This article was downloaded by:

On: 29 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1
4
g

s ey ) s g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

gﬁ!?{lj:‘; and http://www.informaworld.com/smpp/title~content=t713618290

and the Related Elements

R ORGANOPHOSPHORUS CHEMISTRY 24.' WITTIG REACTION OF S-
=HE oo | AROYLACRYLIC- AND CINNAMIC ACIDS

Wafaa M. Abdou?; Neven A. F. Ganoub?, Mohamed R. Mahran®
* National Research Centre, Cairo, Egypt

Editatan Chiel. Wariin 0. Fasdd —
Uuregmsn [dier Spestasin Ksaghigest ) i P

To cite this Article Abdou, Wafaa M. , Ganoub, Neven A. F. and Mahran, Mohamed R.(1992) 'ORGANOPHOSPHORUS
CHEMISTRY 24.! WITTIG REACTION OF -AROYLACRYLIC- AND CINNAMIC ACIDS', Phosphorus, Sulfur, and
Silicon and the Related Elements, 66: 1, 79 — 85

To link to this Article: DOIL: 10.1080/10426509208038334
URL: http://dx.doi.org/10.1080/10426509208038334

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509208038334
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15: 02 29 January 2011

Downl oaded At:

Phosphorus, Sulfur, and Silicon, 1992, Vol. 66, pp. 79-85 © 1992 Gordon and Breach Science Publishers S.A.
Reprints available directly from the publisher Printed in the United Kingdom
Photocopying permitted by license only

ORGANOPHOSPHORUS CHEMISTRY 24.! WITTIG
REACTION OF B-AROYLACRYLIC- AND
CINNAMIC ACIDS

WAFAA M. ABDOU, NEVEN A. F. GANOUB and
MOHAMED R. MAHRAN

National Research Centre, Dokki, Cairo, Egypt
(Received September 15, 1991, in final form October 9, 1991)

The Wittig reaction of B-aroylacrylic-(2b,c) and cinnamic (4b) acids has been investigated. Depending
on the experimental conditions, reaction of 2b,c with alkylidene phosphoranes (1a,b) gives the respective
complex ylides 3b-e and/or the dihydrofurans (7), whereas, with benzoylmethylenetriphenylphosphorane
(1¢), ylide 3f or 3g is only formed. On the other hand, the reaction of 4b with 1a,b proceeded only in
ethylacetate, yielding the ylides 9, accompanied by the decarboxylation of the acid. However, compound
4b did not react with 1¢, under the above experimental conditions.

Structural assignments are based on analytical and spectroscopic results as well as possible reaction
mechanisms are annotated.

Key words: B-Araylacrylic acids; cinnamic acid; Wittig reagents, C-alkylation, O-alkylation.

INTRODUCTION

In their early work, Bestmann et al.?> noted that the reaction of alkylidene phos-
phorane (1a) with a,B-unsaturated carboxylic esters, namely: methyl benzoyl-ac-
rylate (2a) led to the formation of an addition product 3a (92%).

In other instances, cyclopropane hydrocarbons (5) have been reported* as a
reaction product of ylide la with a-unsaturated carboxylic esters, e.g., methyl
cinnamate (4a). It seems that no attempt has been made to make a systematic
study on their parent acid derivatives. Thus, the work summarized here was un-
dertaken to study, in some detail, the Wittig reaction of 8-benzoylacrylic (2b), 8-
tolylacrylic-(2¢) and cinnamic (4b) acids.

RESULTS AND DISCUSSION

1. Reaction of B-Aroylacrylic Acids (2b,c) with Ylides

Carbmethoxy-(1a), and carbethoxy-(1b) methylene-triphenylphosphoranes were
found to react readily in boiling benzene for 6 hr, with benzoyl-(2b) and tolyl-(2c)
acrylic acids according to Scheme I. The new phosphorus ylides (3b-e), listed in
Table I, generally crystallized from the reaction mixture in high yields and high
degree of purity. Carrying out the same reaction in boiling THF, resulted in the
isolation of compounds 3b-e and the cyclic products 7, Scheme 111, in nearly equal
amounts. On the other hand, in boiling ethylacetate, the dihydrofuran derivatives
7 were only isolated in good yield. In both instances, using THF or ethylacetate
as medium, triphenylphosphine was also isolated and identified.
79



