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2,4,5-Trimethylpyrrole-3-carboxylic acid esters of various hydroxy alkaloids, such as codeine (2b), ephedrine (3b), 
jervine (4b), scopoline (5b), and methyl reserpate (6b), were synthesized with trifluoroacetic anhydride in a mixed 
anhydride procedure mild enough to leave intact the acid-labile pyrrolecarboxylic acid as well as the alkaloid 
moieties. The esters were evaluated for analgesic activity and norepinephrine release. The scopoline ester 5b 
showed activity in two analgesic assay systems. In the hot plate assay, 5b (ED50 6.0) was slightly more active than 
codeine. 

Batrachotoxin, a steroidal alkaloid obtained from the 
skin of the Colombian frog Phyllobates aurotaenia, is one 
of the most toxic substances known.1 '2 The venom selec
tively and irreversibly increases membrane permeability 
to sodium ions.3-* The toxicity of batrachotoxin is depen
dent upon the 2,4-dimethyl-3-carboxylate portion of the 
molecule, as shown by a 500-fold decrease in the activity 
of batrachotoxinin A in which this ester grouping is ab
sent. A synthetic homolog of batrachotoxin containing a 
2,4,5-trimethylpyrrole-3-carboxylate was found to be twice 
as active.2 The effect of this trimethylpyrrolecarboxylic 
acid grouping upon esterification with various hydroxy al
kaloids was of interest with regard to potentiation or mod
ification of the activity of the parent alkaloids. In this 
preliminary study, some representative modified alkaloids 
were assayed for chemorelease of norepinephrine and an
algesic activity (hot plate and Nilsen methods). 

Results and Discussion 

Chemistry. Several conventional esterification proce
dures were unsuccessful in providing the desired trimeth-
ylpyrrolecarboxylates of various hydroxy compounds. At
tempts to convert pyrrolecarboxylic acids into acid chlo
rides with thionyl chloride or phosphorus pentachloride in 
chloroform gave dark-colored, intractable products in all 
cases. Reaction of the carboxylic acid with oxalyl chlo
ride,5-6 followed by addition of the hydroxy alkaloid or 
sterol to the acid chloride, gave no isolable esters. Also, 
the yields of the esters from the mixed anhydride derived 
from the pyrrolecarboxylic acid and ethyl chloroformate2 

were unsatisfactory for preparative purposes. Apparently, 
the success of this procedure depends on activation of the 
hydroxyl group by the (l,y unsaturation of the allylic hy-
droxyl as is present in batrachotoxinin A. 

The preparation of the mixed anhydride of 2,4,5-tri-
methylpyrrole-3-carboxylic acid and trifluoroacetic anhy
dride was followed by infrared spectroscopy at various 
time intervals (see Experimental Section). The two strong 
ir bands of trifluoroacetic anhydride at 1890 and 1825 
cm * disappeared immediately on mixing of the two reac-
tants in carbon tetrachloride, with concomitant appear
ance of two bands of the mixed anhydride at 1785 and 
1740 c m - 1 (reaction 1). The slow decrease in the intensity 
of these latter carbonyl-stretching vibrations with time in
dicated the lability of this mixed anhydride. Furthermore, 
precipitation of authentic 2,4,5-trimethylpyrrole-3-carbox-
ylic acid from solution after 12 min demonstrated the re
versibility of the reaction. 

Preliminary experiments with this mixed anhydride 
were carried out with cholesterol ( la) . To the mixed an
hydride generated in situ was added an equimolar amount 
of cholesterol (reaction 2). After a 15-min reaction period 
at room temperature, cholesterol 3-(2,4,5-trimethylpyr-
role-3-carboxylate (lb) was formed in good yield in addi
tion to a smaller amount of the trifluoroacetic acid ester 
of la . No unreacted cholesterol was detected. 
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Next, pyrrole esters of various hydroxy alkaloids were 
synthesized (Table I). To illustrate the general reaction, 
2,4,5-trimethylpyrrole-3-carboxylic acid reacts with an 
equimolar amount of trifluoroacetic anhydride in dry ben
zene for a period of 3 min at room temperature. To the 
mixed anhydride was then added an equimolar amount of, 
e.g., codeine (2a), and the reaction mixture placed in a 
50° bath for 1 hr. Evaporation of the solvent from the 
mixture, followed by column chromatography on silica gel 
and recrystallization, gave the desired codeine 6-(2,4,5-tri-
methylpyrrole-3-carboxylate) (2b) in 68% yield. 

