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A group of m-[3-alkyl-1-(cyclopropylmethyl)-3-pyrrolidinyl]phenols and related compounds has been synthesized
for evaluation as potential nonaddicting analgesic drugs. The compounds have been tested in mice and many show
an antinociceptive effect in an abdominal constriction (writhing) test and, in addition, antagonize morphine in the
tail pressure test. The biological results are discussed in relation to chemical structure.

The present paper describes some chemical and
pharmacological properties of a series of 1-(cycloalkylalk-
yl)pyrrolidines [particularly 1-(cyclopropylmethyl)pyrroli-
dines of type (I)] (where, for example, R”” = CHa;-c-
C3Hs). Many of these compounds proved to be antinocicep-
tive agents in abdominal constriction (writhing) tests and
simultaneously have the ability to antagonize the effects
of morphine in the tail pressure test. Pertinent structure-
activity relationships are discussed. A detailed report on
the pharmacological and chemical properties of levo-m-
[1-(cyclopropylmethyl)-3-isobutyl-3-pyrrolidinyl]phenol
monosuccinate (I, R = H; R” = CH;CHMe;; R = CHs-
¢-C3Hs), also referred to as CI 747 succinate, is being
published elsewhere .l
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Chemistry and Experimental Section

The synthetic procedures used are summarized below. More
detailed descriptions for some particular examples have been pre-
viously given.2 The preparation of 3-alkyl-3-m-methoxyphenyl-
pyrrolidines has been previously described .34

m-[3-Alkyl-1-(cyclopropylmethyl)-3-pyrrolidinyl]phenols.
Method A. N-Acylation of a 3-alkyl-3-(m-methoxyphenyl)pyrroli-
dine [or a 3-alkyl-3-(m-isopropoxyphenyl)pyrrolidine] with
cyclopropanecarboxylic acid chloride (or with cyclopropanecar-
boxylic acid using the mixed anhydride method) was followed by
reduction of the amide with LiAlH,. Subsequent conversion of the
3-alkyl-1-(cyclopropylmethyl)-3-(m-methoxyphenyl)pyrrolidine
[or the 3-alkyl-1-(cyclopropylmethyl)-3-(m-isopropoxyphenyl)pyr-
rolidine] to the m-[3-alkyl-1-(cyclopropylmethyl)-3-pyrrolidinyl]-
phenol was effected by the use of boron tribromide® or, in the
case of the (m-isopropoxyphenyl)pyrrolidine (compounds 18 and
19}, with refluxing 6 N HCI.

Method B. N-Acylation of a 3-alkyl-3-(m-methoxyphenyl)pyr-
rolidine was followed by O-demethylation using boron tribromide.

+ Address correspondence to this author at Prochem, The British Oxygen
Company, Ltd., London, SW19 3UF, England.

The phenolic amide was reduced to the corresponding m-[3-alkyl-
1-(cycloalkylalkyl)3-pyrrolidinyl]phenol using LiAlHy.

Method C. O-Demethylation of a 3-alkyl-3-m-(methoxyphenyl)-
pyrrolidine with boron tribromide at —60°, or with refluxing
HBr, afforded the corresponding m-(3-alkyl-3-pyrrolidinyl)phenol
which, on N-acylation followed by reduction with LiAlH,, gave
the required m-[3-alkyl-1-(cyclopropylmethyl}-3-pyrrolidinyl|phe-
nol.

Method D. 3-Alkyl-3-(m-methoxyphenyl)pyrrolidines were N-
alkylated by a method similar to that previously described.® O-
Demethylation was effected with boron tribromide.

Optical Resolution of m-[1-(Cyclopropylmethyl}-3-isobutyl-
3-pyrrolidinyl]phenol. Method E. m-[1-(Cyclopropylmethyl)-3-
isobutyl-3-pyrrolidinyl]phenol was resolved by fractional crystal-
lization of its salt with (—)-di-p-toluoyl-p-tartaric acid from
EtOH. The salt of the (—) enantiomer crystallized first. Libera-
tion of the base enriched in the (+) enantiomer from the salt in
the mother liquors, followed by fractional crystallization of its
salt with (+)-di-p-toluoyl-L-tartaric acid, led to the isolation of
the (+) enantiomer.

