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SUMMARY 

l-Nitro-9/dimethylminopropyZamino/-acridine dihydro- 
chloride /C-283, kedacriny is used as an anti-tumor drug. 
view of the studies on its mechanism of action, the syntheses of 
two specimens of this compound labelled with radioisotopes have 
been carried out. One of them contained C I 4  in the side chain 
and the other tritium in the acridine ring. 
propylmine / d 4 /  prepared on the basis of 2'CN was used as 
the initial substrate f o r  the synthesis of C-283 labelled with 
I4C. It was condensed with pyridiniwn salt of l-nitro-9- 
chloroacridine. 

In 

3-Dhethyhino- 

In order to introduce tritium to the acridine ring, m-nitro- 
aniline was tritiated in the acidic solution of tritiated water. 

Thus obtained tritiated m-nitroaniline was condensed by 
Ullman ' 8  method with o-chtorobenzoic acid. 

The N-/3'-nitrophenyl/anthranilic acid was then converted to 
the derivative of I-nitro-9-chloroacridine /2, 3,4-T3/. 
specific activity of C-283 I4C labelled was 5.5 mCi/mmole and 
that of C-283 tritium labelled 103 mCi/mole. 

The 

Introductdon 

The ex tens ive  s t u d i e s  of A. Led6chowski and coll ."  on 

9-aminoacridine d e r i v a t i v e s  l e d  i n  1966 t o  t h e  syn thes i s  of 

d ihydrochlor ide  l-nitro-9-/dimethylarnino-propylamino/-acridine 

/C-283/. 

*The r e sea rches  gran ted  by Zjedn. Przern. Farm. afPolfaat .  

0 1975 by John Wiley & Sons, Ltd. 
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The biological  i n  v i t r o  and i n  vivo t e s t s  showed i ts  s t rong an t i -  

tumor act ivi ty2/ .  It was then subjected t o  the thorough biochemi- 

c a l  and pharmacological examination and i n  1974 it  w a s  introduced 

a s  a medicament named "Ledacrin". 

Hammick and Mason3/ have observed t h a t  in an animal c e l l  

9-derivatives of 9-aminoacridines undergo the  elimination of t h e  

s ide  chain from the  posi t ion 9. I n  order t o  confirm whether the 

metabolic path is  the same i n  t h e  case of C-283 it was necessary 

t o  synthet ize  t h i s  compound labe l led  with two d i f f e r e n t  radioiso- 

topes s o  t h a t  the  quant i ta t ive  determination of each of those two 

could be made. The l a b e l l i n g  with tritium and carbon 14C meets 

those requirements. The synthesis  of  C-283 t r i t i u m  labe l led  has 

not been carr ied out yet. However two compounds labe l led  with 14C 

have been synthetized, one having 14C i n  posi t ion 9 o f  the  acr i -  

dine ring4/ and t h e  other with i so topic  carbon i n  posi t ion 1 of 

the s ide  chain. 5/ 

Resul ts  

C-283 i s  unstable i n  so lu t ions ,  s o  the  e lec t rophi l ic  subst i -  

t u t i o n  of tritium cannot be car r ied  out. 

Attempts t o  t r i t i a t e  the  intermediates o f  the  synthesis :  

1-nitroacridone and N-/3'-nitrophenyl/-anthranilic acid i n  acidi-  

f i e d  water-l  had t o  be given up due t o  t h e i r  i n s u f f i c i e n t  solubi- 

l i t y  i n  water. On the other  hand, the  s l i g h t  s o l u b i l i t y  of l-nitro- 

acridono-5-sulphonic acid i n  d i l u t e  ac ids  eliminated the  possibi-  

l i t y  of i t s  hydrolysis, t h a t  is the  s u b s t i t u t i o n  of sulphonic group 

by tritium. 

acid6/ f a i l e d  too, a s  the  acid appears t o  be s t a b l e  up t o  25OoC. 

