
July, 1963 HETEROCYCLES. XIII . POTEXT ANALGETICS 357 

water, followed by 150 ml. of a saturated solution of potassium 
sodium tartarate. The slurry was filtered and the filtrate concen
trated to an oil which was dried by azeotropic distillation with 
benzene. The crude product weighed 51.4 g. (100%) and was 
used without further purification in the following step. 

1 - [2-N- (3-Benzyloxyphenyl)propionamidoethyl] -4-phenyI-4-
piperidinol.—A solution of crude l-[2-(3-benzyloxyphenylamino)-
ethyl]-4-phenyl-4-piperidinol (51.4 g., 0.128 mole) in 100 ml. of 
chloroform was treated with propionyl chloride (11.9 g., 0.128 
mole). After standing for 3 hr., the solution was concentrated 
to an oil (56.2 g., 95.7%) which could not be obtained crystalline, 
either as the free base or as a salt. It was used directly in the 
ne: t step. 

1- [2-N-(3-Hydroxyphenyl)propionamidoethyl] -4-phenyl-4-pi-
peridinol Hydrochloride.-A solution of crude l-[2-N-(3-benzyl-
oxyphenyl)propionamidoethyl]-4-phenyl-4-piperidinol (56.2 g., 
0.123 mole) in 700 ml. of absolute ethanol was hydrogenated at 
111 kg./cm.2 and 27°, using 6 g. of 10% palladium-charcoal. 
After 6.75 hr., 80% of the theoretical amount of hydrogen had 
been absorbed. The catalyst was removed by filtration and the 
filtrate concentrated to about 100 ml. The solution was made 
strongly basic with 35% sodium hydroxide and extracted with 
ether to remove non-phenolic material. The aqueous solution 
was brought to about pH S by the slow addition of acetic acid 
and the precipitated oil was extracted with ether. The ether 
extracts deposited a crystalline solid after standing for 1 hr. 
The solid was converted to the hydrochloride by stirring with 
ethereal hydrogen chloride. Hecrystallization from methanol-
ethvl acetate gave 12.4 g. (24.9%) of product, m.p. 215.8-
217.8°. 

4-Phenyl-l-[2-(N-phenylpropionamidoethyl)]-l,2,3,6-tetrahy-
dropyridine Hydrochloride.—A mixture of 4-phenyl-l,2,3,6-tetra-
hydropyridine4 (63.6 g., 0.4 mole), 2-anilinoethyl bromide hydro-

bromide (112 g., 0.4 mole), 500 ml. of chloroform, and 60 ml. of 
triethylamine was refluxed for 24 hr. Propionic anhydride (150 
ml.) was added and the mixture allowed to stand overnight. 
Methanol (150 ml.) was added and the solution concentrated to an 
oil which was made basic with 35% sodium hydroxide. The oil 
was extracted 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 column. The fraction boiling at 190-200° 
(0.3 mm.) was collected, dissolved in ether, and treated with ethe
real hydrogen chloride. The resulting gum yielded a solid on trit
uration with ether. The solid was recrystallized from methanol-
ethyl acetate to give 27 g. of product. The methochloride of 
this compound was prepared as described for the methochloride 
of the analogous piperidinol. 

4-Phenyl-l-[2-(N-phenylpropionamidoethyl)]piperidine Hy
drochloride.—A solution of 4-phenyl-l-[2-(N-phenylpropion-
amidoethyl)]-l,2,3,6-tetrahydropyridine hydrochloride (4.7 g., 
0.0126 mole) in 100 ml. of ethanol was hydrogenated at 3.5 kg./ 
cm.2 in a Parr apparatus using 150 mg. of platinum oxide as cata
lyst. The theoretical amount of hydrogen was absorbed in 15 
min. The catalyst was removed by filtration and the filtrate 
concentrated to about 25 ml. Crystals were deposited on stand
ing for a short time. After recrystallization from ethanol-ether, 
2.9 g. of product was obtained. 
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A variety of tetralin, chromane, and thiachromane compounds structurally related to propoxyphene have been 
prepared, and the structure-activity relationship has been discussed. I t has been observed that the 2-picolyl 
moiety markedly enhances the analgetic activity in this group of compounds. Some stereochemical considera
tions have been deduced by means of chemical and spectral data. 

