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Thirty-seven 1,4-disubstituted piperazines have been prepared in which the 1 substituents are benzyl or
phenylalkyl or its mono- or polyalkoxy, alkylenedioxy, or alkoxyhydroxy derivatives, and the 4 substituentsare

pyrimidyl and its substituted derivatives, quinazolinyl or triazinyl.
Furthermore some of them exhibit analgetic and antiinflamma-
A structure-aetivity relationship study was carried ont.

vasodilating properties inn anesthetized rabbits.
tory properties.

A considerable body of literature is recorded on the
biological effects of compounds containing the piper-
azine moiety. In the field of the 4-substituted 1-aralkyl-
piperazines, hypotensive and vasodilator effects have
been reported.! lore recently, we have desecribed?
the potent coronary vasodilator properties of a piper-
onylpiperazine derivative (I). This observation stim-
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ulated our interest in the preparation and testing of
other piperonylpiperazine derivatives and led us to
synthesize 1, which was found to have significant pe-
ripheral vasodilator properties.®
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In a study of this class of compounds in depth, the
effect on activity with appropriate changes was de-
termined, the structure of 1 being divided into three
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portions. KEach parameter was varied selectively.
(a) For the modifications of portion A, we replaced the
methylenedioxy by polyalkoxy, alkoxyhydroxy, or
dihydroxy groups. We studied also the influence of
lengthening the distance between the piperazine N and
the benzylic C, or the deletion of the methylene group
in the A moiety. (b) For the modifications of portion
B, we altered piperazine to 2-methylpiperazine, homo-
piperazine, or N,N’~-dimethylethylenediamine. In por-
tion C the pyrimidine group was replaced by alkoxy,
alkyl, hydroxy, chloro, N-substituted aminopyrimidine
groups, and substituted s-triazine or quinazoline groups.

(1) (a) J. R. Boissier, C. Dumont, R. Ratouis, and J. Pagny, Arch. Intern,
Pharmacodyn., 138, 29 (1961): (b) G. Quesnel, R. Chalaust, H. Schmitt,
G. Kroneberg, and H. Schmitt, ibid., 128, 17 (1960);: (c) J. R. Boissier, R.
Ratouis, and C. Dumont, J. Med. Chem.. 8, 541 (1963); (d) R. L. Moffitt
and R. K. 8. Lim, Federation Proc., 15, 461 (1958).

(2) M. Laubie, J. C. Le Douaree, and H. Schmitt, Arck. Intern. Pharma-
codyn., 151, 313 (1964).

(3) M. Laubie and J. Peltier, Abstracts of Papers, IIIrd International
Pharmacological Congress, Sao Paulo, July 24-30, 1966.

Some derivatives were found to have potent
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Chemistry.—The piperazine derivatives (Tables I-
IIT) were obtained by six general methods according
to Scheme I. In method A, substituted 2- or 4-
halogenopyrimidine or its derivatives were generally
condensed with the appropriate N-monosubstituted
piperazine in DMTI' in the presence of K,CQO; In
method B, aralkyl halides were condensed with the
appropriate N-monosubstituted piperazine or its deriva-
tives. In method C, condensation of an aromatic
aldehyde with an N-monosubstituted piperazine and
catalytic hydrogenation under pressure was performed
in one step. In method D, the chlorine atom of a
1-substituted 4-(2-chloro-4-pyrimidyl or -s-triazinyl)-
piperazine was hydrogenolyzed under pressure over
Pd-C to yield the 1l-substituted 4-(substituted 4-
pyrimidyl or 2-s-triazinyl)piperazine. In method E,
the benzyl group of l-substituted 4-(4-benzyloxy-2-
pyrimidyl)piperazine was hydrogenolyzed under pres-
sure to give the 1-substituted 4-(4-hydroxy-2-pyrim-
idyl)piperazine, and in method F, a substituted 4-guan-
idinopiperazine sulfate was treated with triformami-
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AN N—cH 0
O
]
Yield Mp, 7™
eeyvald, Cyysln” of andne

