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Pyrrole Esters of Tropanols and Related Structures as Analgesics' 

James A. Waters 

Laboratory of Chemistry, NIAMDD, National Institutes of Health, Rethesda, Maryland 20014. Received January 14, 1977 

2,4,5-Trimethylpyrrole-3-carboxylic acid esters of tropanols and related monocyclic amino alcohols were synthesized 
and evaluated for analgesic activity by the mouse hot-plate and Nilsen methods. 1-Methyl-4-piperidinol 
4-(2,4,5-trimethylpyrrole-3-carboxylate) (7) exhibited activity in the morphine-codeine range (mouse hot plate). 
In monkeys, 7 acted neither as a typical narcotic agonist nor as a typical antagonist and it showed no physical 
dependence liability of the morphine-type. Whereas the pethidine and prodine analgesics have quaternary phenyl 
substitution at  C-4 of the piperidine ring, compound 7 does not. 

In an effort to develop new analgesics that are devoid 
of undesirable side effects and to study their interactions 
with stereospecific receptors, it was of interest to prepare 
pyrrolecarboxylates of tropanols and monocyclic amino 
alcohols related to scopoline ester 1 [3a,6a-epoxy-7@- 
hydroxytropane 7-(2,4,5-trimethylpyrr0le-3-carboxylate)].~ 
The scopoline ester 1 was observed to have analgesic 
activity comparable to that of codeine by the mouse 
hot-plate method, whereas the unesterified scopoline was 
inactive. In this investigation, epimeric tropanol esters 2 
and 3, pyrrolidinol ester 4, and piperidinol esters 5-11 
(Chart I and Table I) were prepared by the mixed tri- 
fluoroacetic anhydride procedure,* the preferred method 
for the synthesis of these labile pyrrole compounds. 

Pharmacological Results and Discussion. The 
2,4,5-trimethyl- and 1,2,4,5-tetramethylpyrrole-3- 
carboxylates were assayed for analgesic activity by the 
mouse hot-plate3 and Nilsen methods4 (Table 11). The 
30-tropanol ester 3 exhibited an EDw of 21.3, whereas the 
3a-epimer 2 was only marginally active at 50 mg/kg. The 
3-pyrrolidinol ester 4, a partial structure of scopoline ester 
1, was marginally active (EDM 64.3), while the 3-piperidinol 
ester 5 was inactive. The 1-methyl-4-piperidinol pyrrole- 
carboxylate 7 showed an ED50 of 4.9 (hot plate) and an 
EDM of 7.1 (Nilsen). It was the most active compound in 
this study, with potency in the codeine-morphine range 
(hot-plate assay). The N-benzyl 9 and N-phenethyl 10 
analogues were somewhat less active than N-methyl7. The 
tetramethylpyrrole compound 11, analogous to 7, was 
marginally active. 

4-Piperidinol ester 7 showed no morphine-like depen- 
dence liability in  monkey^.^ In single dose suppression 
experiments, no suppression of the narcotic abstinence 
syndrome was indicated at  5.0 mg/kg. Compound 1 ex- 
hibited very mild CNS depression but it neither precip- 
itated nor suppressed the withdraw1 syndrome (3.0-24.0 
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10, R = CH,CH,C,H, 

R -  H3Cu!- 

H3C , CH3 

I- 

" These compounds were obtained as salts as indicated 
in Table I. 

mg/kg). In nonwithdrawn monkeys, 7 did not precipitate 
abstinence signs a t  5.0 mg/kg. 

A structureactivity comparison of the monocyclic amino 
alcohol esters 4, 5, and 7 indicates that the distance(s1 
between the heterocyclic pyrrole ring or the carbonyl bond 
(or conceivably both) and the protonated nitrogen of the 
piperidine ring in the more potent ester 7 is preferred for 
optimum receptor binding over those distances found in 
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Table I. Pyrrolecarboxylates of Tropanols and Related Structures 
Recrystn 

