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Analgetics. Esters of 3-Pprrolidin einethanols 

111 tlic course of our search for nen- aiialgetics JVC 

1i:ive synthesized a group of esters of 1,s-disubititutcvl 
pyrrolidirieniethariols (I). The baiic elements of t l i c  
hypothetical arialgetic are appnreiit ab illustrntcd by :L 

cornp:wiwn of their structiirc nith that of prodino. 

prodine 

The prrparation ol' these compounds is illustrated iii 
('hart I. Rtwtion of :3-cy:Lriopyrrolidii~e1 (11) with 
:m :~rylniagne:,iirm broniitle g a w  the X-:~royl~~yi.roliciii(~ 
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(111) arid further reaction with the same or different 
Grignurd reagent yielded the carbinols (IY). Thc 
lietones (111) yielded predominately OILE of the tu  ci 

posyible diasterroisornrric r:icematrs wkiert. R '  i:, 
diff ereiit from Ai*. l'or euamplc, 3-beiizoyl-1-metliyl- 
pyrrolidirie gavc, O I I  rcactioii with ethyl~nagtir+iuni 
bromide, 47% of the a-carbinol and only 10% of t h  

ihomer scymruted b y  fractioiial cryqtallizalion. 
Altcrnntivcly, the carbinols (IT') were prepared hy 

the  rcwtioii o f  :L 2-pyrrolidiiione (V) with un alkyl 
plieiiyl k(3toiie (J'I) arid LiSH2 in liquid arnmoni:t2 
fo1low-c.d hy  reduction of the intermediate (VII) with 
JIiAlH4. Tlie isolated over-all yield of the a- and 
6-carbinols (IY) by this inethotl -20-60 and 10-13Oj,, 
respectively. The carbinols were ncylated with acetic 
o r  propionic niihydride in benzcnr. 

(1) J S\ridinak\ ,  I. liervenski, and 11 li 13ionn, J Pharm.  S6, 1 0 2  

( 2 )  S ~ i i d u r ,  S \ I3clgiiLn i 'u t rnt  I h 1  177 ( h l n v  1 1 ,  I ' i G 5 )  
(1 9 b i )  
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Pharmacological Methods.-Compounds were test c ~ l  
for analgetic activity in female mice (ICR strain) uhiiig 
a modification of tlic method of S i l s e i ~ . ~  A pair ol' 
%gauge stainles5 .tee1 needles, inserted through tlic 
base of the tail, w w d  as the electrodes. Each arii- 
mal was stimulated nith pulses having a falling phase 
of 2-msec duration :it :L frequency of one/sec arid pro- 
gressively increasing voltage, beginning at 6 v. After 
< w r y  fifth qtirnulus the voltage was increased by 2 v, 

(A)  1'. Nilsen, t i t i 1  l 'hat inu~id ' l o r r c o l ,  18, 1 0  (19Gl). 
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TABLE 111 
PYRROLIDINEMETH ANOLS 

G H ,  
I 

OH 
I 

I 0-CH 

R 
Isomel” Prepn methodb 

ff,P I 
01 I1 
ff I, I1 
P I 
ff>P 111 
ff,P I, 11 
a, P 111 

ff,P I 
a,P 111 

Q,P I 
ff,P I 
ff I 
a I V  
P IV 
a v 
n v 
a v 

I 

n IT1 

n IT 

I ff,P 

Yield, 

76 
50 

47,90 
10 
78 

51,71 
84 

7 2  
43 
24 
6:: 
82 
42 
49 

9 
76 
78 
90 

I -  

i D  

10 

56 

l l p  or bp (mm), O C :  

102-104 (0.03) 
98-100 (0.04)  
78-80‘ 
73-75 (0.02) 

108-109 (0 .005)  
94-96 (0.01) 
98-100 (0 .02)  

147-149 (0.01) 
91-93 (0.03) 

149-150 (0.0*5) 
127-128d 
148-1.30 (0.02) 
153-157 ( 0 . 0 1  ) 
72-74e 

101-10~5c 
118-120’ 

167-1691 
140.3-142.5’ 
138-1401 

118.3-1 21” 

111-113 (0.10) 

cnl 
a CY and p designate the two possible diasteroisomeric racemates; (Y is arbitrarily assigned to the first racemate isolated. See Ex- 

perimental Section. c Recrystallized from i-PrZO. Recrystallized from isooctane-CsHs. e Recrystallized from ligroin. ’ Re- 
crystallized from i-PmO-i-PrOH. g All compounds were analyzed for C, H, K. h C :  calcd, 77.21; found, 76.64. % C: calcd, 76.66; 
found, 76.24. 

until the animal’s “pain threshold” was reached. This 
end point is defined as that voltage which produces 
vocalization (squeaks) to each of three consecutive 
stimuli. Only those animals whose end points mere 
constant a t  8 v on two predrug trials (approximately 
1 hr apart) were utilized. 

