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THE REACTION OF VANILLIN, 
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METHYLENETRIPHENYLPHOSPHORANES 

(WITTIG REAGENTS) 

ORTHO-VANILLIN AND PIPERONAL WITH 

TAGHRID S. HAFEZ, MAGED M. HENARY and MOHAMED REFAT 
H. MAHRAN* 

Dept. of Pesticide Chemistry, National Research Centre, Dokki, Cairo, Egypt 

(Received 17 June, 1998; In final form 31 August, 1998) 

Vanillin (1) and piperonal(3) reacted with ylidenetriphenylphosphoranes 4a-f in boiling tolu- 
ene following the Wittig mechanism to give the ethylenes 5a-f and 7a-f. Similarly, ethylenes 
8c-f were produced when orrho-vanillin (2) was allowed to react with 4c-f. The reaction of 
aldehyde (2) with the P-ylides 4a,b yielded the Wittig products 8a,b and 8-methoxycoumarin 
(10). Triphenylphosphine oxide (TPPO, 6) was isolated and identified in all cases. The mech- 
anism for formation of 10 was discussed. Structural reasonings for all new compounds were 
based upon compatible elementary as well as spectroscopic (IR, 'H-NMR and MS) measure- 
ments. 

Keywords: Vanillins; Piperonal; Stabilized P-ylides; Lactonization Reaction 

INTRODUCTION 

Vanillin 1 is known to evoke fungicidalL2], ascaricidalr3] and antimicro- 
bialL41 activity. Ortho-vanillin 2 is known to possess considerable potency 
against bacteria speciests1. Piperonal 3 is therapeutically categorized as a 
pediculicider6]. Although the behavior of aromatic aldehydes with Wit- 
tig-reagents has been extensively studied,L6771 literature survey indicated 
that similar attention has not been paid to aldehydes 1-3. This together 
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34 TAGHRID S. HAFEZ ci al. 

with our growing interest in this 
tion of 1-3 with resonance-stabilized ylidenetriphenylphosphoranes 4a-f. 

has prompted us to study the reac- 

a OCH, 
OH 

1 2 3 

@ @,R ,R 

R' R' 
(CGH,),P=C, 7- (C6H5)3P-c, 

4a, R=H , R'=COOCH, 
b. R=H , R'=COOCPH 

C. R=H , R'=COCH, 

d. R=H , R'=COC,H, 

1. R+R'= li? Br 

RESULTS AND DISCUSSION 

It has been found that vanillin (1) reacts with the P-ylides 4a-f in boiling 
toluene to give colourless to orange crystalline products for which struc- 
tures 5a-f were, respectively, assigned. Triphenyphosphine oxide (TPPO, 
6) was also isolated and identified in each case. Structure 5 was attested by 
the following evidences : (a) Compatible elemental analyses and molecu- 
lar weight determination (MS) were gained for all products. (b) The IR 
spectrum (KBr, cm-') of methyl /3-(4-hydroxy-3-methoxyphenyl)acrylate 
@a), taken as a representative example, revealed the presence of strong 
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ORGANOPHOSPHORUS CHEMISTRY 32.' 35 

absorption bands at 3360 (OH), 1700 (C=O, ester), 1635 (C=C, ethylenic) 
and 1620 (C=C, aromatic). (c) The 'H-NMR spectrum of 5a (CDC13, 6 
ppm) disclosed the presence of signals at 3.75 (3H, COOCH3, s), 3.90 
(3H, OCH,, s) and 6.10 (OH, D20-exchangeable). The exocyclic ethyl- 
enic protons gave two doublets (each with JHH = 14 Hz) at 7.60 (IH) and 
6.3 (1H) denoting that they are in the Econfiguration."o,''l The aromatics 
(3H) gave three signals at 6.95 (Ha, s), 6.85 (Hb, d) and 7.05 (Hc, dd). 
3,4-Methylenedioxybenzaldehyde (piperonal or heliotropine, 3) was 

also found to react with 4a-f to give ethylenes 7a-f, respectively which 
recorded correct elementary and spectroscopic measurements (cf. Tables I 
& IT). The aldehyde-CO absorption band found at 1680 cm-' in the IR 
spectrum of 3 was absent in the IR spectra of 7a-f. The 'H-NMR spectrum 
of methyl p- (3,4-methylenedioxyphenyl)acrylate (7a) revealed the pres- 
ence of signals at 3.65 (3H, carbmethoxy-CH3, s) and at 6.00 (2H, 
0-CH2-0, s). The exocyclic ethylenic protons appeared as two doublets 
(each with JHH= 13.5 Hz) at 7.55 (1 H) and 6.45 (1 H) showing that they are 
in the E-configuration.['l] The aromatic protons (3H) appeared as three 
signals at 7.35 (Ha, s), 6.90 (Hb, d) and 7.15 (Hc, dd). 