Ny A Melbod r solvent or aull Formula®

1 2_041{31\'9" A SO 5 Al ON C)GILEN4OQ

0 2-Cl-4-C{H,N, A 36 JORIS i Ci1sH:CINLO,

3 4-C4H;N. b 6) Al 192- 1S CieHisN4Os-2HCE

4 4-CH;0-2-C4H.N. A 9t AP D01 CasHaoN 4Oy

O 4-C, H;0-2-C,H,N, A [$h Al 225 CisHeN,O;- 211

it 4-Bz0-2-CH,N, A NY AP 104 ClysHaaN, Oy

5 4-OH-2-C4H,N, 108 69D DM 214 CHsN4O;

N 4-OCH,CO,C, 15-2-Cy LN, A 25 Al 195-200 CroHyNLO, - 2HCE - 11,0

0 S-CI-Q-C4H2NQ A H J ORI 09-101 CmHnCIN403
1) 4-CH;-2-C4H, N, A Gl Al 212.915 CHooN4O, - 2HCI
11 4,6_(CH3)2-2-C4HN-3 A o) Al 256G (:13H22N402 2HCl
Y 4,5-(CH;)p-2-CLHN, A 14 AR 245 CrsH2N4O.- HCH

3 4-NH,-2-C,H. N A a AP 11152 CwHN:0:
] 4 2—XH2—4—C4H2N2 :\ ';“ \I) 1 T l (7:6H19N502'[
15 4-NHCH;-2-CiH, N, A 39 AP 234 Cri;HaN; Oy - 2CHLO55 - H, 00
16 4-N(CH3 )2-2-041’"{2.\73 A 41 AP H)2- 103 ClgI‘Iza.\YsOg
17 4-N(CH,CH,OH )s-2-C,H, N, A 32 AYERYA 220025 CuHu N0y - 2HCI
IS 2-CyHoN, T« 3300 MOOX 207211 CisHN;0, - 2HCH
1o 4-C1-6-CH;0-2-C3N; A 2 M OOR 146 CslhsCINsOg
20 6-CH;0-2-C3HIN; D 29 Al 231 der CheHeN;O05- HCL
21 4,6-(CH0)-2-CyN, A 46 AL 250 dec C:He N0, - HC
22 2-CsH; N,/ A 44 AC 141 CaHoN 10,
25 4—CgH5N2 A 50 AN 230233 (j'goH-,!oN.;Oj -2HCL- Ilz( )

» AL, absolnte I6tOH;  AM, ubsolute MeOI; AP, absohite ¢-PrOH; I DS, 987, IstOH;

corrected nielting points, Kofler hot stage microscope.
neeprding to ref 4 (see the Experimental Sectivn).
within 0 2£=0.4%; limit.

» Bis(niethane sulfonate).
s-trinzinyt (CyHN3 and C3Ny

¢ Conipound also prepared by acid hydrolysis from 6.
¢ All conipounds have been analyzed for C, H with results for those elements lying
7 The stincture of this componnd was confirmed by treating 2 with ammoniacal EtOH at 110° (mp 171°).

t C,HLN, = pyrimidyl (C;H.N, and CsNH,
mono- and disubstituted s-trinzinyl, respectively).

M 98, 98¢, MeOH; AC, EtOAc. * Un-
4 Compound prepared

mouo- and disubstituted pyrinidyl, respectively).
(LN = quinazolinyl.

¢ CyHaNy
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Yield
ervsdd,
No. 13 Melbod :
o4 —NCH(CHy)CH.N B 20
~—=(CHy)y—
25 ~-NCH,CH(CH3)N— A a4
" (CHy)y -
..)(.) - \I(CHz)QN—‘ B 1]
“(CH. )5
27 —N(CHLN— B 356
Cl, CH;
CH,
0N ~N(CHy)o N+ - 35
—(CHy)p~

b See corresponding footnotes in Table 1.

domethane according to the method of Bredereck, et al.*
The 1-substituted 4-(2-s-triazinyl)piperazine was then
obtained.

