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ABSTRACT . .

A procedure to synthesiigv2'-dquyadenosine (and
3'-deoxyadenosine) directly from adenosine Qas developed.
This involved preparation of 9-(2,3-Q-methoxyéthylidene—
B"Q-ribofuranosyl)adenine followed by selectivebacetyla-
tion of the 5'-hydroxyl. -Ortho ester hydrofysis 5f’the
reshlting compound in acid afforded both 9-(3,5 di-0-

Al

acetylle—g-ribofuranosyl)adenine ?nd 9-(2,5 di-g—acgtyl-
: o f” )

B-D-ribofuranosyl!)adenine, with the former predominating.
= . i ] N .

1his1mixture‘was chlorjnated at the re&pectfve ff&éﬂhyd-

L
pyridine. Subsequent reduction with tri-n~butyltin

roxyl positions_ by treatment with thionyl chloridéﬁin hot

J : f
hydride, followed. by dgblqcking,.gave‘Z‘-deOffadenosine
‘and a lesser amount o% 3'-deoxyadenosine which were

LY .

readily separated ‘on a Dekker -column. [Dowex 1~X2 (OH )].
Although the. overall yield was somewhat low, this method
did give considerably better *ields than exfsting Sech-
.niqﬁes. A similar Schemé with,modifications ih the
blocking-dgblocking procedures was used to prepare 2'-
dedxy-3ig-gethyladenosine fro; 3'-0-methyladenosine.

A series of 2'- and 2'-0-sulfonyl! and carboxylic
esters'of'adénosimc}were synthesized to study their
physical p;opeftPég.k The esters studied i;cluded:
methanesulfényl,;benzylsulfonyl, p-toluenesulfonyl, Bi{

hitrobenienesulfonyl, B-aminqbenzeneshlfonyl, trifluoro-

methanesulfonyl, E—methoxyphenyfacetyl and p-methoxy-

iv



v
A

benzoyl. In addition some prqperties of the.2'-‘an$ 3'-

-

/ = . .
O-methyl and benzyl ethers of adenosine were investigated.
Measurement of the ulgﬂa violet and circular dichroism
spectra of these compOunds was useful in determining the

extept of base, sugar-sub%tituent overlap. It was found

-~

—

‘-xthat only 2"§k6kg§ic sugar Sub;fituents have observablé_
elecfronic.intergction with thé#® base in the series of
compounds stﬁdied. Bése. sugar-substituent“oveflap was -
also found to be dependent oﬁ the steric constrglnts of
the sugar‘substituent. Acid-catalyzed hydr&“ysis of ‘the

base-glycosyl bond of these adenosine derivatives sbcwed
. . e t-

a remarkable enhancement of 'stability when electronegative

L4

» sugar substituents were present. This was especially _ .

true when the eleEtronegative substituent was at the 2'

#

position. Steric effects were found to have some ef%ect
on stabilization of the base-glycosyl bond 'in acid but base,

. .
sugar-substituent overlap was shown to be insignificant

e

in this stabilization. The nuclear magnetic resonance

and mass spectra of these compounds also displéyéd i%_

L de
r 5y
i

¢

N |
‘teresting trends which are discussed. . - .
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Il NTRODUCTI!I ON

A-BRIEF " HISTORICAL INTRODUCTION TO NUCLEOSIDES

In 1871 F. Hieschfr‘? isolated a material*yhicﬁ SR
» . ' .

he called nuclein, from pus ce[ls-(obtalned from'ofs- i

L)

carded‘surgicdl bandages). Althan z frrsi introddced’ o
.the term "nucleic aﬁjd” in 1889 when he successfully «”l
asolated nucleic acids fr‘om a nuc‘ser of materials. I '

©

‘]89], Kossel 3 refported’ the first results ofohydrolyses
of nucleic acidd. This led to.the‘ldentlflcation ond

synthesis g.l‘he five. naJor naturally occurvlng hetgro-

cyclic bases by Kosse],‘Fischer. Traube and Steudsl at

{ . ‘ :
the beginning of the twentietﬂ.century.h These are, e
'_in the case df rfSoﬁucleic acfd (RNA); the purin%s:l o

Lo

adenine (1) and guanine {2). and the pyrlmidlnes.

a

cytosine (3) and urac:l (5) J,ln deoxyribonuclelc acld

»,

(DNA) the same maJor bases . occur with the exception of
<
uracll which is replacsd by thymine:(i). .

The term nucleoside was Introduced by Levene and.
Jacobs 3 to designate the purlne carbohydrate deriva-’

RN

tives osolated from alkaline hydrolysls of yeast ribo-

'

nucleic acid. This term is now commonly used to des-

cribe a heterocyciigmbase ottached to the.g-l position

of a sugar. . L e e » L

b,

Although in his earlaer work Kossek‘suggested

that acidic hydrolysis of RNA liberated a carbohydrate

~
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derivative, it was not until many years later that Levene

6 .
and Jacobs correctly characterized it as D-ribose.

St#l1l later Levene and Mori identified the sugar present
in DNA 7 as’ 2-deoxy-D-ribose. Levene ana T{pson 8 sub-

sequently identified the furanosyl $tructure of the
ribose moiety using methylation studies.

The position of\%ttachﬁent of the heterocyclic
base to the sugar was gstablished by ultraviolet spectral
comparisons 9-11 and further confirmed by Todd and
coworkers ‘2,‘by comparison of produ;ts resulting ?rom
periodate oxidation of nafural and syntheticucompounds.
Later Iodd and coworkers 13

L

also identified the configuIa-
tion of base attachment to the sugar as beta (8).

Thus the commonly occurring nucleosides found in
RNA are 9-(B-D-ribofuranosyl)adenine (adenosine (6)),
9-(B-D-ribofuranosyl)guanine (guanosine (7)), l-(B-Q;
ribofuranosyl)uracil (uridine (9)) ana IT(B-Q-ribofurano-‘_
syl)cytosine (cytidine (8)). ]n DNA they are 9-(2-deoxy-
B-D-ribofuranosyl)adenime (2'-deoxyadenosine (lg)),
9-(2-deoxy-B-D-ribofuranosyl)guanine (2'-deoxyguanosine
(11)), 1-(2-deoxy-B-D-ribofuranosyl)cytosine (Ziideoxy—‘
‘cytidine (12)) and 1-(2-deoxy-B8- D- rnbofuranosyl)thymlne
(thymidine (13)).

The foregoing material has been the subject of

. . 14-20
several extensive reviews.
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INTRODUCTION TO THF SYNThESIS OF 2'-DEOX¥ NUCLEOSIDES

Initial attempls to carry out base-sugar cqupling
reactions‘fo prepare 2'-deoxynucleosides met with foilure
due to the extreme lability of the poly-0-acyl-2-deoxy-
glycosyl halides. ‘ p‘

The first yorkers to successfplly prepére'Z'fde-
oxynucleosides in acoupling reaction used z‘deoxy-g-ribo—
furanosyl chloride stabilized by protection yith EEL;
substituted benzoyl blocklng groups. 2}’2? They used the
mercury salt coupling procedure 23,24 which had been
developed for the synthesis of ribonucleosides. Hoffer
and coworkers 21,25 used R-chloro—(li) or p-methyl—
benioyl-2-deoxy-2~rlbosyl chloride (15) and obtained
good yields of a and B anomeric deoxynucleosides of
thymine, S-floorouracil and cytosine (using N?aceoyl
protected cytosine). (See method A, Flgure 2). Ness
and Fletcher 22 succes;fully prepared a and B anomers
of 2'-deoxyadenosine in low ylelds, after deblocklng,,by
coupling the chloromerourl derivative of 6-benzam1doﬁ
purine with p—nltrobenzoyl-2-deoxy-2-rlbosyl chloride
(lé). (See method B, Figure 2).

These flrst studies were followed by a series of
publications by other workers who used snmllar proced-

26-31

ures. Later authors modified the above procedure‘

by using trimethylsilyl, derivatives of bases rather than
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mercury salts to p#epare 2'-deoxynucleosides. This method
was systematically studied by Nishimura 32,33 for ribo-

nucleosides and was used widely in latef\publicatiods

34-41

for preparation of 2'-deoxy derivatives. Other

authors used bases with the cyclic amidevéarbonQIs pro-

tected as lactim ether groups 2,43 as Hilber% and

Johnson had first developed in their classical coupling

technique.hﬁb Still others fused totally acetylated 2'-

v

deoxysugqrs: rather than glycosyl halides, with suitably
hs-48

v )
protected bases. This procedure wasvdevelopgd by

L9

a number of Japanese investigators for ribonucleosides

and was first applied to the §ynthesis of 2'-deoxynucleo- -

sides by Robins and Robins.l'6

All of ihe above technihues suffer from the fact

- that both a and B anomers are formed and must be separated.

In the case of Z-Q-acyi substitutéd sggérs Baker °° noted
that condensation reactions of gl;cosyl hal{aésgyjtﬁ |
metal salts of purine or pyrimidine bases gave nué}éosidic
products having only the Eliﬁi c-1',-c-2!" ;onfiguration.

Thus one'wroduét results from these condensations. This

50,51

has been éxplained in terms of Beighbouring group

participation by the Z-Q-Qdyl group of the glycosyl

a

halide.
52

Recently Bardos and coworkers have attempted to

@

control the anomeri€\ratio using the pure a-anomer of 14,

‘Reaction conditions allowing rapid removal of the tri-



I | - |
methylsilyl ehlorlde formed in the reaction (using.fri-
methylsilylated base) led to the B-anomer as the only
isolatable nucleosidic product, whereas continued pre-
sence of the‘trimethylsi;yl chloride favoured the forma-\
tion of the a-anomer.

Also Ryan, Acton and Goqdman 53 have successfully.
synthesized 2'-alkylthiopurine nucleosides using alkyl
l-thio—abp-arabinofdranosinde as the sugar precursor.

}This reactibn was thought to proceed'through an. episul-

54

- fonium ion whuch forms between C-l and C =2. Trip has

recently modifned the coupling Pprocedure and reuced the
alkylth;o group to successfully prepare some 2'-deoxy
nucleosides. However, he found that the final step,
reductive removal of the alkylthio group,'seveeely §
limited the yield using this'procedufe.

Rather than using a couplin§ technique, many
workers have atte@pted to modify preformed hucied;ides
to form 2'-deoxy nueleosides. Jodd and ceworkers 55
reported the first synthesis of a pyrimjdine 2'-deoxy-
nucleoside. These workers found that treatment of §5'-

0- acetyl-Z'-O E-toluenesulfonylurudlne with sodium
iodlde in acetonylacetone gave the 2'-iodo derivative
which after hydrogenation and deacylétioﬁ gave 2'-deoxy-
ufidine, They showed that the reaction went through an

22, 2'-anhydropyrimidine derivative. There followed

several papers using anhydropyrimidiﬁe derivatives to



| “ . ) :
syntjhesize pyrimidine 2'-d¢oxynuc‘eoside§.

lkehara and coworkers

coworkegs..

. : ¢
b J}v
L \\
! ? \ ,
56-58

Hol;‘sg-G' has employed 22' '-anhydropyrimidine
nucleosides, building up theﬁe compounds from sugar

amino-oxazolines Lhé\proceduré originally developed by

‘ s v
Sanchez and Orgel.62 Hémthen'proceedbd using known

N { ) '
reactions to the 2'-chldfo products %hich he reduced

wiith tri-n-butyltin hydride.

Syntheses of purine 2'-deoxynucleosides are much

more difffcult and generally give very low yields.

63’.6"‘synthesized 8-2'-anHero-

B-ﬁercaptopurine derivatives via the 8-bromo compounds
(see Figure 3). These could be desulfurized with Raney

y \ .
nickel to give the corresponding 2'-deoxynucleosides.

This procedure was Iong and ﬁroceeded in poor overall

yield (2'-deoxyadenosi2e from adenosine in ~2% overall
yield). Again, the final reductive desulfurization
proceeded in a low 33% yield.

Bofh Robins and coQorkers
67

65’§§ and Moffatt and

have prepared purine 2'-halonucleosides
which can 2 reduced to 2'-deoxynucleosides, but the

2'-halo derivatives are only minor”pr ucts (3'-halo

derivatives predominate). 1In a long gnd extensive pro-

.o 68-70

cedure by Good’fn and coworkers 2'-deoxyadenosine

was s&nthesized from 3'-deoxy-3'-éthylthio-S-B-Q-xfio-
. I
furanosyladenine. Migration of the 3'-ethyl'thio residue

to the 2'-position, via a 2', 3'-episulfonium ion,



Figure 3

98% | 330/ o



l0.

yielded a 2'~ethylthio-3'-ch}oro derivative. HYdrolysfs
and subsequent desulfurization gave mixtures of 2'- and
3(-deoxyadenosine with the Zf isomer predominating.
Goodman 70 again foun& that desulfurization in the final
step drastically reduced the already small overall yields.
To summéfize then, in the case of pyrimidine nucleo-
sides, reaction‘through‘the 92,2'-anhydropyrimidiné
derivatives yields the correspondiné 2'-deoxypyrimidines
in good yields. fhere is as yet, however, no correspond-
ing transformation (that proceeds in gooq yield ) avail-

able in the purine nucteoside series.
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. INTRODUCTION TO CIRCULAR DICHROISM OF NUCLEOSIDES

To consider the phenomenological basis of circular
dfchroism (cd) it is necessary to first consider optical
rotatory dispersion (ord). Specific rotation [a]l,
especially at the wavelength of the sodium D line (589
nm), has long been used to identify and help establish
the configuration of optically active compounds. Histori-

cally the equation used for specific rotation is:

t °
a = Q 100/1 x ¢

where a is the observed rotation in degrees, t is the
temperature, A is the wavelength at which the rotation

is measured, 1 is th; &;ght,path length through the solu-
tion iﬁ decimeters,andﬁc' is the concentration in grams
per 100 ml of solutfon. A mbre recent expression which

~

incorporates molecular weight is the molar rotation [¢]:

(61, = [al, x M/100

‘where M is the molecular weight';f the solute.

It is remarkable that over the years specific
rotation has been so useful, since it was limited to only
a few wavekengths-at most. Ord is simply the dependence
of [¢] on the wavelength of light. Thuse just as [a] or
[¢] are a measure of the specific rotatjon of the plane

of polarized light at one wavelength, ord is a measure

-11-
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over a large range of wavelengths.

Monochromagic plane polarized light is a special
type of polarization in which a left circularly polarized
component (E1) aqd'a right circularly polarized component
(Er) have opposf?g.rotation senses but the same ampli-
tude. If plane polarized light passes through aﬁ optically
active medium Ei and Er pass throughat different veloci-
ties depending on the circular birefringence (nL ~ nR)
exhibited by the medium. This leads to a change of phase
correlation and results in a rotation [a] of the'plane of
polarization. . N

If the éptically active molecule has a chromophore

\

near the optically active center, a new effect appears.
Most ckromophores are optically inactive themselves be-
cause of their m structure (usually planar). ff the
chromophore is close to an optically ;ctive center, the
dissyﬁmetry of the environment causés a difference in the
absorption of E1 and Er depenaing on the circular di-
chroism (k] - kr) exhibited by the c;mpound. This causes
a change 'in relative amplitude as'well as velocit; of
the circularly polarized components and proches a wave
which is elliptically polarized.

in the vicinity of a chromophore, a compound ex-
hibits the combination of cifchar biréfringence (ord) and

circular dichroism (cd) and besides rotatihg the plané

of polarization by angle a, the linec- plane of polarized
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light becomes elliptical. The angle of ellipticity (i)
is defined as the arc-tangent of the ratio of minor to
V major axis of the elliptical vNbration. (See Figure 4).

In the region of the chromophore, the ord exhibits
\7 . N
an.''anamolous dispersion' which is now called the Cotton

effect after its discoverer.”’72 That isw in the case
l
of a positive Cotton effect the ord has a positive

%

optical rotation at longer wavelength values aﬁd.a‘nega-
tive rotation at shorter wavelengths. The,crossove(
point, in the ideél case of an electronic transitfon well
s;paréted from all others, is at the ultraviolet (uv)
absorption maximum. A negative Cotton effect has the
opposite configuration (i.e.fhegative‘rotation at longer
wavelength and positive at shorter wavelength).
Correspon?ihg to the positive and negative Cot%bn.
effect in ord is a pos;tive and negative (respectively)
‘cd. This is a measure of the difference in absorbance
of El and Er and so can only occur in the region of a
chromophore. Again inythe ideal case, the maxigum in

i~

the cd curve is at the same wavelength as the uv maximum.
. : 8

(See Figure 5.).
Cd is usually expressed as the molar coefficient
of dichroic absorption (Ae), where ky and k’r (the absorp-

tion indices) can be replaced by the molar extinction

coefficients € and e, by the relationship: :



-

P
A

[(kl.)

‘
. left

T ,
(n-n) = A (k= kp)

are refractive (absorption) indices for
circularly  polarized light

o

14,
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Kk = 3_3_9_3./)( Ace
\ A llTT

where ¢ is the concentratyon of the absorbing solute in

moles per liter and % is ﬂn centimeters. Another expres-

sion often used.to describe cd is molar ellipticity [¢]):

L~
I

-

[¢]-# 3300 ¢

a

Ord was used more frequently in earlier literature
because of the| expgrimentaf difficulties invoived in
measuring cd. It was not until>1967 that commercial in-
struments sensitive enough to measure the cd of nucleo-
sides were available. The cd qf nucleosides are especi-
allyAdifficult to defermine since they have vé}y large
extinction coefficients anq low optifal rot;tions, re-
'gulting in a small.signal fo noise ratio. With improve-
ments in instrumentation cd has become increasingly
pépular due to its more 'simple spebtral characteristics
relative to ord. ‘This is especially true for complex
spectra (nuclebsidés) where there are many 6verlapéing

transitions and multiple Cotton effects. The above

-

materigl is thgroughiy‘reviewed in several sc>'urces.l'9’7‘3-75

In cases .involving interaction of. two chromophores,

~,

the uv and cd spectra can bezbmgkpore complex. The type
of effects noted can be divided into two main groups.
The first type of ‘effect is exciton coupling. This is a

. 2 - L
resonance effect between chromophores. Exciton coupling

£

v
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can be further divided. into cases of strong coupling and

weak coupling.' invbo}h cases the theory has been derived
aséuming identical chromophores and then applying the ;e-‘
sulting eqhations to‘non—identical.chromophoresi Exciton
éoupling results in coﬁplete splitting of the uv band,
with retention of overall intensity, into two separate
bands in the case of strong exciton coupling. in weakl
exciton coupling (more applicable'to polynucleotideq)
the uv band is broadened-with retention of intensity.
In each " case the réswlting cd is conservative.' A'ﬁgga-
tive and positive cd result, wh{ch,when integré_ed-énd
;%ded together equal zero. The cd bands forme corres{
pond to the split uv band.

vfhe second major case is a more gener;llyqsbserved

" .
effect when two chromophores interast. In tﬁis nonhreson-

!
e

ant case, the interaction betﬁeeQtho chromophores is
>

simply the Coulomb interaction between their.electron
g _ M A ;

Small changes occur in the excited states dye to the
. . ‘ -

polarization of thelnqyéhbouring Ehrbmophoré'by i~ ~ident
light. A polarized neighbouring chromophore creates a

field,at the chromophore being considZ?%Qi which adds :o

the incident electric field. Thus for ‘this chromophore

-

the polarizability of thé environment is anisotropic.

since the neighbouring chromophore lies'in‘one;direction‘

!

whereas the solvent molecules lie in the other direction.

This - anisotropic polarization modifies the absérbancelof

{

w



sitions are thought to occur ate~260 nm, ~240 nm and

L
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the primary chromophore, giving hypochro@ism.(decrease'in
€ max) for w - n* transitions (horizontal or parallel to
the plane of the base) and hyperchromism (increase in €
max) for n -+ n* transitions (vertical or perpendicular to
the plane of the base).

The analogous effect occurs in the cd of stacked
chromophorés. If the polarizabilities differ for El and
Er, there wil)l be different hypochromism effects for the
two polarizations giving rise to a nonconservative (non
zero when integrated) cd. (See Figure 6).

These uv and cd effects (in the'second major case)
can occur for idenficai as welj as for nonidentical
neighbouring chromophores énd are in no way related to

resonance energy transfer. A more complete discussion of
thése effects appears in severél reviews;.ﬂ'-j7

Cd spectra are also influenced by other chanées in
the molecule.v One examp]e is a chabgé in the chromophore
due to either an actual chemLcai modification or ioriza-
tioﬁ 78’79 which will often markedly affec; thé cd spect-
rum (and the uv spectrum). Another effect that must be
considered is overlapping of cd curves due to more than
one chromophéré or multiple transitions in a gingle

. . ' *
chromophore. In adenine, for example, the m + ®* tran-

4

~220 nm.80 In addition there are several possible n + 7
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transitions, 81 which could also contribute to the over-

all cd spectrum,

Another source of modification of the cd effect is

variation in sugar conformation aJd especially variation

19

in the torsional angle (XCN)' The torsional angle is

defined as the angle between the plane of the base (speci-
fically the N-3 of a purine or the 2 carbony!l of a pYrimi4
dine base) and the'planﬂ of the C-1 to ring oxygen of the

sugar. If this angle is between 290° to 110°, the base

Is said to be in the syn conformation and if the angle is

between 1110° to 290°, the base is said to be.in the anti

83

“conformation.az (See Figure 7). Sundaralingam defines

the torsjonal’angle Xcy 28 iﬂil when in thg range 0° +90°
and syn as in the range 180° + 90°. Donahue an& ‘
Trueblood 3% defined torsional ang]e'(¢CN in their ca§e)
with a positive rotation from 0° to 180° clocinse ahd a
negative rotation from 0° to 180° counterclockwise. The
effgct of this angle on the cd curve magnitude and sign
for adenine nucleosides has recently been studied by'
Bush.85 !t has also been.shown that restricted rotation
of the ba;e (in arabinof;ranosyl compounds for example)
causes an enhancement of the cd-efféct.86f§7b

Besides the above effects causing changes in”fhe

88,89

cd, solvent, concentration, temperature, and salt

effects can also affect the c¢cd spectrum. Thus detailed



_purine (ant))

anti

21.
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. 1 | |
quantitative interpretation of a cd spectrum is often dif-

ficult if not impossible but a qualitative investigation

of a cd spectrum can yield valuable structural information.



INTRODUCTION TO ACID-CATALYZED HYDROLYSIS OF THE BASE-

GLYCOSYL BOND OF NUCLEOSIDES

A lbng time period elapsed %etween,Koss!~\é 3 earlY
acid hydrolyses of nucleic acids and the commencement of
studies on theimechanism of . hydrolysis of the glyéosidic
bond. (This introduction will be”limited to the acid-
catalyzed hydrolysns of this bond).

The first mechanlsm for this reaction was proposed

90 9]

and Dekker. These workers suggested that

by Kenner
the ring oxygen was protonated,first;:foilowed by transi-
ent formation of an unStabie cationic Schiff base and .
subsequent hydrolysis. (See Figure 8, Mechanism A). |
Dekker 3 p;oposéd that if the heterocyclic ba;i could be
"protonated elsewhere, the éase of protoﬁ transfer to the
sugér’oxygen was an importaﬁt factor. This explanation
"of the mechanish was based, in part, on the acid soivoly?
sis of the simpier glycosylamines.92

Later workers, studying a variety of purine.and
pyrimidine nucﬂeosides showed that the mechanlsm of
hydrolysis could be better explalned by invoking an Al

@

mechanism. (See Figure 8, Mechanism B).93 rol These
later workers prbbosed mono (an{/or il)~protonation of
the base foilowed by Base-sugar cleavage involving

participation by the ring oxygen as the -rate determining

step and finally hydrolysis of the sugar moiety.

~23-
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Very recently, however, Cadet and Teoule 102 have

reported that acid hydrolyscs of thymidine and 2‘-deoxy-
uridine results in formatlon of a and B furanosndes and
Pyranosides. This can best be explained by reclosure of
intermediates involved in.the'Kenner ‘and Dekker mechan-
ism. They also studied the acid hydrolysis of SjbromO*
2'-deoxyuridine and 2'-deoxycytidine but found only
rupture qf the ﬁ-gﬁycosidic bond in harmony with fhg Al
process (Mechanism B). |

St s not surprusung that with the vast variety of
base Structures, conditions of hydrol*sis and different
pKr's (adenosine, 3.45; cytiding, 4.22; guanosine, 1.6;

uridjne, ~0)‘tﬁat one mechanism of acid hydrolyéis doesn't

'hold‘for\;TTwnucleosides. To date, in the case of puriines,

all hydrolyses can be Satngfictorlly accommodated by the
Al mechanism. 35,97-100 -
The relative stability of the glycosyl.lunkage towards
acid is dependent on a variety of parameters. In general
the stabllnty of the glycosyl Ilnkage in acid is in the
order uracil (or thymine) > cytosing > adenine > guanine.
ln‘general Purine nucleosides are mnch more reactive than
pyrimidine nucleoside#.'oBW‘ o
Phosphorylation of the sugar (nucleotides)'tendsvto
stabilize the glycosy] linkage toward acnd hydrolysis.
Shapiro and Chargaff have shown that thymidine §'-phos-

phate is more stable than thymidine under acid conditionSIOb

r
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They also noted that thymidlne~3',S'-diphosphate was even
‘more stable under similar conditions. Studies of the
stabilities in acid solution of 3',5'~¢cyclic phospHates
of purine nucleosi'cf and of their corresponding nucleo- '
side 5'-phosphates reveal that fhc former are femarkably
resistant to glycosyl cleavage compared to the latter.
in the case of pyrimidine nuclgosiQe 3'35'-cyclic phos--
phates (especially for .uridine and thymidine), however,
it was found that their 5'-nuclJotudes were more stable
in acid.los"06 |

Montgomery and Thomas found that anﬁmeric conffgura-
tion in the case of adenlne nucleosades (¢ or B) had
only a slight affect on their stabulltnes in acid.'o7
Leonard and Laursen found that the position of attachment
of the base (adenine) to the anomeric positio:hof the sugar
affected the dgrivative's_stability 1.08 Adenosine was
more stable to acudlc hydrolysis conditions than 3-8- D-
rlbofuranosyladensne " Townsend and coworkers 109,
aftgrstudyhm the acid-catalyzed.hydrolysis of several
7-B-Q-ribofuranosylpurines and 9-8-~ p- rnbofuranosylpur-
ines, found that the 7 |Lomer hydrolyzed faster than the
9 isomer (with the exception of guanine derivat?&es).
Chemical ionization mass spectfometfy 1o showed similar

results when the relative alycosyl bond strengths of 7-

and 9-B-D-ribofuranosylpurines were compared.
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B Modification of cytidine throug%ﬂbase !-acyfation'l]
destabilfzed the nucleoside toward acidic‘hydrolysis.

