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THIOXANTHENONE ANTITUMOR AGENTS

The present invention relates to novel 1-[[(di-
alkylamino)alkyl Jamino]-4-substituted-thioxanthen-
9-ones, to pharmaceutical compositions containing the
thioxanthenones, to methods of treating tumors with the
thioxanthenones and to methods of treating cancer in
mammals with the compositions containing the

thioxanthenones.

Nabih and Elsheikh [J. Pharm. Sci. 54, 1672-1673
(1965)] disclose 1-[[2-(diethylamino)ethyljamino}-
4-[ (diethylamino)methyl]thioxanthen-9-one. No utility
was demonstrated for the compound.

Collins and Rosi U.S. Patent 3,745,172 disclose as
an intermediate in the synthesis of antifungal and
antibacterial agents:

O NHCHLCH,NEt,

QL0

il
CH=N-O- CCHj4

and as an anthelmintic and antibacterial agent:

o) NHCH,CHoNEt,

QL

CH=NOH

Rosi and Peruzotti U. S. Patent 3,312,598 disclose
l1-[[2-(diethylamino)ethyl Jamino]-9-oxo-9H~-thioxanthene-
4-carboxylic acid as a by-product of fermentation having

no disclosed utility.
Blanz and French [J. Med. Chem. &, 185-191 (1963)]

disclose the synthesis of a series of thioxanthenones
related to lucanthone and the results of the testing of
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the compounds against a leukemia and two solid tumors.
among the compounds disclosed are

o) NHCH,CH,NEt,

QL

R

wherein R is methyl, methoxy, and ethoxy.

5 Yarinsky and Freele [Journal of Tropical Medicine
and Hygiene 73, 23-27 (1970)] disclose .
Et

0 NHCHZCHZNH® @SoaNHQ

QL0 °

4 CH>0H

as an antischistosomal agent.
Palmer et al. [J. Med. Chem. 31, 707-712 ¢1988)]
10 disclose N-[2-(dimethylamino)ethyl]-9-oxo-9H-thio-

xanthene-~4-carboxamide monohydrochloride which was
o tested in vitro versus murine leukemia (L1210) and
in vivo versus P388 leukemia cells and was found to be
unlikely to be worth pursuing as a potential antitumor
15 agent. '
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Archer, U.S. Patent 4,539,412 discloses compounds
of the formula:

HNCH,CH,N

0

CHyR®

wherein, for X=S:

Rl and R? are individually selected from one ‘of
lower-alkyls, and jointly selected from one of
pyrrolidinyl, piperidinyl, morpholinyl, piperazinyl and
N-substituted piperazinyl; and

R3 is H or hydroxy.
wherein, for X=0:

Rl and R? are individually selected from one of
lower-alkyls, and jointly selected from one of
pyrrolidinyl, piperidyl, morpholinyl, plpera21ny1 and
N-substituted piperazinyl; and-

R3 is hydroxy.

The compounds are said to be useful as antitumor agents.

Archer et al. (J. Med._chem. 31, 254-260 (1988)]
disclose compounds of the general formula:

o  HNCH:CH,NR,

RI'

wherein R=CyHs, R'=H, R"=CH0H (example 1);
R=CH3, R'=0H, R"=CH20H (example 2);
R=CzHs, R'=H, R"=CH,OCONHCH3 (example 4);
R=CH3, R'=0H, R"=CH,0CONHCH3; (example 5);
—_—
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R=C2Hs, R'=H, R"=CH;0CONHCgHs (example 23);

R=C,Hs; R'=H, R"=CH,0CONHC3H; (example 24);

R=C3Hs, R'=H, R"=CHO0CONHC4Hg (example 25);

R=C2Hs, R'=H, R"=CH0COOCH3 (example 26);

R=C2Hs, R'=H, R"=CH,0COCH3 (example 27) or

R=C2Hs, R'=H, R"=CH,0COCgH3(NO2)2 (example 28)

and the results of the testing of these compounds for

antitumor and/or antischistosomicidal activity.
According to the present invention there is

provided a compound of the formula I

R1
b
O NH(CHz)N_ .

0

S

wherein: (1) n is 2 or 3;

R! and R? are independently lower-alkyl;

Q is a residue chosen from the group consisting of
CH,NHR3, CH,N(R%)SO,R7, CH,NHCHO, CH=N-Ar,
C(O)NR5R6, CH,N(R4)C(O)R7, CHyN(CzHs)CHO,
CH2N(R4)P(0) (0-lower-alkyl)z, CHaN=CH-N(R?)(R10),
CH,N(R4)C(0O)CF3 and CH;N(R%)C(O)OR7;

R3 is hydrogen or lower-alkyl;

R4 is hydrogen, lower-alkyl or Ar;

R3 is hydrogen, lower-alkyl or Ar;

Ré is hydrogen or lower-alkyl;

R7 is lower-alkyl, or Ar;

R® is hydroxy;

Ar is phenyl or phenyl substituted with methyl,
methoxy, hydroxy, halogen or nitro; and

R? and R0 are independently lower-alkyl; or

—_—
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(2) Q is a residue chosen from the group
consisting of CHoN(RY)SO,R7, CH=N-Ar, C(O)NRSRS,
CH2N(R*)C(O)R7, CHyN(R4)P(0)(0-lower-alkyl),,
CH2N(R*)C(0)CF3 and CHN(R4)C(0)OR7; R® is hydrogen,
lower-alkyl, lower-alkoxy, or hydroxy; Ar is phenyl
substituted by hydroxy; and n, R}, R2, R4, RS, RS, and
R’ are as defined hereinabove in part (1) with the
proviso that one or more of R4, R5, or R7 is Ar; or

(3) Q is a residue chosen from the group
consisting of CHaN=CH-N(R?)(R10), cHyN(R%)C(O)CF3 and
cH2N(R4)C(0)0R7; R® is hydrogen, lower-alkyl, lower-
alkoxy, or hydroxy; and n, R, RZ, R4, R7, Ar, RY and
R10 are as defined hereinabove in part (1);
or a pharmaceutically acceptable acid-addition salt or

solvate thereof;.

The compounds are useful for the treatment of
tumors in mammals.

Lower-alkyl as used herein describes linear,
branched or cyclic hydrocarbons containing four or fewer .
20 carbon atoms. Halogen describes bromine, chlorine or

fluorine. The term lower-alkoxy means linear or

branched alkyloxy substituents having from one to about

four carbon atoms, for example, methoxy, ethoxy,
propoxy, isopropoxy, butoxy, sec-butoxy, and the like.
25 Preferred compounds within the scope of part (1)
are those wherein Q is a residue chosen from the group
consisting of CH,NHR3, CH;N(R%4)SO,R7, CH,NHCHO, CH=N-Ar,
C(O)NRSR®, CH3;N(R%)C(O)R7, CH,N(C,H5)CHO and
CH;N(R%)P (0) (O-lower-alkyl); and R? is hydrogen or lower
30 alkyl, especially when Ar is phenyl or phenyl
substituted with methyl, methoxy, halogen or nitro.
Particularly preferred are those wherein n is 2, both
R! and R?2 are ethyl, R3 is hydrogen or methyl and R7 is
lower-alkyl and especially 1-[[2-(diethylamino)ethyl)-
35 amino]-4-[(meggxlggigglggfhyl)-7-hydroxythioxanthen-
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9-one and N-[[1-(2-(diethylamino)ethyl)amino]-7-hydroxy-
g9-oxothioxanthen-4-yl methyl Jmethanesulfonamide.
Preferred compounds within the scope of part (3)
are those wherein R® is hydrogen, lower-alkyl, or lower-
alkoxy; RY is hydrogen and Ar is phenyl or phenyl
substituted with methyl, methoxy, halogen or nitro.
Particularly preferred are those wherein n is 2 and both
of Rl and R2 are ethyl and R® is hydrogen or methoxy,
especially wherein Q is CHoN=CH-N(RY)(R10) and RY and

R0 are both methyl or wherein Q is CHaN(R%)c(0)OR7,

especially wherein R7 is lower-alkyl. Most preferred
compounds are methyl N-{{l-[{[2~(diethylamino)ethyl)-
amino]-9-oxothioxanthen-~4~yl Jmethyl jcarbamate and methyl
N-[[1-[[2-(diethylamino)ethyl)amiho]-7—methoxy-9-oxo-
thioxanthen-4-yljmethyl]jcarbamate. '

The invention further relates to compositions for
treating tumors and cancer in mammals which comprise
compounds of formula I together with pharmaceutically
acceptable excipients or diluents.

The invention further relates to a method of use
of a compound of formula I for treating tumors in
mammals which comprises administering to the mammal a
compound of formula I. .

The invention further relates to a method of use
of a compound of formula I for trgating cancer in a
mammal which comprises administering to the mammal a
composition of a compdund of formula I together with
pharmaceutically acceptable excipients or diluents.

The synthesis of compounds of the invention may be
outlined as shown in Schemes A, B and C:

'\
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SCHEME A O  NH(CHo)N
\ R2
0
S
CH=N-Ar
IIT
T - R’
0O  NH(CH,).N
=9
S
CHO
II
R1
O NH(CH5),N / i
2
0 n8
CH N(!.l)H
v 2| CH=NOH
R4

l R ' /R1

. —
Q' NH(CH)N CHz)N

\ RZ 8 \ R2
Rs_@ ' R ‘dj:cj
S

CHoNHR*
v VIII
R’so0,cl
R'l
R! NH(CH,)N
2/n
O NH(CHp)N ~
n \ 2 R2
R
O
S
C NH
CHaNR4SO,R7 i
vI — O
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Scheme B R
7
o} NH(CH2):N
R2
a8
S
v CHaNHR*
0
(3 i
R’CCI (lower-alkyl-O)-PCl
R‘l
e
0 NH(CH,),N
R2
s o}
I
CHoN(RYCR? CHaN{R4P-(O-lower-alkyl)o
X Xi .

The compounds of formula III (formula T wherein
Q is -CH=N-Ar) may be synthesized by heating an aldehyde
of formula II together with about one equivalent of the
appropriate aniline 1n an inert, azeotroplng solvent,
preferably xylene or toluene at reflux.

The compounds of formula IV may be prepared from
an aldehyde of formula II by heating at 150° to 185°C in
the presence of from about 5 to about 17 equivalents of
formic acid in formamide, N-alkylformamide or N-Ar-
formamide as a solvent. The conditions are well known
in the art for the Leuckart reaction. The compounds of

-formula V are then obtained by acid hydrolysis of the

formamide.
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The compounds of formula VI (formula I wherein
Q is ~CH;N(R4)SOzR7) may be synthesized by sulfonylation
of the amine V with a slight excess of a lower-alkyl-
sulfonyl, or arylsulfonyl chloride in (a) a suitable
solvent, preferably pyridine, at 0° to 50°C; or
(b) a suitable solvent, such as dichloromethane, in the
presence of an excess of a base, such as triethylamine,
at a temperature in the range of about 0°C up to about
room temperature.

Alternatively, the compounds of formula VI,
wherein R4 is lower-alkyl, may be synthesized by .
sulfonylation of the amine V, wherein R? is hydrogen, as
described above, followed by treatment of the resulting
sulfonamide VI, R? is hydrogen, with an excess of a
base, preferably sodium hydride, in a suitable solvent,
such as tetrahydrofuran or N,N-dimethylformamide,
followed by treatment with an excess of an appropriate
lower-alkyl halide at a temperature in the range of
about 0°C up to the boiling point of the solvent used.

The carboxamides of formula IX may be synthesized
by reacting the aldehyde II with a 5-6 fold excess of
hydroxylamine hydrochloride in pyridine, optionally
containing a cosolvent, followed by dehydration of thé
oxime (VII) by treating with an excess of acetic
anhydride and heating in an inert, high-boiling solvent
such as xylene, and, finally, partial hydrolysis of the
nitrile (VIII) in concentrated sulfuric acid. 1In the
cases where it is desired that R5 and R® be other than
hydrogen, the amide IX may be further hydrolyzed to the
corresponding acid in 16% alcoholic KOH and the acid may
be condensed with the appropriate amine using procedures

well known in the art.

The compounds of formula X (formula I wherein
Q is CHN(R%4)C(O)R7) may be synthesized by acylation of
the amine V with an excess of a lower-alkyl acid
chloride, or aryl acid chloride in a suitable solvent,
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preferably pyridine, optionally in the presence of a
cosolvent, preferably dichloromethane, at a temperature
in the range from about 0°C to about 50°C.