ortho-Vanillin (2) reacted with carbmethoxymethylenetriphenyl-phos- 
phorane (4a) in boiling toluene to give TPPO, 6 along with a mixture of 
two main products (A+B) which could be separated in highly pure forms 
by column chromatography. The first product (A, major) was formulated 
as E methyl ~-(2-hydroxy-3-methoxyphenyl)acrylate (8a) for the follow- 
ing reasons : (a) Its elemental analyses and molecular weight determina- 
tion (MS) coincided with the molecular formula CllH1204. (b) Its IR 
spectrum (KBr, cm-') showed strong absorption bands at 3350 (OH), 1700 
(C=O, ester) and 1250 ((2-0, stretching). (c) Its 'H-NMR spectrum 
(CDCl3,6 ppm) showed protons of the exocyclic ethylenic group as a pair 
of doublets (each with JHH= 14 Hz) at 7.90 and 6.60 while protons of the 
COOCH, and OCH3 groups gave two singlets at 3.80 and 3.90, respec- 
tively. The OH proton was shown as D20-exchangeable singlet at 6.75 and 
the aromatics (3H) appeared as a multiplet in the 7.35-6.80 ppm region. 

The second product (B, minor) was proven to be 8-methoxycoumarin 
(10) by comparing its m.p. and mixed m.p. with those of a reference speci- 
men.[I2] Its molecular weight (MS) showed the molecular ion peak at m/z 
176 (M', 100%) which matches a molecular formula of C10H803. 

Similarly, aldehyde 2 condensed with carbethoxymethylenetriphe- 
nyl-phosphorane (4b) to give E ethyl P-(2-hydroxy-3-methoxyphenyl)acr- 
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36 TAGHRID S.  HAFEZ et al. 

7 8 5 

E 5, 7 ,  8 a, R=H ; R'=COOCH3 
b, R=H ; R'=COOC,H5 

C, R=H ; R'=COCH, 

d, R=H ; R'=COC~HS 

e, R + R = 8  

1, R+R' 

(c 6H5)3p'o 
TPPO, 6 

H=CH 

Z 9. R=CH3 or C,H, 1 0  
(not isolated) 2 + 4a,b 

H,Cb E8a, R=CH, 
b, R=CpHS 
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OH 
e, m h  134 (24%) 

L 

o x  ? 
HC=CH-C -). OCH3 1 

8a 
m h  208 (M', CllHt204, 45%) 

- CHBOH 

G, m h  176 (1 00%) 

+ 

- CH2 - 
0ch3 

d, m h  148 (40%) 

g, mh 106 (20%) 
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38 TAGHRID S. HAFEZ et al. 

ylate (8b) and 8-methoxycoumarin (10) along with TPPO. The mass 
spectrum of 8a showed the molecular ion peak at d z  208. Cleavage of M+ 
at axis I! yields cation 2 at m/z 177. No evidence was found for loss of a 
neutral CO molecule from ion 2 to give a cation like b at m/z 149. The 
molecular ion peak can eject a neutral CH,OH molecule (the 
ortho-effect),["] to give ion c at m/z 176 which corresponds to the radical 
cation of 8-methoxycoumarin (10). Loss of CO from ion c yields ion 4 at 
m/z 148 which can eject CH2 radical to give cation e at m/z 134. Ion g 
present in the MS spectrum of 8a at m/z 106 can result from rearrange- 
ment of ion s followed by ejection of CO from ion f, so formed. It is wor- 
thy to note that the fragmentation sequence c-g is also found in the mass 
spectrum of 8-methoxycoumarin (10) itself. Moreover, ions a-s and g were 
recorded in the mass spectrum of 8b (M', m/z 222, 25%) at m/z 177 
(35%), 149 (<5%), m/z 176 (loo%), m/z 148 (35%), m/z 134 (20%) and 
m/z 106 (5%), respectively. 

Apparently, formation of 10 in reactions of 2 with the P-ylides 4a,b 
involves the intermediate formation of alkyl a-hydroxycinnamate prod- 
ucts of type 9 (essentially in the Z-form) which are readily lac- 
t ~ n i z e d [ ' ~ ' ~ ~ ]  upon displacement of an ROH molecule. Since 
stereochemical factors are essential requisites for the ring closure of hete- 
rocyclic  precursor^,['^-'^^ it appears that conversion of 9 to 10 is a stereo- 
chemical process. In favour of this idea is the finding that 8a and 8b 
(which are assumed to be the E analogues of 18a and 18b, respectively) 
are recovered practically unchanged upon heating each compound alone in 
boiling toluene even for 30 hours. 

