D) o isvtrcdhitnad toa nnhudennie THE £ 10W)Y sy T tha hatarnoananiig mivinnrn mewuslad ot &N
&0 (K = Vi€ Of Ctj 18 1itfOGUCea il annyarous 1 nr (10U . 10 W€ nelerogencous mixiure, C001Ca at -5u

°C, a solution of n-butyllithium 2.5 N in hexane (8 ml, 20 mmol) is added dropwise. After 30 mn at this
temperature, the solution is allowed to warm up to room temperature. Then, 10 mmol of ethyl carbonatc are
added to the reaction mixture and after 15 minutes at room temperature, the carbonyl compound (20 mmol) is
then added quickly.

The THF is evaporated after 10 minutes at 20°C, in the case of 2a or 2b and enolisable or non enolisable

aldchydes. For 2a and phenylcyclohexanone the evaporation of the solvent is performed after two days in
rpﬂlnnno THF.

1N 1NE/NREL 3 A a2

Then in all the cases, the residue is hydrolysed by a NaOH solution (1N : 50ml), during 2 or 3 hours at
room iemperature. After exiraction with CH,Clp (3 x 50mi), the aqueous | aycr is @ c.duﬂ d until the formation
T YT T _ f\ al M

of a preapnate. After filtration this last one is recristalized in EtO

unsaturated acids 5 (E isomer).

Cinnamic acid Se : mp : 132°C. IR (KBr) cm-!y : v = 3447, 3060, 1680 (CO), 1626, 1445, | :
1H-NMR (CDCl3) : 6 =8.61 (bs, 1H, COzH), 7.83 (d, 3Jyp = 16 Hz, 1H, CH=CH CO), 7.58-7.42 (m, 5H,
CeHss), 6.55 (d, 3J41 11 = 16 Hz, 1H, CH=CH-CO). 13C{!H}-NMR (CDCl3) : 73.50 (CO), 1482 (C=C-
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C0O), 135.9 (i-C, CgHs), 129.50, 128.43, 128.40 (0-C, m-C, p-C, CgHs), 118.75 (C=C-CO). Anal. Calcd. for
CoHgO2: H, 545 ;C,72.95;0,21.61. Found : H, 5.55; C, 72.99 ; O, 21.85.

2-methylcinnamic acid 5f 15¢ : mp : 79°C. IR (KBr) (cm-l) : v = 3425, 3040, 1662 (CO), 1609, 1443, 1407,
1260, 680 cml. IH-NMR (CDCIl3) : 6 = 11 (bs, 1H, COxH), 7.84 (q, ¥y ci3 = 1.20 Hz, 1H, CH=C-CH3)
7.45-7.34 (m, 5H, CgH's), 2.12 (d, s, = 1.20 Hz, 1H, CH=C-CH3). 13C{!H}-NMR (CDCl3): 6 = 17436
(CO), 141.11 (C=C-CO), 135.63 (i-C, C¢Hs), 129.85 (m-C, CgHs), 128.71 (0-C, CgHs), 128.70 (p-C, CgHjs),

127.64 (C=C-CO), 13.73 (C=C-CH3). MS (El) : m / z (%) 162 (M*, 100), 116 (90), 91 (57), 51 (36). Anal.
Calcd. for CjoH1002: H,6.22 ; C, 74.04 ; O, 19.74. Found : H, 6.27 ; C, 73.98 ; O, 19.85.

Y S P by § ! f . . NESM T /T7T N W el

2-ethylcinnamic acid Sr ' : mp : 105°C. IR (KBr) (cm'ly : v = 3425, 3057, 2960, 1682 (CO), 1618, 1420,
1310, 1260, 940 cm1. TH-NMR (CDCl3) : 6 = 13.24 (bs, 1H, COzH), 7.83 (s, 1H, CH=C-CHp), 7.45-7.36
(m, 5H, CgH's), 2.61 (q, 3 = 7.40 Hz, 2H, -CH,CH3), 1.25 (1, 3/, = 7.40 Hz, 3H, CHyCH3). 13C{1H}-
NMR (CDCl3) : & = 173.95 (CO), 140.78 (C=C-CO), 135.51 (i-C, CgHys), 134 (C=C-CO), 129.38, 128.70,
128.54 (0-C, m-C, p-C, CgH5s), 20.57 (CH2CH3), 13.75 (CH2CH3). MS (El) : m / z (%) 176 (M*, 100), 130
(85), 91 (54). Anal. Calcd. for CyjH1202: H, 6.87 ; C,74.96 ; O, 18.17. Found : H, 6.59 ; C, 75.16 ; O, 18.39.