As part of a continuing 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 ^-propoxyphene1 (I) was reported to be a 
clinically useful analgetic without possessing appreci-
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able addiction liability, it was of interest to prepare 
some heterocyclic analogs of I, as well as cyclic analogs 
containing hetero atoms. This could be done in two 

(1) A. Pohland, H. R. Sullivan, and R. E. McMahon, J. Am. Cnem. Soc, 
79, 1442 (1957K 

ways; namely, replacing at least one of the phenyl 
groups with a heterocycle (e.g., pyridyl) or preparing 
cyclic analogs of I in the chromane and thiachromane 
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 (II) of I. Thus, 3-dimethyl-
amino-l-(2-pyridyl)-l-propanone was allowed to react 
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with benzylmagnesium chloride to form a tertiary 
alcohol which was esterified with propionic anhydride 
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to yield II. This compound was completely devoid of 
analgetic activity. Consequently, a similar compound 
(III) was prepared by treating 3-dimethylamino-2-
methyl-1-pi'opiophenone1 with 2-pieolyl lithium. The 
resulting tertiary alcohol was in turn esterified to the 
propionate (III) which was found to be twice as potent 
as (/-propoxyphene when tested in experimental animals 
according to a modification of the tail flick method in 
mice.-

An extension to this work would be the preparation 
of cyclized derivatives in the chromane, thiachromane 
and tetralin class. The starting materials in this 
synthesis were the Mannich bases of -1-chronianonc, 
substituted 4-chromanones, 4-thiachromanones, and 
a-totralone. These ketone intermediates were allowed 
to react with Grignard reagents or aryl lithium com
pounds to afford the diastereoisomeric alcohols. Re
peated attempts to separate these racemates by frac
tional crystallization or column chromatography were 
unsuccessful. Consequently, the diastereoisomeric 
mixture of tertiary alcohols was used directly in the 
subsequent esterification with propionyl chloride in 
toluene to afford the desired esters. It should be 
emphasized that at. the time work was begun in our 
Laboratories, it had already been rioted that compound 
IV had been prepared in 1949 by Morrison and Rinder-
knecht3 and was found to have some analgetic effect. 

CeHs 
C H 2 N ( C H 3 ) 2 

O C O C H 3 
IV 

The corresponding propionate ester (V; see Table I) 
was therefore prepared and found to exhibit analgetic 
effects. 

In our hands, it was possible to separate VI into its 
two racemates (Via and VIb). Compound Via had 
only weak analgetic activity, whereas VIb was a good 

(2) L. Witkin, C. F. Huebner, F. Galdi, E. O'Keefe, P. Spitaletta, and A. 
Plummer, J. Pharmacol. Expil. Therap., 183, 400 (1961). 

(3) A. J. Morrison and H. Rinderknecht, British Patent 615,136 (January 
3, 1949). 

analgetic with a potency 0.1 that of morphine.' Con
sequently, the 2-pieoly] compound VII, corresponding 
to the open chain analog III, was prepared and tested 
for its analgetic effects in experimental animals. Com
pound VII was found to be o times more potent than 
morphine. This corresponds to a lo-fold increase over 
the benzyl derivative VIb. Only one chaster of VII 
could be isolated 

The chromanes also gave rise to analgetically active 
compounds. Compounds VIII and IX had comparable 
analgetic activity (O.o that of codeine), whereas the 2-
picolyl derivative X was approximately 0.2 as potent 
as morphine (or twice as active as codeine). Other 
structural modifications in the chromane series involved 
substitutions on the chromane benzene ring (compounds 
XI through XIV). In all cases there was observed a 
diminution in activity. Substitution on the benzene 
ring attached to the quaternary carbon (XV) also was 
of no advantage. Finally, the thiachromane analog of 
compound VIII was synthesized according to the 
described sequence and was found to be weakly analgetic. 
Although the yield of acetylated product was poor, it 
was possible to separate the diastereoisomers XVIIa 
and XVIIb. Neither of these substances possesses 
significant analgetic effects. 

Consequently, the structure-activity relationship in 
this series of compounds is somewhat specific. As ob
served by Patchett and Giarruso, the imposition of 
restricted rotation on (/-propoxyphene certainly leads 
to an increased analgetic effect. However, we have 
also observed that the replacement of the benzyl group 
at the quaternary carbon with a 2-picolyl group in c/-
propoxypheue and in the tetralin and chromane series 
gives rise to decidedly more potent compounds. As 
far as we know, this has not been observed previously 
in structure-activity relationship studies of analgetics. 

