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REGIOSPECIFIC ALKYLATION OF 9-BENZYL-1,3-DIMETHYL-6- 

HYDROXYPYRIMIDO[2.1-f]PURINE-2,4,8(1H,3H,9H)-TRI0NE 
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Abstract - The sodium salt of 9-benzyl-1,3-dimethyl-6-hydroxy- 
pyrimido[2,1-fjpurine-2,4,8(1H,3H,9H)-trione (3) reacted with 

a series of alkyl halides in N,N-dimethylformamide to yield 7- 

carbon alkylated products (G). No 0-alkylated products were 

detected. Isolated yields (not optimized) were in the range of 

approximately 15-58% for activated halides; non-activated 

halides were substantially less reactive and gave lower yields. 

The effects of reaction parameters on reactivity and site of 

alkylation are discussed, and it is demonstrated that the observed 

regiospecificity is not the result of an equilibration process. 

As part of a program directed toward identification of novel therapeutic agents, the 

preparation of a number of pyrimidopurines (E-l), modified at the 7-position of the 

tricyclic nucleus, was of interest. 
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1 The 7-unsubs t i tu ted  nucleus (&) can be prepared by the  condensat ion of B-benzylamino- 

t heophy l l i ne  (2)' w i t h  d i e t h y l  malonate (3, R = H), as shown i n  Scheme I. I n  p r i n c i p l e ,  a 

v a r i e t y  of 7 - subs t i t uen t s  can be in t roduced by use of  the  a p p r o p r i a t e l y  s u b s t i t u t e d  malonate 

es te rs .  Since i t  was of  i n t e r e s t  t o  prepare a s e r i e s  of compounds, f o r  which most of  the  

r e q u i s i t e  s u b s t i t u t e d  malonate es te r s  2 would n o t  be commercia l ly  a v a i l a b l e  and would thus  

have t o  be prepared independent ly ,  t h e  advantage of  u t i l i z i n g  t h e  7 -unsubs t i t u t ed  nucleus (la) 
as a comnon i n t e rmed ia te  i n  a d i r e c t  a l k y l a t i o n  process i s  apparent  (Scheme 11). 

Furthermore, we had a l ready  d iscovered  one i ns tance  i n  which t h e  process descr ibed  i n  Scheme I 

f a i l e d  t o  y i e l d  the  des i r ed  produc t :  v&., wherein excess 3 w i t h  R = CH2CH=CH2 was reac ted  

w i t h  2 a t  1 8 5 - 2 0 0 ~ ~ .  i n  the  presence o f  c a t a l y t i c  sodium methoxide. 

The 7-unsubs t i tu ted  compound (la) cou ld  be prepared i n  l a r g e  0100-gram q u a n t i t i e s ) ,  b u t  we 

a n t i c i p a t e d  t h a t  a l k y l a t i o n  o f  t h e  6-hydroxyl  group migh t  canpete t o  a s i g n i f i c a n t  e x t e n t  w i t h  

the  des i r ed  ca rbon -a l ky l a t i on  as i l l u s t r a t e d  i n  Scheme 11. Compounds as a c l ass  

a re  r e l a t i v e l y  p o l a r  and i n s o l u b l e  m a t e r i a l s .  Thus, the  necess i t y  of  separa t ing  i somer ic  

r e a c t i o n  p roduc ts  w i t h  such phys i ca l  p r o p e r t i e s  cou ld  o f f se t  any advantage i nhe ren t  i n  t h e  

common i n t e rmed ia te  approach. However, we have observed remarkahle s e l e c t i v i t y  f o r  carbon 

a l k y l a t i o n  i n  t h e  t r i c y c l i c  system la, and i t  i s  t h i s  f i nd i ng ,  a long w i t h  t h e  c o n c o m i t a n t  

l i m i t a t i o n s  of t h e  r eac t i on ,  which c o n s t i t u t e s  the  sub jec t  of t h i s  paper. 

RESULTS AND DISCUSSION 

N,N-Dimethylformamide was u t i l i z e d  as the  so l ven t  of  choice i n  t h i s  study,  ma in l y  because of  

the  r e l a t i v e l y  l i m i t e d  s o l u b i l i t y  of & a n d  i t s  s a l t s  i n  o t h e r  so l ven t s  f r e q u e n t l y  employed 

i n  eno la te  an ion  a l k y l a t i o n s  (%.I., ethanol  o r  benzene/to luene).  Another l i m i t i n g  f a c t o r  i n  

t h e  cho ice  of  so l ven t  was the  p o t e n t i a l  f o r  s o l v o l y s i s  o f  some o f  t h e  more r e a c t i v e  ha l i des  

employed i n  t h i s  study. I n  add i t i on ,  as d iscussed below, i n  an e a r l y  experiment, N,N-dimethyl- 

formamide was found t o  promote a l l y l a t i o n ,  which had f a i l e d  when acetone was used as a so lven t .  

