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Reaction of the anions of a variety of 2-carboethoxy N-heterocycles with styrene oxide yields directly 
the N-(rro/1~-2-styry1)-2-carboxylic acids. The reaction has been shown to proceed through a lactone 
intermediate which undergoes rapid elimination to forni the unsat~~rated acid. The reaction has bcen 
used to alkylate 2-carboethoxy pyrrole, diethyl pyrazole-3.5-dicarboxylate, ethyl indole-2-carboxylate, 
ethyl benzimidazole-2-carboxylate, and ethyl 2-pyrrolidone-5-carboxylate. Yields were 82, 88, 93.5, 
57, and 5% respectively. 

I-(rrot~s-2-Styryl)benzir1iidazole-2-carboxylic acid of m.p. 75-77 'C ~~ndergoes an intercsting, reversible 
solid-state transformation to a high liielting (255-260 "C), pres~~niably zwitterionic, forni. 

La reaction d'anions d ' ~ ~ n e  variete de carboethoxy-2 N-hetCrocycles avec I'epoxide de styrene donne 
directement les acides N-(irons-styryl-2) hetCrocyiles-2 carboxyliques. Le ~iiecanis~lie de la reaction 
passe par une lactone intermediaire qui subit une elimination rapide pour donner ainsi I'acide insaturk. 
Ont ete alkyles par ce procede le carboethoxy-2-pyrrole, le dicarboethoxy-3,s-pyrazole, le carboCthoxy-2- 
indole, le carboethoxy-2-benziniidazole et le carboethoxy-5-pyrrolidone-2 avec des rendernents respectifs 
de 82, 88, 93.5, 57 et 5%. 

11 est interessant de noter que I'acide (irot1.c.-styryl-2)-1-benziniidazole-2-carboxylique de p.f. 75-77 C, 
se transforme reversiblement a l'etat solide en un produit de p.f. 255-260 "C, vraisernblablement le 
zwitterion. 
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As part of a synthetic program in our labora- 
tories we required an efficient general synthesis 
of 2-carboxy N-heterocycles substituted on 
nitrogen with P-styryl and P-phenethyl groups 
(e .g.  1). Accordingly, we investigated the alkyla- 
tion of a series of 2-carboethoxy N-heterocycles 
and are reporting the discovery of a novel and 
efficient synthesis of the desired compounds. 

aromatic 

Results 
Reaction of the ethyl pyrrole-2-carboxylate 

anion 2 in DMF with 2-phenethyl bromide gave 
a low yield (<5%) of the desired N-alkylation 
product, 3 (eq. 1). The main course of the 
reaction probably involved p-elimination to 
form styrene. A number of experiments served 

to confirm the initial result and no conditions 
were found which gave good yields of the desired 
product. Omote and co-workers (1) have also 
reported a similar type of reaction between 
indole and P-phenethyl bromide (or iodide), and 
obtained trace amounts of N-phenethyl indole. 
Alkylation of the anion 2 with styrene oxide in 
DMF was then investigated. It was anticipated 
that the initially formed alkoxide 4 would ring 
close to form the lactone 5. Hydrogenolysis of 
the lactone was expected to lead to the desired 
phenethyl carboxylic acid 6 (eq. 2). Alkylation 
did occur, but surprisingly the product directly 
isolated was found to be 1-(trans-2-styry1)- 
pyrrole-2-carboxylic acid (7) (eq. 3). 

Using NaH or potassium t-butoxide as the 
base and running the reaction in D M F  at 110' 
for 1-2 h gave rise to an excellent yield (82z) 
of the product 7. The elevated temperature was 
found to be very advantageous as at room 
temperature the yield was only about 25% after 
24 h, and longer reaction times did not sub- 
stantially improve the yield. 

Further investigation with a series of 2- 
carboethoxy N-heterocycles showed that the 
reaction was of general applicability and that 
excellent yields of the N-(trans-2-styryl):2- 
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carboxylic acids could be readily obtained by 
this procedure (Table 1). Entry 5 of Table I 
(ethyl 2-pyrrolidone-5-carboxylate) indicates that 
the reaction is applicable to aliphatic as well as 
aromatic systems, although in lower yield. As 
can be seen in the Experimental, a particularly 
pleasing aspect of the reaction is the purity of 
the products as isolated directly from the 
reaction mixture. In all cases, there was no 
indication of impurities in the crude products as 
judged by the n.m.r. spectra and t.l.c., and there 
was little or  no improvement in the m.p. upon 
recrystallization. The N-(2-styryl)carboxylic acids 
thus obtained could be hydrogenated quantita- 
tively to N-(2-phenethyl)carboxylic acids (thus 
completing the original aim of the work in high 
overall yields). 

