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ABSTRACT

A seríes of O-rnethylated pyrímidine 2r-deoxyribonucleosides,
2l!)L

m-dU, m'dU, m-dT and m-dT, \rere synËhesizéd. These modified

nucleosides, as t¡ell as the ríbosídes t2U trrd m4U, were used

in kinetíc and proton nuclear magnetíc resonance studíes.

rhe lH 
NMR studíes have shor¡n the trends in the chemical

shifts (ô) for the base r¿hÍch result from O-alkylation. These

daËa are useful for the identifícation of alkylation products

from nucleíc acids as Ëhe general trends in chemical shifts

observed in the methylaËed nucleosides would be expected to

be símilar for oËher alkylaced nucleic acid products. An

examination of proton chemical shifts as a function of pH was

carried out to evaluaÈe the íonization behaviour of the 0-

methylated molecuLe.

Kinetíc srudíes of the acid and alkaline hydrolysis of the modi-

fled nucleosfdes.wele.carried out and pH profíles'obaained. The hydro-

Iysís of the O-rnethylaËed nucleosídes in alkaline solutíons

suggest. a dírect atËack of hydroxide ion on the nucleoside

resulting in dernethylation of the O-alkyl group. From these

dat,a kO"- values have been calculated. In acid solutions,

r4u, *4du, r4d, 
^rrd 

r2u ¡¡ere shown to undergo demeËhyration

and, from the results, approxÍmate pKa values were obtained.

The 2'-deoryribosídes t2dU 
"od 

t2d, t.t. shown to undergo

depyrímídinatíon ín acid solutions to form the O2-methylated



base and free sugar. The kinetlc NMR investigation of the

depyrimídinatíon reactions suggests the hydrolysis to proceed

vÍa a preequilíbril:m base protonation follor¿ed by cleavage of

the N-glycosyl bond. Again the data was useful in determining

approxÍmate pK values. The O-methylated nucleosides were'a

shown Ëo be stable ín the pH range 3-12 with no hydrolysis

observed after a períod of several days.
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T ION

A ION OF NUCLEOSIDES

The subject of nodifíed nucleosides has been an area of

research ínterest for many yearsl'2'3. The many different types

of alteratíonS to the base and sugar moieties whích may occur have

borh chemícaL and bíological sígnificance. of primary concern

ín this thesis is the alkylation of pyríuídine bases. Structures

of the eíght cotrmon nucleosides are shoum in Figure I

Nucleosídes aïe amongsË the most versaÉile and essential of

biomolecules. Joíned together through a phosphate link betr¡een

the sugar moíetíes, these molecules are the building blocks for

nucleic acids r¡hlch are Ínvolved in the storage and transmission

of genetíc informatíon.

The alkylation of nucleic acids may affect the hydrogen

bonding abfLity of the bases and it has been suggested that

such modificatíons may lead to mutagenesis and carcinogenesis.

InÍtial interest was focussed on N(7)-methylguanine (*7C), O-t

Ffgure 2r which had been isolaÊed by Loveless from acid hydroly-

saËes of treated DNÀg. Some doubt r^ras cast on the signÍficance of *7G

in mutagenesls by Shooter gl 4.6 th.t.jt7G in bacteriophage RNA

did not alter its hydrogen bonding proPerties. Minor alkylation

producrs such as N(1)-rnethyladenosine (*1e) and N(3)-methylcyti-
â

dine (nJC), Figure 2 e ín which the rnodification involves a



FIGURE 1

Common nucleosídes:

I . Ur idine, U.

II. Thymidine, dT.

III. Cytidine, C.

IV. 2' -Deoxycytídine, dC.

V. Guanosine, G.

VI. 2t -Deoxyguanosine, dG.

VII. Adenosine, A.

VIII. 2'-Deoxyadenosine, dA'
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FTGURE 2

Alkylated nucleosides :

I. N(7)-methylguanosine, m

I I . N ( 1) -methy ladeno s in e ,

III. N (3 ) -methylcyt idine,

IV. o6-tethylguanosiner t6

7
G.

rrA.

13a.

G
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IrlagSon-Críck hydrogen bonding Site' \¡/ere shol¡In to have ambíguous

base pairíng ProPerÈies10' 11 
.

Inítlally it was belíeved that alkylation occurred only on

Éhe base nítrogenS but this $tas eventually shown to be incorrect.

Faílure t,o ísolate 0-rnethylaCed nucleosides rtlas due to hydroly-

sís of these alkylation products under the harsh isolaÊion pro-

cedures used Ín early work. Friedman eË al.12'l3,using milder

experímental conditíons' $7ele able to isolate O6-rnethylguanosine

(r6C) as a product of the reaction of guanosine \^/ith diazomethane.

Upon alkylaÉíon, the m6G base Ís no longer expected to show

base paírÍng specíficitywíth the cytosine base, but the forma-

tíon of an m6G-T complex ínvolving a pair of hydrogen bonds

can be vísualí2ed9,14. rn facÈ, r¿hen used in a template for

RNA potyurerase, *6G was shoum to cause míspaíring and it has

been suggested thaÈ G:C->A:T transitions may occuï, Fígure'3i5-11.

Interest ín the O-alkylatíon of pyrimídine nucleosides is
t

also developing-. Using l-methyluracil, l^Iong .t allSobserved

the formation of lrQ4-dinethyluracíl upon treatment with diazo-

methane. Subsequently the isolation of both 02- arrd O4-muthyl-

2¿!
thymídine (m'dt, m'dT¡, Fígure 4, 1ed to the suggestion that

Q-alkylation of the chyrnÍne (or uracil) base r¿ould destroy the

baSe pairing for adenine sínce a pair of hydrogen bonds can no

longer be formed3,l9-2I A ner¡ specificity for che G base

seems possible because a pair of hydrogen bonds could form between



FIGURE 3

Proposed base pair rnutation as a result

of O-alky1atíon of G.

I. Normal IrJatsori-Críck

II. Proposed base Pair

G=C base pair.

r6a and dTbetween
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FIGURE 4

O-Methylated pyrirnidine

I. 04-urethylurídine, t4

nucleosides

2

U

2II. O -methyluridine, m U

III. O4-*"thy1 -' 2t -deoxyuridíne,

IV. O2-t"thy1 -2' -deoxYuridine, ^2

v. 04-r.Lhylthymidine, t4d,

Vr. o2-..thy1thyrnÍdine, t2dT.

It
n 'dU.

du.





^l!.22j
ar. 02- or Oq-methylthymine ând guaníne' figure 5--' However' it

rtay be ímporËant to consider Ëhe sterlc effecËs of the bulky

rneËhyl grouP Bínce it may fnfluence the base stacking and con-

formatÍonal propeïtfes of the nucleosídes resulting in the observed

aúbíguous base Paír íng,23-27 '

I



FIGURE 5

Proposed base paíring as a result of

L
O*-methylation of U(R=H) or dT(R=CH3).

Two hydrogen bonds are possible betr¡/een

LtL
m-U or m'dT and G.





:)

sfÀB ILITY IS OF NUCLEOSIDES
B

Investígation l,of . the stability of purine and pyrimídine

nucleosídes ls a continuíng study 28-30 Despíte the research

effort Ín this r¿ork the mechanísm for the acid cata]yzed hydroly-

sis of the N-glycosyl bond has not been totally resolved' A

detaíled knowledge of this mechanism is important since hydrolysis

ín acíd ís a standard degradatíon Ëechnique for determining the

base composÍËion and sequence ln polynucleotides 3l '32. Two

princípal pachsrays have been suggested, these will be discussed

below. i

1. dro l- of the N os I viaaS f-Base Intermediate

In thís suggested mechanism, rapid protonation of the ring

oxygen of the sugaï.(II) preceeds formatíon of a Schíff-base,

Figure 6 33-35 Ríng opening of the sugar is rate determin-

ing and leads Êo the Schiff-base intermediace (III). This ínter-

medíate may react by two dlf f erent pathr^lays;

(1) hydrolysis of Êhe N-glycosyl bond to produce the free base

and sugar (V) (PathwaY A) or,

(2) ring closure of Ëhe Clr carboniuü ion (VI) to generate cx

and ß furanose and pyranose nucleosides (Pathway B) '

Thís mechanísm was initially proposed because of the str'uc-

tural símilaríty to glycosylamÍnes which are believed to hydrolyze

via a Schiff-ba=.36, tr'Ígure 7(III), but there was little
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FIGURE 6

Acid

b ond

catalyzed hydrolysis of the N-glycosyl

via a ShÍff base intermediate.
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experimental evídence Èo support this proposítion'

, Hy of rhe N-Glyco Bond via Base Protonatíon

This mechanism, Figure B, posÊulates the initial protona-

rÍon of a nitrogen of the base moíety (II) which labilizes the

N-glycosyl bond37'38. Cleavage of the N-glycosyl bond follows

via either an A-1 or A-2 paËh\./ay. The A-1 mechanism is a

unÍmol"ecular reaction in t¡hfch the rupture of the N-glycosyl

bond results Ín formatíon of the free base and a positively

charged cyclíc sugar (Iv) . In the bimolecul ax A-2 mechanism,

ï,rater alds ín the' cleavage of the N-glycosyl bond (V) . Both

of the reactíon products aïe neuËral (VI).



1
'a:

FIGURE 8

Acid

b ond

catalyzed cleavage of the N-glycosyl

via base Pïotonation.



13

V.

VI,

+

+

A-2

Hzo

0

NH

.,Å*

+

'A,*iln I

\trl-,A
.+i

or[

0

H

0

N

l'|

+

II.

HO

l-iO

HO

l-lO

\

HO

further
degradation

+
t]

A-1

0

\

N^

+

+

0

+

,\

+

H

HO

llO

HO

0

N

l-|

I

III.

HO

IV.