Structure-Activity Relationships. Vasodilating Ac-
tion (Table IV).—Half of the compounds were inactive
as vasodilators;  only 29 was analgetic and anti-
inflammatory. The active structure seems to be
strictly related tu the starting compound (1). To
retain a high activity, the following changes could
be made. (1) The methylenedioxy group could only
be replaced by ethylenedioxy (29), OH- or OCH.-

(4) H. Bredereck. F. Effenberger. A.
Chem. Intern. Ed. Exgl., 2, 655 (1963).

Hofmann, and M. Hajek, .1ngen,

* Compound prepared from 1 by gnaternization with Mel.

N
/CH,
0
Mp, ¢+
Crysly of amine
solvem® or salt Foroulad
AR 1D5H-197 Cre N0, - 2HCL
AM 225208 Cr HypN, O, 2T1CH
AL 114 CrsHaeN 404
AP INO-1RH CeHoNLOL-2HCH DT L0
AM 251 Cy T IN O,

¢ See footnote ¢ in Table I,

substituted bengyl derivatives being far less active
(30-34). Likewise the lengthening of the distance
between the piperazine nitrogen and the phenyl
ring, or the deletion of methylene groups, de-
creased the activity (35-40). (b) The piperazine
moiety could be substituted by CHj, the most favorable
position being 2 (24). Quaternization or exchange of
the piperazine molety into homopiperazine or N,N'-
dimethylethyvlenediamine abolished the activity (26—
28). (¢) Among the substituents of the pyrimidine
moiety, only 4-CH; and 4-NH; (10, 13) were the most
favorable. If the pyrimidine ring is linked in the 4
position to the piperazine N-atom (3), the activity is
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TasrE 111
CLO
Yield Mp, °CP
erystd, Crystn® of amine
No. (o] Method %% solvent or salt Formula®
29 3,4-[0(CH,).0]CsH.CH, A 45 AE 220-226 CyHyN4O.- HCH
30 3,4-(CH;0).CsH3;CH, 75.5 AP 101 CyH2N,O,
31 2,4-(CH;0).CsH;CH, C 37.5 AE 210-214 C1H2.N,0,-2HCH
32 2,3,4-(CH;0);CsH.CH, A 60 AP 105 CsHuuN4O;
33 3-(CH;0)-4-OHCH,;CH, C 35 AM 185-188 CsHyN4O,-2HCH - 0.5H,0
34 3,4-(0OH ), C:H,;CH, C 49 M 98 207-212 Ci1:HsN4O;-2HCI-0.5H,0
35 2-CH;0CsH, A 39 AE 73 CisHisN,O
36 3-CH;0CH, A 65 AM 77-78 CisHiNLO
37 4-CH;0CsH, A 76 AE 108-110 Ci;HisN4O
38 3,4-(OCH,0)CsH;3(CHa,), B 31 AE 233-235 Ci7HxN40;-2HCH- H,0
39 3,4-(0CH,0)CsH;0(CHa). B 38 AE 102 CHyN,O;
40 (CsHs).CH A 26 E 98 170 C,HaN,
a-¢ See footnotes a, b, and e, respectively, in Table I.
TasLe IV
Toxicity, Toxieity,
L Dso, LDso,
mg/kg ip mg/kg ip
No. (mice) Vasodilating action® No. (mice) Vasodilating action®
1 690.3 ++++4d 23 ~30 ++++d
3 244 -+ 24 830 +++
4 622 ++ 25 ~600 ++
5 498 0 26 ~300 +
7 201 ++ 27 ~73 0
8 >1000 0 28 ~125 0
9 393 ++ 29 720 ++++d
10 ~400 +++d 30 406 +
11 ~800 0 31 207 0
12 376 0 32 210 0
13 195 ++++ 33 ~400 0
14 51.6 ++++ 34 ~400 ++
15 ~150 ++4+d 35 482 +
16 ~150 0 36 178 0
17 ~750 0 37 248 +
18 432 0 38 2400 0
20 ~200 Vasoconstrictive effect 39 ~1000 po Insohible in water
21 ~400 ++4++ 40 269 + -+
22 >500 ++++d

@ Per cent increase in blood flow of the femoral artery relative to control vahies:

