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SYNTHETIC PURINE-PYRIMIDINE BASE PAIRS. 
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~-(4-Amino-5-~~rimidin~l)~urine-6-carboxamide (I) was 
synthesized by condensation of 4,5-diaminopyrimidine with 6 -  
purinoyl'chloride in pyridine o r  with 6-trichloromethylpurine in 
buffer citrate. Related purine-pyrimidine pairs of the form 
Pu-CONH-F'y were prepared similarly. The spectral properties 
of the base pairs suggest a preferred conformation involving 
hydrogen bonding between the amide hydrogen and the purine ~ ( 7 ) .  

The phenomenon of base-pairing in double-stranded DNA is the f irst  step to 

1 
a "grammar of biology" . Purine-pyrimidine pairs  served a s  a focus of 

inierest, both theoretically and e ~ ~ e r i m e n t a l l ~ . ~ - ~  Surprisingly, synthetic 

base pairs  have received little attention. Interaction between adjacent bases 

in a nucleic acid strand contribute significantly to the structural stability of 

both single and double-stranded nucleic acids. Leonard and coworkers in- 

vestigated a ser ies  of dinucleotide analogs in which the purine and pyrimidine 

---------- 
tDedicated to Professor Tetsuo Nozoe illustrious master  of organic chem- 

istry and doyen of Japanese chemists -on the occasion of his  seventy 

seventh birthday. 



I. R I  = R ~ ( R , )  = H, R,(RZ) = NH2 

11. R1 = H, Rz = R, = NHz 
//' 

111. R, = CH,. Rz = R; = NH2 

IV. R, = H, R2 ="R, = NHCH, 

.5 
b a s e s  w e r e  connected by a polymethylene chain (B-c,-B'). T h e s e  syn-  

thetic b a s e  p a i r s  permit ted a study of the in teract ion between the adjacent  

b a s e s  in  the absence of complicating f a c t o r s  assoc ia ted  with hydrogen bond- 

ing and the usual carbohydrate  and phosphodiester l inkages.  Pyr imid ine  

6 
der ivat ives  of the toxic thioguanine showed an t i cancer  activity.  W e  now r e -  

p o r t  t h e  synthesis  and s p e c t r a l  p roper t i e s  of pur ine-pyr imidine mode l  p a i r s  

of t h e  genera l  s t r u c t u r e  Pu-CONH-Py, which w e r e  p repared  in a n  a t t empt  

to  s imula te  a condition of pe rmanen t  pa i r ingbe tween  t h e  bases .  Such b a s e  

p a r s  m a y  s e r v e  a s  a b a s ~ s  fo r  potential  an t i cancer  agents .  

T h e  p repara t ion  of N - (~-amino-5-pyrimidinyl)purine-6-carboxamide 

(I) i l lus t ra tes  the  synthet ic  methods used. Method A. 6-Methylpurine w a s  

7 
chlorinated with SOzClz in CF,C02H to  6-trichloromethylpurine: 'H NMR, 
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6 (cDB~,): 8.63 (s ,  IH) and 9.13 pprn ( s ,  1 ~ ) .  Condensation of the l a t t e r  with 

4,5-diaminopyrimidine i n  a n  aqueous-methanolic buffer c i t r a t e  solution 

4) gave I. This  method, f i r s t  applied by Cohen and coworkers  fo r  the synthe- 

8-9 
sis of N-(4,6 -diamin0-5-~~rimidin~l)p~rine-6 -carboxamide (11). suffers  

f r o m  the disadvantage of being relatively slow and of giving products con- 

taminated with polymers derived f rom 6-purinoic acid. Method B. 6-Methyl- 

10 
purine was oxidized to 6-purinoic acid, which was  converted to 6-purinoyl 

11 
chlor ide by PCIS o r  ~ 0 6 1 ~ .  Condensation of t he  acyl  halide with 4,5-di- 

aminopyrimidine i n  boiling pyridine afforded I. Purification by repeated 

t r i turat ions and recrystal l izat ions f r o m  water  and DMF gave I a s  a n  orange  

powder, m p  >300a (dec). Mass  spectrum, m l e  256 (M+, r e l .  int. 72). 238 

([M-H~o]+, 27). 228(98), 211 (22). 200(21),  137(70), 120(100), and 119(79). 

'H NMR (270 MHZ), 6 (DMSO - ds): 6 .89(s ,  2H, NH~) ,  8.10(s,  lH,  P ~ ) ,  8.30 

( s ,  lH,  P~), 8.76 ( s .  IH, PU), 9.11 ( s ,  1H, PU), and 10.52 ppm (s, lH, NH amide).  

UV; X ~ ~ ~ ( H Z O ) , I I ~ ,  231 a n d 2 9 2 ; h a x  (0.1 N N ~ O H ) ,  nm 280 and 342s: Lax 

(0.1 N ~ ~ l ) n m ,  262s and 292. Compounds 11, ~-(4,6-diamino-5-~~rimidin~l)- 

9-methylpurine-6-carboxamide (IU) and ~-(4,6-bisrnethylamino-5-~~rimidinyl)- 

purine-6-carboxamide (IV) were  prepared analogously. The purity of each 

ba se  pair  was  ver i f ied by its high-field (270 MHZ) 'H NMR spectrum. The  

following spec t r a l  p roper t ies  of the  ba se  p a i r s  should be noted. (i)  The  

amide  proton absorbs  a t  a ve ry  low field: 6 (I) = 10.52 ppm. F o r  comparison, 

in N-methylpurine-6-carboxamide, 6 (NH amide)  = 9.06 ppm. The fixation 

of the  N(7)  purine tautomer by t he  9-methyl group shifts this absorption t o  a 

significantly lower field (6 (111) = 1 1 . 1 7  ppm), while the . in t rodudion  of two 



bulky substituents ortho the amide linkage leads to shifts in the opposite 

direction (6 (11) = 9.86 and 6 (IV) = 9.68 ppm). (ii) Unlike base pairs pre- 

8,9,12 
viously reported, the present compounds hardly displayed any novel 

features in the UV spectra, viz. an intense absorption in the 340-370 nm 

region. Such a band tends to appear only after keeping the base pair in solu- 

tion for  an  extended period. (iii) The mass  spectrum of each base pair is 

characterized by an  abundant signal due to an [M - H~o]+ species, which is 

absent in N-methylpurine-6-carboxamide. 

The following conformational aspects of the base pairs were consid- 

ered: (a)  The spatial orientation of the amide linkage vis-a-vis the planes 

of the Pu and the Py rings. (b) Hydrogen bonding between the 4-amino group 

of the Py and ~ ( 1 )  or  ~ ( 7 )  of the P u  ring. (c) Hydrogen bonding between the 

amide hydrogen and ~ ( 7 )  of the Pu ring. (d) Trans  versus  cis configuration 

of the amide linkage. (e)  Stacking between the P u  and the Py rings. Definite 

conclusions pertaining to the conformation of the synthetic base pairs cannot 

be reached a t  this stage. However, the evidence favors a preferred conforma- 

tion with hydrogen bonding between the amide hydrogen and the N(7) of Pu 

ra ther  than a conformation with hydrogen bonding between the ortho amino 

group of Py and ~ ( 7 )  (or ~ ( 1 ) )  of Pu. The Pu - CONH - Py pair tends to 

remain planar but becomes sensitive to steric hindrance by two substituents 

ortho to the amide linkage. 

- A trans-configuration of the base-pair may explain a facile elimination 

of an  Ha0 molecule (by condensation of an ortho amino group and the carhoxyl) 

13 
leading to an 8-purinoyl-6-purine. 
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