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for the preparation of 1-(2-ethyl)pyrrolidy! 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 diphenylchloroacety! 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 phenyleyclohexylchloro-
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
I) 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,CO;, and extracted with
CHC(Cl;. The combined extracts were dried (MgS0O;) and satu-
rated with HCl 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 phenyleyvelopentylchloroacetyl
chloride, a hydrolysis period of 1-1.5 hr, at the reflux temperatnre
of water was required.

1-Ethyl-3-piperidyl Thiolbenzilate Bifumarate.—An ethereal

solution of fumaric acid was added to 1-ethyl-3-piperidyl thiol-
benzilate (2.50 g.) in dry ether (50 ml.). On standing at 3°
for 24 hr., white needles of the fumarate salt formed. Reecrystal-
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 derived from m- and p-xylylenediamine and from: octaniethylenediamine were synthesized
and evaluated for their effects on the reproductive processes of the housefly (Musca domestica 1..) 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 (Mwusca domestica 1.) and the Japanese quail
(Coturniz coturniz japonica).

A number of alkylating agents are known to inhibit
reproduction i1 mammals, while others are without
such effects.?® Recently, aziridinyl derivatives have
shown some promise as chemosterilants for insects.4=®
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 earrier 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 inguires should be addressed.

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

(3) N. Millman, Federation Proc., 18, 5353 (1960).

(4) F. W. Plapp, W. 8. Bigley, G. A. Chapman, and G. W. Eddy, J.
Econ. Entomol., 85, 607 (1962).

(3) D.E. Weidhaas, Nature, 1958, 788 (1962).

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

(7) J. G. fShaw and M. & Riviello, shid., 187, 754 (1962).

Some of the aziridiny! 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-
togenesis in mammals,8—13

Studies by Swrrey 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 XN-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 fune-
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. Surrey and J. R. Mayer, J. Wed. 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., 3, 715 (1960).

(11) D. A. Berberian, R. G. Slighter, and A. R. Surrey, Antibiot, Chemo-
therapy. 11, 245 (1961).

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

(13) A. L. Beyler. G. O. Potts, F. Coulston, and A. R. Surrey, Endo-
crinology, 69, 819 (1961).
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antispermatogenic activity of {he carrier moiety of
N,N’-diethyl-N ,N’-bis(dichloroacetyl)-1 4-xylylenedi-
amine (I).

Attempted synthesis of the azividinyl derivative (3)
by reaction of aziridine with the bromoacetyl deriva-
tive (1) in methanol in the presence of anhydrous
potassium  carbonate repeatedly  yielded products
whose elementary analysis indicated the presence of
excess oxygen. The infrared absorption spectrum
showed C~O-C absorption at 89 u, and silica gel G
thin layer chromatography showed the presence of
two compounds which proved to be inseparable upon
repeated  erystallizations.  Column  chromatography
on silica gel and clution with ether-acetone (1:1)
afforded an analytical sample of the methoxy deriva-
tive formed by a competitive reaction of the solvent
with 1. When ethanol was used as the solvent for the
reaction, none of the corresponding ethoxy derivative
was formed. However, in the case of 3 and 20, cle-
nentary analyses and Beilstein tests indicated the
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presence of some starting bromo devivative,  Fhese
svrups were converled to analyvtieally pure chlovo-
ethylawiines (6 aud 22) by treatment with dey 1ICT in
methanol.

Tn the case of the synthesis of the m-bromoacetyl
derivative (7), the use of potassium carbonate as np
acid aceeptor vesulted in considerable production of
polymerie materials. A better method for the prepara-
tion of 7 involved the use of excess diamine as an acid
seeeptor.

The octamethylenediainine  derivative, N,N’-bis-
(dichloroacetyl)-18-octamethylenediammine  (II), had
been shown to be very active and selective m its anti-
spermatogenic effects.?  Variation of the alkylating
groups= on this carrier moiety led to compounds 10-15.
The acrylamido derivative (18) was prepared by the
method uzed for the xylylencdiamine derivatives,

In order to ascertain the unportance of having two
alkylating functions per mole, the benzybunine deviva-
tives (19-22) were synthesized and evaluated.