Compd Mp, "C Formula solventa Yield, % Analyses - ,  

2 202-203 C 16H24N ,O;F,CCOOH A 43.8 c, H, N 
3 158-160 C , H 24N ,O , .F  , CCOO H . 0 .5 H , 0 B 19.6 c, H, N 
4 103-108b C ,,H,,N,O ,.HCl.O. 25H,O D 60.7 c, H, N 
5 152-158b C ,,H,,N2O2~HC1~0.5H,O D 28.2 c ,  H, N 
6 254-256 C,,H,,N,O,~F,CCOOH C 92.1 c ,  H, N 
7 182-183 C,,H,,N,O,~F,CCOOH B 35.5 c ,  H, N 

9 157-170b C,,H,, N, 0 ,.HCl.H 0 D 41.3 c, H, N 
8 166-167 C I ,H,,N,O;F ,CCOOH A 28.7 H, N ;  Cc 

10  182-184 C,.H,.N,O;F,CCOOH A 33.8 C. H. N 
11 180-184 C;;H;,N;O;.F;CCOOH A 41.7 C; HI N 

A = acetone, B = acetone-ether, C = acetone-MeOH, D = acetone-ether precipitation. Obtained as an amorphous, 
hygroscopic solid; the melting point was not sharp. C: calcd, 53.96; found, 53.44. 

Table 11. Analgesic Activity 

Compda 
1 
2 
3 
4 
5 
6 
I 
8 
9 

10 
11 
Codeine 
Morphine 

Hot plate Nilsen 
6.0 (4.6-7.7) 28.9 (21.8-38.3) 

21.3 (14.0-32.3) 
64.3 (39.6-104.4) 

Marginally act. at 50 

Inact. a t  100 
Inact. a t  100 
4.9 (3.6-6.5) 7.1 (5.3-9.4) 
10.4 (7.3-15.0) 
6.3 (4.3-9.2) 
Marginally act. a t  20 
Marginally act. a t  20 
7.5 (6.7-8.3) 4.5 (2.7-7.6) 
1.2 (0.9-1.3) 0.8 (0.6-1.2) 

Tested subcutaneously as water-soluble HC1 or tri- 
fluoroacetic acid salts as indicated in Table I. 
in parentheses are the 95% confidence limits obtained by 
probit analysis. 

compounds 4 and 5 (marginally active and inactive, re- 
spectively). Since compounds 6 and 11, essentially inactive, 
have the 4-piperidinol nucleus present in 7, while the 
scopoline ester 1, nearly equipotent as 7, is geometrically 
different, such factors as lipophilicity (ability to cross the 
blood-brain barrier) and metabolic disposition may also 
play important roles in governing the activity of this series. 
Pethidine and alphaprodine are well-known piperidine 
type analgesics that have morphine-like side effects, in- 
cluding physical dependence liabilities."' I t  should be 
noted that 7 differs from pethidine and alphaprodine in 
that it does not have quaternary C-4 phenyl substitution 
of the piperidine ring. 

Further work on other heterocyclic and aromatic car- 
boxylates of this nonquaternary 4-piperidinol ring system, 
including substituent effects and spatial requirements for 
receptor binding, is in progress. Also, since large potency 
factors have been noted in the diastereomeric pairs of the 
prodine:-" promedol," and pethidine" series, isomers of 
this piperidinol ring will be investigated. 
Experimental Section 

Melting points were taken on a Kofler hot stage and are 
corrected. Analytical results obtained were within &0.4% of the 
theoretical values. Infrared spectra were obtained on a Per- 
kin-Elmer spectrometer Model 237B. 

Pyrrolecarboxylates. The mixed trifluoroacetic anhydride 
method' was used for the preparation of these esters. The general 
procedure used will be described. To a magnetically stirred 
mixture of 6 mmol of 2,4,5-trimethylpyrrole-3-carboxylic acidzJ3 
or 1,2,4,5-tetramethylpyrrole-3-carboxylic acid in 18 mL of dry 
benzene was added 6 mmol of trifluoroacetic anhydride at  room 
temperature. After a 5-min reaction period, 6 mmol of the 
tropanol, piperidinol, or pyrrolidinol in 6 mL of dry benzene was 
added to the mixed anhydride solution. The reaction mixture 

Numbers 

was then stirred for 1-2 h at  room temperature, and the solvent 
was removed in vacuo, followed by two additional evaporations 
from benzene. The crude reaction mixture was chromatographed 
on silica gel (elution with increasing percentages of MeOH in 
CH'Cl,). Homogeneous fractions, as indicated by TLC 
(CHC13-MeOH, 9:1; silica gel GF) and appropriate ester bands 
in the infrared, were combined and evaporated and the products 
recrystallized from the designated solvent (Table I) to yield the 
basic ester as the trifluoroacetic acid salt. Compounds 4,5, and 
9 were converted to the free bases and obtained as the HCl salts 
with ethereal HC1. 

