Substituted 1-Formylisoquinoline Thiosemicarbazones

mp 233-234°. The salt (7.7 g) was suspended in MeOH-H>0 (1:1,
200 ml) and saturated aqueous NaHCOQj3 solution was added at 0°
until the mixture was alkaline. The resulting base 35 was collect-
ed, washed with H20, and dried to give 5.0 g (93.5%) of product:
mp 138-140° (MeOH-H>0). Anal. (C12H12N20) C, H.
5-Amino-1,3-dihydropyrrolo[4,3,2-de]isoquinoline (36). To a
suspension of 35 (0.2 g, 0.001 mol) in EtOH (2.0 ml) was added
25% NH4OH (0.5 ml, 0.0014 mol) followed by 2.3 N HCI (0.5 ml,
0.01 mol). The mixture was refluxed for 0.5 hr, ether was added,
and the resulting precipitate (200 mg, 98%) of the HCI salt was
isolated. It had mp 233-235° (EtOH-EtOAc): nmr (DMSO) § 5.03
(2, s, CHs), 7.70 (4, m, aromatic H’s), 10.0 (3, m, NH and NHy).
Anal. (C10Hy10CIN3) H, Cl; C: caled, 57.84; found, 57.43.
5-Hydrazino-1,3-dihydropyrrolo[4,3,2-dejisoquinoline (38). A
mixture of HoNNH3-H20 (3.0 g, 0.06 mol) and 35 (10.0 g, 0.05
mol) in MeOH (100 ml) was refluxed for 16 hr. Eto0 was added
and the product (8.1 g, 87%) was obtained as a solid, mp 188-
189°, after crystallization from an EtOH-CHCls-hexane mixture.
The HCI salt had mp 310-312° (MeOH). Anal. (C10H;11CINs) C,
H, Cl.
5~(3’-Dimethylaminopropyl)-1,3-dihydropyrrolo(4,3,2-de]iso-
quinoline (37). A mixture of 35 (5.0 g, 0.025 mol), 3-dimethylami-
nopropylamine (2.7 g, 0.026 mol), 2.3 N ethanolic HC] (12.5 ml,
0.029 mol), and EtOH (50 ml) was refluxed for 7 hr. Et,0 and ex-
cess ethanolic HCI were added to afford a precipitate of the 2-HCI
salt of the product (6.9 g, 84%). It had mp 289-290° after crystal-
lization from EtOH-EtOAc. Anal. (C15H22Cl2Ny) C, H, N.
4,6-Dihydro-8-methylpyrrolo[4,3,2-de](1,2,4]triazolo[3,4-a]iso-
quinoline (39). A mixture of acetylhydrazine (5.0 g, 0.0674 mol)
and 35 (9.0 g, 0.0448 mol) was refluxed in anhydrous EtOH (140
ml) for 48 hr under N;. The EtOH was partially removed and an
ether-hexane mixture was added. The resultant solid (9.3 g) was
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crystallized from MeOH to afford the product (7.3 g, 77%), mp
314-315°. Anal. (Cy2Hy1oNys) C, H, N. By refluxing a mixture of
38-HCl and Ac20 for 2 hr and then pouring it into aqueous NaOH
solution, compound 39 is also obtained.

5-(Isopropylidinehydrazino)-1,3-dihydropyrrolo(4,3,2-de]iso-
quinoline (40). The hydrazino derivative 38 (4.5 g, 0.0242 mol)
was refluxed in MeasCO (100 ml) for 10 min. Removal of MesCO
and crystallization of the residue from a C¢gHs-MeOH-Et20 mix-
ture gave the product (3.0 g, 55%), mp 200-201°. Anal
(C13H14Ny) C, H, N.
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In an attempt to exploit a postulated hydrophobic bonding region at the inhibitor binding site of ribonucleoside di-
phosphate reductase, several 5-substituted monoalkylamino, dialkylamino, and N-alkylacetamido derivatives of
1-formyvlisoquinoline thiosemicarbazone were prepared. Two of the derivatives demonstrated impressive antitumor
activity against Sarcoma 180 ascites cells and several were potent inhibitors of the target enzyme, requiring concen-
trations in the range of 10-¢-10-% M for 50% inhibition. 5-Methylamino-1-formylisoquinoline thiosemicarbazone,
which was the most effective of the newly synthesized compounds, required a concentration of 3 x 10-% M for 50%
inhibition of reductase activitv and increased the life span of tumor-bearing mice over untreated animals by a fac-
tor of 2.5 at an optimal daily dose of 40 mg/kg. This agent, at a therapeutic dosage level, caused almost complete
inhibition of the incorporation of thvmidine-3H into the DNA of Sarcoma 180 cells in vivo which was maintained
for up to 24 hr after exposure of the cells to the drug; slight but prolonged inhibition of RNA synthesis was also

produced as measured by incorporation of uridine-3H.

