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. ABSTRACT

Treatment - of 1, 3 dloxolane with acetyl bromide. gave a‘
good yleld of (2- acetoxyethoxy)methyl bromide. 51ly1ated
5—subst1tuted uracils and cyt051nes were coupled w1th this

*

alkylatlng agent in. acetonltrlle to glve good ylelds of

_the desrred N-1 1somers.' For example alkylatlon of 5-

: fluorouracil.gaVe an 84% yield of.1—((2—acetoxyethoxy)—‘

Lo

methyl] -5- fluorourac1l._

A similar high y1e1d1ng procedure Vas found for the:;

3

-coupllng of chloropurlnes in, benzeneaylth the presence of
‘ mercury (II) cyan1de being requ1red for exc1u51ve N 9
' 4a1kylat10n Further modlflcatlons of these 1n1t1al

g products allowed the synthe51s of some blologlcally

v,

»;_1nterest1ng molecules, 1nclud1ng 9 [(2 hydroxyethoxy)—
o nethyl]adenlne, 2- anlno -6-chloro-9- [(Q hydroxyethoxy)- j

-methyllpurlne and 9-{(2- hydroxyethoxy)methyl]guanlne.v /

Halogenatlon of the 8- p051€10n of 9- {(Zrhydroxyethoxy)— A

ethyl]guanlne gave good ylelds of 8 bromo 9 (2~ hydroxy—

_ethoxy)methyl]guanlne, 8 chloro 9 [(2 hydroxyethoxy)-
fmethyl]guanlne and 9—[(2 hydroxyethoxy)methyll 8 1odo—

v‘.guanlne. The 8 bromo compound was used in the preparatlonu

of varlous 8 substltuted der1vat1ves of 9- [(2 hydroxy—

ethoxy)methyl]guanlne 1nc1ud1ng 8 hydroxy—s [(2- hydroxy—m |

”ethoxy)methyl]guanlne, g- amlno-9 [A2 hydroxYethoxy)-
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'methyllguanine and some 8—algylamino-9-[(2—hydrox}ethoxy)—
methyl]guanlnes ‘ Reactrﬁn of,9-[(é-hydrOXYethoxy)methyll-
guanine w1th methyl radicals and t-butyl radicals gave
samples of 9—[(2 hydroxyeth@xy)methyl]— -methylguanlne and -

N

8-t~ butyl -9-1(2- hydroxyethoxy)methyl]guanlne respectlvely

' The act1v1t1es of these nucle051de analogues against )
herpes sxmplex virus (I and II), vesicular stomatitis
virus and vacc1n1a virus were assessed in prlmary rabblt
kidney cells, Almost all dt the 9-[(2- hydroxyethoxy)-
methyl@pufines showed s1gn1f1cant inhibition of virgl
preliferatien. Substituent§«at the*8-position of‘the 9-
[(2 hydroxyethoxy)methyl]guanlne caused a decrease in
ant1v1ral act1v1ty which appeared to be related bo the
size of the substltuent. The 8-amino, bromo, 1odo and

methyl compounds were found to be more selectlve in the1r

act1on ‘as judged by the ratlo of the IC50 for 1ncorpora—

tion of thym1d1ne (or 2'- deoxyurldlne) 1nto DNA of un-
"infected cells, to that for»inhibttlon;of herpes s;mplex

v1rus (1 or II)
The 1—[(2 hydroxyethoxy)methyl]pyrlmldlnes were

3 ,
dev01d of s1gn1f1cant antlvlral act1v1ty + They did not

&

potentlate the antltumor 3&t1v1ty of 5= fluoro 2'—deoxy~

-

i

ur1d1ne and 1ts cogeners. - o : «© .

R

'a_fﬁl The a01d catalysed hydrolyses of thése (2- hydroxy-

':ethexy)methyl nuc1e051des were stud1ed in"'1 M HCl at -

-

[
oy LR

Py}
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.
77°C. In all cases the hydnofysegf;ccurred at slower
rates than those of the naturally occurrinwcle'osides
due to the‘greater 1nstah11ﬂty of the prOposed oxo-’

" ‘carbonium ton (or SChlff base)‘\ntermedlate. Actlvatlon ,l
parameters, pH/rate profiles, spec1f1c ac1d Catalys1s and

the effects of substituents in the purlne series were all

consistent w1th the w1de1y accepted oxocarbon1um ion

~ (ﬁ\

mechanism.

‘

Pthough the slow rate of hydrol

A

hydroxyethoxy)methyl]cyt051nes allowed deamination +0

"\ compete, the rate, of hydroly51s appeared to be related to

B

ey

the basicity of t%e 1eay1ng group.: Thls was cpnflrmed byx-

) the relatlve rates of hydrolysls of 3= f(2- hydroxyethoxy)--'
..

'\methyllcyt051ne, 1-1(2- hydrd}yefhoxy)methyll1soth051ne ‘

b i
. '

~and 1—[ 2- hydroxyethoxy)methyl]pyrlmldln -4-one.
b : - :

In contrast electron—wlthdranng groups at the.S-vl »
-/”//;:;}tlon of 1—[(2 hydroxyethoxy)methyl]urac1l caused »t’mf‘
decreases in the. hydroly51s rate. ComparlsOn of the ; )
-‘relatlve rates strongly suggest a changeover in mechanlsm.f'
in thxs series. This was further supported by the 0

trapplng of a Sghlff base 1ntermed1ate 1h anhydrous

~methanolrc ‘drogen chlorlde. ~These results prov1de o

o 1n51ght 1nt the anomalous behav1our of pyrlmldlne
rlbonucleo 1des. A general schéme for the hydr01y51s of

all. nucle 51des is proposed

wvii
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INTRODUCTION ‘ o

It is well known that genetic information is
contained in deoxyribonucleic acid’(DNA) and that the
translation of this genetic code into functioning
prcteins occurs via_riponucieic acids (RNA).1  Thus-
nucléic acids occupy a centrglersition in cellular —
metabolism which is sum@arised in Figurevl. )

Nucleic acids are 3',5" phOsphodiestegélinked poly-
mers rof adenine‘(}), gﬁanine (2), cytosine (3), tﬁymine
(4) and uracil {5) “nucleosides and have been.found to
have molecular weights up to several billion. Complete
copies of all the DNA have to be produééd by the cell
before mitotic cell divisioé can occur and material is
being synthesised constaﬁtly by a number of pathways.
Blockage of these biosynthetic pathways 1is therefore
' 4

one 'important target for the inhibition of rapidly

Y ¥

dividing cells, such as in tumors. It is possible’{;at
a synfhetic antimetabolite; tﬁ@ugh téxic to normal
cells, can show a favourable_tﬁérapeuticiindex in the
treatment of diseéses_involving rapid cell division.
5-Fluorouracil (14) is an Qxamplé of this.? Aafter
being metabolised to the active 5—fiuoré—2'—de6xy-
uridylic acid (15) it sﬁfongly-inhibits thymidylate

synthetase;, the enzyme respdnsiblé for the only de novo



cell nucleus

CYTOPLASM

structural
G0 RNA proteins

amino acids proteins

enzymes
i
substrates —-Y——) products

v

>

raw material

Figure 1: summary of cell metabolism
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production of thymidylic acid (%Q), an. essential

component of DNA. This type of antimetabolite is

(14)n’=a " H

(15) R'Ho—b—ow . ]_6) 4 . (‘[7)

hardly the~Magic Bullet"” Ehrlichrspoke of since normal

3

cells are affected also.> The antlbacterial sulphon-
_amldes (17) are better examples of this: concept, 51nce
they inhibit bacter1a1 productlon of follc,ac1d but . do
not affect human cells whose only source of fOﬂlC aq;d .
is d1etary.4 \
' Antiviral éhemotherapy offers slmilar possipil-

ities. Although viruses utilise\the "machinery" of the
1;.ce11 they infect, they have genes that code for enzymes
of their own. These v1ra% enzymes may dlffer'from
their cellular counterparts in such prOpertleS as heat i
stab111ty, pH and. salt requ1rements and substrate '

specificity.. Therefore the¥ are potential targets for

s

‘A\“



'have been observed 10 some, 1nc1ud1ng 5—1odo~2‘ o

g

antimetabolites. Several viral codedrenzymes have been
identified such as: thymidine and deoxycytidine

k.inases,’5 DNA polymerases,6 nucleosxde phosphotrans-'

1

»ferases,7 deoxycytidine deammase8 and deoxycyt1d1ne

monophosphate deaminase.9 Many nucleoside analogs have

been synthe51sed and a variety of antiviral act1v1t1es

deokyuridine (18), S-trifluoromethyl—Z'-deoxyurldlne
(19) and adenlne arab1n051de (20), have been used in

the treatment of v1ra1 1nfect10ns in humans:.

I : . . i
j

NH2

‘] | 3‘1 L%j[ > .f'

vl

However, serioUs 51de effects haVe been reported w1th

the systemlc ‘use of these ‘drugs, for example (18) and -

(19) can be 1mmunosuppre551ve, mutagenxc, embryotoxlc

and p0551b1y carc1nogen1e 11,12 Clearly there is a

need for super1or antlmetabolltes.



Recenﬁly there has been nidespread\interest iﬁnthe
replacement of the.sqgar_noiety with’aCQCiic groups
that resemblq;portions of‘the.oycii 5u;¥;.13‘24 of
tnese the two With‘the’most pronounced antiviral
'act1v1ty are 9-(2,3- dlhydroxypropyl)adenlne (21) and 9-
[(2- hydroxyethoxy)methyl]guanlne (22). The’ former was

A

found to inhibit the repllcatlon of a number of DNA and

RNA yiru5e5,24"5.w1th host'éytox1c1tyeappear1ng at

4 A

.:doses far in ‘excess of those requ1red for viral 1n—
fhlbltlon 24 Acycloguan081ne (22), more commonly known
by the Burroughs-Wellcome name of "acyclov1r » has |
Joeng}ated much ex01;ement reSult1ng in a large number _
Lof 1nvestlgat10ns 1nto 1ts potent antlherpes v1rus

‘aCt1V1tYw‘ This new antlmetabollte is" the subJect of

 the followlng ohapter.v



¥

“Acyclov1r“ 9~ [(24hydrOXYethogy)methyl]guanlne (22)

The flrst/¥2 hydroxyethoxy)methyl nucle051de was
reported. by Schaeffer 26 yho was 1nvest1gat1ng the
structural binding requ1rements of the enzyme adenosine
deamlnarse.z-7 -30 1¢ had been establlshed that the 2’
and 3' ‘hydroxyl functlons were.- not of cr1t1ca1 |
1mportance,31 38 but - the 5' hydroxyl group had to be

.

present for substrate act1v1ty 39-41 1 was expected,'

and found,26 that 9—[(2 hydro&yethoxy)methyl]adenlne

]
(2}) was a substrate for adghoslne deam;nase.srThls

HO—L/O\J" . :

23

Ukresult suggested that this type of nucleos1de analogue
,«mlght bexrecognlsed by other enzymes.- In 1977 the |
"synth951s and - potent antlvtral act1V1ty of (22)*was

freported 42,43 The authors reported that (22) had an

~Veffect1ve dose for 50% 1nh1b1t10n of v1ral act1v1ty



~J

: (BDSO) which wes ten-fold smallér than that of the

clinically used (18) and (20), and phat (22) was

o

\essentlally non-toxic to Vero cells. Collins and Bauer

noted\that the sen51t1v1t1es,of herpes simplex virus

type I and II t& acyclovir were the same.%4

sensitivities also were'f§hnd by De Clercq,45 but not

&

by'Crumpachr who reported HSV-II to bé ten times less
sensitivé.46 This may be due to the differential
sen51t1v1t1es in different céii lines. 44,48

Varlcella Zoster virus (VZV),43 45 47 Epsteln Barr

. 51

virus (EBV)49'50a and herpes B.virus .also,were

VRS

reported to be inhibited by acyclovir. Vaccinia and
- ) ' T
range of RNA viruses were not inhibited.43 Cyto-

megalov1rus (CMV) was inhibitedﬁbnly‘by high concen-

tratlons of the drug. 46,62

13

Elion showed that in HSV-I infected Vero cells
radiolabelled aeycloﬁir was converted to mono, di and
trlphOSphates 42'53'54 In hninfected or vaccinia virus

. 1nfected cells, only a very’ small degree of phosphor-

ylatlon was observed burprlSlngly. the enzyme res-

pon51b1e for the 1n1t1a1 phosphorylatlon was found to

be the v1ra1 coded thymldlne klnase and not a guan031ne

klnase 42, 44 47,53-55 Why acyCIOV1f behaves as a

| substrate for thlS pyr1m1d1ne nuc1e051de enzyme is

still unclear, espec1ally 51nce it 1s more eff1c1ent1y

Equivalent



e

phosphorylated than either-2'—deoxyguanosine“(}i) or 1-

[(2- hydroxyethoxy)methyl]thymlne (24). 54 -56 ‘.
i o .
Ha
HN"IN> ) HN
HQN&N N ° OJ\N
HO-p/O\\] Hoj//O\J
(22) VAR

“The second and thlrd phosphorylatlons of acyclov1r
'monophosphate were shown to be effected by host cell-
53,55 2
guanylate klnases Acyclovilr trlphosphate was

found tor be the actlve antlmetabollte. ThlS tri-
phosphate 1nh1b1ts the v1ral DNA polymerase w1th an
«1nh1b1t10n constant thlrty times less than that for

the host cell polymerase.53 55, 57 59 Rcyclov:r«trl-

o " S

7vphosphate can'act ‘as.’ a cha1n termlnator of,ggomlng 'DNA

if it 1is utlllsed as a substrate. ThlS has been shown

6

to occur60 64 and the acyclov1r termlnated template "
63 - '

T a

;blnds very tlghtly to the polymerase The authors

also showed that the repalr 3'- 5‘ exonuclease would not

. -

EX01se the acyclov1r m01ety..f



' was ObServed.

The hlgh select1ﬂhty of acyclov1r is due to two

factors: flrstly,

’

phosphorylatlon of the drug occurs

to an appre01ahle extent only in ylrus 1nfe¢ted cells

(once phosphorylated efflux across the cell membrane is

d1ff1cult53) Secondly, the viral DNA polymerase is

thlrty times more sen51t1ve to acyclovir trlphosphate

than is the host cell DNA polymerase. ;y/

The comblnatlon of ;. these two factors results in a

~300- 3 , 000 fold dif
yersus 1nfected ce
klnase act1v1ty wa
_whlch were transfo
.HEY I*thym1d1ne ki
 be much more sensi
'type.6l 65 66 F1e
further and studie
re81stpnt v1ruses

TK HSV I mutants)

'7.all cases a dramat

ference in tox1c1ty toward normal 2

11s. The 1mportance of the thymldlne _

S further shown by work on cell llnes
rmed blochemlcally to contaln the
nase gene. These cells were found to
tive to acyclov1r than were the w1ld
L
ld took thlS 1nvestlgat10n one step \
d the effect of acyclov1r on normally

(such as vac01n1a, pseudorables and

in these TK* transformed cells. _In.'

ic increase in 1nh1b1t10n sen51t1v1ty IR

67,68.

Epsteln Barr~v1rus does not have a spec1f1c

-thymldlne klnasep
acyclov1r, albelt
fsurprlslng 49 70-17

7polymerase is acut

, ! .
so’ reports of 1ts sen51t1v1ty to- .

at hlgh drug concentratlons, ‘were
2 It appears that Epsteln Barr DNA

ely sen51t1ve to the trlphosphate of

“

10.
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aoyCIOVir72 and the small amount generated by other}

. ) . Pa—_— . * ‘ [}
enzymes is enough to cause,lnhlbltlon. Cytomegalov1rUS

DNA;bolymerase probably;has a simiiar enhanced"

¢

46,52,73,74 ' L -

' sensxt1v1ty ; : . . . {
Acyclov1r was shown to be well dlstrlbuted

throughout all tlssues, 1ncl§d1ng the bra1n, in several

e I

'msp9CleS of anlmals43 75 80 with a plasma half 11fe of

- approx1mately two and one "half hours. Admlnlstratlon
of rad{olabelled acyclov1r showed that only small

amounts were métabollsed 95% of the dose was.” recovered

in the urlne. The only metabolltes sg far reported are“

&
-—[(carboxymethoxy)methyl]guanlne (25) and 9~ [(2-
hydroxyethoxy)meth{l] -8~ hydroxyguanlne (26)1 w1th the

ﬁ,amounts dependlng on the spe01es 76 77 80

)

o



o Therapeutlc effects have been demonstrated for a

AN

* .variety of v1ra1 1nfect10ns in dlfferent ‘animal models,

including herpes encepha11t15"1n mice, 437 81- 83

o~

43, 84-93 cutaneous and genltal

x?

keratitrs in'rabbits,
‘herpes‘ln mlce and gu1nea plgs 43 81 94”97 herpes B in
krabblts 51 31m1an varlcella v1rus ‘in Afrlcan grden
jmonkeysgg 99 and cytomegalov1rus in mice. 100 101
In prlmary v1ral 1nfect10ns the nerve gahdlla are
1nvaded and it - is belleved that it is. hete that the,

F
-latent v1rus re51des unt11 reactlvated L 2 Acyclov1r
' /
_has been shown to glve tota; partlal or. no pqotectlon
'.agalnst the establlshment of latency in prlmary

llnfectlons dependlng on the t1me after 1nfectlon

v

,mtherapy ‘was commenced 49 89 102 LlO Unfortunately once

‘1atency was establlshed, treatment w1th acyclov1r had

j‘no effect on tHe number of latent genomes,lo% 108

'although Pavan Langston et al..have clalmed to observe
coal decrease.;11 112 Even though the latency could not

,be prevented, cllnlcal reactlvatlon could be hnhlblted
‘. . “

»1by treatment before and after the reactlvptlng

A problem w1th the contlnued use of a’ partlcular.
f

ffdrug 1s the development of re51stance.f In pr1nc1ple,¢ a

12,

_."/\z{‘

e L

ifresistance to acyclov1r could occur at one of two 1oc1,flf Lo

,e._elther at the DNA polymerase or the th¥m1d1ne klnase R



-

~7;tox1c1ty,84 129 131 Secondary tox101ty 1s seen at’

’ ) : ' ) . A
level. It has been shown114 122, that- passage of herpes

virus in the presence of acyclov1r gives a relat1vely
high frequency of drug resbstant mutants;--Virtually
all the drug resistant strainsrdo;nOt:have the

ablllty to phosphorylate acyclov1r. ﬁOwevér there

have been four examples of mutants at the polymerase

level. 67,116~ 118'123 Crumpacker123 1solated the poly-

merase from one of these mutants and reported that it o
_vwas poorly 1nh1b1ted by acyclov1r trlphosphate.“The.:
: development of re51stance w1th cl1n1cal herpes 1so—

1 lates 1n human c:Tl llnes121 124 and 1n cllnlcal

”trlalslzs 127 has been noted recently.» Thls may not .

prove to be a problem S1nce the ma]orlty of cllnrcal

cases result from reactlvatlon of 1atent v1rus. It has

Q

been shown that thymldlne klnase def1c1ent ‘mutants of :

P

-HSV 1 are n1ne hundred tlmes less v1rulent than the

114 128 _ _
Lo O »
Precllnlcal tox1cology studles u31ng acyclov1r 1n
[ .

w1ld type

':an1mal and in v1tro models showed a low: ordef of

.hhlgher doses due to the prec1pitatlon of acyclov1r 1n

f_xthe nephrons of the kldney, cau51ng tran51ent 1mpa1r—»:

AR

ment of renal functlon. Acyclov1§ was con31dered safe f”

jafor cllnlcal trlals and a report appeared descr1b1ng

the successful treatment of eplthellal herpetlc

13.
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132 Mmuch work has since: been published on

87,133-134

keratitis.

. the successful treatment of ocular infections

showing acyclovir to be at least as effective13§—l38

as, or more effectivel397142 than idoxuridine (18),
vidarabine (2&) or trifluoromethyl-2'-deoxyuridine
(19). An irritation due to the ointment base was

observed which did not warrant withdrawal of treat-

ment.143 - ‘

One third of the general population suffer from

recurrent’ herpes infections of the lip or perioral

3y

area, bﬁt for the most part these infections are merely
a nuisance. However,ﬁin immunocompromised patients‘the
infections are much more severe, even becoming life
threatening.l44 Thus there have been many reports of

the use of acyclovir, both‘prophylactically and chemo-

therapeutically, in such«fcases.145 As noticed in

vitro, the susceptibility of the viruses decrease 1in

pos

the order HS

cmy, 1297162 o7

& ¢ . s
Primary genital herpes infections have respond-

v;146-155 yyy, 155,156 ggy; 158 ang

ed well to treatment with acyclovir whether the admin-

istration was topica

venou52167‘ However, in recurrent infections slight or

1'1631164 0}31165'166 or intra-

no clinical benefit was'observed.m3 This is likely - \k

due to the fact that these episodes are of short
. ; ;



[ «
duration with natural healing occurring one oOr two days

after the onset, thus making any effect of acyclovir

treatment difficult to obsefve. It has been
suggestedl68 that since two-thirds-of sufferers of

.genital herpes experience prod;omes, patient initiated

-

therapy may be more rewarding. L

1

Treatment of herpes infections with acycglovir in
" combination with other drugs has been‘reported with

synergistic and additive effects having been seen de-
pending on the infection and the other compound.lbg_172

-

Acyclovir pharmacokinetics in humans were very

similar to those observed in ‘animals, with desirable

l‘
»

plasma levels of thendrug readlly obtainable by either

k]

oral”3 or lntravenous admlnlstratlon”4 180 and with a

half life of approximately three hours in patients with
_normal renal functicn 176,181-183%m Most of the dose was

recovered in the urinel84- 186 yjith only metabolltes

(25) and (26) being observed in small amounts.l77'187

Metabolic removal accounted for a hlgher percentage in

185 188

patients with some type of renal failure as

would be expected.

F1na11y, as observed in animals, the majof toxicity

noted has been that of renal dysfunctlon189'190 which
appears after hlgh dose bolus injections. However this

can be circumvented if the drug is admlnlstered by slow

-

15.



