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Thirty-four amino thiolesters of ¢hloroacetic, benzilic, and glycolic acids have been synthesized, usually assalts.
The a~hydroxy esters, which were of greatest interest, were obtained vig the a-chloroamino thiolesters. The

compounds were examined for their effect on animal behavior and for their anticholinergic potency.

Three

devices were used to determine the degree of behavioral disturbance produced by the drugs ih animals: a hyper-

activity cage, a swim maze, and a ‘‘peek'’ test.
y s

effect on performance in all three tests and the psychotomimetic efficacy in humans.

For a given drug good correlation was found to exist between the

In general the strueture-

activity relationships of the thioglycolate esters agreed with those of the regular esters, although the thioesters were

less potent and of shorter duration of action.

This paper is a continuation of the synthesis and
physiological testing of aminothiol esters of the type
represented by RR’C(X)COSR’’/, where R,R’ are
combinations of phenyl, p-tolyl, cyclopentyl, and
cyclohexyl; X is Clor OH; and R" is a tertiary amino
function, almost always cyclic i1 nature.

Synthesis of Compounds in Table I.—The o-
chloro acid chlorides were obtained from substituted
glycolic acids by the method of King and Holmes,?
or from the chlorination of substituted acetic acids by a
modified procedure of Schwenk and Papa.* The syn-
thesis of essential aminomercaptans is given in the
Experimental. It was found that the conversion of
thiolacetates to mercaptans is accomplished best by the
use of sodium in methanol, a method mentioned, but
not described in great detail, by Reid.> The a-chloro
acid chlorides and amiuomercaptans in a suitable sol-
vent produced the a-chloroamino thiolester hydrochlo-
rides.

Synthesis of Compounds in Table II.—The amiio
thiolglycolates in Table II were prepared most satis-
factorily from the a-chloro thiolester salt as described
previously.? It was not possible to replace the chlo-
rine atom in 2-N,N-diethylaminoethyl dicyclohexyl-
chlorothiolacetate hydrochloride by this procedure or
by those of Bachmann and Ramirez,® and McCloskey
and Coleman.” Thus it would appear that the reso-
nance supplied by at least one aromatic ring is essential
for success in this hydrolysis. At the other extreme,

(1) (a) The chemical portion of this study was supported by Grant B6:2
from the Natlonal Institutes of Health, U. S. Public Health Service. (b)
Inquiries should be addressed to the senior author.

(2) For paper V, see C. A. Buehler, H. A. Smith, A. C. Kryger, R. L.
Wells, and 8. F. Thames. J. Med, Chem., 8, 230 (1963).

(3) F. E. King and D. Holmes, J. Chem. Soc., 164 (1947).

(4) E. Schwenk and D. Papa. J. Am. Chem. Soc., 70, 3626 (1948).

(h) E. E. Reld, "Organic Chemistry of Bivalent Sulfur,"” Vol. 1, Chemieal
Publishing Co., Inc., New York. N. Y., 1958, p. 30.

(6) W. E. Bachmann and F. Ramirez, J. Am. Chem. Soc.. 72, 2525
(1950).

(7) C. M. McCloskey aml G. H. Colemnan, ""Organic Syntheses,” Cnll,
Vol. III, John Wiley and Sons, Inc.,, New York, N. Y., 1943, p, 434.

compoutid 124 could not be hydrolyzed successfully
to the corresponding glycolate since the free glycolic
acid was recovered.

A previous study? showed that the CNS activity of
amino thiolesters of benzilic and glycolic acids in-
creased as the number of carbon atoms between the
carbonyl and basic nitrogen groups decreased. I'or
this reason the glycolic ester corresponding to 124
was of particular interest. Other attempts to obtain
this compound by the procedure of MeCloskey and
Coleman’ failed. The possibility of utilizing trans-
esterification was ruled out when the procedures of
Sasin, et al.,® and Bowmau, et al.,® were unsuccessful.
These methods were applicable to the synthesis of
2-N,N-diethylaminoethyl thiolbenzilate hydrochloride
when the reactants were ethyl thiolbenzilate and 2-
N, N-diethylaminoethanethiol. Another failure resulted
in an attempt to effect an ester interchange with an
oxygen ester (methyl cyvclohexyl glycolate) and a
mercaptan (2-N,N-diethylaminoethanethiol) using so-
dium methoxide as a catalyst. l'rom these few experi-
ments it appears that (a) a mixed ester interchange
between oxygen esters and aminomercaptans will not
oceur, but (b) an interchange between a thiolester and
an aminomercaptan will take place, at least when the
sulfur atom in the final product is separated from the
nitrogen atom by two carbon atoms.

