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The proton magnetic resonance spectra of eight 6-substituted purines plus purine itself in dimethyl sulfoxide 
yielded a linear correlation of the chemical shift of the %proton with Brown's electrophilic substituent constants: 
t k 8  (parts per million downfield from internal tetramethylsilane) = (8.653 f 0.013) + (0.359 f 0 . 0 1 9 ) ~ ~ ~ ~ ~  
with a standard deviation in 8 ~ - 8 ,  = f0.035 p.p.m., and a correlation coefficient, r = 0.991. 8 ~ - 8  

was assigned with the help of deuterated compounds in two cases and on the basis of a previously established 
correlation for Z16-disubstituted purines. 6a-a for 
27 compounds-16 2,6-di-, eight 6-, and two 2-substituted purines, and purine-in dimethyl sulfoxide solution 
was found to give a good correlation with Xu,+: 6 ~ - 8  = (8.655 f 0.013) + (0.347 f 0.013)20,+, with 
r = 0.984 and Sdaa = f0.064 p.p.m. In trifluoroacetic acid solutions compounds other than amino-substi- 
tuted ones could also be correlated with Zu,+, r = 0.995. 

6 ~ - 6  was found to be fairly well correlated with Taft's U R ~ .  

2 . 0  a.o 

2.8 

In paper I' we reported a linear correlation between 
the chemical shift of the proton in the 8-position of 2,6- 
disubstituted purines and the sum of the up+ constants2 
for the substituents in the 2- and 6-positions1 eq. 1 . 3  

6~1-8 = (8.658 f 0.017) + (0.342 f O.O16)?p+ (1) 

This paper reports our results for eight 6-substituted 
purines. 

With substitution in the 6-position only, two aroma- 
tic-ring proton bands are observed in the 8- to  9- 
p.p.m. region. Which of these to assign to H-2 and 
which to H-8 is not immediately obvious. We initially 
resolved this problem by plotting both chemical shifts 
against up8+. For each pair of points one was found to 
lie close to the line predicted from the data for 2,6- 
disubstituted purines, eq. 1. The ordinates of these 
points, then, were assumed to be 8H+ Since, in some 
cases the values of 6 H . a  and b H - 8  were close together, 
the wrong choice for 8 ~ - 8  would not lead to a large 
error in correlation with up+.  However, in the cases 
of 6-methyl- and 6-methoxypurine a significant error 
would result from a wrong choice. Therefore, we syn- 
thesized 6-methylpurine-2-d and 6-methoxypurine-2-d 
and proved the validity of the initial assignment from 
the values of 8H.8 observed for these two compounds, 
where the assignment is unambiguous. 

Experimental 
The proton magnetic resonance (p.m.r.) spectra were recorded 

at  60 Mc./sec. on a Varian Associates A-60 spectrometer. The 
procedures and solvents were the same as described previously.' 

The preparations of most of the substituted purines have al- 
ready been reported in the literature. The two deuterated com- 
pounds, 6-methylpurine-2-d and 6-methoxypurine-2-d, were 
made by deuterolysis of the corresponding 2-chloropurines by the 
procedure described in part I.' The deuterolysis of 2-chloro-6- 
methylpurine required 4.5 hr. a t  35-40' and gave an 81% yield 
of 6-methylpurine-Bd. The deuterolysis of 2-chloro-6-methoxy- 
purine required 6 hr. a t  45-50' and gave a 68% yield of 6-meth- 
oxypurine-24. In this case the product crystallized from deu- 
terium oxide on concentration to one-tenth volume; it was col- 
lected by filtration and washed with fresh deuterium oxide. In 
both cases some exchange of the 8-proton also occurred. 

(1) W. C. Coburn. Jr., M. C. Thorpe, J. A.  Montgomery, and K. Hewson. 

(2) H. C. Brown and Y. Okamoto, J .  Am. Chem. Soc., 80, 4979 (1958). 
(3) dH-8 is the chemical shift of the 8-proton in parts per million down- 

field from internal tetramethylsilane (TMS), measured in dimethyl sulfoxide 
(DMSO) solutions at solute concentrations near 5 g./dl. 

J .  078. Chem., 80,  1110 (1965). 