" infusion with adequate hydration.190

Acid Hydrolysis of Nucleosides

The mechanism of acid catalysed hydronSiS-of

s

nucleosides has been of cohsiderable interest since the
i
report of the release of heterocyclic bases from

nucleic acid 1in 1891.191  The impetus for the earlier
investigations was the challenge to elucidate the

structure and sequences of nucleic acids. It was, known

that mild hydrolysis produced apurinic acids,lgz"194

indicating the greater lability of the p%rihe glycosyl
bohd.‘AMore vigorous conditions hydrolysed the sugar-

_ phosphahe backbone linkages giving rise mainly to
pyrimidine nucleoside diphcsphates, an observation that
. led Levehe to propose the alternating pyrimidinerurine
theory.lgs_zoo _However, it was shown later that

pyrimidine diphosphates could survive the acidic

conditions employed.zol—zo3

The first published mechanism for the hydrolysis

of nucleosides was pfpposed by Kenner204 and in-

volved a SChlff base intermediate (27), based on the

0

-

accepted mechanlsm for glycosylamine hy@rolyls1s
(Scheme 1).205, 206  genner proposed that protonation
~would occur first on the more basic purine, but

postulated that this species (28) would be stable. It

v

.

16,



(28)

HO o

HO OH

a

17.



was reported that the quaternary ammonium salt (29) was

207

quite stable.
Dekker iater supported this mechanism but stressed
the importance of a nitrogen atom being in the prox-
imity of the sugar ether‘o*ygen,Athus facilitating the
inframolgcﬁlar trsnsfef Qf'a protOn.zos' Dekker
suggeéted that this rationalised why (6), (30) and (31)
hydrolyééd‘more rapidly than the naturally occurring

pyrimidine nucleosides. 3

N ©, H,N N

0=

H NN . HNTN
HO 0] | HO

HO OH HO OH

Alivisatoszog'zlo'shdwedathat of a ?ariety of.

> imi-daible ribonucleotides only (__?;_l_) was hydrolysed

18,



19,

under condltlons of the Orcinol test. This finding
agreed w1th Dekker s proposal, but the authors also
found both glycosyl ‘bonds in diphosphopyrldlne
nucleotide (32) to be‘)abile. This observation was
clearly 1ncompatib1e'with a'Schiif base mechanism but
was 1gnored by other authors. ' | : 0
Established’characteristlcs of such a Schiff base
mechanism are general acid catalysis, rapid anomer-

206

isation and bell shaped pH/rate profiles. Early

detailed k1net1c 1nvestlgatlons on both pur1ne211'212

and pyr1m1d1ne nucleosmes213 -216 showed no such

. phenomena. Most authors still explalned the1r results

in terms of the then accepted mechanism (Scheme 1. S
1f formation of the SChlff base were the rate |

determining step as proposed, then electron W1thdraw1ng

' groups in the base m01ety “should retard the rate of

hydrolysis. It was found. that such electronegative

~ groups enhanoed the c;eavage in both pyr1m1d1ne215 221

and purine nUCle081des.222;225 SuChfineonsistencies

led Shap1r0217 1218 g propose an alternatlve mechanism

involving an oxocarbonlym ion - (33) 1ntermed1ate

* 6 mOlathCl, 100°C for 20'minutesr,g
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HO= -0 - HO
ke . QO
HO OH "~ HO OH
| K821 +
AL 0- O
HO o] HC AN
k1 . .
HO  OH . HO OH
Ka, (33)
B o
HO— O~

| .+ .B*Hz — products

+ Buw —— products
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(Scheme'II).* Effects resulting‘from the basicity of
the departlng heterocycle and pH/rate prof1les were
consIstent with such a mechanlsm, as were observatlons
in most of the earlier work. |
Zoltewicz - reported the pH/rate proflles of some

~purine nucleosides and observed a linear dependance'

228,229 This

. . S
even at the pKa of the nucleosides.

linearity was rationalised to result from the

ydroly51s of both mono: and d1prot0nated spec1es‘

(Scheme II). Repet1t1on of some of th1s work by others

led to the observatlon of slight curvatures 230

4

5uﬁstitutions in the purine ring that change both the ¢

pKa and. acid catalysed hydroly51s rate values made the
expected curvature more obv1ous.224 Solvent part1c1pa—
tion Ln the.rate determlnlng step was ruled out by._»

comparison of N-7 and N-9 1somers,231 theoretlcal

conslderatlons,232 Bunnett values 218 229, 230

act1vat1on entropy values222 228,229,231 and by an

-

observed secondary jbdeuterlum 1sotope effect.233

4

. ;
The stability of such an 1ntermed1ate is a matter of

debate w1th some authors calculatlng a. llfetlme of

I

10"11 to 10-15 secs, 226 whllst others compare 1t to the

dlphenylmethyl carbonlum 1on.2?7

21.
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Lonneberg reported the effect of various metal
ions in hydrolysis solutionsz34’237‘under conditions 1in
which it 1is known thar co—ordination of the metal to
the heterocycllc base occurs. 238-240 WiEh the
exceptlon of mercury, 236,237 all metal ions had a rate
' retarding effect. This was rarionalised by assuming
competition by metal ions for the sites of protonation.

Whether the -hydrolysis of nucieosides occurs,
via a Schiff base or oxocarbonlum ion intermediate, -
‘electronegatlve grouns in the sugar moiety would be
-eXpeoted‘to destabilLSe both types oﬁ'intermedjates and
thus retard the rate of hydroly31s. This has been | ‘f
| observed; 2! —deoxynuc1e051des hydrolyse faster than
. their ribocountérparts,193'241'243 as do -3'-deoxy~-
nubleosides,zzz'and 2',3'-dideoxynucleosides are ahe
'most 1ab11e. 222 The effect of these hydroxyl_functions
may not be llmlted to their electronegativity. Ga rett.
suggested222 that the 2'—hydroxyl functlon m1ght [
compete as a proton acceptor site, or that hydrogén
bonding to the base might be 1mportanr.222 244

Methylatlon of these hydroxyls did cause .an increase 1in

stablllty 245-247 However, this may be due to 1nter—

g férence w1th solvation of ‘the developlng carbonlum

~.. ion. The conflguratlon of the 2! and 3! hydrzjl

22.



groups had a significant effect,zzz'248 which was

proposed to be due to hydrogen ponding. It is likely

that this would cause a change 1in conformational enerqgy

"in the tran51tlon state. A definite indication that

) electronegat1v1ty was not the only factor was illus-

~trated by the decrea51ng order of hydrolytic stability

of (34), (35) ‘and” (36). 249 Even though more

(3_[,,) R =ClI ‘ , | |
(%) R=F ()
(36) R=oH |

‘than one factor is operating,” the protection of -

nucleoside hydroxyls with electron w1thdraw1ng ester ;gf»
blocking groups has allowed the synthesis of some acid

sen51t1ve compounds.250 256 It was suggested254 that g

-

aromatic ester groups could stack w1th thevhetero—

cyclic aromatic base and thereby alter 1ts' reactivity.

This was shown not to be 51gn1f1cant in terms of the

.acidqcatalysea hydrblysis:stabilities of adenine .

23,

.



nucleosides.256

~ !
To eliminate'conformational factors, Robins and

Cr055257 studied effects of electronegative groups in a

series of "oxidised—reduced" acyclic adenine nucleo-

sides (37) Correlatlons between electronegat1v1ty and

rates of hydroly51s were observed, with 2'—subst1tuents
having the largest effects. ‘5'—Substituents exhibited
the{same trend, presumebly by decreasing the availa-
bility of the ring oxygen 's lone electron pairs.
Slmllar effects have been observed in the hydrolys1s of
glycopyranosides.258 The most Str1k1ng feature of the
Cross study257 Qas that the rlng opened nucle051des
hydrolyseg/at a faster;rate than the1r cycllc counter—
parts. ’This can be explalned»by con51der1ng,the con-h

formatlon that W1ll allow an ant1per1planar re-

latlonshlp between the ring oxygen 's- lone electron

'palrs and the departlng heterocycle, namely oF (01' exo

p = 270) (38).259 Due“to 1,3 pseudo diaxial and
'écllpsing interactions this conformatlon would be
‘fexpected to be very stralned In contrast the acyclic
oxidised- reduced nucle051des can ach1eve this anti- |
perlplanar relatlonshlp qu1te ea51ly (39), thus
-facilitating hydroly51s. Thgs hypothe51s is supported

:further by the . observatlon5260 261 that purine nucleo-

,side 3?,5'-cyc11c[ph05phates.(AQ)'are much more .

24.



38

clic

re51stant to hydroly51s than the correspondlng acy

nucleotldes In ‘the. trans fused b1cyc11c system of

The

'(40) the JE conformat1on cannot be reallsed )
260,261 -

llent appearance of 3" and 5' nucleotxdes

bservation of 51m1 1ar !‘ates

for the 11berat10n of -

~




the Schlff base mechanlsm (Scheme I) in the 1nter—

:.as the trlacetate263 d44)

1]

purlne bases and hydroly51s of the cyclic phOSphate

,rlng strongly 1mp1y that glycosyl bond hydrolysxs
" proceeds only after the cycllc phosphate has been

 opened. Wlth uridine and thym1d1ne cycllc

»~pﬁosphates, a dramatlc increase in rate was

observed 260 262 Thls suggests that these two

pyr1m1d1ne nuc1e051des do not* requ1re the JE -

conformatlon for facile hydroly51s. On -the baSlS of
“ . o

N

edlate (41) rlng straln is relleved and could account

for such an 1ncrease in rate.‘ In contrast, cyt1d1ne

//

503! 5'—cycllc phqsphate was. qulte stable . under such
_condltlons and only the CYCllC phosphate rlng was

”;hydrolysed 260, 261 ,These.data suggest that pUrxne and

cyt051ne nucle051des have only the oxocarbonlum pathway

‘E(Scheme II) available to them,'whereas uraciletypef
'nucle051des may hydrolysed v;a both thisfand the>Schiff“
;baSe-mechanlsm. Further observatlons are con51stenq |
| w1th thls assumptlon.p Robins and MacC055260 found{that

treatment of ur1d1ne 3' 5‘—cyc11c phosphate 1n o . -

<

*anhydrous methanollc hydrogen chlorlde 1ed to the»

' 1

- shown to glve such an- 1ntermed1ate Wthh was. 1solated

)

1solat10n of (42) Slmllarly the octosyl aCld (43) was-_,,ﬁ

26.
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In agueous solution no aﬁaIOQous hemiacetal
intermediates were detected, but Cadet reported the
isolation of small amounts of pyrimidine a-furanosides,
and B and a-pyranosides from the partial hydrolysis of
2'-deoxyuridine and thYmidin?., These products would be
expected from a Schiff base'méchanism. 2'-Deoxy- |
cytidine and 5-bromo-2'-deoxyuridine, did not give such

products.,264

Previous work218'2’21'261;’2)€2'264'265 indicates that
cytidine nucleesides behave differently from uridine
and thymidine nucleosides. The most obvious differ—
ence between these heterocycles is the ease of proton-
ation: cytosine pKa = 4.6,2%% uracil and thymine

pKa = -3.4.218 1t seems reasonable that cytosine
nucledsides protonafe at“the N-3 position on t?e‘Aro—
matic heterocycle and thea hydrolyse, like purine nuc-
leosides, via an oxocarbonium ion intermediaEg

(Scheme 11).217,218,221 The rate ofqhydrélygig of a
‘cyt6siné nucleoside is slower than that of the corres-
ponding purine nucleoside.218 This can be explained,
apart from the fact that purine nucleosides are known
to diprotonate at lower pH, by considering the
basicity of the departing heterocyclef# Previous
qfudies have shown a good correlationgetween the rate

of hydrolysis and the basicity of the leayﬁpg nitroyen

at;om.215’224'2"27'267'268 3-Methylcytosine (45)

28,
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.

(pKa = 7.38269) and 7-methylguanine (46) (pKa = 3.5266)
are good models for the leaving groups* during the acid

hydrolysis of cytidine and guanosine, respectively.

>

CH, /Nsz o) C';Ha NH
SN s HN’R]:N ‘ N)SI:
o H,NJ\: N Q'i' :>
) W . ool
* HO OH
(&) L”

N ‘r"/
lx N

The basicity of the leaving group is probably an
important factor in det;rhining rates of hydrolysis of
N—7223'231'272'2733and N—3274 ribosyl purines. HOw=
ever,'if only sm%il differences’ in basicity are found
between two leaving groups, then other faétqrs such as
site of protonation or steric strain might ﬁe more ‘ 1y
important. The introduction of strain via a "peri”

located alkyl group, for example“in 3-methyladenosine -

* . s ‘ . . ' '
pProtonation of cytidine and guanosine 1S known to

occur at N-3270 and N-7,271 respectively.



e

(47), has caused large rate eﬁhancements.275'28¥

Alkylations of other sites of the heterocycle had

ES

lesser effects.222'22§d282

From data presently published it séems that both
the Schiff base mechanism (Scheme 1) and the oxo-
carbonium ion mechanism (Scheme II) can fanction
depending on the structure of the nucleoside. If a
geéeral scheme to account for the hydrolysis of all

nucleosides is desired, then both pathways have to be

included (Scheme III). Which pathway is more energet—

ically favourable for a particular nucleo;ide depends
on its structure. Thus, pyridine nucleos;des‘Qig) can
hydrolyse only via a pH independent oxocarbonium ion
pathway (k;, in Schéme III),227'268'283'284 bepzimid—

azole nucleosides (49) can protonate only once and so

-

30.



Scheme 111

31.
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<

the diprotonated pathway (k3) is not évailable in
contrast to purine nucleosidés.224'228_230 " The
cyclonﬁcleoside (50) is much more labile than thymidine
QLQ)ZSS due to the availability of‘the'protonatéd

monocation route (kz). Least is known about nucleo-

sides such as thymidine (13), uridine (9) and 9-(B-D-

ribofuranosyl)uric acid (51) which are protonated only

at very ‘low pH values (<0). ﬁf is reasonable to assume

.
L

that the sugar a competitive site of.

* Estimated from tetrahydrofuran pKa =~ —2.1.286
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&

and a Schiff baseﬁmechanism is-ﬁore likely. ,Shapifo
noted?l7 that deoxyuridine and thymid{ne underwent a
slow unimolecplar cleavage aﬁ neutral pH, but whether
this occurs via a kj, or klé pathway - (Scheme fII) of'a
combihation of both is not.knpwn, Garrett219 reported
that 5-substituted—2'-ﬁeoxyu;iainés hydrolysed faster
than the parent nucleosides whether the sﬁbstituent was
electron dqnating'or yitﬁdrawing.' Thisuis'consistent

with a shift between two types of mechanism.



RBSULTS AND DISCUSSION

1. Syntheses ‘ -

The first syntheses of (2- hydroxyethoxy)methyl
nhélebglde analogues employed (2- benzyloxyethoxy)—
methyi éhloridé (53)as the alkylating agent.26'43

Treatment of 2-benzyloxyethanol (52) with paraformalde-

hyde and hydrogen chloriﬁe.in dichloroethane'gave (53) /
which decomposed dur1ng attempted isolation. Immediate_
coupling of 1ntermed1ate (53) with cthropurlnes gavé

low yields of the desired N-9 isomer§.26'43 287,288

Higher yielding syntheses have been developed using

NNy
\) o] '
I R& RFSNZTN
Ha
.mzomzmzm ____,@CHzomzmzomz @mzo—vo\)
enra

(52) : (53 |  Ry=Q RycH

R1_=Q RZ:Q

other coupllng ‘methods.
o}

Lewls ac1d catalysed coup11ngs of both 511y1ated

‘purines and pyrlmldlnes w1th su1tably protected sugars



ha&é been reported. to occur with, high regiospecifieity
and in good yields.287'290 An example of ehis is the
coupling of the 2,4-bis797trimethylsilylated uracil
(54) with tetra-O-acetyl ribose (55). We expected ‘that
analogously fevourable;coupling of (Z-acetoxyethoxy)-
methylacetate (56) with silylated basee would occur
also. Reaction was observed, but the couplings
generally occurred in only ~50% yields. This also has
been reported by other woérkers. 291-293  The diminished
yields. may result from,the'difference in stability of
the proposed 1ntermed1ate exocarbonlum 1ons.290

- Clearly, (57) is less stable than- (58) and thus it

might decompose-before‘coupling with the silylated

%

hetereeycle ean:occurr SR - .
Acid catalysed opening of 1, 3-dioxolane (59) with
acetic anhydride provided a facile synthesis of
(éé).294..Treatment of (59) with acetyl chleride or
acetyl brortide also resulted in the Opening of the
dloxolane r1ng te glve good yields of (2 acetoxy-
ethoxy)methyl chlorlde (60) or (2- acetoxyethoxy)methyl
bromide QQL).
| Samples_of (60) were con51stent1y contaminated by

a tenacious by—product~wh1ch.yas not removed cempletely

///
e
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by repeated fractional distillations. Its' presence
was detected most ea31ly by 13C NMR spectroscopy. I1f
the mechanism of the acetal ring openlng is as shown in
Scheme IV, then attack of chloride ion at position four
of the rihg would give (2-chloroethoxy)methy1 aoetate
(62), a product which would be expected te have similar
physicaf‘properties to (60). Compound (62) was
synthesised from 2- chloroethanol by treatment with .
‘paraformaldehyde and hydrogen chlorlde followed by

sodium acetate in glacial: acetic ‘acid. Addition of

‘synthetic (62) to the impure sample of (60) resulted in ..

£he appearance of.new 13¢c nMR signalf, indioating that
(EE) was not the original impuriiy.

~ This problem was not pursued,furthef since it was
fouod that ace;y}Jbromide opened 1,3-dioxolane (52)
‘cleanly and.gave a pure'sample of (gi) in 88% yield
after vacuum distillation. This bromomethyl_ether
derlvatlve could be stored in the refrlgerator w1thout
_decomp051t1on. " There have been recent reports. of the
openlng of (59) with trlmethylsllyl 1od1de to glve the
'hlghly reactlve (2- trlmethylsllyloxyethoxy)nethyl

iodide.295 ~297 This. reagent requires repetltlous

‘generatlon JUSt ‘before use and low reactlon tempera-

tures due to its 1nstab111ty>  We found that coup11ng\Q

37.
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‘"‘wr chloromethylmethyl ether (63) with silylated

gd‘occurred under mild condltlons w1th0ut
‘;ng a 51ly1—mod1f1catlon of the Hllbert-.
_ocedure298f300 (Scheme V)f' An excess of

;?d heterocycle wasdemployed in order to avoid
;iation, and the use of low temperature (0°C)

fred in formation of only'traces of the isomeric N-
foduct; Consistentiy high.yields were obtained (see

le I).

Electrophiles . are known to attack the 5- ~position
5 pyrlmldane r1ng301 and this route was chosen to
Bpare a series of 1-[(2- hydroxyethoxy)methyl] -5-

substltuted cyt051nes (bcheme VI) Since strongly

cond1t1ons are required for tﬁe nitration of

» e} thlS was performed prlor to coupllng w1th the
’—acetoxyethoxy)methyl 51de chaln. Chlorlnatlon and

1 brominaton were performed dlrectly on 1-[(2- hydroxy—
ethoxy)methyl]cytos1ne (88) Chlorlnatlon proceeded
very smoothly under the condltlons recently descrlbed

3by Ryu andyMacCoss.30£ A modlflcatlon of this

.

;procedure produced 5- bromo 1- [(2 hydroxyethoxy)methyl]-‘;

cyt051ne (94), albelt in lower y1eld (46%).:?;
. 1-[(2- Acetoxyethoxy)methyl] -2~ thlourac1l (72) was

.'deeulphurlsed u51ng Raney nlckel to give 1- [(2 acetoxy—

39.
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thoxy)methyl]pyrimidin—4~bne (95). In refluxihg'
ethanol this reaction proceeded with concomltant
cleavage of the glycosyl bond to glve pyr1m1d1n 4- one
as the major product. Treatment of (13) at a loweft

temperature gave a 56% yield of (95) which‘was

deacylated with trlethylam1ne/water/methanol to glve '

the desired l—[(2—hydroxyethoxy)methyl]pyr;mldln -4-one
(96). | -

Coupling of silyiated cytosine'with ¢61) occurred?
almost exclu51vely at the more ' basic N-1 pos1tlon of
the heterocycle It is’ known that ‘at neutral pH thei
predominant tautomeric form of cytosxne in solutlon is
(21).303'304 The amidine system (N 3) shOuld be more
prone to alkylationrthan the amide system,(N~1) of
(97), and this has been observed w1th methyl—' |

ation.305'306 Treatment of a suspen51on of cytos;ne 1n

‘dlmethylformamlde w1th (61) gave two major products, 3~

[{2- acetoxyethoxy)methyl]cyt051ne (98) and 1, 3~ bls [(2—
acetoxyethoxy)methyl]Cyt051ne (99) plus traces: of the :

N-1 isomer (76). These products were separated by

silica chromatography and deacylated to g1ve 3- [(2— K o

hydroxyethoxy)methyl]cytos1ne (100) and 1,3~ bls—[(2—
hydroxyethoxy)methyl]cytos1ne (lOl),_respectlvely

A convenient route for'the;synthesls of 9-[(2-

43,
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‘hydroxyethoxy)methyl]purines was required also.
Chlo;opurinesﬂwere chosen as starting_materials.dué to
the ease of replacemént of the halogen withhvarious‘
nucleophiles.307 Lée et al.3Y8 reported that the
coupling of a chloropurine and a protected ngar in the
presence of mercury (II) cyanide occurred ‘exclusively
at the N-9 position. We found that a silylated:

chloropurine would couple with (61) exclusively at N-9

and in high yield with mercury (11) cyanide as catalyst

(Scheme VII). The position(s) of the trimethylsilyl
group(s) on the puriné qfe not known, SO the exact
nature of the intermediate 1is not deﬁined.v Inter-
mediate formation of (105) would explain the regio-
’ seiectivity, and there is pfecedent for mercuri II
binding to the N-7 of purines.309'310 The coupled
products (102), (103) and (104) were transformed

further, generally under mild conditions, as shown in

Scheme VviIi. Due to the significaht differences

' . () . . ’
relative to the natural substrate structure, adenosine-

-

deaminase converted 2,6-diamino—9—[(Z—hydroxyethoxy)e
methyllpurine (107) and 27amino~6—chloro—94[(2—hydfdxy-
ethoXy)methyl]purine (108) to acycloguanosine (22) very

slowly. This slow rate made syntheses practical on a

small scale only. For preparations of larger amoun£s
%

AN
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SCHEME VII
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SCHEME VIII
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of (22), treatment of (103) with sodium methoxide
and mercapﬁoethanol'iq méthanol at reflux was
employéd.311 Treatment of (102) with methénolic
ammonia gave 9- [(2-hydroxyethoxy )methyl]adenine (23)
cleanly, but a more direct synthesis was accomplished
by reaction of theksodium salt of adenine (109) with
(61) in dimethylformamide at low temperature followed
.by deacylation of the resulting 9~[(2-acetoxyethoxy)-

\ methyiladenine (llé)‘with sodium methoxide in methanol.
Enzymatié deaminaton of (23) was utilised in the

’ . - L

pifparation of 9—[(2-hydroxyethoxy)methyl]hypoxanthine

(111).
—_— » A\
Methylafion of the aglycon in adenosine nucleo-

sides is known to occur at theAN—l position.312

However, introduction of a bulky group at’the 6-
position may prevent this due to sterix repulsion.

