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Tasre I
Tue Errecr oF CROSEMPERINE ON EHRLICH ASCITES
TuMor-BEarING Mice

No. of
Dose, daily Mean PCV*@
mg/kg doses Survivors (Test/Control) T/C
400 1 0/4
200 1 4/6 2.45+0.4/3.4+=0.6 0.72
100 1 6/6 2,46 +=0.5/3.4 0.6 0.72
50 5 0/5 . .
25 5 4/5 1.0 £0.3/2.2+£0.4 0.45

e Packed cell volume in milliliters & standard deviation.

et alb The latter compound was not lethal at 200
mg/kg administered daily for 11 days. If biological
activity depends upon opening of the cyclic diester ring
structure, these data indicate that crosemperine may be
more susceptible to enzymic attack than monocro-
taline. Alternatively, the methylated nitrogen of the
present. compound may alter its distribution properties,
resulting in increased toxic effects to the host but re-
duced toxic effects to the tumor,

Crosemperine was tested up to 1600 ug/ml concen-
tration against Staphylococcus aureus, Escherichia coli,
Bacillus  cereus, Saccharomyces cerevisiae, Candida
albicans, and Aspergillus niger, using a serial dilution
method? and was found inactive.

(7) R. ¥, Smith, D. E, Shay, and N. J. Doorenbos, J. Bacteriol., 88, 1295
(1963).
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Disubstituted haloacylpiperazines were of interest to
us as intermediates which can be used to obtain amine
derivatives,! Carbon and co-workers?® discovered
antitumor activity for N,N’-bis(3-bromopropionyl)-
piperazine, introduced recently under the name pipo-
broman,?® and N,N’-bis(3-chloropropionyl)piperazine
was obtained some years ago by one of us.'2 We
decided to synthesize a series of derivatives® and to
examine their cytostatic activity. Also the mechanism
of action of these compounds has not yet been eluci-
dated.* In order to explain the relation between
chemical structure and cytostatic activity of the com-
pounds, we varied both the acyl substituent, introducing
alkyl groups and a halogen atom in positions 2 or 3,
and the amine part, replacing piperazine by 2-methyl-
piperazine.

{1) (a) 8. Groszkowski, Roczniki Chem., 84, 707 (1960); 88, 229 (1964);
{b) 8. Groszkowski and J. Sienkiewicz, Ann. Pharm. Franc., in press.

(2) ta) R. J. Stein, J. A. Carbon, J. Langdon, and R. K. Richards, J. Lab.
Clin, Med., 86, 949 (1960); (b) Vercyte®.

{3) {a) S.Groszkowski, J. Sienkiewicz, and L. Najman, Farmacia (Bucha-
rest), 15, 263 {1967); (b) S. Groszkowski, L. Korzycka, and A. Wesolowski,
Roczniki Chem., in press.

{4) (a) J. Louis, R. J. Rohn, and R. W. Monto, Proc. Am. Assoc. Cancer
Res., 8, 246 {1961); (b) T. J. McNair, E. A, Wibin, E. T, Hoppe, J. L.

Schmidt, and F. A. de Peyster, /. Surg. Res., 8, 130 (1963);: {c¢) C. E,
Nasjleti, J. M. Walden, and H. H. Spencer, Cancer. Res., 25, 275 {1965).
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The compounds were obtained by condensation of
the appropriate haloacyl chlorides or bromides with
piperazine hexahydrate or 2-methylpiperazine in chloro-
form in which almost all derivatives of haloacylpipera-
zines are readily soluble. The acid chlorides give higher
yields than bromides., The piperazine derivatives were
obtained in good yield as solids which can be easily
purified by recrystallization,'* The new derivatives
of 2-methylpiperazine described in this paper, exclud-
ing XVI and XIX obtained in the solid state, are (as
crude products) oils or resins, crystallizing slowly and
decomposing during distillation under reduced pres-
sure. Among them we obtained XII and XVI-
XIX in a pure crystalline form. We could not obtain
in a pure state the products of condensation of 2-chloro-
propionyl, 2-bromopropionyl, 3-chloropropionyl, and
3-chlorobutylryl chlorides with 2-methylpiperazine,
Therefore, these compounds were not submitted to
biological investigations,

