Methyl B-Chlorocinnamates with Methoxide and Ethoxide Tons

Substitution and Elimination Reactions in Chloro Olefins. I1.!
Reactions of Methyl 3-Chlorocinnamates with Methoxide and Ethoxide Ions

Abdel-Hamid A. Youssef* and Hamdy M. Abdel-Maksoud

Department of Chemistry, Faculty of Science, Alexandria University, Alexandria, A. R. Egypt
Received March 25, 1975

The rates of the base-catalyzed eliminations of a series of trans para-substituted methyl §-chlorocinnamates
have been determined in methanol and ethanol using methozide and ethoxide ions as bases. Elimination products
are obtained exclusively, and the rates of the reactions show a Hammett correlation with p values of 1.7 and 2.0
for methoxide and ethoxide ions, respectively, which suggests a certain carbanionic character of the transition
state. An E2 mechanism, presumably with an E1cB-like transition state, has been suggested.

Simple vinyl halides are known for their inertness
toward bimolecular nucleophilic substitution and base-cat-
alyzed dehydrohalogenation compared to alkyl halides.
The reactivity of vinyl halides toward nucleophiles can,
however, be greatly enhanced by the presence of strongly
electron-attracting groups attached directly to the alkene
double bond. The activating groups not only enhance 8-
eliminations but also substitutions. The competition be-
tween substitution and elimination ig, indeed, one of the
most intriguing features of the reactions of vinylic com-
pounds with nucleophiles. This competition is generally
controlled by the nature of the nucleophile, by the leaving
groun, and by the configuration of the substrate. In most
cases vinylic substrates were found to. react with a nucleo-
phile either by direct substitution, which may merge in an
addition-elimination mechanism, or by elimination which
may or may not be followed by addition of solvent to the
initially formed acetylene. The mechanisms of the reac-

tions of vinyl halides with nucleophiles have attracted con--

siderable interest in recent years and comprehensive re-
views on this subject are available.?-8

Whereas aromatic substitutions are satisfactorily corre-
lated” by the Hammett equation, the rates of vinylic sub-
stitutions do not always follow the sequence predicted by
either ¢ or ¢—. On the other hand, when the effects of sub-
stituents not directly bonded to the 8-ethylenic carbon are
considered, good Hammett correlations are observed with
positive values of p.2 A Hammett correlation has been also
reported for elimination reactions of several saturated alkyl
halides with phenyl substitution on the 8 carbon and in
particular in the 2-phenylethyl system.®

To our knowledge no such Hammett correlation has been
reported for the rates of vinylic eliminations. From our in-
terest in the kinetics and mechanisms of alcoholysis of
chloro olefins, the present work is designed to study the re-
actions of trans-methyl B-chlorocinnamates (Ia-d) with

R

¢ o H
C=C
Cl/ \COOMe
la,R=H;b,R = pCH;; ¢, R = p-NO,;d,R = p-Cl

methoxide and ethoxide ions, and the effect of substituents

on the phenyl ring on a carbanion developed at the « car-
bon.

Results and Discussion

A convenient route for the synthesis of trans-g-chloro-
vinyl acids by the reaction of phosphorus pentachloride
with the appropriate 8-keto esters was recently reported by
us.20 The isolation of only the trans isomer from this reac-
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Table I

Ir,? Uv,? and NMR¢ Spectra for Ia-d
C=0, C=C, Amax, } Trans Vinyl
R em™! em™! nm 3 OCH;3 proton
H 1725 1620 272 16,240 3.92 6.73
p-CH, 1720 1615 282 17,990 3.70 6.45
p-NO, 1730 1625 290 17,600 3.97 7.22
p-Cl 1730 1620 277 19,320 3.88 7.13

@ Nujol. ? Absolute ethanol. ¢ For solvent see Experimental Sec-
tion; 6 values are used for the chemical shifts.

