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mixture was stirred for another hr with the bath at 250°, cooled,
and extracted with 1 L. of acetone in four portions. The acetone
solution was evaporated to give an oil which was refluxed with
300 ml of 2 & KOH in aqueous ethanol for 8 hr. The cooled
hydrolysate was concentrated to remove alcohol, diluted with
water to 1 1. and filtered to remove a little insoluble material.
The filtrate was washed twice with benzene and then made
acidic with 6 N H.S0, to give 45 g of crude solid, which
was extracted at room temperature with 500 ml of benzene in
three portions. The residue consisted of 17.8 g of diphenic acid.
The filtrate was concentrated to a small volume to give 13.7 g of
erystalline solid, mp 154-156°. From the mother liquor a second
crop of 3 g (mp 150-153°) was obtained; total yield 16.7 g (449%).
Recrystallization from ethanol-water gave 13.7 g (36%,) of the
acid ax colorless erystals, mp 155.5-156°.

Anal. Caled for C;Hiu0-8: C, 70.84; H, 3.96. Found: C,
71.08; H, 4.03.

0=(2-Thienyl)benzoic Acid.—Copper bronze (60 g) was added
in small portions during 20 min to a stirred mixture of 26 g
(0.124 mole) of o-iodothiophene and 60 g (0.23 mole) of methyl
o-lodobenzoate heated in a bath at 180°. The resulting sludge
was stirred under reflux for a further 4 hr with the bath at 210-
220°. The reaction mixture was processed in the same manner
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as described for the preparation of o-(2-thianaphthenyl)benzoic
acid. The crude product weighed 5.5 g (229%), mp 84-91°.
Recrystallization from aqueous acetic acid gave 3.65 g (149;)
of the pure acid as colorless crystals, mp 93-94°.

Anal. Caled for CH0:8: C, 64.69; H, 3.95.
64.83; H, 4.02.

Preparation of Penicillins.—The methods used for the prepa-
ration of penicillins are those reported in the first paper of this
series.? In most cases the acid chlorides of the side-chain acids
were used to react with 6-aminopenicillanic acid in aqueous
acetone in the presence of NaHCO; and the penicillins were
isolated as their sodium or potassium salts. In two cases,
penicilling 18 and 20 of Table I, an anhydrous system consisting
of acid chloride—triethylamine—chloroformi was used. The
resulting penicillins were isolated in the usual manner.
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An #n vitro test procedure using larvae of Haemonchus contortus, a gastrointestinal nematode of sheep, has been
used to determine the antilarval activity of a series of 1,4-substituted piperidines and related compounds. Struc-
ture-activity relationships are discussed. The most effective compound found in this series of piperidines, many
of which are new to the literature, was 1-phenethyl-4-phenylpiperidine hydrochloride which produced a 909, re-
duction in developing larvae at a concentration of 1:8000.

Larvae of horse strongyles have been used to ex-
amine the antilarval activity of compounds for many
years.? Many series of organic and inorganic com-
pounds have been tested by this method.®*=* The
methods and early literature have been well reviewed.®

The test was orginally designed to find a compound
which would kill larvae on pasture, but has also proved
useful in discovering compounds capable of killing the
parasitic stages within the host animal. The organic
phosphate, 0,0-dimethyl-1-hydroxy-2,2,2-trichloro-
ethyl phosphonate’” which was found to be efficient
against larvae of horse strongyles® has subsequently
been found to be a useful anthelmintic treatment for
adult Haemonchus and other nematode species of sheep?
and cattle!® when given orally or subcutaneously.!!

Using a similar approach, the aim of our investiga-
tion was to discover a compound having sufficient ac-
tivity against larvae of sheep helminths, so that when
incorporated in a heavy pill, similar to the cobalt
bullet,'? and lodged permanently in the reticulorumen,
the small quantity of compound continuously released
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would maintain a concentration in the rumen liquor
sufficient to kill the majority of infective larvae as they
were ingested with forage. About 1600 random or-
ganic compounds were tested. One of the first test
compounds to show moderate activity was 3-phen-
ethyl-3-azaspiro[5.5 Jundecane hydrochloride, one of a
group of 1,4-substituted piperidines that had been syn-
thesized for general pharmacological studies,'® and
others were synthesized and tested in pursuit of ac-
tivity at a useful level. While useful activity was not
attained in this series of compounds, interesting strue-
ture-activity relationships were noted and these are
reported,

Testing Procedure.—Feces containing eggs of H.
contortus were collected in fecal bags from lambs with
pure infestations. The lambs were held indoors in
concrete pens to prevent infestation with other hel-
minths.

