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added to  a solution of 7.1 g. of sodium in 150 ml. of ethanol. To 
the mixture was added a solution of 60 g. of 2-bromo-2-ethyl- 
hutyramide8 in 100 ml. of ethanol and the reaction mixture re- 
fluxed for 16 hr. under nitrogen. The precipitated sodium 
bromide was fibered off and the solvent. removed in vacuo. The 
residue was dissolved in 300 ml. of acetone, filtered from addi- 
tional sodium bromide, and the filtrate evaporated to  dryness. 
The residue was recrystallized from petroleum ether, yielding 27 
g. (645%) of 2-ethyl-2-ethylmercaptobutyraniide, melting a t  54- 
5.5 O. 

Sulfones (Table IV).-The preparation of 2-ethyl-2-ethylsul- 
fonylbutj-ramide (4) is described as a representative example. 
2-Et,hyl-2-ethylmercaptobutyramide (27 9.) was dissolved in 100 
nil. of a mixt,ure of acet,ic acid-aret,ic anhydride (5: l ) .  To the 

icwcooled solution nas added, In portions, 40 nil of 9 0 ~ c  hy- 
drogen peroxide After the addition nas crnipleted, the mixture 
was kept in the cooling bath for 3 hr and then a t  rooni tenipera- 
ture for 3 days The solvent aas  removed zn uac~co, and the resi- 
due treated repeatedly by dissolving in benzene and removing 
the solvent tn z'acuo. Recrystallization from benzene-petroleum 
ether yielded 20 4 g (64c/c) of 2-ethyl-2-ethylsulfon\lhutyraniide, 
melting a t  9Y-100°. 
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Strong Analgesics : Some N-(Piperidinoalky1)-ani lides 

.k number of S-(piperidinoalkyl) anilides have been prepared and tested for analgesic activity. One of these 
cwnipounds, l-[2-( S-phenylpropionaniidoethyl)l-4-phenyl-i-piperidinol, was approximately fifty times as potent 
as meperidine. Several others also possessed strong analgesic artivity 

One of the unsuccessful methods tried for the syn- 
thesis of 1-(2-anilinoethyl)-4-phenyl-4-propionoxypip- 
eridine, a potent analgesic, was a preferential O-acyla- 
tion of 1-(2-anilinoethyl)-I-pheiiyl-4-piperidinol dihy- 
drochloride using propionic anhydride as the acylating 
agent. The crystalline product, isolated in low yield, 
mas found to be a mixture of S- [2-(-J-phenyl-1,2,3,6- 
tetrahydropyridino)ethyl]-propionanilide (I, n = 2 ,  
R = C&5) and S- [3-(4-hydroxy--J-phenylpiperidino)- 
ethyl]-propionanilide (11, n = 2, R = C&&). Pure 
samples of each of these coinpounds were prepared and 
tested for analgesic activity, but oiily I1 (n = 2,  R = 
C2H5) proved to be a potent analgesic, having about 
50 times the activity of meperidine. 
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On the basis of these observations, it seemed desir- 
able to prepare additional compounds based on struc- 
tures I and I1 in which n and R were varied, and sat- 
urated analogs of I, quaternaries, 0-acyl derivativrs, 
X-methyl derivatives, and compouiids in which the 
anilide benzene ring was substituted. Illelting points 
and aiialytical data for the compounds prepared are 
listed in Table I. 

Most of the compounds of series I and I1 mere pre- 
pared hy ?;-alkylation of either 4-phenyl-1,2,3,6-tetra- 
hydropyridine, 4-phenyl-4-piperidinol, or 3-methyl-4- 
pheiiyl-4-piperidiiio11 with the appropriate anilino- 

(1)  P. AI. Caiahateas and L Grumbach, J .\fed. Phaim. Chem 5,  913 
(1962). 

alkyl bromide followed by acylation with the ap- 
propriate acid chloride or anhydride. =1 m-hydroxy- 
anilide, 1- [2-5-(3-hydroxyphenyl)propionamidoethyl]- 
4-pheiiyl-4-piperidiiio1, mas prepared from m-benzyl- 
oxyaniline as described in the Experimental section. 