" It has been obser;ed that N®, Nf-dimethyl-2',3',5'-tri-
O-ben%pyladenosine (112) methylates at the N-3
bogig}on.3l3 ‘Similar methylation of 9—[(27hydroxy~
~ethoxy)methy1]—N6,N5—dimethy1adenine‘(}QE) was
attempted. The desired methylation did occur but with
accompanying:glycosyi cleavage fo,give N3,N§,N§-tri-

) ; \ .- :
methyladenine (114). This problem was circumvented by

allowing thg reaction to stand at. 0°C for 3 weeks. The
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desired product,x9—[(2-hydroxyethoxy)methyl]—N3,N6;&6j
trimethyladenine iodide (113) crystallised\from the
reaction oixture in 55% yield. Refluxing (113) in
ethanolic ﬂgtassium hydroxide resulted in opening of
the p;rimioine ring to give 4-carbamoyl-1-[(2-hydroxy-
ethOxy)methyl]~5—me£hylaminoimidazole (115). Treat-
ment of ﬂ-carbamoyl—5-benzamidoimidazole (116) with
(61) and trlethylamlne in dlmethylformamlde gave both

314. beparatlon by 5111ca

N 1 and N 3 isomers.
chromatography followed by deprotectlon of the N- 1
jsomer with hydrazine in.refluxing ethanol furnished
pure 5—amino-4-carbamoylfl—[(2—hydroxyethoxy)methyl]—
imidazole (118).

The synthesis of-a series‘of‘9—[(2—hydroxyethoxy)-
methyl]ée—substituted guanines was desired since the
effect of the B-substituents on viral inhibition and
the rate of'glycosyl cieavage,was of interest. The 8-
poéition.of*purines is known to be susceptible to
electrophilio:attack,307 with bromination occurring
readllf 315-318 ‘Bromination of (22) proceeded smoothly
in bromlne water giving a good yield (83%) of 8- bromo-
9-[(2- hydroxyethoxy)methyl]guanlne (119) ' Few studies
have been conducted ‘on the iod1natlon and chlorination

of purines, put a recent chlorlnatlon procedure302

¢
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provided an acceptable yield (52%) of 8—chloro-9—[@§~
hydroxyethoxy)methyl]guanine (120). The oniy reported
iddination of a guanine nucleoside employed N-iodo- ¥
“succ1nam1de and n- butyldlsulphlde in d1me£hyl~
sulphoxide.319 This procedure gave;poor results with
(22). Iodidation of (22) was found to proceed readily
using iodine monochloride, and a 75% yield of 9-[(2-
hydroxyeth0xy)methyl]—8—icdoguanine (121) ias:obpa;ned.
Of the 8-halogenated products,.(}igj, (}gé) and

(121), the 8-bromo derivative (119) was employed for

further synchetic~transformations due to its"facile
syﬁthesis. Nucleophilic replacehedt of the bromine'
" atom at this poeitioﬁ is well‘known315'3l7'329 and most
. likely proceeds via'ad addition-elimination reaction

' mechanlsm (Scheme, X) . Several nucleoPhilic’replace;
ments were effected‘at elevated temperatures (see
Scheme IX). Yields were in the range of 67-85%.
Pufification of p;oducts was effected on ‘carbon
columns. Treatment of (119) with sodium acecate in
glacial acetic'acid deserves special-mention. In early
,experlments 8- -hydroxy-9-[(2- hydroxyethoxy)methyl]-\
guanine (126) was obtained directly. %Bwever, later
experiments:consistently gave 9-[(2nécethyethoxy)—
metﬁyl]-8-hydrogyguanine (127) as_the”only product.

%
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Scheme IX
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Scheme X
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These are not normallx\acylating conditions and a
likely explanation of this result is an‘intramolecw&ar
acyi transfer in the intermediate (128) shown in Séheme
X. Ikehéra316 did not observe parallel behaviour with
the analagous guanosine tfansformation; but this may be
due to the more restricted conformations of the ribose“
mojety. This occurrence  did not preseﬁt any problems
synthetically as (127) could be deacylated with

methanolic ammonia to give (126).

£

There hAve been several reports of free
radieal mediated additions to the ﬂigggition of
purines.3 1-324 Tpis method of carbon-carbon bond
rggrmation was chosen for our study. Tertiﬁfy—butyl
radicals, genera£ed'from pivaldehyde using iron (I11)
and.botqssium persulphate, were observed to add.to the
8-posiﬁion of (22) to give a modest yield (42%) of 8-
Eg;&;butyl-9—[(2—hydroxyethoxy)methyl]guanine (129)
(scheme XI). The pivalyl radical first formed decom-
poses to give the tert-butyl radical. A small amount
of a by-prbduct which possibly resulted from addition ¢
of the acyl radical to (22) was observed but not
. isolated. Slmllarly, methyl radicals generated\frpm
thé homolytic cleavage of tert- butyl peroxide (bcheﬁ“\

XI1) were found to add to (22) to give a 64% yield of

95[(2—hydroxyethoxy)methyl]-B-methylguanine (130).

56.
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Methylation of guanosine with &iméthyl sulphate in
dimethyl sulphoxide was known.to occur at the N-7
position.312 This method was employ 0 pgoduce 9-
[(2—hydroxyethoxy)methyl]-7-methy{g:ijjje (131). A 56%
yield of (131) was obtained, but this betaine could be
successfully crystallised only as its hydpochloride

b

salt.

CH,

s J\)‘I

T UNHZ NN
HO-_-O

(131)

2. Blologlcal Act1v1t1es

-

The blologlcal act1v1t1es of the (2 hydroxy—
ethoxy)methylnucleosxdes were determined at %he Rega -

Institute for Medical Research,~Katholieke
' j
Universiteit, Leuven, Belgium under the supervision of

Professor Erik De Clercqg. . ‘ ,

o
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a) Antiviral Activity

The antiviral propefties of the (2-hydroxy-
ethoxy)methyl nucleosides were evaluated in primary
rabbit kidney (PRK)m;;}Q cultures infecéed with herpes
simplex virus type I (HSV—I),.type IIT(HSV—II), vaccina
virus (VV) or vesicular stomatitis vigus (VsV). These

' - . . . »
assay systems have proven useful in previous studies on

LS

the comparative efficacy of anti-herpes agents.?> The
reference compounds, (E)—S-(2—bromovinyl)—2'—deoxy-
uridine (BVDU), 5-iodo-2"'-deoxyuridine (1pu) and 9-[(2-
hydroxyethoxy)methyl]guanihe(acyclovir) had activity
levels in accord with those reported previOUS1y.45
The [(2—hydroxyethoxy)methyl]pyrimidine nucleo-
sides were devoid of activity even at a concentration
of 400 ug/ml (Table IT). Similar Egsults have beend
reported recently.3-25'326 The ‘inactivity of (E)-5-(2-
‘bromovinyl)—l¥[(2-hydroxyethoxy)methyl]uracil (87) con-
~ trasts Sharply with the poteﬁt anti-herpetic éctivities
of its structural "parents", acyclovir and BDVU, from
which were derived the (2-hydroxyethoxy)methyl and (E)-
5-(2—bromovinyl)uracil moieties, respeCtively. ~7
With the exception of (106) and f}ll), all‘of the
[(2—hydroxyethoxy)methyl]purines inhibited HSV replica-
{tion, alhéit at highervconcentrations than aéYclovir.

The introduction of & substituent at the g8-position of



Sy

acyclovir was tolerated amazingly well, although
generally the activity of the compounds diminishéd\qf
the size of this group was increased (Table III). -The
activity of 9—[(Z—hydnpxyethoxy)methyl]-2—amino-6>
chloropurine (108) may be derived from its ultimate
transformation to acyclovir by adenosine deaminése.327’
The activity of (108) was‘feundvto vary considerably in
. different cell lines (Table IV), which may be due to
the different adenosine deaminase activities, Howéve;,

¥

the antiviral activity of acyclovir was found to be

3

dependent on the cell line also.

b) Inhibition of Growthfof Murine Leukemian

L1210 Cells

Although acyclovir 1is claimed to be essentially

non toxic to uninfected host cells}42'44 it was in-

hibitory to the growth of murine leukemia LlZlU cells

at moderate concentrations- This- was -observed for the

othgr.[(2—hydroxyethoxy)methyh]purines with the‘excep?

<

tion of the inosine analog (111) (Table V). The [(2-

'vhydroxyethoxy)methyl]pyrimidines exerted little if any

cytotoxicity toward L1210 cells even at a concentration

of 1 mg/ml.

-

- The inhibition of incorporation of 2'-d€oxyuridine
into DNA relative to that of thymine (Table V) .may. be

taken to reflect the poténcy by which nucleoside

60.



analogues inhibit thymidylate synthetase ?%8 It is

doubtful 1if the 9-[(2—hydroxyethoxy)methyl]purines owe
any of their cell growth-inhibitory potency to an
inhibitory effect on thymidylate synthetase, siﬁce
their ICgqy values for L1210 cell growth were far be 1ow
the ICgq for 2'-deoxyuridine incorporation This trend
was particularly striking for compound (23).

while not active themselves as inhibitors of tumor
cell growth, [(2—hydroxyethoxy)methyl]pyrimidines may
potentlate the antitumor activity of 5-fluoro- 2'-
- deoxyuridine and its cogeners. he 1-[(2- hydroxy—

' ethoxy)methyl]-5-substituted urac1ls, (80), «(81), (132)

and (133) have been reported to 1nh1b1t thymidine and
uridine phOsphorylases,329 331 the enzymes responsible -
for the rapid conversion of 5—fluoro;2’—deoxyuridine
(134) to S5-fluorouracil (14). 332-334 1t was con-

" sidered that the antltumor potency of (134) might be

enhanced if it'were co- -administered with a phos-

‘ phérylase 1nh1b1tor. Four of our [(2-hydroxyethoxy)-
,methyllpyrimidin¢8, (71), (82), (85) and (87) were

‘examined fqr their efféqts én the L1210 cell growth
inhibiting‘properties of 5—fiuoro;2‘Qdeoxyur{?ine, 5-‘
trifluoromethyl-Z'-dé%xyuridihe, 5~nitro-2‘—deoxy— ”
uridylic acid, 5—ethyl—2'4deoxyuridine, ig)—s-(z—

'bromovinyl)—Zf-deoxyuridine, S—bromorZ'—deoxyuridine



HNT NF HN R‘
OJ\N r OJ\N
,'; HOVO\l
'.n_[’) R=H . (80) R= H

(81) R= LHy
(134) R= HO o :
Kj - 32 R= D)
| HO (133) R= tnz@omz@

and S-propynyloxy- 2'—deoxyur1d1ne However, the ICgg
1ue§ of these ant1metab011tes for L1210 cell growth
was not 81gn1f1cant1y altered by the addition of any of

the four [(2—hydroxyethoxy)methyl]pyrimidines.
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3. Acid Hydrolyses

All hydrolyses were effected in 1 M HC1l at 77°C
with the excepfions of the pH/rate and temperature/rate
studies on (32)'and (131). This allowed direct
qomparison of rates but led to Qery long half lives for
the more stable moleculea: Kinetic data were .obtained
by diracthV absorbance meaaurements of the hydrolysis
solut fons (method A),‘UV absorbance of neutralised
aliquots (method C) and by HPLC analysis of neu£rali§ed

| aliquots (method B). In all three methods the curves
obtained were analysed by a non-linear first order
computer fit, which has the advantage of not requiring
an "infiqite time" value. First order behaviour was Q&
checked by plotting‘"ln (a-x)" against."t“ as given in -

. equation (3), where “a;.is the amoaht‘oﬁ startiag"

ha;erial at time "t=6" and "x" is tha aﬁountfof-product

.at any time "t%. In all cases linearity was observed.

(1)

>
)

o e o
at ‘k(a'x) - . | (2)
1n (a=x) = -kt .+ In a 3

[P

- The half life of a reactlon (t ) is often quoted, and

represents the time at wh1ch half of the startlng

68.



material has been consumed by the reaction, such that

equation (3) can be reduced to_oquation.(4).
5 : : (4)

The hydrolysis of nucleosides follows a more
complicated- mechanism (eg Scheme I11), but it can be ,
.shown (Appendix) that the expected behav1our should

still be pseudo first order cat constant pH‘such that:

£
Rate = kgypg [S] (5)
where T+ |
\ RZLH ] _
;'\ k]_ + !
;E ] ’ Ka,
-k = .
: obs + T N *
¢ / KalKa2 + [H ]Kal + [H ]

%
/(-'r’

A kinetically 1ndlstf%gu1shable result is obtalned if

", the SChlff base mechanlgd

(Scheme 1) is assqmed. : - N

It ‘was found that the (2 hydroxyethoxy)methyl— .

\\Eg 1e051des were more stable to h;§§01y31s than e1ther .
heir 2'- deoxy or rlbonucleos{de counterparts (Tables
"-__“““Vrfand~V£I). ThlS can be ratlonallsed by elther of the

two proposed‘methanlsms (bcheme I or Scheme II) slnce

. both contaln 1ntermedLates [(135) and (136)] requ1r1ng
© v
the stab1115at10n of a pr1mary 1nstead of a secondary -

Te ;
3
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heteroatom—linkedAcarbonium ion. Psicofuranine (137),

which would hydrolyse via a tertiary oxocarbonium ion

NN
Hoj/(?:\cr«;—“’ﬁ O‘EH, - 71“ - 'T
CH, ‘cH,
(135) | | (136)

(138), has been found to be much more labile in aqueous
- . .

acid than adenosine,zn'z.l2 a fact consistant with this

This effect may be reflected in the

hypothesis.
|

NH, .
NN ,
':I >
NN

KO | HO :

>H,OH 7 CH,0H

HO OH HO OH

Gy 38



4

enthalpy of activation (AH*) of the reaction, as given
by equation (7). The enthalpy value and the entropy of

activation (4s¥) are readily obtainable from a plot of

"in k" against the reciprocal of absolute,temperature
(T). The thermodynamlc measurements for (22) (Table
VIII) gave values of AH* = 25 Kcal/mol and as¥ = 7.3 :
cal/mol deg. The enthalphy of activation found for

(22) is higher than reported values for 2! deoxyi‘and
guanosine.230 This is consistent with the lower |
expected stability of (135) relatlve to furanose
oxocarbonium ion species. The positive entropy. of
act1vat1on indicates an increase in dlsorder in

ttaining the transition state.’ Th1s is in harmony
with both proposed mechanlsms (Schemes I and I1) and
suggests significant C-N (or C-0) bond cleavage before
participation of the solvent. . | .-

A llnear dependence of the rate of hydroly51s of
(22) with pH was observed in the range of pH O to 2.75,
which 1nc1udes the pKa335 (Figure 2, Table IX) This
rather l1m1ted range was. not extended to hlgher pH values

)
°

due to the slow rate of reaction. blmllar results have

73,
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TABLE VIII. Variation of Rate Constant of Hydrolysis of (22). ~

with Temperature.

]
Temperature (K) Rate Constant (mins™") Half Life (mins)
350 ‘ (4.4 £.1) x 1072 15.8% .4
343 (2.324.02) x 1072 29.91.3
338 (1.30£.01) x 1072 53 .4
333 (6.7 £.1) x:1073 103 & 2
328 (3.76£.03) x 1073 184 & 1
323 (2.00£.01) x 1073 347 & 2
4
TABLE IX. Variation of Rate Censtant of Hydrolysis of (22)
with pH. /.
EEWE
pH ' Rate Constant (mins'1) Half Life (mins)
0 (4.4 £.1) x 1072 15.8%.4
0.5 (1.212.01) x 1072 57.3%.5
141 y (4.6 £.1) x 1073 1517 £ 3
1.5 (1.63£.07) x 1073 425 £ 3
2.0 (4.181.06).x 1074 1660 % 24
2.35 (3.1 2.1) x 1074 2240 % 70
2.75 (4.2 £.4) x 107 16500 # 1600
9 .
e -

TABLE X. Variation of Rate Constant of Hydroly31s of (22) with
Formate Buffer Strength at pH. 2.75. .

Buffer Strength

(molar) Raté Constant (mins“) Half-Life (ﬁins)
0.15 (3.4 £.3) x 1072 2040041, 800
0.3 (4.2 £.4) x 107 1650011, 600
0.6 ’ (3.7 £.4) x 107 1870042, 000 °




TABLE XI. Variation of Rate Constant of Hydrolysis of (131)

with PpH. ‘ B >

A

pH Rate Constants (mins™1) Half Life f#rins)
.,
0 (6.9 +.3) x 1072 o 10.04.4
0.7 (1.80%.02) x 1072 © . 38.5%.4
1.1 (8.0 £ 1) x 1073 . 87 110 _
1.65 (2.71£.01) x 107> 256 % 9 {
2.00 ‘ (1.61£.01) x 1072, 2431 % 3
2.35 e (8.7 £.2) x 1074 797 1 18
-3.00 " (4.921.06) x 1074 1410 1 17
3.50 (4.6 £.1) x 1072 \ 1510 1 33
4.00 (4.154.03) x 1074 1670 & 12 ' .
4.50 (3.8 $+.2) x 1074 1800 % 100 -
5.00 - (4.174¢.02) x 1074 | 1660 ‘+ 8  ~
5.50 (4.0Q4.02) x 1074 ©.1730 % 9
6.00 (3.77£.02) x 1074 1840 & 10
6.40 ¢ (3.8 £.2) x 1074 » 1800 % 100
6 .80 - (5.4 £.1) x 1074 1280, % 24
7.10° | (1.08£.07) x 107> 640" 't 40
~7.60 (3.36£.03) x 1073 210 & 2
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_been reported for the hydrolysis of 2'-deoxyguanosine

and guanosine.zza“230 The pﬂlrate profile of 9-[(2-

[}
hydroxyethoxy)methyl]-?—methylguanine (131) was found

to have three distinct regions (Figure 6, Table X); a)

pH < 3, a pH dependent region in which a second proton-

ation of the bﬁtalne (131) occurs; b) pH 3-6.5, a pH

dependent region in whlch spontaneous hydrolysis of

(139) occurs, and c) pH > 6.5, ring opening of the

imidazole moiety occurs ({(Scheme X1I1). Andlogous
results have been observed preVionsly with 7-methyl-

guanosine;228v336.3}7

. * Schem&XIII

HN | | N (‘ OH N
)lI * NXH B e J\ _K
N . NH;
HOVO,J HOVO\l HOVO\J
(139) R \

Compound (22). was ‘hydrolysed in formate buffers

(/H 2. 75) of dlfferent strengths wlthout any .
ysis (Table

/

sxgnlflcant effect on the rate of hydrol

“X). -This ‘was expected 51nce only SpeCIflc ac1d

A

17.



catalysis has been observed in the hydrolysis of
.
nucleosides.

The effect of y?fious substituents at the 8-
position of (22) on the rate of hydrolysis was examined
(Table VI). Without determinaton of the pH profile or’
bKa'data for each comoound, it is not” possible -to
estimate the relative amounts of mono and .diprotona-
tion. With this limitation in mind, these reoults can
‘be explafned by two factors:‘ (1) the basicity of the
departing N-9 atom and (2) steric strain. The presence
of electron withdrawing groups such as iodine (i}l),
bromine (119) and chiorine (120) caused ratd enhance-
ments in éccotd with their respective electro-
negativitieé. Electron donating groups at the 8-
posit;on such as methyl (130), amino (122) and
methylamino (l}}f éﬁused rate decreases. However,-ao'
the size of the substituent incroased, éteric strain
.became ao-important factor. The dimethylamino (124)

and piperdyl (125) substituents caused considerable

rate enhancements, a Yesult which would not have begn_

expected on electronic grounds (diprotonation of the -

imidaiole amidine system is unlikely under the

hydrolysls conditions employed) A similar'effect also

was noted with the tertbbutyl group (129) Thé methyl-

amino group (123 23) may be conq1dered to be a medium

5
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sized substituent, but it can rotate to adopt a strain

free conformation not available to (124), (125) and

(129). The most unusual result in this series of

substrates is the slow hydrolysis of the 8-hydroxy

compound (126). Since the keto tautomeric'form'(126)

is predominant, protonation'at N-7 (now an amide-type
nitrogen) would be difficult and would more likely

occur at N-3. Thus, in the hydrolysis of (126) the
,developing negatiye?Chargé at N-9 gannot be resonance
Stabilis;g by a positively charged amidiﬁe system ;S'
with the usual 7-prot;nated purines. The leaviﬁg group
< ' .
youlé’be more basic and retard the rate of hydrolysis.

H | O n ;5 |
, ’j:> Eess
HNTSNTTN '
2 By
HO'L/D\J | Ho1//o\J |
) (mg) =W e
, | )
. (19) R= GHs- o
"'(;ria?’ %giﬁl ’.
Py ‘. . | '

(fhe formation of deﬁrotonated spec1es would be dlfflcult
e,

P

 51nCe only amlde type r1ng nltrogens and normally non—

. protonated exocycllc heteroatoms,are present.

" ~¢ 3 .
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Of the two 1-[(2- hydroxyethoxy)methyl]1m1dazoles
studied, (115) hydrolysed faster than (llg), ThlS 'is
difficult to explain byveiectronic factors. The steric
crowding caused by the methyl group may be the reason

for the increase in rate for (115).