Similar reaction conditions (Table I) gave the 2,4,5-tri-
methylpyrrole-3-carboxylic acid esters of ephedrine (3b), 
jervine (4b), scopoline (5b), and methyl reserpate (6b) in 
moderate to excellent yields (Chart I). 

Esterification of the low molecular weight amino alco
hol, 2-diethylaminoethanol, with the mixed anhydride 
under the same mild reaction conditions gave numerous, 
dark-colored intractable products. Also, the reaction with 
veracevine, which is obtained by mild base hydrolysis 
of veratridine and which contains seven hydroxyl 
groups (three are normally acylable), was not selective, 
yielding a complex mixture of compounds which were not 
fully characterized. 

The mild esterification of alcohols via the pyrrole-3-car-
boxylictrifluoroacetic acid anhydride represents a prepar-
atively useful synthesis. Less gentle methods fail because 
pyrrolecarboxylic acids are notorious for their lability to 
oxygen and to acid-catalyzed polymerization reactions.7 

These mild esterification methods are suitable for sensi
tive alkaloids and other labile natural products. 

The use of trifluoroacetic anhydride in promoting ester-
ifications has generally been limited to simple aliphatic 
and aromatic carboxylic acids.8 '9 However, the reagent 



2,4,5-Trimethylpyrrole-3-carboxylic Acid Esters Journal of Medicinal Chemistry, 1974, Vol. 17, No. 5 489 

Table I. Esterifications with 
2,4,5-Trimethylpyrrole-3-carboxylic Acid 

Tri-
fluoro-
s.cctic 

Hydroxy Pyrrole anhy- Reaction Reaction 2 yield 
compd acid, dride, 1," time, Time, Temp, of es-

No. mmol mmol mmol min min °C ter, % 

Table II. Chemorelease of Cardiac [3H ]Norepinephrine 

l a 
2a 
3a 
4a 
5a 
6a 

1.0 
1.5 
1.5 
1.0 
2.0 
1.0 

1.0 
1.5 
1.5 
1.0 
2.0 
1.0 

15 
3 
2 
7.5 
4 

15 

15 
30 
75 
90 
40 
15 

25 
46 
50 
50 
40 
25 

68 
90 
88 
46 
70 

"These reactions were all carried out at room temperature. 
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has been used in the esterification of the antibiotic chlo
ramphenicol with stearic acid10 and more recently in the 
esterification of hindered aliphatic and aromatic carboxyl-
ic acids.11 

The formation of the mixed anhydride (reaction 1) in 
situ with equimolar or 1 M excess trifluoroacetic anhy
dride proceeded rapidly (2-15 min) at room temperature 
(Table I). The kinetic study (ir) demonstrated the reac
tion to be reversible. Free 2,4,5-trimethylpyrrole-3-earbox-
ylic acid could be precipitated from solution after 12 min. 
Due to the instability of the mixed anhydride, it was ad
vantageous to add the hydroxy compound (reaction 2) to 
the mixed anhydride within a short time interval. The 
time for reaction 2 is not as critical (from 15 to 90 min) 
and the reaction proceeds adequately at room or slightly 
elevated temperatures. Pyrrole esters of jervine (4b), sco-
poline (5b), and methyl reserpate (6b) formed salts with 
trifluoroacetic acid (Ka = 0.58) generated in situ from 
reactions 1 and 2. 

Compd" 
Dose, 

mg/kg 
Release, 

% control6 
ED50) 

