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We synthes ized some chloroethylamino der ivat ives  of diphenyl e the rs  in a s ea rch  for substances with 
ant icancer  act ivi ty.  The synthesis  of four der ivat ives  of N~N-bis(2-chloroethyl)amine is descr ibed  in this 
paper  as possible "antitumorigenic substances:  4 ,4 ' - te t ra(2-ehloroethyl)diaminodiphenyl  e ther  (I), e thylene-  
glycol 4 ,4 ' - te t ra(2-chloroethyl)diaminodiphenyl  e the r  (II), 4 ,4 ' -d i [p-bis(2-chloroethyl)aminophenylaeetamido]-  
diphenyl e ther  ~ ,  and ethyleneglycol  4 ,4 ' -d i [p-bis  (2-chloroethyl) aminophenylaeetamido]diphenyl e ther  (IV) 
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4,4 ' -Diaminodiphenyl  e the r  (V) and ethyleneglycol  4,4 ' -diaminodiphenyl  e ther  (VI), which we p r e -  
pared  by  reducing the corresponding ni t ro  compounds [1] with Cast i ron filings in an aqueous -ace tone  
(3:2) solution of an e lec t ro ly te  (ammonium chloride and hydrochlor ic  acid), were  used as the s tar t ing sub-  
s tances  for  p repa r ing  I-IV. 

Methods of obtaining V by the catalyt ic  reduct ion of 4 ,4 ' -dini t rodiphenyl  e ther  over  Raney nickel and 
Pd /C  or  P t / C  at an inc reased  p r e s s u r e  have been descr ibed  in the l i t e ra tu re  [2, 3]. The method we used 
is cha rac t e r i zed  by s impl ic i ty ,  does not r equ i re  the use of expensive cata lysis  (platinum or palladium), and 
provides  a sa t i s fac to r i ly  high yield of the des i r ed  product  with good quality. 

Compounds I and II were  obtained f rom V and VI by react ing them with ethylene oxide in dilute acet ic  
acid followed by t r ea tmen t  of the te t rahydroxyethyl  der ivat ives  fo rmed  with phosphorus oxyehloride.  Com- 
pounds HI and IV were  synthes ized by  acylating the appropr ia te  diamines with p-b is (2-chloroe thyl )amino-  
phenylacetyl  chlor ide (VI~ [4, 5] in the p resence  of t r ie thylamine  as a hydrogen chloride aeceptor .  

The ant i tumorigenic act ivi ty of substances  I-IV was investigated in therapeut ic  exper iments  on th ree  
s t ra ins  of t ransplantable  tumors  ( sa rcoma 45, s a r c o m a  180, and Ehr l i ch ' s  asci t ic  tumor) .  It was es tab-  
l i shed in p r e l im ina ry  exper iments  on white mice that these compounds possess  low acute toxici ty:  the 
maximum bearab le  dose is more  than 500-1000 mg/kg  for  a single injection.  All the prepara t ions  were  
injected as a suspension in a 1% s t a r ch  paste .  Medical t r ea tmen t  of the solid tumors  began on the 5th-7th 
day; t r ea tmen t  of the asei t ic  t umors  began on the next  day af ter  t ransplantat ion.  The durat ion of t r e a t -  
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TABLE 1. Effect of Bis(2-Chloroethyl)amino Derivat ives  of Di- 
phenyl Ethers  When Adminis tered  Internal ly on the Growth of 
Exper imenta l  Tumors  

Strain of 
tumor 

Sarcoma 45 

Sarcoma 180 

Ehrlich's tumor 
(ascitic form) 

11 500 
200 

IIH 100 
lOO 

I I 500 lOO 
,g  ,o0 

50 
I I 250 100 

100 
lOO 

No, of animals 

~ o  ~ TM control C~E 

7 7 
9 9 
7 7 
7 7 
7 7 

8 
7 
9 
7 
7 
7 

7 7 

Average weight 
of tumors (in g)* 

exp. control 

7,8-- + 1,1 27,8 + 1,7 
9,7-+ 1,5 I9,3-+2,0 

23,5-+'- 1,6 16,7+3,9 
10,9-+2,1 21,1-+3,4 
3,3+---0,7 5,8• 
1,7• 2,7"-0,2 
2,8"-0,6 3,4--+0,5 
5,1-+0,9 6,0--+0,6 
2,2-+0,6 4,3-+0,3 
3,0"-0,8 5,3~+0,3 
5,0• 4,9"-0,5 
5,1"-0,9 3,8"-0,4 

Index of 
inhibi- 
tion, % 

72 
48 

--42 
48 
43 
0 
0 
0 
48 
47 
0 
0 

* The volume of asci t ic  liquid (in ml) is indicated for  Ehr l ich ' s  
tumor .  

merit amounted to 8-.10 days. The resu l t s  were evaluated by an index of inhibition of the growth of the tu- 
m o r s ,  which was calculated as the rat io of the difference in the weight of the tumor  in the control  and in 
the exper iment  to the average  weight of the tumors  in the control .  The volume of asci t ic  liquid and the 
length of life of the animals were  r eco rded  in the experiments  with Ehr l ich ' s  tumor .  

