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A convenlenc synthesis described for pyrazolo[3.4-f]qu~nazal~n-9-one (41, an inter- 

nally expanded benzalog of the biologically relevant pyrazolo[4.3-d]pyrimldlnes 12). 

2 3 
Of m t a n i ' s  many outstanding mntr ibut ions to hetenrycllc chwnistly, parts 718 and 756 of his 

"Studies on the Syntheses of Hete-clic Onwunds" dealt with wrazolo!3,4-f]@nollno~s (11, 

whi& are of potential antibacterial achvity.  Simlarly, anthacter ia l  and, in wrt lcular ,  q t w  

statlc propr t les  may be expected for 8 - a z s a n a l q ~ s  of 1, i.e. for ~razolo[3,4-f]quinazolinone 4, 
as well as for its [3,4-g]- ( 5 )  and [3,4-h]-linked ismrs (61, smce they are anqular and hnear 

expanded tenzologs of W r a z o l o [ 4 , 3 - d ] ~ r i m d i m ~  2 ,  the nuclechse of fomycin B (A), and k n z w  

1 . 4  
logously d l f i e d  purines and ~razolopyrlmidines have k e n  of w t i c u l a r  biological relevance . 

m a study directed m r d  the developrent of efficient  syntheses for these novel hetencycles as 

well as ribosides thereof5, we f l n t l y  report on an access to 4 by two independent, prenaratively 

6 
mnparable routes . 

7 Like m t a n i ' s  approad to 12, the one mute to 4 started frcm readily accessible 6-armnomdazol - 

(7).  l n t o  h i &  a ca-lic acid function was introduced a t  C-7 by a nrooedure previously used by 

8 
S a n h y e r  for the synthesis of i sa t in  , i .e .  rraction of 7 with chloral hydratejhydmxylmrr to 

t h  N-hydmximinoacetyl der~vative g and subseqrent sulfuric acid-induced cyclization to the 



pyrazolwlsatin 9, - feasible  i n  67 % overall yleld. Ensuing oxldatlve ring cleavage afforded the 

6-aminoindawl-7-carboxylic acid 11, - which i n  the free farm a u l d  not be converted i n t o  4 due to - 
extensive deViTboxylatlon on heating wlth f o m d e ;  the N - f o w l  a q ~ u n d  10 - was obtained mstead. 

me n r e s p d i n g  methyl ester 13, hcweMr, obtained on trea&nt of 2 mth diac-thane i n  64 % 

yield aside mall quant i t ies  ( 6  8 )  of a higher methylated ccrqmund (preslrmably 12) , was rradi ly 

wnverted into 4 (74 %) by heating with formmid?. mw, the flve-step mnversicm 7 + 4 is 

effected i n  an overall  yield of 32 % 

HN-N o HN-N d-" - ..yj 
H HN H$ 

11 

me al ternate  route t o  4 mnprised the at tachmnt of a pyrazol ring onto readily a v u l a b l e  9 

6-mthylq~inawlinone 14, which was initiated by a highly regioselect im n i t ra t ion  t o  ?i (67 8 ) .  - 

Subsequent reduction gave the 5-amino derivative 1682 % )  tha t  a u l d  be d iawt iced  i n  the 



presence of HBF4 to the dLazonlmn fluoborate 17 (quark.).  Consecutively, 2 was subjected to 

te t rmrr thyl~monimn acetate  In  chlorofom vhich elaborated 4 via  an e q c t e d l y  -th1° mt ra -  

m l e c u l a r  azo mupllng. Acmrdmgly, the  ccnwrsion 14 - 4 can be ac-lished i n  an overal l  y ie ld  

of 27 8 f o r  the four steps. 

s t ruc tu res  of the  products were ascertained by analyt ical ,  'H-PNR and bS da ta  lcf .  expr-ntal  p a r t ) .  

their discussion being negl igible  due to lack of  any p c u l i a r i t y .  4 exh ib i t s  a charac te r l s t l ca l ly  

structured W s p e c m  with an Intense rraxim a t  252 mn and a l e s s  intense @and f m  3-330 nm; 

in teres t ingly,  no decisive spec t ra l  s h i f t s  are observed when going £ran the neu t ra l  species ( i . e .  

