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A new series of nitrogen mustard hexahydropyrimidines hag been prepared by condensing N,N’-bis{4-[N ,N-
bis(2-chloroethyl)amino]benzyl|-1,3-diaminopropane (V) with various aldehydes and evaluated for antitumor

activity against different test systems.

Since the discovery of nitrogen mustard as a therapeu-
tic agent in the treatment of human malignancies,® n
congiderable nnumber of aliphatic and aromatic analogs
and related alkylating agents have been synthesized
and evaluated as potential antitumor drugs. One of
the principal disadvantages encountered in the use of
these agents in chemotherapy is their general tendeney
to show cytotoxic effects on normal cells, thus pro-
hibiting their prolonged therapeutic use.* Danielli>®
has suggested that specific selectivity of action on
tumors might be achieved by designing the structure of
a ‘nitrogen mustard’’ s0 as to take advantage of certaim
differences which may exist between neoplastie and
normal cells.  The concept of enzymic activation falls
into this ecategory and has already been investigated by
Ross, et al.%7 TFor example, N,N-bis(2-chloroethyl)-p-
phenylenediamine is an active antitumor agent against
Walker carcinoma in rats but shows a high degree of
toxicity. The introduction of electron-withdrawing
groups, such as N-acetyl and N-benzoyl derivatives,
results in a pronounced reduction in both toxicity and
in the activity. Only the acetyl derivative retains a
significant amount of activity. Since the tumors ure
Liown to possess an enzyme which can deaevlate an
acetamido group but not a benzamido group,? it is likely
that. the activity of the acetyl dervivative is due to the
liberation of a mitrogen mustard moiety n viro by
enzymie fission at the tumor site.

The antitumor activity of some of these aromatic
nitrogen mustards suggests, therefore, that appro-
priately designed alkylating agents will be able to arrest
and impair tumor cells by inactivating enzymes and
other related macromolecular systems.

An approach, based on the above concept, has been
exploited in this laboratory for the synthesis of potential
antitumor agents.  Previons stndies of this seriest®
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Some of these hexahydropyrimidines were reported to be quite active
against SWC in test animals and in KB cell culture studies,

were concernied with the preparation and structure-
activity relationships of a series of 1,2,3-substituted
hexahydropyrimidines of type 1. Two of these com-
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N(CH,CH,Cl),
Ta, h = 11T
b, R = CIT;
Avr = o-methoxyphenyl or p-methoxyphenyl

pounds,  2-{4-[N,N-bis(2-chloroethyl)amino Jphenyl}-
1,3-bis(p-methoxybenzyl)hexahydropyrimidines  (Ia)
and 2-{4-[N,N-bis(2-chloroethyl)amino]-2-methyl-
phenyl}-1,3-bis(p-methoxybenzyl)hexahydropyrimi-
dines (Ib), exhibited reproducible antitumor activity
against Walker carcinoma 256 in test animal (93 and
1009, inhibition at 100 mg/kg, respectively). The in-
teresting biological activity provided considerable
evidence that properly oriented molecules of this type
may possess specific tumorcidal properties against
rapidly dividing cells without causing appreciable
damage to the normal cells.

The antitumor activity of the aforementioned com-
pounds suggests that a study should be made of similar
types of hexahydropyrimidines in which the nitrogen
mustard moiety would be incorporated in the aromatic
rings substituted in the 1 and 3 positions as in the fol-
lowing structure. Compounds of this type would be of

(CICH,CH, )2N_@—CHZN\C/NCHZO—N (CH,CH,Cl),
/N

R H

considerable interest for two reasons: (1) the hexahydro-
pyrimidines would now contain two nitrogen mustard
groupings, thus allowing for cross-linking at two dif-
ferent sites; and (2) the similarity of the diamine
to N,N-bis(2-chloroethyl)-p-phenylenediamine’ and
p- [N, N-bis(2-chloroethyl)amino Jbenzylamine®  which
have already been shown to possess pronounced anti-
tumor activity. Thus, these diamine intermediates
might, in themselves, have some significant activity.
The advantage of converting these diamines into pyrimi-
dines is to provide a carrier which would transport the