mg/kge 

2a 
Codeine 6-acetate 
2b 
3a 

3b 

4a 
4b 
5a 
5b 
Reserpine 
6a 
6b 
2,4,5-Trimethylpyr-

role-3-carboxylic 
acid 

2,4,5-Trimethylpyr-
role-3-carboxylic 
acid ethyl ester 

20 
20 
20 
20 
40 
20 
80 

160 
20 
20 
20 
20 
5 
5 
5 

20 

20 

103.0 
107.8 
98.5 

± 3 
± 6 
± 5 

61.0 ± 8 
56.0 

110.0 
95.0 
81.0 

103.0 
97.6 

101.0 
105.0 

19.6 
40.2 
31.8 

6 
2 
9 
6 

3.8 
10.2 
8.7 
12.8 
5.6 
8.6 
5.0 
2.6 
4.5 
8.6 

49.8 

>640 

4.6 

0.19 
2.5 
1.1 

100.1 ± 2 . 8 

97.0 ± 3.2 

"Compounds were administered subcutaneously as water-
soluble salts or in 50% DMSO. ^Control [3H ]norepineph-
rine was 23,000 cpm per heart ± S.E.M. of 980. Release is 
expressed as the mean ± S.E.M. of per cent control of 5-20 
individual mice. "EDM values were derived graphically from 
dose-response curves from 20 to 80% of control. 

Table III. Analgesic Activity 

Compd" 

2a 
2b 
4a 
4b 
5a 
5b 

ED50 

Hot plate 

7.5 ± 0.8 
20 

>50 
>50 

Inactive 
6.0 ± 1.7 

± S.E.6 

Nilsen 

4.5 ± 3.1 
>40 

Inactive 
28.9 ± 9.4 

"Administered subcutaneously as a water-soluble salt or 
in 50% DMSO. lED» were derived from dose-response 
curves by probit analysis and expressed the standard error 
limits of the dose. 

Pharmacological Results. The 2,4,5-trimethylpyrrole-
3-carboxylic acid esters and certain reference compounds, 
as shown in Table II, were tested as chemoreleasing 
agents of murine cardiac norepinephrine in vivo.12 ED50 
values were determined for those compounds (3a, 6a, and 
6b) which gave positive results in this primary screen.13 

The introduction of a 2,4,5-trimethylpyrrole-3-carboxylic 
acid at position 18 in methyl reserpate (6a) did not block 
the potent chemoreleasing activity, as is characteristic of 
many esters of 6a and reserpine.14 The typical appearance 
of mice treated with reserpine15 was indistinguishable 
from that resulting from administration of 6b. No acute or 
long term toxicity (20 days) was observed with doses as 
high as 20 mg/kg. 

Compound 3b was virtually inactive with respect to the 
release of norepinephrine, with a potency 13 times less 
than that of L(-)-ephedrine (3a). The gross sympathomi
metic responses elicited by L( —)-ephedrine (3a) were ab
sent even at the highest dose of 3b (300 mg/kg) suggesting 
that 3b possesses no direct or indirect sympathomimetic 
activity and that 3b does not undergo any appreciable hy
drolysis to ephedrine in vivo. The remaining compounds 
were inactive. The derivatives shown in Table III and 
their corresponding parent compounds were tested for an
algesic activity by the hot plate method16 and the Nilsen 
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method . 1 7 T h e codeine derivat ive 2b was approx imate ly 
one-third as effective as codeine (2a) itself in t he hot p la te 
me thod and inactive in t he more specific Nilsen t e s t . 1 7 

Compound 4b and jervine (4a) bo th showed very l i t t le if 
any analgesic act ivi ty . In t he hot p la te assay, the scopo-
line der ivat ive 5b was 20% more active t h a n codeine. T h e 
unesterified scopoline (5a) was inact ive . Th i s marked in
crease in analgesic act ivi ty conferred by the esterification 
of scopoline with 2,4,5-tr imethylpyrrole-3-carboxylic acid 
is current ly unde r invest igat ion. Previous s tudies have 
shown scopoline benzi la te , p -bu toxybenzoa te , and d iphen-
ylace ta te esters ( 1 % solutions) to possess surface anes the t 
ic ac t iv i ty , 1 8 whereas the a , a -d ipheny lp rop iona te esters of 
scopoline and scopine have been useful as an t i spasmodic , 
ant isecretory, an t i -Park inson , and t ranqui l iz ing agen t s . 1 9 

Exper imenta l Sec t ion 

Materials and Apparatus . L(-)-Ephedrine and scopoline were 
obtained from Sigma Chemical Co., jervine and veratridine from 
Aldrich Chemical Co., and methyl reserpate from Ciba Pharma
ceuticals. Infrared spectra were obtained on a Perkin-Elmer spec
trometer (Model 21 and Model 237B). Mass spectra were ob
tained on a Hitachi Perkin-Elmer RMU-6E mass spectrometer. 
Analyses indicated by element symbols agree with calculated 
values within ±0.4%. 