The purification of the amino thiolglycolates was at
times difficult. Crystallization, distillation n racuo,
and adsorption chromatography were the methods
employed. In one case the compound 145 could be
obtained crystalline neither as the free base nor as the
hydrochloride.

Pharmacological Studies.—The tests used for the
evaluation of the behavioral effects produced by the
agents in animals have heen described in detail else-

(8) G. 8. Sasin, P. R. Schaeffer, and R. Sasin, J. Org. Chem., 22, 1183
1957).

(9) R. E. Bowinal, J. 1. Cavalla, anl J. Davoll, British Patent 821,436
(Feb. 22, 1956); Chem. Abstr., 56, 2427 (1962).
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TasrLe I
a-CHLORO THIOLESTERS OF SUBSTITUTED ACETIC ACiDS
R ClL QG
NS
R'—C—C3R7 -l
Yient, Mo e Calerl,, g —— ~— Yonnd, 7 —.
No B R R”w i =L fonr) Furmila G H G H
122 ¢ H; CiH,y 41 1 75 12 =105, 0 Cr.H.CLNOS e
120 Celd, C;H., b 1 Ou 194,0-135.0 CisHa CILN,OS 54,98 5.45 54,64 567
124 CeH. CeH, b 1 Bl 15X.0-139.0 CisHpCLN,08 56. 1t 5.75 55.86 6. 01
125 CqHy CeHu b 1 o0 104.5-195.5 CisHaCLN,OS 55.23 7.12 54,96 707
126 CeH; CeH ¢ 1 81 162.5-164.0 CaHieCLNOS 34,69 7.26 59.37 .28
127 CeH; CeH; ‘ 1 65 209 dec. CaHCLNOS 60,60 5.85 60.66 5. 62
1.33 4-CH3C5}I4 4-CH305H.§ C 1 TQ 181 de(}. ngHz;ClzN()S 62 . 2-) 15 . 41 62 B 0.2 () . 3.3
1'..).5] Ce,H.s CﬁH]] (/ .3 (5 217 dO(‘. Clessclx.\"zUS -33 B 90 T . 1 | :)3 . T-) 0 . {t)
130 CH; C.H, o 2 0 196.5 dec. CyuH5 CLN O 52,92 6,58 52.71 6. %%
141 CH, CeHs o 2 .. 230.5 dec. CaH: CLN;08 ¢
122 Calds CeH ! 1 88 175.5-178.0 CHasCLNOS 59.69 7.26 59.46 700
o GHg CeH,y y U 87 h CuHpCINOS 67.06  8.18  67.17 8.7
e GHs Cslls q ! 0 1450 Co Hy CLLONOS 62.25  6.41  62.25  6.42
135 CiHe C;H, ’ 1 20 163.5-165.0 Co HayCLNOS 59.69 7.26 59.37 ¥ .40
156 ' H. CﬁH]] v { . 169.5-171.0 C2,H32C12NOS c
157 C.H; C.H, ¢ 1 95 155.5-156.0 CisHy;,CLNOS 58.75 7.00 58,87 AT
CH,
. - N / VN R
“~CILN(C ) * _\(__] c -(‘_,H;.\'\] " "C;H,N\_/_\:(TH, ¢ These salts were so hygroscopic that correct elemental analyses were
“ CH - e CH~,
ot obtained.  They were converted satisfactorily into pure aminothial glycolates. o [\,/J Sy H'NG " Free base lignid pir-
ified by chromatographing over Florisil, ¢ CNC‘“ CH CH
TasLe 11
THIOLBENZILATES AND SUBSTITUTED THIOLESTERS OF (GLYCOLIC ACIDS
ROHO
Nl
C—CsR"” - nllCl
/
R’
Yield, RSO = Caled., "5 = o= Bl 45 s
No R R’ R Th °(C. tcor.) Tormmla ¢ H C n
138 CeH, CH; ¢ 1 T3 213.0-214.0 CuHuCINOS 63.55  6.40 6367 6.2
129 CeHs C:Hy, « 1 7 206.0-207 . 1} CaoH3CiNOsS 62.55 78T 62,74 7.75
140 CeHs C:H, « \ a5 184 . 0-185.11 C ¢HysC NOgS 61.87 7.63 61.53 704
141 4-CH,;C:H, 4-CH,C¢H, a 1 S0 188.0-189.0 Ca:HasCINO:S 65.10 6. 96 65.04 6.94
142 C., C.H, b 2 61 230.5 dec. CyH sCLNO55 56.88 6.56 56.70 6.50
14 C.H; CsHyy h 2 80 213 dec. Ca H3:CLN 028 56.11 7.62 55.92 7.72
144 Cst, C,aHg ]) 2 E-)U 211 de(:. ConsgclzNzozs 55 . 16 T R 4.0 55 . 3:) 7 . 46
145 CﬁH‘—, Cng " 1) S i} ConngOzS 69.12 8.4! 68.91 5.21
146 CeH; CeH; e 0 81 91.0 CaHuNO:S 71.50 7.06 71.62 704
147 CeH; CeHy) 7 1 o 162.5-167.5 CoHgoCINO2S 62.55 7.87 62.36 7.61
145 CHs CeHe ¢ 1 34 151.0-152.0 Cy Hz CINOsS 63.37 8.1y b, 44 7.
144 C‘,}I, Csl“L', / 1 .. 223 .0-226.1) CZUH24CIN02S 63.55 6.40 63.31 6.3
150 CeH, C.H, C g 7 169.5~170.5 C.HaoN O3 63.67 6.20 63,44 6,08
151 CsH; C.H, h ) 52 i23.0~125.0 Czol{zsNOzs 70.34 6.78 70.59 .80
152 CeH; CsHn e 1 52 ' CyeH3CINO:S 64.13 8.32 64.61 8.52
154 CH. C:.H. e 1) 27 J CoHuyNOoS 69.76 8.65 64. 54 R.42
154 CeH; Celi, I 1 56 211.0-212 .1 CaHosCIN Op88 63,56 .40 Bi1. 35 6. 1N
155 CiH; Celic IS i} 27 145.0-147 .0 CaHao N8 69,12 {41 68,00 X, 20
" ".Up\'y\w b-CH .NLQ;\'(‘H ¢ <<&J~\\'";Ha 4 Free base liquid purified by chromatographing over Florisil; n*p L5615 and
(‘H,\>__ , —CH. o
11 i T It at 5.95 ¢ - / N 7 Ri rate - ee use 5 R-12()° " B
strotyg thiolester ubsorption at 5.95 u. VVL’H"\x_.‘ “n s Bifumarate; free base melted at 118-120°. T\/N(gl{‘
CH~
/‘q\
i Free basc ester distilled at 220° (0.25 mm.) (strong thiolester absorption at 5,92 p). 7 B.p. 168° (0.07 mnu. ). k <_/\'(3H‘
where.*~1*  Three behavioral tests were employed in Anticholinergic activity was evaluated in terms of
the present study: the activity cage, swim maze, and mydriatic and spasmogenic responsiveness (see Table
“peek?” test; and they will only be deseribed briefly. 11T).
(1ar 1. G. Abond al J. 11, Viel, Intven, Rev. Newrobiol., 4, 217 {1462). (1M AL LS Kosman, Prac. See. Expll. Biol, Med., 115, 728 (1464).
(11) V. . Lipman, I’ 8, Shyrrager, aint L. G, Abood, Arch. tnlrn. phar- (131 AL E. Kosiman, 7hid., in press.

