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Potential Antitumor Agents.

I. A Series of 5-Substituted

1-Formylisoquinoline Thiosemicarbazones!
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A seriex of d-substituted derivatives of 1-formylisoquinoline thivsemicarbazone (N1), 4 potent antineoplastic
agent, has been synthesized to determine the effect of various substituents on tumor-inhibitory potency and host

toxicity.

1-Methyvlisoguinoline was substituted on the 5 position with either NO,, NH,, NHCOCH;, OH,

OCOCH;, or SO4IT:  the methyl group was subsequently oxidized to the corresponding carboxaldehyde with
celenium dioxide and these carboxaldehydes were treated with thiosemicarbazide, except in the case of the sul-

fonie acid derivative.
tion of NT.
Narcoma 180

1-Formylisoquinoline-3-sulfonic acid thiosemicarbazone was obtained by direct sulfoua-
The antineoplastic activity and the host toxicity of these compounds were assessed in mice bearing
the results indicated that substitution of an additional group at the 5 position reduced earcino-

static activity in the case of the NO,, NHCOCH;, and SO;1T derivatives, whereas the insertion of an N1k, OH, or
OCOCT; gronp resulted in derivatives possessing tumor-inhibitory aetivity comparable to the parent compound.
Furthermore, the substitution in the isoquinoline ring =ystem of OIT and OCOCH; vielded compounds that were

considerably less toxie than NT 1o the host

Several heteroeyelic aldehyde thiosemicarbazones
have been shown to be potent inhibitors of the growth
of transplanted rodent neoplasms.  2-Formylpyridine
thiosemicarbazone was first reported by Brockman,
et al.,* to possess antileukemic activity in mice. More
recently, French and Blanz® extended these obser-
vations by testing a series of formyl hetcroaromatic
thiosemicarbazones; weveral of  these  derivatives,
especially 1-formylisoquinoline thiosemicarbazone* (XI)
and  2-formyl-3-hydroxypyridine  thiosemicarbazone,”
showed significant antincoplastic activity when tested
against 1 wide spectrum of transplanted tumors. A
conjugate N*-N*-S* tridentate hgand system was
found to be a common feature of compounds with car-
cinostatie potencv. Employing structure-activity ve-
lationships it was postulated that (a) the w-clectron
density at the point of attachment of the aldehyde
moicty should be low and (b) the ring nitrogen should
be a reasonably good donor to the transition metals for
formation of oetahedral coordination compounds (che-
late<). 1t was also deemed neeessary that the carbonyl
attachment be in a position « to the heterouromatic
nitrogen atom.?

The biochemical basix for the growth-inhibitory ac-
tivity of XI in neoplastic cells has been studied;® this

agent caused marked inhibition of the synthesis of
DNA. Blockade of the formation of RNA and protein

was also produced by X1T; however, these processes were
considerably fess sensitive to drug-induced inhibition,
Sinee these heteroevelie aldehvde thiosemiearbazones
constitute in essence a new class of compounds with
potent antineoplastic properties, it was of interest to
evaluate the effeets of various structural modifications
on biological activity, particularlv secking those changes
that result in an inerease in the water solubility of these
extremely insoluble compounds.

(1) This work was supported by Grant T-23J from the American Cancer
Society and Grant CA-02817 from the National Cancer Institute, U. 8.
Public Health Service.
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The present investigation reports {a) the synthesis of
a series of H-=substituted 1-formylisoquinoline thiosemi-
carbazones and (b) the antineoplastic poteney and
host toxicity of these compounds in mice bearing Sar-
coma 180 axcitex cells.

Chemistry.——1-Methylisoquinoline (I) was nitrated
(Scheme I) to the corresponding 5-nitro derivative.
Elderfield, el al.,;” have shown that nitration of 3-methyl-
isoquinoline occurs predominantly at the 5 position;
smaller amounts of the 8-substituted derivative,
however, are also formed. Nitration of 1-methyliso-
quinoline resulted in only oue isomer (IT), the structure
of which was shown by oxidation with SeQO. to 5-
nitroisoquinoline-1-earboxaldehyde (III), which was
further oxidized by sodium dichromate to S-nitroiso-
quinoline-l-carboxylie ncid; heating this acid resulted
in deearboxylation to & known compound, 3-nitroiso-
quinoline (I'V).

