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by cobmm clvopeuograpliy: on ALO2 Plntton with Cells
FrtOAe afforded ester 4 (1.30 g, 667 1. The Mel was prepared in
1.0 and reerysiallized from IRtOAe-MeOH, mp 233°. . Anal.
(CslNOI) C, H, N.

4(e)-Cyano-truns-2-decalone Ethylene Ketal (28} - A xolution
of H(a)-evana-trans-2-decalone ethylene ketal (23) (4.12 g, 001N
nmoley wax vefliuxed for 70 hr ip 20 ml of PhMe wiith U0 g of a a0,
dispersion of Nall in mineral oil (previonsly washed with I'"hi les.
The mixture was cooled, poured onto ice, and extracted with
Cells.  The organie extracts were eombined, washed with .0,
aned dried (MgSOy). Fvaporation of solvent alforded 28 as o
tan ofl (.70 g, SOCOL A sainple of 28 was purtfied for elenent:d
analvsix by preparvative tle on ALO: (Cellye- GO, 1y Annd,
(CraldeNOTC LN

4(e)-Dimethylaminomethyl-/rans-2-decalone Ethylene Ketal
129).---A solution of 4(e)-cyano-traas-2-decalone ethylepe ketal
(28) (4.20 g, 0.019 mole) was redirced with excess LAH according
to the directions for 16 to afford 2.90 g (0,013 mole, 8¢ ) of the
tnternediate primary amine as a vellow ol

Using the same method ax shown for 17, 0.496 g 10.002 mole:
of the primary amine was converted into 29 (0.49 g, R0¢, ). The
Mel of 29 was prepared in Colls and recryvstallized from rOAc
MeOH, nip 210°, Apal. (CyHuNOJITC, H N,

4ie1-Dimethylaminomethyl-irans-2-decalone 130). - Ax  de-
serthed tn the svpthests of 26, 29 (5.82 g, 0.023 mote) was converted
Mo 3.58 210.017 mole, 73¢, ) of 30.

41e)-Dimethylaminomethyi-2-hydroxy-2-phenyl-irun s-decalin

(31 and 32).--Compound 30 (2.33 g, 0.011 mole) was (reated, as
dexeribed for the synthesis of 27, to give a liquid residue which was
chromatographed on nentral ALOL cactivity grade 11 Elntion

WiNvrn, of nl,

with Cella- IHOA ¢ alWorded 31 (1.26 g0 507, (ollowed hy 32
QLS g 1N,

The equatorial phenyl somer 31 was a viscous material which
coitld not be erystallized.  The Mel of 31 wax prepared in Kt,0
and recrystallized from ErOAe MeOH. mp 233° Anol. (Culle-
NOD O H, N,

The axtad phenyl isomer 32 wax reervsiallized from 1011
O, mp 125 124°0 Arel. (CH1NO) ¢, 11, N Componnd 32
ALOY g3 was dissolved 11 5 ml of 100, HCL and surred for 3
wl 30°%0 Phe sobitior was eoaled i1 ab tee bath made ha~ice with
10 NaOll, and extracted with 00, The extracts were cotn-
hined, dried (Mg=04, and evaporated (o atford 0.047 g of a1 mix-
tre whieh was shown by e and eolinm chromatography to con-
sisC ol two components, a nonpoln compoind of high 25 :od the
eqnatorial phenyl ixomer 31.

4(e)-Dimethylaminomethyl-2(e )-phenyl-2(a )-propionoxy-
frans-deealin (51.--Using the method for the svnthesis aof 4, com-
pound 31 (1.15 g 0.004 molet gave a brown oil which was chroma-
tographed on a colimp of ALO.  lhntion with Cils afforded
039 g 250y of 5. Anal (CullyNOG CU 1L N

4cel-Dimethylaminomethyl-2(a)-phenyl-2(e )-propionoxy-
{rons=decalin (6. - A solution of 0.212 g (0.007 mole) of 32 treated
as deserihed for 4 gave o browp svrup which was porified by
colnmn chromatography on pentral ALO; (activity grade 11
Ehition with sl and Gelle-100OAe provided the equatoriad
ester 6 (0157 , Tl ;) Anral. (('-_»-_'”MN( (L HUN,
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The sypthesix of xome new m-Ci-propyl-d-pyrrolidinyiiphenols and the preliminary evaluation of their analgetic

activities are deseribed.
pyrrolidine N,

I'revions papers? in this sertes have deseribed an
extensive mimber of pyrrolidines of diversified types.
They can be represented by the general formula 1.
Further work on ni-(1-methyl-3-propyl-3-pyrrehdiny -

RO
Py

R’
1

phetol (1, R = H; R’ = \Me), now designated profadol,
lias <hown that this compound is a potent analgetic
with a particularly interesting spectrum of phar-
macological activity.*

(1) Present address: lobn Wyelw and Brother, Ltd., Maidenbead.
Verkslire, England.

2) 1. F. Cavalla, R. Jones. M. Welard., 1. Wax, and (1. V. Winder.
J. Med. Chem., T. 412 11964).

13) J. F. Cavalla, D, C. Bishop, R. A. Selwayv, N. E. Webl, C. V. Winder,
and M. Welford, ibid., 8, 316 (1965).

