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ABS TRACT

A p roton magnet î c resonance sTudy of 2t -0 methy I

uridine (Um) and 2t-0 mefhyl cytidine (Cm) {and a first

order sfudy of 2t -0 methy I adenos i ne ( Am) ] has been

carried out în aqueous solution, and at both ambient

and h i gh tempe ratu re.

Um and Cm are shown to exist in the anti conformation.

They both exisl in u C(2,) endo# C(¡,) endo equi I ibrîum

with a slight shift towards the C(¡,) endo mode. The

gauche-gauche rotamer is preferred by the exocyclic

CH20H group.

2t-0 methylaÌion is shown to have litlle effect

on the furanose conformat ion and the popu I ation of

exocyc I i c rotamers aboul th" C( 4,) - C( 5,) bond of

adenos Ì ne.



TABLE OF CONTENTS

CH AP TER

I INTRODUCTION

I I CONFORMAT I ONAL STUDY OF NUCLEOS I DES

A. P I anar i ty of the Base

B. Sugar-base Torsion Angle

C. Puckering of the Furanose Ring

D. Conformat i on of the Exocyc I i c CH20H

I I I EXPERIMENTAL

IV RESULTS AND DISCUSSION

A. 2tO Methyl Uridine vs Urîdine and Deoxyuridíne

l. Spectral Assignment

2. Anomeric Configuration

3. Sugar-base Tors ion Ang I e

4. Puckering of Furanose Ring

5. Exocycl ic Conformation

6. Long Range Coup I i ng (4 J1,3t )

7 . Methoxy I Con format i on

B. 2t-O Methyl Cytidine Vs Cytidîne and Deoxycytidine

l. Spectral Assîgnment

2. Anomeric Configuration

3. Sugar-base Tors i on Ang I e

4. Puckeri ng of the Furanose Ri ng

5. Exocycl ic Conformafion

6. Long Range Coupling (4Jl,i,)

7 . Methoxy I Con format i on



VI

C. 2t -O Methy I Adenos i ne vs Adenos i ne and Deoxyadenos i ne

V CONCLUS ION

V I SUGGEST I ONS FOR FUTURE RESEARCH



vit

LIST OF FIGURES

FIGURE

la Struc-lura I f ormu la of Urid ine ( U)
and Cytídîne (C)

PAGE

2)

I b Strucfu ra I formu I a of Adenos i ne ( A) ,
Guanosine (G) and Thymidine(T). 4

Structu ra I formu I a of 2t -0 Melhy I

Uridine (Um) 2t-0 Methyl Cytidine (Cm)
and 2t -0 N4ethy I Adenos ine (Am). 6

I I lustralion of the Torsion Angle in
a pyrimidine or purine nucleoside. 13

Cyc I e of Pseudorotaf i on ( CYCL0PS )

for f uranose sugars. l1

The Three Classical Rotational lsomers
anound the C(4,)-C(5,) bond of Nucleosides 20

The E

S îmu I

28" C

xperîmental and Compuler-
ated 100 l4Hz Spectra of Um at

2B

The Experîmental and Computer-
S imu lated 100 N4Hz Spectra of Um at
60 0 c

The Exper i menta I and Computer-
S î mu I aled 220 MHz Spectra of Um at
28" C

29

30

Specîfic
þ and Qr

ation of the dihedral angle
43



vil ¡

F I GURE

I 0 The Experi menfa I and Computer-
Simulated 100 l41z Spectra of Cm af
28" C

I I The Experî menla I and Computer-
Simulated 100 l41z Spectra of Cm at
600 c

l2 The Experi menta I and Computer-
S i mu I ated 220 MHz Spectra of Cm at
29" c

l3 The Experimenta I and Computer-
S ímu laled 220 l'ttïz Spectra of Am at
Amb i enf Temperatu re. 65

l4 The Three Classîcally Staggered
Con formal i ons of 2t -methy I aled Nuc I eos i des
about thu C(2,)-0(2,) bond

PAGE

50

5t

52

46



iX

L I ST OF TABLES

TAB LE

I Chem i ca I Sh i fts and Coup I i ng Constants of
Um, U and dU

PAGE

3l

2 Chemi ca I Sh i fls and Coup I i ng Conslanfs of
Um at 28" C from lO0 MHz and 2OO MHz
S pectra . 32

3 Rotamer Popu I ati ons for U, Um and dU. 4l

4 Chemi ca I Sh i fts and Coup I i ng Constants of
Cm, C and dC

5 Chemîca
Cm at 2
Speclra

I Sh i fts and Coup I i ng Constants of
B" C from 100 MHz and 220 MHz

53

54

6 Rotamer Popu I ations of C, Cm and dC. 60

7 Chemi ca I Sh i fts and Coup I i ng Consfants
of Am, A and dA al Amb îen-f Temperature. 66

8 Dîf ference in Shifts of H( l,), H(2,) and
H(3,) in (X-Xm) pairs. :' .' . .': 68



CHAPTER

lntroduction



2

INTRODUCT ION

The involvement of nucleic acids in oenetics has

been well acknovlledged and has stimula-led an active research

in nucleic acids in recent years.

Nucleic acîd can be visualized as a single sf randed

copolymer of nucleotîdes that contain main ly five hetero-

cyclîc bases (adenine, guanine, cyfosine, uracîl and

thymine), a D-ribose or D-deoxyrîbose atlached to the

N(9) of the purines and N( l) of the pyrimidines, and a

phosphafe group altached to the 3t pos i tî on or the 5t

position of the penlose. The sfruclures of the five

basic nucleosides are shown in Figure l.

DNA (deoxyribonucleic aci d) contaî ns four major

nuc I eos i des: deoxyadenos i ne, deoxyguanos i ne, deoxycyti d i ne

and deoxythymidine; while RNA contains the four major

nucleosides: adenosîne, guanosine, cytidine and urîdine.

The basic polymeric slructure can be modified by the

addition of substituents at specìf ic locatîons. Such

modificatîons give rise to a class of nucleosides known

as minor, or modif ied nucleosides.l

The fîrst modified nucleoside, 5-methylcytidine, was

detected by Hotchkiss in 1g48.2 Sîn." lhen, five modified

nucleosides in RNA have been idenfified. Most of the

recent research on nucleic acîd has been centered on t-RNA.

The complete sequence of fifteen t-RNA species are known.

Many modified nucleosides have been detected in l-RNA;



F î g u re I a

Structural formula of Urîdine (U) and

Cytidine (C).
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most of these minor nucleosides are in the methylated form,

either in the bases or in the 2t-0 region of the sugar
7

r i ng. - The structu res of Um, Cm and Am a re shown i n

Figure 2.

2r-0-Me Adenosine was f irst isolated by Smith and

^45lJunn in 1959 from RNA of wheal germ and ral liver. Hall-

a lso iso lated 2r-0-l4e A, 2t-0-Me G, 2r-0-tr4e U an d 2t -0-Me C

later in 1963. These 2t-0-methylated nucleosides were also

found in bacterial and mammalian f issues; the -lotal amount

of 2t-0-methylated nucleosides in mos-f analysed samples is

of lhe order of l% of the tota I nuc I eos i d"s.6

The 2t-0-methylation of the four principal ribo-

nuc I eos i des i s non-random. Each of the ?t -O-methy I -

nucleosides is non-randomly distributed with respecl to

the norma I r ibonuc leos ides in s-RNA and r-RNA .J ,8,9

Methylalion of t-RNA is believed to occur at the

polymer leuel.l0 Methylases have been isolated from

many organisms and lheir specificity found to be very high.

This specificity suggests that methylation must play an

împorlant role in the biological activity of the t-RNA,

probably În genetics and stabîlization of the three-dimensional

conformation of the t-RNA molecule as a whole.ll,l2,l3

But, how the methy I group i s affecti ng the acti vi ty of the

t-RNA at the molecular level is still obscure. lt was

suggested that the 0-Me group located at the Zt posîtion

of a ribonuc leos ide prevents the -0H group f rom parlicipa-ling
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Slructural formula of 2t-0 f,4ethyl Urîdine (Um),

2t -0 Melhy I Cyt id îne ( Cm) and 2t -0 N4ethy I

Adenos i ne ( Am) .
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in chemical reaclîonr,l4 f or example, f ormation of

cycl ic 2t-31 phosphale intenmediate during enzyme hydrolysis,

thus enzymes I i ke pancreati c RNase canno-f hyd ro r yse bonds

formed between 2t -0-Me-U-Jr phosphate or Zt -0-Me-C-Jt phos-
6phate and fhe 5t-hydroxyl of an adjacent nucleotide.