Iå

C INVESTTGÀTTON INTO THE MECHANI SM OI' NUCLEOSIDE HYDROLYSIS

1. Proof of the schlff-base paËhway requíred the ísolatíon of

cr and ß, furanose and pyranose nucleosides from the acíd hydroly-

sís of a natural nucleoside. Results from the rnajoríty of studíes

do not. conÊain evid,ence for the formatíon of o and ß, furanose

and pyranose nucleosídes and, therefore, the Schjff-base

process doeS not Seem to be a víable pathway. However' one

isolated case has been reported in which the treatmenË of dU and

dT t¿ith perchloríc acid led to the isolation of the dífferent

anoners and isomers of Ëhe pyrímidine nucleosíd."39. Al1

remainíng evídence presented here supports hydrolysis by base

protonatíon.

2. The pH-rate profiles for acíd hydrolysis of nucleosides are

sigmoidal and acconmodate welL the base protonatíon pathway 40.

They do not. aÉ all resemble the profiles of glycosylamines which

gíve bell-shaped curves with well-defined maxlma 35'41.

3. Stabflity of the N-glycosyl bond has shown a dependance on

the sugar structurezï'34'42. T]ne 2'-hydroxyl group, being an

equal number of bonds away from the sugar ring oxygen and the

base ring nitrogen, v¡ould be expected to decrease the basicity

of both sítes to a simllar extent 43. As a result, a comparj-son

of hydrolysis rateg for the ribo- and 2r-deoxyribonucleosídes

v/ould not preferentially favour eíther of the proposed mechanisns '



L5

Information obtaíned from the hydrolysis of a

3t-deoxyríbonucleoside is useful when compared with simí1ar

results for the 2t-deoxy analog. In studies by Garrett and

Mehta43, they suggest, Êhat a 2'-deoxy- and a 3r-deoxyribose

sugar would affect, the raËe of hydrolysis of the nucleoside to

a símilar extent íf protonation occurred on the sugar ring oxygen

Theír results, hovrever, shor¡ed only a s]íght raËe íncrease for

the 3r-deoxyribonucleoside when compared wíth results for the

ribonucleosíde, the rate íncrease for the 2r-deoxy compound was

a factor of several hundred tímes. These data are consistant

r¿ith che hydrolysig of the N-glycosyl bond þy base proËonation

rather than a SchÍff-base process.

Other studíes37,38 r¿hich have examined the questíon of acid

hydrolysís of nucleosídes suggest the hydrolysís mechanÍsm Ëo

proceed by base pïotonatíon. The isolated case by Cadec and

teoulJ9 suggests that the Schiff-base mechanisrn might occur'

however, specíaL experímental conditíons are required.

A secondary consídeïatíon, in the hydrolysis of nucleosides,

is the role of Water in the transition state leading to cleavage

of rhe N-glycosyl bond, Figure B. Studíes of the hydrolysis of

alkyl and aryl glycosÍdes showed thaÉ unímolecular processes

(A-1) r¡reïe assocLared with positive entropies (ASb whereas

bimolecular sysËems (A-2) had negatirr. ¡S* 29. Shapíro "t ^L.29

reported entropy of acÊivation values for dU derÍvaÊives which

were positive and eompatible with an A-1 mechanism.
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D STABIL ITY OF O-ÀLKYLATED NUCLEOSIDES

ExamLnation of the stabÍlity of 0-alkylated nucleosídes

was rhe prímary aím of this thegis. Singer "x ^L44'45 have

carried ouc símilar work on O-ethylated pyrimidine nucleosídes.

Theír results suggest thar the site of alkylation and the

rype of sugar have a marked effecË on Éhe stabilicy of the

nucleosíde44. For both Ëhe ribose and tine 2t-deoxyríbonucleo-

side alkylatíon of the O4-position did not affect the stabilíty

of the N-gtycosyl bond. In acíd and alkaline medium, the hydroly-
LsÍs of the O--ethyl group was observed as the major reactíon.

,)

O--Alkylation of the 2t-deoxyribonucleosides was shoum

to tabílize the N-glycosy1 bond to acid and alkaline hydrolysis44.

EtztJ, similar

experímental condítiions resulced in both depyrimidination and

dealkylation, the exEent to whÍch each process occurred varied

with pH. By comparison of reacÈion half-lives, che preferred

routes in acÍd and alkaline medium lrere; f.or 02-alkylated

2r-deoxyribonucleosídes, depyrimidination and, for 02-

alkylated rÍbonueleosÍdes' dealkylation.

The study by Daníel" e.1r 4.30 of the dealkylation of. 02-

methoxypyrimidine in acÍd media is a useful model system for

comparison wíth nucleosÍdes. Their results, Figure 9 , Índicated

that the removal of the methoxy group proceeded prirnaríly (>9O%)

by an SrAr pathway with a minor eontribution from an S*2 route.



FIGURE 9

Acid caÈa1-yzed dealkylation of 2-methoxy-

pyrímídíne.
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llong et "1.46, carryíng out similar work wíth 2,4-diaLkoxy-

pyrímídine, shor¿ed that both dealkylation and ísomerízation

occurred ín aqueous acld, Fígure 10(I). Isomeri-zatfon was

attríbuted to the combíned effect of the high concentration of

base used and ref 1ux temperat,ures. The hydrolysis mechanism \¡ras

in agreement wÍth that proposed by Daniels et a1.30 for 2-methoxy-

pyrimidíne. Refluxing of 2r4-dialkoxypyrírnidine ln alkaline

solut,Lon resulted only in hydrolysis, wíth hydroxíde ion showing

a seleetivity towards the 4-position, Figure t0(II)46. Símilar

product Tatios Ì/ere observed for 2,4-dialkoxy-5-methylpyrímidine

Euggestlng Ëhaç the S-rnethyl substit,uent does not sterícally

hinder the attackíng nucleophíle. The total alkalíne hydroly-

sís to either uracÍl or thymine was found to be slow as a result

of the stabílíty of the 2-alkoxy group. Displacement of the

alkoxy group t¿as shor^m to proceed exclusívely vía SfrÊt. The

at,tack by hydroxíde ion is believed to be ínfluenced by elecrronic

repulsíon from the tr¡o nicrogen aËoms adjacent to the 2-position,

thís effect resultÍng in the stability of the 2-alkoxy group.



F]GURE 1O

The hydrolysis and ísomeTization of

2 ,4- dirnethoxypyrimidine in aqueous

acid and alkaline solutions.
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E. NÀTURE OF THE PROBLM,Í

The study of the effects of alkylatíon of nucleic acíds

is an expandf.ng field and irs possible biologícal significance

has been r¡ell docum".rt"d1'2. rt is of interest to study aI-
kylated nucleosides incorporaËed into olígomer strands in

an effort to better understand che effects of the modifícation

on the stacking and H-bondíng properties of nucleic acids.

In order to study Êhe O-alkylated pyrimídine nucleosides

at the olÍgomer level, a more complete understanding of the

monomer'nucleosides ís necessary. I,lork by Singer "t ^I 
.44

has examíned the stabílíty of 0-ethylated pyrimídine nucleo-

sfdes. Horarever, a more extenslve study was undertaken ín this

r¡ork to determÍne the pH profíIe of rhe O-methylared nucleo-

sÍdes *4g, r4¿g, r4dr, *2u, *2du 
"rrd 

r2dr. The resulrs from

this work will be useful in decermining pK, values for the

methylated nucleosídes and, by comparison sith Slngers ,otk44,

will fndÍcate the effect of changíng rhe 0-a1ky1 group from a

methyl group to an ethyl group.

IdenËífícatíon of the effects of 0-alkylarion of pyrímidine

nucleosídes on the proton chemical shifts in NI'ÍR work would be

a useful tool for the characterizatíon of modified nucleic

acfds. I,{e have, therefore, also underraken the h ** study

of the O-nethylated pyrfmÍdíne nucleosides to derermine the
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CHÀPTER II. EXPERTMENTAL METHODS

A. MATERIAIS

1. REAGENTS AND CHruICALS

The nucleosides used in this study rüere purchased from

Sigrna Chemical Co. All blocked nucleosídes and Ëhe 02 und

O4-rnethylated dU and dT \rere synthesized by procedures out-

lined below. Th" t2- 
"rrd 

t4-U rÀrere synthesízed ín our lab

by trlayne J. P. Blonski and Gilbert G. Prive. The cormnerical

sources for other synthetic reagents hadbeen given in the

synthetíc procedures.

The D^0 (99.87") used in the NMR sËudies vlas purchased
¿

from Stohler Isotope Chemicals. The DCI and Na0D were

purchased from Merck, Sharp and Dohme Canada Ltd.

Solutíons used Ín W kinetic studies were prepared

frorn DILUT-IT analytÍcal concentrate (HCl, NaOH) by J. T.

Baker Chemical Co. The ionlc strength for all solutions was

maint,aíned ac 2N t¿íth NaCl.

Dry DMF was prepared by reflux of reagent grade DMF

over purifÍed calcir:m hydride (Fisher) and then distilled at

atmospheríc pressure dírectly Lnto a reagent bottle contain-

ing molecular síeves.

Dry pyridine was prepared by refluxing technícal grade
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pyrídine over chlorosulphonic acíd (L2 mL/L) for 6 hours.

Using a Vígreux column and excluding moisture the pyridine

r¿as dístLlled dírectly lnto a flask contaíning calcir:rn hydride,

and refluxed agaín. Final dfstillatíon was done using a

Vigreux column, the distlllate being collected directly l-n

a reagenÊ bottle contaíníng molecular síeves.

Dry chloroform vras prepared by extracËíon of reagent

grade chloroform (x6) with about half íts volume of r,rater.

The chlorofora was dried over anhydror:s calcium chloride,

decanted and distilled directly ínto a dark reagent bottle
i

conËalníng molecular sieves. Dry chloroform was prepared

fteshly fot each use due to phosgene formation.

