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Abstract: The alkaline solvolyses of adenine nucleosides proceed by two parallel routes. The one is cleavage of 
the glycosyl bond to a stable adenine and a sugar and these rates initially increase with alkali and then remain 
relatively constant at the higher alkalinities. Concomitantly, the imidazole ring is attacked and opened with 
subsequent cleavage of the ribosyl bond and loss of C-8 as formic acid to form compounds analogous to 4,5,6-tri-
aminopyrimidine at rates that appear proportional to hydroxide ion concentrations even at the higher alkalinities. 
It follows that the latter route is favored at high alkalinities. The resultant 4,5,6-triaminopyrimidine degrades 
relatively rapidly to nonchromophoric compounds. The numbers of hydroxyl groups in the sugar moiety do not 
appear to have any highly significant effect on rates of alkaline hydrolyses. Adenosine and 2'-deoxyadenosine 
have equivalent rates. Electron-withdrawing substituents on the adenine moiety increase alkaline solvolysis rates 
whereas electron-donating substituents retard. This is consistent with the kinetically observed hydroxyl ion at
tack. The alkali-induced recyclization of 1-methyladenosine that occurs under room temperature and mildly alka
line conditions yields A '̂-methyladenosine which subsequently solvolyzes at high alkalinities and temperatures, 
e.g., 80°, in the manner previously cited for adenine nucleosides. 

The effect of glycosidic structure and substituents in 
the adenine moiety on the acid-catalyzed solvolyses 

of adenine nucleosides to the respective adenines and 
sugars has been studied in detail in the previous paper 
of this series.1 

In general, the nucleosides are more resistant to alk
aline solvolysis. Although a reasonable number of 
systematic kinetic studies in the alkaline region have 
been conducted on pyrimidine nucleosides2-4 and their 
corresponding substituted uracils,5 the only systematic 
kinetic studies in the alkaline region of solvolyses of 
adenine nucleosides of which we are aware are those for 
psicofuranine (9-/3-D-psicofuranosyladenine)6 by anal
ysis of the acid-liberated psicose from unreacted psico
furanine, and the spectrally monitored rearrangement 
of 1-methyladenosine to 6-methyladenosine.7 

In addition to the solvolysis to the respective adenine 
and sugar certain purine nucleosides undergo alkaline 
rupture of the imidazole ring8-13 with subsequent de-
formylation of the 5-amino group with loss of C-8 to 
result in appropriately substituted sugar-containing 
intermediates that are converted finally to the respec
tive 4,5-diaminopyrimidines so that adenosine yielded 
4,5,6-triaminopyrimidine.12 If the initial step in the 
degradation is a nucleophilic attack by the hydroxide ion 
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at C-8, the electron density at this carbon would depend 
on the substituents in the pyrimidine ring. l lb Purine 
bases which existed as anions in alkaline solution did 
not show this alkaline instability.12'x4-16 

An alternate degradation of the purine nucleosides 
may involve ring opening of the pyrimidine section of 
the purine base. 1^16-17 This can occur readily if the nu
cleoside is "oxygenated" or alkylated at N-I (e.g., 1-
methyladenosine) or alkylated at N-3 as in the cyclo-
nucleosides. Many of these degradations are believed 
to involve an initial nucleophilic attack by hydroxide ion 
at C-2 to yield an intermediate formyl derivative as a 
result of ring cleavage.n Migration of the alkyl group 
from N-I to the extranuclear amino group occurred on 
alkaline treatment of alkylated adenines by ring opening 
andreclosure.7 '16-20 

This paper considers the kinetics of alkaline sol
volysis of variously substituted adenine nucleosides. 

Experimental Section 
The compounds used, their spectral characteristics, pKJ values, 

and acknowledged sources have been given in the previous paper1 

of this series. 
Monitoring of Alkaline Solvolyses by Paper Chromatography. 

