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Abstract - The novel i s o s t e r i c  am-analogues of t i l o r o n e  and i t s  

congeners, bear ing 1,8-diazafluorene nucleus, have been prepared 

and t h e i r  b i o l o g i c a l  and biochemical proper t ies  a r e  presented.  

2.7-Bis [Z-  Idie twlamino)etoxy]  fluoren-+one ditlydrochloride J, r e f e r r e d  i n  t h e  

l i t e r a t u r e  a s  t i l o r o n e ,  e x h i b i t s  important b iological  a c t i v i t i e s  such  a s  vieu- 

c i d a l  , in te r fe ronogen ic  , ant i tumor,  anti-inflammatory and immunostimulatingl 

ones. It seems poss ib le  t h a t  a c t i v i t y  of t i l o r o n e  is connected w i t h  i ts  a b i l i -  

t y  t o  i n t e r c a l a t e  DNA, but this problem remains Many compounds 

having s i m i l a r  s t r u c t u r a l  elements have been synthesized and t h e i r  mode of ac- 

t i o n  i s  under i n v e s t i g a t i o n . 1 1 4  Novertheless,  despite of these  a t t empts ,  t h e  

compound remains one of t h e  most a c t i v e  among tha low-molecular-weight i n t e r -  

f e ron  inducers  i n  mice, but unfor tuna te ly  inact ive  i n  humans. 1 C 



The aim of our i n v e s t i g a t i o n  was a  s y n t h e s i s  of compounds 2, new analogues of 

t i lo rone  and i t s  congeners bea r ing  two n i t rogen  atoms i n  bo th  e x t e r n a l  r i n g s  i n  

the p e r i  p o s i t i o n  t o  t h e  carbonyl group. The s y n t h e t i c  rou te  . involves (except  

f o r  s y n t h e s i s  of t h e  1  ,a-diazafluorenone system5a) t h r e e  main s t e p s  - in t roduc-  

t ion  of two ch lo r ine  atoms i n  t h e  p o s i t i o n s  2  and 7, p r o t e c t i o n  of t h e  carbonyl 

group and replacement of t h e  ch lo r ine  atoms w i t h  N,N-dialkylaminoalkoxy groups. 

This method is q u i t e  d i f f e r e n t  from t h e  s y n t h e s i s  of t i l o r o n e  from f l u o r e n e ,  

involving int ramolecular  c y c l i z a t i o n  o f  3-Wdroxy-6-lp-tvdroxypheny1)-benzoic 

acid.la 
%02 ,CH3COOH 

C a H s , A  - 'N 
0  0  O 0  0  

HOC%Cl$OH,TsOH 1 .ROH,NaH,DMSO 

dioxane, A C 1  eCl 2.aq.HC1, A * RO 0 OR 

9  R= - C H p H 2 N ( C 2 H 5 ) 2  - 10 - 1 1  - 
1 ,8-Diazafluorenone Q )  was oxidized t o  di-N-oxide 45b which was then heated w i t h  

WC13 y i e l d i n g  2,7-dicNoro-l,B-diazafluorenone (51. A l l  a t t empts  of s u b s t i t u t i n g  

the ch lo r ine  atoms i n 5 ,  having nonprotected carbonyl group, f a i l e d .  Compound 5 
underwent the  usua l  acid-cata lyzed k e t a l i z a t i o n ,  y i e l d i n g  t h e  key compound 1 , 3 -  

d i o i o l e n e 6 . ~ ~ T h e n u c l e o p h i l i c ~ d i s p l a c e m e n t  of the  ci-iiorine atoms i n  5 was c a r r i e d  - 
out by using DMSO a s  t h e  so lven t  and sodium (N,N-dialhylamino)alkoxylates, gene- 

rated i n  s i t u  from t h e  appropr ia te  amino a lcoho ls  and NaH. Then, d i e t h e r s ,  e.g.9 
-! ' 

obtained were e a s i l y  converted i n t o  des i red  analogues of t i l o r o n e  L, 8 and 10 
with d i l u t e d  HCI. Compound 10 was subsequently reduced w i t h  h ~ d r a z i n e ~ ~  g i v i n g  

diazafluorene 11. The d i e t h e r s  7 - 2 w e r e  charac te r i zed  mainly a s  t h e  Wdrochlo- ?., 
rides and i n  this form they were subjected t o  t e a t s  f o r  in te r fe ronogen ic  a c t i v i t y  

and ware s tudied f o r  a b i l i t y  t o  i n t e r a c t  w i t h  DNA. Resu l t s  a r e  shown i n  Table. 
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Table. Biological and biochemical properties of azaanalogues of tilorone 