P

In contrast to the report of Garrett on pyrimidine

nucleoside hydrolyses,219 the introduction of a
substituent at tne 5-position of l-[(2—h#dro§yethoxy)—
metgyl]uracil (80) caused a deéreese in the rate of '
h;drolysis (Table VII). As discussed in the intro-~
duction of this thesis, it is likely that uracil
nucleosides can . protonate et eithef the base or sugar
moiety, thus makiné goth pathﬁays (Schemes I .and }I)
available. A change-of substltuent at C5 may cause a
_shift in mechanism in this series. The rates of the 1-
[(2—hydroxyethoxy)methyl];S—éubitituted ufécife can)be
: ;ationalized by such a postulate. A sdbs{itgent that
reduces the electron}density in the'pyrimidine ring
'wouldsfavout its‘dissociation via the oxocarbenium ion
patnway (Scheme II). This is consistent with a

R

decreasing trend when comparlng the rate of the' 5+ n%tro

*

(86), S fluoro (82) and 5—chloro (83) compounds. If

the only mechanlsm possible were thls oxocarbonium 1on

| pathway,lthen the trend should extend to the bromo (84) :

°

~methy1 (81) and unsuhstltuted (80) compgunds. However,
: ' ; . . . . . ko >

N4

80.



by the Schiff base pathway (Scheme 1) was not deter-

¥ .
as the electron density of the pyrimidine ring in-

creases, the Schiff base pathway must become signifi-

-

cant: The bromo derivative (84) would"’ represent the h}

¢

start of this trend, and probably hydrolyses via both

pathways. Whether (80) and (81) hydrolyse exclusively

mined. The hydrolysis rate of l-[(2-hydroxyethoxy)—
-3
methyl] 5 1odourac11 (85) was of key interest, but

deiodination octurred under the hydroly51s ‘conditionsy
To investigate further the Schiff base possibility,
the solvolysis of (80), (_l), (86) and (22) were

effected in anhydrous methanollc hydrogen chloride. If

a SChlff base 1nterhed1ate were formed, it might be

.trapped under-these condlflons 260 263 1p the case- of ~

(80) and’ (81) trapplng was observed and the urac1l and
thymlne derlvatxves (73) and (74) were detected. “No L
such products ((75) and (140)) were observed in" " :. )

eolvolyses of (86) and (22) Under 1dent1ca1 eondltions;

It‘may be argued.that ging the soldent<may also

alter the reactlon P3 AY. “However, 51nce spec1f1c ) C

ac1d cata1y51s was‘.--erved and llttle part1c1pat10n of

' 501vent before the. tran31t1on state occurred, th1s -

. “ ”r /

* By HPLC comigration with synthetic samples. -
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HN ,Rw‘ - H~N‘ ’ :'N
O‘l\)Nj/ . '*N N>

. NH, .
,_/O\lf S | /’O\J

(13) R=H (1%0)
(74) R= CH; ' ‘ , &
(75) R=_NO, | ‘
, .
oo- //__//////'

. ‘ T e * )
seems unlikely. Compound (80) hydrolyseS'fasxer than 3
(81), which would not® be oipoc§ed_if a Schiff base -
pathway were operating exclosively. One.possible “ f,Q

explanatlon is that the electron donatlng propertlesspf
the methyl group facilitate protd%atlon of the
pyrlmldlne r1ng, ‘an event that ‘would reta;d Schlff base
';formatlon.' Comparison of the rates of hydrolys1s of 7
,the 1-[((2- hydroxyethoxy)methyl] =5- substltuted urac1ls
with thelr 2'-deoxyr1bosy1 counterpart5219 shows that ‘the
retardatlons are not .of the same order’of magnltude. | |
L'For example, the 1- [(2 hydroxyethoxy)methyl]urac11
compounds w1th aﬁ”electron w1thdraw1ng substltuent at
the 5—pos1t10n show a > 100 fold retardatlon in rate
219

"relat1ve to the correspond1ng 2‘-deoxynucle051des

whegpas 1 [(2 hydroxyethoxy)methyl]ura01l (80)
' X : RN

5



. charge.

L

,of (80)

hydrolyses at oné& half the rate of 2'-deoxy-

ur1d1ne.

dlfferent mechanlsms.

(136) may be destabtllsed to a lesser extent than the

ability of-nltrogen to stabilise an.adjacent.posxtlve,

338

Cytidine .is fhe most acid labile of th
pyr1m1d1ne nucle051des, and likely hydrolyses

oxocarbon1um ‘ion pathway

the base: to give’ ura011 by- products, the rate of

dlsappearance of start1ng materlallwas taken as an s

v'

'"upper limit",

faster than that of

k-

o

€.

7(88) This'rate is

of 2'- deoxycytldlne

hydrolys1s of the s1de cha1n was—detected

N

\l o

the hydroly51s/r§te could be no'

the overall di

at least 100 fold slower than that

(12) and 25- t1mes slower

S

expected to cause rate enhance e

!

: ¢

218 our results suppO».

sappearance of

The 1ntroductlon of electron w1thd

jhan that_‘,.
awing -

groups at the 5 p051t10n of the cyt051ne r1 g wouldfbe

Gayeosyl

This is consistent with the operatlon of

The Schiff base 1ntermed1ate

natural

/

. oxocarbonium ion 1ntermedlate (135), dde to the greaterp
&

O
. i

Unfo‘tunately,,ﬁ ke

83.

B v,”,
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cleavage did.compete with deamination in the hydrolyéig
of‘S-nitro—l-[(2-hydrox&ethoxy)metol}cytosine (89) in-
dicatihg approximately a two Orders of magnitude rate |
enhancement over that of the unSubstituted compound
(88). ' : o ' : ' N
De&mination was hot'q problem with the herolysgs
of 3-[(2—hjdroxyethoxy)methyl]cytosihe (100). The
marked 1ncrease in rate of hydroly51s of (100) as
compared to the N-1 1somer (88) is readily expralned by
the basic?ties of/the 1eav1ng groups. Suitable models
are N—3-methy1c§tos;}\e (pKa 7.38)269 (ﬁ}i)"’and N-1-
methylcytosine (pKa~4.55)p(}ﬁ&)52§9

4

b o 8
CHy N".‘z,;. ° NH,
\")\j "ﬁ
). |
o A
| - CH, <
(45) B i) o

The~importance'of'£he basicity, of the leavihg
group also was reflected in the rates,of.hydr01Y§is:6f
(90) and (96). Both aréqreadily protonéted‘at~N3 df L
the heterocycle but the 2- amlno substituent in (90)

causes a 51gn1f1cant 1nfrease 1n ba51c1ty at the

departlng N-1 pos1t10n (N~- 3—methy1 1socyt051ne

: ey



/7

/ﬂj] . {.' . N R
M,NL T Ly

HO'L/O\J ¥ " |
(90) N

Y ~.

pK 4,2,269 N-3-methyl pyrimid-4-one pKa 1.84266). Thus
(96) was found to hydrolyse 40-times faster than

(90). This fact, in addition to being consistent with

" the oxocarbohium ion pathway (Scheme II), contradicts

Dekker's suggestion that intramolecular proton trahsfer

.t a . - N 3 4 . » ) 3
is an 1mportant consideration in the mechanism of

hYdroxyéis of isoéytidine‘zos \ I .
S “ .

. . * . ]
Summary of Kinetic Results .

lThe relatlve rates of hydrolysis of the present series-—

'temperature study w1th (22) and

The acid catalySed hydrolysi@ of'pufine nucleo-
s1des is now generally accepted to occur via an/pxﬁcar-
bonlum ion 1ntermed1ate (Scheme II
of 9 [(2 hydroxyethoxy)methyl]pur1nes were con51stent

with such ‘a mechanlsm, as wvere t e pH/rate proflle and
(131

131) Replacement of

‘i.the r1bose m01ety with the (2 hydroxyethoxy)methyl

). 224, 225 228- 231 233
W

I85.



- cytidine nucle051des.

<

protonated‘baSes'(pka >1)<

o

group did not appear to‘change the mechank&m oﬁ

: o, .
hydrolysis, but merely retarded the rates of reaction.
The markedly slower rate of hydroly51s in the (2-
hydroxyetdbxy)methyl cytosine compounds allowed

deamlnatlon to compete.

However, it was clear that

A\l

'electron w1thdraw1ng substituenis 1ncreased the rate of

hydrolysis in harmony ‘'with the "oxocarbonlum ion"

.mechanism.

Thﬁﬁ is in agreement with work of Shapiro o

and Danz1g218 and Lonneberg221 on hydrolyses of

- The comparatlvely fast rates of -

'hydrolysis.of 3—[(Z-hydroxyethoxy)methyl]Cyt051ne (100)1

and l—[(2 hydroxyethoxy)methyl]cyt031ne (90)-are in-

harmony w1th the more fac1le departure of less basic,

heterocyc11c 1eav1ng groups.

(.

This has clarlfled ‘the

‘51tuatlon w1th respect to the hydroly51s of nuc1e051des

(pyrlmldineS'as well as pur;nes) w1th readily

-

N

“ 1In contrast to these con51stent results w1th

pur1ne and cyt051ne nuc1e051des, 11 tle is known about

the detalled hydroly51s mechag?sm for ura01l nucleo—'

~ sides.

Our trapping experlments and comparlsons of

)
_rates of hydroly51s of 5 substltuted 1 [(2 hydroxy—

~.

ethoxy)methyl]ura01ls suggest the operatlon of at’ least

two mechanlsms (bchemes I and II)

~

~

A \-\

0

*

The nature of the

base and/or sugar subst1tuents appears to control whwch

86,



) - "\ .

pathway predominates. Such an explanation not only

v/ allows an 1nterpretatlon of . our results (but also

/, provldes a plaus1ble ratlonallsatlon of prevxously

pUbllShed work (see 1ntroduct10n) 217-219,260- 264

cheme III summarlses several pathways avallable
A\ .

to nUcle051des in aquepus ap;d.solutlons. "For

-

S a

: predictionsbregarding the acid stability of a.

particular nucleosige, factorS'SUCh as the-possible '
site(s) of protonation’ and the. ba51c1ty of the leav1ng‘
‘group appear to be more’élgnlflcant than whether the

+ base 1s a pyr1m1d1ne or:a purine. Further studles 0n
N L- )
® )

pyr1m1d1ne nucle051de analogues hav1ng bases w1th a
lrange of pka values for both protonatlon (pkal) and
departure (pkaz) and’ graded stab111t1es of the

_oxoca;bonlum ion fragment mlght allow clar1f1catlon of_
. b » N
further mechanlstlc detalls. Cyt051ne analogues w1th

, B 1 ﬁ

decreased pka2 values but stable towards deamlnatlon
. co

f would be useful for further corroboratlon of the mode

e_of hydroly51s of thls type of nucleos1de., S
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_'fa) | GENERAL PROCEDURES T

Meltlng p01nts were determlned on a Relchert ,

o ' . g S ' .
g‘ m1crostage apparatus and are uncorrected. Nuclear

.;magnet&é resonance. (NMR) spectra ere recorded oni‘ “‘k P
| Varlan HA -100, Bruker WH-200 or Br Ay WH -400° Spec— N /;'Q-'j“:?
; trometers operatlng 1n the FT modef glth tetramethyl- _.gggv.%'tn
511ane as 1nternal reference normally in. deuteraged 'fsf:%.' }r;;
o S :

d1methylsu1phox1de (DMSO) unléss spec1f1ed otherw1se. o

Ultrav1olet (V) spectra were recorded ‘on’ a Cary lS'KfQQfT o

‘ .‘ . .. .
- spectrophotometer.. Mass spectra qu) were determlned‘j_z"‘ ’

by the mass spectrometry 1aboratory offth1s department f”

on an AEI MS 50 1nstrument w1th computer.proce551ng }t ¥
70 eV u51ng ‘a dlrect probe for sample 1ntroductlon.vlfv
aElemental analyses were determ1ned by the m1cro-~7‘ :

'“yanalytlcal laboratory of thls department. EvaporatlonSp
vomeere effected u51ng Buchler anq!BUchl rotatlng : | |
5jevaporators equ1pped w1th Dewar "dry 1ce condensers o

‘under water or mechanlcal ‘oil pump vaCUum, at 40°C or
‘_cooler.f Th1n layer chromatograpfy_iTLC) was performed {“'.a*f
on. E. Merck-chromatograph1c sheets (3111ca gel 60 F254,l;

‘layer thlckness 0 2 mm, catalogue No. 5775) w1th sampleffi'

_observatlon under UV 11ght (2537 A) Preparat1ve layer}-v[difv ;
chromatography (PLC) was performed on. glass plates e




]

 coated with Merck‘silica\gel PF 254. The solvents used.

»

| ‘for TLC‘were:,tdifferent\ratios of methanol'and Chloro—

3

 form (1:50, -1: 20, 1 10>, SSE (the upper phase of
’fEtOAc :n~PrOH: HZO, 4:1: 2) And | i ~PrOH :H 0 NH4OH (7 2: 1)
ﬁ-lColumn chromatography was performed u51ng Mall1nckrodt f
&2tc 7 (200 mesh) s111ca gel and Barnebey—Cheney Au 4
charcoal The charcoal was condltloned by washlng wlth,

methanol then.chloroform and allowlng it to- dry Thls

>

, was followed by reflux1ng it 1n aqueous HCl (1 molar),

' w1th the ac1d SOlUthh belgg replaced perlodlcally

unt11 the supernatant solutlon remalned colourless,

i

followed by 51m11ar sequenf1al reflux1ng in 10% aqueous"'

b

N tsodlum hydrox1de. Flnally the charcoal Was, washed wlthh:f’

water untal neutral, methanol, chloroform and a1r"7
- ISR : o .
dl’.‘led..- All solvents used were reagen& grade and were:
dlStllled prlor ta@use.; Pur1f1catlon of most solvents:7“
band reagents was. accompl1shed as descrlbed 1n :‘_hld.:/
references 339 and 340 Drled solvents were stored iy

e
'__ L

over Dav150n 3 and 4. A mo;ecular 51eves purchased from’:

R

the Flsher 801ent1fxc‘Company.t.,?_}ajwll5,]v
; : The syntheses of (2= hydroxxethoxy)methyl—a‘ |
nucle051des from approprlate heterocycles ?eﬁ”?adqu

/

J//1nv91ved two steps, the couphlng redbtlcﬁ:

Ty

_subsequent deacylatlon. Three procedure“d‘ereﬂ gQ:’

developed for each transformatlon and are descrlbed 1'.7



o tlvely , Subsequent experlmental descrlptlons w1ll

.f_klnetlc curves as’ belng flrSt order w1th a standard

detall for compounds (64), (103), (110), (80), -(_9__2_), o
' L N

v (96) These’ are de31gnated as Coupling methods A,-

v \

.and C and Deprotectlon methods A, B and C, respec—'

»

'refer to these methods. .;' o . .
) , . o A v.‘" . . . '_ . N # l )
Buffer solutlons were formulated to 1 0 M from S

‘commerq1ally avallabld materlals. pH 0 2 3, HCl, pH AN
3-4.5, formxc ac1d, pH 4 5 5 5,nacet1c ac1d, pH 6. 0—
1.6, monosodlum phosphate.. Ion1c strength_\as main=

',talned at n 0 M by the addltlon of sodlum chlorlde._fbH.

PR

rreadlngs were made w1th a RadiometerﬁGK 2321C comb1na- e AR
’ / LT . ‘\ RN

»

.»tlon electrode standardlsed w1th flscher certlfled

qubuffers (pH 4 OD 7 00 and 10 00) 1mmed1ately before

\

use. pH values were measured at room temperature and

"__ ‘-...3

'no correctlons were made for their use at elevated

o

_'temperatures. Three methods were employed for the efr——\j:s'

e collectlon of the k1net1c data-'_hg,,2027”‘:7"

o
Mo

\ . Y.

L Method A,f faster k1net1c data (k > 3 x 10 4
”u“mlns ;) wene obta1ned u51ng a Varlan/Cary 210 {2;*’-:’_1172Hi*5,f

fUV/VLSlble spectrophotometer Xnteﬁgaced to an Apple II

o

"fm1crocomputer.. ThlS arrangement allowed collectlon of

:'absorbance/tlme data for up to 5 cells and analysed the

e

Trnon llnear leasts squares method., React1ons were'
e ' S ol R o



S

Yl to be fhvar1ant. -

[

initiated by ifjecting lUO uL of a nucleoside stggr

"solution~into 3 mL of the'appropriaterhydrOIYSis

wr
v e .
N S}

n“sblutien-that'was maintained at‘77-t 0. 2°c,~in al cm’

length quartz cuvette. Tﬁb pH values of the 1n1t1al

R -

: and flnal hydrolys1s solutlons were | measured and found-

3
i,

Method B. ‘slower klnetdc data (k < 3 x 10~ 4

,;mlns l),‘or data from hydroly51s solutlons whxch had '7

.onlyLSmall ‘changes in the UV spectrum,‘were obtalnéd by .

the followlng procedure.r Approprlate hydroly51s?301u—

tions (50 pL) ‘were sealed in capxllary tubes and

©

1mmersed 1n a Colora constant temperature bath at 77 i_"‘
0. 5°C ~ he reactlon was halted by breaklng a tube 1nj-;
o 0 OS N sodlum hydroxlde solutlon (l mL) : A lOO uL

- portlon of thls'"quenched solutlon" was then analysed

on: a Waters hlgh performance 11qu1d chromatograph

(HPLC) f1tted w1th a Columpla Sc1ent1f1c Industrles

hdddlgltal m1n1-Lab 1ntegrator ‘model. CSX 38, Separatlon
Avvf of products was ach1eved on a reverged phase column

“ j(Whatman PxS 1025 2?8 2, 4 6 mm x 25 cm) w1th ‘a. moblle_t{ H
;:phase of 0 l m NH4H2PO4 1n varlous mlxtures of aceto-r

”n1tr1le and water (l 40 h=20 1 10) at a ﬁaowﬂrate of‘

-?
3

3 mL/mln (3 000 p s 1 ) The system was callbrated at r

*;la part1cular wavelength for each nucleos1de studled.del

9_1.c



f»u51ng a standard non- llnear ﬁeast squares mgghod h “u

L e
N e

~

molar ratio of startlng méterlal to final product was

w .

determ1ned in »order to e11m1nate errors & to

-dilution., Analy51s of thg k1net1c curves was effected

o™

e

’Method.C;,rsddiun hYdroiide "duenched‘soiutions“

were obtalned as described 1n "Method B". The analysis ) ';

:‘~hfof these solutlons was, performed by measurlng the .

" b) " SYNTHESIS .

'wn3(100 mmol) of 1 3-d10xolane (59) was added slowly fAﬁ"

;prbgress1ve change in UV, 3bsorbance at a spec1f1ed '

a standard non 11near 1east sqﬂares method

\ (2 Acetoxyethoxy)methyl promlde (61) ~1 iﬁ'f

¥

- was stlrred w1th coollng 1n ‘an 1ce bath wh1le 7 4 g

"dxstlllatlon of . thls materxal‘gave 17 4 g /88%) of

L (61); bp 58~60°C/0 1 Torr, RS NMR (coc13,/100 MHz) 5

“

rwavelength | The absorbance/tlmé data. was analysed w1th .

. C

. Lo I
. . . : o

[

Freshly dlstllled acetyl bromlde (13 g, 106/mmol) 5

@ ]

VT - ' 4o : SRR
__avrapld exothermlc react1on occurred(glv1ng quantltatlve‘vj i o
- n_conver51on to (61$ (as JUGged by IH NMR) . Vacuum o

f.Jsz 10 (ﬁ, 3 CH3L0),v3 88 and 4 27 (Asz multlplet,
' ana %/ OC_JC_QOAC), 5.72 s, 2, OCHzBr), ?3c NMR l_.ff’vrﬁ}
”73’(CDC13, 22. 6 MHz) 5 20 80 (ca3co>, ‘62, 14 and 69 22 7(::55f?'.
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(Acocuz_az), 75.60 (OCHzBr), f70 69 (cu3_p) MS (CI)
: ¥

vm/z 214 216 (M* + 18[798r,818r]) Anal Calcdﬁlforll

. ,csngsro3.~\c; 30.48; H,'4,60:, Br,. 40,55, Found:ﬁg§;

30.55; H, 4.58; Br, 40,7228 T
\ . . P ' ‘ Y ] v g B ‘ l f . - . [‘ ,‘. -
S A Y
Coupling Method A Qﬁ

. o,

1- [(2 Acetogxethoxy)methyl]urac1l (64) : ?f . 1' -I

To a- suspens1on of 168 mg (1 5 mmol) of uraciﬂ&(S)"

1S

:1n 5 mL of hexamethyldlsllazane was added a drop of ;e:

\ -
‘ chlorotrlmethy1311ane anthhe stlrred ﬁlxture was ¢

heated at reflux w1th exclus1on of m01sture untll a;"

.

f~ﬂtlear solutlon was obtalned Excess s11ylat1ng agent :

—%

: was removed in vacuo w1th protect1on agalnst m01s-'

e ture.] The reS1dua1 clear 011 was qsssolved in 15 mL ofli.'}

’J-,

'ddry acetonltrlle and cooled to 0°C. “A solutlon QF

'>197 mg (1 mmoi) of (2—acetoxyethoxy)methyl bromlde (61) ‘

“1% 5 mL of dry acetonltrlle was added slow¥§‘w1th

"dzlrrlng ’ The solutlon ‘was allowed to st1r for 2 h

ﬁwhlle warmlng to room temkerature é4& wh1ch t1me TLL

_{7(5111ca gel, lO%'MeOH/CHCl3) 1nd1cated complete re—i

’4act1on._ VOlatlle mater1als were evaporated in vacuo;’"

’ksﬁfThe resultlng yellow 01l was chromatographed on a.

- column (20 g s111ca gel, 3 cm dlameter) u51ng 2%
8 STy Gt . /

.7A_MeOH/CHCl3,as=eluaqt¢- Fractlons conta1n1ng (64) were'-7~l*

N

93. .



N . “

comblned and evaporated._ The re

- from CHCl3/Et20 to 1ve 181 mg (

| éTC.:lﬂ MR {CBC1

’

and 4 23 (A282 multlplet ; 2 and

i 100 MHZ) 6

(s, 2, NCHZ0) , s\éo.(q,, = 8 Hz,

g2 iy 1, Hs),\§~4 9.7 (broad
' \
228 0747» calcd. for M+ ) 228 07

. 1
259 nm (e 9800), m1n 228 nm (e 2
259 nin (e 680Q),2m1n 243 L (e 5

c 9H12N205 c, 47. 37, : 5 30 N/

. 09U H, 5. 39, N, 12,16:.:w»~'

it /.

