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The s imple  M e  LCAO method was used to calcula te  the i somer i c  N,N-dimethylhypoxanthines  
and the co r respond ing  2 (6)-ethoxy- and 2 (6) -e thoxy-8-chloro  der iva t ives ,  and the PMR spec t r a  
of a number  of compounds of this type were  measu red .  A quali tat ive co r re l a t ion  was observed  
between changes in the ~ - e l e c t r o n  dens i t ies  and changes in the chemica l  shifts  of the protons  
of the N-methyl  groups.  F ac t o r s  affect ing the alkylating capac i ty  of 2 (6)-alkoxypurines and the 
di rect ion of the reac t ion  of these  compounds with sodiomalonic e s t e r  when the molecu les  con-  
tain two dif ferent  reac t ion  cen te r s  were  examined.  The use of the ~r - e l ec t ron  densi t ies  and 
o rde r s  and po la r izab i l i t i e s  of the h e t e r o c y c l e - s u b s t i t u e n t  bonds as r eac t iv i ty  indexes makes  
it poss ib le  to explain the highest  alkylating capaci ty  of 2-e thoxy-3 ,7-d imethylhypoxanth ine  
and its 8 -ch loro  der iva t ive  and the o rde r  of other compounds with r e s p e c t  to this capaci ty .  

The abil i ty of i somer i c  2 -e thoxy-8-ch lo ro -N,N-d imethy lhypoxan th ines  to r e a c t  s imul taneous ly  with 
sodiomalonic e s t e r  in two di rec t ions ,  viz. ,  1) with substi tut ion of the C1 a tom in the 8-posi t ion with the f o r -  
mat ion of the co r respond ing  2 -e thoxy-N,N-d imethy lhypoxan thy l -8 -malon ic  e s t e r s  and 2) with alkylation 
of the sodiomalonic  e s t e r  due to he te ro ly t ic  c leavage  of the C 2 ethoxy group, was r epo r t ed  in [1]. The r e l a -  
t ive r eac t iv i ty  of this s e r i e s  of compounds with r e spec t  to these two types of reac t ions  depends on the pos i -  
tion of the N-methyl  groups andthe double bonds in the pur ine  r i n g .  When there  is only one reac t ion  cen te r  
(ethoxy groups in the 2-  or 6-posit ion) in molecu les  of the s ta r t ing  N,N-dimethylhypoxanthines ,  the reac t ion  
p roceeds  exc lus ive ly  in the d i rec t ion  of alkylation of sodiomalonic e s t e r ,  and the yield of ethylmalonic e s t e r  
i nc r ea se s .  

In connection with the fact  that the alkylat ing capac i ty  of C-a lkoxy de r iva t ives  of pur ine  under h e t e r o -  
lytic conditions has  not yet been studied, it was expedient to examine the above- l i s t ed  exper imenta l  r e su l t s  
in the light of da ta  on the e lec t ronic  s t r u c t u r e  of molecu les  obtained by means  of quan tum-chemica l  ca lcu-  
la t ions and physica l  methods of invest igat ion.  In this study we have used the s imple  M e  LCAO method* 
with Pul lman p a r a m e t e r s  [2] to ca lcula te  1,7-dimethylhypoxanthine (1), 3 ,7-dimethylhypoxanthine (I1), 3,7- 
d ime thy l -2 -oxopur ine  (II-i), 1 ,9-dimethylhypoxanthine (IV), and the cor responding  2 (6):ethoxy- (Ia-IVa) and 
2 (6) -e thoxy-8-chloro  de r iva t ives  (ib-IVb), and we have m e a s u r e d  the PMR s p e c t r a  of I - I I I  and Ia-IVa.  
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The mo lecu l a r  d i a g r a m s ,  the f r e e  valence  indexes (Fi) , the d i a g r a m s  of the levels ,  the total  energ ies  
of thef t  e l ec t rons  (ETr), and the delocal iza t ion  energ ies  (ED)of the N,N-dimethyloxopur ines  ( I - I V ) a r e  

* The calcula t ions  were  c a r r i e d  out with a p r o g r a m  composed  by A. V. Tutkevich. 
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F i g .  1 .  M o l e c u l a r  d i a g r a m s  a n d  s c h e m e s  c~ t h e  e n e r g y  l e v e l s  

of 1 , 7 - d i m e t h y l h y p o x a n t h i n e  (i),  3 , 7 - d i m e t h y l h y p o x a n t h i n e  (1D, 