Since these compounds possess two centers of asym
metry, it was also of interest to determine their stereo-

(4) While this work was in progress, A. Patchett. and P. Giarruso [J. 
Med. Pharm. Chem., 4, 403 (1961)] reported on the synthesis of VIb, but 
were not able to isolate the other diastereoisomer Via. These investigators 
also indicated that in their test, VIb was approximately Vs as potent as 
morphine, 

CH.2C.iH4X
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chemistry. Chemical evidence supported by spectral 
data served to establish the stereochemistry of the 
chromanes. The tertiary alcohol, 3-dimethylamino-
methyl-4-hydroxy-4-phenyl chromane (XVIII), was 
found to be an equal mixture of the two diastereoiso-
meric alcohols by paper chromatography. This mix
ture gave a 40% yield of the propionate ester (VIII) 
and an equal amount of 3-dimethylaminomethyl-4-
phenyl-A3 "-chromane (XIX, Table II), on treatment 
with propionyl chloride in toluene. The remaining 
material isolated from the mother liquors was unreacted 
tertiary alcohol.6 Moreover, paper chromatographic 
analysis of VIII indicated that only one racemate was 
present. 

Since the esterification reaction yields an equal 
amount of ester and dehydrated substance, it is possi
ble to make the following stereochemical assignment to 
the two alcohol racemates of XVIII. 

C6H5 H 

XVIIIa 

OH H 

XVIIIb 

The conformational arrangement in XVIIIa is 
suitable for a facile trans di-axial elimination of water, 
whereas this is not the case with XVIIIb. To estab
lish whether or not XVIIIb could be transformed to 
olefin under the same esterification conditions previ
ously described, VIII was allowed to react with lithium 
aluminum hydride to afford one racemic alcohol. The 
homogeneity of this substance was supported by paper 
chromatographic analysis. Esterification of this alcohol 
with propionyl chloride gave a 65% yield of VIII. Chro
matographic analysis of the mother liquors revealed 
approximately another 10% of VIII, and the remain
ing substance was shown to be only starting material. 
No trace of the unsaturated compound XIX could be 
isolated or detected by chromatography. This then 
clearly demonstrates that the active compound has the 
configuration assigned to the ester of XVIIIb. 

This conclusion was supported by n.m.r. measure
ments. In ester VIII the protons at position 2 exhibit 
a quartet centered at 4.3 r. The splitting constants 
are 2.3 c.p.s. indicative of an axial-equatorial inter-

(5) Similar results were obtained in the preparation of all esters in the 
chromane series with a phenyl group substituted at the quaternary carbon. 
Compound XIX was also prepared by treating the diastereoisomeric mix
ture (XVIII) with 10% hydrochloric acid under mild reflux. 

action and at 6.0 c.p.s. which is due to the axial-
axial relation. These data establish the equatorial 
conformation of the dimethylaminomethyl group. In 
compound VIII the aromatic proton at position 5 is 
shielded by the phenyl group only when this group is 
in the axial conformation, a doublet occurring at 3.46 T 
(J = 7.5 c.p.s.). 

A number of chemical methods were applied in order 
to elucidate the stereochemistry of the tetralin anal
getics IV —VII. However, none of these has given, 
as yet, unequivocal results in spite of the fact that 
both racemates, active and inactive, Via and Vlb, 
respectively, were available to us. The n.m.r. data 
on these substances also do not facilitate a single 
stereochemical assignment. However, since it has been 
possible to separate the active isomer Vlb from the 
inactive one Via, it is reasonable to consider Vlb to be 
stereochemically related to VIII. 

