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ionic species), maximum at 264 my, €g.x 12020; minimum at 232
My, eqin 1470; at pH 6.50 (neutral species), maxima at 219 and
272 myp, emax 7020 and 14890, respectively; minima at 206 and
242 mpy, emin 5940 and 510, respectively; at pH 12 (anionic
species) maximum at 265 my, ey, 8370, shoulder at ca. 225 my,
minimum at 243 my, egin 2,280.

Anal. Caled. for C;HFN;O: C, 37.22; H, 3.12; N, 32.55;
F,14.72. Found: C,37.35; H, 3.15; N, 32.28; F, 14.70.

4,6-Diamino-2-pyrimidone (XVI) from XV.—XV (100 mg.)
was heated with alcoholic ammonia in a sealed tube for 6 hr. at
140°. After cooling, the solid was filtered and recrystallized from
hot water, 60 mg. (629%,), no m.p. <300°. The product demon-
strated the same ultraviolet absorption spectra and the same
R: by paper chromatography in several systems when compared
with an authentic sample of XVI.

2,4-Dimethoxy-6-fluoropyrimidine.—2,4,6-Trifluoropyrimidine

(6.7 g., 0.05 mole), dissolved in a mixture of 50 ml. each of
anhydrous methanol and dry benzene, was cooled to 15°,
and a solution of sodium (2.3 g., 0.10 mole) in 50 ml. of anhydrous
methanol was added, keeping the temperature below 20°.  After
standing several hours, the suspension was filtered through a
Celite Pad and the filtrate evaporated in vacuo at ca. 30°. The
residue was taken up in ether and washed with water; the ether
solution was dried over sodium sulfate and evaporated ¢n vacuo.
The oily residue was purified by dissolving in dioxane, decolorizing
the solution with Norit, and reprecipitating by addition of water.
The preduct, 5.8 g., m.p. 51-53°, exhibited ultraviolet absorption
maxima in water at 212 and 246 mu. An aliquot sublimed at
100° (20 mm.) yielded prisms, m.p. 54-55° (lit."*n.p. 54-56°,
absorpticn maximum at 245.5 mu).

Anal. Caled. for CeH:FN:0,: F, 12.01. Found: F, 12,23.

5-Chlorocytosine.—Cytosine (1 g., 0.009 mole) was dissolved
in 20 ml. of warm glacial acetic acid. To the yellow solution was
added 1.3 g. (0.01 mole) of N-chlorosuccinimide (NCS) and the
temperature held at 105° for 1.5 hr. The NCS dissolved within
5 min.: gradually thereafter, precipitation of product began.
After cooling, the suspension was filtered and the precipitate
washed with water. The crude product was suspended in water
and brought to pH 11 with ammonium hydroxide. The resulting
solution was treated with glacial acetic acid and the precipitated
product recrystallized from water, 0.9 g. (699%,), browns at 285°,
m.p. 291-292° dec. Tltraviolet absorption properties: in 0.1 &
HCI (cationic species), maxima at 217 and 293 mu, €. 11,340
and 8250, respectively; minimum at 248 my, e, 760; at pH 7.6
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(neutral species), maxima at 216 and 282 mgy, €., 12,460 and
4940, respectively; minima at 212 and 257 mw, ey, 12,340 and
2850, respectively; at pH 12-14 (anionic species), maximum
at 296 mu, en.. 6850; minimum at 256 mu, ey, 920.

Anal. Caled. for CH,CIN;O: C, 33.01; H, 2.77; N, 28.87;
Cl,24.36. Found: C, 33.15; H, 2.84; N, 28.60; Cl, 24.05.

5-Chloroisocytosine.—Isocytosine was chlorinated by a pro-
cedure identical to that used for 5-chlorocytosine. Yield of
recrystallized product was 43%,, m.p. 306-307° dec. Ultraviolet
absorption properties: in 0.1 N HCI (cationic species), maxima
at 223 and 272 my, ey, 8370 and 6260, respectively; at pH 5.61
(neutral species), maximum at 299 my, e,.x 4270, shoulder at 270—
280 my; minimum at 253 my, e 1870; at pH 11 (anionic
species), maxima at 232 and 286 mgy, €., 6910 and 5730, respec-
tively; minima at 222 and 256 my, e, ., 6320 and 1480, respec-

tively.
Anal. Caled. for CHLCIN;O: C, 33.01; H, 2.77; N, 28.87;
Cl,24.36. Found: C, 33.00; H,2.84; N, 29.09; Cl, 24.62.