p-nitrocinnamic acid 5s 158 : mp : 286°C. IR (KBr) cm-1): v = 3415, 1685 (CO), 1625, 1517, 1421, 1338,
1302, 1280, 985 cm"1. IH-NMR (CDCl3) : & = 12.74 (bs, 1H, COH), 8.23-7.93 (m, 5H, CgHys), 7.68 (d,
3Jin = 16.10 Hz, 1H, CH=CH-CO), 6.72 (d, 3J;1;; = 16.10 Hz, 1H, CH=CH-CO. 13C{!H}-NMR (CDCl3) :
& =166.92 (CO), 147.84 (p-C, CgHs), 141.20 (Ph-CH), 140.65 (i-C, CgHs), 129.17 (0-C, CgH

TR
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CeHs), 123.53 (=C-CO). MS(ED) : m / z (%) 193 (M*, 100), 176 (43), 1

vy
Z
~
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CogH9NO4 : H, 3.65; C, 55.95;0,33.14 ;N, 7.25. Found : H,3.62 ; C, 56.09 ; 0,333

2.4 furvl) o acrvlic nrid o 15h ¢ mn - 14190 IR (KR rem-1y v = 24008 2000 1710 (OO 18R 1448 1290
P Al W lul Yo CAL S YEEC €L tL4 05 1 1*ri .. 1IN \I\Ul} A28 J ¥ = ORI, LT\, 3TV \\./U}, I.K)J, 1=tt2, 1IN,
1240, 905 em-!. TH-NMR (CDCi3) 16 = 10 (bs, 1H, COH), 7.52 (d, 3,1 = 15.72 Hz, 1H, CH=CH-CO),
7.50 (d, 3y, i = 1.49 Hz, 1H, H,), 6.68 (d, 3/, 1y, = 3.37 Hz, 1H, H,), 6.49 (dd, 34y, 1. = 3.40 Hz, 3/ 11, =

1.50 Hz, 1H, Hp), 6.30 (d, JJH’H =15.72 Hz, 1H, CH=CH-CO).13C{1H}-NMR (CDCl3): § = 172.62 (CO),
150.65 (Cy4), 145.32 (C,), 133.07 (C=C-CO) 114.88 (C=C-CO), 115.83-112.48 (C¢, Cp). MS (El) : m / z (%)
138 (M+, 100), 121 (43), 110 (31), 92 (27). Anal. Calcd. for C7HgO3 : H, 4.38 ; C, 60.86 ; O, 34.76. Found :
H, 4.35;C, 60.84 ; O, 34.80.

3-phenyipenta-2,4-dienoic acid Si 15t Ph-CHg=CH-CHp=CHyz-CO>H
EE isomer. mp : 163°C (165 Lit). IR (KBr) (cmrl) : v = 3420, 3045, 1685 (CO), 1620, 1295, 990 cm-!. H-

NMR (CDCl3) : 8 = 12.28 (bs, IH, COpH), 7.60-6.95 (m, 8H, CsHs, Hp, Ho and Hy), 6.0 (d, 3y, 1y, = 15.30
Hz. 1H. H.). BCIIHI-NMR (CDCl3) : 8 = 167.46 (CO), 144.22 (Cy), 139.72 (Co), 135.90 (i-C, CgHs)
ay ’ al ] TREFTINIVAIN (\N RSNy ) . WS LV TSN \W NI )y, 1T Tl \fy 177006 Ay 1rale PN 8T8y AR50
~ ~ Vo) Oy 477y RAAQ STTN 2ee o7 I77A /A AL O

174 (vt , 6),

128.85, 128.75, 127.06 (0-C, m-C, p-C, CgHs), 126.53 (Cy), 122.19 (Ca). MS (El) : m / z (%)
9 (100 11). Anal. Caled. for C1jH9O02: H, 5.79 ; C, 75.83 ; O, 18.38. Found : H,
595;C, 75.76.