Base methylation of guanosine resulted in only ;mall dif-
ferences in the acid stability in weakly acidic solu-

t:ions.g5 |
in the sFudy of the .acid stabi”ity hydrolysis of é
large varlety of adenine nucleosides, Garrjtt found that

N

the stabulaty of the nucleoside increased with the
increasing number of hydroxyl groups in the sugar.loo
the most important sugar hydroxyl'was the 2'-0H, with
adenosfne 1000 'times as stable ag.i'-deoxyadenosine. The
effect was independent of fﬁé aglyéone (base).ss’nz'”3
The 3'-0H had a § to 7 fold stabilizin;,effect (when
adenosine and 3'-deoxyadenosine were compared). Finahly
Garrett }ound that 2',3'-didéoxyadenosine_solvol;fe¢
'3 to 4 times faster than 2'—deoxyadenosine’undgr identi-
cal conditions. Zoltewicz and coworkers attributed |
the stabilization of nucleosides by hydroxyl groups to
an inductive effect which stabilizes the C-N bond against
107 97 . |

Al ionization. Garrett

suggestéd that the hydroxyl
groups may competé as proton acceptor\siteslTor the 5
approaching hydrogen ion;and by coﬁlqmbic effects repel
the attack at the feactibn sitei In the same paper.
Garrett foundlthat sugar configuratiénal changes (ribo-

side, arabinoside, and xylosYde of adenine) had small

effects on the solvolysis but that when the 2'-0H-—
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was ""down' compared to adenine there was.some stabiliza-
tion. Also, base substitution effeqts (specifically
methylation) gave only small changes in ggreement with
the results of_Zoltewicz and coworkgrs. 5“ The slightly
enhanced stabliity observed for 2'-0-methyl adenosine

was attributed to two possible effects by Garrett.'oo He
reasoned that either i t® was due to a steric effect (hind-
ering sol;ation of the developing carbonium ion) or to
the fact that 2'-0-methyl adenosine could not hydrogen
bond with the base as a 2'-0H could. .Thig hydrogen bond-
in§ might then reduge the inductive withdrawing effect‘
of the\fl:ff (as‘compared to the 2'-0CH3). Reese and
goworkers also noticed enhanced stability of both 2'-0-
methyl adenosine and 3'-0-methyl adenosine relative to .

adenosine in acid.llh Using their hydrolysis conditions

(1.0 N HCY at 41°), they found a considerable impiovement
in the half-life stability for‘Z'-g-methyl adenosine
(19.6 h) and 4 lesser improvement for. 3'-0-methyl adeno-
sine (12.8 h) compared with adenosine (7.9 h).

Besides thé stabilization of phosphates al(eady

mentioned, several authors have noticed the great stabil--

e

ity of certain sugar substituted nucleosides. Michelson

¢ . ‘3
noted enhanced stability exhibited by O-acetyl-2'-deoky-
1s

guanosine. Brown and coworkers noted that the 3',5'-

O-diacetyl derivative of 2'—g~g-toluene5ulfonyl adenosine
was deacylatedeithout glycosyl cleavage when treated with

¢

-
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1 .
refluxing methanolic HCl for 14 h. Ulbricht reported

that 2'-g-g-nitrobenzenesulfonyl adenosine was stable
. 17

under conditions which hydrolyzed adenosine. lkehara

noted improved acild stability with 3'-0-p-nitrobenzene-
sulfonyladenosine and attributed (t to interaction bet-
ween the sugar substituent and the base.l's

 539eral workers have made use of the acid stabiliza-
tion effect of certain sugar substituents to perform
reactions employing acidic conditions under which an un-
Protected nucleoside would not survive. The reaction by
Brogn l'§ with 2'-2-E-toluene5uffonyl adenosine has
already been noted. Fox and coworkers made use of the
p-nitrobenzoy!l protecting gfoup to stabilize uridine to
fuming nitric and concentrated sulfurjc acids in a
nitration reac:tion.”9 Robins and Robins detritylated
3'-2-E-tolqenesulfonyl-S'-g—trltyl-z'-deoxyadenoslne in

802 acetic acid under conditions which hydrolyzed 2°*-

120
deoxyadenosine.

Also, Robins and Basom]protected 2'-deoxyinosirme

from acidic cleavage Hy blocking the sugar with trifluoro-
D]
. 21 , i
acetyl groups. v X

N

Thus it°can be seen that substitution of the sugar
‘with electron .withdrawing groups offers a method of
- protection of the nucleoside from acidic hydrolysis of

the glycosidic bond.



DI SCUSS I 0N A ND RESULTS

SYNTHESIS OF 2'-DEOXY ADENOSINE COMPOUNDS
' 3

In order to tnvestigate reactions ?t the 2' position

. of adenosine it was necessary to block the 3 and SL-hyd-
' roxyl groups of the sugar. It was foreseen that certain
types of reactions involve acidic conditions. Thus, to

avoid cqmblications acid stable bloﬁking groups‘Qere

chosen. \
The facile methylation of the 2 and 3'—hydroxyl

Q-

ifoups hsin diazomethane with stannous chloride as
9 ] g & :

22

catalyst ] to give (17) (see Figure 9) offered z . ery

<y

stable b}ock{ng group for the 3'. position. Also, steric

—

and electronic disruptions of the 2'-hydroxyl would be.
&

minimized with the 3'-methyl ether. Attempts to block
\ ‘ ‘
the 5'-hydroxyl selectively with “the bulky pivaly! group

failed; as ¢id'attempts to selectively deblock the TJ?-di-

pigélyl dé}iya;ive. Thus, a Jonger synthetic route was
& o i -

e : .
. "required. This involved selectixe blocking of the primary

’S'&hydroxyl with the triphenylmethyl (trityl)'group,to

“give (Lg), followsd.by select{;éiacetylation (low tem-
perag@?é) of the Z'fhyd}oxyl to give tlg). This compound
was dglritylated‘in acid to yield (20) which was pivalyl-
ated at the 5 position:to{give (Zl). Some bése piv;lyla-

tion occurred but treatment?with concentrated aqueous NH3

selectively removed the base pivalyTl and’the 2'-2-acetyl

-30-
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to give the desired p(?duet (22). This procedure involved
several steps but with the exception of the original tri-
tylation all other steps proceed‘in'goed yield to easily
crystallized products with a minimum of workup.

The introduction of tri-n- butyltln hydride as a re-
. . . 123,124
ducing agent for sugar chlorldes and bromides made
the conversion of these compounds (previously very dif-

ficult to reduce) to their respective deoxy compounds

59-61 125

easily possible. Hol; and other workers made

use of this reagent in the syntheses of pyrimidine 2'-de-

126
oxynucleosides. Very recently Corey has reported a

modification that greatly increases the applicability of
this reaction. Only the choice of a successful chlorin-
ating agent remained to complete the sequence. Thionyl

chloride had been used to chlorinate the 5' position of

. 127,128 %; . . .
nucleosides. Also, ilsmeier - Haack conditions

had been used with either N, N'-dimethylformamide (DMF) or

hexamethylphosphoramnde (HMPA) and thionyl chloride to

129-1
halogenate the 5' and 3' positions of nucleosides. 9-133

L4

| . ) ;
Hogenkamp 33 claimed that a 2'-chloro-2'-deoxynucleoside
was formed from xylosyladenlne under these conditions. He
suggested that a cyclic intermediate lnvolvung the 3' and

5t posntlon of xylosyladenine had formed with HMPA and that
\
this |ntermed|ate protected these posutlons from further

attack. He offered as proof the fact that his_chloro
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product was unreactive with cob (I) alamin ana this vita-
min model was known to be unreactive towards secondary
alkyl halides.

Hogenkamp's procedure was repeated and thé chloro
‘product was isolhtqd. This compound appeared‘;o be the
S'Tchloro-S'-deoxyxylosyladenine rather than ghe postu-
laled 2'-substituted product. Proof of this* fact included
tﬁe méss~spectrum, which\had characteristic fragmentations
that cbuld only occur for a 5'-chloro préduct (see dis-
cussion on %ass spectra) and the nuclear magnetic reson-
ance spectrum which showed,the Iargest shifts (from .
xylosyladenine) for .the 5', 5'" and 4' protons of the sugar.
When this produét was heated, a new compound was.fotmed
which showed shifts for the H" SG - 6:30), Hz and H8

b
(6 = 8.47, 8.70) protonigcharacteristic of N-3 to C-5'
cyclonucleoside formatio .lBh’l35 Electrophoresis in a

-~ Y

borate buffer and paper chromatography using a borate
system indicated that the cis-1,3-diol structure 6f

xykm?ladmﬁne (3° and 5' positions) had been chénged.
Thfs would not have been exbected if ;he compound was

|

Considerable research into the décompos'tion;of

2' substituted (see experimental).

secondary alky]l chlorosulfifes 136-140 has shown that

these compounds can rearrange via an SNz_orcan SKI (ion

pair collapse) mechanism giving inversion or retention of
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the resulting chloro compound. ‘The mechanism is affected
by solvent changes or by heating in absence of solvent.
When 22 was treated with thionyl chloride, in hot

pyridine, a product was nsolated which proved to be the 2'-

chloro compound (23). This product was obtained in ~20%
vield. Numerous attempts to improve this yield by varying

solvents, quantltles of reagents, temperatures and by
using Lewis acids T4 failed. Nueleosidic products
isoleted were‘unreacted starting material and gi.. The
reaction rapidly turned b]ack on heating and a black
precipitate\remained'after workup. Neither mild nor
vigorous aeld or base hydrolysis of this amorphous black
soI}d yielded any detectable nucleosidic or heterocyclic
products (such as adenine) " Thus |t seemed that the
reaction was accompanled by extensive decomposition or
polymerization of starting material. The chlorination

13

reaction was assumed to go with inversion of configuration
(SNZ) at the 2' position wfth pyridine as solvent.]39
(Proof of Inversion of configuration in a similar reaction
follows). This &eactiou would then give 9-(2-chloro-2-
deoxy-3ﬁ£-methyl-SiQ-pfvalyl-B-Q-arablnofuranosyl)ade- .4
nine (Zi). (See-Figure 10). The low yield oﬁ this re-
action again illustrates the well known anfflculty in

‘ 142
performlng nucleophilic displacements at £-2 of \sugars

67,135,143

‘an especially £-2' of adenosine derivatives.
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In reference 67 this point is illustrated by the diffi-
cul;y-in forming the ribo-epoxide by intramolecular nucleo-
philic attack involving 2'-chloro-z'-deoxyarabinofuranof
syladenine. Compound 23 was dechlorinated using standard
'co;ditions for the tri—ﬂ-bqtyltin hydride reduction.
After deblocking, 9-(2-deoxy-3-2-methyl-B-Q-ribofuranosyl)-
‘adenine (Zi) was obtained in excellent yield.’ N

2'-Deoxyadenosine (lg) was syntheslzgd in a similar
manner. In order to maximize yields in this reaction
séquence (see Figure 11) uﬁpurified material was.carriéd
through until the fina) isolation. Adenosine was con-
verted into~9-(2,3-2-methoxy€thylidene-B-Q-ribofurano-

syl)adenine (25) by a modification Tk of the procedure

hs

reported by Reese and coworkers. The crude material
was then selectively acetylated (5'-hydroxyl) using acetic
"anhydride and 5- dlmethylamlnopyridlne as catalyst to glve
9~(S-Q-acetyl-2,3-g-methoxyethylidene-BfQ-ribofuranosyl)-

\ .
adenine (26). This material was converted in acld to a

mixture of 9- (3 5- dl-O -acetyl-g-p- rlbofuranosyl)adenlne

(27) and gf(z,5-d1-o-acety]- B-D" rlbofuranosyl)adenine

s

(28) by a kmown procedure in a ratio of ~2 to 1,

respedtively. Thus the majority of this mix;ure has a
free 2'-hydroxyl group for further reaction. ‘Treatment
of this mixturé with thionyl chloride in hot pyridine g
gave a mixture of ?-(2-chloro-2-deoxy-3,5-di-g-acetyl-Bi
Q-araPinofurgnbsyl)adenine (29) and 9-(3-ch|6ro‘3-d¢oxy-

L) ' L )
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2,5-di-0-acetyl-B-D-xylofuranosyl)adenine (30) in a ratio
of ~3 to 2, respectively. To maximize this yield,/the.
reaction was confinued Jﬁtil ~60% of the starting material
had disappeared (i.e. 40% remaini?g). Increasing the
duration of the reaction failed to increase prodqct'yields

|
I

and merely resulted in more e§tensive decompositfon. Under
these conditions fhe reaction proceeded in ;ﬁ?air yield.
The crude chlorinated mixture was redﬁced with tri-n-
butyltin Hydride (which decreased the colour significantly)
and was deblocked with base. The resulting mixturg was
easily separated by the procedure first outlfned by

‘h6, using anion exhange on a Dowex 1-X2 (OH )

Dekker
resin column with varying concentrations of aqueous alco-
hol as eluant. This column separation resulted in iso-

lation of pure 2'-deoxyadenosine (12) and 3'-deoxyadeno~

R 1 .
sine (il) in a ratio of—~3ﬁto 2, respectively.: The over- -

'
~ '

alllyield of 2'-dqpxyadenosine from-adenosinq was 162
(26.6% based on recovefedvstarting materigl).

It is interesting that in the preparation of both
10 and 24, the free radical redﬁction with tri-n-butyl-
tin'hydride proceeds in exdéllent yjeld ;hen compared
with the nucleophilic displacement in the reaction with
thionyl chloride. Theﬁé results would suggest that the

best method to functionalize the 2°' position of adenosine

would be through a radical mechanism.
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The trans configurations at €-2' and-L=3' in the
chloro compounds 29 aﬁd igrwepe established by isolation
of each after deblocking aﬁd chromatographx followed by
comparison wi;h known compounds. Also, both chloro com-
pounds 29 and 30 were dénverted to the ribo epoiide in

base (again the 2°' chloro_productJ'equired more vigorous

conditions).
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SYNTHESIS OF 2' AND NYL AND CARBOXYLIC ESTERS OF
S——

RDENOS I NE T

A series of sulfﬁnyl and carboxylic esters were syn-
thesized in order to study their physical properties (cd,
uv, nmr, ms) and rates of acid-catalyzed hydrolysis. This
investigation was initiated to resolve certain ambiguities

in the literature.

.

The 2'- and 3'~0-methyladenosines (32 and 17 respec-
tively) were chosen as startlno'paterlals for reasons out-
lined in the previous sectnon

Both of these nucleoside ethers were selectively
tritylated at fhelS‘ posltion to give Ié and 9-(2-O-methyl-
5-0- trtphenylmethyl-B -D-ribofuranosyl)adenine (33) Prep-
aration of the blocked alkyl and aryl sulfonyl compounds
was achieved using standard procedures 143,147 followed
by acidic removal o% the trityl group to yield the desired
compounds (see Figure 12). Compounds 9-(2-0-methanesul fonyl-
-3-g~methyl-B-Q-ribofurénosyl)adenine (34), 9-(3-0-methane-
sulfonyl-2-0-methy]-8- D-ribofuranosyl)adenine (35) 9-(2-0-
benzylsulfonyl-3 O-methyl-8- D- rlbofuranosyl)adenlne (36)
and 9-(3-0- bent’lsulfonyl-Z-g-methyl-8-Q—ribofuranosyl)-
adeﬁine (il) were synthesized in good yields wfthout forma-
tion of by-products. Compounds 9-(3-g-methyl-2-g4£-toluene-

sulfonyl-B—Q-ribofurdhosyl)adenine (38), 9-(2-g-methyl-3—g~

-40-
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Batoluenesuifonyl~8-g~ribofuranosyl)adenine (39), 9-(3-0-
methyl-2~g~2*nitrobenzenesulfonylfB-Q-ribofuranosyl)adenine

| .
(40) and 9*(2~Q~methyl-3~2-g~nitrobenzenesulfonyl-B-Q-ribo-
furanosyl)adenine (41) were prepared in moderate yields with

férmation of small amounts of other products (possibly base

#ubstituted derivatives).

It is ;nteéesting to note that the alkyl sulfonyl com-
pounds reacted very rapidly (~1 h) and in generally better
yields when compared to the aryl sulfonyl compounds (re-
actions a§ long as |1 Qeek).' Moffatt and coworkers 1h8 habe
since reported a facile method of synthesis of compounds ;
such as 2‘-p_jg-tol.ulenesulfony]adenosine"from adenosineﬁg
activating orcanotin derivatives. |

_Compounds 9-(Z-Q-R—aminobenzenesulfonyl-3-g-methyl-8-'
D-ribofuranosyl)adenine (42) anﬂ 9-(3-0-p-aminobenzenesul-
fonyl-Z-g-methyl-B-Q-ribofuranosyl)adenipe (43) were pre-
pared-by hydrogenation of the corresponding p-nitrobenzene-
sulfonyl compounds ﬂgfand 41, respectively, using palladfum
on charcoal. These reductions were selective and thé only.
complication was a tendency of the products to decompqse
upon heating.

Compound; 9-(3-Q-methyl-Z-Q-trifluoroﬁethanesu!fonyl-
B-g—ribafuranosyl)adenine (ﬁi) and 9-(2-Q-methyl—3-g-trif )
fluoromethan&sulfonyl-8-2~ribofuranosy|)adenine (ﬂi) were

prepared in low yield using trifluoromethanesulfonic anhyd-

ride. Several attempts were made to improve the yields of
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these reactions with only modgrate success. Compound ﬁé
proved to be extremely sensitive agﬁ decomposed even when
kept at low temperatures with exclusion of moisture. This
compound may decompose through the cyclonucleoside with S
bond formation between N3 and C-3' similar to'the decom-

~
position of riboepoxides on heating.'35"49 Part of the

difficulty in prep?pétion of the triquoromethanegulfohyl_
compounds is certainly due to the extremely reactive nature

' -
>0 The following abbreviations will

of triflate esters.
be ushd: mesyl'for methanesulfonyl, besyl for benzylsul-
fonyl,. tosyl for R~toluenesujfonyl,’nlsyl for E-nitrobeh-
zenesulfonyl, aminosyl for R-aminobénzeneSUIfonyl and tri-
“flyl for trifluoromethangsulfonyl.

Compounds 9-(3-Q-benzyl-B-g-ribofufanoSYl)adenine

(46) and»9-(Z-Q-benzyl-B-Q-ribofuranosyl)adenine (47) were

Rmrepared by the procedurgkof Broom 151 (see Figure 13).

Figure 13
HO—. Ad :
OR"

4 RH, R:CHy0
47 R=CHo{, R:H

¢
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The esteﬁs“9-(Z-Q-R—methoxyphenyl;cetyl-3-Q-methyl-8-
Q-ribofuranosxl)aden}ne (ﬁﬁ), 9-(3-2-E-methoxyphenylacétfl-1
Z-QFmethyl-B-g—ribofuranosyl)adenine (ﬂg).'9~(2-g-g-meth—
oxybenzoyl—3-9-methyl-B-Q-ribofuranosyl)édenine (50) and
9-(3-Q-R-methox9benzoyl-Z-Q-m;thyl-B-Q-ribofuranosyl)aae4.
nine (ill were prepared by a proceaurevhsed ih this labor-
atory '52 (see Figure 14). The anhydride of tge acid was
prepared using N,N'-dicyclohexylcarbodiimide and this
solution was added to a‘solution containing 18 or 33 and
h-ﬁ,ﬁ}dimetﬂylaminop;ridine (the reaction would not proceed
without this catalyst). After aéidig removal ;f the trityl
g;?up, the desiréd compound was isolated. ‘lt is.again of
ing est that the alkyl anhydrides (R-methoxyphenylacet;l)

reécted much more rapidly (~5 min) than the aromatic an-

hydrides (R-methoiybenzoyl in about 1 to 7 days).
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ULTRAVIOLET AND CIRCULAR DICHROISM SPECTRA

., In recent years there have been numerou reports of
base, sugar-substituent overlap in nucleosidic compounds.
Ikehara claimed that such an overlap was observed in 3'-0-

19

B—nitrobenzenésujfonyladenosine.' By subtracting the
absorptfon ipectrym_of this compound from the sum of the
absorptién spectra of adenoslne and 1,2-0-isopropylidene-
3-9;E-nitrobenzenesulfonyl;Q-xylofuréﬁose, he calculated
a 13% hypochromicity at éS? nm. He quoted this as proof
of base, §ug;r45ubstituent overlap and suggested that this
accounted for the unusual stability of this compound
again§t bromination and acid cleavage.‘ The following dis-
tusgion and the discussion on/rates of acid hydrolysis
will dispute these conclusions.

In later papers, lkehara studied base, sugar-substitu-

ent overlap in 8-bromb-2'-g-triisopropylbenzenesulfonyl-

- A . R
adenosine and also showed that no overlap was present in \

the 8-bromo-3'-0-triisopropylbenzenesulfonyladenosine .
. 1
- isomer. Intramolecular nuclear OWerhauser effects 53 and
154 confirmed overlap in the 2'-isomer and

X-ray an;lysis
a noﬁstacked form for the 3'-isomer. The uv spectrarqf
these compounds, however, were unusual.'ss Whereas both
the 5'-0-acetyl and 5'-0-trityl derivatives of the above
compounds showed hypochromicitylfor the 2'-isomer (com-

pared with the 3'-isomer), thé‘parent 2'-isomer (8:bromo-

.2'-0-triisopropylbenzenesulfonyladenosine) showed no uv

-46- \ ,
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hypoéhromicity relative to the 3'-isomer.

Broom observed base,’2‘-sugarjsubstituent overlap in
a variety of 2'-0-benzylated nucleosides.. Whereas the
3'-isomers gave normal extinction coefficieptg (3'-0-benzyl-
adenosine at pH 7, e€emax 15,000), the 2:-isomers showed
marked hypochromicities (2'-g-benzyladenosine at pH 7,

151

lEmax = 13,000). Broom noted that stacking of the base
and the B'ug-benzyl group was imposgible by examination
of models. Pfleidefer has very recehtly reported enhance-
ment of the cd o% 2'-0-benzyl ethers of uridipe compoundé
(compared to the cd spectra of the 3'-0-benzyl isomers)

156

and has"postulatedubase, sugar-substituenf overlap.
Examination of the uv and cd sp;ctra of compounds syn-
theFized in this thesis provﬁde& interesting structural vs
spectral correlations. It should be noted here that great
care was taken {n the determination of the cd (and uv)
Aspe;tra. Most cd spectra were repeatgq:at several different

19

concentrations. The instfﬁment used to obtain the ci
spectra (see Fxperimental section) recorded the photopulti-
plier.voltage at each wavelength as the spect-um was re-
corded. Only the portion of the spectrum which had this
voltage at acceptable levels (to }revenl rotatory artifacts)
and gave a reasonable signal to noise ratio was plotfed in

the following c¢d figures. All determ}gations'were r‘p'in

spectral grade methanol unless otherwise stated.
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Both z'-g-m,e:hyly(m and 3'-0-methyl>¥denosine (17)
had cd spectra (see‘figure 15) which exhibit the éxpected
negativé Cotton effect ' with a minimum at A ~270 nm. The
magnitudes of the Cotton effects are also consistent with
adenosine derivatives in the g&&i/éonformatlon.ls yhen
these spectra are compared with ;Be cd spectra of 2'-0-
\benzyl- (47) and 3'-0-benzyiadenosine (46) (Figure 15)
some intere;ting differences are apparent. Whereas he
has a cd spectrum almost exactWV_the saﬁe as that of 32 and
17 and shows no uv hypochfomicity,il has two very different
Cotton effects. It is abparent from‘thé‘uv\hypochroﬁicity
of ﬁl that this isomer has overlap between Ehe adenLne
base and the 2'-0-benzyl Ssugar Substituent.lsl The cd
sﬁectrum shows the effect of this overlap. In the cd spec-
spectrum of 47 there is a large positive Cotton effect wstﬂ
a maximum at A ~£60 nm which indicates that the\nucleos;de
c&nformatlon has changed; most llkely by a rotationdof tke
adenlne base to accomodate OJerlap with the sugar substitu\
ent. The Cotton effect at 260 nm is attributed to the aden-°
nine base sunce the benzyl group has no significant uv ab-
sorption in this region. At A ~210 nm a very large enhanced
Cotton effect occurs indicating béSe, sugar-substituent
overlap. It should be noted that although the extremum of
‘this lane Cotton effegt was not recorded due to noise in-

terference in the cd, the corresponding ord spectrum did

shaw one of the ord extrema at A = 217 nm.
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The cd Spéctra of the 2'-0-triflyl-@4), 3'-0-triflyl-

(45), 2'-0-mesyl-(34) and 3'-0-mesyl-(35) 2'(3')-O-methyl-
adendsfne‘cbmpounds had almost identical cdvsbectra to

those of 17 and 32 (seeLFigure 161. This’is as expectedl
with the non-aromatic sygar sdbstituents fhat‘cannot inter-
act with the adenine base by 7n-m overlap..This lack of base,
sugar-substijtuent overlap is also confirmed b; their relative
uv extinction coefficients (see experimental section) and
nmrhspectra (see dfscussiqn on nmr).

The cd sbectru@ of 2'-g-tosyl-3'-g-methyladenosine

(38) (see Figure 17) exhibits an enhancement ' in the magni-
tude of the cd spectrum, at low wavelengths relative to

that of the 3'-0-tosyl isomer (39). This again indicates
stacking of the base and the 2'-0-tosyl group. The strangth
of the interactﬁon between the base and the sugar(in 38
was demonstrated by the small effect that an increas; in
temperature had on the cd:spectrum. For example, the large
Cofton effect at A = 212 nm was decreased by ohly ~4% upon
iﬁcreasing'the temperature from 25° to 60°. This base,
sugar-substituent:bverlap afso gives a large hypochromicity
in the uv spectrum (see experimental section) and markedly
affects the npr chemical shift; for this compound (see dis-
cussion on nmr). The_uv hypochromicity of a 2'-0-tosyl
substituent was also noted bf~Moffat and t:owc;rkers.”'8 The

cd spectrum of 38 is more complex since the sugar'tosyl_

substituent has a uv maximum at X ~ 230 nm. Thus, there
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. : \ . : .
is o‘iglap of Cotton effects from the base (adenine) apd

the tosyl group‘in this region.