15: 02 29 January 2011

Downl oaded At:

80 W. M. ABDOU, N. A. F. GANOUB and M. R. MAHRAN
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SCHEME 1

1a 4+ PhCH=CHCO,CHy ——s PhCH——CHCO,CH

5

SCHEME II

Identity of phosphoranes 3 was confirmed by direct esterification® (see experi-
mental) of the Me-ester 3b to give a product identical (mp., mixed mp., comparative
IR, MS and 'HNMR spectra) with triphenylphosphine-[{methoxy-carboxyl-2-ben-
zoyl ethyl]-methoxyt carbonylmethylene (3a), obtained according to Bestmann'’s
procedure,? upon reacting methyl benzoylacrylate (2a) with 1a (vide supra). In
addition, the structure of 3 was established by analytical and spectral (IR, *'PNMR,
PMR, and MS) analyses (see Tables I and II).

Structural assignment for structure 7 is based upon correct analytical values and
compatible IR and PMR spectral data. The IR spectrum of 7a, taken as an example,
shows bands at 1720 (C=0, broad), 1625 (C=C) and 1030 cm ! (—C=C—0—).¢
Its PMR spectrum shows absorptions at § 3.9(3H, s, COOCHs), 7.55 (5H, m, Ar-
H), and 10.2 ppm (1H, broad, —OH). Protons of the dihydrofuran nucleus ap-
peared at 4.02 (1H, dd, proton b, obscured by CH,), 5.72 (1H, d, proton a, J =
4 Hz) and 6.52 (1H, d, vinyl, proton ¢, J = 4 Hz).® Moreover, the mass spectrum
of 7a shows the ion peaks at m/z 238 (M*, 22%), which loses —CO, to give the
radical cation at m/z 194 (45%). This latter suffers then loss of —COOCH; moiety
to give the base peak at m/z 135. The reaction of 2b,c with benzoylmethylenetri-
phenylphosphorane (1¢) was also investigated. No reaction was observed in boiling
benzene or THF solution even after 24 hr. On the other hand, when this reaction
was carried out in ethylacetate (10 hr), the complex new ylides 3f,g were obtained
as the sole product. Structural assignment is based on strong and broad carbonyl
absorption in their IR spectra and on typical (C—CH,—CH—) peaks in the PMR-
spectra (cf. Table II).

It is evident that both the nature of the solvent and/or the phosphorus ylides
used, dictate the course of this reaction.

The mechanism proposed to account for the formation of 3 and/or 7 from the
reaction of compounds 2b,c with Wittig reagents 1a-c is shown in Scheme I11. Initial
nucleophilic attack by the carbanion centre in the ylide on the reactive ketone
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TABLE I
Characteristics of compounds 3b-g and 7
Yield
Cpd.| in mp | Mol. Form Anal. Caled. Found R cml
2] °C Mol. Wt. C H p
3b | 88 | 198 | CyHpOP | 7293 533 606 | 3400 170sb 1675 & 1512
(510.53) | 7290 53, 604 | OH c-0 c=p
¢ | 8 |182| CpHwOP | 7327 ss7 590 | 3420 17000 1656 & 1520
(52456) | 7323 555 583 | OH C=0 C=p
d | 93 [202| CpHxOP | 7327 557 590 | 3405 17100 1665 &1515
(52456) | 7319 sss 583 | OH C=0 C=p
€ | 90 |178 | CyuHuOP | 7359 580 575 | 3410 17100 1670&1520
(53859) | 7356 597 574 | OH C-0 C=p
f | 80 |212| CiuHpOP | 7768 525 556 | 3420 17250 1662&1540
(55661) | 7759 526 553 | OH C=0 C=p
g | 80 |218| CyH3Op | 7788 47 543 | 3415 1726 1660&1535
(57063) | 7785 544 545 | OH C=O C=p
7Ta | 40 | 84 | CiHPROs | 6290 487 - | 3400 1720 1030
(24824) | 6288 44 -~ | oH cC=0 ¢=Co
b | 38 | 6 | CubuOs | 6411 535 - |3420 1715 1042
(26226) | 6409 s33 - | OH C=0 C=C-0
e | 4 [ | cuwos | 6411 535 - 3410 17220 1035
(26226) | 6407 535 - | OH C=O c=C0
d | 35 | 72 | CsHigOs | 6520 sg3 - | 3405 17200 1055
(27629 | 6519 sgg -~ | OH C=0 C=C0

a) Yields arc approximated,

b) Carbonyl group is broad.

