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To ascertain the structural requirements for the biological activity of 1-formylisoquinoline thiosemicarbazone
(1), a potent antineoplastic agent, substituents such as OH and OAc, two groups that increased therapeutic
potency when substituted at the § position of I, have been introduced at the 4 position. Syntheses were ac-
complished by rearrangement of 1-methylisoquinoline N-oxide (II) with Ac,0; acid hydrolysis resulted in two
major products, 4-hydroxy-l-methylisoquinoline (III) and 1-hydroxymethylisoquinoline (IV). A third com-
pound was isolated in relatively small yield and was characterized by nmr and mass spectroscopy to be a,a'-
bis(1-isoquinolyl)ethylene glycol (IX). Oxidation of 4-acetoxy-1-methylisoquinoline (VIII) with SeO. pro-
duced the corresponding 1-carboxaldehyde, which on acid hydrolysis yielded the 4~-hydroxy derivative. Treat-
ment of heterocyclic aldehydes with thiosemicarbazide produced the desired thiosemicarbazones. The 4-substi-
tuted derivatives were less effective than I as antineoplastic agents against Sarcoma 180 ascites cells in mice; how-
ever, the Na salt of the 4-OH derivative was considerably more efficacious than I on the L1210 lymphoma. The
findings in this system compared with those previously reported indicate that the Nasalt of 4-hydroxy-1-formyi-
isoquinoline thiosemicarbazone (XIII) possessed the highest therapeutic index of the active antineoplastic
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agents in the isoquinoline series.

a-(N)-Heterocyclic carboxaldehyde thiosemicarba-
zones have considerable potential as antineoplastic
agents.? One of the compounds in this class, 1-formyl-
isoquinoline thiosemicarbazone (I), has been shown* to
cause pronounced inhibition of the growth of a rela-
tively wide spectrum of transplanted rodent tumors.
The biochemiecal basis for the carcinostatic activity of 1
has been studied in our laboratory;® this agent caused
marked inhibition of the synthesis of DNA by prevent-
ing the conversion of ribonucleotides into deoxyribo-
nucleotide forms, and lesser blockade of the formation
of RNA and protein.

As part of a program designed (a) to develop anti-
neoplastic agents with greater therapeutic efficacy and
(b) to define the structural requirements of this new
class of compounds for inhibition of growth, I has been
subjected to systematic structural modification. The
initial approach employed was the synthesis of a series
of 5-substituted derivatives of 1.8 The overall dimen-
sions of I in this position could be modified with the
retention of high activity, since substituents such as
5-OH and 5-OAc were found to confer therapeutic
indices to the resultant derivatives that were higher
than for the parent compound. A number of altera-
tions were also made in the formyl thiosemicarbazone
side chain;” modifications made at the various positions
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of the side chain resulted in either a decrease or a
complete loss of antineoplastic activity indicating that
the structure of this portion of the molecule is critical.

It was deemed desirable to elaborate further on the
effects of substituent groups at different positions of
the isoquinoline ring. Position 4, being para to position
1, was considered to be of prime importance with regard
to the exertion of electronic effects by the substituent
group on the thiosemicarbazone side chain. The two
groups, OH and OAe, that produced increased thera-
peutic potency when substituted at the 5 position were
chosen for introduction at position 4.

Chemistry.—The synthesis of 4-substituted 1-methyl-
isoquinolines was carried out by utilizing the procedure®
for the rearrangement of isoquinoline N-oxide and
3-methylisoquinaline N-oxide. Both of these com-
pounds on refluxing with Ac,O were shown to rearrange
mainly to derivatives of the corresponding isocarbo-
styrils; small amounts of the corresponding 4-hydroxy-
isoquinoline derivatives were also formed. No 3-OH
or 3-CH,OH derivatives were isolated from the re-
actions presumably because attack at the 3 position
would disrupt the aromaticity of the benzene ring.
When 1-methylisoquinoline N-oxide (II) was treated
with refluxing Ac;O and subsequently distilled, a mix-
ture of esters was obtained which could not be separated
effectively by either fractional distillation or chroma-
tography on columns of alumina, charcoal, or silica gel.
No further attempt was made to isolate the easily
hydrolyzable acetyl derivatives; instead, the mixture
was subjected directly to acid hydrolysis (Scheme I).
Two major products, 4-hydroxy-1-methylisoquinoline
(III) and 1-hydroxymethylisoquinoline (IV), were
isolated. These derivatives were readily separated by
their differences in solubility in NaOH. When II was
treated with POCl; in CHCL;, only one product, 1-
chloromethylisoquinoline (V), was obtained. The
identity of V was demonstrated by mixture melting
point and by comparison of the ir spectrum with that
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of the compound preparved from the reaction of POCI,
and IV.