- ﬂomparlson of the cd spectra of 2'-0- besyl-(36) and
3'-0-besyl—(37) 2'(3')-0- methyl adenosines again shows a
difference in the Cotton effects (see Figure 17). in ;his
case, however, the cd specthm df ié_shows only alsmall low
waveleﬁéth enhancement, if»any, but the first Cotton effect
(A ~250 nm) is positfve. This Cotton effect presumably
arises from the adenine ba;e which indicates that some
change in conformation of the nucleos)de has occurred
(again most likely a torsional rotation of the base). The
uv spectrum of 36 shows a smaller hybochromicity than that
‘of 38 or 47 and no marked shifts occur in the nmr spectrum
(see discussion on nmr). Thus, it appears that thefe is
some base,'sugarrsubstituent overlap, possibly in equilib-
rium with a "non-stacked" form, but certa}nly the overlap
is not>as strong as with some other derivatives notéi>in
this discussion. This is probably due to the greater
dfstance between the base and the aromatic sugar substftu-
ent owing to the extra methylene group. Leonard and co-
workers 157 have shown that stacking interactions between
two adenine rings decrease with increasing separation of
‘the bases. This separation was studie& b; joining the

adenine rings through methylene bridges. The optimum

siacking interaction was obtained with a linear bridge of

“a

157 _ il

three methylene groups.
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The cd spectra of 2'-0-nisyl- (40), 3'-0-nisyl- (41),
2'-0-aminosyl- (42) and 3'-0-aminosyl—(43) 2'(3')-0-methyl

adenosines are more complex. Both the base and the sugar

I4

¥ ,
axima in the same region which re-

 !¢ion effects (see Fiﬁure 18). In

substituents W
. E ]

sults in Sverty

-isomers have greatly enhanced Cotton

genersl { haf®

.

witﬁ the 3'~isomers. This would

compagp:

suggest base; sugar-substituent overlap, as would the hypo-

effects when

chromicities observed in the uv snectra and chemical shifts
in the nmr specfra'shown by the 2'-isomers (see exﬁerihent-
al and discussion on nmg respectively).

In acidic solutions, the cd spectra change radically,
as expected,since at least the adenine (and in the case Bf
aminosyl, both)‘chromophore(s) is protonated (see Figure
13). This‘fighre shows the spectra of‘lg and 42 run in a

mixture of MeOH : H,0 (1:4) at pHs 6.2 and 1.1. Here an

2
anomaly arises. Whereas th;?uv spectrum of 38 ;t acidié
pH shows hypochromicity and a fairly largg cd effect is
obsefved (although not as large as at higher pH), the uv
spectrum of ig at acidic pH shows no hypochromiticy but a
very large cd effect is present. At a pH of 1.1, both
the base and the 2'-aminosyl substituent of 42 should be
protonated. This would result in a large,electrostatic
repulsion which q;p[ain;}ine lack of uv JLpochromicity.

The large cd effect must érise by some other enhancement

mechanism,such as restricted rotation of either (or both)
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chromophore(s). This illustrates that caution must be
exercised in the interpretation of an enlarged c¢d effect.
The c¢d spectra of the esters 2;—2—(22) and 3'-0~(49) p-
methoxyphenylacetyl 2'(3')-0-methyl adenosines and 2'-0-(50)
and 3'~Q~(il) p-methoxybenzoyl i'(f‘)-g-methyl adenosines
further illustrates this cautionary note (see Figure 20).
Neither of these isomeric pairs shows uv Hypochromici%f

(see exﬁerimqhtal section). This was also observed in

158

similar compounds by Usatyi "and coworkers and Laporte.

159 The R~methoxyphenylacetyl derivatlves exhibit only
‘small cd effects but both p-methoxybenzoyl derivatives show .
large Cotton effect;. The aromatic chromophore of the p-
.methoiyphenylacetyl aerivatives Is insulated by a methy!-

i

ene group from the optically active center (2' or 3' posl-
. * -

tlbﬂ) whereas with the E-methoxybenzoyl derivatives, the
.chramophore is attached dnrectly via an ester linkage to
the optically active centers. It |s known that p-methoxy-~
vbenzoyl sugars (without the nucl;oside base) ha‘g large

cd'effects.lsst

It is of interest to note that whereas 2'-
. . T *
O-p-methoxybenzoyladenosine has a Oéyton effect at ~270

nm with A = -4 and'3‘-Q—B-methoxybenzoyladenosLne has a
158. 5

Cotton effect at =270 nm with Ae= 1.5 3 51 have
Cotton effects at this wavelength with Ae = - nd -9,

. ) ] ’
respectively. This enhancement may be due to ¢ stricted

rotation because of the adjacent 0-methyl groupg or

absence of hydrogen bonding.
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In conclusion, enhancement of the cd spectra of sugar-
substituted nucleosides (compared with the underivatized
parent compounds) may indicate that base-substituent over-

lap occurs in'solutig@. When the enhancement is markedly

pronounced ?n the spectrum of only one (2' specifically in
4 2,
the prescpt stud?@ of two ‘such |somdg|cally substituted

lt

der*yat;ﬂrs and especually if this trend is parallel with

' -~
uv hypdcbrom|C|ty data, the stacking |nterpretat|on is
\

3 ~r \
stralghtforward However, enhancement can also arise by

LN

55vergj other mechanisms. Thus, great care should be

\ s

e«eﬁﬁised in the interpretation and rationalization of such

cd spectra.



ACID-CATALYZED *HYDROLYSIS OF THE BASE-GLYCOSYL BOND

OF SOME ADENOSINE DBRIVATIVES

~

The following table summarizes the results of acnd VV
thydrolysis of some ad¢ ‘e derivatives in |1 N HCI jnfé,tA !
dioxane : water (3: 2) at 81.4°. 4t was noted that 2"@‘
.methyladenosine (32) was more stable thaq 3'-g-methyladend-

sine (17). This small enhénced stability was also noted

by Reese 11 an@ may be due to the 2'-0-methy]l grbup in-
terfering in tfhe solvation of a developing positive charge
at the anomeric carbon to a greater ;xtent than‘the 3'i9-
methyl group. Reese j?h noted that both methylated comzd,
;puunds were ﬁjae acid stable than adenosine. The benzyl
compounds 46 and 47 displayed a further enhanced s;abilﬁky .
in acid. This stability could arise from one of the two
following effects, or more likely, a combination ¢f both.

A greater interference of g-benzyllgﬁgn of g-methyl with
solvation .at the anomeric position is Iikely Ibe slight
‘electron withdrawing'effect of the phenythgroup could also
destabulaze the positive charge f;fmang at C-1' in the
transntlon state (this posatlve charge arises in efther
mechanism A or B illustrated in figure 8). |

lt dees not appear necessary to invoke stabilization

of k? due to base sugar substltuent overlap to explain
- these results,’although this type of stabilization can

not be ruled out completely. The results with the sulfonyl

¢ .
esters show $hq; the most important factor stabilizing an

]

. | \
| S -60- :
’ fea



61.

4

TABLE 1
—_——

Acid Hydrolysis Data on 2' and 3'~p Substituted Adenosines
W

5 -*

Abbreviated Compound k' 2107  sec ' =1n2/k', min
Name Number \,f\,a\v,~,;~_

2'-0-Hethyl 32 251 (+1) h.60 ,

31-0-Methyl 17 By (418) | - 2.58 o

2'-0-Benzyl Y 182 (+9) ' 713 L b

3'-0-Benzyl 46 280 (+13) | h.|3j;;1ui.li A[

21-0-Hesyl 34 .84 (+0.22) wop Vi

2'-0-Tosyl 38 1,08 (+0.05) 1069 el

3'-0-Tosyl 39 3.87(+0.24) 298 ‘“

2'-Q—Be§yl 36 l‘7'3 (10';09), . %’ 668

3'-0-Besyl 37 5‘37(3—_0.18) ,‘ 'm"S

2'-0-Nisyl 4o 0.96 (+0.14) 1203

3'-0-Nisyl 1 /9~|3(1o.17>' 369

2'-0-Aminosy]l b2 B '-56(:0.12) 740

3'-0-Aminosy] 43 h.68(x0.15) 247

* - -
Average of values Yiven in Appendix

v
-
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adenosine derivative against atid-catalyzed hydrolysis is
.. F .
the electron withdrawing effect of the sugar substituent(s).

Overlap of the base and the Sugar-substituent plays a small
k

role, if any, in the stabilization of these compounds in

acidﬁ\‘The O0-mesyl compounds which have no aromatic sugar-

substituent for overlap, show remarkably enhanced stab|I|~
- Ny
v
ties. It may be argued that since the 2'-0-tosyl compound ,

(38) displays an increased acid stability relative to the
2'-0-mesyl compound (34), this is due to the base, ‘sugar-
substituent pverlap ofithe former ,compound in acid (see
discussion of cd). However, it is seen that the 3'-0- ¥
tosyl derivative (39) also has fn enhanced’acid stability

relative to the 3'-g-mesyl compound.' 't has been shown

(see discussion of cd) that no base, sugar-substituent

~f

overlap occurs in 39. Thé inductive eléctron withdrgﬂ%ng
effect of the p-toluyl group is greater than that of the
methyl group (pKa acetic acid = 4,75, pK, p-toluic acid =

. 4.36) and this could increase the stability of both tosyl

' . . . 1 - .
» compounds compared with their respective mesyl derivatives.

g
. Ty * ‘ ' o]
-SThere ¢ould also be some enhancement in stability due #

[ [y

;B dtion efﬁects at the anomeric osution as already
R

nated for td;féﬁmethyl parent compounds relative to the

~

.& benz’l compounb:. ™ The besyl compoundsare seen to have

g hi

lntermeduate stabllltiesgbetween the mesyl and tosyl
'd’/t
g
compounﬁs.: Agaln ‘the maJor effect can/tg attrlbuted to

inductive withdrawal byths sulfonylDester group (2"2'
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besyl (lﬁ) has only weak base, suéar-substituent overlap
;nd 3'-Q—besyl (37) none (see discussion on cd)). Although
fhé benzyl g?od} is inductively electron withdrawing (pKa
phénylacetic acid = 4.28), it dﬁesn't stabilize compounds
36 and 37 as much as the p-toluyl group stabilizes 38

and 39. This may be due to-a greater interference with
solvation of the positively chérged i&permediate by the
tosyl group comp dlle d with the bifyl group in which the
hydrophobic aromatic ring is re;oved from the angmeric
posifidn by an additional methylene group. The hisyl
derivatives ig and 41 show the g;eatest enhancement in
stability compared wfth their parent O-methyl cémpounds,
with 40 almost SQO timesmmore sﬁeble than 17 under these'
conditions. Aga{n this stabil}éf can bé attributed
mainly to the inductive électroﬁ withdrawing effec;fg#i'

S

the nisyl group.; Some of the effect is iikgly due to

) <
interference with solvation at the anonferic position

but the major increase from the structurally similar

tosyl must be due to inductive effects. Ilkehara 18

invoked an overlap interaction between the base and the

'phenyl‘grouﬁ for both 2'~- and 3'-Q-E4nitrobenzenesulfon-

yladeposings‘to rationéliie the unusual acid stability
of these c;mpoqhdsi it has been shown that b dées not
haQe.signifi;aui ba‘é, sugar-substituent interaction |
(overlép). fhe stabilit? of these sulfonyl esters does
noi appear to be affected significantly by base sugar‘

substituent overlap even when strongly observed by cd.
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The lower acid stabilities of the 3 esters.as compared
to their 2' isomers is consistent with- the greater ?W;-
tance separating the electron‘withdrawing substituent and
the anomeric position where the positive charge is form-
iﬁg. I't inintereﬁting to note that t?e.nisyl substftu-'
ent offers some promise as an acid stabilizing blocking
group for nucleosides. It doe§ notvmigrate‘as carboxylic
esters do 160,161 and it can ea;fly be removed under
mildly basic conditions (see experimental) The prlmary

O

Iimn;atton is the moderate yields observed in the syn-
SR

theses of .these derfﬁitives ‘ lt was expected that one

of the most acid stable compoundew;ould be the aminosyl
derivathes. Tﬁese basic substituents should be pro-
tonafed and thereby be aang the strongest electron with-
drawing substituents. It was found, however, that the
aminosy! group was hydrolytically removed under tﬁe‘con-
ditions of tgese hYdrolyses. The sulfanilic acid'rej
leased was isolated anq identified by coﬁparisoh with

en authentic sample by chromatography_and uY.specWra in
acid and base.f The aminosyl group would no;‘ze expected
to cleave from the sugar products of'gydrdlysis at a -
greater rate than from the orlglnal nucleoside. Also,
sulfanilic acud appeared lmmednately in the hydrolysns »
The absence of a '""lag time" sugges;ed a slow_continual
hyardlysis of tﬁe sulfanjlate substituent. This would

glve:

g
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k ,
base-sugar-ester —~J—— base + sugar-ester
f
k2 base-sugar + ester —iig-base
> .

-

+ products.

Whereas the hyd{olyses have been assumed to go via
direct base-sugar cleavage, this new path of hydrolysis
may now be operativé forming the less stable parent nucleo-
side which is rapidl} hydrolyzed (Table I)CéQ the base
and sugar proddéts. The rate of disappearance of the
am{nosyl derivatives could then be dependent on two phén-
om;nofogical first order rate constants, k, and k,» whose
sum‘would correspond to the measured pseudo first order
rate con§tant; (Rate = kl[substrate] + kz[substrate] -
k'[substrate], where k' = k, + kz)- .
This rqises the pos§iBIlﬁty that all of tﬁﬁfhydroly-

ses'go in part byﬁprior ester cleévage although  the pre-

\ ~—

viously discussed sulfpnyl ester derivatives qualifatively
follow an elfg;ronegative trend. The iwitial goal of
thS'hydrol;;és Study.yas to investﬁgate the role of base,
sugar substituent overfap’in the acid stability of thes;
derivatives. Elchdation of 'a consistent and detailed
mechanfsm for their Scid catalyzed hydrolysis will re-
quire further research. As predicted the 2'-0-aminosyl

derivative (42) displays a pronounced acid stability

relative to its 3'~isomer (43) although there is no

evidence for any baSewsugaf substituent overlap in acid
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solution (see uv discussion).

Hydrolysis of the triflate esters 44 and ﬁé is even

more complex. In both cases a long lived biproduct was
formed (see Figures 21 and 22). In the case of 44, & 2'-

cﬁloro-2'~deoxy-3'-Q~methyl hucleoside‘product (2&) was
formed and the corresponding 3'-chloro-2'—g-methyl pro-
f:ct'(il) was formed from 45 (both ldentffied by ms). In
each case the chloro biproddct,ha? a longer half-1ife than

the triflate starting material giving rise ta an

sb_le builﬁ! up of the biproducts. Since the triftate esters
contain the stronge}t electron withdrawing substituent

in thﬁ tqble, one wéuid expect theh to be Wfry stable
again;i hydrolysi's. Fhere was no '"lag time" in the
appearance of adenlne as woJld ha&é been expected if the
hydrolyscs went solely via the chloroAbiproducts so it
would appear that some transient.acid sensitive intermedi-
ate, possibly.an unsaturated elimination product, was
involved ip each Ease. It is not surprising that the tri-
flates exhibit instability in the hot, acidic solution
sincé they also'diSplayed a tendency to>décpmpose during
their syntheses (see the éxperimental sectiqn).
In conclusion, it is noted that the dramatic iﬁcrease

in acid stability exhibited by certain of the adenosine

sulfonyl ester dernvatlvgs prepg:ed in thls thesis is due

~ .\. ‘..‘

primarily to the stabulizlng effect of electron wnthdraw-

int substityents on the sugar.
k. ‘ P .

W L
et
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MASS SPECTRA

}
McCloskey and coworkers 62 have investigated mass

“spectrometry of a wide variety of adenosine derivatives.

They have determined the pr‘nciple fragmentation pathways
for structurally significant ions and have postulsted
decomposition mechanisms based on metastsole transitions,
deuterium and substituent labels apd hiy resolution peak
identification. The most significant ions in adenosine
derivatives consist of the purine base (adenine) plus .
various portions of the sugar skeleton, reflecting stab-
ility of thé aromatic base toward'decomposition. The
sugar fragment (ion s) plays a m}nor role in tée_frag-
mentatiqn of most adenosine derivatives. Iéns that occur
in the high mass region of the spectrum arelusually very
easily detected, even at low intensity, since they are
not obscured by other fragments. The molecular ion '
and often minor f;ns corresponding to M-0H or in the case
of sugar methylation M-OCH3 occur in Fhe high mass region.
(M-OH,H‘OCH3) do not involve specific hydroxyl or methyl-
ated hydroxyl groups and therefor; are of no structurally
diagnostic vélue. Elimination of OHZC-S' a§ formaldehyde
(30 mass units), which occurs yigh acc&mpﬂnying profén
transfer from the 5'—hydr6xyl ;roup td,the‘base, leads

% o
to an important strué&tural indicator, ion'c, corresponding

to M-30 (see Figure 23). lon ¢ occurs in compounds that
® !
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Figure 23
otH )
v : _ o+
C 0. P NG |
—_— é . ; + H,CO
OH OH - OH OH
M :
BH
N BH 0
> N\ / — \
m/e= 202 OH
X
‘HO- 0 B - .
A
' — “C-BH
| ™ X



of

.\. .,. . : - 7].

possess the free 5t*-hydroxymethoxy group. Often mole-
cules that have the 5' position blocked or substituted

< . '
will exhibit a fragmentation that involveziloss of the \

entire 5' group without concomitant transfer of a ‘proton

to the base. lon ¢ is also thought to lead, by the

fragmentation pathway shown in Figure 23, to ion x and

’
an ubiquitous fragment ifon at m/e 202. These ioas are

more intense in compounds with a labile C-3' or ,(-2' sub-

a4
stituent. lon x is useful in determining C-2' sulstitu-

tion but is complicated by the fact that many adenosine
derivatives also show an ion cbrrespondihg to loes of'the‘_

2' substituent from ion c.

: r '*‘..
1’ A more useful ion for determinatien of C-3' ‘$ub*t ° - j,\

4

stitution is ion d which dccurs at the' mass of the base

¥
. %
(B) plus b4 mass units in t

. AL L

case of, adenosthe’, ' This
. ‘ I's e T .

. = o

to fhe‘magsigfjgbg c-2

, ‘ . ekl 4162
substituent and was shown by MdCloskey tqQ

prominent lon shifts accordin

involve

more than one mechanism. Three .Qchanisms préposed by

.
Also shown are

s S -

+ 15 mass units),

McCloskey are outlined in Figure 2
possible routes of formation of ions e

. \ : *
f (B + 14 mass units) and B + 2H, a major ionwhich will

via

bé discussed below. These ions are also formed

than one mechanism.

lon b (B + 30 mass units for adenosine) reflects 'ﬁﬁ

162 proposed the

structural changes at c-1"'. McCloskey
, - o
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mechanism given in Figure 23. This mechanism requires a

?ydroxyl hydrogen but again ibon h must be formed by
e ::“g’ﬁl

‘.“\.‘
othér routes since there are numerphs examples (see R

{ 1§ -
exper:mental section) where a sugnificant ion h lS formed&ﬁ

Jwithout a {abﬁlemh}ﬁxogen at the 2° positlon B
Two %ther common peaks which occur in, ;ﬁtleos]de
mass specgra are ion i and fon j. lon i,which in adeno-
" sine cow[lsts of the base plys 60 mass units of the sugar
SWas pro;osed by McCloskex,to coatain C-1' and -2 plps
_their 7ttaehed oxygens (see Flgure 24) . This Ion could
resul! from homolysls of the 2' to 3' bond fo! lbwed by

, ..
tran{fer of a C-5'! or c- 3' hydrogen to the ringxoxyggn o

This ion is of some: use in determlnqng 2-2' su

e

Ioh*ﬁ (m/e 190) whlch %onsists of the base plus' :@ass

gﬁnlts of the sugar was found by HcGloskey 162 to contain

RN s P . .

/ the base, g-l' c-2", and ‘ohe heteroatom of the -
Fo: RO

“sugar. With 2' and 30-0-me hyl Eompo nds, a related
2= £ &

“

ioh y (m/e 20&) consustung °f the base, T ‘ ,-C 2', c-3
@,\and OCH3 could be seen. Also with the sugar methylated |
'J nucleosades a peak at m/e l73 (y OCH ) frequently occurred
A Perhaps the most characteristlc ions in: nucleoside
_Mass spectra (oftén the most intense) are those .represent-
ing the protonated base (B + H and B + 2H) These fons-

vary in mass with substléutlon of - the base and are useful

in’ ldentPfying ls substitution. Another peak that

) e - R - N .
o . . 3
{ : .

3» o . (r\\‘ o /‘
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al,
v N
/ N 'ﬂ -

RSY T k v .

“ofcurs in certain cases . in 2'-g-meoﬂylated compounds

e

L A
is jon v (m/e 177) which represents loss of the methyl
3 R ,
group from ion d.” 1on w which corresponds to the suwar
S 23 4

(s) less one hydrogen atom also appears as a fragment~(n
some compoundsﬁ'f Y

¥ ‘
Substntuenﬁ;, of * course isﬂb Have characteristic

i #
fragmentatlons Tfhe trityl gra

'

i, for instance, gdves
i, Tl

=

v gt
risegto numerous peaks, Bes| ;#& Iarge fragments

at ‘m/e 2‘03 (N )- there are o ﬁ-efr‘ sma"ljer peaks at mf‘e &.
zn, 239, %;8 215,‘183 and.“}GS among otherir To r}aust-*
race g?e ﬁse?ulness of- mass spJ&traJ ‘data dn the:- idonti-

_4.“ . . . i Y .

fl%a&ion o? nucleoside ana!ogues, two examples are %&s*

- ‘&‘a o oo ™ . ' \

cussed below: R : . R .

: g%w -~ ld .Q . ,dw. " , ) . ‘,:‘-
> The first example |s the product (5&) of b@e re- ' f?g

«

. R
action of xyloaﬂaduune ~wlth thnonyhhch]oride in HHPA

Accurate mass measurements show%at the ~product was -
£ _ )

&

&S.atonochlor.i‘ed (!1,. peak at m/e \285) lons B + H and

B + 2H at m/e 135~ and 136 respectiveiy,‘?howig that ,
. ' | \
the compound was not base substituted. lon d at m/e 178

and | at m/e.‘94 showed\tgat‘the compound was not i ;

chlorinated at C- 2' The absence of ion c and the pre-

‘sence of an lon at m/e 236 corresponding to M- CHZCI in-

"dicated that the chlorine substitution had occurred at

the 5' position, | C -

The second example involves the two byproducts of
hydrolysls of &4 and hS,lln which only a small amount of

& .- .

.



ey v oe. «
m?teria] was available. Both compand§ detected appeared
~ “ Y ' 3 . .
;{ O-methylated Jigenagyg

to be anthJor\nated dcrlvatl

sines (» »~ e 299). Both " éxhlbn-ed 4he absence of.base‘

substitution (B +.H, B + 2H at m/e 135 “and 136, respect-
'igely) anézheré not 5! substitﬁtgd nucleosides (ion c at -
m/e 269)32 The product isolated from the hydrolysis of

4y had iﬁn d at m/e 196 while the correspbndin§ prodyct
from hydrolysis of kS‘hadvion d ét m/e 192. This"sug-
gested that the former was chlorlnated at €~2' and the. ’fJ

latter at C 3' (with the osher %psix &~ 0'methylated) BN

The very,?ntense ion x at m/e 234 for the latter compoun§P
is also indicative of.a good“]eaving group at €=3'. ¥
L > 3 i L ‘
‘.. .
Thase asngnmeg}s were correlated with the isotope ratios”g?~

( ch&qfﬂne (3SCI 37C]&_IOO o 32.6) for halogen- contalnnng

LA

ions ‘*‘ - _ \? L=

I3 -»

. «

‘Thus, it dan be seen that mass Spectrometry is a very
valuabﬂe teol for the |dent|f|catron of nucleosgde§i;
es%ec[ally when-only very small amounts of nucleosidic

material‘aré available.

e S



NUCLEAR MAGNETIC RESONANCE SPECTRA

\ . | ] T
Proton nuclear magnetic resonance spectroscopy ( H

.nmr) represents a powerful tool in the identification of
nucleoside derivatives. All spectral samples were dis-

so?Ved in either (CD ) SO (DMSD 86) or CDCI3 and a com-

pﬁevson of the resulting nmr WIth one run after addition
[ 4 N

|

o

E

of 020, determined the ei%hangeable hydrogens.
Generally theprotons appearing furthest downﬂield

are H8 and H2 of the base. These usually appear as

i

. ,“

§

>

2

singlets at ~8.30 and 8% The wmext non-exchangeable .

. '
hydrbgen »observe&‘dffa‘s ae gnomeric proton Hl at 6A~6._0.

) \ @
l

Th;.anomerlc proton was cou%ied to onfy the C 2! prd b &
u‘g » ” “_ i

and was nét overlapped by any other ﬂbn exchangeable_

protons. It also appeared as_the:furthest downfield

>

sugar proton’for all compounds in this thesis. A first
N (> - . C
order analysis of the coUp]lng.constants (with decoupling

in some cascs) was used* to identify The remaining sugar

- *

vpaGtons The wult:yﬁicaty of the anomaric proton identi-

fied the sugar C-2'%s either deoxy (X doublet of doub-

‘lets of an ABX system or monosu@stltuted’(AX doublet}.

]
Uslng this’ coubllng constant, Hz (and sz if pigiﬁgLL

‘e

"4 "t

ioquntlfned After deuteratlon of exchangeabre pro-
S -". A -; e -sw 4 . '

tons, the remalnlng ‘coupling with H®  was the.£-3' .

] 1"

proton(s). Thus, from the . multiplicity of_H2 “(and H2

if present) the c-3 proton(S) were identified as sub-
. ¢ .

‘stituted or as deoxy. This pro@gdure yas\extendedxlo

-~
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Cy
F
] ] (1]
identldfy AW . HS and HS . T
7 o
Y The degree of asymmetry of the splitting patterns

A Was also helpful in ntifying or cowflrmlng the ldeq%é*y

of protons. For example, the upfield peak of the anomeric
v

doublet increased in intensity (with respect \? theldown-
. ’ .

\

field peak of the doublet) inversely ﬁroportndna? to the

' . Y ]
chemical shift difference bitween me anomeric and the H?

"')

protons. Tha fs, the smalle‘bthe chemicpl shift dif—

. ;A.

r[ferenc%}“the larger thé rglatnv; magnitude ‘of the upfleld

<

peak. This skeWing“ of the peaks was of great he'lp in

2 mak\ng manyoassignm ; sf . Again, where?possible, the

ass;gnment of ﬁ@?iS' .éwverified<by-spin—sp|n decoupling
. . e ., ) ‘ ' AN ‘ . &
experiments. O VS

PP

N

The chemical *shifts of the various sugar protons s

were very useful in aSsignin? the positian of fufictional-

L]

ization (see synthesis of Zi-deoxyadenosi;p éampounds).
Electyohegative groups such as acetyl, benzqyl and sul-
fonylkgroups markedly shift the sugar proton attached Yo

the substututéi&carbon downfne]g. .Neighbornng protoni/

were shifteé‘downfoeld to a lesser :Efree Rules formu-

' b4
'

Iated by Reese and coworkers werae applied and were use-

fululn maklng assugnments with compounds in whlch elther }/
the CQZJ'hydroxy or the c- 3"1’3?p\y (but not, both) were
5ubst|tuted. These rules state thaz for a pair of 2' and

3! isomers ﬂthe H] .resonance |s at lower: field and il'-é'
‘,‘ . .
is ?malle& for the 2' isomer. ’ e
- . . 7

.
- - -
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'¢ .Since a large number o isdperic O-methyl compounds
i — »

[ ) §‘ !
are described in this thesis, it is intqcesting to com-
L » : R o b
pare their nmr sﬁeCtrav(see Tablq 1). It can be seen
‘! v Wl

, that the positlon of thefelectrnnegativw sulfonyl or acyl

gn’hp can easily be d%tcrmlned by the chqmlcal shift.