The a l k y l a t i n g  agents employed were main ly  bromides, which were p re fe r red  f o r  t h e i r  expected 

h igher  l e v e l  of r e a c t i v i t y  compared w i t h  the  corresponding c h l o r i d e s .  The use of i od i des  has 

been suggested t o  be l e s s  s a t i s f a c t o r y  f o r  t h e  a l k y l a t i o n  of sodium s a l t s  i n  N,N-dimethyl- 

formamide due t o  complexing w i t h  t h e  so l ven t  of t h e  sodium i o d i d e  formed i n  t h e  r eac t i on .  
4 

However, we have ob ta ined s a t i s f a c t o r y  r e s u l t s  us i ng  iodomethane i n  N,N-dimethylfonnamide. 

Both  eno la te  fo rmat ion  and u t i l i z a t i o n  of  preformed sodium s a l t  appeared t o  produce 

comparable r e s u l t s  w i t h  respec t  t o  t h e  course and ex ten t  of r e a c t i o n .  
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R e a c t i v i t y .  The nature  of  the  a l k y l a t i n g  agent was found t o  e x e r t  a  s i g n i f i c a n t  e f f e c t  on the  

a b i l i t y  t o  achieve reac t i on .  As i n d i c a t e d  i n  Table I, most of  the  subst ra tes  examined were 

r e l a t i v e l y  r e a c t i v e  pr imary  ha l i des  (g.q., a l l y l i c ,  b e n z y l i c )  and were capable of a l k y l a t i n g  

the eno la te  a t  room temperature. Although normal ly  regarded as more r e a c t i v e  than a l l y l i c - t y p e  

hal ides,  b romoace ton i t r i l e  and methyl bromoacetate requ i red  subs tan t i a l  e l e v a t i o n  o f  tempera- 

t u r e  t o  achieve a  P r a c t i c a l  a l k y l a t i o n  r a t e .  Not unexpectedly, l - iodopropane proved t o  be 

decidedly l ess  r e a c t i v e  than t he  a c t i v a t e d  ha l i des  examined. It gave a  poor y i e l d  o f  the  

p a r t i a l l y  p u r i f i e d  7-propyl  product .  

The e f f ec t  of so lvent  must a l so  be considered: when reac t i on  o f  2 w i t h  a l l y 1  bromide was 

attempted i n  acetone, s t a r t i n g  py r i ~n idopu r i ne  was recovered unchanged, as cont ras ted  w i t h  the  

r e s u l t s  i n  N,N-dimethylformamide, i n  which t he  reac t i on  proceeded r e a d i l y  a t  room temperature. 

Based upon t h i s  observat ion,  as w e l l  as the  s o l u b i l i t y  cons idera t ions  descr ibed above, N,N- 

dimethylformamide was se lec ted  as t he  so lvent  of  choice i n  subsequent a l k y l a t i o n  experiments. 

Although we d i d  no t  sys tema t i ca l l y  exp lo re  t he  e f f e c t  o f  added crown e the r  on the  a l k y l a t i o n  

of  the  pyr imidopur ine  nucleus, i n  t he  case o f  propargyl  bromide we observed complete recovery 

of unchanged s t a r t i n g  ma te r i a l  a f t e r  4 h  a t  room temperature i n  t he  absence o f  crown e ther ,  

whereas the  a l k y l a t i o n  had proceeded t o  a  s i g n i f i c a n t  ex ten t  a f t e r  16 h  a t  room temperature i n  

the  presence of 18-crown-6. 

The a l k y l a t i o n  f a i l e d  d e c i s i v e l y  w i t h  the  %-oxygenated pr imary  bromides 2-bromoethanol and 

2-bromo-1,l-dimethoxyethane. Under m i l d  cond i t i ons  ( t o  5o0c.), t he  pyr imidopur ine  5 was 

0  recovered unchanged; as reac t i on  temperatures were ra i sed  above 50 C . ,  format ion of complex 

mix tures  was observed. I s o l a t i o n  o f  t he  components of these mix tures  was no t  pursued. 