On the other hand, when 2 was allowed to react with the P-ylides 4c-f in 
boiling toluene, it yielded the Wittig-products 8c-f as yellowish crystalline 
products (along with TPPO in each case). Compatible elementary and 
spectroscopic (IR, 'H-NMR and MS) measurements were gained for all 
products. 

For analytical, physical and spectral data of compound 5a-f, 7a-f and 
8a-f. cf. Tables I and 11. 
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TABLE I1 'H-NMR Spectral Data of 5b-f, 7b-f and 8b-f 

Compound 'H-NMR (6, ppm) 

5ca 

5db 

5eb 

5P 

7bb 

7cc 

7da 

7eb 

7fe 

8ba 

xca 

8da 

8eb 

8P 

-CH=CH-, de), 7.05 (1 H, HE, aromatic, dd), 7.00 (1H. Ha, aromatic, s). 
2.35 (3H, COCH,,, s), 3.90 (3H, OC&, s), 6.00 (OH, s*), 6.55 (IH, CH=CH, 
dd). 7.45 (lH, CH=CH, dd), 6.90-7.15 (3H, aromatic, m). 

3.90(3H. OCH,, s), 6.85 (IH,CH=CH, de). 8.05 (IH, CH=CHde), 8.25 (OH, 
bs*), 7.35 (lH, Hb, aromatic, d), 7.55 (IH, Hc, aromatic, dd), 7.70 (IH, Ha, 
aromatic, s), 7.50-7.65 (5H, aromatics, m). 

3.85 (3H, OCH,,, s),  7.30 (OH, s*). 8.00 (lH, exocyclic vinyl proton, s), 6.95 
( 1 H, Hb, aromatic, d), 7.15 (1 H, Hc aromatic, dd). 7.25 (lH, Ha, aromatic, s), 
7.20-7.90 (8H, aromatics, m). 

3.90 (3H, OC&, s), 7.95 (OH, s*). 8.20 (IH, exocyclic vinyl proton, s), 7.00 
(1H,Hb, aromatic, d), 7.20(1H,Hc, aromatkdd), 7.25 (lH,Ha, aromatic, sj, 
7.20-7.90 (8H, aromatics, m). 

1.20 (3H, CHz-C&,, t). 4.15 (2H, C&-CH,, juartet), 6.1 (2H, 0-CH2-0, s), 
6.50 ( 1 H, CH=CH, dd), 7.55 ( 1 H, CH=CH, d ), 6.95 (1 H, Hb, aromatic, d), 
7.20 (IH, Hc, aromatic, dd), 7.40 (Ha, aromatic, s). 

(1H. CH=CH, de), 6.80 (IH, Hb, aromatic, d), 6.95 (lH, Hc, aromatic, dd), 
7.00 (lH, Ha, aromatic, s). 

7.85 (8H, aromatics, m). 

6.05 (2H, 0-CHz-0, s), 6.95-7.90 (12H. 11 aromatics + exocyclic vinyl pro- 
ton, m). 

6.10 (2H, O-CH2-0, s), 7.05-8.20 (IOH, 9 aromatics + exocyclic vinyl pro- 
ton, m). 

1.30(3H, -C-C&, t). 3.90 (3H, OCH3, s), 4.25 (2H, -CH2-CH3, quartet), 6.15 

aromatics, m). 

2.40 (3H, COCH,, s), 3.90 (3H, OCH3, s), 6.15 (OH, s*), 6.80 (lH, CH=CH, 
dd), 7.80 (1H. CH=CH, dd), 6.85-7.20 (3H, aromatics, m). 

3.90 (3H, OCB3, s), 6.25 (OH, s), 6.85 (lH, CH=CH, df), 8.00 (lH, CH=CH, 
df), 7.40-8.10 (8H, aromatics, m). 

3.90 (3H, OCH3, s), 7.30 (IH, exocyclic vinyl proton, s), 7.80 (OH, s*), 6.90- 
7.95 (lIH, aromatics, m). 

3.95 (3H, OCH,, s), 6.90-8.20 (1 lH, exocyclic vinyl proton, aromatic protons 
and OH proton, m). 

