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thcii5, it iv:t\ found prcfcrnblc to cffect it on the 
amide prior to reduction rather than a- the final 
stage. Straightforward procedures Jvere not, however, 
alwajs applicable and other routes nere  devised. In 
particular, difficulty \\ ah wpcriencctl in the O-dc- 
mcthy1:itioli of ccrt:titi l-dL~ l-:~-(~rz-mcthoxyphenyl)- 
pyrrolidinei. 0-Benzvl and 0-tetrahj dropyranyl de- 
rivative\ of 112- (l-acetvl-~3-propyl-:3-p!-rrolidin~l) phenol 
\\ere deacetylated (method L) to give uieful interme- 
diate\ available for S-subititution. The reaction of 
styrene oxide with 3-prcpyl-3- [m-(tetrahydropyran-2- 
j I)oxy]~-,lienr.lpyrrolidine followed by removal of the 
tetrahydropyranyl protecting group (method G) proved 
to be a satisfactory route to the 1-(B-hydroxyphen- 
ethy1)pyrrolidine (53), since debenzvlation of the ap- 
propriate 0-benzylphenol did not al~vays yield a >at- 
iifactory product in this particular instance. 

Among other procedure>, the ketal of 3-chlorobuty- 
ropheno~ie~ ha5 been uied for n'-xlliylation of 3 - ( m  
methoxypherij 1)-3-propylp> rrolidine; ,ubseyuent hy- 
drolpis \\-ith alcoholic H2S0, afforded 3- [%(nz-methoxy- 
phenj l)-3-propyl-l-p> rrolidinyl]butyrophenone (meth- 
od T). The enamine reaction (method A) and the 
-\\lannich reaction (method R) have also been utilized. 
H> drogenatiori of 3-(mmethoxyphenyI)-l- (3-pheny1-2- 
propynyl)-3-propylpyrrolidirie in the presence of Pd- 
CaCO, (poi5oned bj- qui~iol ine)~ (method S) afforded 1- 
cis-cinnaniyl-3- (m-methoxyphen~-l)-3-propylpyrrolidine. 

On debenzj lation of 3-(nz-acetoxyphe1iyl)-l-berizyl- 
3-propylpyrrolidine by hJdrogenation (method H), it 
vas  of interest that 0 + S migration of the acetyl 
group occurred, affording ail intermediate 3-pyrrol- 
idinylphenol n i th the S protected. 

In the courv  of routine examiniition of the phj  sico- 
chemical propertie\ of the compounds prepared in this 
n-ork, it  n a \  of' interest to find that the ir amide ab- 
sorption of 1- [(8,3-dihydroxyphen> l)acetyl]-3-(nz-hy- 
droxyphenyl)-3-prop.lp? rrolidine [l,  It = H ;  R' = 
COCH2C,H,-3,3-(OH),] was at 1390 cm-' in Sujol,  
unusually lon-. Evcn in CHCL solution, it nas  +till 
Ion- at 1395 cm-l but when examined in THL', it  
ihifted to 16.20 cm-', a more normal IT ave length. 

Experimental Section' 

Pyrrolidines used as jt,arting materials were prepared b -  meth- 
ods previously des~r ibed .~ ,3  The physical 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- (nz-methoxyphenyl)-3-propylpyrroli- 
dine. Method A.-p-Toluenesiilfonic acid (0.2 g)  and PhMe 
(30 ml) were added to cyclohexanone (4.9 g; 0.05 mole) and 8- 
(m-methoxyphenyl)-3-propylpyrrolidine (10.95 g ;  0.05 mole) in 
PhMe (30 ml) and the mixt,iire rofluxed for 5 hr in a Dean-Stark 
apparatiis. I t  was evaporated to dryness and distillation of the 
residue afforded the product' as a colorless liquid. 