Spectrophotometric Studies.—Ultraviolet absorption data were
determined with a Cary recording spectrophotometer, Model 15,
using buffers and techniques previously described.?2 The ap-
parent pK, values are accurate to =0.05 pH unit and were deter-

mined spectrophotometrically by methods previously em-
ployed.22.37
Paper Chromatography.—Chromatographic analyses were

performed by the ascending method using Schleicher and Schuell
597 paper in the following systems: (a) butanol-water (86:14);
(b) ethanol-water (85:15); (c¢) 2-propanol-water (70:30). The
compounds were visualized on the paper chromatograms under
ultraviolet light.

Key to Charts.—The structures of all “hydroxypyrimidines,”
e.g., V, X, XII, etec., are drawn in the carbony! (lactam) form.
It is understood that such representation need not necessarily
reflect the true tautomeric state.
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Several tetrazolium salts (1) and formazans (IT) that bear a nitrogen mustard group have been synthesized.
The introduction of a tetrazolium ring into an aromatic nitrogen mustard drastically reduces its toxicity. The

tetrazolium nitrogen mustards can be reduced to the more toxie formazan nitrogen mustards.

For certain types of

cancer with dehydrogenase activity these tetrazolium salts are of interest as possible chemotherapeutic agents.
Furthermore, if 7n vivo reduction did take place beyond the formazan stage, a potent nitrogen mustard, N,N-bis-
(2-chloroethyl)-p-phenylenediamine, lethal to tumor cells, would be liberated. The synthesis, preliminary toxicity,
and antitumor activity in animal screening of these new nitrogen mustards and related tetrazolium salts are

discussed.

The synthesis of possible cancer chemotherapeutic
compounds based on differences in the distribution of
enzymes hetween normal and cancer cells is one of the
promising areas of cancer chemotherapy. Previously,
we reported the synthesis of several series of alkylating
compounds?~* which had been designed to take ad-
vantage of the low esterase®® or high phosphoramidase’
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content of tumor cells. The present paper reports our
initial attempt to design and synthesize new chemo-
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therapeutic agents that may be useful in certain types
of cancer with different dehydrogenase activity.

It s well known that the reduction of colorless tetra-
zolium salts to colored formazans is useful for the
demonstration of dehydrogenase activity.® It is also
well known that introduction of an electron-withdrawing
group on the beuzene ring of an aromatic nitrogen must-
ard reduces the basicity of the amine, and consequently
reduces the rate of formation of ethylenhmmonium ion.
Thercefore, tetrazoliwin salts bearing a nitrogen mustard
group (I) have a low rate of hydrolysis or ethylenim-
monium ion formation and lower toxicity because the
tetrazolium ring ean exert a strong electron-withdraw-
myg influcnce on the aromatic amine. However, when

- o
N:N—QN(CHzCHgCI)g
-+
O
R ¢
[A, R =R =H 1A, R = R" = H
IB, R = H: R” = NO. IIB, R = H: R = Na,
IC, R = R = NO, HC, R = R’ = N1,