75, + = 25-50. d = duration of action 210 min,

lost, unless this ring is 4-substituted by NH, (14).
Likewise, replacement of the pyrimidine by a tr'azine
group led to an inactive substance (18). The activity
was unexpectedly almost recovered by two additional
OCH; substituents in the 4 and 6 positions (21). At
best, the pyrimidine ring could be replaced by quina-~
zoline linked in the 2 or 4 position without losing activity
(22, 23). Other cardiovascular tests showed that all
these vasodilating substances are inactive in the nicti-
tating membrane test in the cat and reserpine hyper-
tension test in pithed rats. The lack of such proper-
ties indicates that these products do not interfere with
sympathetic transmission and catecholamine stores.
The most active compound, 1-(2-pyrimidyl)-4-piper-
onlypiperazine (1), was tested in anesthetized dogs.
Slow intravenous perfusion (10 wg/kg/min during
10 min) did not affect arterial pressure nor cardiac
frequency and output. The venous and arterial
femoral output were raised considerably (>1009%)
and this increase lasted longer than 60 min. The same
effects were observed by intraduodenal administration

++++ = 100, +++ = 75-100, ++ = 50-

of 0.5~1 mg/kg of 1. This compound, as all the others,
had no action on the coronary, cerebral, and renal
circulations.

Analgetic and Antiinflammatory Actions.—Two com-
pounds (29, 38) were as active as aminopyrine at 100
mg/kg and 50 mg/kg ip, respectively, in the modified
hot plate test. Only three compounds (13, 388, 39) were
equipotent to phenylbutazone and four (1, 7, 12, 30)
exhibited a mild activity in the kaolin paw edema test.

Experimental Section?

Pharmacological Methods. (a) Vasodilating Action (Table
IV).—Drugs were studied for possible vasodilating activity in
anesthetized rabbits. The femoral artery was perfused at con-
stant pressure. The substances were administered by the intra-
venous route at a dosage range of 1-5 mg/kg. The changes in
flow of the femoral artery reflected the changes in the vascular

(5) All melting and boiling points are not corrected. Where analyses are
indicated only by symbols of the elements or functions, analytical results
obtained for those elements or functions were within 0.4, of the theoreti-
cal values.
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resistance in the limb.,  The seale of activities was deterniined by
the per cent inerease in blood flow of the femoral artery relative
to control vahies.

(b) Circulatory Action in the Dog. The civenlatory cffects
of the most active snbstance (1) were tested in dogs:® curdine
output by Fick’s method,® cutaneous and mmsenlar circulation
by determination of femoral arterv flow, cerebral cireulation by
Bovet's method,® andrenal cirolation by PAH and ereatinive
raethod.?

te) Analgetic and Antiinflammatory Actions.— The analgetie
wetion was studied in mice by the nrodified hot plate test and
the mrtiinflannuatory action in rats, by the kaolin paw edema
nicthod.8.?

Substituted Halogenopyrimidines and Derivatives.—The
following compounds were prepared according to the literature
methods:  2-chloropyrimidine,'® 4-methoxy-2-chloropyrinidine
and 4-ethoxy-2-chloropyrinidine, ! 4-amino-2-chloropyrimidine
and  2-amino-4-chloropyrimidine,'?  4-dimethyiantino-2-clhiloro-
pyrimidine,’®  4-methyl-2-chloropyrimidine,*  4,3-dinlethyl-2-
chloropyrimidine,’  4,6~-dimethyl-2-chloropyrimidine, ' 2 4-di-
chloropyrimidine,'” 2,5-dichloropyrimidine,'™ 4,6-dimethoxy-2-
chloro-s-triazine, 8 6-methoxy-2,4-dichloro-s-triazine, ™ 2-chloro-
cuinazoline,'® 4-chloroquinazoline.®

The following compounds were prepared in our laboratory:
d-methylamino-2-chloropyriniidine  (mp  132°) and  4-big(hy-
droxyethylamino-2-chloropyrimidine {mp 110-112°}) acceording
to ref 15 and 4-benzyvloxy-2-chloropyrimidive (mp 80°) and 4-
carbethnxymethoxy-2-chloropyriniidine [bp 105-108° (0.7 mm)]
according to ref 11 from 2,4-dichlorbpyrimidine.