¢

Thus , 2'-0 subst@tuted derivatIVes (sulfonyT ort aiyl) have

shifts to lower fueId for H2 d 3fL 6 substltuted derlya-

J”e N

?.
dtives. have shlfts to Lower fie!d for H3 . %lso, ifothe
. ' A

+'

,r .,, o } 73
» onegatlve Sugstlguent i% cod%ndered the ‘determining

, 1

roup, allqdahpOund! fb}aow the rule of Reese PJ63stated
abowe except for the E-toluenesu]fonyl de?lvamlves IB,
the case of tbe tosyl compounds H' of the 2' isomer is y

~

at lower field but~also has a Iarger Jl '2‘ value. Since

this coupling reflects the conformatlon of: {he ribosez: -

Anw
ring, it seems'that ln this case theasugar conformat?pn )

hés‘chadged. -This may be due to base, sﬁgar—substituent

: N
- overlap. (See discussion of c¢d). Also in the case of

-

sthe 2'-0-tosy!, nisyl;and aminosyl deriJ;tives, there . ﬂ#

'3.:2-substituted derivatives. Although it is known that

is amarked upfield shift'of.H2 and H8 compa}ed with the -

.

. . : \\
base /stacking does notng;urvin DMSO’-Q6 with dinucleo-

tides _éh the nmr shifts of z.and H8 in the case of

b
n
A Y

the above ment!oned sulfonyl derlvatlves may signify

N 4

-base substituent _stacking. The fact ‘that the sulfgnyl

8

compounds):?h+b|t thls stacklng in DMSO-g6 while dinucleo-

tides do n?t'may result from the sméllerwd@std‘ces involved

\

‘b
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-
inthe case of the sulfohyl compounds and thus stronger
interactions. The sa&bieffedt‘&s observed on the protons
of the aromatic subs;itue;t. Although the anisotropic
effgct of the base causes some shielding of the 2; sub—:;@

stituent (see mesyls, besyls, R?mefhoxyphenylacetyl% and-

p-methoxybenzoyls) there is an increased shielding:effect

for the 2'-0-tosyl, nisyl and aminosyl. This“aga?n sug-

t

gests overlap of the basé’and the 2' aromatic substi-tuent.

-
t

g7



e EXPERIMENTAL

A. GENERAL PROCEDURES *

Melting points were determined on a Reichert micro-
¥stage apparatus and are uncorrected.® Nmr spectra;were re-
corded on Varian HA-100 and Bricker 90 spectrometers witg
+ TMS as re&erence. Uv spectra were recorded on Cary 15
\or.Pye Unican SP 1700 spectrophotometers. Optical rota-

tions were determined with a PerkinfElmer\Model 141 povari-

meter using a 10 cm, 1 ﬁi‘microcel cd ;pectra were

.

recorded on a Jasco Opt& tator ) &spersion Recorder

< Y ‘ <@
with an $5-20-2 modifucatia ;!;iﬁg a Imm cell. MeOH uied

)

for uv and cd spectra was spectral grade. Dimethylforma-

mide (DMF),; used for optical rotations, was distilled from
o ‘ 1+
oalcium hydride under reduced pressdre at <40° and stored

over Linde 4A molecular sieves. ‘
' ' o . TR IS ¢
Mass spectra (ms) were determined by ‘the mdss spectro-

: » \

* metry laboratdry on;AEI MS-2 or MS-9 indstruments at 70 eV

- 9 .
using a direct prove. Mass spectra are quoted as per cent
relative intensity of the most intense ion-at m/e > 134, r

SR r
Elemental analysé&owere determlned by the mncroanalytlcal N

’
laboratory or by Schwarzkopf Mlcroanalytlcal Laboratory,

4
Woodside, New York. Water of hy&ratlon was verlfued in the
\ -
. \
nmr _spectrum. When DMSO d6 was used_as splvent a “blank“i

was recorded and the relative intensit?éseof‘the HZO and- =/

DMSP-EG peaks was calculetedi .The amount of HZO in the /".

» > .. . -8'- o ) . |
> .
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\
i

sampfe was theﬁ:determined by subtracting this blank value

from the integrated HZO peak:. ' )
TLC was performed on Eastman Chromatogram sheets (silic#.

géleo. 13181, indicator No. 6060)zln the solvent system
1 J . -
indicated. Developed chrom%tégrams were evaluated under

2537 A ltight. Preparative scale TLC was;y‘?{ohméd on
A2 . A"... -

L ~1 mm thick Merck silica gel GF 254 (20 x4 cm) plates.
: _ el e

e

-

Evaporatioms were carried- o,u.i‘ using a Bu&S Wk crotatingg -
w to. “a A ' P . LAY
L) , « 7 T e - S : s

evaporator with aspirator or oil pump ¢apu'~" Q¥ %o -

evaporations were effected by adding the’qudf

and réfevapora;ing.. Hydrogenations were accomplished L

using a Paar shaking apparatus at room temperatur t the
. i) RBY'™

specifigd hydrdgen ﬁreSsure Qith Mathesan, Cél%wén‘and
' Bell 5% palladium on carbon as catalyst. ‘Tri—g—butyltin'
. . _‘ "Q . - L . 59
hydride sgplution was pr¥pared by the Hely modification
of o wrgin romne Ry s
of the original procedure.I65 Column-c matogriphy was

ﬁerforméd using J. T. Baker No. BhOS silica gel (exéept

as noted, where Herst: @ebr. Kieselgel was used) or Woelm
. . -, M N ~ .
11 alumina. _Electrophofesi§“was performed on Whatman

nuéber 1 pﬁper using-a Savant flat}]dte ;pparzlus (HV-

3000 A). Descending chromatography was effected using
J‘whatménrnumber 1 péper. Théfp:OEeaure uséd to make the

"bO(afe“ solvent systeh¥'68 wés: 1M ammonium acetate

containing 0.01 ﬁ ethylenediamine;:gtraacétic acid di-

sodium salt was gdjugted'to pHA9 with ammdnium hydroxide
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I
>

and saturated with sodium tetraborate. This solution

(60 m1) anf 90% EtOH (140 ml) were mixed and allowed to
stand fér\l h. The précipltate which formed ;uring this
time was filtered before use. Soiylnt sys%em E (SSE) is
the sepafat;d uppe; phase of EtOAc:E-propano]qHZO bz 2
(by volum;). \Diffusion‘crystallizatjﬁpl.Whlgm has *been
166,167 yas‘feffected"gy allow-
ing.awconceqfrated solution of :the nu¢leoside tn"fﬂe
firstwmentioned (dissolbfng) solvent to.sggbd'i

modified in this labbratory ¢

'>desic-
cator containing a large volume of the seéanq (diff:;

solvent (Fn'whicq_the matéri@l is insoluble) at room i

LR

tehperature and the resulting crystals wefe collected by f

filtration.. . )
Pyridine was refluxed ovel and.dfs;illed from caiciuml
, B _ N - )" t’tfb "

_hydride before use. Toluene was dried - using sodium wire, , ~

-t 169

E:Dioxan%\was purified as described by Vdgel, EtOAc

was,detiliedifrom P}OS'and stored oxer Linde 4A niolecular’
. ’ y
sieves (dried at 200?35 Other solvents used were of re-

adent purity énd.ﬁére disth]ed before u;e..PivalyI chlor-

ide, methanesulfonyl chlorihe and»-SOCI2 were distilled
before use» gAll reagent solids wgr;.fecrystallized before

use, The"3i-g-methyladeno§ing and'Z';Q-methnladqndsinq .

122

were prepared as described. Adeng’sine wa's purqhased .
| _

from Raylo’Chemicals Ltd., Edmonton, Alberta. Dr. Yves
"Fouron kindly provided the 9-(8-2-Xylofuqanosyl)adenine.
: . . / ) "

J
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B: HYDROLYSES

Acnd catadyzed hydrolyses were eFfected by dlssolvang

a sample of- nucleosade "'a solution of 1,4-dioxane: 2.5 N

& - ﬁuCI (3: 2”‘0 gives a flnal Substrate concentration of =
4‘? RS - 4 =
“i ‘2.8 x lo -5 mole/mlﬁ. Samples (20 ul) were lnjected into

. :

wﬁ@émall glass caplllariel (;Ealeé at one end) and he er

ghh end of the capillary was then sealed The egklre set of\

capi lques was sugmerge¢ at ”t = 0“ lnto a IO gallon ,0i1

bat t 8\.4d°,¥ 0}05’ (checked with a Hewlett Packand

'280|A Qu rtszhermometer) At recorded |ntervals these
- . |

dhplllarné? were removed apd rapldly submerged in a dry

L4 . .
iee, acetone bath e L o

ANALYSI6 OF HYDROLYSES

‘Method'a * B | e
i - @ . : 1,
» * | The capillaries were opened and the contents applied

to a strib of Whatman *I paper which was‘¥eve10ped I.n

-~
.

\ iSOpropanol’:HZO,:concentrated aqueous_NH3 (7 :2 : 1) or

Zb (7 "). The appropriate spots were cut

out and eluted with 0. l N HE1 (4 ml or 6 ml dependnng on
H i3
the-extlnction coefficient). The resulting uv absorption

v

elée EtOH':H

maximum of the solution was recorded and-a blank value

-

: ’ -y .
" (obtained from an identical size piece of chromatoglaphy

N R e
paper treated in an ldentlcal manner) was subtracted

,The quantvtles of substrate and product were then calcu-

Iatg#.

L2



Method B | '

The capillaries were opened and 0.2 ul dliquots were -
"

analyzed using high ;erformance liquid chromatography

v
.

]

(HPLC; Tracor 5000 chromatographlc pump), employlng’a sll&

]

_ica gel coluTn (l m X 2 wmm 1.D.; Reeve Angel15Pckl HS

Q . II"
Pellosﬁd) wuth’lsopropanol :HZO :concentrated ‘agqueous NH3:
5 ]
QH Cl* (350 6“7) as solvent The areas under. the

respectnve peaks monitored at’ 254 nm were determlned using.

SENY 5
v

a Mini Lab lntegrator (Hodel CSI 38 chltal lntegrator

‘Columbaa aﬁtentiflc lndustrles) A simﬁlar analysus of}J

the data was carried out as descrlhed above. : @#
The equilibrium time ( 12 seconds) f;r 20 ul of tsl T

hydrolysns solvent [E—dloxane '2 FHN HCﬁ {3 : 2)] to reaZh

\
8| §e was determnned using a thermocouple (ﬂlddle Grey

[}

‘Instruments TC Potentlometer) in an open capillary Udbe -

* under the experimental condntions Therefore, a Ut, bon

‘-.

tlme of at least 30 seiconds afterf mersion of the/samples

5

in the bath was used for the adenosine ether der1 atlves ° /

Each subsequent determinatnon was corrected for/rhe“amount

L

of~hydrolysis occurrfng up to that “t = O“rtime. This

correctuon was neglnglble wuth the sulfonyl,ester der:va- ls
tlves with Monger half laves . L — fyﬂv . \ -V“vlf
S e o ' ‘
AN

Derivation of the rete equation: . ‘ i

\ N 5 o
!

" Two possible explanations for the phénomenologica[

“first grder rate constants (k') obsetved are:

i
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A All productive hydrolysis eVents‘proceed via a minor

pTotonated form in low cqu(librium concentration.

k ' g
AR + #¥ —1a AR’ . -

-1

k
AR + B —2» BRH'
. . e
k-2
k

BRH" —94 products

+
i
(B

Where AR = adenosine derlvatlve, ARHY = major protonated

+
species, BRH = minor protonated species which undergoes

hydrolys|s' kl and k " rate constants of protonatnon and de-

protonatlon of major protonated specu;s,,k2 and k ‘2 = rate con-
|

- stants of protonation and deprotonation of minor protonated species,

kd = rate constant of hde&lysis of m!nor species.

.

k, “ k_, .
[ABH ] = - [AR][H ] and [AR][H ] - [BRH ]
| . .2 ~
k,k X
Lo [ARH'] = 2 [BRH'] _

-12 L

-d[AR] | «, (W' 11AR] - k_, [ARH"] + kZ[H}][AR]
dt ’
k_z[BRHf]

Assuming a'ste;dy_state for [BRH']

L _ o
’_____"[3:“ Lo 18RH"] + K, BRHT] - k,[W'1[AR] = O

i k. |
.. 3. [erH*] = 2 (H*] [AR] )
| kogtkg

Comﬁining'l;z. and 3.



<

ah

_ K (ky +k,) o
_d[%%l_' e 1Ak

| -2 d » N
or . .
TS . . k, (ko t k.°
-(L:::—] = k'[AR] where k' = :4% 2 [H+]‘
\.. ) ’ ) ) V -2 d . 'Y}
B Hydrolysis proceg&s in\acqordance with the;mo}g‘com—;

plex équatjdn derived by ZBItewicz.!95 which included mono

and diprotonation equilibria and rate determining A-1 hyd-

roLysié of those cationic species.

‘rate = klp[S]t or rate -'k'"[S]t where k' = k§
‘and ¥ is\thg derfvednexpression 35

M-

protonation quTJ!brium constants, hydrolysis constants

» .
~ e

and hydrogen ion concentration. Under the"conaitionsu'

in this thesis [S]t = [AR] (measq:ed after ngutralizatiog).

1

At conﬁtént-hydrogen ion concentration [whic% is closely
approximated #n the "I N acid solution with ~0.02 N con-ﬂ

centrations of‘nucieosidesxwhich QTQe-product adenine of

\ . _
comparable basicity (pKa)'7§], both treatments reduce to

the same pheﬁbmeno1ogical pseudo first order rate constant

k'. ’

k'[AR] = '—————-dg:"] : E

: c
k' Zt = - d[AR]
[AR]
o - Co _

c
k't = In [AR]'ICO

'! k' = l‘Ln [ARJ + [A] ai f > t
: t [AR] | °

cohtaln}ng‘méﬁo and dil
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For Methoq-A: "[A] - Amaxyemax of adenine
[AR] Ambx/?max of nucleosuﬁe*sqssgrate
For Méthod .B: [A] se cQual to HPLC intégratioﬁfof
C b ine péak - L

[AR] .= idtegrgteq\nucleoside HPLC" peak x
‘ _ ‘normaliza tion- factor .
’ o €254 nm

- o \ - N -
qormaltzatuon faCUN'm eZSh nm.of nucleosnde

of adenine

i

to correct tq thglsame‘molecular ratio at the detector
. " . _ e o

twavgléngth,‘ i

Compasfsons iﬁvo1ving the 1ifferent derivati:;s are
assumed to be‘valid since ths'stock'acid sélution'snd
‘conditions of hfdrolysls-ﬁére'identicdl snd‘equilibriuﬁ'
acidlty constants for sugar substituted adenosine deriva-

tives [whuch hydrolyze to the identucal product base g 
A(aden:ne)] are closely comparable 170
|Tab1e I\contalns the values for k' and Table 3 the

/

EZSH nﬁ va]ues used for the normallzatlon factor The

Appendlx.contalns the experlmental hydrolysus data, method

of.daté'treatmen;,>and°paper'ch(omatographlc Rf valucs. R

-
2T
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\'"’ ‘ - TABLE 4 ' ) -

N , . . ) ) ) ‘\7

Extinctlon Coeffucaents at 254 nm of Sugar Substituted Adenosine

: Derivatives ~ ) " o
. Abbreyiated'.Na e Con\pound‘ quber' uv A’t-:max' _at 254 nm:‘ i'_n‘
L . J ‘ HPLC solvent
. Adenine l | | ) .10,800 - ’
2'-0-Methyl “ _3_1 13,400
3'-0-Methyl | 17 13,600«
2'-0-Benzy] T 12,100 .
. ;'Q-Q-Benzyl ) 15_6_ . ‘\\\ 13.-600 , .
¥ 21-0-Mesy > Y 12,000
- 3'-0 _Nefyl o | -\32 | 12 .000/
- 2'-0-Tosyl = . - 38 L 10..3
3'-0-Tosyl | _3_2_ | 12',\ 00
‘ 2'-0-Besyl 3_6_ l:Z//Z'OO
-0- o4
\ 3'-0-Besy! 2_7_ i)/),7()(_)

)

oo o



C. SYNTHESIS | _
o ! - \ *,' . . ' . ’ L (
(3 0~ Hetﬂyl 5- O‘trlphenylmethyl 8 D~rlbofurenosyl)adenlne

) B

: — — —
8) o - " ‘vﬂ sl
o . 1 et . e
et . . v - .

. To a stlrred solution of 6. 36 g (0 0227 mole) of 9-
(3 0 methyl 8 D rlbofuranosyl)adenlne (drled by repeated

. evaporation of dry pyridlne) in ~lOO ml of dry pyrldiqe

' was added 5 7 9 (0 0204 mole) of trlphenylmethyl chloride.

: The solutldn was heated with exc[uslon of moisture, for

. 300-g) packed in CHC!

. LI . \
2 h at lOO° in an, oil bath’&nd then cooled: Pyrldlﬁe was

|

Qf give a volume of ~50 ml and thns solution

‘was poured |H‘o 150 ml of saturated, 'cold, aqueous NaHCO3

evaporated

solution.- The resultlng-mixture was extréqted with 250
. ce . - ‘

ml of CHCl,. The. cnci3 extract was. wa;hed-wjxh‘75 ml of

saturated Nay£0 solution, drled over anhydrous Na soh

and eveporate to.dryness. Residual pyridlne was removed

by coevaporatlo f dry toluene (2 x 100 ml). Ihe result-

-

ing vyellow amorp ous solid was teken up'ln a_smafl ahount

- of CHCI3 and applied to a snllca qel column (5. S x 40 cm,

»

The column was washed wlth CHCI3 "

3°
(k 2 1) to remove all of the trlphenylmethanol and pro-

vduCt was eluted ﬁth HGOH : CHC]~3 (] .. 2[‘). The fil‘st
1.5 1 of Gluatéﬁwas‘dlscarded and the following l.8 ;@g.s

o 4
evaporated. Crystalllzatlon of the residue fro- acetone

gave 5.92 ¢ (502) of 18. The original aqueous NaHC03[>

..z

layer and extracts were combined and continuously extract-

ed with CH,Cl

21, to give 1.51 g of'startlng material, glving



N . ; . -

- 4 b4 V ‘ ) +
. : N R ' ¢ 9‘ .
- N 'S \\ -

.3 yield of 65. 5% for 18, based upon recovered starting

A

. ml of.lce water and extracted with‘CHCl3 (5 x lO%}nl).

"4\/

mateqial Pure 18 \had mp 120- 122°; uv (ﬁeOH max 259 nm

Al

(e Jé 300) mln 240 nm (e 9, 000); nmr (DHSO d6) 5§ 3.26 (m,
3' ’ N

2, HS' '), 3.37 (s, 3, 0cHy), h.08 (m, 2, Y, 4.90

(m, da ‘. = 4.8 Hz, Joioof = 6.0. Hz, Jz. 3,;F k.S Hz, 1,
). .5.55 (d J« QR(- 6. 0 Hz, 1,2'- on), 5.92 (d, Ji,_z, ?
6.8 Wz, 1, W'Y 7.31 (m, 17, C 5, 6-NM)), B.12, 8.27 (5,55
1,15 42, WP); ms (200%) m/e 523 (0.1, M), k33 (0.] H-30), -
388 (0.08, w), 280 (100, M-c¢3), 264 (3, c), 243 (56, Co3).
2h1 (5.5), 239 (4), 228 (6), 215 (), 202 (2. s).‘ 90 (1,3),
183 (l 5),.. 165 (66 3 -¢), 16h (21, ‘h), 152 (2), l¢8 (7.5,
£), 136 (55, B + 2H), 135 (16, B + H). ‘
Anal. Calcd for.c30 29Ns 0,: ¢, 68.82; H, 5758;'N

Q

13.38. Found: €, 68.79; H, 5.78; N, p3.61} -

B

(2 -0-Acetyl-3- O—methyl -B-D= rtbofuranosyl)adenine (20)

To. a stirred so]utidnvof 8.1 g (0.0ISSfmoJe) of l§~
(dried by repeated éVaporation of dfy pyridlné) ln-80 ml
of dry pyridlne, cooled in an 1ce bath, was added l 72'

ml (0.0155 mole) of acetlc anhydride dropwi?e wuth e§§h

+
it )

sion of moistur This. solutton was stlrred for 18 h at
5°.and a fur{i:fﬁo 15 ml (0 Olh mol£7 of atetic gphydﬁ?de ‘
was added ' Aff&r 2 h stirring at,S , the-reaction was .
alloﬁed to warm to 19 and 0.5 ml (0. OO&S'moVe) of .acetic
anhﬁdrrde was added. After 1.5 h. at thls tempergiure, ‘ k

‘the reaction mixture was poured, wuthAstlrrlng, into 200
2

, »

T

Fo-o



combined organic phase «was washed with cold 10% NaHCO3

solutlon (100 ‘ml) and H, 0 (100 ml) and then evaporated

» .

g to\dryness. Residual ryrldfne was removed by coevapora-
tion with dry toluene (2 x 50 ml) leaving 8.45 g of 9- =
- (2-0- ﬁcety1-3 -0- methyl—s -0-triphenyimethyl-B- p-ribofuran-
osyl)adenlne (19) as. a white amorphous solid nmr (CDCI3)‘
§ 2.34 (s, 3, ococn ), 3. 36 . (m)overlapped by ocu ), 1,
' W'y, 3 38 (s, 3, ocu3), 3.55 (d of d, 5"_5,'- 10.5 Hz,
Jguoys = 35 H3, 1, W), b2k LR W'y, hoss (e,
_3._2,'= iy = 5.2 Hz, r,iuv ), 5.93 ("t", Jyu_3¢
Cdyuqe = M7 Wz, 1, H2'), 6. 07 (brs, 2, 6-NHy), 6.16 -
(dy 3y0 g0 = B2 Bz, 1, W), 7.30 (my 15, téy), 7-98,
8.28 (s,5;.1,1; HysHg)s ms (zoo ) m/e 322 (37, M- -c4,),
306- (2. 5, M- oc¢ ), 280 (2.5, M- (c¢ + cocu )Y, 2&3 (23,
»é¢ ),‘zhl (10), 239 (8); 228 an, 215 (7.5), 220 (3.x"
cocn ), 204 (b4, y), 202 (6), 187 (23, w- c¢ ), 178 (7, d-
COCH, ), 165 (100, Cé, ¢). 164 (11 hi, 152 (s). 148 (7.5
£), 139 (8)v 136 (43, B + 2H), 13€ (24, B + H). |

T e solid 19 (less 0.1 g) was dlssolved tn. 100 ml

of 80% aqueous HOAc and hea;ed a‘ lOO’ for. 15 min wuth

stirrlﬁg. The pale yellow solut on was poured'into 300
h Et

ml. of cold H.0 and.gxtractedZWI 20.(1 x 200 mi).

-(3 x 100 ml). All the. aqueous laYers were COFbined and
[ .

evaporated to dryness and the froduct was crystalllzed

fqom 982 EtOH to gave,h 09 g 7812) of 20 mp 214.5 - 2]5 5 :

T
{
]
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&‘ ) . ' P

-

uv (MeOH) max"259 nm (e lb 300), min 227 nm- (e 1,600);: nmr

(DHSO 16) § 2.05 (s, 3. 0COCH, )+ 3 35 (s, 3, OCH, ), 3 2&

. logr - : '
(m, 2, 4> ,0), 4.18 {m, 2, “ - 13'), 5.9 (br”t",

bl

Jou-H2' W = 6.0 Hz, 1, 5'-OH). 5,78 ("t",
. Y

~

5.3 Kz, 1, H), 6.15 (4, 3y, = 5i8 Mz, 1, W', 736

2

w-(br"""*s,"z--e-nu ), 8.18, 8. 20 (s,55 1,13 w8y ms (200°)

/e 323" (2,M)," 308 0.3, M-CHy), 306 (0.2, M-O0H), 293 (6.5,

c), 2&0 (0,3, n—cocu ), 264, (5 M- ococu ), 262 (p»s x),

a8

250 (0 5, ¢~ COCH ) 23h (ﬁ 5, c OCOCH ), 232 (b, M- (HOCH3+

'uococn3)), 220 (2h d), zoﬂh(lz's y), 202 {(9.5), 189 (6.0,

s), 178 (16.5,*d-cocuz), 173 (h.5,y-0CH;), 164 (32,h), °

148 (16, f), 146. (5,5-COCH,]J, 136 (100, B + 2H), 135 (65,

»

| ' ¢ - Y . »
"t B+ H). o oL '
X . | - Q
) ~ Anal. Calcd for C, Hg N 05: C, 48.235 q; §.30: N
21,66. Found: C, 48. 02; H, 5.38; N, 24.70.
@ C ) N . ' N

. - o : : - "
-9713fg~ﬁethyl—S-g-pivalyl-B*Q-ribofuranoigl)adenine (22)

To a stirred solution of‘3'9 g (0.0121 mole) of

«

20 (drled by srepeated evaporation of dry pyridine) i%
125 m“l of dry %yridlne, cooled\in gn ice bath was added

2.3 ml (0.018 mole) of pivalyl'éhlorlde dropwise with

exclusion of moiﬁtdre The solution was stirred for- 18 h

at 5°.and°poured into 300 ml of ice’Hzo The aqueous

;solutfon was extfacted with CH613 (2 x TSO m!) and the

-I L4 »
combined organic extract was washed aitb cold 10% NgHQ03
, e . . e
(2 x 150 m!) and HZO (150 m1). ~ The CHCI3 solution was

pyr = g



N 3 : "\_/9“-

L]

-

.rs’
evaporated to.drynegs and coevaporated with dry tbiue@e

(2 x 50 m1) and 983 EtOH (50 ml) to leave 5.09 g of 9-
(2-g~acetyl-3-‘-mgthyl-S-Q-pivalyl-B-Q-ribofuranosyl)
adeniﬁ? (zl) js a white solid contéfnlng about 20% of
.6-!-Pivalamid§—9-(2-2-3cetyf—3-g-me;hyj;s-g-pivalyl—g-g-
Tiﬁoﬁ anésyl)adenfne by nmr. Spectral;analysislof the |
major compound gave; nmr (CDCIB) § 1.19 (s, 9, OCOC(CH3)3)}
2.?} (s, 3, 0COCH;), 3.41 (s, 3, OCH;), 4.33 (m, &, H3i,

wt', W, w3y, 5.93 (m, 3, uf',‘s-nuz),na.o7 (d,
E o ) ) .
24."2.'3-8 HZ;I»H' ), 7.90, 8.33 (s,s;l,l;Hz, HQ); mass

é;eﬁtrumb(CQIcﬂyforﬁc‘BstNSOG: ho7f1805;hFound: m/e
50?:15550. : | B o ' |
. The sotid (less 9.1 g) was then dissolved»in 125 ml
of'SsziEtoﬁrand 100 ml of coﬁgentraied NH3(aq) was;::E;;T\x
This solution was stirred at £h°‘for 1.5 h, evaporated ¥%

' té‘i sma¥®l volume and mixed with 150 m! of Hzo and 300 mi
: o o .
of CyCl3. The CHCI3 extracts were combined and WTShedv

with cold 102 NaRCO, (200 ml), H, 0 (200 ml) and evaporated

3 2

‘to dr?ness.“The resulting oil was crystallTzed from ace-
2 i B L

tone (ﬁ-pentane, des?ccatnr),and the resulting solid was

recrgstallized in the same manner to give 2.42 g of’pure

22. The mbther liquzrs were again_.treated with concent-
£e a ;

rated NH, as above and after anaiogous workup and

3
. A
crystallization yielded a further 0.87 g of 22. The -

~mother liquors from this crystallizatikn were again

2

° .



treated as before to yield a further 0.18 g ofﬁg& ﬁor i’
total yield of 3 L7 g'(782) of 22. The pufé mnterial had

‘)—\ ¥ r"‘,'??\'
mp 138 - 139’, uv (MeOH) max - 2597 ﬁL(eﬁ ’

-4 B,
nm (e 1,800); nmr (COCI,) & gkLy (s£&§§gbco;(
(s, 3, ocu3). h.ok (m, {é. 3:ﬁx‘h 32“7 ;)

4.85 (m, 2, W2', 2'-0H), 595 (&5 4y, 050 -‘kua'ﬂz,'i; W'y,

6.20 (br s, 2, 6-NH,), 7.83, 8. 28 (s.531,1; H ), 2.56
ﬂ(br s, 0.5, 'Jo); nmr ((onso-_s) 5 3.41 (s, 3, OCHy ), 3. 96
(m, b, #3"), .24 (i, 3, u“',u5',n5"),-u.as (m, 1, W2,
5.61 (d, ioa Hz' - 6.5 Hz, lg,z'-ou), 5.91 (d, ii?-z' -
5.2 Wz, 1, W'y, 7.27 (br s, 2, 6-NH,), P.17; 8.30 (s,s;
1, 1:u2,08), 3,34 (s, rel. int. = 0.5, Hy0); ms (200°) m/e
365}(0 5) M), 350 (8 5, M- C“ ). 335 (0. 5. M-30), 280 (0 5.
M-COC (CH )3), 26h (3, M- ococ(cu3)3), 250 (0.5, ¢), 232. (l
c=H,0), 220 (0.5, x), 206 (0.5), 192 (0.5), 190 (0. 5), 178
(5.5, 4), 177 (2), 174 (0.5), 164 (100,n), 14 (.5, e,
148 (9, f)y 136 (89, B + 2u), 135 (51, B + u) R
~ Anal. Calcd for4F16'23v5 570-25 H, 0: ; 51.95: H,

6.40; N, 18.9k. Found: C; 51.80; H, 6.§6w\ N, 19.09.