The pellets of feces were broken and mixed
thoroughly. If necessary, sufficient helminthologically
sterile feces were added to ensure that the moisture con-
tent was not too high. Five-gram samples were
weighed into small tubes, 5 X 2 em, containing a small
wad of nonabsorbable cotton wool and the end was
covered with muslin held on by a rubber band. The
compound to be tested in the form of its hydrochloride
salt was introduced in aqueous solution or as a fine sus-

(12) D. W. Dewey, H. J. Lee, and H. R, Marston, Nature, 131, 1367
1958).
(13) T. C. Somers and G. J. Handley, J. Med. Chem., 7. 784 (1964).
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pension in 3 ml of water through a long 19-gange hypo-
dermic needle, the end of which had been blocked and
in the sides of which small holes had been drilled at
regular intervals.  This allowed an even spread of the
compound through the feces.

The tube with treated feces was placed open end up,
in a 50-ml wide-mouthed glass jar containing 10 ml of
water; the plastic cap, with the msert removed, wax
screwed lightly on and the whole wuas incubated at 207
for 7 days.  Haemonchus eggs develop to infective third
stage larvac in 5-6 days under these conditions and
migrate from the tube into the water.  To ensure that
ns many larvae as possible were collected, the tubes
containing feces were filled with water and inverted in
the bottles for a further 24 hr.  As the larvae cannot
swim in a body of water they quickly settle to the hot-
ton.  The tubes were then drained and the number of
larvae present in the hottles was estimated by counting
the numbers present in one-sixth of the total vohime,

In each test, control feces were enltured s above us-
ing water or the suspending agent used in that test. In
the iitial sereening, compounds were tested at concen-
trations of 1 part of compound to 500 parts of feces.  If
high activity was shown then further tests were done to
ascertain the concentration at which a 90%% reduction in
numbers of larvae developing was obtained.

Results and Discussion

The larvieidal activity of 3-azaspiro[5.5 Jundecane
hydrochlorides having various alkyl and aralkyl sub-
stitutes at the 3 position are shown in Table I.  In thix
series optimal activity is scen to be associated with the
phenethyl grouping.

TaBue 1
AC1very oF SUBSTITETED 3-AZASFIRO[D.S|INDRECANE
HyproenrLoripes AgaIiNsT Larvar or Haemonchius contoriis

R Avtivity
H &K500
CH; <1000
C:H; 1000
n-C3sH 1000
CH(CHy)- 1500
CH,CH==CHa. 1000
CH-CH(CHjs). 1000
CHCH,CH(CHj)s <1000
(CH,);CH, 1000
CeH; <500
CH.CH, 500
CH(CH;)CeH, 500
CH.CH,CsH, 2000
CH(C,H;)CeH; 500
CH(CH;)CH.C:H; 300
CH.CH,COCsH; 500
Phenothiazine? 1000

* The reciprocal of this figure is the concentration (w/w) of the
test compound in feces that produced a 90% reduction in devel-
oping larvae.  ? Phenothiazine had a surface area of approxi-
mately 16,000 ¢m2/g and a purity of 88-907%.

Retaining CH,CH,CsH; on the nitrogen, the 4 sub-
stituents in this series of piperidines were varied as
shown in Table TI.  Aectivity at 1:8000 was found with
I-phenethyl-4-phenylpiperidine  hydrochloride ().

Vol o

This peak activity was not affected by the introdnetion
of u p-chloro substituent, but was almost abolished by a
similar introdnetion of an anino grouping.  The high
degree of structiral specificity existing here is further
lustrated by the very low activity of F-phenethyl-4-
methyl-4-phenylpiperidine  hydrochloride  compansd
with the corresponding 4-plienyl compound.