tion can be visualized to take place by a mechanism similar
to that suggested for the reactions of ketones with phos-
phorus pentachloride.’* The assignment of the trans con-
figuration to methyl §-chlorocinnamates (I) came from
NMBR and uv measurements for both the acids and esters.
The data are compared with that reported for cis- and
trans-methyl a-cyanocinnamates'? and methyl «-chloro-
cinnamates.!3 The chemical shifts of the vinylic protons
and the carbomethoxy groups appear constantly for the
trans isomer at lower field than that of the cis, and are
quite identical with those of the compounds {Ia-d). Fur-
thermore, the calculated chemical shifts,13® applying the
NMR rules of additivity,'4'5 of trans-B-chlorocinnamic
acid and its methyl ester are found to be in excellent agree-
ment with the observed values. A summary of the spectral
properties of Ia~d is collected in Table I.

The rates of the reactions of compounds Ia-d with meth-
oxide and ethoxide ions in methanol and ethanol, respec-
tively, were measured at various temperatures. They al-
ways follow a second-order kinetic equation. As expected,
the rates with ethoxide ion are faster than with methoxide
ion (ca. 13 times for Ia and 30 for Ic) because of its well-
known higher nucleophilic power and higher basicity.1®
The rate coefficients together with the derived Arrhenius
parameters are reported in Table II.

The reactions of compounds la-d with either methoxide
or ethoxide ions are similar to those observed in other nu-
cleophilic reactions of activated ethylenic halides.!”!8 The
configuration of the substrates determines the mechanism
of the reactions. Consequently, all compounds react by
elimination because of the favorable steric arrangement of
the hydrogen trans to the halogen. The small positive en-
tropy of activation is that expected for 8 anti elimination
reactions. Under the kinetic conditions the formed acetyle-
nic products do not undergo further addition as observed
with p,p’-dinitrotolan obtained from the reactions of cis-
and  trans-1-chloro-1,2-di{p-nitrophenyl)ethylene with
methoxide and ethoxide ions.!

Figure 1 shows a Hammett plot for the reactions of the
compounds Ia-d with methoxide and ethoxide ions with p
values of 1.7 and 2.0, respectively. The p value in a Ham-
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Figure 1. A plot of log k; for base-catalyzed elimination reaction
against Hammett ¢ constants.

mett correlation has been taken as a measure of the carb-
anion character developed in the transition state of an
elimination reaction.!® The p values obtained in this study
are comparable to those reported for the base-catalyzed
eliminations of various saturated and vinylic systems where
transition states of varying degrees of carbanionic charac-
ter have been postulated.819.20 Ag shown in Figure 1, the p
value is larger with the stronger base ethoxide ion, which
indicates that the negative charge is greater in the transi-
tion state with stronger base,2%2

In conclusion, an E2 mechanism, presumably going
through an Elc¢B-like transition state, is suggested for the
elimination reactions studied as shown in the following
scheme.

_H----OR
Ce==(]
clr” SCO0OMe

R—@-—CE C-COOMe 2> [R@—CE c-coo}

Ila-d

Experimental Section

Infrared and ultraviolet spectra were taken on Unicam SP 200
and SP 800 spectrometers, respectively. The NMR spectra?® were
measured at 60 MHz using tetramethylsilane as internal standard.
Microanalyses were done at Cairo University microanalytical labo-
ratory; melting points and boiling points are uncorrected.

Ethyl benzoylacetate was prepared in 70% yield as described
earlier,?! colorless liquid, bp 130-140° (2.5-3.5 mm).

B-Chlorocinnamic Acid. Ethyl benzoylacetate (14 g, 0.073 mol)
was added dropwise (1 hr) to a cold suspension of phosphorus pen-
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Table IT
Rate Coefficients and Activation Parameters for
Reactions of trans-Ia—d (1.0-0.25 X 10-2 M) with
Methoxide and Ethoxide Ions (5.0-0.25 X 10-2 M)

in Methanol and Ethanol
EE!

