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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. (1009%,) and was
used without further purification in the following step.
1-[2-N-(3-Benzyloxyphenyl)propionamidoethyl]-4-phenyl-4-

piperidinol.—A solution of crude 1-[2-(3-benzyloxyphenylamino)-
ethvl]-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 ol (56.2 g., 85.7¢) which could not be obtained crystalline,
either ns the free base or s u salt. It was nsed directly in the
next step.

1-[2-N-(3-Hydroxyphenyl)propionamidoethyl] -4-phenyl-4-pi-
peridinol Hydrochloride.—A solution of crude 1-[2-N-(3-benzyl-
oxypheny}propionamidoethyl]-4-phenyl-4-piperidinol (56.2 g.,
0.123 mole) in 700 ml. of absolute ethanol was hvdrogenated at
111 kg./em.2 and 27°, using 6 g. of 109, palladium-charcoal.
After 6.75 hr., 809, of the theoretical amount of hvdrogen 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 hvdroxide and extracted with
ether to remove non-phenolic material. The aqueous solution
was brought to about pH 8 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 hvdrochloride by stirring with
ethereal hydrogen chloride. Recrystallization from methanol-
ethyl acetate gnve 12,4 g. (24.9¢7) of product, m.p. 215.8-
217.8°.

4-Phenyl-1-[2-(N-phenylpropionamidoethyl}]-1,2,3,6-tetrahy-
dropyridine Hydrochloride.—A mixture of 4-phenyl-1,2.3,6-tetra-
hydropyridine* (63.6 g., 0.4 mole), 2-unilinoethvl bromide hydro-
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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.
Methano! (150 ml.) was added and the solution concentrated to un
oil which was made basic with 359 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, und treated with ethe-
real hydrogen chloride. The resulting gum vielded a solid on trit-
uration with ether. The solid was recrystuallized from methanol-
ethyl acetate to give 27 g. of prodiret. The methochloride of
this compound was prepared as described for the methochloride
of the analogous piperidinol.

4-Phenyl-1-[2-(N-phenylpropionamidoethyl)|piperidine = Hy-
drochloride.—A solution of 4-phenyl-1-[2-(N-phenylpropion-
amidoethy1)]-1,2,3,6-tetrahydropyridine hydrochloride (4.7 g..
0.0126 mole)} in 100 ml. of ethanol was hydrogenated at 3.5 kg./
em.2in a Parr apparatus using 150 mg. of platinum oxide as cata-
lvst. The theoretical amount of hvdrogen was nbsorbed in 15
min. The catalvst 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 prodirct 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.
moiety markedly enhances the analgetic activity in this group of compounds.

It has been observed that the 2-picolyvl
Some stereochemical considera-

tions have been deduced hy means of chemical and spectral data.

As part of a continuing program directed toward the
preparation of elinically 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-propoxyphene! (I) was reported to be a
clinically useful analgetic without possessing appreci-

S
CH
c” “CH
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Ce¢HsCH, OCOC.Hj
1

~N(CHjs).

2

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. 4m. Crem. Soc.,
79, 1442 (19571,

ways: namely, replacing at least one of the phenyl
groups with a heterocycle (e.¢., 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-1-(2-pyridyl)-1-propanone was allowed to react

. e
. CH. N(CH,) ©\
s e 3)2 CH /N(CHs)z
N e ek = C_Ci,
CeH;CH, OCOC.H; C}}J 0COC:H;
II
111

with benzylmagnesium chloride to form a tertiary
alcohol which was esterified with propionic anhydride
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to vield I1.

analgetic activity.

This compound was completely devoid of

Congequently, a similar compound
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analgetic with a poteney 0.1 that of morphine.s  Con-

sequently, the 2-picolyl compound VII, corresponding

(TIT) was prepared by treating 3-dimethylamino-2-
methyl-1-propiophenone! with 2-picolyl lithium., The
vesulting tertiary aleohol was m i esterified to the
propionate (IIT) which was found to be twice ax potent
as d-propoxyplience 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 evelized derivatives in the chromane, thiachromane
and tetralin class, The starting materials in  this
synthesis were the Mannich bases of 4-chromanone,
substituted 4-chromanones, +4-thiachromanones, and
a-tetralone.  These ketoue mitermediates were allowed
to react with Grignard reagents or aryl lithiuin com-
ponnds to afford the diastereotsomeric aleohols. Re-
peated attelnpts to separate these racemates by frac-
tional crystallization or column chromatograplhy were
unsuceessful.  Cousequently, the diastereoisomeric
mixture of tevtiary aleohols was used divectly 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
l.aboratories, it had already been noted that compound
IV had been prepared in 1949 by Morrison and Rinder-
knecht? and was found to have some analgetic effect.

