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dinones V using a Grignard reagent2 and reduced with 
LiAlH4 to the azetidine VI. The inverse addition of 
the hydride to the azetidinone did not improve the 
yield, but purification of the product as its hydro- 
chloride gave superior yields to those obtained by dis- 
tillation. 

Reductive methylation using formic acid and formal- 
dehyde gave the N-methyl derivatives I (R" = Me) 
which were converted to the phenols I (R' = H). 
Acetylation of the phenol was found to require milder 
conditions than those found satisfactory for the related 
pyrrolidines.' In  certain cases, the benzyl group was 
used to protect the oxygen function while substitution 
was effected on the nitrogen atom. Sotwithstanding 
the known stability2 of some 3,3-disubstituted azetidine 
rings, we found that mild conditions were essential 
when acylating the nitrogen atom if untoward side 
effects were to be avoided. 

Experimental Section3 
The physical properties of the compounds prepared are 

collected in Tables I and 11. The experimental details relate 
to those tables. The latter lists the substituted azetidines while 
the former gives details of the intermediates prepared. 

Substituted Ethyl Cyanoacetates (111) (Table I).-Ethyl a- 
(~n-methoxyphenyl)cyanoacetate~ (11) (126 g)  was slowly added 
t,o a cold solution of potassium t-butoxide [from potassium (22.5 
g) and t-BuOH (500 ml)]. The resulting thick suspension was 
stirred during the immediate addition of an excess of the alkyl 
halide. The mixture, after 24 hr a t  20", was heat'ed under reflux 
(1 hr), cooled, diluted with H20, and made just acid with dilute 
AcOH. The product was ext'racted into ether, dried (MgSOI), 
and distilled. 

Substituted Ethyl a-Aminomethylacetates (IV) (Table I).- 
The cyanoacetate (111) (0.1 mole) in EtOH (400 ml) was hydro- 
genated a t  70" and 100 atm in the presence of Raney nickel 
(W 2, 10 9). The mildly exot'hermic reactmion was complete in 1 
hr. Filtrat,ion, concent'ration, and isolation with ether gave the 
primary amine as an oil. 

Azetidinones ( V )  (Table I).-To a cold et,hereal solution (150 
ml) of NeRIgI [from RIg (9.5 g) and hleI (27 ml)] was added the 
above amino ester (0.1 mole) in dry ether (50 ml); t.he mixt,ur.e 
was left a t  room t,emperat'ure for 3 days and hydrolyzed with 
"IC1 solution (205&, 50 ml) containing concent,rat,ed HCl (3  ml). 
Isolation of the neut,ral fraction gave the azetidinone (V).  

Azetidines (VI )  (Table 11). Method A.-The azetidinone 
(0.1 mole) in dry T H F  (25 ml) was added dropwise to a vigorously 
stmiwed solution of LiAlH4 (8 g) in dry ether (300 ml) a t  -20". 
After addition, the mixture was st,irred below 15' for 1 hr and 
refluxed for 3 hr, cooled to - .jD, and t8reat'ed with saturated "I- 

C1 solution. The azet'idine VI was isolated, with ether, as an 
oil, which was, in some cases, converted to t,he hydrochloride. 
Hydrochlorides were crystallized from i-PrOH-EtPO. 

N-Methylazetidines. Method B.-The above azetidine V I  
(0.03 mole) was treated with formaldehyde (407& i ml) and 
formic acid (17.5 ml) following the method of Icke, e t  a1.F to 
give the N-methylazetidine as an oil. 

N-Alkylazetidines. Method C.-The azetidine ( V I )  or 3-m- 
benzyloxyphenyl-3-propylazetidine (met.hod H )  (0.1 mole), the 
appropriat,e alkyl or phenalkyl bromide (0.1 mole), and KzC03 
( 2  equiv) were stirred overnight, in D l IF  (100 ml). The mixture 
was poured onto crushed ice and ext,racted wit,h ether, and the 
products were distilled or recrystallized from a suitable solvent. 

(3) Melting points are corrected and were determined in a capillary 
tube: p K  values were determined in 50% ethanol. Where analyses are  
indicated only by symbols of the elements or functions analytical results 
ohtained for those elements or functions were within *0.470 of the theoretical 
values. 