3-(m-Methoxyphenyl)-l-phenyl-3-propylpyrrolidine. Method 
B.-The above cyclohexenylpyrrolidine (4.5 g)  was heated a;it,h 
1 0 5  Pd-C (0.55 g )  under a s l o ~  stream of a t  300" for 16 hr. 
The mixtiire was cooled. E tOH added, and the catalyst filtered 

( 5 )  H. J. Dauben, E. Loken. and H .  J. Ringold, J .  Amer. Chem. SOC., 76, 

( 6 )  H. Lindlar, Helo. Chim. Acta., 56, 446 (1952) .  
(7) Melting points are corrected and mere determined in a capillary tube 

(using a T o w "  8: *Mercer Ltd. apparatus).  Boiling points are uncorrected. 
Where analyses are indicated only b y  symbols of the  elements or functions, 
analytical results ohtained for  those elements or frinctions were xithin 
i0.4L70 of the tlieoret,iral valmes. 

1359 (1954). 

off. Concentration of the filtrate aiid distillntioii of the residiie 
aftorded the 1-phenylpyrrolidine as a colorless viscous 011. 

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 prodiict. piirifid 
by distillation. 

I-Alkylpyrrolidines. Method D.--~The appiupi'iate halide 
(0.1 mole) ill dry DJIF was added to the appropriate pyrrolidiiie 
(0.1 mole) and &COP (0.2 mole) in dry 1) l IF 120 ml). The mix- 
ture waF maiiitained at  35-50' overnight, and purued into HrO. 
The product vas  isolated with CsH, and piuified t)y distillatioii. 
In certain cahes. the ha-es were converted into their hydro- 
chlorides. In addition to the compoinids listed iii Table I the 
previorialy described% l-be~izyl-~~-(ir~-methoxyphe~iyl)-~~-prop~~l- 
pyrrolidine wai alsci oht ained hy this method iii XGr; yield. 

Pyrrolidinylphenols. Method E.---(lIethoxgpheriyl)pyrroli- 
dines were converted into the correyoirding phenolh with HHr 
as previoiislj- 

Method F.-Methyl ethers were also converted into phenols 
by treatment with BBr3 as dePcribed in earlier work.* Where the 
pyrrolidine was available only as the babe and not as the hydro- 
chloride, the base was dissolved in CHZCl? and the .-elution satri- 
rated with HC1 at 0" before treating with BBr3. 

Method G.--As an example of the cotiversioii of a tetrahydro- 
pyranyl ether into the corresponding phenol, I -benzyl-3-propyl- 
3- ( V I - [  (t etrahydropyran-2-p1 )oxy] phenyl pyrrolidine (4 g)  in 
EtOH (15 ml) was stirred with 2 H2SOI (30 ml) fo r  1.i 
min. The EtOH %-as evaporated and the residiie poiired into 
5 -\' S a O H  (100 ml). The solution was saturated with CO? and 
the liberat,ed base extracted with EtzO. m-( 1-Berizyl-3-propyl-8- 
pyrrolidiny1)phenol (2.3 g)  obtained by thi.. method was ide l i t i d  
with that from method E. 

n~-(l-Acetyl-3-propyl-3-pyrrolidinyl)phenol. Method H.- 
Three different syiithetic approaches n-ere iised. (a) :+( t i l -  

~~cetoxypheiiyl)-l-beiizyl 3-propylpyrrolidine (33.7 g) iii EtOH 
(350 ml) n-as hydrogenated in the presence of 1 0 5  Pd-C (9 g) 
a t  atmospheric pressure and room temperature. The catalyat 
was filtered off; evaporation of the filtrate afforded a pale green 
oil which crystallized on standing. Recrystallization from CeH6- 
petroleum ether (hp  40-60") afforded the 1-acetylpyrroliditie as 
white cribes ( 8 3 7 ,  yield). 