Ethyl 2,4,5-Trimethylpyrrole-3-carboxylate. From 202 g (2 
mol) of 2,3-butanedione monoxime, 260 g (2 mol) of ethyl aceto-
acetate, and 350 g of zinc dust in 1000 ml of glacial AcOH, there 
was obtained 133 g (37%) of ethyl 2,4,5-trimethylpyrrole-3-car-
boxylate as needles, mp 105-106° (lit.20 mp 104-105°). 

Saponification of Ethyl 2,4,5-Trimethylpyrrole-3-carboxyl-
ate. A mixture of 4.0 g (0.022 mol) of ethyl 2,4,5-trimethylpyrrole-
3-carboxylate in 56 ml of MeOH and 56 ml of 4 N KOH solution 
was refluxed under an N2 atmosphere for 6 hr. Most of the sol
vent was then removed in vacuo and the residue dissolved in 100 
ml of H2O. The insoluble residue was removed by suction filtra
tion and the filtrate acidified with 5% HC1 to Congo Red (ca. 120 
ml). The precipitated tan solid was removed by suction filtration, 
washed with H2O, and air-dried. Recrystallization from acetone 
gave 2.5 g (74%) of the desired 2,4,5-trimethylpyrrole-3-carboxylic 
acid as tan needles, mp 206-207° (lit.20 mp 198°). The acid was 
homogeneous by tic. 

Infrared Study of the Reaction of 2,4,5-Trimethylpyrrole-3-
car boxy lie Acid with Trifluoroacetic Anhydride. Equimolar 
amounts (0.5 mmol) of carboxylic acid and anhydride were mixed 
in 5 ml of CC14. The reaction was followed by ir. The two strong 
bands of trifluoroacetic anhydride at 1890 and 1825 c m - 1 disap
peared immediately on mixing the two reactants and two new 
bands formed at 1785 (strong, coalescence of the newly formed 
mixed anhydride and trifluoroacetic acid) and 1740 c m - 1 (medi
um, mixed anhydride). Ir spectra were measured at the following 
times (min): O (initial mixture), 2, 5, 8, 12, 34, 75, 135, and 1080. 
The instability of the mixed anhydride in the reaction medium 
was indicated by the decrease in the intensity of its carbonyl-
stretching vibrations with time and the precipitation of crystals 
of 2,4,5-trimethylpyrrole-3-carboxylic acid from solution, noted at 
the 12-min time period and thereafter. The acid was identical 
with an authentic sample by ir (KBr). 

Preliminary Investigation of the Esterification of Cholester
ol ( la) with 2,4,5-Trimethylpyrrole-3-carboxylic Acid in the 
Presence of Trifluoroacetic Anhydride. To a mixture of 153 mg 
(1 mmol) of 2,4,5-trimethylpyrrole-3-carboxylic acid in 2 ml of dry 
CQHG was added 420 mg (0.28 ml, 2 mmol) of trifluoroacetic an
hydride with swirling of the flask. Immediate solution of the car
boxylic acid took place upon addition of the anhydride. The reac
tion was allowed to stand at room temperature for 15 min and 
then 386 mg (1 mmol) of cholesterol was added with swirling of 
the flask (reaction no. 1). The cholesterol went into solution im
mediately upon its addition to the reaction. The solution was al
lowed to stand at room temperature for 15 min and then concen
trated in vacuo to remove the solvent. 

A control reaction (no. 2) was carried out as described above 
with the exception that cholesterol was not added. Control reac
tion (no. 3) contained no trimethylpyrrolecarboxylic acid. 

Tic of the above three reactions (silica gel GF, hexane-acetone-
ether, 8:1:1) gave the following results. Reaction no. 1 showed the 

presence of the desired short-wave uv-absorbing pyrrolecarboxylic 
acid ester of cholesterol (lb) at Rt 0.41 [Rr (cholesterol) 0.33], a 
lesser amount of the trifluoroacetic acid ester of cholesterol at Rf 

0.82, and no starting material. Control reaction no. 2 showed the 
presence of a uv spot at Rs 0.08, apparently the mixed anhydride 
of the pyrrolecarboxylic acid and trifluoroacetic acid, and the 
pyrrolecarboxylic acid at the origin. Control reaction no. 3 showed 
a single spot at Ri 0.82, the trifluoroacetic acid ester of cholester
ol. 