The compounds of formula XI (formula I
whereln Q is CH2N(R%)P(0)(0O-lower-alkyl);) may be
synthesized by treatment of the amine V with an excess
of an appropriate di-lower-alkyl phosphorochloridate in
a suitable solvent, such as dichloromethane, in the
presence of an excess of a base, preferably triethyl-

amine, at a temperature in the range of from about 0°C
up to about 50°C. .
Scheme C
1 1
A AR
o) NH(CHg)nN\ 0 NH(CHa)nN
R2 ' R
s (R =H) s
v CHoNHR* xi  CHaN=CHN(R®)(R™)
R CF,C(O)X
y R1 H‘
7 7
0] NH(CHy) 0] NH(CH
2 nN\ o ( 2)nN\ w2
0O O
o)
S " S a
CHaN(R4COR’ CHoN(R*)CCF3
XIv XHi
_____ -
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The compounds of formula XII (formula I wherein
Q is CHaN=CHN(R%)(R10)) may be synthesized by the
treatment of the amine of formula V with an excess of a
dimethyl acetal of formula (MeO);CHN(R?)(R19), at a
temperature of about 60°C.

The compounds of formula XIII (formula I wherein
Q0 is CHaN(R%)C(O)CF3) may be synthesized by treatment of
the amine V, in a suitable solvent, preferably
dichloromethane, with an excess of a solution of a
trifluoroacetyl halide of formula CF3C(0)X wherein _
X is halogen, preferably trifluoroacetyl chloride,-in a
suitable solvent, preferably toluene, at a temperatufe
of about 0°C.

The compounds of formula XIV (formula I wherein
Q is CH;N(R%)C(O)OR7) may be synthesized by treatment of -
the amine V with an excess of an appropriate haloformate
of formula R70C(0)X wherein X is halogen, preferably
chlorine, in the presence of an excess of a base, _
preferably triethylamine, in a suitable solvent, such as
dichloromethane or chloroform, at a temperature in the
range of about 0°C-up to about room temperature.

" The aldehyde II is available by the method
disclosed in U.S. Patent 3,294,803, by MnO; oxidation of
the alcohol obtained by the method of U.S. Patent
3,711,512, or by the methods described hereinafter in
the examples.

Simple chemical transformations which are
conventional and well known to those skilled in the art
of chemistry can be used for effecting changes in the

functional groups of the compounds of the invention, for
example, dealkylation of lower-alkyl aryl ethers to
produce the corresponding phenol derivatives.

The compounds of formula I are useful both in the
free base form and in the form of acid-addition salts,
and both forms are within the purview of the invention.
The acid-addifion salts are in some cases a more
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convenient form for use, and in practice the use of the
salt form inherently amounts to the use of the base
form. The acids which can be used to prepare the acid-
addition salts include preferably those which produce,
when combined with the free base, medicinally acceptable
salts, that is, salts whose anions are relatively
innocuous to the animal organism in medicinal doses of
the salts so that the beneficial properties inherent in
the free base are not vitiated by side effects
ascribable to the anions. In practising the present
invention it is convenient to form the hydrochloride,
fumarate, toluenesulfonate, methanesulfonate, or maleate
salts. However, other appropriate medicinally
acceptable salts within the scope of the invention are
those derived from other mineral acids and 6rganic
acids. The acid-addition salts of the basic compounds
are prepared either by dissolving the free base in
aqueous alcohol solution containing the appropriate acid
and isolating the salt by evaporating the solution, or
by reacting the free base and an acid in an organic
solvent, in which case the salt separates directly, is
precipitated with a second organic solvent, or can pe
obtained by concentration of the solution. Although
medicinally acceptable salts of the basic compounds are
preferred, all acid-addition salts are within the scope
of the present invention. All acid-addition salts are
useful as sources of the free base form even if the
particular salt per se is desired only as an
intermediate product, as, for example, when the salt is
formed only for purposes of purification or
identification, or when it is used as an intermediate in
preparing a medicinally acceptable salt by ion exchange
Procedures.

The structures of the compounds of the invention
were established by the mode of synthesis and by one or
more of elemental analysis, and inﬁfqred, ultraviolet
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and nuclear magnetic resonance spectroscopy. The course
of the reactions and the identity and homogeneity of the
products were assessed by thin layer chromatography
(TLC) or gas-liquid chromatography (GLC). The melting
points are given in degrees C and are uncorrected. The
starting materials are eithér commercially available or
may be prepared by procedures well known in the art.

The invention will now be illustrated with
reference to the following examples but is in no way to
be construed as limited thereto.

(I: RI=R2=Et; Q=CH=N-CgHs; RE=H; n=2)
A mixture of 17.7 g (50 mmol) 1-[[2-(diethyl-

"amino)ethyl jamino]-9-oxo-thioxanthen~4-carboxyaldehyde

and 15.1 g (150 mmol) aniline in 100 ml toluene was
refluxed for 8 hours with a Dean-Stark trap. TLC on
alumina with chloroform/hexane/isoproéylamine 10:10:2
indicated incomplete reaction. The toluene was
distilled off, 25 ml aniline was added and the mixture
refluxed for 4 hours. 50 ml xylene was added and the
reaction refluxed again for 3 hours. The solvent and
excess aniline were removed in vacuo and the residue
recrystallized from benzene to yield 19.9 g of crude
product. This was recrystallized from approximately

1.5 1 hexane to yield 15.8 g (86%) of product,
m.p. 125-126°.

Example 2
N-[[1-[[2-(Diethylamino)ethyl]amino]-9-oxothioxanthen—
4-ylimethyl ]formamide

(I: Rl=R2=Et; Q=CH,NHCHO; R8=H; n=2)

A solution of 35.4 g (0.1 mol) 1-[[2-(diethyl-
amino)ethyl]amino]-9-oxo-~-thioxanthen-~4-carboxyaldehyde,
420 ml formamide and 50 ml (1 mol) formic acid was
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heated at 160° for 1 hour. The reaction was cooled,

poured into 2 1 water and made basic with about 50 ml
35% sodium hydroxide solution. The gummy precipitate
was filtered off and dried in vacuo. The dried
precipitate was dissolved in about 1.5 1 hot ethyl
acetate, treated with charcoal, and crystallized by
cooling. The product was filtered off, washed with
ethyl acetate and dried to provide 29.0 g (75%) of
product, m.p. 154-155°.
Example 3
Mﬂﬂawhmmummm-
4-yllmethyl]-N-methylformamide
(IV: Rl=R2=Et; Ri=Me; R8=H; n=2)

By a procedure analogous to that of Example 2,
24.6 g of the N-methylformamide was prepared from 35.4 g
(0.1 mol) of 1-[[2-(diethylamino)ethyl]amino]-8-oxo—~
thioxanthen—~4-carboxyaldehyde, 394 g of N-methyl-
formamide and 50 ml formic acid. The product was
recrystallized from 150 ml acetone to a m.p. of
127-130°.

Example 4

4-(Aminomethyl) =1-[[2~(diethylamino) ethyllamin
thioxanthen—%—one _

(I: R1=R2=Et; Q=CH,NHz; R8=H; n=2)

A solution of 24.4 g (64 mmol) of the formamide of
Example 2 in 240 .ml 2N hydrochloric acid was heated on a
steam bath for 1 hour. The reaction was cooled to room
temperature, made basic with 35% agqueous sodium |
hydroxide, and the resulting yellow precipitate
collected by filtration. The product was dissolved in
benzene, treated with charcoal,-dried with magnesium
sulfate, filtered and azeotroped to remove traces of
water. The dried residue was crystallized from methanol
and isopropanol by the addition of ethereal hydrogen
chloride. The resulting solid was recrystallized in
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gveral CIOPS from methanol to yield 10.6 g of product,
p- 270-272°, as the dihydrochloride salt.

1: R1=R?=Et; Q=CH;NHCH3; R8=H; n=2)

By a process precisely analogous to that of
‘gxample 4, 10.5 g of the methylamine was obtained as the
‘dihydrochloride hemihydrate from 14.6 g (37 mmol) of the
:ﬁ_methylformamide of Example 3 and 150 ml 2N
hydrochloric acid. The product melted at 241-243°.

Example 6

-

(I: R1=R2=Et; Q=CH;NHSO,CH3; R8=H; n=2)

A solution of 10.65 g (30 mmol) of the free base
of the amine of Example 4 in 100 ml pyridine was cooled
in an ice bath and 4 g (35 mmol) of methanesulfonyl-
chlorige was added in one portion. The mixture was
stirred for 2 hours at room temperature and poured into
750 ml water containing 2 g sodium hydroxide. The dark
Yellow precipitate was collected, washed with water and
dried in_vacuo overnight. A second crop was obtained by
adding excess sodium hfdroxide to the filtrate and

filtering the resulting solid. The combined
fprecipitates after drying were recrystallized from

benzene to yield 6.4 g of the methanesulfonamide,
m.p. 169-170°.

(I: Rl1=R2=Et; Q=CONH,;; R8®=H; n=2)

A suspension of 74g (0.23 mol) 1-[[2-(diethyl-

L AMino)ethyl]amino]-9-oxo-thioxanthen-4-carboxaldehyde
and 74 g (1.06 mol) hydroxylamine hydrochloride in
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400 ml pyridine and 400 ml ethanol was refluxed 0.5 hour
and 70 ml water was added to provide a homogeneous
golution. The solution was heated for a further 2 hours
and allowed to sit at room temperature 14 hours. The
resulting crystalline oxime was filtered off to provide
a quantitative yield, mp 215-218°.

123g of the oxime was heated briefly on a
gteambath in 180 ml acetic anhydride to achieve
golution. The solution was cooled, 100 ml 1.8 M HC1l in
ether was added and the resulting suspension was diluted

with 500 ml ether. The suspension was allowed to sit
14 hours at 0° and filtered. The residue (123g,

mp 109-112°) was slurried in 250 ml xylene and refluxed
20 min. The mixture was cooled and 71.3g of the nitrile
was filtered off, mp 265°.

10g nitrile was stirred in 200 ml conc. HySO4 at
room temperature for 3 days. The reaction was
neutralized- with coﬁc. NH40H and the residue filtered
off. The residue was digested in warm EtOAc/EtOH,
filtered and the product crystallized from the chilled
solution, mp 241-243%. It was dissolved in ethanol and

one equivalent of HCl in ethanol was added. 6g of the
amide hydrochloride was obtained, mp 271-272°.

(I: RI=R2=Et; Q=CH,N(CH3)SO0;CH3; R8=H; n=2)

A solution of 1.5 g (3.5 mmol) methanesulfonamide
3 of Example 6 in THF (60 ml) was cooled to 0°C in an ice-
B0 bath and NaE 0.16 g (4.0 mmol) was added. The reaction
mixture was warmed to room temperature, stirred for
10 minutes, then methyl iodide 0.25 ml (4.0 mmol) was
added. The reaction mixture was stirred at room

temperature for 24 hours and the solvent was removed

tf“ in _wvacuo. The residue was purified by column

chromatography on silica eluting with chloroform (100%)
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then 1% isopropylamine/chloroform to afford 1.15 g (74%)
of the N-methylmethanesulfonamide as a yellow powder,
m.p. 175-177°C. The free base was also treated with
methanesulfonic acid in methanol to afford the
methanesulfonate salt, m.p. 194-195.5°C (labelled
Example 8a hereinafter).
Example 9
N-[[1-[[2-(Diethylamino)ethyljamino}-9-oxothioxanthen-
ylimethyl ]Jphenylsulfonamide

(I: RI=R2=Et; Q=CH;NHSO,Ph; R8=H; n=2)

Following a procedure substantially similar to
that described in Example 6, 2.4 g (57%) of the
phenylsulfonamide was obtained as the methanesulfonic
acid salt from 2.54 g (7.15 mmol) of the free base of
the amine of Example 4, pyridine (50 ml) and benzene-
sulfonyl chloride (1.1 ml, 8.62 mmol), followed by |
treatment with methanesulfonic acid in methanol. The
product was recrystallized from ethanol.

(I: RI=R2=Et; Q=CH,NHC(O)CH3; R8=H; n=2)

Following a procedure substantially similar to
that described in Example 6, 2.3 g (52%) of the
acetamide was obtained as an orange solid from 4.15 g
(1i.7 mmol) of the free base of the'amine of Example 4,
pyridine (60 ml) and acetyl chloride (0.82 ml,

11.53 mmol). The product was recrystallized from
acetone and melted at 182-183°C.

