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3,4,5,6-Tetrahydro-1- [2-(4-hydroxy-4-phenyl-l-piperidyl)- 
ethyl] -l-benzazocin-2( 1H)-one Hydrochloride (21).-To 10.0 g 
(0.057 mole) of 3,4,5,6-tetrahydrobenzazocin-2( lH)-one in 100 ml 
of xylene was carefully added 3.0 g of NaH with stirring. The 
reaction mixture was then refluxed with stirring for 2 hr. To 
the mixture was added 3.0 g of NaH and 19.2 g (0.06 mole) of 
1-(2-chlorethyl)-4-hydroxy-4-phenylpiperidine hydrobromide. 
The reaction mixture was stirred under reflux for 8 hr, then 
treated with HzO and CHC13. The organic solvents xere 
concentrated in vacuo leaving an oily residue. The starting amide 
was removed by vacuum distillation; the remaining residue 
weighed 17.0 g. The hydrochloride was prepared by adding ex- 
ce.r HC1 in 2-PrOH to  a solution of the base in 3IeOH. Upon 
addition of EtlO, a solid formed which was recrystallized three 
timei from 3IeOH-EtzO; yield 3.5 g, mp 237-238". 

1 - [ 34 4-p-Fluorophenyl-1 -piperazyl)propyl] -3,4-dihydro-7- 

hydroxycarbostyril Hemioxalate (15).-To 15.0 g (0.032 mole) 
of 7-benzyloxy-1- [ 3-( 4-p-fluorophenyl-l-piperazyl)propyl] -3,4- 
dihydrocarbostyril in 200 ml of absolute EtOH was added 2.5 g 
of 10% Pd-C and the mixture was hydrogenated at  3.5 kg/cmZfor 
2 hr. The solution was filtered to  remove the catalyst and the 
filtrate was concentrated in vacuo leaving an oil. The oxalate was 
prepared by adding 3.0 g (0.034 mole) of oxalic acid in Et20 to 
13.0 g (0.034 mole) of the free base. A solid material was ob- 
tained which was recrystallized from NeOH-Et20; yield 5.0 g, 
mp 209-210". 
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Some 1-substituted 3-pvrrolidinvlanilides and 1-substituted 3-pvrrolidinvl-2H-l,4-benzoxazin-3(4H)-one~ 
have been prepared and &ted for- analgetic activity. 
activity. 

Anilides of the structural type I have been shown to 
be strong analgetics.' I n  this paper the preparation 
and analgetic properties of a series of 1-substituted 3- 
pyrrolidinylanilides (11) and dihydrobenzoxazinones 
(111) are described. These structures can be viewed 
as cyclized versions of I. 
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Chemistry.-The synthetic routes used to obtain 
these compounds are shown in Chart I. The anilino- 
pyrrolidines (V) were prepared by the nucleophilic 
displacement of the toluenesulfonate ester of a 
3-pyrrolidinol or a 3-bromopyrrolidine (IV) by an 
aniline derivative. This tosylate displacement reaction 
has been previously reported.2 The properties of new 
compounds are given in Table I. The N-substituent 
was varied by starting with the appropriate l-sub- 
stituted pyrrolidine (IV) or by catalytically hydrogenat- 
ing the 1-benzylpyrrolidine (V, R = benzyl) to the 
corresponding secondary amine and alkylating with 
the appropriate alkyl halide. Treatment of the anilino- 
pyrrolidines with an acid chloride or anhydride gave 
the anilides (VI) in good yield. The hydroxyanilides 
(VI, X = OH) were prepared by the reaction of the 
hydroxyanilinopyrrolidines and 2 equiv of propionic 

(1) R. A. Hardy, Jr., and M. G .  Howell in "Analgetics," G .  destevens, Ed., 

(2) 17. J. Welstead, Jr., J. P. DaVanao, G. C .  Helsley, C. D. Lunsford, and 
Scademic Press Inc., New York, N. Y., 1965, Chapter V. 

C. R. Taylor, Jr., J .  -\!fed. Chem., 10, 1015 (1967). 

Several of t h e  compounds show moderate to potent 

anhydride or propionyl chloride and subsequent hy- 
drolysis of the ester with dilute SaOH.  The first 
equivalent of anhydride or acid chloride gave a mixture 
of ester and amide as shown by ir and nmr spectra. 