0 
2-Bromoethyl e the r  was found t o  r e a c t  s lowly  a t  e levated temperature (80-100 C.) i n  t he  presence 

of 15-crown-5. As a  c lass,  beta-oxygenated ha l i des  are  known t o  be s i g n i f i c a n t l y  l e s s  r e a c t i v e  

i n  n u c l e o p h i l i c  displacements than a re  the  ac t i va ted  ha l i des  used i n  t h i s  study.  S u r p r i s i n g l y ,  

however, even the  r e l a t i v e l y  r e a c t i v e  epibromohydrin gave no evidence o f  a l k y l a t i o n  a f t e r  over-  

n i g h t  t reatment of 3 a t  room temperature i n  the  presence o f  18-crown-6. Higher r e a c t i o n  

temperatures were no t  inves t iga ted.  

It should be noted t h a t  t he  i s o l a t e d  y i e l d s  repor ted  i n  Table I have n o t  been opt imized. Indeed, 

i n  many instances,  t he  reac t i ons  were not  c a r r i e d  ou t  t o  complete disappearance o f  s t a r t i n g  

pyr imidopur ine,  imp ly ing  t h a t  longer  r eac t i on  t imes o r  a  modest e l e v a t i o n  o f  r e a c t i o n  temp- 

era ture  might  enhance t he  y i e l d  of a l k y l a t i o n  product .  

R e g i o s p e c i f i c i t ~ .  I n  a l l  t he  reac t i ons  o f  t he  sodium eno la te  o f  5 summarized i n  Table I, Only 

C -a l ky l a t i on  products were observed. No O-a l ky l a t i on  products were detected.  I n  two instances,  
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preny la t i on  (u) and carbomethoxymethylation (Jh), as noted i n  Table I, b i s a l k y l a t i o n  on carbon 

was observed. 

We ascer ta ined t h a t  under the reac t i on  cond i t ions  no isomer iza t ion  o f  0 -a l ky la ted  t o  C-a lky la ted 

product would occur (Scheme 111). Methyl i o d i d e  treatment of the sodium eno la te  of 3 gave the 

C-methylation product (6)  on ly ,  cons i s ten t  w i t h  t h e  r e s u l t s  obtained w i t h  the  sodium ennlate of 

7Vunsubstituted 16.5 I n  cont ras t ,  we found t h a t  diazomethane treatment o f  the f ree a c i d  form o f  

I k  gave exc lus i ve l y  0-methylat ion w i t h  no evidence of a l k y l a t i o n  on carbon. A  s o l u t i o n  o f  the  - 

0-methylated product 5 i n  dimethylformamide was t rea ted  w i t h  a  moldr equ iva lent  of the  sodium 

s a l t  of&, and the mix ture  was s t i r r e d  overn ight  a t  room temperature. No C-methylated isomer 6 

was detected.6 We f i n d  the r e g i o s p e c i f i c i t y  o i  t h i s  a l k y l a t i o n  process t o  be notewor t i~y ,  

p a r t i c u l a r l y  i n  view o f  the  f a c t  t h a t  t h e  pyr imidopur ine la appears t o  be completely eno l ized i n  

s o l u t i o n :  the  pro ton NMR spectrum of 2 i n  UHF-d7 shows the 7-H as an exchangeable one-proton 

s i n g l e t  a t  65.55.  A l k y l a t i o n  o f  b a r b i t u r i c  ac id  ( I ) ,  which may be regarded as a monocyclic 

7 analog of our fused pyr imidinedione system, takes Place on carbon (Scheme I V ) .  However, i t  i s  

known t h a t  i n  the s o l i d  s t a t e  b a r b i t u r i c  ac id  pre fers  the  non-enolized t r i k e t o  s t r u c t u r e  shown. 8 

Furthermore, the  PMR spectrum o f  b a r b i t u r i c  ac id  i n  DMF-d7 shows two broad 2-proton s i n g l e t s  a t  

611.07 (NH) and 3.61 (C-5 pro tons) ,  respect ive ly ,  which supports the ex is tence of s t r u c t u r e  7  i n  

so lu t i on .  This s i g n i f i c a n t  d i f f e rence  between the en01 and the s u p e r f i c i a l l y  analogous 

b a r b i t u r i c  ac id  might have been expected t o  r e s u l t  i n  s u b s t a n t i a l l y  d i f f e ren t  C-versus 

0 -a l ky la t i on  behavior by the two systems. 

