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Thioxanthen-9-one drugs of the dialkylaminoalkylamino side chain type were prepared with various types of

structural variation. These include:

ring substituents.

variation in the alkylenediamine side chain, ring atom replacements and
These thioxanthen-9-ones and analogs were tested against transplanted mouse tumors

Leukemia L-1210, Adenocarcinoma 753, and Sarcoma 180. Several compounds were found to have moderate
but significant effects on Leukemia 1.-1210 and Adenocarcinoma 755. The only drug significantly better than
the diethylaminoethylamino derivative was 1-(2-dimethylaminoethylamino)-4-methylthioxanthen-9-one. It
increases the life span of leukemic mice up to 1009, and, under optimal conditions, completely inhibits the growth

of Adenocarcinoma 755 during the test period.

It has been known for a long time that xanthen-9-one
and thioxanthen-9-one derivatives containing dialkyl-
aminoalkylamino side chains show marked activity
against schistosomiasis.®*  1-(2-Diethylaminoethyl-
amino)-4-methylthioxanthen-9-one* (I) has been
found active on a number of mouse tumors® and has
been studied clinically. Side effects, however, such as

0]

HNCH,CH:N(C;Hs).

gastrointestinal irritation and CNS toxicity have se-
verely limited clinical application. Design of drugs that
absorb well while retaining activity has also been a
problem. A program of synthesis and testing of thio-
xanthen-9-ones was initiated in this laboratory in an
attempt to find structure-activity relationships. The
thioxanthen-9-one drugs of the dialkylaminoalkylamino
side chain type lend themselves to several types of
structural variation, such as modification of the alkyl-
enediamine side chain, ring atom replacements, and
ring substitution changes.

Chemistry.—The aminothioxanthen-9-one deriva-
tives were synthesized by two general methods.”

Method A.—R = CH; or Cl; R* = HNCH,CH,R'
(Table I) or R’ (Table II).
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(3} W. R. Kikuth, R. G6nnert, and H. Mauss, Naturwiss., 8, 253 (1946).

(4) W. R. Kikuth and R. Génnert, Ann. Trop. Med. Parasitol., 48, 256
(1948),

(5) Miracil D®.

(8) E. Hirschberg, A, Gellhorn, M. R, Murray and E. F. Elslager, J. ¥Natl.
Cancer Inst., 32, 567 (1959).

Method B.—R = CH:;, OCH:; or OC2H5, R* =
HNCH,CH:R’ (Table I) or R” (Table II)

Cl
@COOH amlne

+ +

Cl 0 R
© ﬁélﬂp no reaction
R § Cl

Tables I and II summarize the chemical structures of
the thioxanthen-9-ones prepared.

Reduction of 1-(2-dimethylaminoethylamino)-4-meth-
ylthioxanthen-9-one with lithium aluminum hydride
and sodium amalgam led to the corresponding thioxan-
thene and thioxanthen-9-ol, respectively (Table III).
These reductions were based upon earlier experiments
in which thioxanthen-9-one was reduced by these two
reducing agents.’® Alkylenediamine thioxanthen-9-
one-10,10-dioxides were synthesized by the method of
Mauss™ (Table III),

Xanthen-9-ones and 9-acridanones containing alkyl-
enediamine side chains were prepared in a manner analo-
gous to the thioxanthen-9-one preparations. Method A
was used with 3-chloro-6-methylphenol or 3-chloro-6-
methylaniline in place of 3-chloro-6-methylthiophenol'®
(Table IV). 5H-[1]-Benzothiopyrano (2,3-b]pyridin-5-
ones and 5N-[1]benzothiopyrano |2,3-c Jpyridin-5-ones
were prepared by the methods of Mann and of
Kruger!l.!? (Tables V and VI).

Experimental'? 14

The preparation of the thioxanthen-9-ones and analogs re-
ported in this paper (Tables I-VI) required several synthetic ap-
proaches, as will be exemplified.

(7) ta) F.Ullmanand O. v. Glenck, Ber., 49, 2487 (1916):
ibid., 81, 19 (1948): (c) S. Archer and C. M. Suter, J. Am. Chem. Soc., T4,
4296 (1952); (d) T. M. Sharp, J. Chem. Soc., 2961 (1951).

(8} A. Mustafa and M. K. Hilmy, J. Chem. Soc.. 1343 (1952).

(9) H. F. Oehlschlaeger and I. R. MacGregor, J. Am. Chem. Soc., 72, 5332
(1950).

