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A Systematic Investigation of Thioxanthen-9-ones and Analogs 
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Thioxanthen-%one drugs of the dialkylaminoalkylamino side chain type were prepared with various types of 
structural variation. Thme include: variation in the alkylenedianiine side chain, ring atom replacements and 
ring substituents. These thioxanthen-$ones and analogs were tested against transplanted mouse tumors 
Leukemia L-1210, Adenocarcinoma 755, and Sarcoma 180. Several compounds were found to have moderate 
but significant effects on Leukemia L-1210 and Adenocarcinoma 755. The only drug significantly better than 
the diethylaminoethylamino derivative was 1-(2-dimethylnniinoethylamino)-i-methylthi~~anthen-9-one. It 
increases the life span of leukemic mice up to 1007, 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 Method B.-R = CH3, OCH, or OCzHb; R* = 
and thioxanthen-9-one derivatives containing dialkyl- 
aminoalkylamino side chains shorn marked activity 
against sch is t~somias is .~~~ 1-(2-Diethylaminoethyl- 
amino)-4-methylthioxanthen-9-oneb (I) has been 
found active on a number of mouse tumors6 and has 

HNCH&H,R’ (Table I) or R”  (Table 11) 
0 0 

@;H- a 
been studied clinically. Side effects, however, such as R R dZCHZN G H 5 )  2 + 4- 

6b 
CH3 
I 

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.? 

MethodA.-R = CH3 or C1; R* = HKCH2CH2R’ 
(Table I) or R”  (Table 11). 
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Tables I and I1 summarize the chemical structures of 
the thioxanthen-9-ones prepared. 

Reduction of 1-( 2-dimethylaminoet hylamino)-4-me t h- 
ylthioxanthen-9-one with lit’hium aluminum hydride 
and sodium amalgam led to the corresponding thioxaii- 
thene and thioxanthen-9-01, respectively (Table 111). 
These reductions were based upon earlier experiments 
in which thioxanthen-9-one mas reduced by these two 
reducing  agent^.^,^ Alkylenediamine thioxanthen-9- 
one-10,lO-dioxides were synthesized by the method of 
;\I~USS’~ (Table 111). 

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-methylthiopheno110 
(Table IV). 5H- [l 1-Benzothiopyrano [2,3-b]pyridin-5- 
ones and 5 5 -  [l Ibenzothiopyrano [2,3-c]pyridin-5-ones 
were prepared by the methods of Nann and of 
Kruger11.12 (Tables V and VI). 

Experimenta113.14 
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) (a) F. Ullman and 0. v. Glenck, Ber., 49, 2487 (1916); (b) H. Mauss. 
(0) S. Archer and C. M. Suter. J. A m .  Chem. Soc., 74, ib id . ,  81, I 9  (1948); 

4296 (1952); (d) T. M. Sharp, J. Chem. Sot., 2961 (1951). 
(8) A. Mustafa and M. K. Hilmy. J. Chem. Soc., 1343 (1952). 
(9) H. F. Oehlschlaeger and I. R. MacGregor, J .  A m .  Chem. Soc., 72, 5332 

(1950). 
(10) S. Archer, L. B. Rochester and M. Jackson, ibid., 76, 588 (1954). 
(11) F. G. Mann and J. .4. Reid, J .  Chem. Soc., 2057 (1952). 
(12) S. Kruger and F. 0. Mann. ibid.. 3905 (1954). 
(13) Melting points are corrected and were measured on a Thomas- 

(14) hlicroanalysea were performed by the  Berkeley Analytical Labora- 
Hoover capillary melting point apparatus. 

tory, Berkeley, Calif. and  by Micro-Analysis, lnc., Wilmington, Delaware. 
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THIOXASTHES-%ONES 

___- H -___ 
Calcd. Found 
5.34 5.49 

5 72 5 .74  
6.45  6.70 
6.39 6.48 
6.69 6.77 
6.39 6.36 
6.69 6.57 

amino chain 

----C1_--- 
Calcd. Found 
11.05 11.13 

10.59 10.48 

9 . 7 7  $1 .92 
9 .41  i . 5 8  
9 . i 7  9.70 
9.41 9.24 

7--- 

Calcd. 
8 .73  

8.37 
8.97 
7.72 
7.44 
7.72 
7.44 

.\---- 

Found 
8.56 

8.28 
9 .13  
7.78 
7.62 
7 . 5 7  
7 . 3 4  

_-__ s ---- 
Calcd. Found 
9.99 10.01 

8.51 8.31 

. In t i t umor  .Ictirity (T/C) 
L-1210 6-180 AC-755 
1.04 0 .73  0.38 

1.24 0.5g 0 .67  
1 49 0.63  0 .13  10 26 10 34 

8 83 8 91 1 37 0 76 0 56 
8 51 8 38 1 11 0 95 0 89 
8 83 8 77 1 05 0 77 0.66 

1 1.5 0 80 0.72 
amino chain 

6.08 6.12 . . .  . . .  9.39 9.32 10.75 10.82 1 ,14  0.8!1 0.91 
6.45 6.52 . . .  . . .  8.97 8.97 10.26 10.24 1.95 0 . 5 3  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 . O i  0.80 0.70 
5.15 5.15 16:66 16: si 8.42 8.31 9.64 9 .48  1.52 0 .43  0 .57  