For the same reason, existence of a I I the s ix-leen poss ib le

alkali-stable dinucleosides in alkali hydrolysafes of

ri bonuc I eales from wheat g"rrB and ch I ore I I a9 huu" been

documenled. The stability of lhese dinucleosides is

altri bufed to the occurrence of lhe 2t -O Me ri bose

residues in lhe ribonucleate chain. The zt-0 lr4e substítuent

has been found to sfrongly i nhibil the rate at which snake

venom phosphodiesteFase hydrolyses the i nternucleoside-

phosphodiester bond in alkal i-slable dinucreoside phosphafes.T

Methyl-deficient t-RNAs have been studied by different
, l5-t6workers -' - and found to have significant differences

in coding properties from normal t-RNAs.

under methy I ated t-nrunPhu has been exam i ned to determ i ne

its amino acid-accepTing capacity and found considerabry

less reaclive than the normal t-RN4Phe in E.col '.17, lB

So far, no firm conclusion concernîng lhe three-

d i mens i ona I structu re of t-RNA i s known. Some workers

have s-lud i ed the sfructu re of po I y-2r-OMe adeny I i c ac i d

at ac i d i c and neutra I pH.l9 '20 Doubt has been ra i sed
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concerning the hydrogen bond donor capacity of the 2t-0H

group as an essential requirement for the increased stabîlity

of oligo- and polynucleolides relative to the deoxy-compounds.

Comparative experiments with 2t -0-methyl ol igo- and poly-

adenylic acîd and the respective unmethylated compounds

have been carried ort.l4

However, I fee I that i n order to undersfand the rol e

of methy I ated nuc I eos i des i n t-RNA we have to start af

the monomer I eve l, study i ng the three-d i mens iona I structure

of 2t -0-methy I aled nuc I eos i des as compared to unmefhy I ated

nucleosîdes. Then, hopeful ly, these would lead us to more

înformation about the structure of the dimer, trimer and

the polymer.

ln this fhesis, the three-dimensional structure of

2t-}-methyl uridine (Um) and 2t-)-methyl cytidine (Cm),

(partial analysis of 2r-O-me Adenosine (Am) is included),

are inves-lìgated using high resolution PMR.x

The -l-hree-dimens iona I structure of these compounds

can also be studied by other techniques like circular

dicroism (C.D. ), oplical rotatory dispersion (0.R.D. ),

X-ray diffnaction, and ultra-violet spectroscopy (U.V.).

A large number of works in th is f ie ld at -lhe monomer and

d î mer I eve I s have been done i n recen-f years. Holvever,

many I imîtations in these lechniques cause a number of

drawbacks in obtaining information about the three-

dîmensional structure. For example, X-ray diffraction can

only be appl ied to investiqate the structure of ribonucleosides

x Proton magnetic resonance



in crystal I ine form which may deviate from the compound

existing in biologîcal systems. 0.R.D. and C.D. cannot

gi ve i nformation about ri ng puckeri ng of lhe sugar.

ln recent years, PN4R has provided a very usef u I too I

for studying structures and conformations of macromolecules,

molecular interac-lions and molecular proc.r="=.21 lt has

proved lo have a number of advantages over 0. R. D., C. D.

and X-ray i n conformalîon determi nation.

The sludy of the three-dimensional structure of Um

and Cm was based on the (a) sugar-base-forsion-angle (SBTA)

or glycosidic angle between the sugar and base; (b) lhe

puckering of the furanose ring; and (c) the exocycl ic

conformat i on. These featu res a re compa red between

2t *O-methy I ated and non-methy I ated rî bonuc I eos i des.



CHAPTER I I

CONFOR¡4AT IONAL STUDY OF NUCLEOS IDES



Conformationa I Sludy of Nuc I eos i des

A. Planarîty of lhe Base

The planarity of the base moiety of common nucleosides

and nucleotides has been studied extensively by X-ray

diffraction. lt is now known fhat the ring atoms of the

bases lhemselves are mostly coplanar with displacement

less than O. I Ã.22 However, the C( I t ) alom is usua I ly

found to be dîsplaced from the base plane by 0. I to 0.2 Å.



B. Sugar-base Torsion Angle

There is a h i ndered rotat ion be-lween the base and the

furanose ring about the CN glycosidic bond, that is,
C(lt) - N(9) bond of purine nucleosides or CIr) - N|)

bond of pyrimidine nucleosîdes. Dong¡¡s and Trueblood

f irst def ined the sugar-base torsion angre to descrîbe

f he or ientat ion of the base mo ie-ly w îth respect to the

pentose ,ing.23 The illustrafion of the sugar-base

torsîon angle is shown in Figure 3, following the def inition
of Donohue and rrueblood. The lwo conformations ascribed

to nucleosides and nucleotides are defined by two ranges

of the torsion angle,OcN, - ioo for the anti conformarion

and + l50o for -lhe syn conformation. They both have a

range of +45". lt has been found lhat most of the

pyrimi d î ne nuc leos i des are i n the antî conformatîon i n

aqueous solution. ll is suggested recenlly that the prîrne

factor lhat determ i nes the ant i and syn conformat i on i n

pyrimidine nucleosides is the non-bonding interaction

befween the base subst î tuenl at lhe ortho-pos i ti on and

the pentose ring. Thus, subsfituting a bulky group in

the c(6) pos i t ion, for examp I e, 6-methy r uri d in.24 can I ead

to a sfrong van der waa I s contact belween lhe 6-methy I

and -lhe 5 r -cH20H group or r ing protons i f the mo recu re

remains in the anti conformatîon. This strain can only

be re I ieved by assumi ng a syn conformation i nstead.

The three most common physico-chemical methods used

to obtain information about the torsion-angle of nucleosîdes



Figure 5

I I I usfration of the torsion angl e i n a

pyrimidine or purine nucleosîde (after

Haschemeyer and RicrrT6). The tors îon

angle OCN is the díhedral angle between

the p I ane of the base and the p I ane formed

by fhe C.,) - 0.,) bond of the f uranose

rî ng and fhe C. ,) - N. ,) bond. The ang l e

ís zero when 0.,) lies directly in front

of C(6,) [or Cf gl for a purine], and positive

angles are measured when C( l,) - 0( l,) is

rotafed in a clockwise direction when

viewing from C.,) to N.
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are X-ray diffraction studies on crystals, 0RD-CD studies

and NMR studies. 0nly the NMR studies are discussed în

th is f hes is.

Di fferent approaches have been used to obtai n i nformalion

aboul anli and syn conformation in nucleosides (nucleolides)

based on the NMR fechnique.

Schweizer, eï al24 huu" made use of the 2-kelo aniso-

tropic effect upon the chemical shifts of the ribose protons

to delermine the anfi and syn pyrimîdine nucleoside conformation.

The ribose protons of interest are H(lr), H(2r), H(5r) and

H(4r). They observe a deshielding at N(2t) (0.5 - 0.6 ppm)

and at H(3r) (0.15 - 0.2 ppm) in 6-methyl derivatîves of

several pyrimidine nucleosides which have syn conformation

i nstead of the norma I anti conformation. On the other hand,

a shielding effect on H(ll) (0.16 - 0.25 ppm) and H(4t)
(0.17 ppm) is observed. These experiments offer a qualitative

determination of syn vs antl conformation.

Dugas, el ul25 observe a similar deshielding effect

upon the H(2t) and H(3r) and a shielding effect upon H(4r)

in ß-cyanurîc acîd ribos ide wh ich has an cr-keto group in

the base lying over the ribose ring, that is, in the syn

conformat i on.

Prestegard and CLan26 rational ize the sl ight differences

in chemical shîfts of the H(6) protons in uridine, dU and

3tUmp on the basis thal the chemical shift of H(6) would

be sensitive to the variation in -lhe torsion angles due to

possible electrîc field effect and/or magnetic a¡risotropy
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ef fecr of the ether oxygen. Thus, by observing fhe variation

in the chemical shift of fhe H(6) proton in various pyrimi-

dine nucleoside derivatives can provide a quar îtatîve
method of determining fhe limîts of the torsion angles.