81

carbonyl-vinyl system (carbonyl group is sterically hindered)’-® gives a resonance
hybride like (6). Even though, 6 may be reasonably (R is an electron-withdrawing
group)>* stabilized through proton migration, giving rise to a new ylides 3,° it is
partly, stabilized by O-alkylation with expulsion of triphenylphosphine to give the
dihydrofuran derivatives (7). Such observation was previously reported on several
occasions, 10-11

II.  Reaction of Cinnamic Acid with Phosphorus Ylides

The reaction of cinnamic acid (4b) with carbmethoxy-methylene-(1a) or carbeth-
oxymethylene-triphenylphophorane (1b) was sluggish in boiling benzene or tet-
rahydrofuran for 24 hr. However, triphenylphosphine-[(2-phenyl)-ethyl]-meth-
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TABLE 11
'H and *'P-NMR spectral data® for the adducts 3 and 7
1H (5, ppm)P
Cpd. 3p
OC.CH, 2*3 CHyC OCH3/OCH; CCH - ArH OoH
yt
3b 225 33(dofdx 3.77 42(doft 7.66 103
J=4.5; 8.5 ) J=15;8.5 m ®)
2H 3H 1H 20H 1H
C 24.63 0.83(v) 34 dofdx 3.82 (q) 4.18 (dof t)c 174 9.98
1=6 J=40;85 I=6 I1=1585 (m) o)
3H 2H 2H H 20H 1H
d 2.17 242 328 (dof dx 3.67 44 (doftie 7.82 10.8
© J=40;6 6] I=166 (m) ©
3H 2H 3H 1H 19H 1H
€ 24,68 0.77(v) 2.36 3.42 (dof dx 4.1 -4.3(m) 749 11.0
I=6 © I1=45;,65 OCH2 & CH (m) (s)
3H 3H H 3H 19H 1H
t 21.40 3.62 (dof dx 448 @dofnc 794 96
J=6;104 I=16:62 (m) ®
2H 1H 25H 1H
g 23.55 240 345 (dof de 435 of txc 7.87 10.6
) 1=6;105 I=15.5:6.5 ™) ©
3H 2H 1H 24H 1H
7a - 4.02 (d of d) 39 572 (d) 65 155 102
J=4 ©® I=45 I=4 (m) ()
1Hb 3H 1Ha 1He SH 1H
b — 0.87() 433 (d of d) 4.19 5.67 (d) 66 762 10.5
I=6 j=4 @ J=45 J=4  (m) ©
3H 1 Hb 2H 1Ha 1H SH 1H
Te¢ - 2.35 4.6 (d of d) 3.86 5.76 () 62(d) 747 11.0
(s) J=4 ©) J=4 J=4 (m) O]
3H 1 Hb 3H 1 Ha 1He 4H 1H
d - 0.74(t) 2.32 4.57(dofd) 4.13 (g 5.48(d) 6.4[d] 7.60 113
16 (s) J=4 I=6 =4 J=4 (m) ()
H 3H L Hb 2H 1 Ha 1He 4H 1H
a) See experimental for details for NMR experiments b) Coupling constant is recorded in Hertz.

c) The first data for J is du to the coupling with phosphorus while the second dut to the coupling with hydrogen.

oxylcarbonylmethylene (9a) or triphenylphosphine-[(2-phenyl) ethyl]-ethoxy-
carbonylmethylene (9b) was obtained when the reactants were refluxed in ethyl-
acetate for 18 hr, under similar experimental conditions. No reaction has been
observed when 4b was allowed to react with 1c. Compounds 9 were identified by
elementary analyses, IR, and NMR spectra (see experimental). All showed the
lack of —OH absorption and the presence of absorption bands at ~1645 and 1535
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COqH
W HC COoH
® © /0 Ar H Hb
PhyP—CHC — 4 —_— +3+PhyP
3 bR @ @/ NCO,R Ha
+ O PPhj Ar” 0O CO,R
6 7