O Esters. Method F. m-[3-Alkyl-1-(cyclopropylmethyl)-3-
pyrrolidinyl]phenols were converted to the O esters by the action
of an acid anhydride in pyridine.

Method G. As an alternative route to the O esters, the m-(3-
pyrrolidinylJphenols were converted to the O esters by the action
with the acid chloride in the presence of triethylamine.

m-(1-Cyclopropyl-3-propyl-3-pyrrolidinyl)phenol. Method H.
2-(m-Methoxyphenyl)-2-propylsuccinic acid (prepared from the
corresponding imide by alkaline hydrolysis) was converted to the
anhydride by a method similar to that described by Horning and
Finelli.” Refluxing the anhydride with cyclopropylamine for 30
min afforded N-cyclopropyl-2-(m-methoxyphenyl)-2-propylsuccini-
mide which was O-demethylated with boron tribromide and the
succinimide converted to the pyrrolidine by reduction with
LiAlH4 in Et20.

3-[m-(Allyloxy)phenyl]-1-(cyclopropylmethyl)-3-propylpyr-
rolidine. Method I. m-[1-(Cyclopropylmethyl)-3-propyl-3-pyrroli-
dinyl]phenol was converted to the O-allyl derivative by the ac-
tion of allyl bromide in the presence of NaH.

The physicochemical properties of the compounds prepared for
biological evaluation are listed in TableI.

Pharmacological Methods. Antinociceptive activity was mea-
sured using the mouse abdominal constriction test as described
by Collier, et al.,® in which acetylcholine (3.2 mg/kg) was the in-
traperitoneal challenge substance. Antimorphine activity was
measured in a mouse tail pressure test based on the method of
Bianchi and Franceschini,® using a special apparatus described
by Collier.1? The test drug was administered subcutaneously in
solution together with a dose of morphine (22.2 mg/kg) having an
antinociceptive effect in 95% of animals treated. A median effec-



Table I. m-[3-Alkyl-1-(cyclopropylmethyl)-3-pyrrolidinyl Jphenols and Related Compounds

RO
Mp or bp
No. R R’ R Method (mm),« °C
1 Me Pr CH,-c-C;H, A 132-136 (0.5)
2 H Me CHs-c-CsH B 69-70
3 H Et CH.-¢-CsH B 98-100
4 H Pr CH,-c-C;H; A, B 164-166 (0 .35)«
5 H Pr CH.-¢-C:H. 138 140¢
6 H CHMez CHz-C-C;;H;’, B 92-93
7 H Bu CH:-¢c-C:H B 162-164 (0.4)
8 H CH.CHMe. CH;-¢-C;H C 137-1394
9 H CH.CHMe. CH,-¢-C:H E 127-1284¢
10 H CH.CHMe. CH.-c-C;H; E 125-1264.7
11« H CHEtMe CH,-c-C;H; A 155-158 (0.13)
12 H (CH,);CHMe, CH:-c-CsH. A 167 (0.2)
132« H CH,CHEtMe¢ CH,-¢c-C;:H, A 169-170 (0.2)
14 H CH.CMe; CH,-¢-C;3H,; A 172-173 (0.5)
15 H CH,-¢-C:H; CH,-¢-C3H; A 175 (0.2)
16 H Pr ¢-C;H,, H 84
17 H Pr (CH_.)s-c-C;3H- B 148-150 (0.2)
18 H Pr CH;-¢-C4H; A 154--158 (0.05)
19 H Pr CH:-c-C:H, A 153156 (0.02)
20 H Pr CH;-c-CcHu D 172-174 (0.35)
21 H Pr CHy-c-C;Hs-1-Me  C 158-160 (0.3)
22+« H Pr CH:-¢c-C;Hs-2-Me  C 150-151 (0.25)
23 COMe Pr CHy-c-C;H; F 139-143 (0.3)
24 COEt Pr CH,-¢-C;3H; F 155-158 (0.5)
25 CO(CH:):Me Pr CH;-c-C:H, * 170-171¢
26 CO(CH,);Me Pr CH,-c-C;H; G 135--136¢
27 CO(CH,)sMe Pr CH,-¢-C;H. G 114-115¢
28 CO(CH,)sMe Pr CH,-¢-C;3H; G 95--96¢
29 COCHMe: Pr CH,-¢c-C:H; 3 168-170¢
30 COCHEtMe Pr CH;-c-C3;H; G 165-166¢
31 COCH (Et) (CH,);Me
Pr CHz-C-C;;H;, G 120--121¢
32 COCMe; Pr CH,-c-C;H; G 188—-190¢
33 COPh Pr CH,-¢-C;3H,; G 102-106¢
34 CO-¢-C;H; Pr CH,-¢-C;H; G 121¢
35 CO-c-C4H; Pr CH,-¢-C;3H: G 164--165¢
36 CO-c-C;H, Pr CH,-¢-C;H, G 167--169¢
37 CH,CH=CH. Pr CH,-c-C:H, I 152-155 (0.6)
Pentazocine®