(9) . Lergel, J. L. Iiverett, and W. . J. Ross, J. Chem. Soc., 3853
{1955,
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Reaction Yield, % Mp, °C
No. R time, hr  (pure) (cor)
1  CeHy# 5 64.2 112-113
2 2-HOC:H,® 8 70.7 92-93
3  2-HO-3-(CH;0)CsH;= 7 61.4 140-141
4  2-HO-3,5-Cl,CsHy¢ 4 70.3 135~136
5 2-HO-3-(CH,CH=CH)CsH;* 6 70.4  105-106
6 2-HO-5-CICsH,8 3 81.7 153-156
7 2-HO-3-NO,CsH;® 4 73.2 134-135
8  2-HO-5-BrCsH;? 3 97.6 172-173
9 4-(CHs).NCeHy¢ 15 85.7 155-156
10 4-CgH,CNe 10 72.6 87.5-88.5
11 4-CH;0CsH,* 17 70.0 103-104
12 4-FCgH,e 15 97.0 128-129
13 3-FC¢Hy/ 17 70.4  105-106
14 2-FCsH,® 10 80.6 108-109
15 2-HO-3-CH;-6-HOCH.-4-C;HN/ 18 70.3 152-153
16 1,2,3,4-HO-4-CO.HC,H b} 94.2 155-156

2 Recrystallized from MeOH-MeCN (1:1).
¢ Recrystallized from absolute EtOH.

lized from MeOH-C¢H;s (2:1).
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TaBLE I
2-SUBSTTIUTED 1 3-Bls{ -[N, N-BIS(Z—CHLOROETHYL)xMI\o BENZYL}HEX‘\HYDROPYRIMIDINES

CHZCHZ)?VOCH;L N /I\ CHr@\\T(CH CH,CD),

® Recrystallized from MeCN.

Ir absorption bands for grouping

Formula Analyses N-C-N, em™!
CszH4oC 4N4 C N 1085 (S), 11387 1155 (Sh), 1175 (S)
CpHyCLN.O Cl, N 1075 (s), 1145 (m), 1175 (s)
CxHuCLNO; Cl, N 1075 (), 1145, 1155 (sh), 1175 (s)
C3:Hi:CleN,O Cl, N 1075 (s), 1143, 1153 (sh), 1180 (s)
C3HuCLN,0 CL N 1075 (s), 1140, 1155 (sh), 1180 (s)
C37H39C] 40 C], N 1080 (S), 1146 (m), 1180 (S)
CoHsoCLN;Os  CL, N 1090 (s), 1140, 1155 (sh), 1185 ()
CsHzeBrClLN,O N 1080 (s), 1146 (m), 1180 (s)
034H45C]4N5 C], N 1085 (S), 1135 (Sh), 1175 (S)
CssHsgChNﬁ C], N 1080 (S), 114:0, 1150 (Sh), 1170 (S)
CSSH4QC]4N4O C], N 1080 (S), 114:0, 1155 (Sh), 1175 (S)
Cs2HsoCLLFN, N 1080 (s), 1150 (sh), 1175 (s)
ngHsgC]4FN4 N 1085 (S), 1140 (Sh), 1175 (S)
CsH3oCLFN, N 1089 (s), 1140, 1155 (sh), 1175 (s)
CssHuCLN;O, Cl, N 1075 (s), 1099 (w), 1136, 1136 (sh)
CslH44C]4N40e C], N 1080 (m), 1130 (W), 1180 (S), 1176

(s)
¢ Recrystallized from MeOH-C¢Hg (1:1).
7 Recrystallized from absolute MeOH.

¢ Recrystal-
¢ Analytical sample

obtained by washing several times with MeOH and MeCN successively to constant melting point.

nitrogen mustard moiety as well as the aldehyde to the
tumor site, where through chemical or enzymatic fission
they can be released in high concentration to perform
their intended function.