//'.
et .;/'//" - . " : . _4' . L
_'Deggotectlon'MethodﬁA‘

AR R o ST

S

- [(2 Hydroxyethoxy)methyl]urac1

LA 228 mg sample of 1 [(2—ac

.ﬁfuracll (64) was added to 40 mL- o

4

:;(10% MeOH/CHCl3) 1ndlcated that

: ..al“i}f

““*?}of (64) had occurred VolatllP

A

mrated and the r951due was crysta

i

glve 169 ng (90%) of (%0), mp 14

S
51due was crystaillsed.
79%)“of (64)” mp 77-'
2,07 (s. _'}VLH3), 3. 81
2 OC§2C,20A°)' 5.21.
; 1, HS), 7.33 (d, |

J 1N
s, 1 NH)"'MS'm/z*'

42 Cuv (0.1 N HCl) max‘

300), (0 1 N NaOH) max N

-

700) Anal Calcd 'for“

, 12 28.:‘Foung;;'c;f,‘

1 (80) »,
. S
etoxyethoxy)meth l]—

f MeOH saturated w1th _i
IHJNH3 at 10°C The flask was stoppered t1ght1y ajdkthe
”fsolutlon was stlrred at room temperature foc 5 h.L”TLCanT:

complete deprotectlonv}[uffff-

. 940

- »
| )
.
f ; .

aterlals were evapo—"f,;ybgf};j

lllsed from MeOH to

vl

7- 148°C, 1y R (Dnso—i;?”‘p

R

's_ﬁiédrdﬁsli°bamed7anfﬂkfBB!_systemg;]fv'A*

"fgaﬁ, 100 MHz) 5 3 48 (s,; ocgzc_zo), 4 64 (broad s, lif;ify;“fv



7,67 (d,,Jf='3:Hz, 1, 6), 11 75 (broad s, 1; NH). _Ms' :

m/z 186 0640 calcd fér M 186 0641., UV (ofy N HCl)

'max_259 nm (e 9700), m1n\2?9_nm (e 2500), (0 1 N NaOH&

max 260 nm (e 6700), min i43 nm (e 5400). _Anal. gﬂtd.,f_*

fqy>C7H10N204. c, 45 165 H, 5. 41, N, lsfosl'iFodndi'
o, 48.93; H.S 29 N,_15 06. ‘f, L

LY

 751 [(2 AceLoxyethoxy)methyl}thymlne (65)

Under the condltlons outllned in "coupllng method
S

:e'A 189 mg (1 5 mmol) of thymlne were coupled W1th 197

apf’mg (1 mmol) (2 acetoxyethoxy)methyl bromldé (61) Ihé"9;~~UJM'

pcrude product was chromatographed on 5111ca gel, w;th

"“2% MeOH/CHCl3 as elutant, folgpwed by crystalllsatlon-

“"ffrom CHC13/Et20 to. g1ve 203 mg\(84%) of (65“3 mp 123—f~

5'125°c

‘f3 CS Q_g). 2 01 (§q 3, q_3c0), 3 70 and 4. 11 (A282

NMR (DM58>d5 400 MHz) 6 1. 78 (d, 7= 1 2 uz, ;””g‘

o /*’ e

 J:mult19let, 2 and 2; QQ_zQ_zoAc). 5 03 (Sr=. NCH2O)’
jj7 56 (q,‘J = 1 2 Hz,”, H6), 11“5 (broad s.s, NH)

"7m/z 243;0903 calcd. for(/“e 242 09433\ e (. 1 N HCl)

i:fgmax 264 nm (e 9600) man 233 nm (e 2500), (0 1 N Naqhg_

”*}max 265 m- (e 7000) mln 246 nm (e 4800).‘ Anal. Taled:

e /h*a

'<,;Qfor C10H14N205 49 57 5 83 N, ll 56 ‘Eoﬁn?;f:;
49 32 ’ H ' | 5 72' 11 57 ' , '» - ° \"\\m n,. .;v:‘ Ll

B = 5 A?ﬁpg

o R A



R S [(2 Hyd;oxyethoxy)methxl]thxmlne 181)

. ‘ L . /

-t

a 4 g (16 5 mmol) sample of 1- [(2 acetoxyethoxy)*

‘methyl]thymlne (65) ‘was- deacylated as descrlbey'ln
‘“deprotectlon method B“" The crude prqpuct was re-
;crystalllsed from MeOH/EtZO to . glve 32 077 g (93%) of

‘rLBI). mp 150 5 152°C, v MR (DMbO d6 400 Muz), ,yd,‘ o

PR

s 1. 78 (d 3= 1. 2 Hz, 1, c5 c_3), 3. so (s, 4; )

E ’}

) BRI

“’oc_zc_zo), 4, 65 (broad sy 1, OH), 5 06 (s,_g, NCHZO),

e e e e

7 55 (ar J = 1 2. Hz,‘ 1, H6), 11.5 (B?EEE”E, I_’ﬁﬁi"‘

-‘m/z 200 0801 calcd. for M+ 200 0797., W01 N HCl)

max 265 nm’ (e 9000) m1n 234 nm (E 2200),,(0 l N NaOH) ft~‘ﬁi“

1

max 264 nm (e 6500) m1n 245 nm (e 4400) Anal. %ﬁlcd

for C3H12N204 C:.48 00 H..6 04 N, 13 99., Found'uF‘e ofd;;

- Vc

1 [(2—Acetoxyethoxy)methyl] 5 fluorourac1l (66)

ERUEEIS L

v;“Under the condltlons outllned 1n'“coup11ng method i

A” 195 mg (1, 5 mmol) of 5~fluorourac1l (14),uere fﬂprfV

coupled w1th‘197 mg 41 mmol) of (61) The crude

e

product was chromatographed on a 3111ca gel column W1thﬁif;fg

% MeOH/CH- 3 as eluant, followed by crystalllsatlonﬁjfﬁ»'”i'

el

from CHCl3uEt20 glVlng 207 mg (84%) of (66), mp 148—c”e;1;{-~

149°c 1HvNMR (DMSO d5 100 an) K 1 93 (s, 3. CH3):; ;{p;éfﬂear

b

[ B

" 96,



(broa(ribs, 1, NH). MS m/z 246 .0652; calcd. for Mt | *,
246,0640. UV (0.1 N HCl)[max$266 nm (e"BGGO) min 232
(¢ 2000) (0.1 N NaOH) max 265 nm (¢ 6200) min .248 nm
(¢ 5000). Anal. Calcd. for CgHy FNOg: C, 43.90; H,
4.50; N, 11.38. Found: C, 43.68; H, 4.63 N, 11.%0.

»

{

Deprotection Method B

.

5-Fluoro-1-[(2-hydroxyethoxy)methylluracil (82)

To 60 ml of dry MeOH was added 0.23 g (10 mmol) of
sodium metal. After hydrogen ev&ution was ‘complete
1.476 g (6 mmol) of (6§) was added. Stirring was
continued for 2 h at rooﬁ‘lempepatufe. TLC (10%
‘MeOH/CHél3) indicated that complete deprotecgion of

(66) had occurred. Amberlite IR-120 (H+) résin was
added untll the. solutlon was neutral to m01st pH |
paper. The mixture was filt?red, the‘re51nvwashed with
~ MeOH and the comblned filtrate evaporated. The
-colourless re31dual powder was recrystalllsed from
MeOH/HzO t;ngve 1 175 g (96%) of (82); mp 154~ 156°C,

1y wMR (DHSO=a6, 100 MHz), 5 3.48 (s, 4, OCHoCH0),

4.61 (broad s, 1, OH), 5.057(s, 2, NCH;0), 8.10 (d,

J = 6.6 Hz, 1, Hs),‘é 11.7 (bféad s, 1, NH). Ms mn/z T
204.0541; calcd. for ﬁ*- $o4. 0546 w (0.1 N HC1) max -

266 nm (¢ 8200) min 232 nm (e 1800),.(0 1 N NaOH) max

.



265 nm (¢ 6100) min 248 nm (e 4700). Anal. Calcd. for

.41.12; H, 4.56; N, 13.63.

'1—[(2¥Acetoxyethoxy)methyl]—S-chlorouracil (67)

Under the conditions outlined in "coupling method

A" 219.8 mg (1.5 mmol) of 5-chlotoUracil were coupled

w1th 197 mg (1 mmol) of (2- acetoxyethoxy)methyl bromide.

4

”(61) \The crude pfoduct was chromatographed on 5111ca
gel, w1th 2% MeOH/CHC13 as elutant, followed by crys-
talllsatlon from CHC13/Et 20 to give 228 mg (87%) of ‘
(g]); mp 119-120°C; 1H NMR (DMS0-d®, 100 MHz) & 2.01
(s, 3,‘CH3$} 3.73 énd 4.11.(A252 multiplet, 2 and 2,
OCEJCEQOAc), 5.11 (s, 2, NCH,0), 8.20 (s, 1, H6), 11.9
(broad s, 1, NH). MS m/z 262.0359, 264.0337 (3>Cl, |
37c1); calcds for M*: 262.0379, 264.0296 (35ci,' |
37c1) UV (0.1 N HC1) max 274 nm (e 8700) min 238 nm

(e '1500); (0.1 N NaOH) max 271 nm (& 5900) min 249 nm

(e 3600). Anal. Calcd. for C9H11C1N205: C, 41.16; H,,

4.22; N, 10.67, Found: C, 41.10; H, 4.06; N, 10.66.

, S—Chloro—l—[(Z—hydroxyethoxy)methyl]ufadil (83)‘

s

A 200 mg (0.76 mmol) sample of 1-[(2- acetoxy—
ethoxy)methyl] -5- chlorourac1l (67) was deacylated as,

'de%cribed in “deprotection method B". The crude

98.



99.

product\ was recrystallised from 95% EtOH to gxﬁp 164 mg
(98%) of (83); mp 167-168°C; lH NMR (DMSO- -a®, 100 Miz),

5 3.50 (s, 4, OCH,CH,0), 4.30 &broad s, 1, OH),'s;os
(s, 2, NCHZO), 8.16 (s, 1, H6). MS m/z 220.0248,

222, 0227 (35¢1,37c1).  calcd. for M*: 220.0251,
222.0221. UV (0.1 N HC1) max 274 nm (e 8500) min 238
nm (e 1500) (0.1 N NaOH) max 272 m (e 5800) min 249 nm
(e 3500). Anal. Caicd. fou C7H9C1N204: c, 38.11; H,
4.11; N, 12.70. Found: C, 37.88; H, 3.96; N, 12.42.

5

—[(2-Acetoxyethoxy)methyl] -5~ bromourac1l (68)

Under the condltlons outllned 1n "COUpllng mechod
A" 286.5 mg (I. 5 mmol) of 5- bromouracil' were coupled
with ‘197 mg (1 mmol) of (2- acetoxx\?hoxy)methyl bromide
(61) The crude product was chromatographed on 5111ca
gel, w1th 2% MeOH/CHCljy as elutant, followed by - crys—
talllsatlon from CHCl3/Et20 to glve 264 mg . (86%) of |
(68), mp 131-132°C; H NMR (DMSO d6 100 MHZ) & 2. 00
(s, 3, CHj3), 3 73 and 4.10 (AyBo multlplet, 2 and 2,
‘OC_QC_zoAc) 5. 10 (s,_2, NCHZO), 8,26 (s, 1, HG),
(broad s,,l, NH) - MS (CI) m/z 324, 326 (M+-+ 18 [79Br,
Blsrll\\ v, (0‘1 N HC1) max 277 mm‘({e 8600) min 241 nm'
- (e 1100 »; (0 1 N NaOH) . max 274 nm (e 5900) min 250 Am
(e:33003.' Anal. Calcd. for CnglBrNZOS ¢, 35.20; Hy
. 3.613 N, 9.12. Found: C, 35.04; H,v3.6§; N, 8. 99.



- - - 100,

[ ] . . Q

S—Bromo—l—{(2—hydroxyethoxy)methyl]uracil‘(Qil

A 307 mg (1 mpmol) sapgple of 1-[(2-acetoxyethoxy)—
- hethyl]—?—bromoutaéﬁl (68) was deacylated as desoribed.
in "deprotection method A". The crude product was
recrystalllsed from 95% EtOH to give: 206 mg (78%) of
(84); mp 152- 153°c, Ty NMR (DMSO- d6 100 MHz) § 3.51
(s, 4, Oq_zquo),-4,65 (broad s, 1, OH), 5.10 (s, 2,:
NeH,0), 8.25. (s, 1, H6), 11.75 (broad s, 1, NH). MS
n/z 263.9746, 265.9727 (7%br, Blpr). Ccalcd. for M*:
- 263: 9746, 265. 9725 uv (0 1 N HCl) max 276 nm (6\8600)
min 241 nm (e 1700),-(0 1N NaOH) max 274 nm (e 5700)
min 25L1§&;(e 3300). Aéal. Cglcd. for C7H98rN204 C,
31.72; H, 3.42; N, 10.57; ;Foﬁﬂd:‘ c, 31.91; H, 3.527‘
N, 10.46. | o

1 [(2- Acetoxyethoxy)methyl] 5 1odourac11 (69)

Under the condltlons outlﬁged 1n “coupllng method
A" 357 mg (1.5 mmol) of 5-1odoura01l were coupled w1th

197 mg (1 mmol) of -(2- acetoxyethoxy)methyl brdmlde

!
/

(61) The crude, product was chromatographed on 5111ca //
/

'l.gel, with 2% MeOH/CHCl3 ﬁs elutant, followed by crys—‘//
/ A
.talllsatlon from CHC13/Lt20 to*glve 380 mg (79%) of //'

| (69), mp 121-123°C; 1H NMR (DMSO d6 100 MHz) 5 1. 99
(s, 3, CH3), 3 70 and 4.09 (Asz multlplet, 2 and 2,

_ OQ_2Q_2OAC), ' 5.08 (s,‘ ' NCHZO), 8. 23 (s,f H6), 11 7



' A\ . . o
(broad s, 1, NH). MS m/zf353q3027;" Calcdf‘for Mt: <
353.9753. UV (0.1 N HC1) max 285 nm (e 7000) min 246
am (e 2000); (0.1 N NaOH) max 276 nm (e 5000) min 252

nm (¢ 3300). Anal. Calcd. for CgHyINyOg: C, 30.53;

H, 3.?5; N, 7.90. Found: C, 30.53; H, 3.18; N, 7.60.°

I

} {(2- Hydroxyethoxy)methyl] 5 1odourac1l (85)

- A 708 mg (2 mmol) sample of 1 (2~ acetoxyethoxy)-

’methyl] -5-iodouracil - (69) was deacylated as descrlbed
E i .

in'"deprotectlon method ; B".  The cnude product was

‘recrystalllsed fronm Cﬁtl3/Et20 to glve 576 mg (92%) of

(85); mp 175- 176°C; i NMR (DMSO= -4, 100 MHz) 5 3.50.

(s, 4, ofR BycHy0), 4. 65 (broad s, 1, OH), 5,08 (CHE

NCHZO), 8.20 (s, 1, H6), 11.65 (broad s, 1, NH). CMs
m/z 311.9612. Calcd. for M 311 9607, \uve(o”l*N‘

HCl) ‘max 286 nm (¢ 7100) mln 245 nm- (e 2000)T\{0 1'N

Ry

NaOH) max 277 nm (€ 5000)- ‘min 251 nm_ (e 3100). Anal‘g<<i."

Calcd. for C7H91N204 _C 26 95 H,. 2.97; N,‘g.gszlﬁ*;‘

FOUDd:-_C:d27.02; H[ 3;00:‘N,’8p84t1:

‘-[(2-Acetoxxethoxy)methyl] -5= n1trourac1l (70)
’ Under the cond1t10n§ outllned 1n "coupllng method
235 5 mg (1 5 mmol) of 5 n1trourac1l were’ coupled

dfwlth 197 -mg (1 mmol) of (2~ acetoxyethoxy)methyl bromld

R
~

Lt

e.;'

T~

(61) : The crude producc\qas chromatographed on 51licax i_-f



. T -

dgel,/with S% MebH/CHCléuas élutant; folioned»by cfys-
'talilsatlon from-CHCl3/Et20 glVlng 236 mg (86&1\of »
(70), np #34- 135 cs 14’ NMR (DMSO- d6 100 MHz).§ 1.99
(s,-3, CH3), 3 79 and 4, ll (A282 multlplet, 2 and 2,
¢oq_2q_20Ac), 5.27 (s, 2, NCH20), 9. 29 (s, 1, H6),; 12,0
(broad s/ 1;'NH);' MS (c1) m/z 291 (M+ +18). UV d
dL(O 1N HCl) max 296 and 234 nm (e 9900 and 8000) mlnjl'
257 and 206 nm (e 3200 and 1900), (0 1 N NaOH) max 323
- (¢ 13, 000) min’ 264 nm (e 27u0) * Anal. ~caled. fét

¥,

2 99HllN307w c,’ 39 57; H, 4.06; N, 15 38, ?ound;"cf

39.31;1HL.4.03: 15 22~ 1_'

_ -[(2 ﬂydroxyethoxy)methyll 5 n1trourac1l (86)

A 180. ‘mg’ (0 659 mmol) sample of 1 [(2 acetoxy—‘}é 3

ﬂethoxy)methyl] 5 n1trourac1l (70) was deacylated as
descrlbed 1n "deprotectlon method B“ f The crude
product was recrystall1sed from MeOH/Et20 to glve 140
' fmg (92%) of (86), mp 173 175“c, 1H NMR (DMSO d6 0

vﬁ;MHz) 5 3 58 (multlplet,.4, oc_zq_zo), 5 70 (t,._ =,55

| ’-'Hz, 1, oH)’ 6 28 (s, 2, NCHRO), 9. 30 (s 1, HE) 12.05-

'v"'(broad s,.l, H),* MS m/z 231 0487, Calcd. for Mt ;:.f

j.]231 0491._ uv (0 1N hc1) ‘max. 297 and 232 ‘nm- (e 9900

’and 7700) m1n 257 and 209 ‘nm* (e 3100 and 4800), (0 1 N

102 -

ﬂi_NaOH) max- 323 Am (e 13, 300) min 263 nm. (e 2800) , Anal. o

: Calcd for C7H9N3()6 , 36,3"7, (13.9.2' 18 18.“’

Lo O T T I



"11289 and 249 nm (e , 300 and 16, 400) mln 270 and 214, ‘nm g

‘7“m1n 230 nm (E 14 000) w1th shoulder at 280 nm'd‘

103.

4

. Found: .C, 36.24; H, 3.88; N, 18.21l.
. , . ) ) ) 9

1&1(2?Aoetoxyethoxy)methyl]-(3)45-(2-brom0vinx;)draoil

N -

Lo )
Under the. condltlons outl1ned 1n codpllng method

A? 325 5 mg (l 5 mmol) of (E) -5= (2 bromov1ny1)urac1l// /“\\f

were coupled w1th 197 mg (1 mmol) of (2 acotoxyethoxy)-"

jimethyl bromide (61) i The crude product was chromato-

LN

.“:graphed on 5111ca gel,-wlth 2% MeOH/CHCl3 as’ elutant, ;
.‘followed by crystalllsatlon from CHC13/Et20 glv1ng 289 /
’“1d mg£(37%) of (71), mp 1%9 110%c,,1u NMR , (DMSO- d6 foo-
 Mnz). 5 5\99 (s, 3, ca3), 3.72 and 4.10 (A282 multlplet,:d’ RS
{42,and*2 oq_gq_zoAc), 5.12- (s, 2, NCHZO), 6, 35 (d, SVE -'v. L
e o H |
i;g.goaz, Lo “&%Br)’ 7028 (d, 3135 Hz, _:}Br’v
_; 8¢ 00 (s,‘ H6), 9 5 (broad s, 1, NH) "MS (LI)

' fm/z 352, 350 (M+ + 18[79Br,313r1) uv (o 1 N HCl) max

"1(e 8900 bnd 8300% (o 1N "NaOH) max 251 fm (e 11 500)

"'~f(€ 9800) Anal. Calcd. for 011H13BrN205.ff 39 66
o3 93 '8?41.' Found c,‘39 53, H, 4. 02, ;a;3i;k*“~'~

- a.‘ B Tey
LT

‘brd‘(E) 5 (2‘Bf°m0V1nyl) 1 [(2 hydroxyethoxy)methyl]—7i

uracil (87) 'Lfi['.ff.?~”=a:’,;”"-,1'l’_”ir BRI

i A 500 mg (1 5 mmol) sample of 1 [(2 acetoxy-*s”



104,
¥
ethoxy)methyl]—(E) -5- (2 bromov1nyl)urac1l (71) was-
deacylated a§¥descr1bed in . "deprotectlon method A", ' 3
: The crude product was recrystalllsed from acetone/
pentane to give 398 ng (91%) of (87); mp 130- 133°c, ly
NMR (DHSO- d6 1oo MHz) 5 3.50 (s, 4 .oq_zq_zo), u.so
(broad s,.1, OH), 5.10 (s, 2, NCHZO), 6.83 (d, 3= 14 | |
o Hz, 1, = ), 7.28 (4, 0 = 14 Hz, —ErBr), 7.977°(s, e

. Br ..
1, H6), 11.5 (broad s, RY NH): MS (c1) m/z 308, 310g.

f;(M* + 18[79Br 8lar]) uv bO 1N HCl) max 290 and 249 !
“om (e 10, 300 and 14 900) min 270 and 213 nm (e 7900 and
- 660005 (O, 1N NaOH) max 253 nm (s 15, 300) min 230 nm
(e 12 500) w1th shoulder at 280 nm (e 8900) ‘ Anal
ca;cﬂ for cgnllgrnzo4 »“ °37, 13; H,.3 BL; N, 9. 6? 3

Found: .C, 37.04; H, 3 87 N. 9. 51

';1,1 [(2 Acetoxyethoxy)methyl] 2 thzouraC1l (72)

Under the condltlons outllned 1nF"CQUp11ng method
A" l 536 g (12 mmol) of 2 th10urac1l were coupled w1th '

;, 1 576 g (8 mmol) of (2 acetoxyethoxy)methyl bromlde

(6L) The crude product was chromatographed on 51llca;
~9i gelh w1th 2% MeOH/CHCl3 as elutant, foIlowed by crys-.«i‘:
talllsatlon from CHL13/Et20 to glve P 626 g (83%) of j ’
(72), mp 179 182°C,41H NMR (DMSO ~ab, 100 MHZ) & 2 02 e

_( 3 CH3), 3 75 and 4 15 (A282 multlplet,’Z and 2

oc_zq_zoAc), 5 47 (s, 2, NCHZO), 6 20 (d,< =7.5 Hz, g’



A

- Calcd for M+ . 156, 0535 UV (0.1 N HC1) max. 258 nm'
(e 9400) m1n 228 nm (e 1800), (O 1. N NaOH) max 259 nm

g (e 6700) min 242 nm (e 5600) Anal.,Calcd, for

J»”f”45,96 H, s.Qérh : 12;865

4.95; N, E 47. Found: C, 44.17; H, 4.91; N, 11.50.

_mg (2 mmol) of chloromethylmethyl e%?er (63). vThe

. ' . | 2 | . 105,

) . t
1, H5), 7.97 (d,'d = 7.5 Hz, 1, H6), 10.72 (s, I,

NH). MS m/z 244.0495. Ccalcd. ftukM+: 244.0518. UV

oo

C(0.1°N HCl) max 274 nm (e 15,600) min 241 mm (e 3500) ;

”‘(o 1N NaOH) max 266 nm (¢ 12,000) min 256 nm

. ‘ .
’(6'11,600)., Anal. Calcq\ for C9H12N204S C, 44.26; H,

3

. . . . L

1 (Methoxxmethyl)urac1l (73)

o

Under the condltlens outllned LnC"coupllng method
246 mg 02 2 mmol) of urac1l (5) were coupled Wlth 61
crude product wasgchromatographed on 5111ca gel, w1rh
'2% MeOH/CHCl3 as. elutant‘ followed by crystalllsatlon:
‘from CHC13yEt20 g1v1ng 269 mg (86%)- of (73), mp 158-
k159°ch Iy NmR (DMSO- d6 100 MHZ) 5 3. 26 (s, 3, oca3),
5.024($,f ; NCHZO), 5 61 (d, J = 8 Hz, ljUHS), 7.69‘(d, e’ﬁ; .