All modifications of structure I1 (n  = 2,  R = C2Hs) 
decreased activity. Saturation of the A3 double bond 
was the only modification which appreciably increased 
activity in structure I (n = 2 ,  R = CrH5). 

It is of interest to  note that ?i( 1-methyl-2-piperidiiio- 
ethyl)propionaiiilide, reported* while this work n-as in 
progress, possessed about 50 of the activity of I1 
( n  = 2,  R = CZH,). 

Experimental3 
1-(2-Anilinoethyl)-4-phenyI-4-piperidinol.-A mixture of 4- 

phen,vl-4-piperidino14 (26.6 g., 0.15 mole), 2-anilinoeth>-l bromide 
h>-drobromide5 (47.8 g., 0.17 mole), 60 ml. of triethylamine, and 
300 ml. of chloroform was refluxed for 24 hr . ,  cooled and washed 
\\-ell with n-ater. The chloroform solut,ion \vas dried over sodium 
sulfate and ctrnrentrated to a red oil which completely cryst,allized 
after standing for 1 week. It, was recrystallized from cyclohes- 
ane using derolorizing charcoal; m.p. 101-103°, 26 g. ( 5 8 . 5 7 ; ) .  

A small portiun was converted to the dihydrochloride and re- 
crystallized from ethanol-ether; m.p. 158.6-160.4". 

dnal .  Calcd. for C,,H2,S20.2HC1: CI, 19.2: 0, 4.33. 
Found: C1, 19.16; 0,  4.37. 

1-(3-Anilinopropyl)-4-phenyl-4-piperidinoI.-This c~ompuund 
was prepared by the procedure described for 1-(2-anilinoethyl)-4- 
phenyl-4-piperidinol, using 3-anilinopropylbromide hydrobro- 
mide,e m.p. 91-93', yield 65cZ/;. 

(2) W. B. \%-right, H. A.  Brahander, and R. A. Hardy, Jr., J .  Am.  Chem. 
Soc.. 81, 1518 (1959). 

(3) A11 melting points were taken in a modified Hershberg apparatus and 
are corrected. 

(4) C. .J.  Fchmidle and R. C. AIansfield, J .  A m .  Chem. Soc..  78, 1702 
(1 956). 

( 5 )  \T. A I .  Pearlman, 16id., 70, 871 (1948). 
(6) B. Elpern, P. A I .  Carahatees. and I>. Gr.u:iibacli, J .  0i.g. C h r m  26,  

4728 (1961). 
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I I t / ! / / .  C:iIi,d. for  <:.oI~,~S.O: h-, 9.08. Found: S, S,!J2, 
1 - [2- (N-Phenylbutyramidoethyl)] -4-phenyl-4-piperidinol Hy- 

ttlded during 5 niin. to :i sc)lution i i f  1- 
drochloride.-..\ solution of hutyr>-l cahloride (1.06 g., 0.02 inole 
i r i  5 n i l .  of rhloriiforni \v 
i2-:tiiiliiioetli~.i --l-pher1~-l-4-~iperidinol (2.96 g., 0.01 mole 
in l .  i i f  chliiro~ortii. After 5st:tnding for 1 hr..  the soliitiun \v 
writr:iteii til :in i i i l .  Tritiiration with ether prtrdured a [vhitt. 
rolid which \\-:is rec*r>~st:dlized froru nieth:mol-ethyl acetate sev- 
c.r:tl times til j.ield 2.7 g. of p rod t i~~ t .  The other K-:~cyl deriv:i- 
t ivw were siniil:irl>- prepared. 