Several possible mechanisms including ionic? and
free radical® formation have been proposed for the
analogous rearraugement of 2-picoline N-oxide. In the
case of the isoquinoline series, where no rearrangement
products at position 3 have been isolated. an inter-
mediate (VI, Schieme 11) resulting from abstraction of
an active H from the 1-Me by AeO~ would be reasona-
bly expected to predominate in the transformationx.
Such an intermediate cannot be formed from 3-methvl-
1soquinoline, since it would result in the disruption of
the aromaticity of the benzene ring.  Couversion of VI
to the I-methylacetate derivative (VII. Scheme 11,
pathway @) may result from an Intramolecular re-
arrangement analogous to that suggested for 2-picoline
N-oxide.'! Rearrangement to the 4 position of the
isoquinoline ring most probably oceurs by a seriex ol
addition and elimination reactions (Scheme II, path-
wiay b) to produce 1-methyl-4-acetoxvisoquinoline
(VIIT).

During the recrystallization of IV, an unknown con-
pound was isolated in relatively small yield; this wax
characterized by nmr and mass spectra to be a.a'-
bis(1-isoquinolyl)ethylene glyeol (IX). Formation of
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IX would not be expected during the remrrangement

reaction; instead, when IV was exposed to alr =low

oxidative condensation oceurred to form IX.
Acetylation of ITT produced VIII (Seheme ITI), which
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was then oxidized with a molar equivalent of Se(), iu
dioxane to give 4-acetoxvisoquinoline-1-carboxaldehyde
(X). On acid hydrolysis X produced 4-hydroxyixo-
quinoline-1-carboxaldehyde (XI). Direct oxidation of
I to yvield XI resulted in poor vields. Both X and
XI were reacted with thiosemicarbazide to produce the
desired thiosemicarbazones.

Nmr Studies.-—The nmr parameters for all of the
compotnds are consistent with the proposed structures.
Reromanee signals duc to replaceable H+ (OH. === NH)
were vertfied by addition of strong acid or base to the
nmr sample tubes.

The umr spectrum of 1-methyhsoquinoline contained
an aromatic doublet at § 8.40 which wax assigned to H-3
sinee 1t was found at lowest field (/fz, = 3.7 Hz).
In I, field and diamagnetic anisotropy cffeetx due to
N—=0 caused H-3 to be shifted upfield by 0.22 ppm
and the 1-CH; resonance signal to be =hifted upfield by
0.16 ppm.  In the case of TIT and VI, siuglets at §
N.00 and $.20. respectively., were assigned to H-3,
The upfield <hift of H-3 in these instances was due to
the adjacent 0. The H-3 singlet in both IT1 and VIII
was superimposed upon other aromatic H*; however,
assigment of the signal wax readily made.  The nmr
=pectrum of IX showed the presence of 6 aromatic H =+,
an AB quartet centered at 6 3.66 (Jyp ~ 4.2 Hz), and
no Me orr CH, resonance signals,  Addition of trifluoro-
acetic acid to the DMSO-dg solution of IX caused the
disappearance of the upfield doublet of the AB quartet
at 6 5.41, and the collapse of the low-field doublet at
5.90 to a singlet (6.23). The upfield doublet was
assigned to an OH resonance signal, while the low-field
doublet was assigned to CH. Thus, nmr data indicated
the dimerie strueture propased for IX, The nmr spec-
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trum of IX changed after being dissolved in the DMSO-
ds solution for a relatively long period of time; this
effect was most likely due to slow oxidation of the
vicinal diol moiety by the solvent.

The nmr spectrum of XII gave a singlet at 6 8.49
which was assigned to H-3, and a three-proton singlet
at 2.53 which was assigned to the OAc group of XII.

Mass Spectrometry.—The mass spectrum of IX was
characterized by a weak molecular ion (<19,) at m/e
316 which on the basis of high resolution mass measure-
ment corresponded to CypHyeN:0: (obsd, 316.118;
caled, 316.121), The mass spectrum was dominated
by two groups of intense peaks. The first set occurred
at m/e 157 (559%), 158 (699%,), and 159 (639%) and had
the elemental composition C,H;NO, C,HgNO, and
CioHoNO, respectively. The second group was present
at m/e 128 (63%), 129 (1009,), and 130 (909%) and
possessed the elemental composition CyHgN, CoH,N,
and CoH;gN, respectively. The molecular weight plus
the similarity of the lower mass portion of the mass
spectrum with 1-substituted isoquinolines suggested the
glyeol IX.

