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NMR study of 9,9'-(alkane-a,o-diyl)diadenine 

Toshio Itahara 
Institute of Clieinistry, College of Liberal Arts, Kagosliimu University, Koritnoto, 
Kagosliimu 890, Jupun 

The relationship between NMR chemical shifts of adenine ring protons of low concentrations 
of 9,9'-(alkane-a,o-diyl)diadenine and the length of the polymethylene chains has been investigated in 
buffer solutions at pD 1.0,7.0 and 13.0 and in organic solvents such as CD,OD, (CF,),CDOD, 
['H,]dimethyl sulfoxide and CF,COOD. The chemical shifts were compared with those of 
9-( o-bromoalky1)adenine. 

The base-stacking interaction is one of the major stabilizing 
forces of the tertiary structure of nucleic acids and can be 
observed in aqueous solutions as well as in crystals. Many 
approaches to elucidate the stacking interaction in aqueous 
solutions have been reported. In the classical study by nuclear 
magnetic resonance (NMR) spectroscopy, several groups of 
workers have demonstrated the usefulness of NMR methods in 
elucidating the stacking conformations of nucleic acid bases on 
the basis of the changes in their chemical shifts by the concen- 
tration effect: as the solute concentrations are increased, the 
proton resonances in the bases are shifted to higher fields.' The 
concentration effect is interpreted in terms of vertical stacking 
of the bases, because the ring current due to the stacking inter- 
action of aromatic bases produces an upfield shift in the proton 
resonance compared with the isolated bases. However, the 
interaction of the bases is explained as an isodesmic model of 
non-cooperative stacking among bases,' so that the changes in 
the chemical shifts of the base protons by these interactions do  
not correspond to only the relationship of two aromatic bases. 
Furthermore, self-association of molecules may affect NMR 
chemical shifts which are usually measured at concentrations of 
more than 1 mmol dm-', although it is generally neglected at 
the low concentrations used in UV and C D  measurements. On 
the other hand, when 'H NMR spectra of low concentrations 
of two nucleic acid bases linked by polymethylene chains are 
measured, each of the protons in the two bases is expected to be 
primarily affected by the ring current of the other base. Con- 
sequently almost only the interaction between the two bases 
may be observed. 

9,9'-(Alkane-a,o-diyI)diadenines la-j are of interest as the 
model compounds to study the interaction between two aden- 
ine rings and lb,3a.4n.s lc,&' ld,5*7 les and 1f,3a.4a.5 have already 
been prepared. The UV and emission spectra of lb-f were 
investigated by Leonald and ~ o - w o r k e r s ~ ~  and Inaki et u15' in a 
study of the stacking interaction. However, little attention has 
been paid to the NMR study of 1 in D,O solutions in this 
connection. On the other hand, we have studied the relevancy 
between the chemical shifts of 7,7'-(alkane- a,@-diy1)- 
ditheophyllines in D20 and the length of the polymethylene 
chains and the results lend some support to the stacking 
interaction of the theophylline ring.8 Therefore, the study of 
la-j in aqueous solutions is expected to be of interest in con- 
nection with the stacking interaction of the adenine ring. The 
chemical shifts of 1 have been further compared with those of 
9-(o-bromoal ky1)adenines 2. 

Results and discussion 
9,9'-(Alkane-a,o-diyl)diadenines 1 a-j and 9-(o-bromoalkyl)- 
adenines 2b,f,g,j were prepared from adenine and a,o-dibromo- 
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alkanes similar to a method described b e f ~ r e . ~ - ~  Since the struc- 
ture of the adenine ring is known to be pH dependent,' the 
chemical shifts of the adenine ring protons of la-j were meas- 
ured in buffer solutions such as the Na,HPO,-NaH'PO, 
(sodium phosphate) buffer solution at pD 7.0,9 the. KCI-HCI 
(Clark and Lubs) buffer solution at pD l.09 and the KCI- 
NaOH buffer solution at pD 13.0.9 

Fig. 1 shows the concentration dependence of the chemical 
shifts of the adenine ring of lc and Id in buffer solution at pD 
7.0 and 27 "C. The measurements were made on solutions ran- 
ging in concentration from 0.04 to 1.8 mmol dm-'. In spite of 
the well known pronounced concentration effect of nucleic acid 
bases and nucleotides,' the differences in the chemical shifts, as 
can be seen from Fig. 1, were within 0.003 ppm over the range 
of the concentrations studied. Therefore, self-association of 1 
may be neglected at concentrations of less than 1 mmol dm-'. 