In order to prepare compounds of this type, it was
decided that simple aldehyde derivatives of this diamine
should be prepared first, because of the ease with which
they can be made. As it turned out, derivatives of
other diamines which have been prepared in this
laboratory have shown significant antineoplastic ac-
tivity. Consequently, a series of nitrogen mustard
hexahydropyrimidines was synthesized in an attempt
to obtain compounds with better therapeutic indices
and to understand better their antitumor potentiality.

The hexahydropyrimidines reported in Table I were
prepared by condensing the desired aldehydes with
N,N’-bis{4-[N,N-bis(2-chloroethyl)amino Jbenzyl}-1,3-
diaminopropane (V) in equimolar proportions as out-
lined in Scheme I. Generally, the condensation pro-

Scueme 1
) 40
R—@*CH.ZN\C/NCHQ—@—R =
Py H'+HO
R H
viI
R'CHO + [R‘@‘CHZNHCHZ:, CH,
Vi v 2
CHO PtOJHQ
CH,OH
2 + H,N(CH,),NH, o [R‘@‘CH=NCH2} ‘CH,
I ’ 2
R
II
= N(CH,CH,Cl);; R’ = phenyl or substitured pltenyl

ceeded smoothly at room temperature, and in all cases
solid product separated from the solution. Methanol
was found to be a suitable solvent for the ring-closure
reaction and provided crystalline hexahydropyrimidines
in high yields. However, difficulties were experienced
with formaldehyde and heptaldehyde, as these alde-
hydes failed to give solid derivatives with diamine V.
Instead, a viscous oil was obtained from the reaction
mixture, which could not be induced to crystallize.
An attempted distillation of this material in vacuo re-
sulted in the decomposition of the product,

The diamine V was obtained in two steps from tri-
methylenediamine (III) and 4-[N,N-bis(2-chloroethyl)-
amino Jbenzaldehyde (II). In the initial step, the
diamine III was condensed with 2 moles of aldehyde II
to give the di-Schiff base (IV), an oil which could not be
characterized. The hydrogenation (PtO,) of crude di-
Schiff base IV furnished the desired diamine V, which
was characterized as the dihydrochloride.

Bergmann et al.,!9 state that the ir spectrum of the
vlouplng N-C-N is characterized by three peaks oceur-
ring between 1080 and 1170 em~—!. The ir spectra of
these hexahydropyrimidines VII had similar absorption
bands (Table I) between 1075 and 1175 em—!, These
maxima presumably correspond to the C-N frequency.
The shift in frequency is probably due to the presence of
bulky substituents in the 1, 2, and 3 positions and to
the strong hydrogen-bonding effects. It was noted that
when there were electron-donating groups in position 2
of the phenyl ring substituted in position 2 of the pyrimi-
dine, considerable shift to lower frequency was observed.
On the other hand, when there were electron-withdraw-
ing groups, absorption always fell within the reported
region 1089-1170 em—1,

Biological Results.—The hexahydropyrimidines and
the diamine dihydrochloride listed in Table I were

(10) E. D. Berginann, E. Meeron, Y. Hirshberg, and S. Pinchas, Rec.
P'rav, Chim., T1, 200 (1952).
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screened under the auspices of the Cancer Chemo-
therapy National Service Center for antitumor activity
in doses up to 200 mg/kg/day and in cell culture tests,
Toxicity tests were performed in rats by intraperitoneal
daily injection in dose levels of 3-100 mg/kg. These
animals were used in each of four dose levels and injec-
tions were continued for 5 days. All the animals
survived for 10 days in the tests with each of the com-
pounds except for 2, 3, 12, 14, 15, and 16, which were
toxie at dose level of 100 mg/kg.  Although the screen-
ing data are not available on all of the compounds
included in Table I, the available test results indi-
cate that the hexahydropyrimidines and the diamine
had a moderate activity against Walker 236.  All of the
compounds had given a reproducible ED; value of
0.17-0.0047 mg/ml in a KB human epidermoid cur-
cinoma and were very active (by the eriteria established
by the CCNSC!) in cell culture tests. Compound 1
has 18Ds 0.17, 2 1.5; 6, 0.0047; 7, 0.31; and 8, 0.03.
Compound 9 shows a §WC value of 4 at the 200-mg dose
level.