(4) D. K. Baner le~ ,  J .  Dut ta ,  A .  S. Rao, arid E. .J. .Jacob, Tetrahedcou, 8 ,  
163 (1960). 

( 5 )  R. N. Icke, B. B. Wisegarver, and G. A. Alles. "Organic Syntheses," 
Coll. Val. 111, E. C. Homing, Ed.,  John Wiley and Sons, Ino., New York 
3. Y . ,  1955. p 723. 

Azetidinylphenols. Method D.-The m-met,hoxyphenylazeti- 
dine (0.05 mole) in HBr (48yG1 20 ml) was demethylated' t o  
give the required azetidinylphenol, usually as a yellow powder. 

Method E.-The m-methoxyphenylazetidine (0.02 mole) in 
CH2Clz (30 ml) was t,reated with BBr3 (4 ml) in C H d X  (10 ml) 
with stirring at -60" over a period of 15 min. The mixt,ure was 
st,irred at' -60' for 1 hr and at room temperature for 0.5 hr. 
After cooling to  - 40°, MeOH (20 ml) was added and the solution 
was evaporated. The residual oil was dissolved in boiling 5 
S IL'aOH. COZ was passed through the cooled solution and the 
gum which separated was extracted into ether; i t  normally 
crystallized as prisms on evaporation. 

The method was slightly modified with an S-acetylazetidine. 
After addition of MeOH, the mixture was poured into SaHC03 
solution. The phenol was isolated from the CH2C12 as a gum 
which was purified by distillation. 

N-Acylazetidines. Method F.-The azetidine VI (0.15 mole) 
in redistilled triethylamine (120 ml) was treated with the ap- 
propriate acid chloride (0.15 mole) at  0" and stirred at  0" for 
2 hr. The amide was isolated as an oil and purified by distillation. 

l-Acetyl-3-m-benzyloxyphenyl-3-propylazetidine. Method G. 
-The Pi-acetylazetidinylphenol (I, R = n-Pr; R' = H ;  R" = 
COble) (0.013 mole) in DMF (10 ml) was added to a suspension 
of NaH [ I  g, 50yc suspension washed with pet,roleum ether 
(bp 40-60")] in D l l F  (10 ml). The mixture was stirred for 15 
min, benzyl chloride (0.014 mole) was added, and stirring was 
continued for 1.5 hr. The mixture was poured into HzO, and 
the 0-benzyl derivative was isolated from ether and recrystallized 
from EtOH. 

Method H.-The above 0-benzyl-N-acetylazetidine was 
hydrolyzed by refluxing with KOH in 66% aqueous EtOH a t  
reflux for 21 hr. The azetidine was recrystallized from benzene- 
petroleum ether (bp 60-80"). The presumed 3-m-benzyloxy- 
phenyl-3-propylazetidine (85%) had mp 130-132" but appeared 
to rapidly absorb COz. It did, however, yield satisfactory pr0duct.s 
on N-alkylat,ion. 

Method 1.-The N-acet,ylazet,idine (I, R = n-Pr; R' = C H r  
Ph;  R" = COMe) in ether was added to a suspension of LiAlHi 
(1.1 moles) in et'her and refluxed for 8 hr. H20 was added to  the 
cooled mixture, which was filtered, and the product was isolated 
as an oil wit,h EtOAc. The 3-m-benzyloxyphenyl-l-ethyl-3- 
propylazetidine was not purified but debenzylated directly 
(met,hod J). 

Method J.-Benzyloxyphenylazetidines were converted io  the 
corresponding phenols by hydrogenation in EtOH in the presence 
of 10% Pd-C. I n  hydrogenating 3-(m-benzyloxyphenyl)-1-p- 
nitrophenethyl-3-propylazetidineJ concent,rated HC1 ( 1-5rc v/v) 
was added to the mixture; 7n-3-( 1-p-aminophenet,hyI-3-propyl- 
azet,idinyl)phenol hydrochloride was obtained. 
m-34 1-Methyl-3-propylazetidiny1)phenyl Acetate. Method I(. 