Codeine 6-(2,4,5-Trimethylpyrrole-3-carboxylate) (2b). To a 
mixture of 230 mg (1.5 mmol) of 2,4,5-trimethylpyrrole-3-carbox-
ylic acid in 6 ml of dry C6H6 was added 0.21 ml (1.5 mmol) of tri
fluoroacetic anhydride with swirling of the reaction vessel. After a 
3-min reaction period, 450 mg (1.5 mmol) of codeine (2a) was 
added. The reaction was placed in a 46° bath for 1 hr with occa
sional swirling. The solvent was then removed in vacuo, followed 
by two evaporations with dry CeH6. The reaction mixture was 
column chromatographed on silica gel (30 g). Elution with 6 and 
12% MeOH in CHCI3 gave 597 mg of the desired pyrrole ester as 
a tan-colored solid (R,- 0.41, silica gel GF, CHCl3-MeOH, 8:1). 
Recrystallization of the product from MeOH-H20 gave 440 mg 
(68%) of codeine 6-(2,4,5-trimethylpyrrole-3-carboxylate) (2b) as 
tan-colored needles: mp 102°; homogeneous by tic; ir (CHCI3) 
1690 cm" 1 (ester), no hvdroxyl band at 3600 cm ' . Anal 
(C26H3oN204) C, H, N. 

L(-)-Ephedrine 2,4,5-Trimethylpyrrole-3-carboxylate (3b). 
The reaction was carried out in a manner similar to that de
scribed for 2b (see Table I). Column chromatography (22 g of sili
ca gel) of the reaction mixture (elution with 6 and 12% MeOH in 
CHCI3) gave 439 mg (ca. 90%) of the desired ester as a reddish-
brown oil plus two minor impurities. This product was rechroma-
tographed (18 g of silica gel, elution with 6% MeOH in CHCI3) 
and gave a homogeneous (tic, Rt 0.37) i.(-)-ephedrine 2,4,5-tri-
methylpyrrole-3-carboxylate (3b) as a viscous oil, which tended to 
partially crystallize on standing for long periods: ir (CHCI3) 1690 
c m - 1 (ester); mass spectrum M* 300, m/e 152 (CsHioN'02, pyr
role carboxylate). Attempts to crystallize this compound from 
several solvents failed. Anal. (C18H24N2O2) N. 

Jervine 3-(2,4,5-Trimethylpyrrole-3-carboxylate) (4b). 4b 
was prepared in a manner similar to that described for 2b (see 
Table I). The mixture was column chromatographed on 15 g of 
silica gel. Elution with 4% MeOH in CHCI3 gave 376 mg of or
ange-tan solid, homogeneous by tic. Elution with 8% MeOH gave 
an additional 216 mg (88% yield). Recrystallization of the former 
fraction from MeOH-acetone gave 267 mg of jervine 3-(2,4,5-tri-
methylpyrrole-3-carboxylate (4b) as the trifluoroacetic acid salt: 
tan colored; mp 252° dec; ir (CHCI3) 3475 (carbonyl overtone). 
1685 cm- 1 (ester). Anal. (C37H49F3N2O6) C. H, N. 

Scopoline 7-(2,4,5-Trimethylpyrrole-3-carboxylate) (5b). To 
a mixture of 306 mg (2 mmol) of 2,4,5-trimethylpyrrole-3-carbox-
ylic acid in 8 ml of CCU was added 0.3 ml (0.21 mmol) of trifluo
roacetic anhydride. Nearly complete solution of the carboxylic 
acid was obtained. After a reaction period of 4 min. 310 mg (2 
mmol) of scopoline (3a,6a-epoxy-7cJ-hydroxytropane) (5a) was 
added (exothermic reaction). A brown oil immediately precipitat
ed upon addition of the scopoline. The reaction mixture was 
placed in a 40° bath for 40 min. Evaporation under reduced pres
sure gave a viscous oil which was chromatographed on 25 g of sili
ca gel. Elution with 6-25% MeOH in CHC13 gave 617 mg of prod
uct homogeneous by tic. Recrystallization of a portion of this from 
acetone gave scopoline 7-(2,4,5-trimethylpyrrole-3-carboxylate) 
(5b) trifluoroacetic acid salt, as a tan solid: mp 203-208° (gas evo
lution) with transcrystallization to needles at 190°; ir (KBr) 1685 
cm" 1 (ester); mass spectrum M* 290 (free base), m/e 154 
(C8Hi2N02, scopline portion of ester), 136 (CgHioNO, pyrrole 
acyl portion). Anal. (C1SH23F3N2O5) C, H, N. 