TasLe 11
ACTIVITY OF RUBSTITUTED |-PHENETHYLIIPERIDINE
Hybrocnnorines vaatNst Lanvaw vy Haenwonchus conloctns

R
° >CNCH,CH._»,C.,H-;H( 1

R: LS Activity®
H 11 1000
H (Hq 1500
i CH(CHg 00
1 Coll, <000
H p-ClCH. SO0
H /}-Nl{:(fn] {; SO0
11 CH»CeH, 2000
(*Ha (il 750
Cl; 1-Cylly 2000
CH: a-CH 2000
CH; w-Clald 1000

A CGH ) 1000
< (C"Hu) 2000)
1y Call: R

© See foormoie a4, Table 1.

High larvicidal activity was sought in a third series
in which the 4-phenyl substituent was retained and the
1 substituent was varied. However, Table IIT further
shows that the 1-phenethyl and the 4-phenyl substitii-
ents together give optimal 7n vifro larvicidal activity in
this class of 1,4-substituted piperidines. The gmallest
Interference with the 1-phenethyl substituent is seen to
reduce the activity markedly. The allyl substituent,
which conferred activity to 1:4000, was the best of the
others.

TapLe I
ACTIVITY 01 SUBSTITUTED 4-PHENYLPIPERIDINE
HynRrocynnRinpes AGAINST LARVAR O Hamnonchus contorius

(‘!.H-,—CNR-HCI

R Activily® h Accivity®
H 1000 CHLCsH, 1000
CH; 2000 CH.CH.Cels SO00
CH,CH=CH. 4000 CH(CH;)CH.CeH. 2000
CPI(CHs )a 2000 C }{ch{QCI.{zcc}[a 2000
CH?CH?CII‘(‘ H:l)’.‘ 2000 (/‘H?CHQOCJ[‘, 2000)
CH: 1000 CH2CH-3,4-(OCHW).CsHs - 1000

* See foormore «, Table 1.

Other compounds having different heteroeyclic ring
systers, but being otherwise related to the best of the
piperidine compounds (I), were synthesized for =creen-
ing.

1-Phenethyl-3-phenylpyrrolidine (II), 1-phencthyl-4-
phenylpiperazine (ITI), and 1,4-diphenethylpiperazine
(IV) produced a 909, reduction in developing larvae at
dilutions of 1:2000. 4-Phenethyl-1,4-thiazane (V) was
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TasLe IV

SUBsTITUTED PIPERIDINE HYDROCHILORIDES

R
>CN——R3'HCI
R,

July 1966
Bp (mm) or mp,

R: R. Rs °C of free base
H CeHs CH,CH,CH(CHs). 138-142 (3.2)
H CeHs CeHs 89-90
H CeH; (CH,);CeHj 201 (3)

H CeHs CH(CH;)CH.CsH; 200202 (3)
H CeHs CH.CH,0C¢H; 200 (2)
H p'ClCeH4 CHZCHQCeHa 85-87

H p-NH:CsH, CH.CH,Ce¢H; 77-78.5

H CsH;CH: CH.CH.CsH; 220-224 (5)
CH; CeH; CH.CH,C:Hs

« Prepared by alkylation of 4-phenylpiperidene in toluene with anhydrous Na,COs.

———% caled——— ——% found———

Mp, °C Formula C H N C H N
183-185 CuHxnCIN 70.7 8.5 5.9 70.3 8.1 5.9
264-266 C,6HaCIN 71.8 9.8 5.2 72.0 9.8 5.1
209-219 CiHCIN 74.6 7.4 5.1 74.5 7.3 4.9
214-216+ CaHogCIN 76.0 8.3 4.4 76.4 8.3 4.3
263-266 CanHzCIN 76.0 8.3 4.4 76.1 8.3 4.2
165-1707 CiyHCINO 71.8 7.6 4.4 71.6 7.7 4.4
258 C1oHaCLN 67.9 6.9 4.2 67.5 6.7 4.1
290° CisHCLN: 64.6 7.4 7.9 65.1 7.6 7.6
235238 C2HosCIN 76.0 8.4 4.4 75.8 8.4 4.1
260 CaHaCIN 76.0 8.4 4.4 75.8 8.3 4.3

¢ Dihydrochloride salt; the intermediate

imide, N-phenethyl-g8-(p-aminophenyl)glutarimide, was obtained by hydrogenation of N-phenethyl-8-(p-nitrophenyl)glutarimide in
alcohol using PtQ, catalyst for 1 hr at 70° and 3.16 kg/em?; colorless needles, mp 181-183° (919, yield).

