This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids

MICIEOS.idES} Publication details, including instructions for authors and subscription information:
Niucleotides http://www.informaworld.com/smpp/title~content=t713597286

Solvent Dependent Changes in the Proton NMR Spectra of 2'-

Deoxyadenosine and Its Derivatives

Mahesh K. Lakshman?®; Roland E. Lehr®

2 Department of Chemistry, University of Oklahoma, Norman, OK ® Section on Oxidation Mechanisms,
Laboratory of Bioorganic Chemistry, NIDDK, The National Institutes of Health, Bethesda, MD

s Ecbiow
JOHN A STYETI

WOLLUME 24 MNUMBER 4 i)

To cite this Article Lakshman, Mahesh K. and Lehr, Roland E.(1992) 'Solvent Dependent Changes in the Proton NMR
Spectra of 2'-Deoxyadenosine and Its Derivatives', Nucleosides, Nucleotides and Nucleic Acids, 11: 5, 1039 — 1046

To link to this Article: DOI: 10.1080/07328319208021166
URL: http://dx.doi.org/10.1080/07328319208021166

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/07328319208021166
http://www.informaworld.com/terms-and-conditions-of-access.pdf

20: 01 26 January 2011

Downl oaded At:

NUCLEOSIDES & NUCLEOQTIDES, 11(5), 1039-1046 (1992)

SOLVENT DEPENDENT CHANGES IN THE PROTON NMR
SPECTRA OF 2'-DEOXYADENOSINE AND ITS DERIVATIVES

Mahesh K. Lakshman' and Roland E. Lehr*
Department of Chemistry, University of Oklahoma, Norman OK 73018.

Abstract: Intramolecular hydrogen bonding in four purine-2'-
deoxyribosides containing free sugar hydroxyls has been observed in CDCls.
This bond results in the appearance of a double doublet for H-1' of the C-6
substituted f-anomers. On increasing the solvent polarity, as in DMSO-d,,
the signal appears as triplet, which is typical of previously reported NMR
spectra of f-anomers in D,O and DMSO-d,. Solvent polarity, therefore

plays a significant role in determining the splitting patterns of the
anomeric proton in these compounds.

Intramolecular hydrogen bonding between the C-5' hydroxyl group and
N-3 of the purine has been reported for purine deoxyribosides in the solid
state, and numerous X-ray crystal structures indicating these have been
reported in the literature.! In the solution state also, such hydrogen
bonding has been reported, but for purine ribosides.2®* This is due to the
fact that purine nucleosides can be appropriately derivatized in order to
increase their otherwise limited solubility in relatively non-polar solvents.
In two such typical examples, the 2',3"-acetonide was synthesized.34 In
these cases, both the conformational freedom of the furanose ring and the
number of hydrogen bonding sites are reduced. Further, the changes
observed in the anomeric H-1' resonance of the purine ribosides on
changing solvent polarity are limited to changes in the doublet for this
proton.

To our knowledge, lH NMR data in non-polar solvents for purine-2'-
deoxyribosides with free sugar hydroxyl groups have not been reported.
Interestingly, the H-1' of these compounds show remarkably different
splitting patterns in solvents of differing polarities. The «a- and -
anomers of purine-2'-deoxyribosides have commonly been distinguished
based upon the appearance of a double doublet or a triplet, respectively for
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H-1'.56.7.8 We report here that H-1' of C-6 substituted f-anomers also
appears as a double doublet when the NMR solvent is of relatively low
polarity (CDCly) and intramolecular hydrogen bonding between the C-5'
hydroxyl group and N-3 of the purine occurs.

In all of the cases examined by NMR spectroscopy in the literature, the
solvents used in determining the anomeric configuration were either D,O
or DMSO-d;. In our study, we found that the purine deoxyribosides are
sufficiently soluble in CDCl, to obtain fourier transformed 'H NMR spectra.
Spectra (Figure 2) for compounds 1 to 5 (Figure 1) were obtained in both
CDCl, and DMSO-d;® In the latter solvent, compounds 1 to 4 exhibit the
expected triplet,57.8.9 whereas in CDCl, they exhibit a double doublet for H-
1'. In addition, as is explained later, the C-5' protons show a splitting
pattern that is consistent with the 5-OH to N-3 hydrogen bond, in CDCl;. In
the absence of any second order couplings, the observed changes in the
multiplicity of H-1' can be attributed solely to changes in the sugar ring
conformation. Such changes, if any, would also be reflected in the splitting
patterns of the other sugar ring protons. In CDCl, each H-2' appears as a
septet and a double doublet, respectively, whereas in DMSO-dg, these
protons appear as a quintet and a doublet of doublet of doublets. In
addition, in CDCly H-4' appears as a singlet and H-3' appears as a doublet
and the dihedral angle of one H-2' to H-3' is nearly 90°. On using DMSO-d,,
H-4' and H-3' appear as a quartet and a broadened signal, respectively.
The effects observed on changing solvent polarity are consistent with a
change in the sugar conformation, the cause of which is the formation of
an intramolecular hydrogen bond between the 5-OH and N-3. Such a
hydrogen bond is also expected to affect each H-5' resonance. As is
explained later this is indeed the case. In CDCl,, in order to establish the
intramolecular hydrogen bond a syn-conformation at C-1' and a 2'-endo
sugar pucker are essential for close proximity of the hydrogen bonding
atoms. Under these circumstances, H-1' has different dihedral angles to
each H-2'. In DMSO-d;, on the other hand, the hydroxyl protons can
hydrogen bond to solvent, resulting in a predominance of the 3'-endo
conformation, wherein the dihedral angles of H-1' with each H-2' are
nearly equal resulting in the observed splitting patterns (vide supra).