3 , 7 - d i m e t h y l - 2 - o x o p u r i n e  (III) ,  a n d  1 , 9 - d i m e t h y l h y p o x a n t h i n e  

( IV) .  ( T h e  a r r o w s  i n d i c a t e  t h e  f r e e  v a l e n c e  i n d e x e s . )  
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presen t ed  in Fig. 1. In compounds I and II, which differ  only with r e s p e c t  to the re la t ive  posi t ion of the N- 
methyl  and exocyclic carbonyl  group in the pyr imid ine  ring, cons iderab le  d i f fe rences  a re  observed  in the 
d is t r ibut ion of the 7r - e l e c t r o n  densi ty  within this r ing, while such d i f fe rences  a re  e x t r e m e l y  smal l  in the 
imidazole  por t ion  of these  molecu les .  It is impor tant  to point out that on pass ing  f r o m  I to II the e lec t ron  
densi ty  and the f r ee  va lence  index in the 2-posi t ion d e c r e a s e  apprec iab ly  and, consequently,  the d i f ference  
in the e lec t ron  densi t ies  local ized on the C(2 ) and C(@ atoms inc reases .  A change in the posit ion of the 
exocycl ic  carbonyl  group in the pyr imid ine  r ing {from compar i son  of mo lecu l a r  d i a g r a m s  of II  and III) leads  
to a red i s t r ibu t ion  of the 7r - e l e c t r o n  densi ty  which affects  the ent i re  purine sys t em.  The e lec t ron densi ty  
in the 6-posi t ion (q~) of III  is c lose  to q2 in II, but FI~ I > FI2 I .  In addition, in con t r a s t  to II, the q~ value 
d e c r e a s e s  in III. A c o m p a r i s o n  of the m o l e c u l a r  d i a g r a m s  of I and IV indicates  that the q ~ ,  F2, and F 8 
values  change as a function of the ni t rogen atom of the imidazole  r ing to which the methyl  group is at tached 
[to N(7 ) or  to N(9)]. It might  be expected that  the noted changes in the indexes of the e lec t ron  s t ruc tu re  in 
the 2-  and 8-pos i t ions  of molecu les  of i s om e r i c  N,N-dimethylhypoxanthines  affect  the c h a r a c t e r  of the in- 
te rac t ion  of the subst i tuent  [for example ,  the OC2H 5 groups at tached to the C (2) atom] with the h e t e r o a r o ,  
mat ic  s y s t e m  and, consequently,  the r eac t iv i ty  of this substi tuent.  However,  cons ider ing  the l imi tedness  
of the Huekel  approximat ion fo r  s y s t e m s  of such complexi ty  as pur ines ,  it is expedient,  even for  a quali-  
ta t ive  examinat ion of the re la t ive  magni tudes  of the e lec t ronic  indexes in a s e r i e s  of s i m i l a r  molecules ,  
to c o m p a r e  the r e s u l t s  of the calcula t ion with the r e su l t s  of physica l  methods  of invest igation,  p r i m a r i l y  
with the PMR chemica l  shifts .  

Two s inglets  of the H(2 ) [or H(6)] pro tons  and the H(8 ) protons  and two singlets  of the pro tons  of the 
N-methyl  group a re  observed  in the PMR s p e c t r a  of I - I I I  (Table 1). Ass ignment  of the s ignals  to the p r o -  
tons of the pur ine  r ing was made  on the ba s i s  of a c o m p a r i s o n  with the s p e c t r a  of the cor responding  2 (6)- 
ethoxy de r iva t ives  (Ia-IIIa) which contain only a signal f rom the H(8 ) proton.  