Compound 

7 

8 

9 

10 

1 1  

Tilorone 

Control 

Toxicitya' 
in vivo 
Mouse U)50 

t mdkgl 

ND 

ND 

ND 

250 

ND 

1520 

- 

in vitro induction 

inactive 

inactive 

68 inactive 

68 weak 

74 inactive 

14 strong 

- - 

T m 
of calf 
t mmus 
DNA 

72 

79 

75 

80 

76 

84 

72 

% inhibition 
of E. coli 

DNA 
polymerasee) 

0 

0 

0 

63 

12 

85 

0 

"~etermined in Balb/c mice after oral administration. LDgO for tilorone is quo- 
ted after referencelb ND - not done. b)~etermined in the mouse L cells by micro- 
assay similar Cytotoxicity for several human or bovine cell lines. C)~etermined 
in Balb/c mice 3,5,12 and 24 k s  after oral or intraperitoneal administration. 
Weak induction means that less than 1 0 0  units of interferon were induced and the 
induction was irregular. d)~m- the mid point of thermal transition of calf t m -  
mus DNA in 10 mM sodium phosphate buffer, pH 7.0, with ligands added at the mo- 
lar ratio DNA(P) :ligand=5. e'~t 0.5 m~ ligand concentration. 

The biological assays showed that 2 was almost six times more toxic in vivo 
then tilorone. However, in vitro tilorone was found to be more toxic than its 

congeners. Aza analogues of tilorone were inactive or weakly active as interfe- 

ron inducers. However, sinteracted with DNA almost to the seme extent as tilo- 

rone. The mode of interaction of ligands with DNA was also investigated by the 

electrophoretic method.6 It was shown that the complete unwinding of superheli- 

cal PM2 DNA was obtained at 0.16, 5.6 and 56 ,ug/ml concentration of ethidium 

bromide, tilorone and ,lo-, respectively. Complete biological and biochemical re- 

sults will be published separately. 

EXPERBBNTAL 

2.7-Dichloro-1.8-diazafluorenone (5). A mixture of Q (6.42 g ,  30 mM) and WC13 

(22 ml) was refluxed for 20 min. An excess of WC1 was removed in vacuo. The 3 
residue was treated with water (40 ml) and ice (20 g) and the pH was adjusted to 

5-6 with 15% aq. K2C03. The crude product was filtered off, washed with cold wa- 

ter and recrystallized from a mixture of EtOH-CHICOOX (1 :3)  to give pure 57 in 



57% y i e l d  a s  yellow-green c r y s t a l s ,  mp 307-309' C. IR fKBr1: 1740 cm-I fC=01 .  

NMR lCF3COOD1 &: 8.12 (2H, d ,  J = 8 Hz, 4-Hand 5-H); 7.60 12H, d ,  J = 8 Hz, 

3-H and 6-H). W fEtOH): Xmax 208 nm ( l o g  t.4.231, 250 (4.10),  288 f 4.021, 313 

(3.971and 378 (3.30).  

S ~ i r o  [l ' .9'-dioxolane-2',9 CgIfl-2.7-dichloro-1.8-diazafluoreneJ 16). A mixture 

of 5 (3.76 g ,  15 mM) and e t m l e n e  g lyco l  115 mll i n  dioxane (25 m l )  con te in ing  
w 

a c a t a l y t i c  amount of p-TsOH was ref luxed f o r  40 h. After  removal o f  dioxane & 

vacuo t h e  mixture was cooled t o  0' C. The crude product was f i l t e r e d  o f f ,  washed - 
with a smal l  amount of cold water,  d i s so lved  i n  hot e thano l  and decolor ized w i t h  

charcoal.  After removal of t h e  so lven t ,  t h e  product was r e c r y s t a l l i z e d  from t h e  

mixture of benzene-ethanol ( 5 : l  1. After  drying a t  100-105' C f o r  2 h, white nee- 

d les  of 5 were obtained i n  58% y i e l d ,  mp 285 - 287' C. NMR ICDC13, 4 0 ' ~ )  6 :  7.63 

(2H, d,  J = 8 Hz, 4-H and 5-H); 7.21 f2H, d, J = 8 Hz, 3-H and 6-HI; 4.50 (4H, 

s ,  -OC%-). W fEtOH): Amax 212 nm f l o g  f.4.391, 248 14.151, 323 13.97). 