SCHEME IP 

9  Ana lys is  o f  the a n t i c i p a t e d  ef fects of t h e  reac t i on  parameters on r e g i o s e l e c t i v i t y  provides 

no i n s i g h t  i n t o  the  observed p red i spos i t i on  o f  la t o  carbon a l k y l a t i o n  exc lus i ve l y .  With 

respect t o  the inf luence of solvent,  N,N-dimethylformamide might have been expected t o  promote 

a l k y l a t i o n  o f  the more e lec t ronegat ive  oxygen atom of the  ambident nuc leoph i le .  S i m i l a r l y ,  

crown e ther  (used i n  propargy la t ion  (&), benzy la t ion  ( I & ) ,  and carbomethoxymethylation (Ih), 

as noted i n  Table I )  might  have been expected t o  promote product ion  of a  "naked" eno la te  w i t h  

a t tendant  charge l o c a l i z a t i o n  and consequent a l k y l a t i o n  on oxygen. On the o ther  hand, the  
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favor the  observed C-a lky la t ion .  The combined r e g i o d i r e c t i v e  e f f e c t  of the  sodium ca t i on  o f  the 

eno la te  and t h e  bromide leav ing group of the a l k y l a t i n g  agents employed i s  probab ly  modest, but 

might a l so  have been expected t o  favor  C-a lky la t ion .  

Our emp i r i ca l  observat ion  t ha t  the n e t  e f f e c t  o f  these opposing fac to rs  i s  t o  render a l k y l a t i o n  

on carbon exc lus i ve l y  i s  a  r e s u l t  no t  unequ ivoca l ly  p red i c tab le  on theo re t i ca l  grounds. 



TABLE I Sumniary of React ion and P u r i f i c a t i o n  Parameters, M e l t i n g  Pa in t s ,  and Y i e l d  Data for A l k y l a t i o n  of 9-Benzyl-1,3-0imethyl-6-hydroxypy~iiido- 

~~.l-f]purine-~,4.8(1H,3H,9HI-tri0ne 

OH 

I b ~ l  . - M.P.,'C. 
Equ i va len ts  (Rexal .  

compound crown Na S a l t  ~emp.  i i ~ n e  of ~ l i y l  so l ven t1  M.P., '~. ~ r o c e s s i n g  chromatography l r o l a t e d  
NO. -- R7- ~ t h e r  Preformed OC. HV. Ha l i dea  - 6-OH 6-OCNat Method -- Solvent  y i e l d .% 

R.T. 5 

n . r .  ) i 6  

R.T. ? I 6  

R.T. I 8  

R.T. 20 

R.T. )16 

80 10 

80  I S  

R.T. 18  

220-222 
( n o t  rexa1. )  280-300 A 

236-238 
(cHc13-EtoAc) h o t  ~ ~ e p a ~ e d l  A 

203-205 
(CHC13-EtOAc) 260-280 A 

160-162 
(CHC13-Et20) 280-300 A 

185-187 
(CHC13-Et201 240-260 A 

190-195 , ,  , [ n o t  prepared1 A 

211-214.5 
rexal.l 227-230 i d e c l  B 

dec ,195 
(MeOH.CH3CN) [not prepa red j  B 

208-210 
(cHc13.EtoAc) L m t  p repa red j  A 

191-210e , ,  I [no t  prepared> C 

156.5-167.5 >300 C 

MeOH-CHC13-IIHqOH 
(1:1:0.011 

CHC13-PeOH 
(95:s)  

l l o t  chromatographed 

CHCI3-MeOH 

198:Z) 

CHC13-MeOH 
(95:51 

CHCI3-&OH 
(95:51 

CHC13-&OH-IIH40H 
(84:14:1) 

CHC13-MeOH-NHO 
(85:34:11 

>dot chromatographed 

Acetone-CHZCIZ-AcOH 
( I :1 :0 .002)  

CHClj-MeOH 
( 9 9 : l )  

a .  The a l k y l  b m i d e  ras  uscd vnierr otherwise noted.  

b. The 7.7-b isp ieny la ted p roduc t  (?f'; mp 154-156~c.) war a l s o  i s o l a t e d  (2% y i e l d ) .  

c .  The 7.7-bircarbamethoxymethylated produc t  ( l h ' ;  mp 205-206'C.j war a l s o  i s o l a t e d  (7: y i e l d ) .  

a. i h e  a l k y l a t i o n  was c a r r i e d  o u t  w i t h  t he  correrponding a l k y l  i o d i d e .  

e. I s o l a t e d  ra~ ; l p l e  was contaminated w i t h  t he  7.7-d ipropy la ted p roduc t .  A pure sample, prepared by the  method i l l u s t r a t e d  i n  Scheme I, had mp 208-210'~. 
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Lcontinueo) 
TABLE I1 Sumary of Spectroscopic oata for 7-~lkylated and 7,7-0ialkylated-9-beniyl-1,3-dimethyl-6-hydroxypyrimido[Z,l-fjpurine-2,4,8(1H,3H,9HI-triones 

Compound Rl Mole~ular Elemental Mars spectrum 
No. i R 7 ' l  Fornula Rnalyrir PMR Chemical shifts, 6 mle ( re ) .  int.) 