1- [2-( N-Phenylpropionamidoethyljl-4-phenyl-4-piperidinol 
Methochloride.-A solution of 1- [2-(N-phen..lpropic,n,zmido- 

I-4-piperidinol (8.9 g.. 0.03 mole) in 25 nil. of hot 
treated with 4 nil. uf methyl iodide. After st:intl- 

ing overnight. the solution was c-onc,entr:tted to :iii oil. The oil 
\\.:Ls tiissiilvetl i n  nieth:inol and pmsed through :i i ~ ~ i l u n ~ i i  of IR.1- 
400 i o n  e.;c.h:tiig:t. resin. The elu:ite was concentrated t o  a serni- 
solid wliich, on trituration with {icetone, gave a white solid. 
1 his w:ts revrystdlized friini isopropyl alcohol-ether tr) give 3.!i 

fi. of 1irodui.t. 
1- [2-(N-Phenylacetamidoethyl)] -4-phenyl-4-acetoxypiperidine 

hydrochloride.-~Crude l-i2-:~nilinoethyl-4-phenyI-4-piperidinol 
: f r< i i i i  17.7 g..  0.1 niirle, of 4-phenyl-4-piperidinol and 28.1 p,. 
! O .  1 nicile] ( i f  P-:t.nilinoet,hyl bromide hydrobromide) was treated 
\\-ith 50 nil. of :tcetic anhydride, 1v:trmed on t,he steam bath for 5 
tlr. :tiid :Illowed to stand overnight. The red solution was (YIII- 
wntr:rted t o  :til i i i l  in i'ociio, dissolved in etmher and filtered to re- 
i i i i n ~ i ~  cxloiidine.ss. IMiereal hydrogen chloride was added and the 
resulting gum triturated with ether to  produce a white solid d i i c .h  
\\':is recrystallized sever:il times froni nieth:inol-et,hyl acetate to 
givr I i . 2  8.  of ~jrot luct .  

r 3  

r .  I he S!( )-ililiriiliiiJn>.l i~iri i j) i~und W:LY pi.iq~ared i n  thr  xi i i i i t ,  i v : i ~  . 
rn-Benz)-loxy a-ch1oroacetanilide.-A aolu t io i i  1 1 1  ,n-t,enz>,los).- 

:tiiiline7 (99.6 p.. 0.5 niolt~) in  300 nil .  i ) f  eth>-lenr tlic.hloridr W : I Y  

i~c io led  t o  0" itt 1111 i w  -s:dt 1 ~ 1 t h  :inti :t solution i ) f  c.hlorim.etyl 
c,hloriile 1 t i i . 6  p., 0.6 i i i t ~ l e )  i n  100 1111. ethj-leiir dic*hloride :idtlc.ii 
over 0.5 lir .  v i th  vigririius stirring at  1e.s than I O " .  -4 solritioii 
i r f  10' siidiiuri h).dro-iicle 1 ~ : ~ s  added its nc?cws:ir>' t i l  I i ~ p  t i i t ,  

t i i i s turc~  ti:isii+ The iriixture t u r n d  t o  :t tvli i te swiiisoliti \ v l i i ~ , t i  

\vas (v i l le i~ tc t l .  \\-:died ivith 1v:tter :rqd dissolved i t i  1500 ni l .  i r f  ho t  
t ienzeiie. Tlic m i k r  1:iycr wits sqiaritted anti t h r l  lienzeric 1 : ~ )  i'r 

(.iincentrnted t o  :i viilu~iir of ~1t i i J i l t  T30 nil .  'I'iic, wI [ i t  i r i n  \\'us f i l -  
tered and diluted with 1iex:ine. The n-iiite srilid rvhic~!i r.ryst ; i l -  

lized Iiad i i i . p .  12:3-12:3.5', >.ieltl 124.0 g .  i 90 . j '  

I :i.L'o. 
N- (4-Hydroxy-4-phenylpiperidinoacetylj -ut-  benzyloxyaniline. 