(b)  ilc.0 (50 ml) was added t o  3-(?n-hydroxyphenyl)-3-propyl- 
pyrrolidine (5.3 g)3 in pyridine (50 ml). The mixture was left, 
overnight at  room temperature and refluxed for 2 hr. I t  was 
evaporated t o  dryness and reevaporated three times from xylene 
to give the crude diacetyl compound as a light red glass (6.6 g;  

' ) .  The crude diacetylpyrrolidine was dissolved in EtOH (15 
mi) and stirred vigorously with 2 -Y NaOH (125 ml) for 40 min. 
The mixture was extracted with Et?O, the aq Rollition charroaled 
and saturated with CO,. The l-aret~-lp~i~rolidii ie (6T5 yield) 
was extracted with CsH6. 

i c )  l-Acet~yl-3-(m-methoxypheiiyl)-3-prop~-lp~-rrolidiiie, pre- 
pared as described in method J, was t>reated withBBr3.8 m-( l -  
Aretyl-3-propy1-3-pyrrolidinyl)phenol was obtained in 8 7 5  yield. 

S-Acyl-0-alkyl-3-pyrrolidinylphenol. Method 1.-The 0- 
alkylation of m-(l-acetyl-3-propyl-3-pyrrolidi11yl)phe1iol i h  il- 
liistrated by the folloiving. The acetylpyrrolidiiie (9.9 g) i i i  
JIJIF (20 ml) was added to a stirred siispenaioii of S a H  (1.!15 g ;  
50"; disper3ion in oil) in DMF (20 ml). The mixtiire war heated 
to 45'. 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 t,o 0.25 volume, poured 
into H20 (500 ml), and extracted with C6Hs (3 X 50 ml). The 
dried CsH, solution \vas evaporated and the residue distilled 
in i " x o .  

l-Acetyl-3-(n~-methoxyphenyl)-3-propylpyrrolidine. Method 
J.--AcsO (40 ml) was added to 3-(m-methoxyphenyl)-3-propyl- 
pyrrolidine (21.9 g)  in glarial AcOH (40 ml) and the mixtrire re- 
fiiixed for 1 hr. Excess solvent, etc., wap removed by distillation 
in mota and the residiie poiired into 2 3- SaOH (125 ml). The 
product was extracted into EtyO and piirified by distillation. 

l-Acetyl-3-(m-propoxyphenyl)-3-propylpyrrolidine. Method 
K.-Hydrogenation of a [m-(allyloxy)phenyl]pyrrolidine (8.6 g)  
in R6Yc EtOH (50 ml) in the presence of 10% Pd-C a t  atmospheric 
pressure and 50", afforded a convenient route to the correspond- 
ing 0-I+ compoiind. 

Phenol Esters. 

( 8 )  D. C. Bishop, .J. F. Cavalla. I .  A I .  Lockhart, M. Writht.  C. V.  Winder, 
A .  Wong, and M .  Stq>lirns,  J .  M d .  C h ~ m . ,  11, 466 (191%). 
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TABLE I (Continued) 

Bp, OC (mm) Metliod L?O 
Yield, 

230-232 ( O . Y )  1) 90 

228-230 (0.9) T 
130-132Q U 
23s-24;: (0.3) u 
224-228 (0.4) c; 
107-111 (0.3) v 
108-110 (0.2) v 
110-114 (0.1) v 
162-165 (0.3) v 
69-iOa V 

148-153 (0.5) D 
69-iOa W 

93 
26 
00 
:j 2 
S 5 
83 
76 
84 

80 
45 

n2OD 

1.5446 

1 .:iR43 
c 

1.5262 
1.5296 
1 ,5236 
1.5682 

1.5163 
C 

Analyses 

C, H, S 

C, H, N c, IT, x 
11, N .  C' 
11, 3. cj 
c, H, s 
C, H, K 
C, H,  K 
C, H, S 
C, H,  S 
H, K, Cq 
c, II, s 