Dry methanol was prepared by heating reagenË grade

methanol over iodine and magnesium Ëurnings and refluxing for

t hour. Using a Vigreux column, the solvent was dístilled

directly into reagent bottles containing molecular sieves.

Reagent grade benzene was dried over sodium wire.

The molecular sleves used were 'll,inde" type 3.A',

diarneter I/16", as supplÍed by Metheson Coleman and 8e11.

Sodiurn methoxide üras prepared by dissolving sodium wíre

in dry nethânol. The methoxlde r^ras prepared fresh and

used directly afËer preparaÊion.
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2. GENERAL METHODS

Nucleosides used ln synthetíc procedures were d¡ted by

first dissolving ín dry pyrÍdine followed by the evaporation

of the solvent at reduced pressure, air was admÍtted at the

end through a drying tube containing anhydrous calcium

sulphate.

?aper chromacography was performed by the descending

technique usíng trùhatman 3MM papers, the paper size was

57 cn x 23 cm. The solvenÊ system used was n-butanol-

ethanol-watèr, volume xatio = 9z1z2. I'lhenever requíred,

a partícular band was cuÊ out and eluted ín water and lyophilí-

sed to dryness.

Thin layer chromaËography rìras run on EasËman L3254 Cellulose

Chronatogram sheets and Silica eeL 6O Err' (EM reagents) both

wich fluorescent. índicator. Dimensions of the strips r¡rere

6.5 cm x 2 cm. Thíck layer chromatography r¿as done on glass

plates (20 crn x 20 cm) coaÊed r,rÍth a 1 m thíck layer of

MN-KíeseleeL P/WrrO (Macherey Nagel and Co.).

For detecting nucleosides on tlcs and papers, an ultra-

violet light soutce was used (Mineralíght, 254 nn).
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B. KINETICS AND NMR METHOD

The kínetics of the dealkylations were -monitored at

25.0 + 0.02oC in a Beclirnan DU spectrophotsmeter modif ied

so that fte output could be digttised by a voltmeter (Dana,

model 5330) and stored fn a I^Iang 600 calculator. Rate consranrs

were calculated automatically by a least squares method.

The kínetic data for the depyrirnidinatíon of m2dU and

)
m-dT v¡ere obtained from the time dependance of the 116 proton

nmr LntensÍtíes obtaíned at 90 .02 lúlz on a Bruker úüÍI9ODS

spectrometer equípped wíth a Nicolet 1180 conputer. The

probe was maintained at a hígher temperaÊure (32 + 0.5"C)

than in the spectrophotometric measuremenËs to lessen precí-

pitatíon of the relatively insoluble bases formed in the

reactíons.
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C. SYNTHESIS

41. Svnthesis of 0 -Methvl Pvrimldine 2t -Deoxyríbonucleos ides

(a) Discussion (FIGURE 11).

The initlal step in che synthesis r¡/as protection of the

3r- and 5'-hydroxyl groups of the sugar moiety usíng benzoyl

chloride (soH)47. BenzoylaÉion was carríed out in dry pyri-

dine, yíe1ds lterê generally 90-95% (II).

The previous compound, II, was chlorinated at the 4-

posÍtion of the base ring using thíonyl chloride (Fisher) and

catarytíc amounts of DMF in pyridÍne4&'49. The reaction time

and che amounc of DMF used seemed to be a governing factor in

the ease of isolation of and the yield of product (III). The

reactÍon yÍelds wexe 45-55i4.

Treatment of III in a solution of methanol and sodium

methoxide under reflux corrdÍtiorr=48 afforded the O4-methyla-

ted pyrímidine 2'-deoxyribonucleoside (IV) in yields of. 25-30%.

(b) Experimental Procedures

i. 3',5'-Dibenzoyl-2r-deoxyrlbonucleoside (II) .

The nucleoside was dÍssolved in pyridine (1 ml/mrnole

nucleoside) and the mixture cooled in an ice bath. Benzoyl

chloride (2.5 eq/eq.nucleoside) was added dropwise and the

solution brougtrt to room temperature when additíon was complete.



FIGURE f T

Reaction sequence for the synthesis of
tt

O--methylated pyrínidine 2' -ð,eoxyribo-

nucleosides.

R tI dU

R CH
3

dT.





f?s

After fíve hours, the react,ion was quenched with ice and then

r¡raÊer added to bring the total voh:me to 75 mls. The solut.íon

was extråcted t¿ith CHCI3 (4 x 25 nls) and the combíned organíc

fractions coevâporated wíth toluene. RecrysxaLLízation \Â/as

f rom hot CH'CLZ r¿íth the addition of heptane until the mixture

became turbíd. Identifícat,ion was by tlc (CHC13:EIOH, 24:I),

Table 1, and yÍelds \tere 90-957..

ii. 4-Chloropyrirnídine-3t r5'-díbenzoyl'-z'-deoxyribonucleoside(III) .

The protected nucleoside (Il) r"s combined with SOCI,

(10 eq./,"q.nuc1eoside) and abouc 0.5 nls of dry DMF ín chloro-

form (20 nl/m¡nole nucleoside) and refluxed for four hours.

The solvent r^/as removed and the yellow oi1 obtained was placed

on the vacuum pump for Ëwelve hours. Purifícation of the

resulting residue 
.could 

be carried out eíther by tritúration

with dry benzene or by thÍck layer chromatography (CHC13:Et0H,

24:L). The product, recovered in yields of 35-457", r¡/as

identífied by tlc (taUte t) and its characteristic light blue

colour under U.V. light.
ItiÍi. O--rnethylpyrímidlne-2r-deoxyribonucleoside (IV).

The chloro compound (III) was refluxed in dry methanol

(5 mt/mmole nucleoside) r¡ith sodium methoxide (3.5 eq./"q,

nucLeosíde) for twenty minuces and then stirred aË room tempera-

ture for twelve hours. The pH of the solution was adjusted to

near neutral r"rith IRC-50 resin and the míxture fíltered and
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TABTB 1

R, Values for Compounds Involved in the Synrhesis of

r4du rrrd ,o4dr.

Rf
1 2

dU

dT

3 t , 5 t -dí-O-ben zoyldrJ

3 t , 5'-di-O-benzoyldT
3 ' ,5 '-di-O-benzoyl-4-CldU
3 ' , 5 '-dí-0-benzoyl-4-CldT

L
m'dU

L
m'dT

0.0

0.0

0.22

o .46

0.33

0.64

0.25

0.36

0.51

0.63

1) CHC13:EIOH,

2> CHC13:ErOH,

24zL

2:I

TABLE 2

u.v. SpecËral Identificatíon for the SynËhesis of m4du and

4
dTm

À À
max mln

dU
¿t

m'dU

dT
L

n'dT

262

276

267

28L

23L

28B

235

240
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the resín r¿ashed r¡ell with methanol. The combined methanol

fractÍons htere t.aken to dryness at reduced pressure and the

resulting resÍdue dlssolved in 100 ml of I¡Iater. The solutíon

r¡ras extracted ïrith ether (4 x 25 nL) and CHCI, (L x 25 m1)'

The aqueous layer Ëaken Êo dryness and placed on the vacuum

pump for tr^relve hours. The resulÊing solíd was purified by

extraction with boíling ethyl acetaÉe (6 x 50 ml). The com-

bíned liquid fractions were filtered and Êhe solvent removed

under reduced pressure. T'he Product r¡ras washed with

petroleum'ether (40" - 60") (2 x 10 rnl) and ether (1 x 5 rnl)

and then lyophilízed. Product identification was by tlc

(CHCI3:EIOH, ZzL), Table 1, and by U.V. analysis 19 
'48 ,

Table 2. Further purlficagíon was necessary fot *4dU and this

was done by paper chromatograPhY.

2. Svnthêsís of 0
2-M*thvlated Pvrímídine 2'-Deoxvribonucleos ídes

(a) Discussion

Three reaction sequences r,rTere proposed for the synthesís

,of the O'-methylated nucleosides, each scheme having the same

general route, Figure 12. Each sequence has been discussed

but experímental procedures are given only for the

successful route.

i. ReacÊion Sequence A' Flgure 13.

Selective blocking of the 5t-hydroxyl group was done



FIGURE T2

General sirheme for the synthesis of
)

0--methylated pyrimidine 2t -deoxyríbo-

nucleosides.

Q = H, U.

B = CH3, dT.

BL = blocking group.





FIGUF-E T3

Proposed reaction sequence for the synthesis
,of 0--methylated pyrimidine 2'-ð,eoxyribo-

nucleosides.
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usíng p-anisychlorodiphenylmethane (MMIrCl) (Sigrna) ín

pyridine5O. The reaction mixture l,ras stirred for twerve hours

at room tèmperature and then quenched wlth íce water. The

product (II) was ísolared in yields of 70-757".

The 3'-hydro:ryl group of II was blocked by reaction with

acetíc anhydride (4C20) (At¿rfcn) in pyrídi.,.51,52.Reacrion

conditions and work up r¡ere the same as for rr. The product

III was isolated in yields of 90-95%.

Removal of the 5r-hydroxyl protecting group was done by

stirring rrr ín 80% acetic acÍd at 75-B0oc for tr^renty mínures5O.

The nÍxturê was cooled and the solvent removed by coevaporation

with toluene. Product yields, IV, \^rere generally gO-95%.

Attempts to synthesize V by reaction of IV with p-toluene-

sulfonylchloríde (Tosylcl) (AldrÍch) r¡rere nor successful. The

procedure was carríed out several times, however, accept.able

results !üere not obtaíned and the scheme was abandoned.

ii. Reaction Sequence B, Figure 14.

Thís proposed route has been reported for the synthesís
rt -^ --of 0"r5f-anhydropyrirnídineribonucleosÍdes 53-56 The

starting materíal, IV, was prepared as. described in Sequence

A.

