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Potential Antitumor Agents.

I. A Series of 5-Substituted

1-Formylisoquinoline Thiosemicarbazones®
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A zeries of D-substitnted derivatives af I-formylirogqninoline thiosemicarbazane (N1j, a patent antineoplastic
agent, hias been synthesized to determnine the effect of varions snbstitnents on tumor-inhibitory potency and host

toxicity.
OCOCII, or SO4H:

I-Methvlisogninoline was substituted on the 5 position with either NO., NH, NHCOCH,, OH,
the methyl gronp was subsegnently oxidized to the corresponding carboxaldehyde with

<eleninin dioxide and these carboxaldehydes were (reated with thiosemicarbazide, except in the case of the snl-

fanice acid derivative.
tion of N1,
Sarcoma 180

1-Formylisogninotine-s-sutfonic acid thiosemicarbazone was obtained by direct snlfona-
The antineoplastic activity and the host toxicity of these componnds were asses=ed in mice bearing
(he resnlts indicated that substitution of an additional gronp at the 5 position redneed carcino-

statie activity in the ease of the NOy, NITCOCIIy, und SO5IT derivatives, whereas the insertion of an N1, OII, or
OCOCTI; gronp resnlted in derivatives possessing timor-inhibitory aetivity comparable ta the parent componnd.
Furthermore, the substitntion in the isoquinoline ring svstem of OIT and OCOCH vielded compnnnds that were

considerably less toxie than N1 1o the haost

Several heteroevelic  aldehyde  thiosemicarbazoues
have been shown to be potent imhibitors of the growth
of transplanted rodent neoplasms.  2-Formylpyridine
thiosemicarbazone was first reported by Brockman,
et al..* to possess antileukemic activity i mice.  More
recently. I‘rench and Blanz® extended these obser-
vations by testing a series of formyl hetcroaromatic
thiosemicarbazones;  several of these  derivatives,
especindly 1-formylizoquinoline thiosemicarbazone? (XI)
and  2-formyl-3-hydroxypyridine  thiosemicarbazone.?
showed signifieant antincoplastic activity when tested
agalizt 2 wide spectrum of transplanted tumors., A
conjugate N*-N*-8* tridentate ligand system was
found to be a common feature of compounds with ear-
cinostatic potency.  Employving structure-activity re-
Inttonships it was postulated that (2) the w-eleetron
density at the point of attachment of the aldehyvde
moiety =hould be low and (b) the ring nitrogen should
he o rensonably good donor to the transition metals for
formation of octahedral coordination compounds (che-
lates). It was also deemed necessary that the earbonyl
attachment be in a position « to the heteroaronmutic
nitrogen atom.?

The biochemical basiz for the growth-inhibitory ac-
tivity of XI i neoplastie cells has been studied ;¢ this

agent cansed marked inhibition of the syvnthesisx of
DXNA. Blockade of the formation of RNA and protein

wis also produced by XT; however, these proeesses were
considerably less sensitive to drug-induced inhibition.
Since these heteroeyvelie aldehyde thiosemiearbazones
constitute i esscnce a new class of compounds with
potent antineoplastic properties, it was of nterest to
cvahiate the effeets of varioux structural modifications
on hiologieal activity, particularly sceking those changes
that result in nn inerease in the witer solubility of these
extremely insoluble compounds.

(1) This work was supported by Grant 1-23J from the American Cancer
Saciety and Grant CA-02817 fromn the National Cancer Institnte, U. =,
Public Mealth Service.

{25 R. W. Brockman, 1. R, Thomson, M. 1, Bell, and 11, 1.
Cwaerr fees., 16, 167 (19306),

¢3) 170 N Preneleandd E.J. Blanz, Jr., J. Vel Chem., 9, 585 (1966;.

4y 1. N Frenel and 15, J, Blanz, dr., Cuneer Res., 26, 1454 (19675

(1AL Prench and 15,10 Blanz, Jdr., .. 26, 1658 (1966).

6y Gy AL CL Saviovelli, Biuekem, Bioploye, Rex. Conomun., 27, 206 {1967
(o AL O Sactorvelli, Hfhannveolpgiat, 9, 192 (1967).

Rkipper,

The present tuvestigation reports (a) the synthesix of
a series of H-substituted 1-formylisoquinoline thiosemi-
arbazones and (b)) the antineoplastic poteney and
host toxieity of these compounds in mice bearing Sar-
coma 180 axcitex cellx.