Q Melting point. b C: calcd, 81.7; found, 81.1. Hydrochloride. d See text. e C: calcd, 77.2, found, 78.0. ' C: calcd, 84.1 ~ 

found, 83.3. y Hydrobromide. * C: calcd, 78.5; found, 78.0. ' I n  isolating this compound by dissolving in 6 .\ ammonia, careful pH 
rontrol (using ammonium acetate as buffer) appeared to  be necessary. Fiom the crude 
amide prepared by method 0. C: calcd, 74.3; found 73.8. n cis Isomer. 0 C: calcd, 80.9; found, 80.3. P C: calcd, 77 .5 ;  found, 
78.2. q C: calcd 70.8; found 70.1. 

1 Succinate salt. K H: calcd, 7.3: foiind, 7.b. 

0-Alkylpyrrolidinylphenols. Method L.-l-Acetyl-3-(m- 
ethoxypheriyl)-3-propylpyrrolidine (9.1 g) in EtOH (60 ml) was 
refluxed with 3 solution of KOH (45 g)  in EtOH (160 ml) and 
H20 (60 ml) for 18 hr. The  solution was evaporated to  half- 
bulk arid diluted with H 2 0  (250 ml) atid the product extracted 
with Et,O. 

Debenzylation. Method M.-The [m-(benzyloxy)phenyl]pyr- 
rolidine (0.05 mol) was debenzylated by hydrogeriation in EtOH 
in the presence of 10% I'd-C (0.5 g) a t  atmospheric pressure. 
Removal of the catalyst, follored by evaporation of the filtrate, 
gave the pyrrolidinylphenol. 

m- [l-(p-Aminophenethyl)-3-propyl-3-pyrrolidinyl] phenol. HCI. 
Method N.-m- [ l-(p-?r'itrophenethyl)-3-propyl-3-pyrrolidiiiyl] - 
phenol.HBr (12.4 g) in EtOH \vas hydrogenated a t  atmospheric 
pressure in the presence of l0yo Pd-C (0.75 g). The catalyst was 
filtered off and the filtrate evaporated. The residue was basified 
with SaHCOa and dissolved in NeOH and 3 S methanolic HC1 
(25 ml) added. Evaporation afforded 3 cream residue which was 
dissolved in i-PrOH, the solution charcoaled, and Et,O containing 
a trace of HC1 added to the filtrate. The cream crystalline hydro- 
chloride had mp 145-150'. Potentiometric titration (507, 
EtOH) was as expected but, indicated tha t  the product was 
slightly short of HC1. 

3- (m-Methoxypheny1)-1- [p-methoxyphenyl)acetyl] -3-propyl- 
pyrrolidine. Method 0.-3-(tn-Methoxyphenyl)-3-propylpyr- 
rolidiiie (2.2 g)  was suspended in 2 *V S a O H  (10 ml) and H20 
( 5  ml) and cooled t o  3". (p-Methoxypheny1)acetyl chloride9 (1.7 
g)  in C6Hs (5 ml) was added with stirring. The mixture was 
stirred a t  5-10' for 0.5 hr, allowed t o  warm up to  room tempera- 
trire, and stirred for a further 2 hr. The mixture was extracted 
with EtgO, the Et,ZO solution washed with 2 LY NaOH, HzO, 
and 2 HCI, and evaporated. Distillation gave the product 
(2.0 g)  as 3 colorless oil. 

The corresponding 3-[~n-(benzyloxy)phenyl)pyrrolidine was 
prepared similarly. 

l-(pMethoxyphenethy1)-3-( m-methoxyphenyl)-3-propylpyr- 
rolidine. Method P.--The appropriate amide (9.3 g; see above) 
in Et& (50 ml) \vaP refliixed with a siispension of LhH (3 .2  g )  
in EtyO (75 ml) for 4 hr. Sormal  work-rip procednres gave the 
l-(p-methosypheiieth)-1)PT.l.l.olidiiie n-hich afforded 3 hydro- 
chloride as white ciibes. 