C H  N --- 
If' -CH2CH=CICH312 CZ7H31N504 Calcd.: 66.24 6.38 14.31 

L-CH2CH=C(CH3)2; Found: 66.39 6.25 14.12 

19 -CH2Ph CZ4HZlN504 Calcd.: 65.00 4.77 15.80 
Found: 65.16 4.80 15.99 

N lh -CH2COZCH3 CZoHigN5O6 Calcd.: 56.47 4.50 16.46 
F 

m Found: 56.51 4.51 16.39 
m 

In' -CH2CH2CH3 CZ3HZ3N508 Calcd.: 55.63 4.66 14.08 

I-CH2C02CH3j Found: 55.62 4.11 14.15 

li -CH2CsN c ~ ~ H ~ ~ N ~ ~ ~ ~  Calcd.: 58.16 4.11 21.42 
Found: 54.32 4.13 21.47 

1 j -cn3 c ~ ~ H ~ ~ N ~ ~ ~  Cdlcd.: 58.85 4.67 19.07 
Found: 58.85 4.66 19.06 

Na Solvent -- 
- cocl, 1.41 ( 3 .  6HI. 1.52 (1, 6H). 

2.8 id, 4H, JZ7.5Hz). 3.4 

1%. 3H). 3.6 ( 3 ,  3H). 4.8 

(m, ZH), 5.2 I s ,  211). 
7.2-7.5 (m, 5H) 

- COC13 3.45 (1, 3H). 3.65 (1, 3H1, 
3.8 ( I ,  ?HI, 5.35 ( r ,  ZHI, 

1.1-7.6 (m, 10H). 14.4 
(exchangeable r ,  1HI 

CDC13 3.45 ( 5 .  3H); 3.57 (1, 210, 
3.65 ( 5 ,  3H). 3.10 ( r .  3H), 
5.36 ( 5 .  2H), 7.25. 7.50 

(m, 5H), 14.64 (exchangeable 

I ,  1H) 

CDC13 3.17 (1. 4H), 3.38 ( r ,  3H) 
3.47 (s. 6H). 3.51 (I, 3H). 
5.31 ( 5 ,  2HI. 7.34 (m, 5H) 

omo-d6 3.20 (s, 3H1, 3.35 i s ,  ZHI, 
3.37 ( r .  3H). 5.20 (1. ZH), 
7.30 (m, 5H) 

- COC13 2.00 (1, 3H), 3.43 i s ,  3H). 
3.61 (1, 3H1, 5.34 (1, ZH), 
7.15-7.60 (m, 5H), 14.12 

(exchangeable 3 ,  1H) 

infrared 
Spectrum, mi1 

1760. 1710. 1695, 

1665. 1625. 1580, 
1510 

1705. 1680, 1660, 
1600, I500 

1735, 1700, 1650, 

1615. 1548, 1508 

1763, 1736, 1709. 

1672. 1631, 1577. 
1508 

3480, 3220, 2240, 

1705, 1655, 1615, 
1590, 1555, 1515 

1705, 1688, 1656, 

1605, 1505 
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EXPERIMENTAL 

General. Me l t i ng  p o i n t s  were determined on a  Thomas-Hoover o r  E lec t ro thermal  c a p i l l a r y  me l t i ng  

1 p o i n t  apparatus and a re  uncorrected.  H NMR spec t ra  were recorded on a  Var ian  CFT-20 (79.5 MHz) 

o r  EM-390 (90  MHz) spectrometer, and a re  expressed as ppm ( 6 )  f rom Me4Si i n t e r n a l  standard. The 

so lven ts  i n  which the spec t ra  were ob ta ined a re  s p e c i f i e d  i n  t h e  t e x t  and i n  Tahle 11. I R  spec t ra  

were ob ta ined on n u j o l  m u l l s  and were recorded on a  Var ian MAT CH5 spectrometer. Microanalyses 

were performed by the  Phys ica l  A n a l y t i c a l  Serv ices Department o f  t h e  Scher ing Pharmaceutical 

Research D i v i s i on ,  and carbon, hydrogen and n i t r o g e n  r e s u l t s  were w i t h i n  t 0.4% of  t heo ry  

except  as no ted  i n  Table 11. Unless o therw ise  i nd i ca ted ,  a l l  reagents and chemicals were 

ob ta ined cormlerc ia l l y  and were used w i t h o u t  p re t rea tment  o r  f u r t h e r  p u r i f i c a t i o n .  