The alkaline solvolysis of adenosine (1O-2M) in 1.0 M sodium hy
droxide at 80.0° was monitored by paper chromatography. Samples 
of the reaction mixture were taken at intervals of time, equal volumes 
of 1.0 M hydrochloric acid were added, and the pH was adjusted 
to about 9-10. Ten microliters of these solutions were spotted on 
Whatman No. 1 paper along with 10 ul of 5.0 X 10~3 M solutions 
of adenosine, adenine, D-ribose, and 4,5,6-triaminopyrimidine 
sulfate as standards. Development was carried out with 5% di-
sodium hydrogen orthophosphate solution in water saturated with 
isoamyl alcohol, and with butanol-ethanol-water (4:1:5), organic 
phase. The development was carried out until the solvent front 
reached about 15 cm. The paper was then taken out of the de-
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velopment chamber, dried in a current of warm air, and examined 
under a short wavelength ultraviolet (250 nm) lamp. The Bratton-
Marshall color reaction21 was used to locate the primary aromatic 
amino group. 

The alkaline solvolysis of 2'-deoxyadenosine and of 8-bromo-
adenosine was monitored by paper chromatography in the same 
way. 

Procedures for Kinetic Studies. The nucleoside (usually 0.10 
mmol) was weighed, quantitatively transferred to a 100-ml volumetric 
flask, and sodium hydroxide (or potassium hydroxide) solution (100 
ml) of the required molarity was added. The flask was then trans
ferred to a constant-temperature bath. Temperatures in the range 
of 60.0-80.0° were used for all the nucleosides except 1-methyl-
adenosine at 25.5 and 35.0°. Samples were withdrawn from the 
reaction mixture at appropriate time intervals and quickly cooled 
to room temperature. An aliquot (2 ml) was treated with an equal 
volume of formic acid solution of appropriate molarity so that the 
pH of the mixture was adjusted to 3.5 ± 0 . 1 . The absorbance of 
this solution was recorded between 350 and 280 nm, using a reagent 
blank prepared in the same way. Another aliquot (3 ml) of the 
cooled sample was diluted to 50 ml with distilled water or a sodium 
hydroxide solution of appropriate molarity so that the pH of the 
resulting dilute solution was about 12-13. The absorbance of 
this solution was recorded between 350 and 280 nm, using an ap-
propiate reagent blank. Similar studies were conducted on adenine 
and 8-bromoadenine at 80.0° in 1.0 M sodium hydroxide. 

The possibility of spectral interference from the alkaline decom
position products of 2-deoxy-D-ribose22'23 was checked by main
taining a 10~3 M solution of the sugar in 1.0 M sodium hydroxide 
at 80.0°, and taking samples at intervals of time. A part of each 
sample was treated with an equal volume of 1.77 M formic acid 
(resulting pH 3.5 ± 0.1), and another part was diluted (1:25) with 
distilled water. The spectrophotometric absorbance of each solu
tion was recorded between 350 and 230 nm using an appropriate 
blank. 

Solutions of ionic strength 0.10 were used except for those in 
sodium hydroxide more concentrated than 0.10 M. 

The rearrangement of 1-methyladenosine to A^-methyladenosine 
at alkaline pH values was followed spectrophotometrically at 25.0 
and 35.0°. A 5-6 X 1O -6M solution of the 1-methyladenosine 
in the appropriate buffer solution in a cuvette was maintained in the 
thermostated cell compartment of the Cary 15 recording spectro
photometer and the ultraviolet absorbance of the sample was re
corded as a function of time between 350 and 230 nm. The buffer 
solution was used as the blank. 

Analog Computer and Curve Fitting. An analog computer 
(PACE TR-48, Electronic Associates, Inc.) and a Mosely Model 
2D2 recorder were used to fit the model 

adenine glycoside —»- triaminopyrimidine — > 
I nonchromophoric products (1) 

adenine -f- sugar 

for the dual pathways of alkaline solvolysis to the absorbance 
data at 260 nm at pH 12-13 monitored as a function of time. The 
rate constants ki and kt of eq 1 could be obtained from this fitting 
when the apparent first-order rate constant k-v = ki -\- kt, for the 
overall loss, and the rate constant Ar3, for the solvolysis of 4,5,6-
triaminopyrimidine under the same experimental conditions, were 
known. The appropriate rate setting potentiometers were ad
justed so that k-r = ki + k2 for a known k%. The potentiometers 
for ki and Ar2 were adjusted until a good fit was obtained with regard 
to both the absorbance, Auo, against time and the spectral yield of 
adenine. 