murodya., 146, 174 {1963), (14) H. C. Chanyg and J. H. Gaddwin, J. Physiol., 79, 225 {1933},
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Tasie I1I
Errecr of THIOLESTERS ON MotToR Activiry, BEHAVIOR, AND
PERIPHERAL CHOLINERGIC SYSTEMS

~—— For 1 mg./kg. —— — Mydriasis? —  EDs vs.
Activity Swim Peek Conen., Time, ACh®
No. cages® maze® test® A min. (1:107%)

125 670 3.0 2.6 0.1+ .. 1
130 1500 2.7 2.8 0.1+ .. 1
139 1650 3.0 2.7 0.02 40 10
140 4059 3.9 2.8 0.002 60 100
144 667 3.8 2.5 0.1+ .
145 2659 4.0 2.5 0.01 150 ..
147 4153 3.9 3.2 0.005 200+ 50
148 2000 3.0 2.6 0.002 100 130
149 3060 4.2 2.9 0.01 200+
150 3256 3.5 2.8 0.1 46
151 2289 2.9 2.6 0.1 38
153 1147 3.2 2.6 0.1 35 2
154 3649 4.4 3.3 0.005 170 150
155 3500 4.2 3.4 0.005 250 100
3-NPB/ 4200 4.5 3.5 0.001 220 300
4-NPBv¢ 5200 6.0 5.0 0.001 300 200
3-NPyB* 4500 4.8 4.0 0.001 220 250
Saline 1300 2.6 2.6

« Expressed as oscillations/30 min. ® In terms of errors on 4th
trial. ¢ In terms of total number of peeks. ¢ Minimal %, solu-
tion necessary for complete mydriasis and the time (in minutes)
necessary for the pupil to return to normal. ¢ Dilution of drug
(parts per million) capable of inhibiting ACh-induced spasms on
the rabbit ileum by 509, e.g., a value of 300 indicates the extent
of dilution of a l-y/ml. solution. ‘3-NPB = N-methyl-3-
piperidyl benzilate. ¢ 4-NPB = N-methyl-4-piperidyl benzilate.
* 3-NPyB = N-methyl-3-pyrrolidyl benzilate.

