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Abshnctz Patterns of NOE crosspeaks in hvo dimensional ‘H NOESY spectra of purine 

deoxyribonucleosides are characteristic for the p and a anomers. Certain ‘H chemical shifts are 
characteristic for 7 and 9 regioisomers. NOE intensities, although qualitatively umsistent with 
interproton distance ranges in N and S conformers, are insufticient for complete conformational analy8is 
of nucleoskies. 

Synthesis of nucleosides by glycosylation of heterocycles typically results in multiple isomer& products. 

For example, purine 2’-deoxyribonucleosides may be isolated as o and @ anomers of 7 and 9 regioisomers.‘” 

Structural assignment of anomers has been based empirically on the appearance of the l’-H resonance in 

the ‘H NMR spectrum, and that of regioisomers on the relative chemical shifts of glycosidic and base 

protons?> For example, l’-H of B anomers generally appears as a pseudotriplet (Jr,_a, = J,,,,), but that of 

Q anomers is a doublet of doublets (JIP_2’ > J,&. However, the solvent dependence of chemical shifts and 

coupling constants, based, in part, on changes in ~~o~atio~ equilibria, makes such generalizations 

ri~ky.~ Recently, Seela’s group applied one dimensional NOE difference NMR spectroscopy to this problem, 

resulting in general rules that can be used to distinguish between o and fi anomers of ribo-, arabino-, 2’- 

deoxyribo- and 2’,3’-dideoxyribo-nucleosides? The convenience of two dimensional NOESY NMR to 

simultaneously display all distance-related cross relaxations between protons prompted us to apply this 

method to isomeric purine deoxyribonucleosides. 

The method was tested with four isomers related to 2’-deoxyguanosine (st~c~res). One dimensional 

NMR data for the de~~~~~es obtained in Me$O-d, are summarixed in Table 1. Condition for 

acquisition of NOESY spectra were established with 9-8 2’-deoxyguanosine (see Experimental). Variation 

of the mixing time from 50 to 400 msec resulted in linearity of crosspeak intensities to 25O=3OO msec. All 

NOESY spectra were subsequently acquired with a mixing time of 300 msec to provide a balance between 

linearity and maximum intensity of weak crosspeaks. NOESY spectra of the four deoxyguanosine isomers 
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or 2D NOE measurements over coupling constant vahres in anomeric assigmrrent is illustrated by the 
solvent-dependence of the Hl’ multiplet in the 9s 2,6diiromopurine nucleoside in Figure 2. The Hl’ 
of this nucleoside appeared as a doublet of doublets in CDC& but a pseudotriplet in Me$Ck& leading to 
the original evident of its structure as a 8 anomers 

The identity of regioisomers is not reflected in coupling constants or NOE results but in chemical shifts 
(Table l)! For purine 2’deoxyribonucleosides H8 and Hl’ are comistently found to be desbielded in 7. 
isomers by 0.2-0.4 ppm relative to 9-isomers. 4S The difference in chemical shifts between H4’ and HS,S’ 

is also greater in ix anomers than in 8 anomers. This difference is more dramatic in protect& i.e. 3’$- 
diacyl, deoxyribormcleosides in which the chemical shifts of H4’ and HS’,Y are nearly coincident in fi 
anomers (for example, see Figure 2). 
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F'igure 2. Partial NOW spectra of 2 ’ boxy-3 ’ ,5 ’ -di-p-toluyl-D-rlbofbranosyl- 
2,6-dibromopurhes in M% SO-4 

The NOE patterns observed in a and @ deoxyrihonucleosides (Figures 1 and 2) are consistent with 

expected interproton distances in the range of conformations commonly occupied by furanosides.” Relative 

intensities of NOE crosspeaks for 9-P and 9-a deoxyguanosines, acquired at the 300 msec mixing time, 

agreed well with interproton distance ranges calculated for N (CY-endo) and S (C2’endo) conformers 

(Table 2). Attempts to use NOE crosspeak intensities of furanose protons to calculate N/S ratios for each 

anomer failed, however, suggesting the inadequacy of the two state ring puckering assumption (data not 

shown). Indeed, NOE intensities have been used in rigid nucleosides for estimation of w/anti glycosidic 

bond ratios.” Whenvicinal coupling constants, Jm_n4., were used to estimate the conformational distribution 

(see Experimental), the four Z-deoxyguanosines gave nearly the same value, i.e. N/S m 0.30 *0.02. 