. . .  . . .  . . .  . . .  1.7:) 0.64 0.21 
6:79 6 : b i  . . .  . . .  7:86 i : 8 3  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.  OH 9.05 8.88 1 .21  0 .78  0 .65  

. . .  . . .  . .  8.80 8.98 1.09 0.88 0.77 

. . .  . . .  8.33  8 . 5 3  0.95 1 .13  0.87 - -- 6.64 0.56 
5.50 5.46 7128 I . J i  

amino 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 . 0 4  8.10 0.99 0.77 0.69 
ethylamino chain 

. .  
5.11 

. . .  
8.77 

. . .  
8.99  6: i 2  

. . .  
7 .!)3 

. . .  
7.98 

1.18 
1.20 

0.83 
0.72 

1.11 
0.85 

. .  . . .  . . .  . .  . .  . . .  . . .  1.37  0.65 0.77 

. . .  . .  . .  . . .  . . .  1.15  0.94 0.60 

tained from the Cancer Chemotherapy National Service Center, SSC 14574. e Obtained from Winthrop Laboratories. 

METHY LTHIOXASTHEN-~-ONES & 
CH3 

__-_ N-- ---fj-- .Intitumor Activity (T/C) --H- 7-CI- 
Calcd. Found Calcd. Found Calcd. Found Calcd. Found L-1210 S-180 AC-755 
6.79 6.83 . . .  . . .  8.58 8.58 9.82 9 .78  1.10 0 .81  0.32 
6.79 f i .77  . . .  . . .  9.82 9.69 1.20 0 .73  0 .65  
6.96 i . 11  9.06 8 .91  7 :  i 6  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 7.77 1.12 0.81 0.59 
6.79 6.79 8.58 8.49 9.82 9.82 1 .01  0.85 0.84 
0.75 6.66 1,5:84 i 6 : i 5  . .  . .  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. S. Patent 2,656,357 (1953). 
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Method A.-This is a general procedure used by Archer and 
Suter for preparing dialkylaminoalkylamino thioxanthen-9- 
ones.7O The only change of procedure was that, wherever possi- 
ble, free bases were isolated instead of salts. 

1 - (2-Diallylaminoethylamino) -4-methylthioxanthen-%one.- 
A mixture of 7.8 g. (0.03 mole) of 1-chloro-4-methylthioxanthen- 

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 50% 
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 10% 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. l-(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 l-chloro-4- 
methylthioxanthen-9-one and its isomer, 4-rhloro-1-methylthio- 
xanthen-g-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 10% acetic acid. The extracts were filtered from the unreacted 
l-methyl-4-chlorothioxanthen-9-one and made alkaline with 50% 
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-9-0~.- 
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 a t  first, with 
stirring. After the amalgam solidified, the xylene was decanted. 
A suspension of 3.1 g. (0.01 mole) of 1-(2-dimethylarninoethyl- 
amino)-i-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. (goy0) of product was ob- 
tained, m.p. 161.5-162.5'. 

1 -(2-Dimethylaminoethylamino)-4-methylthioxanthene.-To 
5.5 g. (0.017 mole) of l-(2-dimethylaminoethylamino)-4-methyl- 
thioxanthen-9-one dissolved in 50 ml. benzene wtts 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. (60%) of product was obtained, m.p. 84.5- 
85.5'. 

1- (2-DimethylaminoethyInitrosoamino) -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 concd. hydrochloric acid. The suspension was cooled to 
-5' 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. a t  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. 
(537,), m.p. 103-104". 

1- (2-Dimethylaminoethylamino)-4-methylxanthen-9-one.- 
In  a carius tube were placed 13 g. (0.055 mole) of l-chloro-4- 
methylxanthen-9-one"I 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 
nil. of 50% potassium hydroxide and steam distilled to remove 

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. (777,), m.p. 
114-1 14.5'. 

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 l-chloro-4-methyl-9-acridanone, 
prepared by the method of Archer, et al.,1° were heated in a 
Carius tube a t  220-230" for 4 hr. The content of the tube was 
treated with 5 ml. of 507, potassium hydroxide and steam distilled 
remove the volatile amines. The residue was extracted with two 
100-ml. portions of boiling lOY0 acetic acid. The extracts were 
filtered and made basic with 50% potassium hydroxide solution. 
The orange solid that was isolated was filtered and washed well 
with water. The amine, 4.5 g. (66%), was isolated after being 
crystallized from ethanol, m.p. 243-245'. 