---A mixture of 4-l.'heiiyl-4-piperidinol (26.6 g., 0.15 iii~ile), tn-kien- 
z~-losy-a-c.hlorc,uc.et:Lriilide (41.6 g., 0.15 mole), s~idiurii cwhonatcb 
(20 g , ,  0.188 niolei, :tiid 200 i d .  o f  t,tiluene wits st,irrcd ttnd refltlxc~l 
for  24 hr. The niistiirt, \va3 filtered hot  and the tiltrate : t l lo\vtd 

lized froni tolueiie-hextnr: 

T4,!6: H, ( ; , i s ;  S, (j.T:3. 

1- [ 2- (3-Benzyloxyphenylamino)ethyl] -4-phenyl-4-piperidinol. 
-Solid S-(4-hydrii-~y-4-phen~lpiperidinoacet~~l)-~~z-hen~yl~ixy- 
aniline (53.2 g., 0.128 mole) \\-as added in portions to  a slurry of 
lithium aluminum kiydride (12.1 g., 0.32 mole) in 500 nil. crf tetra- 
hydrofuran. The niirttire \\':is stirred a.t reflux for 18 hr. A f t e r  
rooling, i t  was decwrnposed by caut>ious addition of 12 nil. of 

i i )  A.  A I f o r t u n  a n d  JV, R. Slnunal i i te ,  J .  Bioi. Cliem.,  179, 2 6 l  ( 1 9 4 9 ~ .  

.1 / i i l / ,  F:11(d. f!~r C,-,Hl,CIS( ):: ( * I ,  12. 

~ 
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water, followed by 150 ml. of a saturated solution of potassium 
sodium tartarate. The  slurry was fikered and the filtrat,e concen- 
trated to an uil which was dried by azeotropic distillat'ion with 
benzene. The  crude product weighed 51.4 g. ( l O O ~ o )  and was 
used without further purification in the  following step. 

1 - [ 2-N- (3-Benzyloxyphenyl)propionamidoethyl] -4-phenyl-4- 
piperidinol.-.4 solution of crude 1- [2-(3-benzyloxyphenylamino)- 
eth!-l]-4-pheiiyl-4-pipcridinol 151.4 g., 0.128 mole) in 100 nil. of 
c*hlorof[irrii 11 :I$ treated Hith propionyl chloride (11.9 g., 0.128 

nding for 3 hr., t,he solution was concentrated 
to :til oil 156.2 g., 95.7";) {r-hirh cnuld not be obtained crystalline, 
either :IS the free time o r  :IS :t salt. It II-:LC: used directly in the 
ne :t step. 

1- [2-N-(3-Hydroxyphenyl)propionamidoethyl] -4-phenyl-4-pi- 
peridinol Hydrochloride.-A solution of crude 1-[2-Ti-(3-benzyl- 
o\;yphenyl~propionamidoet~liyl]-4-phengl-4-piperidinol (56.2 g., 
0.123 inole) in 700 nil. of absolute ethanol \vas hydrogenated at  
111 kg./cm.* and 27'", using 6 g. of 107; palladium-charcoal. 
After 6.7'5 hr., 8051 of the theoretical amount of hydrogen had 
been absorbed. The  catalyst \\-as removed b>- filtration and the 
filtrate conrentrated to about 100 nil. The  solution was made 
strongly basic ivith 355, sodium hydroside and estract,ed with 
ether to remove non-phenolic material. The  aqueous solution 
was brought to about pH S by the d( iw addition of acetic acid 
and the precipitated oil was extracted with ether. The ether 
extracts deposit,ed a crystalline solid after standing for 1 hr. 
The solid \viis converted to the hydrociiloride by stirring with 
ethereal hydrogen chloride. I~ecrj-stallization frorn methanol- 
ethyl acetate gave 12.4 g. (24.9( l) of product, m,p. 215.8- 
217.x0. 