Several a-(N)-heterocyclic carboxaldehyde thiosemicar-
bazones have demonstrated inhibitory activity against
transplanted rodent neoplasms,!-® spontaneous lympho-
mas of dogs,1® and DNA viruses of the Herpes family.11
The activity of these compounds is apparently due to in-
hibition of the biosynthesis of DNA!2-17 with the metabol-
ic lesion occurring at the level of reduction of ribonucleo-
tides to deoxyribonucleotides by the enzyme ribonucleoside
diphosphate reductase.l?-13,15 From studies on the mech-
anism by which members of this class inhibit the activity

tPresented in part before the Division of Medicinal Chemistry at the
164th National Meeting of the American Chemical Society. New York, N.
Y.. Aug 1972; this work was supported by U. S. Public Health Service
Grants CA-02817 and CA-04464 of the National Cancer Institute and IC-33
of the American Cancer Society.

*Address correspondence to this author at Yale University.

of ribonucleoside diphosphate reductase, it has been pos-
tulated that inhibition is due to the coordination of iron
by these compounds either by a preformed iron complex
binding to the enzyme or by the free ligand complexing
with the iron-charged enzyme.18
5-Hydroxy-2-formylpyridine thiosemicarbazone (5-HP)
was selected as the first representative of this class of
compounds for human trial as an antineoplastic agent,!®
because of the water solubility of its sodium salt, as well
as its relatively great therapeutic index against animal tu-
mors.?:10-1¢ Unfortunately, 5-HP failed to achieve the im-
pressive antineoplastic activity in man that it exhibited in
laboratory animals. The reasons for this inactivity in man
appear to be in part (a) the relatively low inhibitory po-
tency for the target reductase enzyme [5-HP is approxi-
mately 100 times less active at the enzymatic level than
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the most active member of this series, 1-formylisoquino-
line thiosemicarbazone (IQ-1)], and (b) the relativelv
short-lived activity of 5-HP in man due to its rapid me-
tabolism to an O-glucuronide!® and excretion from the
host (about 2 to 3.5 times faster than that occurring in the
mouse).

To determine structural features compatible with in-
creased inhibitory potency toward the target enzyme, 2-
formylpvridine thiosemicarbazone (PT) was extensively
modified. Introduction of a methyl group at the 3, 4, or 5
position of PT enhanced inhibitory activity.1® In addition.
IQ-1, which can be visualized as PT with a benzene ring
fused at positions 3 and 4 of the pyridine ring, was ap-
proximately 2.5-fold more inhibitory toward ribonucleo-
side diphosphate reductase than was PT. These findings
suggested the existence of a hydrophobic bonding zone ad-
jacent to the inhibitor binding site on the enzyme;!® this
was further explored by the preparation of a series of
meta-substituted phenvlpyridine derivatives.20

Further modification of IQ-1 produced 5-amino-1-
formylisoquinoline thiosemicarbazone (53-NH.-1Q-1, 3),
which was essentially equal to IQ-1 in antitumor activity*
and could be prepared as a soluble acidic salt to facilitate
parenteral administration. In addition to its desirable
solubilizing capability, the amino function is obviously
not susceptible to inactivation by O-glucuronide forma-
tion.

The present investigation was undertaken in an effort to
develop a more potent inhibitor of ribonucleoside diphos-
phate reductase through exploration and exploitation of
the apparent hydrophobic bonding zone of the en-
zyme. Alkylation of the 5-NH; function was carried out,
since this substitution would increase the lipophilicity of
the amino group and possibly increase the affinity of the
inhibitor for the enzyme by more effective interaction
with the proposed hydrophobic region of the enzyme. In

addition, alkylation of the NHz function would be expect-
ed to provide some degree of protection of the NHz group
from enzymatic modification.