4 a t  pH 7.7) to a depmtonated form (pH 12.6). .hi& may ~ndicate t h a t  renova1 of the  amide proton - - 

IH-8) has l i t t l e  influence on the  e lectron d i s t r ibu t ion  obviously due to strong hydrogen bonding 

between H-1 and the C-9 carbonyl oxyqen. 

Evalvition of the  biological  proper t ies  of 4 has s o  f a r  k e n  llmited to d e t e m n a t i m  of its 

inhibitor capacity fo r  -thine oxidase, which proved to k about 30 fold lmr than that observed 

11 for  a l lopurinol  . A s s e s m n t  of  a n t b a c t e r i a l  and a n t i t w o r  p r o p r t l e s  are presently being under- 

way. 

* l h n g  p i n t s  are d e t e m n e d  on a Em& Monmkop and are uncorrected. Spectral rreasur-nts w e r e  

effected wlth Varlm xL 100 INWI, Vanan MAT 311 A I = )  and P e r k i n - E k r  5 5 0  i n s t m n t s  (W) .  

TLC on n e s e l g e l  F254 p l a s t i c  sheets (Wrck. D a m t a d t )  was used to mitor the reactions and to 

asce r ta in  the pur i ty  of the products. LXwlopers employed: A ,  e thy l  aetate/water/n-propanol 

4:2:1 (upper phase); 8, chloroform/mthanol 10:l and 2: l .  me spots were vlsml ized  by W l i g h t  o r  

by spraying with 80 % aqueous s u l f u r i c  acid and charring a t  110% for  5 mi". Column c h m t o g r a p h y  

was carr led out  on Kleselgel 60 (7'2-230 m s h ,  Mrck). 

6-(Hydr~Aminoacet~l-Jamino-1H-indazole H ~ ~ P o c ~ Z ~ Z - ~ ~ ~  (i'HC1): Ta an zqce0u.s solut ion of 6-amino- 

lH-indazole (13.3 g, 0.1 ml, in 60 ml) was added conc. HC1 (10 ml) , a solut ion of ch lo ra l  

hydrate (16.5 g ,  0.1 m l )  i n  water (250 m l ) ,  s&m s u l f a t e  hydrate (260 gl and an aqueoffi 

solut ion of hydroqlamine h y m l o n d e  (22.0 g, 0 .3  nwl, i n  100 mlj. ?he mixture was refluxed 

f o r  1-2 min and the p r e c q i t a t e  fad on c m l ~ n g  was ml lec ted ,  washed with water and dried 

lP2O51: 16.1 g I79 % )  of 8, m.p. 199-201°c. - A n a l .  Calc. f o r  C9~8~402.HC1: C 44.92, H 3.77, 

N 23.28; Found C 44.72, H 3.69, N 22.99. - ' H - ~ M F :  ID6-13G0/D20): 7.30 and 7.73 (two 1H-d, 

J = 9 Hz, H-4 and H-5), 7.78 and 8.07 (two l H s ,  H-3 and H-71. - MS (70 eV): m/e = 204 (18 %, 

M+), 187 124 %, m), 159 ( i m  %, M - H ~ O  and HCNI. 



IH-%ramlo [3 ,4-e l i sa t in  ( 9 ) :  A s t i r r e d  m i x t m  of $ (37.3 g, 0.18 m l )  and conc. su l fu r i c  acid 

(65 ml) was gradually heated to 80°c, and a f t e r  solut ion had taken place was kept a t  BOOC 

fo r  10 min. me c m k l  mixture was poured onto ioe  (350 g! and the p rec ip i t a te  £onred was 

col lected,  follorJedby puri f icat ion through dissolut ion in10N NaOH (ZCU ml) and reprecipi ta t ion by 

addition of 2 N HC1 to pH 5: 31.5 g (85 %) of  9 a s  a mnahydrate; r ec rys ta l l i za t ion  £-water 

follaved by w i n g  i n  vacuo iP205) a t  @90°c gave winered  stocky c rys ta l s  of m.p. > 303Oc. - 
A n a l .  Calc. f o r  C9H5N302: C 57.76, H 2.69, N 22.45; Found: C 57.74, H 2.67, N 22.38. - 'H-NMR 