The proposed one step cyclization reaction was carried

out by treatment of IV wirh rriphenylphosphine (A)(J. T. Baker

Chernicals) and díerhylazodicarboxylate (B)(Aldrich). The



FIGURE 1 4

,
Proposed one step O--C5' cyclízation for

the synthesis of O2-ruthylated pyrimidine

2 | - deoxyribonuc leos ides .
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reacËíon v/as monit,ored by t,Ic, and although some reaction

occurred, an íntractable míxture resulted. Sinilar findlngs

have been reported by ldatanabe et a1.57.

iíi. ReacÊion Sequence C, Figure 15.

Two pathways are discussed here, their dífference being

thê blocking groups used to protect the hydroxyl groups.

PATHI,IAY A

The 5t-hydroxyl group of IV was blocked using methanesul-

fonylchloride (MesylCl) (Àldrich) in pyridine ar room rempera-

t,rr"50. After sÊirrÍng the míxture for twelve hours, the

react,ion was quenched wíth ice wat.er and the product X,

recovered Ín yíelds of 80-85%.

Cyclízatíon of X was carried out in acetonitrile using

1,S-díazabicyclo[5,4,0]undec-5-ene (DBU) (Aldrich)57,58. The

mixture was refluxed for about tv¡enty hours, then cooled and

the solvent, evaporated at reduced pressure. Yields of VII

were 60-65%.

Treatment of VII at room temperature with sodium methoxide

in methanol removed the 3f-acetyl blocking group, leaving
t

the 0'r5t-anhydro línk intact.. tlhen the solutíon was heated

the anhydro brÍdge r"¡as cleaved and VIII was ísolated in yíelds

of (75-807") .

PATHI.IÀY B

The 5t-hydroxyl group of I was protected using p-toluene-



IIGURE 1 5

Reactíon sequence for the synthesi-s of

O2-rethylated pyrirnidine 2t -deoxyïibo-

nucleosides.
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sulfonylchloride (TosylCl)(etarictr) in pyridíne ar 0oC. The

mixËure was stírred for twelve hours at room temperature,

quenched r¿1th ice \rater and the solvent removed. yields of

XI were 45-501!.

cyclízatíon of xr followed by alkylation of Xrr r¡/ere rhe

sâme procedures as used ín PATHWAY A. Yields of xrr and vrrr
were 45-502 and 75-80"Å respecrively.

Comparison of PATHI^IAY A and B for the synthesis of 02-

methylated pyrímidine 2r-deoxyríbonucleosides shows B to involve

fewer syntheËic steps and less time.

b. Experimental Procedures

i. 5r-MonomethoxyÈrityt-f-aeox-¡ribonucleoside (II).

A pyrídine solution (I0 nl/nrmole nucleoside) of MMTTCI

(1.3 eq./"q.nucleosíde) and the nucleoside (I) uras stirred
f or twelve hours at room temperature. The mixture \^7as quenched

with íce ï/ater and the insoruble producr filtered and washed

with cold T¡rater. The product, rr, identifíed by Êlc (cHCl3:EtoH,

B:1) was visibre as a yello\r spor after the deveroped slíde was

sprayed with perchloric acid (Table 3 ). yíelds of II were 70-

75"1.

ií. 3 t -Acetyl-S t -monomethoxytrítyl-2'{eoxyribonucleoside (III) .

This reaction may be carried out Ín the same solutíon as rr
rúrÍËhout previous isolation of the starting material. Acetic-

anhydride (tO'eq./eq.nucleoside) was added ro rhe above



solutfon and the üixture stfrred for twelve hours at room

t.enperature. Product isolatÍon úras as for II, Ëhe product

being identlfied by tlc (CHC13:EIOH, 2zI) followed by per-

chloric acíd spray (fa¡le 3) . Yíelds of III were 85-90%.

iii. 3r-Acetyl-2'-deoxyribonucleoside (IV) .

Treatment of III r^ríth 80% aceric acíd (30 rnl/runole

nucleoside) aÊ 80oC for twenËy minures removàd rhe 5r-hydroxyl

protecting group. The reac,tion r^ras quenched with ice water

and the insoluble, displaced blocking group was fíltered off.

The solvenÊ was coevaporated with t.oluene and the product

recovered ín yields of. 90-957. The product, IV, was identified

by rlc (cIIcI3: EIOH, 8: 1) , Table 3 .

iv. 3'-Acetyl-S '-mesyl-2 '-deoxyribonucleoside (X) .

Compound IV was dissolved in pyridine (20 nl/nmole nucleosíde)

and methanesulfonyichloride (1.2 eq./eq.nucleoside) was added

dropwise. The míxture \,üas stirred for twelve hours at room

temperature and çhen quenched with ice water. The aqueous mix-

ture \,ras êxtracted with CHC13 (3 x 25 nl) and then the organic

layers Ì/ere combined and extracted with a saËurated bicarbonate

solution (t x 5O nt) follovred by water (1 x 50 rn1). The CHCI,

layer v¡as dríed over sodlum sulfate and the solvent then

removed by coevaporation r,lÍth toluene. The product r¡ras iden-

rified by tlc (cHCl3:EtoH, B:1)(Table,3) and yíetds were B0-

85%.
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v. 5r-Tosyl-2'-deoxyríbonucleoside (Xf¡ -

Tosyl chlorÍde (1.1 eq./eq.nucleoside) r¡as added to a

pyridíne solutíon (20 ml/rmole nucleosíde) of the nucleoside

at OoC. The reactíon mixture was then stirred for twelve hours

at Toom temperacure. IsolaÊíon of the product was similar to

thar descríbed in (iv), yields were 45'50%.

)
ví . 0', 5 

t -Anhydropyrinídine-3 I -acetyl-2 | -deoxyríbonucleoside
,

(Vf f ¡, or Oo, 5' -Anhydropyrimidine-2 I -deoxyribonucleosíde (XII) .

The startíng maËerial for VII was X and for XII, XI was

used. The protected nucleoside (X or XI) was dissolved in

aceËonítrile (30 rnl/umole nucleosíde) along wiÊh DBU (L.2 eq. /

eq.nucleoside) and the mixture refluxed for twenÉy hours. The

solvent hras removed under reduced pressure and the solid tri-

turated with acetone (1 x 5 nl). Product identífícation was by

U.V. analysis, rabìe 4, and yields rÀ'eïe, 60-65î¿ for VII, and

45-50% for XII.
,vii. 0'-methylpyrimidine 2r-deoxyribonucleoside (VIII).

The procedure ís the same for both VII and XII as "ttttirrg
materíals. In a solution of dry methanol (5 nl/u¡nole nucleoside)

and sodium methoxide (2.2 eq./eq.nucleosíde), the brídged

nucleoside (Vff or XII) was refluxed for one hour. The work

up procedure is the same as Èhat used in 1, iii for O4-methyl-

pyríuridine-2'-deo:qyribonucleosides. Identification of the

product was by U.V. analysis and NMR, these data are given in

the Results and DÍscussion, 41.
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TABLE 3

R, values for compounds

"rrd 
r2dr.

lnvolved in the synthesís of r2du

Compound Rf
1 2

dU

dT

5 | -nnt,r dU*

5 r -rnmtr dT*

3 | -Ac-s'-mmtr dU*

3r-Ac-5 I-rnntr:.dT*

3'-AcdU

3'-AcdT

3'-Ac-5r-nesyldU
3'-Ac-5 r-mesyldT

0.10

0.15

0.50

0.61

o.75

0.95

0.40

0.61

0.48

0.70

0.60

0.65

o.73

0.80

1 . CHCL3 :EtOH, 8 :1 2. CHCL3 :ErOH , 2zI
* visible as yellow spot after perchloric acíd

spray.
TABLE 4

U.V. SpecÊral Analysís ot 02,5'-Anhydropyrimidine

2' -deoxyríbonucleos ídes

À À
manmax

3'-Ac-O

0

3r -Ac-O

2

2

)

¡ 5'-anhydrodT

,5'-anhydrodT

r 5'-anhydrodU

250

250

250

2r8

2l-8

2TB
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CHÀPTER III. RESTILTS AND DISCUSSION

A. O-METHYLATED NUCLEOSIDES

The O-methylated nucleosides used ín the kinetícs and

NMR studies hrere synthesÍzed in our Iab (see Synthesis).

Structure identíflcatíon of the methylated nucleosides was

1by *H 
NMR and IIV specrral analysís.

The W spectral characterist,ícs, Table J, for the methyl-

ated nucleosídes are in good agreement with published data

for che !same derÍvativ"" 19, 45 ,48,59 .

1
The *H spectral assígnments v,rere made by comparison with

u, du60-t and dt62-3. A1"o useful were data for C-, N-, and

O-rnethylated pyrinnidÍne b."."46"rrd *4u 48. R.=orr"nces for H6,

H5 (or C(5)-CH3), Hl', and -0-CH3 are parricularily useful for

the idenÊificatÍon of the nethylated nucleosides, Table 6.

'' l'¡
*;:' , ¡ i"l,{ r ."' ¡ç

,r' I.i,ti' ll'-r¡jr,,

' ,r:¡t:i '
. , 'li,,l' .' ''; ''.."'1 '' 

'
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TABLE 5

w Absorptions for Nucleosides and O-Methylated DerÍvatives

at, neutral pH.