Results 

Paper chromatography of samples taken at intervals 
of time from a 10 - 2 M solution of adenosine in 1.0 M 
sodium hydroxide maintained at 80.0° revealed that the 
spot due to the nucleoside became smaller, fainter with 
time, and disappeared in about 7.5-8.5 hr. Two 

(21) A. C. Bratton and E. K. Marshall, J. Biol. Chem., 128, 537 
(1939). 

(22) J K. Seydel and E. R. Garrett, Anal. Chem., 37, 271 (1965). 
(23) J. K. Seydel, E. R. Garrett, W. Diller, and K. J. Schaper, 

/ . Pharm. Sci., 56, 858 (1967). 

other spots were visible under the short-wavelength 
ultraviolet lamp. One of these spots had the same Ri 
value as that of the adenine control (0.31). It reached 
its maximum size and intensity at the time the nucleo
side spot disappeared and then changed very little, if at 
all. The other spot (Rt = 0.38) was suspected to be a 
product of imidazole ring opening. It gave a red color 
after treatment with nitrous acid followed by the 
Bratton-Marshall reagent21 to show the presence of the 
primary aromatic amino group(s). It did not react in 
the silver nitrate test,24 which suggested that the com
pound did not contain an attached ribose. Since it had 
been spectrally and chromatographically observed that 
purine riboside (in 0.04 M sodium hydroxide at 20.0°)9 

produced 4,5-diaminopyrimidine derivatives, and that 
adenosine had been chromatographically observed to 
form 4,5,6-triaminopyrimidinellb in 1.0 M sodium hy
droxide at 100.0°, the presence of 4,5,6-triaminopy
rimidine was suspected. The spot was eluted from sev
eral chromatograms with 0.10 M hydrochloric acid. 
The combined eluate showed the same absorbance 
maxima as 4,5,6-triaminopyrimidine in 1.8 M hydro
chloric acid, in formate buffer pH 3.5, and in phosphate 
buffer pH 7.5 for the diprotonated, monoprotonated, 
and uncharged species, respectively. 

The solvolysis of 2'-deoxyadenosine under the same 
conditions also produced adenine and 4,5,6-triamino
pyrimidine. It was to be expected that changing the 
sugar moiety would not change the mechanism of 
attack on the adenine portion of the nucleosides. The 
solvolysis of 8-bromoadenosine in 1.0 M sodium hy
droxide at 80.0° was followed by paper chromatog
raphy, and a spot for 8-bromoadenine plus another 
visible under the uv lamp was detected. No spectral 
changes were observed for 8-bromoadenine in 1.0 M 
sodium hydroxide at 80.0° for over 6 hr, which at least 
indicates that the ring is not opened under these condi
tions. 

The course of alkaline solvolysis of 2'-deoxyadeno-
sine (and the other nucleosides) was followed mainly by 
spectral measurements. A typical spectral monitoring 
is given in Figure 1 where the absorbance of 2'-deoxy-
adenosine in 1.0 M sodium hydroxide at 80.0° at the 
absorbance maximum (260 nm) decreased rapidly with 
an isosbestic point at 273 nm. About 4 hr after the 
start of the reaction, the isosbestic point was lost and 
the subsequent decrease in absorbance was accom
panied by a small shift in the absorbance maximum to 
longer wavelengths. Another feature of the spectra 
was a small increase in absorbance in the 280-320-nm 
region for about the first 4 hr followed by a decrease in 
absorbance in that region. From a knowledge of the 
changes in the ultraviolet spectra of 2'-deoxyadenosine, 
adenine, and 4,5,6-triaminopyrimidine in their un
charged and protonated states (see Table I of ref 1) it 
was apparent that absorbance measurements in the 
region of 290-320 nm at pH 3.5 ± 0.1 permitted deter
mination of 4,5,6-triaminopyrimidine independently of 
the 2'-deoxyadenosine or adenine in the reaction mix
ture. 