(4 (a) C. V. Winder, M. Welford, J. Wax and I, H. Kaump, J. Pharma-
col., 154, 161 (1966): (L) G. A. Deneau and M. H, Seevers, "Bulletin of
Drug Addiction and Narcotics (Problems Drig Dependence).' No. 27,
Addendam 1, National Academy of Seience. National Research Cnoncid,

A new optiminn of activity has been fonnd with p-I-phenethyl substitution on the
O-Methylation was nineh mote deleterions than with the original N-2e optimuni.

It the Jost paper in this sertes, some Me ethers of
pyrrolidines with Jarge N substituents were described.
In partienlar, the (p-aminophenethylypyirrolidine (1.
R = Me; R’ = (CH.).CiHy-p-NH,] showed definite
analgetic activity.  This paper describes experiments
designed to investigate further the analgetic activity
of pyrrolidine compounds in which the Me group hos
been replaced by o large substituent.  Some additional
work to examine the effect of substituents i the
phenolic OH is also deseribed.

Chemistry. - ‘The synthesis of N-substituted pyrrol-
dines of type 1 hy direet alkvlation, or by N-acylation
followed by reduction of the amide, is deseribed in the
Experimental Seetion. In the latter cases, wherc
O-demethvlation with BBr; was involved in the syn-

Division of Medical Sciences, Washington (1963): (¢) 1. 5. VibDarrea!
and M. H. Seevers, tbid., Na. 30, Addendum 2 {1968);: 1d) 7bid., No. 31.
Addendum 2 11969); ‘e) C. Sclineider, Nature (London), 220, 186 (1968): (f1
H. O. J. Collier, L. C. Dinneen, C. A. Jobnson, and C. 3chneider, Brit. J.
Pharmacol., 32, 205 (1968); (g) H. W. Kosterlitz and A. J. Watt, ib1d., 83,
266 (1968): (b) D. R. Jasinski, W. R. Martin, and R. Hoeldtke, Fed. Proc..
Fed. Amer. Soc. Exp. Bol., 28 (2), 735 (1969): (i) W.T. Beaver, 8. L.,
Wallenstein, R. W. Houde, and A. Rogers, Clin. Pharmacol. Ther,, 10, 314
(19689): (j) J. Parkhouse and V. Wright, Can. Med. Ass. J., 99, 887 (1968):
Yk) G. Sloman, ). Hant, and G, Hoffmann, Med. J. Aust., May 24, 1071
51964,



PyrroLIDING ANarGrTics, V

thesis, 1t was found preferable to effect it on the
amide prior to reduction rather than ax the final
stage. Straightforward procedures were not, however,
always applicable and other routes were devised. In
particular, diffieulty wax experienced in the O-de-
methylation of certain l-alkyl-3-(m-methoxyphenyl)-
pyrrolidines. O-Benzyl and O-tetrahvdropyranyl de-
rivatives of m-(1-acetyvl-3-propyl-3-pyrrolidinyl)phenol
were deacetyvlated (method L) to give useful interme-
diates available for N-substitution. The reaction of
styrene oxide with 3-prepyl-3-{m-(tetrahydropyran-2-
vhoxyphenylpyrolidine followed by removal of the
tetrahydropyranyl protecting group (method (3) proved
to be a satisfactory route to the 1-(8-hydroxvphen-
ethvl)pyrrolidine (53), since debenzvlation of the ap-
propriate O-benzylphenol did not always yield a sat-
isfactory product in this particular instance.

Among other procedures, the ketal of 4-chlorobuty-
rophenone® has been used for N-alkvlation of 3-(m-
methoxyphenyi)-3-propyipyrrolidine; subsequent hy-
drolysis with alecoholic H.SO, afforded 4-[3-(m-methoxy-
phenyl)-3-propyl-1-pyrrolidinyl]butyrophenone (meth-
od T). The enamine reaction (method A) and the
Mannich reaction (method R) have also been utilized.
Hydrogenation of 3-(m-methoxyphenyi)-1-(3-phenyl-2-
propynyl}-3-propylpyrrolidine in the presence of Pd-
CaCO; (poisoned by quinoline)® (method S) afforded 1-
cis-cinnamyl-3- (m-methoxyphenyl)-3-propyipyrrolidine.

On debenzylation of 3-(m-acetoxyphenyl)-1-benzyl-
3-propylpyrrolidine by hydrogenation (method H), it
was of interest that O — N migration of the acetyl
group oceurred, affording an intermediate 3-pyrrol-
idinylphenol with the N protected.

In the course of routine examination of the physico-
chemical properties of the compounds prepared in this
work, it was of interest to find that the ir amide ab-
sorption of 1-[(3,4-dithydroxyphenyl)acety1]-3-(m-hy-
droxyphenyvl)-3-propylpyrrolidine [1, R = H; R’ =
COCH.C4H;-3,4-(OH).] was at 1590 em~! in Nujol,
unusually low. Even in CHCI; solution, it was still
low at 1595 em~! but when examined m THI, it
shifted to 1640 cm !, a more normal wave length.

Experimental Section’

Pyrrolidines used as starting materials were prepared by meth-
ods previously described.2® The phyxsical properties of new
pyrrolidines prepared in this work appear in Table I and relevant
experimental details are given below.