In Figs. 2 and 3 the relationship between the chemical shifts 
of the protons of the adenine ring at the 2- and 8-positions of 1 
and 2 in the buffer solution and at pD 7.0 and at 27 "C (Fig. 2) 
and 50 "C (Fig. 3) and the length of the polymethylene chains 
( n =  1-10) is shown. The 'H NMR measurement of 9,9'- 
(dodecane- 1,12-diyl)diadenine (1 k) in the buffer solution at pD 
7.0 (accumulation of 2000 times) did not give clear peaks of the 
adenine ring because of the very low solubility. The effect of 
temperature (27-80°C) on the chemical shifts of la-e in the 
buffer solution at pD 7.0 is summarized in Table I .  

In an effort to assign the aromatic absorptions of 1 to the 
hydrogen atoms of the adenine ring at the 2- and 8-positions, . 
the compounds lc-e containing about 35% of the 8-deuterio- 
adenine moiety were prepared. by the reaction of a mixture of 
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Table 1 Effect of temperature on the chemical shifts of the protons of the adenine ring at the 2- and 8-positions of la-" 

s 

-7.92 - 

-7.94 - 

l a  lb  l c  Id l e  
TPC H-2 H -8 H-2 H -8 H-2 H-8 H-2 H-8 H -2 H -8 

- m e 7,gio H-2 7.918 Id 7.918 
7.921 

7.944 - - ID 
-' 7.944 7.943 H-2 7.942 IC 7.942 

- 

~~ ~~ 

27 8.438 8.3 I5 8.002 7.857 7.942 7.867 7.918 7.9 10 7.993 7.945 
- 7.977 7.887 7.957 7.868 7.930 7.917 8.008 7.947 40 

50 8.438 8.3 I5 7.967 7.908 7.967 7.878 7.958 7.927 8.040 7.949 
60 7.950 7.925 7.996 7.887 7.985 7.936 8.055 7.954 

- 7.943 7.935 8.015 7.896 8.010 7.944 8.075 7.958 70 
80 8.423 8.323 7.950 7.935 8.032 7.904 8.035 7.952 8.093 7.961 
hS -0.015 +0.008 -0.052 +0.078 +0.090 +0.037 +O. l  I7 +0.042 +O.lOO +0.016 

- 

- - 

- 

~ ~~ 

" Chemical shifts of H-2 and H-8 of la-e in the sodium phosphate buffer solution at p D  7.0. Concentrations: < 1.0 mmol dm-j. 
bm= O(80 ~ "C) - 4 2 7  "C). 
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Fig. 1 Relationship between concentration (mmol dm-') of Ic and Id 
in the buffer solution at p D  7.0 and the chemical shifts (S) at 27 "C. The 
precision was within +O.OOl ppm. 
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Fig. 2 Relationship between the chemical shifts (S) of the adenine ring 
of 1 and 2 and the number of carbon atoms (11) of the polymethylene 
chains in the buffer solution at p D  7.0 and 27°C. Concentrations: 1 
(<1.0 mmol dm-') and 2 ( ~ 1 . 2  mmol dm-'). The chemical shifts of 
la-e are shown in Table 1 .  

8-deuterioadenine and adenine with qo-dibromoalkanes; 8- 
deuterioadenine was obtained by the heating of adenine in 
D,O under reflux because purine derivatives such as adenine are 
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Fig. 3 Relationship between the chemical shifts (S) of adenine ring of 
1 and 2 and the number of carbon atoms ( I ? )  of the polymethylene 
chains in the buffer solution at p D  7.0 and 50°C. Concentrations: 1 
( < I  .O mmol dm-.') and 2 (< 1.2 mmol dm-'). The chemical shifts of la-e 
are shown in Table I .  

known to undergo the deuterium exchange at their C-8 position 
but not at their 2-position under the same conditions." The 
assignments of the aromatic absorptions of la,b,f-j in Figs. 2 
and 3 and Table 1 were presumed on the basis of those of Ic-e 
containing the 8-deuterioadenine moiety. 