Possible spectral interference by the alkaline decom
position products of 2-deoxy-D-ribose, formed during 
the degradation of 2'-deoxyadenosine, was checked out. 
Under the conditions used, the deoxyribose formed prod-

(24) S. M. Partridge, / . Chem. Soc, 1579 (1951). 
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310 330 
Wavelength, nm 

270 290 310 
Wavelength, nm 

Figure 1. Typical spectral changes of adenine nucleosides allowed 
to react in alkali. The spectra, A, are of 2 ml of 1O-3 M deoxya-
denosine allowed to react in 1.0 M KOH at 80.0°, diluted 1:1 with 
formic acid buffer to a final pH of 3.5 and read against a similar 
formate buffer blank. The spectra, B, are of 3 ml, diluted to 50 
ml with water and read against a water blank. The final spectral 
yield of adenine was 40.4%. A typical spectrum of 3 X 10~5 M 
adenine in 0.01 M NaOH is given as the dashed line in B. The 
curves are labeled with their respective times of reaction in minutes. 

ucts which had a very small absorbance (<0.02) at 
260 nm and pH 12-13. However, an absorbance of 
about 0.25 at 310 nm and pH 3.5 was obtained 9 hr 
after the start of degradation and it remained unchanged 
for about 7 more hr. An absorbance value of 0.26 was 
obtained under these conditions. The absorbance 
values measured at 310 nm and pH 3.5 during the deg
radation of 2'-deoxyadenosine were corrected for these 
sugar decomposition products. 

Estimation of Rate Constants for Parallel Reactions. 
The alkaline solvolysis of the adenine nucleosides re
sulted in the paper chromatographically identifiable 
corresponding adenines, viz., adenine, 8-bromoadenine, 
jV6-methyladenine, and iV^A^-dimethyladenine, which 
were then stable in the alkaline medium. The pure 
adenine bases had shown no change spectrally in 1.0 M 
sodium hydroxide at 80.0° over a period of 36 hr. The 
4,5,6-triaminopyrimidine, formed by a parallel reac
tion, disappeared quickly under the experimental con
ditions (Figure 2) so that even when a substantial frac
tion of the initial nucleoside concentration solvolyzed 
by that pathway, the 4,5,6-triaminopyrimidine made 
only a small contribution to the total absorbance of the 
reaction mixture. The model for the alkaline solvolysis 
of the adenine nucleosides consistent with all these facts 
is given in eq 1, where the apparent first-order rate con
stants Ar1, Zc2, and ks represent the rate-determining steps. 

Rate Constants for the Solvolysis of 4,5,6-Triamino-
pyrimidine. The apparent first-order rate constants, 
Ar3, of eq 1 were obtained from the loss of absorbance at 
287 nm of 4,5,6-triaminopyrimidine under experimen
tal conditions similar to those for the solvolysis studies 
of adenine nucleosides, after adjusting the reaction mix
ture to pH 3.5 ± 0.1. 

The obtained first-order rate constants were functions 
of sodium hydroxide concentration in accordance with 

250 270 290 310 330 
Wavelength, nm 

Figure 2. Typical spectral changes of 2.0 X 1O-4 M 4,5,6-tri
aminopyrimidine in 1.0 M NaOH at 80.0° with each curve labeled 
with the number of minutes after the start of the degradation. Each 
sample was treated with an equal volume of 1.77 M formic acid to 
give a final pH of 3.5 ± 0.1 and was read against a similarly treated 
formate buffer blank. 

ks = k0 + ArOH[NaOH] (2) 

and the bimolecular rate constant for the attack of OH~ 
on the uncharged 4,5,6-triaminopyrimidine, A:0H, and 
the apparent first-order rate constant for the water at
tack on the uncharged species, k0, were estimated from 
the plots of k3 (Table I) against the sodium hydroxide 
concentrations. 