(I: RI=R2=Et; Q=CH,NHC(O)Ph; R8=H; n=2)

 ; Following a procedure substantially similar to
that described in Example 6, 1.02 g (68%) of the
benzamide was obtained as a yellow powder from 1.17 g

cet Has Been Replaced

T




~18-~

(3.29 mmol) of the free base of the amine of Example 4,
pyridine (25 ml) and benzoyl chloride (0.42 ml,

3.62 mmol). The product was purified by column
chromatography on silica eluting with chloroform (100%)
to 1% isopropylamine/chloroform, followed by
recrystallization from ethyl acetate. The product
melted at 161-163°C.

Example 12

(I: R=R2=Et; Q=CH,NHP(O)(OEt)2; R8=H; n=2)
A solution of 2.28 g (6.41 mmol) of the free base
of the amine of Example 4, CH3Cl; (50 ml), and triethyl-

| amine (2 ml) at 0°C was treated with diethyl phosphoro-

$15 chloridate (1.0 ml, 6.9 mmol). The reaction mixture was

1  stirred at 0°C for 2 hours, then at room temperature for
1 hour. The solvent was removed in_vacuo and the
residue was purified by célumn chromatography on silica
eluting with ethyl acetate (100%), then 5% methanol/-

jdo ethyl acetate and finally methahol/isopropylamine/ethyl

acetate (5/5/90) to afford 2.28 g (72%) of the diethyl
phosphoramide as a yellow solid, m.p. 108-110°C when
recrystallized from ethyl acetate.

35 N-rri-rr2-(pi -9— -

(IV: R=R2=Et; R4=Et; R8=H; n=2)
A solution of 2.0 g (5.6 mmol) of 1-[[{2-(diethyl-
amino)ethyl ljamino]-9-oxo-thioxanthen-4-carboxaldehyde,
J0  N-ethylformamide (24.0 ml) and formic acid (3.0 ml,
| 79.5 mmol) was heated at 170°C for 4 hours. The
reaction mixture was cooled, poured into water and made
basic with 10% sodium hydroxide. A solid was obtained
which was collected by filtration and washed with water.
¥ The solid residue was taken up in chloroform/water, and
the organic layer was separated and dried over Na;SQ4.
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The solvent was removed in vacno and the residue was
purified by radial chromatography eluting with iso-
propylamine/methanol/ethyl acetate (0.5/1/98.5) to
afford 1.32 g (57%) of the N-ethylformamide as an orange
solid, m.p. 75-77°C.

Example 14

(I: R=R2=Et; Q=CH,NHCHs; R8=H; n=2)

By a process substantially similar to that
described in Example 4, 1.29 g (92%) of the ethylanmine
was obtained as the dihydrochloride from 1.3 g
(3.2 mmol) of the N-ethylformamide of Example 13 and
10.8 ml 2N hydrochloric acid. The product was
recrystallized from ethanol/tetrahydrofuran and melted
at 160°C (dec.).

(I: R1=R2=Et; Q=CH,N=CHN(Me)z; R8=H; n=2)
N-[[1-[[2-(Diethylamino) Jethyl]amino]~9-oxothio-~
Xanthen-4-yl]methyl]formamide (3g) was diluted with
50 ml 2N HC1l and the solution was heated on a steam bath
for 90 min. The mixture was cooled, basified to pH 10
with 35% sodium hydroxide solution, and extracted into
chloroform. The organic layer was separated, filtered
through K;CO3, and concentrated in vacuo and the
resulting crude product was allowed to react with
dimethylformamide dimethyl acetal overnight at 60°C.
Excess DMF-dimethyl acetal was removed in vacuo and the
desired title compound was purified by flash
chromatography (silica gel; chloroform/iPrNH,/MeOH
(98:1:1). This product was dissolved in 2.5 M HCl/EtOH
(100 ml), cooled in an ice-bath, filtered, and dried to
afford 2.38 g of 1-{[2~(diethylamino) ]Jethyl]lamino]-
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4~ (dimethylaminomethyleneaminomethyl)-thioxanthen-9-one
trihydrochloride as an orange solid, m.p. 258-260°C.
Example 16
N=-[[1-[[2=-(Diethylamino)ethylJamino]-9-oxothioxanthen-
4—y1Imethyl Jtrifl id

(I: RI=R2=Et; Q=CH,NHC(O)CF3; R8=H; n=2)

A solution of 4-(aminomethyl)-1-[[{2-~(diethyl-
amino)ethyl Jaminojthioxanthen-9-one (2.91 g; 8.19 mmol)
in 80 ml methylene chloride at 0°C was treated with
trifluoroacetyl chloride (14.75 ml 0.61 M solution in
toluene; 9.0 mmol) and the reaction mixture was stirred
at 0°C for 90 min. The mixture was concentrated
in vacuo and the residue was purified by flash
chromatography (silica gel; EtOAc (100%), then 2% iso-
propylamine/EtOAc) and then recrystallization from ethyl
acetate to afford 2.52 g (68%) of the product as the
free base, m.p. 189-190°C (Example 16). The free base
was dissolved in methanol and treated with methane-
sulfonic acid (0.55 g, 5.72'mm61) to afford the
methanesulfonate salt, m.p. 152-154°C after
recrystallization from acetone (Example 1l6a).

Example 17
(a)
A mixture of thiosolicyclic acid (50.14 g,

0.33 mol) and cupric acetate (5.0 g) in DMSO (500 ml)
was brought to reflux and potassium carbonate (54.3 q)
was added in portions. 3-Bromochlorobenzene (42 ml,
0.36 mol) was then added via syringe and the mixture was
refluxed for 3 hours. The reaction mixture was poured
into water, treated with charcoal and filtered through
celite. The filtrate was acidified with concentrated
HCl and the precipitate which formed was collected by
-filtration, washed with water and dried in vacuo at 60°C
to afford 75.01 g (86%) of 2-~[(3-chlorophenyl)thio}-
benzoic acid.

Sheet Has Been Replaced

QT



ﬁim

15
I
_izs

-2]l-

(b)

To a stirred solution of concentrated HyS804 at 0°C
was added 2-[(3-chlorophenyl)thio]benzoic acid (75.00 g,
0.28 mol) in portions over 1 hour. The mixture was
stirred for 2 hours, poured into concentrated NH40H
(500 ml) in water (2.5 1) and the precipitate which
formed was collected by filtration, washed with water
and dried in vacuo at 60°C to afford 65.9 g (95%) of a
mixture of 1l-chloro and 3-chlorothioxanthen-9-one.

(c)

A mixture of l-chloro and 3-chlorothioxanthen-~
9-one (14.01 g, 56.8 mmol), pyridine (20 ml) and di-
ethylaminopropylamine (5.13 g, 39.4 mmol) was refluxed
until the reaction was complete. The heat was removed,
the solvent was removed in vacuo and the residue was
taken up in chloroform and purified by column
chromatography on silica eluting with chloroform to
remove the unreacted 3-chloroisomer and then 5% iso-
propylamine/chloroform to afford 5.10 g (54%) of
l-[[3~(diethylamino)propyl]aminojthioxanthen-9-one as an
orange gum.

(d)

A mixture of 1-[[3-(diethylamino)propyljamino]-
thioxanthen-9-one (5.10 g, 15.0 mmol), formalin (160 ml)
and 5N acetic acid (0.8 ml) was heated to 90°C 16 hours,
additional 5N acetic acid (0.20 ml) was added, followed
by formalin (50 ml) and the mixture was heated at 90°C
for approximately 57 hours. The mixture was diluted
with water, basified with 5N NaOH and extracted with
chloroform. The organic layer was dried over Naj;SO4 and
passed through a silica column eluting with 2%
methanol/chloroform and then isopropylamine/methanol/-
chloroform (2/2/96) to afford 3.82 g (69%) of 1-[[3-(di~
ethylamino)propyljamino]-4-(hydroxymethyl)thioxanthen-
9-one as an orange/brown gum. e
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(II: RIl=R2=Et; R8=H; n=3)

A mixture of 1-[[3-(diethylamino)propyl]amino]-
4-(hydroxymethyl)thioxanthen-9-one (3.82 g), toluene
(60 ml) and manganese oxide (7.5 g) was refluxed for
6.5 hours. The mixture was cooled to room temperature,
filtered through celite, and the filtrate was
concentrated in vacuo to afford 3.3 g (87%) of the

product as a brown oil.
(£)

(I: RI=R2=Et; Q=CH,NHMe; R8=H; n=3)

A solution of 1-[[3-(diethylamino)propyl]amino]-
9-oxothioxanthen-4-carboxaldehyde (3.3 g, 8.96 mmol) and
3 g of formic acid in 50 ml N-methylformamide was
allowed to reflux for 2 h. The mixture was basified
with 5 ml 5N sodium hydroxide solution and extracted
into chloroform (3x150ml). The organic layer was dried
over sodium sulfate, concentrated in_xaghg, and a crude
0il was dissolved in a 3N aqueous HCl1l solution (50 ml)
and heated on a steam bath for 3 h. The above mixture
was cooled, basified with 30 ml 35% NaOH, extracted into
chloroform (3x150ml), the organic layer dried over
sodium sulfate and concentrated in_xagug to afford a
brown oil. The brown oil was purified by flash
chromatography (silica gel; 5% triethylamine/Et;0, then
5% Et3N/EtOAc, then triethylamine/methanol/EtOAc
(5:5:90)) to afford 1.1 g of 1-[[3-(diethylamino)-
propyl]amino]-4-(methylaminomethyl)thioxanthen-9-one, as
a clear orange gum. The above gum was converted into
the corresponding dihydrochloride by treatment with
6N HC1l in ether to afford 1.04 g of the dihydro-
chloride-3/2 hydrate as a yellow powder, m.p. 222-224°C.
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Example 18
(a)

A mixture of l-chloro and 3-chlorothioxanthen-
9-one (20 g), pyridine (40 ml) and N,N-dimethylethylene
diamine (11 ml) was refluxed for approximately 22 hours
and then the solvent was removed in vacuo. The residue
was combined with the crude product (3.51 g) obtained
from three similar experimental runs and the mixture was
purified by column chromatography on silica eluting with
chloroform, then 1% isopropylamine/chloroform and
finally 2% isopropylamine/chloroform to afford 13.4 g of
1-[[2~(dimethylamino)ethyl ]amino]thioxanthen-9-one.

(b)

A mixture of 1-{[2~(dimethylamino)ethyl]amino]-
thioxanthen-9-one (13 g, 0.044 mol), 37% formalin
(390 ml) and 5N acetic acid (6.5 ml) was heated to 100°C
for 8.5 hours, allowed to stand over the weekend and
then was heated at 100°C for several more hours. The
mixture was poured into ice water, basified with 35%
NaOH and extracted with chloroform. The organic layer
was washed with brine,. dried over Na;SO4 and
concentrated in wvacuo. The residue was purified by
column chromatography on silica eluting in succession
with; 25% CHCL3/hexane; 50% CHCli/hexane; 75% CHCl3/-
hexane; 100% CHClj3; 0.5% isopropylamine/chloroform;

1% isopropylamine/chloroform; 2% isopropylamine/-
chloroform; then 2% isopropylamine/2% MeOH/CHClj3 to
afford 9.2 g (64%) of 1-[[2-(dimethylamino)ethyl]amino]-
4~ (hydroxymethyl)thioxanthen-9-one.

(Formula IXI: Rl=R2=Me; R8®=H; n=2).

A mixture of 1-[[2~(dimethylamino)ethyl]amino]-
4-(hydroxymethyl )thioxanthen-9-one (9.2 g, 0.028 mol) in
toluene (322 ml) was heated to about 60°C and then
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manganese oxide (MnO;, 16 g) was added and the mixture
was heated at 60°C for 1 hour. The mixture was filtered
and the filtrate was concentrated in _vacuo to afford

7.9 g (87%) of the product.

(d)

(I: R!=R2=Me; Q=CH,NHCHO; R8=H; n=2) _

A mixture of 1-[[2-(dimethylamino)ethyl]amino]-
9-oxothioxanthen-4-carboxaldehyde (4.75 g), formamide
(66.5 ml) and formic acid (7.6 ml) was heated at 17.0°C
for 4 hours. The mixture was poured into ice water
(250 ml), basified with 35% NaOH and extracted with
chloroform. The organic layer was washed with water
(2X), then brine (1X) and the. solvent was dried over
NaS04 and concentrated in vacuo to afford 6.2 g of
the product.

