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I n t r o d ~ c t l o n  o f  a  2,4-dichlarophenoxy group 

a t  t he  4 -pos i t i on  o f  2-amino-6-phenyl- 

p y n m ~ d i n e  al lowed a r e g i o s e l e c t l v e  o x i d a t i o n  

t o  t h e  N,-oxide. The r e s u l t a n t  p y r i r n l d ~ n e  

ox ide,  d e n v e d  from m-chloroperoxybenzolc 

ac id  treatment, was converted t o  t h e  

pynmid inane  by a c i d i c  hydrolysis. The 

s t w c t u r e  was u n a m b i g u o ~ ~ l y  de te rmned  by 

x - ray  c r y s t a l l o g r a p h i c  a n a l y n s .  

We have r e c e n t l y  described t h e  synthes is  and p re l im ina ry  a n t i v i r a l l l n t e r f e r o n  induc ing 

a c t i v ~ t ~ e s  o f  a se r ies  o f  2-amino-5-halo-b-ary1-4(3~) -pyr im~d~nanes.1 '2  Our I n t e r e s t  in these 

compo~nds extended t o  poss ib le  me tabo l i t es  as po ten t la1  b i o a c t ~ v e  analogs. The demonstrat ion t h a t  

one o f  sevqral m e t a b o l ~ t e s  from r a t  appeared t o  be an  o oxide^ pramptea our  attempt t o  synthes ize 
l 

one o f  t he  putat7ve metabo l i t es .  

D i r e c t  o x i d a t i o n  o f  p y r i m i d ~ n e s  t o  N-oxides w i t h  pe rca rboxy l i c  ac ids  or hydrogen peroxlde i s  

a w e l l  known ~ r o c e s s . ~  However, c e r t a i n  2 -aminopy r~m~d ines  prove un reac t i ve  when t r e a t e d  w i t h  

these  oxidant^.^-^ For  example, 2,6-d1arnino-4(3H)-py~im1d1none undergoes r ing-carbon o x ? d a t ~ o n  

fo l lowed by rearrangement t o  6 - a m 1 n o - s - t r i a r i n e - 2 , 4 ( 1 ~ , 3 ~ ) - d l o n e . ~ ~ ~ ~  When we t r e a t e d  2-amino- 

6-phenyl-4(3H)-pyrimdinone (L) w i t h  a v a r i e t y  o f  ox idants  (H202. CHjC03H, PhCOjH. (PhCU2i20) the  

Only product i s o l a t e d  was the  r a t h e r  l a b i l e  5-hydroxypynmidone, 1.14 Since the  nature of t h e  



pyr imid ine r i n g  subst i tuents  appears t o  exert  s i gn i f i can t  cont ro l  over the s i t e - s e l e c t i v i t y  of 

o x ~ d a t i o n , ~ ~ ' ~  we chose t o  convert i t o  the corresponding 2-amino-4-(2,4-dichlorophenoxy) 

pyr imid ine and examine i t s  oxidat ion.  This spec i f i c  choice was based on an e a r l i e r  f ind ing by 

Ursprung and Anthony tha t  the corresponding 6-methylpyrimidine af forded the  oxide.^ I n  fact ,  

e a r l i e r  work1' had demonstrated tha t  ox idat ion  o f  2-ethoxyquinoxaline afforded 3-ethoxyquinoxa- 

Tine-1-oxide, the f i r s t  demonstration o f  preference for  the n i t rogen more remote from the alkoxy 

group. 

2-Amino-6-phenyl-4(3H)-pyrimidinone (1 )  was converted t o  the 4-ch loropyr imid~ne,  , 1 3 ' 1 6  and 

subsequently t rea ted w i th  2.4-dichlorophenol and potassium hydroxide t o  g i ve  c r y s t a l l i n e  i n  77% 

i so la ted  y i e l d .  Oxidat ion o f  the  4-aryloxypyr imidine was examined under several condi t ions and 

u l t ima te l y  proceeded best w i t h  m-chloroperoxybenzoic ac id  i n  acet ic  ac id  a t  e levated temperatures. 