Table I. Apparent First-Order Rate Constants, h (sec-1), for the 
Solvolysis of 4,5,6-Triaminopytimidine to 
Nonchromophoric Products 

[NaOH], M 

1.00 
0.80 
0.40 
0.10 
0.01 
Phosphate buffer (pH 7.50) 
Acetate buffer (pH 5.30) 
106fc0,° sec-1 

106£OE,° 1- mol-1 sec-1 

80.0° 

24.5 
18.3 
14.5 
9.40 
7.91 
3.96 
4.09 
7.6 

16.9 

105Zt3 

70.0° 

14.4 

5.71 

5.0 
9.4 

-, 
60.0° 

8.03 

3,25 

2.9 
5.1 

" These values were estimated from the slopes and intercepts of 
plots of k3 against [NaOH] in accordance with k3 = k0 + koa • 
[NaOH]. Estimated thermodynamic values from /V0H were A//a = 
14.8 kcal mol-1 and AS* = -7.9 eu where Ar3 = Pe-AH*IRT, and 
A//* = Atfa - RT and AS± = 2.303i?[log k0n - log (kTjh) + 
(AH*/2303)RT]-

Kinetic Analysis of Sequential and Parallel Adenine 
Nucleoside Solvolysis. An initial estimate of ki = 
k\ + Zc2 values for eq 1 was obtained from the apparent 
first-order loss of absorbance, A, of the adenine nu
cleoside to a final value which was assigned to the 
adenine produced, A^, as measured at 260 nm at pH 
12-13. The adenine yield, as determined in this man
ner, was ca. 90% or better for adenosine and 2'-deoxy-
adenosine in 0.01, 0.05, and 0.10 M sodium hydroxide 
at 80°. The adenine yield, [Ad]„, decreased signifi-
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cantly, and thus the amount of purine ring fractured 
increased, with increasing alkali concentration (Table 
II). These values were obtained from the 260-nm ab-

Table II. Estimates of Rate Constants and Adenine Yields for 
the Alkaline Solvolysis of Adenine Nucleosides 

T, 
0C 

80.0 

75.0 

70.0 
60.0 

80.0 

71.0 

80.0 
60.0 

80.0 
60.0 

80.0 
75.0 

80.0 

80.0 

[NaOH] 
M 

1.006 

0.606 

0.20 
0.10 
0.10 
0.05 
1.00 
0.20 
0.10 
0.05 
1.00 
1.00 
0.05 

1.00».' 
0.80 
0.40 
0.20 
0.10 
0.10 
0.05 
0.20 

) 
105Zc 

% 
yield of 
adenine" 

Adenos ine 
6.26 
3.97 
1.13 
0.757 
0.669 
0.404 

0.522 
0.454 
2.82 
0.92 

36 
42 
66 
77 
82 
85 
26 
63 
82 
90 
23 
18 
90 

2 '-Deoxyadenosine 
6.00 
4.62 
3.05 
1.76 
1.20 
1.20 
0.346 
0.640 

37 
48 
67 
79 
88 
88 
92 
71 

Wk1 

2.25 
1.67 
0.75 
0.58 
0.55 
0.34 

0.43 
0.41 
0.64 
0.17 

2.22 
2.22 
2.06 
1.39 
1.09 
1.05 
0.32 
0.46 

105Zc2 105Zc3 

4.01 26 
2.30 18 
0.38 11 
0.19 
0.12 
0.06 

0.10 
0.04 
2.19 
0.75 

3.78 
2.40 
1.00 
0.37 
0.15 
0.15 
0.03 
0.19 

6-Dimethylaminopurine Ribonucleoside 
1.00 
1.00 

1.00 
1.00 

1.00 
0.100 

1.00 

1.00 

0.39 
0.24 

~100 

6-Methylaminopurine Ribonucleoside 
1.60 
0.45 

Isopropylideneadenosine 
12 
0.740 

28 3.3 

Adenine Arabinoside 
2.92 31 
8-Bromoadenosine 

105 

0.92 

8.7 

2.00 

<" Calculated from % adenine = 100«A^»/eAd^o, where A0 and 
Am are the initial and final absorbances at 260 nm with «A and t\& 
the molar absorptivities of the adenine nucleoside and adenine, 
respectively. b Absorbance data fitted by analog computer to the 
parallel reaction pathway model to adenine and triaminopyrimidine 
were consistent with the derived rate constants and the known Zc3 
value (Table I) for the alkaline degradation of triaminopyrimidine. 
" Per cent yields of adenine at 75.0, 70.0, and 60.0° were 37.2, 
30.4, and 25.2, respectively. 