Hrus ku21 has suggested a way to determi ne anti and

syn conformalion in pyrimidine nucleosides by observing

the long range coup I i ng between the H(5) and H( r I ) protons
5(-J,,-) For coupling over five bonds, the most favorablet't

orientation of the palh connectíng Hf¡, and H¡,) is fhe

planar tzig-zagt path, vrhich only occurs in the anfi
conformation but not i n the syn conformafion. Thus, The

existence of such t,,,, coupl ing can be lreated as an

evidence of the anti conformation.
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C. Puckerinq of the Furanose Ring

ln the early sixties, C.D. Jardelzkyzg'29 was the f irst

fo study successf ully the conformaf ion of the f uranose ring

of nucleosides by applying Karplus relation especial ly to the

J l,Zr. Si nce then, the Karp I us re I atîon has been used

exrensrvery ro determine the f uranose conformation.f 0'31'32'35

C.D. Jardetzky and M. Smitf,52 propose twenty possible

conformations of D-ri bose and D-deoxyri bose i n nuc I eos i des

and nucleotides. Similarly, Hall53 et al propose twenty

possible conformations based on the conformational features

of the cyclopentane ring. They confine discussion only to

those fuFanose conformatÌons havî ng a symmetry re I ationsh i p

wifh the renveloper (V) and ftwisÌr (T) conformations. The

renvoloper conforme. nV or V,n has fhe atom n or m i n the endo

or exo posîtion respectively with reference to the remaining

four ring atoms. The ftwislr conforme. nT-^ has -lhe atom n
m

endo and m exo with reference to the ofher three atoms. Endo

ís def ined as being on -lhe same sîde of the C(+,) - C(5,) bond

and exo i s on the oppos i te s i de. These conformers are represented

by the CYCLE of Pseudorotation (Cyclops) i n Fîgure 4. Among

all these conformers, -lhe mosf unstable appear to be the ones

in which th" H(2,) and H(¡,) are eclip="d.34

However, on I y the i nterconvers i on between C (2, )-endo and

C,.,.,'-endo is discussed here due to the ambiguity involved in
\J ,/

the frealmenf of the rîng puckering as pointed out by Hruska

Vicina I coup I ing {3.lOU) of Ìhe f ragment Hn-C-C-Hg can

be related to the dihedral angle ö by the Karplus_

v¿.eT a I



Figure 4

Cyc I e of Pseudo rotat i on ( CYCL0PS ) fo r

f uranose sugars ( af -ler Ha I I et a 133). The

T and V designafe the Twist and enVelope

conformati on respecti ve I y.
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36 .37re laT ron:

(l) J - Jo Cos2q - C for Oo(O-<90

(2) J - JlB0 Cos26 - C for 90"(ô..(tBOo

For an unsubstiluted fragment, Jo - 8.5 Hz, JlB0 = g.5 Hz

and C - 0.3 Hz. The choice of lhe appropriate values of
. . I B0and J -- for di fferent subsfiluents i n the Hn-C-C-Hg

fragment I imîts the val idity of the Karplus relation

significantly. However, in spile of these I imitations, the

Karplus relation has proved to be very usef ul qualitatively

in determinîng the furanose ring conformations.

The coup I i ng constants of i nlerest are J 1,2,, J 2,3,
and J3,4r. From the observed values of these coupl ing

consTanfs, the ca I cu I ated va I ues of ö 1,2, , ö21 3, , ó3,4,

can be obtained usîng equations ( I ) and (z). Hruska et ur34

and Prestegard and ChunlB postu I ate that the observed

Jno and the calculated J.- values are only lime-averages,AEJ AU

thal is, the ribose exîsts in an equilibrium between -lwo

or more buckled forms. They suggest u C(2,) endo # C15,¡

endo equÌlibrium for uridine.
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D. Con format i on of the Exocvc I i c CHUOH

It has been suggerted34 that the forces in stabilizing

the r i bose-phosphate backbone of the po I ynuc I eos i des are

partly due to the rotatîonal barriers în the five exocyclic

bonds [Cr,r, - n r- - ^ ^ r\ - P, P - 0,\+') "(5t)'"(5r) "(5t)'"(5 , r3t)
and 0.-.. C. . I"(3r) - "(3')"

NMR has been appl îed to oblain înformation about fhe

conformation of the C(4,) - C(5,) bond by observing values

^! Iut J¡?qr.
n)

The lhree classical rotamers are shown în Figure 5.

Assum i ng fhe i nterconvers î on between these ro-lamers i s

rap id, the J 4r.,, va I ues give a weighted average of the

coup I i ng constants d ue to the th ree con formaf i ons . The i r

relative populations can be calculaled by the fol lowîng

equafions:-

(3) J4,5, = Pl Jgr * t! Jgr * Prt Jtrr

(4) J4,5,,= Pr Jgt * Pr Jtr = Prr Jgrr

where J and J* are the qauche and f rans coupling constanfs
Y'

and Pl, Pt t and Pl I I are the mole-fraction of each

rofamer. I f ,n and Jt remain constant for the di fferent

rotamersr equatîon (3) and (4) become: -

(5) J4,5, = rn (Pt + Pll) + JtPttt
(6) J 415rr = ,n (Pl * Pll l) * Jt P,

where ,n = 2.0 Hz and Jt = l0.l Hz. The calculations of

J_ and J- employ the Karplus relation wilh chosen valuesgï
of Jo = 9.21 Hz for O3 ô -tnoo and JlB0 = 10.36_Hz for
gO" t O å lB0o as suggested by Abraham e-f u1.39
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The three classîcal rotatîonal isomers

around the C(4,) - C(5,) bond of nucleosides.
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An oxygen-oxygen r epu l s i on i s expecled to occur between

0( l,) and 0(5,), thus increasing the angle between them in

rolamers I and ll. ln order lo tal<e this oxygen-oxygen

repulsion into account, an excess l5o should be al lowed
7Ê.

when the values of ,n and Jt are calculaTed."

According lo Hruska et al35 tne gauche-gauche con-

formation is more favorable in both U and aU and its

popul ation decreases w ith i ncreasî ng temperature.
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Experîmenfal

The unmelhy I afed nuc I eos i des t,vere obta i ned from

Calbiochem. A se-l of samp les of Um and Cm was a gif t f rom

Dr. D. Shugarx prepared accord ing to the synthetîc me-t-hod

of Janion "t ul.BB Another samp les of Um, Cm and Am were

gifts from Dr. H. Singhxx prepared by snake venom phospho-

d i esterase lreaTment of NmpN. The i nferna I reference,

DSS t,'las obta i ned from E. Merck, Germany. A I I these we re

used wilhout further purif ication.

Specfra of Um and Cm were ob-laîned on the Varian

HA- 100 NMR spectrome-ler at the Un îvers ity of Man itoba and

Varîan HR-220 PMR spectromeler at the Ontario Research

Foundation, Sherîdan Park, 0ntario. 0n ly 100 MHz spectra

of C was obtained, whi le 220 MHz spectra were obtained for

dC, A and Am.

The concenlration of each nucleoside used

I 00 MHz mach i ne was 0. I M DSS. The concentrat

220 l4Hz mach ine was 0.075 ¡4 w ith 0.075 M DSS.

adjusted to 7.0 ! 0.2 for the U and A derivati

! 0.2 for the C derivatives.

for the

ion for the

The pD was

ves and 8.0

The samples were freeze-dried three times with DZ0 to

reduce lhe HD0 resonance. High and low lemperature studîes

were carri ed oul for each nuc I eos i de us i ng the v-4341 /v-6051

Un i ve rs i ty of Wa rsaw
Whiteshel I Nuclear Research Establ ishment

*
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a¿-

variable temperature accessary wifh an accuracy to within

! 2.00c.

The spectra were ana lysed w îth LA0CN3 and LAi\4E

computer p rogrammes. The ass imu I ated spectra \^/e re p lof ted

by a CALCOMP 150/563 incremental pen plotter.
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A. 2I_O_METHYL URIDINE VS URIDINE AND DEOXYURIDINE
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I. SPECTRAL ASSIGNMENT

The exper i menta I and computer-s i mu I ated I 00 l4Hz spectra

of Um at 28" C and 60o C are shown in Figures 6 and 7. For

the sake of comparison, the 220 f4Hz spectra of Um at 28" C

is also included. (Figure B).

The chemical shif fs and coupling constants of U, Um

and dU at 28" C and 60o C as analysed from the 100 MHz

spectra are recorded în Table l. A comparison between

data obf a ined f rom 100 l41z and 220 l4Hz f or Um at 20" C

is shown i n Tab le 2. The sh i f ts and chem ica I cons-lants af

28" C analysed from the 100 and 220 MHz spectra agree wel l

with each other within experimental errors.