The dihydrobenzoxazinones (IX) were prepared by 
the reaction of the 2-hydroxyanilinopyrrolidines (VII) 
with chloroacetyl chloride and treatment of the resulting 
amide (VIII) with base. 

The experimental details are given in Tables 1-111 
and in the Experimental Section. 

The ir and nmr spectra of the compounds described 
are consistent with the proposed structureq. I t  is in- 
teresting to note, however, that  the aroniatic hydrogen 
a t  position 8 (ortho to N) in 21, 22, 24, and 25 are at 
unusually low-field positions (7 2.3-1.9) for compounds 
of this type. Molecular models suggest that the o- 
hydrogen of these compounds is crowded into close 
proximity with the nitrogen of the pyrrolidine ring, 
thereby experiencing a deshielding influence from the 
unshared electrons on the S. Related proximity 
effects have been de~c r ibed .~  

Pharmacology.-Compounds n ere tested for anal- 
getic activity in female mice (ICR strain) using a modi- 
fication of the method of Nilsen4 aq previously de- 
~ c r i b e d . ~  

Toxicity was estimated in female mice of the same 
strain, using two animals per dose level. The results of 
these tests are summarized in Table IV. Some of the 
compounds were also investigated for analgetic ac- 
tivity using the method of Randall and Selitto.6 In  

(3) BI. J. T. Robinson, Tetrahedron Letters. 1153 (1968). 
(4) P. Nilsen, Acta Pharmacal. Tozzcol., 18, 10 (1961). 
(5) G. C. Helsley, J. -4. Richman, C. D. Lunsford. H. Jenkins, R. P. 

Mays, W. H. Funderburk, and D. N. Johnson, J .  M e d .  C h e m . ,  11, 472 
(1968). 

(6) L. 0. Randall and J. J. Selitto, Arch. I n t e r n .  Phnrmacodyn. ,  111, 
409 (1957). 
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' 8  See I~sperirneiital 5ectioii. b I = f-PrOH, Ip  = i-PryO, B = CsIIti, 0 = i-ocwtaiie, EA = EtOAc, .\I = LIeOH. c h l l  comporuidd 

analyzed for c', H, S.  Frimarate. C:  calcd, 77 .52:  foiiiid! 76.88. Oxalate. Maleate. Hydrochloride. Oil purified by 
columii chromatography on Florisil, elritetl n i th  CaHa-?\Ie?CO. Catalytic: rediic7tion (Pd-C) of corre*pondiiig N-benzyl cumpoiind 121 1. 
k C :  c d c d ,  72.60: f o i i i i d ,  72.07.  

mo,t iii-t:iiicec the  results were comparable to  thow 
obt:iined ucing the Silseri method. 

The mutt active compounds were those in n hich the 
pyrrolidine X yubytituent (R) was phenethyl, o-me- 
thoxyphenosyethyl. or benzoylethyl (14, 17, 18). 

The anilide+ containing a hydroxy or methoxy sub- 
stituent (11-13. 16. 19) were either equivalent to or less 
potent t h i  the corresponding urisubstituted com- 
pound.; (10, 15, 18). 

The p-chlorophenyl compounds (6 ,8)  showed moder- 
t e activity and the corresponding unsubstituted com- 

pounds (4, 5) 4iowed very little activity. Additional 
synthetic work aimed a t  developing structure-activity 

relatioii>hip- concerning the :icy1 group (li') is in prog- 
ress. 

The benzoxazinonez (21-25) showed weak or 110 

analgetic activity a t  the doses tested. 
At effective doses thew compounds produced neither 

sedation nor depression. Certain compounds, however, 
a t  higher doses produced excitement, piloerection, nnd 
Straub tail. 