CH:2N(CHs):
OCOCH;
v

CsHs

The correspouding 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. Expd. Therap., 188, 400 (1961).

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

to the open cham analog ITI, was prepared and tested
for its analgetic effects iir experimental animals.  Com-
porund VIIT was found to be 5 times more potent than
morphine.  This corresponds to a 13-fold increase over
the benzyl devivative VIb.  Only one diaster of VI
could e isolated

The chromanes also gave rise to analgetically active
compounds.  Cowmpounds VIIT and IX had comparable
analgetic activity (0.5 that of codeine), wherecas the 2-
picolvl dertvative X was approximately 0.2 as potent
as worphine {or twice as active as codeine).  Other
structural modifications in the chromane sertes imvolved
substitutious on the chromane benzeue ring (compounds
XI through XIV). In all cases there was observed a
dimiuntion i activity,  Substitution on the benzene
ring attached to the quaternary earbon (XV) also was
of no advantage. inally, the thiachromance analog of
compound VIIT was synthesized aceording to the
described sequence and was found to be weakly analgetic.
Although the yvield of acetylated product was poor, it
was possible to scparate the diastereoisomers NVIla
and XVIIb. Neither of these =ubstances possesses
sighificant analgetic cffects.

Consequently, the structnre-activity relationship in
this series of compounds is somewhat specific.  As ob-
served by Patchett and Giarruso, the imposition of
restricted rotation on d-propoxyphene certainly leads
to an increased analgetic effect. However, we hava
also observed that the replacement of the benzyl group
at the quaternary carbon with a 2-picolyl group mn d-
propoxypliene 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 eenters 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, VIh was approximately 1/3 as potent as
muorpthine,
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3-DIMETHY LAMINOMETHY1-4-PHENY1-A3*} CHROMANES

0
R mCHzN(CHa)z

Ar
Coupound Empirical — Caled. — ~Found---— ---——
no. Ar R IM.p.. °C. formula C H N C H N

NIX CeH: H 214-215 CisHy1 e NO-HCl 71.62 6.68 +4.64 71.69 6.96 4.71
XX CeH; 6-OCHs; 207208 CisH2NO,-HCI 68.43 7.25 4.20 68.69 7.40 1.15
XXT C¢H; 6-CH, 208 CiHaNO -HCI V2.25 7.03 71.93 7.00

XXII CeH 6-Cl 181-183 CisHiCINO-HCI 61.15 5.98 61.41 6.13

-H,O
XNIII p-CH,C:H, H 246-247 C:H:NO-HCL 72.26 7.04 4.43 71.46 7.13 4.40

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 aleohols by paper chromatography. This mix-
ture gave a 409, yvield of the propionate ester (VIII)
and an equal amount of 3-dimethylaminomethyl-4-
phenyl-A3-4-chromane (XIX, Table II), on treatment
with propionyl chloride in toluene. The remaining
material isolated from the mother liquors was unreacted
tertiary alecohol.? 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.

O—H CeHs
0 Cis 0 CHs
¢.H, IiI N(CHj). OH I:I N(CHs)-
XVIlla XVIIIb

The conformational arrangement in XVIIla is
suitable for a facile trans di-axial elimination of water,
whereas this is not the case with XVIIIb. To estab-
Iish whether or not XVIIIb could be transformed to
olefin under the same esterification conditions previ-
ously deseribed, 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 alecohol
with propionyl chloride gave 4659, yield of VIII. Chro-
matographic analysis of the mother liquors revealed
approximately another 109 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 109 hydrochlorie acid under miid 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 oceurring at 3.46 =
(J =T75cps.).

A number of chemical methods were applied in order
to elucidate the stereochemistry of the tetralin anal-
getics IV—VIL. However, none of these has given,
as yet, unequivocal results in spite of the fact that
both racemates, active and inactive. VIa and V1b.
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 VIb from the
inactive one Vla, it is reasonable to consider VIb 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.
Wiley” also has outlined the remaining chromane aminoketones.
2-Dimethylaminomethyl-1-tetralone was described by Mannich®
and co-workers and 3-dimethylaminomethyl-4-thiachromanone
was prepared by Chem? and co-workers.