The initial spectral assignments of lhe Um and dU were

based on the 100 and 220 MHz spectra of U i n aqueous sol ulion

discussed elsewher".40 Th" shifts of U are practical ly

independent of -lemperature from 23" C to B0o C. Um also

shows I ittle dîfference in shifts ( Iess fhan I Hz) except

for H(ot) (4.l¡z), Hr,) (r.4Hz) and lhe methyl signal
( 1.0 Hz).

Since the spectrum of Um at high temperature has better

reso I uf ion, -lhe d îscuss ion on spectra I ass ignment w i I I

ma i n I y base on the spec-f rum at h îgh temperatu re.

The doublet at 1.908 ppm is assigned to fhe HtOl

proton of the pyrimidine base which has the same spl ilting

as the Ht¡l proton signal which appears as a doublet al

5.904 ppr. The H(Ol pro-lon is assigned at a lower field



Fiqure 6

The experi menta I and computer-s i mu I ated

I 00 MHz Spectra of Um at 28" C.
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FÌgure 7

The experi menla I and Computer-s imu I ated

100 MHz Spectra of Um at 60o C.
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Fiqure B

The experimenfal and compufer-sîmulated

220 MHz Speclra of Um at 28" C. Two

spinning side bands (S.S.B.) are indîcated.
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TAB LE I

Chemi ca I Sh i ftsx and Coup I i ng Constanls of Um, U and dU

x RelaTive to internal DSS

xx Data for dU are obtained from T. Schleich et ul.89

Um (100 MHz) U( 100 MHz.) dU (220 f4Hz)Nx

28" C 600 C 23" C 600 C ?3" C

U
"(6)
U
"(5)
H( 

r ')
LI

" (2, )

H(i')
U
"(4t)
U
"(5t)
H(5,,)
N4

1.908 7.86t
5.904 5.901
5.911 5.963
4.052 4.041

4.342 4.334
4.1t2 4. |0
3.922 3.913
3.813 3.808
3 .509 3.5 I 9

7.886 1.838
5. BB3 5.9 I B

5.90t 5.901

4.340 4.348

4.221 4.222
4. t21 4. t22

3.907 3.890
3.803 3.198

1 .840
5 .859
6.255

11 2 7AO

2ü 2.407
4 .434
4 .030
3 .816
3 .7 4l

J__)t)
J_ 

^5t,
J r, z,

J 2r 3,

J 3,4,
J 4, j,
J 4, 5,,
J 5,5,,
Jr' jt

4.0

5.4

0.40
4.2

5.6

5.9
2.9
¿.7

-t2.8
0 .28

5.6
z^

4.4
-12.1

0 .35

B. t

4.8

5.2

B.I
0 .35
5.1

5.2

a¿.
)o

¿.4

-12.1

5.1

3.3
L^

-t2.6

0

| 12t 6.5
lt2n 6.1
2t 2r - l3 .9
2t 3t 6.8
2ft31 3.5

4.0
3.4
5.t

-t2.6
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TABLE

Chemical Shif-lsx and Coupling ConstanTs of
28" C f rom I 00 l'4Hz an d 220 MHz S pect ra .

100 MHz 220 VtHz

Um at

Utt, -,(b)

U
"(5)
Hil')

H (2,)
U
"(i')
LJ

"(4t)
tl
"(5t)
H(5,,)

¡4

J | ,2,

J 2,3,
J 3, 4,
J4,5,

J4,5,,

J5,5,,

1.922

5.908

q oof

4.01 I

4.352

4. t 19

? ozz

3 .820

3.53t

¿.ñ

qL

qo

?a

4.3

-tt a

3.95

5 .45

o-zo

2.99

a 21

- l3 .05

7.908

5.904

5.971

4 .052

4 .342

4.tt2

3.922

3 .813

? qaìO

x Relafive to internal DSS.
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than the Hf ¡l because of -lhe elecfro-negativity of the

Nf , which is closer to H(6), -lhus deshielding it.

The doublef of Htf l is actually a doublet of doublets

wifh a small 5',1,5 spliTting of 0.4 Hz. This was

verif ied by some double resonance experiments. Or.U

spl ÎttÎng is not observed because of unfavorable orîentalion

of the bonds, lhat îs, lhe path connecting H(t,) and HtOl

i s not zi g-zug.4 |

The doub I et at 5.963 ppm i s ass î gned to H( | ,) . The

peaks are broad wîth no obvious spl îtting. This can be

explaîned by the fact lhal the H(1,) in furanoid derivatives

can couple wîth each of the furanose hydrog"nr.42,43

The H (2, ) profon appears as a tri p I et and resonales.

atan unusually high f ield at 4.047 ppm, overlapping part

of the H(4,) and H(¡,) signals, due to methylation of -lhe

2t position. This can be explained by studies of Narayanan
¿, ¿.and lyer' on methylatÌon on a carbon bearing a hydroxyl

group, that î s, mefhy I at i on of a hydroxy I . They found an

upf îeld shift of approximately 0.61 unîts for the methene

H upon methylalion of the hydroxyl of a secondary alcohol

The H(1,) triplet centres a-f 4.334 ppm. A 4J,,3,

spl ittîng of 0.35 Hz can be observed in the two outer

peaks of the triplet. Again this Orr,rr splîtf ing was

ver î f i ed by doub I e resonance expe ri ment.

The H(5t), H15,, ¡ and H(4,) protons f orm a ABX system

w ith H ( 5, ) centres at 3.913 ppm, H ( 5,,) u+ i.809 ppm and



3+

H(4,) at 4. I l0 ppm. No altempt is made lo assign the

5t-me-lhy lene hydrogens. However, Ha I I et a 145 und

Lam Ì e u*46 have attempted ass i gnmenï i n other î nslances.

The mefhy I protons appear as a s î ng I et at 3,519 ppm.

Th i s ass i gnment for the o-methy I group i s based on the

spectra I ass i gnmenls for o-melhy I groups i n mono-methy I ated

D-hexoses by G ros el al .41

The H(ol of um is abour zHz downfîerd rerative to that
of u. Since the difference is small, il reflects that fhe

sugar-base torsion angle is not much differenf between u

and um, otherwise i-l would have shown up in the shift of
the HtOl prolon as suggested by prestegard and Chan.4B

The ef f ect of -rhe 2-0-rvte group on the , (r, ) is

obviously diamagnetic (approximately 30 Hz) and in agreement

with observaTions of Narayanan and ryu144, buf paramagnetic
(approximately l0 Hz) for H.,) and H(3,) and negl igible
for H(4t), H(5,) and H(5',).

The sh i f t of the H.,) p rof on of dU is abou t 0 .35 ppm

downfield as compared lo thaT of u. This was explained
by Gat I i n and Dau Ì =49, and r'ro50 as an e r ectrostatî c

shielding of H(1,) due to substilution of a hydroxyl

group for a hydrogen at C(2, ) so that the OH group is

cis to H¡t). This tcls-oHr ef fect is also seen în the

downfield shift H( l,) in au (0.246 ppm)x due to the trans

x relative lo the corresponding proton shifts in U.
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0H instead of CIS 0H (data oblained from J. Daltonts

masterrs thesis). This cls 0H shielding effect is further
supported by the upfield shift of H(j,¡ proton in aUx

(approximafely 0.1 ppm) because lhe 2t-OH now is CIS to

H(¡')'

The upf ield shîf t of H.,) in Um is 0.28 ppm relative
to the corresponding proton in du. This courd be due ro

a shielding effect of the rClS-OHf group în fhe Zt region

similar to a rClS-0Hteffect. However, this tClS-OMEt

shielding effect on fhe H( l,) proton seems fo be sl îghtry
less than -lhaf of the tC lS-0H t ef f ect.

The H(¡,) prolon in Um is shifted 0.092 ppn upfield

relative to du, showing a negl igible rtrans-o-Mer shielding
effect while H(j,) in U is shifted 0.213 ppm upf ield

relative to du. Thus,it seems thal the shielding effect
of the 2r-0-Me group on the H(j,) is less than thal of the

2t -OH group.

The shifts of H(4,), H15,¡, and H(5,,) of um are

vîrtually unaf f ected by 2t-o-l'4e group (0.02 ppm relative to u).

