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Abstract: An 1SN-NMR study has shown a considerable difference in

electronic structures between the isomeric N7 and N9 substituted purines. A
comparison of 1SN chemical shifts amongst the seven pairs of N and N9

jsomers has revealed that {1) the N3 resonances are shielded by 18 - 20 ppm in
all N9 isomers; (2) the amino nitrogens at the C-2 or at C-6 positions are
always shielded by 3 - 4 ppm in the N7 isomers; (3) the N7 chemical shifts in
the N’ isomers are always more shielded by 6 - 7 ppm than the N9 resonances
in the N9 isomers. It has a also been found by protonation studies that the
N9 of the N/ isomer is much more basic than the N of the N9 isomer.

An unequivocal characterization of the N7 and the N? isomers of purines that arise after a
condensation reaction of the aglycone with an alkyl or aryl halides or a halosugar, is complex
and can yield uncertain results if one of the isomer has not been previously synthesized through
an unambiguous route and subsequently spectroscopically characterizedl. Mostly, it is the N’
isomer which is synthesized for this purpose by alkylation of guanosine or 2'-deoxyguancsine
followed by a deglycosylation step under an acidic condition. Such careful comparison of spectr-
oscopic properties (4, 13¢ and UY) between authentic N7 isomer with that of the N9

isomer has allowed unambiguous characterization of the latterZ. lH- and 13C-HMR studies

on pairs of N7 and N9 isomers of substituted purines have shown that certain chemical shifts

can be used for an unambiguous assignments of the regioisomersl7. We herein report a study

on the lSN-NHR spectroscopy of seven pairs of authentic N7 and N9 isomers of substitu-

ted purines. This study showed that carefully assigned 15N resonances in these N7 and

N9 isomers may indeed assist in understanding the differences in electronic properties in a

pair of the N7 and N9 isomers of purines, which leads to unambiguous assignments of their
respective structures.
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Assignments of the " N resonances in the N/ and N9 isomers

The chemical shifts of different nitrogens and their assignments are shown in Table 1. There
are three kinds of nitrogens in amino-purines: the amino nftrogen, the “azine- or pyridine-like"
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nitrogen and the "pyrrole-1ike" nitrogen. Each of these types of nitrogens have their own chara-
cterestic chemical shifts; for example, amino nitrogens absorb at a higher field than the ring
nitrogens and the "N-pyrrole® absorb at a higher field than the "N-azine" type nitrogens3.

Similarly, these three categories of nitrogens also have different 1SN-1H coupling const-

ants. Both the nitrogen atoms of the imidazole part have a scalar coupling with H-8 but the cou-
pling constant between the “N-azine" and H-8 1s always larger (10-12 Hz) than that of
“N-pyrrole" and H-8 (7-9 Hz)3'4‘5 which makes it convenient to assign the N7 and N9

atoms from the proton coupled spectra of the N7 and N9 isomers. However, it is difficult to
assign the Nl and N3 correctly in a C-2 and C-6 disubstituted compounds. In such cases,

effects of substituents at C-2 and C-6 on Nl and N3 chemical shifts have to be carefully
monitored in order to elucidate the substituent increments. In this work, Nl and N3 chemical
shifts have been monitored with -C1 and -NHp as substituents with respect to the parent 9--
methylpurine (1) and 7-methylipurine (2) in pMS06. The introduction of the -C1 atom at the C6
position, as in 5, shields the Nl and N3 by 3.2 and 0.4 ppm respectively in comparison with

1. Stédeli and coworkers’ have observed a shieiding of 3.7 and 5.6 ppm for Nl and N3 resp-
ectively due to -C1 substitution at the C% of pyrimidines. It is possible that the lower shie-
1ding of Nl and N3 that we observe in the purine system is because of a larger delocaliza-

tion of the chlorine lone pair in purine ring than in the pyrimidine. The variation of the chem-
jcal shifts of the sp? hybridized nitrogens has been reporteds'9 to be dependent upon the
changes in the medium. We observed that the N3 and N9 resonances in 5 were deshielded by

2.5 ppm upon changing the solvent from chloroform to DMSO while the chemical shifts of the Nl
and N7 did not change. Since the compounds discussed in this paper are neither acidic nor

basic in a neutral medium, it is, therefore, assumed that the solvent-induced shift and the con-
centration effects are minimized. The effect of the -NH group at C-2 position on N and

N3 chemical shifts have been elucidated by comparing their resonances in compounds 1 and 7.