Above mentioned f a c t o r s  forced u s  t o  look  fo r  a s u b s t i t u t i o n  i n  

e a r l i e r  s tages  of t h e  synthesis  of C-283. A s  a subs t ra te  we used 

m-nitroaniline /I/ t r i t i a t e d  f o r  48 hours i n  12OoC with the help 

The thermal decarboxylation of l-nitro-4-carboxy-9-acridonic 
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of t r i t i a t e d  water conta in ing  50% /by weight/ of su lphur i c  acid.  

The s p e c i f i c  a c t i v i t y  of t r i t i a t e d  water was 36 mC!i/mval, and t h a t  

of  m-ni t roani l ine  a f t e r  t r i t i a t i n g  was 149 mCi/mmol t h u s  proving 

t h e  exchange of a l l  f o u r  aromatic pro tons  by tritium. Radioac t ive  

m-ni t roani l ine  /II/ was condensed by Ullmann's method w i t h  potassium 

o-chlorobenzoate /III/. In t h e  descr ibed  method4/ of t h e  prepara- 

t i o n  of N-/3*-nitrophenyl/-anthranilic a c i d  a cons iderable  excess 

of m-ni t roani l ine ,  being a t  t h e  same time t h e  r e a c t i o n  medium, is  

needed. 

Thanks t o  t h e  in t roduc t ion  of DNF as a so lven t  and t h e  p e r i o d i c a l  

a d d i t i o n s  of a new c a t a l y s t  dur ing  t h e  r e a c t i o n  it was p o s s i b l e  

t o  o b t a i n  t h e  product of t h e  condensation w i t h  75% y i e l d  w i t h  

r e spec t  t o  m-ni t roani l ine  /sp. ac t .  - 144 mCi/mmol/. 

The a c t i o n  of phosphorus oxychloride causes  t h e  c y c l i z a t i o n  o f  

t h i s  compound g iv ing  t h e  mixture of 1- and 3-nit-ro-9-chloro- 

a c r i d i n e  /V/ isomers, with t h e  excem of 1-n i t ro  isomer4/ /sp. a c t .  

106 mCi/mmol/. The chemical y i e l d  of t h i s  s t a g e  was 

radiochemical y i e l d  

atom from t h e  molecule dur ing  t h e  cyc l i za t ion .  The mixture of t h e  

isomers was separa ted  on t h e  b a s i s  of t h e  d i f f e r e n c e  of t h e  r a t e  

of forming s a l t s  w i th  pyr id ine .  7/ The y i e l d  of pyridinium s a l t  

of 1-nitro-9-chloroacridine /VI/ was 56% /sp. a c t .  105,5 mCi/mmol/. 

It can be f u r t h e r  condensed with dimethylamino-propylamine 14C 

l a b e l l e d  /IX/ i n  order  t o  o b t a i n  t h e  doubly l a b e l l e d  compound. 

However having on one's d i sposa l  two compounds: one tritium l a -  

b e l l e d  i n  t h e  a c r i d i n e  ring and the o the r  14C l a b e l l e d  i n  t h e  s i d e  

cha in  i s  much more convenient a s  they can be mixed i n  d e s i r e d  

p ropor t ions  j u s t  before  Itin vivo" t e s t s .  For t h i s  reason  we have 

used t h e  un labe l l ed  amine / V I I /  g e t t i n g  wi th  57% y i e l d  dihydro- 

ch lo r ide  of l-nitro-g/dimethylaminopropylarnino/-acrid3ne /2, 3,4-T3/ 

/ V I I I / ,  sp. ac t .  103 mCi/mmol. 

Dimethylaminopropylamine l a b e l l e d  wi th  14C /IX/ was prepared  

96% and t h e  

was only 69% due t o  t h e  l o s s  of one tritium 
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U 

4 N  

from a c r y l o n i t r i l e 8 /  /X/ which i n  t u r n  had been prepared f r o m  

l a b e l l e d  potassium cyanide /spa ac t .  of K ’ ~ c N - ~ . ~  m C i / m m o l ,  

t o t a l  a c t i v i t y  - 40 m C i / .  Making use of t h e  a d d i t i o n  of dimethyl- 

amine t o  a c r y l o n i t  r i l e 9 /  we obtained -dime thylaminopropioni- 

t r i l e  /XI/, which was i s o l a t e d  wi th  6 5 5  y ie ld  a s  hydrochloride 

/sp. ac t .  5,6 mCi/mmol/. This compound was then  reduced by 

Bouveaut t-Blanc ’a method”’ g iv ing  

/IX/ wi th  40% y i e l d  /sp. ac t .  5.5 mCi/mmol/. 