2. AN0MERt C C0NFtGURATt 0N

Estab I i shment of anomeri c conf i guration by compari son
5l qtof the H¡ ,) chemical shif l'' and J 1,2r" of the o¿ and ß

anomers have met w i th some s uccess.

x relative to lhe corresponding profon shifts in U.
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I n the ß anomer, the H( I ,) proton î s trans to H (2, )

and cis to 2t-OH. Due to the shielding effecf of cis 2t-OH

on H.,), *" should expect an upfield shift of H(1,) relative
-lo that in o anomer. A survey of a variety of cu and ß

anomers of furanoids, 52' 53' 54' 55indicates an upfield

shift of 0.22 - 0.30 ppm for Ìhe H( l,) goinq from a fo ß

anomer. Since the H.,) shift belween U and Um is less

than 0. I ppr, we can confi dently assign the Um bei ng sfudied

to be the ß anomer.

Comparison of J¡,2, to dîstinguish a and ß anomers is

also feasible buf less satîsfactory due to lhe I îmitatîon

of the Karp I us rel ations. Lemieux and Lî nebuck56 .oncl uded

thaf the anomeric assignmenf can be considered definitive

only when the vîcinal coupl îng is less than I Hz" However,

lhe J lrZ, f or Um is 4.2 Hz, theref ore, assîgnment of the

anomeric conf iguration by Karplus rela-lion is not attempted.
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3 SUGAR-BASE TORS I ON ANGLE

As mentîoned î n the previous Chapter, the prime factors

determi n i ng the anli and syn conformaTion are the non-

bondi ng inleraction between the ortho substifuent i n the

base and the ribose ring. Since there îs an ortho-keto

group i n each of Um, U and dU we can predict they shoul d

have the same favored range of sugar-base tors i on ang I e,

thal is, in the an-li conf ormation and the 2t-0Me group should

have I ittle îf any effect upon the sugar-base torsion angle

at the monomer I eve I

It Ìs suggested recently that fhe 2t-OH is not I ikely

H-bonded to the 2-keto of fhe pyrimidine base or even if

it is H-bonded, it should not have drastic ef fec-f on the

glycosidic conformatîon of the nucleoside5-7,58,59,60.

This provides further support forlhe notion that lhe 2tOH

might provide steric inferference ra'l her than chemical

bond i ng effect. Based on fh i s fact, we can be more conf i dent

în predicting that substituting 2tOH by 2r0i\4e should not

alter the glycosidic conformafion seriously.

According to Schweizer et al6l und Duagu.ï a162,

lhe syn and anti conformation of pyrimidine nucleosides

can be deTermined by making use of the 2-keto anîsotropic

effect upon ribose proton cherni,cal shifts, partÌcularly

those at 2t and 3t position. They found a deshielding at

H(2,) and H(3,) while a shieldîng at H.,), H14,¡, H(5,),

and H(5,,, when the nucleoside îs in the syn conformation.
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However, i n the case of Um, the effecf of 2t methy I at ion

is obviously diamagnetîc (: 0.3 ppm) for H(2,) and para-

magnelic for H.,) and H(3,) and negligible for t(r,) and H(5,,).

Prestegard and chun4E has suggested thaf the variatîon
in the torsion angles might be expected to resurt in smal I

variation of the Hrol shîft, because of its close proximity

to the ribose moiety. The Htol resonance of uridîne is

0.34 ppm downf i e I d from the correspond i ng resonance i n

uracil rhis shif I mosl likely arîses f rom an electric
field effect and/or magnetic anisotropîc effect due to some

group in the ribose moîety. sinc" H(6) ir closest to the

eÌherea I oxygen when i n the anti conformation, th is

etherea I oxygen seems to be the most I i ke I y cand i date.

However, lhe Htol în um is only about 2Hz downfield from the

correspond i ng proton i n uri d î ne, we expect the average

sugar-base torsion is not seriously perfurbed by lhe

methylation in the Zt posîÌion.

As anofher evidence thal Ìhe average N-glycosyl

conformation of um exists in -lhe antî conformation, we

can look af lhe long rang" 5J¡,5 coupling between the
q

Ht¡l and H.,) -J 
1,5 can only be observed if the path

from Htfl to H( l,) is tzîg-zagt which can only occur,when

the nucleoside exîsls in the anti-conformation.6S F.ot
5Table l, a -J¡r5 splî-fling of 0.40 Nz is observed at

60o C for Um and 0.35 Hz for U. Thes" 5r,,, coupling had

been verified by double resonance experímenls. This observatîon
is cons istenl w i-f h the f ormer argument that the um and u
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shoul d have the same preferred range of sugar-base torsion

angle, fhat is, anti conformalion.

/¡,. Conformation of the Furanose Rinq

As mentioned î n the prevíous Chapter, an estimation

of fhe ribose puckering can be obtained by Karplus treat-

ments.65-68 However, on I y fhe 2t endo and 3t endo cases

ane d i scussed he.u.64 Th" J 1,2, and J 3,4r coup I i ng constants

provide a means of moniforing the average conformation of

the ribose ring.

Smith and Jardetrky69 huu" suggested twenty possib le

conformalions of D-ribose and D-deoxyribose in nucleosides

and nucleotides. Theoretical values of J1,2, and J314,

when the ribose ring is in the 2t endo conformation are

8.6 and 0.4 Hz respectîvely; whi le J1,2, and J5,4, in

the 3t endo conformalions are o.4 and 8.6 cps respeclively.

However, fhe observed J 1r2r of U, Um and dU are 4.8, 4.0

and 6.6 Hz (average of J lr2, and J i,2,, Íor dU) respeclively

at 23" C; J 
31 4r of U, Um and dU ane 5.4, 5.9 and 4.0 Hz

at 23" C respectively. The only reasonable explanation is

-lhat lhe molecule is not f ixed in a particular conformatîon

but exists in a dynamic equi I ibrium beTween -lwo or more

buckled fo.r=.51 This equilibrium must be such that during

interconversion the substituenls at the 2t and 31 positions

pass Through the ecl ipsed conformation. Ther efore, it

appears that U, Um and dU have time average ribose conformers



intermedi ate between 2r-endo and Jr-endo. Compari ng the

J , ,,, r and J =, n, va lues of U and dU, U f avors the 3t endo

mode whi le dU is shifted towards the 2t endo conformation.

From the minor changes în Jlr2, and J3,4, of Um f rom U, it

appears that a slight shif t towards f he C3, endo mode is

possible. lt thus appears that methylation at the 2t position

has no large barrîer to the pseudo rotaf ion motîon or the

conformer weighings in the equi I ibrîum blend.

5 Conformaf i on of the Exocyc I i c CH20H Group

Using the observed values of J4r5, and J4r5,,, the

relative populations of the three classîcal rotamers of

Um are calculated from equa-lions (5) and (6) and shown

in Table 3.

Both U and Um show a p reference of the qauche-gauche

rotamer both at ambient and high Ìemperature while dU

shows only a I ittle preference of the gauche-gauche

rotamer over the gauche-trans rotamer. At 6Oo C, fhe

re latîve popu lalions of the rolamers seem -lo be on ly

slightly dif f erent.

Comparîng Um with U, iî is obvious thaf 2t-O-methylation

only has little ef fect on the relative populatîons of lhe

exocycl ic rofamers.
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TAB LE 3

The calcu lated relafive
classical isomers around lhe
U and dU.

T"C D,l

popu I atiom of the three
C( 4' ) -C( 5' ) bond of Um,

Þ I
D'rr

23"

B0 0

29"

600

23"

800

0.60

0 .52

0.6t

0.58

0 .45

0 .35

0 .29

0 .32

0 .28

0.50

0.38

0 .43

0. I
0. t6

0. tr

0. t2

0. t]
0 .22



4Z

$. Long Range Coupting [4J,rrr]

A long range couplîng between H(1,) and *(r,){4J,,r,)

has been observed in the t(j,) region for Um. (0.28 cps

at 28" C and 0.35 cps at 60o C).

Since u 4J,,3, îs observed in lhe H(j,) region in Um,

a simi lar spl îlting should be expected în U, since the

vicinal J suggests simi lar structure. However , 4J 
r,3, is

not resolved în U. A proposed explanalion îs that fhe

presence of a 2t -o methy I group can make fhe o, 
r, rr coup I i ng

resolvabl e at least in the 3t region by virlue of ils shielding

ef fect on H(2,) and deshielding ef fecf upon H(j,). Thus

creating a loosely coupled spin system.