Of the two methyl  group s ignals  obse rved  in the s p e c t r a  of I-IH, the posi t ion of one signal is c o m p a r a -  
t ively  sl ightly dependent on the s t ruc tu re  of the pyr imid ine  por t ion  of the molecule .  (The chemica l  shif ts  
m e a s u r e d  in D20 range  f r o m  3.80 to 3.91 ppm.) This signal apparent ly  can be ass igned to the protons  of 
the N-methyl  group of the imidazole  ring. The s t ruc tu re  of the pyr imid ine  port ion of the molecule  has  a 
much m o r e  apprec iab le  effect  on the posit ion of the second signal,  which is found at s t ronge r  field. (Under 
the s a m e  conditions of m e a s u r e m e n t ,  the chemica l  shifts  range  f r o m  3.42 to 3.76 ppm.) It is, the re fore ,  
na tura l  to assign the second signal to the pro tons  of the CH~ group at tached to N(l) or N(3 ). This a ss ign-  
ment  is conf i rmed  by  an examinat ion  of the s p e c t r a  of Ia-IVa.  The introduction of an ethoxy group into the 
2-  or  6-posi t ion leads  to a shift  in the signal of the N - C H  3 group of the pyr imid ine  r ing of 0.26-0.37 ppm 
to s t rong  field,  while, as would be expected,  the cor responding  effect  on the posi t ion of the signal of the 
N - C H  3 group of the imidazole  r ing is com pa ra t i ve ly  smal l  (the change in the chemica l  shift  does ndt exceed 
0.1 ppm).  

Difficult ies a s soc ia ted  with allowing for  the effect  of s t e r i c  i n t r amolecu l a r  f a c t o r s  (effects of m a g -  
netic an iso t ropy  and e l ec t r i ca l  f ie lds  f a r  r emoved  f r o m  the examined nucleus of atoms) on the shielding of 
protons  in complex  he te rocyc l ic  s y s t e m s  r e nde r  e x t r e m e l y  p rob lemat i ca l  the poss ib i l i ty  of obtaining a 

TABLE 1. Pro ton  Chemical  Shifts and 7r-Elec t ron  Densi t ies  
in I s om er i c  N,N-Dimethylhypoxanthines  

i Solvent 
== 

Cl~emical skffts~, 6i, ppm* , -Electron densities 

g 
z 

1 
Ia 

II 
I/a 

IIl 
Ilia 
IV 

D20 
D20 
CDC13 
D20 
D20 
CDCIa 
D20 
CDCI3 
CDCI3 

8,o1 

~52  - 

7,89 3,42 
7,72 3,16 
7,62!3 44 
799 
7,79 - -  
7,50 i -- 
8,16t- 
7,49 - -  
7,51 3,44 

1 
3,80 
3,72 
3,98 
3,86 
3,79 
3,99 
3,91 
3,87 

- -  0,892 0,84010,995 1,607 
0,919 0,840~0,997 1,623 

0,848 0,839 0,999 1.328 
0,882'0,840 1,001 1.365 

0,848 0,850 0,965 1,292 
0,849 0,881 0,971 1,334 

~;5 0,9 6 0,837 ,031 ,52 

1,272 1,517 1,278 
1,313 1,519 1,283 

1,555 1,520 1,279 
1,588 1,520 t 1.280 

1,651 ]1,536]1,285 
1,662 1,534 1,285 
.307 .250 1,543 

t 

* The PMR s p e c t r a  of the compounds were  m e a s u r e d  with a 
JNM-4H-100 s p e c t r o m e t e r .  The chemica l  shifts  were  m e a -  
su red  in the 6 sca le  re la t ive  to the s ignals  of the protons  in 
(c~94si. 
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TABLE 2. C(2 or 6)-OC2H5 Bond P a r a m e t e r s  and Alkylating 
Ability of I s om er i c  2 (6)-Ethoxy-N,N-dimethylhypoxanthines 

Yield of ethylmalonic 
Compound %2(~)* Oco nco,o ester (Pl~), ~ 

Ia 
IIa 

IIIa 
IVa 

0,892 
0,848 
0,850 
0,891 

0,329 
0,342 
0,337 
0,333 

-0,098 
--0,069 
-- 0,090 
--0,102 

32,5 
92,5 
50,0 
75,0 

* q2(@., is the e lec t ron  densi ty  on the C(2)[C(6)] atom in unsub-  
sti tuted he t e rocyc le s  I - IV (Fig. 1). 