1-(1-Cyclohexen-1-yl)-3-(m-methoxyphenyl)-3-propylpyrroli-
dine. Method A.—p-Toluenesnlfonic acid (0.2 g) and PhMe
(30 ml) were added to cyclohexanone (4.9 g; 0.05 mole) and 3-
(m-methoxyphenyl)-3-propylpyrrolidine (10.95 g; 0.05 mole) in
PhMe (30 ml) and the mixture refluxed for 5 hr in a Dean—-Stark
apparatus. It was evaporated to dryness and distillation of the
residue afforded the product as a colorless liquid.
3-(m-Methoxyphenyl)-1-phenyl-3-propylipyrrolidine. Method
B.—The above cyclohexenylpyrrolidine (4.5 g) was heated with
109 Pd-C (0.55 g) under a slow stream of N; at 300° for 16 hr.
The mixture was cooled, EtOH added, and the catalyst filtered

(5) H.J. Dauben, B. Loken, and H. J. Ringold, J. Amer. Chem. Soc., 76,
1359 (1954).

(6) H. Lindlar, Helv. Chim. Acta., 35, 446 (1952).

(7) Melting points are corrected and were determined in a capillary tube
(using a Townson & Mercer Ltd. apparatus). Boiling points are uncorrected.
Where analyses are indicated only by symbols of the elements or functions,
analytical results obtained for those elements or functions were within
+0.4% of the theoretical valnes.
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off. Concentration of the filtrate and dixtillation of the residue
afforded the l-phenylpyrrolidine as a colorless viscous oil.

Phenol Esters. Method C.—The appropriate pyrrolidinyl-
phenol was refluxed in pyridine with the acid anhydride for 2 hr,
The mixture was evaporated to dryness and the prodnet purified
by distillation.

1-Alkylpyrrolidines. = Method D.---The appropriate halide
(0.1 mole) in dry DMF wasadded to the appropriate pyrrolidine
(0.1 mole) and K,CO; (0.2 mole) in dry DMF (20 ml). The mix-
ture was maintained at 35-50° overnight, and poured into H.O.
The product was isolated with C¢He and purified by distillation.
In certain cases, the bases were converted into their hvdro-
chlorides. In addition to the compounds listed in Table I the
previonsly described? 1-benzyl-3-(m-methoxyphenyl)-3-propyvi-
pyrrolidine was also obtained by thix method in %6¢; yield.

Pyrrolidinylphenols. Method E.—(Methoxyphenyl)pyrroli-
dines were converted into the corresponding phenols with HBr
as previonsly described.®

Method F.—Methyl ethers were also converted into phenols
by treatment with BBr; as described in earlier work.® Where the
pyrrolidine was available only ax the base and not ax the hydro-
chloride, the base was dissolved in CH.Cls and the solution satn-
rated with HCI at 0° before treating with BBr;.

Method G.—As an example of the conversion of a tetrahydro-
pyranyl ether into the corresponding phenol, 1-benzyl-3-propyl-
3-{m-[(tetrahydropyran-2-yljoxy]phenyl{pyrrolidine (4 g) in
EtOH (15 ml) was stirred with 2 N H,S0, (30 ml) for 15
inin. The EtOH was evaporated and the residue poured into
5 .V NaOH (100 ml). The solution was saturated with CO. and
the liberated base extracted with Et,0. m-(1-Benzyl-3-propyl-3-
pyrrolidinyl)phenol (2.3 g) obtained by thix method was identical
with that from method E.

m=(1-Acetyl-3-propyl-3-pyrrolidinyl)phenol. Method H.—
Three different syunthetic approaches were used. (a) 3-(m-
Acetoxyphenyl)-1-benzyl 3-propylpyrrolidine (33.7 g) in EtOH
(350 ml) was hydrogenated in the presence of 1067 Pd-C (9 g)
at atmospheric pressure and room temperature. The catalyst
was filtered off; evaporation of the filtrate afforded a pale green
oil which erystallized on standing. Recrystallization from CsHg—
petroleum ether (bp 40-60°) afforded the 1-acetvipyrrolidine as
white eubex (85¢% yield).

(b) A0 (50 ml) was added to 3-(m-hydroxyphenyl)-3-propyl-
pyrrolidine (2.3 g)® in pyridine (50 ml). The mixture was left
overnight at room temperature and refluxed for 2 hr. It was
evaporated to dryness and reevaporated three times from xylene
to give the crude diacetyl compound ax a light red glass (6.6 g;
8S8Y.). The crude diacetylpyrrolidine was dissolved in EtOH (15
ml) and stirred vigorously with 2 ¥ NaOH (125 ml) for 40 min.
The mixture was extracted with Et.0, the aq solution charcoaled
and saturated with CO,. The l-acetylpyvirolidine (67¢7 vield)
was extracted with CeHe.

(¢) 1-Acetyl-3-(m-methoxyphenyl)-3-propylpyrrolidine, pre-
pared as described in method J, was treated with BBrs.® n-(1-
Acetyl-3-propyl-3-pyrrolidinyl)phenol was obtained in 87¢7 yield.

N-Acyl-O-alkyl-3-pyrrolidinylphenol. @~ Method I.—The ()-
alkylation of m-(1-acetyl-3-propyl-3-pyrrolidinyl)phenol isx il-
Instrated by the following. The acetylpyrrolidine (9.9 g) in
DMF (20 ml) was added to a stirred suspension of NaH (1.95 ¢;
509 dispersion in oil) in DMF (20 ml). The mixtnre was heated
to 453°. To the white pasty mass EtBr (3.2 ml) was added drop-
wise with stirring. The mixture was stirred for 1 hr and the
resultant light orange solution evaporated to 0.25 volume, poured
into H.O (300 ml), and extracted with CsHs (3 X 50 mi). The
dried C¢H¢ solution was evaporated and the residue distilled
n racuo.