At the time that our work was nearing comple- 
tion, a publication by Irwin and Wheeler (2) 
appeared describing the reaction of the anion of 
ethyl pyrrole-2-carboxylate with a series of 
epoxides, and our work confirms and extends 
the results of these authors. Our assignments 

agree with those of Irwin and Wheeler (2), and 
in all cases the trans configuration is assigned to 
the styryl double bond on the basis of the large 
(-- 15 Hz) coupling constant between the two 
protons of the vinyl moiety. 

A careful search was made in order to isolate 
the proposed lactone intermediates of type 5. 
In the cases of the indole and benzimidazole 
con~pounds  (entries 3 and 4, Table I), it was 
possible to isolate low yields ( -2x1 of the 
lactones directly from the reaction mixture. The 
major product in each case was still the N- 
(trans-2-styry1)-2-carboxylic acid. The lactones 
v,.ere highly crystalline c o m p o ~ ~ n d s  and their 
structures could be unambiguously assigned on 
the basis of the i.r. and n.m.r. spectra, the 
details of which are given in Table I. The  
assignment of shifts to the protons HA and H, 
in the lactones is based on the assumption that  
the trans hydrogens will have t h e  larger of the 
two coupling constants with the tertiary proton 
H,. The fact that there is a significant difference 
in the vicinal coupling constants indicates that  
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TABLE I .  Synthesis of N-styryl derivatives from styrene oxide 
- 

- -  -. -- -- - 
- - - - - - - 

- - -- - - - - - - 

Starting 
Entry material Product Yield (Y,) M P ("2) Spectral data 
-- - - - -- - - - - - - - ---- -- - - 

1 82 183-185* J,,,, 15 Hz 

- -  -- 

*L~terature ( I )  m.p 178-179 "C. 

a+ 
0 """u H,, >HC 

5 7 75-77 J A B  15 Hz ( N a  salt) 
(dec.) 

q~~antitatively 93-95 (CDCI,) 
from S c 8 . 8 4 J A n  15 H z  
acid 

(DMS0-lI6) 
215-217 6 , , 4 . 6 3 J A B 1 3 . 5 H z  

Sn 5.05 JAc 10.5 Hz 
Sc 6.25 J D C  4 H Z  
v(C=O) 1740 cm-I (KBr) 

Hc is in fact in a pseudoaxial configuration. Discussion 
Figure 1 shows a photograph of the n.m.r. The results of Irwin and Wheeler (2) taken 
spectrum of the indole lactone with a proposed with those presently reported show that the 
configuration for the molecule. reaction of 2-carboethoxy N-heterocycles is a 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
ni

ve
rs

ity
 o

f 
Q

ue
en

sl
an

d 
on

 1
1/

11
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



VOL. 51, 1973 3768 CAN. J. CHEM. 

FIG. 1. N.m.r. spectrum of the lactone from the 
reaction of ethyl indole-2-carboxylate with styrene oxide 
(60 MHz, CDCla solvent). 

generally applicable reaction for the synthesis 
of 2-carboxy N-(P-styryl) compounds. The 
previous workers employed mainly ethyl pyrrole- 
2-carboxylate with a variety of epoxides and u.e 
have demonstrated, using styrene oxide, that 
the heterocyclic molecule can be varied con- 
siderably. 

Irwin and Wheeler had reasonably proposed 
that the formation of the styryl carboxylic acids 
must go through a lactone interniediate which 
then undergoes 0-elimination under the basic 
conditions of the reaction. They u.ere able to 
isolate a lactone from the reaciion with cyclo- 
hexene oxide, but this lactone did not undergo 
the elimination reaction because, as the authors 
point out, the stereochemistry of the material 
does not permit a transoid transition state. 

We have been able to complete the mechanistic 
picture by isolation of the lactones from the 
reaction of styrene oxide with ethyl indole-2- 
carboxylate and ethyl benzimidazole-2-carboxyl- 
ate. Both of these lactones, when treated under 
the conditions of the original reaction, were 
converted rapidly and in high yields to the 
styryl carboxylic acids. The ease of the conver- 
sion of the lactones to the final product indicates 
why they are normally isolated in very low yields 
or not at all. 