ko x 103, mo1>1 1. sec:_1 kecal AS*,C

Compd Base  15¢ 20 25 30 35 40 mol'l? ey
MeO 1.8 3.3 5.9 21.8 -1

a2 gio- 23.8 42.2 8L.2 217 +4
b MeO" 1.1 2.1 4.0 24.3 +6
EtO" 14.5 25.6 42.2 20.3 -2

Ie MeO" 23.4 41.0 69.2 19.9 -1
EtO~ 215 356 661 3677 20.8 +8

Id MeO" 5.6 9.7 17.6 21.5 +1
EtO” 51,9 101 176 300 20,9 +4

e Extrapolated values. ® Values from plots of log ks vs. 1/7.
¢ AS¥/4.576 = log kg — 10.753 — log T + E,/4.576T at 40°C. Rate
constants are calculated by the standard deviation method and
errors estimated to be within 1-6%. ¢ Temp, °C.

tachloride (43.5 g, 0.21 mol) in dry benzene (50 ml) with stirring.
The reaction mixture was refluged for 0.5 hr and then thoroughly
decomposed with ice-cold water. The benzene layer was separated
and the aqueous layer was extracted twice with benzene. The com-
bined benzene extract was washed with water and extracted with a
saturated solution of sodium carbonate. Evaporation of benzene
gave a sticky, oily product proved to be composed mainly of un-
reacted material, phosphorus pentachloride, besides other materi-
als under investigation. Acidification of the cold carbonate extract
gave a solid (5 g, 38%), mp 139-145°. This mixture of cis and trans
acids was treated with a 30% ammonia solution and then a saturat-
ed solution of barium chloride. The barium salt of the trans isomer
separated immediately and was collected and acidified to give a
solid (4.2 g), crystallized from carbon tetrachloride as colorless
needles, mp 145-146° (lit.22 mp 142°), Anal. Caled for CoH+ClOs:
C, 59.17; H, 3.84; Cl, 19.45. Found: C, 59.16; H, 3.81; Cl, 19.46, Ir
strong bands at 1700, 1610, 780, and 725 em™!; uv A 218 nm (e
9499), Amax 262 nm (e 13,170); NMR (CDCl3) multiplet centered at
8 7.33 (aromatic protons, 5 H) and a singlet at 6 6.42 (==CH).

trans-Methyl B-Chlorocinnamate (Ia). trans-B-chlorocin-
namic acid was converted to Ia by reaction with thionyl chloride
and addition of absolute methyl alcohol to the formed acid chlo-
ride. The ester was purified by repeated distillation in vacuo to
give a colorless liguid, bp 128-130° (2.5 mm), which solidified on
cooling, mp 29°. Anal. Caled for C10HgClOg: Cl, 18.06. Found: Cl,
18.30. Ir strong bands at 2990, 1725, 1620, 770, and 690 em~huv A
218 nm (¢ 9761), Amax 272 nm (e 16,240); NMR (CDCl3) multiplet
centered at § 7.72 (aromatic protons, 5 H), a singlet at § 6.73
(=CH), and a singlet at 6 3.92 (-OCH3y).

Ethyl p-methylbenzoylacetate was prepared by the condensa-
tion of ethyl acetoacetate with p-methylbenzoyl chloride following
the procedure of ethyl benzoylacetate, bp 160-170° (2-4 mm), ir
strong bands at 3075, 1750, 1690, 1620, and 815 cm™1,

trans--Chloro-p-methylcinnamic Acid. Ethyl p-methylben-
zoylacetate was converted to the acid by refluxing with phosphorus
pentachloride in dry benzene for 7 hr. Work-up as before gave a
solid separated from benzene in colorless plates (34% yield), mp
178°. Anal. Caled for C;oHoClOg: C, 61.07; H, 4.58; Cl, 18.06.
Found: C, 61.30; H, 4.60; Cl, 18.00. Ir strong bands at 1695, 1600,
825, and 715 cm~!; uv A 216 nm (e 18,514), Amax 265 nm (e 21,007);
NMR (Me;SO-dg) quartet centered at & 7.58 (aromatic protons, 4
H), singlet at § 6.73 (==CH), and a singlet at 6 2.38 (p-CHa).

