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Wilhelm GUSCHLBAUER and Yves COURTOIS * 
Service de Biochimie, Dkpartement de Biologie, 

Centre d’Etudes Nu&aires de Saclay, B.P. No. 2, F-91 Gif-sut=Yvette, France 

Received 24 June 1968 

Optical rotatory dispersion and circular dichroism have been used to investigate the protonation of guanosine and some 
of its analogues. An inversion of the principal Cotton effect and the dichroic band is observed below the acid pK. It is sug- 
gested that a conformational change from the anti form above the pK to the syn form below the pK occurs. The reasons why 
this change should occur only in guanosine and not in adenosine are discussed. 

1. Introduction 

From the data in the literature [l-6] it appears 
that the anti conformation (fig. 1) of natural pyrimi- 
dine nucleosides is characterized by a single positive 
Cotton effect, while pyrimidine nucleosides fixed in 

the syn conformation have a negative Cotton effect. 
In contrast, the natural purine nucleosides show a 
negative Cotton effect [I ,3,7]. Recently, many con- 
tradictory results have appeared on the correlation 
of the sign of the Cotton effect with the conforma- 
tion of purine nucleosides [8-l 11. In many cases 
either substitution of sulfur on one of the sugar car- 
bons or cyclisation between the purine and a sugar 
OH have been used to make model compounds. Such 
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Fig. 1. Anti and Syn conformation of guanosine. 
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methods are equivocal since they introduce additional 
asymmetries absent in the natural compound. X-ray 
diffraction studies on nucleosides [ 121 have pointed 
to the nearly exclusive presence of the anti conforma- 
tion. Two exceptions are known: deoxyguanosine 
which is syn in a mixed crystal with 5-bromodeoxy- 
cytidine [ 131 and 3’, 5’-cyclic AMP [ 141 which can 
coexist in both conformations. 

A further point of confusion is the question of 
what is syn and what is anti. Using the angle @CN 
defined by Donohue and Trueblood [ 151 the anti 
conformation corresponds to &N = -30° and the 
syn conformation to eCN = +15Oo. This is confirmed 
by calculations taking in account Van der Waals con- 
tacts [ 121 and energetical considerations [ 161. While 
in pyrimidine nucleosides the rotation around the 
glycosidic linkage is restricted, purine nucleosides 
have much more freedom. Two NMR studies [ 17,181 
support the anti conformation in all natural nucleo- 
sides in neutral medium and down to pH 2. Recent 
work [ 191 on the pH dependent changes of the ORD 
of DNA induced us to investigate at low pH the be- 
haviour of guanosine and related compounds which 
are free of additional steric restraints. 

2. Material and methods 

Guanosine (rG), deoxyguanosine (dG) and 2,6- 
diaminopurine riboside (DArPu) were commercial 
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Fig. 2. CD (top) and ORD (bottom) of rC, dG and araG. ---- pH 7, - pH 1.5, . . . . pH 0.5. 

products (Nutritional Biochemicals, Cycle Chemical 
Corporation, respectively). Guanine arabinoside 
(araG) was a gift ctf Dr. Privat de Garilhe (Institut 
Pasteur), 8-Iodo-guanosine (IrG), 8-Hydroxyguano- 
sine (HOrG) and 8-Benzoxyguanosine (BOrG) were 
gifts of Prof. Robins (University of Utah), 7-methyl- 
guanosine (MrG) was prepared according to Jones 
and Robins [20]. 

Optical rotatory dispersion spectra (ORD) were 
recorded on a Cary 60 spectropolarimeter at very 
low scan speeds. In regions of low signal to noise 
ratio the pen response time was increased. Circular 
dichroism spectra (CD) were recorded on a Roussel- 
Jouan Dichrographe II . Ultraviolet absorption 

spectra were recorded on a digitalized Cary 14 spec- 
trophotometer. 

3. Results 

Fig. 2 shows the ORD and CD spectra of rG, dG 
and araG at different pH values. The spectra of these 
compounds are qualitatively similar. There is a 
characteristic negative Cotton effect at pH 7 which 
is inverted at pH values about one unit below the pK. 
Even more clear cut are the CD spectra which are 

virtual mirror images. The lack of any negative rota- 
tion in the ORD of araG is surprising, and will be dis- 
cussed in connection with our work on the optical 
properties of arabinosyl nucleosides [21]. 