affected by high succinic dehydrogenase activity, such
as known in uterine’ and other types of cancer'® they
could be reduced to the formazans (II) in which the
eleetronterie effect of the 3-N would impart an increase
m clectron density on the nitrogen atom of the mustard,
and thereby increase the basicity of the amine and the
toxicity of the nitrogen nwustard. The correlation of
toxicity of nitrogen mustard and the basicity of the
amine has been substantiated by Ross.!* Further cn-
couragement to this rationale was provided by an
carly report of Siegert, ¢t «l.,'"* in which they dem-
onstrated that ascites tumor cells could actually reduce
the tetrazolium salt beyond the formazan state.  Thus,
if similar in vivo reactions were to take place i our
designed compounds, an cven more potent nitrogen
mustard, N,N-bis(2-chloroethyl) - p-phenylenediamine
(I1D), lethal to tumor cells, would be liberated.
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After exploring numerous approaches to the syn-
thests of these conpounds, the suecessful route was that
starting fromt the hydrochloride of N N-bis(2-chloro-
cthyD-p-phenylenediamine (111), which could be pre-
pared readily by the method of Everett and Ross. '
This compound 1s a potent vesicant and must be han-
dled with extreme care. Diazotization of III to its
diazonium salt (IV) and coupling to the corresponding
phenylhydrazone yield the formazans (I1).  The mtro-
duction of mtro groups i the formazan has been
shown'* to mmprove the substantivity of formazan and
the case of reduction of the tetrazohum =salts i
tissue. '™ "The purification of the dinitro substituted
formazan was quite difficult as the starting dimtro-
phenylhydrazone formed a weak complex with the
farmazan. The physical properties and analyses of the
formazans arve summarized in Table 1.

The oxidation of the formazan to the tetrazolium
salt was accomplished in a dry tetrahydrofuran solution
of the formazan by the nse of soamyl nmtrite as the
oxidizing agent. The physical properties are smu-
marized in Table 11, The absorption spectra ol the

formazans and tetrazolium salt are swmmarized
Table II1. The tetrazolium salts are very water-

goluble and were found to be reduced by hver or kidney
suecinie dehydrogenase preparations to the insoluble
colored formazans, i the presence of sodium sucemate,
Iven thongh only one formazan nitrogen mustard was
synthesized i cach case, it 1= theoretically possible to
forn two formazans from the reduction of a tetruzolinn
galt. The isomeric form (117 wonld, however, he
expected to be more toxie than 11, and therefore its
formation will strengthen the rationale i an in riro
study.

I

It might be necessary to mention here that m con-
junction with the syuthesis of these compounds, the
antitumor activity of several tetrazolium salts ineluding
2,3,5-triphenyl-2H-tetrazolium chloride (I'TC), 3-(p-
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TABLE

II

TeTRAZOLIGM CHLORIDES

-

O

N:NON(CHQCHZCI)E-CIG
®

Analyses"
Etnpirical Color of M.p.. Yietld, ——Carbon—— .—-Hydrogen-— —-Nitrogen— —=Chlorine-—
No. R R’ formula crystals °C. T Caled. Found Caled. Found Caled. Found Caled. Found
IA H H CusH22Cl:Ns Yellow 117-120 73 58.16 57.94 4.67 4.92 14.76 14.27 22.41 22.07
I3 H NO: C:H2ClNOs- H:O Orange 151-154 30 51.36 51.61 1.31 +.22 15.63 15.30 19.78 20.05
IC NO: NO: CyHz0ClaN:O4 Orange-red 175-177 37 48.88 48.76 3.57 3.86 17.37 17.01 18.84 18.33

3]

« Analyses were done by Dr. 8. M. Nagy, Microchemical Laboratory, Belmont, Massachusetts.

TasLe III

ABSORPTION SPECTRA OF FORMAZANS AND TETRAZOLIUM
CULORIDES"

—————— Absorption maxitua, np——————

Conlonnd Amux €max Anjax €max

1A 105 1,481

IR’ 445 7,020

IC 155 6,026 . .

11A" 400 12,000 500 20,500

118 390 19,800 325 31,400

1IC 400 30,000 535 33,500

even though at a slightly toxic dose, nitro-BT does show
activity in Sarcoma-180 and Carcinoma-755 systems.
While there i1s no a priori reason to correlate this differ-
ence in activity to nitro substitution, this finding
strengthened our interest i the preparation of these
nitro substituted tetrazolium nitrogen mustards in the
present work. Further screening data are still needed
to complete the assessment of antitumor activity of the
tetrazolium nitrogen mustards synthesized in this work.
Interestingly, at the same nontoxic dose, the formazan
ITA does show higher activity than the tetrazolium

@ Water solution in concentrations of IA, 2.6 X 107* }f; IB,
144 X 107+ 3/; IC, 1.21 X 10~¢ M. Acetone solution in con-
centrations 1075 I/ for ITA, IIB, IIC.

drochloride.

¢ Monohydrate.