9- (2-Chloro-2-deaxy-3-0-methyl-5-0-pivalyl=B-g-arabino-

?uranosyl)adenine (23yi _‘-' i~

To a stirred solutlon of 0. S g (0 00135 mole) of,zz

(dried by repeated evaporation Pf dry pyridnne) in ~30 ml S

of dry pyridine, cooled in an ice bath, waﬁ iﬁqected'

e



y

»A'(e Pk,300),»min 226 nm (e 2,500);‘nmr'(CDCI ) & 1.20 (s,

LY

[

(through a septum),O.S m] (0.00695 mole)'of SOCI2 with

a

exclusion offmoisture. The resultin% red sojutlon was
stirred for 30 min and after warming t;\room Femperature
was placed in a 120° oil bath fa% I h. After 5 min at

120\; the reaction turned black in colour. The blagk

_Hsolutnon was poured into 150 ml-of ice water and. extracte

with Etzo,(3‘xv125 ml). The combined organic extracts

were wasnedeqith cold 103 naﬂco3'(2 x 150 ml) and H,0 .
(150,m1) and evaporated fg’dryness. - c8evaporation with
toluene (2 x 50 ml) removed residual pyridine. . The dark
prown'residue wa; taken up in'a ;mai! amount of hot-éﬂz
EtOH and filtered On coollnd a brown,‘lon nucleoslde
preclpitate appeared which was also f!ltered off, .The

redulting EtOH solution was then evaporated to drynes&,

" dissolved in a small amount of CHC13 and a pjﬁed to a

-vsilica gel column (30 g) packed ln CHCI3 he colupn was

‘then eluted with MeDAc. The first 165 ml of eluate was
duscarded and the fo1lowing 130 mﬂ was evaporated to

dryness to glve 0. 109 g (213) of crude 23 which gave

O 086 g (16. 52) of pure 23, in two crops, after crystal-

* Ilzation from acetone (n -pentane, desiccator) This \

pure material had mp 185 - IB7°; uv (HbOH).max 258 nm

A_s;fbcoq(cu3)3),.3.u7 (s, 3, OCH), 4.26 (m, &, 53' 5 ﬂ5
"5-.,')'"";;{‘"61'(“ of d, Ji|_3|- l.-qG Hz, J = ‘l 2 Hz, '], H

o

S2'-11

i ~ . . ’ ‘f_ - VL 96.

Sy
\

d

2')

k4

o
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A

6:21 (br s, 2, 6-NH ). 6. hs (4, ;190 = 4.2 H2,.0, W'y,

" 8.10, 8.34 (s, ss1,1;H°,H ). ms (210°) m/e 383 (z 5.M),

>

,368 (l.s. M-CH, 352 (1.5, M-OCH ). 316 (1), 298 (12, M-

coc(cu,},)w 282 (25, M- ococ(cu3)3). 268 (0.5, c), 252 (2),
246 (3). 238 (1, x), 220 (2, B + H + coc (CH H3). 214 (3,5,

s-C1), 20k (8.5,.y), 202 (3)5 196 (2.5,78), 173 (3, v- ocn3).'

S

164 (35, h), 160 (3.5), 145 (k), 136 (100, B + 2H), 135
(51, 8 + H). " co. |

‘\An.f. Caled for C,cH zz"5°h°' C, 50.06; H, 5.78;
N, 18.25; C1,#9.24. Found: C, 89.77:2H, 5.90; N, 18.49;

c1, 9.40.

9-12-0eoxy-3-g-m¢thy|—B-g-rIbbfuranosyl)adenlne.ggi)‘

'To a solution of 75 ml of dry pyridine and 0.57 ml

(0.00792 mole) of SPCI1, in a 500 ml‘three necked round

| 2 _ |
. bottomed fiask, filtted with a mechanical stifrer, ddﬂ;;lng

funnel . dry N, fldw and in an ice bathz'wos added 0.58

.

g (0.00157 -mole) of 22 (dr!ed_by\fe ated evaporations

. of pyridine) in 100 ml dry pyridine dropwise Pber 15 min.

The resulting sblution was stLr;ed for an addltlonil 10 min

‘and the resuitlng red solution was then put into a 120°

- -

oil bath for 1 h. As in the other reactions, the solut[on
turned black after about 5 min. After ” h in the o!]

bath, the tfaction mixture was.podced into 75 ml of ice

‘water and extracted with CHCI3 (2 x‘IOO nl){ The com-

LIS

X
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) S | S e -
blmed CNCl;'extracts uere filtered ang evabora&iﬂ to day-

{ ness. Codv.poratlon of toluene . (2 x So'hl) zemoved res s

dull pyrldlne The bleck resldue was teken up' in s ehall‘

’

volume of CHCI ‘)nd ebsorbed 'on 3 ¢ of slllce gel whlch
was applled to the top of a dry packed slllce gel column
(1.6 x 36 cm. 25 g). The columw'wes oluted wltb Hdbﬂ =y

CHCl3 ( : 19) and after -the lnltlel 25 ml of :ﬁuete was

\

distarded, the‘next 50 al was. collected and evapore&od to

dryness, \\A _ > ' fld’»EE_Ji"., | fﬁ yﬂﬂ_“ (;1'“
T osultlng oll vns .lxq&nh 25 ml of dry ben-~
haus _ ' 2

“zene, 0.01 g (0. 0061 mole) of 2, 2'-ezobls(2-nethylpro- T
( .

pa-nenltrlle) and 5 ‘mt of trl-n-butyltln hydrlde v&olutlon

In benzene ( 0.005 mole) . This. orahge coloured mlxture ’{d . 4

o was heated aE reflux for | h and onother o.dl g ?O 000&] A
P PO
.'nole) of 2, 2'-ezobls(Z-methyfbropenenrtrlle) was. added. o

After a furtheffi 75 h at reflux the pale yellow reactlon'
LY u,'l.,

'nlxtv7; ‘was eooled concentreted to ahout one thrd of “the

-3

- volume and slowly added to 200 nl “of- n-pen

sulting preclpltete was flltered off end dissolved ln
‘

CHCl'3 and the CHCl3 evaporated to leave a pele yellow ;,-},A

’emorphous solid. -

-

This solid was dissolved in 25 ml of HeOH cowwelnhng
~
1.25 g (0.054 mole) of N.% After stirring for 0 5 h, 30

ml of uzo was added end thﬁ reectlon was neutrellzed wlth

HOKc. The NeOH wes evaportted and thé now equeous layer '

s <
.
N y »
1 AR

g :
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" was® extracted wlth MeOAc (3 x 30 ml). The comblned‘onéanic
extract was evaporated to dryness and dissolved ;n 50 ml
of H20 and 50 ml Wf n-pentane. The aqueous layer was
extracted with n- pentane. concentrated applied to‘a column
(2.5 x 53 cm) of Dowex 1-X2 (OH ) resin and the column was
eluted with HZO" The’ first 460 ml of eluate was discarded-
and the following §90 m! was evaporated to give an overall
'yleld of 0.00029 motes (18.6%) of 24 by uv analysis. This
- product was crystallaied from lﬂ&\EtOH (n- pentane, desiccator)
to give 0. 059 g (lkZ)_of 24, »

Thls pure materlal had mp 159 - 170°;. [a]gh - 25.%4°
(c. O. 5, DHF), uv (0.1 N HCl) max 258 nm (¢ 15,100), m .
229 nm (e 3,100); uv (H 0) maXx 260 nm (e 15,600), min 226
(e 2,600); uv (0.1 N NaOH) max 260 nm (€ 15,500), min 223 5
nm (e 1,300); nmr (DHSO-QG) § 2.50 (m, 1 (overlapped by
CD3S(0)C02l4peakLlF"l{ 2.77 (d of d of d, J,,_ 5, = 5.0 Hz,
= 14 Hz,. 1, 2'), g 30 (s,-3 (from

J. = 8.5 Hz,

_zt_ll __2 -2
b 0 exchange since peak is overlapped by uzo peak), OCH. ),
358 (m, 2, 05 WPQ, 4 (m, 3, W' W', 5t-om) 6. 26
. . - ; ‘ ]'
(d of &, Jyi_p1 = 8.} Hz, ?{13-2" = 6.5 Hz, 1,H ).v7-36

(br. s, 2, 6-NH,), B.14, 8.33 (s,s31,1; 2, 1%y, 3.30 (s,
rel. int. = 0.5, H,0); ms (calcd for €, H gNg0;: 265.1175;
Found: m/e 265.ll72) (150°) m/e 265 (5, M), 250 (9,’M-CH3),
235 (11.5 c), 234 (3.5, M-OCH ), 204 (3, x), 190 (2.5, J),
165/ (4.5, h), 162 (38, d), 145 (2), 136 (37, B + 2H), 135

77 :
(100, B + W), 131 (6, s). - -
, . u _
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Anal. Calcd for C |5 5 3 0 25 H20 c, 48.97; H,

5.79; N, 25788. FoUnd. c, h8.89, H, 5.85; N, 25.88.

~

N

Preparation of‘9-(2-quxy-8-2-erythro-pentofqranqsyl)-.

adenine[2'-deoxyadenosine] (10) and 9-(3-Deoxy78-2-erythro;\\;Q

pentofuranosy1)adenine[3'-deoxyadenosine;cordycepin] (31).

To a stirred solution of.]9.3 g (0.059 moles) of
‘9-(2,3-2-methoxyetﬁ$lidene-B-Q-ribofuranosyl)adenine (22)
"'h'lh5‘ (dried by repeated evaporation of dry‘nyridine)
in 100 ml:of drx pyridine, cooled'in a salt-iee bafh,
was added.0.0S g (0.0004 mple) of h-dimethylaminobyridine
and 8 ml (0.085.mole) of acetic anhydride,'with exc]uéion
‘  of moiaédre. After stirring‘fOt 50 min, MeOH (50 ml)'was“
' added and the reaction was stirred for an additional 30. |
min and evaporated to dryness. Toluene, 982 EtOH and
CH2C12 were coevaporated several times to remove residua?
solvent. An nmr spectrum (pMso-d ) of 0 05 g of the' reési-
dual amorphOUﬂ solid (20.6 g) showed the desnred}S (5 0-
acetyl-2, 3-0-methoxyethylidene-B-D-ribofuranosyl)adenlne
(26) in a diastereomeric ratio (due to methoxyethylidene)
of 3 : 2. A mass spectrum contained the expected mole&ular

N
ion: (Calcd for CIS 19 5 6 365 1335; Found‘365.1331).

a

This crude materlal was dissolved in 5% HDAc (200

ml} dnd 982 EtOH (10 ml) and stirred at 24° for 1 h. 145

The reaction mixture was &hen evaporated to dryness and
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~982 EtOH and toluene were ooevaporated several times to .

-’

remove res:dual acnd . An nmr spectrum (DMSO d ) of 0. 077

. I

q of the resu!tlng amorphous Solld (22. 37g) showed: 9~(3 5-“

dl-O acetyl-B D- rlbofuranoswl)adenine (27) 6 5 05 ("t",
) e g
Jpeoyn = dpiiz 5.8 uz, 1, W), 506 (m, 1, W),

¢
(d, J -/5 9 Hz,\l, Hl ) and 9-(2,5 di-g-acetyl-B-Q'

5.95

40 Z.L
rlbofuranosyl)adenine (28) § 4.65. (''t", J3,_2;= i3'-h'

5.7 Kz, 1, H3 )) 5-77'(”t") ii;;3| ? izl_]l = 5.0 Hz, 1,

“2'). 6.17 (d, Jpragr * .2 Hz, ', Hl'). The mixture

was‘~372'g§:andJ63Z 27. A mass speo@rum contained the
. T 1

expected molecular ion (Calcd for clk 17 5 6 2351.1179;

i

Found: 351 1176) .
A 0 96 g (0.0025 mole) sample of thls mixture was
dryed by repeated evaporation of dry pyridine and d‘s-

solved in ~IOO ml of dry pyrldlne. This solution was .

T
I

cooled to hﬂ and added dropwise to a solutiOn of 1.1 m) -
(0.0153 mole) of SOC_I2 in 75 ml of dry pyé;dine’which

was mechanically stirred in an ice bath uhder a flow of

r

dry-N2

~for 20 min. The solution was then stirred vigorously in

and exclusion of moisture. Stirring was continued

n oil bath for 30 min at 120°. The resulting black

solution was poured into 50 m} of ice water and extracted
. | . . N
with CH CI (3 x 75 ml). The organic extracts were

evaporated to dryness and toluene was coevaporated several

times to remove.tesldual'pyrtdlne» The resudue was

° : o —
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r . ’

‘padsorbed on 3 g of silica gkl and the resdTilﬂq\dark brown
powder applied to @ silica gel column (1.8 x 20 cm, . 25 g)

,The column was eluted with MeOH: CHZCI (l : 19). After Qh‘
first hO mi of eluate was dislcarded, ‘the next 70 ml, con-\\

talnlng product slightly cont inated with starting mater-\

\
dryness A further \

\

fal, was collected and evaporated t
480 mi of edzzte containing. starting material was collected
and evaporated to dryness. Uv spectroscopy indicated

that 0.00075 mole of product (mixture of | 2' and 3! chloro
compouqul and 0.001 mole of starting maternal had been
collected. The startung matertal was dissolved in CH le
dnd precipitated upon slow addltlonvto n-pentane to yield
f0.350 g of solld material. The yield of mono chlorinated
product, less recovered starting material, was 49%.

An dbr spectrum (CDC13/D 0) of the- product gave a e
ratio of 9-(2-chloro-2- deoxy 3, 5d| 0 acetyl 8- D- arablnk
furahosyl)adenlne (29) : 9- (3-chloro- 3 deoxy 2,5-di-0- acetyl-
B-Q-xylofdranosyl)adenlne (32),0f ~3:2 (6 §.52 (d, _]._2.-
3.9 Hz, 1, H") : 6.24 (d, ;‘ -2t = 2.2 Hz, 1, "‘.))', A -
mass spectrum of this mlxture contalned the expected mer-~
cular ions (Calcd for clh“l6N5°5 35(El: 369.0841; Foung
369.0841). ] e
‘ The total product (0.00075 mole) was dlssolved in
dry benzene (10 m1) and 0. 025 g (0. 00l52 mole). of 2,2'-

azobls(Z -methyl-propanenitrile) and12.5 ml of tfl‘g butyl-

‘tin hydride solutlon in benzene. ( 0.0125 mole) was added
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with sttrrlng and exclﬁsnon of molsture This mixture was
heated bt reflux for 4 h, anenﬁrated to ~5 ml and pre-

cipicated upon slow addition to E‘penfane‘(koo ml). A
- . \

. 5 »
mass spectrum of the precigitate contained the expected

molecular ions (Calcd far C|“H17N505: 335.1230; Found

335.1227). .
The precipitate was dissolved in 982 EtOH (25 ml)
and concentrated aqueous.NH3 (ho ml) and stirred for 23 h

at room temperature. The solution-was evaporated to

X

dryness, dlséo ved ln ‘a smalllamount of HZO and applied to
"a Dowex 1-X2 (OH ). column (72 x 2. .2 cm) The column was

eluted with k.o 1 of n¥o, 2.0 1 of MeOH .nzo (1:9), 1.6

1 Of MeOH : H,0 (3:7), 1.5 1 of MeOH : H,0 (6:14) and 2.0 1
‘ L. ) N R . .

- of MeOH : H,0 (9 :1). After the first 3.5 1 of eluate

was.dlscarded,'l.s 1 of\eluate contajning pure 10 was

-

. . -
collected. A further l%l 1 of uv transparent eluate Wwas

l ST ) .
discarded and then 0.75!]1 of eluate containing\pure 3

l
was collkcted. A further 2 5°1 of uv transparent eluate

was dlsca(ded and then 0,7n ] of eluate contalnlng adeno-
sine was collected. Analys:s by uv- showed 0.0004 mole

(26.6%, based on refoveréd starting material) of 10,
! 3
0.00027 mole (18%, based 'on recovered starting material)

‘of 31 and 0.000047 mole of adenosine. The solution con-;

B ——— ] i N

. ‘ \

taining pure 10 was evapdrated to. dryness and the residue
. i . :

. l : = ©
was crystallized from MeOH (ether, desiccator) to give

hY

|
i
i
N
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e

0.067 g' 17.5%, based on recovered staﬁting material) of -

E“-.z7 3° (c

(H 0) max 260 nm‘(e 15,200), min 226.5 nm (e S

10. This material had mp 193.5 - 194°; (a]

0 7,H 0); u
2,200); uv (0.1 N HCl) max 257.5 nm (e 14, 500), min 228
nm (¢ 2,800); uvl(o.l N NaOH) max 260 nm (e 15, ZQO), min

227 nm (e 2,700); nmr-(DHSO-g6) 6 2.26 (d of d of d,

*
?

1
J = 13.1 Hz, J - 6.0 Hz, - 2.9 Hz, 1, H2)

T21.2n 2;,]l :’_2.|—,.3|
2.75 (d of d of d, Jyu_y. = 13.1 Hz, dpuoyr = 7.8 Hz,.

Jpugy = S8 Hz, 1, H2"), 3.58 (m, 2, H> "), 3.89 (m, 1,

H“%), 4. 42 (m, 1\ W3 ' ), 5.26 (m, 2, 3-0H, 5-ou), 6. 34 (d
of df g = 6.0 Hz, i] ‘_gn = 7.8 Hz, 1, wy, 7.27

(br s, 2, 6*NH ), 8.13, 8.34 (s,s;1,1; Hz, ﬁ‘). ms (200°),
m/e 251 (2.5, M), 234 (0.4, M~OH), 233 (0.5, M-H,0), 221
(4.5, c), 220 (0.8, M- OCH, ), 204 (0.4, x) 191 (2.0),

0.6, j), 179 (0.6), 178 (o 3, a),‘usu (14, h), 162 (38, e),
161 (2.0), 149 (0.8, e), 1487 (0.8, f), 145 (1.0), 136

(29, B + 2H), 135 .(100,y8 + H).

Anal. Calcd for CIOHI3N503: C,-k7.89; H, 5.21; N,

J , ,
27.87. Found: C, 47.78; 'H, 5.29; N, 27.9h.

+

The eluate containing pure jf was evaporated to
dryness and cryStalllzed from 98% EtOH (Et 0, desiccator)
to give, in two crops, 0. 043 g (11% based on recovered

starting material) of 31. This material had mp 210 -

211.5%; [al2®

(e lh,600),.ﬁin 227 (e 22,‘00); uv (0.1 N HC1) max 258 nm
' ‘ ‘ »

- 46.5° (c 0.75, Hio); uv (HZO)’max 260 nm

(e 14,500), min 230 nm (¢ 3,300); uy (0.1 N NaOH) max 260
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ro | ST LT B
nm (¢ 14,500), min 228 nm (€ 2,500); hmr (DMSO-d /)

1.93 (d of d of d, Jg, 3. = 2.9 Wz, J5,_,, = 6.5 Hz,

J

- 3", : ~
i3,_2, .3e5 Hz, 1, H” ), 2.28 (d of d of dt i3h_3|‘*
12.9 Hz,‘i3"_4, 8 3 Hg, 3“_2, - 5 9 Hz, 1, w3'"y, 3.61
C(m, 2, W3, W5, w37 (e, 1, WY, 059 (n,"1, W2,
5.16 (br "t", iou-S' = 5.0 Hz, 1; 5'-04), 5.66 (br d,
Jon-2' " b.2 Hz, 1, 2'-0H); 5.88 (d, J, 50 = 2.2 Hz, 1,

W'y, 7.27 (br s, 2,6-NH2), 8.16, 8.36 (s.s;1,1: n2, W&y,

ms (185°) m/e 251 (4.5, H}, 234 (1, H-OH), 233 (0. 6 M-
HZO)’ 21 (11.5, ¢); 220 (6, x), 2|6 (1), 215 (2), QOh
(1.5¢™c-0H), .203 (2,»c-H20), 202 (3.5), 193 (1), 192‘(2),
178 (19, d), 175 (3.5), 164 (Zl,,h),“lhg.(z‘s. e), 148
(9.5, f), 136 -(48,.8 + 2H), liﬁ'(loo B + H)

-

‘ Anal' Calcd for Clo 13 5 3 c, 47 80 H,'S.Zl; Nf K
27.87. Found: €, 47.57; H, 5.26; N, 27.89.
» ' . . ' <

‘Evidence for arabino confighrafibn for 29 and xylo con~ .

ﬂfigufaticnﬁﬁor 30

.

ﬁtq*a crude mixture of ~0. 075 g (0 0002 moles) of

ii {~3 : 2, prepared Js given in the above procedure)

was added“?t EtOH (10 ml) and concentrated aqueous NH3

(5 ml). Th* solutuon was sturred for 3 h and the reaction '

‘b

,evaporated to dryness. EtOH (982) wa;_addéh and coevapor- T

ated (k x 20°m1) to give a yellow amorphous solid which

was applieq,ﬂo a'silica gpl column (1.4 x 17 cm, 35 g)
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S wet packed in CHCI3 /The column was eluted ‘with MeOH
Cﬂciad(l : 9).  The flrst 25 ml of eluate was dlscarded
and the next IS ml was collected The follownng r2 ml -

was diScarded and the~next 20 ml was collected..

N

<

The flrst IS ml collected was eVaporated to dry-
: Pl
ness and proved to be 9- (3- chloro 3 deoxy-g8- D xylofurano~

0y

‘.sylhbdenlne (55) contalnlng a small amount of 9 (2,3-an-
hydro B-D~ rabofuranosyl)adennne (56) (epoxide formatuon

ecould be prevented by deblocklng with MeOH saturated wuth

1é7. oThis materral had nmr

NH3 and—kept at 0° or lower)
]
H3 ),

(DHSO-d) & 3.75. (m, 2, HS';H5"), 448 (m, 2, W

5.79 (i, 1,°42"), 5.28 (br' s, | L o), 5.87 (d, 4y, ;. =

h:o Hz,:l,‘Hl‘), 6.36‘(br's;. ; ou)r 7. 30 (br s, 2, 6-

.2

NHZ)’ 8.16, 8 25 (s s 1; H H ) whlch was identical to

Y\ ’
an authentjc sample 135
The second amount collected (20 ml) was evaporated
to dryness and proved to be 9-(2- chloro—2 -deoxy-g- D -ara-
vblnofuranosyl)adenlne (57)| Some materlal that . crystal-

lized dlrectly from the column eluate had mp of 242.5 -

2k3 and was not depressed when muxed with an authenttc»

. sample of 57. 170 This materualﬁhad nmr (DMSO*gs) & 3.77

(m’ 3’ HSI’HS'."HI"), "'1’9 .(m,' I’ ’H3"), l'-75 (d Ofd, iz.—l'.z

2.;3' = 7.5 Hz, 1,'Hz');-5.22;(br.g, 1, OH),
 6.08 (br s, 1, OH), 6.49-(d, Jiip = 6.2 Hz, 1, w'),

|
szB); o

6.2 Hz, J

‘_7;27‘(br's, 1, 6-NH,), 8.16, 8.36 (s, s;1,1; H
ms (200° ) m/e 285 (1. 5, M), 268 (14 H- on) 255 (2,¢), 250
{3. 5, M- cl) 233 (1) 2zo (8, c- c1), 218 (1), 213<(2, i +H),

| : o
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202 (1.5), 196 (3.5, d), 190 (5, j), 178 (1.5), 173 (1.5),
16h (47, h), 162 (3), 161 (2), 160 (2.5), Y49 (1,e); 1k8

. n . - . . ) e .
> R A '
is identicalb to an authentit.sample.‘35- "

Both chloro samples (55 and 57) could be converted o
v v o

to the epoxide.(56) by treatment witn NaOMe in MeOH. This

*

further confirms their trans conf?buration at,the 2' and 3'

»

positions. ’ : .