(10) S. Archer, L. B. Rochester and M. Jackson, ibid., T6, 588 (1954).

(11) F. G, Mann and J. A. Reid, J. Chem. Soc., 2057 (1952).

(12} 8. Kruger and F. G. Mann, ibid., 3905 (1954).

(13) Melting points are corrected and were measured on a Thomas~
Hoover capillary melting point apparatus.

(14) Microanalyses were performed by the Berkeley Analytical Labora-
tory. Berkeley, Calif. and by Micro-Analysis, Inc., Wilmington, Delaware.

(b) H. Mauss.



186

I8

R R
CH; N H.
H NHC.H;
CH; NHC:H;
CH; NH(CH.),CH,
CH; NH(CH,):CHs
CHj NHCH(CH).
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prep. Lo, foranla
A CrgHiNO8 - HCT
13 s N0 HO
A CisHagN»O8
A CroHauN0S - HCL
A CuHayNYOS-HC
A CrHaN,08 - HC
\ CaoHaNL08 - HC
B CrHpNOR
B CrsHos N (O
B CrsHug NoOs - HCL
13 CraHa N2
A CHCINGOS
. CaHuy NqOR - HC
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A o NaOS - HC
A ( .:.’ll'll.".—\vi.’( INCHCE
A CouHasNLOS - HC
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A CoHaNO8 - HC
A CaelaeNaOR - HC

CopHae Nt - HC

Vol 6

Tapre |
Pol-=t BT TED

Caled, Fopaned
5. 84 o182
Monoalkylaminoct ]

60,7 G0, 82
uo. 1Y 6412
62 .88 6276
63.72 (354
62,88 62,01

63.72 63.74
Dialkylauninoethyl

68 .42 6819
6. 19 (i
58,100 RN
66 64 6643
61,34 G120
6738 6726
61 I8 61 71
GO0 [Hn

TS N
72,40 7221
63.52 65.41

Cyeloalkylenciminocethiyvl
64.07 64 08

63,00 65,50
Hydroxylated Alkylamine

5040 5020

> No yields were reenrded for eomrpounds prepared by Method B as the starting materind is a mixtire of indeterminate :anounts of

1-chloro-4-substituted thioxanthen-9-one and 1-substituted-4-chloro thioxanthen-9-omne,

No.
27
28
24
300
3le
32

33¢

34

@ Rhoéne-Poulene, British Patent 698,003 (1953).

Yield,
R~ ALp., °C. S

NHCHCH;CHoN(CHs): 104-105 8
NHCH,;CHCH;N(CHj; ) 104-105 606
NHCH,CHCH;N(C,Hs). 209-210 T4
NHCH,CHOHCH,N{C:H;). 174-175 66
NH(CH,);N(CHs): 70.5-71.5 3
N( CH.,):N(CHj). 175-176 o
CH:

/\ 139-140 65
N NCH;3

e

NHCH; @
N=

174-174.5 54

b See footnote Te.
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A

s =ee footnote 6.

b See Tootuote 7e,

oo formala
CioHpN.03
CisH N-08
CuHag NS - HCl
CaHasN2OsS HCL
CisHao X203

¢ See footnote 7d, L Oh~
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61,98 61,66
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CoaHnN:08 - 2H O 2/4,CHOH 35.03 55,07