Results and Discussion 
The chemical shifts of the two ring protons of eight 

6-substituted purines and purinedo are given in Table 
I, and 6 ~ - ~  is plotted against up,+ in Figure 1. The 
least-squares equation of this line, eq. 2, gives a cor- 

~ H - S  = (8.653 f 0.013) + (0.359 f O.O19)u,,+ (2) 

relation coefficient, r ,  of 0.991 and a standard devia- 
tion of 6 ~ - 8  from the least-squares line, of f0.035 
p.p.m., equal to the estimated experimental error in 
8H-8. Point 6, corresponding to 6-iodopurine1 shows 
the largest deviation. The predicted value of h - 8  

for this compound, from eq. 2, is 8.70 p.p.m., a differ- 
ence of 0.07 p.p.m. downfield from the observed shift. 
This failure of qp+  to properly predict the chemical 
shift for 6-iodopurine is paralleled by the behavior of 
2,6-dibromopurine1 where H-8 is more shielded by 0.06 
p.p.m. than predicted by eq. 1. On the other hand 
2-chloro-, 6-chloro-, and 2,6-dichloropurine are all 
observed to be slightly less shielded than predicted. 
Since 2,6-dibromo substitution shows little effect and 
6-iodo substitution appears to be electron donating, 
we can only conclude that the resonance effect neutral- 
izes or outweighs the inductive effect for these larger 
and more polarizable halogens when they are substi- 
tuents on such a strongly electrophilic ring system as 
that of purine. 

TABLE I 

DIMETHYL SULFOXIDE 
CHEMICAL SHIFTS O F  6-SUBSTITUTED PURINES I N  

Concn., 

1 -NMel 5 . 0  8.19 8.07 
2 -NHI 5 . 0  8.11 8.14 
3 -0Me 5.0 8.51 8.38 (8.41)' 
4 -SMe 6 .0  8.73 8.47 
5 -Me 4.0 8.76 8.53 (8.57)" 
6 -I 5 . 0  8.60 8.63 
7 -H 5.0 8.99 8.68 
a -c1 7 . 5  8.76 8.71 
9 -CN 5 . 0  9.08 8.91 
Chemical shift of the corresponding 2-deuteriopurine. 

Compound Substituent g./dl. 6E-8 6H-8 

The chemical shift observed for purinedo, = 
8.68 p.p.m., lies within 0.03 p.p.m. of the line. A fur- 
ther proof of the validity of the choice of assignment of 
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bH-* is provided in the cases of 6-methyl- and 6-methoxy- 
purine by the observed chemical shifts of H-8 in the 
corresponding 2-deuteriopurines1 also shown in Table 
I. In neither case could these shifts be mistaken for 
those of bH-5.4 Although the choice of 8 ~ - ~  for the five 
remaining compounds was not confirmed in this way, 
we feel that the excellent fit to eq. 2 and the agree- 
ment with our previous results for 2,6-disubstituted 
purines constitute su3cient validation. 

with separated 
inductive and resonance  parameter^,^ employing an 
equation having the form shown in eq. 3. Here, bo 

8 ~ - E  = bo + ,E biXi  (3) 

is the intercept, and the bt are the coefficients of the n 
parameters, X i ,  to be linearly correlated with 8 ~ - ~ .  
Table 11 shows the results for several cases computed 
by the method of least squares. Neither UR, nor UR,O 
yields as good a correlation as does uR,+, and the 
separation of up+ into UI plus U R +  makes no improve- 
ment over eq. 2. 

We also attempted to correlate 

n 

a s 1  

TABLE I1 
LEAST-SQUARES PARAMETERS FOR Eo. 3 

x1 x2 bo bt br r rdH-8 

UI. UR, 8.626 0.398 0.662 0.984 0.045 
'314 UILa + 8.657 0.346 0.363 0.990 0.037 
@I8 UR,O 8.654 0.402 1.088 0.982 0.048 

As may be seen from Table I, ~ H - P  shows a rough 
correlation with b ~ - 8  and, hence, with up#+. However, 
of the various measures of substituent effects commonly 
employed, 8H-2 is best correlated with Taft's UR6,' 

according to eq. 4. The value of T is 0.967 and the 

6 ~ -  = (8.928 f 0.030) + (0.899 f 0 . 0 9 0 ) ~  (4) 

standard deviation in 8H-2 is k0.079 p.p.m. Figure 2 
shows a plot of 8H-2 vs. UR, for the eight 6-substituted 
purines and purine-&. The inclusion in eq. 4 of 
another term on the right-hand side linear in uIs does 
not improve the correlation significantly. Both the 
value of T and the standard deviation in 8H-2 remain 
unchanged. Evidently the 6-substituent exerts pri- 
marily a resonance effect on the electron density a t  the 
2-position. This result is surprising since the 2- and 
6-positions are meta to one another by analogy with 
benzene, and yet 8H-2 is not so well correlated with 
q, uRm, uR,,,+, or combinations of these. The fact 
that the inclusion of a term linear in a1 in eq. 4 does not 
improve the correlation is further evidence that the 
resonance effect of the 6-substituent predominates. 