The eonversion of l-methyvl-53-nitroisoquinoline to
the desired amino compound (VI) was followed by
acetvlation to S-acetamido-1-methylisoquinoline (VII).
Oxidation of VII with SeQ. furnished the corresponding
carboxaldehvde (VIIT). The preferential reduction of
the nitroaldehyvde (IIT) to the corresponding amino-
aldehyde was attempted employving a number of rela-
tively mild reduecing agents, but these procedures uni-
formly resulted in poor yvields.  5-Aminoisoquinoline-1-
carboxaldehvde (XVIID), however, was readily ob-
tained by acid hvdrolysis of VITL

Sulfonation of I-methylisoquinoline, which occurred
at the 5 position, was proved in the following manner.
The alkali fusion of l-methylisoquinoline-3-sulfonie
acid (XIIT) vielded the corresponding hydroxy com-
pound (XIV). This was converted to VI by a Bucherer
redetion.  The produet of this reaction was identical
with a sample of VI synthesized by the reduction of 11
as deseribed ecarlier.  Acetvlation of XIV gave 3-
acetoxy-1-methvlisoquinoline (XV) which was oxidized
with Se), to the carboxaldehvde XVI. Compound
XVI on acid hyvdrolvsis gave 3-hydroxyisoquinoline-1-
carboxaldehyvde (XX). This was also obtained in
poor vield by dircet oxidation of XIV with SeOs.
Oxidation of the methyl group of XIII to the corre-

Ty ROl Biderfiodd, J. ML Lavowski, O, L MeCurdy, and 8. L. Wythe,
g Org. Chend,. 28, 435 (1958).
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sponding carboxaldehyde could not be effected directly;
however, 1-formylisoquinoline-5-sulfonic acid thiosemi-
carbazone (XII) was conveniently obtained by direct
sulfonation of XI.

Biological Results and Discussion

The effects of 1-formylisoquinoline thiosemicarba-
zone (XI) and its 5-substituted derivatives on the
survival time of Sarcoma 180 tumor-bearing mice are
shown in Table I. Compound XI caused a pronounced
lengthening of the life span of tumor-bearing mice over
a relatively wide range of doses (5-60 mg/kg/day); at
maximum effective levels (30-60 mg/kg/day), 30-449,
of treated animals survived at least 50 days. Sub-
stitution of an additional group at the 5 position of the
parent molecule (XI) markedly altered the tumor-
inhibitory potency and host toxicity of the compound.

Thus, substitution of the electron-withdrawing nitro
group not only resulted in reduced antincoplastic
activity, but also appeared to increase the toxicity of
the compound to the host. The latter parameter was
reflected by a lowering of the survival time of tumor-
bearing mice receiving daily dose levels of V greater
than 10 mg/kg. Similarly, substitution of a sulfonic
acid group (XII), which resulted in a water-soluble
compound, decrcased both antineoplastic potency and
host toxicity. The findings, which indicate that the
substitution of these electron-withdrawing groups at
the 5 position results in a decrease in tumor-inhibitory
potency, do not appear to be consistent with the postu-
lation of French and Blanz® that a low w-electron den-
sity at the point of attachment of the aldehyde moiety is
required for carcinostatic activity, since the substitu-
tion of electron-withdrawing groups would be expected
to decrease the m-electron density at the 1 position.
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Tanre I
Errecr oF 3-RUBSTITUTED 1-FORMYLISUQUINOLINE
THIOSEMICARBAZONES ON THE SURVIVAL Tive or Mics BEsriNeG
sanrcoma 180 Ascrres Ceris
Daily Av A