Such a comparison clarified that the Nl and N3 are shielded by 37 and 50 ppm respectively

due to the -NHz group at the C-2 position. A similar shielding of the N3 was observed in
guanosine as compared to inosine10 and in other 2-amino substituted pyrimidinesll,

P
7 4-Me—CoH,C
4 5] \/'i (@) m:p
\!g 2 ger y 4-Me—Cgh
/

l: R=Me, Y=2=H 2: R=Me, Y=2Z=H ®

3: R=Et, Y=H, Z=NH, 4: R=Bt, Y =H, 2 = NH,

5: R=(a), Y=H, Z=0Cl 6: R=(a), Y=H, 2=0Cl

7: R=(b), Y =NH,, Z=H 8: R=(b), Y=NHy, Z=H (e) AcO-(CHy )y CHy~
9: R=(c), Y=NHy, 2=Cl  10: R=(c), Y = NHy, Z=Cl

1: R=(d), Y=NHy, 2=Cl  12: R=(d), Y = NH,, 2=Cl (@) HgC-(CHy)-CHy-
13: R=(b), Y=NHy,, Z=Cl  14: R=(b), ¥ = NH,, 2=0Ql
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The assignments of 15" resonances in authentic compounds of all N7 and N9 isomers were
achieved through their lsﬂ-lﬂ coupled spectra using a INEPT pulse sequence6’12 as
shown, for example, for a pair 5 and 6 (Fig. 1). It 1s relatively simple to assign N! vs. N7
(N%) in compounds 9 to 14 through their INEPT spectra because the N7 (N9) appears as a
doublet.
On the other hand, in the INEPT experiment of compounds 5 to 8, both Nl and N7 (N9) appear
as doublets , but the ZJNI,HG(HZ) has a larger coupling constant3+5+11 than
the ZJN7(N9),H8'

The amino group at the C6 position, as in 3, shields the Nl and N3 by 42 and 28 ppm. A
similar set of resonances are also found in adenosine and 2'-deoxyadenosinelO. It thus
becomes apparent that the nature of the substituent at the N7 or N? influences the chemical
shifts of Nl and N3 very sligntly (ca. 2 ppm).

Previously, we have shownl3 with a series of C2-(para-t-butylbenzamido)-C6-substituted
purfne-§_9-ribosides that the N3 chemical shifts do not noticeably change with the change of
the €6 substituent. Thus, for the para-t-butylbenzamido- group at the C-2 position, the N3
resonates at ca. -160 ppm. The effect of para-t-butylbenzamido- group compared to -NHp at the
C-2 position is a deshielding of the N3 by 20 ppml3. Therefore, the N3 in Z-aminopurine

is expected to have a chemical shift of ca. -180 ppm for the N9 isomers. This value should be
corrected by the shielding contribution of the -C1 atom at the cb position. In fact, the a3
resonance in compounds 3, 11 and 13 has chemical shifts between 179.8 - 182.9 ppm. Similarly,
upon calculation of the effect of substituent increments of the -C1 and -NHp groups at the C-6
and C-2 respectively on the N! resonance, one arrives at a theoretical value of ca. -143 -
ppm while the Nl chemical shifts in compounds 9, 11 and 13 are around -146 ppm. This differ-
ence in values can be partly explained by the nature of substituents at N9, solvent and
concentration effect. The 15N resonances of the N7 {somers were similarly assigned.
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Important differences in the "N chemical shifts in the N7 and 4% isomers

A perusal of Table 1 clearly shows that a distinction between an N7 and an N9 isomer is
possible on the basis of the following general observations which is based on the study of seven
pairs of isomers in DMSO solution:

(1) the N3 resonance is shielded by 18 - 20 ppm in the N9 isomer;
(2) the amino niirogen at the C-2 or at C-6 1s always shielded by 3 - 4 ppm in the N7 isomer;
(3) the N7 chemical shift in the N’ isomer is always more shielded by 6 - 7 ppm than the

N9 resonance in the N9 isomer.

Since above observations are independent of the N7 and N9 substituents, we attribute these
differences of nitrogen resonances between the N7 and K9 isomers to a different “building”
of the purine ring.

It thus clearly appears that it is possible to arrive at the structures unambiguously for any
unknown pair of the N7 and N9 isomers of purines which are substituted either by -NHp and/
or -C1 groups.
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Figure 1. INEPT spectra of compound 5 (A) and § (B)
in chloroform.