The Or 
r,rr splitting is not observed in the H.,)

region may be due to the fact that lhe H( l,) resonance of

furanose derivatives îs spin-coupled to every one of the

other ring protons .lo,ll

This kind of long range coupling across four bonds is

common among carbohydrate deri vati ve t.12

Barf ield73'J4 has made a theorelical study in fhe four
bond I ong range coup I i ng by referri ng to a H-c-c-c-H I p ropane

f ragment. Figure g. Calculations of 4¡ ,, , has shown thatHH'

the maximum absol ufe val ue occurs when the arrangement of

fhe four bonds is in a coplanar al I trans or iWr manner,

that is, ö = ö = lB0o and the sign is posîtive only withîn

a narrov/ range of the d i hedra I ang I es near the cop I anar
rWr arrangement.
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Specif ica-lion of Ihe dihedral angle 0

and Ot (after BartieloT5). Bofh angles

are measured cl ockw i se from the Ct - CZ - C3

p lane.
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This planar tWt relationship is also seen in 4Joo,

for a number of pyranoi d carbohydraTes. I t has been reported
1) Lby Hal I '' that -,"", (l , i diequatoriar orientation) coup I ing

occursextensively and varies in magnitude f rom 1.2 lo 1.6 Hz

and al I signs determi ned are positive. Those protons that
do not have a p I anar rw? arrangement have been reported

to show four-bond long range coupling arso; for instance,
L'J^- ( l, 3 axi al-equatorial) with values of J f rom -0.4 toud r

-0.1 H7 and possibly Oruu |, 5 diaxial ) orientations.

It is unwise to compare the or,,r, ,n Um with that
observed in pyranoids since their signs are not determinable.

However, il is interesting to nole that the H¡,) and H(j,)
in furanose syslem bear a quasi-equatorial-axial relationship
in boTh 2t endo and 3t endo puckered conformatîons.
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7. 14ethoxyl Conformation

Due to îfs proximity lo lhe adjacent phosphate group

in polynucleotide, ît is highly possible that the 2t-o fr4e

group can play an importan-f role in stabilizing the ribose-
phosphale backbone, probab I y lhrough i fs steri c effect.
ln view of this, eValuation of the favored orientation of

the methyl group abouf the C(2,) - O(2,) bond is of

consi derab le i nferest.

The three classical rotamers abouf th" C(2r) - O(2,)

bond are shown in Figure 14. I n rotamer l, the c (methyl )

and H(2, ) are gauche fo each other and we can see from

space-filling models that there is a close conlact between
-lhe 2-kelo oxygen of -lhe base and the methy I hydrogens.

ln rotamer I l, the c (methyl ) and H(2,) are agaîn orienfed
qauche but fh i s ti me a c I ose contact between the methy I

and the 3t-0H group arises. rn rotamer I I l, the c (methyl )

and H(Zr) are -lrans oriented. However, in this trans

rotamer, the movemen-l of the methy I gnoup and rhe pseudo-

rolation motion of the sugar residue are severely restricted
by a number of intramolecular contacts. Thus, we are

inclined to think that the gauche rotamer I and ll wîll
prevail în solution.

A qual itatîve information about the stereochemistry

of the methoxy group may be obfained from the narrow I ine

w i dth of the methy I peak ( 0.6 Hz) . I n the trans rotamer

I I l, a p I anar zig-zag path connecti ng H(2,) and the
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The -lhree classical ly staggered conformations

of 2t-me-lhylafed nucleosîdes about the

c(2,) - o(2,) bond'
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meÌhy I hyd rogens îs encounte red du r i ng -rhe cou rse of
rotat i on of the methy I group . Thus a four-bond coup I i ng

across -lh. H(2,)-C(2,i0-C(methyl)-H is not unexpecfed.
¿.Any 'J 

Z, ^ 
coup I ing must be less -lhan O. I Hz because of

the narrow I i ne w i dth observed. The abs Lence of a 'J2r.n

coupl ing suggesls a low probabi I ity for the frans
conformer. However, exper i menta I data concern î ng the

four-bond coupling across H-c-o-c-H f ragments are

I i m i ted and we fee I no acceptab r e statements of ste reo-
chemlcal requirements for a large Orr,^ coupling can be

made af this stage.



B. 2I _O ¡4ETHYL CYTIDINE VS CYTIDINE AND DEOXYCYTIDINE
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l. Spectral Assignment

The observed spectra of cm at 28" c and 60o c are shown

in Figures l0 and ll, each accompanied by a computer-simulated

speclrum. The 220 I,4Hz spectrum of Cm at 28"C is also

included for lhe sake of comparison. (Figure l2).
The chemical shif ts and coupling constants of C, Cm

and dc at 25" c and 60" c as analysed from the roo r4H1

specf ra are shown in Tab le 4. Data f rom the l0o [4Hz and

220 MHz spectra are included for comparison. (Table 5).
These data oblained f rom separate specl'ra agree well wif h

each other withîn experimental errors.

The analysed 100 MHz and 220 [4Hz spectra of U in
aqueous solutîon40 are used as a guide for inîtîal spectral
assignments of cm, c and dc. There is no difficulty in the

assignment of the c spectrum since the z2o MHz spectra of
C and U are very similar.

As in Um and U, the chemical shif ts and coupling

constan-fs of cm show I i ff I e dependence on the temperature

between 28" C and 60" C.

The f ollowîng discussion in spectral assignments of
cm are based mainly on the high-Temperature-spec-lrum.

The doublet at 1.831 ppr is assîgned to the Htol proton

of the pyrimidine base. Th" H(¡) proton appears as a

doublet at 6.607 ppm with a same splitlîng as in the Hf Ol

doublet.

Si nce the Nt I I is closer to HtOl than H(5), the HtOl
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The experimental and computer-simulated

I 00 MHz specfra of Cm at 2Bo C. Two peaks

are i denti f i ed as EtOH due to traces of

Ethano I .
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Figure ll

The experi menta I and compufer-s î mu I aled

I 00 MHz spectra of Cm at 60o C. Two sp i nn i ng

side bands are indicated as S.S.B. Two peaks

are i dentî f i ed as EtOH due to traces of

Ethano I .
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F i q u re | 2

The experi menla I and compufer-s i mu I ated

220 MHz specfra of Cm at 28" C. Two sp i nn i ng

side bands (S.S.B.) are îndicated.
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TABLE 4

Chem ica I Sh i f -isx and Coup I i ng Constants of Cm, C and dC.

Cm (lC0 [4Hz) C(220 MH z) dC (220 MHz)

2Bo C 600 C 23" C 65" C Aml .

Ull ¡ - t|.o/

Hr¡l
U"( r t)
H(2,)

H(3')

H(4t)

L
"(5t)
U
"(5tt)

¡4

1 .869

6.051

5 .915

3 .991

4.301

4.t02
z o?o

3.821

3.535

1.83t

6.061

5.969

3 .999

Á. )aq

4.099

3.925

3.816

3 .524

1 .851

6.054

5.9t2

4.315

4.2t5

4.142

7 A¿.?

3.828

7 .824

6 .016

5.913

4.324

4

4

3

3

220

144

933

826

6 238

453
304

448

01 I

otroo)L

112

2t
211

2
2

4

J_-)b

J5r'

Jr,z,

1l7l
Jt )

J 3, 4t

J4,jt

J 4,5,,
J 5r 5,,

J rtJt

3.6

5.4

0 .36

3.8

5.5

6.1

z.ö

4.4

-12.8

ñ 7¿.

6.3

3.0

LA

-12.9

0 .36

1.6

/^

) -l

1 .6

L)

5.5

lt2t 6.310
I | 2n 6.650

tl)tt -17 OA

2131 4.06
2n 3t 6 .350

3.900

3.650

5.050

-t2.49

6.0

A2

-t?.1

5.9

2l).1

4.6

-12.1

x Relative lo internal DSS, in ppm
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Chemical Shiftsx
100 i\4Hz and 220

TABLE 5

and Coup I i ng Constants of Cm at
MHz Spectra.

28" C f rom

100 MHz

IJll t -,(bl

n(5)

H( 
r ,)

H(2,)

H(i')
U
"(4t)
LI

"(5t)
U
"(5tr)

f\4

J r, z,
J 2,3,

'3, 4

J415,

J 4, 5,,

J 5, 5',,

J r, j,

1 .BB9

6.060

5.986

4.0 t I

4.3t3

4.t13

3.952

3.829

3.551

3.6

5¿.