—~ T ~ e pe e Zarat’ 1 AN

5-phenyi-2-pentenoic acid 5t : mp : 104°C. IR (KBr) (cm™Y) :v = 3405, 3070, 1690 (CO), 1590, 1405, 1295,
1272, 1230, 987 cm-1. IH-NMR (CDCl3) 18 =11.15 (bs, 1H, CO2H), 7.37-7.08 (m, 6H, C¢H5 and CH=CH-
CO), 5.88 (d, 3Jy p = 15.70 Hz, 1H, CH=CH-CO), 2.83 (t, 3Ji1 1 = 7.5 Hz, 2H, Ph-CH>), 2.64-2.04 (m, 2H,
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Ph-CHy-CH3). 13C{1H¥ NMR (CDCl3) : 6 = 172.16 (CO), 151.08 (C=C-CQO), 140.60 (i-C, CgHs), 128.55,
12835, 126.28 (0-C, m-C, p-C, CeHs), 121.19 (C=C-CQ), 34.19, 34 (2 CHy). MS (B} : m / z (%) 176 (M*,
S), 213 (54), 130 (15), 91 (100). Anal. Calcd. for C11H1205: H, 6.87 ; C, 74.96 ; O, 18.17. Found : H, 6.95 ;
C,75.04;0, 17.95.

(4-phenylcyclohexylidene)-acetic acid Sm : mp : 119°C. IR (KBr) (cm-1): v = 3400, 3005, 1700 (CO), 1597,
1487, 1405, 1392, 1328, 1225, 915 cm" 1 1H-NMR (CDCl3) : 6 = 10.89 (bs, IH, CO2H) 7.36-7.18 (m, 5H,

CeHs5), 574 (m, 1H, C=CH), 3.09-2.78 (m, 1H, Ph-CH), 2.41-2.15 (m, 4H, H,C-CH-CH>), 2.14-1.74 (m,
(H2C)2C=C ). BC{1H}-NMR (CDCl3) : 6 = 17845 (CO), 147.1 (i-C, C¢Hs), 130.82 (C=C-C0O), 128.42,
126.86, 126.12 (0-C, m-C, p-C, CgHs), 126.10 (C=C-CQ), 42.92, 33.54, 29.84, 29.08 (4 CH3, CcHog), 39.65
(Ph-CH). MS (El) : m / 7 (%) 216 (M*, 45), 171 (25), 104 (100). Anal. Calcd. for C14H602: H, 7.46 ; C,
77.74 ; O, 14.80. Found : H, 7.48 ; C, 77.72 ; O, 14.91.

1,4-phenylenediacrylic acid Su : Mixture of isomers : MS (El) : m/ 7 (%) 218 (M*, 100), 173 (38), 127 (29).
Anal. Caled. for Ci2H1004: H, 4.62 ; C, 66.04 ; O, 29.34. Found : H, 4.35; C, 65.97 ; O, 29.68.

aternoe
LIWw Wl Vé\/ll
11

0 mmol) is added uﬁ)p’v‘v’iSE. After 30

allowed to warm up to room temperature and 5 mmol of ethyl carbonate are added to the reaction mixturc.
After 15 mn the solution is hydrolysed with HCl (100 ml, 0.2 N) and the THF is evaporated under

reduce pressure. Then the remaining aqueous layer is extracted with CH2Clp (3 X 100 ml) and the organic

layer is dried over NazSQ4. After filtration and concentration, an oil is obtained which gives after

recristallization (CHCI3 / Etp0) the corresponding phosphonium salt 3a" (yield : 92%).