I
max

(nm) À
lUl-

(ron)
n

U 262 230.5

dU

dT

262 237

267 235

m
2u^

25L,222

274

252,222

276

255,227

28L

237,2L2

238

236, <220

238

235,215

240

r4u

r2du"
4

dU
é

m

m
2dr"

14¿rb

a) ,zo

b) MeOH



TABLE 6

ProÊon Chemtcal Shífrs (ô)_and Coupling Consranrs (J) for

Natural and 0-Methylared Nucleosides

pH ô6 ô5,
65-CH^

, 

--

m'[J 7 8. oB 6.t7

61 | ô0-cH3 J-56,

iuo
7.6

J L' 2',

3.4

r4u 7 8. 17

8.01

8. 14

7. 85

7 ,90

7.85

7. 8s

7 .97

7 .84

7.84

7 ,70

7 .63

7.6L

7.49

6.25

6.L6

6.25

r. 95

r.99

5.92

s.93

5.84

5.90

5.92

5.83

1. 90

1. 90

r.87

5.96

5.93

6.30

6.27

6.31

6.28

5.92

5.94

5. B3

6.27

6.29

6.29

6.28

6.3r

6.30

4.06

3.95

4.04

3.95

4.03

3.97

7 .5 3.1
2

dU 7

7

7

7

m 7.6 r2.B
4

dUm 7 .5 Lz.B

2
dTm I

I

B

8

I 13.0

4
dTm .1 13.0

U 0.5 r 4.5

7 r 4.5

13.5 7.7 -5

dU 0.5 I

B

7

I

1

2 L3.4

7 1 L3.4

13.5 6

1

I

L2.6

dT 0.5 13.6

7 13.6

13 5 1.0 r3.2

Data at 270 \fllz (r2ur, ,r4U, r'du, ^4orr^'drrn4dt) 
(25oc)

and 90 MHz (u, dU, dT) C32oc) relarive ro TSp

t= Jgr_2r) + J(-1,_2rr)
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B. TRENDS ÏN THE BASE 
IH

CHE"I'ÍTCAI SHIFTS

Some general t,rends which are observed ín the ltt spectral

results and may be useful for Ídentification of O-alkylated

nucleosLdes are díscussed. I^ltríle similar datahave been

reported, by Hruska and Blonski64 we have, because of mínor

dífferences in data and for complet.eness ín this study, included

this work.

From the data ín Table 6, we have constTucËed Figure 16

whfch clearly indíeates the effect of O-alkyl-ation of the

pyrinidípe base on rhe (tt6) and (H5) proton shifcs. Included

ín Fígure 16are data for U, dU, dT and their O2- and 04-methylated

derívatives as tnrell as, for comparison, cytidine (C) and its

2t-deoxy analog. The data used are from solutions of neutral

pH.

1. From Figurel6 the chernicaL shifts for H6 and H5 are observed

to exhíbit parallel behavíour for both the ribose (R) and 2t -

deoxyríbose (O) serles of molecules. This result suggests

that the nature of the sugar moíety has little ínfluence on

the H5 and H6 chenical shifts.

2, For a part,ícular base the dependance on the nature of

the sugar is greater for ô(H6) Êhan for ô(H5), in line with

the relative separatíon of these protons from the sugar.

(Compare, for example, U and dU). The largest variation for

ô(H6) (0.07 ppm) ís seen fn r2U; a smaller variation is seen



FTGÜRE T6

Trends in the hase 1" chemical shífts of

pyrimídine nucleosides as a result of

0-alkylation.

Shif ts relative .to TSp.

R - ribose

D - 2r-deoxy¡Íbose



8.2 B1 BO 7g 7,8 77 m76
U

m2u

rn4u

m 2

C

U

U

U

C

rn4

6.3
u{

H6

H5

R m5DD

DR

6.2 6.1 6.0 5.9 5.8 ppm
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1r, r4U (0. 03 ppm) .

3. Comparíson of dU "nd roS¿u(¿r) indicates that C(5)-

methylatJ.on has a shielding effect on H6 (0.16 - O'24 PPn),

ín line wlth the observed shíelding íncrements for olefinic

protons effected by cís alkylation6l.
L4. Upon 0+-mechylatíon, H6 and H5 are deshielded by -0'30 ppro

,
whereas upon 0'-methylation they are deshielded by -0'2 pp*

and 0.25 ppn respectívely. This suggests thât 0-methylation is

reflected ín the electroníc properËies of che C5-C6 bond. In

Ëhe cytosíne (C) base H6 ts deshielded, relative to U, to

a lesser extent than the isoeleeÊri" t4U base and ín contrast

the H5 of c Ís shielded slíghtlY.

5. The rnethyl proton shifts lie 1n Ëhe range 1'9 - 4'1 ppm

(Table 5 ) , with the order of increasing shielding 02-t"t. ' 04-Me

< CS-Me.
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C. NMR TITR,A,TÏON OF O-METHYLATED PYRIMIDINE NUCLEOSIDES

In conjunctíon lrith the kinetlc results, obtained for

the acid catalyzed hydrolysis of the 0-nethylated nucleosides,

an NMR títraËÍon scudy was carried ouc to determine pKa

values and to afd in the interpretatíon of the hydrolysis

mechanism of the 0-methylated nucleosídes.

To Lnvestlgate the ionization behavÍour of the O-methylated

nucleosides the h chemical shífts for H6, H5, C5-CH, and

2(4)-0CH3 have been obtained as a functíon of pH, Figure L7,

(a)-(c), fable 7. The study was restrÍcted to acíd solurions

since the bases have no acÍdic sit,es which would undergo

ionlzatíon Ln basic solution. (However, ionizatíon of the

sugar hydrolys occurs at pH > L2.) These studies could not be

extended to pH values below I because, under these conditíons,

rapld hydrolysís of the methylated nucleosídes occurs.

For all O-methylat,ed molecules, except *4dT, the H6, H5,

CS-CH^ and 2(4)-0Ctt^ chemical shifts remain constant overJ5

the range pH 2-7 and then, in more acidl-c solutions, move

dor,¡nfleld. (Acutally a small variation (< 0.03 ppm) occurs

over the range pH 2-7 which can be attributed J-n part to the

protonation of the carboxylate group of che TSP reference (pKa

= 5).) Unfortunately, a complete sigmoídal títration curve

is not obtaLned Ín the pH range ex¡mined. As a result, Ëhe
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Effect of pH
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on the I H chemical shifts of

pyrinidine nucleosides .
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TABLE 7

Titratlon of O-Methylated Pyrírnidine Nucleosídes

pH H6 (ppm) H5 (ppn)
c (5) -cH3

0-cH3 (pp*)

12u L.2
2.9

8. 28
8.04
8.08

6.4L
6.16
6.L7

4.r3
4.05
4.067*

12du 0.9
L.2
1.5
2.5

8.42
8. 28
8. 14
7.99
8.01

6.58
6.44
6.31
6 .15
6.L6

2.08
2,04
L.94
1.95

4.L6
4.L2
4.08
4.03
4.047*

2
dT 4

4
4
4

16
T2
01
03

m 0.9
t,2
3.0
7*

I
I
7

7

8
I
I

26
16
81
85

30
11
T4

4
dU 6.35

6.24
6.25

4.02
3.93
3.95

m 0.9
2.7
7*

4
dT 0.8

2.7
7.90
7. B8
7 .90

L.97
r.97
L.99

3.97
3.96
3.97

m

7*

L
m'U 0.7

1.1
1.8
2.6
4.4
5.1
6.6
7.3

8.
8.
8.
8.
8.
8.
8.
B.

33
24
L7
L6
16

6.35
6.28
6.24
6.23
6.24
6.24
6.25
6.24

4.02
3.97
3.94
3.94
3.94
3.94
3.95
3.95

16
L7
T7

Dara ar go Ìútz (r2u, r2du, r2du, r4dr) (32oc) , *4u(27oc)

and * at 27OlúIz (ZSoC) , relative to TSP.
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chemical shlfts of the fully proÊonated cation and the pKa

value for its íonLzatíon cannot be determíned. However, the

general appearance of Êhe curves suggests pKa values less than

about 1.5 ín aII cases. The chemícal- shífts fot t4dT remain

constanÈ ovet the entíre pH range examined (O.B - 7) and

do not exhibit the dor¡nfíeld shifÊ near pTI 2. Thls result

suggests that Èhe pKa of r4d, i" noticeably less than m4du

and may ln fact be negative. These values are in line with

those obtaíned for the O-ethylated deoxyribosides by Sínger

et aI.44. "2ðu(0.92), "2dr(0.5), "4uu(0.66) 
and .4ar(-o .32).

In studyíng N(1), O4-¿i"tkyluracÍls, IIV spectral analysis

under neutral and acídic conditions led Kusmierek et al.45xo

conclude that the protonation site is N3 as in Nl-alkylated

cytosines66.Co*p"tison of the NMR títration behaviour of

*4U 
^od 

r4dU (rtrure 17)w1Êh that of cytidine (C) supporË

theír proposal. Thus, upon formation of the N3 protonated

catíon, H6 and H5 of cytLdíne move downfield by 0.33 ppn and

0.24 ppn respecËively (relative effect H6:H5 = 1.4). I^Iíth

reference to thefr neutral resonance positions, H6 and H5 of

t4U ír, the most acídlc solution have downfíeld shífts of

0.18 ppm and 0.12 pprn respectively (relative effeet II6:H5 =

1.5). À simílar comparison for t4du 
"hots 

downfield shífts

0.19 ppm H6, and 0.11 ppn H5 (relative effect H6:H5 = I.7)-
LIt

The sí¡nílarLty ín the ratíos for C, D'U and m'dU suggests an

of
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identícal sire for prímary protonation, this being aË N3

It seems reasonable to assume that the protonatíon of r4dT

also occurs at N3. Às for the case of the O2-atkylared deriva-

Êíves, the H6 and H5 are ídentically shíelded by base protona-

Ëlon. TLtratÍon curves on model compounds is requíred for

comparison to determine the site of protonat.ion.

Examínatíon of rhe acídity of rhe cat,ionic O4-ethylated

pyrirnidíne base by sínger eg al.44showed thatneÊhyåationof

the S-posítíon lead ro a large íncrease in acidity. (Compare

pKa of e4¿u (0.66) and of "4¿, 
(-o .32).) rn our work, merhyla-

tion of the S-posÍtÍon lead to a similar observation as is

evident from the titratíon curves fot r4dU 
"rrd 

r4dT, Figure 17.