Experimental

Method A. N,N’-Diethyl-N,N’-bis(bromoacetyl)-1,4-xylyl-
enediamine (1).~-A solution of 9.6 g. (0.05 mole) of NN'-
diethyl-p-xvlylenediamine (prepared in 634 yield by reaction of
p-xylylene bromide with a 10-fold 1/ excess of aqueous 707,
ethylamine overnight at roown temperature after gently warming
o1l a steain bath) in 100 ml. of benzene was added dropwise with
vigorous stirring to a suspension of 28 g. (0.2 mole) of anhydrous
K.COjy in 100 ml, of beuzene containing 20.2 g. (0.1 mole) of
bromoacetyl bromide 1 100 ml. of beuzene at 5-10°. After
addition, the thick solution was left standing at room tenipera-
ture for 1 hr., and then ice water was added. The organic layer
was separated, washed with 0.1 N HCl and water, dried (Na:S0.),
and concentrated in racwo to vield 10 g (4697) of material.
An analytical saniple was prepared by recrystallization from
methanol;  m.p. 121.5-122.5°; AN absence of NH (3.0 u), 6.16
w (C==0), anide).

Method B. N,N‘-Bis(bromoacetyl)-1,3-xylylenediamine (7).
- To 156 g (01 mole) of m-xylyvlenedianiine in 200 ml. of ben-
zene at 5-10° was added slowly with stirring, 36.4 g. (0.2 mole)
of bromoncetyl bromide.  After about 1 hr., ice water was
added and the solid prodnct was filtered, washed with water, and
dried; yield 7.5 g. (207%).  An analyvtical sample was prepared
by reerystallization from ethanol-water; m.p. 175-176°; A
2,08, 3.08 (NH), 6.02 (C==0, amide), 6.52 g (aniide II).

Method C. N,N’.Diethyl-N,N’-bis(iodoacetyl)-1,4-xylylene-
diamine (2).-—A solution of 4.34 g.(0.01 mole) of bis(bromoacetyl)-
N,N’-diethyl-p-xylylenedigmine in 60 ml of acetone was added
dropwise at room temperature to 12 g. (0.08 mole) of Nal in
125 1l of ucetone. A drop of 0.5 .V HCl was added and the
whole solution was warmed gently on a steani bath for 2 hr.
After cooling, cold water was added and the precipitate wus
filtered; 3.35 g. (639%), 1.p. 130-134°.  An analytieal smple
was prepared by two recrystallizations from methanol; m.p.
133-134°; A3 absence of NH (3.0 u), 6.18 u (C==0, amide).

Method D. NN’-Diethyl-N,N’-bis(acrylyl)-1,4-xylylenedi-
amine (17).--A solution of 4.8 g. (0.025 mole) of N,N’-diethyl-
p-xylvlenediamine in 30 1wl of benzene was added dropwise with
stirring to a suspension of 158 g. (0.1 mole) of anhydrous K,CO),
in 75 ml. of beuzene containing 4.56 g. (0.05 mole) of acrvloy]
chloride.  After the addition, the solution was stirred for 3 he.
and then washed, respectively, with 100 ml. of 0.1 ¥ HCI, 0.1 .V
NaOH, and water. The organic layer was concentrated n
vacuo after dryving (Na.SQs) to vield 4 g (53%) of produci.
Recerystallization from benzene-petroleum ether (b.p. 30-60°)
and then methanol-water afforded an analytical sample: m.p.
112-112.5%: A2 6,06 (C==0, amide), 6.20 px (C==C, acrylyl).

Method E. N,N’-Diethyl-N,N’-Lis(azidoacetyl)-1,4-xylyl-
enediamine (4).-—A solution of 2.6 g. (0.04 mole) of sodium
azide in a minimum amonut of water was added dropwise to 4.34
g (0.01 mole) of bis(bromoacetyl)-N,N’'-diethyl-p-xylylenedi-
aniine in 40 ml. of dimethylformamide, The solution was stirred
overnight at 35-45°. The nex( day water was added and the