This procedure gave only one N-oxide (4; 44% y i e l d ) .  A f t e r  attempted hydro lys is  of the  ary loxy  

9 group w i t h  aqueous sodium hydroxide (165') gave the pyrimidinone i n  only 36%yield,  we found tha t  

ac id  h y d r o l y s ~ s  i n  butanol proceeded smoothly a t  75' t o  a f f o r d  2 i n  90% y ie ld .  Las t l y ,  

b r m i n a t i o n  i n  acet ic  ac id  gave the desired b i n  80% y i e l d .  
2 

The question of s i t e  o f  ox idat ion  was as ye t  undetermined. The N-oxide der ived from the 

ox idat ion  o f  4-ethoxy-6-phenylpyrimidine, as reported by Kato, etfi.,ll was presumed t o  be the 

N1-oxide. While cognizance o f  t h i s  and the prev ious ly  c i t e d  work15 s t rong l y  suggests isomer 4, 

d i r e c t  evidence was lacking. Exanlination o f  the re levant  13c-nmr spectra o f  and re la ted  

pyr imidines (see Experimental) f a i l e d  t o  unambiguously support one p a r t i c u l a r  regloisomer. 13 

The s t ruc tu re  o f  5 was u l t i m a t e l y  der ived from a s ing le  c r y s t a l  x-ray study. The d e t a i l s  are 

given i n  the experimental sect ion.  F ina l  atomic parameters and standard dev ia t ions  are l i s t e d  i n  

Table 1. Figure 1 shows bond distances, angles and numbering. Hydrogen distances and angles are 

not shown, but a l l  bond lengths were i n  the  range 0.77(3)A ( f o r  the water hydrogen) t o  0.95(3)k. 

Table I1 l i s t s  the complicated hydrogen bonding scheme; the  hydroxyl and water oxygen8 ac t  as both 

donors and acceptors; the carbonyl oxygen accepts two hydrogens and the NH2 mt rogen  donates both 

hydrogens. 

A leazt-squares plane was ca lcu la ted through the pyr imidine r i n g  atoms and subst i tuents ,  

excluding the phenyl group, 0 (1 ) ,  and hydrogens. O(1) i s  0.09k out of t h i s  plane, and C(7) i s  

0.14h out on the opposite s ide of the plane. 

. Theissen, Levy and ~ l a i g "  i n  t h e i r  neutron d i f f r a c t i o n  study of hydroxyurea (8 i n  f i g u r e  2 )  

observed s i m i l a r  bond lengths ( t h e  hydrogen-bonding scheme i s  a lso  s i n l i l a r ) .  I n  hydroxyurea, t h e  

N-OH, C=O, and C-NH2 bond distances were 1.390(l)k, 1.255(1)A and l . j28(1)A.  These values are i n  

good agreement w i t h  N-OH, C=O, and C-NH2 distances of 1.394(1)A, 1.259(1)1, and 1.319(l)A i n  b 

( f i gu re  2). Theissen, Levy and ~ l a l g ' l  a lso reported the s t ruc tu re  of 3-hydroxyxanthine (Y i n  
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Numbering and bond d i s t a n c e s  and ang les  f o r  t. Standard d e v i a t i o n s  
a r e  O.OOZ-O.OMA f o r  bond l e n g t 5 s  and 0.1-0.2" f o r  bond ang les .  



F i g u r e  2 

Tab le  I 

10 - 
m i n o x i d i l  

F i n a l  a tomic  c o o r d i n a t e s  and a n i s o t r o p i c  thermal  narameiers o f  
h e a v i e r  atoms ( x  ! E L )  f o r  6. F i n a l  hydronen coord ina tes  ( x  10'). 

The form o f  t h e  n n i s o t r o ? i c  te inperature f a c t o r s  i s  e x p ( - f i , , h ' - B , , k ' - B , , 1 2 - B . 2 h k - ~ , , h l - B ~ , k l )  

719 i l l  
396 I,, 
368 l l l  
-13 l l l  
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Table i I  

Hydrogen bond parameters and standard dev ia t ions  f o r  5. 

Symnetry of 

D-H---.A - H-A,o DHA angle ("1 Acceptor 

O(1)-H(O1)----0(4) 2.579(3) 1.76(3) 122(2) x, 1-6, 2-112 

N(2)-H(N2B)----N(3) 3.060(3) 2.26(3) 169(2) 1-x, -y, 1 - 2  

N(2)-H(N2A)----O(S) 2.769(4) 2.13(3) 133(2) 112-x, yt112, 112-2 

N(2)-H(N2A)----0(1) 2.616(3) 2.31(3) 102(2) i n t e r n a l ,  f i xed  by 

geometry o f  molecule 

O(S)-H(0S)----0(4) 2.746(2) 1.99(3) 164(2) xd12 ,  112-Y, z d I 2  



f i g u r e  2) by x-ray d i f f r a c t i o n  and found the N-OH bond length  f o r  a hydrogen bonded hydroxyl 

oxygen t o  be 1.379(1) A. 