L .

'Sf(Z-Q-Methyl-S-Q;triphenylmethyl-B*Q-ribofhranosyl)age—

n}ng'(il) - ' - |

To a'stirreqpsolution-of l6.9-§l(0.060| mole)lof
9-(Z-Q-methyl-ﬂ-gﬂribofurénosyl)adehine (dried by repeated
addition and:evaporation of &ry pyrlane)'jn‘~200 ml of .
dry pyridine was added 20.1 g (0;072:mofe) of triphenyl-
methyl chloride.‘ This solution was heated to 100° fﬁi 1
h with exclusion ofkmoisture anﬂ.ghen pour?d into a !

3 and 300 ml! of cold 10%

The organic layer was separated and the aqueous

stirred mthure of 300 mltof CHCI
N?HCOB. )
layer extracted again with CHCI3 (lOO ml). The ;ombined
organic extracts were washed with cold HZD (100 ml1). The
aqueous la&ers were combined and extracted with a further
50 ml of CHCI3. All the organic'extracts were combined

and evaporated to dryness and coevaporation of the residue

with toluene (2 x 100 ml) removed residual pyridine.

The aqueous layers were collected, concentrated



- . 108,
“v N

to’300’5| and extracted continuously with CHZCI2 to give
back 1.56 g (0.0055 mole) of starfing material. The

residue frop the evaporated organic phase was taken up in
. RN

a3 :\. . .
a small volume of CHZCIz*and applied to a silica gel

(Begr. Hérmann, Kieselgel) column (7.5 x 61 ¢m, 1000 g)
- L@ ‘ ,
Clz. The column was eluted with CH2C|2 (8.7

packed in CHZ

1) and then MeOH : CHZCl2 (1 : 24). The first 0.7 1 of
eluate was discarded and the next 0.8 1 of contaminated

pfbdui‘lwés collected. A further 2.5 1 was callected,
] ;

4 ® P

evaporated to dryness, dissolved in CH2C|2 (100 m1) and 3

.5 g of 33.
, » Ty ' i
The n-pentane solution was evporated to dryness and the

precipitatga from n-pentane (1.8-1) to giv® 14
N
[7

) ) . .
residué reprecipitated to give an additlongl 0.45 g of
.‘y 4 . D 4

'Q The 0.8 l"g? impure product was purified by sig}Laf
chfomatbgraphy on a second column (700 g) -to yield an_

additional 7 g of 33. The total product was collected and

dried in-vacuo oveflbasob and paraffin,to yield 20.0 g
(0.0382 mole) of 33. The overall yield was 70% based on

recovered starting material.
! .
This product was crystallized from*EtZO to.give

|

‘crystals with mp 117 - 118°?§uv (MeOH) ma; 258 nm ( é
is,hod), min 240 nm (e 8700); nmr (DHSO-96) § 3.37 (m;

5 (overlapped by H20 peak), OCH3, HS"’ HS'), 4.08 (m, 1,

W), 4.47 (m, 2, W3', W2'), 5.27 (br s, 71, 3'-OH), 6.07

. R
(d0 Ly g0 = 3.0 Kz, 1, M), 07.29 (m, 17, Coy, 6-NH,),



) : - o | : 10,9-‘

8.12, 8.28 (s s; 1,15 Hz.eHB\: ms (230°) m/e 523 (0.5, M)

388 (0.5, w), 376 (). 5) 280 (100, M- c¢ ), zeh (lh M- oc¢
250 (2, c- Cé, ) 243 (100. c¢3) 228 (6). 215 (3. 5). 202
(%), 192 (12, d), -183 (1.5), l77~(2.w). L76 (2), 165 (56,
c¢3-¢), 148 (4, f£), V45 (4, w-c¢1), |3§;(u5{*a +;£H),#135. ,'r
SIO, B + H). . - - (
' c, 68.85; W, 5.58; N, |

Anal..Calcd for C30H29N50h:

‘13.38.; Found:\C, 68.91: H, 5.89: N, 13.35.3‘

9-(2-0-Methariesul fonyl-3-0-methyl-B-D-ribcfuranosyl)adenine
- - T‘ . : - = . . 2

(34).

To a stlrred solutnon of 0 5 g (0. 00096 mole) of V8
(driel by repeated additlon and evaporatlon of dry pyridine)
in ~10 ml of dry pyrldlne, cooled in. “an |ce bekh was added

0.15 m! (0.00195 mole) of methanesulfonyl chlorude dropwlse

with exclusion ofAmixture After the addition was complete,
. ‘ ' |
the reaction was allowed to warm to 2k° and stlrred :

for a further 1125 h. The resultlng:solutlon wes’poured'

1

into cold-saturated NaHCO, (50 ml1) “and extracted with

CHC1, (2 x 50 ml). The combined CHC1_ layers weére washed

3
with-H

3
26 (50 m1) and—evaporeted to dryoess. -Coeyaporatign
of toluene (2 x-50 ml) removed'iesidual'pytldine.

The Tresulting amorphous SOlld was dissolved ih 602
HOAc (30 ml) and heated to 'lOO° for 15 min ln an oil bath
‘vAfter coollng, 120 ml of cold.ﬂzo was added aod “the aqueous

solution extracted with Et20 (2 x 60 m7).

@



v
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The combined organic extraéts were back-extracted

‘. 'with IO% HOAc (3 x 40 ml) The combined aéidle,Aaqueous

v

* layers)were evaporated to dryness and rusndual'water‘and

\
ac:d removed by several coevaporations with 982 EtOH and

E{EO. The remannlng "solid was crystalllzed from H20 to

give 0. 283 g (83%) of pure 3k mp 226 5 - 228 5°; [a]2

‘MB 0 (c 1.2, DMF), uv (MeOH : H,0 0 9]) max 258 nm (€

15 300), min 224 nm (e zzoo), uv (MeOH : o 1N HCl [179])

Jhax 256 nm (¢ 15,400), -min 226 nm (e 3000). uv (MeOH 0.1 '\

;4t N NagH (119 1) max 258 nm (¢ V5, 200), min 224 nm. (e 25005

7

s

gv (0 1 N HCI) max 256 nm (e 15,200), min 226 nm (e 3]00),

 nmr (onso -g) 5 3.2h, 3.43 (s.si 3.3 ocn3 50,CH, ). 3.7

Q,(m'i_:‘z HS ’ 5 )| '*-13 “'(m"lrivuh.)lel'-‘b ("t"’ _lj-3' -2 =

's, 8.9k,

. RPN . 3.' et ' y
:‘ :‘ _‘131 _“_21 - "'7.}{1:_ " H )’ 5-50 ( t K] %H_Slsu o~ 5'0 Hz' li
i . ' et ~ ) = 2!
2T sL-oH), 5.72 (Mt dp Lgn T dpe g 5.0 Wz, 1, W Y,
‘°6-|5 (d, 4, ,;'2, - 4.8 Hz, l,'ﬁ ), 7.37 (br s, 2, 6-NH,),
8.16, 8.38 ¢, W 1; W2, #8); ms (1607) m/e 359 (3.5, M),

3hh (0 15, M- cu ). 342 (0. 15. M- OH). 329 (8.5, c).v328 (2,
M- ocu ), 298 (2.5, x), 280 (5 5, M- so CH ), 263 (3, H-

HOSOZCH ), 256 (14, d), 234 (8, c- Osoch ), 232 (SJ M- 600H3+

HOSO cn ))220 (s, x- sozcn ), 204 (37, v), 202 (20), |9u

(3.5, ¥y - CH3 or i- sozcu y, 190 (3, j)., 177 (10, d- sozcu ),
173 (5, y-0CH,), 164 (58, h), 163 (16), 148 (17, £), 145
(h 5, w380, CH ), 136 (96 B + 2u). 135 (100,.B + H)

vAnaF. Calcd for CIZ |7N5065 ¢, bo. 10 H, h 77.

N, 19.49; S, 8.92. Found: C, 39.96; W, 4.82; N, 19.51;



M.

@

94(B-Q—Hethanesulfonyl-ng~methyl-8~Q-rlbofuranos§l)aden-
M 2 "

~ ine (12)"

. ! |
This compound was prepared from 33 using exactly the
‘ - i \
same procedure as for 34. ///}
‘ Crystallization fpém H 0 gave 0.257 ¢ (75%) oﬁ/pure

35; mp 229 -%231%; [a h - 69.2° (¢ 0.97.. DMF); uv (neon)

HZO [1:9]) max 258 (e lS,de),mJn 22hinm (e 2500), uv
(MeOH : 0.1 l HC1 [I;S ) max 256 nm (e 15,500), min 227

(e 4300); uv (MeOH :'b.lwﬁ NaOH [1:9]) max 258 nm (e 15,000)%

-

min 224 nm (e 2100); uv (O:l N HC1) mai ZEZ‘nm (e IS.SBO),

min'227 nm (€ 3“00). nmr (DMSO 6) 6 3.32 (s, GH'OCH3,

$9,6H3), 3.71 (m, 2, W', W), 437 (m, 1, "), 5. 79 .
’ 3 =
(d of d, U, _ ;0 = 7.1 H%, Jz - 3 = 5.0 Hz, 24y,

5.41 (d of d, J = 5.0 Hz.\ = 1.2 Hz, 1,

3:’; ﬁv
= 5.8 Hz, ', 5'-0H), 6.03 (d,

I

3. et .
H )v 5 72 ( t ’ "’0"}” 5.5'
gi = 7.1 Hz, T}\p' ), 7.37 (br s, 2, 6-nH,), 8.16,

2

J\\

=1 -
8.39 (s, 55 1, 1; K2, WO ms (1700 v m/e 359 (5, M), 34k
0.2, H-CH,), 329 (2, c), 328 (o.h,5n~ocu3), 280 (25, M-

SO0,CH.), 264 (12.5, H-0SO0,CH,), 263 (2, M-HOSO CHy), 248

2" 2
(|.5)?23h (22,x), 233 (26, c-HosochB), 232 (s, M- (OCH, +
uosozéﬂ )}, 224 (5.5, w), 218 (2), 204-(3.5, y), 202 (18),
193 (6)‘ 192 (IOLS. d). W77 (2, v), 176 kz. s-(0CH; + HZO)),.

17k (3), 173 (4. 5, ¥ OCH 3) 164 (Ja h), 148 (7.5, f),
:136 (74, B + 2H), 135 (loo. B+ u)
Anal. Calcd for C,,H 17"5°65 c, 40.10; u h.77;

19.49% 5, 8.92. Found C, 39.84; u h.60; N, 19 25; s, 8.88.
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9-(3-Q°Hethyl*2-Q-R-toluenesulfonyl-B-Q-Ulbofuranosyl).lde%‘ﬁf

-’

nine (38). ‘ - S5l
v i | _ v o
Yo a stirred solutfon of 0.5 g (0.00096 mole).of

]
18 (dried by evaporation using dry pridine) in ~10 ml of

dry pyrfdine was fdded 0.276 g (0.00Ihh mole) of g-toju;
enesulfpnyl chloride with exclusldﬁ of moisture. The solu-
tion was'sti;red for 6 days at 3“' 6ver which period further
quantities [2 x 0.050 g (0.00052 mole)]be E-téluenesul- |

~

fonyl chloride were added. The reaction was then poured
» .

into cold saturated NaHC03 solution (S0 ml) and oxtriftgd

e

with\CHCI3 dz'x 60 ml). The combined organic extracts

were washed with H,0 (2 x 60 m1) and evaporatef to dr&ﬁ*ﬁs.

Toluene and' 983 EtOH were coevaporated from the residue

several times to rémove‘residual pyridi:e. v
The‘resultiqg amérphoué'gofid was disso!ved in 80%

aqueous 'HOAc (30 ml) and heated to 100° for 15 min in an

oil bath. The acig solution was diluted with H20 (120-m1) ; 2

and eXtracte§ with n-pentane (5 x 80 ml).- The aqueous

solution was evaporate& to dryness and toluene coevapor-

ated several times to remove residual HOAc. The residhe

was ;rystallized ffom 98% EtOH' (Etzo,Adeslccator) to

give 0.29 gr(702).of 38. A further 7 to 103 'yield could’ ’

be obtained by aﬁplying the mother liguor to a silica gel

plate which was developed in MeOAc and the appropriate \

band eluted.
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. Th?s ma{erial haj mp ZQI-ZHZ.Sf%;[a]ZQ

D
9])max‘ 230, 260 nm (e 12,900;

- 108° (c 1.04,

DMF); gv (MeOH : H,0 [1
12,100), min 221, 243 nm (e 10,900; §700); uv (MeOH :

0.1 N ch"[ﬂ:s])JLx.229,257.nm (e "13,200; 12,300), min
222, 243 nm (e 12,800; 8400); uv (MeOH : 0.1 llNaOH (1:91)
max 230, 260 nm (e }zihoo;;lz;0003, min 221, 243 nm (e
10,600; 7700); uv (B.I'! HC1?) max 229,257 nm (e 12,700;

-
12,700), min 221, 243 nm (e 12,000; 8500); nmr (DMSO-96) )
5'
H

2.16 (s, 3, p-CHy), 3.4k (s, 3, OCHy), 3.60 (m, 2,
Hsll,)' b1 (m, 2’ H3., H‘O'), 5,5'6 (d of d, :'.2| - = 7.5—’

L2 .
Hz, J), 3. = 5.2 Hz, 1, W ), 5.78 (d of d, JoH-5 7.5

Hz, iou-s"" 4.6 Hz, 1, 5'-0H); 6.06 (d, I S < 7.5 Hz,
b o
1, HI ), 7.02 (d, J meta H- ortho H = 8.5 Hz, 2, aromatic

meta H), 7.37 (d, J ortho H-meta H = 8.5 Hz, b, aromatic

ortho H, 6-NH,), 7.97, 8.14 (s,s; 1,1; He, Hs);‘ms (195°)

m{e 435 (2.5;'n), hzo.;o.l, n-cn3), 518 (0}15, M-O0H), koS5

- (15.5, c), hod (l.s,yu-otﬂ3), 3.86 (0.25, M-(0CH; + H,0)),
374 (4:5,x), 332 (1435, d), 306 (0.4), 301 (0.2, s), 290
(0.5), 280 (12, n-So2¢cu3), 268 (2), 264 (ll,‘nfosoz¢CH3),
263 (3i§,-n-nosoz¢cu3), 240 (8.5, c-502¢cu3), 234 (15.5, c-

osoé¢cu3), 232 (6.5, M>(Hosoz$cn + ocu3)),-zos'(2l), 204

3
(24, y), 202 (22), 194 (4, i-50,0CH,), 190 (3.5, j), 178
(7.5, d-50,0Ck,}, 173 (5, y-0CH), 164 (63, h), 155 (50,
S0,6CH;), T48 (11, F), ‘1396, S06CH,), 136 (100, B +2H),

135 (67, B + H).



1.

Anal. Calcd for CIBHZINSOGS:‘C’ 4g.64; H, h.86;‘N.

16.08; S, 7;36. Found:.C, 49.40; H, 4.92; N, 15.86; S,

7.39.

9-(2-0-Methyl-3-0- -toluenesul fonyl-B-p-ribofuranosyl)-
° -0p esulf .

adenine (lg).

Yo a stirred solution of 0.5 g (0,.00096 mole) of

33 (dried ;y evaporation using dry pyridine),in ~10 ml of
dry pyridine was added 0.276 g (0.0014k4, mole) of p-tol-
uenesulfenyl chloride with exclusion of mixture. The
solution was stirred for 7 days at 24° with one addition

of 0.19 (0.00052 mole) of E;tbluenesukfonyi chloride after
3 days. After this“period,‘tﬁe reatt{on was poured into
cold saturated NaHCO3 solution (50 ml) and extracted with
cHCl. (2 x 60 m1). The combined CHCI3 extracts weee washed

3

with H20 (2 x 60 ml) and evaporated to dryness. Toluene

and EtOH were coevaporated from the residue several times
to remove residual‘pyridiﬁef“" or

The ye}low amorphous sblld was dissolved in 86%
HOAc (30 ml) and heated to IOO for 25-m|n in an ovl bath.
The acid solution was dlluted with HZO (120 ml) ext-
racted with n- pentane (5 x 80 ml) and evaporated to dry~
ness. Toluene was coevaporated several -times to remove
resideal HOAc. The fe;idee was crystallized from Etib
(n- pentane, deSlccator) to'give 0.222 g (§h2) of 39.
additional 0.030 g (612 totpl)«of,bqre 39 was obtafned

. |
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by application of the mother liquor éo a sflicé plate whicn
was developed ln MeOAc and the approprlate band eluted.

‘This material had mp 182-184°; [a ]2“ - 58.9° (c 0.64)
DMF); uv (MeOH : H,0 [1:9]) max 228, 259 nm (e 15,800;

15,400), min-220, 242 nm (e lu 200; 9500); uv (MeOT LUN
HCY [1:9]) max 227'.256 nm (e 16,400; 14,700), min 220, 242
nm (€ 15,700; 10,100); uv (MeOH : 0.1 N NaOH 1:9]) max
228, 259 nm (e 16,000; 14,900), min 242 nm (£-9000); nmr

(omsopd,) & 2. b3 (s, 3, p-CH3), 3.11 (s, 3, OCH;), 3.5]

(m, 2, H>', #> ), b.10 (m, 1, 4y, 4.70'(d of d, Jy0 g0 "
.1 Mz, Jy, g = 5.4 Mz, 0, H2 ): 5.32 (d of d, 3. _,
5-1’ Hz, -J—3, -4 = 2.0 Hz, I, H3‘ )’ S-Sh.(br S, ‘9 5-'-°H)’
6.01 (d, 3, 50 = 7-1 Hz, 1, W'y, 7.38 (br s,-2, 6-NH,),

7.§2 (d, J meta H-ortho H = 8.5 Hz, -2, aromatic meta H),

7.92 (d, J ortho H-meta H = 8.5 Hz, 2, aromatic ortho H),

'8.16, 8.37 (s,s; 1,1; Hz, H ), ms ;205 ) m/e 435 (1, M),
420 (0.1, M- CH, ), 405 (0.5, c), hd& (0. 5, - OCH; ), 390
(0.6, c-CH,), 306 (0.5, a-+uoso tgw ), 300 (3.5, v), 2

(0.6, B+H + soz¢cn3), 289 (0.6, B + SO0,4CH,), 280 (46,
M-50,0CH,), 269 (3.5, v-0CH,), 264 (21, M-0S0,0CH,), 234 ~
(26, x), 233 (19.5, c-uosoz¢cu3), 232 (3.5, M-(110S0,0CH, +
ocu3)) zqh (2, y), 202 (12), 192 (10.5, d), 175 (3); 173
(3.5, y-OCH, ), 154 (41, h), 155 (20, SO0,0CH.), 148 (5.5,
£), 146 (4, s-S0,0CH;), 139 (4, sq¢cu3), 136 (q:, B+ 2H),

135 (100, B +H).

L3S
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Anal. Calecd for C S: C, 49.64; H, 4.86; N,

— ‘ |8H2|N506
16.08;'5, 7.36. Found: C, 49.77; H, 4.99; N, 16.09; S,

7.28. ‘

a?’
o4

9—(B-Q—Hethyl-Z-Q-B-nitrobenzenesulfonyl-B-g-ribo%uranosvl)-

adenine (40

To a stirred solution of 0.5 g (0.00096 mole) of 18
'(dried by evaporation using dry pifidine) in ~15 ml of dry

pyridine, in an ice bath, was added 0.232 g (0.00105 mole)

[4

——

of R-nitrobenzenesulfonyl chhloride wnﬁh exclusion -of mo bs-
- .

-

ture. The reaction was s;ar;gd for Zb h at 2° and poured
into a stirred mixturg;o? cold saturated NaHCO3 (75 m1)
and Et205(70 ml). Thd.organic layer was separatod‘and the
adueous layer extracted with a;er;her 60 ml of étzo. The
S~ - _ . o
combined organic layers wért“fyaporated to Frydess and oo-
'evaporated usingltoluene (2 x Solmf)'to remove residual
pyridine. | |
//fﬁt\resulting yellow amorphous solid was dissolved.
in 80% aqueous “HOAc (30 ml) and heated for 25 min at 100°.
The solution|was cooled and 30 ml of " HZO was added. - The
aqueous solution was extracted with Q-peotane (4 x 60 ml)
and evaporated to dryness. Residual acid was removed by
" coevaporation with toluone. Crystailization from iso-
oropanol-H20 resulted in 0.311 g (712? of product contam-

inated with a trace impurity. Recrystallization from iso-

propanol - H,0 resulted in 0.251 q (58%) of pure 40.
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- \
This material had 4% 236 - 238.5°; [algh

(5,0,79. DMF): uv (MeOH : ,0 [1:9]) max 252 nm (e 21.7p0).

-

.

- 90.9°

min 222 nm (€ 7100): uv (MeQH : 0.1 N HC1 [1:9]) max 252
] R Pl - '
nm (€ 21,900), min 224 nm (ek?GOO); uv (0.1 N HC!) max
(¢ 6900); nmr (DMSO;QG) [

253 nm (¢ 22,000), min 224 n
W', W), bk (m, 2, W3

3.3§ (s, 3, OCH3), 3.62 (m, 2

W) E 558 (en, ag o0 o m 6h2 Wz, 1, Breom), 5,73 (e,
L] ’ . . ‘ _ ,

dpege = dp g T 6.2 Hz, 1, H{), 6.09 (d, 4., _,, = 6.2

Hz, 1, H| ). 7.28 (br s 2’ 6-NH,), 7.89 (H,_J ortho-meta =

.8 Hz, 2, aromatic protons), 7.9V, 8.18 (s,s: 1,1; HZ,'HO),

8.13 (d, J nrtho-meta = 4.8 Hz, 2,\fromat7c protons): ms
(215?) m/e 466 (3,_n). 436 (10.5, cQ. k35 (2, n-ocu3). 4os
(2.5. x). 363 (15, d), 299 (2.5), 280 (9. M-HOSO0,¢NO,),
270 (8), 264 (6.5, M-0SO$NO,) , 263v(8\'néﬂosoz¢uoz), 262
(3.5) 248 (2), 23b (24, c-os02¢noz), &32‘(7.5, n-(ocﬁ3+
HOSO0,¢NO0,)), 220 (&), 204 (55, y), 202 (34), 19k (6.5),
190 (6] j), 186 (19.5, 502¢N02)f'l78 (15}, 173 (9.5, Yﬂl

(OCH,), 164 (81, h), 148 (21, f), 136 (1008 + 2H), 135
. N
(90, B + H). . " \

Anal. Calcd for c17“f8"6°85’ c, b3.77¥\n,'3.89; N,

18.02; S, 6.88. Found: C, 43.58; H, 3.96; N, \18.06; S,
\
6: 82. ' | \\

Stability of 40 in base analogous with 41 and &b \
' \

A solution of 4.19 mg (0.009 mmole) of bo in\@5

m! of spectral grade MeOH was prepared. To 10 ml oﬁ\this
. \ - - N

: ' | \
: i = Yy
N
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L
\

solutioﬁ was added 90 ml oﬁ'qu. The uv spectrum of this
solution was;deterwined using 2 ml giving Amax of 251.5 |
nm (€ 21,000). ' A‘Z ml portion of 5.0 QVNaOH was added
to the original 98 mi of HZO/MeOH (951) solution and o
again 2 ml of the now basic solutionlwas remoJed-for'a u&
determinafion. This uv spectrum had Amax = 256 nm (¢
24,500). A 9 ml portion of the 38 ml basic stock solution
was mixed with 1.0 ml of 2.0 N HC1. The uv spectrum of
this acid solution had Amax = 256 nm (e 25,300). The
remaining 89 ml of basic stock solution was stirred for
'0.5 h with 20 m! of Rexyn 101 cation exchange resin\
(pyridinium form) until the solution was pH=9.0 and the
resin was filtered. The aqueous solution was evaporated
to dryn;Ls.and the residue applied to a silica gel plate.
The plate was developed with MeOH . hHCj3A(I:h) and the
major band which n identical to 9-(3-g-methylr8-g-riboi
_ furanosyl)adenine was removed. The mass spectrum of this
matériél was identidal to that of authentic 9-(3-0-methyl-
B-Q-ribofuranosyl)ad nine. |

“A similar procedure on 41 aﬁd L4 gave 3' and 2“-9-'

\ %

~methyl ;denosine respectively. .

o

] - . .
9—(2-Q-Hethyl-3-g-g-nitroben:enesulfonyl-B-g‘ribofyranpsyl)-

adenine (41) - ‘

To a stirred solution of 1 g (0.00i93 molg) of 33

v
i
\
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(dried by evapofatiod using dry pyrihine)lin ~20 m]l of-dry
‘pyridine was added 0.5 g (0.00226 mole) of g-ﬁdtrdbenzene-'

sulfonyl chlgride with exclusion of moisture. After 5 days

stirripg at 24°, another 0.1 g (O}OOdQS mole) of.B-nitro-‘

benzenesulfonyl chloride was added. Afterbstfrrfdg for a

further 24 h, thq reaction was pdured‘jntoksaturated,aqueous
NaHCO, (100 ml) and extracted with Et,0 (3 x 150 m1). The

combined organic extract was evaporated to dryness. Co-

evaporation of toluene (2 x.60 ml) removed Eesiduai ?yri-i~
‘dine. . - S | :
Ly oo ,‘,."4

The resulting ambrdﬁous so1id was'dlssolved in 80%

“

aqueous HOAc (50 m!) “and heated for bs min at 100° in an
oil bath. The solution-was cooled, HZO (50 m1) and EtOH
(20 mi),was added, and the aqueous solution was;qxtra;téd

with gfbentane (4 x 100 ml) and evépbrated<to dfyhesS.
: . ’ ) ‘ ' M - ‘ . _. . ;T 'w. -
Coevaporation several times with toluene remode'residdal«

HOAc. The resudue was disuﬂved in 982 EtOH and: ad:orbed
on 10 g of sil:ca gel This Powder was apthed to the”' —
top of a dry packed snllca gef column (5 X 27 cm, 150 g);
The column was. eluted with . Meod‘: CHCI3 (1 25)

first 260 mI o£.eluate,was dlsca(ded and the followlng 350
~ml was evaporated to: dryness and crystallnzed from 98%
EtOH (ﬂ-pentdn;, dd;}q;atqr); The crystallization re-
sulted in 0.35 ¢ (393) of W1, . - A

This dure,matérial;had‘mb:|85 - 185. 5°' [a]

.h6!8° (e l;b; QHF); uV,(HeQH‘:‘Héo [1:9]) max 255 nm

[y
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(f 25 500),.m|n 22ﬁ nm (e 8000); uv (MeOH : 0.1 N HCY [1:9])

,max 255 nm (€ 25 700),'m|n 223 nm (e 6100); uv (0.1 N HCI)
N
a ax 255 nm (E 26, 000),_mnn 224 nm (E 7500); nm (DNSO ) )

=6
1 (s,? 3, 0CH; ), 3.54 (m, 2, H 5 W "\é 13 (m, 1, W ),
g = 52 Mz, 1, W2'y,

INT6 (d/gf d, Jp0 o gr = 7.0 Hz, J,,

(m, 2, M 4, 5'-0H), 6.01 (d, J,, _ 54 = 7.0 Hz, 1,

2 .8

H").,7-37 (br s, 2, 6-NH,), 8.15, 8.36 (s, s; 1,1; H", H ),

8.29 (d, J meta-ortho = 9.2 Hz, 2, aromatic protons), 8.50

- (d, J meta-ortho = 9&2 Hz, 2, aromatic protbns); ms (205°)

m/e (some decomposition on probe (higher mass fragments))
466 (0.25, M), 436 (0.15, e), 435 (0.10, M-OCH3), 331
(0.40, w), 280 (3, M-S0, ,ON0, ), 264 (2.5, M-OSOZ¢N02), 263
(1.5, M- HOSO0,0NO,), 245 (0.5), 234 (3, c-0S0,4NO,), 233 |
(4, c-HOSO,9NO,), z32l(2 M- (0CH, + HOS0,¢NO,)), 174 (0.75),
173 (0.75, y-OCH3), 164 (h63 h), 148 (1.5, f), 136 (19, B+
2H), 135 -(100,78 + H). : \ 'y
Anal. Caled for € H gNg0gS: C, 43.77; H, 3.89; N,

18.02; S, 6.88. Found:  C, 43.58; H, 3.91; N, 18:00; S
6.63. | ' T -

|
|

97(Z-Q-E-Aminobenzenesulfohyl-B—Q-mgthyl-ﬁ-g-ribofuranosyl)-

adenine (42) , . .