In part I' b H - 8  was found to be well correlated with 
Xup+ for sixteen 2,6-disubstituted purines and purine 
2,6 
by eq. 1, with T = 0.984 and S6H-8 = *0.066 p.p.m. The 
magnitudes of the slope and intercept in this equation 

(4) The small differences in 6~1-8 between the deuterated and undeuterated 
compounds apparently merely reflect experimental error rather than an 
isotope e5ect. A solution containing both 6-methylpurine and &methyl- 
purine-2-d showed only one peak in the 8.5-p.p.m. region, at 8.55 p.p.m. 

Values of UR were obtained 
by taking the di5erence between the up values of McDaniel and Browns 
quoted in Wells' Table V and the UI values of Taft quoted in Wells' Table 
VII. Values of U R +  were calculated from V R +  = ep+ - UI. Values of 
URQ were taken from ref. 7. 

( 6 )  D. H. McDaniel and H. C. Brown, J .  Org. Chem., 28, 420 (1958). 
(7) R. W. Taft, Jr., J .  Phyu. Chem., 64, 1805 (1860). 

(5) P. R. Wells, Chem. Reu., 68, 171 (1963). 
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Figure 1 . - 6 ~ - ~  of Bsubstituted purines in dimethyl sulfoxide 

aa a function of up,,+. To identify points see compound numbers 
given i n  Table I. 

-1.2 -1.0 -0 .8  -0 .8 -0.4 -0 2 0 0 2  

URs. 

Figure 2.-6~--1 of 6-substituted purines in dimethyl sulfoxide 
a function of U R ~  To identify points see compound numbers 

given in Table I. 

compared with the corresponding quantities in eq. 2, 
together with the fact that the attempt to separate the 
effects of the 2- and 6-substituents in the case of the 
2,6-disubstituted purines, eq. 5 ,  gave equal coefficients 
8 ~ 3  = (8.655 f 0.018) + (0.353 f 0.029)aP,+ + 

(0.332 f 0.029)up6+ (5) 

within experimental error to up,+ and up,+,  indicate 
that the effects of the 2- and 6-substituents on 8H-8 are 
nearly equal. We, therefore, gathered all the available 
data on 2-, 6-, and 2,6-disubstituted purines in DMSO, 
summarized in Table 111, and plotted the values of 8H-8 

for these 27 compounds against 2ug+, Figure 3. The 

resulting least-squares line, represented by eq., 6, 
2,6 

&-a = (8.655 f 0.013) f (0.347 + 0.013) Z up+ (6) 
2,6 

yields a correlation coefficient, T ,  of 0.984, identical 
with that for eq. 1 and 5, and gives about the same 
standard deviation in S ~ H - S ,  b H - 8  = f0.064 p.p.m. 
Although data for only two 2-substituted purines, 
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TABLE I11 
CHEMICAL SHIFTS O F  THE 8-PROTON OF 2, 6-, AND 2,6-DISUBSTITUTED PURINES I N  DIMETHYL SULFOXIDE 

-Substituent- 8H-6, 
Compound 2 6 U P l +  a CPd+ a XU,+ p.p.m. 

2 8  
1 -NMez -NHs -1.7 -1 .3  -3.0 7.72 
2 -NHz -NHz -1 .3  -1.3 -2.6 7.76 
3 -NHz -SMe -1 .3  -0.604 -1.9 7.93 
4 -SMe -NMeZ -0.604 -1.7 -2 .3  7.97 
5 -NHz -Me -1 .3  -0.311 -1.6 7.98 
6 -SMe -NHz -0.604 -1 .3  -1.9 8.02 
7 -F -NMeZ -0.073 -1.7 -1.8 8.03 
8 -H -NMe2 0.000 -1.7 -1.7 8.07 
9” -NH2 -H -1 .3  0.000 -1 .3  8.08 