sorbance at the end of reaction (Figure 1) when all of 
the nucleoside had disappeared. The plots of log (A 
— A„) against time were appropriately linear and thus 
demonstrated that the interference from the absorbance 
of the transient degrading 4,5,6-triaminopyrimidine 
with the apparent first-order plot was negligible. Since 
in this case, adenine, Ad, is a product of one of the 
parallel reactions25 

hi /Cl ^ [AdĴ  
~h + k2 [AR]0 

(3) 

where [AR]0 is the initial concentration of adenine 
nucleoside. Since /cT, [Ad]„, and [AR]0 are known, ki 
and k2 values were estimated from eq 3. Such values 
for various nucleosides are listed in Table II. 

(25) E. R. Garrett, / . Amer. Chem. Soc, 80, 4049 (1958). 

The absorbance, A2^, is a linear function of the ab
sorbances of the adenine nucleoside (AR), adenine 
(Ad) and 4,5,6-triaminopyrimidine (TAP) at any given 
time, /, during the alkaline degradation of the adenine 
nucleoside 

^260 = «260
AR[AR]( + e260

Ad[Ad], + «260
TAP[TAP]( (4) 

where the e values are the molar absorptivities for the 
compounds at the pH of measurement. Typical values 
for adenosine are: e26oAR = 15,290, e26oAd = 12,310, 
and e26o

TAP = 5600. 
Since the products of the alkaline solvolysis of the 

adenine nucleosides that contribute to the absorbance 
are only adenine and 4,5,6-triaminopyrimidine (eq 1), 
the concentration of the latter can be calculated from 

[TAP]o a icd 
/C 2 [AR] 0 , . 

fcs — k' 
(e- — e~ ') (5) 

where the rate constant ks was obtained from studies on 
the degradation of 4,5,6-triaminopyrimidine (Table I) 
and ki was calculated from the rearranged eq 3 

k -fc,i£M° - il (6) 

where Zci was estimated from the known &T values and 
the fractional yield of adenosine that is adenine (Table 
II) as per eq 3. The actual concentration of the 4,5,6-
triaminopyrimidine, [TAP], was calculated at any time, 
t, from the measurement of the 310-nm absorbance at 
pH 3.5 and its molar absorptivity, e3io

pH36 = 5700. 
The total absorbance, ^260, at pH 12-13 was calculated 
from eq 4 using the known absorptivities and the rela
tions 

[AR], = [AR]0C - *T« 

[Ad], = 
fci[AR], (1 - e-**') 

[TAP], = 
A i M

p H S - b 

e 3 i 0
p H 3 ' 6 

(7) 

(8) 

(9) 

where the values of fcT (eq 3) and k2 (eq 6) were esti
mated as detailed previously. The agreement between 
the measured and calculated absorbances (eq 4) at 260 
nm was excellent (see Figure 3) and indicated that the 
model of eq 1 for the routes of alkaline solvolysis was 
essentially correct. The maximum differences between 
the calculated and measured absorbances for the data 
of Figure 3 were - 4 % at 3.5 hr and +2.5% at 1.5 hr. 

The apparent first-order rate constants at 80.0°, /cT 
for the overall loss of adenosine and 2'-deoxyadenosine, 
k\ for their solvolyses to adenine, and k2 for their sol-
volyses to triaminopyrimidine are plotted against the 
sodium hydroxide concentration in Figure 4. The 
rate constant for the production of adenine appears to 
be initially a function of alkaline concentration and then 
tends to become pH independent at high alkali concen
trations. In contrast, the rate of increase of the rate 
constant for the production of triaminopyrimidine 
tends to increase at the lower alkali concentrations 
until it appears to become proportional at the higher 
hydroxide ion concentrations. The most rational ex
planation for these phenomena is that the adenine nu
cleosides undergo either the dissociation of a proton or 
the acceptance of an hydroxyl ion with an apparent 
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0.90 