The derivatives of 2-methylpiperazine and the deriva-
tives of piperazine previously described!®?® were ex-
amined for cytostatic activity by the test of Constan-
tinescu and co-workers.® The method is based upon
the determination of the smallest amount of compound
which, dissolved in a 1.0 mM caffein solution (0.0212
wt 9), will, after 24 hr at 25 = 1°, induce the charac-
teristic alteration of all the mitotic figures of cario-
kinesis in the wheat radicular meristemas introduced
into the solution. The alterations are identical with
those produced by the same agent in healthy and can-
cerous animal tissues with an intense proliferative
activity. These ‘‘chromatoclazic’’® changes consist
mainly of mitosis protraction, chromosome fragmenta-
tion, the formation of ana- and telophasic bridges,
the appearance of micronuclei, and the grouping of
chromatin in clusters of various sizes. Under the
same conditions, but without the addition of caffein,
only a slight inhibition of mitosis with no ‘‘chromato-
clazic” effects can be observed. On the other hand,
the caffeine solution alone, depending on concentra-
tion, induces a weak ‘‘statmodieretic’®? activity,
which consists of the formation of polynuclear cells.
It should also be emphasized that cytostatic substances,
which show a mechanism of action different from al-
kylation, do not induce any of the previously described
changes in the cariokinesis pictures. They produce,
at most, an inhibition of mitosis.

Among 16 substances examined, pipobroman (III)
showed (Table I) highest alkylating activity, followed
by XII and II. Substances I, X, XIX, and XX did
not show cytostatic activity. The remainder in-
creased the statmodieretic activity of caffein and had
weak antimitotic or alkylating properties,

Oun the bagis of experimental data, it can be concluded
that the bromine derivatives show a higher activity
than chloro analogs, Position 3 is much more favorable
than 2. The introduetion of a methyl radical or
branched acyl group into the ring reduces the alkylating
activity, The absence of the halogen atom or too
small or too large acyl radicals abolish activity.

{5) D.G. Constantinescu, M. Constantinescu, M. Retezeanu, R. Oteleanuy,
and V. Stoenescu., Compt. Rend., 368, 176, 1061 (1961); 254, 1665 {1962),

(6) P. Dustin, Jr., " Exposés Annuels de Biologie Cellulaire,” Masson and
Cie., Editeurs, Paris, 1956, pp 189-240.

(7) A. Gosselin Compl. Rend., 210, 544 {1940),
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Val. 11

Ty 1

RCON
Yield,
No. K 1t Mp, °(f o
I CICH, I 135137
11 CICH.LClL 11 108--109
11 BrCHLClLL, 11 106-107
v CH3CHCH 11 162-1643
\ CH,CHBr 19 163-164
Vi CH;CHCICH. I8 101-105
VIt CICH,CHCH; 1 112-115
VIIL C,H:.ClHBr 11 128130
X (CH;),CBr 11 189-190
X (CH).CHCH B i1 185187
X1 BrCILCH, Cl 285 27
NV CICIT,CHCIT, CHy 119120 i
XVI (LHLCHBr CHhL 136137 25
X VI (CH).CBr CH, 171172 Is
NIX (CH;).CHCHBr Cll, 194-195 42
XX CH;CHCH 1 188189

* For analytieal data of other eompounds see vef la and 3.
were within £0.46; of theory.

7 The infrared spectra were takeu as Nujol mulls nsing a UR-10 Zeiss spectrophotonieter.
v ide I 1640-1650, T avertorne 3250-3280:
¢ Alkylating signifies a full ehromatoclazic effect: slightly alkylating, that only
statmodieretie, a =trang farmation of binuelenr and phiinpelenr cells.

teristic maxima (em ™) in the ruges:
617.  Complete speetral data nre availnble on request.,
an insiguifieant part of cells show chronutoelazie effect;

Experimental Section

N,N’-Bis(haloacyl)-2-methylpiperazines.-~All derivatives were
obtained by the same method. Five grams (0.05 mole) of 2-
methylpiperazine, 30 ml of CHCL, and 20 g of NaHCO; were
treated with 0.12 mole of the appropriate haloacyl ehloride or
bromide in 30 ml of CHCIl; (vigorons stirring and cooling at
5-8°). Then, 5 nil of HO and 10 g of NaHCO; were added, and
stirring was continued for an additional 4 hr.  After adding 20 g
af unhydrons MgSO,, the mixture was kept overnight. The
finsk ecantent was filtered, and the precipitate was washed with
100 mi of CHCl. The CHClLy was distilled under reduced pres-
sure, and the residue, nsnally an oil, wax put aside for ervstal-
lization. The erude material was theu purified by recrystalliza-
tian fram EtOAe-evelohexane, theu fram LtOH.
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This paper reports the synthesis of scleeted nitrogen
mustard  derivatives in the phenothiazine and beun-
zophenothiazine series for anticancer evaluation (Tables
[-IV). The synthetic route chosen iz that previously
enmployed by Shirley, ef al.,? and is shown in Scheme 1.