It i s  i n t e r e s t i n g  t o  compare bond lengths around the pyr imid ine r i n g  i n  6 wi th  r i n g  distances 

found i n  m inox id i l  (Lonitens) h e m i - h ~ d r o c h l o r i d e , ~ ~  which has d i f f e r e n t  subst i tuents  (10 i n  f i g u r e  

2). Ev ident ly  e lec t ron dens i ty  i n  the pyr imidine r i n g  of m inox id i l  i s  much more delocal ized. L-C 

bond lengths i n  the m inox id i l  r i n g  are 1.391(2)A and 1.380(2)11; i n  cont ras t ,  the  C-C bonds fo r  g 
(see f i g u r e  1)  are 1.456(3)8 and l . X g ( 3 )  k ,  much more l i k e  s i ng le  and double bonds. 

Experimental: 

2-Amino-4-(2',4'-dichlorophenoxy)-6-phenylpyrimidine (3). To 70.0 g (0.34 mole) of under Nz was 

added 272.2 g (1.67 mole) of 2.4-dichlorophenol and 21.3 g (0.38 mole) o f  potassium hydroxide. 

After s t i r r i n g  a t  85' fo r  36 h the mix ture  was added t o  2,500 ml o f  2E KOH. A f t e r  cool ing,  the 

r e s u l t i n g  s o l i d  was taken up i n  1500 ml o f  e thy l  acetate (EtOAc). The organic so lu t i on  was washed 

wi th  2 x 300 ml of H20, d r i ed  over Na2S04, and concentrated t o  a gray so l id .  Rec rys ta l l i za t i on  

from acetonelhexane afforded 86.5 g (77%) of 2, mp 147.5-148.5'. Calc 'd f o r  C16H11N30C12: C,  

57.85, H, 3.34, N, 12.65; Found: C, 57.93, H, 3.34, N, 12.61. l ~ - n m r  (DMSO): 8.0-7.8 (m, EN), 

7.55-7.35 (m, 4H), 7.3-7.15 ( m ,  2H), 6.65 (s,  IH),  5.1 (2H, br. s ) ;  13c-nmr (DMSO): 169.96 (C4), 

166.44 (C6), 163.32 (C2), 91.35 (C5). 12 

2-Amino-4-(2 ' ,4 ' -d ichlorophenoxy)-6-phenylpyr imidine- l -oxide,  (4). To 8.3 g (25 imole) o f  3 i n  50 

ml of ace t i c  ac id  was added 12.9 g (75 m o l e )  o f  m-chloroperoxybenzoic ac id  and s t i r r e d  f o r  100 h 

a t  70". The soln was cooled, concentrated i n  vacuo, taken up i n  methylene ch lo r i de  and washed 

w i t h  satd aqueous sodium bicarbonate. The organic phase was separated, d r i ed  over Na2S04, 

concentrated, and chromatographed on s i l i c a  gel (600 g) w i t h  2.5% 2-propanol/chloroform fol lowed 

by 5% t o  remove the higher R f  mater ia ls.  The only f e r r i c  ch lo r i de  p o s i t i v e  band (T IC R f  = 0.15 

w i th  5% methanollchloroform) was then removed wi th  5% methanollchloroform t o  g i ve  3.84 g (44%) of 

4. Rec rys ta l l i za t i on  from acetone gave mp 216.5-217.5'. Calc 'd f o r  C16H12N30C12: C,  55.15, H, - 
3.48, N, 12.07, C1,  20.36; Found: C, 55.08, H, 3.06, N, b1.87, C1, 20.57. l ~ - n m r  (DMSO): 

8.3-8.0 ( m ,  2H1, 7.85-7.70 (d ,  IH),  7.65-7.4 (m, 5H), 6.90 (s,  IH ) ,  6.75 (8 ,  2H). I%-nmr (DMSO): 

157.14 (C4), 154.71 (C2), 153.46 (C6), 94.92 (C5). 

2-Amino-I-hydroxy-6-phenyl-4-pyrlmidinone (2). I n  100 ml o f  n-butanol was added 150 ml o f  

concentrated hydroch lor ic  ac id  and 6.96 g (20 mnol) of 9. A f t e r  s t i r r i n g  a t  75' f o r  48 h ( c l e a r  

soln),  the mix ture  was cooled and N2 was bubbled through f o r  45 min. The soln was then 

concentrated and the r e s u l t i n g  s o l i d  was s l u r r i e d  w i th  H20 (100 m l ) ,  f i l t e r e d ,  washed w i th  8 x 5U 
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ml of acetone, and d r i e d  fie a t  75". The wh i te  s o l i d  (3.62 g, 90%) gave a  mp 130-131" (dec).  

Ca l c ' d  f o r  ClOH9N3O2 HCI M20: C, 48.26, H, 4.23, N, 10.89; Found: C, 47.99, H, 4.46, N, 16.70. 