In surprisíng cont.rast to these results, Borodavkin et 
^L.67

have shot,m that, S-ethylatíon of the cytosine base leads to

a snall íncrease ín fts pKa. Continuíng l-n thís trend, 5-

alkylatíon of the uracÍl base leads Êo a decrease in the acídity

of the N(3)-H suggesting an electron donaÊing role for the

alkyl group. A sírnple explanatíon for the increased acidity

of the cat,ioníc r4dr 
"rrd 

.4u, ," noÊ evident to us. The con-

formatíonal properÊies of rhe C (4)-O4 bond, whÍch defines

the positíon of the hydrophobic methoxy methyl group relative

to the N(3) protonation site and which should be ínfluenced

by the síze of the S-substituent ¡ fray have some bearing here.



D. IIYDROLYSIS REACTION PRODUCTS

1. Iat,íon React.íons

Hydrolysís of the O-methylaÈed nucleosides was carried

out fn both acíd and aLkaline ¡nedia. Produets of the hydrolysis

reaetions vrere identífíed usíng h *Om and I'IV spectral analysis.

IdentifícatLon ¡V h ÀMR was based príuraríly on the chemical

shffts and couplíng constants for the H6, II5 or C5-CH3,

and Hlt resonances. Spectra from the denethylation reactions

gave ô and J values ín good agreement r¿ith llterature daËa

for the parent pyrirnídÍne nucleos'des 60-63 , Trbl" 6.

DenethylatÍon also results in the loss of Ëhe -0-CH, absorptíon

paralleled by the formatfon of a sínglet peak (63.35 ppm)

for methanol.

The hydrolysís react,ions hrere also followed by scanning

IIV spect,roscopy. The data acquíred was in agïeement r,riËh the

parent nucleosides at simílar pH values.

2 Deovr funidínatlon ReactÍone

The acid hydrolysts of n2du 
"rrd 

r2dT was shown to proceed

vÍa rupcure of che N-glycosyl bond to form the Oz-methylated

base and free sugar. The methylated base also proved to be

unstable in Ëhe reactíon medium, decomposing to the free base

of the parènt nucleoside and methanol. The hydrolysis products



for both reactíons r,rere Ídentffied usl-ng h **.

The hydrolysis of the N-glycosyl link was characterized

usíng the cbemícal shifts and couplíng consrants for H6, H5

or C(S)-cHr, Hlr and O-cHo, Table B. rrre \ specrralJ J'

assignments t./ere made by comparison with data fox C, N and

O-rnethylated pyrírnidine basetQ e" shown ín Fígurer(a)-(c),

rupt,ure of the N-glycosyl bond of r2du is observed with rhe

forrnat.íon of a second set of H6 and H5 peaks representíng
,

moUra as well as the loss of the resonance for the anomeric

proËon. The upfleld shift (Àô) experienced by borh H6 and

H5 is simflar to that observed becween U and Ula in r¡ork done

in thls lab.

The loss of the -0-CIl3 group from the methylated base

was Ldent,ifíed usíng the chemical shífts and coupling constants

for H6 and H5. The daca obtained, Table g , is ín good

1
agreement wfth *H spectral analysis done in this lab on Ura

and Thy ín aqueous acid media. The uupfield shift experienced

by ôH6 and ôH5 fs seen ín FÍguref8(c)-(d). Also observed in

the spectra for the demethylacíon react.íon r^ras the loss of

the -OCHa peak accornpanied by the formation of a peak for

methanol (ô3.35 ppû).
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TABLE 8

Prot,on Cheníeal Shtfts (ô) Coupling Constants (J) for

r2du, r2ur., *2dT, r2thr, ura and rhy.

pM ô6
ô5'

ô5-CH3 ôl' ô-oCH3 J 5r6 J + Jy, 
,2r'M6 1 tt

UL

*2du 0.9 8.42 6.58

6.50

5. 81

2.04

2.02

1.8

6.33 4.L6 7 .s 11. B

r2ur* o . 9 8.04

.9 7,s6

.2 8. 16

4.L4 7.0

Ura 0 - 7..7

6.31 4.I2 1.0

- 4.L4 1.1

t.2

*2dT 1 12.4

,o2thy L.2 7.80

7.38Thy L.2



FIGURE 1B

I H spectra from the acid cai'aLyzed
,

m-dU,pH = 0.9.depyriuridínatíon of

Reactíon Tímes:

I. 2.8 min

II. 6.4 min

III. 8.2 mín

IV. after 15 hr
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E. KTNETICS

1. Hvdrolveís of 0
2 and O4-methylated Nucleosides in

Alkal-ine Solutfons

2The 0 "nd O4-methylated nucleosides stood for several days

ln the presence of sodÍum hydroxide at pH

sho$red that the only products formed were

correspondíng nucleoside wiËh no evidence

N-glycosyl link.

The kínetic experiments Ì¡rere carried

L4. The NMR dara

methanol and the

for cleavage of the

out at 25"C and 2M ionic

strength. Plots of kob, vs pH are shornm in Figure 19. The

eorresponding plots of ko'" vs tOtt-1(Figure 20) are linear.

Às a result, the rate dependance on base concentraËion can be

represented by:

k:obs'= hro + koH[oH] (1)

where k , - is the experÍmental pseudo first order rat,e constantobs

for the overall reactíon. Values of OO" ""d hZO were obrained

from Figure 2 and are listed in Table 9. The v¡t''. of \rO
for the alkalíne hydrolysis study hras approximatel-y zero for

all the O-methylated nucleosl-des (Table 9) and should be the

same for the acídíc catalyzed hydrolysís.

Figure 21 shows two possfble mechanisms by which basic hydrolysis

of the O4-nethylated nucleosides night occur. One of these,

pathltay A, is described by the term S^Ar nrocess and rhe other,

pathltay B, by Ëhe term Sr2 process.
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FIGURE 20

Plots of k otts

hydrolys ís of

nucleosídes.

(r-1) vs þ"1 f or the alkalíne

O-methylated pyrinidine
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TABTE 9

Rate Constants for the Alkalíne Hydrolysls of 0-Merhylared

Nucleosídes at 25"C.

ko" hzo
(x104(x104 r., 1.s-1)

S
-1

)

L
m'U

It
m'dU

t!
n'dT

m2u

12du

8,24

5.63

4.t3

34.27

49.7s

10.37

+

t
+

+

+

+

0.28

0.18

0.06

L.07

4.50

0.99

-0.20 + o.29

0.12 + 0.15

2
dT

-0.05 + 0.06

0.59 + 0.26

0.69 + 1.10

-0.85 + 1.03m



FIGURE 2L

Proposed reactíon pathways for the alkaline

hydrolys is of

nucleosides.

Ito'- methylated pyrimÍdine

Sími1ar pathways. are avaí1ab1e for the

a1ka1íne hydrolysís of O2-tuthylated

pyrimidíne nucleosides.
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The mechanism of cleavage of rhe c(4)-0-cH3 bonds dtffers in the

two pathways, therefore, in princíp1e it should be possible

to distÍnguísh beËween them using Ol8 label1ed cornpounds.

However, this work has not yeË been carried out.

a) The effect of the sugar moiety

The values of kO"- decrease in the order

)22Á.L¿.
m-dU ) m-U )) m-dt ) m=U ) m=dU ) m=dT

The observed raËe difference beËween *4U 
"rrd 

r4du

may be understood in terms of the electron withdrawing effect

of the 2t-hydroxyl group present in the ribose nucleoside.

The attack of the nucleophíle, on eíther the base ring or on

thê nethyl group, would be enhanced with respect to that for

the deoxy aoaltgue.

ConsequenÊIy, Ëhe dífference between r2du rrrd r2U r"qrrir"s

some other explanatíon. As has been illustrated in Fígure 22,

an intramolecular hydrogen bonding interact,ion may occur fo. *2U.

As a result, there v¡ould be considerable steric hinderance to

attack by hydroxíde ions on C(2) of the base ring (Fígure 21,

pathway A). Such an effect r¿ould be absenr in the deoxy analog

and also unimportant in the O4-methylated nucleosides. DÍrecc

evidence for an S*Ar mechanism for alkalíne hydrolysís of

nethoxypyrimídines ís not avaÍlable, but the acid caxaLyzed



F]GURE 22

Possíb1e intramolecular H-bonding scheme

for 2m U.
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hydrolysi6 of 2-methoxypyrimidínes has been sho\,/n Uy 018

studies Êo proceed vÍa a sfmilar mechanism30.

tracer

2

b) The effect of rhe C(S)-Methy1 Group

In both the 02 and O4-methyl seri"", k0, (ndu) t O0, (mdT).

The observed decrease in rate as a result of C(5)-methyl group

Ísr as would be expected, a consequence of the increased

elec[ron density fn the pyrÍmÍdíne ríngs.

sÍs of o4-t"t"t Iated Nu osides in Acidic Solutions

The acid catalyzed hydrolysis of the O4 and 02-methylared

nucleosides have been considered separately because, in the

latter cases only, cleavage of the N-glycosidic link is an

important reaction; in some cases preceeding demethylatíon.

NMR studies of the acid catalyzed hydrolysi" of r4U, r4du
It

and m'dT showed thatr ovêr a period of several days, the only

product,s t^rere methanol and the corresponding nucleoside. There

\¡ras no evídence for the cleavage of the N-glycosídíc bond.

. Studies of Ehe rates of hydrolysis were carried out at

25oC and 2M íonic strength. The plots of the pseudo first

order rat,e constants, kobs, against pH (Figure 19)were sigrnoídal

and showed infleccÍon points close to the correspondíng pKa

values of.the methylated nucleosides. The results suggest that

r
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hydrolysÍs of the O4-methylared nucleosídes involved. atrack

by waûer on the N(3)-protonated compounds as shown in

Figure 23. Sínce the raÊes of reaction at pH values between

5 and B were very low, \¡/ater caxalyzed hydrolysis must be a

very slow process.