9-BENZYL-1,3-DIMETHYL-6-HYDROXYPYRIMIDO~2,l-fPURINE-2,4,8(lH,3H,9H)-TRIONE (la) 

2 A m ix tu re  of  10.0 g  (0.0351 mole) of henzy lamino theophy l l ine  and 60 ml o f  d ie thy lma lonate  was 

s t i r r e d  under a  n i t r o g e n  atmosphere f o r  2.5 h  i n  an o i l  ba th  ma in ta ined a t  approx imate ly  2 0 0 ~ ~ .  

The m ix tu re  was al lowed t o  coo l  t o  room temperature and was then d i l u t e d  w i t h  approximately 

150 ml of d i e t h y l  e ther ;  t h e  r e s u l t a n t  o f f -wh i te  p r e c i p i t a t e  was c o l l e c t e d .  Th i s  crude produc t  

was d i sso l ved  i n  250 ml o f  chloroform. The s o l u t i o n  was washed once w i t h  100 ml o f  i ce -water  

and was d r i e d  over  anhydrous magnesium su l f a t e .  So lven t  was removed &= (ro tavapor ) ,  the  

r es i due  was t r i t u r a t e d  w i t h  e t h y l  ace ta te ,  and 10.3 g  (83%) o f  o f f - w h i t e  s o l i d  w i t h  mp 2 1 1 - 2 1 4 ~ ~ .  

was co l l ec ted .  The t i t l e  compound thus  obtained was s u f f i c i e n t l y  pure t o  be u t i l i z e d  i n  t h e  

a l k y l a t i o n  experiments descr ibed below w i t hou t  f u r t h e r  t rea tment .  (C0Cl3): 14.34 

(8 ,  ( lH) ,  7.2-7.6 (m, 5H), 5.55 (exchangeable s,  l H ) ,  5.35 ( 8 ,  2H), 3.65 ( s ,  3H), 3.46 (8, 3H); 

MS: 353 (3%, M+), 91 (100%);  ( N u j o l ) :  1704, 1678, 1658, 1600, 1505 cm-l; Anal .  Calcd. f o r  - 

C17H15N504: C, 57.78; H, 4.28; N, 19.82. Found: C,  57.60; H, 4.25; N, 19.67. 

Sodium S a l t  of l a :  A  suspension of  10.3 g  (0.029 mole) o f  t h e  6-hydroxy form of  was 

suspended i n  250 ml of water .  To the  s t i r r e d  suspension was added 27 ml o f  fi aqueous sodium 

hydroxide,  and t h e  m i x tu re  was s t i r r e d  a t  room temperature f o r  30 min.  (pH f e l l  t o  ( 8  as 

measured by pH paper ) .  Excess und isso lved  f ree a c i d  was f i l t e r e d  out ,  and t h e  f i l t r a t e  was 

l y o p h i l i r e d .  The r e s i d u a l  s o l i d  was t r i t u r a t e d  w i t h  e the r  and f i l t e r e d  t o  g i ve  t h e  sodium s a l t  

as an o f f - w h i t e  powder w i t h  a  decomposit ion p o i n t  above 295'~. Such ma te r i a l  cou ld  be a l k y l a t e d  

w i t hou t  f u r t h e r  p u r i f i c a t i o n .  (DMSO-d ) .  7.3 (m, 5H), 5.2 ( s ,  2H), 4.4 (exchangeable 8 ,  
6  ' 

lH ) ,  3.4 (s,  3H), 3.15 (8, 3H); E: 353 ( 3 % .  M+), 285 ( l oo%) ,  91 (79%); ; ( N u j o l ) :  3400, 1710, 

1650, 1620, 1600, 1550, 1515 cm-l; Anal Calcd. f o r  CliHl4N5O4Na.O.5H20: C, 53.23; H, 3.93; N, 

18.22; Na, 5.98. Found: C,  52.96; H, 3.78; N, 17.94; Na, 5.56. 
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ALKYLATION OF 9-BENZYL-1,3-DIMETHYL-6-HYDROXYPYRIMIDO[~,~-f  ] P U R I ~ ~ E - ~ , ~ , ~ ( ~ H , ~ H , ~ H ) - T R I O N E  (la): 

GENERAL METHOD 

The sodium s a l t  of was prepared ~n as descr ibed below. A l t e r n a t i v e l y ,  i n  some cases, 

the preformed sodium s a l t  ( i s o l a t i o n  descr ibed above) was u t i l i z e d .  Reaction parameters, as wel l  

as d e t a i l s  of product p u r i f i c a t i o n ,  are summarized i n  Table I. 