It was es tabl ished (see Table 1) that prepara t ion I possesses  moderate  anti tumorigenic activity, 
having depressed  the growth of s a r c o m a  45 by 72%, s a r coma  180 by 43%, and Ehr l ich ' s  asci t ic  tumor  by 
48%. In addition, this substance proves  to have a negative effect on the o rgan i sm by substantial ly de-  
c reas ing  the weight of the spleen and the body weight of the animals toward the end of the experiment .  
Some antitumorigeni:c activi ty in re la t ion  to s a r c o m a  45 was also displayed by prepara t ions  II and IV. Sub- 
stance Ill,  on the other  hand, s t imulated the growth of this tumor .  Not one of the preparat ions  affected the 
length of life of the mice with Ehr l i ch ' s  tumor .  

E X P E R I M E N T A L  

4,4 ' -Diaminodiphenyl  Ether  (V)z A mixture of 102 g of degreased  ground iron filings, 360 ml of water ,  
240 m/ of acetone,  20 g of ammonium chloride,  and 10 ml of 33% hydrochlor ic  acid was heated with agita-  
tion to 60~ 64 g of 4 ,4 ' -dini t rophenyl  e ther  was gradual ly added over  the per iod of I h while maintaining 
the t empera tu re  at 60-64~ The reac t ion  mixture was maintained under these conditions for  3 h. The 
acetone was disti l led off. A 10% sodium carbonate  solution was added to the cooled res idue  until the iron 
salts  had complete ly  precipi ta ted out (test with sodium sulfide) and they were  f i l tered off. The base V was 
ext rac ted  f rom the iron sludge with acetone. The acetone was distil led f rom the extract .  In o rde r  to 
purify V, the res idue  was d i s so lved in  dilute hydrochlor ic  acid (500 ml  of water  and 50 ml of 33% hydro-  
chloric acid). The solution of the hydrochlor ide of V was boiled with carbon and f i l tered.  The base V was 
precipi ta ted f r o m  the f i l t rate  with a 10% sodium carbonate solution, f i l tered off, washed with water ,  air  
dried,  then dried in vaeuo at 100~ The yield was 35-37 g (87.5-92.5%), grayish  c rys ta l s ,  mp 187-189~ 

Ethylene Glycol 4,4 ' -Diaminodiphenyl  Ether  (V1). This compound was p repared  the same way V was 
f r o m  16.1 g of ethyleneglycol 4,4 ' -dini t rodiphenyl  e ther ,  26 g of i ron fillings, 4.8 g of ammonium chloride,  
and 3.3 ml of concentrated hydrochlor ic  acid in a mixture of 90 ml of water  and 60 ml of acetone. The 
purification operat ion of the finished product  was repeated  twice. The yield was 9 g (83.3%), light brown 
c rys t a l s ,  mp 174-175~ Found %: C 68.62, 68.94; H 6.48, 6.62; N 11.52, 11.61. C14H16N202, Calculated %: 
C 68.65; H 6.56; N 11.47. 

4~4'-Tetra(2-hydroxyethyl)diaminodiphenyl  Ether  (VIII}. To a cooled mixture of 10 g of V and 150 
ml of 10% acetic acM was careful ly  added 21 ml of ethylene oxide. The f lask was tightly sealed with a 
s topper and allowed to sit  for a day at r o o m  tempera ture .  To the reac t ion  mixture  was added a solution of 
sodium carbonate tmtil the mixture was slightly alkaline, the precipi ta te  was f i l tered off, and crys ta l l ized  
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f r om  water  to which carbon  was added. The y i e l d w a s  12 g (64~o), co lo r less  c rys t a l s ,  mp 99~ Found ~0: 
C 63.37, 62.98; H 7.62, 7.41; N 7.49, 7.69. C20H28N20 ~. Calculated ~o: C 63.83; H 7.45; N 7.45. 