Chemistry.--1-Methylisoquinoline (I) was mtrated
(Scheme I) to the corresponding 5-nitro derivative.
Blderfield, ef al. 7 have shown that nitration of 3-methyl-
imoquinoline occurs predominantly at the 5 position;
smaller  amounts  of  the &-substituted derivative,
however, ave also formed.  Nitration of I-methyliso-
quinoline resulted in only one isomer (I1), the strueture
of which was shown by oxidation with SeQ. to 5-
nitroisoquinoline-1-carboxaldehyde  (I1I), which was
further oxidized by sodium dichromate to H-nitroiso-
quinoline-1-earboxylic neid; heating thix acid resulted
in deearboxylation to a known compound, s-nitroiso-
quinoline (I'V).

The conversion of l-methyl-3-nitroisoquinoline to
the desired amino compound (VI) was followed by
acetylation to H-acetamido-1-methyhsoquinoline (VII).
Oxidation of VII with SeO. furnished the corresponding
arboxaldehyde (VIIT).  The preferential reduction of
the uitroaldehyde (IIT) to the corresponding amino-
aldehyde was attenapted employing 1 nunber of rela-
tively mild redueing agents, but these procedures uni-
formly resulted in poor yields.  A-Aminoizoquinotfine-1-
carboxaldehyde (XVIII), however, was readily ob-
tained by acid hydrolysiz of VIII.

Sulfonation of I-methylizoquinoline, which occurred
at the 5 position, was proved in the following manner.
The alkali fusion of I-methylisoquinoline-j-sulfonie
acid (XIII) vielded the corresponding hydroxy com-
pound (XIV). This was converted to VI by a Bucherer
reaction.  The produet of this reaction was identical
with a sample of VI svnthesized by the reduetion of II
as deservibed earlier.  Acetylation of XIV gave 5-
acetoxy-1-methylizoquinoline (XV) which was oxidized
with Se0), to the carboxaldehyde XVI. Compound
XVI on acid hydrolvsiz gave 3-hydroxyisoquinoline-1-
carboxaldehyde (XX). Thisx was also obtained in
poor yield by direet oxidation of XIV with Se()..
Oxidation of the methyl group of XIIT to the corre-

') K. Ol Bldertield, J, AL Ymeowski, O, L. MeCurdy, and S0 L Wytle,
JoOrg. Clesi,. 28, 435 751958,
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where R = NO,(¥Y), NHCOCHs(K). OCOCH3 (XVIL), NH, (XIX), OH (XXI)

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 XTI 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 suifonic
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 ¥rench and Blanz? that a low r-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 w-electron density at the 1 position.
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Tanre I
ErrECt oF 3-SUBsTITUTED 1-FORMYLISOQUINOLINE
THIOSEMICARBAZONES ON THE SURvVIVAaL Tive or Mice BedviuNa
RarcoMa IR0 Ascrrks CrlLis
Daily v A

dose, wt, Av osarvival,
Compd my /K [P days 4= Sl
Control None +17.8 125 £ 0.3
1-Formylisoquinoline 5 +3.9 23.4 £ 5.3 (10)
thiosemicarbazone (NT) 10 +1.4 25,0 ==1.0
200 —23 325 4 3.0 (10)
30 =35 39.0 &£ 2.7 (30)
40— 108 397 £ 3.9 (44)
60 —12.4 32,9 250N
b —15.8 27.4 =40
100 —10.9 194 £ 5.5
I-Formyl-d-nitroizo- D +10.5 11.4 =04
quinoline thiosemi- 1o +8.2 21.7 = 3.6 (10)
enrbazone (V) 20) —H.4 16.0 2 1.9
40 5.0 167 = 5.0
S0 —8.0 3.2 +0.2
1-Formylisoquinoline-a- 10 +16.4 154 0.7
silfonic neid thiosenii- 20 +10.2 15,9 £ 0.6
carbazone (X11) 40 1701 150 0.9
151) +19.2 16.6 = 0.7
=0 +12.7 17.0 = .8
120 —4.4 116 =14
160 —14.4 11.8 0.7
I-IFormyl=i-hydroxy- 10 +0.8 182 x=1.2
izoguinaline thioseni- 20) +06.1 27225
carbazone (NXT) 40 +1.6 N+ 1.4
SO 5N H0.T = 2.8 (10
120 +10.4 35.4 %= 3.1 20)
160 +12.1 31.6 = 3.2 (10)
20 4115 3930 &= 3.2
1-Formyl-3-amino- 10 —5.4 27.2 2 5.7 (20)
ixoquinoline thioseni- 20) —3.5 360 £ 3.5 (30)
carbazone (NINX) 40 =N 3703 = 3.2 (30)
H0 =220 184 =75
SO =217 27.0 £35.7
120 =200 4.2 x=0.2
I-Formyl-3-acetoxy- I 415 2005 & 5.4 (10)
isuguinoline thiosemi- 20 400 23.8 = 5.7 (10)
earbazole (NVIT) 40 412 341 =47 (40)
S0 —4.2 - 3.6 (30)
12 —14.5 + 3.6 (10)
160 —19.5 + 8.3 (20)