2.3 (3H, COCH3, S ) ,  5.95 (2H, 0-C&-0, S), 6.50 (lH, C&CH, de), 7.35 

6.10 (2H, 0-CH2-0, s), 7.00 (1H. CH=CH, df), 8.15 (lH, CH=CH, d'), 7.30- 

(OH, s*) ,  6.60(1H, CH=CH-,de), 7.90(1H, -CH=CH-, de), 6.80-7.25 (3H, 

a) run in CDCl3 
b) run in acetone 
c) run in DMSO 

e) JHH= 18 Hz 

*) D20-exchangeable 

d) JHH= 14 HZ 

f) JHH = 9 HZ 
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Within our running program for exploring new potentialities for synthe- 
sized compounds derived from biologically active precursors (e.g. 1 ,2  and 
3), we have also evaluated the molluscicidal activity of 7a,f and 8a,f as 
model examples. They were examined against Biomphalaria alexandrina 
snails; the specific intermediate host of Schistosoma mansoni parasite 
found in Egypt. Compound 8a showed moderate activity (LC50 was 30 
ppm). Details of this study will be published later elsewhere. 

EXPERIMENTAL 

All m.ps. are uncorrected. Solvents were purified and dried by the usual 
techniques. The IR spectra were recorded in KBr with Philips and/or 
R/IR-300 E Infrarcords. The 'H-NMR spectra were run in DMSO, ace- 
tone, CDC13 on Jeol JNM-EX 270 MHz R NMR system. The mass spec- 
tra were run at 70 eV on Schimadzu-GC MS-Q EX and/or Finnigan SSQ 
7000 spectrometer. Aldehydes 1, 2, and 3 were available from Aldrich 
Chem. Co. The P-ylides 4a[''], 4b[l5], 4crl6], 4d[I6], 4e[17] and 4f['*] were 
prepared according to known procedures. Elemental analyses were per- 
formed at the Microanalysis Centre of Cairo University. 

Reaction of Vanillin (1) with Wittig-reagents 4a-f 

General Procedure 
To a solution of compound 1 (0.005 mol) in dry toluene (30 ml) was added 
a solution of the Wittig reagent 4a-f (0.005 mol) in the same solvent (20 
ml) and the reaction mixture was refluxed till no more of the reactants 
could be detected (TLC). The reaction mixture was then evaporated at 
60°C under reduced pressure. The residue was redissolved in methanol 
(100 ml) and evaporated to dryness in the presence of silica gel (5g). The 
mixture was then added to a column previously charged with silica gel in 
petroleum ether (br. 60-80 "C). The column was developed with petro- 
leum ether followed by the same eluent containing increasing amounts of 
ethyl acetate. Fractions eluted with 9.55 v/v petroleum ether : ethyl acetate 
yielded ethylenes 5a-f which were recrystallized from suitable solvents. 

The next fraction eluted by the same solvent mixture (70:30, v/v) 
afforded TPPO, 6 (ca. 85%) as colorless needles, m.p. 156 "C. 
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Similarly, ethylenes 7a-f and TPPO 6 (ca. 90%) were obtained by react- 
ing aldehyde 3 (0.005 mol) with reagents 4a-f (0.005 mol) in boiling tolu- 
ene (50 ml). In the same manner, reacting ortho-vanillin (2) (0.005 mol) 
with reagents 4c-f (0.005 mol) in boiling toluene (50 ml) afforded eth- 
ylenes 8c-f and TPPO, 6 (ca. 90%). Compounds 5a-f and 8c-f dissolve 
freely in 10% NaOH aq. Compounds 7a-f are not soluble in the same rea- 
gent. 

Physical, analytical and spectral data of compounds 5a-f, 7a-f and 8c-f 
are presented in Tables I and 11. 

Reaction of ortho-Vanillin (2) with 
carbmethoxymethylenetriphenyl-phosphorane (4a) 

To a suspension of 2 (0.76 g; 0.005 mol) in dry toluene (30 ml) was added 
a solution of 4a (1.67g; 0.005 mol) in the same solvent (20 ml) and the 
mixture was refluxed for 30 hours (TLC). The reaction mixture was 
worked up by column chromatography as described before (vide supra). 
The fraction eluted with 9 5 5  v/v petroleum ether : ethyl acetate yielded 8a 
(85%). The next fraction eluted by the same solvent mixture (85:15) gave 
10 (yield 10% based on 8a) as colourless needles. The last fraction eluted 
by the same solvent mixture (70:30, v/v) afforded TPPO, 6 (yield ca. 
85%). 

Similarly, 2 (0.005 mol) reacted with 4b (0.005 mol) in boiling toluene 
(50 ml) to afford 8b (ca. 85%), 10 (10% based on 8b) and TPPO, 6 (ca. 
90%), respectively. Compounds 8a,b dissolve freely in 10% NaOH aq. 

Action of Heat on 8a 

Compound 8a (0.5 g) was boiled in dry toluene (50 ml) for 30 hr. After 
cooling, the precipitated material was filtered off, recrystallized from etha- 
nol to give colourless crystals proved to be unchanged 8a (m.p., mixed 
m.p. and comparative IR spectra) (yield ca 0.5 g). 
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