Activity Cage.—The activity cage'%!! apparatus
consists of a ecircular wire-mesh cage (12.5 em. in
diameter, 1.325 m. in height) suspended from a canti-
lever beam of spring steel. Any movement of the
animal results in vibration of the cantilever which is
electronically connected to a pulse counter or auto-
matic ink recorder. Male albino rats weighing 150
+ 25 g. were injected intraperitoneally with 1 mg./kg.
of the agent and the total activity was recorded for a
period of 30 min, A total of 6 rats was tested with each
drug.

Swim Maze.—The swim maze'? is an I-shaped maze
constructed of galvanized iron and has the over-all
dimensions of 100 X 75 X 20 cm. (height). The
water level is 10 em. and the temperature is main-
tained at 27° with a circulation pump and temperature
regulator. An adult albino mouse injected intraperi-
toneally with 1 mg./kg. of the agent is placed in the
water 5 min. later, and both the time to swim the maze
and the number of errors are recorded. Fresh mice
are injected in groups of 6, and 4 training trials are given
at intervals of 10 min. Time scores are converted to
the log x and the errors to /2 + (x + 1)¥?; only the
error scores obtained in the fourth trial were used for the
evaluation. The swimming time was generally not
affected by the drugs, and their values were not in-
cluded.

Peek Test.—The apparatus!® consists of a brass
pipe 85 cm. long and 3.75 cm. in diameter. After a
mouse is inserted into one end of the pipe, the end is
closed with a rubber stopper. Both the time to tra-
verse the pipe and the number of “peeks’” made at the
opposite end are recorded. A ‘“‘peek’ is defined as an
emergence of the mouse’s head or forelimbs from the
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tube. A mouse would generally emerge in and out
after reaching the opposite end before exiting com-
pletely from the tube. Five minutes was the maximum
time allowed, and the square root of the number of
peeks was tabulated.

Anticholinergic Potency.—Mydriatic efficacy was
found to be a suitable method for the evaluation of the
anticholinergic action of the agents.® A drop of an
aqueous solution of the agent was applied directly to
each eye of a rat, and the time of onset of complete
mydriasis as well as the duration of mydriasis was re-
corded. The minimal concentration of the agent
necessary to produce complete mydriasis was em-
ployed, and 2-3 animals were used at this drug con-
centration.

The spasmolytic action of some of the agents was
determined on the isolated rabbit ileum according to the
technique of Chang and Gadduni.!'*

A fundamental objective of the drug screening pro-
gram has been to develop and examine behavioral tech-
niques which can screen anticholinergic agents rapidly
and effectively for central nervous system activity.
As has been discussed in detail elsewhere, 01! the meas-
urement of hyperactivity in rats is a good indication of
CNS stimulation. Although within a given series of
glycolate homologs (e.g., the piperidyl aud pyrrolidyl
series) hyperactivity appears to be correlated with
psychotomimetic potency, the relationship does not
always hold. In general it can be stated that with
respect to the degree of hyperactivity the thioesters are
25-509, less potent than the corresponding O-esters.

The swim maze and peek test have been shown to
be quite effective in evaluating the drug effects on cer-
tain behavioral patterns associated with higher central
nervous function.!? It can be inferred that the effect
of the glycolate esters on the mouse’s performance in
the swim maze is related, in a general way, to the ability
of the esters to impair such functions as concentration,
memory, and learning in monkeys and man.® It
should be pointed out that the glycolate esters do not
impair the motor ability of the animal to swim, and,
actually, their swimming rate may be slightly increased
over the normal value. Nor does mydriasis seem to be
a factor, since anticholinergic agents such as atropine
which have less CNS action are without effect on the
swim maze test,