« Administered once daily for 6 conseentive days, begiuning
24 hr after tnmor implantation; each value represents the results
obtained with 5-15 auimals. * Average weight change from
onget to termination of drng (reatment. ¢ The unmber in paren-
theses indieales the per cent of the tumor-bearing animals that
siurvived at least 50 days; these mice were calenlated us H0-day
survivors in determination of the average survival time.

Furthermore, the insertion in position 5 of XI of an
clectron-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 wax obtained
with the d-acetoxy dertvative (XVII), which also
possessed antitumor activity comparable to the parent
compound. Substitution of an acetamido molety
(IX) resulted in a compound completely devoid of
carcinostatic activity,

The toxieity 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 toxie than
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the parent compound. A daily dose of 100 mg/kg of
X1 eaused nbout 2097 losx in the body weight of treaved
animals,  To necomplish a <imilar degree of toxieity
(e it 208 loss e body weight) required a0 dose of
160 mig kg day of XVIE I continst to these two
agents, animals receiving injections of componnd XX
at dosage levels up to 200 mg, kg, day did not experi-
ence qny drug toxicity ux expressed by weight loss,
Compound XIX, an extremely effective antineoplastic
agent, appeared to be more toxic than X1, 2 2297 loss in
body weight occurring with a daily dose of 60 mg: ke.

Experimental Section

AMelting points were determined using o Thoamns-Tlaaver
capillary melting point apparatits and are nnearrected.  Iile-
mental analyses® were performed by 1he Schwarzkopt Micra-
analytical Labaratary, New Yark.

Biological Methods.--Transplantation of Sarcoma 180 tseites
cells was carried ont by withdrawing peritoneal finid from «
donor CD-1 monse hearing a 7-day grawth,  The suspensinn wix
centrifuged for 2 min (1600g), (he supernatant peritoneal finid
was deeanted, n 15-fold dilntion with isotonie saline was made,
and 0.1 ml {approximately 4 X 106 cells) of the resubting cell
suspension was injected intraperitaneally into each animal.

Drugs were administered by intraperitoneal injection, be-
ginning 24 hr after tnmar implantaton, ance daily for 6 cansecin-
tive days. Thiasemicarbazanes were injected as fine sngpensions
following homogenization in absolute 1O (adjusted sa ihat
the final concentration of the drmg salntion was 5 with respect
to EtOH ) and 2 -3 draps of 2077 agneans T'ween 80 and then made
np to volime with isatonic saline, except far NII, which was
solubilized i1 isotanic saline with NaOIT and adjnsted ta pll 8
with HCL  All drigs were administered in valimes of 0.25-0.7
ml. Forany one experinient, animals were distribnted into gramps
of five to ten mice af comparable weight and maintained thrangh-
aut the course of the experiment on Pruring Laboratary Chow
pellets and water o fibitinn. Fxperiments with mare tlun five
mice were performed nt least twice.  Cantrals given injections af
comparable valines of vehicle were inetuded in ench experinment.
Mice were weighed (hiriug the conrse of the experiment, ml 1he
percentage cluinge in hady weight fram onset ia terminmion af
therapy was nsed as an indication al drmg 1axieity.