¢ Hy_

TaBLE

chloride TA in the Walker 256 system (Table V).
mononitrosubstituted compounds

Th

(&

have only been

screened in the Dunning Leukemia system, and neither

v

ANTITUMOR ACTIVITY OF SoME TETRAZOLITM SALTS®

Dose,
Cunaglound Tumor mg./kg. Survivors
TrC Sa-180 2.0
Ca-755 1.4
L-1210 1.6 N
INT Sa-180 40.0 5/6
25.0 6/6
Ca-755 32.0 8/10
L-1210 32.0 5/6
NT Sa-180 12.5 6/6
Ca-755 11.3 4/10
5.5 10/10
L-1210 11.3 6/6
Nitro-BT Sa-180 6.3 3/6
3.0 3/6
1.5 5/6
Ca-755 1.2 9/10
1.2 9/10
1-1210 1.2 6/6
BT Sa-180 20.0 6/6
Ca-755 9.0 10/10
L-1210 9.0 6/6

Tumor wt., or

Wt. change, survival days, Per cent
T/C? T/C T/C

78
111
Ce. cee 100
—-1.3/—-0.6 406/825 60
—-1.3/—-0.1 497/455 110
0.2/2.4 1411/1855 76
—-1.2/0.9 7.6/8.3 91
—-0.4/-0.8 889/855 100

—-1.1/2.4 656/1855 35 (toxic)
2.3/2.5 1082/1545 ©
—-1.0/0.9 7.5/8.3 90

-1.7/-0.8 247/770 33 (toxic)

—-1.9/-0.6 380/825 46 (toxic)
-1.2/-0.8 757/855 89
1.8/2.4 912/1855 49
0.1/2.5 1156/1545 74
—-1.1/2.6 7.8/9.4 85
—-1.3/—1.3 761/672 110
2.0/2.0 1622/1545 104
1.9/2.0 10.2/9.3 109

* Screening data obtained through the generous cooperation of CCNSC. Acknowledgment is due to Drs. H. Bond, R. B. Ross, and

J. Leiter for these data.

b T/C = test/control.

iodophenyl)-2-(p-nitrophenyl)-5-phenyl-2H-tetrazolium
chloride  (INT), 3.3-(4,4’-biphenylene)-bis(2,5-di-
phenyl)-2H-tetrazolium chloride (NT), 3,3’-(3,3’-dime-
thoxy-4,4’-biphenylene) - bis(2,5-diphenyl)-2H-tetrazo-
lium chloride (BT). and 3,3’-(3,3’-dimethoxy-4,-
4/-biphenylene)-bis[2-(p-nitrophenyl)-5-phenyl}-2H-
tetrazolium chloride (uitro-BT) were submitted by us to
the Cancer Chemotherapy National Service Center (CC-
NSC) and were examined in a preliminary manner. The
results are summarized in Table IV. It was found that

activity nor toxicity was noticed with 1.0-100.0 mg. /kg.
doses when administered subcutaneously in oil.
Preliminary toxicity data of these compounds were
determined by Dr. 8. P. Kramer of the Department of
Surgery of Sinai Hospital, Baltimore, Maryland. In
general, the formazans are found to be more toxic than
the tetrazolium salts, even though as unitrogen mus-
tards, they are both relatively low in toxicity. For
example, at a 40 mg./kg. (or 77 umoles/kg.) dose of IB,
no toxic symptoms were observed, and animals were
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found to be healthy when saerificed.  Vhe low toxieity
of these tetrazolium salts became even more cevident
u the CONSC primary antitumoer screening.  Pre-
Ininary findings to date indicate that the LD of these
tetrazohum salts s at least 50-100 mg. kg, which
makes them a class of low toxieity nitrogen mustards.
The dinitro eompounds were found to be only slightly
more toxice than the inononitro campounds.