The significance of the peek test in terms of the CNS
action of the glycolate esters is somewhat more difficult
to determine. To begin with only the most potent
centrally active glycolate esters significantly increase
the number of peeks in the test situation, and increasing
the dose of the less active compounds does not neces-
sarily alter the test performance. This test was de-
veloped by IKosman!® as a possible quantitative meas-
ure of the peculiar head-swaying and head-bobbing
effect produced by this class of agents in rodents.1®
Some factors as the natural tendency of the mouse to
exhibit exploratory behavior when emerging through a
hole from dark to light and his possible sensitivity to
light and other ambient changes undoubtedly enter
into the test situation. Despite the ultimate interpre-
tation of the test in terms of over-all behavior, it does
appear to be useful in screening the centrally active
glycolate esters. The most potent thiolesters from the
standpoint of this test are the 4-position ring-substi-
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mted piperidyl glyeolates (154 and 155), bur, again,
they are less potent than the corresponding O-esters.

The mydiatic effect of the drng apphed diveetly to
the rat’s eye ig not only a simple, rapid method for
determining the anticholinergic of a drug, bnt it ap-~
pears to be better correlated with the CNS action of the
agents than is the spasmogenie action on suooth nmirs-
cle In general, the mydriatic poteney as well as the
dnration of action of the thiolesters i abouat 20--50¢,
that of the O-esters.

In general the spasmolytic potency of the thiolesters
was 25-509% of that of thelr corresponding O-ester
denvatives (see ref. 10 for additional data). l'or the
most part the spasmolytic activity agreed favorably
with the mydriatic potency.

Experimental '’

Substituted Acetic Acids.-—All substituted acetic acids were
commercially available with the exception of dicyclohexylacetic
acid which was obtained from diphenylacetic acid according to
literature directions.

Substituted Chloro Acid Chlorides.-—These obtained by treat-
ment of the acid with thionvl and sulfuryl chlorides were:  cyelo-
pentylphenyvlchloroacety! elloride,? vield 7S¢, b.p. 124° (0.5
mnt}; cvelohexylphenylehloroacety] chloride,? yield 91%¢, b.p.
124° (0.4 mm.): dieyelohexylehloroacety! chloride,® vield 75¢,,
m.p. 52-54°. Diphenylehloroacetyl chlorides and  di-p-tolyl-
ebloreacety! chlorides were obtained by treatment of the w-
hydroxy aeids with PCl.

Mercaptans uot availalde counmercially were prepared s
described.

1-Methyl-4-(2-mercaptoethy!)piperazine, 1-(2-Mercaptoethyl -
pyrrolidine, and 1-(2-Mercapto)-2,5~-dimethylpyrrolidine. A.--
bithylene sulfide was prepared according to a combined procedure
of Braz'® and Schonberg.™  ithylene oxide (33 ml.) was added
to a mixture of potassium thiocyanate (45 g.) in water (45 g.)
at acetone~Dry Iece temperature. The solid mixture was trans-
ferred to an ice—salt bath and treated witlh 2 ml. of ethanethicl
a8 o stabilizer.  Gentle stirring was employed while the reaction
mixture was held at 1° for 24 hir, The ethylene sulfide was
removed by meaus of a pipet, treated with 1.5 ml of ethanethiol,
and fractionally distilled at 52-56° (760 mm.) (o give 301 g
(70C0) of the desired product.

B. 1-Methyl-4-(2-mercaptoethyl )piperazine wuas prepared from
freshly distilled ethvlene sulfide according to the procedure
of Haefele and Broge.”® The pure produet (80°7%) botled at 102°
(20 mm.), n® 1.5054 i bop. 45° (10 mm ), n%p 1.5045].

In a similar manner were prepared 1-(2-mercaptoethyl)pyrroli-
dine, yield 74¢;, b.p. 647 (15 mnv), a2p L5004 [it. b.p. S1°
(22 mm.), n?p 1.5004], and 1-(2-mercaptoethyl)-2,5-dimethy!-
pyrrolidine, yield 733", b.p. 62° (4.5 mm.).

Anal. Caled. for CJHENS: €, o032 H, 10.75,
¢, 6001 H, 10.87.

1-Ethyl-3-mercaptopyrrolidine. A, 1,4-Dibromo-~2-butano!
wis prepared from 1,2,4-butanetriol according to the procedure
of Lunsford, et al.,? to give the product (90Y;) boiling at 15t1°
(35 mm.), n2p 1.5426 [1it.2 h.p. 150-155° (40 mm. ), n*p 1.5382].