Experimental 

The Mannich bases used as intermediates in this study have 
been previously described. Harradence, et al.,' have outlined 
the preparation of 3-dimethylaminomethyl-6-methoxy-4-chro-
manone and 3-dimethylaminomethyl-8-methyl-4-chromanone. 
Wiley7 also has outlined the remaining chromane aminoketones. 
2-Dimethylaminomethyl-l-tetralone was described by Mannich8 

and co-workers and 3-dimethylaminomethyl-4-thiachromanone 
was prepared by Chem9 and co-workers. 

l-Benzyl-4-dimethylamino-3-propionyloxy-l-(2-pyridyl)-
butane Hydrochloride (II).—In a 3-necked flask connected with 
a stirrer, reflux condenser and dropping funnel, benzylmagnesium 
chloride was prepared from 8.85 g. (0.07 mole) of benzyl chloride 
and 1.7 g. (0.07 mole) of magnesium in 200 ml. of dry ether. 
The solution was then treated with 12.0 g. (0.68 mole) of 3-di-
methylamino-l-(2-pyridyl)-l-propanone dissolved in 100 ml. of 
ether. The resulting mixture was refluxed for 5 hr. and then 
allowed to stand a t room temperature overnight. The mixture 
was then decomposed with 100 ml. of ice cold aqueous 2 0 c

c hy
drochloric acid. The acid layer was separated, extracted with 
ether, and then made basic with sodium hydroxide solution and 
again extracted with ether. The ether extract was dried over 
magnesium sulfate. After filtering off the drying agent, the 
ether filtrate was evaporated to dryness to give a yellow oil. The 
residue on distillation yielded l-benzyl-4-dimethylamino-l-(2-
pyridyl)-2-butanol, b.p. 160-167° (0.5 mm.). 

Anal. Calcd. for Ci7H22N20: C, 75.24; H, 8.20; X, 10.37. 
Found: C, 75.81; H, 7.54; X, 9.50. 

(6) R. H. Harradence, G. K. Hughes, and J. Lions, J. Proc. Roy. Soc. 
A'. S. Wales, 72, 273 (1939). 

(7) P. F. Wiley, J. Am. Chem. Soc, 78, 4205 (1951). 
(8) C. Mannich, F. Borkowsky, and W. A. Lin, Arch. Pharm., 275, 54 

(1937). 
(9) T. C. Chem, C. S. Sum, H. C. Soong, and C. C. Chyan, Chem. Abstr., 

52, 11,029 (1958); S. H. Chu, W. W. Chyan, and C. C. Chang, ibid.. 52 
11,044 (1958). 
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R e p e a t e d a t t e m p t s to purify this fur ther were not successful. 
Infrared spec t roscopic ana lyses ind ica ted some 2-aeetyl pyr id ine 
i m p u r i t y and possibly some d e h y d r a t i o n p r o d u c t . C o n s e q u e n t l y , 
the subs t ance was used d i rec t ly for the p repa ra t i on of the pro
p iona te . 

T w o gra ins of the above t e r t i a r y alcohol was allowed to react 
with 2 ml. of p ropionic a n h y d r i d e in 3 ml. of pyr id ine a t room 
t e m p e r a t u r e for 4S hr. , af ter which t ime the pyr id ine was re
moved in rariin. T h e res idue was d i lu ted with wa te r and the 
resul t ing solut ion m a d e basic wi th a m m o n i u m hydrox ide , After 
ex t r ac t i ng th i s basic solut ion wi th e ther , the e x t r a c t was concen
t r a t ed to give an oil which b e c a m e semiervs ta l l ine on s t and ing . 
Th i s mate r i a l was recrvs ta l l ized from e thy l e ther to give 0.15 g. 
of I I . in.p. (iH-(j()°. T h e s u b s t a n c e crystal l izes qu i te slowly from 
e ther . 

Anal. Calcd . for C.,,H.,,N2(),: C, 74.0V- If. s.20. F o u n d : 
C, 7-4.2(5: H, S.05. 

T h e infrared s p e c t r u m showed a s t rong absorp t ion band at 
1742 cm. " ' for the es ter b a n d . 