1-Acetyl-3-(m-methoxyphenyl)-3-propylpyrrolidine. Method
J.—AcO (40 ml) was added to 3-(m-methoxyphenyl)-3-propyi-
pyrrolidine (21.9 g) in glacial AcOH (40 ml) and the mixture re-
fluxed for 1 hr. Excess solvent, ete., was removed by distillation
in vacvo and the residue poured into 2 A" NaOH (125 ml). The
product was extracted into Et,(O and purified by distillation.

1-Acetyl-3-(m-propoxyphenyl)-3-propylpyrrolidine. = Method
K.—Hydrogenation of a |m-(allyloxy)phenyl]pyrrolidine (8.6 g)
in 96% EtOH (50 ml) in the presence of 109, Pd-C at atmospheric
pressure and 50°, afforded a convenient route to the correspond-
ing O-1'r compound.

(8) D. C. Bishop, J. F. Cavalla, I. M. Lockbart, M. Writht, C. V. Winder,
A. Wong, and M. Stepliens, J. Med, Chem., 11, 466 (1968).
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TasLe I (Continued)

PYRROLIDINE ANALGETICS. V
R R’ Bp. °C (mm)
49 Me [CH‘_IJ/C\(E)’h 230-232 (0.9)
N/
[CH, s
50 Me [CH,;];COPh 228-230 (0.9)
51 Me CH,CHOHPh 130-132¢
02 CI1L.Ph CH,CHOHI'h 238-243 (0.3)
Hy H CH.CITONPh 224228 (0.4)
34 Lt AMe 107-111 (0.3)
53 CH.CH=CH, Me 108-110 (0.2)
36 Pr Me 110-114 (0.1)
57 CH:Ph Me 162-165 (0.3)
a8 CH.Ph Me 69-70¢
59 Me CH,CO:Et 148-153 (0.3)
60 Me CH,CONHPh 69-700

e Melting point. ®C: caled, 81.7; found, 81.1.
found, 83.3. ¢ Hydrobromide. *C: caled, 78.5; found, 78.0.

amide prepared by method O. = C: caled, 74.3; found 73.8.
78.2. «¢(C: caled 70.8; found 70.1.

0O-Alkylpyrrolidinylphenols. Method L.—I1-Acetyl-3-(m-
ethoxyphenyl)-3-propylpyrrolidine (9.1 g) in EtOH (60 ml) was
refluxed with a solution of KOH (45 g) in EtOH (160 ml) and
H,O (60 ml) for 18 hr. The solution was evaporated to half-
bulk and diluted with H,O (250 ml) and the produet extracted
with Et,0.

Debenzylation. Method M.—The [n-(benzyloxy)phenyl]pyr-
rolidine (0.05 mol) was debeuzylated by hydrogenation in EtOH
in the presence of 109, Pd-C (0.5 g) at atmospheric pressure.
Removal of the catalyst, followed by evaporation of the filtrate,
gave the pyrrolidinylphenol.

m={1-(p-Aminophenethyl)-3-propyl-3-pyrrolidinyl] phenol- HCI.
Method N.—m-[1-(p-Nitrophenethyl)-3-propyl-3-pyrrolidinyl]-
phenol-HBr (12.4 g) in EtOH was hydrogenated at atmospheric
pressure in the presence of 109, Pd-C (0.75 g). The catalyst was
filtered off and the filtrate evaporated. The residue was basified
with NaHCO; and dissolved in MeOH and 3 N methanolic HCI
(25 ml) added. Evaporation afforded a cream residue which was
dissolved in +-PrOH, the solution charcoaled, and Et,0 containing
a trace of HCl added to the filtrate. The cream crystalline hydro-
chloride had mp 145-150°. Potentiometric titration (509
EtOH) was as expected but indicated that the product was
slightly short of HCL

3-(m-Methoxyphenyl)-1-[p-methoxyphenyljacetyl] -3-propyl-
pyrrolidine. Method O.—3-(n-Methoxyphenyl)-3-propylpyr-
rolidine (2.2 g) was suspended in 2 N NaOH (10 ml) and H,O
(5 ml) and cooled to 3°. (p-Methoxyphenyl)acetyl chloride? (1.7
g) in C¢Hg (5 ml) was added with stirring. The mixture was
stirred at 3-10° for 0.5 hr, allowed to warm up to room tempera-
ture, and stirred for a further 2 hr. The mixture was extracted
with Et,0, the Et;,0 solution washed with 2 & NaOH, HO0,
and 2 ¥ HCI, and evaporated. Distillation gave the product
(2.0 g) as a colorless oil.