1-Benzyl-4-dimethylamino-3-propionyloxy-1-(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-1-(2-pyridyl)-1-propancne dissolved in 100 ml. of
ether. The resulting mixture was refluxed for 5 hr. and then
allowed to stand at room temperature overnight. The mixture
was then decomposed with 100 ml. of ice cold aqueous 207 hyv-
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 vielded 1-benzyl-4-dimethylamino-1-(2-
pyridyl)-2-butanol, b.p. 160-167° (0.5 mm.).

Anal. Caled. for C;H2N.0: C, 75.24; H, 8.20; N, 10.37.
Found: C,75.81; H,7.54; N\, 9.50.

t6) R. H. Harradence. G. K. Hughes, and J. Lions, J. Proc. Roy. Soc.
N. 8. 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., 273, 54
(1937).

(9) T. C. Chem, C. 8. Sum. H. C. Soong, and C. C. Chyan, Chem. Abstr.,
82, 11.029 (1958): 8. H. Chu, W. W. Chyan, and C. C. Chang, ibid.. 52
11,044 (1958).



360 DENTEVENS, Havavanpans, StracHax, DovocHUE, Doreaax. avp Hekpyen

Repented nttempts to pnrify this further were not suceessfnl.
Infrared spectroscopic analyses indieated some 2-ucetyl pyridine
hupnrity and possibly some dehydration produet.  Conseqnently,
the substinee was used direetly for the prepuration of the pro-
pionate,

Two grams of the above tertiiory aleohiol was allowed o reae
with 2 ml of propionic anhydride in 3 ml. of pyridine at room
rerperature for [N hry, after which thoe the pyridine was re-
noved (1 raeua. "The residue was diluted with water and the
resilting solntion made basie with animoninm hvdroxide,  After
extraceting this basie solntion with ether, the extruet was concen-
trated to give an oil which beenme sendervstalline on standing.
This nterial was recrystallized fron ethyl ether to give 0.1 g
of TL mep. 63-66°, The snbstance ervstallizes quite slowly from
cther,

Al Coded, Tor CoHagN s
¢, T4.26: HL8.00.

The infrared spectrnne showed o strong absorption hand
1742 em. 7 for the ester band.

4-Dimethylamino-3-methyl-1-(2-picolyl;- 1-phenyl-5-propionyl-
oxybutane Hydrochloride (III).—To a sohition of phenyl lithhmo
prepared from 9.1 g, of lithium and 67.5 g. of bromobenzene in
100 ml. of ether i a nitrogen ntmosphere, 4 ml of a-picoline was
added dropwise with stirring,  After stunding 3 hr. ut room tem-
peratire, o solution of 31.9 g. of 3-dimethylimino-2-methyl-1-
plienyl- 1-propanone in 100 ml, of ether was added dropwise with
sirring. After standing overnight at romu temperatore, the
siadl aomonne of unreacted lithiom was filtered und the filtrave
poured onto ice water.  The ether was separated, washed with
water, dried, and evaporated.  The residne on distillation gave
69 . of n oermnde nixture of the two dinstereomerie 4-dimethyl-
aino-3-methyvl-2-phenyl-1-02-pyridyl = 2-hutanols, b 150--1607
0.0 o

doal, Caled, for CiuHoNO O, 7602
IFfound: ¢, 76.80: H, S.05; N, 470,

A mixture of 3 g.of the wbove aleolwly 3l ol propionie an-
Livdride, and 3 ml of pyridine was allowed to stand nt room tem-
jrerature for 2 weeks.  After evaporation of the pyridine i rarug
and dilution witho water, the mixture was made baste with ame-
moninm hydroxide, and then extracted with ether,  Removal of
nst of the ether gave a mixture which partly erystallized after
standing for several davs.  After recervstallization from ethyl
cther, 1T melred at 90-917.

Al Caled, for CoHaNaa: O 7408 HL N200 N, 8238
Found: ¢, 73,75 Ho 8220 N, 8.00.