Ethyl 1,2,4,5-Tetramethylpyrrole-3-carboxylate. To 1.05 
g of small, freshly cut pieces of sodium in 60 mL of dry toluene 
was added 5.0 g (0.028 mol) of ethyl 2,4,5-trimethylpyrrole-3- 
carboxylate. The magnetically stirred mixture was heated on an 
oil bath (105 "C) for 4 h. A brown solid precipitated after ca. 45 
min of heating. To the mixture was then added 3.4 mL of di- 
methyl sulfate dropwise over a period of 15 min and heating was 
continued for 90 min. The reaction mixture was cooled and the 
brown precipitate removed by suction filtration. After washing 
the precipitate with toluene, the filtrate was evaporated in vacuo. 
The residue was mixed with ethanol and evaporated and the 
product recrystallized from dilute MeOH to give 2.365 g (43.3%) 
of ethyl 1,2,4,5-tetramethylpyrrole-3-carboxylate as a tan crys- 
talline solid, mp 71-72.5 "C. Anal. (CllHI7NO2) C, H, N. 

1,2,4,5-Tetramethylpyrrole-3-carboxylic Acid. A solution 
of 717 mg (3.67 mmol) of ethyl 1,2,4,5-tetramethylpyrrole-3- 
carboxylate in 18 mL of 20% ethanolic KOH was refluxed for 18 
h. The solvent was removed in vacuo and the residue dissolved 
in 22 mL of H20. After filtration to remove some insoluble 
material, the filtrate was cooled in ice and then acidified with 55 
mL of 5% HC1 (to congo red). The precipitate was collected by 
suction filtration, washed with water, and air-dried to give 580 
mg (94.5%) of the tetramethylcarboxylic acid as a tan solid. 
Recrystallization from ethanol gave an analytical sample, mp 
229-231 "C dec. Anal. (C9HI3NO2) C, H, N. 
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Potential Steroidal Antiestrogens 
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A series of analogues of 176-estradiol has been synthesized and the compounds have been tested, using sucrose densit) 
gradient analysis, for their ability to compete with [6,7-3H]-17P-estradiol for the estrogen-receptor protein from 
mouse uterine homogenates. Active compounds were also tested for antiuterotrophic activity in immature rats and/or 
mice. 3,17P-Dihydroxy-6-phenylestra-l,3,5(10),6-tetraene (14) was the most active new compound in the in vitro 
test suppressing the binding of 176-estradiol by 34 and 8770, respectively, at  molar ratios of 1 and 3.16. It was 
significantly more potent than the intermediate 6-oxoestradiol (4) which produced a 52% inhibition of binding at 
a molar ratio of 3.16. The thiosemicarbazone of 6-oxoestradiol (17) and the derived 3,17@-dihydroxy-6-(2-imi- 
no-4-oxothiazolidiny1-l-imino)estra-l,3,5(10)-triene (19) produced, respectively, only 46 and 16% inhibition of binding 
at a molar ratio of 10. Introduction of a l-methyl substituent into either 6-oxo or 6-phenyl compounds reduced 
affinity for the receptor significantly (compounds 5 and 15) and conversion of the 3-OH i n t .  a 6-dialkylaminoethorg 
group virtually destroyed all binding activity (compounds 2, 6, 10, and 11). At  a molar ratio of 10 compound 14 
failed to suppress the uterine weight response of immature rats to 176-estradio1, whereas compound 15, at a molar 
ratio of 200, produced a significant increase in the uterine weight of immature rats but not of immature mire w e n  
at  a molar ratio of 1000. 

