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UNAMBIGUOUS SYNTHESIS OF 9-CYANAMINO-ACRIDINE AND 10-CYANO-9-IMINO-ACRIDANE 
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Abst rac t  - The reac t i on  o f  cyanogen bromide wi th  9-amino-acridine 1 af fords  

10-cyano-9-imino-acridane 2; the  isomeric 9-cyanamino-acridine 3 i s  formed 

from 9-methoxy-acridine 6 w i t h  cyanamide. 

It i s  we l l  documented t h a t  9-amino-acridine 1 i s  at tacked by e l e c t r o p h i l i c  reagents both  a t  the 

exocyc l ic  amino group and a t  the ring-N-atom: Acy la t i on  takes place a t  the  9-amino group lead ing 

t o  9-acylamin0-acridines~~' o r  9 -acy l im ino -a~ r i danes .~  A l ky la t i on  usua l l y  gives r i s e  t o  subs t i t u -  

t i o n  a t  the  r i n g  p o s i t i o n  I O , ~ . ~  bu t  there  a re  repor ts6 '7  tha t  mix tures  o f  r i n g -  and em-N-a lky l  

de r i va t i ves  were obtained depending on the reac t i on  condi t ion and on the a l k y l a t i n g  reagent used. 

The reac t i on  o f  9-amino-acridine 1 w i t h  cyanogen bromide af fords a cyanat ion product i n  good 

y i e l d .  However, the  s i t e  o f  cyanat ion cou ld  no t  be ant ic ipa ted nor  cou ld  the  s t r u c t u r e  of t h i s  

product be proved by r e a d i l y  ava i l ab le  spectroscopic means. Therefore, i t  was decided t o  

es tab l i sh  the  s t r u c t u r e  by chemical d e r i v a t i z a t i o n  and by independent synthesis of the  respect ive  

isomer (Scheme 1 ) .  

I n  an at tempt t o  t ransform the N-bonded n i t r i l e  funct ion,  the cyanat ion product of 9-amino- 

ac r i d i ne  1 was t rea ted  w i t h  amnonium bromide as we l l  as with sodium hydroxide i n  o rde r  t o  ob ta in  

the  corresponding guanidino and ure ido de r i va t i ve .  However, these procedures merely ef fected t h e  

cyano group t o  be s p l i t  o f f .  and 9-amino-acridine 1 was the on l y  product iso la ted.  The reac t i on  

w i t h  hydroch lor ic  a c i d  fu rn ished an add i t i ona l  compound beside 1: The IR spectrum of t h i s  

hyd ro l ys i s  product  revealed t h a t  t h e  cyano group was retained and, moreover, a carbonyl  f unc t i on  

was introduced. This l e d  t o  the  conclusion t h a t  the  structure o f  the  product obtained from the 

8 reac t i on  of 9-amino-acridine w i t h  cyanogen bromide i s  10-cyano-9-imino-acridane 1; hydro- 

c h l o r i c  ac id  p a r t l y  hydrolyzed the imino group o f  t h i s  cyanation product conver t ing  i t  i n t o  

10-cyano-g-acridanone 4 which i n  t u r n  proved i d e n t i c a l  w i th  the product r e s u l t i n g  from the reac t i on  

of the potassium s a l t  o f  g-acridanone 5 w i t h  cyanogen bromide. 



Schem 1 

1. KO-t-BU 
2,  BrCN 

The react ion of 9-amino-acridine 1 wi th  cyanogen bromide furnished the ring-N-cyanated compound 2 
but no isomeric cyanation product 9-cyanamino-acridine 2 was iso la ted.  This i s o m r  2 was 

synthesized i n  good y i e l d  from 9-methoxy-acridine 6: With cyanamide the methoxy subst i tuent  of 6 
i s  displaced and the cyanamino group i s  introduced i n  pos i t i on  9, thus prov id ing an unambiguous 

access t o  compound 2. 
1 The H-NMR spectra o f  the two isomeric compound 2 and 3 (cf. Experimental Section) need some 

comnents: Both compounds show the signals o f  t h e i r  &-protons (H-1 and H-8) sh i f t ed  downfield 

and c l e a r l y  separated from the m u l t i p l e t s  o f  t he  o ther  s i x  aromatic protons (H-2 through H-7). 