Methyl Reserpate 18-(2,4,5-Trimethylpyrrole-3-carboxylate) 
(6b). The reaction was similar to that described for 2b (see Table 
I). The reaction mixture was concentrated in vacuo and then col
umn chromatographed on 20 g of silica gel. Elution with 5% 
MeOH in CHCI3 gave 464 mg (70%) of methyl reserpate 18-
(2.4,5-trimethylpyrrole-3-carboxylate) trifluoroacetic acid salt 
(6b) as a reddish brown solid, homogeneous by tic. Recrystalliza
tion from CHCl3-MeOH gave 367 mg of tan needles, mp 208-210° 
dec (with gas evolution). A second recrystallization from dilute 
MeOH raised the melting point to 210-212° dec: ir (KBr) 1730 
(methyl reserpate ester), 1680 cm" 1 (pyrrolecarboxylate ester); 
mass spectrum M^ 549 (free base), m/e 152 and 136 (pyrrolecar
boxylate and pyrroleacyl). Anal. (C33H40F3N3O8) C. H, N; F: 
calcd, 8.59; found. 9.09. 
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Attempted Esterification of 2-Diethylaminoethanol. The pro
cedure was similar to that of 2b. Evaporation and column chro
matography of the reaction mixture gave various fractions which 
contained at least five short-wave uv-absorbing products, which 
were dark brown intractable oils which could not be obtained 
crystalline upon further chromatography (column and prepara
tive tic). 

Attempted Esterification of Veracevine. The esterification of 
veracevinet (which contains seven hydroxyl groups, three of 
which are normally acylable) in a manner similar to the proce
dures described above was not selective and gave a complex mix
ture of products, none of which were fully characterized. 
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Synthesis from the nitrile was achieved by methylating 
2-phenyl-5-benzothiazoleacetonitrile (4) with methyl io
dide using sodium amide. The product, a-(2-phenyl-5-
benzothiazolyl)-a-methylacetonitrile (5), could be hydro-
lyzed directly (route A) or by means of an initial conver
sion to its amide 6 followed by hydrolysis to yield the de
sired product la (route B). Higher yields of la were ob
tained if ethyl carbonate was used to obtain 7 followed by 
methylation and hydrolysis via the amide. 

Ethyl 2-phenyl-5-benzothiazolemalonate (12), obtain
able from the ester 11 by reaction with ethyl carbonate in 
sodium ethoxide, was alkylated with subsequent hydroly
sis to yield either la or 2 (route C). Compound 11 could 
also be methylated directly at room temperature and hy-
drolyzed to the product la (route D) but the yield was 
only 25%. Furthermore, at reflux the disubstituted a-(2-
phenyl-5-benzothiazolyl)-a-methylpropionic acid (3) was 
obtained in 50% yield when 11 was subjected to methyl
ation (route E). Ethylation of 11 at elevated temperature 
yielded 2 in 80% yield (route D). 

The acid 9, when treated with n-butyllithium and 
methyl iodide in the presence of diisopropylamine, gave 
the lithium salt which was immediately suspended in 
water and acidified to afford la in 45% yield (route F). 
Ethylation by this route proved to be difficult. 

Type II synthesis included route G in Schemes I and II. 
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Compounds of 5-benzothiazole-a-alkylacetic acid with substitutions at the 2 position and/or the alkyl function 
were synthesized and their pharmacological activities studied. Introduction of a methyl group a to the acetic acid 
function of 2-phenyl-5-benzothiazoleacetic acid lowered toxicity and enhanced antiinflammatory activity relative 
to that of phenylbutazone employed as a standard. 