(I: RI=R2=Me; Q=CHjyNH; R8=H; n=2)

A mixture of N-[[l-[[2-(dimethylamino}ethyl]-
amino]-9-oxothioxanthen-4-yl]methyl]formamide (6.2 gq)
and 2N HC1 (52 ml) was heated to 100°C for 1.5-2 hours.
The reaction mixture was poured into ice water, basified
with 35% NaOH, and extracted with chloroform. The
organic layer was washed with water (2X), then brine
(1X), dried over Na,SO4 and concentrated in wvacuo. The
residue was purified by coclumn chromatography on silica
eluting with ethyl acetate, then 0.5% triethylamine/-
EtOAc, then 2% triethylamine/EtOAc, then CHCl3/1-2% iso-
propylamine and finally CHCl3/1-2% isopropylamine/-

2% MeOH to afford 3.3 g (58%) of the product as the free
base. A portion of the free base (1.25 g) was dissolved
in methanol and treated with concentrated HCl1l (3.3 ml)
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in MeOH (6 ml) to afford 1.2 g of the product as the
dihydrochloride-1/2 hydrate, m.p. 213°C (dec.).

4-(Aminomethyl)-1-[[2-(dimethylamino) Jethyl]-
amino]-9-oxothioxanthen-9-one (2 g, 6 mmol) in 30 ml dry
pyridine under nitrogen was stirred at room temperature
until the solution was complete. The solution was
chilled in an ice-bath and 0.52 ml (6.7 mmol) methane-
sulfonyl chloride in chilled pyridine was added dropwise
and the mixture was stirred for 1 h at room temperature.
The reaction mixture was poured into 500 ml water
containing 0.51 g sodium hydroxide, extracted into
chloroform, the organic layer was washed with water (2x)
and brine, and dried o&er anhydrous sodium sulfate. The
mixture was filtered and concentrated in vacuo. The
residue (2.5 g) was stirred in ether, filtered, and
dried to afford 2 g of the product, m.p. 126-127°C. The
free base was dissolved in MeOH, and treated with
methanesulfonic acid (0.48 g) to afford 2.0 g (67%) of
the product as the methanesulfonate salt, m.p. 168°C
(dec.). '

Example 19
(a)

Following a procedure similar to that described in
Example 17(c), there was prepared 6.83 g of 1-[[3~(di-
methylamino)propyllamino]thioxanthen-9-one, from a
mixture of l-chloro and 3-chlorothioxanthen-9-one
(15.15 g, 61.4 mmol), pyridine (20 ml) and dimethyl-
aminopropylamine (6.01 g, 58.7 mmol).

(b)

Following a procedure similar to that described in

Example 17(d), there was obtained 6.74 g (90%) of
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product was dissolved in chloroform and filtered through
silica gel (chloroform; 1% isopropylamine/chloroform) to
afford 2.38 g of the desired amine as an orange gum.

The product was converted into the corresponding
hydrochloride salt by dissolution in MeOH and treatment
with concentrated HC1l to afford 0.98 g of the
dihydrochloride monohydrate, m.p. 228-229°C.

Example 20

(a)

4-ylimethyl ]-N-methylformamide

‘[Formula IV: Rl=R2=Me; R4=Me; R®=H; n=2)

A mixture of 1-~[[2-(dimethylamino)ethyljamino]-
9-oxothioxanthen-4~carboxaldehyde (4.75 g, 0.15 mol),
N-methylformamide (48 ml) and formic acid (3.9 ml) was
heated at 170°C for 4.5 hours and then was allowed to
stand at room temperature for approximately 64 hours.
The reaction mixture was poured into water (250 ml),
basified with 35% NaOH, extracted with CHCl; (3X). The
organic layer was separated, washed with water (2X) and
then brine (1X) and was dried over Na;SO;. The solvent
was removed in vacuo to afford 5.75 g of the product.
(b) :
methyl }thioxanthen-9-one dihydrochloride«5/4 hydrate
(I: R=R2=Me; Q=CHyNHMe; R8=H; n=2)

By a process similar to that of Example 19(e),

1.8 g 1-[[2~(dimethylamino)ethyl]amino]-4-[ (methyl~-

amino)methyl ]thioxanthen-9-one was obtained from 5.7 g
(15.4 mmol) of the corresponding N-methylformamide of
Example 20(a) and 50 ml 2 N HCl, after purification of
the free base by flash chromatography (silica gel;
chloroform; then 0.5% isopropylamine/chloroform; then
1% isopropylamine/chloroform). The free base was
converted into the corresponding dihydrochloride
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5/4 hydrate salt by treating with conc. HC1l in methanol
to afford 1.8 g (30%) of the product, m.p. 177°C (dec.).

Example 21
(a)

N-[[1-[[3=-(dimethylamipo)propyljamino]-9-oxothioxanthen-
4-ylimethyl]formamide
(Formula I: RI=R2=Me; Q=CH,NHCHO; R8=H; n=3)

A solution of 1-[[3~(dimethylamino)propyljaminoj-
: 9~oxothioxanthen~4-carboxaldehyde (3.6 g; 10.57 mmol) in
;10 50 ml formamide containing 3.6 g of formic acid was
' refluxed for 1.5 h and then was allowed to stand at room
temperature overnight. The reaction mixture was diluted
with water (400ml), basified with 3 ml 5N NaOH solution,
stirred rapidly for 30 min, and the precipitated solid
;15 was filtered, washed with water, and dried, yielding
: 3.1 g (79%) of the product as a yellow powder.
(b)
‘ thioxanthen-9-one
ﬁzo (Formula I: Rl=R2=Me; Q=CH,;NH;; R9=H; n=3)
} A solution of the fqrmamide of Example 21(a)
(2.98 g; 8.07 mmol) in 40 ml 3N HCl was heated on a
steam bath for 4 h, allowed to cool to room temperature,
: chilled in ice, and neutralized to pH 8 with 5 N NaOH
;5 solution. The resulting heterogenous mixture was
: extracted into chloroform (5x100ml) and the organic
layer was dried over sodium sulfate and filtered through
a pad of silica gel (first 5% triethylamine/ether, then
] 1-5% isopropylamine/chloroform) to afford 2.3 g (83%) of
¥ the product as a bright yellow oil.
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5 (I: RI=R2=Me; Q=CH,NHSO;Me; RE=H; n=3)
To an ice cold solution of the amine of
Example 21(b) (2.2 g; 6.44 mmol) in pyridine was added
methanesulfonyl chloride (0.51 ml; 6.59 mmol) and the
‘ resulting mixture was stirred at room temperature
f;10 overnight. The mixture was diluted with chloroform and
i passed through a large plug of silica gel eluting with
5% triethylamine/EtOAc affording 1.32 g of )
N-[[1-[[3-(dimethylamino)propyljamino]-9~-oxothioxanthen~
: 4-ylimethyl Jmethanesulfonamide as a yellow powder. The
%15 free base was dissolved in methanol (10 ml) and treated
t with methanesulfonic acid (0.31 g, 1 eg.) in methanol to
afford 1.38 g of the methanesulfonate-l/2 hydrate salt
as an orange solid, m.p. >107°C.

220 — - — -0 -

(I: R=R2=Et; Q=CH,N(CH3)SO2Et; R8=H; n=2)
A solution of 2.03 g (5.49 mmol) of 1-[[2~(di-
ethylamino)ethyljamino]~4-[ (methylamino)methyl]-
525 thioxanthen-9-one (prepared by the method described in
; Example 5) and-triethylamine in 45 ml methylene chloride
was cooled to 0°C and treated with ethanesulfonyl
chloride (0.74 g, 5.76 mmol). After 15 min at 0°C, the
- reaction mixture was stirred at room temperature for
330 72 h. The mixture was concentrated in vacuo, the
] residue dissolved in chloroform and purified by passing
through a pad of silica gel (chloroform; then 1% tri-
ethylamine/chloroform) affording 2.43 g (96%) of
: N-[[l1-[[2~-(diethylamino)ethyl]amino]-9-oxothioxanthen-
E“ 4-yljmethyl]-N-methylethanesulfonamide. The sulfonamide
1 was recrystallized from ethyl acetate and treated with
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methanesulfonic acid in isopropanol to afford the
product as the methanesulfonate salt, m.p. 159-161°C.

(I: RI=R2=Et; 0Q=CH,;NHSO,CgHy-p-OMe; R8=H; n=2)

A solution of 1.40 g (3.94 mmol) of 4-(amino-
methyl)-1-[{2-(diethylamino)ethyl]lamino]thioxanthen-
9-one (prepared by the method described in Example 4) in
30 ml chloroform containing 1.5 ml triethylamine was
cooled to 0°C and treated with p-methoxybenzenesulfonyl’
chloride (0.83 g, 4.02 mmol). After 10 min at 0°C the
reaction mixture was stirred at room temperature for
2 h. Chloroform was removed in vacuo, the residue
dissolved in 100 ml methylene chloride containing
1ml triethylamine and treated with additional
p-methoxybenzenesulfonyl chloride (0.85 g) with stirring
at room temperature. The mixture was concentrated
in_vacuo, the residue was purified by passing through a
pad of silica gel (1% triethylamine/chloroform)
affording 1.57 g of N-[[1-[[2~-(diethylamino)ethyl]~
amino]-9-oxothioxanthen~4-yl Jmethyl]-p-methoxybenzene-
sulfonamide. The sulfonamide was treated with methane-
sulfonic acid (0.3 g) in isopropanol/isopropyl acetate/-
methanol to afford 1.07 g of the methanesulfonate salt,
m.p. 133-137°C.

(I: R1=R2=Et; Q=CHyNHSO2Et; R®=H; n=2)

A solution of 2.5 g of 4-(aminomethyl)-1-[[2-(di-
ethylamino)ethyl]amino]thioxanthen-9-one (prepared by
the method described in Example 4) in 30 ml pyridine was
cooled in an ice bath for 15 min and 0.95 g of ethane-
sulfonyl chloride in 5 ml pyridine was added rapidly
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dropwise and the reaction mixture_ﬁas stirred at room
temperature for 1 h. The mixture was poured into

75 ml water containing 0.75 g NaOH, extracted into
chloroform, the organic layer was washed with water (2x)
and brine, and dried over sodium sulfate. The mixture
was concentrated in_vacuo and the residue was stirred in
ether and dried (40°C/0.1lmm) to afford 1.7 g of
N-[[1-[[2-(diethylamino)ethyl]amino]-9-oxothioxanthen-
4~yl]methyl Jethanesulfonamide, m.p. 105°C (dec.). The
sulfonamide was dissolved in methanol and treated with
methanesulfonic acid in methanol to afford 1.61 g (42%)
of the methanesulfonate salt, m.p. 135°C (dec.).

(I: RI=R2=Et; Q=CH;N(Et)SO;Me; R8=H; n=2)

A solution of 2.10 g (5.48 mmol) of 1-[[2-(di-
ethylamino)ethyljaminoj-4~[ (ethylamino)methyl ]~
thioxanthen-9-one (prepared by the method of Example 14)
in 30 ml methylene chloride was cooled to 0°C and
treated with 2 ml triethylamine‘and methanesulfonyl
chloride (0.7 ml) and the reaction mixture was stirred
at room temperature for 6 h. The solvent was removed
in_vacuo, the residue dissolved in chloroform, and the
solution was purified by passing through a pad of silica
gel (eluting with chloroform followed by 2% triethyl-
amine/chloroform). The yellow solid isolated was
recrystallized from ethyl acetate and dried to afford
1.11 g (44%) of the product as a yellow powder,

m.p. 172-176°C.
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Example 26

N=[[1-[[2~-(Diethylamino)ethyl]amino}-9-~oxothioxanthen~
4-yllmethyl]-3,4-dichlorobenzenesulfonamidemethane—
sulfonate-1/2 hydrate

(I: R=R2=Et; Q=CH,;NHSO,CgH3.3,4-dichloro; R8=H; n=2)
To a solution of 3,4-~dichlorobenzenesulfonyl
chloride (1.84 g, 7.5 mmol) in 35 ml dry pyridine was
added 2.5 g (7 mmol) 4-~(aminomethyl)-1-[{[2-(diethyl-
amino)ethylj}amino]lthioxanthen-~9-one (prepared by the
method described in Example 4) under nitrogen and the
reaction mixture was stirred at room temperature for

15 min. and then was allowed to stand for approximately
72 hours. The reaction mixture was poured into 75 ml
water containing 0.75 g NaOH, and extracted into

;15 chloroform. The organic layer was washed with water

| (2x) and brine, and dried over sodium sulfate.
Chloroform was removed in vacuo, the residue was
recrystallized from ethanol to afford 1.24 g of

. N-[[1l-[[{2-(diethylamino) Jethyl]aminoj-9-oxothioxanthen-

i20 4-ylmethyl]-3,4-dichlorobenzenesulfonamide, m.p. 95°C

: (dec.). The free base was dissolved in methancl and
treated with methanesulfonic acid in methanol to afford
the methanesulfonate-1/2 hydrate, m.p. 55°C (dec.).