TaBLE V

B-SUBSTITUTED GLUTARIMIDES

R
R,
Mp or bp
Ri1 R, Ra {mm), °C
H ’i'03H7 CHzCHzCeH(, 80—81
H CeHs CH.CH=CH, 44-48
H CeH; -CsH; 76-77
H CeHs -C;Hu 132-133
H CsH; CH.CH,C:H; 141
H CeH: CH(CH;)CH.CeH; 71-73
H p-NOzCeH4 CHQCHZCeHa 192
H p-CIC:H, CH:CH.C:H; 156-157
CH; CeH; CH.CH,CH; 121
—(CHa)s— CH(C.H;)CeH; 214 (3.5)
CGHS_CNCH20H206H5
I
CeHs /N
NCH,CH:Ce¢Hs CsH;:N  NCH:CH;Ce¢Hs
p—y
II 111
/N T\
CeHsCH,CH.N  NCH,CH.C¢H; 8  NCH,CH.CsH;

v v

similarly active at 1:1000. The incorporation of a
sulfur atom, so common to anthelminties, produced no
benefit in this instance.

Experimental Section

Melting points were determined on a gas-heated Electrothermal
apparatus and are uncorrected. Microanalyses were carried out
by the University of Melbourne and CSIRO Microanalytical
Service. Some of the piperidines listed in Tables II and III are
new to the literature and chemical data for them are presented
in Table IV. Synthetic procedures were generally as described,
by Somers and Handley!s for 4,4-dialkyl-1-substituted piperidines
4.e., the lithium aluminum hydride (LiAlH,) reduction of the
corresponding glutarimide.'* Data for intermediate glutarimides

(14) G.J. Handley, E., R. Nelson, and T. C. Somers, Australian J. Chem..
13, 129 (1960).

O

NR,

0

% caled % found— -——

Formula C H N C H N
CisHauNO: 74.1 8.2 5.4 74.4 8.2 5.6
CuH;NO; 73.3 6.6 6.1 73.7 6.5 6.3
CuHizNO: 72.7 7.4 6.1 72.8 7.4 6.2
CieHxuNO: 74.1 8.2 5.4 74.4 8.2 5.6
C1eH1eNO: 77.8 6.5 4.8 77.3 6.9 4.9
CaHaNO- 78.2 6.9 4.6 78.2 6.8 4.6
C1sH1sN:O4 67.4 5.4 8.2 67.8 5.4 7.9
C1sHisCINO, 69.6 5.5 4.3 69.3 5.6 4.1
CaHaNO:» 78.1 6.9 4.6 78.3 7.0 4.5
C1HasNO: 76.4 8.4 4.7 75.9 8.3 5.1

new to the literature are given in Table V. Yields for both stages
varied between 60-85%. The following example is typical of the
method used to prepare these piperidines.

N-Allyl-3-phenylglutarimide.—g-Phenylglutaric anhydride
(17.9 g, 0.1 mole) and allylamine (6.0 g, 0.105 mole) were mixed
with cooling in an ice bath. The mixture was heated at 190-210°
for 3 hr, when evolution of water vapor ceased, then vacuum
distilled. The product crystallized on cooling and was further
purified by recrystallization from water to give prisms (16.0 g,
709 ), mp 44-48°,

Anal. Caled for Ci HisNO.: C, 73.3; H, 6.6; N, 6.1. Found:
C, 73.7; H, 6.5; N, 6.3.

From the pot residues N,N'-diallyl-3-phenylglutaramide was
obtained by extraction and crystallization from water; needles
(0.9 g), mp 152-155°.

Anal. Caled for CsHaN:Os: C, 71.3; H, 7.7; N, 9.8. Found:
C,712; H,7.6; N, 9.8.