(D -[EZSO/D20): 6 = 6.77 and 8.13 (tho 1H-d, J = 8.5 Hz. H-4 and H-5). 8.11 (1H-s, W 3 ) ,  11.07 6 

(1H-s, NH, not exchangeable by the l i t t l e  D20 added). - MS (70 eV): m/e = 187 (65 %, M'). 

6-Arnino-lH-indazoZe-7-cc1rboq2ic aaid methyl  ester (13): m a solution of 9 (9.4 g, 50 ml) i n  

10 8 aqueous NaOH (103 ml) was added 10 % aqueous hydragen peroxtde (17 ml, 50 -1) and the 

rmxture was kept a t  lmOc fo r  10 mi% whereafter COZ f o m t i o n  ceased. After mol ing  -c. H C ~  

was added u n t i l  pH 5 was reached and the acid 2, which had precipi ta ted,  was m l l e c t e d  and washed 

with cold wacer: 7.8 g (87 % )  of crude 11 a s  a b r m  Iauder of m.p. 177O~ (dec) (*-peak a t  m/e = 

177, as reqnred), su i t ed  for ensuing experirrents. -To  an i c e m o l e d ,  s t i r r e d  solut ion of crude 

11 - (5.3 g, 30  ml) i n  303 ml water/nethanol (9:l)  was added an e thereal  solut ion of diazorethane 

and the mxture  was kept a t  mbien t  temperature f o r  M min.Subsqaent e v a p r a t i m  to m s s ,  

dissolut ion of t h e  residue i n  ch lomfom 1350 ml) and successiw washing with 2 N NaOH and water 

afforded lrpn r e m v a l  of  the  solvent am orange c rys ta l l ine  mxture  of  12 and 13 i n  the am-imte 

r a t i o  of 1:4 (TLC i n  A ) .  R i t u r a t l o n  with ether (103 ml) l e f t  2.8 g (49 % )  of pure l3, further 

quant i t ies  being abtained on evaporation of the  rather l iquor and separation on a s i l l c a  gel  

c o l l .  with e thyl  acetate/water/n-propanol (4:2:1); total yield: 4.23 g (74 %), m,p. 178-181°c. - 
1 Anal. Calc. fo r  CgHgN302: C 56.54, H 4.75, N 21.98; Found: C 56.45, H 4.80, N 21.88. - H-NM 

0-aEISO/D20): 6 = 4.00 (3H-s, OM3), 7.36 and 7.69 (tho 1H-d, Jqr5 = 9 Hz, H-4 and H-51, 7.94 

(1H-s, H-3). - MS (ED): m/e = 191 (M', 103 8 ) .  

me miwr  f rac t ion  £ran the above m l m  separation gave, upon evaporation to dryxess, 400 ng (6 8 )  

of  an N-nethyl der ivat ive  of g,  of  m.p. 2 1 & 2 1 9 ~ ~ ,  which is ten ta t ive ly  ass i s igd  structure g. - 
A n d .  Calc. f o r  Cl,jIllN302: C 58.53, H 5.40, N 20.48; Found: C 58.46, H 5.43, N 20.35. - 'H-NMR 
ID6-DWJ): 6 = 3.84 and 4.05 (@m 3H-s, 0- and N-CH3), 6.64 and 7.60 (two 1H-d, JqP5 = 9 Hz, H-4 

+ 
a d  H-5), 7.36 (2H-S, D2C-edmigeahle, W 2 ) ,  8.12 (1H-S, H-3). - MS (FD): m/e = 205 (103 %, M 1 .  