B. 1-Ethyl-3-pyrrolidino! wuas prepared essentially by the
procedure of Lunsford.® 1,4-Dibromo-2-butanol (231 g.) and
ethylamine (90 g.) afforded 36.7 g. (327;) of the desired product
boiling ate 98-100° (32 mm.). n¥p 1.4655 [1lit.2 bh.p. 107-110°
(A5 mm.j, n%p |.46501,

(. 1-Ethyl-3-chloropyrrolidine. - - {~Iithyl-3-pyrrolidine (36,9

Found:

(14} Meltihg points were takeh on a Alel-Femp apparatus aml are cor-
rected.  DBnlling points are uncorrecterl.
(16) . A, Swith, D, M. Alderman. and F. W, Nadig, .J. Am. Chem. Swr..
67, 272 (14,
a7y G. 1.
W4T (1951).

(18) A. Schonberg, Honhen-Weyl's “Methoden rler Organisrhen Chenmpe”
Yul. &, 4th Fd., Georg Thiene Verlag, Rtilttgart, Germany, 18,72, . 154,

1191 J. W. Haefele and R. W. Broge, Froc. 81, Sect. Porlet Gowde Aseon.,
32, 72 (1959); Chem. Abstr., b4, 17233 (1960).

120) C. D. Lansfond, 1. W Wabkt, AL J. Pallotta, T. W. Tusing, . K.
Rase, aml R, ] Muorphes, J. Med. Phavn, Chem., 1, T3 (10950),

Sraz, Zk. (hshek, Khim., 21, 688 (1851 Chem. Ahwr., 45,

Brremuer, S, 1 THaMES, L. (oo Anoon, asp J. H. Biel

Vol. s

g v was added with cooling to a lirge excess of SOCL, after which
the dark solimtion was refluxed gently for I hr. and coneentrated
ovaeno,cand the residne was cooled aud made Laste with Ny,
solution. Lxiractions with ether, solvent removal, and distilli
tinn of the restdue in racuo gave 23 p (5571 af the desin«d
produet, bop. 722 048 b, n%p 1.4558

Anal. Caled, fr CHCIN: € Aa3: H, 005,
¢, 54.08: H, .16,

D. 1-Ethyl-3-pyrrolidyl Thiolacetate.--"lie moditied proce-
dare ol Biel, of v/ *Cwas employed, A mixture of l-eilivl-i-
clderapvrerodidine 14 w05, thiolacetic aeid (3.6 w0, aud anlivdrons
ooyl idenlind was refluved fur 8 hr. a1 which time additional
thiclacerie awnd (8.6 g0 was added. At the conclusion of an
sdditiomal S-hre retlux period. the mixture was roncentrted
Anovweno, and the residie was dissolved i water. cooled, made
basie, and repeatedly exiracted with ether. The combined
extracts were dried and concentrated, and the residue was dis-
tilled to give 14 1. {727, ) of the desired product at 73° (2 mm.).

Analo Caled. for CHLENOS: € 55450 H, 872, Found:
Co55.000 H, 860,

E. 1-Ethyl-3-mercaptopyrrolidine.- - |-l thyl-3-pyrrolidy thiel-
acetate (6 g.b was dissolved in anbydrous methanol (50 ml.
and sodiunm (000 g7 was added.  The resulting solution was re-
fluxed througl a 30-cin Vigrenx column while methy! acetate
wias stowly withdrawn.  When the boiling point of methanol was
reachied, the restetion mixture wag eoncentrated, and the residue
wins fractionally distilled to give 2.9 g, (65773 of the pure produet,
bop. 42° ¢ mm g, 0t 14884,

Annls Caled, (or CyiHENS:
S04 H, 084,

1-Methy!-(3-methylmercapto )pyrrolidine .- L ~-Metliyl-i-hy -
droxymethyipyrmlidine was supplied by W. T, Sumerford of
Mead Jolmson Research Center, Kvansville, Ind.

A. 1-Methyl-(3-chloromethyl)pyrrolidine wus prepared in
61, vield acceording to the procedure described above for the
prodivtion of A-chlvro-l-ethylpyrrolidine. The pare product
had bop. 54% 025 nure ) Hit.22 bop. 56-57° 0 13 mum )i,

B. 1-Methyl-3-methylenepyrrolidy! thiolacetate was pre-
pared e MY vield aceording to the procedure described above
for the prodoction of leeithyl-d-pyrrolidyl thiclacetate. Tlhe
produet had Lup. 789 ¢ man,