To a  suspension of i n  N,N-dimethylformamide (12-15 ml per  gram o f  2) was added ) 1.2 molar 

equivalents of sodium hydr ide  (a commercial o i l  d ispers ion [ A l f a l  was genera l ly  prewashed wi th  

petroleum ether ,  bu t  i n  some cases was used w i thou t  washing), and the r e s u l t a n t  mix ture  was 

s t i r r e d  i n  an i n e r t  atmosphere a t  room temperature f o r  15-30 min. An excess (10 to  500 molar%)  

of the a l k y l  ha l i de  was then added and t h e  reac t i on  mix ture  al lowed t o  s t i r  under i n e r t  gas a t  

the  temperature and f o r  the  t ime i n t e r v a l  i nd i ca ted  i n  Table I. 

A t  the  end of the reac t i on  per iod,  the  mix ture  was processed according t o  one of the t h ree  

fo l lowing methods. 

Processing Method A .  The reac t i on  mix ture  was poured i n t o  a  s t i r r e d  ice-water mix ture .  The 

r e s u l t a n t  mois t  p r e c i p i t a t e  was c o l l e c t e d  and d isso lved i n  chloroform. The chloroform so lu t ion  

was washed w i t h  water and d r i e d  (anhydrous magnesium s u l f a t e ) .  Solvent was removed 3, 

and the residue was chromatographed on s i l i c a  ge l ,  e l u t i n g  w i t h  the so lvent  system ind i ca ted  

i n  Table I .  I n  some cases, the  chromatographical ly i s o l a t e d  products were fu r the r  p u r i f i e d  by 

r e c r y s t a l l i z a t i o n .  

Processing Method 8. Dimethylformamide was removed from the r e a c t i o n  mix ture  under vacuum, and 

the residue was t r i t u r a t e d  w i t h  e ther .  The mix ture  was f i l t e r e d ,  and the s o l i d  thus co l lec ted 

was d isso lved i n  the  e l u t i n g  so lvent  and chromatographed on s i l i c a  g e l .  

Processing Method C. Dimethylformamide was removed from t h e  reac t i on  mix ture  under vacuum. The 

residue was p a r t i t i o n e d  between methylene ch lo r i de  and d i l u t e  aqueous hydroch lor ic  ac id .  The 

organic e x t r a c t  was washed successively w i t h  water and b r i ne ,  d r i e d  (anhydrous magnesium sul fate).  

and evaporated under reduced pressure. The res idue thus obtained was chromatographed on s i l i c a  

ge l .  

Charac ter iza t ion  of A l k y l a t i o n  Products. Spectroscopic data f o r  a l k y l a t i o n  products E-l, ifl, 

and i n  e i t h e r  6-hydroxy o r  sodium s a l t  form, as ind ica ted,  are sumnarized i n  Table 11. 

~ - ~ E N Z Y L - ~ , ~ - D I M E T H Y L - ~ - M E T H O X Y - ~ - ( ~ - P R O P Y L ) P Y R ~ M ~ U O [ ~ , ~ - ~ P U R I N E - ~ , ~ , ~ ( H , ~ H ~ H ) - T I O N E  (5) 

To an ice-cooled s o l u t i o n  of 3.0 g  (7.59 mmoles) o f  9-benzyl-l,3-dimethyI-6-hydroxy-7-(l-prop~l)- 

pyrimido[2,1-f]purine-2,4,8(1H,3H,9H)-trione i n  200 ml o f  chloroform was added an e the r  so lu t i on  

of diazomethane (prepared from an approximately equ iva lent  amount o f  Diazald [ A l d r i c h l ) .  The 



resultant solution was stirred at O°C. for 15 h. Then, 10 ml of glacial acetic acid was added, 

the cooling bath was removed, and the reaction mixture was stirred at room temperature for 5 min. 

Solvent was removed under reduced pressure, and the residue was redissolved in chloroform and 

washed with aqueous sodium bicarbonate. The chloroform solution was concentrated under reduced 

pressure to a Slurry, which was diluted with ether and filtered to obtain a crude white solid. 

The crude product was chromatographed on silica gel, eluting with chloroform-nethanol (9:1), and 

yielded a partially purified product that was recrystallized from chloroform-hexane to obtain 

0.40 g (13% yield) of the title compound withmp 199-201°c. (CDC13): 0.99 (t, 3H J::7Hz), 

1.60 (m, 2H), 2.58 (br t, 2H). 3.41 (s, 3H), 3.61 (5, 3H), 4.08 (s, 3H), 5.43 (s, ZH), 7.2-7.7 

(m, 5H); E: 409 (78%, M'), 394 (25%), 318 (21%), 91 (100%); (Nujol): 1710, 1678, 1660, 

lbO8, 1509 cm-l; Anal. Calcd. for C21H23N504: C, 61.60; H, 5.66; N, 17.11. Found: C, 61.65; 

H, 5.66; N ,  17.28. 