dose, wt, Av survival,

Compd mg/kg" G days 4= SE
Control None 4173 12.5x£0.3
1-Formylisoquinoline 3] +5.9 23.4 + 3.3 (0)
thiosemicarbazone (NT) 10 +1.4 25,9 %= 1.9
20 —2.3 32.5 & 3.0(10)
30 —3.5 39.9 £ 2.7 (30)
40 —10.8 39.7 + 3.3 (44)
60 —12.4 32.9 % 2.5 (13)
SO —15.8 274 4.9
100 —-10.0 19.4 £ 5.5
[-Formyl-3-nitroizo~ 50 4193 114504
quinoline thiosemi- 10 4820 21.7 = 3.6 (10}
carbazone (V) 20 —H4 16.0=2=1.9
40 5.0 157 £ 3.0
R0) —X.0 3202
1-Formylisoquinoline-3- 10 +16.4 154 £0.7
sulfonie acid thiosemi- 200 +19.2 13.9 £+ 0.6
carbazone (XTIT) 40 +17.1 15.9 + 0.9
60 +19.2 16.6 = 0.7
S0 +12.7 17.0 &= 0.8
120 —4.4 11.6 & 1.4
160 —14.4 11.8 0.7
1-Formyl-5~hydroxy- 10 +6.8 182 = 1.2
isoquinoline thiosemi- 20 +6.1 272 =25
carbazone (XXT1) 10 +1.6 226+ 1.4
SN0 +5.8 301 = 2.8(10)
120 +10.4 35.4 %= 3.1 (20)
160 +12.1 31.6 = 3.2 (1)
200 +11.0 33.0 & 3.2
1-Formyl-3-amino- 10 —5.4 7.2 = 5.7 (20)
isoquinoline thiosemi- 20) 5.5 36.0 = 3.5 (30)
carbazone (NIN) 40 —N.3 373 & 3.2 (30)
60 —22.0 18475
=0 —-21.7 27.0 £ >.7
120 —20.9 4.2 4+ 0.2
1-Formyl-3-acetoxy- 10 4115 20.5 & 3.4 (10)
ixoquinoline thiosemi- 20) 4+0.6 23.8 = 3.7 (10)
carbazone (XVII) 10 +1.2 34.1 = 4.7 (40)
~0) —4.2 3549 4 3.6 (30)
120 —14.5 30.4 £ 3.6 (10)
160 —19.5 23.8 & 8.3 (20)

« Administered once daily for 6 consecutive days, beginning
24 hr after tumor implantation; each value represents the results
obtained with 3-15 animals. * Average weight change from
onset to termination of drug treatment. ¢ The number in paren-
theses indicates the per cent of the tumor-bearing animals that
swrvived at least 30 days; these mice were calculated as 50-day
survivors in determination of the average survival time,

Furthermore, the insertion in position 5 of XI of an
electron-donating group such as NH, or OH resulted in
derivatives capable of prolonging the life span of tumor-
bearing animals to the same extent as that produced by
the parent compound. A similar result was obtained
with the 5-acetoxy derivative (XVII), which also
possessed antitumor activity comparable to the parent
compound. Substitution of an acetamido moiety
(IX) resulted in a compound completely devoid of
carcinostatic activity,

The toxicity of these compounds was estimated in
tumor-bearing animals by measuring the drug-induced
loss in body weight. A comparison of the toxicity of
three of the most active compounds, XI, XVII, and
XXI, indicated that the latter two 5-substituted
derivatives are on a molar basis much less toxic than
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the parent compound. A daily dose of 100 mg/kg of
X1 caused ubout 2097, los= in the body weight of treated
animals.  To aceomplish o <imilar degree of toxieita
(e a1 200 losx it body weight) required o do=e of
160 mg kg day of XVILL Tn contrast (o these two
agents, animals receiving injections of compound NX|
at dosage levels up to 200 mg, kg, day did not experi-
cuce any drug toxieity ax expressed by weight foss,
Compound XIX., an extremely effeetive antineoplaxtie
agent. appeared to be more toxie than X1, 4 2207 loss in
body weight occrrring with a daily dose of 60 mg, kg

Experimental Section

Melting points were determined using o Thomas-lloover
capillary melting point apparatus and are uncorreded.  Ele-
mental analyses® were performed by the Schwarzkopf Miero-
analytical Laboratory, New York.

Biological Methods.--Transplantation of Sarcoma 180 ascites
cells was carried out by withdrawing peritoneal fluid from «
donor CD-1 mouse bearing 1 7-day growth. The suspension was
centrifuged for 2 min (1600g), the supernatant peritoneal fluid
was decanted, a 13-fold dilution with isotonie saline was made,
and 0.1 ml (approximately 4 X 107 cells) of the resulting cell
suspension was injected intraperitoneally into each animal.