Experimental Section 
General procedures, in  must cases, are giveii below for the 

preparation of compounds described in this paper. Analyse-, 
yields, and phynical properties we recorded in the table.< :arid 



July 1969 ,\SALGETIC ~-PYRROL~DIXYLANILIDES A N D  DIHTDROBESZOXAZISONES 585 

I 
R 

IV,Y = Br or OTos 
R 

V 
/ iRCO,?O 

Q OH 

R 

NO 

21 
22 
23 
24 
2 5 

VI 

VI11 
R 

IX 

T-IRLT; I11 
:~-PIRROLIDINTLDIHIDROBEKZOX.IZIKOKES 

R 
70 h l p  or bp 

R yield (“1, C FormulaC 

31 l X ~ 1 5 6 ~  CisH22?rT?O~,~ 
CHiC6Hj 50 188-191 (0.01) Ci,H,oN?02 
H 94 216-217~ CizHijCIK?O?e 
CH,CH?CsH, 65 92-94b C&24N20sr 
C H ~ C H Z C O C ~ H ~  65 107-lllb C23HiiNzOil 

1:ecrj-stallized from i-PrOH-i-Pr20. Recrystallized from 
d Fumarate. i-PIOH. 

e Hydrochloride. J Oxalate. 

significant variations in the procedures are noted in the table 
foot notes. Temperatures are uncorrected. 

3-Anilinopyrrolidines (Table I).  Method A. Tosylate Dis- 
placement.-The procedure was essentially the same as that 
previously reported.? 

Bromide Displacement.-A stirred mixture of 1.0 
mole of the 3-bromopyrrolidine,’ 1.0 mole of the hydrox) aniline 
and 1.0 mole of KzC03 in 1 1. of P h l l e  was heated at  reflux for 16 
hr. The reaction mixture was filtered hot and the filtrate was 
extracted with 500 ml of 3 NaOH. The basic layer was 
separated, acidified with 6 S HC1, and extracted (Et20). After 
the acidic layer was neutralized with 10% NaHCO3, i t  was 
extracted with CHC1,. The combined extracts were washed 
(H20) and dried (AIgSO,), and the solvent was evaporated. The 
crude products were purified by recrystallization. 

Alkylation of 3-Anilinopyrrolidine.-A mixture of 
0.1 mole of a 3-anilinopyrrolidine,? 0.1 mole of t,he alkyl bromide, 
20 g of K2C03, and 100 ml of EtOH was stirred and heated a t  
reflux for 16 hr. After the solvent was evaporated at, reduced 
pressure, the residue was treated with dilute NaOH and ex- 

c All compounds analyzed for C, H, Tu’. 

Method B. 

Method C. 

(7) D. C. Ruopp,  F. .&. E. Schilling, and E. B. Brown, J .  Pharm. Sci., 66, 
1038 (1967). 

TABLE IV 
AS.ILGETIC ACTIVITY ASD APPROXIMATE TOXICITY OF 

TEST COlfPOCXDS I N  FEYILE LIICE 
S o  analgetic/ EDao (95% confid 

KO. no. testeda limits), mg/kg ip 

1 1,s 
2 3 5 
3 0 5  
4 2 10 
5 1 5  
6 T 10 16 5 (9.2-29.6) 
1 2 10 
8 10 10 5 2 ( 3  0-9 91 
9 4 3 8 O ( 3  8-16 8 1  

10 4 5  5 T (4 0-8 2 )  
11 4,s  10 l ( 6  3-16 21 
12 2 3 
13 3 5 
14 -5 .j 2 . 0 ( 1  0-4 O J  
13 6 c )  14.2 (9 6-20 R )  
16 9 10 
17 j .j 3 4 ( 1  7-6 7 1  
18 5 j 0 5 ( 0  2-1 11 
19 4 5 
20 0 .5 
21 2 5 ,  4 5 .  
22 0 5 
23 I1 3 
24 0 5 ,  2 5. 
25 0 5 
Meperidine 3 5 6 4(4.3-9 61 
Morphine 5 3 1 i ( l  0-2 $ 1 )  

- 

Toxic range,b 
w / k g  IP 

160-320 
160-320 
80-160 
80-160 
80-160 
SO-160 
80-160 
80-160 

160-320 
80-160 
30-160 
40-160 
80-160 
40-80 
40-160 
80-160 
h0-160 
h0-160 
80-160 
80-160 
60-160 

160-32U 
160-320 

h0-,320 
40-80 

a 1.5 min after injection of 20 mg’kg ip. ’, Two clo*es which 
1.7 niiii after injec- were toxic in 0 and 10OC, of the animali. 

tion of 40 my, kg ip. 

tracted iEtyO). The combined extracts m-ere wa-lied (HZO) 
and dried (AIgSOa), and the solvent wac evaporated. The 
crude products were purified by conversion to a solid addition 
salt followed by recrystallization. 