4 minimum of five mice was used at  an initial dose 
of 20 mg of free base/kg. If analgesia (defined as 
an increase in the pain threshold by a t  least 2 v) was 
demonstrated in 80% of the animals 15 min after 
intraperitoneal administration, an EDbo was obtained, 
using a minimum of four dose levels of 20 animals. 
Calculations were based on the method of Litchfield 
and W i l ~ o x i n . ~  

Toxicity was estimated in female mice of the same 
strain, using two animals per dose level. 

A few compounds were further investigated for anal- 
getic activity using the method of Randall and S e l i t t ~ . ~  
The results were comparable to those obtained using 
the simpler Nilson method. 

Pharmacological Results.-In general those com- 
pounds (Table VI) in which the S-substituent was 

(4) J. T. Litchfield, Jr., and F. Wilcoxon, J .  Pharmacal. Ezptl. Therap., 
96, 99 (1949). 

( 5 )  L. 0. Randall and J. J.  Selitto, Arch. Intern. Pharmncodyn., 111, 409 
(19S7). 

methyl, phenethyl, or phenylpropyl were the most 
active analgetics. With the exception of the phenoxy- 
ethyl analog (18), these results agree with those 
obtained on similarly N-substituted meperidine and 
prodine analogs.e Compounds in which the substituent 
on the quaternary carbon (R’) was ethyl or propyl 
showed higher analgetic activity than those in which 
this substituent was hydrogen, methyl, phenyl, or 
benzyl. KO observable difference in activity between 
the corresponding acetates (22, 23) and propionates 
(4, 9) was demonstrated. The alcohols were inactive 
as analgetics. In  the two instances where the diastereo- 
isomeric racemates were separated and tested (4, 5 ,  
and 9, 10) no significant difference in activity Jvas oh- 
served. 

At effective analgetic doses these compounds pro- 
duced neither marked sedation nor stimulation. At axin, 
piloerection, or other easily observable signs were 
not seen. At the higher dose levels used in the toxicity 
study, however, some of the animals convulsed prior 
to death. The effective potency range, coupled with 
an absence of respiratory depression and a lack of 
nalorphine antagonism in those compounds tested, 

(0) R. A. Hardy, Jr.,  and M. G .  Howell in “Analgetics,” G .  deStevens 
Ed., Academic Press Inc., New York, 1905, Chapter V. 
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22 I{ = cIra 01 69 169-172. 5 C&12,?jO@ 
2 3  I t  = C,IT, 01 62 100-10'L (0.0.5) CI,H,,SO, 

E'iimalate sait; 1.e tallized from lIeOH-lIeCOEt. f, 1'0- 
teirtiometric titration. t C, I€, ?; analyves. 

suggests no, or very low, addietioil liabilit'y. Based 
on  these : l i d  other plixrniacological t'ests certain of t'hr 
cornpounds linvc lieen selected for study in human 
s i  1 b,j cc t s . 

Experimental Section 
Geiieral procedures are giver1 below for the preparation of the 

ciJrripiiurids described in t,his paper. Analyses, yields, and physi- 
(*a1 properties are recorded in the tables and significant variat,ions 
i l l  the procedure are noted in the table footnotes. Temperatures 
are iiiicorrected. Microanalyses were done by Micro-Tech 
IA:iboratories Itic.,  Skokie, Ill., and Spang ?rIicroanalytic~:rl 
Laboratory, Ann Arbor, l l ich.  Where analyses are indicated 
only by symbols of the elements analytical results obtained for 
those eIements were within 10.47, of the theoretical values. 
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d-PI uposypheiie 
Meperidine 

lU.O(6 3-18.8) 
12 S(7.0-21.8) 

1:;. 7 ( S .  l j -22. i) 

7 . 2  (2.D-18.0) 

11 .2(6  0-125 3 )  
6 4(4 :3-Y.G) 

10x1, 

range 
Ing hp 

lti0 q42u 
S0-16i) 

160-320 
80-320 
80-160 

1'0 240 
bo-160 
40-160 
80 160 
so 160 
40 160 
so -160 
hU 160 
40 -160 

I W-320 
40  160 
hi1 160 
SO 160 
$0 16O 
h0 160 
SO - 1 GO 

1 (io 3 2 0  
so I60 
so 160 
so -1 80 

i d  20 nig,kg ip, 1.i miti after injection. T w o  d o z e s  which werv 
toxic in 0 and 100cl of rhc :inimalq. 