36-138°C. 3IP-NMR (CDCl3) : 4 = 21.10 ppm. !H-N

3

..... NMR

mp: (CDCl3) : & =7.98-7.65 (m, 10H, 2 CeH's),
91 (d, 2Jpy = 13.6 Hz, 2H, P-CH>), 4.06 (q, 3Ju = 7.1 Hz, 2H, OCH2CH3), 3.0 (d, 2/py = 14.1 Hz, 3H, P-

Hj), 1.08 (i, 3/ = 7.1 Hz, 3H, OCHCH3). BC{1H}-NMR (CDCl3) : 6 = 1642 (d, Zcp =39 Hz,

4.
C
CO,EY), 135.1 (d, 4JLp 3.1 Hz, p-C of CgH5s), 132.8 (d, ‘Jcp= 10.64 Hz, o-C of CgHs), 130.2 (d, -’Jcp—
13 Hz, m-C of CgHs), 118.4 (d, IJC.p— 88 Hz, i-C of CgH3s), 62.9 (s, OCH2CH3), 32.3 (d, lfc_P = 57.5Hz, P-
* CH2-CO), 13.9 (s, OCH>CH3), 10.0 (d, YJcp = 56.2 Hz, P-CH3). Anal. Calcd. for C16H1802P : H, 4.83 ; C,

4927 :0,7.73. Found : H,4.87 . C, 49.45 ; O, 8.03.

Procedure for the synthesis of the benzyldiphenyl(carbethoxybenzyl)phosphonium bromide (3"c) .

Under nitrogen atmosphere, the dibenzvldiohcnylphosphonium iodide 16 (5 mmol) corresponding to the
ide 2¢ (R = Ph), is introduced in anhydrous THF (50 ml). To the heterogeneous mixture, cooled at -50 °C,

a solution of n-butyllithium 2.5 N in hexane (4 ml, 10 mmol) is added dropwise. After 30 mn, the solution is

1o [PrS Uei R Sy

aliowed to warm up io room temperature and 5 mmot of ethyl carbonaie are added to the r

e

v
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After 15 mn the solution is hydrolysed with CF3CO2H (10 mmol) and a precipitate appears
immediatelv. After filtration the oreanic laver is washed with water (2 1 mD and dried over MeSQO4 The
a AEN A REBLwE Y . AL Rwws LAwi SARANSRL WA VI bwllv I“J Wi 1D YYD LAWY vivil Gl \& 4 LUV LR NIIVAL UV L LVIBUUQ.. i1

precipitate corresponds to the starting dimethyldiphenylphosphonium bromide!6 (yield 40%). The organic

phase is concentraied to give an oil which gives after recristailization (CHCI3 / Et20) the corresponding
phosphonium salt 3"¢ (yield : 52%).

mp: 132-134°C. 3|P-NMR (CDCl3) : 6 = 28.90 ppm. 'H-NMR (CDCl3) : 6 =7.73-6.67 (m, 21H, P-CH and
4 CeHs), 4.23-4.09 (m, 4H, P-CH3 and OCH,CH3), 1.13 (t, 3311 = 7.10 Hz, 3H, OCH;CH3). 13C{1H}-NMR
(CDCl3) : 6 = 167.6 (s, COzEY), 135.64-127.87 (m, o-C, m-C, p-C of 4 CgHs), 127.49 and 127.35 (two
doublets, 2Jcp = 3.76 Hz and 2/ p = 5.53 Hz, ipso aromatic carbons of C¢Hs-CH3 and of CgHs-CH), 115.30

and 112 &4 (twn denhleie 17— 74 94 7 and ir sy = T4 AA I_] nnnnnnn ot varbuanog A LT DY £ QA £
QI 2 AT (WU UUBUINS, YO P — AT NIs Al Ty (O P — TSt s pou aromauc ¢aroomns o1 o 151 )y Vo TH S,
FaYai 8ol & SN V- IR VNt B I 4 — AN LTI Ty 1IN A LN 17 Az AL 1T [ 8 PR
OCmCng), 48.1Y (a, ‘Jcp = 49.09 Nz, P-Ch), L

cp = 46.45 Hez, P-CHp), 13.61 (s, OCH2CH3).
1

the practical work.
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