The corresponding 3-[m-(benzyloxy)phenyl]pyrrolidine was

prepared similarly.
1-(p-Methoxyphenethyl)-3-(».-methoxyphenyl)-3-propylpyr-
rolidine. Method P.—The appropriate amide (9.3 g; see above)
in Et,0 (30 ml) was refluxed with a suspension of LAH (3.2 g)
in Et,0 (75 ml) for 4 hr. Normal work-up procedures gave the
1-(p-methoxyphenethyl)pyrrolidine which afforded a hydro-
chloride as white cnbex.
1-(p-Acetoxyphenethyl)-3-(n-acetoxyphenyl)-3-propylpyrroli-
dine. Method Q.—1-(p-Hydroxyphenethyl)-3-(m-hydroxyphen-
vl)-3-propylpyrrolidine- HC1 (8.0 g). AcONa (8.0 g), and Ac,0)
(80 ml) were heated on the steam bath with stirring for 1 hr.
The mixture was cooled, poured into ice-water (500 ml), and
stirred for 15 min. The aq solition was extracted with Et.O
(100 ml) and adjusted to pH 7 with 6 N NH;. The diacetate was
isolated with Et,O and purified by distillation.
3-(m-Acetoxyphenyl)-1-(3,4-diacetoxyphenethyl)-3-propyl-
pyvrrolidine, prepared by a similar method, decomposed on distil-

(9) J. C. Cain, J. I.. Simansen, anl C. Smitl, .J. Chem. Soc.. 108, 1035
(123).

¢ Hydrochloride.

Yield,

Method % n¥p Formula Analyses
D 90 1.5446 CasH3:NO; C,H N
T 93 1.3543  CoHaNO. C H N
U 206 [ CmH:goN()-_- C, }I, N
U 60 CogH3NOs I, N, Ce
G 332 szl{::No-; II, N. Cr
v 55 1.5262  CyHuNO C H,N
% &3 1.5296  CpHuNO C, H,N
v 76 1.5236  CuHwNO C, H, N
v 84 1.3682  CyuHuNO C, H,N
V [4 Cz1HegclNO'H-:O C, H, N
D 80 1.25163 C.gHerOs H, N, Ce
w 45 CasHogN:0; C, H, N

4 See text. ¢C: caled, 77.2; found, 78.0. 7 C: caled, 84.1;

“ In isolating this compound by dissolving in 6 N ammonia, careful pH
control (using ammonium acetate as buffer) appeared to be necessary.

iSuccinatesalt. * H: ecaled, 7.3; found, 7.8. ¢ From the crude

n¢gs Isomer. o C: caled, 80.9; found, 80.3. »C: caled, 77.5; found,

lation. In a repeat preparation it was found that the vellow
glass, obtained on evaporation of the final Et,0 extracts, analyzed
for the required triacetate.

Method R.—This method utilises the Mammnich reaction, the
pyrrolidine serving as the amine, and is based on work reported
by El'stov, et al.®® 3-[m-(Benzyloxy )phenyl]-3-propylpyrrolidine
(8.85 g), EtOH (50 ml), 4 .V ethanolic HCI (10 ml), paraformalde-
hyde (1.8 g), and acetophenone (3.6 ml) were refluxed for 20 hr
in the presence of a trace of HCl. The solution was evaporated,
the residue poured into H.O and extracted with Et,0. The aq
layer, containing the oily hydrochloride, was basified (5 ¥ NaOH)
and the produect isolated with 15t.O.

In another experiment, acetophenone was replaced by phenyl-
acetylene and the ethanolic HCI omitted. The mixture was re-
fluxed for 3 hr and poured into 2 ¥ HCL Subsequent work-up
was as above.

1-cis-Cinnamyl-3-(m-methoxyphenyl)-3-propylpyrrolidine.
Method S.—3-(m-Methoxyphenyl)-1-(3-phenyl-2-propynyl)-3-
propylpyrrolidine (6.7 g) was hydrogenated at room temperature
and pressure in the presence of Pd-CaCOj; (poisoned by quinoline)
(0.25 g). Normal work-up procedures afforded the cinnamyl-
pyrrolidine.
4-[3-(m-Methoxyphenyl)-3-propyl-1-pyrrolidinyl] butyrophe-
none. Method T.—The ketal 49 (0.025 mole) in EtOH (100 ml)
was hydrolyzed by refluxing with 2 N H,80; (175 ml) for 2 hr,
H,O (200 ml) was added, the solution was basified with solid
K.COs;, and the product was extracted with Et20.

«-Phenyl-1-pyrrolidineethanols. Method U.—3-(m-Methoxy-
phenyl)-3-propylpyrrolidine (4.0 g), styrene oxide (4.0 g), and
CsHs (40 ml) were refluxed for 16 hr. Solvent was removed and
ethereal HCl added to the residue. The hydrochloride was re-
crystallized from -PrOH-Et,0.

(Alkoxyphenyl)-1-methylpyrrolidines. Method V.—(Alkoxy-
phenyl)pyrrolidines were N-methylated by heating with HCO.H
(98%) and aq CH,O (409%) at 120° until evolution of COs
ceased. The mixture was refluxed for 2.5 hr, cooled, and poured
into ice-cold K,COj; solution and the product extracted into Et,0.