R/
N
}{//
Antinociceptive Morphine
Yield activity, antagonism,
Nature Y% F (nmuld ED.s, mg/kg sc” ED; Do, mg/kg sc*
h 86 stH :NO 0 (7.8 13) >ZO
j,m 68 CiyH2NO 20 (12-34) 0.90 (0.53-1.7)
k,n 70 CisHy:NO 0.58 (0.27-0.98) 1.4 (0.88-2.1)
i 70,89 CiH&NO 0.24 (0.2-0.3) 3.2 (1.9-5.8)
k, 0 88 CuHyuNO; 0.3(0.20.5) 4.3 (2.2-11)
k,m 65 C:H.NO 0.76 (0.53-1.1) 3.0 (1.9-5.3)
h 73 CisH;NO 2.2 (1.2-3.6) 5.6 (3.7-8.8)
k, p 91 CaHyiNO, 0.11 (0.08-0.15) 1.7 (1.2-3.4)
k, p C2HuNO; 0.06 (0.04-0.08) 1.1 (0.54-2.0)
I t CisH;NO 1.5 (0.77-2.5) 17 (6 0- 62 O)
2 62 CiyH2sNO 3.8 (1.8-7.7) 17 (1.8-70.0)
2 53 CyH,sNO* 2.8 (1.4-5.1) >40
i t Ci»H2,NO 0.19 (0.11-0.32) 3.3(01.59.2)
2 t CisHy:NO® 4.9 (2.9-9.3) 1.3 (0.86-1.8)
Jsq 60 C;sHxNO-0.25H.0 16 (11.0-21) ~40
h 46 CisHxNO 14 (9.4-21) 4.9 3.2-7.1)
h 75 C;sHxNO 3.3 (1.1-13) 8.4 (2.9-5.1)
h 70 CyH2NO 33 (15-347) >40
i 70 CZQH;“NO >40 \’40
h 46 C;3HaNO 4.0 (2.5-6.4) ~40
i 73 CisH:NO 1.2 (0.51-2.3) >40
14 77 CisHo:N Oy 0.4 (0.3-0.6) 8.2 (4.6-17)
i 43 CyHssNO, 0.9 (0.77-1.3) 6.3 (4.1-9.6)
J, r 65 C21H;:CINO, 0.86 (0.50-1.3) 9.1 (5.0-21)
Jj, r 23 C2H3CINO, 1.1 (0.60-1.8) 3.0 (1.8-4.8)
j,n 78 C2;H4CINO. 2.5(1.6-3.9) 10 (5.1-24)
j, r 80 C.H;,CINQO. 0.23 (0.1-0.5) 7.1 (4.7-11)
J,r 25 C2H;3CINO:-0.5H,0 0.91 (0.57-1.5) 2.8(1.94.2)
jn 62 C1:H,4,CINO, 11 (6.1--33) >40
Js 8 55 C.H3CINO,-0.5H,0 0.91 (0.57-1.5) 7.5 (4.1-16)
J, 8 60 C2Hy»CINO, 1.7 1.0-2.9) ~40
Jj, r 53 C.H;,CINO. 0.88 (0.56-1.4) 3.0 (0.73-8.5)
gy r 65 C::H;3,CINO.-0.25H.,0 1.2 (0.78-1.7) 8.7 (4.8 16)
Jj, r 68 C»HyCINO--0.5H,0 0.8 (0.47-1.3) ~40
h 37 C2yH.,\NO= 8.9 (4.3-20) 24 (15-54)
2.7 (1.75-4.0) 6.2 (2.811.9)
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tive antimorphine dose (ED30) of the test drug was that increas-
ing to 50% the proportion of animals showing a nociceptive re-
sponse after morphine with the test drug.