B - - - =G - -

(I: RI=R2=Et; Q=CH;NHSO;CgH4-2-F; RE=H; n=2)
A solution of 1.36 g (3.83 mmol) 4-~(aminomethyl)-

“ l1-[{2-(diethylamino)ethyl ]Jamino}thioxanthen-9-one
%' (prepared by the method described in Example 4) in
A 25 ml methylene chloride containing 1 ml triethylamine

was cooled to 0°C and treated with 2-fluorobenzene-

sulfonyl chloride (0.84 g; 4.32 mmol) and the reaction
. mixture was stirred for several hours. The solvent was
%5 removed in vacua, the residue dissolved in chloroform,
and purified by flash chromatography (silica gel:
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chloroform followed by 1% triethylamine/chloroform). The
solvent was removed in vacuo and the product was
recrystallized from ethyl acetate as an orange powder,
1.08 g (55%), m.p. 125-127°C.

(I: RI=R2=Et; Q=CH,N(C3H7)SOzMe; R8=H; n=2)

The o0il from 0.2 g of 60% dispersion of sodium
hydride in mineral oil was removed by triturating with
pentane (4x). Dry DMF (40 ml) was added under nitrogen
to sodium hydride with stirring, and 2 g N-[[1-[[2~(di~
ethylamino)ethyl Jamino]-9-oxothioxanthen-4-ylimethyl]~
methanesulfonamide (Example 6) was then added to the
reaction mixture while stirring under nitrogen and the
. mixture was heated to 50°C for 2 h. The above mixture
was chilled in an ice bath for 15 min, 0.87 g of propyl
jodide in a small volume of DMF was added, and the
mixture was allowed to stir at room temperature
overnight. The mixture was stirred with 35 ml water,
filtered, and the residue was washed with water and
dried (50°C/0.1mm/P305) to afford 2.17 g of the product,
m.p. 142-143°C,

(I: RI=R2=Et; Q=CH;N(Me)S02Cg¢Hs; R®=H; n=2)

A solution of 5.32 g (14.4 mmol) of 1-[[2-(di-
ethylamino)ethyl jamino]-4~[ (methylamino]methyl]-
thioxanthen-9-one (prepared by the method described in
Example 5) in 100 ml methylene chloride was cooled to
0°C and treated with triethylamine (5 ml) and
‘benzenesulfonyl chloride (2 ml; 15.67 mmol) and the
reaction mixture was stirred for 2 h. The mixture was
concentrated in vacuo, and the residue was purified by
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passing through a pad of silica gel (eluting with
chloroform; then 1/2%-1% isopropylamine/chloroform)
yielding 6.24 g of a yellow gum. The product was
dissolved in ethyl acetate and the solvent removed

in vacuo affording 6.06 g (83%) of N-[[1-[[2-(diethyl-
amino)ethyljamino]-9-oxothioxanthen-~4~yljmethyl]-
N-methylbenzenesulfonamide. The sulfonamide (2.5 g) was
suspended in isopropanol and treated with methane-

sulfonic acid (0.51 g) to yield 2.63 g of the
- methanesulfonate salt, m.p. 171-174°C.

Example 30
(a)

To a mixture of m-anisic acid (250 g, 1.67 mol) in
acetic acid (1 1) was added bromine (85 ml) and then
water (1 1). The mixture was heated to reflux, cooled
in an ice bath and the product which precipitated was
collected by filtration and washed with water to afford
305.7 g (79%) of 2-bromo-5-methoxybenzoic acid,

m.p. 154-156°C.
(b)

To a mixture of 3-chlorothiophenol (20 g,

0.138 mol), and cupric acetate (1.8 g) and DMF (200 ml)
was added X;CO03 (23 g). The mixture was heated to 150°C
for 15-20 minutes, then 2-bromo-5-methoxybenzoic acid
(35.8 g, 0.155 mol) was added in portions. The mixture
was heated overnight, poured into water (600 ml),
filtered and the filtrate was treated with charcoal,
filtered and diluted with HCl. The resulting
precipitate was collected by filtration, washed with
water, and dried at 50°C in_vacuo over P05 to afford
27.6 g 2~[(3-chlorophenyl)thio]~5-methoxybenzoic acid.
(<)

To cooled sulfuric acid (89 ml) under nitrogen was
added 2-[(3-chlorophenyl)thio]-5-methoxybenzoic acid
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(27 g, 0.092 mol) in portions over 1.5-2 hours. The
mixture was stirred at-ambient temperature overnight,
poured into water (900 ml) containing conc. NH40H

(218 m1) and ice. The solid which precipitated was
collected by filtration and dried at 50°C in_vacuo over
P205 to afford 21 g (42%) of a mixture of l-chloro and
3—chldro-7-methoxy-thioxanthen—S-one;

(d) .

A mixture of l-chloro and 3-chloro-7-methoxy-
thioxanthen-9-one (20.7 g), pyridine (69 ml) and di-
ethylaminoethylamine (16.1 g, 0.138 mol) was heated at
115°C'under N2 for 20 hours. The solvent was removed
in vacuo and the residue was purified by column
chromatography on silica eluting with CHCl; (100%) and
then 1% isopropylamine/chloroform to afford 11.22 g of
1-[[2-(diethylamino)ethyl lamino]-7-methoxythioxanthen-~
9-one.

(e)

A mixture of 1-[[2-~(diethylamino)ethyl]amino]-
7-methoxythioxanthen-9-one (11.2 g, 0.031 mol),

37% formaldehyde (277 mL) and SN acetic acid (4.6 ml)
was heated at 100°C for 3 hours. The reaction mixture
was cooled, filtered, and the filtrate was poured into
ice-water (600 ml) and made basic with 35% NaOH. The
mixture was extracted with chloroform (3X), washed with
brine and dried over Na;SO4. The solvent was removed
in vacuo and the residue was purified by column
chromatography on silica eluting with 25% CHCl3/hexane,
then 50% CHClz/hexane, then 75% CHClz/hexane, then

0.5% isopropylamine/CHCl3; to afford 8.8 g (73%) of
1-[{2-(diethylamino)ethyl]amino]~4-(hydroxymethyl)-
7-methoxythioxanthen-9-one.
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(£)
1-[[2-(diethylamino)ethyl]amino]-7-methoxy-9-oxothio-~
zanthen-4-carboxaldehyde

(Formula II: Rl=R2=gEt; R®=7-0CHj3; n=2)

A solution of 1-[[2-(diethylamino)ethyl]amino]-
4-(hydroxymethyl)~7-methoxythioxanthen-9-one (8.8 g,
0.023 mol) in toluene (268 ml) was heated to 60°C under
nitrogen and then MnO; (13.2 g) was added. The mixture
was heated overnight, filtered, and the filtrate was
concentrated in vacuo to afford 7.05 g (81%) of the
product.

(9)

(Formula IV: R!=R2=Et; Ri=Me; R8=7-0CH3; n=2)

A solution of 1-[{[2-(diethylamino)ethyljamino]-
7-methoxy-9-oxothioxanthen~4-carboxaldehyde (3 g,
7.8 mmol). and 1.5 ml formic acid in 25.5 ml N-methyl-
formamide was heated to 170°C for 8 h with stirring
under nitrogen. The reaction mixture was poured into
160 ml ice/water, basified with 35% of NaOH solution,
and extracted into chloroform (3x). The organic layer
was washed with water (2x) and brine, dried over sodium
sulfate, and the solvent was removed in wacuo affording
3 g (89.9 %) of the product.
(h)
(I: RI=R2=Et; Q=CH;NHMe; R®=7-OMe; n=2)

The N-methylformamide of Example 30(g) (3.0 g) in
a 2N aqueous HCl solution (24 ml) was heated at 100°C
for 2 h under nitrogen with stirring. The above mixture
was cooled, poured into 125 ml ice/water, basified with
35% NaOH solution, and was extracted into chloroform and

washed with water (2X), then brine. The organic layer
was dried over sodium sulfate and concentrated in vacuo
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to afford 3.1 g of the crude product. The product was
triturated in ether and the filtrate was purified by
several flash chromatography columns (silica gel;
eluting with 50% hexane/chloroform, then chloroform, and
then 0.25-0.5% isopropylamine/chloroform {(column 1);
chloroform, then 1% isopropylamine/1% MeOH/CHCl;

(column 2); and CHClj3, then 0.5% isopropylamine/CHC1;
(column 3)) affording 0.746 g of the product.

(I: RI=R2=Et; Q=CH,NHCHO; R8=7-0CH3; n=2)

A mixture of 1-[[2~(diethylamino)ethyl]amino]-
7-methoxy-9~-oxothioxanthen-4-carboxaldehyde (3.6 g,
0.0094 mol), formamide (48 ml) and formic acid (6 ml)
was heated to 170°C under N; for 8 hours. The mixture
was poured into ice-water, basified with 35% NaOH and
extracted with chloroform. The organic layef was
separated, washed with watei (2X), then brine and was
dried over NazSO4 and concentrated in vacuo to afford
3.88 g of the product. ' ’

(b)

(I: R=R2=Et; Q=CHNHz; R®=7-OCH3; n=2)

A mixture of the formamide of Example 31(a)
(3.88 g) and 2N HC1l (32 ml) was heated at 100°C for 2 h
under nitrogen with stirring. The above mixture was
cooled, poured into water, basified with 10% NaOH
solution, and extracted intc chloroform and washed with
water, then brine. The organic layer dried over sodium
sulfate and concentrated in _wvacuo to afford 3.6 g of the
crude product. The product was dissolved in chloroform
and purified by flash chromatography (silica gel;
eluting with hexane/chloroform (50:50) and then 1% iso-
propylamine in hexane/chloroform (50:50)) affording
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1.75 g of the desired product.

- i =4 ide
(I: R=R2=Et; Q=CH,NHSO;Me; R8=7-OMe; n=2)

To a solution of 1.75 g (0.0045 mol) of the amine
of Example 31(b) in 22.5 ml pyridine cooled in an ice
bath under nitrogen with stirring was added dropwise
0.39 ml (0.005 mol) methanesulfonyl chloride in a small
volume of pyridine and the resulting reaction mixture
was stirred at room temperature for 2 h. The mixture
was poured into 375 ml water containing 0.38 g Nadﬁ,
extracted into chloroform, and the organic layer was
washed with water and brine. The chloroform layer was
dried over sodium sulfate, the solvent removed in
vacuo, and the residue was dried in wvacuo to afford
1.61 g (77%) of the product, m.p. 144°C (dec.).

Example 32
(2)

To a mixture of 3-chlorothiophenol. (20 g,

0.138 mol), cupric acetate (1.75 g) and DMF (199 ml)
under N; was added in portions K;CO3 (23 g). The
mixture was heated to 150°C and then 2,5-dibromobenzoic
acid (43.5 g) was added. The mixture was heated
overnight, poured into water (600 ml), filtered, the
filtrate was treated with charcoal and filtered again.
The filtrate was acidified with conc. HCl, extracted
with CHCl;, the organic layer was washed with brine and
dried over Naj;S0O4. The solvent was removed in wacuo to
afford 28.9 g of 2-[(3-chlorophenyl)thio]-5-bromobenzoic
acid.