(TIQHEDNL’()S
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4 Ree footnote a, Table 1.
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HNCH,CH:R’
THIOXANTHEN-U-ONES
S
R
H Cl N ———— — Antitumor Activity (T/C)
Caled. Found Caled. Found Caled. Found Caled. Found L-1210 3-180 AC-735
5.34 5.49 11.05 11.13 8.73 8.56 9.99 10.01 1.04 0.73 0.38
amino chain
5.72 5.74 10.59 10.48 8.37 8.28 9.58 9.47 1.24 0.55 0.67
6.45 6.70 .. 8.97 9.13 10.26 10.34 1.49 0.63 0.15
6.39 6.48 9.77 9.92 7.72 7.78 8.83 8.01 1.37 0.76 0.56
6.69 6.77 9.41 9.58 7.44 7.62 8.51 8.58 1.11 0.95 0.89
6.39 6.36 9.77 9.70 7.72 7.97 8.83 8.77 1.05 0.77 0.66
6.69 6.57 9.41 9.24 7.44 7.34 8.51 8.31 1.15 0.80 0.72
amino chain
6.08 6.12 9.39 9.32 10.75 10.82 1.14 0.89 0.91
6.45 6.52 8.97 8.97 10.26 10.24 1.95 0.53 0.13
5.80 6.02 9.72 9.68 .. . 8.78 8.68 1.13 0.66 0.90
6.48 6.49 8.18 8.18 9.36 9.09 1.07 0.89 0.70
5.15 5.15 10.66 10.81 8.42 8.31 9.64 9.48 1.52 0.43 0.57
.. . .. . 1.79 0.64 0.21
6.79 6.57 7.86 7.83 8.99 9.00 1.01 0.92 0.96
6.69 6.70 8.71 8.92 6.88 6.85 7.88 7.82 1.17 1.05 0.93
6.79 6.71 8.58 8.55 9.82 9.85 1.21 0.74 0.86
7.39 7.29 7.90 8.09 9.05 8.88 1.21 0.78 0.65
6.64 6.56 .. . 8.80 8.98 1.09 0.88 0.77
5.50 5.46 7.28 7.07 8.33 8.33 0.95 1.13 0.87
aniino chain
6.19 6.13 .. .. 8.55 8.33 1.22 0.68 0.53
1.20 0.73 0.54
6.75 6.80 8.80 8.97 7.21 6.95 7.04 8.10 0.99 0.77 0.69
ethylamino chain
.. .. .. .. 1.18 0.83 1.11
5.11 5.20 8.77 8.99 6.92 7.00 7.93 7.98 1.20 0.72 0.85
1.37 0.65 0.77
1.15 0.94 0.60
tained from the Cancer Chemotherapy National Service Center, NSC 14574. ¢ Obtained from Winthrop Laboratories.
O e
METHYLTHIOXANTHEN-9-ONES
8" CH,
— H. Cl N- S Antitumor Activity (T/C)
Caled. Found Caled. Found Caled. Found Caled. Found L-1210 $-180 AC-755
6.79 6.83 8.58 8.58 9.82 9,78 1.10 0.81 0.42
6.79 6.77 . 9.82 9.69 1.20 0.73 0.65
6.96 7.11 9.06 8.91 7.16 6.95 8.20 8.01 1.26 0.84 0.88
6.69 6.84 8.71 8.51 6.88 6.64 7.88 7.7 1.12 0.81 0.59
6.79 6.79 8.58 8.49 9.82 9.82 1.01 0.85 0.84
6.75 6.66 15.84 16.15 .. 7.16 7.06 1.04 0.80 0.79
6.21 6.27 8.64 8.84 9.88 9.65 0.99 0.91 1.04
4.85 4.84 8.43 8.54 9.65 9.54 1.11 0.90 0.62

U. 8. Patent 2,656,357 (1953).



Tasire III
MISCELLANEOL'S THIONANTHEN-D-0NE ANALOGS
No. 35 36 28 29
HO H N
ol 9 HNCH,CH,N(CHjy), o HN(,HQ(,HQN((,Hg)2 h—H
Componnd O O - HNCHz(JHzN(CHa)z H: HNCH.CH, N (CHy)z O O
S !
CHs O S O CH3 O O 5",
Ci CH;
Mo, °C. 128-129 166.5-168.5 161.5-162.5 81 5-85 5 045 247
Yield, . 73 K3 N 60 79
Method of prepu. A A a a b
Tomp. formula Ciall 1 CINGOS CiyHisCLNGOS CisH2aNL08 CysHan NS ColliyNaS
| or f(AI(d 62.32 55 .86 68.75 79 14
Carbon, £¢ Il'uund 62.22 55.75 68 .53 79 98
Hydrogen, {( ‘aled. 5.52 14 7.05 743
v Fouud 5.52 1.52 7.04 7.35
o, [Caled. $.08 8.91 039
Nitrogen, "ll'ound 516 906 4.39
, [ Caled. 9.24 8.7 10.20
sulfr, %) pound 0.21 8.74 10.00
Antitumor|{1.-1210 112 115 113 1.07 1.06
Activity {S-180 0.9 0.65 0.83 0.80 0,88
Cr A lMW-’-"-’ .66 1.28 0.85 1.19 (.56
No. 10 41 12 43 11
o HNCH,C HQN((,Hg)Q HN(‘H 2CILN( CZH5)2
Componnd CHy HN(CH.}.N(CHy) 0O
S7 ONNCH,CH:N(CHj),
oﬁﬁo ® &)
, INCHCH,N(CHy)y ) O
5" Th,
AL °C. 155 5-1a7 1275129 LIN=119 251203 105104
Yield, ¢ 83 R0 78 69 53
Method of prepu. - 4 : p |
Lup. formmla CiaTTaNaChs gl NLORS ClaptTey NOS Custhy NGO

_ o [Caled. 62.77 62.77 63 31

Carbonr, G I Found 62 52 62 U2 (3 o0
I(/(Ll(d 5.85 5.8

Hydrogen, le‘olllld 5H.92 6. 10
Caled.