l-(p-Acetoxyphenethyl)-3-(nl-acetoxyphenyl )-3-propylpyrroli- 
dine. Method Q.-l-(p-IIytiroxypheiiethyl)-3-(~~-hydroxypheri- 
).I)-:~-prop~-lpyrrolidilie. HC1 (8.0 g), AcOPia (8.0 g), and A c 2 0  
(80 ml) were heated 011 the steam bath v i th  stirring for 1 hr. 
The mixture was cooled, poiired into ice-vater (500 ml), and 
stirred for 15 min. The aq  soliition was extracted wit,h Et'eO 
(100 ml) and adjusted to pH 7 with 6 A' NH3. The  diacetate was 
isolated with Et& and purified by distillat,ion. 

3-( m-Acetoxyphenyl)-l-(3,4-diacet oxyphenethyl)-3-propyl- 
pyrrolidine, prepared by 3 similar method, decomposed on distil- 

lation. I n  3 repeat preparation it was found that the yellow 
glass, obtained on evaporatiori of the final Et20 extracts, analyzed 
for the required triacetate. 

Method R.-This method utilises the Mannich reaction, the 
pyrrolidine serving as the amine, and is based on work reported 
by El'stov, et aL1O 3-[ m-(Bensyloxy)pheiiyl]-3-propylpyrrolidiiie 
(8.85 g), EtOH (50 ml), 4 AV ethanolic HC1 (10 nll), paraformalde- 
hyde (1.8 g), and acetophenone (3.6 nil) were refluxed for 20 hr 
in the presence of a trace of HC1. The solution was evaporated, 
the residue poured int,o HpO and extracted with Et?O. The aq 
layer, containing the oily hydrochloride, was basified ( 5  S SaOH j 
and the product isolated with Et&. 

I n  another experiment, acetophetione was replaced by phenyl- 
acetylene and the ethanolic HC1 omitted. The mixture was re- 
fluxed for 3 hr and poured into 2 -Y HCI. Subsequent n-ork-up 
was as above. 

l-cis-Cinnamyl-3-(m-methoxyphenyl)-3-propylpyrrolidine. 
Method S.-3-(m-hlethoxypheiiyl)-l-(3-phe1iy1-2-propynyl)-3- 
propylpyrrolidine (6.7 g )  was hydrogenated a t  room temperature 
and pressure in the presence of Pd-CaCOa (poisoned by quiiioliiie) 
(0.25 g). Sormal  work-up procedures afforded the ciniiamyl- 
pyrrolidine. 

4- [3- (na-Methoxyphenyl)-3-propyl-l-pyrrolidinyl] butyrophe- 
none. Method T.-The ketal 49 (0.025 mole) in EtOH (100 ml) 
was hydrolyzed by refluxing with 2 S HIS04 (175 ml) for 2 hr, 
H20 (200 ml) was added, the solution was basified with solid 
KeC03, and the product mas extracted with EtzO. 
a-Phenyl-1-pyrrolidineethanols. Method U.-3-(m-hIethoxy- 

phenyl)-3-propylpyrrolidine (4.0 g), styrene oxide (4.0 g), mid 
C6H6 (40 ml) were refluxed for 16 hr. Solvent was removed arid 
ethereal HC1 added t,o the residue. The h5-drochloride was re- 
crystallixed from i-PrOH-Et,O. 

(Alkoxypheny1)-1-methylpyrrolidines. Method V.-(Alkoxy- 
pheiiy1)pyrrolidiiies were S-methylated by heating with HC02H 
(98%) and aq CHT0 (4Of4) a t  120" until evolution of COY 
ceased. The mixtiire was refluxed for 2.5 hr ,  cooled, and poured 
iiito ice-cold I<?CO, solution and the product extrac,ted into Et,O. 