However, multiple conformers likely exist in solution involving variation in ring puckering, glycosidic bond 
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and Cl’-5’CH~OH torsion angles leading to many possible distance relationships between protons. The use 

of NOE intensities together with other structure constraints, such as ‘H-‘H and ‘H-l? coupling constants, 

as a general approach to the conforntational analysis of nucleosides is under study. 

Table 2. Relative NOE Intensities and Interproton 
Distances in 9-p and 9-a Deoxyguanosines. 

9-8 9-a 

Distances Distances 
Protons NOE N-S (A) NOE N-S (A) 

l’-2’ 227 2.8-3.1 3188 2.5-2.4 

1’_2” 2575 2.4-2.5 607 3.1-2.8 

l’-3 26 3.9-3.8 157 2.7-4.1 

1’4 361 3.3-3.2 n.o. 3.7-4.0 

1’-5’5” n.0. 4.4-4.2 318 3.5-3.6 

8-1 550 3.8-3.8 539 3.8-3.8 

8-2 1613 4.2-3.5 n.0. 4.8-4.9 

8-2” n.0. 4.9-4.6 1063 3.8-4.2 

8-3 211 3.2-5.3 n.0. 5.5-4.9 

8-4 n.0. 4.5-4.7 363 4.0-3.4 

8-5’5” 96 3.6-4.0 n.0. 5.0-5.0 

NOE intensities were measured at 300 msec mixing time, and 
are relatiw to Z-2” NOE = lO,m, all valuea are negatiw. 
a.~., not observed. Distaaces were calculated with the program 
PCMODEL using structures with phase angles of W(N) and 
16Y(S) and a glycosidic torsion aagle of -16Y (~ti). Distancea 
to Hz??? are to the Y-C. 

EXPERIMENTAL 

2’-Deoxyguanosine was obtained from Sigma, and its isomers were synthesized from the corresponding 

6-chloropurine nucleosides derived from sodium salt glycosylation of 2-amino-6-chloropurine with l-chloro- 

3,5-di-p-toluyl+D-ribofuranose. l2 Preparative HPLC (silica gel, 25% acetone in toluene) was used to 

separate the known 9-p, 9-u and 7-p protected nucleosides (48, 3.6 and 8.9% yields, respectively) from a 

fourth product, the previously unreported 7-a isomer (2.2% yield). Hydrolysis of the 9-a, 7-p and 7-a 

intermediates with 2-mercaptoethanol and sodium methoxide in ethanol after reflux for 3 days gave, 

respectively, authentic 9-u and 7-p 2’-deoxyguanosines and 64% of 7-a 2’-deoxyguanosine (MI-I+: calcd. for 

C,,,H,.,N,O., 268.1045; found [EF-FAR] 268.1042). 

NMR spectra were obtained at 300 MHz in a 5 mm ‘H probe with a Varian Unity 300 instrument and 

processed on a Sun Sparcstation 1 + . All spectra were obtained at 25°C with 12 mM nucleosides dissolved 

in Me,SO-d, containing TMS as internal standard. 1D spectra were acquired in 30848 data points at a 

spectral width of 4116 Hz, and processed with 0.3 Hz line broadening. Chemical shifts and coupling 

constants in Table 1 are iterated values from spectral simulation with the VNMR software. NOESY spectra 
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(deoxyguanosines were previously exchanged with D,O) were acquired using the States-Haberkom 

hypercomplex method as 2848 data points in t2 (spectral width 2856 Hz) and at 2 x 256 increments in tl 

with 32 scans per tl value. The 90” pulse width was 7.2 psec. Final spectra were processed with zero filling 

to 2048 x 2848 data points and with squared sinebell functions shifted by -0.358 set in t2 and by -0.89 set 

in tl. 

Structure calculations were done with the program PCMODEL (Serena Software, Bloomington, IN) on 

a Sun Sparcstation 1 + using the default structure of 2’-deoxyguanosine as a starting point. (The standard 

conformational nomenclature is that of ref. 10.) The furanose rings of 9-B and 9-a isomers were driven to 

the N (phase angle 18”) and S (phase angle 162”) conformers with the dihedral driver in the MMX force 

field. The glycosidic bond torsion angles were -165” (anri) and the exocyclic 5’-CH,OH groups were guru%- 

guuche in each final structure. N/S conformational ratios, X,/X, (X, + Xs = l), were calculated from 

Xs = (JNJJ..,.)/(JN-Js) where J, = 8.8 Hz and Js = 1.1 Hz.” 
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