September 1965 Di1aMINES AND REPRODUCTIVE PROCESSES 649
TasLE 1
CHEMICAL Dara
Yield, —_ Caled., % — ——Found, %——-
Compd. Method M.p., °C. Crystn. solvent A Formula C H N C H N
1 A 121.5-122.5 Methanol 46 C1sH2BryN-0, 44.3 5.11 6.45 44.4 509 6.48
2 C 133-134 Methanol 63 CsHoo I N2y 36.4 420 5.30 36.9 4.43 5.08
3 F 98 CaHyN,O, 67.0 8.44 15.6 65.4 8.28 15.3
4 E 49-52 Methanol-water 64 CysH22N0s 53.6 6.19 31.3 53.4 6.15 30.8
5 58-60 9 Ci1eHosN-O, 64.3 8.30 8.33 63.9 8.70 8.36
6 G 207-210 Methanol-ether 83 CuH3CLNO, - 46.0 6.90 10.7 45.4 6.51 10.7
2HCI1- H,0
7 B 175-176 Ethanol-water 20 CoH 14, BrsN-0, 38.2 3.74 7.44 38.7 4.04 T.42
8 C 198-199 DMF-water 50 CoHp, N0, 30.5 3.00 5.95 30.6 3.03 6.08
9 F 153-155 Benzene-hexane 81 C1¢HN,0, 63.5 7.30 185 62.8 7.29 18.1
10 A 123-124 Ethanol 81 CioHeBroIN-O, 37.4 5,74 T7.26 37.5 5.84 7.67
11 C 166-167 Acetone—water 90 CroHgIoN-0, 30.0 4.62 5.84 30.5 4.67 5.40
12 F 90 Cyvclohexane 64 C1eH3 N0, 61.9 9.74 18.1 62.1 9.60 18.1
13 E 80-81 Methanol-water 82 C2H o N:0, 46.4 7.14 36.1 46.5 7.18 36.2
14 89-90 12 Cy4HsN,0, 58.3 9.79 9.71 58.2 9.86 9.92
15 G 177-180 67 CeHpCL N0 2HCY 42,1 7.51 12.3 42,1 7.47 121
16 D 145-145.5 Benzene-methanol 50 C1:H6N:0, 68.8 6.60 11.5 68.4 6.53 11.6
17 D 112-112.5 Methanol-water 53 CreHoy N0, 72.0 8.05 9.33 72.0 7.8 9.47
18 D 143.5-144.5 2-Propanol-water 51 C1Hyu N0, 66.6 9.59 11.1 66.9 9.09 11.0
19 B 109-110 92 CoH,;,BrNO 47.4 442 6.14 47.2 4.30 6.11
20 F 98 C Hp N0 69.4 7.42 14.7 67.5 7.35 14.1
21 50-51 10 CioH;3NO, 67.0 7.31 7.8 66.9 7.31 7.83
22 G 154-157 53 CH;;CIN.O . HC] 50.2 6.12 10.6 50.3 6.15 10.7

gummy product was recrystallized from methanol-water; yield
2.3 g. (649%); m.p. 49-52°; Ao 4.75 (N3), 6.05 u (C=0,
amide).

Method F. N,N’-Bis(aziridinylacetyl)-1,8-octamethylenedi-
amine (12).—To a solution of 1.93 g. (0.005 mole) of bis(N,N’-
bromoacetyl)octamethylenediamine (10) in 100 ml. of ethanol
containing 4.2 g. (0.03 mole) of anhydrous KyCO; was added
dropwise 1.5 ml. (0.03 mole) of aziridine at room temperature.
The solution was stirred several hours, left standing overnight,
concentrated ¢n vacuo to one-half its original volume, and filtered
to remove inorganic salts. The filtrate was concentrated to
dryness, extracted with warm benzene, and crystallized by the
addition of hexane to yield 1 g. (647); m.p. 90°; AiF' 3.02 (NH),
6.09 u (C=0, amide); thin layer chromatography, MN cellu-
lose 300F, ethanol developed, R; 0.83, iodine detected.

Method G. N,N’-Bis(2-chloroethylaminoacety!)-1,8-octa-
methylenediamine Dihydrochloride (15).—A solution of 1 g.
(0.0032 mole) of bis(N,N’-aziridinylacetyl)octamethylenediamine
in 50 ml. of methanol at 0° was saturated with anhydrous HCI.
Then it was left standing at room temperature for 2 hr., evacuated
to half its volume, and cooled in an ice bath. Anhydrous ether
was added and the precipitated white solid was filtered and
washed with anhydrous ether; 1 g. (67%), m.p. 177-180°.

Biological Methods. Effects on Houseflies.—All of the above-
mentioned compounds were evaluated as inhibitors of reproduc-
tion in our colony of houseflies (Musca domestica L.).