In  the case o f  10-cyano-9-imino-acridane 1 t h i s  i s  a t t r i b u t e d  t o  the  an isot rop ic  ef fect Of t he  

imine double bond exerted on the 1 .8 -pe r i -p r0 tons .~~  - A s i m i l a r  ove ra l l  s ignal pat tern  Of the 
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aromatic protons i s  displayed by 9-cyanamino-acr id in 3, and t h i s  cou ld  suggest the  tautomeric 

s t ruc ture ,  9-cyanimino-acridane L (Scheme 2). the  downfield s h i f t  of H-1.8 being again o r i g i na ted  

by the  an i so t rop i c  e f fec t  o f  t h e  imine double bond. However, the  subs t i t uen t  at tached t o  the  

imine-N-atom o f  1 i s  expected t o  g i ve  r i s e  t o  two separate s i gna l s  o f  the 2 and H-1 and 

~ - 8 : ~  bu t  t h i s  i s  no t  observed. Therefore, t h i s  i s  taken as evidence f o r  t h e  cyanamino-structure 3, 

H-1 and H-8 be ing apparent ly equ iva lent  protons (bu t  a rap id l y  exchanging tautomeric equ i l i b r i um 

Scheme 2. 

between both forms 3 and 1 cannot be s t r i c t l y  ru led  ou t ) .  As i t  has been suggested s i m i l a r l y  f o r  

9-amino-acridine 1, the  mesomeric c o n t r i b u t i o n  of zw i t t e r i on i c  structures1° l i k e  & lends some 

double bond charac ter  t o  t h e  Ce-N bond of 3 (though i n s u f f i c i e n t  t o  cause observable hindered 

r o t a t i o n  about i t ) ,  and t h i s  i s  associated w i t h  an appreciable desh ie ld ing inf luence on the 

resonance o f  the  1,8-protons.'1 Moreover, t h e  d i s t i n c t  downfield s h i f t  of H-1,8 i n  compound 3 
12 (exceeding t h a t  o f  H-1.8 o f  9-amino-acridine 1 by 0.53 ppm, us ing  the same solvent ) has t o  be 

a t t r i b u t e d  t o  the n i t r i l e  t r i p l e  bondgc o f  the  cyanamino group which obviously accounts f o r  an 

add i t i ona l  s i g n i f i c a n t  desh ie ld ing con t r i bu t i on  t o  t h e  chemical s h i f t  of t h e  1.8-@-protons o f  2. 

EXPERIMENTAL 

Mel t ing  po in t s  were determined on a Kof ler  apparatus. The I R  spectra were taken on a Beckman 

1 AccuLab 6 instrument, the H-NMR spectra were recorded on a JEOL C-60-HL spectrometer (60 MHz), 

and the mass spectra were obtained from an AEI MS 9 spectrometer (250°C. 70 eV). Elemental analyses 

were performed by Hoffmann-La Roche AG, Basle, Switzerland. 

10-Cyano-9-imino-acridane 1: To a s o l u t i o n  o f  9-amino-acridine 1 (7.76 g, 40 mnol) i n  b o i l i n g  

acetone (250 ml )  a s o l u t i o n  of cyanogen bromide (2.12 g, 20 mnol) i n  acetone (30 ml )  was added. 

The mix ture  was s t i r r e d  under r e f l u x  f o r  30 min, the prec ip i ta ted 1.HBr was f i l t e r e d  o f f ,  and the 

f i l t r a t e  was evaporated. The residue was t rea ted  w i t h  b o i l i n g  e the r  (50 ml) t o  g i ve  2 (3.5 g, 80%) 



as ye l l ow  needles: mp (dec.) 225-232-C (ethanol) .  MS: m/z 219 (100%). 192 (23), 164 (7) ;  

I R  (KBr): 2236 cm-l (CIN), 1655 (C-N); 'H-NMR (DMSO-d6): 6 7.3-7.9 (m, 6H, H-2 - H-7). 8.42 (dd, 

5.7.5 and 1.0 Hz, 2H, H-1,8), 10.76 (broad s, lH, NH). Anal. Calcd. f o r  C14H9N3 (219.25): C 76.70; 

H 4.14; N 19.17. Found: C 76.40; H 4.06; N 18.73. 