H COpH
Ar\{%H
0 Cpd | Ar R |Cpd]| Ar R

2b,c
’ b 1CeHs |CoHs| 9 lptolyl|CyHg
SCHEME III
CeH COR CeH
CgHgCH=CHCO,H lr 5/ g5 SOR
+o —> CH—CHg —>/CH--C\ + co,
_ P N
PhyP—CHCOR LH%_COZH Pha|  CHz  rpn,
9
8
R= OCH3’OC2H5
SCHEME 1V

cm~! ascribed to C=P moiety in their infrared spectra. This concept was further
substantiated by a signal at § ~20 ppm in their 3P-NMR spectra.!? The 'H-NMR
spectra of compounds 9 showed, among other signals a doublet (3H) at ~.5 1.3
ppm and a quartet (1H) at ~6 4.15 ppm, each with a coupling constant of 7 Hz.
These signals assigned (CH—CHj;) species. To rationalize this result, it could be
suggested that 9 arises by the decarboxylation of the betaine species 8, a yet-
unrearranged intermediate-in the first step. Decarboxylation process can be looked
upon as being catalysed by the alkylidene phosphoranes acting as Lewis bases,*?
albeit, the basicity of these compounds are less than other phosphorus reagents
like trialkyl phosphites or phosphonates,'* there are instances where they are in-
compatible with sensitive substrates.'*-1¢

CONCLUSION

Significantly, the two reactions of Wittig reagent reported here are indicative of
the broad reaction spectrum of which ylides are capable in addition to the usual
olefin-forming reactions. Moreover, it has been shown from this behavior and the
previous results,?~* that alkylidene phosphoranes react with unsaturated carboxylic
acids 2b,c and 4b in a manner rather different from the already known?~* with
their respective carboxylic esters (vide supra). Thus, Wittig reaction with acids is
very sensitive to the operating conditions and to the substitutions of the substrates.
Furthermore, albeit this anomalous behavior of the acids 2, formation of five
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membered dihydrofuran ring, is a new reaction for phosphoranes with olefines, it
is not surprising as the inter- and intra-molecular Wittig reactions have become an
indispensable means of cyclization, particularly for macrocyclic system.

EXPERIMENTAL

All melting points are uncorrected. The IR spectra were recorded in KBr, with Perkin-Elmer Infracord
Model 137 and Beckman Infracord Model 4220. The PMR spectra were taken in CDCI; with a Varian
Spectrometer at 90 MHz, using TMS as an internal reference. *'P-NMR spectra were recorded, relative
to external H,PO, (85%), with a Varian FT-80 Spectrometer. The mass spectra were run at 70 eV on
Kratos MS equipment and/or Varian MAT 311 A Spectrometer.

Reaction of B-aroylacrylic acids (2b,c) with ylides (1a,b).

a) In boiling benzene: To 0.02 mol of the acid (2b)'7 (or 2¢)!” in 50 ml of benzene, was added in one
portion 0.021 mol of the ylide (1a)'* and/or (1b)'® in 20 ml of solvent. When the reaction was complete
(~6 hr, TLC), the solution was concentrated and cooled. The brown crystals were filtered and recrys-
tallized from ethanol to give the new ylides (3b-e). The physical and spectroscopic data are summarized
in Tables I and II.

b) In beiling THF: Acid 2b (or 2¢) (0.02 mol) was refluxed in 50 ml of THF containing 0.022 mol of
the proper ylide (1a,b). When the reaction was complete (~6 hr, TLC), and after cooling, the precip-
itated material was collected, recrystallized from ethanol to give brown crystals, proved to be ylides
(3b-¢) in approximately 40% yield.

The mother liquors were evaporated, in vacuo, and the residual material was redissolved in methanol
(50 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. The column was developed with petroleum
ether containing increasing amounts of chloroform. The fraction with 100% petroleum ether eluted
colorless needles, mp. 80°C (~45% vyield) of triphenylphosphine (mp, mixed mps, and comparative IR
spectra). The fraction (up to 4:1 v/v) yielded yellow products, recrystallized from acetone to give yellow
crystals identified as the dihydrofuran derivatives 7, percentage yields, physical and analytical data are
given in Tables I and II.

¢) In boiling ethylacetate: A mixture of 2b,c (0.02 mol) and Wittig reagent 1a,b (0.022 mol) was
refluxed in ethylacetate (50 ml) for ~6 hr. The reaction mixture was evaporated under reduced pressure,
and the residue was applied to silica gel column, using pet. ether/chloroform (4:1 v/v) as eluent. Adducts
7 were separated in ~70% yield as yellow crystals. Triphenylphosphine was also separated (mp and
mixed mps).