3-Carboxy-2- (5-chloro-2-methylphenylthio)-pyridine.-A mix- 
ture of 2-chloronicotinic acid, 5 g. (0.032 mole)I1 and 10 g. (0.63 
mole) of 2-methyl-5-chlorothiophenol was heated a t  140" until 
i t  effervesced and a clear solution w~t9 obtained. Heating was then 
continued a t  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. (89%), n1.p. 200- 
202". 

Calcd. for C13HloC1?;0~S: C, 55.81; H, 3.60; C1, 12.67; 
N, 5.01; S, 11.46. Found: C, 55.76; H, 3.56; C1, 12.87; N,  
5.09; S, 11.52, 

6-Chloro-9-methyl-5H- [ 11 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 a t  165-175" (1 mm.) furnishing 5.0 g. (76%) of product, 
m.p. 177-178'. 

Anal. Calcd. for C13H&lXOS: C, 59.67; H, 3.08; C1, 13.55; 
N, 5.35; S, 12.55. Found: C, 59.74; H, 3.14; Cl, 13.83; S, 
5.47; S, 12.35. 

6- (2-Dimethylaminoethylamino) -9-methyl-5H- [ 11 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-[l]- 
benzothiopyrano [2,3-b]pyridin-5-one were heated a t  165-170" 
in a Carius tube for 4 hr. The material was added to 500 ml. of 
water containing 5 ml. of 50% 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 10% acetic acid. The extracts were filtered and made 
basic with 507, potassium hydroxide solution. The precipitate 
which resulted was filtered, washed ne11 uith water and dried. 
After crystallizing from methanol the amine (3.3 g., 55%) 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)I5 in concd. 
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.) a t  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. (347,) of product was obtained, m.p. 253-259' dec. 

Calcd. for ClyH&1N0&3: C, 55.81; H, 3.60; C1, 12.67; 
N, 5.01; S, 11.46. Found: C, 55.80; H, 3.55; C1, 12.79; S,  
5.12; S, 11.60. 

6-Chloro-9-methyl-5H- [ 11 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 ~ v a a  
heated for 1 hr. on a steam bath and the excess of thionyl chloride 
removed in vacuo. Xitrobenzene (150 ml.) and aluminum chlo- 
ride (45 g., 0.34 mole) were added to the residue and the mixture 

Anal. 

Anal. 

(15) S. Gabriel and J. Colnian, Ber. ,  36, 2832 (1902). 
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KO. I1 " s AI.[!,, < ( ' .  -- 4 3 S H (  CH?)?S(  CH,)? 0 114-114 .i i l  

46" I iH( CH?)?S( CpHj)2 0 T 6 .  ,?-i7. t? 7 0  

48 S H (  CH2)2NIICzHj 0 261 -263 1 1  

41) SHCHCHaCH&( CH,)2 0 91 . 5-92 , 3 7 2  
5 0 S H (  CHy)zSHCzHj S H  281-2888 :i i 

47 S H (  CH2)zS( CHzCH=CHy j p  0 58.5-59.5 X{ -- 

3 1 S H (  CH?)&( CHa)? S H  243-245 lili 

The preparation of t,hcse compounds or close analogs is descril~ed in thc l<xy~eriiiicnt;iI wrtion. 

wiis t>heii he:tt,ed itt 10Uo for ;i hr., puured on ice and steam dist.illed 
to reniove the nitrobenzene. The hot. solution was filtered, cooled 
and stmrongly basified with sodium hydroxide. The precipit,ated 
solid was collerted, washed, dried and sublimed a t  160-170" ( I  
i i i n i . ) ,  furnishing a yelloiv product, 11.0 g. (iO$Gj, m.p. 386-18s". 

.trial. Calcd. for C13H&lSOS: C,  59.Gi; H, 3.08; C1, 13.55; 
S.  . j .35;  S, 12.25. Found: C, 59.63; H, 2.90; C1, 13.76: S! 
5.34; 8, 12.19. 

6- (2-Dimethylaminoethylamino) -9-methyl-5H- [ 11 benzothio- 
pyrano [2,3-c] pyridin-5 - one.-6 - Chloro- 9-methyl- 5H- [l] - hcn- 
zothiopyrano [2,3-c] pyridin-5-one (1.5 g., 0.017 mole) and 20 g. 
10.23 niolc) of diinethylaniinoet.hylamine were heated to  160-1 65' 
in ii C:irius t.ube for 4 hr. The reaction mixture nas poured into 
water containing 5 i d .  of 50"i potassium hydroxide and thc- 
aminc. solidified. The solid niaterial was 11-ashed well and ex- 
tracted with two 50-1111. portions of 105; acetic acid. The extracats 
were filtered and made basic with 507i8 potassium hydroxide. 
:\ft)or the mixture stood for 2 hr. in the cold, it was filtered, thc 
sold washed well with water and dried. The amine was c:ryst,:al- 
l i d  froin niethanol (2.0 g., 38' ,~ i ) ,  ni .1~ .  171.5-173.5". 