~ - B E N Z Y L - ~ - ( ~ - P R O P Y L ) - ~ , ~ , ~ - T R I M E T H Y L P Y R I M I D O ~ , ~ - ~ P U R I N E - ~ , ~ , ~ , ~ ( ~ H , ~ H , ~ H , ~ H ) - T E T R O N E  (6) 

A mixture of 1.0 g (2.40 mmoles) of the sodium salt of 9-benzyl-1,3-dimethyl-6-hydroxy-7- 

(!-pr0pyl)pyrimid0[2,1-fip~rine-2,4,8(1H,3H,9H)-trione (prepared in a manner analogous to that 

described above for the sodium salt of la), 0.50 g (3.62 mmoles) of potassium carbonate, and 
2.0 g (14.1 mmoles) of methyl iodide in 50 ml of acetone was refluxed under argon for 16 h. 

Acetone was removed under reduced pressure, and the residue was partitioned between water and 

chloroform. The organic layer was dried over anhydrous magnesium sulfate, filtered, and con- 

centrated under reduced pressure to a slurry. The slurry was diluted with ether and filtered 

to give a crude white solid. The crude product was dissolved in 200 ml of ethyl acetate and 

was washed with dilute aqueous hydrochloric acid. The ethyl acetate solution was dried 

(anhydrous magnesium sulfate), filtered, and concentrated under reduced pressure to a slurry 

which was diluted with ether and filtered to obtain 0.5 g (51% yield) of the product as a white 

solid with mp 175-180°c. yJ (CDC13): 0.79 (t, 3H, J%7Hz), 0.95-1.4 (m, 2H), 1.63 (s, 3H), 

1.85-2.15 (m, ZH), 3.40 (s, 3H), 3.60 (s, 3H), 5.28 (5, ZH), 7.3-7.6 (m, 5H); E: 409 (loo%, M + ) ,  

311 (3%); (Nujol): 1775, 1715, 1675, 1618, 1580, 1515, 1501 cm-l; Anal. Calcd. for 

C21H23N504: C, 61.60; H, 5.66; N, 17.11. Found: C, 61.71; H, 5.89; N, 17.16. 

ATTEMPTED ISOMERIZATION OF 5 TO 6 

A solution of approximately 6 mg (ca. 0.014 mole) of 9-benryl-1.3-dimethyl-6-methoxy-7- 

(l-pr0pyl)pyrimid0[2,1-fjpurine-2,4.8(1H,3H,H)-trione (2) and approximately 6 mg (ca. 0.014 

mole) of the sodium salt of 9-benzyl-1,3-dimethyl-6-hydroxy-7-(l-propyl)pyrimido[2,l-fjpurine- 
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2,4,8(1H,3H,gH)-trione (Ik) i n  400 ml of N,N-dimethylformamide ( d r i e d  ove r  t ype  3~ molecular  

s ieves)  was s t i r r e d  a t  room temperature under n i t r o g e n  f o r  23 h. An a l i q u o t  was evaporated (b 
E; 35Oc.) t o  dryness, t h e  res idue was d i sso l ved  i n  methylene chlor ide-methanol ,  and t h e  

s o l u t i o n  was examined by t h i n - l a y e r  chromatography on Anal tech s i l i c a  g e l  GF p l a t e s  (250-micron 

l a y e r ) .  De tec t i on  of spots was e f f e c t e d  by u l t r a v i o l e t  l i g h t  and i o d i n e  s t a i n i n g .  E l u t i o n  w i th  

chloroform-methanol (98:2) and comparison w i t h  an a u t h e n t i c  sample of  9-benzyl-7-( I -propy1)-  

1,3,7-trimethylpyrimido[2,1-f]purine-2,4.6,8(1H,3H,7H,9H)-tetrone (6) [Rf ;0.261 showed only the  

s t a r t i n g  m a t e r i a l s  [approximate R fSs :  5 .  0.44; fi, 0.001. No t r a c e  of compound 6 was detected. 

E l u t i o n  w i t h  chloroform-methanol-acet ic  a c i d  (95:5:0.1) f u r t h e r  subs tan t i a t ed  the  i d e n t i t i e s  o f  

t h e  r e a c t i o n  c o n s t i t u e n t s  as t h e  s t a r t i n g  m a t e r i a l s  [approximate R f8s :  2. 0.74; Ik, 0.341 and 

cor robora ted  t h e  absence o f  compound 5 [Rf: 0.681. 
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