Substituted Aralky! Halides.—1-13,4-Mcthylenedioxyphenyi)-
2-chloroethane was prepared from alcohol,?t by chlorination with
SOCL (bp 121-125° (0.9 mm)].  1-(3,4-Methylenedioxyphenoxy)-
2-bromoethane was prepared fromt safrole and 1,2-dibromo-
ethave in the presence of NaOEt (tup 65-67°).

Substituted piperazines uscd ns intermediates were obtained
from comniercial sources, while others were prepared according
to the literature niethads: 1-(3,4-dimethoxybenzyl)piperazine,
1-(2,3,4-trimethoxybenzyl)piperazine, ?? 1-(3,4-ethylenedioxyhen-
zvDpiperazine, 2 1-(3,4-methylenelioxybenzyl)piperazine,® and
t-benzhydryipiperazine. ¢

1-(3,4-Methylenedioxybenzyl)-2-methylpiperazine.—A sohi-
tion of 70 g (0.40% mole) of l-carbethoxy-3-methylpiperazine,
70.6 g (0.414 mole) of piperonyl chloride in 500 ml of DME,
with 90 g of K,CO;, was stirred nnder reflux for 4 hr.  After
coubing, the salt was filtered off, aud the solvent was evaporated
to dryness in racuo. The oily residue was dissolved in 2530 mil of
ether and the solntion was extracted several tinles into 2.V HCL
The acid sohition was then rendered alkaline with excess K,C0);
and extracted with ether.  After removal of the solvent in vacuo,
an oily residue weighing 125 g was obtained. This was dissolved
in 1750 ml of 95¢, EtOH and stirred under reflux with 475 g of

(6) a) A. Fick, Sttzher. Physih. Med. Ges. Warzburg. 36 (1870): (1y) I
Bovel, M. Virno, G. L. Gatti, and A. Carps, Aveh, [ntern. Digrmacodyp., 110,
3RO (1957,

(71 L. (3, Wesson, Jr., Methods Med, RHus., 8§, 181 (1952).

%) A, Adami and E. Marazzl, Areh. Inteco. Pharmacodgn., 107, 322
11054).

o T Hsitelrechy, Arznetnittel-Foysch., 4, BOT (1954).

110y I, ¢, Kogon, R, Minin, and C. G. Overberger, “Organic Syntheses,"
Coll. Vol 1V, Jobn Wiley and Sons, Ine., New York, N. Y., 1963, p 182.

(11) . W. Kenner, (', B, Reese, and A. R, Todd. J. Chem. Soc., 853
€1943).

(12) G. Hilbert and T. B. Johnsot, J. Am. Chem. Soc., 63, 1152 {1030},

(13) Winilhrop Chemieal Co., U. 8. Patent 2,219,858 (1440).

(1) Badische Anilin und Soda Fabrik, British) Pateat 913,910 {1962).

i15) S, Speasawa, 8. Yamada, and M. Narahashi, .J. Phurme, Soc. Jopnrn,
71, 1315 (10371).

(1 T, Matsukawa and B, Obta, tbid., 69, 189 11940).

(17) (9 N. Whidaker, J. Chem. Soc., 1568 (1951): (h) 8. P. 1Znglish,
.. Clark, R. (3. Shepberd, H, W. Mason, J. Krapebo, and R. O. Roblin,
Ldm. Chem. See., 68, 1039 (1946).

(18) J. R. Dndley, J. T. Thurston, F. C. Schaeffer, ID. Holm-Hansen, C.
Il and P Adams. ihd., T8, 2986 (1951).

1) R. Gablyriel and R. Stelzner, Ber., 29, 1300 (1896;.

(20) A. B. Sen and R. R. Singh, J. Iidian Chem. Soc., 36, 787 {1959}.

A1) W, Semnmler and 17, Bartell, Ber., 41, 2752 (1908).