Method D. Amine Exchange.--A mixture of 0.06 mole of 
2-benzoylethyldimethylamine hydrochloride, 0.06 mule of the 
anilinopyrrolidine, and 10 g of K2CO3 m-as .:tiired together in 
Dl IF  while N? was bubbled throiigh the mixture t o  remove the 
dimethylamine as it was formed. After 24 hr 250 nil of HT0 was 
added to  the mixtiire and the oily product wa. extracted into CC,H~.  
The combined extracts were washed (H&) and dried (AIgSOa), 
and the solvent was evaporated. The product- were purified by 
conversion to a solid addition salt followed by re< 

3-Pyrrolidinylanilides (Table 11). Method E. Acid Anhy- 
dride Reaction.--.4 mixture of 0.04 mole of the 3-aniliiiopyrroli- 
dine, 0.05 mole of the acid anhydride, and 50 ml of CsH, was 
refluxed for 4 hr, cooled. and washed ( 1 0 7  SaHC03 ,  H20). 
The solution was dried (Na2S04) and the solvent wa-. evapurated. 
The amides were piirified by distillation and, u r  coilversion to a 
solid addition salt. 

Method F. Acid Chloride Reaction.-A Ftirred mixture of 
0.06 mole of the 3-aiiilinopyrrolidine, and 15 g of I<,c03 in 100 
ml of CHC1, was treated with 0.07 mole of the acid chloride in 
50 ml of CHCI,. Alfter addition the mixture way -tirred 2 hr 
then treated with 200 ml of HTO and stirred another 1 hr. The 
CHCI, layer was separated and dried (NgS04) and the solvent 
xas evaporated. The crude products were purified a* indicated 
in Table 11. 

Method G .  Diacylation Reaction.-To a stirred aolution of 
0.06 mole of the 3-hydroxyanilinopyrrolidine in 100 nil of CHC13 
(below 0”) was added slowly 0.12 mole of EtCOCl (after the first 
equivalent of acid chloride was added an  aliquot of the mixture 
was withdrawn, and shown to be a mixture of eater and amide by 
nmr and ir studies). After the addition was complete, the reac- 
tion mixture was allowed to come to room temperature and was 
heated at  reflux for several hours. The solution B-ad then cooled, 
filtered, extracted with 10% SaHC03, washed (Il?O). and dried 
(MgSOa) and the solvent was evaporated. The reqidual oil was 
treated with 250 ml of 1 S NaOH containing about 20% EtOH. 
The mixture was stirred for 1 hr a t  ambient temperature, made 



acidic \\-ith 6 -V 11C1, lreated with 101,i TaHC‘O.,, :iild fiuaIl>- 
estracted with C6H6. The combined extract< were washed 
with H20 and dried (MgSO,) and the solvent m w  evaporated. 
The crude products were purified by recrystallization a,. t h r s  
free base or acid addition salt. 

4-( 1 -Substituted 3-Pyrrolidinyl )-2H-1,4-benzoxazin-3( 4H)-  
ones (Table III).-To a stirred solution of 0.10 mole of the l-?itb- 
st.ituted 3-(o-hydrosyanilioo)p3irrolidiiie i i i  ’350 in1 of CHC:ll 
maintained at 0--3” was added slowly a soliitioii of 0.10 mole ( I F  
c*hloroacetyl chloride in 50 ml of CHCIS. After the addition 
\vas complete the mixture was allowed to warm t o  room tempern- 
tiire. The d v e n t  was then evaporated at  reduced pressui.e: 
the residual oil \va.G diw)lved in 500 ml of i-PrOH ~ t n d  treated 
Kith 0.20 mole of SaOLfe. The misture was stirred and heated 
a t  reflux for 16 hr, cooled, and filtered. After the holverit W:IJ 
evaporated, the  residual oil was taken up in i-PrzO, washed with 
1 N NaOII a i d  II90, and dried ilIgSO,) arid the solvelit x i >  
evaporated. The products were piuified by di~tillntiiin or UIII- 