sufficiently r igorous  co r r e l a t i on  between the 7r - e l ec t ron  densi t ies  mad the PMR chemica l  shifts.  However,  
if the t ask  is r e s t r i c t e d  to an examinat ion of the re la t ive  changes in the chemica l  shifts  in a number  of 
monotypic molecu les ,  the effect  of a number  of s t e r i c  in t r amolecu la r  f a c to r s  can, to a f i r s t  approximation,  
be  excluded as a ce r t a in  constant  value [3, 4]. This so r t  of approach makes  it p o s s ~ l e  to obtain f r o m  the 
PMR s p e c t r a  informat ion regard ing  the re la t ive  magni tudes  of the 7r - e l e c t r o n  densi t ies ;  this  information 
can be  used to check  theore t ica l  calculat ions at l ea s t  quali tat ively.  

An examinat ion of the exper imenta l  values  of the chemica l  shifts  (Table 1) in the light of the above 
concepts  leads  to the following resu l t s .  A shift  of the H(2) s ignals  to weak f ield indicates a d e c r e a s e  in q2 
on pass ing  f r o m  I to II. A compar i son  of the s p e c t r a  of I a  and IVa, m e a s u r e d  in CDC13, makes  it  poss ib le  
to conclude that  the e lec t ron  densi ty  on C(8 ) in compounds which contain a methyl  group attached to N(9 ) is 
higher  than in the cor responding  i s o m e r s  which contain a methyl  group attached to N(V ), In the s p e c t r a  of 
I-IV[ the chemica l  shifts  of the protons  of the N - C H  3 groups inc rease  (the s ignals  a re  shgted  to weak field) 
6 Nh)_CH 3 < 6 N(3)_CH ~ < 6 N(v)_CH3, which co r r e sponds  to a dec r ea se  in the 7r - e l ec t ron  densi ty on the n i t ro -  
gen a toms in the ' indicated sequence.  A compar i son  of the 6 N. �9 CH values in II and III (solutions in D20 ) 
and the 5 N(7)_CH 3 and 6 N(9)_CH 3 values in Ia and IVa (solutio~g-in ~DCI3) , r e spec t ive ly  leads  to the e x p r e s -  

si~ (314" (Ii'I)>q~3~(I1)~' andq;(9)>q:(7/. The influence of. the e lec t ron-donat ing effect  of conjugation of the 
OC2H 5 group in the 2-posi t ion on the di f ference in the chemica l  shif ts  of N(3 ) - C H  3 in II and IIa ~ 6  N(3)-CH 3 = 
0.37 ppm) exceeds  a s i m i l a r  influence on A6 N(s)_CH 3 in I and Ia (0.26 ppm). Consequently, 

Aq: (3) N(3) .... N(3) A N(I') N(D '| " N(1) =q~ (mma)--q~ (11)> q~ : q n  < a)--qn (I). 

It is apparent  f r o m  the data  in Table  1 that all of the enumera ted  expres s ions  a re  in complete  quali-  
tat ive a g r e e m e n t  with the r e su l t s  of calcula t ions  of the 7r - e l ec t ron  densi t ies  by  the s imple  MG LCAO meth -  
od. The p r e s e n c e  of such a cor re la t ion  is, in our opinion, a definite exper imenta l  bas i s  fo r  the poss ib i l i ty  . .  
of using the s imple  Huckel  method fo r  d iscuss ion  of the r egu la r i t i e s  in the reac t iv i ty  of the s e r i e s  of c o m -  
pounds under study. 

F r o m  a p rac t i ca l  point of view, the c lar i f ica t ion  of two fundamental  questions is of in te res t :  1) which 
e lec t ron  s t ruc tu re  indexes can cha rac t e r i ze ,  at l eas t  quali tat ively,  the compara t ive  alkylating abili ty of 
2 (6)-ethoxy der iva t ives  of the I - IV s ys t em s ;  and 2) what a re  the f ac to r s  which affect  the d i rec t ion of the 
react ion  of the compounds with sodiomalonic e s t e r  when the molecule  contains two poss ib le  reac t ion  cen-  
t e r s  (OC2H 5 groups in the 2-  or 6-posi t ions  and a C1 atom in the 8-posi t ion)?  