After condensation of d ihydrochlor ide  of t h e  amine /IX/ with  

t h e  he lp  of pirydinium s a l t  of 1-nitro-9-chloro-acridine /XII/ 

we obta ined  d ihydrochlor ide  l-nitro-9-/dimethylaminopropyl/- 

a m i n ~ - l - ~ ~ C / - o c r i d i n e  /XIII/ o f  sp. a c t .  5.5 mCi/mmol.  Both l a -  

3-dimethylaminopropylamine- 1- 14C 
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be l l ed  compounds had physicochemical p r o p e r t i e s  i d e n t i c a l  with 

389 

Experimental 

A l l  s t a g e s  of th.e syn thes i s  were worked out and checked 

on unlabe l led  compounds. The progress  of t h e  r e a c t i o n s  was con- 

t r o l l e d  by TLC on th in -p la t e s  coated w i t h  s i l i c a  g e l  K iese lge l  G 

/Merck/, i n  t h e  case  of C-283 wi th  a lmin ium oxide Aluminiumoxid 0 

/Type E, Ierck/.  The r a d i o a c t i v i t y  of products  and in t e rmed ia t e s  

was measured by t h e  s c i n t i l l a t i o n  method wi th  t h e  he lp  of Isocap-300 

/Nuclear-Chicago/. 

,?-Nitroaniline /2,4.5,6-T4/ /II/ 

A sea l ed  ampoule conta in ing  798 ng / 6  m o l e s /  of m-nitroani- 

l i n e  /I/, 1 C.C. / 5 5  m o l e s /  of water-T /sp. ac t .  73 mCi/mol, 

t o t a l  ac t .  4,6 C i /  and 0.5 C.C.  /9.4 m o l e s /  of concentrated 

su lphur i c  ac id  has been heated f o r  48 hours a t  12OoC. After cool ing  

t h e  con ten t s  were d isso lved  i n  100 C.C. of water and evaporated 

under reduced pressure.  The dry res idue  was then  d isso lved  i n  

50 C.C. o f  water and made a l k a l i n e  wi th  10% aqueous s o l u t i o n  of 



390 A .  Kotodziejczyk and A. Arendt 

NaOH. After cool ing ,  c r y s t a l l i n e  m-ni t roani l ine  wes f i l t e r e d  o f f ,  

r i n sed  wi th  cold water and d r i e d .  The y i e l d  was 701 mg /88% theor./  

of t h e  chroaa tographica l ly  pure product. Sp. ac t .  149 mCi/mol,  

t o t a l  ac t .  766 m C i ,  m.p. 113.5 - 114OC. 

N-/3*-nitrophenyl/-anthranilic a c i d  /2,4>,6-T4/ /IVl 

690 mg /5 m o l e s ,  745 m C i /  of  l a b e l l e d  m-ni t roani l ine  /II/, 

1980 mg /10 mnoles/ of potassium s a l t  of o-chlorobcnzoic a c i d  /III/ 

and 50 mg of f r e s h l y  p r e c i p i t a t e d  copper i n  2 ml o f  DMF were hea ted  

t o  b o i l i n g  under re f lux .  After 15 minuts,  50 mg o f  copper powder 

was added and then  a f t e r  30 minuts t h e  same p o r t i o n  was aga in  added. 

The hea t ing  was completed a f t e r  45 minuts,  t h e  con ten t s  were poured 

t o  50 C.C. o f  5% s o l u t i o n  of K2C03, hea ted  t o  b o i l i n g  wi th  charcoa l  

and f i l t e r e d  off. After a c i d i f y i n g  t o  pH=5,2 w i t h  d i l u t e  hydro- 

c h l o r i c  a c i d ,  t h e  p r e c i p i t a t e d  N-/3’-nitrophenylanthranilic/ a c i d  /IV, 

was f i l t e r e d  of f .  The y i e l d  was 979 mg /75% of theor.  chm. ,  

737% theor.  radiochem./, sp. a c t .  144 mCi/mmolc t o t a l  a c t .  