J = 8 Hz, 1, HE), 1. 30 (s, l,bNH); MS m/z 156.0535.

.

‘ CGHBNZOB c 46 15 H, 5 16; N, 17'945;'F°““d" C7

"f~’-(Methoxymethyl)thymlne (74)

Under the condltlons outllned in "coupllng method



;f_‘gel, with 2% MeOH/CHCl3 as elutant, folIOWed by

A" 277 mg (2.2 mmol) of thymine were coupled with 161
o L : .

mg (2 mmol) of chloromethylmethyl- ether (63)." The

_ S - ,

"crude'product'waS*chromatographed on silica gel,'with

2% MeOH/CHC13 as elutant, followed by crystalllsatlon,

 from CHC13/Et20 to give 265 ng (78%) of (14); mp 138~

140;‘1H NMR (DMSO~ d6 100 MHz) 6 1.78 (d J=1 Hz, 3,

C5- cu3), 3. 25 (s, 3, OCH3) , 4 99 (s, 2, NCHZO), .56
(q, J.= 1 Hz, 1, H6), 11.30 (s, 1, NH). M5 m/z .
17§ 0691. Calcd for M* f 170. 0691. UV (0.1 QEHC1)
max - 265 nm (e 8700) mln 234 nm (e 1300) (0 1 N NaOH)
‘max 264 nm. (s 6400) min 243 nm (e 3900) , Anal. calcd.
for C7H10N203v? C, 49.41; H, 5,92,‘N, 16.46. Found:
L, 49.23; H, 5.96; N, 16.43. o -
i . : - 3 .
1- (Methoxymethyl) -5- n1trourac1l (75) s

s
3,

170 mg. (1 08 mmol) of 5- d}grourac1l were coupled

Wlth BO 5 mg (1 mmol) of chloromethymethyl ether ;v:7"

o(63) The crude product was chromatographgd on 5111ca'j

e

."-\.‘9, 9.

d;jcrystalllsatlon from 95% EtOH to g1ve 145 mg (72%) of
. .

‘Under the condltlons outllned 1n."coup11ng method“

106.

-j(75). mp 148 150°C,A1H NMR (DMbO d6 10& MHz) 3 3 3 _; RS

A

(s, 3, oca3) 5 19 (s, 2, NCHZO) 9.28 (s, 1, H6) 12 06 R
'7;7(broad~s,'1, NH) . s, m/z 201 0385 Calcd. for EACR

.”,gd1j0390. uv (o 1N HCl) max 297 and 236 A (E 10, 400fa,; |



and 8300) m1n 258 and 214 nm (€3500 and 5300) (O.l N

NaOH) max- 318 nm {e 14 400) min 252 nm (¢ 3800). Anal.

Calcd. fOr“C6H7N305: C, 35.83; H, 3.51; N, 20.89.°
Found: C, 35.843 H, 3.55; N, 20.59.

| —[(2 Acetoxyethoxy)methyl]c1§051ne (76)

Under the cond1tlons outllned in "coupllng method

N
< -

A" 167 mg (1.5 mmol ) of cytoslne were coupled w1th 197
- mg (1 mmol) (2 acetoxyethoxy)methyl bromlde (61) 'e;"

; ’crude product was chromatographed on’ 5111ca gel, w1th

e

v;lO% MeOH/CHC13 as elutant, followed by crystalllsation

'Zfrom MeOH/Etzo to glve 193 mg (85%) of - (76), mp 184—'

. ‘reeec; lu NMR (DMS0-d, 100 MHz) K 1 98 (s, 3, CH3).1.

PW

3. 66 and 4 05 (A282 multlplet, 2 and 2, OQ_2C_20AC),\

. 5,06,(s,52; NCHZO), 5 68 (d, J ; 7 5 Hz, 1;'H5),- ,Hs*
‘Ql(broaa‘s,fzg NHZ), 7. 58 (d 9 = 7i5 Hz, 1, HE). ms m/z

'””~J;'227 0907 Calcd. for ke 227 0907 UV (0 1 N “Cl)

”tgmax 275 nm (e 12 000) mln 240 nm (e 1600), (o 1 N NaOH) ?;;"

/r

bd21max 266 nm (s 7700) m1n 249 nm (e 6200) Anal._Calcd

ul:for C9H13N304 Cr 47 58: : 5{?7,:N, 18 49.._Found.djﬁff

ey 47.43; H,‘5.7l 18 a2, >.;'“*

,‘)nndl [(2 Hydroxyethoxy)methyl]cytOSIne (88) | -
A 2 905 g (12 8 mmol) sample Of 1 [(2 acetoxy-a”V R

: 7?}ethOxy)methyllcyt051ne (76) was deacylated as descrlbed e

AN

-107.



~.in “deprotectlon method B".: ‘The crude product was'

,recrystalllsed from 1PrOH/Et20 to glve 2 22 g (94%) of

108. .

(88)7 mp 170~ 171°c, lH NMR (DMSO- -a®, 100 MHZ ), 8 3 46 LT

fév‘4; oc_zc_zo),-« 50 (broad s, 1, oa), 5. 06 (s; 2,

VNCHZO), 5.72 (d 3= 7.5 Hz, 1, H5), 7.2 (broad s, 2,
: ‘ ) -
'AQNH2).7 .60 (d, J =-7:5 Hz,‘l, H6). MS m/z 185 0803.,.':»

v

f»Calcd for M+ 185 0800+ UV (0.1 N HE1)' max 276 nm

ul(e 12, POO) mln 240 -nm (s 1700) (0 1N NaOH) max 267 nm"

" (& 7,900) min 250 o (e 6 400).; Anal. Calcd:. fof;‘
.C7H11N3O3 e, 45, 40 5. 99-'Nhl22j69;; Found:  Cy
45.37; H, 6.10; N,»22 66. S | |

L

1 [(2 AcetoxyethoiY)methyl] 5—n1trocyt051ne (77)

”?? Under the condltlons outllned 1nf"coup11ng method

468 mg (3 mmol) of 5 nltrocyt051ne (92) were coupled

iw1th 394 mg (2 mmol) qf (2—acetoxyethoxy)methyl brom1de;p~5“

J:lf(6l) The crude product was chromatographed on srlicaAff"7>“’

P

7;gelr w1th 5% MeOH/CHq13 as’ elutant, followed by cryséjﬂf fﬂ

r,.,talllsat1on from MeOH/Et20 to g1ve 407 mg (75%) gfrff['

i'(77) mp 108 109°c, 1H NMR (DMSO d6 100 MHz) @ 2 01

———

'*.‘(s 3, CH3), 3 é7 and 4 10 (A282 multlplet, 2 and z.,v{ 55

>

i "i~0C_2C_20Ac), 9:(ér 2, NCH20), 8. 06 (s, l.rNH).f.«;fof"
vxdﬁf( 1, NH), 9. 27 (S'.] H6) M& m/z 273 0844 Cal%d.‘_f

’*jfor MH+ 218 0835. uy (0 1 N HCl) max\307 and 253 nm-

'lf”(e 9200 and 85007 m&n 273 and 230 nm (e 3500 and 4600),

I



109,

(o 1 N NaOH) max. 334 nm (e 17,100) min 255 nm o
(e 2900). AAnal; Calcd. for C9H12N406 S, 39.71: H,

4.44; N, 20.58. Found: C, 39.43; H, 4.37; N, 20.30.

Cir -
e

.

741 [(2 Hydroxyethoxy)methyl] 5 n1troqyt051ne ( gg

A 220 mg (0 81 mmol) sample of 1 [(2 acetoxy- ;'73
--ethoxy)methyl] 5- n1trocyx051ne (77) was deacylated as
'descrlbed in "deprotectlon method B“ ‘The crude e'
.product was recrystalllsed from MeOH tq glve 170 mg v
1' (91%) of (89),vmp 192- 193°c 1H NMR (DMSO d6, 100 MH?)‘

§3.54. (multlplet,,z oq_zq_zo), 2 66 At J=6 Hz,-l-;ify

| *,lou), 5 26 (s, 2, NCHZO), 8. 04 (s, NH), 8.53 . (s,_ .

“ﬁfNH), 9 26 (s; 1, H6). M5 m/z 231 0737 | calcd._forf'af

oMet 231 0730 uv (0 1 N HCl) max 308 and 253 nm :

"-f(e 9000 and 8600) min 273 and 232 nm (s 3600 an 4700)

':f:h(O l N NaOH) max 335 nm (e 17 200) min 255 nm 'y

e 2800) A"al CalCd for C7H10N405 36, 53, ‘}7'};,"'4

lg4;3s;;n,”z4,34 Found e 36 265 H; 36 N,‘24 11 “"”'"1

ﬁ”fﬂl [(2 Acetoxyethoxy)methyl]1socytos;ne (78)
Under the condltlons outllned 1n “éoupllng method-_pk

760 mgf(a 85 mmol) of 1socyt051ne were coupled w1th’;"*.;

'1{i2_14223 (ﬁhz mmol) of (2 acetoxyethoxy)methyl bromlde_t;_fe‘

‘~“ﬂ(61) The crude product was chromatographed on Slllcaf-nvft”

fi;;.gel,_wlth 5% MeOH/CHC13 as- eldtant, fpllowed by .‘1{1fﬁ7

5



‘crystalllsatlon from MeOH/Etzo gave 1 189’é (87%) of

(s 3, CH3), 3 75 and 4. 10 (A282 mult1p1et,_2'and_2(-

'OC_2Q_2OAC), 5 17 (s, 2, NCH20), 15,96 (d 3

(78), mp 132-133°C; 1y NMR (DMSO—d6 100 MHJ; 5 2. 00

HS),V7 86 (4, - J '? 8 Hz., - 1, H6), 8 20 (broad s,.2;

NHy). MS m/z 297. 6902 " Calcd. for M+ 227, 0906. UV

‘(o 1 N HCL1Y) max 255 nm (e 7500) mln 236 nm - (e 4700),

;vc, 44 43, 5 97 N,

C?H13N304 /2 Hz() C, 45 76 H,5.97 N, 17.79.

(0 1 N NaOH) max 252 nm (e 5100) ’ Anal Calcd f

houndﬂ 45 81; ‘Hy, 5,76; N, 17 84

~. ~ ™

‘OC__zC_zO) Py

| Hifl [(2 Hydroxyethoxy)methx}]1socyt031ne (90)
i A 800 mg (3 5 mmol) sample of 1- [(2 acetoxyethoxy)* _7 

‘gf_methyl]1socyt651ne (78) was deacylated as’ desgrlbed 1n

ﬁtalllsed from MeOH to glve 625 mg (96%) of (90),

'187 189, 1u NMR (Dmso-a6 100 MHz) &) 3 51 (s, 4,;*ﬂ_.,)?!i~*

(d' s 8 HZ' ll HS),_G 95 (S' 2, NH2)16 48 (d;

f8~az, H6) MS m/z 185 0794.; Calcd. for M+

1185 0800._ UV (0 1 N HCl) max: 255 and 216 - (e 7900

“lfgi;Naou) max 250 nm (e ;100) Anal. Calcd f

uyij7H11N303 Arﬂzo .CJ 44.32; H. . 11 N, 22 15.: Fé%hq?f;,“i9‘f'

b

,._,‘.

L/f .~

- 110. .

: “deprotectlon method A"” The crude product was recrys-fﬁﬂ‘xlg;}f’

4 80 (s, 1, ou), 5 13 (s,’2,-NCH20),-_,'6ﬁ:E SRR

S and. 9700) min. 237 and 210 nm (e 5400 and59§90) (0 1 N - ;Cfi;i!?
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1- [ (2-Acetoxyethoxy )methyl]-3-deazauracil (79).

Under the conditions outlined in "coupling method-
A" 122 mg (1.1 mmol) of 3-deazauracil were coupléd with-

197 mg (1 mmol) of (2-acetoxyethoxy)methyl bromide

S (61). The crude product was chromatographed on 5111ca

gel, with 2% MeOH/CHClj elutant, followed by crystal—
lisation from iPrOH/Et,0 to give 200 mg .(88%) of (79);

mp 123-124°C; W NMR (DMS0-d®, 200 MHz) § 2.00 (s,

3, CH3), 3 66 and 4.08 (A,B) multlplet, 2 and 2,

OCﬂzQﬂzOAc), 5.21 (s, 2, NCHZO), 5.59 (d J = 2.4 Hz,
1, H3), 5.90 (d of d, J = 2.4 Hz, J = 7.6 Hz, 1, H5),
7.54 (d, J = 7.6 Hz, ¥V, H6), 10.8 (broad s, 1, OH). MS

¢

m/z 227.0795. Calcd. for MT: 227.0785. UV (0.1 N

HC1) max 280 nm (e 4600) min 247 nm (e 700); (0.1 N

'NaOH) max 256 nm (¢ 6800) min 232 nm (e 3700). Anal.

Calcd. for CygHy3NOg: C, 52.86; H, 5.77; N, 6.16.

Found: C, 52.87; Hp'5.76; N, 6.15.

1—[(Z?Hydroxyethoxy)methyl]—}—del’éﬁgacil (91)

A 250 mg (1.1 mmol) sample of 1-[(2-acétoxyethoxy)-
mélﬁyl]-B-deazauraéil (79) was deacylated as- described
in "deprotectlon method B". ~The~ crude product was
recrystalllsed from 1PrOH/Lt20 to give 169 mg (83%) of.
(91); mp 137-139°C; H NMR (DMSO-db, 100.MHz) § 3.46

(s, 4, OCH,CH,0), 4.55 (broad s, 1, OH) 5.18 (s, 2

111.
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’NCHZO), 5-56 (d’ J = 2.5 HZ, 1’ HB)’ 5.87 (d Of d, \-] =
- ' ]

2.5 Hz, J = 7.5 Hz, 1,AH5), 7.52 (dy 3 = 7.5 Hz, 1,
H6). MS m/z 185.0689. Calcd. for M': 185.0688. UV
(0.1 N HC1) max 280 nm (e 4600) min 247 nm (e BOO);
(0.1 N NaOH) max 256 nm (e 6900) mih 232 (e 3700).
Anal. Caled, for CgNjjNOg: C, 51.89; H, 5.99 N,

7.56. Found: C, 51.80; H, 6.00; N, 7.53.

S—Chloro—l-[(Z—hxdroxyethoxy)methyl]cytosihe (93)

"To a solutlon of 185 mg (1 mmol) of 1-[(2- hydroxy-
thoxy)methyl]cyt051ne (88) in 0.5 m HCl/dry DMF was
slowly added 2 ni, of DMF cont&ining 300 mg (1.74 mmol)
of M—chloroperben201c acid. 'The solution was allowed
to stir at room temperature for 2 h at which time a
additional 70 mg of m—chloroperEsnzoic acid (in 1 mL
DMF) and 4 mL of 0.5 m HC1l/dry DMF were added.. After

an additional 2 h the solvent was removed in vacuo and

the residue partitioned between H,O and Et,0. Neutral-

'isation of the aqueous layer (dowex resin 1X2 OH7),

flltratlon, and removal of solvent left a crude solid
whlch was recrystalllsed from 95% EtOH to give 180 mg
(828) of (93); mp 177.5-179°C; 1y NMR (DMSO-d®, 200
MHz) & 3.50 (mgltlplet, 4, OC_QQ_zo, 4.65 (t, J = 5 Hz,
1, OH), 5. 08 (s, 2, NCHZO) 7. 26 and 7.89 (s and s, 1,

and 1, NHZ)' 8. 05 (s, 1, H6). MS n/z 219 0410,

‘ S

112.



G

_221.0381 (35¢c1,37c1). calcd. for M*s 219.0410,

521.0381 (35c1,37c1l). UV (0.1 N HC1l) max 293 nm

(¢ 9600) min 253 nm (e 1100),(0.1 N NaOH) max 283 nn

“ (e 6300) min 260 nm (e 3600). Anal. Calcd. for
. / o . .
CoH CINZO3: €, 38.28, Hp 4.59; N, 19.13; €L, 16.14.

‘Found: C, 38.14; H, 4.58; N, 19.06; Cl, 16.09.

S—BrOmo—l—[(2—hydroxyethoxj)methyl]cytosine (94)

v A 185 mg (l mmol) of 1[(2- hydroxyethoxy)methyl]—

~cyt051ne (88) was brominated by ‘the same procedure
N,

‘described above for the synthe51s of (93) except that

’ 0.5 M”HBr/dry DMF was. used 1in the place of 0.5 M

HCl/dry DMF. The crude product was chromatographed on

~ v51llca gel (25 g, 120% EtOH/CHCl3) and then crystalllsed

»

“for M*: 265.9963,

‘Found: C, 32.12; H, 4.01; N, 15.70; Br, 30.17.

from 95% EtOH to give 122 mg (46%)_of,(2£). mp 173-
174°C; 1 NMR (DMSO-d®, 200 MHz) & 3.50 (multiplet, 4,

oc_zc_20), 4.66 (t, Jfé 5 tz, 1, OH), 5.09 (s, 1,

_ NCHZO), 7.06 and 7. 91 (s and s, 1 and 1, NH2), 8.12 (s,

1, H6). MS m/z 265.9957, 263.9969 (8lBr, 798r) calcd.

nﬁﬁ

(e 9800) min 253 nm (e 1000); (0.1 N NaOH) max 284 nm

(¢ 6400) min"260 nm (¢ 3800). Anal. Calcd. for

CqHy,BrN303: Cy 31.84; H, 3.82; N, 15.91; Br, 30.26.

763.9983. UV (0.1 N HC1) max 295 nm -

113.



|- [(2-Acetoxyéthoxy )methyllpyrimidin-4-one (95)

A 880 mg (3.6 mmol) sample of 1- [{2-acétoxyethoxy)-

methyl]-2-thiouracil (zzj_ﬁas dissolved in a suspension
of rainey-nickel (400 mg) in 95% EtOH (25 mL). The

reaction was allowéd to stir at room temperature for 18

“h at’ whlch p01nt the mixture was flltered. -Removal of‘

o

solvent from the flltrate left crude (95) whlch was

3

purified by'preparatlve thln-layer chromatography and
"

: crystalllsatlon from- CHC13/Et20 to glVe 428 mg (56%) of

(95); mp 107-108°C; lH NMR (DMSO~ _g6, 100 MHz) s 2.00

(s, 3, CH3), 3.70 “and 4.12 (AyB, multlplet, 2 and-2,
OCH,CH,0), 5.24' (s, 2, NCH,0), 6.06 (d, J = 8 Hz, 1,

H5), 7.85 (d of d, J = 3 Hz, J = 8 Hz, 1, H6). 8.48 (d,

' 3 =3 Hz, 1, H2). MS m/z 212,0799. Calcd. for M*:
212.0797. U©vV (0. 1 N HLl) max 232 nm (e 11 800) min 209

nm (e 4200), (0.1 N NaOH) max 240 nm (€ 13 400) min 223

nm (e 7200). Anal. Calcd.»for CgHyNpO4: C, 50.94; H,

5.70; N, 13.20. Found: C, 50.76; H, 5.73; N, 13.01.

1

Deprotection method C

b,

1 [(2 Hydroxyethoxy)methyl]pyrlmldln -4-one (96) 'vfa .

A 200 mg (0 94 mmol) sample of 1-[(2- acetoxy—

©

‘ ethoxy)methyl]pyrlmldln 4—one (95) was dlssolved 1n a f

solutlon of MeOH/HZO/NEt3 (l ‘11 2. 5) and a}lowed to stlr A '

@«

114,



at room temperature for 6.h. Removal of volatiles
Y .

vfollowed by recrystalllsatlon from 1PrOH gave 134‘mg

(84%) of (96), mp 126-129°C; 1H NMR (DMSO- -d%, 100 MHZ)

§ 3.49 (s, 4, ocgzc_zo), 4 74 (broad s, 1, OH), 5.22

(s, 2, NCH,0), 6.05 (d, J = 7.5 Hz, 1, H5), 7.82 (d of

y

d, 3 =3 Hz, J =71.5 Hz, 3H6),'8.44,(d,,J = 3 Hz, '},

H2). MS m/z 170.0690. Calcd for M*: 1170.0692.: UV
(0.1 N HC1) max 225 nm (e 9700) m1n 199 nm (e 3700),
(0. 1 N NaOH) max 230 nm (¢ 2200) min 213 (e 4900) w1tn
shoulder at 249 nm (e 8700). Anal. Calcd.‘for'
C7nlbnzo3; C, 49.41; ‘H, 5.92; N, 16.46. Aéounq: c,
49.17; H, 5.87; N, 16.39. | |

o

? 3 [(2 Acetoxyethoxy)methyl]cytos1né (98)

To a stlrred suspen51on of 1. 22 g (11 mmol)vof
ivvcytosinej(3) in‘10 mL of dry DMF‘was slowly,added .
1. 97 g (10 mmol) of (2- acetoxyethoxy)methyl bromlde
d(61) The resultlng solutldh was allowed to st1r at
room temperature for 3 h after whlch ‘the solvent was

removed in. vacuo and the re51dual 011 applled to a

f§111ca gel column (200 g, elutant 10% MeOH/CHCl3).

‘f1rst eluted product was 1, 3 blS [(z acetoxyethoxy)-"k

f‘methyl]cyt051ne (99), IH NMR (CDC13, 200 MHz) 6 2 09
“‘and 2.10 (s, s 1 and 1, COCH3, COCH3' )/ 377 and 3.88

'(Azsz multlplet, 2 and 2, OC_2C_2OAC), 4 21 (A282

: S .
S R . ~

e
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o

mult1plet, 4, OC_QC_QOAC)v 5. 12 and 5. 58 (s, S, l and
1, NCHZ0, NCH,'0) 5.69 (d, J = 8 Hz, HS), 6.34
(broad s, 1, NH), 6.79 (d, J = B‘Hz,,l, H6). MS m/z
343.1371. Calcd. for M*: 343'1380" Uv’(d'l N'Hcif

max 280 nm (e 8000) min 242 nm- (e 1200), (o 1 N NaOH)

max 267 nm (e 7300) ‘max 241 nm (e 3900) However th1s S

compound could only be crystalllsed satlsfactor1ly
bfafter deacylatlon as outllned in "Deprotectlon method
cv. Good crystals of 1, 3 blS[(2 hydroxyethoxy)—
methyl]cyt051ne (101)“were obta1ned from MeOH/EtZO

Mp 102= 104°c; lH NMR (DMSO -4, 100 MHz) 5 3.48

"(multlplet, 8 ocgzc_zo s) 4.5 (v broad;’ 2@ oa s), 5,02

and 5.38 (s° and s, 1.and 1, NCHzo, NCHZ'O), 5 76 (d,.

