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Restricted Rotation in Methylated Derivatives of Adenosine and 
Cytidine 

By D. M. G. MARTIN and C. B. REESE* 
( University Chemical Laboratory, Lensfield Road, Cambridge) 

WE recently reported that poly-N(6)-methyl- 
adenylic and polyuridylic acids form a 1 : 1 
complex,' and that certain co-polymers of cytidylic 
and N(4)-methylcytidylic acids form 1 : 1 com- 
plexes with polyinosinic acid.2 In both cases, the 
N-H protons of the methylamino-groups must 
essentially all be orientated in the same direction 
so that hydrogen-bonding with the uracilt or 
hypoxanthine residues may occur. As these 
complexes112 form readily a t  ca. 5", it was assumed 
that rotation of the appropriate 4- or 6-methyl- 
amino-groups could occur freely at  this temper- 
ature. To determine whether or not this assump- 
tion is justified, $ we have investigated the temper- 
ature dependence of the n.m.r. spectra of some 
suitably methylated derivatives of adenosine and 
cytidine. 

a: R1=R2=Me 
b: R'=H, R2=Me 

(i) Adenosine derivatives. The effect of temper- 
ature change on the n.m.r. spectra of deuterio- 
chloroform solutions of the 2', 3'-O-isopropylidene 
derivatives of N(6),N(6)-dimethyladenosine (Ia) 
and N(6)-methyladenosine (Ib) has been studied.§ 
The absorption regions (300-400 c./sec.) of the 

N-methyl protons of 2',3'-O-isopropylidene-N( 6),- 
N(6)-dimethyladenosine (Ia) a t  -60", 0", and 40", 
are shown in Figure 1. It can be seen that the 
two sharp signals a t  -60" (325, 372 c./sec.) 
coalesce at ca. 0", and that a single sharp signal 
with an approximately average chemical shift 
(346 c./sec.) is observed at  40". This is a clear 
example of hindered internal rotationJ3 with slow 
exchange occurring below, and fast exchange 
occurring above, 0". By plotting the appropriate 

-60" (a) 

J 

A 

40" 

l i b  - 0 

FIGURE 1. Absorption region of N-methyl protons of 
2',3'-O-isopro~ylidene-Ns,N~-dimethyladenosine (Ia) at 
(a) -60", (b) O", and (c) 40". Abscissa values are in 
c./sec. downfield f rom Me,Si. 

t The hydrogen-bonding in the poly-N(6)-methyladenylic : polyuridylic acid complex need not be of the Watson- 
Crick type; it could involve N(7) [instead of N( l ) ]  of the 6-methylaminopurine residues (G. Felsenfeld, D. R. Davies, 
and A. Rich, J .  Amer.  Chem. SOC., 1957,79, 2023). 

1 We previously found (ref. 1) that the n.m.r. spectrum of N(6)-methyladenosineJ in deuterium oxide solution a t  
35", displayed only one signal attributable to the resonance of the N-methyl protons. 

8 N.m.r. spectra were measured a t  100 Mc./sec. with a Varian HlOO spectrometer. Chemical shifts are given in 
c .  /sec. downfield from tetramethylsilane. Isopropylidene derivatives of nucleosides were used to  promote solubility 
in a low-freezing solvent. 
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function7 of the line width against the absolute 
temperature, an Arrhenius plot was obtained with 
both slow- and fast-exchange points lying on the 
same straight line. The height of the energy 
barrier to rotation (,Fa, see Table) was found to 
be 11.8 kcal./mole. 

TABLE 

Data relating to restricted rotation in NN-dirnethyl- 
adenosine and -cytidine 

Av a Tc E, 10gJC 
Compound (c./sec.) (" c) (kcal./mole) 
(Ia) . . 47 0 11.8 11.5 
(IIa) . . 12 30 8.6 7.8 

8 Separation of N-Me proton resonances under 
conditions of slow exchange; b Coalescence temper- 
ature; C Frequency factor. 

It was not possible to apply the same treatment 
to 2',3'-O-isopropylidene-N( 6) -methyladenosine 
(Ib), as fast exchange occurred at  the lowest 
temperature examined (- 60'). However, i t  may 
be concluded that the height of the energy barrier 
to rotation in (Ib) is not greater than 11.8 kcal./ 
mole in deuteriochloroform solution. Therefore, 
unless the change of solvent has an unforeseen 
effect, it would seem reasonable to assume that the 
methylamino-group can rotate freely under the 
conditions requiredl for complex formation 
between poly-N (6) -me thyladenylic and polyuridylic 
acids. 

The temperature de- 
pendence of the n.m.r. spectra of 2',3'-0-iso- 
propylidene derivatives of N(4),N(4)-dimethyl- 
cytidine (IIa) and N(4)-methylcytidine (IIb), in 
deuteriochloroform solution, was studied in the 
same way. The absorption regions (280-340 
c./sec.) of the N-methyl protons of 2',3'-0-iso- 
propylidene-N(4) ,N(4)-dimethylcytidine (IIa), a t  
5 O ,  30°, and 50°, are shown in Figure 2. As 
before [with (Ia)] an Arrhenius plot was obtained, 
with both slow- and fast-exchange points lying on 
the same straight line. The height of the energy 
barrier to rotation (see Table) was found to be 
8.6 kcal./moIe. A quantitative treatment was 

(ii) Cytidine derivatives. 
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FIGURE 2.  Absorption region of N-methyl protoias of 
2',3'-0-isopropylidene-N4,N4-dimethylcytidine (XXa) at 
(a) 5", (b) 30°, and (c) 50". Abscissa values are iu 
c./sec. dowizfield from Me& 

again excluded for the methylamino-compound 
(IIb) as fast exchange occurred at  the lowest 
temperature examined ( - S O 0 ) . * *  It is thus 
concluded that the height of the energy barrier to 
rotation in (IIb) is not greater than 8-6 kcal./mole 
and that, subject to the above reservation, the 
methylamino-group can rotate freely enough at  
5 O  to account for the observed stoicheiometry2 
of the complex formation between polyinosinic 
acid and co-polymers of cytidylic and N(4)- 
methylcytidylic acids. 
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7 Depending on whether slow or fast exchange is occurring (ref. 3). 
**  E. D. Becker, H. T. Miles, and R. B. Bradley ( J .  Amer.  Chem. SOC., 1965,87, 5575) have examined the tempera- 

ture dependence of the n.m.r. spectrum of the conjugate acid of the corresponding derivative of l-methylcytosine, and 
have observed slow exchange below 100'. 
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