The mechanistic picture thus derived is shown 
in Scheme 1 using styrene oxide and ethyl 
indole-2-carboxylate and is essentially identical 
to that proposed by Irwin and Wheeler. 

Given the demonstrated rapidity of the last 
step of the scheme and the fact that starting 

slow 
-0 - 

P c02Et $iioy 
@-+ 6 

material can be seen by t.1.c. until near the end 
of the reaction, one can also reasonably propose 
that the slow step is the initial alkylation by the 
the epoxide. 

The properties of the product derived from 
ethyl benzimidazole-2-carboxylate and styrene 
oxide were found to be somewhat unusual and 
merit some discussion. 

The product undergoes decarboxylation with 
extreme ease and if the work-up is done as usual 
with HC1, only the decarboxylated product is 
isolated (Table 1, entry 4). If acetic acid is used, 
the product can be isolated in good yield. Upon 
dissolving in organic solvents at room tempera- 
ture, the acid decarboxylates neatly and quanti- 
tatively to I-(2-styryl)benzimidazole in the time 
required to run the n.m.r. spectrum. The 
sodium salt, in contrast, is quite stable, and a 
satisfactory n.m.r. spectrum could be obtained 
in DMSO-d,. 

The solid acid of m.p. 75-77", upon standing 
for several days at room temperature, undergoes 
a transformation to  a high melting, very in- 
soluble form. There is a concomitant change 
of the carboxyl band in the i.r. spectrum (KBr) 
from 1685 (sharp) to 1640 cm-' (broad). 
Careful treatment with acetic acid regenerates 
the original form. This indicates that on stand- 
ing the material is changing from a free acid 
to a zwitterionic form as shown in Scheme 2. 

solidstate qrCOZH . H+ I 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
ni

ve
rs

ity
 o

f 
Q

ue
en

sl
an

d 
on

 1
1/

11
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.
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TABLE 2. Ultraviolet spectra of N-styryl heterocycle (EtOH) 
-- -- - - A- 

- -- 
- ----A- - -- - - 

h rnax (nm) log C 
--- - -- A 

27 1 
307- 

d 
K - H  212 

270 
303 

- 

*Ta~led out  to 310 n m  
tThe  acld has undoul~tcdlv larccl! d e ~ n r b o ~ y l ~ ~ l c d  du l lng  the spectrum 

Experimental 
Melting points are uncorrected. 
Ethyl benzimidazole-2-carboxylate was prepared ac- 

cording to Copeland and Ray (3). Ethyl 2-pyrrolidone-5- 
carboxylate and ethyl pyrrole-2-carboxylate were pre- 
pared by esterification of the corresponding acids. All the 
remaining starting materials were commercially available. 
All new compounds gave correct elemental analysis. The 
U.V. spectra are collected in Table 2. 

N-(trans-Styry1)pyrrole-2-carboxylic Acid 
Ethyl pyrrole-2-carboxylate (11.7 g, 0.084 mol) was 

dissolved in 50 cc dry D M F  and sodium hydride powder 
(2 g, 0.084 mol) added to the stirred solution. When 
hydrogen evolution had ceased (2-3 h), styrene oxide 
(14 g, 0.115 mol) was added and the solution warmed at 
110-120 "C for I h. (Reaction followed by t.1.c. for dis- 
appearance of starting material.) The reaction mixture 
was cooled, ice-water added (-300 cc), the resulting 
solution extracted with ether, and the water layer cooled 
and acidified with dilute HCI. The precipitated white 
solid was filtered, washed with water, and dried, yielding 
14.6 g of pure product (82% yield), m.p. 183-184 "C. A 
sample recrystallized from methanol had m.p. 183-185 "C.  

I-(tra11s-Styr~l)pyrazole-3-ca1'boetI1oxy-5-carboxylic Acid 
Diethyl pyrazole-3,5-dicarboxylate (24 g, 0.1 13 mol) 

was dissolved in 300 cc dry D M F  and potassium t-  
butoxide (13.2 g, 0.1 16 rnol) added to the stirred solution. 
After 15 min, styrene oxide (1 8 g, 0.1 50 mol) was added 
and the mixture heated at  120 "C for 1-2 h (reaction 
followed by t.1.c. for disappearance of starting material). 
The cooled reaction mixture was diluted with ice-water 
(1000 ml). extracted with ether, and the water layer cooled 
and acidified with dilute HCI. The precipitated white 
solid was filtered, washed with water, and dried, yielding 
28.4 g of pure product (88% yield), m.p. 165-167 "C, un- 
changed by recrystallization from methanol. 