4-Dimethylamino-3-methyI- l - ( 2-picolyl ; - l -phenyl-5-propionyl-
oxybutane Hydrochloride ( I I I ) .—To a solut ion of p h e n y l l i th ium 
p repa red from 9.1 g. of l i th ium and 07.5 g. of b r o m o b e n z e n e in 
400 ml. of e the r in a n i t rogen a t m o s p h e r e , 40 ml . of a-picol ine was 
added d ropwise wi th s t i r r i ng . After s t a n d i n g 3 hr. a t room t e m 
pe ra tu r e , a solut ion of 31 . ! ! g. of 3 - d i m e t h y l a m i n o - 2 - m e t h y l - l -
p l i e n y l - l - p r o p a n o n e in 100 ml. of e t h e r was a d d e d d ropwise with 
s t i r r ing . After s t a n d i n g ove rn igh t at room t e m p e r a t u r e , the 
small a m o u n t of u n r e a c t e d l i th ium was filtered and the fi l trate 
poured o n t o ice wate r . T h e e t h e r was s e p a r a t e d , washed with 
water , d r ied , and e v a p o r a t e d . T h e residue on dis t i l la t ion gave 
(i!) g. of a c rude m i x t u r e of the two d ias t e reomer ic 4 -d ime thy l -
amino-3 - ino thy l -2 -pheny 1-1-( 2-pvr idvl ' -2-butanols , b . p . 150-100° 
i 0.0 m m . i. 

Anal. Ca lcd . for Ci,H-4N\.(): C, 70.02: H, X.51: X, s .23 . 
F o u n d : C, 70.NO: H, S.05: X, 0.70. 

A mix tu re of 3 g. of the above alcohol-, :{ ml. of p ropionic an
hydr ide , and 3 ml . of py r id ine was allowed to s t a n d at r o o m t e m 
p e r a t u r e for 2 weeks. After e v a p o r a t i o n of the p y r i d i n e in rarna 
a n d di lu t ion wi th wa te r , t h e m i x t u r e was m a d e basic wi th a m 
m o n i u m hydrox ide , and then e x t r a c t e d with e the r . R e m o v a l of 
most of t h e e t h e r gave a m i x t u r e which p a r t l y crys ta l l ized af ter 
s t a n d i n g for severa l davs . After recrvs ta l l iza t ion from e thv l 
e ther , I II mel ted at 00 !l'l =. 

Aim!. Calcd . for C.;HL . ,X2(),: C, 74.0S: II , s.2(); X, S.23 
F o u n d : C, 73.7S; H . S . 2 2 : X, S.00. 

1 -Benzyi -2-dimethylaminomethyl - 1-propionylox y-1,2,3,4 -
tetrahydronaphthalene Hydrochlor ide .—This p r o c e d u r e is ou t 
lined in deta i l to show t h e sequence of s t eps which led to t h e 
isolation of r acema te s Via and V I b . 

A solut ion of 17 g. of 2 - d i m e t h y l a i n i n o m e t h y l - l - t e t r a l o n e in 50 
ml. of d ry e t h e r was a d d e d dropwise , wi th cooling to a b o u t room 
t e m p e r a t u r e , to the ( I r igna rd reagent p r epa red from 1) g. of m a g 
nesium and 40 ml. of benzyl chloride in 150 ml, of e the r . After 
s t a n d i n g overnight. , t h e m i x t u r e was refluxed for 2 hr . T h e mix-
tun 1 was again cooled to room t e m p e r a t u r e a n d IS.5 ml. of p ro
pionyl chlor ide in 50 ml. of e the r added d ropwise with s t i r r ing . 
After refhixing for 30 min. , t h e m i x t u r e was cooled in ice w a t e r 
and d i lu te a m m o n i u m hydrox ide a d d e d unt i l the m i x t u r e was 
basic. T h e e t h e r was s e p a r a t e d , e x t r a c t e d wi th d i lu te h y d r o 
chloric acid, and t h e acid ex t r ac t , af ter be ing m a d e basic with 
a m m o n i a , was e x t r a c t e d wi th e ther . T h e e the r was then dr ied over 
sodium sulfa te and c o n c e n t r a t e d to d rynes s in riirnn. Some tin-
esterified alcohol was shown to be present from t h e infrared spec
t r u m . I 'pon the add i t i on of one equiv . of maleic acid to this 
base in coned, e thano l solut ion, the c rude m a l e a t e s epa ra t ed , 
m.p . 151- 155°. 

Anal. Ca lcd . for C,.,H,aN( >L.-C,Ii.,( h-b- .JM >: C. 0S.O5; II. 
7.12: X , 2 . 9 4 . F o u n d : C, OS.01 : 11,7.30: X, 2.S7. 

