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of the pyrimidine nucleus of I decreases the log P of I by 2.37 [for
X = 3,4,5-(0CHy);] or 2.61 (for X = H), and (2) 7x opeq from the
benzene system for 3,4,5-(0CHj); has an unusually low value of
—0.60, as compared with Zryx 44 = 3mocH, = —0.06; this same effect
is seen for I where X = 3,4,5-(OCH,),.
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The synthesis of a series of 1-amino-substituted pyrido[4,3-b]carbazole derivatives, based on the substitution of
corresponding 1-chloroellipticines, is reported. The cytotoxic properties on tumor cells grown in vitro, the in vivo
acute toxicity of the most potent in vitro cytotoxic compounds, and the antitumor properties toward the L1210
leukemia system are described. No correlation between the apparent association constant to DNA and the in vitro
cytotoxicity or the in vivo antitumor efficiency could be observed in this series. 9-Hydroxylated derivatives were
more cytotoxic in vitro than the corresponding 9-methoxylated compounds. However, their antitumor efficiencies
on the in vivo experimental systems do not confirm the advantage of demethylation. The presence of a [(di-
alkylamino)alkyl]amino side chain at the 1 position of ellipticines increases the antitumor potency: 1-[[3-(di-
ethylamino)propyljamino]-5,11-dimethyl-6 H-pyrido[4,3-b]carbazole (5) is a very potent antitumor compound (%

ILS of 134 on the L1210 leukemia system).

Recently, we have described the synthesis and the an-
titumor properties of pyrido[3’,4":4,5]pyrrolo[2,3-gliso-
quinoline derivatives, which were formerly misnamed di-
pyrido[4,3-b][3,4-flindoles. Amongst these compounds,
those having a [(dialkylamino)alkyl]amino side chain at
the 10 position of this new heterocyclic ring system (such
as 1) display a higher antitumor activity on the L1210

R, R,
N~ | NN
NS Y
I
H CH,

1, R, = NH(CH,);N(Et),; R, = H
2,R, =H;R, =CH;

leukemia system than the basic ellipticine analogue 2.1
Drugs in the ellipticine series are endowed with anticancer
properties toward several experimental tumors. We then
decided to examine whether various diamino side chains
would also increase the biological activity in the ellipticine
series, and an appropriate synthesis of required 1-chloro-

(1) C. Rivalle, C. Ducrocq, and E. Bisagni, J. Chem. Soc., Perkin
Trans. 1, 138 (1979).

(2) C. Ducrocq, E. Bisagni, C. Rivalle, and J. M. Lhoste, J. Chem.
Soc., Perkin Trans. 1, 142 (1979).

(3) J. C. Chermann, J. Gruest, L. Montagnier, F. Wendling, P.
Tambourin, J. Perrin, F. Pochon, C. Ducrocq, C. Rivalle, and
E. Bisagni, C. R. Hebd. Seances Acad. Sci., Ser. D, 285, 945
(1977).

(4) M. Tourbez-Perrin, F. Pochon, C. Ducrocq, C. Rivalle, and E.
Bisagni, Bull. Cancer, 67, 9 (1980).

(5) R. Lidereau, J. C. Chermann, J. Gruest, L. Montagnier, C.
Ducrocq, C. Rivalle, and E. Bisagni, Bull. Cancer, 67, 1 (1980).

pyrido[4,3-b]carbazoles, 3, has been carried out in our
laboratory.®

This report presents data concerning the preparation
of new 1-[[(dialkylamino)alkyl]amino]ellipticine derivatives
and the structure-activity relationships of these com-
pounds studied in vitro on cultured tumor cells and in vivo
on the L1210 leukemia system.

According to the intercalation model first described by
Lerman,’ the parent compounds 1 and 2 have been shown
to bind to DNA in vitro with a high affinity.* Since bio-
logical activities of intercalating drugs were admitted to
be related to their DNA affinity,® it was of interest to
study if such a relation could also be shown with this new
series of pyrido[4,3-b]carbazole derivatives. Thus, the
apparent association constants for DNA of some com-
pounds were also determined.