N-Styrylirldole-2-cnrboxylic Acid 
Sodium hydride powder (3.5 g, 0.146 mol) was added 

to a stirred solution of ethyl indole-2-carboxylate (25 g, 
0.132 mol) in 250 ml dry DMF. After the hydrogen 
evolution had stopped, styrene oxide (30 g ,  0.250 mol) 
was added and the mixture heated at 110 "C for I +  h. 
The mixture was cooled, water added, and the solution 
extracted with ether. The water layer was acidified with 
excess dilute HCI. The precipitated solid was filtered, 
washed with water, and dried, yielding 32.5 g (93.5% 
yield), m.p. 222-224 "C, unchanged on recrystallization 
from methanol. 

In a separate run ethyl indole-2-carboxylate (1.89 g, 
10 mmol) and sodium hydride (260 mg, 11 mmol) were 
heated a t  110" with styrene oxide (2.4 g, 2 0  mmol) and 
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the reaction stopped before completion. The reaction 
was worked-up as above and the ether extracts dried and 
evaporated to dryness. The residue (1.6 g) was triturated 
with ether - petroleum ether. The precipitated crystals 
(50 nig) were filtered to yield the lactone, m.p. 180-182 "C. 
Recrystallization from methanol did not iniprove the 
melting point. 

The lactone (45 mg) was dissolved in cc DMF and 
19 mg potass i~~m r-butoxide (1 equiv.) added and the 
mixture stirred at room temperature for 15 min. The 
reaction was diluted with water, acidified, and extracted 
with ether. The ether solution yielded 40 mg of a yellowish 
solid, identical by t.1.c. to the acid isolated above. This 
was recrystallized from methanol, m.p. 218-222 'C, 
niixed melting point 220-222 "C, with an i.r. spectrum 
identical to that of the authentic acid. 

I-S~yrylbenziriiidazo/e-2-cur60xylic Acid 
T o  a stirred solution of ethyl benzimidazole-2-carboxyl- 

ate (3.8 g, 0.020 mol) in 60 ml dry DMF, was added 
sodium hydride powder (520 nig, 0.022 niol). After 1 h 
styrene oxide (4.8 g, 0.040 mol) was added and the 
mixture heated at I 10 "C for 2 h. The mixture was cooled, 
ice-water added, and the mixture extracted with ether. A 
suspended solid was filtered (30 nig) and proved to be 
the lactone, m.p. 215-217 "C. The ether extracts were 
dried and evaporated to dryness and the oily residue 
(2.6 g) treated with some ether and filtered to  yield a 
further 30 mg of lactone. 

The water layer was carefully acidified with acetic acid 
and the precipitated white solid was dried under vacuum 

at room temperature to  yield the acid (3 g, 577, yield), 
m.p. 75-77 "C (dec.). 

If the acidification is done with HCI, decarboxylation 
occurs and 1-styrylbenziniidazole is obtained, m.p. 
93-94 "C. A sample of the acid recrystallized from cyclo- 
hexane similarly yielded the decarboxylated material, 
m.p. 93-94 "C. 

When the acid is stored for a few days the m.p. increases 
to 255-260 "C and the i.r. spectrum shows a shift in t he  
C=O absorption from 1685 to 1640 cm-l .  This com- 
pound, treated with AcOH in the cold, regenerates the  
original form of the acid, m.p. 74-76 "C, and the C=O 
band is restored to  its original position and sharpness. 

I-Sryryl-2-pyrrolidone-5-carboxylic Acid 
Ethyl 2-pyrrolidone-5-carboxylate (1.57 g, 10 mmol) 

was dissolved in DMF (20 cc) and sodium hydride (260 
mg) added. After 1 h a two-fold excess of styrene oxide 
(2.4 g) was added and the mixture heated at 180 "C fo r  + h. Ice-water was added t o  the cooled reaction mixture 
which was then extracted with ether. T h e  water layer was 
acidified with dilute HCI, extracted with ether, and the 
ether dried and evaporated. The oily residue (350 mg) 
solidified on standing, m.p. 165 "C (CHCI3). 
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