3 =8 Hz, 1, HS), 6.50. (v, broad, 1, NH), 7.10 (d, =8

Hz, 1 H6) Ms m/z 260 1240 Calcd for M+ 260 1263

ékUV (0 1N HCl) max, 277 nm (e 8800) min 240 nm- (e 1400)'=‘

3 (0.1, N NaOH) max 266 nm (e 8200) m1n 241 nm- (e 4400).
‘Anal. Calcd. for c10518N305.5;c,‘46 32; H, 6. 6lp

©16.21. Found fﬂc 46,00, 6 62; N, 15 85,

“ The second eluted product was 3*[(2 acetoxy;’f:

:;ethoxy)methyl]cyt051ne (98) The solvent was removed

,“from appropf1ate fractxons and the crude product was

:'chystalllsed from CHC13/Et20 to g1ve 730 mg (32%) of '
"-,(98),- mp 156- 158°C, 1H NMR (DMSO d6 100 MHz)

K 2. 00 (s, 3, cu3), 3. 82 and 4. 23 @A?Bz multlplet, 2

116,
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and 2, OC_QCE20AC), 5.47 (s, 2, NCH20) 6.14 (4, g =8
Hz, 1, H5), 7.84 (4, J° 8 Hz, 1, H6), 10 5 (broad, 2,
NH,). MS m/z 228. 0978. Caled. for mt: 228, 0984.‘ oo

(0.1 N HC1) max 278 nm (¢ 9800) min 235 nm (6 1400),

'.'60.1fN NaOH) max 301 nm (e 7100) m1n 253 nm (e 700) .

~ Anal. Calcd,:for C9H13N304. ‘c, 47.58; H, 577N,
. " . ‘v N ;‘

13 [(2 Hydroxxethoxy)methyl]cyt081ne (100) ;; R ‘1. ,f ,
' A 350 mng- (1. 54. mmol) sample of 3 [(2 acetoxy-. | B
.ethoxy)methy1]Cyt051ne (98) was deacylated as outllnedn
;1'“Deprotectlon method C" Recrystalllsatlon from
 MeOH gave 237 mg (83%) of (100), fp 137 139°c,vln NMR'!{*<'*53§
(DMSO d6 '200 MHz) 6 3 51 and 3 60 (A2B2 multlplet,‘2'> o
.and 2, oq_zq_zo), 5.44 (s, 2 NCH2O) 6. 06 (d J #;7 h7 °“w
1, H5) 7.78. (d,,q's 7 Hz, 1, H6), 9 5 (v broad, 2;
:NHZ) Ms q/z No M* peak found 140 0459 (3% B- CHZO),
1124.0512 (3% BQ-CHZ), 111, 0432 (100% 39), 75. 0450 (12%

fHOCHzCHZOLH2 ) UV (0 1 N HCl) max 279 nm (e 9800) m1n ;‘f‘5'2

 ”; 240 nm (e 800), (0 1 N NaQH) max 302 nm (e 9900) mln

Ug 256 (e 1100) ' Anal Calcd.:for C7H11N303 C, 45 40
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“Cdupling Method B

9+[(2—Acetoxiethexy)methyl]r2§amino—6—ehloro§urine,(103)'

. A st1rred mlxture of 187 mg (1.1 mmol) of 2- amlno-
6~ chloropurlne, 45 mg of (NH4)2504 and 5 mL of hexa—-'f
5methyldlsllazane was heated at reflux for 3h w1th ex;
clusion of melsture.’ Volatlle materlals were evapo—
-rafeddin vacuo. wifh'protection agalnst mo1sture. ,The
re31due was stlrred w1th 15 mL of“dry;benzene add 344}
‘mg (l 36 mmol) . of Hg(CN)z was added ‘This mixture was

'stlrred at’ reflux under a dry nltrogen atmosphere for'
[+

30 m1n A, SOlUthﬂ of l97 mg (1 mmol) - of (2- acetoxy—=~

'ethoxyﬁmethyl bromlde (61) in 5 mL of dry benzene was'

' 'added and’ the reflux contlnued for 2 h " The mlxture

H:was cooled,A150 mL of CHCL3 added and the organlc phase

was washed w1th 30 mL of saturated NaHC03/H20 followed l
'}by 30 mL of l M KI/H20. The organlc solutlon was drled
'ﬁfover Na2504,1f11tered‘jnd evaporated to g1ve 239 mg : -

| -;(84%) of an 011 f;}t cryé@alllsed from CHC13/Et20 to.

g,glve pure (103), mp 132= 133°C)A1H NMR (DMSO d6 .100°,

:f_MHz) 5 2. 03 (s,-3. CH3), 3.75 and 4. 18 (A282 multlplet,_‘

*d2 and 2,_OC_2C_2OAC),_5 28 (broad s,‘2 NH2), 5. 52 (sr:ffw

: f-gz, NCHzo), 7 92 (s, l,_H8) MS m/z 285 0633, 287 0605

wi(3501 37c1), calcd,,for M+ 285, 0628, 287 0599 ;u_df_fT}};[r,;

?}(35c1 37c1) Uv (o 1 N HCl), max 309 and 246° nm L

R
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Iy}

(e 7800 and 6900), min 262 and 232 nm (e 700.and 5000);
(0.1 N NaOH) max 309 ‘and 246 nm'(e'7800 and 6900) min
.262 and 232 nm (e 700 and 5000).- Anal Calcd. for * |
)

"CIOHi,zC’lN'SO'B: VC;‘\:;42.04} H( 4.23»; N, 24. 51 . Found: C,

41.81; H, 4.21; N, 24.56.

2-Amino-64chlor6§9—[(2~hydroxyethoxy)methy1]pﬁrine 3
(jﬁﬁii — . _ ‘ — ,

A 226 mg (0‘79-ﬁmoi) sample of 9?[(2?acétoxy—
 ethoxy)methyl]—2 amlno 6- chloropurlne (103) was.
7deacylated as descrlbed in "deprotectlon method A",

The crude product was recrystalllsed from iPrOH to g1ve
168 ng, (87%) of (108), mp 204 -205°C; 1H NMR (DMsO- ~a6,
>100 MHz)_6‘3.50 (S,.4, OC_QC_QO), 4.66 broad's; l, OH),

457 (s, 2, NCH,0), 6.99 (broad s, 2, NH2),.é 28 (s,'l/‘
-[Hédi'fms'm/z,243.oszo, 245 0ass (35¢1,37c1). caled.

for M+ | 223 0523, 245.0494 (35c1,37cr) uv (0.1 N.

) HCl) max 307 and 246 nm (e 7600 and 7200) min 264" and

_‘232 nm (e IOOD and 5300) (0 1 N, NaOH) max. 307 and 246

“am (& 7600 and: 7200) min 265 and 232 nm (¢ 1100 and ST
f154oo)- Anal. Calcd. for C8H10C1N502 "C, 39.44; H, S
j;,;:14{3“L 23,74.“uFound;¢7c; 39. 25- H, 4.12; N, 28;544' v“ i

—[(2—Acetoxyethoxy)methyl] =2, 6 d1chloropur1ne (104)

Under the condltlons outllned in - "couPllng method BHVn'

C e
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208 mg (1.1 mmol) of 2,6~ dlchloropurlne were eoupled | : /
with 197 mg (1 mmol) of (2- acetoxyethoxy)methyl bromlde‘"_ /
(61) to give 270 mg (89%)Cg{ (104), which was crys-
tallised from CHCl3/Et,0; mp 96- _97°c; lu nMR (DMSO-d®,
’1po.méz) sf2,03°(s, 3, CH3), 3.80 and 4.20 (AzB,
‘mulpiplet,'2fand12}'ocgzquoAc),.s.ss (s, 2, NCHp0),
8.27 (s, 1, HB). MS m/z 306.0061, 304.0124 |
(37c135c1 35¢135¢1). ‘calcd. for M* 306. 0100,
1304.0130 (37c135c1 35c135c1) uv (0. 1N HCl) max 273
nm (e 9 400) min 228 nm (e 2400) w1th shoulders at 250
nri (e 4800); (0.1 N NaOH) max 274 nm (e 8900) min 233
nm (e 2800) w1th shoulder at 250 nm (e 4800)‘ Anal. ,
Calcd.'fqr C10H10C12N4Q3: C, 39 36 H, 3 30; N, '
18.36. Found: C, 39.18; 'H, 3.44; N, 18.22,

. u

-[(2 Acetoxyethoxy)methyl] 6 chlorogurlne (102)

Under ‘the condltlons Outllned 1n "coupllng method
'iB" 170 mg (1.1 mmol) Ef 6= chloropurlne were coupled ., . -
.fw1th 197 . mg (1 mmol)/of (2- acetoxyethoxy)methyl bromlde Lw
'(61) to g1ve 224 mg (83%) of (102) whlch was crystai— 'gie'
lised from CH2C12/Et20, ‘mp.. 96 97°c,.1H NMR (DMSO d6 -
; "100 MHz) § 1.91 (s, 3, CH3), 3, 76 and 4. 06 (Asz | “'f*:
 _mult1p1et, 2 and 2, OC_2Q_2OAC), 5 74 Is,»2,_NCH20), i
8,84 and 8. 86 (s, vl and 1, H2, H8) Ms (LI) n/z

7271, 273 (MH+[35C1 37c1]) uv (o 1N HCl) ‘max 263 nm;fu”-



o _ _ | - . | ,
(e 9100) min 222 nm (e 2100) with shoulder at 250 nm

(e 6300); (0. 1 N NaOH) max 263 nm (e 8800) min 221 nm

-

(e 3300) with'shouider‘at 250 nm (¢ 6300).‘ Anal
Calcd. for €1gHyjClN4O3: . C, 44.37: H, 4.09; N,

¢

20.70. Found: C, 44.02; H, 4.04; N, 20.78.

(9%[(2—Hydroxyethoxy)methyl]guanine (22)
t . ' = Bl

' Method A.

From 2—amino—6—‘hloro;9—[(2—hydroxyethoxy)- .

methyl]pur1ne (108)

‘ To a solutlon of llO mg (0.45 mmol) of 9 [(2—‘
hydroxyeéhoxy)methyl] 2- amlno 6 chloropurlne (108) in
. 25 mL of aqueous phosphate buffer (0 05 M, pH 7 5) was'

added 30 mg of adenosxne deamlnase (aden051ne amino-

..

hydrolase, E.C. 3'5-4 4 . Sigma type I; Sigma Chemlcal

v

':C°'¥7 The - reactlon mixture was. stlrred at room_
temperature and monltored by T L. C.-(b S. E ) untll

;Vcomplete hydrolytlc dechlor1nat10n had occurred. LThe};
i;crude product could be obtalned dlrectly by crystal—'”

=llsat10n from the . concentrated reactlon m1xture.,¥

‘ However a convenlent pur1f1catlon procedure employed o

I ¢

adsorptlon of the product from the aqueous medlum on“al

O E
- carbon column, washlng “the. column w1th water andv

L4

":f elut1ng the de51red product w1th 35% CH3CN/H20.a

: uQ i

121.

@vaporatlon of apprdprlate fractlons, recrgstalllsatlonjﬂv’3f"
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'vfrom EtOH/Hzo and thorough drylng of the product gave .

88 mg (87%) of, pure (22), mp 265-266°C; ‘1§ NMR (DMSO'

a8, 400 MHz) § 3.34 multlplet, 4, OQ_2Q_20)r 4.56 (S:

U 7.81 (s lT»HB);‘IO’Gl (s, 1, NH). MS m/z 225. 0863.

*‘Calcd. for M 225 0862. UV (0 1N HCl) ‘max 252 nm (er

13, 000) min 224 nm (e 2400) w1th shoulder at 271 nm (e

8800), (0. 1 N NaOH) max 260 nm (e ll 400) m1n 229 (e

.4700), Anal Calcd. for C8H11N503 ¢, 42, 67 H434-92:

N, 31.10. 'Found. ‘C 42 45 H, 4, 935 N 30 95
: . : » L ‘

'Method B.

-~

N e

i purlne (104) - u;"i el

ehoxy)methyl] 2 6 dlchloropurlne (104) in. 15 mL of

;ﬁqu1d ammonla was sealed in a parr steel bomb\and

,Ae

lfwas vented and after evaporat1on of ammonla was jff

{;wlth 10% MeOH/CHCl3 as elutant.a Removal of solvent

,ﬂjdiaf

\'ffoll.y Thxs materlal was treated with'aden051nel‘

_dean1nase as descr1bed above in Method A ((108) . (22)) B

From 9- [(2 acetoxyethoxy)methyl] 2 6 dlchloro- B

;,A solutlon of 510 mg (1 67 mmolr\of 9 [(2 acetoxy—

;heated at 150°C for 3 daYS-a After coollng, the bomb '
‘7complete the re51due WaS applled to a 5111ca column e

: approprlate fractlons gave 350'mg (93%) of 2 6—,'t15:”'

122. °
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to give 312 my ~(89%l of (22).

.Method C.

Overall from 2 ~amino=6- chlorogurlne

187 mg (1. 1 mmol) of 2 am1n0v6 chloropurlne were'
¥

coupled w1th 197 mg (1 mmol) of (2 acetoxyethoxy)methyl

fbromlde (51) as’ descrlbed 1n “coupllng method B"J?;De
) o

_protectlon, by "deprotectlon method A"* gave a crudeg

Y . 9

..SOlld of (108) whlch was subjected to aden051ne L

. v-
B

deamlnase as: descrlbed prev1ously The resultlng

‘Y

R product was purlfled on a carbon column and was ;.“_" S \;

recrystalllsed to élve 172 mg, (76% overalr yleld) of . e,

-

- Coupling Method C -

*df9 [(2 Acetoxipthoxy)methxl]adenlne (110) :"t 'V‘f SR ,ﬁ';?‘w

To ‘a’ stlrred solutlon of 149 mg (1 1 mmol) of
I

’}ﬁtadenlne (l) 1n 25 mL of dry (ﬁ%d amlne—free) DMF was

0

. ‘}‘added 29 mg (1 2 mmol) of NaH.v After evolutlon of

'd,yhydrOgen had'ceaseddlhe mlxture was cooled to —63“L and -

:aﬁ,a solutlon of 197 mg (1 mmol) of (2~acetoxyethoxy)-=~v' L

d'ff”methyl] bromlde;( ) n 5 mk of DMF was edded slowly.'fV_ﬁff;jy,”

O .

“iThe stlrred mlxture was allowed to warm\slowlY'to room ﬂfiffffkj

:ﬂ"ftemperature over a peflod of 2 h at whlch tlme O 5 mL

RERN



ST 23 (s; 2,_NH2), 8. 16 (s, 1, H2), 8.26 (s, 1, H8), MS

*w?'fethoxy)methyl]adenlne (110) was deacylated as descrlbed;f

',fwffrecrystalllsed from MeOH to glve 648 mg (94%) of\(23),_ R

. mp. 204- 206°C, th. 199 5- 200°c297 1H NMR (DMéo d6 100

: ) ) N . h ‘ . ’ 1254 .

=

©

of 1 M NaHCO3/H20 wae added and volatlle materlals were
_removed in vacuo : The re51due was chromatographed omr a
- column of 31llca gel u51ng 5% MeOH/CHCl3 as elutant.
Approprlate fractlons were comblned and evaporated to”
give 188,mg (75%) of (110) ‘This waﬁwrecrystall1sed .
from. CHC13/Et20. mp 156~ 158°C; 1H ‘NMR (DMSO d6 o
.100 MHz) 8 1 92 (s, 3, CH3), 3 72 and 4. 06 (Azbz

multlplet, 2 and 2, ocgzc_lozxc),vs 56 (s, 2 NCHZO)r

‘m/z 251; 1020. Calcd. for M. 251. 1059 w (o 1 N
'dec1) max 256 nm (e 16, 600), min 225 nm (e 2400),A(o 1N

aNaOH) max 260 nm (e 16 900) min 227 nm (e 3300) Anal.-

'Calcd« for CyoH13Ns03: C 47.81; fs,gz;’ 27.87. B

jFound c, 47.51; H, 5.05; N,,28.01,1f

9 [(2 Hydroxyethoxy)methyl]adenlne (23) L

‘A 830 mg (3 3 mmol) sample of 9 [(2 acetoxy—-'

;” “deprotectlon method B” ' The crude product was’

‘1 ot L
; AR B
N .

'EMHz) 'y 3 50 (s, 4, 0C.2Q_20) 4 65 (broad s,_l, ou),
'fs 56 (s, 2 NCH20), 7 24 (s,,2 an),_e 17 (s, 1, HZ),,

,_8) Ms m/z 209 0910 Calcd for M+

?i}j;pg,og;g.: Uv (0 1 N HCl\ max | 256 nm. (e 14 200) mln 225 o
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o

nm (e 2,300); (0.1 N NaOH) max 259 nm (e 14,500) min-

0227 nm (e 3200). Anal. Calcd. for CgHyjNgOpi Co

45.93; H, 5.30; N, 33.48. Found: C, 45.69; H, 5.29; )

N, 33.24.

9-[(2-Hydroxyethoxy)methyl]hygoxanthihe (111)

To a solution of 100 mg (0.48Jmmol) of 9-((2~
°hydroxyethoxy)methyl]adenlne (23) in 30 mL of agqueous

phosphate buffer (0:05 M, pH 7 5) was added 30 mg of C
adenosine deaminase (adenosine aminohydrolase,

E.C.3.5.4.4. Sigma type I, Sigma Chemical Co.). The

reaction mixture was stirred at room temperature and

monitored”by TLC (SSE) until complete deahination had

occurred. The product was adsorbed onto a carbon®

9

<

colufin (10 g, Au—@). The column was washed w}th-water
and the'desired pfoduct eluted with 50% CH3CN/H,0.
Recrystalllsatlon from 98% EtOH gave 88 mg (88%) of
(;_}); mp 217-219°C; H NMR (DMSO-¢®, 100 Mﬁ4§ § 3.51
(s, 4, QC§2C§20) 5.57 (s, 2, NCH,0), 8.07 (s, 1, H2),
8.21 (s, 1, H8). Ms.m/z 210.0761. Calcd. for M¥:
210.0753. - UV (0.1 N HC1) max 248 nm (& 12,400) min 217
am (e 2600); (0.1 N NaOH) max 252 nm (e 13,200) min 225
am (e 3700). Anal. Calcd: for CgH1gN403% Cr 45.71; H,
4.80; N, 26.66. “Found: C, 45.43; H, 4.81; N, 26.48.

Y
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9-[(2—Hydroxyethoxy)methyl]—N6,N6—dimethyladenine'(106)

A 2.5 g (9.24 mmol) sample of 9-[(2-acetoxy-
ethoxy)methyl] -6- ;oloropurlne (102) was stirred in

150 mL of 40% methanolic dimethylamine at room tempera—

ture for 8 h. Removal of volatiles in vacuo fol;owed

by crystallisation of the crude product froh‘iPrOH gave

1.826 g (83%) of (106); mp 107-108°C; 1H NMR (Dﬁso—d6,

100 MHz) & 3.46 (s, 6, N(CH3)2), 3.51 (s, 4, OCH,CHZ0),

. 66 (o, 1, OH) 5.59 (s, 2, NCH,0), 8.26, 8.30 (s, s, 1.

and 1, HZ, H8). MS m/z 237.1222, Calcd. for M;'

237 1225. .UV (0.1 N HC1) max 267 nm (¢ 18,800) min 230
fpm (e 1900); (0.1 N NaOH) max 274 nm (e 19,500) min 235
! nm (€ bSOO);E Anal. Calcdi fo: C10H15N502: c, 50.62;

H, 6.37; N, 29.52." Found: C, 56.47; H, 6.34; N,

.

29.26.
. e
9—[(Z—Hydroxyethoxy)methyll-N6,NG,N3—trimethyladenine,

iodide (113)

A 1 g (4. 2 mmol) sample of 9- [(2 hydroxyethoxy)— '
methyl]- -N©, N6—d1methyladen1ne (106) was dissolved in
5 mL of dry DMF along with 2 mL (32 mmol) of methyl o
1od1de and _the solution was left to stand at 06C for 3
weeks. Flltratlon, followed by washing of the crystals
with acetone afforded 882 mg (55%) of (113); mp 238—-

242°C with decomposition; 1y . NMR (DMs0-d®, lOO»MHz)“,

g . R
an R
P
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6 3.40, 3.87 (2 singlets, 6, N(Cﬁ3)2); 3.51 (s, 4,
OCH,CH,0), 4.23 (s, 3, NCH3), 5.91 (s, 2, NCH0), 8.61,
8.72 (s, &, 1 and 1, H2, H8)., MS m/z (glycerol/FAB)
252 (M*-T~). UV (0.1 N HC1) max 286 nm (¢ 18,200) min
247 nm (e 3900). Anal. Calcd. for Cj HjgINgOp: C,

34.84; H, 4.78; N, 18.47. Found: C, 34.83; H, 4.89;

N, 18.47,

4—Carbamoyl-l—[(2—hydroxyethoxy)methyl]—5—methylamino—

imidazole (115)

A 900 mg (2.37Am561) sample of 9-L{2-hydroxy-
ethoxy)methyl] -n6, N0, N3- trlmethyladenlne iodide (113)

" was refluxed in 50% EtOH/2NKOH for T h. The solution
was neupralised with amberllte resin (IR—120-H6),
filtered and volatiles removed in vacuo. The residue -
wag placed on a short 51llca gel column (25 g, elutant
20% EtOH in CHC13),'appropr1ate fractions wére
Acollected and the solvent. was removed,<,Reérystal—
lisatiOn was effected from 95% EtOH to glve 418 mg
(828) of (115); mp 126-126°C; 1y NMR (DMSO-d®, 400 MHz)
5 2.92 (4, J = 6 5z,'3,’gﬁ§), 3.49 (multiblép,%4, -
OCH3CH0) #,70. (t, 3 =5 Hz,'1, OHY, 5.33 (s, 2,
_NCHZO), 6 05 (q,. _é 6'Hz,“1, NHCH3), 6. 79 and 6. 95 (s
and s, 1 and 1, CONHp), 7435 (s, '1_,_32)‘. MS m/z

. . 214.1067. . Calcd. for M*: 214. 1066. oV (u 1N HCl)

@ . : S



i\

128'

[} A .

max 256 nm (e 8200) min é25 nm (e 3300) with shoulder
at 270 nm (e 7600), (0.1 N NaOH) max 273 nm (e 9400)
min 228 nm (e 5000). Anal Calcd. for C8H14N4O3 c,
44.85; H, 6.59; N, 26.15. Found: C, 44.63; H, 6.65;

.