Chloride, ,‘O{med .

. . | Caled. S13 S13 704 g
Nitrogen, W{Foun(l S 26 § 0% 6 00 112 ::)1
. .- ) Caled. 9.31 9.31 S (Y
Sulfur, "‘{l-'ound 939 .28 798
Antitmmor| L-1210 1.9l .06 0.99 1.00 |1t
Activity ¢3-180 0.70 08X 0.88 0 8o
er/Cy |ACTSS 112 110 106G 0.67 073

« 'The preparation of these compounds is deseribed i the Experimental seetion. ' Sce fooinote Ti.

Prepared by ihe method of Mauss (see footnote 7h).
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Method A.—This is a general procedure used by Archer and
Suter for preparing dialkylaminoalkylamino thioxanthen-9-
ones.”* The only change of procedure was that, wherever possi-
ble, free bases were isolated instead of salts.

1-(2.Diallylaminoethylamino)-4-methylthioxanthen-9-one.—
A mixture of 7.8 g. (0.03 mole) of 1-chloro-4-methylthioxanthen-
9-one,™ 8.5 g. (0.06 mole) of diallylaminoethylamine, and 20 ml.
of dry pyridine was heated under reflux for 20 hr. The dark red
solution was allowed to cool and was treated with 5 ml. of 507
potassium hydroxide. The residue was steam distilled to remove
the volatile bases. After cooling the residue, the supernatant
liquid was carefully decanted. The residual oil was dissolved in
200 ml. of 109, acetic acid and filtered. The filtrate was made
alkaline with potassium hydroxide solution. The thioxanthen-9-
one was extracted in 100 ml. of chloroform, dried with anhydrous
magnesium sulfate and evaporated in vacuo to a red-orange oil.
The residue was crystallized from methanol and yielded 5.2 g.
(48%) of product, m.p. 81.5-82.5°.

Method B. 1-(2-Dimethylaminoethylamino)-4-methylthiox-
anthen-9-one,—Fifty grams (0.57 mole) of dimethylaminoethyl-
amine and 50 ml. of pyridine, and a mixture of 30 g. of 1-chloro-4-
methylthioxanthen-9-one and its isomer, 4-chloro-l-methylthio-
xanthen-9-one, were heated for 24 hr. The mixture was cooled to
room temperature, treated with 5 ml. of potassium hydroxide,
and then steam distilled to remove the volatile bases. After the
residue was cooled and the supernatant liquid was carefully de-
canted, the remaining oil was extracted with two 100-ml. portions
of 109, acetic acid. The extracts were filtered from the unreacted
1-methyl-4-chlorothioxanthen-9-one and made alkaline with 509,
potassium hydroxide solution. The oily amine quickly solidified.
It was washed with two 100-ml. portions of water and dried.
After crystallizing from ethanol, 14.3 g. of the amine was ob-
tained, m.p. 115-117°.

1-(2-Dimethylaminoethylamino)-4-methylthioxanthen«9-ol.—
Sodium (1.7 g., 0.074 g. atom) was melted under 20 ml. of dry
xylene. To this was added 60 g. of mercury, slowly at first, with
stirring. After the amalgam solidified, the xylene was decanted.
A suspension of 3.1 g. (0.01 mole) of 1-(2-dimethylaminoethyl-
amino)-4-methylthioxanthen-9-one in 25 ml. of ethanol was
added to the amalgam and vigorously shaken for 30 min. During
the exothermic reaction the yellow thioxanthen-9-one dissolved
and a white suspension settled on cooling. The whole reaction
product was poured into 500 ml. of water. The mercury was
separared from the organic suspension by decantation. The
white product was filtered and washed well with water. After
crystallization from methanol, 2.8 g. (909%) of product was ob-
tained, m.p. 161.5-162.5°.