S ~ i r o  {I '-3'-dioxolane-2'.9 CgHI-2.7-bis I2"-(N.N-diethrlamino1ethox~l-1.8-diaza- 

f luorene)  ( 9 ) .  To an o i l - f r e e  sodium hydride (prepared from 3.10 g of 50% NaH, ,., 
64.5 a), anhydrous f CH3)2S0 125 ml) and f r e s h l y  d i s t i l l e d  2-f N,N-diethylaminol- 

ethanol (8.53 m l ,  64.5 mMl were added and the mixture was s t i r r e d  a t  45' C u n t i l  

a l l  sodium hydride dissolved.  After  coo l ing  t o  20' C ,  5 (3.17 g ,  10.7 m M )  was 

added and t h e  mixture was s t i r r e d  a t  room temperature f o r  12 h and next  heated 

a t  40- 45' C f o r  6 h. After  cool ing,  t h e  mixture was poured i n t o  water 1150 m l )  

and was allowed t o  s tand i n  r e f r i g e r a t o r .  Crude % w a s  f i l t e r e d  o f f ,  washed w i t h  

cold water ,  and d r i e d  in t h e  a i r .  Without p u r i f i c a t i o n ,  t h e  base 2 was f u r t h e r  

dissolved i n  a mixture of e ther-absolute  e thano l  ( 3 : ) )  and converted i n t o  hydro- 

chlor ide  by means of e t h e r e a l  HC1. After r e c r y s t a l l i z a t i o n  from 95% ethanol  and 

drying a t  105-!lo0 C f o r  2 h, white needles  of d ihydrochlor ide  of 2 Imp> 235' C 

(decamp.)] was obtained i n  64% y i e l d .  IR (Dr): 2600 and 2495 cm-' (NH+) .  

NMR l D 2 0 )  & 7.90 12H, d ,  J = 8 Hz, 4-H and 5-H); 6.95 12H, d i  J = 8 Hz, 3-H and 

6-H); 4.95-4.81 1 8 H ,  m, -OCS$-); 3.93- 3.35 f12H, m, -C%N(CH2I2-); 1.56 (12H, 

t ,  J = 7 He, -Cl$). W f % 0 ) :  Xmax 214 nm f l o g  E=4.51), 292 . f4 .32) ,  337 (3 .64) .  

2.7-BisC2-lN.W-diet~lamino)etho~l-l,8-diazsfluorenone 12). A s o l u t i o n  of di -  

W r o c h l o r i d e  of 9 1530 mg, 1 mM) i n  d i l u t e d  HC1 ( 2  m l  of conc. HC1 and 2 ml of - 
Water) was heated a t  90- 95' C f o r  20 min . After  hydrolysis ,  t h e  s o l u t i o n  was 

cooled and n e u t r a l i z e d  w i t h  concentra ted ammonia. The p r e c i p i t a t e d  product was 
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f i l t e r e d  o f f ,  washed w i t h  a smal l  amount of cold w a t e r ,  and r e c r y s t a l l i z e d  from 

n-hexsne t o  g i v e  pure g, i n  Q% y i e l d ,  a s  f ine  cermine p l a t e s ,  mp 93 - 95' C. 

I R  (KBr): 1740 cm-I (C=Ol. NMR ( C C l 4 1  6: 7.46 (2H, d ,  J = 8 Hz, 4-H and 5-H); 

6.56 (2H, d ,  J = 8 Hz, 3-H and 6-H); 4.28 14H, t ,  J = 6 Hz, 0 ;  2.68 14H, 

t ,  J = 6 Hz, -CH$$N=); 2.36 f 8 H ,  q ,  J = 7 Hz, -CH+C?); 0.95 (12H, t ,  J =7Hz,  

-CH3). W (n-hexane): Xmax 252 nm ( l o g  €=4.611, 323 (4.301 and 438 (2.62). 

Ditlydrochloride of 10 was obta ined i n  the  same manner a s  d i w d r o c h l o r i d e  of  2 
a s  monowdrate [mp > 201' C (decomp.~] i n  74% y ie ld .  I R  (KBr): 2600 and 2490 

( N H + I ,  1745 cm-I ( G O ) .  NbtR fD201 6: 7.63 (2H, d ,  J = 8 Hz, 4-H and 5-H); 7.06 

(2H, d ,  J = 8 Hz, 3-H and 6-HI; 5.00 - 4.66 f4H, m, -OC%),  4.08-3.46 1 1 2 4  m,  

-C%N(CH2)21; 1.63 (12H, t ,  J = 7 Hz, -CH3) .  W (H20):  Amax 256 nm ( l o g  E=4.44), 

308 (4.021 and 460 (2.511. 