Protonation study

It {s clear from the literature*:6:10:13:1% that the N7 vs. ul activation in the N9

substituted purines is controlled by the nature of the substituent at the C-2 and C-6 positions.
An enhanced N7 reactivity of guanosine, with respect to 9-substituted-2-aminopurine, is clear-
1y due to the non-aromatic nature of the pyrimidine ring in the former which aids in a direct
conjugation of the C-2 amino function to the N7. Recently, we have shownl3 by 1“’N—NMR

study that the activated nature of the N7 of guanosine is, indeed, trimmed by (i) derivatizing
the -NH2 to an amide and also {ii) by locking the lactam of the guanine moiety to the aromatic
Os-alkyl/aryl derivative. These conclusions were based on the estimation of the difference of
the N7 chemical shift in the neutral and in the protonated medium. The change of 15N che~

mical shifts of compounds 13 and 14, upon gradual protonation, are shown in Tables 2 and 3 resp-
ectively while the figures 2 and 3 show the evolution of each purine-nitrogen as a function of
the number of equivalents of trifiuoroacetic acid (TFA) added. The N7 of the N% isomer 13,

upon addition of one equivalent of TFA, moves upfield by 10 ppm due to protonation while the

N3 and N9 remain at the same position but the Nl shifts downfield by 0.4 ppm (Fig. 2).

The results from the protonation study with the N’ isomer 14 {s rather restricted because it
started decomposing after the addition of 0.4 equivalent of TFA. However, our limited study in
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Table 3 shows that the N9 is predominantly protonated, with an upfield shift of 26.1 ppm upon
addition of 0.4 equiv. of TFA. The protonation of the N3 is also evident by 8.2 ppm shielding
upon addition of 0.4 equiv. of TFA. It seem to be clear that the N7 and N3 of the N7
substituted purines have an enhanced basicity compared to the corresponding NS isomer. It
appears that the N9 in the N fsomer 14 has a comparable tendency to protonation as the N7

of guanosine or Nl of adenosine. A perusal of the literature clarifies

4,13,14

that an
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acid titration curve for a strongly protonated nitrogen reaches a platau after one equivalent of

the acid (TFA) added. We, therefore, extrapolate (Fig. 3) our protonation data with 14 and
arrive at a conclusion that the N9 of 14 should move upfield by 70 - 80 ppm and N3 by 20 ppm
upon addition of one equiv. of the TFA (Fig. 3). This basicity of the N3 and N9 atoms of the
N7 isomer 14 can be explained by an absence of appreciable delocalization of the N3 and N9
Tone pairs. It is, therefore, clear that the delocalization of the = electron-deficient

Table 1 150R shifts of some N7 and N9 substituted purine derivatives
Compound Nl N3 N7 N9 NH2
1a -115.5 -138.9 -151.2 -250.3 -
22 -114.7 -122.9 -235.6 -149.2
ib -103.4 -130.0 -140.8 -230.8
2b -102.3 -109.4 -237.6 -137.0
3c -147.0 -156.8 -142.2 -216.2 -301.1
4 -144.8 -138.5 -222.8 -137.6 -303.2
5d -107.3 -132.8 -140.1 -210.0 -
se -106.6 -130.4 -139.5 -207.2 -
6d -105.7 -112.2 -217.4 -134.2 -
f -139.8 -179.8 -140.2 -225.0 -300.6
sf -141.1 -160.6 -230.0 -138.4 -303.4
99 -146.4 -182.6 -141.4 -221.1 -298.4
10h -143.3 -163.8 -227.8 -141.0 -301.3
11 -146.5 -182.5 -141.6 -220.6 -298.5
12J -143.1 -163.7 -221.3 -141.2 -302.2
131 -146.9 -182.9 -141.6 -222.3 -298.4
141 -143.8 -164.3 -229.0 -141.5 -301.4

2in water (ref. 4); Din DMSO (ref. 6); Cin DMSO (ref. 14); din CHCl3 (0.2 M);

ein DMSO (0.2 M); Tin DMSO (0.6 M); 9in DMSO (0.7 M); hin DMSO (0.4 M);
Tin OMSO (0.8 M); Jin DMSO (0.1 M);
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pyrimidine and the welectron-rich imidazole system is much constrained in the N7 isomer than
in the corresponding N9 isomer, however the magnitude of this difference is controlled by the
nature of the C-2 and C-6 substituent(s).

Table 2. Study of the 15N chemical shifts of compound 13 upon protonation

with trifluoroacetic acid (TFA) at 303 K.

Acid (equiv.) a1 N3 N7 N NHp
0 -146.9 -182.7 -141.6 -222.3 -298.4
0.2 -146.3 -182.6 -143.6 -222.0 -298.3
0.6 -145.9 -182.7 -147.4 -221.8 -298.0
1.5 -145.1 -182.9 -155.4 -221.2 -297.1
2.2 -144.4 -183.2 -162.2 -220.8 -297.1

Table 3. Study of the 15N chemical shifts of compound 14 upon protonation
with trifluoroacetic acid (TFA) at 303 K.