trans-Methyl §-Chloro-p-methylcinnamate (Ib). The above
acid was converted to Ib following the usual procedure, separated
from methanol in colorless plates, mp 71-72°. Anal. Caled for

"C1:H1:Cl09: C, 62.71; H, 5.28; C], 16.86. Found: C, 63.10; H, 5.4; CI,

17.10. Ir strong bands at 1720, 1615, 820, and 710 ecm™%; uv A 227
nm (e 8322), Amax 282 nm (¢ 17,990); NMR (CDCl3) quartet cen-
tered at § 7.28 (aromatic protons, 4 H), singlet at § 6.45 (==CH),
singlet at § 3.70 (-OCHj3), and singlet at § 2.35 (p-CHa).

Ethyl p-Nitrobenzoylacetate. The procedure of Biillow and
Hailer?® for the synthesis of ethyl p-nitrobenzoylacetoacetate was
modified as follows. Ethyl acetoacetate was treated successively
with small equal amounts of sodium ethoxide in absolute ethanol
and p-nitrobenzoyl chloride in ether while cooling and stirring.
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When addition was completed, the separated solid was filtered,
dried, and acidified to give ethyl p-nitrobenzoylacetoacetate (84%
yield), mp 54°. This ester (30 g) was hydrolyzed by treatment with
an alcoholic ammonia solution (450 ml of 10%) while shaking gent-
ly from time to time at 45° for 30 min. The solution was cooled and
the separated solid filtered and dried. This solid was suspended in
water and acidified and the separated solid filtered and crystal-
lized in yellow prisms from alcohol (15 g, 59%), mp 73° (lit.23 mp
71°).

trans--Chloro-p-nitrocinnamic Acid. Ethyl p-nitrobenzo-
ylacetate (3 g, 0.013 mol) was refluxed with phosphorus pentachlo-
ride (9 g) in dry benzene for 40 hr. Decomposition and work-up
gave a solid (1.4 g, 47%), crystallized from benzene, mp 196-198°.
Experiments carried out with larger amounts gave a low yield.
Anal. Caled for CogH¢NCIO4: C, 47.46; H, 2.64; N, 6.15; Cl, 15.60.
Found: C, 47.22; H, 2.78; N, 6.29; Cl, 15.50. Ir strong bands at 1705,
1615, 1355, 760, and 720 cm™1; uv A 217 nm (¢ 10,764), Apax 304 nm
(¢ 12,384); NMR (MesS0-dgs) quartet centered at & 8.33 (aromatic
protons, 4 H) and singlet at § 7.23 (=CH).

trans-Methyl B-Chloro-p-nitrocinnamate (Ic). The above
acid was converted to Ic in the usual manner, crystallized from
methanol-benzene mixture in pale yellow needles, mp 157-158°.
Anal. Caled for CioHgClO4: C, 49.69; H, 3.31; N, 5.79; Cl, 14.69.
Found: C, 49.30; H, 3.50; N, 6.00; Cl, 14.37. Ir strong bands at 1720,
1625, 1520, 1355, 850, and 700 cm™%; uv A 215 nm (e 15,600), Amax
290 nm (¢ 17,600); NMR (Me3S0-dg) quartet centered at § 8.37
(aromatic protons, 4 H), singlet at § 7.22 (=CH), and singlet at ¢
3.97 (-OCH3).

Ethyl p-chlorobenzoylacetate was prepared (88% yield) by
the condensation of ethyl acetoacetate with p-chlorobenzoy! chlo-
ride following the method of ethyl benzoylacetate, as a pale yellow
liquid: bp 170-180° (4.5-5.5 mm); ir strong bands at 3025, 1745,
1720, 1600, 860, 780, and 745 cm™1,

trans-3-Chloro-p-chlorocinnamic Acid. Ethyl p-chloroben-
zoylacetate was refluxed with phosphrous pentachloride for 20 hr
in dry benzene. Work-up gave a solid (30% yield), separated from
benzene in colorless needles, mp 178-180°. Anal. Caled for
CoHgCly0y: C, 49.76; H, 2.77; Cl, 32.72. Found: C, 49.50; H, 2.89;
Cl, 32.80. Ir strong bands at 1680, 1605, 840, and 715 cm™!; uv A
225 nm (e 6595), Amax 275 nm (e 16,390); NMR (Me2S0-dg) quartet
centered at 6 7.93 (aromatic protons, 4 H) and singlet at § 7.07
(=CH).