Fig. 2 shows that the proton resonances of the adenine ring 
at the 8-position of Ib-j (n  = 2-10) in the buffer solution at pD 
7.0 and 27 "C were shifted to a higher field as the length of the 
polymethylene chains decreased, except for that of l a  ( i t  = 1) .  
On the other hand, among the chemical shifts of the protons of 
the adenine ring at the 2-position of la-j, the chemical shift of 
Id ( n  = 4) was shifted to the highest field. As the numbers of 
carbon atoms of 1 increased, the chemical shifts approached 
maximum values which were expected to be the same as those 
of 2. It can be seen from Fig. 3 that similar behaviour was also 
observed at 50 "C except for lb-d ( I ?  = 2-4). That is, the chemical 
shifts of le-j (12  2 5) were shifted to a lower field with the 
increase in the carbon atoms, while the shifts of the chemical 
shifts of lb-d ( n  = 2-4) were different to those at 27 "C (Fig. 2). 

Table 1 shows that the chemical shifts of the protons of the 
adenine ring at the 2-position of Ic-e were largely influenced by 
the temperature, compared with those at the 8-position, while 
the temperature effect on la ,b was different to that of Ic-e: the 
temperature effect of l a  was very small and the chemical shift 
of H-2 of Ib was shifted to a lower field as the temperature was 
lowered. The difference between la ,b and Ic-e may be attrib- 
uted to the length of the polymethylene chains: the shorter 
polymethylene chains such as the methylene and ethylene 
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groups of la and lb may restrict the stacking interaction 
between the two adenine rings. 

Since nucleic acid bases are stacked with interplanar dis- 
tances of ca. 3.4 8, in the helical structure of P-DNA, Geissner- 
Prettre and Pullman '' investigated the calculations for the chem- 
ical shift variations due to the base-stacking. The calculated 
chemical shift of H-2 due to the stacking of two adenine rings 
separated by 3.4 8, was 0.30-0.45 ppm and that of H-8 was 
0.15-0.25 pprn." The chemical shift differences of H-2 and H-8 
of the adenine ring in the buffer solution at pD 7.0 and 27 "C, 
which were determined by the comparison of the chemical 
shifts of Id with those of lj (or 2j), were 0.278 (0.334) and 0.219 
(0.263) ppm, respectively. Also, the differences of the shifts of 
H-2 and H-8 of the adenine ring at 50 "C were 0.272 (0.307) and 
0.198 (0.235) ppm, respectively. These values are roughly con- 
sistent with the calculated chemical shifts so that it seemed 
reasonable to assume that the upfield shifts of 1 resulted from 
the intramolecular base-stacking interaction. 

The initial stage of the reaction of the adenine ring in aque- 
ous solution at pH I instead of pH 7 is known to be the proto- 
nation at the l-position.2 The chemical shifts of the adenine 
ring protons of 1 in the KCI-HCI buffer solution at pD 1 .O and 
in the KCI-NaOH buffer solution at pD 13.0 and at 27 and 
50 "C are shown in Table 2 in order to compare with those in the 
buffer solution at pD 7.0 (Figs. 2 and 3). The behaviour in the 
buffer solution at pD 7.0 resembled that in the buffer solution at 
p D  13.0, but was clearly different from that in the buffer solu- 
tion at p D  1 .O. The chemical shifts of lc-j in the buffer solution 
at p D  1.0 were influenced little by the temperature and were 
shifted to a higher field as the carbon chain length decreased, 
but the shifts to a higher field were small, compared with those 
in the buffer solutions at pD 7.0 and 13.0. The results in the 
buffer solution at pD 1.0 may be explained in terms of the 
protonation at the 1-position of the adenine ring and the repul- 
sion between the resulting two cations. A similar effect on pur- 
ine rings of the stacking interaction was reported in the liter- 
ature concerning the X-ray analyses of the crystal structure of 
protonated purines and the 'H NMR study of 7-methylino- 
sine I h  and of "-oxide of adenosine mon~phosphate . '~  It is of 
interest that there was a stacking interaction between the two 
adenine rings even in the buffer solution at pD 1.0, if there 
might be repulsion between the two adenine rings. 