Anado Caled, O CHENOSN: 554D H, s
C,oah H. sS4,

('.  |-Methyl(3-methylmercapto )pyrrolidine.—-1-Aethy!-i-
metlivlenepvrrolidvl thiolacetate (10 g.) was added to anhydrous
methanol (24 il deed by distilation over CaO.  The solution
was (reated witlh metallic sodium (0.2 g.) followed by heating.
The slowly refluxing solution was allywed to equilibrate, and the
methyl aeetate was slowly withdrawn between femperatures of
47 and 57°0 When the bailing point of methyl alcohol was
reachied, the renction mixture wus cooled and treated with glacial
acetic webl 15 s and drey ether {30 ml.), and the precipitated
sodimm acerate was removed by Afiltration.  The solvent was
removed and the residue was fractirmaelly  distilled ¥n 2ecro
throngh o Stecra, Vigrenx eolumn 6o give 5.0 g. (65", of the de-
sired produet hoiling at ¢2-04° 135 mun. i,

dpndo Caled. (v CJHLNSD G Ad8s: HL 022,
CL54N6: 1L, 957,

i ~-Ethyl-3-mercaptopiperidine wuas prepared according to the
literaturel! directions (yield 45¢%, by, 42-44° (0.9 myn)) and by
hyvdrolysis of the thiolacetate as described under l-methyl(i-
nethylmercapto pyrrolidine [yield 7507, lit. b.p. 57.5° (1.7 nnu. ).

1-Methyl-4-mercaptopiperidine was prepared according
literature® directions.

A. [-Methyl-4,4-dimercaptopiperidine melting at 47-40° was
prepared (62 ., 68701 (rom I-iethyl-4-piperidone (58 g.) (lit.2?
L. 48-5t1° ).

B. 1-Methyl-4-mercaptopiperidine was prepared (24.4 g.,
53¢, 3 from l-miethyl-4,4-dimercaptopiperidine (62 g.) and Na-
BH, (22 g.}. The pure product distilled at 64° (1 mm.) [lit.*
brp. 62° (0.8 mm. ).

Ester hydrochlorides of chloro acid chlorides in Table I were
prepared by the piethod of Mehta.2+ The following procedure

Foml:

C, 54.01: H, 905 TFound:

Found:

Frand:

(21) I. H. Biel, E. P. Sprengler, H. A. Lieser, J. Hocner, A, Drakkor, amd
M. L. Friehman, J. Awm. Chem. Sor., TT, 2250 (1955).

12y R. C. Yuson and C. L. Zirkle, ibid., 70, 2760 (1948},

123y H. Barrera anl R. B, Lyle, J. Org, Chem., 27, 641 (196,

241 M. D, Mebta, British Patent 833,820 (April 27, 14601 Chem. Ahstr.,
55, 1601 1061
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for the preparation of 1-(2-ethyl)pyrrolidyl diphenylchlorothiol-
acetate hydrochloride may serve as a typical example.

A butanone solution (50 ml.) of 1-(2-mercaptoethyl)pyrrolidine
(6.38 g.) was added dropwise with stirring to a butanone solution
(50 ml.) of diphenylchloroacetyl chloride (13.0 g.). The mixture
was refluxed for 0.5 hr. and concentrated in vacuo to 50 ml.,
anhydrous ether was added, and the precipitated product was
filtered and washed with dry ether. The crude product weighed
12.5 g. (65%) and, after recrystallizations from mixtures of
acetone, methanol, and ether, had a decomposition temperature
of 209.0°.

When the chloro acid chloride was phenyleyclohexylehloro-
acetyl chloride or phenyleyclopentylchloroacetyl chloride the
reflux period was extended to a minimum of 4 hr.

Ester hydrochlorides of substituted hydroxy acids in Table IT
were prepared from the corresponding «-chloro derivatives (Table
1) by a procedure which may be illustrated for the preparation of
1-methyl-4-(2-ethyl)piperazino thiolbenzilate dihydrochloride.
1-Methyl-4-(2-ethyl)piperazino diphenylchlorothiolacetate dihy-
drochloride (7.0 g.) dissolved in water (50 ml.) was heated to 60°
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for 10 min., cooled, made basic with Na,COy;, and extracted with
CHC(Cl;. The combined extracts were dried (MgSO,) and satu-
rated with HCI gas. The white solid was filtered and recrystal-
lized several times from a mixture of acetone, methanol, and ethyl
acetate. The pure product (4 g., 619,) decomposed at 230.5°.

If the a-chloro thiolester salt were derived from phenyleyclo-
hexylchloroacetyl chloride or phenyleyclopentylchloroacetyl
chloride, a hydrolysis period of 1-1.5 hr, at the reflux temperature
of water was required.

