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Solvent (pD=7,6):
D2O

Sodium phosphate
(up to 0,5 M)
NaCl (0,5 M)

Solute:
2-MeImpA or 2-MeImpG
(0,02 M)

2-MeImpG

2-MeImpG and 2-MeImpA are considered precursors of
prebiotic polynucleotide synthesis due to the electrofilicity of  its
phosphorus atom which is sensitive to nucleofilic atack by other
nucleotide hydroxyl. They can be synthesized in the laboratory in

simulated prebiotic conditions.

 1H NMR spectra (aromatic region) of  2-MeImpA (left)
and  2-MeImpG (right) in phosphate buffer, showing signals for reagents and

products (incomplete hydrolisys). 31P NMR spectrum of  2-MeImpA or 2-
MeImpG in phosphate buffer (incomplete hydrolisys).
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Variation of  [2-MeImpG] (squares),
[GMP] (circles) e [GDP] (triangles) as a

function of time in a sample of 0.2M phos-
phate buffer, monitored through 8-H2-MeImpG,

8-HGMP e 8-HGDP signals integrals.

0.0 0.1 0.2 0.3 0.4 0.5
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20
k o

 b
 s
 / 

h-1

[Pi] / M

0.0 0.1 0.2 0.3 0.4 0.5
0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

k 1'/
h-1

[Pi]/M-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0
-1.4

-1.3

-1.2

-1.1

-1.0

-0.9

-0.8

-0.7

-0.6

log k
2 '

log[Pi]

a) Phoshate
concentration effect on

observed rate coefficients (kobs).

b) Determination of  k1 e k1p by
fitting equation 12.

c) Determination of  k2 by fitting
equation 13.

(squares: 2-MeImpA;
circles: 2-MeImpG)
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a)

2-MeImpN
k1'

2-MeIm + NMP (1)

2-MeImpN
k1p

fosfato 2-MeIm + NMP (1’)

2-MeImpN + Pi
k2'

2-MeIm + NDP (2)

-d[2MeImpN]/dt =kobs[2-MeImpN] (3)
d[NMP]/dt =k1’[2-MeImpN] (4)
d[NDP]/dt =k2’[2-MeImpN] (5)

[2-MeImpN]=[2-MeImpN]0 e-tkobs (6)
[2-MeIm]=[2-MeImpN]0(1-e-tkobs ) (7)

[NMP]=(k1’/kobs)[2-MeImpN]0(1-e-kobst ) (8)
[NDP]=(k2’/kobs)[2-MeImpN]0(1-e-tkobs ) (9)

k1’=kobs/(1+([NDP]/[NMP])) (10)
k2’=kobs/(1+([NMP]/[NDP])) (11)

k1’ =k1 + k1p[Pi]n (12)
k2’ = k2[Pi]n (13)
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Data analisys reveals that three different chemical reactions occur (equations 1, 1’ and 2).
From this chemical model a kinetic model was deduced

defining the rate coeficients k1, k1p e k2.

Equations 6 to 9

b) Equations 10
 and 12

c) E
quatio

ns 11
 and 13

 Calculated rate coefficients for reactions 1, 1’ e 2

k1
b/h-1 k1p

b/M-1h-1 k2
c/M-1h-1 n c

2-MeImpA 0,014±0,003 0,11±0,01 0,21±0,01 0,94±0,02

2-MeImpG 0,009±0,001 0,081±0,003 0,23±0,01 0,99±0,02
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PM3 semi-empirical
simulation

1) Water has an important role in
the proposed mechanism for

phosphate catalysed hydrolysis
because it forms a stable weak
complex with the phosphoryl

group.

2) The phosphoryl group sponta-
neously accepts 2-methyl-
imidazole SN2 substitution

forming
adenosine (or guanosine)

5’-biphophate.

8
 2-methylimidazole activated nucleotides show high suscept
ibility to nucleofile substitution and therefore doesn’t seem
good prebiotic precursors for direct synthesis of
primitive polyribonucleotides.
                                                 The following alternative is proposed:

 “Primitive soup” + solar energy 5’-phosphoimidazolylnucleosides
        5’-phosphoimidazolylnucleosides + (phosphate)n 5’-polyphosphonucleosides
5’-polyphosphonucleosides + polymerization matrix + catalist polyribonucleotides
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