In order to confirm the effect of solvent on the stacking 
interaction, the behaviour was examined in organic solvents 
such as ['H,]dimethyl sulfoxide ([2H6]DMSO), ['H,]methyl 
alcohol (CD30D), [2H2]hexafluoroisopropyl alcohol [(CF3)2- 
CDOD], and ['H]trifluoroacetic acid (CF,COOD) at 27 "C 
(Table 2). The chemical shifts of 1, except la-c (n = 1-3), 
remained almost constant in both [,H,]DMSO and CF,COOD. 
In CD30D, the chemical shifts of Id-j (n = 4-10) shifted to a 
higher field as the numbers of carbon atoms decreased, 
although the shift was very small. The chemical shifts of lb-j 
(n=2-10) in (CF3),CDOD were not shifted to a higher field, 
but slightly shifted to a lower field as the chain length 
decreased. 

Table 3 shows the relationship between the chemical shifts of 
Id and the amount of organic solvent added to D,O. In the 
mixture of D,O and C D 3 0 D  (protic solvent) and also the mix- 
ture of D 2 0  and ['H,]DMSO (aprotic solvent) the upfield shifts 
were dependent on adding amounts of D,O. On the basis of 
these data, the effect of water as solvent on the stacking inter- 
action of 1 was ascertained. 

The stacking interactions of some compounds of 1 are 
known from their UV and emission spe~t ra .~ ' . '~  For example, 
Leonald and co-workers," reported that the order of the stack- 
ing interaction deduced from the hypochromism and emission 
studies was lc > lb and If. The results presented in this paper 
represent the relationship between the upfield shifts of the aden- 
ine ring protons of 1 and the length of the polymethylene 
chains: the upfield shifts in aqueous solutions is definitely 

related to the length of the chains. From the results, it seemed 
reasonable to assume that the upfield shifts may roughly cor- 
respond to an increase in population of stacked conformers 
compared with a random conformational motion of the 
polymethylene chain. The shifts of the compounds le-j with 
the longer polymethylene chains ( n  2 5) were consistent with 
this consideration. However, the upfield shifts of the protons at 
the 2-position were not necessarily similar to those at the 8- 
position when the number of carbon atoms in the chains were 
2-4. The effect of the temperature on the chemical shifts of lb- 
d was also different to that of le-j, although the steric effect of 
lb has already been described (Table 1). These data suggest that 
the stacked conformations were influenced by the polymethyl- 
ene chains and the temperature. 

Recently the stacking interaction of nucleic acids has been of 
interest in connection with the nature of the n-n interaction 
between aromatic cornpo~nds . '~  From the results of this 
investigation, the stacking interaction of 1 in aqueous solutions 
seems to be explained in terms of an attraction (attractive inter- 
action) between the two adenine rings mediated by water rather 
than repulsion between the organic molecule and water such as 
the hydrophobic effect. 

Experimental 
The melting points were determined on a Yanagimoto micro 
melting-point apparatus and are uncorrected. The 'H NMR 
spectra (400 MHz) and 13C NMR spectra (100 MHz) were 
obtained with a JEOL GSX400 spectrometer. Chemical shifts 
are reported in ppm downfield from tetramethylsilane in 
organic solvents or from sodium [2,2,3,3-2H4J3-(trimethylsilyl)- 
propionate in D,O and the buffer solutions; J values are given 
in Hz. The elemental analyses were performed by the Analytical 
Center of Kyoto University. 

9,9'-(Alkane-a,o-diyl)diadenine 1 
To a solution of adenine ( 10 mmol) in N,N-dimethylformamide 
(DMF) (150 ml), potassium carbonate (10 mmol) and a,o- 
dibromoalkane (5 mniol) were added. The mixture was stirred 
at room temperature for 40 h. The resulting mixture was poured 
into water (300 ml) to give 1 as a solid crude compound. Com- 
pound 1 was recrystallized with acetic acid and methanol. The 
spectral data are given below. 