Esterification of the Me-ester 3b: Methylation of 3b was carried out according to the procedure of
Scarpati et al.’ with minor modifications. To a solution of 3b (0.5g) in dry acetone (100 ml), was added
anhydrous K,CO, {6g) and freshly distilled methyl iodide 20 ml. After boiling under reflux for 8 hr,
the mixture was filtered while hot and the inorganic residue washed with boiling acetone. The filtrate
and washings were then freed from the volatile materials, in vacuo. The residual material was recrys-
tallized from benzene (or ethanol) to give a substance, mp 187°C, proved to be triphenylphosphine-
[(methoxycarboxyl-2-benzoyl)ethyl) ethyl] methoxy carbonylmethylene (3a) (mp, mixed mps, and com-
parative IR, PMR and MS spectra).?

Reaction of B-aroylacrylic acids with ylide (1¢).

a) In boiling benzene or THF: Benzoylmethylenetriphenylphosphorane (1¢)'® (0.021 mol) was added
to a solution of 2b (or 2¢) (0.02 mol) in 50 ml benzene (THF) and the stirred mixture was refluxed for
24 hr. After cooling, the precipitated material was filtered off, recrystallized from benzene to give a
colorless material proved to be 1¢ (mp, mixed mp); yield 92%. The filtrate was freed from the volatile
materials, in vacuo, and the residual substance was recrystallized from cyclohexane to give a colorless
substance proved to be 2b (or 2¢) (90%)."

b) In boiling ethylacetate: A mixture of 0.02 mol of the acid (2b, or 2¢) and 0.021 mol of ylide (1c)
in 50 ml of ethylacetate was heated under reflux for 10 hr. After cooling to the room temperature, the
reaction mixture was evaporated on a rotavapor under reduced pressure, and the residue was recrys-
tallized from ethanol to give 3f (or 3g) as brown crystals in 80% yield. Physical and spectroscopic data
are listed in Tables I and II.
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I1. Reaction of cinnamic acid (4b) with ylides (1a,b). A solution of cinnamic acid (4b)* (1.48 g, 0.010
mol) and 1a (3.6 g, 0.011 mol) in ethylacetate (50 ml) was refluxed for 18 hr., the solvent then evaporated,
and the residue crystallized from ethylacetate to give 9a as brown crystals mp 182-189 (3.3 g, 74%).
Anal. Caled. for C,0H,,0,P (438.515) C, 79.43; H, 6.26; P, 7.06. Found: C, 79.41; H, 6.15; P, 7.17%,
IR bands at 1725 (C=0, ester), 1645 and 1530 (P=C) PMR, (DMSO, 8 ppm): 1.35 (3H, C.CH,, d,
J = 7Hz), 3.8 (3H, OCH3, s), 4.15 (1H, CH.C, q, J = 7 Hz) and 7.0-7.7 ppm (5H, Ar-H, m). >'P-
NMR (DMSO): 8 20.45 ppm. MS: m/z 438 (M*, 33%).

In a similar way carbethoxymethylene triphenylphosphorane (1b) with cinnamic acid (4b) gave 9b
(68%), mp 245-247° (from toluene). Anal. Calcd. for C;,H,,O,P (452.54) C, 79.62; H, 6.45; P, 6.84.
Found: C, 79.56; H, 6.44; P, 6.86%. IR bands at 1730 (C=0, ester), 1655 and 1535 (C=P). PMR
(DMSO, §): 1.02 (3H, OC.CH,, t, J = 7 Hz), 1.35 (3H, C.CH,, d, J = 7 Hz), 4.06 (2H, OCH,, g, J
= 7 Hz), 4.18 (1H, CH, q, ] = 7 Hz), and 7.1-7.75 (5H, Ar-H, m). *'P-NMR (DMSO): § = 21.58
ppm. MS: m/z 452 (M* 28%).

Compounds 9a and 9b are not soluble in 5% aqueous sodium hydroxide solution and exhibits no
color reaction with alcoholic ferric chloride.

Compound 4b was recovered almost quantitatively and identified (mp and mixed mp. 134°C, com-
parative IR, NMR spectra)® upon its reaction with 1c¢ under the above conditions.
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