The alkylating capaci ty  of the compounds with r e s p e c t  to sodiomalonic e s t e r  should be assoc ia ted  
with the re la t ive  ease  of he te rocycl ic  c leavage  of an ethoxy group at tached to C(2 ) [C(~)]. It might  be  a s sumed  
that this abil i ty i n c r e a s e s  with an inc rease  in the effect  of conjugation of the unshared  pa i r  of the oxygen 
a tom of the OC2H 5 group with the he te rocyc l ic  sys tem,  since this effect  should lead to an inc rease  in po l a r i -  
zation and loosening of the G-C2H 5 bond. The effect  of conjugation of the same  subst i tuent  with var ious  
he t e roa roma t i c  s y s t e m s  depends on the pecu l ia r i t i es  of the e lec t ron  s t ruc tu re  of each such sys t em and can, 
there fore ,  to a ce r ta in  degree ,  be cha r ac t e r i z ed  by the e lect ronic  p a r a m e t e r s  of the carbon atom of the 
s tar t ing  he te rocyc le  to which a given subst i tuent  is at tached [for example ,  the qZ~) value] and also by the 
order  of the h e t e r o c y c l e -  subst i tuent  bond (o CX). A c r i t e r ion  of the reac t iv i ty  of the substi tuent  in this 
reac t ion  m a y  also be  the change in the h e t e r o c y c l e - s u b s t i t u e n t  bond order  induced by the action of the 
approaching reagent .  For  smal l  pe r tu rba t ions  of the conjugated sy s t em this change is cha rac t e r i zed  by 
the b o n d - a t o m  po la r izab i l i ty  Or CX,X : Op CX/ac~K ). Extending the analogy between the conjugation effect  
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TABLE 3. Relat ive Changes in the He t e rocyc l e -Subs t i t uen t  
Bond P a r a m e t e r s  and "Effect ive"  Alkylating Ability of I somer i c  
2 (6) - Ethoxy- 8-chl oro-N,  N-dimethylhypoxanthines 

C o Y f l  - 

pound 

I,b 
IIb 

IIIb 
IV,b 

qg8 [ PCCI 

0,995 0,124 
0,999 / 0,123 
0,965 0,130 
1,024 0,118 

~CCI,CI 

-0,035 
--0,039 
-0,043 --0,038 

q S q 2  9C0--9CCl 

0,103 0,205 
0,15l 0,219 
0,115 0,207 
0,133 0,215 

JTCO'O-- PI*, 
~CC],CI % 
--0,063 53 
-0,030 50 
--0,057 80 
--0,064 70 

% PII 
PIP pi+Pii 

14 0,21 
42 0,46 

000 
0,28 

'* PI  is the  yield of pur inylmalonic  es te r ,  and PI I  is the yield 
of e thylmalonic  e s t e r  [1]. 

and the alkylating abili ty of the ethoxy group in this s e r i e s  of compounds,  it can be assumed  that this abili ty 
i n c r e a s e s  with inc reas ing  p CO and dec reas ing  q~ and ~r CO, O~ 

The re su l t s  of the calculat ion (Table 2) indicated that all th ree  cons idered  indexes co r re spond  to the 
m a x i m u m  alkylat ing abil i ty of 2-e thoxy-3 ,7-dimethylhypoxanthfne;  this ag rees  with the exper imenta l  data  
obtained in [1]. However,  the o rder  of d e c r e a s e  in the reac t iv i ty  in the s e r i e s  of remain ing  compounds does 
not agree  with the indexes since,  in all c a ses ,  Ilia, the exper imenta l  r eac t iv i ty  of which is l e s s  than that  
p red ic ted  by any index, devia tes  f r o m  the expected order .  It can be a s sumed  that this is a consequence of 
the s t e r i c  shielding in this compound of the reac t ion  cen te r  (the 6-ethoxy group) of the c lose ly  si tuated 
methyl  group (7-CH3). Attest ing to such an assumpt ion is the significant effect  of this methyl  group on the 
shielding of H(0 , whose signal in III is cons ide rab ly  shifted to weak field (to 8.72 ppm). If IIIa is excluded 
f r o m  considera t ion  fo r  the indicated reason ,  such indexes as q~ and, especia l ly ,  p CO c o r r e c t l y  convey the 
o rder  of the change in the alkylating p r o p e r t i e s  in the invest igated s e r i e s  c~ compounds.  