Chemistry. 1-Methylisoquinoline was allowed to react
with KNOj in concentrated H2SO, to give exclusively the
5-nitro derivative* which was reduced catalytically in eth-
anol over palladium on carbon to vield 5-amino-1-methyli-
soquinoline* (2, Scheme I). Alkvlation of the 5-NHa deriv-
ative by an alkyl iodide in THF or DMF using NaH as
base afforded only small amounts of the desired alkvlami-
no derivative; large vields of high-melting, ethanol- and
H20O-soluble, I-containing solids were obtained that were
not characterized but were presumably quarternary salts.
However, alkylation was readilyv effected by first activat-
ing the amino function by acetvlation (3),* then reacting 3
with NaH in anhydrous THF, followed bv the necessary
alkyl iodide. The N-alkylacetamido derivatives 6 and 7
were oxidized with SeO: to the corresponding 1-carboxal-
dehydes 12 and 13. Direct condensation of 12 and 13 with
thiosemicarbazide or acid hvdrolysis followed by conden-
sation gave the alkvlacetamido (14 and 15) and the
monoalkvlamino (16 and 17) thiosemicarbazones, respec-
tively.

The N-alkyl-N-ethylamino thiosemicarbazones (10 and
11) were prepared by diborane reduction of the appropri-
ate 5-N-alkylacetamido-1-methylisoquinoline (6 or 7), fol-
lowed by oxidation with SeO; to the aldehyde and con-
densation with thiosemicarbazide.

5-N,N-Dimethylamino-1-formylisoquinoline  thiosemi-
carbazone (21) was prepared (Scheme II) by formylation
of 5-methylamino-1-methylisoquinoline (18), obtained
from acid hvdrolysis of 6, with formic acid in acetic anhy-
dride, followed by reduction with diborane, SeO. oxida-
tion, and condensation with thiosemicarbazide.

Fusion of 5-amino-1-methylisoquinoline (2) with succin-
ic anhydride (Scheme III) at 250° yielded the succinimido
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Biological Results and Discussion. The antitumor ac-
tivities of 5-N-monoalkylamino-, N, N-dialkylamino-, and
N-alkylacetamido-1-formylisoquinoline thiosemicarba-
zones against Sarcoma 180 ascites cells are shown in
Table I. These results indicate that at least two of the
new derivatives (15 and 16) are as effective as the unsub-
stituted parent 5 against this neoplasm. It is especially in-
teresting that 14 and 15 display activity, since the 5-N-
acetamido derivative 4 has previously been shown to be
inactive in this test system.*

The results of tests for inhibition of partially purified
ribonucleoside diphosphate reductase from the Novikoff
rat tumor are shown in Table II. Compound 16, like 5,
was equal to IQ-1 in enzyme inhibitory potency. The loss
of potency with further increase in substituent size indi-
cates either that the enzyme is sensitive to steric factors
in this particular region, and the substituent bulk offsets
any enhancement of affinity due to increased lipophilicity
of the molecule, or that the hydrophobic bonding region of
the enzyme, upon formation of the EI complex, is not in
proximity to carbon-5 of the isoquinoline nucleus.

Essentially complete inhibition of the incorporation of
thymidine-3H into DNA of Sarcoma 180 ascites cells oc-

e Ny meoon N 1B Thiosemicarbazones on the Survival Time of Mice
§ 2NaoR ©\/; ~hco @:;N “Fse0, Bearing Sarcoma 180 Ascitic Cells
CHy CHy R
18 19 N
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@@ HZNNHgNHz @@
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cHo Loed Max ef-
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. . . . o dose, Av A days
‘ derivative .22, which was either d{rectly oxidized to the Drug R mg/kg®  wt, % +S.E.
corresponding aldehyde 23 or was first reduced with dibo-
rane to the pyrrolidinyl derivative and then oxidized with None +17.3 12.5 £0.5
SeO; to yield the respective aldehyde 25. Both aldehydes 5 NH, 20 -7.8 27.4 2.9
23 and 25 were then allowed to react with thiosemicarba- 10 N(CH;)CH,CH, 20 -5.4 10.4=z1.5
zide to yield the desired thiosemicarbazones 24 and 26, re- 11 N(CH,CH,), 10 +21.6 18.6 + 6.8
spectively. 14 N(CH;)COCH;, 60 -1.3 20.6 +2.5
15 N(CH,CH;)COCH, 60 +2.6 29.0£5.2
Scheme I11 18 NHCH, 40 -7.9 32.0£5.4
17 NHCH,CH, 10 +1573  14.4 £3.4
°Q° 21 N(CH,), 10 +13.3 13.6 0.7
= 24 N-Succinimido 20 +6.0 16.0 + 6.8
N . 26 N-Pyrrolidinyl 10 -8.9 9.6 £0.6
Coo ]

a Administered once daily for 6 consecutive days, beginning 24 hr
after tumor transplantation; each value represents the results ob-
tajined with 5-20 animals. ? Average weight change from onset to
termination of drug treatment.