Heterocyclic Mesoionic Structures, a Novel Class of Monoamine Oxidase Inhibitors. 
11. L4rylanhydro-1,2,3-thiadiazolium Hydroxides 

The preparation aiid nioiioamiiie oxidase inhibitory activity Of a series of arylsiihydro-l,%,3-thiadi~zoli~ir~i hy- 
droxides (I) is described. 
the structural features coiltrolling the mode of enzyme inhibition. Those inhibitor3 showing noncompetitive 
inhibitory activity in uitro were shown also to  be active inhibitors of the enzl’me in oivo, while competitive ill-  

hibitors were inactive in uioo. These observatioiis support, and extend thoae made in a previous study of mesoioiiic. 
compounds, the N-arylsydiiones. 

A vi3ualization of enzyme-inhibitor interaction is presented, as well a. ail anal) 

The inhibitioii of the enzyme, nioiioaniine oxidaw 
(MAO), ha. previously been reported‘ for the hetero- 
cyclic mewionic S-:zrylsydnoiie.. Thit report is an  
account of the preparation of anhpdro-3-aryl-i-hv- 
droxy-1,2,3-thiadiazolium hydroxides ( I ) ,2  and a diq- 
cussion of the -truetiire-activity requirement. for the 
inhibition of JL40. 

K-S 

I 

Xnhydro-1,2,3-thiadiazolium hydroxides were pre- 
pared via the reported ~ e q u e n c e . ~ , ~  With the excep- 
tion of &methyl homologs, 5-substituted derivatives of 
I were obtained by the appropriate substitution reac- 
tion on the parent anhydro-1,2,3-thiadiazolium hy- 
d r ~ x i d e . ~  The limiting factor in the preparation of I 
was the stability of the intermediate arylazothioacetic 
acid 11. I t  was previously reported that polysubsti- 
tuted and especially ortho-substituted phenyl deriva- 

(1) U.  1’. Cameron and E. H. \Viseman. J .  .\Ted. Chem.. 11, 820 (1968). 
(2) The analysis of infrared. ultraviolet, and niiclear magnetic resonance 

spectra supporting the  assignment of a mesoionic structure t o  I \ d l  he dis- 
cussed in a subsequent pilhlication (D. P. Cameron. in preparation). 

( 3 )  G .  F. Diiffin and J. D. Kendall. J .  Chem. SOC., 3189 (1956). 
(4 )  TV. Paclia and R .  Prijs, Helr .  Chim. -4ctu,  41, 421 (1958). 

ArN?+ 
n 
L + 7 

HSCHRCOOH 
AC.0 

[11, R’= C,H;CO; -+ I 
j .  

IIa 

2!----+ XrN=NSCHRCOOR 

11. R = H ArSCHRCOOH -k iY; 

tivet of either I or I1 could not be prepared: the-cb 
restrictions did not apply if conditions were chomi 
which minimized two side reactions of 11: (1) :tcicl- 
catalyzed cleavage to diazonium salt aiid ( 2 )  thermal 
elimination of S 2  to yield carboxymethyl :try1 wlfiidc. 
IIa.6 The stability of I1 increased with increa&ig 
electron-releasing potential in the phenyl ring, although 
this favorable trend was compromised by retardation of 
the rate of cyclization of oi.tho-substituted analog.. 
Electronegative substituents (halogen, SO,,  CFj) coil- 
jugated ( p a m ,  ortho) with the diazo sulfide moiety de- 
pressed cyclization to I and enhanced (to the point of 
explosiveness) formation of I Ia ;  consequently, the 
corresponding cyclic derivatives were difficult to pre- 
pare unless the phenyl ring contained additional coil- 

( 5 )  K. K. Saunders, “The .%romatic Diazo Compounds,” Longman .-. 

(6) JJ-. B. Reynolds, I n d .  Eng. Chern..  42,  1905 llR30,. 
Green and Co.. London, 1949, Chapter V. 