1-Benzyl-2-dimethylaminomethyl-1-propionyloxy-1,2,3,4-
tetrahydronaphthalene Hydrochloride.-—This procedure is ont-
lined in detail to show the sequence ol steps whiel led to the
Isolation of racemates Ve and VI

A wolution of 17 g, of 2-dimethyvhunimomethyl-1-tetralone in 50
il of dry ether was added dropwise, with cooling to abont romu
Temperntnre, to the Crignard reagent prepured from 9 g of mag-
nesiunn qand 40 ml ol benzyl ehloride in 150 ml. of ether.  After
stunding overnight, the mixtirre was refluxed for 2 hr. - "T'he nix-
tmre was agnin cooled to room temperatire and 185 ml, of pro-
pionyl chloride in 50 ml. of ether added dropwise with stirring.
After reflaxing for 30 min., the mixtire was cooted in ice wrer
and dilute anmponimn hydroxide added nntil the mixture was
hasie.  The ether wus separated, extracted with dilute hydro-
ehlorie aeid, and the aeid extraet, alter being made husie with
ammonii, was extracted with ether. The ether was then dried over
sodinm sulfite and concentrated to drymess o vaeon, Same un-
esterified aleohol wias shown to he present from the infrared spec-
trmn. - Upon the addition of one cquiv, of naleie aeid to this
brse 1o coned. ethanol solution, the ernde 1ualemre separated,
nep. 15l 155°,

Junds Culed, vor CoHaNOSCHLO0 b L0 ) 68050 HL
120 N 2000 Fonnd: C, 6801 H, 7.30; N, 287,

The bage generated from the malente by extraction with ether
of a1 agueous suspension winde basie with mamonia no longer
showed aleohol absorption. However, paper chromatography
Huunuobile phase: fornuuudde (pH 5.6 with benzote aeid)-meth-
anol {12 1) mobile phases benzene-evelohexane (1: 1)) showed an
approxhuately s Doixtore of dinstereomerie esters with Ky values
of 040 and 0.65. This mixture on standing in the icebox for
several davs us o overy coned. methanol solntion deposited large
prisius. - Upon filtration and two reervstallizations fromn meth-
anolwater, one of the piure diastercomerie 1-henzyl-2-dimethyl-
sinomethyl - - prepionyloxy - 12,3, - tetrabivdronuphthalenes
(VIDhy was obtained, mep. 62-63°.

O, 74050 H, <200 Fomud:

H, 8ol N, 823

Vol o

Sorue of vhe erade malente deseribed above was reerysiallized
4 thes Trewe erhanael whiel raised the melting peint to 173 1757
The base obtained from this salt ervstallized upon rewoval o
the erher froue s extract. After 1wo reervsiallizadons Trom
etlumol water, the seeond pure dinstercomer (VI was ol nained
00650 nmep. 627 The melting point o aoixtore of Via
and VID was 5005270 Vigand VD have dilferen infrared spe
i, espeeintly o the fingerprint region,
Ve and V1D were made into aguecns solutinn= with one nilae
cquivalem ol hvdmehlorie aeid jusr prior to testing,
2-Dimethylaminomethyl-1-(2-picolyl:-1-propionyloxs-1,2,3,4-
tetrahydronaphthalene Maleate.--T) «u  solution
lithimu i 200 ml el other prepared as deseribed above frond 175
goof lithiimu, 14 ml ol hromobenzene, and 12.5 ml of ce-pieoline
was added dropwise witly stirring o solurion of 17 g ol 2-i-
nethyhuninomethyl-1<tetralone in J0ml of ether. After stand-
g for 50 mh, the nnxtore sas treated while sitrring 0 rovm
temperatnre withe Ioml of proplonie anhivdride i 50 ol of
cther. After stiming for 6 hr., the volimainous erenm-enlored
precipitire was fltered, washied several 1hoes with cther, ond
suspended in 100l of water. The agueons sohidon was mode
basic with anouomine and (he resulting oil extracted with echer.
Upon reioval of the ether, the residne party erystallized. The
ervstalline neverial wag colleeted, earefnlly washed with o s
swomt of ether, and reerystallized froncerlumol, oy, 1107
duad, Caled. for CoFloNOw: Co 7146 H, Sot; N, 7050
Fomd: €, 75107 1, 5.01; N, S0
The naleare salt was prepared in acerone sohtion and reeryss
1allized fron etlomol-ether, nip. 116-150°,
3-Dimethylaminomethyl-4-12-picolyl :-4-propionyloxychromane
maleate, 1., 118 120°, was prepared i similar manner.
3-Dimethylaminomethyl-4-phenyl-4-propionyloxychromanc
Hydrochloride ¢ VIITi. A deseription of the synthesis of this snb-
stance will serve to fllusivate 1he procedure whereby all the
chromane exrers deseribed in Table 1 were prepared. Phenyt
nugnesimu bronide was prepared i 200l of erhier in a0 1-L
Hask fromn 12,0 g +0.77 moled of hronobenzene and 181 g, of
magnesninu ribbone - An ether solution 100 bt of 2-dinethyl-
aminomethyi=l-chromemone A0 g0 0.07 ke was then added
dropwisge at 5 10° with stirring over a1 b period. Afrer 1he
addition was complete. the mixtare was refluxed gently for 5 hr
aned thens allbwed o stind ot oo tenperature overnight,
The mixrre was treated dropwise wirth 100 il of =atummed
sunnonnm ehloride solnton and the aquecus soluten was sep-
arnced fronn the eibereal lover, The ether extraer was washed
wiltl warer o then dried over wsagnesiomue sulfioes The dried
ether extraner was filtered and the filtrate was coneentrated 1o an
oily residne which solidified cnstanding, thos vielding 7.5 2000
prodiret, Paper chromatographic analysis indieated 2 nadn fre-
tions 2 recares o However, all aneoupts to separne 1hese
rieentites were unsuceesstul. - Consequently, the following aevhe
tHon reaetion was carried om onorhe dinsterenisomerie mixoure.
Propionyl ehloride (2.4 g disselved in 1o ml of rolnene was
treated dropwise while stiveing o 25 287 with 3.0 w0 of the alwive
rerdary aleohol dissolved e 1o mb of tolinenes After o slean
thue, a0 white solid separaced frone <oluGon. The reactom mix-
ture was stirved at 607 for 2 L, after woldition af the tertiney
aleahiol was complere. The precipitie was hen colleered on
filter and washed withoa siall onount of 1aloenes This neoer
whieh contuwined some starting nucertal as iy, was e
ervstallized frowe oecteme other (2005 to atford sme ervstalline
reenate, Work-np of the wolaene mother Hgnors vielded i
cquivident mnemu of imsatorieed componnd NTX
The free base £330 vig. b of compound VI was dissolved m
dry erher and added with srirring re 150 nge. of Tohinme alonsi-
nmu hydride incdry erhier. The mixtuare was heared oncthe stenng
Dath for 2 hree o The solution was ehitled waul the lithinn saly de-
composed with sodinm potassinn tarteate solotiear. The mixere
wis filtered and the ether filtrare dried over magnesimn snllaoe
Remaoval of the ether after drving resnlted in aowhite sohid which
was reervstallized fren ethanol to give 140 mg. of erystalline sul-
stanee, m.p. 122°0 The crade and porified substanee hothe con-
tained only one wover according to paper chronenogriplie
snalysis,
Ml Caled.
CoTe 0 H, 782
The above recinie alechol S 110 ny s was esterified wirh 1so
g, ol propiony! ehloride as deseribed. Propionate ester 00
nmg.y was obtained.  Chremarographic analvsis of the wether
liquors revealed ane additienal swonm of the sine ester, soe

o w-piealyl

N

fr CyuHe N 0 702N FL 0000 Fonnd:
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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 sults, 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.
three groups which had active members.

In previous publications'? we have mentioied 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 cyelic system.
Some of the compounds tested, which were not pre-
viously reported, and the results which led to this
empirical observation ave 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 deseription
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 Lp; 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 publication® 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-
oxynaphthamidines* and quaternary salts of highly
substituted 4-(aminophenyl)-1,4-dihydropyridines 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, Tozicol. Appl. Pharmacol., 1, 350 (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 tlie
tests reported here were done by Drs. Brown, Hussey, and Chan.

(4) Prepared originally by Mr. E. Lorz as potential local snesthetics.
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 compouns.

(3) Prepared originally as potential curareform substances by Dr. A. P.
Phillips. See A. P. Phillips. tbid., T1, 4003 (1949).

Random selection of four groups of compoinds with such structures gave

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 benzvlamines (e.g., I1) had appreciable activity.

CHQ—KJ (CHag}s
i

CH(CHa),
OCH.CH,OCH,CH,N(CHy); .¢|-
Ci échsHs
CH, I

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.!—2

TasrLE I
NAPHTHAMIDINES AcCTIVE AGAINST Syphacia obvelata

+
H:N===C==NR,
SO
OCHa
% worm
Approx. Dose, count
R oral LDso mg./ kg./day reduetion
7-CsHy, 170 50 51
CeHys 240 80 93
CHp; 2000 200 98
CsHy: 3000 200 95

A small group of cinnamamidine salts® (111} were
found to contain one member, 2-chloro-N,N-dibutyl-
cinnamamidine, R = Cl, R’ = C;H,, which cleared an

(6) M. Harfenist and A. P. Phillips, ibid.. 80, 6261 (1958).