3-(m-Methoxyphenyl)-3-propyl-1-pyrrolidineacetanilide.
Method W.—Aniline (4.8 g) was added to a solution of EtMgBr
[from Mg (1.4 g) and EtBr (7.5 g)] in kt.0O (200 ml). After
refluxing for 15 min, ethyl 3-(m-methoxyphenyl)-3-propyl-1-
pyrrolidineacetate (7.03 g) in Et.O (40 ml) was added and the
mixture refluxed for a further 30 min. After cooling and addi-
tion of saturated NH4Cl, the anilide was isolated from the Et,O
as white plates crystallizing from petrolenm ether (bp 60-80°).
3-{m-|(Tetrahydropyran-2-yl)oxy|phenyl} -3-propylpyrrolidine.
Method X.—m-(1-Acetyl-3-propyl-3-pyrrolidinyl)phenol (10.2 g)
was suspended in 2,3-dihydropyran (31.0 ml). A few drops of
coned HCI were added and the mixture heated to 30° for 2.5 hr,
followed by 16 hr at room temperature. Et.O was added, the
mixture washed with 2 ¥ NaOH, and a yellow oil (32 g) isolated

(10) A, V. El'stov, A. G. Cligarev, and N. T. Starykb, J. Gen. Chem.
U.S.8.R., 34, 3385 (1964).
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from the 16600 Alvdrolvsis of the N-acetyl componnd with
cthanolic KOH (method L above) afforded o yellow oil (877,
overall yield), bp 149-154° (0.3 mm ), (n%p = 1.5342), which was
N-alkylated directly.

m=[1-(2-Phenoxyethyl)-3-propyl-3-pyrrolidinyl|/phenol,
Method Y.—m-(3-Propyl-3-pyrrolidinyl)phennl (6.15 g) in DM
(30 ml), NaHCO; (6.3 g), and 2-phenaxyethyl bromide (5.03 g) in
DME (20 ml) were stirred at 43° for 17 hr. The cooled mixture
wus ponred into H.O (150 ml), 2 ¥ NaOH (100 ml) added, and the
mixture extracted with Et:0O. The main bulk of the (phenoxy-
othyhpyrrolidine was present in the EGO extracts from whicl
1t was isolated.  The product wasx purtfied hy distillation or hy
recrys(allization from MeOH.

Pharmacology.--Acute lethal toxicities and antinocieepiive
(analgetic) potenciex were extimated i1 voung male rat< by the
mtraperitoneal route as described earlier? in come detail. Tssen-
tially, the antinociceptive potencies are based reciprocally on
doses estimated to cause equivalent elevations of (he amount of
mechanical pressure on the tail required (o elicit squeaking. It
is pertinent to note that thoughtful nse of such procedires has
been highly predietive of the kind of central pain-releaving action
possessed by narcoties (‘‘agonist tvpe) while they have not been
nseful in showing the kind possessed hy certain “‘nareotic antago-
nists” except, perhaps, in small pare.«

When possible, soluble addition =alts, ov bases with equivalem
FICH, were dissolved in 1 ml of 0.9 w v NaCl 100 g of rat.
Numerans exceptions forced hy poor solubilities are poted in
Tahlex 1T and III.

A little aver half (31) of the componnds listed in Table 1 were
stndied in ratx. In the five instances where hoth the bhase and
its =alt are listed, only the salts were stndied. Several compounds
(22) were consumed as inferinediates in the =ynthesis of other
pyrrolidines (1, 3, 4, 11-15, 18-21, 28, 29, 32, 36-38, 45, 46, 52,
59). The sample of 53 wax too small for biologieal study. Com-
pound 44 was tested for general nenromotor effects in mice;
dozes np to 250 mg/kg administered intraperitoneally in su=pen-
ston were withont elear effect.

Discussion

Substitutions on N.—As i profadol itself. N-
methylation elearly had been the optimum among N
substitutions previously reported.®® However, most?
of the earlier exploration of heavier N substitutions
wus done with the phenolic function methylated, and
it was necessary to study possible biologieal interactions
ot such substitutions with the heretofore superior free
phenolie function as it exists i profadol.

The essential result with the heavier N substitutions
(Table IT) is that on going from N-methylation to
N-phenethylation, either with or without p-NH,, an
innzzled m-phenolie funetion on the 3-Ph becomes
nore eritical in biological effects.  Whereas with O-
methvlation inferior though clear antinociceptive ac-
tivity accurred, with the phenolic function unmuzzled a
new and higher optimum of potency or potency : toxicity
ratio was obtained. With p-OH on the N-phenethyl.
although solubility at biologically tolerable pH de-
teriorated, superior potency could still be demon-
~trated with the 3-m-phenol unmuzzled. With the
generally less advantageous p-NO,; or p-OMe on the
N-phenethyl, differences in biological cffects between
the free and muzzled 3-m-phenolic function could not
be shown clearly; while m-OH, 9-OH, and 3,4-(OH),
led to progressively deteriorating albeit still fairly clear
activity with the 3-m-phenol free.

With and/or without methylation of the 3-m-phenol,
considerable vartety of N substitutions aside from Me
and phenethyvl (with p-H, NH,, OH, OMe, NO,, or
m-OH) have failed to vield clear antinociceptive ac-

1 JUF, Cavalla, J. Davall, ML J, Dean. . 8 Fyankiin, 17, M, Teanne.
do Wax, and OV, Winder, J, Med, Phoaese, Cleso., &, £ )