Chemistry. Compounds 4-9 were already described.?
1-Amino-substituted ellipticines 10-18 and 20-26 were
obtained starting from chloroellipticines 3a—d, which were
substituted by their corresponding amines in an inert at-
mosphere. Substitutions were performed in boiling pure
free amines, until complete disappearance of the starting
material by monitoring with TLC on silica gel or alumina.
1-[[3-(Dimethylamino)propyllaminc]-5-methyl-9-
hydroxypyrido[4,3-b]carbazole (19) was prepared by cat-
alytic hydrogenation of benzylated derivative 18 as for

(6) E. Bisagni, C. Ducrocq, J. M. Lhoste, C. Rivalle, and A. Civier,
J. Chem. Soc., Perkin Trans. 1, 1706 (1979).
) L. S. Lerman, J. Mol. Biol., 3, 18 (1961).
) B. K. Bhuyan, L J. Fraser, and L. H. Li, Cancer Res., 32, 2538
(1972).
(9) J.B. Le Pecq, N. D. Xuong, C. Gosse, and C. Paoletti, Proc.
Natl. Acad. Sci. U.S.A., 71, 5078 (1974).
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obtaining parent compound 8. The anilino-substituted
ellipticine 27 was obtained from chloroellipticine 3a (ac-
tivated by hydrochloric acid) and p-methylsulfonamido-
aniline.® Quaternarized derivatives 28 and 29 were pre-
pared by N-2 quaternarization of 3a with methyl iodide
and subsequent substitutions with aniline and dimethyl-
amine, respectively.

CH,O. O O "’/

28,R = NH06H5
29, N(CH,),

CH,

Biological Results

In Vitro Cytotoxic Determination. Cytotoxicities
toward tumor cells grown in vitro were studied as described
under Experimental Section. Dose—effect relationships of
the various compounds were determined from the re-
gression lines drawn as the percentage of cell growth in-
hibition plotted as a function of the logarithm of the dose.
The concentration of drug which lowered control cell
growth by 50% (IDs) was estimated from these curves.
For the sake of clarity, regression lines are not presented
in this paper. Only the IDg, values (uM) are given. In
order to compare the in vitro cytotoxic potency of the
various compounds, an arbitrary value (K in Table I) was
assigned where an IDg, of 1 uM corresponds to K = 1. The
more potent the compound, the higher is the K value. For
example, in our culture system, the IDjg, for actinomycin
D, a very potent DNA binding agent, was 1073 uM, which
corresponds to a K value of 1000. Results are summarized
in Table L.

Substitutions on the 5-methylpyrido[4,3-b]carbazole
nucleus were performed mainly at the C-9, C-11 and, es-
pecially, C-1 positions. All the newly synthesized ellipticine
derivatives possess a varying ability to decrease the cell
growth rate, in a 0.2- to 50-fold range as compared to the
1000, 3, and 0.5 range for actinomycin, 2-methyl-9-
hydroxyellipticinium acetate,!* and 9-methoxyellipticine,
respectively. The majority of them have a highly cytotoxic
effect for concentrations of 107 to 10® uM (0.01 to 1
ug/mL).

Some general remarks can be inferred from the data: (a)
Except for compounds having a 9-hydroxy substituent (8
and 9), the presence of a CH; group at the 11 position
significantly increases the cytotoxic effect (compare 4 with
5 and 16 with 17). (b) The transformation of the 9-OCHj,
to 9-OH groups considerably increases the cytotoxicity of
the parent compounds. Thus, starting from K values of
0.2 and 3 for products 4 and 5, the cytotoxic effect increases
for the corresponding 9-hydroxylated derivatives 8 and 9,

(10) G. T. Morgan and J. A. Pickard, J. Chem. Soc., 97, 61 (1910).
(11) C. Paoletti, S. Cros, N. D. Xuong, P. Lecoink, and A. Moisand,
Chem.-Biol. Interact., 25, 45 (1979).
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up to K values of 50 and 30, respectively. (c) The presence
of an NH(CH,),N side chain at the 1 position generally
increases the biological activity. The highest effect was
ascertained for a ~(CH,);— chain between the two amino
groups. (d) Substitution by a secondary amine, such as
piperidine (compound 24), at the C-1 position results in
a striking decrease of the cytotoxic response. With a sim-
ple secondary amino group, such as dimethylamino (29),
even quaternarization by a 2-methyl substituent, which is
likely to result in an increase of antitumor effect for el-
lipticine derivatives,!? does not yield highly cytotoxic
compounds. (e) It has been stated that DNA affinity
constants are related to the antitumor properties of various
ellipticines.® In our series of new derivatives, 10 com-
pounds have been studied for this purpose. If their ap-
parent association constants (K,,,) are generally of the
same order of magnitude (2—-4. 5 % 107 M), the corre-
sponding K values change in a range of 1.2 to 50. Thus,
for 1-amino-substituted ellipticines which show higher
apparent association constants to DNA, DNA binding does
not seem to be directly related to the in vitro cytotoxicity.

In Vivo Antitumor Effects. For 12 compounds, the
lethal dose (LD;o,) and the highest nonlethal dose (LD,)
were determined after a single injection to mice by the
intraperitoneal or intravenous route. When drugs were
given ip, sometimes an inflammatory reaction developed,
leading to a fibrous adhesion of the organs. However,
similar LD;o and LD, were obtained when the compounds
were intravenously injected, except for compounds having
an NH, terminal group on their (aminoalkyl)amino side
chain which were very toxic (Table II).