(22) (i. l.. Regnier and R, ('anevari, French Patent 1,302,958 (1962).

(233 (i, L. Regnier, M. Grajzop, and 1. C. Le Donarec, U. & Patent
3,119,820 1196:4).

(24) Abboty lLaboratories, British Parenl 752,332 (1951).

25 1. W. Stewart, R. J. Turper. J. J. Denton, 8 Kushner, L. M.
Braneone, W. 1. Melawen, R, 1. Hevitt, and Y, Snbbarow, J. Org. Chewi.,
13, 134 (1648),

N
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KOTI peltets for 27 br. - After removid of the solvent in racio, the
resichie was treated with H,O (1 L) and extracted (CHCL, 50
iz The extraer was dried (K,COs) ond the solvent was evap-
vatel fu racvo. The oily residie was distiled amd gave 63 g
(664 of pave prodact, bp 155-160° (Fom . Awad (CulhisNLOy]
¢, 1, N.

1-(2.Pyrimidyl)-2-methylpiperazine wus preparcd in the same
manner as mentioned sbove fronm 2-chloropyrimidine and t-
carbethoxy-3-vethyipiperazine; vield 24, bp 130-133° 1.5
mm. el {ClhaNyy C) 1, N

1-(2-Pyrimidyhhomopiperazine.—- A solifion of 3 g .1
nwled of homopiperazine and 28.5 g 10.25 moled of 2-¢bloro-
pyrimidine i 300wl of 43¢ MceOH wos stirred nnder retinxs for
90 piin. - After remowvid of the solvent in vacro, the pasty residue
was trented with 100 ml of 4 & NaOH and 25 g of NaO1l pellets
and was extracted several times (CHCL). After drving (K.Ctg
and rewtoval of the solvent 7u racao, the oily residue wis distitled
and gave 30 g (67.477) of purc product, bp 149-152° ) mmy;
dihydrochloride, myp 235-236°.  Inal. (CylLuN-2HCD L 1L
CL N.

N-(2-Pyrimidyl}-N-methyl-N’-methylethylenediamine  wus
prepored in the sane manner as above from N, N -dimethyvlethyi-
enediamine and 2-chloropyrimidine; vield 5577, bp 92-93° (1.25
muy, n%¥p 1.538%0: dihydrochloride, up 158-160° Anal. (€1
N 2HCH ¢ 1, CLON.

General Methods for the Preparation of 1,4-Disubstituted
Piperazines. Methoed A. 1-(3,4-Methylenedioxybenzyl)-4-(2-
pyrimidyl)piperazine (15.--A solution of 12.5 g (0.109 mole) of
Z-chloropyrimidine and 23.2 g 0.105 wole) of I-piperonyi-
piperazine, in 150 mb of DME, was stirred at 130° for 8.3 br in
the prescenee of 31 g of auhvdrons KeC'Ox After cooling to 25°,
the sidt was filtered off, and the solvent was evaporatal to drynuss
in vacue.  The pasty residue was treated with Het) (100 ml) and
filtered off.  After dryving iv «ir overnight, it was reervstallized
from 60 1wl of anhydrons FtOH by cooling to 0°; vield 30 g
(80.5C), mp H&°,

Method B. 1-(3,4-Methylenedioxyphenoxyethyl)-4-12-pyrim-
idyl)piperazine (39).-~-Worked up as in A, a sohition of 7.55 g
{0.046 mole)y of I-{2-pyrintdyvDpiperazine and 11L87 ¢ (0.0484
moley  of 123 d-methylenedioxyphenoxy)-2-bromocthamy, — in
150 ml of DMFE, was stirred nt 130° for 6 hr in prescnce of 13.8 ¢
ol anhydrons ILCOy to give 8.7 g (599¢) of material, mp 102°.