6.1

ao
L.O

4.4

-12.8

200 MH z

1 .869

6.051

5 .915

3.991

4.301

4.102

3.938

3 .821

" 
Ãl\

3.6

5A

6.1

ao

4.4

-12.8

o .34

x Relative to internal DSS.
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therefore assigned at a lower fiel d lhan Ht¡1.
5A -J 

¡ r5 sp I itting of 0.36 Hz is observed in the Ht¡l
region lhus making il a doublet of doublets. As in um, a

L'J1,6 is not observed in lhe Htol region due to the absence

of a tzi g-zagr patf'41 goîng from HtOl to Ht¡1.

The doub let al 5.969 ppm îs assigned to H( I ,). The

H( l,) signal is again broad, as in Um. The H(2,) trÌplet
appears at 3-999 ppm in agreemenl with lhe studîes of

Narayanan and ly.144 on methylation of a hydroxyl. The

H(j,) triplet centres at 4.2g5 ppm. A 4J¡,3,

splitting of 0.136 Hz is observed, which is verif ied by

double resonance experîments.

As in Um, U, dU, C and dC, the H(5,), H15,,¡ and H(4,)
protons in cm form a ABX system with H(5,) resonances at
3.925 ppm, H ( 5,,) at 3.816 ppm and H ( 4, ) at 4.0g9 ppm. Aga in,
the melhy I protons appea. as a sharp s i ng I ef at 3.524 ppm.

The HtOl of Cm resonance occurs at almost the same

frequency as fhe Ho in c. we can expect there should not

be much di fference in the sugar-base lorsion angr"4B

between the -lwo.

As i n Um, the effect of ZtOme group on

Cm is diamagnetic ( 33 Hz upf ield relative
and paramagnetic ( l0 Hz downfiel d) fo. H( 

I

but negligible for H(4,), H(5,) and H(5,,).

the H(2t) of

to H(2,) in C)

r) and H(¡')
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The shift of the H( l,) proton of C is about 0.lZ ppm

upf ield relative To dc due fo the shielding ef fect of the
rCis-OHt group in the 2t region.49,59 The H.,) in Cm

is sh if ted 0.26 ppm upf ie ld re lative to f ha-f in dc; ît seems

that this shîelding ef fecf of an lcis-omet group is slighf ly

I ess fhan that of an rCi s-0H? group î n the Zt reg i on.

It is înteresfing fo note that the H(j,) prolon in Cm

is shifted only 0.14 ppm upfield relative to dc while the

H(¡,) in C is shifted 0.23 ppm upfield relative to dC.

The shif ts of H(4,), H(5,) and H(5,,) of Cm are virtually
unaffected by the 2t 0me group.

2. Anomeric Conf i quration

As in the case of Um, the chemical shift of the H(1,)

proton of cm is used as a guide to establ ish irs anomeric

configuration.5l'

The chemical shift of the H.,) in Cm only differs

from fhat in c by 0.06 ppm; it is apparent that the compound

being studîed is in the ß anomer.
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J. Suqar-base Torsion Angle

Determi nation of anTi and syn conformation is approached

in the same manner as for Um.

Cm, C and dC a re p red i cted to have the same favored

range of sugar-base torsion angle, that is, in the anti

conf ormation, s ince in each of them there is an ortho-i<eto

group in the base which should give the similar non-bonding

i nteracfion between the keTo group and the ri bose ri ng.

Theref ore, ît is expected thaf 2t methy I a-lion shou ld have

I ittle effect upon the sugar-base torsion angle at fhe

monomer level

The H,-, shîft îs only 0.1 Hz downfieìd from the(ó)
corresponding proton in C; it agaîn suggesfs that the

average sugar-base tors ion i s not perlurbed by

2t methy lation.

A long rangu 5J,,5 coupl îng of 0.36 Hz îs observed

in the Hf¡l region for Cm at high temperature indîcafing
an orientation of the Hil,) to Ht¡l is in a tzi g-zagr

path and the molecule is expecled to be in the anti

conformation.6S Such spl ittings caused by tr,,,

interactions are only deteclable in U, Um and Cm at high

temperafure. A simi lar spl itting, however, is not

observed in c under comparable solution and temperature

conditions.

The Hf¡l proton in this case exhibits unusual ly broad
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resonances even af e I evafed lempe ralu re and pD of 8.2.

At such e I evated temperature and oD va I ue, the taufomeri c

equi I ibrium between the amino and imino lautomers in C

should be unîmpor-lanf . This was discussed by Lee et all5

recently. Doub le resonance experiments have been performed

but give inconclusive results. The only reason Then seems

to be lhe presence of panamagneti c impurities i n the

commerci a I preparatíon of C.

/r. Conformation of the Furanose Rîng

The same approach as i n Um to determ î ne the conformat i on

of the furanose rîng is used here.

Referring to Table (4), the observed J1,2, and J314,

of Cm, C and dC do no-f f a I I into any of -lhe theoret ica I

values of the twenty possible conformafîons of D-ribose

and D-deoxyribose in nucleosides and nucleotîdes proposed

by Smith and Jardet.oy.69

As i n U, Um and dU, i t appears fhaT C, Cm and dC

a lso ex is-l as a rap i d t ime-ave rage of at leasf two

puckered forms so that duri ng The i nTerconvers ion of

which the sus-lituenls al the 2t and 3t posîtions pass

through the ecl ipsed conformation.

The average J l, Z, va I ue of dC is 6.48 Flz and J 3,4,
is 3.90 H.z at amb Ìent temperature. These data ref lect

that dc, I ike du, is shifted towards the 2t endo conformafion;

wh i le C and Cm f avors the 3t endo conf ormaf ion. I f v/e

compa re the J 
,

Cm favors the

t2t and J3,4, of Cm wifh C it appears that

3t endo mode even more than C does.
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These observations lead us to lhe conclusion thaf

subst ilut ion of a 2t 0H or 2t -Olire group can s ign if icant ly

stabilize fhe 3t endo conformation. However, substitufing

a 2t 0H by 2t-Ol[e group does not have large ef fect on fhe

barrier -lo the pseudorotatîona I motion or the conf ormer

weighïings in the equilibrium blend.

!. Conformation of the Exocycl Ìc CH"OH Group

From equatîons (5) and (6), the relaf ive populations

of the three classical rotamers is calculated using

observed values of J4,5, and J4,5rr ôrd shown in Table (6).

The gauche-gauche rotamer seems to be the more favorab I e

conformer for C and Cm, whi le dC shows I ittle preference

of fhe gauche-gauche rotamer over the gauche-trans rotamer.

2t -0 -l.4ethy lat ion does not seem to have any s îgn i f icant

ef fect on the relative populatìons of the exo-cyclic

rotame rs.

¿.

6. 
'J 

1,3, Long Range Coupl ing
1rA 'J 

¡ r 3r of = 0.35 llz is observed in the 3t region

for Cm both at amb i ent temperature and h i gh tempera-lure.
¿.Such 'J,,,, splítting îs not resolvable in the lt regionl'.5,

due to lhe fac-l- that -lhe l-1 ¡r is multi-coupled lo every one

of the other ring protons.-70''71

Since no Orr,rr splilling resoluble in C and dC, we

can explain the situation by the same line of reasoning as

in the case of Um, U and dU lhat lhe 2t-0fi4e group can
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TABLE 6

The calculated relative populations of the three
:11::i::l îsomers around the C(4,)-C(5,) bond of Cm,
u dilu uu.

TOC D
'l

D'rr Pr 
t

C

Cm

dC

23"

65"

2go

600

Amb.

0 .62

0 .54

0.6t

0.56

^ 
¿.2

0.28

^ 
zav. )L

0.30

^ 
2-v. )L

0.38

0. t0

0. t4

0.09

0.t2

0 .20
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creale a loosely coupled spin system by shielding H2, and

Hj,thus making th"4J¡,3, couplîng resolvable af least

in the 3t regîon.
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7. Methoxy I Con format i on

The I ine width of the 2t0 methyl peak is narrow

(0.7 Hz). We can fol low the same I i ne of argumenT as

we do în um that the probabi I ily for the trans rotamer I I I

(Figure l4) is low due to fhe absence of a four-bond

coupl ing across H(2,)-CtZr¡-0-C(methyl )-H, which must be

less than 0. I Hz.

The similarîty in lhe chemical shîf ts of -lhe methyl

hydrogens in Um and Cm suggests that fhe methyl group

experiences simîlar envîronments în boTh molecules whîle

fhe I ack of any s i gn i f i cant temperature dependence of the

methy I sh i f ts suggesf s -lhal no I arge change C (2, )-O (2, )

rotamer popu I ati ons occur i n the temperature i nterva I

exam ined.