0.80 •} 

0.70 • 

0.60 

0.50 • 

0.40 

0.30 

0.20 

0.10 • 

12 16 20 
Time in Hours 

Figure 3. Typical analog computer fit of the total absorbance at 
260 nm vs. time data (curve A) for the alkaline solvolysis of 9.4 X 
1O-4 M 2'-deoxyadenosine (absorbance values are for the solution 
diluted to 5.6 X 10"6 M) in 1.0 M NaOH at 80.0°. Curve B is the 
time course for the absorbance attributable to 2'-deoxyadenosine 
(AR) where curves C and D are for the absorbances of the products 
adenine (Ad) and 4,5,6-triaminopyrimidine (TAP), respectively. 
The program for the analog computer was based on Ad -*• (k{) 
AR -*• (ki) TAP -*• (Zc3) nonchromophoric products. The fit 
of the computer drawn curve A to the experimental absorbance data 
is well demonstrated. 
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Figure 4. Apparent first-order rate constants at 80.0 ° for the solvo-
lyses of adenosine (open symbols, dashed lines) and 2'-deoxy-
adenosine (solid symbols, solid lines) as a function of sodium hy
droxide concentrations in accordance with the model 

adenine •<— adenosine 

where ki = ki + ki. 

• 4,5,6-triaminopyrimidine 

pATa' corresponding to the pH conditions in 0.1 N 
NaOH. The plots of Figure 4 can then be rationalized 
by proposing a preferred mechanism for adenine pro
duction by hydroxyl ion attack on the neutral nucleo
side whereas triaminopyrimidine production would be 

Figure 5. The pH profiles of the logarithm of the apparent first-
order rate constants, k, in sec-1, for the solvolysis of 2'-deoxyaden-
osine. The dashed lines are estimated portions of the curves. The 
arrows indicate apparent kinetic pK* values. 
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Figure 6. The pH profiles of the logarithm of the apparent first-
order rate constants, k, in sec-1, for the solvolysis of adenosine. 
The dashed lines are estimated portions of the curves. The arrows 
indicate apparent kinetic p*Ta values. 

favored by hydroxide ion attack on a negatively charged 
species. 

The sum of the rate constants, ki, for these two paral
lel reactions then appears fortuitously to be a linear 
function of alkali concentration. 

Log k-pH Profiles for 2'-Deoxy adenosine and Adeno
sine. The overall rate of solvolysis of 2'-deoxyadeno-
sine and adenosine decreased with increasing pH to a 
minimum and then increased with pH (Figures 5 and 6) 
and the increasing concentration of sodium hydroxide. 
The conditions and apparent first-order rate constants 
for acid solvolysis have been given previously,1 whereas 
the constants for alkaline solvolysis are listed in Table 
II. 

The pH values of the alkaline solutions were calcu
lated from 

pH = p£„ - pOH = pKv - log/[NaOH] (10) 

and those of the acid solutions from 

pH = - log / [HCl ] (H) 

where the pKw values and the mean activity coefficients 
for the experimental sodium hydroxide and HCl con
centrations were obtained or extrapolated from data in 
the literature.26 

(26) H. S. Harned and B. B. Owen, "The Physical Chemistry of 
Electrolytic Solutions," 3rd ed, Reinhold, New York, N. Y., p 657. 
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The Kinetics of the 1-Methyladenosine Rearrangement 
to 7V6-Methyladenosine. In contrast to the sequential 
solvolysis of 1-methyladenosine to 1-methyladenine and 
then to 5-aminoimidazole-4-./v"'-carboxamidine1 1-meth
yladenosine showed another type of reaction in the 
neutral and alkaline regions.7-16_20 The ultraviolet 
absorption spectrum of 1-methyladenosine at low tem
peratures and even in mildly alkaline solutions changed 
with time to the spectrum of A^-methyladenosine (see 
spectral data in Table I of ref 1) with isosbestic points 
at 290 and 257 nm. 

The apparent first-order rate constants at various 
pH values were for 35.0° (104ft, pH) 0.211, 9.11; 0.528, 
10.95; 0.790, 11.56 (in 0.010 W NaOH, calcd26 pH 
11.75), 3.20 (in 0.100 JVNaOH, calcd26 pH 12.57); and 
for 25.5° 0.0950,9.08; 0.285,10.95; 0.510 (in 0.010 N 
NaOH, calcd26 pH 12.0); 1.09 (in 0.100 JV NaOH, 
calcd26 pH 12.9). The data at 25.5° are similar to 
those reported by Macon and Wolfenden.7 

The AHs. is 9.74 kcal/mol based on the rate constants 
at 0.100 M for the two temperatures and the predicted 
&NaoH = k/0.1 = 6.62 X 10-2 1. mol-1 sec-1 at 80.0°. 
An estimated AS* is —8.4 eu. 