10 -c1 -NHI 0.114 -1 .3  -1.2 8.13 
11 -H -NHz 0.000 -1 .3  -1 .3  8.14 
12 -F -NHz -0.073 -1 .3  - 1.4 8.16 
13 -SMe -SMe -0.604 -0.604 -1,208 8.32 
14 -H -0Me O.Oo0 -0.778 -0,778 8.38 
15 -c1 -0Me 0.114 -0,778 -0,664 8.45 
16 -H -SMe 0.000 -0.604 -0.604 8.47 
17 -H -Me 0.000 -0.311 -0.311 8.53 
18 -Et -c1 -0.295 0.114 -0.181 8.58 
19 -H -I 0.000 0.135 0.135 8.63 
20 -c1 -Me 0.114 -0.311 -0.197 8.64 
21 -H -H 0.000 O.Oo0 0.000 8.68 
22 -Br -Br 0.150 0.150 0.300 8.70 
23 -H -c1 O.Oo0 0.114 0.114 8.71 
24d -c1 -H 0.114 O.Oo0 0.114 8.76 
25 -c1 -c1 0.114 0.114 0.228 8.77 
26 -H -CN O.Oo0 0.659 0.659 8.91 
27 -CF$ -c1 0.612 0.114 0.726 8.97 

“Seeref.1. bd=b~-~(obSd.)-S~-8(CalCd.) .  C6~-s=8.61p.p.m.  d6~-6=9.13p.p.m.  
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2-NH2 and 241, are available, they seem to fit reason- 
ably well. 

However, the slight inequality of the two coefficients 
in eq. 5 may be real. That is the effect of a given 
substituent on the shielding of the 8-proton could well 
be expected to be different depending on whether the 
substituent was in the 2- or 6-position. This is borne 
out in two cases for which we have data, -C1 and -NHZ: 
in both cases the substituent exerts a greater effect 
on H-8 from the 2-position1 the difference being in the 
same direction suggested by the coefficients of up,+ and 
apl+ in eq. 2. 

Data for only ten compounds, shown in Table IV, 
are available in trifluoroacetic acid (TFAA), With the 
amino-containing compounds included, eq. 7 results, 

Sa- = (9.438 f 0.050) + (0.233 f 0.065) Z u p +  (7) 
2 8  

with r = 0.785 and san-8 = f 0.142. With compounds 
having this substituent excluded the fit is greatly 
improved, giving eq. 8 with r = 0.995 and S8H-8 = 

Sa-8 = (9.449 f 0.010) + (0.368 f 0.017) Z up+ (8) 
2.6 

f0.022 (see Figure 4). Practically no improvement in 
this last correlation is obtained by separation of the 
substituent constants according to ring position, eq. 9. 

6a-a = (9.454 f 0.010) + (0.339 f 0.O32)up,+ + 
(0.397 f 0.O32)up,+ (9) 

Here, r = 0.996 and SaH-8 = f0.020. It is interesting 
to note that in TFAA the relative magnitudes of the 
coefficients have been reversed from those found in 
DMSO. 

TABLE IV 
CHEMICAL SHIFTS OR SUBSTITUTED PURINES IN 

TFUFLUOROACETIC Acm 
(concentration = 5.0 g./dl.) 

Compound 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

-Substituents- 
2 6 

-H -NHz 
-SMe -SMe 
-H -0Me 

-SMe -NHa 
-D -Me 

-C1 -NHz 

-Et -C1 
-H -H 
-c1 -c1 
-CFa -C1 

XUP + 

-1 .3 
-1.208 
-0.778 
-1.2 
-1.9 
-0.311 
-0.181 
0.OOo 
0.228 
0.726 

a36 
dH-8 

8.91 
9.01 
9.14 
9.21 
9.31 
9.35 
9.41 
9.41 
9.55 
9.71 

8 ~ - a  8H-6 

9.31 _ . .  

9.20 . . .  
. . .  . . .  

. . .  . . .  

. . .  . . .  

. . .  . . .  
, . .  , . .  

9.59 9.97 
, . .  , . .  
. . .  . . .  

Of the three aminopurines studied in TFAA, only 
one, adenine, would fit eq. 8 or 9, and only in this case 
does the p.m.r. spectrum definitely show absorption of 
the amino group distinct from the solvent absorption. 
Since the amino absorption of adenine is very broad 
and overlaps both the H-2 and H-8 bands, it was 
necessary to add a known concentration of another 
compound as standard to determine the number of 
protons represented by the overlapping absorption. 
This was done twice, using acetic acid as standard once, 
and hexamethyldisiloxane as standard the second time. 
In both cases, the overlapping absorption due to ade- 
nine is shown to represent four protons, indicating 
that the amino group has not been protonated. 