T h e base gene ra t ed from the ma lea t e by ex t rac t ion with e the r 
of an a q u e o u s suspens ion m a d e basic with a m m o n i a no longer 
showed alcohol abso rp t i on . However , pape r c h r o m a t o g r a p h y 
immobi le p h a s e : fo rmamide ( p i t 5.0 with benzoic a c i d ) - i n e t h -

anol i I : 1 J: mobi le p h a s e : benzene- cyc lohexane i 1 : I )] showed an 
a p p r o x i m a t e l y 1 : 1 m ix tu re of d ias te reomer ic es ters wi th Its value-* 
of 0.40 and 0.05. T h i s m i x t u r e on s t a n d i n g in t h e icebox for 
severa l days as a very coned, m e t h a n o l so lu t ion depos i ted large 
pr i sms . I ' pon fi l tration a n d two rec rys ta l l i za t ions from m e t h 
anol water , one of the p u r e d ias te reomer ic l -benzy l -2 -d ime thy l -
a m i n o m e t h y l - 1 - p r e p i o n y l o x y - 1,2,3,4 - t e t r a h y d r o n a p h t h a l e n e s 
i Y I b i was ob ta ined , m.p . 0 2 - 0 3 ° . 

Some of the crude ma lea t e descr ibed above was recrvstal l ized 
-1 t imes from e thano l which raised the mel t ing po in t to 173 175 : ' 
T h e base ob ta ined from this salt, crysta l l ized upon removal oi 
the e the r from its ex t r ac t . After two recrys ta l l i za t ions from 
e thano l water , the second pure d ias teroonior i Via •• was ob ta ined 
'Hi 0.05), m.p . 5s 0 2 ' . T h e me l t ing point of a mix tu re of Via 
and VIb was 50 52° . Via and V I b h a v e different infrared spc -
t ra . especial ly in the fingerprint region. 

V i a and V I b were m a d e into aqueous solut ions with one molar 
equiva len t of hydrochlor ic acid just pr ior to tes t ing . 

2-Dimethylaminomethyl - l - (2-pico ly l -1-propionylo.xj-1,2,3,4-
tetrahydronaphthalene Maleate . T o a solut ion of a-ph-oh I 
l i th ium in 200 ml. of e the r p r e p a r e d as descr ibed above from 1.75 
g. of l i th ium, 14 ml. of b romobenzene . and 12.5 ml. of o-pieolim-
was a d d e d dropwise wi th s t i r r ing a solut ion of 17 g, of 2-di-
m e t h y l a m i n o n i e t h y l - l - t e t r a l o n e in 50 ml. of e the r . After s t a n d 
ing for 30 min. . the m i x t u r e was t r ea ted while s t i r r ing at room 
t e m p e r a t u r e with 11 nil, of propionic a n h y d r i d e in 50 nil. of 
e ther . After s t i r r ing for (i hr . , the vo luminous cream-colored 
p rec ip i t a te was filtered, washed several t imes with e ther , and 
suspended in 100 ml. of wa te r . T h e a q u e o u s solut ion was m a d e 
basic with a m m o n i a and (he resu l t ing oil ex t r ac t ed witli e ther . 
I ' pon removal of the e ther , the res idue pa r t l y crys ta l l ized. T h e 
crys ta l l ine ma te r i a l was collected, carefully washed with a small 
a m o u n t of e ther , and recrvs ta l l ized from e thano l , m . p . 1 10°. 

Anal. Calcd . for ( V J H - J . X ' 4 ) , . : C. 7-1.00: H. V 0 1 : X. 7,75 
F o u n d : C, 75.10: H, v o l : X, s . 0 1 . 

T h e ma lea t e salt was p r epa red in ace tone solut ion and recr\>-
tall ized from e t h a n o l - e t h e r , m.p . 110 -150°. 

3-Dimethylaminomethyl -4 - (2-picolyl ,-4 -propionyloxychromane 
maleate , m .p . 118 120 c . was p r epa red in a similar manne r . 