Method C. 1-(3-Methoxy-4-hydroxybenzyl)-4-(2.pyrimidyl;-
piperazine Hydrochloride (33).—A solution of 10 g {0.065 mole)
of vanillin and 7.2 g (0.0438 mole) of 1-12-pyrinidyljpiperazine
200 ml of 98¢, Tt was stirred and heated at 70°, vpuder
T kgoem? of Hyaver 2 g of 53¢ Pd-C. After 2 hr the theoretienl
quantity of M, was absorbed. The eatalyst was removed and the
alcoholic sohition was concentrated.  The bily residuie was treated
with 30 ml of ether and 60 ml of 4.V FICHand the acidic Inver was
decanted.  After making the ncidic solution alkaline with excess
K,(C'0,, the base was extracted several thues with CHCL.  After
dirving (K.COy) and removal of the solvent in racvo, the residine
(14 g) was dissolved in 60 ml of hat EtOH and clarified with
Dareo and the sobition was sativated with 1Cl gus withont
cooling.  Ob cooling to 0°) the prodnet ervstatlized. It was
filtered, washed with cold EtO1, and recryvstallized from 175l
of MeOTl with cooling overnight at 0°; vield 9.05 g {(307¢, 1 of
colorless crystals, mp I8H-188°,

Method D. 1-(3-4-Methyvlenedioxybenzyl)-4-(4-pyrimidyli-
piperazine Hydrochloride (3).—--A sohition of 9.9 g {0.03 ol
of (3,4-mcthylenedioxybenzyl)-4-(2-chloro-4-pyrimidypiperazine
and 30 mt of TV NaOH in 250 ml of MeOH was stirred under
7 kglem?of Heover 2 g of 1097 Pd-C. After 2 hr, the theoretical
guantity of Hy was absorbed. The catalyst was rentoved and the
MeOH was concevtrated in vucno. The residue was taken up
i H,O (100 mb and CHCL (30 ml)y and the chloroform ayver was
poured off.  After dryving (K.CO;) and removal of the solvent,
the residiial oil was dissolved in 30 ml of 904, EtO1l and the
sohrtion was suturated with HCI gas without cooling.  Ou cooling
to 0°, the crvsials were filtered off, washed (cold MeOTl), and
dried in a vaomm desiceator, vielding 8.1 g (7307) of salt, mp
192-198°,

Method E.  1-13,4-Methylenedioxybenzyl)-4-(4-hydroxy-2-
pyrimidyl)piperazine (7).-—A solution of 36.5 g (0.09 niole) of
6 in 900 ml of the anhydrous EtOH was stirred under 17 kg/cin®
of Hy over 9 g of 107 Pd-C for 5 hr at 25°. Then, the solution
wis acidified with 100 il of 2 N HCI and the ecatalyst was re-
moved and washed sceveral times with Hy().  The acidice solution
was concentratid @n vaeno. The cryvstalline nsidne wos dissolved
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in 75 ml of boiling H,O and the solution was filtered and neu-
tralized at pH 8 with K,CO;. The crystalline base was collected
on a filter, washed (H,0), and recrystallized from 60 m! of DMF.
On cooling to 0°, the crystals were filtered off, washed (cold
MeOH), and dried in a vacuum desiccator, yielding 9.8 g (69.5%,)
of product, mp 214°.

Method F. 1-(3,4-Methylenedioxybenzy!)-4-guanidinopiper-
azine sulfate.—A mixture of 55 g (0.23 mole) of 1l-piperonyl-
piperazine and 35.3 g (0.254 mole) of S-methylisothiuroniium sul-
fate in 250 mi of H,O was heated to boiling for 6 hr. On cooling
to rooni temperature overnight, the crystallized product was
collected on a filter and recrvstallized from 609, -PrOH yielding
40 g (63¢() of neutral sulfate, mp 260-262°,  Anal, (CulIsNLO,-
0.511,804) C, H, N, S.