-m-3-( 1-Methyl-3-propylazetidiny1)phenol (I, R = n-Pr ; 
R' = H ;  R" = &le) (5.9 g) and AcpO (6.1 ml) were boiled in 
ether (150 ml) for 2 hr. Freed from reagents, the product was 
distilled to give the acetate ester as a colorless oil. 
l-Carbethoxy-3-m-methoxyphenyl-3-propylazetidine. Method 

L.-The azetidine VI (R  = n-Pr) (3.7 g) in a 1 : 1 mixture of 
ether and Ale& (30 ml) was t,reated dropwise below 10" with 
et,hyl chloroformate ( 5  ml). The mixture was stirred a t  20" 
(0.5 hr) and hydrolyzed on crushed ice and the l-carbethoxy-3-m- 
methoxyphenyl-3-propylazetidine was isola,ted wit,h ether. 

3-(m-Methoxyphenyl)-3-propyl-l -azetidinecarboxamide. 
Method M.-The azetidine VI (R = n-Pr) as its hydrochloride 
(2.0 g)  in H2O (10 ml) was added t,o an aqueous solution (10 ml) of 
KCIL'O (0.6i g).  The oil which separated solidified; t,he urea 
was recrystallized from aqueous EtOH. 

Pharmacology 
Acute lethal toxicities and antinociceptive (analgetic) 

activities were estimated in young male rats by the in- 
traperitoneal route as described elsewhere6 in some de- 
tail. The antinociceptive evaluation mas based sub- 
stantially on estimating doses causing equivalent eleva- 
tions of the amount of mechanical pressure on the tail 
required to elicit squeaking. 

( 6 )  J. F. Cavalla, J. Davoll, M. J. Dean, C. S. Franklin, D. hl. Temple, 
J. Wax, and C. V. Winder, J .  Med .  Pharm. Chem., 4, 1 (1961). 
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No. R R‘ 

AZETIDISE ANALGETICS 

T.4BLE 111 
AiCTIVITIES AND TOXICITIES 

R ” 

Estd a v  

potencya mg of base’ki: ipb 0.8 X 133 
Pot. X LDC Estd ip LD,  __. ~ 

1 AIe II Ale (0 . 3 ) d ’ e  141d ( 0 . 4 ) d , e  
2 31e h1e I3 (0.4)* 60 ( 0 . 2 ) s  
3 1Ie hre h1e ( 0 . 3 ) e  81 (0.3)e 
4 1Ie 3Ie (CIl2)zPh Konef 63 . . .  
) E t  ?\Le Me (1.0)e 35 (0.3)‘ 

6 n-Pr H Ale 2 .4  1 7 3 g  <3.9u 
7 n-Pr H E t  (0.5). 77 (0 .4) .  
8 n-Pr H (CHp)J’h 1 .0  . . .  . . .  

0.2“.  244 0 .4*  
9 n-Pr 11 ( C~T,),C6I-T,-p-x11, 1 . 6  8;) 1 . 3  
10 n-Pr XIe IT Sorief G *i 
11 n-Pr  XIe Me 1 . 7  63 1 . o  
1% n-Pr Ale COEt Sonef m11 346h . . .  
1 3 n-Pr AIe (CI1z)J’h 0 . 6  10P <0.6g 
14 n-Pr 31e ( CHa)aCtjHrp-NHa ( 0 .  8)e 46 ( 0 . 3 ) s  
15 n-Pr Me ( CHZ)ZC~H,-~-~U’O, ( 0 . l ) d . S  29ld ( < 0 . 4 ) d . e  
16 ,n-Pr hIe CO”, ( 0 .  04)d3e 56,Y ( 0 . 2 ) d s e  
17 n-Pr COMe 3Ie 2 . 1  12% 2.4 
18 n-Pr CHaPh 3Ie 0 .8  778 < O .  6 u  
19 n-Bii H hle 3 . 0  61 1 .7  
20 n-Bu Me Ale 2 . 0  .i 0 0 .9  
21 n - h i  II 3Ie 0 .8  89 0 . 7  
22 n-Ani 3Ie H Norief 77 . . .  
23 n-Am Me Me Xonef s h  71h . . .  
24 n-Am Me (CHz)J’h ( O . l ) d +  210d ( 0 ,  3)d,* 

a Relative to codeine (base/base), 30 min after treatment. * From small numbers of young, male, Sprague-Dawley rat’s of differing 
e Potency figure obtained by 

An effect equivalent to that of 11.3 mg of codeine base/kg was not actually obtained at’ one-fourth the estimated lethal 
Y Incomplete 

Hence, lethal dose and activity: toxicity ratio is biased upward. 

lots. 
extrapolation. 
dose. 
solution, particularly a t  dose levels used for toxicity determinations. 
* Dissolved and/or suspended in vegetable oil. 

c 1,2-Dimethyl-3-phenyl-3-propionoxypyrrolidine~ set equal to 1. 