Experimental Section

All melting poiuts were taken on a Fisher-Johns melting poiut
apparatus and are corrected. The elemental analyses were per-
formed by Midwest Mlicrolaboratories, Ine.,, Indianapolis,
Ind., and Triangle Chemical Laboratories, Inc., Chapel Hill, N. C.
Ir spectra were determined in XBr disks on a Beckman IR-10spec-
trophotometer. Aldehydes used were either reageunt grade or
purified by distillation or recrystallization from appropriate sol-
vents. Where analyses are indicated only by symbols of the ele-
ments analytical results obtained for those elements were within
+0.49% of the theoretical values.

N,N’-Bis{4-[N,N-bis(2-chloroethyl)amino] benzyl }-1,3-di-
aminopropane (V).—A solution of 4.92 g (0.02 mole) of 4-[N,N-

(11) A compound is confirmed active in KB eell culture if the average
LD £ 4 mg/ml for results from two laboratories. A componnd is active
azainse SWC if its T/C value is 25 or less.
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bis(2-chloroethylyamino]benzaldehyde® (11) i 50 ml of absolute
MeOH was placed int a bottle, and to this solution 0.74 g (0.01
nwle) of 1.3-diaminopropane (II1) was added in one bhateh.
The buttle was tightly stoppered and the mixtare was shaken
vigorously for 12 hr ut room temperature. At the end of this
period, the solveut was removed #n vacuo to give 5.0 g (94,35 )i
IV, After 5.3 g (0.01 mole) of crude V wax dissolved b1 100 ntl of
IO, it was then reduced, using 0.01 g of PtO., at roout tempera-
tare in a low-pressure Parr hydrogenator with an initial pressure
of 3.15 kg/em?®.  Approximately 30 min was required to complete
the reduction. The catalyst was removed by filtration and the
solveut was evaporated 7n vacuo. There was obtaimed 5.34 ¢
{10067 of a light yellow oil. The oil (3.4 g, 94%.) wax con-
verted to the dihydrochlortde with dry ethereal HCI, wp 210
213°. Three crystallizations of thix material fromn MeOQH guve
3.2 g (838.5°0) of an analytical sample, mp 215-216° dec. .1nal,
(CasllgsClLyNy - 2IICL) €L, N,

2-Substituted 1,3-Bis{4-|N,N-bis(2-chloroethyl)amino]benzyl ;-
hexahydropyrimidines (Table I).—The 2-substituted derivatives
were prepared in the following mamner. A 5.34-g (0.01 wmole)
samiple  of N, N’-his{4-[N,N-bis(2-chloroethyl)amino] benzy1i-
Ls-diaminopropane (Vi was dissolved in 60 ml of MeOlH in a
250-ml hyvdrogenation bottle, To this solution was added 1.22 g
(0.01 mole) of salicylaldehyde tn 25 ml of MeOH. The bottle
was well stoppered and the mixture was shaken vigorously for
X hr at room temperatire.  The crystalline solid which separated
from the solution wax filtered to yield 4.0 g of product. The
filtrate from the reaction nixture was redueed to approximately
one-thivd of the original volume and allowed to stand overnight
i the rvefrigerator. The crvstalline solid was filtered to give an
additional 1 g of the product, over-all ernde yield 5.0 g (v8.197 3,
mp S8-91°. Three crystallizations from MeCN gave 4.0 g
(70.7 % of pure sample, mp 92-93°.  Anal. (CpullowCLNO!
ClL, N.
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