2 -Am ino -5 -b romo- l - hyd roxy -6 -pheny l -~ r im id inone  (6). To 3.44 g  ( I 7  m o l e )  of 5 i n  100 ml of 

a c e t i c  a c ~ d  (heterogeneous) was added 4.1 g  (25.5 m o l e )  o f  bromine dropwise w i t h  s t i r r i n g .  A f t e r  

s t i r r i n g  a t  room temperature f o r  2.5 h  (homogeneous), t h e  s o l n  was concentrated 3 vacua and the  

r e s u l t i n g  ye l l ow  s o l i d  t r i t u r a t e d  w i t h  H20 (75 ml ) .  The s o l i d  was f i l t e r e d  and d r i e d  an a t  

70" t o  y i e l d  3.85 g  (8041, mp 209.5-210" (dec). Ca lc 'd  f o r  CI0H8N3O2Br: C, 42.57, H, 2.86, N, 

14.89, Br, 28.33; found: C, 42.20, H, 3.23, N, 14.84, Br, 27.48. I3c-nmr (DMSO): 166.44 (C6),  

163.57 (C4), 153.52 (C1), 101.91 (C5). 

X-Ray Study of 6. Crys ta l  da ta  f o r  (C10H8N302Br.1/2(H20)) were: monocl in ic;  space group C2/c; 

Z = 8; 2 = 29.700(6)1\; b = 5.682(2)1\; 3 = 12.348(2)8; 8 = 94.20(2)1\; D c a l c  = 1.86 g  ~ r n - ~ ;  u (CuK) 

= 50.4 cm-l; 1779 r e f l e c t i o n s  (1649 r e f l e c t i o n s  w i t h  i n t e n s i t i e s  g rea ter  than 3  standard 

dev ia t ions) .  A l l  )&1 r e f l e c t i o n s  w i t h )  + &  odd and a l l  ) 01 r e f l e c t i o n s  w i t h i  odd were 

sys tema t i ca l l y  absent. 

I n t e n s i t y  data f o r  a l l  r e f l e c t i o n s  w i t h  2  ti < 138" were c o l l e c t e d  us ing  the  step-scan 

technique17 a t  low temperature (about  -155°C) on a  Syntex PL d i f f rac tometer  c o n t r o l l e d  by a  H a r n s  

computer using g raph i t e  monochromatized C u K a r a d i a t i o n  ( A  = 1.54188). The data were cor rec ted  f o r  

systemat ic e r r o r s ,  i n c l u d i n g  absorption.'' The usual Loren tz  c o r r e c t i o n  was made along w i t h  a  

p o l a r i z a t i o n  c o r r e c t i o n  appropr ia te  f o r  a  monochromator w i t h  50% per fec t  character .  Standard 

dev ia t i ons  i n  observed i n t e n s i t i e s  were approximated by t h e  f unc t i on  J(1) = 2 count ing  

statistics + (0 .0441)~ .  where the  coefficient o f  1 was ca l cu l a ted  from i n t ens i t 7es  o f  t e n  

r e f l ec t i on ' s  moni tored throughout the  data c o l l e c t i o n ,  considering dev ia t i ons  i n  i n t e n s i t i e s  which 

were not  e x p l a ~ n e d  by count ing  s t a t i s t i c s .  17 

The s t r u c t u r e  was solved by d i r e c t  methods and r e f i n e d  ( i n c l u d i n g  coord ina tes  and an i so t r op i c  

thennal parameters o f  heav ie r  atoms and hydrogen coord ina tes)  by m u l t i p l e  m a t r i x  c r y s t a l l o g r a p h i c  

2  l e a s t  squares minimizing the  f u n c t i o n  z w  ( I F o I  - 1 ~ ~ 1 ~ ) '  where weights wwere taken as t h e  

r ec i p roca l s  of t h e  var iances 2 ( f o 2 ) .  The water oxygen i s  loca ted  i n  a  spec ia l  p o s i t i o n ,  on a  

two- fo ld  ax is .  One water hydrogen i s  r e l a t e d  t o  t h e  o ther  by t h e  two - f o l d  ax is ,  so t h e  water 

molecule i s  not d isordered ,  but ,  i s  hal f -populated i n  the  u n i t  c e l l .  Atomic form f a c t o r s  are from 

" l n t e r n a t i p n a l  Tables f o r  X-ray ~ r ~ s t a l l o g r a ~ h y , " ! ~  except f o r  hydrogen form f a c t o r s  which are 

taken from Stewart, Davidson and S i m p ~ o n . ~ ~  The f i n a l  agreement index R[R = ~ I I F o l - l F c l  I /  L J F o ( j  

was 0.027, and the  standard d e v i a t i o n  of f i t  was 3.U. A l l  c a l c u l a t i o n s  were c a r r i e d  ou t  on an I B M  



370 computer using the CRYM system of c r ys ta l l og raph i c  programs w r i t t e n  by David J. Duchamp, The 

Upjohn Company, Kalamazoo, Michigan. 
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