Precounted, ready-to-emerge pupae were placed in a fly cage
with 10 g. of a dry diet containing 19, of the test compound;
an unsupplemented control gronp was included in each experi-
ment. The dry diet used in this study had been previously
described by Labrecque, et al.'* After 48 hr., oviposition diet
eonsisting of 3 parts of water and 1 part of evaporated milk
was substituted for the dry diet. Prior to oviposition, a 140-ml.
wax-treated cup containing 20-30 ml. of the diluted milk diet and
a milk-saturated cotton ball were placed in each cage as an ovi-
position media.

Eggs were collected twice daily for 1 week after oviposition.
Fggs laid overnight were discarded. One-hundred fresh eggs
obtained by mid-afternoon were placed on Petri dishes containing
1.59 solidified agar and inciibated at 30° for 1 day to determine
hatchability. This procedure is only a minor modification of that
described by Kilgore and Painter.15

The results on compounds showing an effect on the hatchability
of the housefly eggs are summarized in Table II. N,N’-Bis-
(dichloroacetyl)-1,8-octamethylenediamine and all other com-

(14) G. C, Labrecque, P. H. Adcock, and C. N. Smith, J. Econ. Entomol.,
58, 802 (1960).
(15) W. W. Kilgore and R. R, Painter, 1bid., 55, 710 (1962).

pounds mentioned in this paper with the exception of those in
Table II had no effect on the reproduction of the housefly at
19 concentration in the feed. Results on apholate and 5-fluoro-
uracil were in agreement with the literature.

TapLe I
ErrecTs oF CoMPOUNDS ON THE REPRODTCTION
oF HOUSEFLIES

% egg hateh:

p—

Conen. No. of Days of oviposition

Compd. (wt. % in feed) flies 1 2 3 4 5 6 7
Control 12 400 94 94 92 96 94 83 ..
Control 2¢ e 250 92 97 90 98 88 91 87
92 1.0 400 31 .. 71 .. 74 76 ..
9e 1.0 250 41 56 64 .. 76 65 67
9a 0.1 250 90 88 87 88 90 98 90

122 1.0 400 19 27 11 30 28 35
120 1.0 250 .. 2 1 .. 0 .. ..
128 0.1 250 14 10 18 18 38 23 27
128 0.01 250 77 61 72 70 62 72

¢ Acetone used in diet to dissolve compound or as control.
® Compound mixed in dry diet. Acetone was found to decrease
effectiveness of compounds. All were evaluated dry also.

Effects on Japanese Quail.—Several of the compounds were
evaluated for their effects on the reproduction of the Japanese
quail (Coturniz coturniz japonica). Adult Japanese quail from a
stock colony maintained at Stanford Research Institute were
randomized into groups containing 18 females and 7 males.
All birds were housed in commercial chick brooder batteries in an
air-conditioned laboratory. During a 3-4 week pretreatment
period, a finely ground commercial game bird breeder layer diet
was fed ad Libitum. Eggs were collected daily and stored by
groups in a refrigerator at 13°. At weekly intervals noncracked
eggs were incubated in a commercial egg incubator-hatcher unit
for determination of hatchability and fertility. Body weight and
feed consumption were measured weekly.

During a 4-6-week experimental period, the test compounds
were added to the ground layer diet at a level of 400 p.p.m.
A nonsupplemented group served as controls. During the
treatment period eggs were collected daily but set for incubation
only at weekly intervals. Body weight and feed consumption
were measured weekly and were not significantly different from
the controls.
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The following compolinds were evalnated for effects on repro-
dietion in the Japanese quail but were withont effect at dietary
levels as high as 400 p.pan.: N, N'-diethyl-N,N'-bis(dichloro-
acetyl)-1,4-xylylenediamine, N,N’-bis(dichloroacety])-1.8-octa-
methylenediamine, 7, 8, and 10.

Discussion of Biological Results

In the series of alkylene and xylylenediamines used
as carviers for alkylating groups all active compounds
i the fly reproduction experiments had the aziridinyl-
acetyl grouping as the alkylating funetion.  ven
with that grouping in the case of the N-ethyl deriva-
tive (3) no activity was noted. The octamethylene
derivative (12) was clearly the most effective while
the m-xylylene derivative (9) showed some effect.
The lack of activity of the beuzvl derivative (20)
would indicate the need for at least two alkylating
groups per mole.