1-Allyl-4-phenylpiperidine Hydrochloride.—An ethereal solu-
tion of the above glutarimide (10.3 g, 0.045 mole) was added
with stirring over 15 min to a slurry of LiAlH, (4.5 g, 0.13 mole)
in 250 ml of dry ether. The mixture was refluxed for 1 hr and the
complex was then decomposed by the addition of moist ether and
finally water. After filtration the inorganic residue was liberally
washed with ether and the combined filtrate and washings were
dried (Na,SQ,). The solvent was removed and the residue was
distilled to give 1-allyl-4-phenylpiperidine as a colorless liquid
(7.2 g, 809%), bp 115° (2 mm). The hydrochloride salt was pre-
pared by bubbling dry HCI through an ethereal solution of the
base. After filtration and two recrystallizations from alcohol-
ether the product was obtained as colorless plates, mp 183-185°.

Anal. Caled for C,;HCIN: C, 70.7; H, 8.5; N, 5.9. Found:
C, 70.3; H, 8.1; N, 5.9.
Miscellaneous syntheses include the following.
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1-Phenethyl-3-phenylpyrrolidine (II).-—N-Phenethyl-2-phenyi-
sirecinimide, mp 72-73° (23 g obtained by fusion of phenylsuccinie
anhydride with phenethylamine), was rednced with LiAIH,
(6 g) in dry ether to give 14 g, bp 172-174° (3 1um), np 1.5663.
Since the hydrochloride salt appeared to be hyvgroscopic, the basw
was analyzed as the pierate, obtained asz vellow needlex from
ethanol, mp 1312.5-115°.

Anal.  Caled for CoHaN,O;: €, 60.00: H, 31; N, 1.7
Found: ¢, 59.2; H, 5.2; N, 11.7.

1-Phenyl-4-phenethylpiperazine (III).—-A mixture of 1-phenyl-
piperazine (9 g, 0.055 mole), phenethyl bromide (10.3 g, 0.055
mole), und anhydrous Na.CO; (8 g) were refluxed for 7 hr in 100
ml of ubsolute aleohol.  After cooling, the mixtnre was filtered
and the filtrate wns evaporated to dryness.  The resulting senii-
ervstalline mass was extracted three times with 100-ml portions
of warm petrnleum ether (hp 55-75°) which, on evaporatiom,
gave O g (619) of III.  The hydrochliride was prepared by
treating an ethereal solution of the buwe with gaseons HCL
Recrystallizarion from aleohol-ethir gave prisms, nip 219-221°,
lit. 15 myp 220-222°,

1,4-Diphenethylpiperazine (IV).--[‘thylene dibromide (21.6 g,
0,115 mole), phenethylamine (12.1 g, 0.111 mole), and Na.CQ,
(20 g) were refluxed 1 100 ml of water for 3 hr.  After cooling,
the renction mixture was extracted with four 100-ml porticas of
ether, the extractx were dried (NnpSO:), and the sulvent was
renwverl to leave o liquill that <lowly ervetallized. Recrvsial-
lization from petroleum ether gave colorless needles, mp 76
782, 1w mp 7O-80°.  The hydrochloride prepared in the mamnr
abuve, was reerysiallized fram erthauol; mp 27 .°,

(15) 1B, L. Hampton gnd Co W Vobaed, J. Ao Chem. Soc., 59, 237D
(187,
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4-Phenethyl-1,4-thiazane (V). Thiodiglyrallic neid anhivdride
(13 g, 0.1 mole) and phenethylamine 112.5 g, 0.103 mole) were
cationsly mixed avd then heated at 200° for 5 ln. Covsider-
able dpeoniposition veamrred, but disiillicion of the fusion aix-
e and  subsequent. erystallizaion from - benzige petrolrmuo
ether gave 6 ¢ (2507 of N-phenethylthiodiglveollic weid iraide,
bp 175-185° 3 nna, mp 56-59°, Retnetion of this imide with
LIATH (5 g) ncaher gave 4.5 g of prodoet, bp 145-152° (5 pung,
B 156250 Tl hvdrochloride  wis procipirmed from o
crheread solinion of 1the Lase by gaseons HCL and, aner reerysisd-
lizaions from avarer sl ethanol, 10 wis olaadioad as colnrboss
flakes, mp 252 -2547 dee.