WiNvu, o ol

tivity of the traditional Grgoni=ty tyvpe snch as de-
monstrable by the method used (Table 113
alkyle with varving degrees and types of oxidation:
acyl; I'hi CH.Ph C.Ph with varving oxidation o
nsertions of O or N7 CPheoove G with varving
axidations,

m-|1-(p-Aminophenethyl)-3-propyl-3-pyrrolidiny! |-
phenol. - Compound 27 (1, R = H; R’ = [(CH.).C',H.-
p~-NH.)o most potent by the ip ronte and desitably
soluble ax the 2HC] <alt, hos been compared b some
detail with profadol (1. B = H:; R’ = Me). Time-
action studies of the avtivociceptive action in rats
by the subcutabcous and oral routes, using expeei-
mental designs desertbed  elsewhere s confirnied  the
supcrior parenteral poteney: it wos 20LT to o e
tines that of profadol (bose:basc) by the subcutancons
ronte.  However. by the aral route this componnd
was oltly ON3(04N to 1.3)e. . ux potent ax profudol,
mdicating a lower aral: paventeral officiency vatio. -
thermore, no stgmficant qualitative diff erences between
this new compound and profadol could be demaon-
strated i <hapes of time action carves or in ratios
of activity to cecurrence of sublethal stde effects by
either route. Pinallv, while the vew  compound ve-
sembled  profadol* " in failing to suppress sigbs of
withdrawal of worphine from heavily dependent mon-
kevs, it differed from profadol® < in not clearly pre-
cipitating signs of withdvawal in =uch monkeys whitle
they were receiving thetr regular morphine mjections, ™
Its physical dependence lability, thercfore. may be
greater than profadol’s.

Acylation of the 3-):-Phenolic Function.- As re-
viewed in Table 1L varving acvlation (1, R = COMe,
COFEt, CO-»-1'r, or CO-1'r; R = M) had resulted
i constant. moderate reduetion i poteney of profado)
without striking alterations of the poteney: toxicity
rotio. We hove suggested that this constant potencey
with voryving acyvlation results from o0 eivo hvdrolysis
of the esters to profudol®  Thix inference s supporte:]
by the finding thot aevlation of the N(CHy.Phi com-
pound, diaeylation of the N(CH).CiHe-p-OH  com-
pound, and triacylation of the N(CH.)Colle-3.4-(OH).
compound result m analogous <hght to moderate
changes it biological properties (Table 11).

It 1% coneeivable that delay in =uch hyvdrolyvsis nght
prolong the duration of action.  Thne -action studies
by the oral route, nxing the <nme experimental designs
dicated above, did, mdeed. snggest some <hght pro-
longation of action of the =everal esters of protadol
by comparizon with profadol itselt, but the magnitude
of prolongation was not constdered useful. It should
be pointed ont that prolongation by a parenteral voute
could be greater bocanse of avoiding high mitial portal
concentrations of drug.

Alkylation of the 3-i»:-Phenolic Function. It wax
found earlier®>® that O-methylation of profadol reduees
its poteney by one-halt and lowers its potency : toxicity
index to the level of prodilidine’s. 1t ix now found
(Table 1II) that certain higher O-alkylations (1 R =
Ft. »-Pr. CH.CHCH., CH.Ph: R* = Me) still turther
reduce the level and quality of activity. It i recalled
that O-methyvlation olso <huts off an increasingly del-
eterions effect of iunereasing length of 2-i-alkvlation

]I.I:J;]I('I‘

(123 Persoan) commagieption from Do, 1 WL Vitkoresl ol the Unives i
of Alwhivan
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Tague 1T SrBsm1mr110Ns ON N

RO
Pr
|
R’
Estd av Pateney X
Estd ip ip lethal dose lethal _'1_039 ¢
No. R’ noteney® (g of baze k) 0.8 X 143
N=H
d Me 2.9 b 1.9
d H (0.1)¢ 119 0.1)
d n-Pr None/ 60
10 COMe None?? > 16009
3 CH.Ph Nonefw 378
8 {CH;);Ph 4.9 2598 <127
26 (CHQ\QCGHFP-NO;* 0.2/ 3737 0.7
27 (CH.).CeHs-p-NH. 5.8 52 2.8
39 (CH‘:/\)‘_’CGH-]'Z)'OH 3.5¢ 117¢ <3.8
48] ( "CeHy-p-Olle 0.6/ 126¢ <0.7¢
40 (CH.CeHm=m-OH 0.60% 1454k <08
4] (CH.)1CsHe-0-OH 0.3 18364 (<. 4)y
51 (CHu3:CeH3-3,4-(OH )2 0.05¢ > 11908 ca. 0.5
25 (CH.):OPh (0.3)¢ 7T (0.2)
23 (CH:);Ph None’ ¢ 4927
1l = COMe
d Me 1.7 97 1.9
d n-Pr None/ 50
9 (CH.)2Ph 3.7 a9 2.0
42 (CH.):CsH-p-OCOMe 3.9 157¢ <5.0¢
43 (CH.).CsH)-3,4-(0CONe), (0,03%)et >400¢ (0.223¢
B = Me
d Me 1.3 67 0.8
d Et (0.4)e 64 (0.2)
d n-Pr (0.3)¢ 84 (0.2)
d CH.C=CH (0.2)¢ 168 (0.3)
d n-Hep None’ 387m
d (CH):-0(CH»).O11 (0.2)e 137 (0.2)
2 Ph Nonet» >1600™
d CH.Ph (0,1 )e 189% (<0.2)
7 (CH.).Ph 0.8 293¢ <2 .40
d (CH4)2:CeHy-p-NO» 0.4 1671 <0.67
d (CH.),CeHs-p-NH. 0.9 56 0.5
31 (CHa):CeHy-p-OMe 0.6 99 0.6
51 CH.CHOHPh (0.2)e 82 (0.2)
d cmpN 0 (0.1 12 0.1)
/
24 (CH)OPh (0.2)¢ 146 (0.3)
60 CH.CONHPh Nones* >16002
22 {CH.)sPh (0.3)n 3728 (<1, 1)
48 CH.CH=CHPh (¢ss) Nonelm 461
47 CH,C=CPh None’: 1130¢
d (CH:),CHOHPHh (0.5)¢ 59 (0.3)
d (CH.):CH(OCOC:H;)Ph 0.2 317t (<0.5)¢
d (CH.*.COPh (0.6)e" 39+ (<0.3)
40 «CH_»,7C\—\P11 None!n 218"
(8] 0
(CH.).
a0 (CH,),COPh None/m 346m
R = CH.Ph
38 Me 0.8 591 (<0.4)
17 H None/ 95¢