Drugs were administered by intraperitoneal injection, be-
ginning 24 hr after tumor implantation, onee daily {or 6 consecu-
tive days. Thiosemicarbazones were injecled as fine suspensions
following homogenization in absolute IStOI1 (adjusted so that
the final concentration of the drug solution was 577 with respect
to EtOH ) and 23 drops of 2077 aqueons Tween 80 and then made
up to volume with isotonic saline, except for NII, which was
solubilized 1n isotonic saline with NaOIl and adjusted to pll X
with HCIL.  All drugs were administered in volumes of 0.25-0.5
ml. Forany one experiment, auimals were distributed into groups
of five to ten mice of comparable weight and mainfained through-
out the course of the experiment on Purina Laboratory Chow
pellets aud water ad Ubitwm.  Experiments with more than five
mice were performed at least twice. Controls given injections of
comparable volumes of vehicle were included in each experiment.
Mice were weighed during the course of the experiment, and the
percentage change in body weight from onset to termination of
therapy was used as an indication of drug toxicity.

Determination of the sensitivity of aseitic neoplasms to these
agents was based hoth on the prolongation of survival time
afforded by drug treatments and on the number of these animals
surviving 50 days.

Chemical Methods..  The compounds which were synthesized
by utilizing standard procedures are listed in Table T1.

General Procedure for Oxidation Reactions.- To u =olution
of 0.01 mole of the corresponding methyl derivative in 100 ml of
dioxane, a suspension of freshly sublimed SeO), (0.01 mole) in
25 ml of dioxane was added slowly and refluxed for 2 hr. The
precipitate of Se was removed by filtration and the filtrate was
evaporated under vaceunm, The residue was extracted with dilute
HCl and filtered, and the filteate was made alkaline with NaHCO,
to precipitate the carboxaldehyde derivative.

1-Methylisoquinoline-5-sulfonic Aecid (XIII).-- i-Nethyliso-
quinoline (2.86 g, 0.02 mole) was added dropwise to 25 g of fuming
(3047 Ha80, cooled to 0°. The solution was stirred for 2 hr at
45-50° and then was allowed to attain room temperature.
The reaction mixture wax maintained at room temperature for 18
hr with occasional stirring and then decomposed in 100 g of
chopped ice; the =olution was adjusted to pH 4 with 207 NaOH
and cooled. The resulting precipitate of the sulfonic acid deriva-
tive was collected hy filtration, washed (H,O, EtOH), and dried
to give 3.1 g (T07/). dnal. (CuILNOS) C I, N, X

1-Methyl-5-hydroxyisoquinoline (XIV).--Compound NIH (-£46
g, 0,02 mole), KOH (1.5 g), and 6 ml of H.O were mixed: 16.5
¢ of KOH was added and the mixture was heated at 280--200°
for 15 min. The mixture was stirred vigorously; during the
fusion the color of the mixture beeame dark brown and frothing
occurred.  The reaction mixture was then cooled, dissolved in 100

(8) Where analyses are indicated only by symbols of the elementis or fune-
tions, the analytical results obtained for those elements or functions were
within %0.4% of the tlheoretical vahues.
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Tasre II
R,
=
Z#N
R,
Reecrystn
Compd Ri1 Re solvent Yield, % Mp, °C Formula Analyses
I« NO, CH; EtOH 70 150-151 CroHsN:O N
II7% NO, CHO 509 EtOH 50 175-176 Ci1oHeN:0O5
VIe NH?, CH3 CGHﬁ 92 213-214 CmHmNz N
VII” NI{COCHa CH3 Dioxane 90 226—227 C12H12N20 C, H, N
VIII® NHCOCH; CHO CeHs 73 206-207 C1oHiN:0, C H,N
XV“ OCOCH3 CH3 Hexane 94 99—100 CmHnNOz C, 3 N
XVI OCOCH;5 CHO Hexane 70 100-101 CHyNO; C, H, N
« Compounds were synthesized utilizing standard procedures and reactants as deseribed in the Chemistry section. ® The general

procedure used for the oxidation reactions is given in the Experimental Section.

ml of H,O, and filtered, and the filtrate was made acidic with 109,
HCL  The undissolved material was removed by filtration using
Celite and the filtrate was made alkaline with NaHCO;. The
precipitate of XIV was filtered, washed (H,0), and dried to
give a light brown product; yield 2.4 g (759%). Crystallization
from EtOH after treatment with Norit A gave white crystals,
which collapsed at 268-270° and finally melted at 295-300° dec.
Anal. (CmHgNO) N.