The intense fragments noted are readily explained
by direct homolytic cleavage of the glycol C-C bond to
vield the fragment at m/e 158. H transfer accompanies
this reaction, producing the fragments at m/e 157 and
159, corresponding to isoquinoline-1-carboxaldehyde
and III. Such fragmentation was observed for 1-(2-
furanyl)-2-phenylethan-1,2-diol, and the H transferred
was determined to be the OH. However, with the un-
symmetrical glycol the fragment corresponding to the
aldehyde was not observed.!2

Additional evidence for the structure of IX was
obtained by treatment with bistrimethylsilylacetamide
in MeCN. The mass spectrum of the product showed
an intense molecular ion at m/e 460, which resulted
from the addition of two trimethylsilyl groups, a
finding compatible with the proposed structure. The
mass spectrum also showed a single strong fragment
(base peak) at m/e 230 derived from the expected
homolytic cleavage of the C-C glyeol bond. The
fragment derived from the H transfer reaction was
suppressed by removal of the transferable hydrogen by
the trimethylsilyl groups.!?

The mass spectrum of the product of periodate
oxidation (1.4 equiv) of IX possessed intense fragments
at m/e 157 (579), 129 (100%,), and 128 (359) and
was identical with the mass spectrum of authentic
isoquinoline-1-carboxaldehyde. This observation con-
firmed the presence of the glycol group in IX.

Biological Results and Discussion.—The effects of
4-substituted derivatives of I on the survival time of
Sarcoma 180 tumor-bearing mice are shown in Table
I. The results indicated that both XII and XIII were
active antitumor agents. Maximum average survival
times of 30.6 and 23.5 days were obtained under these
conditions with XII and XIII, respectively, as com-
pared with untreated control tumor-bearing mice,
which survived for only 12.5 days. Neither of the
compounds demonstrated toxicity for the host as
measured by drug-induced loss in body weight. The
finding that the 4- OAc compound is relatively nontoxic
is in contrast to that observed for the 5-OAc deriva-

(12) J. Kossanyi, J. P. Morizur, B. Furth, J. Wiemann, A, M, Duffield, and
C.. Djerassi, Org. Mass Spectrom., 1, 777 (1968).
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TaBLE I
ErFFeECT OF 4-SUBSTITUTED 1-FORMYLISOQUINOLINE
THIOSEMICARBAZONES ON THE SURVIVAL TIME OF
Mice BrarinGg Sarcoma 180 Ascires CrLLs

Daily
dosage Av A Av survival
Compound (mg/ke)®  wt (%)° (days) + SE
Control None +17.3 12.5 = 0.29
4-Acetoxy-1-formyliso- 20 +12.2 12.4 = 0.29
quinoline thiosemi- 40 +6.8 19.2 £ 0.74
carbazone (XII) 80 0.0 23.6 = 2.18
120 +5.0 30.6 = 3.60
(20)¢
160 +0.7 25.4 = 3.48
(20)
4-Hydroxy-1-formyliso- 20 +24.6 14.2 £ 0.89
quinoline thiosemi- 40 +23.9 17.9 = 0.63
carbazone (XIIT) 80 +1.9 23.2 = 0.72
120 +3.8 23.5 = 0.63
160 +5.3 22.8 = 0.62
@ Administered once daily for 6 consecutive days, beginuing 24

hr after timor transplantation. ? Average weight change from
onset to termination of drug treatment. ¢ Perceutage of miice
surviving over 50 days. These were calculated as 50-day sur-
vivors in determination of the average survival time; 5-15
animals were employved in each gronup.

TasLg I1
ErrecT OF 1-FORMYLISOQUINOLINE THI0SEMICARBAZONE
AND Its 4-HYDpROXY DERIVATIVE ON THE SURVIVAL TIME
ofF Mice Bearing tHE L1210 LymMpPHOMA