N, 26.27.

5—Amino-4—carbamoy1—l-L(2-hydroxyethoxy)methyl]~

1m1dazole (118)

To a stirred suspen51on of 460 mg (2 mmdl) of 5— '
benzamldo 4- carbamoyllmldazole (116) in DMF (5 ‘mL)
;contalnlng 364 mg (4 mmol) of trlethylamlne was added
788 mg (4 mmol) of (2-acet0xyethoxy)methyl bromldex
(615 The solutlon was allowed to st1r for 24 h at'
~which time all volatiles were removed in vacuo and the ‘
resifue wasfchromatographed on a- 51lrca gel‘column
.b(100 g,d2% EtOH/CHC%B ‘Removal - of solvent from
appropriate fractions ga e 320 mg (46%) of 1- [(2— .
acetoxyethoxy)methyl] 5 be zamldo -4~ carbamoyllmldazole
°(117) as an oil; 1y ‘NMR (DMSO- d6 100 MHZ) § 1.94 (s, °
3, ca3),,3 61 and 4.05 (A282 multlpletr 2 and 2, |
‘ OQ_;Q_2OAC), 5. 33 (s, 2, NCHZO), 7. 12 and. 7. 32 (s and
l and 1, NHZ),_7 5-8.2 (multlplet, 6H H2 and |
J‘benzoyl protons), 10. 26 (s,_l, NH) MS m/z 346. 1281:;
fCalcd for M+ 346 1277. |

Al 240 mg (0.9 mmol) sample of thlS 011 (117) ‘was’
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.treated dlrectly w1th hydra21ne hydrate (3 mL) in re-
flux1ng 98% EtOH (10 mL). After 48 h volatiles were |
removed in vacuo and the re51due was purlfled by pre—
parative thln layer chromatography (silica gel, SSE).

Crystalllsatlon from EtOH/EtZO gave 116 mg 484%) of

(118); mp 136- 137°e, 1y NMR (DMSO- -a6, 200 MHz) 6 3. 46
‘(mu_,ltlplet, .4; ()C_zc_20), 4;70 (t, J = 5 Hz, 1, OH), »
5.25 (s, 2, NCH,0) 5.84 (s??z, NH,), 6.74 (broad s, 2,
CONH,), 7.24 (s, 1, H2). MS /2 200;0908.‘;Calcd. for
m*: 200.0908.- UV (0.1 N HCl) max 267 and 243 nm - -
(¢ 10,700 and 9800) min 254 and 220 nm (e 9100 and |
4806)}_(0.1 N NaOH) ﬁax}266 am (e 12,700) -min 226 nm

| (¢ 6100). Anal. Calcd. for CqHipN4O3: c,-éz.do; Ho o
6,043 N, 27.99. Found: C, 41.97; H, 6.03; N,‘27.81.-.

8-Bromo- -9- [(Z-hydroxyethoxy)methyl]guanlne (119)

To a stlrred solutlon of 450 mg. (2 mmol) of 9- [(2-
dhydroxyethoxy)methyl]guanlne (22) 1n 100 mL H20 wasﬂf" . .
added bromine water slowly untll the bremine‘eqlour N
‘per51sted. The solutlon was allowed tovstand°for,2 h_i
hat 0°C, at wh1ch p01nt the SOlld that separated was
‘1collected by f11trat1on and recrystalllsed from J
" E tOH/H20 to glve 507 mg. (83%) of (119), decomp031t10n
startlng at 280°C, 1y NMR (DMSO-d6 100 MHz) 5 3.52

.(multlplet, 4, oq_zq_zo), 4.68 (t, 3 ﬁ 5 Hz, ‘OH), L

&



5.33 (s, 2 NCHzo). 6.66 (s, 2, NHp), 10.77 (s, 1,

CNH). WS (CI) m/z 304, 306 (MH®[79Bf 81Br]) wv (0.1 N

HC1) max 259 nm (e 16, 700) min 223 nm (e 6400), (0.1 N

NaOH) ‘Mmax 270 nm (e 13, 700) min- 234 nm - (e 5700)gg/&hal.

' Calcd. for C8H108rN503 c, 31.60; H, 3.31; N, ;
Br, 26.28. Found: 31 69; H, 3.36; N, 23.06;

 Br, 26.35.

i
'_8 Chloro-9 [(2 hydroxyethoxy)methyl]guanlne (120)

"To a solutlon of 200 mg (0 89 mmol) of 9- [(2-'

:hydroxyethoxy)methyl]guanlne (22) .in 2.5 mL of 0.5 M

HCl/dry DMF was slowly added 1 mL of DMF conta1n1ng 225

‘mg (l 3 mmol) of m—chloroperbenz01c ac1d ‘After.

Y

_st1rr1ng at room temperature for 2 min an add1t10n£1 50"

" mg. (0 29 mmol) of m—chloroperben201c a01d in 0 5 mL- of
-DMF was added, and the solutlon allowed to st1r for

‘ _Z'h. Saturated aqueous sodlum blcarbonate solutlon was

: added to the reactlon m1xture dropw1se untll neutral pH

Was obtalned.. Volatlles were removed 1n vacuo and the

’, .

-re51due was: partltloned between HZO and Etzo- 'The, Lo

" re51due from the aqueous layer, after removal of

'fsolvent, was further purlfled on.a 5111ca column (50 gr{~_
>520% EtOH/CHCl3).- Crystalllsatlon from EtOH/Hzo gave'w

5121 ng (52%) Of (120), decomp051t10n startlng at 280 C. f

1y nMR (DMbO-d6- 200 an) 5 3. 49 (multlplet, ,nffv~-

130.
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N ,.
OCH,CH,0), 4.67 (t, J = 5 Hz, 1; OH), 5.33 (s, 2,

NCH,0), 6:66 (s, 2, NHp), 10.81 (s, 1, NH). MS m/z

- 259, 0470, 261 0442 (35c1,37c1) Calcd. for M*:

259, 0472 261 0443 (35c1 37¢1).7 'ov (0.1 N HC1) max 256

nm . (, 15 200) min 221 nm (% 2200),.(b,le'NeOH) max 268

am (¢ 13,100) min 232 nm (e 4400). Anal..qucd; for
1.C8H1091N503. Cc, 37.01; H, 3.88; 26 97; Ci, 13.65. v
. Found: C, 36.95; H, 3.97; N, 26.87; C1, 14.06.

y -

9—[(2—Hydfoxyethoxy)methyl}fBQiodthenihe (1215

| To a solutlon of 350 mg (1 56 mmol) of 9-[(2-
hydroxyethoxy)methyl]guanlne (22) in 35 mL of 50%
MeOH/HZO ma1nta1ned at 50°C was slowly added 12 mL of
MeOH conta1n1ng 2.527 g (15 6 mmol) of 1od1ne mono— :f

- chlorxde, The solutlon was malntalned at. 50°C for 18 h

- at thOh tlme TLC (5111ca, SbE) 1nd1cated the absence

of startlng materlal. 138 mg (1 mmol) of K2CO3 was..
added and volatlles were removed in. vacuo,. The re51due
bwas repeatedly washed w1th Bt20 followed by decantatlon

'-funtll excess ICl was removed., The re51due was then

‘i»frecrystalllsed tw1ce from EtOH/H20 to g1ve 407 mg (75%)

'.gOf (121), decom9051t10n startlng at 260°C, 1H NMR '

f'(Dmso—d6 200 MHz) 5 3.48 (multlplet, 4, oc_zq_zo),;'
4. 66 (t, 3= 5 Hz, 1 ou),‘s 24 (s, 2, NCHZO), 6. 58 (s.f B

'“>f52, NHZ): 10 66 (s, 1, NH).. Ms m/Z 351 9854'1 calcd.

B -

Lok



,'g'fs 02: N, 33 37.
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for MY: 351 9829, UV (0.1 N HCL) max'zéo nm

(€ 17 300) min 230 nm (e 5200), (HZO) max 258 nm

(€ 18 100) m1n 224 nm (€ 2800); (0.1 N N&OH) ‘max 270 nm
(e 15,100) min 7235 nm (e 6100). Anal. Calcd for
8H101N5O3 < 27.37; H, 2.87; N, 19.95; I, 36.14.

Found: C, 27.45; H, 2.93; N, 19.74; I, 36.35.

',8 An1no 9- [(2 hydroxyethoxy)methyl]guan1ne (122)

A 200 mg (0.66 mmol) sample of 8 bromo 9- [(2—

hydroxyethoxy)methyl]guanlne &119) was refluxed An

”flO mL of.'H,0 contalnlng 0. 5 mL of 95% hydra21ne for

’«48 h.: The solutlon was allowed to cool and the crude

th

product collected by flltratlon. Recrystalllsatlon

lifrfm H20 gave 1lU mg (67%) of (122), decomp051tlon
.startlng at 300°c 1H MR (DMSO ~46, 100 MHz) 6 3. 50 (s,
i14, OC_zC_zo): 4. 68 (s, 1,.ou), 5. 24 (84 2, NCH,0), 6.08
| '(s;g2, NHZ), 6. 40 (s,' Nu2)5 10. 89 (ss 1;INH).' Mshl
o m/z 240 0970 Lalcd for M+ 240 0971 uv €021 N
HCl) max- 285 and 248 nm (e 13 600 and 21 500) mln 270

'*and 223 fim (e 12 ooo and 15 000), (o 1 N NaOH) max 255'53f

v

”jh; (e 20 100) min 240 ' (e 17 000). w1th shoulder at

:f'277 nm - (e 16 100) i Anal Calcd. for C8H12N603:%3H20

| C 38, 55 H, 5. 25 N, 33,72.” Found" 38 81; H, }f.{;:la-

e
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9-[(2- Hydroxyethoxy)methyl] 8 methylamlnoguanlne (123)
A solutlon of 200 mg (0. 66 mmol) of 8- bromo 9 [(2-
hydroxyethoxy)methyl]guanlne (119) in 5 mL of 50%

NH2CH3/H20 was sealed 1n a Parr steel bomb and heated

at 120°C for 48 h. After coollng, the_bomb was ventedv . N
~and‘volatiles'were'removed in‘vacuo The residUe was (‘ S
dlssolved in warm. H20 and adsorbed onto a carbon' | _:}

column, which was washed: with H20 fOllowed ‘by elution
.of the product with 30% CH3CN/H20  >§emova1 of solvent
gave 119 mg (71%) of (123) whlch was’ recrystalllsed
lfrom Hzo, mp 216 220°C w1th decomp051tlon, lH NMR (DMSO—.'
46, 100 MHz) 6 2.81 (4, J = 5 Hz, 3, NCH3), 3. 48 so 4, oy
. OCH,CH,0), 4;69‘(5,”1,'03),'5.2; (s, z,lmcu20),‘ .15 |
(a9 = 5 tz, 1, NH), 6.26 (s, 2, NHy), 10.30 (s, o,
NH). ' MS m/z 254}1125. calcd. for M¥: 254.1127. UV
”(6 1N HCi) max 287'and 248 nm (s 9506 and.16,900)fmin‘,.
-~ 270 and 223 nm (e 7300 and 4300), ?0.11N_Na05)tmag 259
JVnh (e 13, 900) min 228 nm (sn4500) with shouiderféso nm- iﬁdi-~f
(e 12;000). Anal. caled. for C9H14N603 c, 42.527 H,

 5.55; N, 33.05. Found:' C, 42.21; H, 5.60; N, :32.75.

9~ [({2-Hydroxyethoxy Jinethyl]-8-dimethylaminoguanine .

A solutlon of 148 mg. (0 487 mol) of 8 bromo 9-

'_[(2 hydroxyethoxy)methyl]guanlne (119) 1n 5 mL of 50%



. : wy

4

NH(CH3)2/H20 was sealed in a Parr steel bomb and heated

at 120°C for 48-h After coollng the bomb was vented

and volatlles removed 1n vacuo. The residue was dis-

. solved 1n warm water ‘and adsorbed onto a carbon column,

whlch was washed with water followed by elutlon of the

product w1th 30% CH3CN/H20 Removal of‘solvent
followed by recrystalllsatlon from H,0 gave 110 mg
(85“) of (124); decomp031tlon startlng at 270°C, 1H NMR
(DM&O-d6 100 MHzZ) & 2. 86 (s,.6, N(CH3)2), 3,59
(multlplet, 4, OC_QC_QO),_A 68." (s, 1, OH), 5.22 (s, 2,
NCH,0), 6.42 (s, 2, NH2) 10.48 (s, 1, NH). MS m/z
268.1281, Calcd. for Mt 268.1283. gv (0.1 N HC1)
max 288 and 258 nm (& 10, 400 and 17,500) min 280 and
23} nm (€. 10 000 and 3100); (0. l N NaOH) max 268 nm

(e 15,200) min 231 nm (¢ 3100). Anal. Calcd. for

¥
C1oH16N603*
44.66; H, 6.01; N, 31.08.

C, 44.77; H, 6.01; N; 31.33, Found: C,.

14
. -

9 [(2 Hydroxyethoxy)methyl] 8- plgerjdylguanlne (125)

/
A solutlon of 150 ‘mg (0 49 mmol) of 8- bromo 9- [(2—

hydroxyethoxy)methyl]guanlne (119) in 5 mL of 50% _;}

plperldlne/H20 was sealed in a " parr steel bomb and

heated at‘l60°waor 48‘h" After coollng the bomb was_ ..

vented and volatlles removed in vacuo. The re31due w%s

¥

dlssolved in warm water and adsorbed onto a carbon o

134,
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celhmn,vwhich QasAwashed with water followed”bylelution
;f the product ‘with 30% CH3CN/H20 Further earifi-
cation by preparatlve th1n layer chromatography (s111qa
gel, sSE) was requ1red prlor to recrystalllsatlon from X
20 giving 110 mg (72%) of (125); decomp051tlon
Cstarting at 250°C; 'H NMR (DMSO- ~a6, 100°MHz) 6 1. 60,
(broad s, 6, cnzcnzcnz), 3.14° (s, 4, N(CHp D7) 3.57
(AgBo multlplet, 4, ocﬁzeglo), 4.65 (s, 1, OH), 5.17
\_(s’, 2, NCHj0), 6 40 (s, ’"2, NH ) 10.40 (s, 1, NH). _ MS‘
m/z 308 1594. Calcd for M+ 308 1597. - oV (0 1 N
HC1) max 265 nm (e 15 '500) min 235 nm. (e 3800) w1th
shoulder at 285 nm (e 10, 700)p (0.1 N NaOH) max 272 nin
(€ 1&&}00) min 222 nm (e 3800)- Anal. Calcd..for
C3HpoNgO3 o a0t Cy 49 20; H,‘B;67; N,,26.48, ‘

L]

Found: C, 49.16; H, 6346:AN; 26.16.

- 8- Hydroxy -9- [(2 hydyoxyethoxx)methy ]guanlne (126)

A 100 mg (O 33\%mol) sample of (119) and 270 mg

] e .

‘(3 3 mmol) of sodlum acetate were refluxed in glac1a;
acetlc ac1d (10 mL) for\é\h\ Volatlles were . removed/ln .

.'vacuo, the_re31due dlssolved in H20 (50 mL) and

heutrallseddylth 0 1 N NaOH Pur1f1cat10n was effected

K

3 on a Carbon column (Au 4,v15 gy elutant 20% CH3LN/H20)

t_followed by recrystalllsatlon from EtOH/HZO to g1ve 54
"-mg (65%) of (126), decompositlon startlng at 260°C ’1H

VRN
4 . \ .l . . 3 . A'\_- - e N
l‘-
R
)

foe AR
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BRo-i5, 100 Miiz), & 3.52 (multiplet, 4,

,?n4,61 (¢, J = 5 Hz, 1, OH), 5'03 (e, 2,
;51 (s, 2, NHp). 10.67 (broad Sﬂ 2, NH and
,'m/z 241.0812. Calcd. for M*-»-241 0811;{ UV
_FVHCl) max 247 and. 293 nm (e 11, 300 and 9700) min
gand 269 nm. (e 3500 and 4200); (0. 1 N NaOH) max 256
’?281 nm (e 10 800 and 10, 200) min 230 and: 273 nm (€
360 and 9900) Anal. Calcd. for C8H11N5O4 A2H20
38, 40; W, 4.83; N, 28.00. Found: C, 38.48; H,

‘ng N, 27.94.

-~
/ ;

"§¥;ertiar§buty1494[(2;hydroxxethoxylnethyl]guanine
u? R . | . S : .
"!5 mg (l mmol) of 9- [(2 hydroxyethoXy)methyl]-‘
: _¢1nel(22), 4 mL (64 mmol) of plvaldehyde and 5 mL of .
.'t;3¢M H2804 were dlssolved in 35 mL of 50% acetlc ac1d/
:~320 After careful deoxygenatlon separate solu-’

r 4

'.””tlons of O. 6 M Fe(NH4)2(SO4)2 6 HpO (13 mL.) and o 37 M g]_;

_.:-Kzszog (21 mL) were 51multaneously added over 1 h.’
‘?‘Neutral1sat10n w1th ‘1N NaOH, removal of the brown pre~‘
,Lclpltate by centrlfugat1on/decantatlon was followed by

‘nadsorptlon of products onto a carbOn COlumn.v Elutlon.‘f*'
7tdf°f the deslred product (30% CH3CN/H20) followed by o lf?’t

_Qtfpreparatlve th1n layer chromatography (5111Ca,;20%7f

,;dv?EtOH/CHCl3) and crystalllsatlon from EtOH/Hzo gave 118 241;2 1_

-~




:*.f;through a carbon column,:whlch was then washed)(HZO)
\n.fff?“'

mg (42%) of (129); decomp051t1on startlng at 200°C- 1H
NMR (DMbO -d%, 100 MHz) § 1.38 (s, 9, -C(CH3)3), .48
(s, ‘%C_gzc_zo), 4.62 '(s_, 1, oH), 5}.47 (s; 2, NCH,0),
6,46 (s, 2, NHy) 10.60 (s, 1, NH). "MS m/z 281.1488.

| Calcd' for“M+-~v281‘1488 UV (0.1 N HC1) max 259 nm
(e 15 300) mln 227 nm (e 1400) with shoulder at 277 nm
(e 11,000);.(0 1 N NaOH) max 265 nm (e 14 300) min- 231
:nmdfe,5%00)r'.Anal. Calcd ‘for C12H19N503 S Cy 51.24;5.
4Hr'6;81;,N, 24.90. _%auhd. »51 107 H, 6.78; N,

24,67,

’9 [(2 Hydroxvethoxy)methyl] 8~methylguan1ne (130)

: To a deoxygenated solutlon of 200 mg (0 89 mmol)

o fof 9—[(2 hydroxyethoxy)methyl]guanlne (22) and 800 mg

r,(2 9 mmol) FeSO4.7 Hzo 1n 50 mL of 1M H2804 was added

' ’f?ka SUSpen51on of 1 g (11 l mmol) of t-butyl hydroperox1de

137,

.“?in 5 mL H20 slowly over 30 m.’ After a further 30 m the:?jf:;'

A?de of the solutlon was adjuqéed w1th l M NaOH untll

“aneutral, and the flne brown pre01p1tate was removed by

;rcentrlEUgatlon/decantatlon. The solutlon was PaSsed f?‘f{fhdfﬁu

‘uand the products eluted w1th 30% CH3LN/520,_ TLC Q

.v”:(5111ca, NH40H/1PI'OW<;H?0) 1ndlcated ﬁ 1 1 ratlo Of

4

“*'?v;istartlng materlal (22) and de51red product (130). The

solvent was removed 1n vacuo and the re51due was ";uf"

TR S e
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resubmltted to the above eondltlons. -TLC nowrshowed :
almost total conver51on to (130) After a second |
carbon column and recrystalllsatlon from H20 135 mg
(64%) of (130) were obtalned,.mp 304°-305°c 1H NMR
(DMsO- d6 1oo MHz) 6 2,40 (s, 3, cu3), 3.46 (s, 4,
OC_zC_20>: 4.67 (s, 1, oH), 5 36 (s, 2, NCHZO).\ .47
(sy 2, NHZ) 10. 55 (s, 1, NH) MS m/z 239 1014, Calcd. e
for M 3 239 1019 gV (0.1 N uc1) max 255 nm B o

(e 14 200) mln 225 nm- (e 3900) with shoulder 275 nm -

(e 10, 100),5(0 1N NaOH) max 260 nm: (e 13 400) min 23oi

N (e 6200) a Anal.»Calcd. for C9H13N503 C, 45 19,

9 [(2 ﬂydroxyethoxy)methyl] 7—methy1guan1ne (131)

‘ solutlon of 141 mg (o 53 mmol) of 9 [(2 hyd-fnf‘a'
roxyethoxy)methyllguanlne (22) and 150 mg (l 25 mmolyv
.Jj of dlmethylsulphate 1n 2 mL DMF was malntalned w1th ;ﬂgdi
stlrr1ng at 28°C for 6 h. Ammonlum hydrox1de was Y

carefully added untll pH 8 was achleved and the solu—“f

._3t1on dlluted w1th acetone (10 mL) @nd allowed?to stand;f*bﬂf*“iin

h_overnlght.‘ The prec1p1tate was fi&tered and washed
Wlth cold ethanol (2 x 2 mL) Thls c :1e product could?}gi B

b

only be recrygtall1sed 1n pure form as the hydro~'jfhﬂ7

chlor1de salt (from acetone/Hzo) g1v1ng 97 mg (56%), 4}
e _
decompOSLtlon startlng at 180°C'-1H NMR (DMSO-d6
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MHz) & 3.41 (s, 3, CHj3), 3.60 (A;B, multiplet, 4,
OCH,CHZ0), 5.57 (s, 2, NCH0), 7.29 (s, 2, NHp). 9.26
(s, 1, H/8).__MS’ m/z, (glycerol/FAB) 240 (M:). UV (0.1 N
HCl) max 256 nm (e 17,300) min 229 nm (e 9600) with
shoulder at 276 nm (€ 12,900); (0.1 N NaOH) max 265" nm
(¢ 16,400) min 247 nm (e 11,600). Anal. Calcd. for
C9Hi3N503.HCl: C, 39.21; H, 5.12; N, 25.40. Found:

. C, 38.93; H, 5.14; N, 25.19.
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APPENDIX

Scheme II (for clarity charges have
proton is represented by
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