A solution of 0.25 g (0.00053 mole) of 40 in MeOH
(40 ml), glacia1 HOAc (10 ml) and 5% Pd/C (0.05 g) was
hydrogenated in a Paar shaker at Lo psn for 23 h. The \':

reactlon mixture was filtered through a small celite pad
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and then the celite pad was washed several times with MeOH.
| The solvent Qas‘evaporated from the fﬁltrate'a;d toluene |
andw982 EtOH were coevaporated sevgral times tourem?ve
residual acid. A small amount of starting material remain-
ed so the above procedure was répeated exactly.
The residue was crystallized from acetone kﬂ-pen*
tane, desiccator) to give after two crops ..z!1 g (90%) of
42, Heavy spotting on TLC showed‘that this material con-
t;ined a very small amount of starting material.
Recrystallization from acetone (Q-pentane, desicca-
tor) ga&e'purg 42 which had FP 245 - 247°C; [a];h - ks 6
(5_0,3,DMF); uv (MeOH : H,0 [1:9]) max 261 nm (e 23;|00),
min 229 nm (e 4500); uv (HeOH : 0.1 N HC1 [1:9]) max 258
nm (¢ 2]1900), min'230 nm (e 4300); uv (MeOH : 0.1 N NaOH
[1:9]) max 261 nm (e 23,300), min 229 nm (e 4600); uv
(0.1 N HC1) ‘max 259.5 nm (e 22,600), min 231 nm (e 4000);
nmr.(DﬂSO*ge) 5§ 3.31 (s, 3 (ovér]apped by HZO peak), OCH3),
3.60 (m, 2, W', H>"), 3.95 (d of d, Jy, _,, = 5.0 Hz,
"), 5.54 (4 of
CPTRNEY ), 5.67 (br-
m, 1, 5'-0H), 6.08 (d, J,, _,, = 7.0 Hz, 1, H''), 6.18

_-’_"3| -k

d,

- 2.6 Hz, 1, '), &.12 (m, 1, H
—— - 2"
= 5.0 Hz, J,, _,, = 7.0 Hz, 1, H

(br s, 2,‘NH2), 6.45 (d, J meta-ortho = 8.7 Hz, 2, aroma-

;tic meta brotons),.7.25,(d, 2 (overlapped by NHZ); aroma-
tic'br;ho protons), 7.29 (br s, 2 NHZ)' 8.09, 8.20 (s,s;
\\\\1;4; 2, u8); ms - (170°) m/e 436 (43, M), 406 (19.5; c),

403 (4, M-OCH,), 375 (8, x), 333 (15.5, s+ H), 308 (2),
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302 (1.5,(s + H) - OCH r 280 (24, M- SOZ¢NH ), 264 (i M
) [

0502¢NH2), 255“(2.5), zbo‘(e,s), 234 (48, c- 050 XLLPN

232 (6.5, M;(OCH + HOSOZ¢NH )), 205 (|3), 204 (25, vy),

3
202 (29), 194 (4), 190 (3.5, j), . 177 (6 d ZSO0,6NH,), 173

(18, y-0CH, or/and H0502¢NH2), 164 (57, W), 156 (100,

3
SO,0NH,), 148 (9, f), T45 (7.5, s-(0CH; + SO,4NH,)), 140

(7.5, 50¢NH2). 136 (93, B + 2H), 135 (417, B + H).

Anal. Calcd for C,.H 20N6065 C, 46.78; H. 4.62;
N, 19.26; S, 7.35. Found: C, 46.88; H, 4.65; N, 19.34;

S. 7.37.

9-(B-Q-B-Aminobenzenesutfonyl-Z-Q-methyl-é*g-ribbfurano~

syl)adenine (43)

A solution of 0.20 g (0.00042 mole) of 41 in MeOH (35 ml),
gfacial‘HOAc'(IO.ml and 5% Pd/C (0.05 g) was hydrogenated
in a Paar shaker at 4o psi for 48 h. The reaction mnxturq
was.filtered through a small celite pad and the celite pad
washed seJeral fimes‘with MeOH. - The‘filtraté was evapor-
ated and toluene and Eth were coevaporated several times
t§ remove residual fTacid. An attempted crys;allfzation
from 98% ethanol resulted in di;colouring of the product,
so the material was applied to two silica gal plates. The
plates were devgloped\in MeOH : CHCIBi[l:S] and the appro?-
riate band eluted. The eluapt was evaporated to dryness and
crystallized from acetone (i-pentane, desigcator)'to give
0.027 g of sfightly contaminated 43. The mother liquog

|

~



o 123,

contained pure product and was precupltated frOm acetone

and pentane to gnﬂe 0.104 g (57%) of pure h3.

This chromatographucalry pure precipitate had mp 115 -
i25°; [a];“ -5041 (c 0.56, onr); uv. (MeOH : H,0 [I 9]):
max 266 nm (e 27,400), min 228 nm (e 3700); uv (MeOH : 0.1
N HCl [1:9])max {64 nm (e zz aoo), min 231 nm (s 4000);
uv (MeOH 0.1 N NaoH [1: 9]) max 266 nm (e 27,900), m
228 am (€ 2700); uy (0.1 N HC1) max 263 nm (e 22,900), min
231.5 nm (e_ﬁsoé);'nmr (bMs0-d o) & 3.12 (s, 3, OCH;), 3.48

Sl

~(br d of d, J =. 13.0 Hz (oveylagpea by HZOL-Z, He ,

5! fSll ‘ | ,
HS"),,h.os (m, l,H"'),'kLez,(d of d, Jou . 30 - 5.4 Hz,
» S 21 o
dorv g ™ 7.6 Hz, 1, HA ), BJ}Z ﬂd gf’d, i3'-2f = 5.4 Hz,
i3" g 1.8 He; 1, H?'),'Sé62'(br.s} 1, 5* -0H), 5.98
(d, 3,,% 50 = 7.6 Hz, 1, W'y, 6.31 (brs,2, NH)), 6.70

(h, J meta—ortﬁp = 8.8 Hz, 2, aromatic met; protons). 7.38

'(br s, Z,fNHZ). 7.60 (d, J ortho meta = 8. 8 Hz, 2, aromatic
ortho prol;ns), 8.14, 8.36 (s, s; IPI’ H H8), ms (170° )
m/e h36 (14, M), 280 (33, M-S0 SONH, ), 264 (10, M-S0 ¢NH ),
264 (10, M-0S0,0NH,), 234 (45, x), 233 (9.5, M- (0CH, +
0502¢NHZ)), 232 (h, M- (0CH; + Hosoz¢nnz)) 223 (1.5), 284
(1.5, y), 202 (8), 192 (10, d), 191 (1.5), 190 (1, }),

179 (1.5), 177 (2, v), 175 (2), 173 (30, §-0CH, and/or
uosoz$hnz), 164 (;5, h), 156 (31, soé¢~u2), 149 (35, e),

148 (6, f), 145 (3.5, s-(ocn3 + 502¢NH2)), 1ho (s, SO¢NH§),

—__135 (100, B + 2H), 135 (92, B + H).

Anal. Calcd for C]7 20N606S C, b6 .78; H, 4.62; N,

19.26; S, 7.35. Found: C, 46.74; H, 4.59; N, 19.10; S, 7.28.

T~ )
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;79-(B-Q-Methyl-2~g—trlfluoromethylsulfonyl-B-Q-r?bcfuranosyl)-

- t

" adenine (44).

-To a stirred solution of 0.5 g (0.00096 mole) of 18
(dried by repeated evaporation using‘dry pyriéine) in ~50 |
ml of dry pyridine (under a flow of dry nitrogen and pro-
tected by a\dfying tube) in ‘a dry-tce and acetone bath at
-35°. was injected 0.35 ml (~0.0024 mole) of'trlfluorof
methyl'sulfonyl anhydride dropwise (over ~5 m!n).. A pra-
cipitate formed on addition of the anhydride and the solu~
'tian turned yellow. The mixture was stirred for 6 h at
<-20° and was then poured into.a stirred mixture of Etzq
(50 ml) and saéurated a'queous'\Na_HCO3 (50 ml). The EtZO‘ i
layer was sedarated and the aqueous "layer extracted again
with Et20 (20 ml) The combined nganic extracts were
evaporated ‘to dryness and coevaporated using toluene.1982
EtOH and finally Etzo several times.

The yellow residue wis dissolved in 80% aqueous‘\\\ i
HOAc (30 ml1) and heated at 100° for 15 min. The now palet
y;lfow solution was cooled and diluted witH\Hzo (30 ml).

'

The resulting s?lution mas eitractLd with n-pentane

tion with toluene, HZO aﬂd—Et 0 Beveral times effected

(4-x 100 ml) and evaporated to dl;; ess. Again, coevapora-
removal of residual acid. The /esidue was stirred wuth
MeOAc (50 ml), Et20 (50 ml) and H20 (50 m1) and the upper
layer was separated and evaporated to dryness. This

residue was dissolQed in a small amount of CHCla/ahd
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j v
applied to a silica gel coﬁbmn (2.5 x 42 cm, 50 g)]packed
im CHCI3 The éolumn wa; eluted with MeOAc. After the
first 300 ml of eluate was dnscarded the next 200 ml was
col lected and evaporated “to dryness .to give 0.14 g (34%) %:
crude ﬁﬁ. Tbis_material was crystallizgd from stzo (g-pen-
tane, desiccator) to give in two crops 0.09 g (22%) of
pure crystallineAii. -
‘ This ﬁaterial #;d mp. 145 ; 148° (with decomposition);
[a ];“ -40.6 (c 0.47, DMF); uv (MeOH : H,0 [1:9]) max 257
nm (e 14,800), .min 226 nm (€ 1900), uv (0 I N HCI) max

256 nm (¢ 15,000), min 226 nm (c 2600)m.nmr (pMsoO- d6)6 3.47
(s, 3, 0CHy), 3.72 (m, 2, W' w5y, 4.20 (m, 1, H' ), 4.39

~.5,0 Hz, 1, H3 ), 5.57 (br s, 1,

_(.Utul. -{3' Y ‘::: :l_3| -4
2')

50 - OH), 6.11 ("t"s 4y . = o g = h6 Mz, 1, W),
I g = b5 Hz, 1, W'y, 7.42 (br s, 2, 6-NH)),
8.18, 8.4Q (s,s; 1,15 Y, 1) ms (125°) m/e W13 (5, W),
396 (0.12, M-OW), 383 (10.5, c), 382 (1.5, M- -0CH ), 368
(2.5,,c-CH ), 344 (1, M-CF ), 310 (2,g), 280 (1, M-S0,CF, ),
264 (3.5, p 0S0,CF ), 263 (3 M-H0SO,CF, ), 262 (1.5,

n%caxo + S0, CF ﬁ), 235 (3.5), 234 (5.5, ¢-0S0,CF,), 233

(2, n-(ocn3 + OSOZCF3)), 232 (2, M- bcu + Hosozcr )), 204
(44, y), 202 (17), 194 (2), 190 (3.5, j), 189 (3), 177 (5,
d-50,CF )i 173 (4.5, y- -0CH,), 164 (34,.h), 148 (5.5, f),

"2
136 (6&. B + 2H), 135 (moo, s_+ H).

e

Anal. Calcd for CIZHIHN5°6SF3E c, 34.87; H, Qchl; N,.
16.82; S. 7 76 F, 13.79. Found: C, 34.83; H, 3.5};3N
16.82; S, 8.03, F, 13.96.
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9-(2-Q-Hethyl-3‘g-tulfluoromethyjsulfonyl-B-g*rﬁbofurano-

syl)adengne (45) .

*ova vigorously stirred solution of 1.09 (0.00192
mole) of él (dried by repeated evaporation using dry
pyridine) in ~50 ml of dry pyridine, f}\, dry-lce. acetone
bath at <-25 was added 1.0 ml (0.0069 mole) of trifluoro-
methylsulfonyl anhydride in 10 m) pyridine dropwise o;er

. ~
15 mla with exclusﬂoh of moisture. The resulting reddis;
yellow solution was stirred for 2.5 h at ~-25° and poured
into a stirred mixture of saturated aqueous NaHCO (125
ml) and Etzo (IOQ ml). ‘T?e organic layer was separated
and the aqueous layer dlluted'with 100 ml1 of H20 and
extfacted again with lbb ml of Etzo. The comblned'yellow
organic extracts wereluashed with uzo (100 ml), evaporated
to dryness, and coevaporated using toluene and CHZCI2
several timesAto remove residual pyridine. | .

The residue was dissolved in 903 aqueous trifluoro- -
acetic acid (15 ml) giving a reddish yellow solutfon. Ta
this solution was added H;5'(75 ml) and the solution -
turned pink in colour and a preclpltate appeared. The
pink solution was extracted with n- pentane (IOO ml) and

2" 2
washed with saturated, aqueous NaHCO3 (75, mt). The
original aqueous solution was adjusted to pH 9 by addition

of NaHCO diluted with IOO ml of Hzo and extracted wlth

3’

CH2C|2 (2 x 75 m1). All the CH2C12 layers were comblned,

-

CH.C)., (3 x So_ml). The comblned CHZCI2 extracts were On
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washed wizh H;Q (50 m1) and evaporated to dryness. The
residue was dissolved in 'a small amouﬁf o; CHCI3 and applied
to an alumina column (1.8-x 37 cm, 70 g) packed in CHCI3 |
and'elutgd with MeOH : CHCl3 il:z#): After the first
180 ml ofke]uate was'discarded, the next 90 ml of eluate
was cqncentrated and the product precipitated by dropwise
'additQSn to n-pentane to give 0.127 g (16%) of pure 45.
This material was quite unst;Ble and decomposed slightly
oveg/; period of weeks even when stored over CaSOh at 2°.

" The pure material had uv (0.1 N HCIS max 256.5. am
(e ls,ooo) min 229 nm (€ h}bo), nmr (DMSO-d.) & 3.34 (s,

\ ’ 5', 5" TP T
3, ?CHB), 3.68 (m, 2, H H” ), &4.L2 (br ty g

. _ Y
J4e - g f;hﬂs Hz, 1, H"), 5.9§ (d of d, J,, Jge = b7 e,
30 oqe = 7.8 Hz, ¥, W2'), 5.38 (br s, 1, 5'-0H), 5.8
T TP - 3~' ’ ; -

(br "d", Jo, 5, = 4.7 Hz, 1, HP), 6.07 (d, 4}, , = 7.8

Hz, 1, W'y 7.81 (br s, 2, 6-NH,), 8.2k, 8.35 (s,s;1,1;

w2 w8y ms (140° ) m/e 413 (20, W), 383 (0.7, C)V 34k
”;L“(S 5, n-§r3),:280 (s, y-sqzcr3), 264 (10.5, n-osozcr3),‘

263 (6, McHOSO,CF.), 248 (2.5 s-0CH;), 234 (20, x), 233
(19, n-rocu3 + osozcr3))fw23z (5, n-(ocu3;+ Hosozcr3)),
225 (3.5), 204 (2.5, y¥, 202 (11), 201 (5.5), 192 (4.5,
vd), 177 (0, v), 173 (2, y-OCH;), 164 (4, h), 1h9 (6.5,e),
148 (3, £), 136 (28, B + 2H), 135 (100, B + H).

Anal. Calcd for C]2 |h"5065F3 c, 34.8%; H, 3.41;

N, 16.94: S, 7.76. Found: C, 35.09;- H, 3.41; N, 16.84; 1
s, 7.46. " )

2
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. N |
Mass spectra of biprots of hydrolysis of 44 and 45.

Biproduct-;f‘ﬁi hydrolysis gave ms (240°)\ m/e 299
(4, M), 269 (3.5, c), 268 (8,.n-ocn3), 264 (4, M=C1), 249
(2.5, M-(C1 + CH)), 238, (4.5, x), 23k (7, c-C1), 232

(3.5, M- (0CcH, + HC1)), 213 (3, i + H), 204 (7, y), 202

3
(5.5), 196 (3.5, d), 173 (5, y-0CH,), 164 (29, b), 149
(11, e), 182 (8), 136 (94, B + 2H), 135 (100, B + H).
Biproduct of 45 hydrolysis gaye ms'(lsb°) m/e 299
(1{; M), 269 (3, c), 268 Ké,,n-ocn3); 264 (34, M-C1),
256 (8), 234 (55, x), 232 (5,'n-ocﬁ3 f”hc1)), zoé (10),
192 (5,d), 173 (6, y-0Ci;), 164 (73, h), 163 (9), 149

(19, e), 136 (94, B + 2H), 135 (100, B + H).

9:(2-Q-Benzylsulfonyl-3-Q-methyl-B-g-rlbofuranosil)aden- ,‘

ine (36).

To a stirred solution of 0.3 g (0.00058 mole) of
18 (dried by repeated evaporation using dry pyridine) in
~20 ml of dry pyridine was ‘added 0.12 g (0.00063 mole) of

benzylsulfonyl chloride. This solution was stirred for

0.5 h with exclusion of moisture and then was poured

into a stirred solution of saturated Aqueous NaHCOI (100 ml)
and CHZCI2

HZO (50 ml), evaporated to dryness'and‘the residue was

coevaporated several times with toluene and CHZCIZ‘to re-

e

move residual solvent.

L.

(100 ml1). The CH2C12 was separated, washed with

|
!
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The resulting amorphous solid was dissolved in 80%
aqueous HOAc (25 ml} and heated to reflux for'ZS mip. The
reaction mixture was cooled, HZO ?dded (25 ml) and the
aqueous solution extracted thh n-pentane (3 x 75 mi). The
aqueous solution was evsporatéd to dryness and toluene was
added and coevaporated s;veral times to remove residual
acid. >The two reactién 's;%uence proceedéd quantitatively
with no other products or startfng material observable by
TLC. The residue was "“crystallized' from EtOH, HZO to .
givé 0.186 g_(75%) of 36 in two cro#s.

'

The purified material had ép 135-145° (slowly softens
between these limits); [a]g%k -42.1° (£ 0.78, DMF); uv
(MeOH) max 260 nm (e 14,000), min 228 nm (e 2700); uv
(MeOH : 0.1 N HC! [1:9]) max 257l5 nm (e 13,900), min
229.5 nm (e 3200); uv (MeOH : 0.1 N NaOH) max 260 nm
(e 13,700), min 228 nm (e 1900); nmr (DMSO-d ) & 3.42

(s, 3, ocu3j, 3.68 (m, 2, w82y, 419 (m, 2, wt' w3y,

.

"-76 -(sv 2’ CHZ)’ 5'5“ (bl’ S, Iy 5."0H)1 5'72 ("t“’ _J_zl _]l=

J 4.8 Wz, 1, HE'), 6.21 (d, 3, _,0 = 5.3 Hz, 1,

=21-3 |- =

HI'), 7.25 (s, S5, arpmatié protons), 7.40 (br s, 2, 67NH2),

8.17, 8.36 (s,s; 1,1; szﬂs); ms KISO’) m/e 435 (6.5,'M),
405 (23, c), 4ok (2.5, M-OCH;), 374 (4.5, x), 332 (13, d),
280 (16, M-S0,CH,0), 268 (5), 264 (19, M-0S0,CH,0), 262

(2.5), 234 (45, c-0S0,CH,¢), 232 (10, M-(0CH, +'Hosoch2¢)),
2;6 (&), 22&’(!0), rzo (2.5), 218 (1.5), 204 (39, y), 202

v
-
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173 (3.5, Y'OCHB). 164 (60, h), 148 (13.5, f), 145 (2.5),
136 (100, B + 2H), 135 (71, B + H). \ |

| Anal. Calcd for c18H21N506S: c, 49.64; H,. 4.86; N,
16:08; S, 7.36. Found: c, 49.81; H, 5.04; N, 16.30; S,

9-(3—2-Benzylsulfoqyl-Z-Q-methYI-B-g-ribofuranosyl)aden-

7.44.

ing.(il). ; . ” .

To a stirred solution of 0.3 g (0.00058 mole) of 33
(dried by repeafed ev#poration using dry pyridine) in ~20
ml of dry pyridine was added 6.12 g (0.06063 mole) of
benzylsulfonyl chloride.. This solution was stirred for
20 min with exclusién of moisture and then was poured into
saturated aqueous NaHCO3 (75 m1). This aqueous solution
.was extracted with CH,CI, (75 ml)‘ahd the organ}c-extract
was washed with H20 (75 m1). The resulting solution was
evporated to dryness and toluene coevaporated several |
times to remove residual pyridiﬁe. -

The resulting amorphous solid was‘;issolved in hot
aqueous 80% HOAc (25 ml) and hgated at i00° for 15 m;; in
an oil bath. The acid solution was cooled and HZO (25 ' ml)
was added. The resulting aqueous solution was extracted
with n-pentane (3 x 50 hl) and evaporatéd to dryness.
Tolueng was coevapérated to remove residualiécid.‘ Again;

both reactions proceeded quantitatively (except for a

trace amount of remaining starting material) by TLC. The



131.

residue was dissolved fn CHZCI2 (75 m1) and washed with

‘ ) .
HZO (2 x 50 ml). The CHZCI2 was dried with anhydrous

"Nazsoh and evaporated to dryness. The residue was dis-

solved in ~l .ml of hot 95% EtOH cooled slightly and 60

ml of Et, O adde# rapidly whille scratéhing the flask.

2
Crystals rapidly. formed and gave 0.177 g (70%) of pure

7. |

This material had mp 99-101°; [a];h‘ -68.5° (e 0.59,
DMF); uv (MeOH) max 260 nm {e 15,300) m:n 228 nm (& 3500);
uv (MeOH : 0.1 N HC1 [1.9]) max 257.5 nm (e 15,500), min
229.5 nm (e 3800); uv (MeOH: 0.1 N NaOH [1.9]) max 259.5
am (€ 15,600), min 226 nm (¢ 2200); amr (DMSO-g,) 6 3.33
(s, 3, ocu3), 3.63 (m, 2, Hs',nsu), L.26 (m, 1, Hb'), 4.76

(d of a (overlapped by CHZ)’ J = 7.3 Hz, izu_3. -

2'-1"
5.1 Hz,‘lzsﬂzl), 4.83 (br s, 2, cuz),’s.37 (br d; Jg,_ 5=
5.0 Hz, 1, W), 5.72 (br "e", Jou o0 = Jou su = ‘0 Mz,
1, 5'-0H), 6.02 (d, J;,_,, = 7.3 Hz, 1, W'y, 7.82 (m, 7,.
aromatic protons,'G-NHZ), 8.17, 8.41 (s,s; l,l;vuz,ﬂa). )
3.29' (s, 0.5 (rel. int.), H,0); ms (190°) m/e 435 (1.5, _
M), 405 (1.5, c), 300 (3, w), 280 (38, M-50,CHy), 269 (1),
264 (27, n-dsoztnz¢), 263 (2, M-H0S0,CH,4), 250 (0.9, c-
S0,CH,6), 240 (1.5), 234 (66, x) 233 (14, M-(0cH, +
050,CH,0)), 232 (4.5, M-(0CH, + HOSO,CH,¢)), 226 (1.5),
224 (1.5), 218 (1.5), 204-(2.5,y), 202 (21), 192 (16,d),
189 (3.5), 177 (3,v), 176 (3), 173 (3.5,y-0CH;), 164 (52,
h), 148 (12.5,f), 146 (11, s-sozcnz¢), 136 (100, B + 2H),

135 (98, B + H).



i

N ' | .
: , : : : 132.

Anal.Calcd for clBHZINSO6S - 0.5 H20t cC, 48.64; H,
4.99; N, 15.76; S, 7.22. Found: C, 48.50; H, 4.76; N,
r A 1 :

]5-53;"5.'7.“1-

| ' *®
Preparation of 9-(3-0-Benzy|-B—D-ribofuranosyl)adenine

(46) and °- (2 0-Benzyl-B8-D- -ribofuranosyl)adenine (47)

These compounds were prepared from aémnosnne by the

151 usnng phenyldlazome-

e

method of Christensen and Bropm
thane and stanpnous chloride.
Compound ié"yaé crystallized from acetone to give>ai
material which had mp 198.5 - 199.5°; uv (0.1 N HC1) max
256 nm (e 14,900) min 229 nh (¢ 3900); nmr iDHSO-g6) 8
) 5! '9:. 3! Lt .
3.6h (m, 2, H? ,H”? ), 414 (m, 2, H° ,H ), h.62 (d, (half

AB quartet), J ew, geminal = 12.0 Hz, 1, half benzyl CHZ)’

4.79 (d (other half AB quartet), JeH geminal = 12.0 Hz,
2 .
2.
1, half benzyl CHZ)’ 4.85 (m, 1, H° ), 5.48 (d of d, iOH-Sf‘
= 7.0 Hz, !, 5'-0H)’ 5.57 (d’kEOH’Z' =

'y, 734

b.6 Hz, Jou cu
_6.& Hz, 1, 2'-0H), 5.95 (d, dyiog = 6.6 Hz, 1, H
(m, 7, aromatic protons, 6-NH,), 8.1k, 8.36 (s,s31,1;u218);
ms (175°) m/e 3515, M), 327 (8,¢), 326 (1, M-CH,0H),
266 (47, M-CH,8), 251 (17, M-OCH$), 250 (1.5, M-OCH,$),
234 (5, M-(OCH® + OH)), 226 (2.5), 22&"(;.5), 220 (21,x),
202 (5), 178 (23, d),/ 164 (73, h), 148 (12, f), 136 (100,
B + 2H), 135 (72, B +hH).