On the basis of the mechanism in Figure 2f,,it can be shown

(AppendíxII) rhar:

kobs (2)
2

o
K. * Frol

Since there \ras no evÍdence of demethylation with r¿ater at

pH 7 over several days, lq, r., must be small and may be neglected.tI days, hr' u'

This conclusion Ís supported by the plots in Fígure 2Q,which

indicate hrO " O. Hence \^7e can write:

kobs (3)
Ka

Thisr ln turn, may be re\,/rÍt,Ëen as:

lK1
ct

+
(4)

kobs k
1

L
1

The general trend observed for the NMR acid tiËration curves

k" * kf Frol

ot Ftol
* Fro*-]

f

Frol
In agreement \^ríth thls equation, plots of ko'"-l against [HgO*]-f

were linear, Figure 24. Values of the pKa and k, for the hydroly-

sis of the various nucleosldes are listed in Table 10.

(see Section III, c), from whích pKa values of less than I were

suggested for r4U 
"nd 

*4dU, is in agïeemenÉ with those values



, FTGURE 2.3

Proposed acid-cataLyzed hydrolysis of
It

O--methylpyrímidine nucleosides .

R

R
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H R OH'
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TA3LE 10

Rate Constants and Equflíbrfum constants for the Acld CataLyzed

Hydrolysls of O-methylated Nucleosides at 25"C.

kI K pK K
bd a

(xl0 3
S
-r) (xl0 L4

)

l!
m'U r. 36

r.05

L.29

0. 14

6.6s

3.29

+ 0.13

+ 0.15

+ 0.30

+ 0.01

+ 5.90

+ 0.28

0. rB4

0.200

0.556

0.223

0.270

+

+

+

+

+

o.024

0.038

0.15I

0.01r

0.254

.7 3s

.699

.255

.652

.s69

.955

5 .43
tL

n'dU

L
n'dT

5 .00

1. B0

r2u 4.48

2
du*m 3.70

2
dT* 0.111 + 0.013 9 .01m

*at 32"C
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given ln Table 10. An Ínconsístancy ís seen fro* r4dT, the

NMR data suggestfng a pKa value < 0 whlle klnetic results

give thls value as 0.25. Specrrophotomerríc dara by Singer

et al.44 f.ot O4-ethylated nucleosides gave pKa values of 0.66

(.t4¿u) and -0.32 (er4eT). The dlfferences ín the NMR and

kfnetíc data for r4d, r", be the result of a salr or a

Ëemperature effect.

a) The effect of the sugar moiety
TLLFrom the data in Table 10, the \ values for m-U and m-du

are the same wlthin experímental error. An almost similar result

occurs for the k, values of m4u .rrd r4du, with n4u having the

slíghtly larger value. These resulËs indicate Ëhar rhe effecr

of the dffferent sugars is very smal1 or negligíble,

b) The effect, of the C(S)-Methyl Group

The data fn Table 10 show thar n4dT is a weaker base than
L¡t'dU. Thts is unexpecred since rhe C(5)-merhyl group ín
Ln'dT wÍll release electrons and cause an íncrease ín electron

densíty at the rJ.ng nítrogens. However, molecular models

show that the C(5)-¡nethyl group Ínhibits rhe free rorarion

of the C(4)-OCH. group and forees it ínto close proximity
J

to the nítrogen ac posítÍon 3. Tr,ro effects can be considered

to decrease Ëhe basiclty of rhe N group at posirion 3:

f) Steríc hÍnderance to protonation.

if) The hydrophyllic proton mighr be repelled by rhe hydrophobic



Tfl

3

envíronmenË around the nftrogen acom at posftion 3.

Such effects Ìrould be absent ír, r4du due to free rotation

of the methoxy group.

The data ln Table 10 also show thaË the k, values for
LIL

m'dT and m'dU are the same r¡ithin experimental error. The

plot of k , ve pH (Figure 19), however, does indicate a' obs

dLfference ín rates between r4dT 
"nd 

rn4du. This observed

difference l-s reflected Ín the slze of Êhe K" and the decíding

raËe factor, therefore, J-s the protonatíon reactlon..

Hvd ro lvsís 2of0 -Me thv lated Nucleosídes fn Acídíc Solutions

These nucleosides are consídered separately because the

2'-deoxy compounds ínÍtially react at rhe N-g1ycosyl bond ro

yfeld 2'-deoxyribos.e and the corresponding O2-meÊhy1 pyrtmidines.

On the other hand, m2U reacted símilarly to the O4-meÊhylated

nucleosides to form methanol and the parent nucleoside. The dif-

ference beÉvteen the ríbose and 2t-deoxy compounds is readily under-

stood on the basís of the proposed hydrolysis process of the

N-glycosyl boná (Ffgure 25), for which rhe low reactiviry of

ribonucleosides fs tvell documented34'42. This mechanism, díscussed

tn Chapter I, B(2) involves the formation of a stabilized car-

boníum ion at the Clt position of the sugar. Such caïbonium ions

would be "de-stabllized" by the inductíve, eleetron withdrawing



FIGURE 25

Proposed acíd-catiaLyzed hydrolysis of
)

O' -methylpyr imj-d ine 2 | -deoxyr íb onuc I eo s íde s .

R = H, *2du.
)

R = cH3, m-dT.





t ¿,.

effect of a 2t-hydroxyr group so that the carbonium íon would

be less readily formed for ribonucleosrdes than 2t-deoxy-

ribonucleosides .

This adjacent group effect may be compared t.o work done

by Robert"orr69 on r-butylchlorÍde and 1-methoxy-2-chloro-2-

methylpropane (Ffgure 26). The ífiducríve effect of the

methoxy group (B), decreases the rate of formatíon of the

carbonium lon by a factor 300 rsith respect ro (A).

The m2u reacted very slowly, even ín 2M hydrochlorlc acíd

solut,lon and ft has not been possible to detect an inflection
ln the plot of kobs 16 pH (FÍguer 19). Nevertheless, ir, seems

ltkely that rhe reacËion ís símilar to those of the 04 anarogs

and values of K. and k, have been calculated from plots of
-l+ko', ^ vs [H30]' (FÍgure 24). These values have been given

ln Tabre 10, r¿here they can be compared with those for the 04

nucleosfdes. An independant value of K" (0.13) v¡as obtained
tfor m-U from plot" of trrr* vs pH, (Flgure 27) and is in fair

agreement nith that lísted in Table 10. unforrunately, thís

value is subject to errors because of the apprecíable decomposÍ-

tion of *2u 
"hí*h 

occurred at roï¡r pH varues during the time

requÍred to carry out the spectral measurements. The KO

values obtained for m2u are slmflar to those varues obtained

for the 04 nucleosl-des, frnplyfng thar protonation of N3

is the fmportant feature of demethylatÍon in all nucleosl_des.



FIGURE 26

The effect of ân adjacent, inductíve,

electron r^¡íthdrawing group on the rate

of formation of a carbonium íon.
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FIGURE 27

A plot of \r* vs pH f or *2u.

A complete sigmoidal curve could not be

obtained due to the rapíd decompositíon
,

of m-U for pH ê 0.5.
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The low value of k, probably reflects considerable steric

hlnderance to attack by \{arer on the methoxy group.

The hydrolysis of the rn2du and r2dT 
"orrld 

nor be followed

by U.V. absorptlon spectroscopy because the chromophores ín

both reactant,s and products Ì¡rere methoxypyrimidines, which have

similar spectra. The reactlons were followed using FT-NMR which

-a -'Illmtted the study to reactlons with kob" . 3 x 10 - s '. At

pH = 0.5 the reaction \^ras too fast to measure so that no inflec-

tlon poínt could be observed in th. kob" vs pH plots (Figure 19).

Nevertheless, approxímate values of K" and k, vrere obtained

from the plors of ko'"-l vs [H¡0+]-1 (rt*,rre 24), (Table 10).

Flgure 25 gives a proposed. mechanísm for the hydrolysis of *2dU

"rrd 
n2dT.

4. Kínetfcs Sunmary

In thÍs thesls ¡¿e have determined the approxímate pKa

varues for m4du, r4dr, r4u, r2du, r2d, .rrd *2u at 25oc. similar

data has been obtaíned for the ethylated 2'-deoxy analogs by

lL l!Singer eË al. " and, in general, the data are comparable

suggestíng lÍttle effect on the pKa value in changing from an

o-methyl to an 0-ethyl subsËiËuenË.

Rate proffles for all O-rnethylated nucleosÍdes lisËed above

rnrere recorded Ín acidic and alkalÍne solutions. This data

may be useful synthetically when these rnodífied nucleosídes are
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ineorporated fnto olÍgomer strands.

From the kinetic and NMR data f.or the depyrimidinacion
2. )reaetíons of m-dU and m-dT, results suggest the base protona-

tlon mechanism as there $ras no evldence for anomerization or

ísomerízation. The remainl-ng compound.s, *4U, r4du, *4dT .r,d
,>

m'U under¡renÊ dealkylacion Ín acíd media.

In alkaline solutions, all O-methylated nucleoside

studies under¡vent dealkylation. Contrary to thÍs result

SÍnger * aL.44 observed depyrimtdination as the major process
t1for et'dT and et,odU at pH - L2.5. The change of mechanism

i

beÈween Ëhe Ëùto systems may be attributed to the temperature

dífference, Singerts values being obtaíned aË 100"C.