1-(2-Dimethylaminoethylamino)-4-methylthioxanthene.—To
5.5 g. (0.017 mole) of 1-(2-dimethylaminoethylamino)-4-methyl-
thioxanthen-9-one dissolved in 50 ml. benzene was added 100 ml.
of ether containing 6 g. (0.016 mole) of lithium aluminum hydride.
The color of the reaction mixture changed to a dark claret and
then rapidly to a colorless slurry, The reaction mixture was re-
fluxed for 5 hr., treated very carefully dropwise with 10 ml. of
water, filtered through ‘‘Celite,” dried over anhydrous magnes-
ium sulfate, and evaporated to dryness. After crystallizing
from ethanol, 3.3 g. (609%) of product was obtained, m.p. 84.5-
85.5°.

1-(2-Dimethylaminoethylnitrosoamino)-4-methylthioxanthen-
9-one.—1-(2-Dimethylaminoethylamino) -4 -methylthioxanthen-
9-one (3.1 g., 0.01 mole) was added to 25 ml. of water containing
2 ml. of coned. hydrochloric acid. The suspension was cooled to
—35° and 0.69 g. (0.01 mole) sodium nitrite dissolved in 10 ml. of
water was added dropwise over a period of 30 min. The suspen-
sion slowly dissolved on stirring; a pale yellow solution remained
which was stirred for 1 hr. at room temperature. The acid solu~
tion was treated with sodium bicarbonate until the reaction mix-
ture was nearly neutral. The compound was extracted with two
25-ml. portions of chloroform and the combined extracts dried
with anhydrous magnesium sulfate. The extract was evaporated
to a syrup and then triturated with absolute ethanol until the
compound crystallized. After crystallization from 20 ml. of
boiling ethanol the yield of the nitroso derivative was 2.0 g.
(53%), m.p. 103-104°.

1-(2-Dimethylaminoethylamino)-4-methylxanthen-9-one.—

In a Carius tube were placed 13 g. (0.055 mole) of 1-chloro-4-
methylxanthen-9-one!® and 20 g. (0.23 mole) of dimethylamino-
ethylamine. The tube was sealed and heated to a temperature of
150-160° for 6 hr. The cooled product then was treated with 10
ml. of 509 potassium hydroxide and steam distilled to remove

THIOXANTHEN-9-ONES AND ANALOGS AS ANTITUMOR AGENTS 189

the volatile amine. The yellow oil, which soon solidified, was
filtered, washed well with water and dried. After crystallization
from ethanol, the yield of the amine was 12.5 g. (77%), m.p.
114-114.5°.

1-(2.Dimethylaminoethylamino)-4.methyl-9-acridanone.—
Dimethylaminoethylamine (20 g., 0.23 mole), 0.1 g. of copper
dust, and 5.7 g. (0.023 mole) of 1-chloro-4-methyl-9-acridanone,
prepared by the method of Archer, et al., were heated in a
Carius tube at 220-230° for 4 hr. The content of the tube was
treated with 5 ml. of 509, potassium hydroxide and steam distilled
remove the volatile amines. The residue was extracted with two
100-ml. portions of boiling 109, acetic acid. The extracts were
filtered and made basic with 509, potassium hydroxide solution.
The orange solid that was isolated was filtered and washed well
with water. The amine, 4.5 g. (669,), was isolated after being
crystallized from ethanol, m.p. 243-245°.

3-Carboxy-2-(5-chloro-2-methylphenyithio)-pyridine.—A mix-
ture of 2-chloronicotinic acid, 5 g. (0.032 mole)!! and 10 g. (0.63
mole) of 2-methyl-5-chlorothiophenol was heated at 140° until
it effervesced and a clear solution was obtained. Heating was then
continued at 185-190° for 1 hr. The mixture, which solidified on
cooling, was dissolved in sodium bicarbonate solution and then
extracted with ether. The aqueous layer, when acidified with
glacial acetic acid, deposited the sulfide, 8.0 g. (899%), m.p. 200~
202°.