C. 2I -O_¡4ETHYL ADENOS I NE VS ADENOS I NE AND DEOXYADENOS I NE



6t-

l. Spectral AssignmenT

220 MHz Spectra of Am were oblained at ambienf

temperalure and shown in Figure r3, foqelher with its
computer-s imu I ated spectrum. The chemica I sh i fts and

coup I ing constants are inc luded in Tab le (-l) , together
with dala of A and dA.

The spectra I ass i gnments of Am are based on lhe
220 l4\z speclrum of A.

The two base profon= H(2, and Hf Al are assigned at
6.195 ppm and 7.08i ppm respeclively.

The H( I ,), coup led To ,, (2, ), appears as a doub let
at 4.868 ppm. H(1,) appears as a quartet and centres
at 3.365 ppm. No O, 

, , r, ,= resol vabl e i n the 3t reg i on

keeping in mind that rhe specrrum being analysed is 220 MH..

The H(2,) trip let is shifted = 0.1 ppm upfiel d rel ative
to A. This is in agreement with observation of Narayanan

and ly.r44 .oncernîng îhe diamagneric effecf of an 0-methyl

group on fhe H(2,).

The H(5,), H(5,,) and H(4,) appears as an ABX subsystem

and resonales at 2.668 ppr, 2.602 ppm an d 3.054 ppm

respecti ve I y. The methy I orotons appears as a sharp

singlet at 2.1909 ppm.

The H( l,) of A is shif ted = 0.35 ppm upf ield relatîve
to dA. This can again be exprained by the 2t cis-oH
ef fecf of lhe 2t region.49,50 The ef fect of the 2f Ome

group seems to be paramagneÌic on H( l,) and H(j, ) but



Figure l3

The exper i menta I and comp ufer-s i mu I ated

220 MHz spectra of Am at amb i ent temperature.
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TABLE 7

Chem i ca I Sh i ftsx and Coup I î ng Constants of Am, A and
dA at AmbienT Temperature, Analysed f rom z2o MHz Spectra.

A¡4 A dA

n rzl
Hral

U"( rt )

TJ

" (2, )

H(i')
tl
"(4t)

H(5,)
U
"(5r')
¡/

6.915

7.088

4.868

3.215

3.365

3.054

2.668

2 .602

2.19t

6.87 I

1 .029

4.16t

3 \??

3. I BO

3.050

'') Ê.oz

2.599

2t
2tl

6.199

6.91t

5.t t9

t.509
| .298

7 70Õ) . )oo

2.935

2.604

2.540

J | ,2,

J ),3,

J 3,4,
J4,5,

J 4, 5,,

J 5, 5,,

6.093

oo7

-t

3.049

2.058

3.606

3.t09

5.930

5.253

3.14t
) tr.oA

3.501

-t2.849

lt2t 1.540
lt2n 6.131

21 2il -13.930
2t3t 6.196
2ß3t 3.092

2.951

3.043

4 .245

-t2.104

x Relatîve to internal DSS.
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diamagnetic on H(2,)n H14,¡, H(5,), H,5,,¡ are virtually
not affected by the effect of the 2r-0Me grouD.

2, Con format i ona I STudy of Am

Extensive conformational studies on purine nucleosides

by X-ray have been carried out. Based on these X-ray
11-18daïa , most of the purine and pyrimidine nucleosîdes

are found to exist in the anti conformation în sol id state.
However, puri ne conformations i n aqueous state are sti I r

obscure. The energy barrier between the anti and syn

conformation seems to be larger for the pyrimidine nucleo-

s i des tha n for the p u r i ne compou nds .

oRD and c. D.79-82 sfud i es of puri ne nuc r eos î des have

created conlroversy about the anli and syn conformat ion.
at

ul brichl" proposes an anti conformalion for adenosi ne

based on fhe fact that adenosine has the same sign (negative)

of lhe cotton effect as c-B 5t cycroadenosine which has

a f ixed ant i conf ormat ion. However, K ree and ¡¿ucoB3

s uggest thal adenos i ne may ex i st i n a syn con format i on.

It seems that the question of syn and anti conformation

of purine nucleosides can only be answered by resulfs of
f u rthe r expe r i men tat i on s .

0u r PI\4R data of Am i nd ícale that the ef f ect of 2t -A

Methylation is paramagnetic on H(1,) (- O.ll ppm) and

Hr.,, (- 0.lB ppm) but diamaqnelic on H, (* ¡ ?q ^om)tJ,J trtr..' ,,(21) pt-.
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Referring to Table (B), we can see the

Me group on H.,), N(2,) and H(j,) of A

directîon but with different magnitudes

the effect on U and C. The difference
H.,) and H(1,) between Um and U are =

respecti ve I y and those between Cm and C

and 0.09 ppm respectively.

effec-f of -lhe 21-0

is in the same

when compared wîfh

in the shifts of

0.08 ppm and = 0.12 ppm

are I 0.06 ppm

Di fference
Tab le

in Shifts of Hf 
t

A(Am - A)x
0. t07

^ 
tA-1

0. I 85

ppm

(8)
r), H(2,) and H(r,)

0.076 ppm

0.288

(X - Xm) pairs

A(Um - U)x A(Cm - C))(

0.063 ppm

0.3t8

0.086

V'^ aT amDlenï Temperature.

This paral lel behaviour of the difference in chemical

shiffs of H.,), H(2,) and H(a,., in the (X - Xm) pairs
suggests that lhe ef fect of zt -o methy I atî on i s most I y

electronic. The sl ight dîfference in magnitudes, however,

indicates that the effect of 2t -o methyl ation on adenosî ne may

have a slîgh-f redistribution of the populations of the syn

and anti conformatîon of the molecule.

lf is suggesfed by Jard.rky]4 that adenosine exists
în the C2, - endo conformation by observing the J1,2,

coup I î ng. Deoxy AB5, however, i s be I ieved to have an

crr-exo conformation in crystalline state. From Table J,

U"( rt )

U
" (2, )

U
"(3t)



the J¡,2,, J2,3, and J3,0, between the A and Am pair are

close enough (< I Hz) to suggest that any drasf ic ef fect
on the f uranose conformation caused by The 2t-o methylation
is unlikely.

Close examînation of J 4,5, and J 4,5,, between A and Am

leads us fo suggesï that ?t-o methylation has I ittle effect
on the population of exocycr ic rotamers about th" c(4,)- c(5,)
bond.

67
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CHAPTER V

CONCLUS ION



CONCLUS ION

conformafional studies of 2t-o methyl urîdine and

cytidine are carrîed out using Nlr4R lechnique at boTh ambient

and high temperalure (60o c). A first order analysis of

2t-0 methyl adenosine is also included. The NMR data

for each of these methylated nucreosides are compared

w i th those of the correspond i ng norma r ri bos i des and

deoxyribosides.

The resu I ts show thaf Um and Cm prefer the anfî
conformafion with respect to lhe sugar-base torsion angle.

The gauche-gauche rotamer appears to be more popu I ated

than the olher two exocyc I i c rotamers i n um and cm. They

both exist in u cz, endot' cj, endo equilibrîum with a

sl ight shift Ìowards lhe cj, endo mode. The conformation

îs i ndependent of -lemperature over lhe range 3oo c - 6oo c.

The dafa s uggest that methy I at i on of the hydroxy I

group does not have any signif icant ef fect on the

conformati ona I parameters of the nuc I eos i des at the monomer

lever, which is in agreemenf with Tfso et ul,B6 and

F. Rottman et a I . B7 we may conc rude that -lhe ef f ect of

2t -0 me-lhy I at ion on r ibose conf ormat ion is consequenl ly

manifesfed only at the ol igomer or polymer level or in

less polar media.
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S UGGEST I ONS FOR FUTURE RES EARCH

From our N¡4R data, it appears that 2to methy lalîon has

I ittle effect on the conformational parameters of nucleo-
sides at the monomer level, at neutral pD and in aqueous

sol ution. Thus, further research cou I d be rewardi ng i f

attention is placed at lhe dimer or olîgomer level.
A study of the ef fect of pD upon The con formaf i ona I

parameters of 2t -0 methy I ated n uc I eos i des î s recommended.

A study of molecules in different nonaqueous media

like DMS0, DMF and cDClj could give valuable information
about sol ufe-sol ute and sol ute-sorvent interactions.

Fînally, lhe -0H sîgnals can be studíed îf dried
DMS0 i s used as the med i um.
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