curred when the radioactive precursor was injected intra-
peritoneally into mice bearing 6-day accumulations of
neoplastic cells 15 min after the administration of 1Q-1 at
a dose level of 25 mg/kg and was allowed 1 hr to be uti-
lized. This degree of blockade persisted for 12 hr after
1Q-1, but by 24-hr inhibition was completely relieved.12
The data in Table III demonstrate that molar equivalent
levels of 5 and 16 caused essentially complete inhibition of
thymidine-3H incorporation into DNA at 6 hr. Twelve
hours after drug, however, inhibition by 5 was decreased,
with blockade by this agent being terminated by 24 hr.
However, 24 hr after exposure of neoplastic cells to 16, an
extremely high degree of inhibition (85%) was still exhib-
ited. Like other members of this class, both 5 and 16
caused only a slight decrease in the incorporation of uri-
dine-3H into RNA. Maximum inhibition of RNA synthesis
was produced by IQ-1 3 hr after administration of the
drug, and the level of inhibition decreased slowly thereaf-
ter.1?2 Under essentially the same conditions, 5 and 16 in-
hibited the synthesis of RNA to the same degree at 12 hr
after administration of the drug. After 18 hr, however, in-
hibition by 5 decreased while that produced by 16 was es-
sentially unchanged.

Thus, substitution of a methyl group onto the amino
function of 5 produced a drug 16 that was equipotent to 5
as an inhibitor of ribonucleoside diphosphate reductase and
produced a significantly longer lasting inhibition of thy-
midine-3H incorporation into DNA of the neoplastic cells
than did the parent compound 5 when administered to
tumor-bearing animals in vivo. The phenomenon might be
the result of less rapid inactivation and/or elimination of
the methylated compound. The finding that 15 is signifi-
cantly less effective than 16 as an inhibitor of the activity
of ribonucleoside diphosphate reductase (probably the re-
sult of steric factors), yet remains almost as effective as 16
in prolonging the survival time of tumor-bearing mice,
suggests that either (a) a second biochemical site of action
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Table IL. Concentration of 5-N-Substituted
Monoalkylamino-, Dialkylamino-, and

Alkylacetamido-1-formylisoquinoline Thiosemicarbazones
Required for 50% Inhibition of Ribonucleoside Diphosphate
Reductase of the Novikoff Rat Tumor®

R
x
2N\
HC==NNHCNH,

Compd R IDg,, HM
1Q-1 H 0.04
4 NHCOCH, 0.11
5 NH, 0.03
10 N(CH,)CH,CH, 0.94
11 N(CH,CH,), 8.5
14 N(CH;)COCH, 1.8
15 N(CH,€H;)COCH, 2,0
16 NHCH, 0.03
17 NHCH,CH, 0.13
21 N(CH,), 0.23
24 N-Succinimido 5.0
26 N-Pyrrolidinyl 8.6

@ The IDs5p is the concentration of drug required to reduce by 50%
the observed activity of the enzyme. The values were estimated
from graphs summarizing the results of at least two experiments
with four concentrations of each compound.

may be operative, (b) biological modification in vivo acti-
vates 13, or (c) the enzyme structure (n situ may be
slightly different in its ability to accommodate bulk at the
5 position of IQ-1.

Experimental Section

Melting points were determined with a Thomas-Hoover capil-
lary melting point apparatus and are corrected. Elemental analy-
ses were performed by the Schwarzkopf Microanalytical Labora-
tory, Woodside, N. Y., and by the Baron Consulting Co., Analyti-
cal Services, Orange, Conn. Analyses indicated by element sym-
bols agreed with calculated values within +£0.4%. The ir absorp-
tion spectra were obtained with a Perkin-Elmer Model 257 spec-
trometer and nmr spectra were determined with a Varian A-60A
spectrometer. Chemical shifts (§) are given in parts per million
downfield from TMS which was used as an internal standard.
The spectral data were as expected, and therefore only represen-
tative findings are included. Pertinent data for the compounds
synthesized are listed in Table IV; vields are based on immediate
precursor.