4-Phenyl-1- [2- (N-phenylpropionamidoethyl)] -1,2,3,6-tetrahy- 
dropyridine Hydrochloride.--A mixture of 4-pheny1-1,2,3,6-tetra- 
hj .drcii)>~idine~ (63.6 g.. 0.4  mole), 2-:inilinoeth~rl bromide hydro- 

bromide (112 g.: 0.4 mole), 500 nil. of chloroforni, and 60 nil. of 
triethylamine was refluxed for 24 hr. Propionic anhydride (150 
ml.) was a,dded and the  mixture allowed to stand overnight. 
Methanol (150 ml.) n-as added and the solution concentrated to  :in 
oil which \vas made basic with 35'7; sodium hydroxide. The oil 
was evtracted with benzene, washed with water, and concentrated. 
The oil was dissolved in ether, filtered to remove some insoluble 
material, and concentrated again to an oil which was distilled 
through a short path cwlumn. The fr:iction boiling a t  190-200" 
(0.3 mm.)  w a s  collected, dissolved in ether, :in(! treated with ethe- 
real hydrogen chloride. The resulting g u m  yielded a solid on trit- 
uration with ether. The solid was recrystallized frorn methann- 
ethyl acetate tn give 27' g. of product. The  niethochloride of 
this compound was prepared as described for the niethochloride 
of the analogous piperidinol. 
4-Phenyl-l-[2-(N-phenylpropionamidoethyl)]piperidine Hy- 

drochloride.-A solution of 4-phenyl-l-[2-(N-phenylpropion- 
amidoethyl)]-1,2,3,G-tetrahydrop~-ridine hydrochloride (4.7 g., 
0.0126 mole) in 100 ml. of ethanol \vas hydrogenated a t  3.5 kg./ 

i n  a Parr apparatus using 150 mg. of platinum oxide as cata- 
lyst. The theoretical amount of hydrogen n-as absorbed in 15 
min. The  catalyst n-as removed by filtration and t,he filtrate 
concentrated to about 25 ml. Crj-stals bvere deposited on stand- 
ing for a short time. After recryst:tllization from ethanol-ether, 
2.9 g .  of product was ohtained. 
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Investigations in  Heterocycles. XIII. Structure-Activity Relationships of 
Heterocyclic Compounds with Potent Analgetic Effects 
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L O ~ I S  DORFMAS, ASD CHARLES F. HUEBSER 

h variety (if  tetralin, rhroniane. and thiachromane compounds strurturnllj- related to  prcipoxyphene have been 
It has been observed tha t  the 2-picolyl 

Some sterecicheniical considera- 
prepared, and the structure-activity relationship has been discussed. 
moiety markedly enhances the analgetic activity in this group of compounds. 
tions have been dedured b). means of chemical and spectral data.  

,LTs part of a coiitiiiuiiig program directed toward the 
preparation of clinically effective analgetic agents, we 
wish to outline a phase of work carried out in our 
Laboratories which has led to some highly active com- 
pounds. 

Since d-propoxypheiiel (I) was reported to be a 
clinically useful analgetic without possessing appreci- 

I 
able addiction liability, it was of interest to prepare 
some heterocyclic analogs of I, as well as cyclic analogs 
coiitaiiiiiig hetero atoms. This could be done in two 

(1) .A. Pohland. H. R. Sullivan, and R .  E. Mchlahon, J. Am.  Cnem S o e ,  
79, 1442 (19571. 

ways; namely, replacing at  least oiie of the plienj 1 
groups with a heterocycle ( e . c . ,  pyridyl) or prepariiig 
cyclic analogs of I in the chromaiie aiid thiachromanc 
series. It is also conceivable that a compound incor- 
porating a combination of these ideas could also be 
prepared. 

The initial phase of the study involved the prepara- 
tion of a pyridyl analog (11) of I. Thus. 3-dimethyl- 
amino-l-(2-pyridyl)-l-propaiione was allowed to react 

Q CH /\z, N(CHs)z 
c CH, 

0, ET,N(CH,) ,  

CJIsCHz / \  OCOCzHs QJ".,",'dh*H6 
I1 

I11 

with beiizylmagiiesium chloride to form a tertiary 
alcohol which was esterified with propionic aiihydridc 