1-Formylisoquinoline-5-sulfonic Acid Thiosemicarbazone (XII).
—Compound XI* (1.15 g, 0.005 mole) was mixed slowly in small
portions with 20 g of fuming (30%) H.SO. at 0°. Addition of
the compound required 15 min to ensure the maintenance of
temperature at 0°. The solution was stirred for 2 hr and then
kept at room temperature for 18 hr. The mixture was then
decomposed in 100 g of ice flakes; the red precipitate was filtered,
washed (cold H;0), and dissolved in a 59 solution of NaHCOs;.
The resulting yellow solution was filtered to remove insoluble
material and the filtrate was made acidie (dilute AcOH). The
resulting precipitate was collected by filtration, washed (H,O,
EtOH), and then dried to give 1.2 g (789). Anal. (CiiH1yNO;8:)
C, H, N, S.

Thiosemicarbazones.—The thiosemicarbazones V, IX, XVII,
and XXI were prepared by treating alcoholic solutions of the

corresponding aldehydes with an aqueous solution of thiosemi-
carbazide acidified with a few drops of dilute AcOH. Relevant
data concerning these compounds are listed in Table III. Com-
pound XIX was best obtained by directly treating the acid-
hydrolyzed solution of VIII with a solution of thiosemicarbazide
followed by neutralization (NaOAc).

TasLe 111
R
=
~ZN
CH=NNHCSNH,

Compd R Mp, °C dec Formula Analyses
v NO: 238-240  CnHyN;0:8 C,H,N,8
IX NHCOCH: 230-232  CisH1sN:0S- H:0 H, N, S; C¢
XVII OCOCH;3 200-201 Ci3H12N41O:8 C,H, N, S8
XIX NH: 223-225 CuHuN;sS C,H N,S
XXI OH 224-226  CuHiN:OS C,H,N,8
a C: caled, 51.15; found, 51.73.

Studies on Condensed Pyrimidine Systems. XXIII.

Synthesis of

2,4-Diaminopyrido[2,3-d]pyrimidines from 5-Keto Esters!
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The condensation of 2,4,6-triaminopyrimidine with g-keto esters gave 5-mono- and 3,6-disubstituted 2,4-
diamino-7,8-dihydro-7-oxopyrido[2,3-d] pyrimidines (III) which were chlorinated by means of thionyl chloride

and N,N-dimethylformamide to give 7-chloro-2,4-diaminopyrido(2,3-d]pyrimidines (V).
7-chloro derivatives were thiated to give 2,4-diaminopyrido[2,3-d] pyrimidine-7-thiones (IV).

Both the 7-oxo and
Dethiation of the

7-thiones gave 2,4-diaminopyrido(2,3-d] pyrimidines having substituents in the 5 or 5,6 positions.

The study?~¢ in this laboratory of pyrimidine and
condensed pyrimidine systems as inhibitors of dihydro-
folate reductase led to an investigation of 2,4-diamino-
pyrido(2,3-d]pyrimidines. In 1958, Robins and Hitch-
ings? reported the synthesis of a number of pyrido[2,3-

{1) The previous paper in this series was by G. B. Elion, J. Org., Chem.,
27, 2478 (1962).

(2) R. K. Robins and G. H. Hitchings, J. Am. Chem. Soc., 80, 3449 (1958).

(3) R. K. Robins and G. H. Hitchings, ibid., 77, 2256 (1955).

(4) G. H, Hitchings and K. W, Ledig, U. S. Patent 2,937,284 (1960).

(5) G. H. Hitchings, T. A, Herrmann, B. 8. Hurlbert, and S. R. M.
Bushby, Proceedings of the IIIrd International Congress of Chemotherapy,
Stuttgart, 1963, p 1363.

(8) G. H. Hitchings and J. J. Burchall, Advan. Enzymol., 2T, 417 (1965).

d]pyrimidines. The 2,4-diamino compounds (Ia) have
been found to be inhibitors of dihydrofolate reductase.
However, only pyrido [2,3-d ]pyrimidines having alkyl or
aryl substituents in the 7 position were prepared. 5,6-
Disubstituted derivatives (II) were expected to exhibit
greater enzyme binding because they more closely
resemble the natural substrate in configuration.

The key intermediates, 5,6-disubstituted 2,4-diamino-
7,8-dihydro-7-oxopyrido[2,3-d Jpyrimidines (III), were
prepared by heating a mixture of a 8-keto ester and
2,4,6-triaminopyrimidine to a temperature above 200°
either alone or in an inert solvent such as diphenyl