549 m C i ,  m.p. 216-218OC /ref.’” m.p. 218OC/. 

1-Nitro-9-chloroacridine /2.3,4. 5-T,/ and fn i t ro -9 -ch lo roac r id ine  

1 ,  2,4-T3 ;Y/4/ 

The mixture of 976 mg /3,8 m o l e s ,  547 m C i /  of /IV/ and 6 C.C. 

o f  POCl 

30 minuts a t  12OoC. The excess  of phosphorue oxychloride was remo- 

ved by d i s t i l l a t i o n  under reduced pressure .  The remainder was 

d isso lved  in 4 C.C. of ace tone  and poured t o  t h e  mixture of 5 C.C. 

of 25% s o l u t i o n  of ammonium hydroxide w i t h  15 g of ice.  

The p r e c i p i t a t e  was f i l t e r e d  o f f ,  rinsed w i t h  2% s o l u t i o n  of ammo- 

nium hydroxide and dr ied .  928 mg /96%/ of t h e  mixture of t h e  i so-  

mers /V/ was obtained. Sp. ac t .  106 mCi/mmole, t o t a l  ac t .  P O  m C i  

/ rad ioac t .  y i e l d  - 69%/. 

was heated under r e f l u x  f o r  15 minuts a t  8OoC and then  3 
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Pir id ln ium s a l t  of 1-nitro-9-chloroacridine /2.3.4-T# /VIj 7' 

920 mg /3.5 m o l e s ,  378 m C i /  of t h e  mixture of n i t roch lo ro -  

a c r i d i n e  isomers /V/ was mixed with 4 C.C. o f  p i ryd ine  and t h e  

in so lub le  3-nitro-isomer w a s  f i l t e r e d  off. The p r e c i p i t a t e  was 

r in sed  t h r i c e  wi th  1 C.C. of pirydine.  The combined f i l t r a t e s  

were l e f t  f o r  a n ight  a t  room temperature and pirydine s a l t  

of 1-nitro-9-chloroacridine /VI/ was f i l t e r e d  off.  It was then  

r in sed  once wi th  1 C.C. of p i rydine  and t h r i c e  w i t h  0.75 C.C. 

of acetone. 676 mg /56$/ of t h e  product was obtained, sp. ac t .  

105.5 mCi/mmole, t o t a l  ac t .  211 m C i ,  radiochemical y i e l d  - 56% 

m. p. 1 52-1 53OC /ref. 7/ 1 54-1 55OC/. 

Dihydrochloride o f  l-nitro-9-/dimethylaninoBroDylamino/-acridine 
/2.3,4 - T3/ /C-283/ /V III/ 7,12/ 

670 mg /2 m o l e s ,  209 mCi/ of p i ryd ine  s a l t  /VI/ was heated 

wi th  1.5 g of phenol f o r  15 minuts a t  80°C. After cool ing  350 mg 

/2 mmoles/ of d ihydroch lwide  of d i ~ i e t h y l a m i n o p r o p y l a m i n e ~ ~ /  was 

added and t h e  mixture was heated f o r  30 minuts more. After cool ing  

t h e  con ten t s  were d isso lved  i n  10 C.C. of benzene and poured t o  

15 C.C. of c h i l l e d  15% aqueous s o l u t i o n  of KOH. The organic  l a y e r  

was separa ted  and t h e  aqueous l a y e r  was ex t r ac t ed  t h r i c e  wi th  10 C.C. 

o f  benzene. The combined organic s o l u t i o n s  s e r e  dr ied  wi th  anhg- 

drous &SO4 and the  excess of e t h e r i c a l  s o l u t i o n  of hydrogen chlo- 

r i d e  was added. After 30 minuts t h e  s o l v e n t s  were decanted, t h e  

remainder was dissolvbd i n  absolu te  methanol and bleached wi th  

charcoal.  The product was p r e c i p i t a t e d ,  by abso lu te  e ther .  451 mg 

/57%/ /VIII/ of the  product was obtained wi th  sp. act .  103 mCi/mmole 

and t o t a l  ac t .  117 m C i  /radiochem. y i e l d  - 56$/, mp. 222-3OC 

/ref.  7*12/ - 223-4'C/. The product gave only one chromatographic 

spot on t h i n  p l a t e s  w i th  Rf va lues  i d e n t i c a l  a s  t h e  standard. 