10-Cyano-9-acridanone 4: (a) From 2: To a suspension of 2 (0.88 g, 4 mnol) i n  h o t  water (100 ml)  

36% hydroch lor ic  ac id  was added j u s t  t o  e f f e c t  d i sso lu t i on .  Subsequent b o i l i n g  of the  s o l u t i o n  

induced the p r e c i p i t a t i o n  o f  co lour less  needles. When t h i s  appeared t o  be complete, the  mix ture  

was cooled t o  O°C, the  p r e c i p i t a t e d  product was f i l t e r e d  off and washed w i t h  ethanol  (3x 15 ml ) :  

colour less c r y s t a l s  4 (0.37 g, 42%): mp (dec.) 272-274T (dimethylformamide). IR (KBr) 2235 cm- 1 

(GIN, 1655 (C-0). Anal. Calcd. f o r  C14H8N20 (220.23): C 76.35; H 3.66; N 12.72. Found: C 76.34; 

H 3.48; N 12.52. - From the f i l t r a t e  a f t e r  a d d i t i o n  o f  sodium hydroxide 9-amino-acridine 1 was 

isolated. 

(b) From 9-acridanone 5: To a s o l u t i o n  o f  5 (1  g, 5 mnol) prepared i n  dry  dimethylformamide a t  

70°C a s o l u t i o n  o f  potassium t -butox ide (0.57 g, 5 mnol) i n  d imethy lsu l fox ide (5  ml )  was s lowly  

added. The mix ture  was kept a t  70% f o r  1 h, and then a s o l u t i o n  o f  cyanogen bromide (0.54 g, 

5 mnol) i n  d ry  dimethylsul foxide (5  ml)  was added. A f t e r  a f u r t h e r  1.5 h a t  70°C the mix ture  was 

poured on  crashed i c e  and the c r y s t a l s  formed were co l lec ted.  This product 4 (0.72 g, 64 %) proved 

i den t i ca l  w i t h  t h a t  obtained by  t h e  preceeding procedure. 

9-Cyanamino-acridin 3: To a b o i l i n g  s o l u t i o n  o f  cyanamide (2.8 g, 66 mnol; r e c r y s t a l l i z e d  from 

chloroform, mp 4 3 T )  i n  ethanol  (30 ml)  9-methoxy-acridine g (7.0 g, 33 mnol) d isso lved i n  dry  

ethanol (70 ml) was added and the mix ture  was kept  a t  r e f l ux .  A f t e r  2 h the  p r e c i p i t a t e d  product 

was f i l t e r e d  o f f  and washed w i t h  ethanol  (3x 15 ml ) :  Yellow c r y s t a l s  2 (5.8 g, 80%): mp (dec.) 

309-311DC (dimethylformamide; i n  order t o  remove t h i s  so lvent  t h e  c r y s t a l s  were washed w i t h  ethanol  

and e ther ,  and subsequently d r i e d  a t  40°C/0.01 mbar). MS: m/z 244 [~+251,' 219 ( loo%), 192 (37). 

164 (5); IR (KBr): 3300-2600 cm-' (broad, w i t h  major maxima a t  3278, 3242, 2956; N-HI, 2148 ( E N ) ,  

1642 (C=N ?); 'H-NMR (DMSO-d6): 6 7.2-8.1 (m, 6H, H-2 - H-7), 8.97 (dd, J=7 and 1 Hz, H-1.8). 11,5 

(very broad s, lH, NH). Anal. Calcd. f o r  CI4H9N3 (219.25): C 76.70; H 4.14; N 19.17. Found: 

C 76.54; H 4.03; N 19.16. 
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