6-Formylamim-1~-indazo2e (a): A mixture of crude 11 (1.7 g)  and f o M d e  (1 ml) was heated to 

180°c fo r  2 h. After axl l ing the  fused mass was t r i t u r a t e d  with water (10 ml! and f i l t e r e d  through 

a s i l i c a  ge l  m l m  (2 x 20 a), which was subsequnt ly  washed with rrethanol (203 ml) .  Evaporation 
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of  the  f l l t r a t e  in vacuo and r e c r y s t a l l i z a u o n  of  the residue f m  water (40 ml) afforded 0.79 9 

(53 8 ) .  m.p. 205-207~~.  - AnaZ. Calc. f o r  C8H7N30: C 59.62, H 4.38, N 26.07; Found: C 59.59, 

I 
H 4.28, N 26.01. - H-NMR ID6-OMSO): 6 = 7.16 (1H-q, Jqr5 = 8 and J = 2 Hz, H-4), 7.75 18 Hzd, 

4,7 

lH, H-5) .  8.05 and 8.22 (h 1H-s, H-3 and Cm)), 8.43 (2 Hz-d, lH, H-7). 10.4 and 13.0 (two broad 

+ 
s, 2 NH).  -1VS (70 eV): m/e = 161 (103 8 ,  M 1. 

9 6-Methyl-5-nitroquinazolin-413HI-one 115) :  - 6-&thylquinazolinone 2 (40.0 g ,  0.3 "01) was 

gradually added to a s t i r r e d  mixture of f h n g  n i t r i c  acid (80 ml) and m c .  s u l f u r i c  acld  (80 m l )  

t h a t  was kept a t  18'~. S t i r r i n g  was then continued at icon -rat- f a r  30 min, £011-d by 

heating on a boi l ing water bath (1 h ) .  Cooling and s t i r r i n g  i n t o  crushed i c e  (1.2 kg) resul ted i n  

a p rec ip i t a te  hi& was col lected,  washed with water and r e c r y s t a l l ~ z e d  f m  acetic acid ( 9 m  ml): 

35.0 g (67 8 ) ;  m.p. 304-305Oc. -Ana l .  Calc. f o r  C H N 0 . C 52.68, H 3.44, N 20.48; found: 
9 7 3 3 '  

C 52.56, H 3.41, N 20.52. - M S  (70 e v ) :  m/e = 205 (103 %, M'). 

5-~m'i~-G-methyZquinazoZin-413HI-one 116): To a rmxture of  15 (10.0 g ) ,  10 8 Pd/C (1.0 g)  and 

ethanol (150 ml) was gradually added an aquwus hydrazlne solution (83 %, 10 ml) ~n ethanol (10 ml) 

under r n e r t  m n d i t ~ c n s  ( N 2 ) .  &fluxing the mixture fo r  1 h follaved by c m l i n g  to rcon temperat- 

afforded c rys ta l s  h i c h  =re d ~ s s o l v e d  i n  ~ t h y l f o ~ d e  (150 ml) and the ca ta lys t  was r a v e d  

by f i l t r a t i o n .  Solvent evaporation &d subsequent r ec ry r j t a l l l za t im frcm ethanol fumlshed 7.0 g 

(82 8)  of 16 as l i g h t  yelloni c rys ta l s  of m.p. 26-261°C (dec). - A.ia2.Calc. f o r  CgHgN30: C 61.70, 

H 5.18, N 23.99; Found: C 61.65, H 5.13, N 23.86. - 'H-NMR ID --): 6 = 2.13 (3H-s, CH3), 6.70 6 

and 7.36 (two 1H-d, J 7 , 8 =  8.5 Hz. H-7 and H-8). 7 . m  (2H-m, NH2) .  7.88 (1H-s, H-2). 11.67 11H-s, 

NH) .  -MS I70 eV): m/e = 175 11M %, M'). 