Acid (equiv.) Nl N3 N7 N9 NHp
0 -143.8 -164.3 -229.0 -141.5 -301.4
0.1 -143.2 -166.1 -228.1 -146.0 -300.7
0.2 -142.7 -168.8 -227.2 -151.2 -300.1
0.3 -142.2 -171.4 -226.0 -158.6 -

0.4 -141.6 -172.5 -225.1 -167.6 -300.2
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Experimental section

AN 15N NMR spectra were recorded on Jeol-GX-270 spectrometer at 27.4 MHz with a probe

head for 10 mm o.d. sample tubes. The 15N chemical shifts were determined from proton
decoupled spectra while INEPT experiments served to assign unambigously each resonance (see
text). The chemical shifts (+ 0.1 ppm) were measured relative to an external solution of
CH315N02 (5 x 1073 m) 1n CD3NO2 (0.35 ml) to provide the reference and the

frequency lock respectively. The decoupled spectra with NOE suppressed were recorded with 13 ps
of pulse width (45° pluse angle), 1 s acquistition time for 16 K data points, zero filled to
32 K and Fourier transformed with a broadening factor of 2-3 Hz. Useful spectra are obtained
with accumulat'lon time of 2- 15 h depending on the concentration {(Table 1). For the INEPT pulse
sequence, H -90° = 59 ps, N -90° = 26 ps, with 7= 1/4 ) N,H set at 23 ms and a

pulse delay of 2 s a useful spectrum could be obtained in 20 min to 4 h. The spectral range was
9400 Hz involving a digital resolution of 0.6 Hz (0.02 ppm). The probe temperature was around
30° C for all experiments. A negative value for the chemical shift denotes an upfield shift.
The conllgounds used in this study were prepared according to reported procedures: 215’
71-14

Acknowledgements

Authors gratefully acknowledge the funding by Wallenbergstiftelsen for the purchase of a Jeol
270 MHz FT NMR spectrometer. Financial supports from Swedish Board for Technical Development and
Swedish Natural Science Research Council are also acknowledged. Authors also thank Ingegdrd
Schiller for the secretarial assistance.

References

1. H.D. Dieter and F. Seela. J. Org. Chem. 43, 3119 (1983).

2. B.L. Cline, P.E. Fagerness, R.P. Panzica and L.B. Townsend. J. Chem. Soc. Perkin II, 1586
(1980) and references therein.

3. G.J. Martin, M.L. Martin and J.-P. Gouesnard. HMR Basic Prin. Prog., Vol. 18, Springer--

4

5

Yerlag, Beriin (1981).
. N.C. Gonnella and J.D. Roberts. J. Am. Chem. Soc. 104, 3162 (1982).
. B.C. Chen, W. von Philipsborn and X. Nagarajan. HeTv. Chim. Acta 66, 1537 (1983).
6. M. Schumacher and H. Giinther. Chem. Ber. 116, 2001 (1983).
7. W. Stideli and W. von Philipsborn. Org. Magn. Reson. 15, 106 (1981).
3. R.0. Duthaler and J.D. Roberts. J. Am, Chem. Soc. 100, 4969 (1978).
9. C. Dyllick-Brenzinger, G.R. Sullivan, P.P. Pang and J.D. Roberts. Proc. Natl. Acad. Sci. USA
77, 5580 (1980).
10. V_Markowski G.R. Sullivan and J.D. Roberts. J. Am. Chem. Soc. 99, 714 (1977).

11. W. Stideli, W. von Philipsborn, A. Wick and I.”RompTs. Helv. Chim. Acta 63, 504 (1980).
12. G.A. Morris. J. Am. Chem. Soc. 102, 428 (1980).
13. G. Remaud, X.=X. Zhou, C.J. Welch and J. Chattopadhyaya. Tetrahedron {in press).

14. N.C. Gonnel'la, H. Nakanishi, J.B. Holtwick, D.S. Horowitz, K. Kanamori, N.J. Leonard and
J.D. Roberts. J. Am. Chem. Soc. 105, 2050 (1983)

15. Z. Kazimierczuk, W.B. Cottam, G.R. Revankar and R.K. Robins. J. Am.Chem. Soc. 106, 6379
(1984) and references therein.

16. J. Kjeliberg, M. Liljenberg and N.G. Johansson. Tetrahedron Letters 26, 877 (1986) and
references therein.

17. J. Kjellberg, K.-E. Hogberg and N.G. Johansson. (Unpublished result).