Anal. Caled. for C;;HyoCINO.S: C, 55.81; H, 3.60; Cl, 12.67;
N, 5.01; S, 11.46, Found: C, 55.76; H, 3.56; Cl, 12.87; N,
5.09; S, 11,52,

6-Chloro-9-methyl-5H-[1] benzothiopyrano[2,3-b]pyridin-5-
one.—Thionyl chloride (30 ml.) and 7.1 g. (0.025 mole) of 3-
carboxy-2-(5-chloro-2-methylphenylthio)-pyridine were refluxed
for 1.5 hr. and the excess thionyl chloride was removed. The crude
acid chloride solidified on standing. It then was dissolved in 60
ml. of dry nitrobenzene, and 16 g. (0.12 mole) of anhydrous alu-
minum chloride was added. The reaction mixture was heated on
a steam bath for 2.5 hr., poured on ice, and steam distilled to re-
move the nitrobenzene. The residue was filtered, dried, and crys-
tallized from ethanol, m.p. 177-178.5°. The material was sub-
limed at 165-175° (1 mm.) furnishing 5.0 g. (769;) of product,

m.p. 177-178°.

Anal. Caled. for CisHsCINOS: C, 59.67; H, 3.08; Cl, 13.55;
N, 5.35; S, 12.55. Found: C, 59.74; H, 3.14; Cl, 13.83; N,
5.47; 8, 12.35.

6-(2.Dimethylaminoethylamino)-9-methyl-5H-[1] benzothio-
pyrano(2,3-b]pyridin-5-one.—Dimethylaminoethylamine (25 g.,
0.28 mole) and 5.0 g. (0.019 mole) of 6-chloro-9-methyl-5H-[1]-
benzothiopyrano[2,3-b]pyridin-5-one were heated at 165-170°
in a Carius tube for 4 hr. The material was added to 500 ml. of
water containing 5 ml. of 509, potassium hydroxide. The dark
orange precipitate was filtered and washed well with water. The
crude amine then was extracted with two 100-ml. portions of
boiling 109% acetic acid. The extracts were filtered and made
basic with 509, potassium hydroxide solution. The precipitate
which resulted was filtered, washed well with water and dried.
After crystallizing from methanol the amine (3.3 g., 559 ) was
obtained, m.p. 153-154.5°.
4-Carboxy-3-(5-chloro-2-methylphenylthio)-pyridine.—A solu-
tion of 3-aminoisonicotinic acid (27.7 g., 0.2 mole)¥ in coned.
hydrochloric acid (40 ml.) was stirred at 5° while a solution of
sodium nitrite (15.9 g., 0.23 mole) in water (110 ml.) was added
dropwise. Ten minutes after complete addition, urea was added
to destroy the excess nitrous acid and the solution was added
slowly, with stirring, to one of sodium hydroxide (44 g., 1.10
moles) and 2-methyl-5-chlorothiophenol (28 g., 0.19 mole) in
water (220 ml.) at 95°, heating being maintained until evolution
of nitrogen ceased. The filtered, chilled solution was brought to
pH 5 by addition of acetic acid, whereupon the sulfide was pre-
cipitated, m.p. 252-254° dec. After crystallization from acetic
acid, 18 g. (349,) of product was obtained, m.p. 253-255° dec.
Anal. Caled. for Ci:HioCINOS: C, 55.81; H, 3.60; Cl, 12.67;
N, 5.01; S, 11.46. Found: C, 55.80; H, 3.55; Cl, 12.79; X,
5.12; S, 11.60.
6-Chloro-9-methyl-5H-[1]benzothiopyrano{2,3-c]pyridin-5-
one.—A mixture of 4-carboxy-3-(5-chloro-2-methylphenylthio)-
pyridine (17 g., 0.06 mole) and 75 ml. of thionyl chloride was
heated for 1 hr. on a steam bath and the excess of thionyl chloride
removed in vacwo. Nitrobenzene (150 ml.) and aluminum chlo-
ride (45 g., 0.34 mole) were added to the residue and the mixture

(15) S. Gabriel and J. Colman, Ber,, 385, 2832 (1902).
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No. R X
45 NH(CH.)eN(CH;)s a
16" NH(CH:)N(C.Hs). 9]
47 NH(CH,),N(CH:CH=CH,). €)
48 NH(CH.).NHC.H; O
49 NHCHCH;CH,;N(CH;): O
a0 NH(CH,),NHC.H; NH

2 The preparation of these compounds or close analogs is described in the Experimental scetion.

No. R~ R AL.p.. °C.
52 NH(CH.).NHC.H; CH; 292-293 ..
53 NH(CH,):N(CHs)- CH, 153-154.
54 NH(CH.:):N(C:oHj): CH; 101.5-103
55 NH(CH,):N(CHy): Cl 173.5-174.