3-Aroylpyrrolidine Derivatives (Table I).--To a stirred G r i p  
nard solution (2.6 molei iri 2 I .  of ether) was added SIOWI.V a t  :I 
rate which maintained gentle refliixiiig a solution of a 1-rihstitlltetl 
:;-c.\.;iiiopyrrc,lidirie (2.0 moles) in an equal volume of r ther .  
Stirring was coritiiiued for 2 hr after the addition w& cumplete. 
To the cooled mixture was added slowly a solution of 2.5 moles 
of NHlCl in 1 1. of HzO. The ether layer was evaporated and the 
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resulting suspension was heated for 1 hr on a steam bath to en- 
s i re  hydrolysis of t,he ketimine. The product was then extracted 
(Et&), carried through an acid-base extraction, and finally 
purified by vacuum distillat,ion. 

3-Substituted 2-Pyrrolidinones (Table II).-To 1.5 1. of liquid 
YH3 was added 1.5 moles of Li in small pieces followed by a cats, 
lytic amount of FeC18. Stirring was commenced and wrhen the 
blue color had changed to gray, 1 mole of the 1-substituted 2- 
pyrrolidinone was added slowly. Stirring was cont,inued for 1 hr 
and then an ether solution of 1 mole of the ketone was added 
slowly. The mixture was stirred for 1 hr and then treated with 
1.5 moles of solid SHdC1. Et,her was added to replace the evapo- 
rated XH3. The ether solution was washed (HBO), dried (hlgSOd), 
and evaporated. The product which crystallized on standing was 
purified by recryst.allization. 

Pyrrolidinecarbinols (Table 111). Procedure I. By Reaction 
of 3-Aroylpyrrolidine with Alkylmagnesium Halide.-To a 
stirred solution of 0.3 mole of alkylmagnesium halide in 200 ml 
of ether maintained a t  10’ was added slowly a solution of 0.15 
mole of 1-substituted 3-aroylpyrrolidine in 50 ml of dry ether. 
After the addition was complete, the mixt’ure was stirred for 1 
hr with no external cooling and then treated slowly with a solu- 
tion of 0.3 mole of NH&1 in 300 ml of H20.  The ether layer 
was separated and the aqueous suspension was extracted (EtBO). 
The combined extracts were washed (HZO) and the solvent was 
evaporated. The crude product was purified by distillation or 
recrystallizat,ion. I n  some cases where solid free bases were 
obtained the isomers were separated by fractional crystallization. 

Procedure 11. By Reduction of 3-Substituted 2-Pyrrolidinones. 
-To a suspension of LiAlHd (0.90 mole) in 500 ml of T H F  at, 
gentle reflux was added a solution of 0.60 mole of the 3-substituted 
2-pyrrolidinone in 200 ml of THF.  The mixture was stirred a t  
gentle reflux for 2 hr, cooled, and poured slowly onto a stirred 
25%; XaOH (1 1.). The solution was separated and the solvent 
was evaporated a t  reduced pressure. The critde product was 
purified by recrystallization. 

Procedure 111. By LiAIHl Reduction of 1-Substituted 3- 
Aroy1pyrrolidine.-To a stirred suspension of 0.20 mole of IJiAlH4 
in 300 ml of ether wab added slowly a t  a rate which maintaiiied 
gentle refluxing 0.19 mole of 1-substituted 3-aroylpyrrolidine in 
100 ml of ether. Stirring and refluxing were continned for 1 hr 
after the addition was complete. The mixture was cooled and 
treated successively with 25 ml of H z 0  and 200 ml of 25% NaOH. 
The ether layer was separated and the aqueous layer was ex- 
tracted with ether. The combined extracts were washed (H,O) 
and evaporated. The carbinol was purified by distillation or 
recrystallization. 

By Catalytic Reduction of the N-Benzyl- 
carbinol.-A solution of 0.46 mole of the K-benzylcarbinol in 
150 ml of 95% EtOH was reduced catalytically with 6 g of 10% 
Pd-C. The mixture was heated a t  70” and shaken with Hz 
until 1 equiv of Hz was absorbed (about 2 hr). After cooling, 
the suspension was filtered and the solvent evaporated. The 
residual oil was purified by distillation or recrystallization. 

By Alkylation of 3-Substituted Pyrro1idines.- 
A mixture of 0.09 mole of 3-substituted pyrrolidine, 0.10 mole 
of arylalkyl bromide, 40 g of K&03, and 200 ml of toluene was 
heated a t  reflux for 16 hr, cooled, and treated with 100 ml of 
HeO. The organic layer was separated and washed (cold H,O), 
and the solvent was evaporated at  reduced pressure. The residual 
oil was purified by distillation or converted to a solid salt. 