6-MethylquinazoZin-4-i3HI-on-5-diazonim tetrofluoborate (17): Pqueou5 fluoboric acid  (35 8 ,  5.04 g ,  

2 0  m l )  was added to a s-mion of  16 (1.75 g, 10 -1) i n  e thy l  aceta te  (40 d l ,  whereupon the 

y e l l m  te t raf lucborate  of 16 precipi ta ted.  I t  was d i s s o l w d  on gradual add iuon  of sodim n i t r i t e  

(0.75 g, 10 -1) a t  5 ' ~  with s t i r r i n g .  Ihe sa lu t ion  was further s t i m d  fo r  1 h and the  pale green 

crys* f o m d  a t  the icdide/star& end p i n t  were m l l e c t e d  and washed wel l  with e t h y l  aceta te :  

2.75 g (100 %) of 17 with m.p. 157O (dec) . E'wtkr purif icat ion of the product was e f fec ted  by dm- 

solut ion in acetone £011- by addi t ion of  e the r .  A s a u s f a c t o r y  e l m e n t a l  analysrs m l d  not be 

abtained due to thermal l a b i l i t y  of the product. - I R  (mr) : 2280 (-NtN,  sharp) .  - MS 

+ 
(70 ev): mje = 178 (48 %, M of  5 - f l ~ ~ 6 a e t h y l q u i n a z o l i n - 4 a ,  f o m d  by a S d m i a n n   action 

+ 
durinq m a s m t ) ;  MS (Fn): mje = 186 1100 a, M+ of  5 -d i azo -6 -ne thy l -4 -o~mwl iny l  ) . 



1 -~maoLo[3 ,4 - f ]qu inazo l in -9 -18~ i -nne  (4): 

a) By cycl iaat ion o f  13 w i t h  fomamide: A mixture of 13 (1.35 g ,  7 -1) and formamide (4.3 ml) 

was heated at 140'~ f o r  4.5 h and again  a t  180'~ f o r  1.5 h.  Ihe product f o d  on c m l i n g  was 

co l l ec t ed  and washed wi th  a l i t t le  cold  water: 555 mg o f  4;  €ran the nother l iquor  a further crop 

could be obtained, the m l a t i v e  y i e l d  k i n g  965 n q  (74 8 ) ;  m.p. 325-327'~ (dec) .  - Anal. Calc. 

f o r  C9H6NqO: C 58.06, H 3.25, N 30.10; Found: C 57.98, H 3.20, N 30.02. - UV (phosphate buffer ,  

pH 7.7):  Amax I lgz) = 252 m (4.31) ,  ?04 sh 13.7'31, 313 13.89). and 326 13.89); Amin = 221 (3.72),  

277 13.501, and 321 (3.85). - U P  INaOH, pH 12.6):  A- 253 14.31), 260 (4.261, 284 (3.691, 302 sh  

l3.78),  312 (3.901, and 325 (3.89);  Amin = 228 (3.88). 258 (4.24).  277 (3.67),  291 (3 .67) ,  and 

319 (3.83).  - ' H - N M R  (D6-OEISO): 6 = 7.45 and 8.22 (two 1H-d, J = 9 Hz, H-4 and H-5), 8 .M and 
4.5 

8.32 (two 1H-s, H-3 and H-7). 13.44 (broad 2H-signal, 1-H and 8-HI. - MS (70 eV): m/e = 186 

l l c o  %, M+). 

b) B3 e y c Z z z a ~ i o n  of' d i a e o n i m  salt 2: To a so lu t ion  of t e t r amthy lamrcn im ace t a t e  (1.0 g )  i n  

chlomfonn 125 m l )  was added 660 mg (2.5 ml) of  2 and the mixture was s t i r r e d  f o r  1 h a t  

&len t  tanperat-. Evaporation to dryness, t r i t u r a t l o n  of  the  res idue  with e thanol  and 

f i l t r a t i o n  g a w  380 mg of crude 4, m.p. 325O~. Further p u r i f i c a t i o n  by e l u t i m  f m  a s i l i c a  g e l  

c o l m  wi th  chloroform/rrethanol (20: 1 ) gave 230 n q  (49 %) , m.p. 330% 
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