trans-Methyl B-chloro-p-chlorocinnamate (Id) was pre-
pared by the esterification of 8-chloro-p-chlorocinnamic acid in
the usual manner, separated from methanol as colorless prisms,
mp 43-44°. Anal. Caled for C1oHgClz0g: C, 51.95; H, 3.46; Cl,
30.74. Found: C, 52.30; H, 3.50; Cl, 30.40. Ir strong bands at 1730,
1620, 835, and 740 cm™%; uv A 226 nm (e 7663), Amax 277 nm (¢
19,320); NMR (MegSO-ds) quartet centered at & 7.93 (aromatic
protons, 4 H), singlet at § 7.13 (==CH), and singlet at & 3.88 (-
OCHg).

Reaction Products. The following procedure was adopted for
all compounds (Ia-d). The compound (0.5 g) was dissolved in abso-
lute methanol or ethanol (50 ml) and the equivalent amount of me-
tallic sodium (ten times the molarity of the compound) was added.
The solution was thermostated at 40° for 10 half-lives in each case.
The reaction mixture was diluted with a large volume of water,
acidified with dilute sulfuric acid, and extracted with ether. The
ethereal layer was extracted twice with a saturated solution of so-
dium carbonate. The ether extract was washed, dried, and evapo-
rated to give no materials in all cases. Acidification of the sodium
carbonate extract gave the product (yields more than 80%). All the
products were proved to be the corresponding acetylenic com-
pounds (Ifa—d), characterized by the presence of the sharp acetyle-
nic band at 2225 em™! in the infrared spectra,?* and by melting
points and mixture melting points with authentic samples in some
cases. The products obtained from the reactions of compounds
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Ia-d with base are respectively phenylpropiolic acid (Ila, needles
from carbon tetrachloride), mp and mmp 139° (lit.?% mp 137°); p-
methylphenylpropiolic acid (IIb, needles from water), mp 151-
152° (1it.26 mp 151°); p-nitrophenylpropiolic acid (Ilc, yellow nee-
dles from water), mp and mmp 180-181° (lit.2” mp 180°); p-chlo-
rophenylpropiolic acid (IId, needles from water), mp 186° (sealed
tube) (1it.28 mp 185°).

Kinetic Measurements. The rates of reaction were determined
by following the rates of liberation of chloride ions by the electro-
metric method as previously reported.! Most reactions were fol-
lowed to 70-80% completion, and in all cases the infinity titer was
found to agree with the calculated. The results are quite reproduc-
ible and the reactions showed simple second-order kinetics. Rate
coefficients and activation parameters were calculated in the usual
way and are collected in Table IL.

Registry No.—Ia, 56377-29-8; Ib, 56377-28-7; Ic, 56377-30-1;
1d, 56377-31-2; B-chlorocinnamic acid, 18819-66-4; ethyl benzoyl-
acetate, 94-02-0; phosphorus pentachloride, 7647-19-0; ethyl p-
methylbenzoylacetate, 27835-00-3; trans-3-chloro-p-methylcinna-
mic acid, 56377-32-3; ethyl p-nitrobenzoylacetate, 838-57-3; ethyl
acetoacetate, 141-97-9; p-nitrobenzoyl chloride, 122-04-3; trans-
B-chloro-p-nitrocinnamic acid, 56377-33-4; ethyl p-chlorobenzo-
ylacetate, 2881-63-2; p-chlorobenzoyl chloride, 122-01-0; trans-3-
chloro-p-chlorocinnamic acid, 56377-34-5.
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