Pyrrolidinecarbinol Esters (Tables IV and V).--S mixture 
of 0.05 mole of the pyrrolidiriemethanol,O.07 mole of propionic or 
acetic anhydride, 5 ml of pyridine, and 150 ml of C6H6 was 
heated at  reflux for 2-5 days under N B .  After cooling, the solu- 
tion was washed (10% NaHC03, HzO). The solvent was evapo- 
rated and the crude product was purified by distillation or con- 
version to a salt. 

Acknowledgment.-The authors thank E. K. Rose, 
John Eyler, and Dr. William J. Welstead, Jr., for 
technical assistance. 

Procedure IV. 

Procedure V. 

Irreversible Enzyme Inhibitors. CXVI.1s2 Active- Site-Directed Irreversible Inhibitors 
of Dihydrofolic Reductase Derived from 6- Substituted 

2,4-Diamino-5-phenylpyrimidines. 1113 

B. R. BAKER, PING CHEONG HUANG, AND RICH B. ~ I E Y E R ,  JR. 

Department of Chemistry T,.niversity of California at Santa Barbara, Santa Barbara, California 93106 

Receiued January  27, 1968 

Ten candidate irreversible inhibitors derived from 5-(p-chlorophenyl)-2,4-diaminopyrimidine bearing a leaving 
group on a chain at  the 6 position have been evaluated on dihydrofolic reductase from Walker 256 rat  tumor and 
L1210/FR8 mouse leukemia; three had a chloromethyl, four had a sulfonyl fluoride, and three had a bromo- 
acetamido leaving group. Strong evidence was obtained that the diaminopyrimidine could complex as one of 
two rotomers depending upon the hydrophobicity of the group at  the 6 position; 6-phenoxymethyl- and 6- 
phenethylpyrimidines were bound in a conformation giving a hydrophobic interaction of the 6 group with the 
enzyme, but the more polar 6-anilinomethylpyrimidines were bound in a “flipped-over” conformation. Three of 
the sulfonyl fluorides, 6-[m-(m-fluorosulfonylphenylureido)phenoxymethyl]-2,4-diamino-5-(p-chlorophenyl)- 
pyrimidine ( S ) ,  the 5-(3,4-dichlorophenyl) analog (10) of 8, and the phenethyl analog (9) of 8 were good active- 
site-directed irreversible inhibitors of dihydrofolic reductase. 

Recently3b the 6-(p-chloroacetylanilinomethyl)pyrim- 
idine (1) was found to be an active-site-directed ir- 
reversible i n h i b i t ~ r ~ , ~  of dihydrofolic reductase6 from 
several sources; that 1 probably was an irreversible 

inhibitor of the endo type’ was indicated by the fact 
that the inactivation was slowed in the presence of the 
coenzyme, TPKH. The rate of inactivation of an 
enzyme by an active-site-directed irreversible inhibitor 
is dependknt first upon the concentration of reversible 
complex between enzyme and inhibitor, which in turn 
is dependent upon the concentration of inhibitor and 
the dissociation constant of the reversible enzyme- 

(1) This work was generously supported by Grant CA-08695 from the 
National Cancer Institute, U. S. Public Health Service. 

( 2 )  For the previous papers of this series see B. R.  Baker and E. H Erick- 
son, J .  M e d .  Chem., 11, 245 (1968). 

(3) For the previous papers on this type of irreversible inhibitor see 
(a) B. R.  Baker and J. H. Jordaan. J .  Pharm. Sci . ,  66, 660 (19671, paper 
LXXXVIII of this series; (b) B. R.  Baker, P. C. Huang, and A. L. Pogo- 
lotti, Jr., J .  M e d .  Chem., 10, 1134 (1967), paper CVIII of this series. 

Inhibitors. The Organic Chemistry of the Enzymic Active-Site,” John 
Wiley and Sons, Inc., New York, N. Y., 1967. 

(6) For a review on the mode of binding of inhibitors to dihydrofolic 

(7)  The endo type of irreversible inhibitor is defined a8 one that forms 
a covalent bond within the eneymic activesite. whereas the exo type forms a 
covalent bond outside of the active aite;h see also ref 4, Chapter I. 

(4) B. R.  Baker, “Design of Activesite-Directed Irreversible Enzyme reductase see ref 4, Chapter X .  

(5) B. R .  Baker, J .  Pharm. Sei., 68, 347 (1964). a review. 