& The preparation of these compounds or close analogs is described in the Kxperimental section.
prep p b

No. R”
56 NH(CH:)LN(CH;y).
a7 NH(CH2):N(C:H;):

L6 J. Buaxz, Jr., axp I AL Frescen

Tt Lt

Vol. 6

TapLy 1V

J-ACRIDANONES AND

Yield,
Ap.., °C, v Liap. Formala
114-114.5 w CrsHpeN <O,
76 . 5‘—‘77 . B T() (jgnI{mNg( ):
58.5-59.9 33 Cua 2N 02
261-263 hn CisHaoN202- HCI
91.5-92.5 T2 CreHaN20s
281-283 B3 CigHu N3O - 2HCL- 1/, H.O
243-245 66 CigHa N0

» See footnote 7.

Tagrie V
SH-{11BENZOTHIOPYRANO

Yield, B — -
e LZmp. forimula Caled. Founil
16 CizHisN308-HC1 58.36 IR .20
535 Ci:HisN:08 65.15 64 097
51 CroHaN08 G683 66 .80
60 CieHi6CIN;OR 57.56 BT

M. M. Coombs and W. 1. (iray.

TapLe VI
SH-[1]-BENZOTHIOPYRANO

Yield, et RS
AM.op., °C. v Iiop. foruala Caled, Foand
171517305 38 CisH g NLOS 63,15 65,21
1381389 42 CioHuN08 60, 83 66,80

2 T'he preparation of these compounds or close aunlogs is described in the Experimental section.

was then hented ut 100° for 3 hr., poured on ice and steam distilled
to remove the nitrobenzene. The hot solution was filtered, cooled
and strongly basified with sodium hydroxide. The precipitated
solid was collected, washed, dried and sublimed at 160-170° (1
mun.), furnishing a yvellow product, 11.0 g. (70%), m.p. 186-185°,

Anal.  Caled. for CisHsCINOS: C, 59.67; H, 3.08; Cl, 13.55;
N, 535 58,1225, Found: C, 5§9.63; H, 2.90; Cl, 13.76; X,
5.34; 8, 12.19.

6-(2-Dimethylaminoethylamino)-9-methyl-5H-[1]benzothio-
pyrano{2,3-c]pyridin-5 -one.—6- Chloro-9-methyl-5H-[1] -hen-
zothiopyrano{2,3-c]pyridin-3-one (4.5 g., 0.017 mole) and 20 g.
{0.23 mole) of dimethylaminoethylamine were heated to 160-165°
in a Curius tube for 4 hr. The reaction mixture was poured into
water countaining 3 ml. of 50¢; potassium hydroxide and the
amine solidified. The solid material was washed well and ex-
tracted with two 50-ml. portions of 105 acetic acid. The extracts
were filtered and made basic with 509 potassium hydroxide.
After the mixture stood for 2 hr. in the cold, it was filtered, the
solid washed well with water and dried. The amine was crystul-
liged from methanol (2.0 g., 38¢), n1.p. 171.5-173.5°.

Antitumor Activity: Methods.—The mice were maintained on
1 standard laboratory diet (Diablo Labration). The drug doses
were determined by preliminary toxicity tests and in the experi-
ments were given at niaximum tolerated doses starting 24 hr.
after tumor inoculation and continued throughout the experi-
ment. Six to ten mice were nsed iu each experiment; the tumors
nsed are listed.

Leukemia L-1210.—BDF; mice were given inoculations intra-
peritoneally of approximately 108 lenkeniia cells. Meun survival
tiine of the treated animals relative to the controls was nsed to
eviluate the results of treatment.

Sarcoma 180.—Sswiss mice were given inoculations in the groiu
of 0.2 ml. of a suspension, in normal saline, containing approxi-
mately 150 g, of erushed tinor tissue per ml. At the termina-

tion of the experiment (7 days; the timmors were excizsed snd
weighed individually to a precision of =1 mg.

Adenocarcinoma 755.—BDF, mice were given inoculations in
the groin of 0.2 ml. of a suspension, in normal saline, containing
approximately 200 mg./ml. of crushed tumor tissue. At the
termination of the experiment (11 days} the tumors were excised
and weighed individnally to a preeision of %=1 mg.