Antitumor Screening. Experiments were performed on female
CD-1 mice 9 to 11 weeks of age. Transplantation of Sarcoma 180
ascites cells was carried out using a donor mouse bearing a 7-dayv
tumor growth. The experimental details have been described ear-
lier.* Mice were weighed throughout the course of the experi-
ments, 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 ascitic neoplasms to these
agents was based upon the prolongation of survival time afforded
by the drug treatment.

Enzyme Inhibition. The ribonucleoside diphosphate reductase
was partially purified from rat Novikoff ascites tumor cells as
previously described.?? Reduction of 32P-CDP was assayed as re-
ported,?? except that Fe(NHy4)2(SO4)2 was used instead of FeCls.
Dithioerythritol was the reducing substrate. The enzyme was
added to the ice-cold mixture of substrates and inhibitors, imme-
diately warmed to 37°, and incubated 30 min. Inhibitors were dis-
solved in DMSO; the maximum concentration of DMSO in the
incubation mixture was 1% and was not inhibitory. Each inhibi-
tor was tested at four concentrations in at least two separate ex-
periments.

Thymidine-3H and Uridine-*H Incorporation into Nucleic
Acids. The effect of inhibitors on the synthesis of RNA and DNA

Agrawal, et al.

Table III. Incorporation of Thymidine-3H and Uridine-3H
into DNA and RNA, Respectively, of Sarcoma 180 Cells
Treated with Either 5-Amino-1-formylisoquinoline
Thiosemicarbazone or 5-Methylamino-1-formylisoquinoline
Thiosemicarbazone

=
ZN
HCO=NNHCNH.
Pretreat- (o il iiiies
. h a
ment (hr) ___° E_EIEIOI}
before Uri-
radio- Thymi- dine-
Dose, active dine-~*H Hinto
Drug R mg/kg precursor into DNA RNA
5 NH, 26.6 6 98
12 70 34
18 16 15
24 0
18 NH(CH,) 28.2 6 98
12 92 35
18 99 44
24 85

@ Control animals received the necessary radioactive precursor
without drug pretreatment. The specific activities of control DNA
thymine and RNA pentose, respectively, were 22.2 + 1.5 cpm/nmol
and 9.8 = 0.5 cpm/nmol. These values represent the mean (%
standard error) of results obtained with 16 and 8 mice, respec-
tively. Drug-treated groups each consisted of material from at least
four animals analvzed separately.

was determined by injecting either 200 ug of uridine-3H (1.3 x 104
cpm/ug) or 200 ug of thymidine-3H (2.2 X 104 cpm/ug) intraperi-
toneally into mice bearing 6-day accumulations of Sarcoma 180
ascites cells that had previously been treated for various periods
of time with a single intraperitoneal injection of drug at a level
equimolar to 25 mg of 1Q-1/kg. The radioactive tracers were al-
lowed 1 hr to be incorporated into either RNA or DNA and the
specific radioactivity of the nucleic acids was then measured by
previously described methodology.!?

3-Amino-1-methylisoquineline (2). 3-Nitro-1-methylisoquino-
linet (9.04 g, 0.05 mol) was dissolved in 200 ml of EtOH and 300
mg of Pd/C (10% catalyst) was added. After the mixture was hy-
drogenated for 1 hr (40 psi) at room temperature, the solution was
filtered and the solvent removed. Recrystallization (EtOH-H>0.
Darco) gave 6.58 g (83.53%) of amine, mp 212.5-213° (lit.4 213°).

5-N-Alkylacetamido-1-methylisoquinoline (6, 7). Compound
3 (0.01 mol) was dissolved in 300 ml of refluxing anhydrous THF
distilled from LiAlH4. NaH (0.042 g of 57% oil dispersion, 0.01
mol) suspended in 60 ml of anhydrous THF was carefully added:
after effervescence ceased, the resulting solution was refluxed for
30 min. Alkyl iodide (0.01 mol) in 20 ml of anhydrous THF was
added and the solution refluxed for 3 hr. The solvent was re-
moved and the oily residue extracted with hot CHCl3 (3 X 50
ml). The combined extracts were washed with H2O (3 X 50 ml)
and dried (Na2SQ4), and the solvent was removed. The oil was
then extracted with boiling hexane (4 X 50 ml), the hot combined
extracts were decolorized (Darco), and the volume was reduced
by half. Upon cooling, colorless star-like clusters were formed.
Additional yields were obtained hy further reducing the volume of
the filtrate.