Ethylene Glycol 4 ,4 , -Tetra(2-hydroxyethyl)diaminodiphenyl  Ether  (IX). This compound was obtained 
s imi l a r ly  to VuI f rom 10 g of VI, 150 ml of 10~0 acet ic  acid, and 18 ml of ethylene oxide. The yield was 
13.6 g (79.02%), co lor less  c ry s t a l s ,  mp 108~ (from water) .  Found %: C 62.9, 62.71; H 7.98, 8.02; N 6.69, 
6.55. C22H32N206. Calculated %: C 62.85; H 7.62; N 6.67. 

4 ,4 , -Tet ra(2-chloroethyl )d iaminodiphenyl  Ether  (I). Five g rams  of VIII was gradual ly  added while 
cooling and with agitation to 9.7 ml of phosphorus oxychloride which had been cooled. The mixture  was 
gradual ly  heated to boiling on a wate r  bath and boiled for  1 h; at this t ime ,  VIII had complete ly  dissolved. 
The mix ture  was cooled and poured onto 100 g of c rushed  ice.  After  decomposing the excess  phosphorus 
oxycb/or ide ,  a sodium carbonate  solution was added to the reac t ion  mix ture  until it was sl ightly acid. The 
precipi ta te  was f i l t e red  off and c rys ta l l i zed  f rom isopropanol to which act ivated carbon was added. The 
yield was 5 g (83%), lus t rous  plates with a faint brownish t inge, mp 77-78~ soluble in alcohol,  insoluble 
in wa te r .  Found ~0: C 53.34, 53.09; H 5.56, 5.40; N 6.26, 6.26. C20H24C141q20. Calculated %: C 53.33; 
H. 5.33; N 6.22. 

Ethylene Glycol 4 ,4 ' -Tet ra(2-chloroethyl )d iaminodiphenyl  e ther  (II). This compound was p repared  
s imi l a r ly  to I f r om 5 g of IX and 8.7 ml of phosphorus oxychloride.  The yield was 4.2 g (72.4%), lustrous 
plates with a v e r y  faint brownish t inge,  mp 72-73~ (from methanol),  soluble in alcohol,  insoluble in water .  
Found %: C 53.42, 53.29; H 5.84, 5.67; C1 28.17, 28.04; N 5.51, 5.61. C22H28C14N202. Calculated ~0: C 53.44; 
H 5.67; C1 28.74; N 5.67. 

4 ,4 ' -Di[p-bis  (2-chloroethyl)  aminophenylacetamido]diphenyl E ther  ( I ~ .  To a mixture  of 7.7 g of the 
hydrochlor ide  of VII, 2 g of V, and 600 ml of anhydrous benzene,  which was heated to boiling, was added 
8 ml of t r i e thy lamine .  The reac t ion  mix ture  was boiled 1 h and f i l t e red  f ree  of the t r ie thylamine  hydro-  
chloride while hot. Compound HI, which precipi ta ted  when the f i l t ra te  was cooled (5.1 g, 71.2%), mp 160~ 
was r e c r y s t a l l i z e d  twice f rom acetone.  The yield was 2.5 g (34.9%), co lor less  c rys t a l s ,  mp 186-187~ 
soluble in alcohol,  benzene ,  acetone,  insoluble in water .  Found %: C 60.49; H 5.62; C1 20.03, 20.22; N 8.25, 
8.05. C36H~sC14N403. Calculated ~0: C 60.34; H 5.31; C1 19.83; N 7.82. 

Ethylene Glycol 4 ,4 , -Di-[p-bis(2-chloroethyl)aminophenylacetamido]diphenyl  E ther  (IV). To a sus-  
pension of 1.22 g of VI and 3.31 g of the hydrochlor ide  of VII in 300 ml  of ch lo roform,  cooled %o 5-6~ was 
added dropwise 3.4 ml of t r i e thy lamine .  The mixture  was boiled 1 h, cooled, and the precipi ta te  (IV) was 
f i l t e red  off. The yield was 2.1 g (55.2%), mp 185~ It was c rys ta l l i zed  f ro m  acetone.  Fine,  co lo r less  
c rys t a l s  were  obtained, 1.7 g (44.7%), mp 194-195~ soluble in alcohol,  benzene,  acetone,  insoluble in 
wa te r .  Found ~0: C 59.64, 59.69; H 5.28, 5.28; C1 18.65, 18.57; N 7.02, 7.19. C38H42C14N404. Calculated ~0: 
C 60.00; H 5.53; C1 18.67; N 7.37. 
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