Anal, Caled Tor CoHGCINS: €500 HL 7.4 N, AT
ML T NUS

3-(3-Benzoyethyl)-3-azaspiro[5.5]undecane Hydrochloride.
S-Aznspiro[H.Andeciue hydrochlortde (9.1 g, 0,048 1uole),
aectophienone (5.8 g0 D.048 1mole), paraldehyde (3.2 g), nud
romeetaried HOT €022 al) were refluxed for 2 Ine ine 100 1l of
absolnie ethanol. The solution was then eoncenirmed (o 50
ml nud the produet precipitnual with the mildition of mher.
Reervsinllization fram  acetane-ethanol gave colorless plifis
(6.2, 350, mp 190° der.

Apal, Culed Tor Gl CINO:
Fomual: O T H, <070 N 3.0,

Founud:

) 700 U, ss0 N L
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Syntheses and radioprotective properties are deseribed for 2-amino-2-methyl-1,3-propanedithiol, 2-amino-2-

ethyl-1,3-propanedithiol, and r-(+)-3-amino-4-mercapto-1-butansl.

The dithiols did not provide significant

protection in rodents, but the aminothiol alecohol gave goad protection,

In continuing our study! of pure organic compounds
that might protect against the lethal effects of ionizing
radiation it was of interest to examine simple amino-
thiols having more than one thiol function. The sig-
nificance of aminodithiols as potential antiradiation
drugs was recognized some time ago by Russian
workers® who prepared a wide variety of N-substi-
tuted aminopropanedithiols; an evaluation of these
substances as drugs has not been published. A closely
similar group of compounds was also prepared by
Japanese workers?! who claimed only bactericidal and

(1) Paper II: G. R. Handrick, E. R. Atkinson, I. E, Granchellj, and R.J.
Bruni, J. Med. Chem., 8, 762 (1965).

{2) This work was performed under corntract DA-49-193-MD-2071 witl,
the U. 8. Army Medical Research and Development Command, Office of
tlie 8urgeon General, during the period 1961-1962.

(3) (a) V. M. Fedoseev, A. G. Tarasenko, L. Mrazek, and A. B. Silaev,
Dokl, Akad. Nauk SSSR, 148, 871 (1963); (b) A. G. Tarasenko, V. M. Fedo-
seev, and A. B. Silaev, J. Gen. Chem. USSR, 34, 1002 (1964); (c) ibid.,
34, 2378 (1964): (d) V. A. Partnyagina, T7olovye Soedin. v Med., Ukr.
Nauchn. Issled. Sanit. Khim. Inst., Trudy Nauchn. Konf., Kiep, 1957, 31
(1959): Chem. Abstr., 54, 24508 (1960).

(4) (a) C, Harukawa, 8 Yurugi, 1. Hagiwara, and I$, Konishi (to Takeda
Chemical Industries, Litd.), Japanese Patents 14,916 (19G3), 18,412 (1951,
18,013 (1964).

insecticidal activity for the substances, Both groups
synthesized the dithiols by the sulfhydrylation of
appropriate halogeno precirsors,

Aminothiol aleohols were nlgo of interest i our
program. The synthesis of a series of Bunte salts
derived from isomeric aminomercaptopropanols lias
heen described, which involved the respective amino-
thiol aleohols nx nonisolated intermediates.® More
complex substances having two secondary hydroxyl
groups, lwo secondary amino groups, and two thiol
gronps have also been prepared® but nothing is known
about their radioprotective properties, The three
compounds whose synthesis and radioprotective prop-
erties we deseribe here contain promary amino, primary
thiol, and primary alcohol functions.

Chemistry.-~The two aminodithiols were preparcd
from available amino alcohols by the route indicated
in Chart I, in which the procedure of Owen aml co-

(5) . 1. Ball, J. M. Williams, and 1. Long, Ir., J. Org, Chem., 28, 1584
114633,

M) (a) J. E. Christensen nnd .. CGoodman, ibid., 28, 847 (1963): {1
4. 1. Holton, J. K. Christensen, O. P, Crews, and I.. Goodman, Can. J. Chew.,
42, 2147 (10G4),