Such activity is of questionable quality.6 

d Suspended in saline-acacia. 

f Inferior to 84 mg of aminopyrine/kg a t  one-fourth the lethal dose. 

Twenty-four of the 34 azetidines listed in Table I1 
mere studied as shown in Table 111. Of the ten com- 
pounds not studied, three bases [I:  R = R’ = Ale, 
R” = (CH,),Ph; R = n-Pr, R’ = Me, R” = H; and 
R = n-Pr, R’ = Me, R” = (CH2)zPhJ had been sub- 
stantially converted to respective hydrochlorides listed 
immediately following them in Table 11. Two second- 
ary amines (I: R = Et,  R’ = Ale, R” = H ;  and R 
= n-Bu, R’ = Me, R” = H) had been N-methylated, 
the tertiary amines presumably being more pertinent 
for study as analgetics (cf. pyrrolidines,’ and azetidines 
10 us. 11 in Table 111). Three ethers [I: R = n-Pr, R‘ 
= CH,Ph, R” = (CH,),C6H4-p-K02; R = n-Pr, R’ = 
AIe, R” = COJle; and R = n-Pr, R’ = CHzPh, R” 
= COi\le] had been used as intermediates for phenols 
[I: R = n-Pr, R’ = H, R” = (CH2)2CcH4-p-NH2; R 
= n-Pr, R’ = H, R” = CORle; and R = n-Pr, R’ = 
H, R” = Et] of greater potential interest (cf. pyrroli- 
dines,’ and azetidines 6 us. 11 and 18, 8 us. 13, and 9 us. 
14 in Table 111). Of the second of these phenols, how- 
ever, there was insufficient sample for evaluation. 
One compound (I, R = n-Pr; R’ = Me; R” = C0,Et) 
in which analgetic activity was not anticipated (cf. 
Table 111, 12) had been submitted for more general ob- 
servation of effects on the central nervous system in 
mice without evidence of properties of interest (G. AI .  
Chen and D. A. AIcCarthy, personal communica- 
tion). 

When possible, soluble hydrochloride salts, or bases 
with equivalent HCl, were dissolved in 1 ml of 0.9% 
w/v NaC1/100 g of rat. Exceptions forced by poor 
solubilities are noted in Table 111. 

Certain structure-activity relationships among these 
azetidines resemble those of the corresponding pyr- 
rolidines.’ Thus, substitution of an oxygen function 
in the meta position on the phenyl nucleus leads to an- 
tinociceptive activity though it has not been shown to be 
a requirement as was shown for the pyrrolidines. 
Among oxygen functions the phenol is again more active 
than the methyl ether (Table 111, 6 us. 11, 8 us. 13, 9 us. 
14, 19 us. 20, 21 us. 23) and less toxic (9 us. 14, 19 us. 
20, 21 us. 23). The activity of an ester was again inter- 
mediate (6 > 17 > 11) and, by analogy with the pyr- 
rolidines, may be due to hydrolysis to the phenol. 
Limitations of substitution to positions 1 and 3 on the 
heterocyclic nucleus again allowed activity, though it 
was not shown to be superior to conditions of further 
alkyl substitution as in the pyrrolidines. Tertiary alkyl- 
ation of the nitrogen was, apparently, again required 
for clear activity (10 us. 11) arid methylation was again, 
so far as studied, superior to higher unbranched alkyla- 
tion (6 us. 7). 