Determination of the sensitivity af useitic neoplasis ta these
ageuts wag hased hath on the pralongation of snrvival time
affarded by drug treatimems and on the mmber of these anunals
surviving 50 days,

Chemical Methods.- - The componnds swhich were svmthesized
by utilizing standavd procedures ave lsted in Table TL

General Procedure for Oxidation Reactions.- To un =olution
of 0.01 mole of (he corresponding methyt derivative in 100 mt of
dioxune, 1 suspension nf freshly sublimed Set), (0.01 mole) in
25 ml of dioxane was added stowly wnd refluxed tor 2 hr. The
precipitate of Se was removed by filtration and the filtrate was
evaporated nnder vaenm.  The residne was extraeted with dilirte
TICT and filtered, and the filtrate was made alkaline withe NallCO,
(o precipitate the carhaxnldehyde derivative.

1-Methylisoquinoline-5-sulfonic  Aeid (XIII).---Methyliso-
quinotine (2.86 g, 0.02 mote) was added dropwise to 25 g of fiining
(3047 Ha30, cooled to 0° The salutinn was stirred far 2 hr at
45-80° and then was allowed to attain room  tempercdnre.
‘The reaction mix(ire was maintained qf room temperature far 18
hr with oceasional stirring and then decomposed in 100 g of
chiopped ice; (he =ohution was andjusted to pF 4 with 2047 NaOll
aud cooled.  The resulting precipitate of the sulfonic ucid deriva-
tive was collected by filtrmion, washed (11,0, EtOT), and dried
ta give 3.1 g (70°7 ). Anal. (CuILNOS)Y C I, N, &

1-Methyl-5-hydroxyisoequinoline (XIV ).--Componnd XIIT (-£.46
g, 0.02 mole), KOH (1.5 g), and 6 ml of Hut) were mixed: 16.6
g of KOH was added aud the mixtnre was heated al 280--200°
far 15 min,  The mixuire was stirral vigoronsly:  during the
fusion the color of the mixture beeante dark brown and frothing
ocenrred. The reaction mixture was then cooled, dissolved i 100

(8) Where analyses are indicaced only by symbaols of the elemenis ar (cane-
tions, the analytical resalts obtained for 1Lose elements or fanetions were
within £0.4% of the theoretical vahies.
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R,
=
Z#N
R,
Recrystn
Compd Ry Re solvent Yield, % Mp, °C Formula Analyses
IIe NO, CH;, EtOH 70 150-151 CioHsN:O, N
IIT? NO, CHO 50¢, EtOH 50 175-176 CioHsN:04
VIe NH, CH; CeH; 92 213-214 CiHioN: N
VIIe NHCOCH; CH; Dioxane 90 226-227 C\:H:N,0 C, H N
VIII® NHCOCH; CHO CeHs 75 206-207 C1:H (N0, C, HN
XVe OCOCHa CHa Hexane 94 99—100 C]anNOz C, ) N
XVt OCOCH; CHO Hexane 70 100-101 C1HNO; C, H N
@ Compounds were synthesized utilizing standard procedures and reactants as described in the Chemistry section. * The general

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

ml of HyO, and filtered, and the filtrate was made acidic with 109
HClL.  The undissolved material was removed by filtration using
Celite and the filtrate was made alkaline with NaHCOQ;. The
precipitate of XIV was filtered, washed (H,O), 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. (CloHSNO) 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 (309%) 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 acidic (dilute AcOH). The
resulting precipitate was collected by filtration, washed (H,O,
EtOH), and then dried to give 1.2 g (v89). Anal. (C.iH\(2NO;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).

TasrLE III
R
B
N
CH=NNHCSNH,

Compd R Mp, °C dec Tormula Analyses
\% NO: 238-240  CnHeNs0.8 C,H, N, 8
IX NHCOCH: 230-232 CisHisN:0S: H.0 H,N.S: C®
XVII OCOCH; 200-201  CizH12N4O.S C.H,N. S
XIX NH, 223-225 CnHnuNsS C,H N, 8
XXI OH 224226 CnHuN:0S 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 3-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 (ITI) 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-dipyrimidines 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. X, Robinsand G. H. Hitchings, J. Am. Chem. Soc., 80, 3449 (1958).

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

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

(3) G. H. Hitchings, T. A, Herrmann, B. S. 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., 27, 417 (1965).

dlpyrimidines. The 2,4-diamino compounds (Ia) have
been found to be inhibitors of dihydrofolate reductase.
However, only pyvrido[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-dihvdro-7-oxopyrido[2,3-d]pyrimidines (III), were
prepared by heating a mixture of a B-keto ester and
2,4,6-triaminopyrimidine to a temperature above 200°
either alone or in an inert solvent such as diphenyl