(b)

A mixture of 2-[(3-chlorophenyl)thio]~5-bromo-
benzoic acid (28.4 g) and conc. sulfuric acid (80 ml)
was stirred at 0°C and then at room temperature
overnight. The mixture was poured into ice-water
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(850 ml) containing conc. NH40H (199 ml) and the product
which precipitated was collected by filtration and dried
at 50°C in_vacuo to afford 15.0 g of a mixture of
l1-chloro and 3-chloro-7-bromothioxanthen-9-one.

(c)

A mixture of l-chloro and 3-chloro-7-bromo-
thioxanthen-9-one (13.6 g), pyridine (108 ml) and
N,N-diethylethylenediamine (16.3 ml) was heated to 115°C
for 20 hours. The solvent was removed in_vacuo, and the
residue was purified by column chromatography on silica
eluting with CHCl3 (100%),. then 1% isopropyl-amine/CHCl;
to afford 9.3 g of 1-[[2~(diethylamino)-ethyl]amino]-
7-bromothioxanthen-9-one.

(d)

A mixture of 1-[[2~(diethylamino)ethyl]amino]-
7-bromothioxanthen-9-one (9.3 g, 22.9 mmol), 203 ml
37% formaldehyde solution, and 3.4 ml 5N acetic acid
solution ‘was heated to 100°C under nitrogen overnight.
The mixture was cooled to room temperature and the solid
formed was removed by filtration. The filtrate was
diluted with water, basified with 35% NAOH solution and
extracted into chloroform. The organic layer was washed
with brine, dried over sodium sulfate, and the solvent
was removed in _wvacuo to afford 10 g of oil. The above
oil in methylene chloride was filtered, the solvent
concentrated in_vacuo, and the crude hydroxymethyl
analog was purified by flash chfomatography (silica gel;
eluting with 25% chloroform/hexane, then chloroform/-
hexane (1:1), then 25% chloroform/hexane, then CHClj3
(100%), and then 0.5-1% isopropylamine/chloroform) to
afford 3.2 g of 1-[[2-(diethylamino)ethyl}aminoj}-
4-(hydroxymethyl)-7-bromothioxanthen-~9-one.

Thls Sheet Has Been Rep

T

et e Yo e e 5 = -



£ 10

15
25
30

B

- ()=

(e) .
xan:hen_A_gathxaldehxda

(II: R=R2=Et; RS8=7-Br; n=2)

A mixture of 3.2 g (7.34 mmol) of the alcohol of
Example 32(d) and 4.3 g MnO; in 85 ml toluene was heated
at 60°C for 1 h under nitrogen. The mixture was
filtered, washed with CHCl3, and the combined filtrate
was concentrated in _vacuo affording 3 g of a yellow
solid. The yellow solid was triturated in ether,
filtered, and dried to afford 2.7 g (94.3%) of the
product, m.p. 145-146°C.

(£) .
thioxanthen~4-y1Jmethyl ]formamide
(I: RI=R2=Et; Q=CH;NHCHO; R8=7-Br; n=2)

A mixture of 2.7 g (6.2 mmol) 1-[[2-(diethyl-
amino)ethyljaminoj-7-bromo-9-oxothioxanthen~
4-carboxaldehyde, 31.7 ml formamide, and 3.6 ml formic
acid was heated to 170°C under nitrogen and with
stirring for 8 h and the mixture was allowed to stand at
room temperature for 72 h. The mixture was poured into
150 ml ice/water, basified wiith 35% NaOH solution, amd
the solid product was filtered and washed with water.
The solid'product was dissolved in chloroform, washed
with brine, dried over sodium sulfate, and the solvent
was concentrated in vacuo to afford 2.85 g of the
desired formamide, as a yellow/orange solid,

m.p. 132°C (dec.).
(9)

(I: RI=R2=Et; Q=CH;NHz; R8=7-Br; n=2)

A mixture of 2.85 g (6.6 mmol) of the above
formamide (Example 32(f)) in 26 ml 2 N HCl solution was
heated to 100°C under nitrogen for 2h and the mixture
was allowed to stand at room temperature overnight. The
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reaction mixture was poured into 200 ml ice/water,
basified with 35% NaOH solution, and extracted into
chloroform. The organic layer was washed with water and
brine, dried over sodium sulfate, and concentrated

in vacuo to yield 2.67 g of a dark oil. The dark oil
was purified by flash chromatography (silica gel;

1250 ml hexane/chloroform (1:1), and then 1% isopropyl-
amine in hexane/chloroform (1:1)) to afford 1.87 g (70%)
of the product, m.p. 79-82°C.

(I: RI=R2=Et; Q=CH,NHSO,Me; R8=7-Br; n=2)

1-[[2-(Diethylamino)ethyljaminoj-4-(aminomethyl)-
7-bromothioxanthen-9-one (1 g, 2.3 mmol) in 11.5 ml dry
pyridine under nitrogen was stirred in an ice bath for
15 min and 0.2 ml (2.6 mmol) methanesulfonyl chloride in
chilled pyridine was added dropwise and the mixture was
stirred at room temperature. The reaction mixture was
poured into 200 ml water, added 0.19 g sodium hydroxide
in ice/water, and extracted into chloroform. The
organic layer was washed with water (2x) and brine, and
dried over anhydrous sodium sulfate. The mixture was
filtered, concentrated in_vacuo and the residue was
stirred in ether, filtered, and dried to afford 1.02g of
the product, m.p. 134-139°C.

(I: Rl=R2=Et; Q=CH,NHCOOMe; R8=H; n=2)

To a solution of 2.94 g (8.27 mmol) of 4-(amino-
methyl)-1-[[2-(diethylamino) Jethyl]amino]Jthioxanthen-
‘9-one (prepared by the process described in Example 4)
in 50 ml methylene chloride containing 5 ml triethyl-
amine chilled to 0°C was added 0.7 ml (9.06 mmol) of
methyl chloroformate and the mixture was stirred for
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2.5 h. The solvent was removed in vacuo, the residue
was suspended in chloroform and was purified by flash
chromatography (silica gel; chloroform, then 1% iso-
propylamine/chloroform) affording 2.36 g (69%) of the
product, as a yellow solid, m.p. 129-131¢°cC.

Example 35
1-[[2~(Diethylamino)ethyl Jamino]~4-[ (methylamino)-
methyl}-7-hydroxy-thioxanthen-9-one

(I: R=R2=Et; Q=CHyNHMe; R8=7-0H; n=2)

A solution of 1.6 g (4 mmol) 1-[[2~(diethylamino)~-
ethyl]amino]-4-[(methylamiﬁo]methyl]—7—methoxythiq-
xanthen~9-one ‘(prepared by the process described in
Example 30(h)) in 10 ml 48% HBr solution was heated to
110°C for 5 h. After cooling, the reaction mixture was
neutralized with saturated sodium bicarbonate and
extracted into chloroform (3x100ml). A dark gum,
insoluble in water or chloroform, -was dissolved in
methanol and .combined with chloroform solution. The
solvent was concentrated in wvacuo to afford 1.67 g of a
dark orange solid. The orange solid product was
purified by flash chromatography (silica gel;
isopropylamine/methanol/chloroform (1:1:98) followed by
a second silica column eluting with isopropylamine/-
MeOH/CHCl3; (2:2:96)) affording 0.56 g (36%) of
the product, m.p. 167~169°C.

Example 36

(I: RI=R2=Et; Q=CH,NHCOOMe; R®=7-OMe; n=2)

To a solution of 1.55 g of 4-(aminomethyl)-
l1-[[2-(diethylamino)ethyl]amino]-7-methoxythioxanthen—
9-one (prepared as in Example 31(b)) in 40 ml chloroform

~ containing 2 ml triethylamine chilled to 0°C was added

0.45 ml methyl chloroformate and the mixture was stirred
at room temperature for several hours. The solvent was
removed in wvacuo, the residue was purified by flash

chromatography (silica gel; eluting with chloroform,
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then 1% triethylamine in chloroform/hexane (1:1))
affording 1.2 g of the product which was recrystallized
from ethyl acetate to yield 0.79 g of a bright yellow
solid, m.p. 131-132°cC.

Example 37

xanthen-4-y1 Imethyl imethanesulfonamide.3/4 hydrate
(I: R=R2=Et, Q=CH,NHSO,CH3; R8=7-OH; n=2)

To a solution of N-[[1l-(2-{diethylamino)ethyl}-
amino]-7-methoxy-9-oxothioxanthen-4-ylmethyl jmethane-
sulfonamide (0.5 g) (prepared as in Example 31 (c).) in
CH2Cl; (45 ml) at -78°C was added 1N BBr3 in CH3;Cls
(1.75 ml). The mixture was warmed to room temperature,
stirred overnight, and then poured into ice-water
(250 ml) containing 35% NaOH (8 ml). The mixture was
acidified with dilute HCl, then basified with solid
Na;CO3 and then was extracted with ethyl acetate. The
organic layer was separated, washed with brine, dried
over Na,SO4 and concentrated in vacuq. . The residue was
purified by column chromatography on silica eluting with
5% MeOH/EtOAc to afford 0.28 g (58%) of product,

m.p. 78°C (dec.).

Example 38

6-methylthioxanthen-9-one

(I: R=R2=Et; Q=CHyNHy; R®=6-CH3; n=2)

Following a procedure similar to that described in
Example 30, parts (a)-(f), but substituting 4-methyl-
benzoic acid for 3-methoxybenzoic acid in part (a), it

. is contemplated that there can be prepared 1-[[2~(di-

ethylamino)ethyl]amino]~6—methyl-S-oxothioxanthen—
4-carboxaldehyde. It is further contemplated that the

* latter can be converted into 4-(aminomethyl)-1-[[2-(di~-

ethylamino)ethyl jamino]-6-methylthioxanthen-9-one by
following procedures similar to those described in
Example 31, parts (a)-(b).
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Examples 39-41

Following a procedure similar to that described in
Example 34, but substituting, if necessary, an
appropriate amine of the formula V for 4-(aminomethyl)-
1-[{[2-(diethylamino)ethyl]jamino]thioxanthen-9-one it is

contemplated that the following compounds of formula I
can be prepared:

R1
s

» o) NH(CHz)nN "
|
; Example '
g No. Rl R2 n Q RS
39 C2Hs CoHs 2 CH;NHC (0 )0CgHs H
40 C2Hs CaHs 2 CH,N(CH3)C(0)0 7~-0CH3
~4-CH3~CgHy
41 C,Hs CHs 2 CH,NHC (0)0- 6-CH;
2-NO3-CgHy

(I: R=R2=Et; Q=CH,NHCH3; R®=6-CH3; n=2)

Following a procedure similar to that described in
Example 30, parts (g)-(h) but substituting 1-[[2-(di-
ethylamino)ethyl Jamino]-6-methyl-9-oxothioxanthen-
4-carboxaldehyde for 1-[[2-(diethylamino)ethyl]amino]-
% 7-methoxy-9-oxo-thioxanthen-4-carboxaldehyde, the above
%ﬁ product can be prepared.
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(I: RI=R2=Et; Q=CH;EHSO,CH3; R8=6-CH3; n=2)

Following a procedure similar to that described in
Example 6, it is ccatemplated that the above product can
be prepared from 4-(amino-methyl)-1-[{2-(diethylamino)-
ethyl Jamino]-6-metiylthioxanthen-9-one, pyridine and
methanesulfonyl chicride.

(I: R1=R2=Et; Q=CH:;ESSO0,Ph; R&=7-CH30; n=2)

Following a procedure similar to that described in
Example 31, part (c), it is contemplated that the above
product can be precared from 4-(aminomethyl)-1-{[2-(di-
ethylamino)ethyljamino] -7—methoxythidxanthe n-9-one,
pyridine and benzezesulfonyl chloride.