However, on going from N-methylation to N-phen- 
ethylation, sharp divergence in structure-activity re- 
lationships occurs between the azetidines and the pyr- 
rolidines. In  the case of the azetidines, with or with- 



out /,-SOL or -SH2 on phciiethyl, c lwr activity i, rc- 
t l r i c d  hy t h i <  hubstitutioti I\ heii the pheiiolir friiictioii 
i, free (8 and 9 2's. 6) and in some ca-e. lost when it is 
methylated (14 aiicl 15 L'S. 11). lii the pyrrolidine>. 
lio\vevcr., activity i. reduced by S-phenethylation only 
iii c*onjutirtion with 0-methylation. remaining of clc:ir 
cluality: arid when tlie phenolic function iq left uti- 
tniizzlrt l  in  o therwiv  optim:il pyrrolitlines. activity 
cnn~it1er:ihly iiicrwses on going from S-methyl to S- 
plicnet tiyl (with or without p-SHL) \r ittiout propor- 
tiotiatr 1iicrea.e it1 toxicity (ref 1 and unpubli.hed ~ o r l ;  
t y  t he  :iuthors). Thus.. :i favorable iriternctiori be- 
t \ w e t i  t lie unmuzzled m-phenolic function and S- 
plic.net hylation allowed hy the pyrrolidine nucleus i. 
riot prewit with the azetitlirie nucleus 

I 'urthermore, divergence bet w c n  t htl azetidirie. and 
pyrrolidine* occ~ir. with rc2.pec.t to t he optimal u i i -  

t ) t - : i t i rhwl I(wgt 11 oi :~-:ill~yI:ttio~i, \ Y l i t ~ > : i -  thi. \ \ : I<  

Analgetics Rased on a-Phenyl-3-pyrroliclineacetic -4iCicl 

Several 1-alkyl-0-phenyl-3-pyrrulidineacetic acid ester,s were prepared ailti tested for their analgetic activity. 
The potencies of the compounds were similar t o  their rever-rd esiers and were generally in the range of d-plopoxy- 
phene. 

Continuing our investigation of drugs based on the 
pyrrolidine nucleus,1 \\.e have prepared a serief of eqter5 
of substituted a-phenyl-3-pyrrolidineacetic acids (I) 
(Tahlcx I) for study as nnxlgeticf. 

R 
I 

Thew compounds are structural analogs of meperi- 
(litit. :tnd are the reversed esters of a qerieq of analgetic5 
(11) being reported They were prc- 

C H  

~ - ~ ~ o c o  K" 

I 
R 

I1 

pared by the alkylation of the appropriate phenylnceto- 
nitrile with a 1-substituted 3-chloropyrrolidine, hy- 
drolysis of the product nitrile to the amino acid, and 
eiterification as shown in Chart I 

Ai1 attempt to  prepare the ethyl ester from l-ethyl- 
01, 01-diphenyl-3-pyrrolidineacetyl chloride hydrochloride 

(1) (a) C D Luneford, A D Cale, J r ,  J \V Ward, B V. Franko, and 
11 Jenkins J. .Wed Chem., 7 ,  302 (1964), (b) A D. Cale Jr , H Jenkins 
U 1 Eranko, J I T  Ward. and C D Lunsford. rbzd., 10, 214 (1967). 

(2) G C Helsley, J. A Riohman, C D. Lunsford, H. Jenkins, R P. Mass.  
W H. Funderburk a n d  D K. Johnson, abid., 11, 472 (1968). 

hy treating ai1 ethanol solution with pyridine gave ouly 
rearrangement to  1 - ethyl-4- ( 2 -  chloroethyl) -3,3-di- 
phenyl-"pyrrolidinone. The acid chloride was suc- 
cessfully converted to its ethyl ester, however, by adding 
it to  a solution of sodium ethoxide in ethanol. 

The analgetic activity of these compounds was de- 
termined by a modification of the Silseri method2v3 
(electrical stimulation of a mouse tail) and is compared 
in the table with the activity of the corresponding re- 
versed esters of structure type 11. 

When K' # C&HJ, diastereoisomers exist for each 
structure. These were separated in two examples 
and the analgetic activity was determined for each of 
the racemates. S o  significant difference in analgetic 
potency  as observed between the diastereoisomeric 
racemates in conipourids of type I or 11. 

(3) 1'. Nilsen. Acta Phnrmarol. Toxicrd., 18, 10 (1961). 