Results.—The autitnmor activity of the thioxanthen-9-oues is
given in the last three columms of the Tables.'® The nunbers
are T/C itreated/control) vahies. Iu Adenocarcinoma 755 and
Nuareona 180 this is the ratio of the mean tumor weight of the
treated group to the mean tumor weight of the control gronp;
a T/C value of £ 0.5 1s considered positive. In Leukemia L-12160
the T/C wvalue is the rutio of the mean survival time of the
treated animals to the mean survival time of the control animals:
a1 1/C valie of 2 1.25 is considered positive.

Discussion

As a result of this investigation of the antitumor
activity of the thioxanthen-9-onies, some generalities
may be formulated: (a) The carbon chain between the
nitrogen atoms of the side chain on the thioxanthen-9-
one molecule must be two carbon atoms in length.
(b) The terminal alkyv] group (s) must be small. Di-
methyl is the hest one fouud so far. (¢) The ring
attached nitrogen atom must bear one free hydrogen
atom. (d) There must be an unsubstituted sulfur

(16) Detailed presentation of the antitawor activity of these compounds
is in press in the Cancer Chemuthecapy Sceeening Data supplement to Cancer
Nesearch.
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RII
XANTHEN-9-0NES® O O
X
CH;
C H. Cl N Antitumor Activity (T/C)
Caled. Found Caled. Found Caled. Founid Caled. Found L-1210 S-180 AC-755
72.94 72.92 6.80 6.68 9.45 9.42 1.09 0.77 0.88
.. . 1.00 0.77 0.99
75.80 75.83 6.94 6.94 8.04 8.01 0.90 0.94 0.94
65.15 65.13 6.38 6.47 8.44 8.64 10.38 10.66 0.99 0.70 0.82
73.52 73.39 7.14 7.12 9.03 9.05 1.13 0.81 0.80
57.29 57.30 6.41 6.50 18.79 18.62 11.14 11.14 1.09 0.96 0.94
73.18 73.02 7.17 7.17 14.23 13.94 1.09 1.00 0.79
0}
R//
[2,3-b] PYRIDIN-3-0NES? f |
S
N R
H Cl N S Antitumor Activity (T/C)
Caled. Found Caled. Found Caled. Found Caled. Found L-1210 S-180 AC-755
5.76 5.94 10.13 10.16 12.01 12.12 9.16 8.97 1.07 0.82 0.58
6.11 6.21 13.41 14.04 10.28 10.24 1.12 1.02 0.69
6.79 6.64 12,31 12.26 9.39 9.24 1.03 0.95 1.16
4.83 4.77 10.62 10.92 12.59 12.66 9.61 9.42 1.27 0.80 1.06
U. S. Patent 2,656,357 (1953).
R//
[2,3-C] PYRIDIN-3~0NES® ~
CH;,
H N S Antitumor Activity (T/C)
Caled. Found Caled. Found Caled. Found L-1210 S-180 AC-755
6.11 6.12 13.41 13.63 10.28 10.09 1.32 1.20 1.42
6.79 6.61 12.31 12.33 9.39 9.26 1.30 0.95 0.97

atom in position 10. 9-Acridanone and xanthen-9-one
analogs, as well as thioxanthen-9-one-10,10-dioxides,
are inactive. (e) There must be a carbonyl group in
position 9 of the thioxanthen-9-one molecule. Reduc-
tion of the carbonyl group to the thioxanthen-9-ol or
thioxanthene eliminated the antitumor activity. (f)
There must be a compact, fairly durable substituent in
ring position 4. (g) A few polysubstitution patterns
were studied. Additional chloro substitution in position
7 of the thioxanthen-9-one molecule yielded compounds
poorly absorbed by mice; hence it was generally
impossible to discern intrinsic activity. Hirschberg,
et al.,® have shown that chloro substitution at position
6 as well as methyl in position 4 inhibit activity of the
thioxanthen-9-ones. The preparation of more com-
plexly substituted compounds with good absorption
characteristics is desirable; however, the synthetic
problems become increasingly difficult. (h) 5H-[1]-

Benzothiopyrano [2,3-b Jpyridin-5-ones and 5H-(1 Jben-
zothiopyrano [2,3-¢Jpyridin-5-ones show little, if any,
activity on the tumor systems. Thus it appears that
ring atom replacement of the original thioxanthen-9-
one molecule generally eliminates antitumor activity.

One may speculate on the possibility of the potential
hydrogen bonding or the metal chelating ability via
the carbonyl group and the dialkylaminoethylamino
chain being essential to carcinostatic activity. A
sharply demarcated range of “fit” is indicated and -
bonding (electron exchange) components may be present
in the biological interaction.
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