2.7-Bis [2-(N.N-diethylamino) etlmwl -1 .8-diazafluorene 2 . The reduc t ion  of  ke- 

tone 10 by w d r a z i n e  w d r a t e  was c a r r i e d  ou t  ( in  au toc lave  a t  140 - 150' C f o r  - 
14 h )  according t o  t h e  genera l  procedure.5c After r e c r y s t a l l i z a t i o n  from n-he- 

xene c o l o r l e s s  m i c r o c r y s t a l l i n e  s o l i d  _Lap 41 -44' Cl was obta ined i n  76% 

y i e l d .  NMR (CDCl31 6: 7.66 (2H, d ,  J = 8 Hz, 4-H end 5-H); 6.61 (2H, d ,  J = 8 Hz, 

3-H and 6-H); 4.36 (4H, t ,  J = 6 Hz, -OC%-) ;  3.73 (2H, s,  9 - 3 ) ;  2.78 (4H, t ,  

J = 6 Hz, -C%CH+N=); 2.56(8H, q ,  J = 7 Hz, -C$CH3); 0.98 ( I Z H ,  t ,  J = 7 Hz, 

-CH3). UV (n-hexane) : Xmax 214 nm ( log 6=4.53 ), 308 (4.56) end 338 (4.38). 

Dihydrochlor ide  o f  ll- was obta ined from 2 i n  the same manner a s  d i w d r o c h l o r i -  

de of 9 . Dihydrochlor ide  of 11 [mp > 177' C (decomp.)] obta ined i n  t o t a l  64% 

y i e l d ,  was extremely wgroscop ic  and any contact  w i t h  moisture should be avoi-  

ded. NMR (D20) 6: 8.35 ( Z H ,  d ,  J = 8 Hz, 4-H and 5-H); 7.35 f2H, d ,  J = 8 Hz, 

3-H and 6-H); 5.10 f9-%+D20, s ); 5.05- 4.90 14H, m,  -OCH2 ); 4.08- 3.94 (4H, m,  

C 2 ;  3.70 ( 8 H ,  q, J = 7 Hz, - C q C H 3 ) ;  1.68 02H,  t ,  J = 7 Hz, -CH3). 

W (H201: Amax 225 nm f l o g  E=4.21) and 306 14.22). 

2.7-BisC3- fI-mor~holino)~ro~o~l-l,8-diazafluorenone ( 7 )  was obta ined from 2 and 
.- 

3- (1-morpho1ino)propanol i n  t h e  same manner a s  z. The s p i r o  d e r i v a t i v e  of a s  

w e l l  a s  ,7- i t s e l f  were e x t r a c t e d  w i t h  chloroform from t h e  r e a c t i o n  mixture and 

worked up a s  desc r ibed  f o r  compounds 9 and 2. Crude d i w d r o c h l o r i d e  of ;was 

r e c r y s t a l l i z e d  from a mixture o f  abso lu te  ethanol-benzene 2 :  Af ter  d ry ing  

a t  110- 115' C f o r  2 h, p a l e  rose  needles  of d i b d r o c h l i r i d e  of [mp mp 225' C 

(decomp.)] a s  monowdrate w i t h  0.5 equivalent  of e t h a n o l  were obta ined.  The 



total yield starting from 5 was 30%. IR (KBrl: 2600 and 2490 (NH+), 1740 cm- 1 
(C.01. NMR (D20) 5: 7.70 (2H, d, J = 8 Hz, 4-H and 5-H); 6.91 (2H, d, J = 8 Hz, 

3-H and 6-H); 4.66-3.80 (12H, m, -OCl$-); 3.75 -3.28 (12H, m, -N(CH2)3); 2.58- 

2.19 14H, m, -C%CE2C%-). UV 1H20): Amax 257 nm (log c~4.48 I ,  308 14.09) and 

4.60 (2.51). 

2,7-Bis [2-(N,N-dimethylaminolethoxy] -l,8-diazafluorenone (51. This compound was 
obtained from 6 and 2-(N,N-dimet~1smino)ethanol in the same way as L. Crude 

dihydrochloride of 2 was purified by recrystallization from a mixture of abso- 
lute ethanol-benzene 4 :  After drying at 105 - 110' C for 2 h, pale orange 

needles of di~drochloride of 8 [mp > 215' C (decamp.)] with 0.5 equivalents ,., 
water and ethanol was obtained in total 49% yield. IR(KBr1: 2700 (NH+), 1740 c m  I 

(C.0). NMR (D20) 6 :  7.41 2 d, J = 8 Hz, 4-H and 5 - H ) ;  6.81 2 d, J = 8 Hz, 

3-H and 6-H); 4.71 - 4.60 (4H, m, -0C3); 3.83 - 3.55 (4H, m, -Cn2N=); 3.08 
112H, s, -CH3). UV !qO): Xmax 254 nm (log f=4.601, 306 (4.17) and 440 12.661. 
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