9,9'-Methylenediadenine la. Mp >300 "C; 'H NMR 
([2H,]DMS0, 27 "C) 6 8.35 (s, 2 H), 8.18 (s, 2 H), 7.28 (s, 4 H, 
NH,), 6.55 (s, 2 H); I3C NMR ([2H,]DMso)6 155.97, 152.96, 
149.06, 140.72, 118.37, 49.32 (Found: C, 46.68; H, 3.46. Calc. 
for CI,H,,N,,: C, 46.70; H, 3.56%). 
9,9'-Ethylenediadenine lb.  Mp >300 "C (lit.,3'.4n > 300 "C); 'H 

NMR ([2H,]DMS0, 27 "C) 6 8.05 (s, 2 H), 7.78 (s, 2 H), 7.13 
(s, 4 H, NH,), 4.61 (s, 4 H); 13C NMR (['H6]DMS0) 6 155.83, 
152.39, 149.54, 140.39, 118.48,42.56. 
9,9'-Trimethylenebis(adenine) lc. Mp > 330 "C (lit.,4" 330 "C 

decomp.; lit.,'" 3 17-320 "C); 'H NMR ([2H,]DMS0, 27 "C) 
6 8.18 (s, 2 H), 8.13 (s, 2 H), 7.17 (s, 4 H, NH,), 4.18 (t, 4 H, 
J 6.6), 2.39 (quint., 2 H, J 6.6); I3C NMR (['H6]DMS0) 
6 155.86, 152.30, 149.45, 140.70, 118.65,40.38, 29.77. 

9,9'-Tetramethylenediadenine Id. Mp > 300 "C (lit.,'" 3 12- 
317 "C); 'H NMR ([,H,]DMSO, 27 "C)6 8.12 (s, 2 H), 8.1 1 (s, 2 
H), 7.15 (s, 4 H, NH,), 4.17 (br, 4 H), 1.77 (br, 4 H); I3C NMR 
([2H6]DMso) 6 155.83, 152.26, 149.41, 140.70, 118.62, 42.20, 
26.57. 
9,9'-(Pentane-1,5-diyl)diadenine le. M p  280-382 "C (lit.,'" 

278-280 "C); 'H NMR ([2H,]DMS0, 27 "C) 6 8.1 1 (s, 2 H), 
8.1 1 (s, 2 H), 7.13 (s, 4 H, NH,). 4.1 1 ( t ,  4 H, J7.0), 1.84 (quint, 
4 H, J 7.0), 1.21 (quint, 2 H, J 7.0); I3C NMR ([2H6]DMSO) 
6 155.83, 152.24, 149.43, 140.68, 118.62,42.55, 28.72, 22.97. 

9,9'-(Hexane-l,6-diyl)diadenine If. Mp 250-253 "C (lit.,3" 
254-255 "C; lit..4" 270-172 "C; lit.,'" 250-252 "C); 'H NMR 
([2H6]DMS0, 27 "C) 6 8.1 1 (s, 2 H), 8.1 1 (s, 2 H),  7.13 (s, 4 H, 
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Table 3 The chemical shifts of the protons of the adenine ring at 2- and 8-positions of Id in the mixtures of D,O and organic solvents at 27 "C" 

Mixtures of D20 and CD,OD Mixtures of D,O and ['HJDMSO 

Organic solvent H -2 H -8 H -2 H-8 

0 
2.5 
5 
7 

10 
12 
17.5 
20 
23 
30 
40 
50 

7.921 
7.916 

7.930 

7.94 1 

7.953 

7.988 
8.030 
8.072 

- 

- 

- 

- 

7.913 
7.91 1 

7.924 

7.94 I 

7.953 

7.979 
8.010 
8.038 

- 

- 

- 

- 

7.92 I 
7.923 
7.929 

7.953 

7.973 

7.991 

- 

- 

- 

- 
- 

8.068 

7.91 3 
7.914 
7.92 1 

7.948 

7.973 

7.991 

- 

- 

- 

- 
- 

8.068 

Concentrations of Id: < I  .2 mmol dm-'. Percentage by volume of CD,OD or [ HJDMSO. 

NH,), 4.10 (t, 4 H, J7.2), 1.78 (br, 4 H), 1.27 (br, 4 H); 'H NMR 
([,HJDMSO, 50 "C) 6 8.12 (s, 2 H), 8.08 (s, 2 H), 7.0 (s, 4 H, 
NH,), 4.10 (t, 4 H, J 7.0), 1.78 (br, 4 H), 1.27 (br, 4 H); I3C 
NMR ([2H6]DMSO) 6 156.12, 152.53, 149.72, 140.97, 118.91, 
42.92,29.39, 25.62. 
9,9'-(Heptane-l,7diyl)diadenine lg. Mp 225-227 "C; 'H 