In order to compare if the in vitro cytotoxicity toward
Friend tumor cells occurs on the same target cells grafted
in vivo, mice received compounds 3 days after 10° cells
inoculation. Results presented in Table III show that in
vivo antitumor activity is weak but significant.

Antitumor properties of nine derivatives were deter-
mined on the L1210 leukemia system. All tests were
performed at the highest nontoxic doses (LD,). Drugs were
injected ip. Results, in Table IV, show that 9-hydroxy-
ellipticine derivatives 8, 9, and 19, which were the best in
vitro cytotoxic compounds (K = 50, 30, and 30, respec-
tively) were active on the L1210 leukemia test, but the ILS
did not exceed 60%. The most potent compound on the
L1210 leukemia test was 1-[[y-(diethylamino)propyl]-
amino]-5,11-dimethyl-9-methoxy-6 H-pyrido[4,3-b]carba-
zole (5), which includes the same substituent as pyrido-
[3,4":4,5]pyrrolo[2,3-g)isoquinoline (1). This compound
gives an ILS of 134%.

Conclusion

Taking into account all of our results, some general
conclusions can be pointed out. (1) On the in vitro model,
9-hydroxylated derivatives are more cytotoxic compounds
than the corresponding 9-methoxylated ones, but their
acute toxicity in mice is also increased and antitumor
properties on in vivo models do not confirm the advantage
of demethylation. Consequently, if the in vitro tests retain
attention in order to sort out the most cytotoxic deriva-
tives, all active compounds which present an in vitro cy-
totoxicity at concentration levels <0.5 ug/mL (107 uM)
are worth studying on the in vivo models. (2) 9-Meth-
oxyellipticine tested under the same conditions gives a %
ILS of 24.5 This ILS was 134% for compound 5. This
result clearly shows that the presence of a [(dialkyl-
amino)alkyllamino side chain at the 1 position of ellipticine

(12) J. B. Le Pecq, C. Gosse, N. D. Xuong, and C. Paoletti, C. R.
Hebd. Seances Acad. Sci., Ser. D, 281, 1365 (1975).
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elimination of excess amine under reduced pressure, the residue
was taken up in water for compounds comprising an NH, terminal
group or in 50 mL of 0.5 N sodium hydroxide solution in other
cases. The resulting solid or oily substance was filtered or de-
canted, dried, and recrystallized to afford yellow crystals corre-
sponding to the expected products.

1-Amino-substituted ellipticines show the more characteristic
IR absorption bands in KBr pellets at vy, 3400 (NH, weak), 1650
(NH, weak), and 1600 (strong) cm™. Chemical shifts of com-
pounds 17, 20, and 21 are given as typical examples of ‘H NMR
spectra in Me,SO-ds.

17 (R3 = NH'CHZQ-CH23'CH27'N(CH3)ZZ 67.78 (d, ]., J3_4 =
6 Hz, H-3), 6.98 (d, 1, H-4), 7.44 (q, 1, J; 3 = 8.7 Hz, J7.10 = 0.3
Hz, H-7), 7.11 (q, 1, Je_10 = 2.4 Hz), 7.77 (q, 1, H-10), 2.63 (s, 3,
CH,-5), 3.33 (s, 3, CHs-11), 3.88 (s, 3, OCHy), 2.19 [s, 6, N(CHj)s],
10.93 (br, 1, NH-6), 6.50 (br, 1, NH-1), 3.51 (m, 2, CHs-a), 1.84
(m, 2, CH,-0), 2.40 (m, 2, CHyy).

20: 67.81 (d, 1, Joy = 6.3 Hz, H-3), 7.02 (d, 1, H-4), 7.43 (q,
1, J7_g = 8.7 HZ, J7_10 =0.3 HZ, H'7), 7.09 (q, 1, J8—10 =25 HZ,
H-8), 7.67 (q, 1, H-10), 8.87 (s, 1, H-11), 2.69 (s, 3, CH;-5), 3.89
(s, 3, OCH,), 2.20 [s, 6, N(CHjy),], 10.96 (br, 1, NH-6), 7.40 (br,
1, NH-1), 3.55 (m, 2, CHza), 1.84 (m, 2, CHy-3), 2.39 (m, 2, CHy-v).

21 [aS for 20 and Rg = NH'CH“(CH;;)-CHgﬁ'CHg‘Y-CHQG'N'
(CH,CHg)y): 6 4.47 (m, 1, Jy.nu = 8.4 Hz, Jy_cy, = 6.5 Hz, H-0),
1.27 (d, 2, CH;-a), 1.60 (m, 4, CHs-8,v), 2.37 (m, 2, CH;-6), 2.41
(q, 4, CH,CHjy), 0.90 (t, 6, CH,CHj,), 6.87 (br, 1, NH-1).