KaBas, anp [sa0 Naxkara Vol. 8
The Inck of activity of the N-ethyl derivative (3)
and the nitrogen mustards (6 and 15) emphasizes
the speciicity of activity toward inhibiting reprodue-
tion both with regard to the carvier moiety and the
alkylating function.  Cwrrent work in these labova-
tories is concerned with defining these parameters in
greater detall and, i addition, investigating speeies
speecifieity in the Japanese quail and in the mt,
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Procedures have beenn developed for the preparation of nitrogen mustard derivatives containing amino, di-
methylamino, and trimethylamionio groups separated froni the mustard group by two-, three-, four-, and five-

carbon chains.

tumor activity and were much less toxic.

Idarlier reports have indicated interesting biological
properties for a variety of basic heterocyeclic com-
pounds with bis(g-chloroethyl)aminoalkylamino side
chains,®™* related to nitrogen nustard [HN-2, I,
CH;N(CH.CHCl)s]. Furthermore, it is likely that
analogs of such compounds might be formed in vivo
through alkylation of primary, sccondary, or tertiary
nitrogens in proteins, DNA, RNA, or other basic
constituents of cells. It, therefore, seemed desirable
to study simple amino- and auunonio-substituted
mustards, espeecially siuce one of the siniplest possible
analogs, B-aminoethylbis(8-chloroethyl)amine, has
shown very promising activity at least comparable to
HN-21in our laboratories and elsewhere.®

The compounds selected for study may be represented
by the following general structures.

X-(CHa)oN(CH,CHaCl), X-(CH,):N(CH,CH.Cl).

11 111
N-{CH,);CH(CH;)N(CHCH,(Cl), N-(CH,);:N(CH,CH,Cl),
v V (¢ only)
a, X = NH,
b, X = N(CH; )
¢, X = N+CH;)Cl-

Since the ethylenediamine derivatives (IT) showed
the most interesting biological activities, a more ex-
tensive series wag prepared for biological testing.

(1) Supported in part by U, 8. Public Health Service Grant No. Cy-2714.
Abstracted from the doctoral dissertation of G. Kabas, June 1960.

(?) R. Jones, Jr., C. C, Price, and A. K. Sen, J. Org. Chem., 28, 783
037,

(3) H. J. Creech, R. M. Veck, and R. K, Preston, J. Am. Chem. Soc.,
81, 3084 (195M).

A p-trimethylammonio group diminished the reactivity of an aniino group so that it was possible
to introduce only one hydroxyvethyl group by reaction with ethylene oxide.
mustards to have toxic and antitumor properties similar to HN-2,

Biological tests indicated the amino
The ammonio mustards were devoid of anti-

The required diols were prepared by either of two
methods: (1) N,N-dialkylethylenediamine, prepared
by the method of Twmner,® was converted to the cor-
responding diol by reaction with ethylene oxide, or
(2) N,N-dialkylaminoethyl chloride was freated with
diethanolamine.”

Sinee it may be assumed that unitrogen mustards
related to ethylenediamine could cyclize to piperazine
dervivatives, a related series of N-2-chlorocthylpiper-
azines was also prepared.

The conversion of ethylenediamine to the mustard
derivatives IIa and IIb was accomplished by the ve-
actions outlined below.”

2, QL

L. CH0,HCOOL .
2 HCLS0CL / \"O"L’

[Th-2HCI (ra.p. 157°) IIa-2HCI (m.p. 140°)

1, C:H:0
H,NCH,CH, NHA¢ ——> (HOCH,CH;),NCH,CH.NH.
i1

The couversion of the methylated diol II to IIb was
not successful unless it was first converted to the hy-
drochloride. Reaction of the free base gave an en-
tirely different product, m.p. 237° deec., which may
have been the cyelized piperaziniui isomer, although

(4} H. H. Lin and C. C. Yrice, J. {irg. Chem., 26, 108, 264, 266 (1961),

¢5) R. Turner, J. Am. Chem. Soc., 68, 1607 (1646).

(67 (4, Drefahl and K. H. Konig, Chem. Ber., 87, 1632 (1934).

(7) After we hand prepared 1Ta, it was reparted Ly Creeed, Peck, and
Y'reston.?