Example 45 e
(2) '

(IV: R1=R2=Et; Ri=Ph; R8=H; n=2) _

A mixture of ’;—[[2-(diethylamino)ethy1]ahino]-
9~oxothioxanthen-4-carboxaldehyde (3.40 g, 9.59 mmol),
formanilide (31 g) aad formic acid (3 ml) were heated to
160°C for 2 hours. The mixture was cooled, poured into
water (200 ml) and sxtracted with ether (3 x 150 ml).
The agueous layer was basified with 5N NaOH, extracted
with CHCl3 (3 x 152 al) and the combined organic
extracts were dried over Nay;SO4 and filtered through
florisil eluting with CHCl3 (100%), then 5% isopropyl-

. amine/CHCl3. The scivent was removed in vacuno and the

residue was purifisd by column chromatography on silica
eluting with 0.5% <> 1% isopropylamine/CHCl; and then by
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recrystallization from benzene/hexane (2x) to afford
1.88 g of the desired product.
(b)
1-[[2-(Diethylamino)ethyllamino]-4—-[ (phenylaminojmethyl]
thioxanthen-9-one
(V: R1=R2=Et; R%= Ph; R®=H; n=2)

A mixture of the N-phenylformamide of
Example 45(a) (1.70 g, 3.70 mmol) and 3N HCl (100 ml)
was heated on a steam bath for 1 hour. The mixture was
cooled, basified with 5N NaOH, extracted with CHClj
(3 x 100 ml) and the combined organic layers were .dried
over NazS0s; and concentrated in vacuo. The residue was
purified by column chromatography on silica eluting with
ether (100%), then 5% isopropylamine/ether; followed by
a second silica column eluting with 1% isopropylamine/-
ether to afford 0.80 g of the desired product,
m.p. 133~135°C.
(c)

(I: R1=R2=Et; Q=CH,N(Ph)SO,Me; R8=H; n=2)

Following a procedure.similar to that described in
Example 22 it is contemplated that the above product can
be prepared from 1-[[2-(diethylamino)ethyl]amino]-

4-{ (phenylamino)methyl Jthioxanthen-9-one of
Example 45(b), methanesulfonyl chloride, methylene
chloride and triethylamine.

It is contemplated that other membhers of the
genus I may be made in a fashion analogous to that of
Examples 1-14, substituting the appropriate 1-[[2-(di-
alkylamino)ethyll]amino]~ or 1-~[{3-(dialkylamino)propyl]-
amino}-9-oxothioxanthen-~4-~carboxaldehyde for 1-[[2-(di-

' ethylamino)ethyl]lamino]~9-oxothioxanthen-

4-carboxaldehyde, or in a fashion analogous to that of
Examples 15-45 but utilizing an appropriate 1-[[(di-
alkylamino)alky}]amino]-9-9xothioxanthen-

This Shee;ﬁ;s Been Replaced

AR




10

15

120

225

430

435

-47-

4-carboxaldehyde. Many of the aldehydes and their
precuréors are described in U.S. Patent 3,294,803.

Representative examples of the invention were
tested for antitumor activity in mice according to the
following procedure:

The animals were pooled, implanted subcutaneously
with 30 to 60 mg tumor fragments by l2-gauge trocar, and
again pooled before unselective distribution to the
various treatment and control groups. For early-stage
treatment, chemotherapy was started within 1 to 5 days
after tumor implantation while the number of cells was
relatively small (107 to 108 cells). For advanced-stage
treatment, chemotherapy was delayed until the tumor
became relatively large (200 to 300 mg in size). A
300 mg tumor contains approximately 3 x 108 total cells.
Tumors within a given advanced-stage trial were within a
2.5-fold size range for 90% of the animals. Tumors were
measured with a caliper weekly (or twice .weekly for the
more rapidly growing tumors). Mice were sacrificed when
their tumors reached 1500 mg (i.e., before they could
cause the animal discomfort). Tumor weights were
estimated from two-dimensional measurements.

The treatment and control groups were measured
when the control group tumors reached approximately
700 to 1200 mg in size (median of group). The median
tumor weight of each group was determined (including
zeros). The T/C value (weight of treated tumors over
the weight of control tumors ) in % is an indication of
antitumor effectiveness: A T/C equal to or less than 42%
is considered significant antitumor activity by the Drug

Evaluation Branch of the Division of Cancer Treatment

(NCI). A T/C value <10% is considered to indicate
highly significant antitumor activity. A body weight
loss nadir (mean of group) of greater than 20% or
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greater than 20% drug—deéths is considered to indicate
an excessively toxic dosage.

The results are shown in Table I for pancreatic
ductal adenocarcinoma #03 and in Table 2 for colon
adenocarcinoma #38.
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TABLE 1
¢ Total
E Dose
3 Weight {mg/kg)
- T/C Loss Drug i.v. or
g Example # (3) (q)* Deaths p.o.
- 1 0 1.6 0 1739
4 2 0 2.0 0 576
1 2 7 1.6 0 144
-: 4 0 0.4 0 570
1 5 0 1.6 0 222
; 6 0 1.6 0 . 124
i; 7 0 3.2 . 1/5 400
i =8 0 0.8 0 304
] 9 8 1.6 0 1395
1 10 0 2.4 0 540
. 11 0 0.8 0 855
] 12 36 3.2 0 1298
| 13 0 2.4 0 431
3 14 0 1.2 0 448
] 15 0 2.0 0 390
i 16(a) 21 +0.8 0 1171
§ 17(£) - 17 2.0 0 1060
* 18(e) 82 1.0 0 128
18 (£) 0 5.2 2/5 256
19(e) T4 3.4 0 610
20(b) 10 0.4 0 383
21(c) 0 4.5 0 208
22 0 3.2 0 465
23 20 2.4 0 1212
24 0 2.3 0 203
25 0 4.6 0 288
26 13 2.2 0 654
27 5 +0.8 0 2594
28 0 2.8 0 552
29 6 2.4 0 2403
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TABLE 1 (cont'd)

Total
Dose
Weight (mg/kg)
T/C Loss Drug i.v. or
Example # (3) {(g)* Deaths p.o.
31(c) 0 5.6 0 248
30(h) 0 1.4 0 880
33 28 2.0 0 1281
34 3.6 0 248
36 0.4 0 . 155
37 0 0 32

*Average body weight was 25 g.
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The compound of Example 6 was tested by bolus
intravenous injection against a number of other tumors
as shown in Table 4.

The compound of Example 8(a) was tested against a
number of tumors as shown in Table 5.

The compound of Example 36 was tested against a
number of tumors as shown in Table 6.

Representative compounds of the invention were
tested against Mammary Adenocarcinoma 16/C/RP as shown
in Table 7.

Representative compounds of the invention were
tested against P388/adriamycin resistant leukemia as
shown in Table 8.

-
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Total Wt. Loss at -
Dosage " Nadir T/C Value Tumox Days of
Tumor mg/kg Schedule g/mouse in % Free Observation
Human Adeno Squamous 960 16 hr infusion ~0.4 16% 1/4 33
Lung #125 days 7,20 ~0.4 16% 0/4 132
" 600 ~-0.4 . 15% ' 0/5 33
-0.4 15% 0/5 132
Mammary 16/C 720 - 4 hr infusion ~2.0 18% 0/7 13
454 . days 1,4 -1.2 16% 0/7 13
Mammary 16/C/Adr* 960 3 hr infusion -2.8 23% 0/7 27 :?
days 1,4 R—
K4
—
I
Colon Adenocarcinoma 732 3-15 bolus ~2.0 0% 1/5 100 =§
#38 477 i -2.8 9% 0/5 100 '—__:Q
e
==y
Colon Adenocarcinoma 960 4 hr infusion -2.9 11% 2/17 20 — O,
#38 days 6,13 -2.9 11% 1/17 100 S
600 -2.0 26% 0/7 20 A
=~2.0 26% 0/7 100
Colon #51 720 3 hr infusion -1.1 8% 0/5 50
454 days 3,7 ‘=2,8 12% 0/7 50
Panc 03 222 3 hr infusion -1.6 0 1/4 108

*adriamycin resistant
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Total Wt. Loss at

Dosage Nadir T/C Value Tumor Days of
Tumor mg/kqg Schedule g/mouse in % Free Observation
Colon Adenocarcinoma 82 days 6-9 -1.7 1 2/7 132
#38 51 bolus -1.2 18 1/7 132
Mammary 16/C 82 days 1-4 -3.0 6 0/5 23
51 bolus ~1.2 13 0/5 - 23
Colon 51/A 96 days 3-6,9,11 -3.0 14 0/6 32
66 bolus -2.3 28 0/6 32
| —
Panc 02 82 days 1-4 -2.0 23 0/5 28 ——
51 bolus -1.2 42 0/5 28 :%
A g
—_—
Panc 03 124 days 3-4, 6-14 ~1.6 : 0 3/5 245 ——3
79 bolus ~1.0 0 1/5 245 —
———
_—
&




Total Wt. Loss at
Dosage Drug Nadir T/C Value Drug Tumor (Days of
Tumor mg/kg Route Schedule g/mouse in % Deaths Free Observation
Colon 340 i.p. days 3-10 -2.0 0 0 5/5 168
Adenocarcinoma #38
196 i.p. days 3-10 -0.0 0 ] 1/5 168
112 i.p. days 3-10 +0.4 3 0 - = 168
550 p.o. days 3-7 -2.8 0 0 5/5 168
275 p.o. days 3-7 -0.4 0 0 3/5 168
Colon 51/A 500 p.o. days 3-7 -4,6 0 4/5 0/5 31
250 p.o. days 3-7 1.6 16 0 0/5 31
Mammary 16/C/Adr* 340 i.v.—p.o. i.v. 2x/day -7.1 32 5/6 0/6 22
days 1-4;
P«.OC. day 5
284 i.v.—p.o. i.v. 2x/day -2.3 61 3/6 0/6 22
‘ days 1-4;
p.o. days 5-6

fadt famyetin teatntant

days 1-4,
p.o, days 5.6

paoe[doy usag seyy 194§ SIYL,




Total Wt. Loss at
Dosage Drug Nadir T/C Value Drug Tumor Days of
Tumor mg/kg Route(d) Schedule g/mouse in % Deaths Free Observatior
Panc 03 420 i.v. days 3-6 -5.6 0 3/5 2/5 45
155 i.v. days 3-6 -0.4 0 0 5/5 45
Colon 330 i.v. days 3-7 -3.2 0 0 5/5 33
Adenocarcinoma #38 220 i.v. days 3-7 -0.8 0 0 5/5 33
147 i.v. days 3-7 0 0 0 5/5 33
Mammary 16/C 363 i.v, days 1-4 ~2.4 2 2/5 2/5 21
242 i.v. days 1-4 -1.2 8 1/5 0/5 21
161 i.v. days 1-4 -0.4 9 0 0/5 21
Human MX-1 297 i.v, days 1-6 -2.4 39 0 0/5 26
Mammary 132 i.v. days 1-6 -0.8 27 0 0/5 26

(a):s Note some injections were changed to p.o. after
due to tail vein damage.

I AT T

2-4 days of injections

i,




Total Wt. Loss at
Dosage Drug Nadir T/C Value Drug Tumor Days of
Example No. mg/kqg Route Schedule g/mouse in % Deaths Free Observatior
30(H) 900 i.v. infusion infusion days 1,4 0 29 1/6 0/5 63
600 i.v. infusion infusion days 1,4 -0.7 23 0/5 0/5 63
400 i.v. infusion infusion days 1,4 -1.0 46 0/5 0/5 63
31(c) 224 i.v. 2X/day, days 3-6 ~4.4 0 0 1/5 28
156.8 i.v, 2X/day, days 3-§ ~1.6 5 0 0/5 28
109.6 i.v, 2X/day, days 3-6 -1.6 6 0 1/5 28
—8
=
—— J-. 0
———F]
em—
8 .
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" # of
P388/Adr
cells Logie
implantedqd Total Wt. Loss at Tumor
i.v. on Dosage Drug Nadir Drug % cell Tumor Days
Example No. day O mg/kg " Route Schedule g/mouse Deaths ILS kill Cell Observa
10 105 520 i.v. days 1,4 =3,75 3/7 54 3.5 0/7 129
3 hour .
infusion
103 320 i.v, days 1,4 -1.75 0/5 23 1.5 0/5 129
3 hour
infusion
105 200 i.v, days 1,4 -1.5 0/7 8 0.5 0/7 129
3 hour
_,‘_n;: infusion
—
8 5 450 d 1,4 3.0 2/7 38 2.5 0/7 129
J— 13 10 5 i.v. ] ays -3. .
—— 3" hour '
I
='gj infusion
————
__; 105 300 i.v. days 1,4 -1.75 0/7 15 1.0 0/7 129
—.0 3 hour .
=§‘ infusion _
a 103 150 i.v. days 1,4 -1.75 0/8 8 0.5 0/8 129
3 hour
infusion
30(H) 106 450 i.v. day 1 -2,3 0/7 62 5.3 0/7 43
3 hour

infusion
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Table 8 (cont'd)

# of
P388/adr
cells Logio
implanted Total Loss at Tumor
i.v. on Dosage Drug Nadir Drug % cell Tumor Days
Example No. day O mg/kg Route Schedule g/mouse Deaths ILS kill Cell Observa
106 280 i.v, day 1 -1.7 0/7 69 6.0 277 43
3 hour
infusion
31(c) 106 248 i.v.—»p.o.* days 1,4 -3.0 1/6 0 0 0/6 43
106 112 i.v.—p.o.* days 1,4 -2.7 0/6 0 0 0/6 43
—— 2 34 106 320 i.v, day 1 -3.6 5/5 toxie 1LDjgo 0/5 23
=2 3.5 hour :
Em— T infusion
)
I
-___-$ 198 i.v. day 1 -1.2 0/5 41.7 3.3 0/5 23
—— 3.5 hour :
— 7 infusion
-——% ‘123 i.v. day 1 ~-1.2 0/5 8.3 0.7 0/5 23
2 3.5 hour
infusion
76 i.v. day 1 ~0.4 0/5 0 0 0/5 23
3.5 hour
infusion .
*: p.o. injection day 4 due to tail vein damage.