NMR ([2H6]DMS0, 27 "C) 6 8.12 (s, 2 H), 8.1 1 (s, 2 H), 7.13 (s, 
4 H, NH,), 4.10 (t. 4 H, J 6.8), 1.77 (quint, 4 H, J 6.8), 1.31 
(quint, 2 H, J 6.8), 1.20 (quint, 4 H, J 6.8); I3C NMR 
([,HJDMSO) 6 156.12, 152.51, 149.72, 140.99, 118.92, 42.97, 
29.42, 27.98, 26.01 (Found: C, 53.40; H, 6.17. Calc. for 

9,9'-(0ctane-l,Sdiyl)diadenine lh. Mp 255-258 "C; 'H 
NMR (['H,DMSO, 27 "C]) 6 8.12 (s, 2 H), 8.1 1 (s, 2 H), 7.13 (s, 
4 H ,  NH2),4.10(t,4H, J7.2), 1.77(quint,4H, J7.2), 1.30-1.10 
(m, 8 H), 13C NMR ([2H6]DMso) 6 155.90, 152.29, 149.50, 
140.78, 118.71, 42.77, 29.24, 28.20, 25.82 (Found: C, 56.48; H, 
6.26. Calc. for C,,H,N,,: C, 56.82; H, 6.36%)). 
9,9'-(Nonane-l,9diyl)diadenine li. Mp 200-202 "C; 'H 

NMR ([2H,]DMS0, 27°C) 6 8.12 (s, 2 H), 8.11 (s, 2 H), 7.13 
(s, 4 H, NH,), 4.11 (t, 4 H, J 7.2), 1.77 (quint, 4 H, J 7.2), 
1.30-1.10 (m, 10 H); 13C NMR (['H6]DMs0) 6 155.90, 
152.29, 149.51, 140.78, 118.71, 42.81, 29.24, 28.60, 28.23, 
25.86 (Found: C, 55.45; H, 6.66. Calc. for C,,H,,N,,~H,O: C, 

9,9'-(Decane-l,10diyl)diadenine lj. Mp 239-241 "C; 'H 
NMR (['H6]DMS0, 27 "C) 6 8.12 (s, 2 H), 8.12 (s, 2 H), 7.15 (s, 
4 H, NH,), 4.10 (t, 4 H, J7.2), 1.78 (quint, 4 H, J7.2), 1.30-1.10 
(m, 12 H); 13C NMR ([2H6]DMso) 6 156.1 1, 152.50, 149.72, 
141.00, 118.92, 43.02, 29.46, 28.84, 28.47, 26.09 (Found: C, 
58.57; H, 6.87. Calc. for C20H28NIO: C, 58.80; H, 6.91%). 
9,9'-(Dodecane-l,12diyl)diadenine lk. Mp 2 18-220 "C; 'H 

4.19 (t, 4 H, J7.2), 1.89 (quint, 4 H, J7.2), 1.40-1.20 (m, 16 H); 
'H NMR ([2H6]DMso) 6 8.13 (s, 4 H), 7.17 (s, 4 H, NH,), 4.12 
(t, 4 H, J7.2), 1.79 (quint, 4 H, J7.2), 1.30-1.10 (m, 16 H); I3C 
NMR ([2H6]DMso) 6 155.83, 152.23, 149.45, 140.75, 118.64, 
42.76, 29.21, 28.70, 28.69, 28.26, 25.83 (Found: C, 60.08; H, 
7.33. Calc. for C2,H3,NIO: C, 60.53; H, 7.39%). 
9-(o-Bromoalkyl)adenine 2. Into a solution of adenine ( 10 

mmol) in DMF ( I  50 ml), potassium carbonate (10 mmol) and 
a,o-dibromoalkane (12 mmol) were added. The mixture was 
stirred at room temperature for 40 h. The resulting mixture was 
evaporated to give a residue which was extracted with chloro- 
form. The extract was evaporated and chromatographed over 
silica gel. By elution with a mixture of ethyl acetate and metha- 
nol (85: 15) 2 was given. The yields and the spectral data of 2 
are given below. 

9-(2-Bromoethyl)adenine 2b. 20%1 yield; mp 200-205 "C (lit.," 

(s, 2 H, NH,), 4.62 (t. 2 H, J6.0), 3.79 (t, 2 H, J6.0); 'H NMR 
([2H6]DMSO)6 8.19 (s, 1 H), 8.17 (s, 1 H), 7.30 (s, 2 H, NH,), 

CI7H22Nl0.H20: C, 53.1 1; H, 6.29%)). 