Tasrw
COMPARIZON «F ANrrrrator Aotivery or TETRazonn
NrrroceN Mustann TA avo s Corresroxning Foraazax
NEROGEN Musrarn ITA 1v WALKER-256 SysTEM

Wi Tiewae Pur

Clla- Dose, ST wt., [UO
1ot [TRIT 7o T
TA AL 6/6 334 GG/ 111
25 6/6 ROVAE 1.7/ wH

125 6/6 13/41 th. /5.4 116

.25 G/6 EEEN G.1/5.9 1413

1A RN /6 39,738 BIRIFO 33
25, GG 12/38 5. 179 4 O

125 670 41738 G.0/0 4 [018]

(.25 G/6 72/38 [4.=749 1 157

[ referenee to the rationale just presented, we did
submit compound ITT for toxicity and antitumor sereen-
ing. It was fonnd to be alnost 10 times more toxic
than the tetrazolium salt IA. TFurthenuore, 111 was
also found to be active n the Dunning Lenkemia sys-
tem and enrative at 8 mg. kg, (Table VI). It was,
however, only slightly active in the Ca-735 system
(T/C = 639, at 0.05 mg. kg.).

i =pite of the difficulty in synthesis, the low toxicity
of these new tetrazolinm nitvogen mmstards and the
increase - activity of the formazans and N, N-bis(2-
chlorocthyl)-p-phenylencdiamine  (I1I) validate our
initial design of this class of compounds for possible
ancer chemotherapy.,  I'mrther studies of their be-
havior in enzymatic reduction by normal and neoplastie
cells are in progress,

Experimental

Preparation of the Formazans.-—N,N-lis(2-chlorocthyll-j-
phenylenedismine  hydrochloride (13.05 g, 0.048 mole) was

Vol 6

Tanuen VI
NPT UMOR ACTIVITY G
NN 2-C I ROET Y L= =P HENY LEN KDIANIN |
Hyrrocniomor LT ox DUNNING LEUKEM A Sysriyg

H2N©N<CH2CHgCl ), - HCl

Ihudy Lo duettase
duse, WL clauee, AT olay sl in 1t

e L, S vy 7t iy INE AUt

Adminisiered s.ecinoil qd X 12

1.1 1.2 - 1315 4607133 Atk
AT 1.l 22715 @ /1300 B
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EN| A0 AR U803/1208 121
3.0 676 2712 D3.a2 05 ~1
2.0 (i 1ns12 2381200 SN
2. 6.6 EVAR! IS S/12.08 i
1.1 16 15,114 1. T/1208 15

Adiinistered Ly in salive qd > 12

1.5 A1 ~ /14 TG {axie
(IR R — /10 16.3/12.6 2t
1. 4 -7/13 15 5713 4 I~
w75 66 —1D/14 17 77126 N
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« Sereening daty obinined throngh the generons raoperation ol
CONSC. P77/ = test/eontrol, 2 MST = pennsurvival time,

suspended in 30 @l of water pnd 60 el of concentrated hydra-
chlorie neid at 0°0 Diazotization was enrried ot with nosodinn
nitrite solution (4 w., 0.058 wole, in 20 1l af water) in 50 min.
Iixcess nitrite was destroved by the addition of G.3 . of nren.
The dinzotized =otution was then added dropwice to a pyridine
solition (35 mly of henzeldehvde phenvihvdrazane (8.4 g,
(.048 molel nt €7, followed Hy 100 ml of tiethylunine.  Alter
stirring at raann temperatare overnight, the dark sohition was
diluted with «n equal valunwe of ive=water.  The dark reddish:
precipitute was collected and washed thoromghly with water and
methanol,  Reervstallization fraan seetone-methanal - vielded
the pure fornuaon ws glistening red needles. Tle other twa
formazans were prepared by similar procednre, nring the corre-
sponding p-nitraphenyvihvdrazoues.  The phveieal ccnstants :ad
analyses are sunnanrized in Table 1.

Preparation of the Tetrazolium Chlerides.—A dry tetrahydro-
firenn solition (20 ral.y of the formazan (0.5 g% was saturited
with dry gasceons hvdrogen chlorvide at 5% Iscamyl nitrite £1
wl; wos added. The ndsture was stiered ot 5167 for 2 hro,
then st rocen temperature avernight.  The arnpge-hrown soln-
tion wis caneentrated (normeno to its sionllest voluie. The
residie wis rectvstaliized fram tetelodrofuran-ether 1o abtain
the tetrnzolinm sudts ns fine velllaw ar araneze crvstals. The
physieal eemstiants and snalyvses e simnmrized in Toble 1
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