Due to the lower solubility of 1 and 2 in CDCl, small amounts of MeOH-
d, were added to enable the spectra to be observed (50 pL for 1 and 90 pL for 2
in 0.8 mL CDCl,). Under these conditions 1 [Figure 2(a)] and 2 (data not
shown) exhibit a double doublet for H-1'. The effect of solvent on the H-1'
multiplicity of 3 is shown in Figures 2(b), (¢) and (d). In CDCl,;, H-1'
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1: X =-NH, R=-H
2: X=-OH (asthe amide) R=-H
3:X=-Cl R=-H
13 X=-F R=-H
§: X=-OH (asthe amide) R =-OCOCF,
6: X =-NH, R = -OCOCH,
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6.52 €48 [ ¥ 640 636 632 &28
Figure 2

(a)H-1"of 1 in CDCI3; HI' of 3 in (b) CDCl3 (c) MeOH-d4 (d) DMSO-dg
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appears as a double doublet, in MeOH-d, the central signals approach
coalescence and in DMSO-d the signal is a distinct triplet.

Figure 3(a) shows the multiplicity of the C-5' protons of 3 in DMSO-d,,
whereas Figures 3(b) and (c) show the multiplicities in CDCl; and CDCl4
with a few drops of MeOH-d, added, respectively. In CDCl,, the coupling of
each H-5' with H-4' is very small (H-4' appears as a singlet at § 4.22 ppm)
and the individual C-5' protons appear as a doublet and a triplet,
respectively. In a rigid framework established by the 5-OH to N-3 hydrogen
bond, one H-5' has a large dihedral angle with the hydroxyl proton (~180°, J
= 10.8 Hz), whereas the other has a smaller angle (~40° and in the case of 4
the smaller H-5' to OH coupling is observed, J = 2.4 Hz). Addition of a few
drops of MeOH-d, results in loss of the hydroxyl proton coupling and the
resulting signals are a pair of doublets (Jgem = 12.7 Hz). Also consistent
with this hydrogen bond, in CDCIl, the 5-OH appears downfield (6 5.0 ppm)
as a doublet (Joy 5 = 10.8 Hz), while the 3'-OH appears at § 1.9 ppm. In
DMSO-d,, on the other hand, the 5'-OH appears as a triplet, indicating its
coupling with both C-5' protons. Further, both the 3'- and the 5-OH appear
downfield (8 5.4 and 4.88 ppm, respectively)!?, presumably due to hydrogen
bonding of both hydroxyl protons to the solvent. Compound 4 shows
identical spectral features as 8 in both CDCl; and DMSO-dg Table 1 shows
the chemical shifts and coupling constants of H-1'in 1 to 6.

Robins and Robins, in their initial paper describing anomer
determination by 'H NMR, have mentioned that substitutents on the
heterocycle or the sugar could alter the sugar pucker.’® This indeed is the
case. Compounds 5 and 6 show a triplet for H-1'. Acetylation or silylation
of the hydroxyl groups in 4 and silylation of the hydroxyl groups in 2 also
results in a triplet for H-1' in CDCl;, whereas the parent compounds
exhibit a double doublet.!® It is quite possible that inhibition of the
intramolecular hydrogen bonding results in a 3'-endo conformation in
these compounds.

Thus, in a solvent such as chloroform with a low dielectric constant (¢ =
5.62), intramolecular hydrogen bonding causes a predominance of the 2'-
endo conformation, resulting in the appearance of a double doublet for H-
1'. On increasing the dielectric constant to that of DMSO (e = 46.68),
intermolecular hydrogen bonding apparently becomes preferred, and a
triplet is observed for H-1' in DMSO-d.;. In addition to a variety of factors
such as anomeric configuration, substitution on the sugar hydroxyls and
the purine, attention must be paid to another variable, namely solvent

polarity, when using the H-1' splitting patterns for anomer assignment in
C-6 substituted purine-2'-deoxyribosides.
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Table 1: Chemical shifts and coupling constants for H-1" in 1-6.%

COMPOUND | SOLVENT | MULTIPLICITY | SHIFT (8 ppm) | J (Hz)

1 DMSO-dg | triplet 6.34 7.8
CDCl, double doublet 6.25 9.2,5.5

2 DMSO-dg | triplet 6.40 6.6
CDCly double doublet 6.26 8.3,5.8

3 DMSO-dg | triplet 6.46 6.5
CDCly double doublet 6.40 9.3,5.6

4 DMSO0-dg triplet 6.48 6.5
CDClg double doublet 6.41 9.5,5.5

8 DMS0-dg triplet 6.41 6.6
CDClg triplet 6.42 7.1

[ CDClg triplet 6.40 6.8

*Spectra were recorded at 300 MHz.

Note : Compounds 1-6 were prepared through published procedures.1213
Compound 1 : 2 mg were dissolved in 0.8 mL CDCl;and 50 pL. MeOH-d,, 128
scans were acquired with a line broadening of 0.5.

Compounds 3 and 4 : 1 mg of each compound was dissolved in 0.8 mL
CDCl,, 128 scans were acquired with a line broadening of 0.5.

Compound 2 : A saturated solution was prepared in 0.8 mL CDCl; and 90
uL: MeOH-d,. Usually a large number of scans are needed for a good
spectrum with a line broadening of 0.5.

Compounds 1 to 4 : 2 mg of each was dissolved in 0.8 mL DMSO-dy 128
scans were acquired with a line broadening of 0.5.

No resolution enhancement was used while acquiring data for these
compounds and all spectra were obtained at room temperature.
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