5-N-Methylamino-1-methylisoquinoline (18). Compound &
(2.14 g, 0.01 mol) was dissolved in 20 ml of 6 N HCl and refluxed
2 hr. The solution was cooled and made strongly basic with
NaOH. The precipitate that formed was filtered and recrystal-
lized (EtOAc-hexane) to give 1.34 g (78%) of pale vellow prisms,
mp 161.5-162.5°.

5-N-Methylformamido-1-methylisoquinoline (19). Com-
pound 18 (1.72 g, 0.01 mol) was dissolved in 10 ml of 83% formic
acid. The mixture was heated to 60° and Acz0O (6 ml) was added
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Table IV
R,
N
~N
R,
Recrystn  Yield,
Compd R, R, solvent % Mp, °C Formula Analyses
) N(CH,;)COCH; CH, Hexanes 45 106-107 CsHyyN,O C,H
7 N(CH,CH;)COCH; CH, Hexanes 61 94-94.5 CiH{N,O C,H
10 N(CH,;)CH,CH, CH==NNHCSNH, a 43 200-200.5 dec  CyH;N;S C,H,N, S
11  N(CH,CH,), CH=NNHCSHN, a« 80 224-224.5dec  C;;H4N;S C,H, N, S
12 N(CH;)COCH;, CHO Hexanes 50 115-116 Cy3H9N,0, C,H, N
13 N(CH,CH;)COCH; CHO Hexanes 49 109-110 CyHiyN,O, C,H N
14  N(CH;)COCH;, CH==NNHCSNH, EtOAc 92 240-241.5 dec  CyH{;N:0S C,H,N, S
15  N(CH,CH;)COCH; CH=NNHCSNH, & 83 241.5-242 dec C15H17N50S2 C,H,N,S
16 NHCH;, CH==NNHCSNH, « 46 221.5-222 dec  CyyH(3N;S*/4H,0 C, H, N
17  NHCH,CH;, CH=NNHCSNH, 40 207.5-208 dec  Cy3Hy;N;S C,H, N
18 NHCH, CH, EtOAc—hexanes 78 161.5-163 Cy1HpN, C,H,N
19 N(CH4)CHO CH, b 78 176-178 Cy,HpN,O C,H, N
21 N(CH,), CH=—=NNHCSNH, « 69 193-194 dec Cy3H5N;S C,H, N
22 N-Succinimido CH3 Water 78 205.5-206.5 C14H12N202 C, H, N
23 N-Succinimido CHO Hexanes 60 205-205.5 CyH (N3O, C,H N
24  N-Succinimido CH=—=NNHCSNH, b 94 220.5-221dec  C,;H;3N;0,8 C,H N,S
28 N-Pyrrolidinyl CH=NNHCSNH, 80 204-204.5 dec  Cy;H,N;S C,H,N, S

i
!
|

@ Purified as described in the Experimental Section. ? Further purification was not necessary.

to the stirred solution at a rate sufficiently slow to maintain the
temperature below 70°. The reaction was stirred at room temper-
ature for 2 hr, whereupon 20 ml of ice-water was added. The sol-
vent was removed under vacuum; the yellow oil was diluted with
5 ml of H2O and then made basic with 10% NaOH. The tan oil
that formed was collected, dissolved in warm ether, and dried
(Na2S0,4) and the ether removed. The remaining oil solidified
when allowed to stand overnight to give 1.55 g (77.5%) of product,
mp 76-78°.