The EDso values tor antinociceptive activity and antimorphine
activity for the various compounds are listed in Table I. Not less
than ten mice were used at each dose level. Where the pyrroli-
dines were only available in the free-base form, aqueous solutions
were prepared in the presence of 1 mol of p-tartaric acid.

Discussion

The use of mechanical tests for the evaluation of anal-
getics in animals has not proved a satisfactory procedure
in the search for a nonaddicting drug of therapeutic value.
A new era may be said to have started with the finding
that certain compounds that are morphine antagonists,
notably pentazocine, are effective analgesics in man.11,12
The current use of pentazocine as an analgetic in medical
practice, without classification as a narcotic, justifies an
extensive examination of morphine antagonists.

The procedures described in this and other papers from
these laboratories? have been devised to detect com-
pounds that may well prove to be nonaddicting analgetics
in man. The primary pharmacological properties of the
compounds sought were a suitable antinociceptive potency
as measured by the abdominal constriction test, together
with the ability to antagonize the antinociceptive effects
of morphine at a suitable dose level in the mouse. The re-
sults of these tests are given in Table I.

For the purpose of discussion, it is necessary to have
some reference points to determine those compounds that
are of particular interest. In the mouse abdominal con-
striction test, pentazocine has an EDsq of 2.7 mg/kg sub-
cutaneously® and it therefore seems reasonable to exclude
any compounds having an EDs¢ above 10 mg/kg subcuta-
neously as being unlikely to be clinically useful. Similarly,
in the mouse antimorphine test, pentazocine has an EDso
of .2 mg/kg subcutaneously® and for the present pur-
poses, it has been decided to exclude from discussion
compounds with an EDso above 10 mg/kg. Although these
figures have been arbitarily decided, in fact, the com-
pounds studied tended to fall into well-defined categories
and borderline cases were rare; compounds that were suit-
ably active in both tests were considered of potential in-
terest.

Previous findings3 with analgetics of the profadol type
suggested that optimum antinociceptive activity was ob-
tained with pyrrolidines substituted in the 3 position with
both an n-propyl and a m-hydroxyphenyl group. The ef-
fects of substituting groups containing a cycloalkyl group
on the nitrogen atom of m-(3-n-propyl-3-pyrrolidinyl)phe-
nol were, therefore, examined. Reference to Table I (com-
pounds 4, 16-22) shows that a cyclopropylmethyl substit-
uent was the most effective in producing a suitable com-
bination of both antinociceptive and antagonist properties
(compound 4). The only other N-substituent giving a
compound which approached this in interest was the
cyclobutylmethyl group (compound 18), but its antinoci-
ceptive potency was only about one-eighth of that of com-
pound 4. The effect of using unsaturated alkyl groups as
the nitrogen substituent will form the subject of a subse-
quent publication.13

The effect of substitution on the phenolic oxygen of m-
[1-(cyclopropylmethyl)-3-n-propyl-3-pyrrolidinyl]phenol
was then studied. In the profadol series, analogs in which
the phenolic hydroxyl was replaced by methoxyl still
showed a significant but smaller degree of antinociceptive
activity.14 In the present work, the methyl and allyl
ethers (compounds 1 and 37) had greatly reduced poten-
cies in the abdominal constriction test and negligible ac-
tivity as morphine antagonists.