3- (m-Methoxyphenyl)-3-propyl-l -pyrrolidineacetanilide. 
Method W.-Aiiiliite (3.8 g)  was added to a sohition of E t l I g B r  
[from Jlg (1.4 g)  arid EtUr (7 .5  g)] in KtiO (200 ml). After 
reflirxiiig for 15 niin, ethyl 3-(r,i-methosypheiiyl)-:3-propyl-l- 
pyrrolidineacetate ('7.03 g) in Et,O (40 ml) wa-: added aiid the 
mixt'iire refliixed for a fiirther 30 min. After cooling and addi- 
tion of sattirated XH4C1, the aiiilide was isolated from the E t 2 0  
as white plates crystallizing from petroleum ether (bp  60-80"). 

3- { m- [ (Tetrahydropgran-2-yI)oxy] phenyl) -3-propylpyrrolidine. 
Method X.-m-(l-Acetyl-3-propyl-3-pprrolidinyl )phenol (10.2 g) 
was suspended in 2,3-dihydropyran (31.0 ml). A few drops of 
concd HC1 were added and the mixture heated to 50" for 2.5 hr, 
followed by 16 hr a t  room temperature. Et20 was added, the 
mixture washed with 2 S KaOH, and 3 yellon- oil (32 g) isolated 

f!l) J. C .  Cain, .J. I.. Sirnunsen, nn<l  C .  Smitli, .I. Chum. SOC., 103, 1035 
(101 :{). 

(10) A .  1'. El'stov. -4. G. Clriearev. and S.  T. Starykli, J .  G m .  Chum. 
U.S.S.II., 34, 3385 (1961). 
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a Relat,ive t o  codeine (base!base) 30 min after treatment. From small numbers of young, male, Sprague-Dawley rats of differing 
d See ref 2 and 3. 

An effect equivalent t o  the reference, 11.3 mg of codeine baselkg, was not 
At 400 mg/kg. 

Incomplete solution, especially at lethal dose levels; hence lethal dose and index (last column) probably biased upward and potency 
Sample was exhausted before 

" Prostration a t  one-fourth and one-eighth the 

lots. 
e Figures in parentheses were obtained by extrapolation. 
actually obtained a t  one-fourth the lethal dose. 

sometimes downward. 
the estimates were completed. 
lethal dnse; inferior to 11.X mg of codeine hase/'kg at one-sixtpenth t,he let'hal d o w ;  hence qualitmy of activity questionable. 

1,2-l)imethy1-3-phenyl-3-propionoxypyrrolidine (prodilidine) of the earlier ester series is set equal t o  1." 

f At one-fourth the lethal dose. Q Base suspended in saline-acacia. 

j Hydrochloride or hydrobromide suspended in vegetable oil. 
m Base dissolved and/or suspended in vegetable oil. 

With NaOH. 
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:ipparently awociated I\ i th churigirig z a  itterioriic prop- 
erties of the free phenol3 arid reverse. (supra) it f:tvor- 
able effect of going from S l l e  to N-phenethj 1 or para 
subitituted phenethyl (not occurring n ith azetidi~ie-~) 

I t  I- interesting to c o n d e r  the analogy in the 
rclatiori~liip~ betv eeri profadol atid it. .\IC ether :ind 
bet\\ een morphine arid codeine. The improvement in 
oral : parc>nterxl efficieric>, of codeirie over morphine i. 
well ltnon 11. ,inalogou4\ . iii graded h c .  time-:iction 
stuciiei, IT e hitve found that 011 going from the pit renter:^] 
to the o r d  route the potencj. of the Ale ether of profadol 
improve. from about 0..5 that of profadol (Table 111) 
to 0.90(0.71 to 1.2) Hov cvw, I I O  iigriificant 
change in the shape of the time action curve> could 
be shown, arid, uiifortunntelj , t hP  acutc toxicity ot 
the ether by the oral route became 2.0(1.5 to 3.9)9,(, 
times that of fret. prof:dol. I'rc.unitibly, etherific:itiori 