5-N-Alkyl-N-ethylamino-~1-methylisoquinolines. The proper
amide (6 or 7) (0.01 mol) was dissolved in 50 ml of anhydrous
THF and this solution added to 25 ml (0.025 mol) of 1 M BaHg-
THF (prepared according to published procedure22) diluted with
25 ml of anhydrous THF. The reaction was kept under N5 and re-
fluxed for 3 hr. The solution was allowed to cool and EtOH (5 ml)
was added, followed by H20 (10 ml), and finally by 10 ml of con-
centrated HCI. The acidic mixture was warmed for 5 min on a
steam bath, then stirred 30 min at room temperature, followed by
removal of THF under vacuum. The aqueous residue was made
basic with NaOH, cooled, and extracted with ether (3 x 50 ml).
After drying the combined extracts (NazSQy), the ether was re-
moved and the oil allowed to stand overnight, whereupon a fine
precipitate occasionally formed that was filtered off and discard-
ed. The crude ethylmethylamino and diethylamino derivatives
were obtained in 84 and 53% yields, respectively. They were effec-
tively purified by chromatography on a column of silica gel (50 g
of SilicAR cc-7, Mallinckrodt) using EtOAc or EtOAc-petroleum
ether (1:1, v/v) as eluent. Characterization of reduction products
was by ir (loss of C=O0 absorption, 1640-1660 cm-1) and nmr
(quartet, 6 3.01-3.16, 2 H or 4 H).

5-N, N-Dimethylamine-1-methylisoquinoline. Compound 19
was reduced with diborane and the amine obtained as described
previously was distilled: bp 95-98° (0.05 mm); yield 81%. Identifi-
cation was by ir (loss of C=0Q absorption, 1660-1680 cm~1) and
by nmr (loss of CHO, singlet § 3.83, 1 H; singlet, 5 2.60, 6 H). The
amine was used without further purification.

5-N-Succinimido-1-methylisoquinoline (22). Compound 2
(1.58 g, 0.01 mol) was mixed with succinic anhydride (1.00 g, 0.01
nol}, then immersed in an oil bath preheated to 250°, and main-
tained at this temperature for 10 min after effervescence ceased.
The reaction was cooled to room temperature and the solid brown
mass that formed was dissolved in hot acetone, filtered, decolor-
ized (Darco), and refiltered, and the solvent was removed. The
solid residue was washed several times with saturated NaHCOj3

solution and air-dried to give 1.78 g (78%) of a tan solid. Recrys-
tallization (H0) yielded fine tan prisms, mp 205.5-206.5°.
5-N-Pyrrolidinyl-1-methylisoquinoline. Compound 22 was re-
duced with diborane as previously described: yield 92%. The
crude amine thus obtained was used without further purification.
Identification was by ir (loss of C=0, 1700-1730 cm-1) and nmr
(multiplet, § 3.18-3.92, 8 H).
5-N-Alkylacetamido-~1-formylisoquinolines (12 and 13). A
suspension of SeOz (1.11 g, 0.01 mol) in dioxane (30 ml) was
added over 30 min to a refluxing solution of 5-/V-alkylacetamido-
1-methylisoquinoline (0.01 mol) in dioxane (25 ml) and the mix-
ture then refluxed for 3 hr. The hot solution was filtered (Celite
Analytical Filter Aid), the solvent removed, and the remaining
red oil extracted with boiling hexane (8-10 X 25 ml). The com-
bined extracts were repeatedly treated with carbon (Darco) to rid
the product of the yellow color of Se impurities, and the volume
was reduced to 100 ml. Upon standing overnight, clusters of color-
less crystals formed. Yields averaged around 50%.
5-N-Alkylamino-1-formylisoquinoline. Compound 12 or 13
(0.005 mol) was dissolved in 10 ml of concentrated HCI and re-
fluxed 2 hr, after which time the solution was made slightly basic
with NaHCOjz. The solution was repeatedly extracted with
CHCl; until the extracts were nearly clear, the combined extracts
were dried (NasSQ,), and the solvent was removed. The residue
was extracted with boiling ether until the extracts were nearly
colorless. The ether extracts were treated with charcoal and dried
(NagS0y4), and the solvent was removed to leave the aldehyde
which was identified by ir (appearance of N-H absorbance, 3420
cm-1). The aldehydes were used without further purification.
5-N,N-Dialkylamino-1-formylisoquinolines. The dialkylam-
ino-1-methylisoquinolines were oxidized with SeQOz as described
above. However, the aldehyde was extracted from the residual
red oil with CHCl; (4 x 30 ml) rather than hexanes. The CHCl3
was removed and the residue extracted with ether (4 x 50 ml).
The combined ether extracts were dried (NazSO4) and the sol-
vent was removed. The red oil was then purified by chromatogra-
phy on 50 g of SilicAR cc-7 (Mallinckrodt) (8, EtOAc; 9, petrole-
um ether (bp 30-60°)-EtOAc, 1:1, v/v; 20, CHCls; 24, EtOAc).
Characterization was by ir (appearance of C=0, 1710 cm-}),
nmr (loss of singlet, § 2.83-2.93, 3 H; appearance of singlet, §
10.36-10.45, 1 H), and derivatization.
5-N-Pyrrolidinyl-1-formylisoquinoline (25). 5-N-Pyrrolidinyl-
1-methylisoquinoline, obtained from the diborane reduction of 22,
was oxidized with SeQ; in dioxane and the crude aldehyde was
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obtained as described for the dialkylamino aldehydes. The crude
aldehyde was purified by column chromatography on 50 g of silica
gel (SilicAR cc-7, Mallinckrodt), using EtOAc as eluent, and then
characterized by ir (appearance of C=0, 1708 cm-1), nmr (loss
of CHs, 6 3.18; appearance of singlet, 4 10.33, 1 H, CHO), and
derivatization.