The alkylation of sodiomalonic e s t e r  by compounds containing C1 in the 8-posi t ion (]b-IVb) p roceeds  
with cons iderab ly  lower  yields since these  compounds a re  capable  of enter ing into a compet i t ive  he t e ro -  
cycl ic  substi tut ion of the C1 atom. The labi l i ty  of the chlor ine  atom i n c r e a s e s  with a d e c r e a s e  in the con-  
jugation effect  of this a tom with the h e t e r o a r o m a t i c  system~ The reac t iv i ty  of these  compounds in the he t e ro -  
lytic substi tution of the chlor ine  should the re fo re  inc rease  with an inc rease  in the ~r - e l ec t ron  densi ty  in the 
8-posi t ion of the s ta r t ing  he te rocyc le  (q~), with a d e c r e a s e  in the C(8 ) - C 1  bond o rde r  {o CCI ), and with an 
inc rease  in the po la r izab i l i ty  of this bond q~ CC1,C1)" F r o m  this it can be a s sumed  that the "effect ive"  a l l~ l -  
ating abil i ty of Ib-IVb, c h a r a c t e r i z e d  by the ra t io  of the yield of ethylmalonic e s t e r  to the overa l l  yield of 
p roducts  of both compet ing  reac t ions ,  depends on both the above-examined  changes in the e lec t ronic  p a r a -  
m e t e r s  of the C(2 or 6)-OC2H5 bond and on changes in the analogous p a r a m e t e r s  of the C(8 ) - C 1  bond. In 
the p r o c e s s ,  i t  should i nc rea se  with a d e c r e a s e  in the 7~ - e l e c t r o n  densi ty  in the 2 (6)-position as comp a red  
with the q~ valfie in the s ta r t ing  he te rocyc le ,  with an i nc rea se  in the C-OC2H 5 bond o rde r  (p CO) as c o m -  
pa red  with the C(8 ) -  C1 bond o rder  (p CC1), and with a d e c r e a s e  in the po la r izab i l i ty  Or CO, O) as comp a red  
with v CC1 CI" A compar i son  of the r e su l t s  of calculat ion of all three  p a r a m e t e r s  with exper imenta l  data  
(presente~ in Table 3) indicates  that  this so r t  of dependence is actually observed,  at l eas t  quali tat ively.  
The calculat ion r e s u l t s  in the following o rde r  of i nc rease  in the re la t ive  yield of ethylmalonic e s t e r :  Ib < 
I]]b < IVb < IIb; the expe r imen ta l  r e su l t s  co r r e spond  to the o rde r :  IIIb < Ib < IVb < IIb. The compound 
containing 6-e thoxy and 7-methy l  groups  (IIlb) again devia tes  f r o m  this co r r e l a t i on  and f o r m s  only the 
co r respond ing  pur inylmalonic  e s t e r  (alkylation does not occur) with sodiomalonic e s t e r .  

As fo r  the above examined IIIa, the d e c r e a s e  in the alkylat ing ability of IIIb is apparent ly  associa ted  
with the additional effect  of a s t e r i c  f ac to r  due to the N(7 ) -  CH~ group, which is in the pe r i  posit ion to the 
reac t ion  cen te r  in these  compounds.  The s te r ic  f ac to r  may  become  decis ive  when the molecule  contains a 
second poss ib le  r eac t ion  cen te r  (the C1 atom in the 8-posit ion),  and the reac t ion  p roceeds  a lmos t  comple te ly  
in the d i rec t ion of he tero ly t ic  substi tut ion of the chlor ine  atom. Consider ing this c i r cums tance ,  it can be 
supposed that  the "ef fec t ive"  alkylat ing abil i ty of 2 (6) -e thoxy-8-chloro-N,N-dimethylhypoxanth ines  is quali-  
ta t ive ly  accura te ly  c h a r a c t e r i z e d  by  the d i f ference  in the q~r a n d P c - A  indexes for  the 8- and 2-pos i t ions  
of the invest igated molecu les .  

The b o n d - a t o m  po la r i zab i l i t i e s  0rco,  o) in both the Ia - IVa  s e r i e s  and ]b-IVb s e r i e s  l e s s  sa t i s fac to r i ly  
c h a r a c t e r i z e  the alkylating abil i ty of the compounds.  
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