The spot  o f  t h e  product contained t o t a l  radiochemical a c t i v i t y .  
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A c r y l o n i t r i l e  / d 4 C /  /X/ 

230 mg /60?; theor./ of a c r y l o n i t r i l e  /X/ wi th  b.p. 76-78' 

/ r e f e8 /  60-70% theor. ,  b.p. 76-78'/ was obtained f r o m  470 mg 

/7.23 mmoles/ of K14CN of sp.  a c t .  5.6 mCi/mmol and t o t a l  ac t .  

40 m C i .  

9/ Hydrochloride of N.11-dimethylaminepropionitrile /l-14C/ / X I /  

1 C.C. of  50% aqueous s o l u t i o n  o f  dimethylamine was added 

t o  the  prepared a c r y l o n i t r i l e  /X/ cooled a t  ice-bath. The mixture 

was l e f t  f o r  a n igh t  a t  room temperature. Then a sinall stream of 

argon was bubbled f o r  20 minuts through t h e  s o l u t i o n  i n  o rde r  t o  

remove t h e  remaining dimcthylamine. Af te r  a c i d i f y i n g  t h e  soJu t ion  

wi th  concent ra ted  HC1 /0.5 c.c . ,  6 m o l e s / ,  i t  was evaporated 

under reduced pressure.  The remainder was d r i ed  i n  a vaccum desicca- 

t o r  over KOH and P205. It was c r y s t a l l i z e d  from abso lu te  methanol 

g iv ing  380 ng /65% theor./  of t h e  product ,  sp. ac t .  5.6 mCi/mole,  

t o t a l  a c t i v i t y  - 15.4 m C i ,  m.p. 197-199O /ref.'/ - 199O/. 

Dihydrochlor i d e  of >dirnethylaminopropylamine/ d 4 C /  /IX/ lo/ 

Desiccated aminon i t r i l e  hydrochlor ide  /XI/, 376 mg /2.8 m o -  

l e s / ,  was d isso lved  i n  10 C.C. of abso lu t e  ethanol, and 450 mg 

of sodiun was added. Af te r  t h e  end of t h e  r e a c t i o n  t h e  con ten t s  

mere d i l u t e d  wi th  water and t h e  aa ine  was removed by steam d i s t i -  

l l a t i o n .  The d i s t i l l a t e  was a c i d i f i e d  with d i l u t e  HC1 do pH=l 

and t h e  s o l u t i o n  w a s  evaporated t o  dryness  under reduced pressure.  

The product was d r i ed  i n  a vaccum des i cca to r  over KOH and P205. 

196 rn& /40% theor./ of t h e  product was obtained. Sp. a c t .  5.5 m C i /  

m o l e ,  t o t a l  ac t .  6.2 nCi, m.p. 181-183OC /ref. 184' 9/,  182-4 lo/. 

Dihy d r ochlor  i d e  of 1 -n i t ro -  9- /3-d ime t h y l  aminopropylamino- 1- 14C/ 

a c r i d i n e  /C-283/ / X I I I /  

192 mg /1.1 m o l e s /  of t h e  amine hydrochlor ide  / I X /  was 
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condensed wi th  370 mg /lei m o l e s /  of t h e  pirydinium s a l t  of 

l -n i t ro-9-chloroacr id ine l3 /  /XII/ i n  750 mg of phenol by t h e  

same method a s  i n  t h e  s y n t h e s i s  o f  C-283 tritium l a b e l l e d .  

250 mg of t h e  produst /57% theor./  was obtained. Sp. a c t .  5.5 m C i /  

m o l e ,  t o t a l  ac t .  3.5 m C i ,  m.p. 222-223' 22>224'C/. 
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