Thiosemicarbazones. A solution of thiosemicarbazide (0.091
g, 1 mmol) dissolved in hot H5O (6-7 ml) plus AcOH (1 drop) was
added to a solution of appropriate aldehyde (1 mmol) dissolved in
EtOH (2 ml). The solution was stirred and refluxed for 1 hr and
upon cooling the derivative precipitated. Purification was effected
by recrystallizing or by dissolving in warm 10% HCI, treating
with charcoal, and reprecipitating with NaHCOg.
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Bis-Basic-Substituted Polycyclic Aromatic Compounds. A New Class of Antiviral
Agents.12 6. Bis-Basic-Substituted Fluoranthenes

William L. Albrecht,* Robert W. Fleming, Stephen W. Horgan, Barbara A. Deck, Jake W. Hoffman, and

Gerald D. Mayer
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A series of bis-basic esters, ketones, ethers, and alkanes of fluoranthene was synthesized and evaluated for antivir-
al activity. Compounds from each group were found to have potent antiviral activity when administered subcuta-
neously to mice infected with encephalomyocarditis virus. Bis-basic ketones of fluoranthene were the most potent
antiviral agents when administered orally. Structural modifications included variation of the alkylene chain and
amine substituents within each group. Position of attachment of the basic side chain to the fluoranthene nucleus
was varied for bis-basic esters of fluoranthene. 3,9-Fluoranthenedicarboxylic acid bis[3-(diethylamino)propyljester
dihydrochloride (9, RMI 9563DA) and 1,1’-(3,9-fluoranthenediyl)bis[2-(dimethylamino)ethanone] dihydrochloride
(24, RMI 11,645DA) were selected for further biological evaluation.

In this paper we will discuss results obtained from test-
ing a series of bis-basic-substituted fluoranthene deriva-
tives for antiviral activity. The fluoranthene nucleus, con-
taining four fused rings, was the first example of an aro-
matic hydrocarbon that differed from the general struc-
ture for tricyclic aromatic hydrocarbons previously re-
ported.3-7 A number of esters I, ketones II, ethers III, and
alkanes IV were synthesized for the purpose of comparing
antiviral activity with the corresponding fluorene and flu-
orenone derivatives.3-5 In general, the SAR pattern for the

R,N(CH,),X @.@

@ X(CH,),NR,
I X = CO,
II. X = CO
1L X =
IV, X = CH,

fluoranthene series corresponded to that previously re-
ported for the fluorene(one) series. Representative fluor-
anthene derivatives were shown to induce interferon,®-10
an activity consistent with the possible mode of action for
tilorone and other fluorenone compounds.

Chemistry. The general method of synthesis of the bis-
basic-substituted fluoranthenes is outlined in Scheme I.
Bromination of fluoranthene with 2 equiv of bromine gave
3,8-dibromofluoranthene which was converted to the dini-
trile followed by hydrolysis to the dicarboxylic acid.!! The
diacid chloride when treated with the appropriate ami-
noalkanols gave the 3,8-bis-basic esters 2-6 (Table I). The
3,9-bis-basic esters 7-18 (Table I) were synthesized from
the diacid,'2 obtained by the haloform reaction on 3,9-
diacetylfluoranthene.

The 3,9-bis-basic ketones 24-49 (Table II) were prepared
by amination of 3,9-bis(w-chloroalkanoyl)fluoranthenes
obtained by Friedel-Crafts diacylation of fluoranthene.
Two general procedures were used for the amination reac-
tion. The amine was allowed to react with the appropri-