3-Dimethylaminomethyl-4-phenyl-4-propionyloxychromane 
Hydrochloride ' V i l l i . -A descr ip t ion of the synthes i s of th is sub
s t ance will serve to i l lus t ra te t h e p rocedure whereby all the 
c h r o m a n e esters descr ibed in T a b l e 1 wvrc p r epa red . Phenyl 
magnes ium bromide was p repared in 200 ml. of e ther in a. 1-1. 
H.ask from 12.0 g. -0.77 mole ; of b romobenzene and l . s l g. ol 
magnes ium r ibbon. An e t h e r solut ion : 100 ml. i of 2 -d imethy l -
a m i n o n i e t h y l - 1 - c h r o m a n o n e : 14.0 g.: 0.07 mole > was then a d d e d 
dropwise at 5 10° with s t i r r ing over a 1 hr . per iod. After the 
add i t ion was comple te , the mix tu re was refluxed gent ly for 5 hr 
and then allowed to s t a n d at room t e m p e r a t u r e overnight 
T h e mix tu re was t r ea ted dropwise with 100 ml. of s a t u r a t e d 
a m m o n i u m chloride solut ion and the aqueous solut ion was sep
a ra ted from the e therea l layer. 4'he e ther extract wan washed 
with water and then dried over magnes ium sulfate . T h e dried 
e the r ex t rac t was filtered and the fi l trate was concen t r a t ed to an 
oily residue which solidified on s t a n d i n g , thus yie lding 7.5 g. of 
p roduc t . Pape r c h r o m a t o g r a p h i c ana lys i s ind ica ted 2 main t rac
t ions (2 r acemates >. However , all a t t e m p t s to s e p a r a t e these 
r acemates were unsuccessful . ( ' o n s e q u e n t l y , the following aoyla • 
lion react ion was carr ied out on the d ias lereoisomer ic mix ture . 

Propionyl chloride :2.0 g. ! dissolved in 15 ml. of to luene was 
t r ea ted dropwise while s t i r r ing at 25 2 s ° with 3,5 g, of the above 
t e r t i a ry alcohol dissolved in 15 ml. of to luene . After a short 
t ime, a whi te solid s epa ra t ed from solut ion . 4'he react ion mix
tu re was s t i r red at 00° for 2 hr. af ter add i t ion of (tie t e r t i a ry 
alcohol was comple te . T h e p rec ip i t a t e was then collected on a 
filter and washed wi th a smal l a m o u n t of to luene . Th i s mate r i a l , 
which conta ined some s t a r t i n g mater ia l as i m p u r i t y , was re-
crystal l ized from ace tone e the r : 2 : 1 : to afford one crystal l ine 
raeeiiiat.o. W o r k - u p of the to luene m o t h e r l iquors yielded an 
equivalent a m o u n t of u n s a t u r a t e d compound X I X . 

4'he free base (350 nig. > of c o m p o u n d VI11 was dissolved in 
dry e the r and addei l with s t i r r ing to 150 nig. of l i th ium a lumi
n u m hydr ide in dry e ther . 4'he mix tu re was hea ted on the s t e am 
ba th for 2 hr . T h e solut ion was chilled and the l i th ium salt do-
composed with sodium potass ium t a r t r a t e so lu t ion . 4'he mix tu re 
was filtered and the e t h e r fi l trate dried over m a g n e s i u m sulfate. 
Remova l of the e the r af ter d r y i n g resul ted in a whi te solid which 
was recrvstal l ized from e thano l to give 140 mg. of c rys ta l l ine s u b 
s t ance , m .p . 122°. 4'he c rude and purified s u b s t a n c e bo th con
ta ined only one isomer accord ing to paper c h r o m a t o g r a p h i c 
analvs is . 

A'nal. Calcd . for C , J F , X ( >••: C. 70.2S: II . 7.17 F o u n d : 
C, 70.1 1: II , 7.32. 

4'he above racemic alcohol i I 10 mg . ; was esterified with ISO 
mg. of propionyl chlor ide as descr ibed. P r o p i o n a t e es ter (75 
mg.) was ob t a ined . C h r o m a t o g r a p h i c ana lys i s of the m o t h e r 
l iquors revealed an addi t iona l a m o u n t of the same es te r , some 
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starting material, and no dehydrated compound XIX. No other 
substance could be detected. 
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The anthelmintic activity against the mouse pinworm Syphacia obvelata is reported for several different types 
of compound, including N,N-dialkylnaphthamidine salts, some highly substituted dihydropyridines with quater
nary salt groupings, and some stilbazole and other quaternary salts. Based on these results it was postulated 
that an association of a ring moiety with a center which is cationic at physiological pH values might confer 
anthelmintic properties on molecules. Random selection of four groups of compounds with such structures gave 
three groups which had active members. 