I-Ethyl-3-piperidyl Thiolbenzilate Bifumarate.—An ethereal
solution of fumaric acid was added to 1-ethyl-3-piperidy] thiol-
benzilate (2.50 g.) in dry ether (50 ml.). On standing at 3°
for 24 hr., white needles of the fumarate salt formed. Recrystal-
lization from a mixture of benzene and methanol gave pure
product (2.33 g., 709,) melting at 169.5-170.5°.

Acknowledgment.—The authors wish to express
their appreciation to Dean Hilton A. Smith for his
assistance in the chemical syntheses.
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Alkylating Agents from Octamethylenediamine and Various Xylylenediamines

W. A. SkinNER,! H. C. Toxg, T. E. SHELLENBERGER, AND G. W. NEWELL

Life Sciences Research, Stanford Research Institute, Menlo Park, California

Received March 31, 1965

Alkylating agents derived from m- and p-xylylenediamine and from octamethylenediamine were synthesized
and evaluated for their effects on the reproductive processes of the honsefly (Musca domestica L.) and the Japa-

nese quail (Coturniz coturniz japonica).
duction of the housefly.

A better understanding of the relationship between
the chemical structure of organic compounds and their
effects on reproductive processes is needed. In order
to obtain this kind of needed knowledge, a program
was initiated involving the synthesis of chemically
related groups of compounds and the evaluation of
their effects on the reproductive process in the house-
fly (Musca domestica 1.) and the Japanese quail
(Coturniz coturniz japonica).

A number of alkylating agents are known to inhibit
reproduction in mammals, while others are without
such effects.2® Recently, aziridinyl derivatives have
shown some promise as chemosterilants for insects.*=®
Chlorambucil” has been reported to inhibit the growth
of testes and to reduce egg hatch of the Mexican fruit
fly when the compound was administered continuously
in the food. Many questions remain unanswered re-
garding the relationship between the type of alkylat-
ing moiety or carrier moiety and their influence on the
compound’s ability to affect reproduction.

We wish to report the results of an initial study in
our program. A series of alkylating agents structurally
related to two known antispermatogenic agents were
synthesized and evaluated in the housefly and Japanese
quail. These compounds are related to two other

(1) To whom tnsuires should be addressed.

(2) H. Jackson, Pharmacol. Rev., 11, 135 (1959).

(3) N. Millman, Federation Proc.. 19, 553 (1960).

(4) F. W. Plapp, W. 8. Bigley, G. A. Chapman, and G. W. Eddy, J.
Econ. Entomol., 88, 607 (1962).

(5) D.E. Weidhaas, Nalure, 195, 786 (1962).

(8) A. B. Borkovece, Science, 187, 1034 (1962).

(7) J. G. Shaw and M. & Riviello, ¢hid., 187, 754 (1962).

Some of the aziridinyl derivatives were found to interfere with repro-

compounds, N,N’-diethyl-N,N"’-bis(dichloroacetyl)-1,4-
xylylenediamine (I) and N N’-bis(dichloroacetyl)-1,8-
octamethylenediamine (II), which also inhibit sperma-
togellesis in mammals.8—13

Studies by Swirey and Mayer?® indicated that the
octamethylenediamine derivative was more active in
inhibiting spermatogenesis than were those compounds
derived from diamines of shorter or longer chain length.
Structural variations® in the xylylenediamine deriva-
tives indicated that the meta derivative was inactive
in blocking spermatogenesis as was the analog without
the N-ethyl group. The dibromoacetyl derivative
was also inactive.

The possibility that these compounds were inhibit-
ing spermatogenesis by virtue of their alkylating
ability suggested to us the synthesis of alkylating
agents having the same carrier moieties as these active
compounds but with variation of the alkylating func-
tion. It was also of interest to evaluate these active
compounds in species other than mammals to ascertain
their effects on reproduction.

Chemistry.—The compounds synthesized (1-22) are
shown in Table I.  Our initial interests were concerned
with the effect of variation of the alkylating function on

(8) A. R. Burrey and J. R. Mayer, J. Med. Pharm. Chem., 8, 409 (1961).

(9) A.R. Surrey and J. R. Mayer, ibid., 8, 419 (1961).

(10) F. Coulston, A. L. Beyler, and H. P. Drobeck. Tozicol. Appl. Phar-
macol., 8, 715 (1960),

(11) D. A. Berberian, R. G. Slighter, and A. R. Surrey, Anttdiot, Chemo-
therapy, 11, 245 (19681).

(12) G. O. Potts, D. F. Burnham, and A. L. Beyler, Federation Proc., 20,
418 (1961).

(13) A. L. Beyler, G. 0. Potts, F. Colllston, and A. R. Surrey, Endo~
crinology, 69, 819 (1961).