On the other hand, in an extensive series of phenolic

a Me!ting points are corrected and were determined in a capillary tube (using a Townson and Mercer, Ltd., apparatus). Boiling points are uncorrected. Compounds were not re-
solved into their optical isomers unless indicated by a footnote in this column. * Microanalyses for C, H, and N were within 4-0.4% of the theoretical values except where otherwise

indicated. ¢ Crystallized as prisms, mp 89-90° (from aqueous EtOH). 4 Succinate salt prepared in CHCl;. * (—) enantiomer, [«]*%D —14.1° (EtOH, ¢ 0.993 g/100 ml). / (+)

mg/kg subcutaneously) against the application of an artery clip to the base of the tail; 95% fiducial limits are indicated in parentheses. ¢ These compounds were tested as mixtures

(3.2 mg/kg); 95% fiducial limits are indicated in parentheses. # The morphine antagonist ED5, is the dose suppressing in 50% of mice the antinociceptive effect of morphine (22.2
of isomers. * References 1 and 8.

Equivalent weight: ealcd, 287.4; found, 287. * C: caled, 79.7; found, 78.7. Equivalent weight: caled, 271.4; found, 269. » C: caled, 75.7; found, 75.25. = C: caled, 80.2; found,
80.9. N: calcd, 4.7; found, 4.2. * The antinociceptive ED;, is the dose suppressing in 50% of T.O. strain mice the abdominal constriction response to intraperitoneal acetylcholine

enantiomer, [«]%D +14.1° (EtOH, ¢ 0.957 g/100 ml). # Hydrochloride. * Oil. : Glass. / Microcrystalline. # Prisms. ! Cubes. ™ Petroleum ether (bp 60-80°). * From CgHe—petroleum
ether. ° From ethyl methyl ketone. » From EtOH. ¢ From aqueous EtOH. » From CHscyclohexane. * From Cg¢Hs. ¢ From crude intermediates. * C: caled, 79.4; found, 79.9.
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esters, most have shown a degree of potency comparable
with the parent phenol (compound 4) in the antinocicep-
tive test. However, there was more variation in the anti-
morphine activity. In neither test was a clear relationship
discernable between the structure of the acyl group and
the biological activity. The unsubstituted 3-m-hydroxy-
phenyl seemed to be the aromatic substituent of choice
for the pyrrolidine ring on the basis of these tests in mice
but, studied in depth, the O esters might well offer poten-
tial advantages.

When unbranched 3-alkyl groups were varied, antinoci-
ceptive and antimorphine potencies diverged. In changing
from methyl, to ethyl, to n-propyl, and to n-butyl (com-
pounds 2, 3, 4, and 7), antinociceptive activity first rose
sharply and then fell slightly between n-propyl and n-
butyl, whereas morphine antagonism steadily fell. That
antinociceptive and antimorphine activities diverged with
increasing chain length in this series suggests that differ-
ent receptors may be concerned with these two effects.
Such a suggestion is consistent with the finding that tol-
erance to and dependence on morphine, nalorphine, and
cyclazocine develop only in respect of their agonist (in-
cluding antinociceptive) and not of their antagonist activ-
ity.15,16 Tt also seems consistent with the biphasic dose-
response curves obtained by various workersl?-1? for the
analgetic activity of mixtures of narcotics and narcotic
antagonists.

The effect of branching in the 3-alkyl substituent was
also quite marked. In fact, the 3-isobutyl analog (com-
pound 8) produced the most potent antinociceptive com-
pound of the racemates studied. 3-Isopropyl (compound 6)
and 3-neopentyl (compound 14) also produced potent
compounds, but the 3-sec-butyl (compound 11) and other
branched 3-pentyl analogs (compounds 12 and 13) had
greatly reduced activity. The antimorphine activity gave a
similar rank order among these compounds. The explana-
tion of these effects is not immediately apparent.

Finally, m-[1-(cyclopropylmethyl)-3-isobutylpyrrolidin-
ly]phenol monosuccinate (compound 8), the most potent
racemate, has been prepared as its two optically active
enantiomers. Although there was a significant difference
in their potencies, both optical enantiomers showed
antinociceptive activity. A similar effect was found in the
antimorphine potencies. In contrast to the profadol series,
however, where the (=) enantiomer was the more potent
antinociceptive agent3 and the (+) enantiomer the more
potent in precipitating withdrawal symptoms in morphin-

Lockhart, et al.

1zed monkeys,! the (—=) enantiomer of compounds 8 (com-
pound 9) proved to be more active in both the antinoci-
ceptive and the antimorphine tests. A more detailed ac-
count of compounds 8-10 is being prepared.!
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