@ Relative to codeine (base base) 30 min after treatment. ° From small numbers of voung, male, Sprague-Dawley ratx of differing
lots. ¢ 1,2-Dimethyl-3-phenyl-3-propionoxypyrrolidine (prodilidine) of the earlier ester series is set equal to 1.* 4 See ref 2 and 3.
¢ Figures in parentheses were obtained by extrapolation. An effect equivalent to the reference, 11.3 mg of codeine base/kg, was not
actually obtained at one-fourth the lethal dose. / At onefourth the lethal dose. ¢ Base suspended in saline-acacia. * At 400 mg/kg.
* Incomplete solution, especially at lethal dose levels; hence lethal dose and index (last column) probably biased upward and potency
sometimes downward. 7 Hydrochloride or hydrobromide suspended in vegetable oil. * With NaOH. ! Sample was exhausted before
the estimates were completed. ™ Base dissolved and/or suspended in vegetable oil. ” Prostration at one-fourth and one-eighth the
lethal dose; inferior to 11.3 mg of codeine base kg at one-sixteenth the lethal dose; hence quality of activity questionable.
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Tavnp HI
SUBSTITITI0NS 1IN THE 'ieyotie Hymroxy,

RQ
Pr
N
tH,
std aviip
letbal Jdose Potency X
sl 1 (g of 1??}1‘!}_?}?}9 -
N, 1 poteney™ hase, ky)® 0.8 X 133)
i I1 2.5 83 1.9
d COA>Mle 1.7 07 1.9
o COEL [ 91 1.6
d CO-n-Pr 1.7 137 2.2
o CO-»-Pr 1.7 103 1.6
o Me 1.3 67 0.8
N4 ol (1.1 46 10.4)
Al n-Pr (0.8]1¢ 30 (<0.3)
A CH,CH==CI1. (0.8)" 43 (0.3)
I8 (:I‘I;Ph 0.8 a9 (<0.4;

- Nee corresponding footnotes of preceding table.

apparently associated with changing zwitterionie prop-
erties of the free phenol® and reverses (supra) a favor-
able effect of going from N2\e to N-phenethyl or para
substituted phenethy! (not oceurring with azetidines®).

It 1s interesting to consider the unalogy in the
relationships between profadol and its Me ether and
between morphine and codeine. The improvement in
oral: parenteral efficiency of codeine over morphine is
well known.  Analogously, in graded dose, time-uction
studies, we have found that on going from the parenteral
to the oral route the potency of the Me ether of profadol
improves from about 0.5 that of profadol (Table III)
to 0.90(0.71 to 1.2)g.. However, 1o significant
change in the shape of the time-action curves could
be shown, and, unfortunately, the acute toxieity of
the ether by the oral route became 2.0(1.5 to 3.9)g.,
times that of free profadol.  Presumably, etherification

WiNnur, o of.

mproves the lipid-aqueous distribution eaceflicient to
enthance mtestinal absorption. and shuts off metabolic
conjugation.

Recapitulation.—While studiex of the general struc-
ture 1 conthinte, <ome major imferences to this point can
be recapitulated.  In terms of traditional (agonist
type) antinoectceptive aetion in rats, (a) the single O
funetion w the mefa position of the phenyl nnelens 1=
exsental. by Of d-p-alkylations the 3-0-Pr is ap-
parently optimal.  ¢) Purther substitutions m the
pyrrolidine mucleus hove been deletertons, exeept that
() tertiary N s essential. (@) Optima appear with
NMe and with N(CH..Ph (with ar without certain
para substitutions).  {f) Varving acyvlation «f the m-
phenolic fuunction vesults i o uuld, fawly constant
reduction of poteney, possibly assoctated with a fairly
fuctle in vive deacylation needed for fnll aetivity. (g)
m-0-Methylation reduces potency except when it nuiz-
zles an unfavorable zwitterionie interaction of 2-alkyla-
tion with the phenolie funetion; it often increases
toxicity: 1t can inerease oral:parenteral efficieney;
and (by contrast with azetidines®) it muzzles a favor-
able effect of going from NMe to N(CHy).Ph (with
ar without pare substitution).  (h) Highear O-alkyia-
tion i~ still mare anfavorable to degree and quality
of activity. (1) By contrast with pipertdines,'™ the
pyrrolidines (1) exhibit varving degrees of apparent
separation of parcotic-like physieal dependevee habtlity,
as evaluated in monkevs, from nareotie-like Cagouist)
alttinociceptive action.
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