In previous publications12 we have mentioned that 
one structural feature found in a high proportion of our 
compounds with anthelmintic activity against the 
mouse pinworm Syphacia obvelata was the existence of a 
center of positive charge near or in a cyclic system. 
Some of the compounds tested, which were not pre
viously reported, and the results which led to this 
empirical observation are given below. This is followed 
by the results of arbitrary selection of some compounds 
fitting the same criterion of structure, which previously 
had been prepared for other purposes, and a description 
of their activity against S. obvelata in the mouse. 

Methods 
The compounds were prepared by methods reported in the liter

ature unless otherwise annotated. All alkyl groups are normal 
unless stated otherwise. Those compounds tested initially 
were selected as representative substances with a high numeri
cal ratio of oral to intraperitoneal LD=0 in the mouse as deter
mined by Mr. R. V. Fanelli of these Laboratories. Testing 
for pinworm activity was done essentially as described in a pre
vious publication3 using mice infected by exposure to infected 
''source mice" for 8 days, and dosed by gavage once a day for 2 
days thereafter, unless otherwise stated. Results are reported 
as per cent clearance of worms by autopsy in comparison to the 
worm count in simultaneously infected but untreated "control" 
mice. Each result and each "control" result are averages of 3 
mice. 

Experimental Data 
Anthelmintic activities are given in Table I for repre

sentative examples of the 2 types of compounds, 4-meth-
oxynaphthamidines4 and quaternary salts of highly 
substituted 4-(aminophenyl)-l,4-dihydropyridines,5 of 
which several members were found to be reasonably 

(1) M. Harfenist, J. Am. Chem. Soc, 79, 2211 (1957;. 
(2) H. W. Brown, K. L. Hussey, K. F. Chan, M. Harfenist, R. V. Fanelli, 

and E. Magnien, Toxicol. Appl. Pharmacol., 1, 3.50 (1959). 
(3) (a) K. F. Chan, Am. J. Hygiene, 56, 22 (1952); (b) M. Harfenist, R. 

V. Fanelli, R. Baltzly, H. W. Brown, K. L. Hussey, and K. F. Chan, J. 
Pharmacol. Exptl. Therap., 121, 347 (1957). Unless otherwise stated the 
tests reported here were done by Drs. Brown, Hussey, and Chan. 

(4) Prepared originally by Mr. E. Lorz as potential local anesthetics. 
See E. Lorz and R. Baltzly, J. Am. Chem. Soc, 70, 1904 (1948). These are 
shown in their symmetrical protonated form, as is reasonable in view of the 
pKa values reported by E. Lorz and R. Baltzly, ibid.. 71, 3992 (1949), for 
related compounds. 

(5) Prepared originally as potential curareform substances by Dr. A. P. 
Phillips. See .A. P. Phillips, ibid., 71, 4003 (1949). 

active against S. obvelata in the mouse, under our test 
conditions. In addition to these, a few miscellaneous 
quaternary salts either of substituted anilines (e.g., I) 
or benzylamines (e.g., II) had appreciable activity. 

cc CH-

0 

I 

N(CH3)3 

•I" 

CH(CH3)2 

r T ^ V - OCH2CH2OCH2CH2r$(CH3)2 

CH2C6H5 c,Jy 
• C I " 

CH3 II 

A number of other mono- and bis-quaternary salts 
were prepared or purchased. Those with purely ali
phatic substituents were inactive or had only slight 
activity at a readily attainable dosage. One alicyclic 
candidate, methyldodecylpiperidinium bromide, had 
slight activity. As had been reported previously, 
however, various quaternary piperazinium salts had 
substantial activity.1-3 

TABLE I 

XAPHTHAMIDI.NES ACTIVE AGAINST Syphacia obvelata 

H 2 N = - C ^ N R 2 

r ^ V ^ I .CI" 

R 

I'-CsHu 
CcH]3 

C,H i ; 

C8Hn 

A small group of cinnamamidine salts6 (III) were 
found to contain one member, 2-chloro-N,N-dibutyl-
cinnamamidine, R = CI, R' = C4H9, which cleared an 

(6) M. Harfenist and A. P. Phillips, ibid.. 80. 626! (1958). 

OCH3 

Approx. 
oral LDM 

170 
240 

2000 
3000 

Dose, 
mg./kg./day 

50 
SO 

200 
200 

% worm 
count 

reduction 

51 
93 
98 
95 