Daily
dose Av A Av survival
Compound (mg/kg)®  wt (%)? (days) = SE
Control None —-5.2 8.4 = 0.07
1-Formylisogninoline 20 +10.5 11.8 = 0.33
thiosemicarbazone (I) 40 +2.4 16.6 &= 0.91
4-Hydroxy-1-formyliso- 30 —-2.8 11.4 £ 0.46
quinoline thiosemi- 40 —1.0 13.4 £ 0.23
carbazone (XIII) 60 —1.8 12.1 = 0.22
Sodinm salt of XIII 32.7 —-2.9 25.4 = 1.13
(10)e
43.6 —-1.9 26.7 = 0.72
(13)
65.4 —1.4 26.2 =1.05

e Administered twice datly for 4 consecutive days at 12-hr
intervals begiuning 24 hr after tumor transplantation. ?» Average
weight change from onset to termination of drug treatment.
¢ Percentage of mice surviving over 350 dayvs. These were
calculated as 50-day survivors in determination of the average
survival time; 10-15 animals were employed in each group.

tive, which caused a 14.59 loss in body weight at the
daily dose of 120 mg/kg.°

It has been reported!® that the Na salt of the 5-OH
derivative of I caused a greater prolongation of the
survival time of mice bearing the 1.1210 lymphoma than
did the parent derivative. Therefore, the Na salt of
XIII was synthesized and tested in the same system;
the results are shown in Table II. The parent com-
pound I was also evaluated under these conditions.
Untreated control tumor-bearing animals had an aver-
age survival time of 8.4 days. Compounds I and XIII
at a daily dose of 40 mg/kg increased the survival time
to 16.6 and 13.4 days, respectively, whereas the Na salt
of XIII caused a pronounced increase in the life-span
of the tumor-bearing mice; with a maximum effective
level (43.6 mg/kg per day) this soluble derivative

(13) K, C. Agrawal and A, C. Sartorelli, J. Pharm. Sci., 87, 1948 (1068),
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caused a prolongation of survival time to 26.7 days.
Since little toxicity, as measured by loss in body weight,
was ancountered, it would appear that the Na salt of
XIII has the highest therapeutic index observed to date
of the active compounds in the izoquinoline geries, and
s therefore the prime candidate of this series for
clinteal evaluation for antinecoplastic activity in man.
Sinee the Na salt would be expected to yield XIIT
in vive 1t 1= difficult to explain readily the relatively
high poteney of this derivative,

Experimental Section

Melting points were determined using a Thonmas-Hoover
capillary melting point apparatns and are uncorrected. Ele-
mental analyses't were perfarmed by the Schwarzkopf Micro-
analytical Laboratory, Woodside, New York. Nmr spectra were
performed on a Bruker HFX-3 spectrometer operating at 90 MHz.
Chemical shifts (8) are given i parts per million downfield from
TMS in DMSO-d; (d, doublet: s, singlet; dd, donblet of doublets;
ele). Mass speetra were obtained on an Assoctated Electrical
Industries (Manchester, Eugland) MS-9 miass spectrometer.
The low resolution wpectra (3 fAM ~ 1500) were obtained at 70
eV and 100 A iomzing current, while the mass measnrements
were obtained at 70 eV and 500 pA ionizing current and at an
imstrument resolution of 10,000. The source temperature varied
between 150 aud 200°.  All samples were introduced uia the
direct insertion probe.

Biological Methods.—Compounds were tested for antineo-
plastic activity in mice bearing either Sarcoma 180 ascites cells or
the 1.1210 lymphonia. Complete details of the biologieal methods
have been described earlier.® Transplantation of the neoplasms
was accomplished by inoculating miice intraperitoneally with
approximately 4-8 X 105 ascites cells. Drugs were administered
by intraperitoneal injection begiuning 24 hr later either as fine
suspensions or as a solution in distilled H,0 (Na salt of XIITI);
such therapy was continued once daily for 6 consecntive days in
the caxe of mice bearing Sarcoma 180 ascites cells. Mice bearing
the 11210 Iymphoma were treated twice daily at 12-hr intervals
for 4 consecntive days. Determination of the sensitivity of the
timors to these agents was based upon the prolongation of sur-
vival time afforded by the drug treatments.

Chemical Methods. 1-Methylisoquinoline N -Oxide (II).—The
procedure employed by Robison and Robison® for the fabrication
of isoquinoline N-oxide was utilized to prepare IT in 727 yield.
Recrystallization (hexane) gave white needles, which after drying
(CaCly) nnder vacuum had a mp 88-89° (reported’s 82-83°):
nmr ax expected. Anal. (CpITNO) C, H, N loss in weight after
drying at 50° for 2 hr, L1797,

Rearrangement of II. (A) By Ac:0..—Compound II (5.0 g1
was refluxed in 50 ml of AwO for 2.5 hir. The excess AeO was
removed by flash evaporation; the resulting dark oily residue
was then distilled noder vacuum at 160-162° (1 mm) to yield 4.7
g (730,) of a mixture of acetates us a pale yellow oil.  This oil

(14) Where analyses are indiecated only by symbols of the elements or
fitnetions, the analytical resolts obitained for those elements or fumetions
were within %0.4% of the theoretical values.