In the cases of the other two purines having an amino 
substituent, some very broad absorption is also ob- 
served overlapping the absorption from H-8. How- 
ever, it is difficult to evaluate the number of protons 
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represented since the solvent peak has been shifted 
upfield sufficiently to interfere. This upfield shift of 
the solvent peak may, of course, be the result of ex- 
change with the amino protons. We have not, there- 
fore, been able to determine whether protonation has 
occurred on the amino group in these compounds. 

It seems reasonable to assume that all of the purines 
studied in TFAA are protonated in that solvent, 
even though the position of protonation is not known. 
Part of the downfield shift for H-8 of these compounds 
in TFAA from their positions in DMSO may well be 
caused by such protonation. This solvent shift re- 
mains remarkably constant from one compound to 
another, except for 2-chloroadenine and 2-methylthio- 
adenine (compounds 4 and 5 of Table IV), as can be 
seen from the fact that the slopes in Figures 3 and 4 
are nearly equal (0.347 and 0.368 from eq. 6 and 8). 

The failure of 2-chloroadenine and 2-methylthio- 
adenine to fit eq. 8, H-8 appearing downfield from the 
predicted position, together with the fact that the same 
two compounds fit eq. 6 when studied in DMSO, 
raises the question whether they may be protonated 
differently, in position or extent, from the other purines 
studied in this solvent. 

In summary, the excellent fit of the data for three 
different substitution types in DMSO to eq. 6 would 
allow one to predict BH-8 for a 2-, 6-, or 2,6-disubstituted 
purine to within 5y0 of the total range of variation, 
1.25 p.p.m., for the 27 compounds studied. The results 
for the purines substituted in the 6-position alone show, 
surprisingly, that the inductive effect of the 6-substi- 
tuent on the shielding of the 2-proton is negligible, but 
its effect on the %proton is quite significant. This 
may be readily seen by comparing eq. 3 and 4 in terms 
of the relative chemical shifts from unsubstituted 
purine, as in eq. 10 and 11. These equations indicate 

AAH-~ = 0 . 4 ~ 1  + 0 . 7 ~ ~  (10) 

A b - I  = 0 . 0 ~ 1  + 0 . 9 ~ ~  (11) 

that no single substituent parameter can measure 
the effect of the 6-substituent in purines on both the 2- 
and 8-positions. Apparently the mechanism of trans- 
mission of substituent effects is different in the two 
cases, purely resonance from the 6- to the 2-position in 
the pyrimidine ring and a combination of induction and 
enhanced resonance from the 6- to the 8-position1 
across both rings. 

Also, the magnitude of the range of chemical shifts 
of H-2, about 1 p.p.m. for the eight 6-substituted pur- 
ines studied, may be compared with the corresponding 
range for the chemical shifts of the meta protons of the 
2,4,6-trideuterated l-substituted benzenes measured 
by Langenbucher, Schmid, and Mecke,* about 0.5 
p.p.m. The greater relative shift for the purines indi- 

(8) F. Langenbucher, E. D. Schmid, and R. Mecke, J .  Chcm. Phya., 89, 
I901 (1963). 
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Figure %-bH 8 of 2, 6-, and 2,6--disubstituted purines, in 
dimethyl sulfoxide, as a function of Zup+.  To identify points see 
compound numbers in Table 111. 
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Figure 4.-6H+ of 6- and 2,Bdisubstituted purines in tri- 
fluoroacetic acid as a function of Xup+. To identify points see 
compound numbers in Table IV. 8 is amino-substituted purines. 
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cates that electron charge-density changes on the 
nearest neighbor nitrogen atoms has a greater effect 
on the chemical shift of H-2 than do changes in charge- 
density on the nearest neighbor ortho and para 
carbon atoms in the substituted benzenes, presumably 
because of the greater electronegativity of nitrogen 
than carbon, causing a concentration of electron charge 
in purines a t  positions 1 and 3. The nitrogens a t  
positions 7 and 9 are probably affected to about the 
same degree, since the range of A ~ H - ~  is also almost 1 
p.p.m. We hope next to determine whether the effects 
of the 2- and 6-substituents on 8 ~ - ~  remain equal, 
additive, and measurable by up+,  when N-7 or N-9 are 
substituted, providing increased localization of the K 
electrons in the imidazole ring. 