1-[4’-(Methylsulfonamido)anilino]-5-methyl-9-methoxy-
6 H-pyrido[4,3-b]carbazole (27). Chloro derivative 3a (0.2
mmol) and p-(methylsulfonamido)aniline (0.4 mmol) were dis-
solved in ethylcellosolve (3 mL). A solution of hydrochloric acid
in dry ethyl ether (0.2 mmol equiv) was added and the mixture
was heated at reflux under nitrogen for 3-5 h. The resulting
precipitate was filtered, washed with boiling ethylcellosolve, and
dried.

1-Anilino-2,5-dimethyl-9-methoxy-6 H-pyrido[4,3- b]car-
bazolium Iodide (28) and 1-(Dimethylamino)-2,5-dimethyl-
9-methoxy-6 H-pyrido[4,3- b]lcarbazolium Iodide (29). 1-
Chloro-5-methyl-9-methoxy-6H-pyrido{4,3-b]carbazole (3a) (200
mg) in dry acetonitrile (60 mL) was treated under nitrogen with
methyl iodide (10 mL) at 65 °C for 3 h. After concentration to
25 mL, aniline (125 mg) or dimethylamine (5 mL of 40% aqueous
solution) was added and the mixtures were left at ambient tem-
perature for 2 h. Evaporation to dryness under reduced pressure
afforded solid residues, which were recrystallized, giving 28 and
29, respectively.

Biological Assays. (a) Cell Cultures and in Vitro Cyto-
toxicity Determination. Friend tumor cells were grown in
suspension in Dulbecco-modified Eagle’s medium (MBA) sup-
plemented with 10% heat-inactivated fetal calf serum and L-
glutamine (2 mmol/mL). Cultures were performed in the absence
of antibiotics and were shown to be free of contamination by
mycoplasma (Service des Mycoplasmes, Institut Pasteur). The
doubling time of the tumor cell population is about 14-16 h.

On day 0, 105 cells were plated in a volume of 1 mL in sterile
disposo trays limbro (Bio-Block). On day 1, cultures were in the
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exponential phase of growth, and increasing dilutions of the drugs,
dissolved in acidified water (10 uL of acetic acid in 10 mL of H,0),
were given in duplicate cultures, in a volume of 10 L (10, 3 X
106,105, 3 x 1077, 1077, 3 x 1078, 1078, 3 X 10°%, 10° M). Thirty
hours later (about two doubling times of the cell population) cell
count was determined using a hemocytometer, and viability was
estimated by the Trypan blue exclusion test. The growth rate
of tumor cells exposed to the drugs was compared to the growth
rate of unexposed cells, and the percent inhibition was calculated
as follows: [(A - B)/A)100, where A is the mean cell number in
control (day 2) minus mean cell number in contro! (day 1), and
B is the mean cell number in treated cells (day 2) minus mean
cell number in control (day 1).

In preliminary experiments, we confirmed that a 2 or 3 day
duration of cell-drug contact does not significantly change the
results. Therefore, the effects of drugs on cell multiplication seem
to be immediate.

(b) Determination of in Vive Acute Toxicity and Thera-
peutic Doses. The drugs were dissolved in acidified physiological
saline (equimolar concentration of acetic acid) and administered
ip or iv to five groups of six ICFW, C3H, or B6D2 F1 mice (age,
6-8 weeks; weight, 22-24 g) as a single dose of 2, 5, 10, 25, and
50 mg/kg. Mortality from toxicity was noted in each of the groups
during a 30-day observation period. The lethal dose (LD;o) and
the highest nontoxic dose (LD;) were thus determined.

(¢) In Vivo Antitumor Potency. For tests performed on
Friend tumor cells, 10° cells were intravenously injected into
syngeneic mice. Animals were randomized in groups of 16 mice,
and the drugs were given 3 days later by iv route. Antitumor
activity on 11210 leukemia was studied as previously described.?
The therapeutic effect of drugs was measured as the percent
increase in life span over controls (% ILS), evaluated as follows:

% ILS = [(median survival time in treated -
median survival time in controls) /median survival time
in controls] X 100

Binding Measurements. The association constants for
binding to DNA were determined from the absorption changes
of 6 X 1077 M calf thymus DNA (expressed in mononucleotides
concentration) in 50 mM Tris-HCI buffer, pH 7.4, 0.1 M NaClL
Measurements were performed in a Cary 118C in 5-cm light-path
curvettes at 25 °C. Binding curves were plotted as previously
described.’® K,,, is the apparent association constant and Bgp,
the apparent number of binding site per base pair.
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