(15) F.J. Moriconi and F. A, Spano, J. Amer, Chem. Soc., 86, 38 (1964).
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was taken up in 105 HCI (50 ml) and heated for 1 hr at tag®.
The solution, which turned red during heating, wax treated with
Novit-A and filtered. The filtrate was made strongly alkaline
with a solution of 2007 NaOH. An oily compound resulted which
was extracted with Et,0. The Et.Q extracts wece washed (1,03,
dried (Nas80,), and removed by flash evaporation to give an
otl which crystallized on cooling to a pale yellow compound (1V3,
1.5 g (3090 mp 72-74°. Recrystallizaiion (hexave) gave color-
fess ervstals: mp 78-70° nmr § 5.15 ¢, 2 H, CITa, 4400 [«
broad), 1 H, O], dwal. (CFLNOY C) 1, N,

The alkalne sobition from the above experiment was pen-
tralized to pH 7.0 with 209 TICL A light brown precipitate
formed which was filtered, washed (H»0), and dried to yield 1T1:
I3 g (2390); wmp 204-207° dec.  Crystallization (CgHg) gave
colorless crystals: mp 210-212° dec; nmr d 2,80 {x, 3 I, Med,
10.23 [s (broad;, 1 H, OH}, =strong band in ir at 3430 c¢m?
(OH). Anal. (CpHNOY C, H, N

(B) By POCl;.-~Conmpound IT (2.0 g) was dissolved i 100 wil
of CHCly and cooled in ice. POCI; (10 mi) was added dropwixe
with stirrtng.  The reaction mixture was then refluxed at 60-70°
for & . Dhnring the beating a precipitate was formed that was
decompozed tn 100 g of ice and made alkaline with Na,(CO,.
After standing overnight, the mixture was extracred with CICl;,
the CIHCL extracts were dried (Na,S0,), and the CIHCL was
reatoved 1o give an otl that erystallized on cooling to yield 1.6 ¢
(7301 of V, mp 58-60°, Recrvstallization from petroleum ether
gave colovless erystals: mp 65-66° vmr as expected,  nal.
{CyolTsNCH O, H, N

1-Acetoxymethylisoquinoline (VII).—Acetylation of IV with
A as described for VIIT produced colorless crystals from hex-
ane, yield 86, mp 47°. Anal. (CH;NO,) C, H, N.

4-Acetoxy-1-methylisoquinoline (VIII).—Commpound 111 (1.59
g) was refluxed with 11 ml of AcO for 30 min; excess AcyQ) was
removed and the remaining oil was crystallized (hexance) in
prisms to yield 1.9 g (90%): mp 74-75°; nmr as expected; i,
1740 em~'. Anal. (CpHyNO,) C, I, N,

a,a’-Bis(1-isoquinolyl)ethylene Glyeol (IX).—Recrvsiallization
of 1V, obtained from Et;0) extracts in experiment 11 (A), from
hexane gave a hexane-insolnble compound that was then re-
crystallized =everal times from abs E1OIT to yield white erystalx,
myp 1801812 dee, Anal. (CyoHjeN2Oy) G, H, N.

4-Acetoxyisoquinoline-1-carboxaldehyde (X).—Componnd
VIII (1.0 g) was oxidized with 0.53 g of 8eQOs in 25 mi} of dioxanc.
The procedure was followed as described earlier,® to give 0.53
g (300:) of the corresponding aldehyde. Recrystallization from
hexane (Norit-A) gave fine, long, colorless needles, nip [17--118°:
ir ax expected.  Anal. (CL.H,NO;) C, 11, N.

The thiosemicarbazone dertvative (NIT) had mp 223-224° dec,
Anal. (CiHyaNGsS) C) 1) N R

4-Hydroxy~-1-formylisoquinoline Thiosemicarbazone (XIII}.- -
Componnd X (0.5 g was heated with 5 ml of 106 HCI at 100°
{or 30 min,  The red colored solution was treated with Nortt- A
and thre clear fifirate was treated directly with thiosemiearbazide,
followed by neatralization with NaOAe; the yellow precipitate
that formed was filtered, washed (H20), and dried, mp 183~ 154
dec. nal PCHFLNLOS) C) H) N 3.

Na salt of NXTIT was svithesized as described earlier.??
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