The nitrogen mustard types were tested by CCNSC.
Toxicity tests were performed by intraperitoneal daily
ijections in dosce levels of 3.0-100 mg/kg using rats as
the host,  Three nnimals were used in ench of four dose
levels with injections being continued for 5 days.  All

(1) Tuv wholn imgairies concerniog 1his paper should be senl.
2 D0 A Shirdey, K. R and J.CLGilmer, J. Org. Cheme, 26, 3585 (1061,

* All melting polnts (eapillary o are unearrected.
Halogen was determined mercurimetrically after alkaline hydroly<ix, nitrogeu by the Kjeldahl method.

R
NOCR

Foral? V) yses Avteappearing aler 21 by, we

hutetive, toxie

0.099, alkylbiting

00066, nlkylating

0.0066, =i ithib mitasis

0.0066, =1 inhib mitaxis

0.0286, statmodieretic, =1 alkyliting

1.066, statmodieretic, =l alkyliting
(after 48 hr)

0.0066, inhib mitoxis, =l alkylating

0.04, stitmodieretie, st alkylating

[nsetive, toxie

Cil LisBraN.O. Br, N 0.0099, alkylatiug

CiHauCLNLO, CL N 0.033, statmadieretic, <1 alkyviniing

CisHaBraN.O. Br, N 0.0066, iuhib mitasis, very sl alkv-
lating

CrHaeBraN.O. Br, N 0.052, statmodicretie, =l alkyhiting

ChaHasBraN.O, Br, N Lugetive, toxie

Tnnetive
©Anndytienl values

2-Methylpipernzine derivatives show charne-
pisyin} CHae- X 5050-3050, C-C1 750, C-Br 480-

Neupme [

»-Ba Ly . - CEC 1R8O0 0 1O

ZNI1 ZNLi
OCTC Nz N
ZNCILCILCI

ZNCHCHN(CHLCTLOH )y ———— ZNCH.CHN(CHLCHLCL

ZN = substitnted phenothinzinyl aud benzaphenathinzinyl

test animals survived for 10 days i test= when the dose
level did not exceed 33 mg/kg.  In tests in whiel the
dose level wax 100 mg/kg the number of animals sur-
viving varied with the eomponnd under consideration.
Tests were performed, using staudard sereening pro-
cedures, with the compounds against Walker carcin-
osarcoma 256, Dunning leukemin, Lewis lung car-
cinoma, lymphoid leukemin, Sareoma 180, and hunun
epidermoid eareinoma of the nagopharynx at dosc
levels through 200 mg/kg/day. Noue of the com-
pounds showed signifieant activity.

Experimental Section

Elemental mieronnalyses were performed by Weller and
Strawss Microanadytienl Luboratory, Oxford, Eughind.  Melting
points were determined an o Mel-Temp wmelting point black.
Where ammlyses are indicated ouly by sywmbols of the elements,
malytical results abtaiued for thase elements were within
==0.457 of the theoretical vilues.

10-(2-Chloroethyl)-3-methoxyphenothiazine.3--n-Bul.i (10 uil,
1.48 M) i hexane wis added to 1 snspension of 3.0 g (13 mnioles)
of J-methaxyphenathinzine’ in 75 wil of dry ether. The salntion
was stirred inder reflox far 50 min and then caded i oan ice
batli. A solution of 3.5 g (15 mmoles) of 2-chloroethyl p-tolnene-
sulfonate in 20 ml o dry ether was added.  The mixtire was

3) K. sen, unpahlished resolts, The University of Tennessee, Knoxville,
Tenio
1)L Gilaw el Vo0 N Shivley, S JDne Chem. Soe., 66, 8388 (11000,
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