1-(3,4-Methylenedioxybenzyl)-4-(2-o-triazinyl)piperazine
Hydrochloride (1).—A mixture of 35.6 g (0.114 mole) of the above

AcEryLENIC CARBAMATES, III

1155

sulfate and 150 mi of DMF was treated with 3.2 ml (0.114 mole)
of concentrated H,S0; and 22 g (0.154 mole) of triformamido-
methane,”® The mixture was then heated for 5 hr at 150°.
There was incomplete dissolution. After cooling at 10°, the
insoluble crystals were filtered off and the solution was concen-
trated in vacuo. The oily residue was taken up in 50 ml of 4 N
NaOH and extracted several times into 150 ml of CHCl;. After
washing aud drying (K,COjs), the solvent was evaporated to dry-
ness and the residue weighing 29 g was dissolved in 75 ml of
anhydrous EtOH. The sohition was saturated with HCl gas
and after cooling 19.5 g of crystals of salt was obtained; they
were recrystallized from 325 ml of 98¢, MeOH to give 14.2 g
(33.5¢7) of white product, mp 207-211°,

126) H. Bredereck, R. Gompper, . Rempfer, K. Kleem, and 1. Heck,
Ber,, 92, 329 (1939).
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The series of acetylenic carbamates was extended with emphasis on the N-cycloaliphatic derivatives.

The N-

cycloaliphaties had muich less cell enltire eytotoxicity and neurotoxicity as determined by intrathecal studies in

dogs than the NH, compounds, even though their acnte toxicities were aboit the same.

aliphatic componnds exhibited antitumor activity.

It has recently been reported! that a series of acetyle-
nic carbamates possessed potent antitumor activity
against several experimental neoplasms in animals.
From the initial structure-activity relationship study, it
was apparent that the N-cycloaliphatic groups were
very beneficial in promoting antitumor activity. This
paper presents the investigation of the relationship of
certain toxicological effects to substitution on the
nitrogen and an extensive structure—activity study of
the carbamates with the N-cycloaliphatic moiety,
using the X5563 and C1498 tumor systems.

Chemistry.—Since the compounds in this series all
involve monosubstitution on N, use was made of the
reaction of the 2-propyn-l-ols with a cycloaliphatic
isocyanate as previously described.! An improvement
in this method was utilized that greatly accelerated the
reaction, and yields up to 809, were obtained. This
involved the use of CH,Cl; or MeCN as solvent with
addition of a eatalytic amount of I{,CO; and a trace of
H,0 and EtOH. All products are listed in Tables I

OH OCONHR?
] KsCOs
R—C—C=CII 4+ R:N=C0O0 —> R—C—C=CH
[ trace of H.O |
Rt + EtOH Rt
I 11 111

and IT; their purity was determined by the usual physi-
cal methods (nmr and ir spectra and elemental
analyses).

Pharmacology. Toxicity Studies.—The influence of
structural changes on certain toxicological effects were
investigated with particular emphasis on the NH, and
N-cycloaliphatic carbamates. The acute toxicities? in
mice of six of the carbamates are listed in Table III.

(1) R. D. Dillard, G. Poore, D. R. Cassady, and N, R. Easton, J. Med,
Chem., 10, 40 (1967).

(2) Long-term toxicity studies with two of the carbamates, 48 and 60,
will he pubished elsewlere.

Most of the N-cyclo-

There appear to be no significant differences in acute
toxicities of the NH, and N-cycloaliphatic compounds
(48 and 50, see Chart I); however, a comparison of the
phenyl with p-fluorophenyl shows that the fluoro
compound is more toxice (50 and 51).

CHarT I°
IOCONH2 ?wNH‘Z
CI@—C—CECH BrQ—C—CECH
48 49

oconn(_ )

(Vo P

FQ—C—CECH

F

50 5

Studied in diverse in wvitro cell systems, dramatic
differences in activity were observed (Table III).
The NH, carbamates 48 and 49 showed inhibition
against the nonparasitic protozoa Tetrahymena pyri-
Sormas, Euglena gracilis, and Ochromonas malhamensis,
the algae Chlorella vulgaris and Scenedesmus basiliensis,
and the human cell Hel.a, previously used to detect
potential antitumor agents. Tor the N-cycloaliphatics
50, 51, 29, and 31 a complete lack of cytotoxicity was
demonstrated (although these do show potent anti-
tumor effects). This difference in cytotoxicity has been
demonstrated against other tissue culture and bacterial
cell systems.

The 7n vitro cell studies were extended to all of the