$ILS = the percentage increase in lifespan.




This Sheet Has Been R,

T

-60~

The pharmaceutical compositions of the present
invention include one or more of the compounds of this
invention formulated into compositions together with one
or more non-toxic physiologically acceptable carriers,
adjuvants or vehicles which are collectively referred to
herein as carriers, for parenteral injection, for oral
administration in solid or liquid form, for rectal or
topical administration, and the like.

The compositions can be administered to humans and
animals either orally, rectally, parenterally
{intravenously, intramuscularly or subcutaneously).,
intracisternally, intravaginally, intraperitoneally,

. locally (powders, ointments or drops), or as a buccal or

nasal spray.

Compositions suitable for parenteral injection may
comprise physiologically acceptable sterile aqueous or
nonaqueous solutions, dispersions, suspensions or
emulsions and sterile powders for reconstitution into
sterile injectable solutions or dispersions. Examples .
of suitable aqueous and nonaqueous carriers, diluents,
solvents or vehicles include water, ethanol, polyols

“(propylene glycol, polyethyleneglycol, glycerol, and the

like), suitable mixtures thereof, vegetable o0ils (such
as olive o0il) and injectable organic esters such as
ethyl oleate. Proper fluidity can be maintained, for
example, by the use of a coating such as lecithin, by
the maintenance of the required particle size in the
case of dispersions and by the use of surfactants.
These compositions may also contain adjuvants such
as preserving, wetting, emulsifying, and dispensing
agents. Prevention of the action of microorganisms can

~ be ensured by various antibacterial and antifungal

agents, for example, parabens, chlorobutanol, phenol,
sorbic acid, and the like. It may also be desirable to
include isotonic¢ agents, for example sugars, sodium
chloride and the like. Prolonged absorption of the
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injectable pharmaceutical form can be brought about by
the use of agents delaying absorption, for example,
aluminum monostearate and gelatin.

If desired, and for more effective distribution,

the compounds can be incorporated into slow release or
targeted delivery systems such as polymer matrices,
liposomes, and microspheres. They may be sterilized,
for example, by filtration through a bacteria-retaining
filter, or by incorporating sterilizing agents in the
form of sterile solid compositions which can be
dissolved in sterile water, or some other sterile -
injectable medium immediately before use.

Solid dosage forms for oral administration include
capsules, tablets, pills, powders and granules. In such
solid dosage forms, the active compound is admixed with
at least one inert customary excipient (or carrier) such
as sodium citrate or dicalcium phosphate or (a) fillers
or extenders, e.g. starches, lactose, sucrose, glucose,
mannitol and silicic acid, (b) binders, e.g. carboxy-
methylcellulose, alignates, gelatin, polyvinyl- '
pyrrolidone, sucrose and acacia, (c) humectants,

e.g. glycerol, (d) disintegrating agents, e.g. agar-
agar, calcium carbonate, potato or tapioca starch,
alginic acid, certain complex silicates and sodium
carbonate, (e) solution retarders, e.g. paraffin,

(f) absorption accelerators, e.g. quaternary ammonium
compounds, (g)-wetting agents, e.g. cetyl alcohol and
glycerol monostearate, (h) adsorbents, e.g. kaolin and
bentonite, and (i) lubricants, e.g. talc, calcium
stearate, magnesium stearate, solid polyethylene
glycols, sodium lauryl sulfate or mixtures thereof. In

the case of capsules, tablets and pills, the dosage

forms may also comprise buffering agents.

The percentage of active component in the
composition and method for treating tumors or cancer can
be varied so that a suitable dosage is obtained. The
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dosage administered to a particular patlentiisl::rz::1e
depending upon the clinician's judg?ment ;s d:ration 3
criteria: the route of administration, the rarion
treatment, the size and condition of the pat%eztfs
potency of the active component, and tpe patilzeof ® e
response thereto. An effective dosa?e am.ounthe
component can thus readily be defermlned ?i. ;n "
clinician considering all criteria and utilizing

best judgement on the patient's behalf.

_—
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CLAIMS:
1. A compound of formula
Rl
o) NH(CHz)nN ¢
n
\\R?

]
i
=
#
b
2

O

S

wherein: (1) n is 2 or 3;
Rl and R? are independently lower-alkyl; :

Q is a residue chosen from the group consisting of
CH,NHR3, CH3N(R?)SOzR7, CH,NHCHO, CH=N-Ar,
C(O)NRSR6, CH N(R4)C(O)R7, CH,N(C3Hs)CHO,
CH,N(R%)P(0) (O-lower-alkyl);, CHpN=CH-N(R®)(R10),
CH,N(R4)C(O)CF3 and CHaN(R%)C(0)OR7;

R3 is hydrogen or lower-alkyl;

R¢ is hydrogen, lower-alkyl or Ar;

R5 is hydrogen, lower-alkyl or Ar;

R6 is hydrogen or lower-alkyl;

R? is lower-alkyl, or Ar;

R® is hydroxy; _

Ar is'phenyl or phenyl substituted with methyl,
methoxy, hydroxy, halogen or nitro; and

R? and R10 are independently lower-alkyl; or

(2) Q is a residue chosen from the group

consisting of CH,N(R4)SO;R7, CH=N-Ar, C(O)NRSRS,
CH,N(R4)C(O)R7, CH,N(R%)P(0)(O-lower-alkyl)a,
CH,N(R4)C(O)CF3 and CH;N(R*)C(O)OR7; R8 is hydrogen,
lower-alkyl, lower-alkoxy, or hydroxy; Ar is phenyl
substituted by hydroxy; and n, R, R2, R4, RS, R6, and
. R7 are as defined hereinabove in part (1) with the
proviso that one or more of R4, R, or R7 is Ar; or

(3) Q is a residue chosen from the group

consisting of CHyN=CH-N(R?)(R10), CH2N(R%)C(0O)CF3 and

This Sheet Has Been R laced
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CHaN(R%)C(0)OR7; R8 is hydrogen, lower-alkyl, lower-
alkoxy, or hydroxy; and n, R1, Rz, R4, R7, Ar, RI and
R10 are as defined hereinabove in part (1);

or a pharmaceutically acceptable acid-addition salt or

solvate thereof:.
A 2. A compound as claimed in claim 1 wherein:
' n is 2 or 3;

R! and R2 are independently lower-alkyl;

Q is a residue chosen from the group consisting of
CH;NHR3, CHoN(R4)SO2R7, CH;NHCHO, CH=N-Ar,
C(O)NRSRS, CH;N(R%4)C(0O)R7, CH;N(C2Hs)CHO, -
CH;N(R4)P(0) (O~-lower-alkyl)s, CHyN=CH-N(R?)(R10),
CH,N(R%)C(0)CF3 and CH3N(R%)C(O)OR7;

R3 is hydrogen or lower-alkyl;

R¢ is hydrogen, lower-alkyl or Ar;

R5 is hydrogen, lower-alkyl or Ar;-

Ré is hydrogen or lower-alkyl;

R? is lower-alkyl, or Ar;

R® is hydroxy;

Ar is phenyl or phenyl substituted with methyl,
methoxy, hydroxy, halogen or nitro; and

R? and R0 are independently lower-alkyl;

or a pharmaceutically acceptable acid-addition salt or
solvate thereof.

3. A compound as claimed in claim 2 wherein:

Q is a residue chosen from the group comnsisting of
CH,NHR3, CHaN(R%)SO,R7, CH;NHCHO, CH=N-Ar,
C(O)NRSR6, CH3N(R%)C(O)R7, CHaN(CyH5)CHO, and
CH;N(R*)P(0) (O-lower-alkyl),,
and R4 is hydrogen or lower alkyl.

4. A compound as claimed in claim 3 wherein

Ar is phenyl or phenyl substituted with methyl,

methoxy, halogen or nitro.
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5. A compound as claimed in claim 4 wherein
n is 2, both Rl and R? are ethyl, R3 is hydrogen or
methyl and R’ is lower-alkyl.

6. A compound as claimed in claim 5 selected from
the group consisting of
1-[[2-(diethylamino)ethyljamino]-4-[ (methylamino)-
methyl)-7-hydroxy-thioxanthen-9-one and
N-[[1-(2-(diethylamino)ethyl]amino]-7-hydroxy-
9-oxothioxanthen-4-yl]methyl Jmethanesulfonamide.

7. A compound as claimed in claim 1 wherein

n is 2 or 3; : .

Rl and R? are independently lower-alkyl;

Q is a residue chosen from the group consisting of

CH,N(R4)SO,R7, CH=N-Ar, C(O)NRSRS, CH,N(R%)-
C(O)R7, CHyN(R%4)P(0)(0O-lower-alkyl)a,
CH,N(R4)C(O)CF3; and CHN(R%)C(O)OR7;

R4 is hydrogen, lower-alkyl or Ar;

R5 is hydrogen, lower-alkyl or Ar;

R6 is hydrogen.or lower-alkyl;

R? is lower-alkyl, or Ar;

R8 is hydrogen, lower-alkyl, lower-—alkoxy, or

hydroxy; and
 :§ Ar is phenyl substituted by hydroxy; with the
h proviso that one or more of R%, RS or R7 is Ar;
or a pharmaceutically acceptable acid-addition salt or
solvate thereof.

8. A compound as claimed in claim 1 wherein:

n is 2 or 3;

Rl and R? are independently lower-alkyl;

Q is a residue chosen from the group consisting of

CH,;N=CH-N(R%) (R10), CHyN(R%4)C(O)CF; and

CH,N(R%)C(O)OR7;

R% is hydrogen, lower-alkyl or Ar;

R? is lower-alkyl, or Ar;

R8 is hydrogen, lower-alkyl, lower-alkoxy, or
hydroxy; —_—
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Ar is phenyl or phenyl substituted with methyl,

methoxy, hydroxy, halogen or nitro; and

R® and R0 are independently lower-alkyl;
or a pharmaceutically acceptable acid-addition salt or
solvate thereof.

9. A compound as claimed in claim 8 wherein
R® is hydrogen, lower-alkyl, or lower-alkoxy; R? is
hydrogen and Ar is phenyl or phenyl substituted with
methyl, methoxy, halogen, or nitro.

10. A compound as claimed in claim 9 wherein
n is 2 and both of R! and R? are ethyl and R® is -
hydrogen or methoxy.

11. A compound as claimed in claim 10 wherein
Q is CHoN=CH-N(R?)(R1?) and R® and R1® are both methyl.

12. - A compound as claimed in claim 10 wherein
Q is CH,NHC(O)OR’.

13. A compound as claimed in claim 12 wherein
R7 is lower-alkyl. '

14. A compound as claimed in claim 13 selected
from the group consisting of
methyl N-[[1l-[[2- (dlethylamlno)ethyl]am1no]-9-oxothlo-
xanthen-4-yl]methyljcarbamate and
methyl N-[[i-[[2-(diethy1amino)ethyl]amino]-?-methoxy-
9-oxothioxanthen-~4-yl]lmethyl jcarbamate.

" 15. A pharmaceutical composition which comprises
a compound as claimed in any one of claims 1 to 14 and a
pharmaceutically acceptable carrier or diluent.

16. The use of a compound as claimed in any one
of claims 1 to 14 for the preparation of a medicament
for treating a tumor in a mammal.

17. The use of a composition as claimed in
claim 15 for the preparation of a medicament for
‘treating cancer in a mammal.
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