Hoover et  a1.l concluded from a survey of 45 853 cases 
of breast cancer that the risk of endometrial cancer is 
increased by treatment with hormones. During the period 
covered by this survey (1935-1971) the hormones used are 
believed to have been mainly nonsteroidal, e.g., diethyl- 
stilbestrol, which has also been linked with carcinoma of 
the genital tract in dau hters of mothers treated with the 
drug during pregnant$" and in young women receiving 
the drug for ovarian agene~is .~  Currently available an- 
tiestrogens are related to the nonsteroidal triphenyl- 
ethylene group of estrogens and possess weak estrogenic 
a ~ t i v i t y , ~  a property which would appear to be highly 
undesirable if the drug is to be administered over a long 
period in the treatment of hormone-dependent carcinoma 
of the breast. 

Among other classes of drugs, e.g., cholinomimetics, 
histamine, and sympathomimetics, the introduction of 
large nonpolar substituents into an agonist often leads to 
a loss of a onistic and the development of antagonistic 
properties! In a search for new antiestrogens which lack 
estrogenic activity we have synthesized a number of novel 
ring A aromatic steroids in which the nucleus is substituted 
with phenyl, benzyl, and 2-imino-4-oxothiazolidinyl-l- 
imino groups. The effects of replacing the 3-hydroxyl by 
0-dialkylaminoethoxy and the introduction of the l-methyl 
substituent in these modified steroids have also been 
studied. 

The affinities of the new compounds for the estrogen 
receptor protein have been determined in vitro by 
measuring their ability to compete with tritium labeled 
17P-estradio1, and compounds with significant binding 
activity have been tested in vivo for antiuterotrophic 
activity in rats and/or mice. 

Chemistry. The required compounds were synthesized 
via the routes shown in Scheme I. Chromic acid oxidation 
of 170-estradiol diacetate (3) followed by hydrolysis yielded 
the key intermediate 6-oxoestradio17 (4). The position of 
the carbonyl group was confirmed by the aryl ketone band 
(I, 1680 cm-') in the IR spectrum, the downfield shift of 

the C4-H signal in the NMR spectrum to 6 7.41 due to the 
deshielding of the adjacent carbonyl group, and the 
similarity of the UV spectrum to that of the l-methyl 
homologue 5 ,  which was synthesized from 3,170-di- 
hydroxy-l-meth lestra-1,3,5(10),6-tetraene8 (1) by the 
method of Pelc. 

0-Diethylaminoethyl chloride or its dimethyl analogue 
with compound 1 or ketones 4 or 5 in the presence of 
sodium methoxide yielded the dialkylaminoethyl ethers 
2 and 6-9 as oils which were purified as their hydro- 
chlorides. The salts were very hygroscopic and retained 
water of crystallization even after drying a t  raised tem- 
perature and reduced pressure (Table I). 

Reactions of these ketonic ethers 6-9 with phenyl- 
magnesium bromide or benzylmagnesium chloride gave the 
required aminoalkyl ethers 10-13 and the related free 
phenols 14 or 15 were obtained by reacting phenyl- 
magnesium bromide with phenolic ketones 4 and 5 ,  re- 
spectively. The double bond in the 6-benzyl-substituted 
compound 13 was assigned endocyclic from a comparison 
of its UV spectrum with that of the 6-phenyl compounds 
and by the presence of signals due to the methylene 
protons of benzyl and a single (&-proton in the NMR 
spectrum. 6-Oxoestradiol diacetate (4 diacetate) was 
converted into its thiosemicarbazone 16 which condensed 
with ethyl bromoacetate to form 3,17P-acetoxy-6-(2-imi- 
no-4-oxothiazolidinyl-l-imino)estra-1,3,5( 10)-triene (18). 
The free phenolic thiosemicarbazone 17 with ethyl 
bromoacetate gave the corresponding dihydroxy derivative 
19. The NMR spectrum of the thiazolidinyl compound 
18 was consistent with the assigned structure, the 64-H 
signal being shifted downfield to 6 7.71 due to the de- 
shielding of the exocyclic double bond a t  Cg. The 1JV 
spectra of diol 19 and diacetate 18 were very similar and 
consistent with the assignment of the analogous 6-thia 
zolidinylimino structure to the diol 19. 

Biological Results. The ability of the compounds to 
compete with [6,7-3H]-17P-estradiol for the cytoplasmic 
estrogen-receptor protein isolated from mouse uterine 
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