The hydroxyl ion catalyzed solvolysis of purine nu
cleosides (ca. 10"s sec"1 in 0.1 M NaOH at 80°, Table 
II) is apparently a much slower process than the hy
droxyl ion attack that results in the rearrangement of 
1-methyladenosine to jV6-methyladenosine (ca. 1O-5 

sec-1 at pH 9 at 25°). 

Discussion 

The studied adenine nucleosides undergo alkaline 
solvolysis by two parallel reactions (Scheme I and eq 1) 

Scheme I 

© 
NH2 
1 

0 — 

that appear to be simple cases of SN2 mechanisms. 
Relatively strenuous conditions of temperature (60-
80°) are necessary to obtain reasonable rates (Table II). 
The cleavage of the glycosyl bond (the alkyl group of 
7- or 9-alkylpurines) to a stable adenosine and sugar 
(or alcohol)14 moiety is effected under such conditions. 
Such rates of solvolyses of adenosine and 2'-deoxy-
adenosine appear to initially increase with alkali and 
then remain relatively constant at the higher alkalinity 

(Figure 4 and Table II). Ionization of the attacked 
sugar moiety at higher alkalinities may inhibit hydroxide 
ion attack so that the rate of solvolysis to adenine is as
signable to hydroxide ion attack on uncharged species 
only. The concomitant opening of the imidazole ring 
followed by cleavage of the ribosyl bond and loss of 
C-8 as formic acid to form compounds analogous to 
4,5,6-triaminopyrimidine (Scheme I) appear to be pro
portional to hydroxide ion concentration even at the 
high alkalinities (Figure 4 and Table II). This route 
may be preferred when the sugar moiety is charged 
since hydroxide ion attack at a center further removed 
from the sugar anion is still possible. 

The resultant 4,5,6-triaminopyrimidine degrades at 
faster or equivalent rates (Table I) with ultimate de
struction of the pyrimidine ring (eq 2). Substitution 
of a group at position 7 and/or 9 apparently abets this 
route of degradation by ring opening. A hydrogen on 
the unsubstituted imidazole position of the purine ring 
undoubtedly dissociates under these alkaline conditions 
(when R = H in 1) and the resultant negatively charged 
ion undoubtedly is resistant to solvolytic attack which 
may be mediated by hydroxyl ion attack on the same 
imidazole function. 

A reasonable model for ring splitting is hydroxide 
ion attack on the C-811 of the 7 or 9 substituted adenine 
ring, 1, to form a carbinolamine type intermediate 
which may equilibrate with the opened forms 3a or 3b. 
This latter structure may deformylate to irreversibly 
give the substituted 4,5,6-triaminopyrimidine (4) or 
3a may solvolyze to remove the glycoside. Subse
quently, the intermediate 5 may deformylate or the 
intermediate 4 may cleave its glycosyl bond to give the 
4,5,6-triaminopyrimidine (6). The chromatographic evi
dence and the good computer fits of the absorbance data 
with time to eq 1 demonstrate an accumulation of the 
relatively rapidly degradable 6 which implies that the 
steps 5 -*- 6 or 4 -»• 6 are not rate determining. 

The enhancement of rates of alkaline solvolysis in 
1.00 M NaOH with the electron-withdrawing 8-bromo 
derivative and the diminution of rates with the electron-
donating 6-methylamino and 6-dimethylamino deriva
tives (Table II) are consistent with the proposed mech
anisms of Scheme I. 

The numbers of hydroxyl groups in the sugar moiety 
of the adenine nucleosides do not appear to have any 
highly significant effect on the rate of alkaline hydrol
ysis, as is demonstrated by comparison of the rates of 
alkaline solvolysis of adenosine and 2'-deoxyadenosine. 
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