If the rotation of these compounds is followed as 
a function of pH one can determine the pH at which 
the inversion takes place. As can be seen in fig. 3 it 
coincides with the pK, suggesting that the inversion 
of the Cotton effect depends on the protonation of 
the guanine residue which takes place on N-7 [22] . 
It was therefore of interest to study the behaviour 
of a compound substituted in N-7, such as MrG. It 
shows a positive Cotton effect at pH 5 while at pH 9 
(above the pK) the Cotton effect becomes negative 
(fig. 4a). Apparently, not only the protonation is 
important, but also the charge distribution in the 
guanine residue. 

If DA& is titrated toward acid pH values, no sig- 
nificant changes in the ORD spectrum are observed 
till pH 1 (fig. 4b). If the pH is further lowered a 
small but appreciable inversion of the ORD and 
CD spectrum is observed, which corresponds to the 
second pk of the base (23 ] , while the first protona- 
tion at pk = 5.1 is not accompanied by dramatic 
changes in optical activity. We conclude therefore 
that the second proton is probably attached to N-7, 
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Fig. 3. Change of molar rotation of rG with pH. - 235 rnp, 
. . . . . . . . 260 ml.l. 

while the first could possibly be attached to N-l. 
Substitution in position 8 of the purine skeleton 

by a bulky group has an important effect on the 
optical activity of the compound. No inversion has 
been observed on three such compounds tested: 
IrG (fig. 4c), HOrG and BOrG. The CD and ORD 
spectra seemed to be lowered only in cont. HCl. It 
appears therefore that steric factors strongly in- 
fluence the acid induced optical changes. 

4. Discussion 

From the observations on ORD spectra of pyri- 
midine nucleosides [4,6] and purine nucleosides 
[6-81 it appears that changes in the sign of the prin- 
cipal Cotton effect in the region 220-250 rnp corres- 
pond primarily to two kinds of structural changes: 
a) change of the orientation of the glucosydic linkage 
(o versus 0’) or b) change of the conformation from 
the anti to the syn conformation or vice versa. Since 

the first of these two structural changes can be ex- 
cluded the changes observed in fig. 2 can be explained 
by the conformational transition from anti to syn. 
The fact that the two extremes anti and syn. respec- 
tively, are probably not present exclusively nor pre- 
dominantly, may explain the small amplitude of 
rotation observed in purine nucleosides which are 
much less restricted in their rotational freedom than 
the pyrimidine nucleosides, which show consider- 
ably higher rotation values. This change in Cotton 
effect is not observed in the other nucleosides 
studied [2] which maintain the same sign in the 
Cotton effect upon protonation. 

It has now to be asked why only guanine nucleo- 
sides should show this change in conformation. It is 
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F@. 4. CD (top) and ORD (bottom) of MrG, DArPu and IrG. -..- pH 9, --- pH 7, -- pH 1.5, -* - cont. HCl, pH . . . 5. 
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known that  adenosine is pro tonated  on N-1 [24] 
and guanosine on N-7 [22].  In the anti  conforma- 
t ion a pro ton  on N-1 of  the purine skeleton is con- 
siderabty further away from the OH-groups of  the 
sugar. A proton on N-7 would be at about the same 
distance from the sugar hydroxyls  in the anti or the 
syn conformation.  Could a shielding effect of  the 
purine skeleton in the syn conformat ion possibly be 
responsible for this effect? In this case, it should 
be expected that  all N-7 subst i tuted purine nucleo- 
sides which have rotat ional  freedom around the 
gtycosydic linkage would show a positive Cotton ef- 

fect below pH 7. 
Lack o f  an OH-group on the sugar which in acid 

medium would be at least part ly charged should 
facilitate the possible inversion from anti to syn. 
This is the case as can be seen in fig. 2: dG shows 
complete inversion of  optical activity already at 
pH 1.5, while rG at this pH shows only the midpoint  
of  the inversion. These midpoints  correspond to the 
pK values of  these nucleosides. The question why 
araG which due to the configuration on C-2' is 
sterically restricted in its rotat ion shows this pheno- 
menon remains to be answered. 

Although from the data presented here one can- 
not  deduce the absolute configuration of  the guano- 
sine analogues in question, in the light o f  recent NMR 
data [17,18] we are inclined to favor the inversion 
from the anti conformation in neutral medium to 
the syn conformation below the acid pK for 
guanosine and other compounds showing this inver- 
sion (fig. 1). Such an inversion, would have strong 
repercussions on the stacking calculations of  oligo- 
nucleotides and nucleic acids [25] which assume the 

anti conformat ion [26].  
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