The observed reactlvity ín alkaline medía r,¡as (m2-nucleo-
L

sldes) > (m*-nucleosídes). Consíderíng the work by I^Iong and

Lâ
Fuchs'" on 2,4-dialkoxypyrínidines in alkaline soluÊion, the

observed rate order \^/as surprising, as their results showed

hydroxide ion to have a specificity for the 4-position. The

inversion of reactíon order rnay be a temperature effecË as

reflux conditíons rÂ/êre employed by Wong and Fuchs46.
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CI{ÀPTER IV

SUGGESTIONS FOR FUTURE RESEARCH

Kinetíc and NMR studies of the hydrolysis of the O-rnethyl-

ated pyrínídíne nucleosfdes have shown the importance of the

strucÊure of the sugar moiety ín the mechanism of acid

catalyzed hydrolysis. The O2-methyl ríbose compounds were

shot¡n to demethylate while che 02-meín/r-2'-deoxyribose com-

pounds undergo depyrÍmidinatíon. A sirñilar study involvíng

an arabÍnose nucleosíde r¿ould be of interest. especíally consid-

eríng the exËTa steric and elecËroníc effects resulting from

the endo 2t-hydroxyl group in the arabinose sugar.

The alkylation of nucleic acids has been implícated as a

causê, of mutagenesis and carcÍnogenesis. It v¡ould be of inter-

est to study the effecËs of metal ions on the stability of the

0-methylated pyrimídine nucleosÍdes, as they may be involved in

the removal of the modification. In this regard, studíes

have been undertaken ín this lab to obcaín ínformation on the

effecÉs of O-alkylation of pyrimidine nucleosides on metal

bindíng.

AIso fncluded in che future plans of thís research group

are the íncorporation of these O-methylated nucleosides into

oligomer strands and t,o detenhíne the effects of the modified

nucleoside on the physÍcal chemical properties of the olÍgomer.
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The data whÍch have been provided in this study, combined with

future results rvill aÍd in a better understanding of the

effects of O-allcylaûíon of nucleic acids.
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APPENDIX T

Rate Constånts for the Hydrolysts of O<nethylated pyriroidine

nucleosides from U.V. spectïophotometric studies, 25"C-

A

B

C

D

E

F

L
n'U

4
dUm

4
dTm

r2u

2
dUm

2
dTm



LA. m'U s0

x26L pH k-
obs

(xto4s-1)

ï k
ay

Cxro4s-r)
f

lHso' l

2;000 -0.3 T2
T2
t2

72
7t
7T

0.9999
0.9999 L2.72
0. 9999

1.000 0.0 12.92
L2.94
L2.92

0.9
0.9
0.9

999
999 L2.93
999

0.500 0.3 11. 17
11. 15
11. 14

0.9
0.9
0.9

999
999 11.16
999

0. 200 0.7 6.94
6.94
6.e4

0. 9999
0.9999
0.9999

6.94

0.100 1.0 4.4L
4.33
4.L2

0.9999
0.9998
0.9999

4.38

0.080- r.1 3.9s
3.96
3.93

0.9
0.9
0.9

999
999
999

3.95

0.040 L.4 2.49
2.5L
2.53

0. 9999
0.9999
0. 9999

2.5L

lott 1

0. r00 13. 0 0
0
0

95
93
94

0.9999
0.9999
0.9999

0.94

0. 200 13. 3 l.
1.
1.

67
69
70

40
33
36

83
64
BB

o.9999
0.9998
0.9999

L.69

0.500 13. 7 3
3
3

7

7

7

0.9997
0.999s
a.9996

3.36

1.000 14.0 0.9997
0.9997
0. 9998

7 .78

16. B2
15.31
L7.36

0.9977
0.9980 16. s0
0.9992

2.000 14.3



Bt

B r4du, 
^26r-L

lHgo' l
_ -'Ikobs(to4).s -pH r ave. k (l-0 4

)s -1

2.000 -0.3 8.01
8.02
8.0r

0.9960
0,9998
0.997r

8.01

1. 000 0.0 7,LB
6. 85
7 .79

0.9992
0. B9s9
0.9972

1.27
7.49(L,3)

0.500 0.3 6.93
6.69
7.29

o,9997
0.9997
0.9998

6.97

0. 200 0 7 5.11
5.03
4.98

0.999r
0.9996
0.9998

s.o4

0. t00 r.0 3
3
3

1
I
I
0
0
0

4L
39
4L

0.9996
0.999s
0.9997

3.40

0.040 1.4 .6s
.7r
.72

0.9970
0.9993
0.9995

1. 70

0.020 L.7 84
83
82

0.9
0.9
0.9

984
981
983

0. B3

[0H ]

0. 100 13.0 0. B6

0.81
0. 80

0.9884
0.9928
0.9928

o.82

0. 200 13. 3 L.42
1. 35
L.34

0.9977
0.9982
0.9980

L.37

0.500 t3.7 ,o)
2.92
2.92

0.9998
0.9999
0.9999

2.92

1.000 r4

L4

0 5
5
5

4L
23
36

0.9999
0.9999
0.9998

5. 33

2.000 3 12.31
10.34
12.05

0.9999
0.9979
0.9998

LL.57



cl cl

a r4dr, 
^z6L

+ pHk Go
4
)s -1 av.k(to4)s-t

IHso obs
T

2.000 -0.3 9.95
10.83
11.00

o.9979
0. 99-98
0.9999

10.59

1.000 0.0 9.39
9.35
9,45

6.76
6.73
6.79

0.9999
o.9999
o.9999

9 .40

0.500 0.3 o.9997
o.9997
0.9998

6.76

0.200 0.7 2.82
2.79
2.78

0.9999
o.9999
0.9998

2. B0

0.100 1.0 L.96
1. 98
1. 9B

0.9998
o.9999
0.9999

L.97

0.080 1.1 1
1
I
0
0
0

.75

.70

.7r

0.9998
0.9999
0.9999

L.7 2

0.040 L.4 .85
.84
.87

0.9
0.9
0.9

999
999
999

0. Bs

OH

0 00 13 .0 o.44
0.4s
0. 48

0.9999
0.9995
0.9992

0.4s

0.200 13.3 0.82
0. B1
0. B3

o.9999
0.9999
o.9984

0. B2

0.500 13. 7 1. 90
I. 88
1. 90

0.9998
o.9999
0.9999

1. B9

1.000 14.0 4.05
3.95
4.Ls

o.9995
o.9993
0.9995

4.05

2.000 14.3 8. 33
8.29
8.L7

0.9
0.9
0.9

998
998
998

8.26



83

D *2u
f

n3o' at À261, 0H at ),257

lH ^o+l5
plr k

(x10
obs

4s-1)
k

av

(¡ro4s-l)T

2.000 -0.3 L.28
L.27
1. 28

0.9990
0.9990
0.9990

I.28

1. 000 0 1. 18
1.09
L.T7

0.9
0.9
0.9

993
997
992

1. ls

0.500

IOH-]

0.3 0.99
0. 96
0.99

0'9
0.9
0.9

997
998
995

o.97

0.020 L2.3 0.96 0.9997
0.9997
0.9997

0.96 0.96
o.97

0.040 t2.6 L.7L
T.70
T.7T

o.9999
0.9999
o.9999

L.7L

0. I00 13.0 4.32
4.36
4.32

o.9999
0.9999
0.9999

4.33

0. 200 13.3 7 .90
7 .9L
7 .93

0.9998
0.9998
o.9997

7.9L

0.500 L3.7 L7.50
L7 .60
L7 .44

o.9996
o.9996
o.9997

T7.5I



s4

Em ,du, x252

pH
k-

obs

(xro4. -1) r
k.av -

(¡104. s-r)
lott 1 S

0.020 12.3 0.90
0.91
0.91

0.9999
0.9999
0.9999

0.91

0.040 L2.6 L.37
1. 35
r.37

0.9999
0.9999
0.9999

1.36

0.100 13 .0 6.39
6.3s
6.30

0.9
0.9
0.9

990
990
99L

6.34

0. 200 13.3 11. 70
L2.79
14. ss

0.9990
0.9980
0.9980

L3.02

0.500 L3.7 25.6L
23 .65
24.6L

o.9996
0.9994
0.9990

24.62

2dU, depyrimídfnation rates determined by NMR, 32"Cm

pM k T
obs

(x10 4 ,s-1)

0.9 24.7 0.968

0.983

0.998

L.2 10.9

1.5 6.9



F r2dr, 
^z5z

85

k_
ob.s

(xto4. t-1)

k
PIì.

ayr
4 -1)

lott 1
(x10 S

0.100 13.0 0
0
0

85
B5
B6

0.9998
0 .9998
o.9-998

0. Bs

0. 200 13.3 1. 53
r.52
L.54

0.9980
0.9980
0.9980

1.53

0. 500 13. 7 4.6r
4.67
4.7L

o.9996
o.9994
o.9994

4.67

1.000 14.0 7 .0s
7.t9
7 .26

o.9994
0.999s
o.9996

7 .L7

2. 000 14.3 20.72
21.03
20.96

o.9999
0.9998
0.9999

20.90

*2dT, depyrínridínation rates deÊermlned by NMR, 32"c

pM k
obs
4

t

T

(xl0 S
-1

)

0.9 L6.7

10.9

6.7

0.992

0.994

O.9BB

t.2

1.5
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A?PENDIX Ï]

Rate Equacíon for the Acíd-Catalyzed Hydrolysis of O4-merhyJ-

pyrínídíne nucleosides.

For a câse:

1

+ K.'â.

-

+
HR-OR-0cH3 + Ir

(a-x-y¡

+

=14 (a-x)
obs

0
3

tH¡ Hzo ROH + cH30H

v x

, = (a-x)lHSO*l if step I >> fascer

than step 2.
+

K + [H30a

dlRoHl
dr

¿\

1

kr(a-x) [HrO

-k (v)

+

f

Ka + [H30']

k
-L

kl[H3o ' ]
ob I

Ka + [H30' ]

- a-xuTheny=-T, i.e. base L/2 proxonated
I

Ka = [H30']
kt

obs 2

pK =pH
d

k



8?

+
B when IH,O

k
obs

kr

k - --r0obs

lttK

<<K

d

c. wfren Itta0+l a
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