Antitumor Activity: Methods.-The mice were niaintairied o i i  

:i st:md:ird laboratory diet (Diatrlo T,alirationj. The driig doses 
ivere determined hy preliniinarj, t oxicity t,ests and in the experi- 
nients were given a t  inaxiniuni tolerated doses starting 24 lir. 
d t e r  tumor inoculation and continued thrnughoiit, the experi- 
IncJnt,. Six tmo ten mice were iisrtl in e w h  experinlent,: the t,umors 
iised itre liskd. 

Leukemia L-1210.-BDFI mice were given iiioc~ulstions intra- 
peritorieally of approximately lo6 1eiikenii:t (.ells. 31e:tn surviv:il 
time of tlie tre:tted animals relative t o  the c*oritrols W:LY used to 
evaluate the results of treatment. 

Sarcoma lSO.--S\viss rnicse were given iiiocwlations in t h c s  proili 
111' 0.2 n i l .  of :L sue[)ensiiin. in iiorin~tl s:dinc, rontainiiig ii1Jproxi- 
iii:it,clJ, 150 iiig. of criishctl tiiiii~)r tiaslie por 1111. At tho tcriiiiiia- 

tiijii vf tlic e . ; imin ic~r i t  ti (I:L>.s', t h c b  tiiiiicirs \yere oxc.iseil :tncl 
weighed individually t o  :I precisicrn of i I nip. 

Adenocarcinoma 755.-€3DFl mice \yere given iiioc.rilaticiris i i i  

the groin of 0.2 nil. crf it suspension, in normd saline, rontaining 
:tpproximatel\- 200 nig. ;)nil. of crnshed t1inicir t>issur. i2t t h t ,  
t,ermination of the experiment (I 1 d 
and weighed individiially to  a precis 

Results.-The antitumor activit!. of tile thiosarit~tieii-9-ciiics is 
given in the last three roliinins of the T:il)le~.l'~ The nlirrit)ers 
:ire T/'C I t,re:rted/c,ontrol! values. 111 iide~ioc~:irc~ino~ii~~ 755 and 
S a r i ~ ~ n i a  180 this is the ratio of the iiiean tllnior weight of t h e  

d groulr t,o tlip nic:in tumor weight of t,li? cwntjrnl groiip; 
:I T;C value of S 0.,5 is considered positive. In I,eulieniia 1,-1211) 
t,he Tj'C value is tlie ratio of the nican survivnl tiinc of tilt. 

iiiiiiitls t o  the nwin survival tinif, of t,ho c*oiit,rol :tnini:ils : 
lue of I 1.25 is considered yosi t iw 
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XANTHEN-O-ONEP 

-- C-- 
Calcd. Found 

72.94 72.92 

75.80 75.83 
65.15 65.13 
73.52 73.39 
57.29 57.30 
73.18 73.02 

. . .  . . .  

CH3 
--H- 
Calod. Found 

6.80 6.68 

6.94 6.94 
6.38 6.47 
7.14 7.12 
6.41 6.50 
7.17 7.17 

. .  . .  

7- Cl-- 
Calcd. Found 

. . .  . . .  

. . .  . . .  

. . .  . . .  
8.44  8 .64  

18.79 18.62 
. . .  . . .  

. . .  . . .  

N- 
Calcd. Found 

9.45 9.42 

8.04 8.01 
10.38 10.66 
9.03 9.05 

11.14 11.14 
14.23 13.94 

__-- 
. . .  . . .  

Antitumor Activity (T/C) 
L-1210 s-180 AC-755 

1.09 0.77 0.88 
1 .oo 0.77 0.99 
0.90 0.94 0.94 
0.99 0.70 0.82 
1.13 0 .81  0.80 
1.09 0.96 0.94 
1.09 1 .oo 0.79  

7 - H -  r- Cl----- -N-- r-- S- Antitumor Activity (T/C) 
Calcd. Found Calcd. Found Calcd. Found Calcd. 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). 

---H-------N- -S- Antitumor Activity (T/C) 
Calcd. Found Calcd. Found Calcd. 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-lO,IO-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-9-01 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 i t  was generally 
impossible to discern intrinsic activity. Hirschberg, 
et a1.,6 have shown that chloro substitution a t  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]pyridin-5-ones and 5H- [ 1 ]bell- 
zothiopyrano [2,3-c]pyridin-5-ones show little, if any, 
activity on the tumor systems. Thus i t  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 x- 
bonding (electron exchange) components may be present 
in the biological interaction. 
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