55.32; H, 6.70'Xi). 

NMR (CDCI3) 6 8.37 (s, 2 H), 7.79 (s, 2 H), 5.58 (s, 4 H, NHZ), 

195-200 "C); H NMR (CDCI3)G 8.36 (s, 1 H), 7.89 (s, 1 H), 5.74 

4.58 (t, 2 H, J6.0), 3.95 (t, 2 H, J6.0); I3C NMR ([2H6]DMso) 
6 155.75, 152.25, 149.37, 140.91, 118.59,44.58, 31.45. 

9-(6-Bromohexyl)adenine 2f. 28% yield; mp 138-1 39 "C; 'H 
NMR (CDC1,)G 8.37 (s, 1 H), 7.80 (s, 1 H), 6.09 (s, 2 H, NH,), 
4.21 (t, 2 H, J 7.2), 3.39 (t, 2 H, J 7.2), 1.93 (quint, 2 H, J 7.2), 
1.84(quint, 2 H, J7.2), 1.50(quint, 2 H, J7.2), 1.37 (quint, 2 H, 
J 7.2); I3C NMR (CDCI,) 6 155.65, 152.99, 150.1 1, 140.33, 
119.69, 43.77, 33.52, 32.43, 29.94, 27.55, 25.81 (Found: C, 
44.37; H, 5.41; N, 23.59. Calc. for CI1H,,N5Br: C, 44.31; H, 

9-(7-Bromoheptyl)adenine 2g. 28% yield; mp 136- 137 "C; 'H 
NMR (CDCI,) 6 8.37 (s, 1 H), 7.80 (s, 1 H), 6.05 (s, 2 H, NH,), 
4.20 (t, 2 H, J7.2), 3.39 (t, 2 H, J6.8), 1.91 (quint, 2 H, J7.2), 
1.83 (quint, 2 H, J 6.8), 1.45-1.34 (m, 6 H); I3C NMR (CDCI,) 
6 155.64, 152.97, 150.11, 140.33, 119.67, 43.87, 33.74, 32.55, 
29.99, 28.18, 27.91, 26.48 (Found: C, 46.16; H, 5.78; N, 22.42. 
Calc. for C,,H,,N,Br: C, 46.16; H, 5.81; N, 22.43%). 

9-(1O-Bromodecyl)adenine 2j. 25'%1 yield; mp 1 1 1-1 12 "C; 'H 
NMR (CDC1,)G 8.38 (s, 1 H), 7.79 (s, 1 H), 5.70 (s, 2 H, NH,), 
4.19 (t, 2 H, J 7.2), 3.40 (t, 2 H, J 6.8), 1.90 (quint, 2 H, J 7.2), 
1.84(quint,2 H, J6.8), 1.41 (quint, 2H,  J7.2), 1.35-1.25(m, 10 
H); 13C NMR (CDC1,)d 155.45, 152.98, 150.15, 140.43, 119.67, 
43.98, 34.00, 32.79, 30,07, 29.27, 29.27, 28..99, 28.67, 28.11, 
26.64 (Found: C, 50.68; H, 6.67; N, 19.80. Calc. for 
C,,H,,N,Br: C, 50.85; H, 6.83; N, 19.77'%1). 

5.41; N, 23.49%). 

'H NMR study in aqueous solutions 
Each sample of 1 (less than mmol) was added to the buffer 
solutions (1 .O ml) containing the reference. After the mixture 
was heated and then cooled by standing in air, an insoluble 
material was removed by filtration. The concentrations of 
sodium [2,2,3,3-2H,]3-(trimethylsilyl)propionate as the refer- 
ence were 0.6 mmol dm--' in the sodium phosphate buffer solu- 
tion at pD 7.0 and 0.8 mmol dm-3 in the buffer solutions at pD 
1.0 and 13.0. The 'H NMR spectra were obtained from 
accumulation of 40-8800 scans and observed over a range of 
6002.4 Hz, corresponding to 32 768 data points. Chemical 
shifts (6 values) were measured in parts per million (ppm) 
downfield from the reference as an internal standard and esti- 
mated to an accuracy of +0.001 ppm. 
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