Anal.Calcd for CI}"19"5°A‘ C, 57.13; H, 5.36; N, 19.60.

. Found: C, 57.h2; H, 5.62; N, 19.45.
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Thg combouhd il was crys;j}>ized from acetone to give
'a material which had mp 192-195°; uv (0.1 N HC1) max 258 nm
(e~12.100)4 min 232 nm (¢ 4000); nmr (DMSO-gg)G 3.64 (m, 2,
K5', w5"), .03 (m, 1, W'y, 4.38 (m, 1, w3'), w44 (d

ic 2ngeminal = 12.0 Hz, 1, half benzyl

AN ]
" CH,), b.55" (m (overlapped| by AB quartet ), 1, W2'), 4.67

(half of AB quartet),

(d (half of AB quartet) .geminal = 12.0 Hz, 1, half

y o
—CH2

benzy| CHL). 5.36 (m, 2, 3'-OH, 5'-0H), 6.07 (d, il';Z' -
. 6.4 Hz, 1, Hl'), 7.17 (s, 5, a(om;tic protons), 7.30 (br s,
2, 6—NH2), 8.09, 8.31 (s,s;l%ﬁ;ﬂz, HB); ms (175°) m/e 357
(1, M), 327 (6.5, ¢), 310 (D.7, x), 268 (28, d), 266 (5.5
M-CH,8), 251 (28, M-OCH$),- 23k (2.5 M-(0CHo + OH)), 226

(3), 224 (4.5), 222 (1.5, w),.Zél (2.5, c-0CH¢), 220 (1.5),
202 (1.5), 192 (1).'190(2,j),'i71\(7.5, d-cnz¢), 164 (13.5,
h), 162 (2.5), 148 (8, f)é\c36 (100, B + 2H), 135 (96, B+

H).
|7H'9N 0‘.: c, 57-'3; H, 5-36; N,-
19.60. Found: C, 56.94; 4, 5.3

ﬁﬂil; Calcd for C
s N, 19.40. A
| | S '
9-(Z-Q-E-Methoxyphenylacetyl-3-23$ethylfB-g-ribofuranosyI)
adenine (ﬂﬁ). : . \\‘ .
To a stirred solution of 0.28§\g (0.0017-molei of p-

methoxyphenylacetic acih in § ml of d\y Et0Ac, was added
O.hS‘g (0.0022 mole) of ﬁ,!‘-dicyclohefylcarbodiimide.
This solution was. stirred with exélusion\pf moisture at

24° for 1 h giving a white precipitate. The solution was

/
filtered into a stirred solution containing 0.5 g (0.00058
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“mole) of 18 in dry EtOAc (5 ml) and CH,C1, (5 miff.} The

filter flask was kept at 15° in an ice bath with exclu-

sion of mixture. No 2'-0-acylation had occurred after
5 min (TLC) and so 0.050 g (0.0 ) of k-N,N-di-
methylaminopyridine was adde Afterna fyrther 5 min

the reaction was complete LC). The mixture was filtered

;nd the dicyclohexyl uf a filté} céke was washed with more
EtOAc. The resulting klear g*ganic solution was washed
with saturated aqueous NaHCO3 (30 ml),‘HZO (2 x 30 ml)
and evaporafed to dryness. Acetone was added and coevap-
orated several fimes.go remove rgsidual H20 and CHZCI2
was added. The CH Cl 5012£ion was eVaﬁorated to a volume

f ~2 ml and the product was precipitated by addttlon to
n pentane (100 ml) .

The precnpltate was filtered and dissolved in 30 ml

of hot 80% aqueous HOAc. The resulting so'htion was

stirred.for 15 min at 100° in an oil bath. The solution

was cooled, 30 ml of H.Q added and the resulting.aqueous

L R e =
solution extracted with n- pentane (3 x 50 ml) The
aqueous solutlon was evaporated to drynzss Toluene and

98% EtOH‘were:added and coevaporated several timesgto
remove residual acid. |

The residue was crystal]ized from EtOH énd,szufo
give 0.20 g (81%) of pure 48 in two crops.
This material had mp 159-163°; [a]ZH -48.0 (c 0. 6&

DMF); uv (MeOH : H_ 0 [1:9]) max 260.5 nm (¢ 14,500), m

2
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236 nﬁ (e 8300) sh ~227 nm (€ 9000); "hmr (DHSO—96) § 3.31

SII ——t

(s, 3, 0CH;), 3.63 (br s, b, W', H>, CH)), 3.71 (s, 3,

b w3'y. 549 (br s, 1, 5'-0H), 5.78

e &
("% dy i dyeige = 5.2 Kzl HE)L 617 (d, 31,0 >
5.6 Hz, 1, H]I), 6.79¥(d, J ortho-meta = 8.8 Hzl aromatic

ocH,), h.17 (m, 2, H

protons), 7.10 (d, J ortho-meta = 8.8 Hz, aromatic protons),

8

7.36 (br s, 2, 6-NH,)), 8.15, B.36 (s,s; 1,15 HZHD); ms
(215°) m/e 429 (49, M), 399 (1.5, <), 398 (0.5, n-ocn3$;

368 (2.5, x), 326 (6.5, d), 294 (20, w), 230 (5, M-COCH,
OCH,), 266 (1.5), 251 (1), 234 (8, c-ococuz¢ocu3), 233 (1.5,
M-(OCH, + ococn2¢ocu3)), 232 (2, M-(OCH, + uncocn2¢ocu3)),
(6.5),

177 (2, d—COCHé¢OCH3),~I73 (2, y-OCH3), 166 (1.5, HOCOCH,

3 3
220 (2), 204 (3.5, y), 202 (6.5), 190 (1,j) 17¢

ocu3), 164 (13, :h), 148 (100, f), 136 (28, B + 2H), 135
(14.5, B + H). o

Apnal. Calcd fortC20H23N506: C, 55.94; H, 5.40; N,
16.31. Found: C, SS.QH; H, 5.49; N, 16.17. ~o

. 9-(2-0-p-Methoxybenzoyl-3-0-methy1-B-D-ribofuranosyl)-

- adenine (50).

To a stirred solution of 0.262 g (0.0017 mole) of
B—methoxybenzoic acid, in 10 m] of dry EtOAc, was added
0.369 (0.00175 mole) 6f N,N'-dicyclohexylcarbodiimide.
This solution was gtirred with exclusion of moisture at

24° for 1.5 h and then filtered into a stirred solution

containing 0.3 g (0.00058 mole) of 18 in dry EtOAc (20 ml)
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- /

and CHZFI2

methylaminopyridfne. This solution was stirred for 1.5

(2 m1) and 0.05 g (0.0004 mole) of L-N,N'-di-

days and ‘another 0.1 g (0.0008 mole) of dimethylaminopyri-
dine was added. After stirring for another 3.3 days, the
reaction was poured into 75 ml of satuirated aqueous NaHCO3

and extracted with CHZCI2 (75 m1). The CHZCI2 layer was

washed with HZO (50 ml1) containing some salt and eyaporpted
to dryness. This residue was dissolved in a small volume

(~5 ml1) of CHZCI filtered and then precipitated by addi-

2 »
tion to'ﬂﬁpentahe (100 m1).

The precipitéte was dissélved in 25 ml of hot (aqueous)
‘ v
80% HOAc.. This solution was heated at 100° for 15 min in

an oil bath. The sokution was cooled and 30 ml of HZO
added. The aqueous layer was extractedeith n-pentane
(3 x 75 ml) and evaporated to drypess. Toluene was added
‘and coevaporated to remové residual acid. The residue was
crystallized from EtOH and H,0 to give 0.11 g .(47%) of
pure 50. The mother liquor was purified by Application

to a silica gel column and elution with MézAc to give a

~

further 81033 g. Total yield of 50, 0.143 g (67%).
. - . ’ \
This material had mp 195-196°; [alg“ - 153.7° (c

0.56, DMF); uv (MeOH :HZO [1:9]) max 262 nm (e 30,000),
min 227.5 nm (e 3700); nmr-(DMSO-gg) § 3.36 (s, 3, OCH3),

3.75 (m, 2, W' HS“)? 3.83 (s, 3, ocu3), .24 (m, 1,

l‘| et ~ ~ 3'
H )’ l’-36 (l t, 9_3|_2l - .‘_’.31_[;!' 5'6 Hz, ]’ H )’ 5.55

(br “'t", Joy 5" = Jon - gn = -0 fz T, 5'-0H), 5.97

2
' .34 (d,
24 -1 _J_2|_3|_ 5.0 Hz, 1, H ), 6.3 (

= 5.5 Hz, 1, H'l),-7.07 (d, J ortho-meta - 9.0 Hz,

(ntu' :]_

;’_ll_zv
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é, aromatic protons), 7.37 (br s, 2, 6-NH2), 7.95 (d, J
ortho-meta = 9.0 Hz, 2, aromatii protons), 8.20, 8.46 (s,

s; 1,1, Hz, H8); ms (200°) m/e 415 (0.2, M), 385 (0.75, c),

384 (0.1, M-0CH,), 354 (0.2, x), 312 (1, d), 280 (5.5, M-

~C0¢0CH and/ or w), 279 (0.4), 264 (1, M-0C0¢OCH3), 234

3
(0.4, c—oco¢ocn3), 233 (0:3 M-(ocu3 + oco¢ocn§)), 232

(0.55, M-(0CH, + HOCDO$OCH;)), 220 (0.25), 204 (&, y), 202

3

(2.5), 190 (0.4, j), 177 (0.7, d-CO0CH;), 173 (0.8, y-0CHj),
. 1 )

164 (4,h), 162 (6.4), 152 (2.5, Hodo¢ocu3). 148 (2.5, f),

145 (0.5, w-CO$OCH;), 136 (20, 8 + 24), 135 (100, B + H).
Anal. Calcd for C|9H21N5°6’ c, 54\33; H, 5.10;

N,QQtss. Found: C, 54.82; H, &17; N, 16.82.

943‘Q-E-Methoxyphenylacetyl-Z—g-methyl-B—g-ribofuranosyl-

adenine (49).

To a stirred solution of 0.38 g (0.0023 mole) 3f/

E-methoxyphenylacidicacidin 5§ ml! of 'dry EtOAc w€§/éaded

e

0.6 g (0.0029 mole) of ﬁ,ﬁ'—dicyc?ohexylcg:bgﬁ(?midé with
exclusion of moistu}e. This solution wasvﬁzirreg at 24°
for 1 b giv%&g a white precipitate. The mixture was'
filtered into a stirred solution containing 0.3 g (0.00058
mole) of 33 and 0.05 g (0.0004 mole) of L-N,N'-dimethyl-
aminopyridine in 5 ml of dry EtOﬁc. 'TheLreaction was |
stirred for 5 min and filtered. The dicyclohexylurea

precipitate was washed with saturated aqueous‘NaHCO3

(30 m1Y and!HzO (2 x 30 ml). The organic layer was then
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7
evaporated to dryness and acetone was added and coevapor-

ated several times to remove'residu1l Hzo. The’reSfdue
was taken up in ~2 ml CH2C|2 and precipitated py addition

/

The precipitate was filtered and dissolved in 30 ml

to n-pentane (100 ml).

of hot aqueous 80% HOAc. This solution yas heated for 15

min at 100° in an oil bath. The reaction was cooled and

2

‘with n-pentane (3 x 75 ml) and evaporated to dryness.

30 ml of H,0 added. The aqueous solution was extracted
Toluene was added and coevaporated several times to remove
residual acid. The residue, in a small amount of CHZCIz’
was applied to an alumina column (1.5 x 27 cm, 30 g) wet

packed in CHZCI The column was eluted with MeOH : CH2C12

2°
(3:97). After the first 250 ml of eluate was discarded,
thé next 250 ml was evaporated to dryness. to §ive 0.2 g

(80%) of pure 49. This residue was "crystallized'" from

Etzo to give in two crops 0.122 g (49%) of 49.

This material had hp 152 -~ 156°; [a];h - b4 (¢
0.63,DMF); uv (MeOH : HZO [1:9]) max 260 nm (S'IS,Z/ ),

\ /
min 237 nm (e 7400) sh ~227 nm (€ 9500); nmr (DMSO-dg) &
3.19 (s, 3, 0CH;), 366 (m, 2, W2, W), 3.73 (s, 5, OCHj,

CH,), k.16 (m, 1, W*'), 4.70 (d of d, J = 7.3 Hz,

i 2'-1!
= 5.2 Hz, 1, HZf)’.S.yg (d of d, i3'-2' = 5.2 Hz,

g = 1-8 Hz, 1, #') 5.61 (br s, 9, 57-0H), 6.01 (d,
CRRPOR 7.3 Hz; I,-H]'), 6.89 (d, J meta-ortho = 8.6 Hz,

2, aromatic protons), 7.24 (d, J meta-ortho>= 8.6 Hz, 2,
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\ o
aromatic protons),.7.37_(br s, 2, 6~NH2)€ 8.16, 8.4 (s,
s; 1,1 Hz, Ha); ms (240*) m/e 429 (6, M), 399 (5,c), 398
(2, M-0CH,), 295 (18, s), 294 (6, w), 284 (1.;). zsq.(7{
M~COCH,00CH,), 264 (6.5, M-OCOCH,$0CH.), 234 (66, x), 232

(1, M-(OCH, + HOCOCH2¢OCH3)). 204 (1, y), 202 (16), 192

3

. (19, d), 190 (1, j), 177 (0.5, v), 176 (1.5), 173 (3.5, y-'

OCH,), 166 (3, HOCOCH,$0CH,), 164 (33, h), 162 (1.5), 149
(6.5, e), 148 (52, f), 146 (3.5.§4cocn2006n3). 136 (100,
B + 2H), 135 (54, B + H).

Anal. Calcd for C20 23 5 6 C, 55.9%; H, 5.k0; N,
16.31. Found: C, 56.08; H, 5.70; N, 16.h6, ;

™

'9—(3-Q-E-Hethoxybenzoyl~2897methyl-8~g~ribofufanosyl)ade-'

nine (51).
—_—

" To a stirred solution of 0.35 g (0.0924 mole) of p-
methoxybenzoic acid in 10 ml of dry EtOAc was addeh 0.48 ¢
(0.0024 molel of !.!‘-dicyclohexylcarbodﬁimide with ex~
clusion of moisture. This .solution was stirred at 24° for
I h and filtered into a stirred solution containing 0.3 g
(0.00058 mo}e) of h-!,g«dimetﬁylaminopyridlne. Thls solu-
tion was stirred for 7 days and filtered. The filter céke
was washed with EtOAc and the combined Et0Ac soiutlon was
washed with saturated aquedus NaHCO, { 50 ml) and H,0 con-
taining some salt (2 x 50'mi). The EtDAc solution was
evaporated to dryness, dissolved in a small amount of

-~

CHZCI2 (~5 ml) and brecipltated by addition to n-pentane

‘(IOO mi).
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The precipitate was dissolved in 25 ml of hot, aqueous
803 HOAc and heated for 15 min at 100* in an oi} bath. The
reactlon was then cooled and 25 ml of‘HzOvadded. _ThdL:qbeOQs
solution was extracted wi;h n-pentane (3 x 50 ml) and evaéq;-

ated to drynéss. Toluene-was added and coevaporated several

! _ .
times to remove residual acid. The residue was dissolved In

a small amount of MeOAc and applied tb a silica gel column’

3

(2.6 x 20 cm, 30 g) packed in MeOAc. iThe columﬂfwas.eluted

with MeOAc. After the first 280 ml of eluate was discarded,
~ .
the next 330 m! was collected and evaéorated to drynqss to '

give 0.123 g (58%) of crude 51. This!crude méierial,con-.
taining small amounts of impurfties,whs applied to a silica

| J . ( R
gel plate, developed three times in MeOAc and the appro- .

_priate band eluted. The residue was ?rystalllzed from EtOH
¥ 9 N

and H,0 to give 0.07 g (33%) of pure 51.

2 .
This material had mp 199 - 20Q°; fu];& - 145.0° (&J

0.33, DHF); uv (MeOH : H,0 [1:9]) max 261 nm (& 28,900), -
min 227.5 nm (c 4000); nmr (DMSO‘Q?) 63.24 (s, 3, OCHB), ‘

| 20 N
3.33 (br s, 1, 5'-0H), 3.76 (m, 2, H® , K> ), 3.85 (s, 3,

- :
0cH), 4.33 (m, 1, '), 4.81 (4 of &, Jy._y, = 6.8 He,

| . 2! j )
iz'-B', = 5.3 Hz, 1, H ), 5.7‘ (d of ',, :!.3._2' = 5.3 Hz, |‘\‘
Jyioge = 1R Mz T, 13'), 616 (d, 25,50 = 6.8 Hz, 1, K DS

7.11 (d, J ortho-meta = 9.2 Hz, 2, dromatic protons), 7.40
: ‘ ’ X .

(br s, 2, 6-NH,), 8.05 (d, J ortho-meta = 9.2 Wz, 2, aro-
o ]
matic protons), 8.21, B.48 (s,s; l.l;ﬁﬂz, HB); ms ezpo')

m/e Wis (1, W), 385 (6, c), 384 (4,M-0cK,), 281 (5, ).

sy,

Q

o
) 4

N “{.
‘el
A
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280 (3.5 M—co¢ocu3), 270 (0.5), 264 (0.6, M-0C09OCH, ), 249

(1.5, H-(0cH; + CO80CH,)), 23k (3.5, x), 233 (2, H-(OCHy +

0CO4OCH;)) ,. 232 (0.5, Mo (0CHy ¥ HOC04OCH,)), 202 (3.5), 192
(6.5, d), V77 (1,v), 176 (1), 174 (1), 173 (1.5, Y'OCH3).
164 (7.5,h), 162 (0.7), 152 (6, HOCO4OCH;), 148 (5, £), 146
l(l:-s-C0¢OEH3)l 145 (0.8, w-c0¢oc%3), 136 (31, B + 2H),

r35 (100, B + H).

| ' IR
1oHg Ns0g: € 54.93: H, 5.195°N,

16.86. " Found: C, 55.0“; H, 5.12; N, 16.48.

Anal. Calcd for C

Product (54) of treatment of 9-(B-D-xylofuranosyl)adenine
s P P - . ' = - :

(58) with SOCI, in HMPA .

A

The procedure described by Hogenkanp for preparatlon

of 5'- deoxx 5‘-chloro -ata- adenosnne [9- (5 chloro G-deoxy-B-
133 ‘

-

Q-arabinofuranosyl)adenlne] . was followed
To a stirred solution of 0.2 ml (0.0028 mole) of
SOCI2 in 2 ml of hexamethylphosphoramlde (HMPA) was added

0.2 s (o. 00075 mole) of 58. The solution was stirred for
12 'h at 2h° and b ml of HZO was added The resulting )
soluruon was applied to a column of Amberlote 1R-120 (H Y//
(1.5 x 10 cm)‘ The column was washed with 300 ml of H %
and the nucleosidic material was eluted hlth 0.1 N NH3
(aqueou;)f "The ammonlacai solutlon was concentrated to
Jho‘mi and ex;racted with CHCIB (3 x 50 ml) to remove

res:dual HMPA . The aqueou§ layer was evaporatétsto dryness

and 98% EtOH was added and coevaporated (2 x 20 ml) to

»
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remove residual HZO.’ The residue was dissolved in a small

amount of Hzo and EtOH and applied to two silica gel blétes.

The platgs were developed in SSE solvegt. The upper - band
(lower band was starting material) was eluted and eQapor-

ated to dryness to givePO.OB‘g (143) of a product (54):

This broducx had mass spectrum (Calcd for

35
CioMyaNg037 ¢ . 285.0629; Found 285 0639) m/e 285 (10.5, ").
. 250 (64, M-C1), 4zu9 (2, n-nc1), 236 (2, M-CH,C1), z3zg32
M-(C1 + H,0)), i94 (b, ), 178 (B2, 164 (70, h), 148

(9, f), 136 (91, B + zu), 135 (loo s + H); nmr (ohso d6

ozo) 6_3.77,(d of d, _5,_5",- Jl.o.y;, —5"h',' ‘7.1 Hz, 1,
5' ’ - 1 -

H? ), 3.93 (d of df dgu_sgs 1.0 Hzi~i5“_k, k.g Hz, 1,

- 3.8 Hz, J,

W'y, 4.09 (d of d, J - 1.6 uz; J

O 31 l . 3!- l
w3 ), 4.33 (d of d of d, Iy -3¢ 3 8 uz, —h'-S" = 4.9 Hz,
ih._5| - 7.] HZ,l ’ ), h 39 (t; Jz. = il' 3. - “6
Wz, 1, HZ'), 5.91 (d, jl'-Z' - 1.6 Hz, 1, ), 8.15, 8. 26

(s,s;1,1; Hz, Hs):'_v : o [

Comparison -of product (gif-with starting aterial (58)
£z M -

by rl.-l‘anénr‘spect_rbsgoﬁy -
(DHSO*g6-DZO) . L ' | | |
proton 54 . Xylosyladenine '_AG in Hz
50 3.77 359 e
PR . 3.93 - 3.79% -
B w33 0 has 17
3 -'4}09»' ko2 ~'7

20 . - k.39 k32 7

-~



K 5.91 5.84 7 3
2 " 8.15 8.15 "o
8 : 8.26 8.26 0

*
somewhat obscured by HOD peak, shifts obtained by compari-

son.of (DMSO-d ) amr with (DMSO-d ,D,0) nmr.

Also when the nmr (DHSO-26-020) sample of 54 was heated

- ]
in boiling HZO,.ngQ peaks appeared até 6.30 (s, 1, H' ),

8.&7,8_70(5,5; 1,1; Hz, He) indicating cyclonucleoside
formation.

Electrophoresis on Whatman #1 paper in 0,05 M sodium

borate (pH = 9) with 54 gave:

Cpds. _ Distance Hiarated‘Toward Anode in
. mote
xY‘bsyladeHine , 161 : Y
2'-deoxyadenosine \ 48
5h o bh
\
araadenosine ‘ ,/////ks . ™
adenosine — 140 .FHL“‘;;f,x:_E._“
1.5 kv ko - 80 mA 90 min

*

Paper chromatography .in the borate system gave:’

cpd. . _Rf
xyloadenosine | . hh
2'4dgoxyadenbsine . . .72 .



Thiy,

arabinosyladenine .59

adenosine ' .33
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4
|

|

Hydrolysis of 2'-0-Mesyl (34)-at Initial Concentration of 2.46 x IO-ZM
- | -

»

Using Method A

Time Tof 33 | ' k' x 105, sec”!
Min Rgmainlng
0 100 -,
60 8.8 3.9
120 77.5 "~ 3.58
180 72.4 b 2.99.
240 651 2.99
300 , 59.7 2.87
360 55.2 - ‘ 2.75
k20 48.9 2.77
480 I TR 2.77
660 34.8 2.66
1380 12.3 - 2.53

k' = 2.99 (+0.32) x 107 sec”!

w
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. l-‘a,_

2

o

k' = 2.68 (+0.12) x 10

5 secC

3

Hydrolysis of 2'-0-Mesy! (34) at Initial Concentratfon of 2.49x10 M
Using Method B8

, ) 5 -1
Time 2 of 34 k' x 107, sec
Min remaining

0 100 -
60 90.1 2.88

118 83.3 - 2.57

190 73.0 2.77
241 67.1 2.76 =°
300 61.3 2.71

A,

1357 13.1 2.49
1411 11.5 2.56 B
\ gy 1
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HydAronsis of 2'-0-Methy! (32) at Initial Concentration of 2.107x|0”2§1~

Using Method B

Time g of 32 K x 107 sec”!
min. - ' remaining ) \

0 . 100 | -

I , | 83.4 ’ 299

2 - 73.3 | I

3 61.1 274

4 53.5 ) 260

5 | EVE 252~

7 4§35, 249

s 25.5 2537 ¢

11.5 : " 18.2 : 247 ‘

14 - .3 | 231

i

k' = 258 (+ 13) x IO-S sec”I :
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Hydrolysis of 2'-0-Methyl (}_g) at Initial Concentration of 2.49x IO-zﬁ

Using Method B

Time 2 "of 32 k' x IOS, s‘c'ec-|
Min . remaining
0 | 100 .
] 86.3 , 246
2 . 741 - 249
3 63.6 ' 251
L “ s 253
¢ 46.6 v 212
.8 31.1 C a3
10 ) - 22,2 & 251
12 16.6 _ . 249

k' = 244 (+ 9) x 107 sec”!
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Hydrolysis of 3'-0-Methyl (17) at Initial Concentration of 2.49x 1072

Using Method B

Time  %of 17 | k' x 10°, sec”’

min remaining /
0. | ‘ 100 l -
.5 88.2 422
1.5 64.8 184
2.5 50.6 456
3.5 8.9 . . hso
4.5 30.8 437
5.5 23.1 n hhS
6.5 R 17.8 - - a3
9.0 ' ) 12.0 o 393

k' = hh1 (+ 18) x 1077 sec
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Hydrolysis of 3'-_(_)_—Methyl (1_7_) at Initiél Concentration of 2.50x|0~2_'1

Using Method B

-
Time 2 of 17 ok x 100, sec”
min remaining
KO | 100 -
.5 o 86.4 484
1.5 ' y 66.8 450
2.5 | k7.1 501
3.5 - 38.7 . A50
b5 | o 32
5.8 22.8 o A48
6.5 | | 17.6 - Y
7.5 ‘ <133 M8
8.5 ‘ o " A27

k' = 454 (+ 17) x IO-S‘ se’c-'
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Time
min

A
L . 4
Hydrolysis of 2'-0-Benzyl (47) at Initial Céncentra:ion of 2.M8x10 2N
Using Method B8 - \
3 of 47 - k! x‘laos, sec”!
remaining :
100 ‘ -
° : o g
84 . - 189
68 160
.6 N [
6.6 - 157
e L 12 -
9.92  .* 160 ,{
e A . -
\ N
k' = 164 (X 9) x IO-S:?;C-'
SN

e
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Lo e T AU o
tydrolysis of 2!-0-Benzyl (47) at Initisl Gencentration of 2.50x10 A -

Pl

A S T
i" '-v-58:6~ ?'
. e

oLt 3T -
T 29.7 . s 2 oo g

- '!r,. - ) - - ‘
160, (+8) x 107 sec” |

S _,.
- . Y N -
Using" B
..' . - Ll
.
_ %
,

Ly x'lds.sec-}
remaining o

wo -
83.0

" .’5‘7 Y ‘ § s

Y

4

@

it

"-23f2 S . Li

8t
13.33 .. . 160
CTse. BTN

' 1 ,
g K . 7

13

Pl
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;9 * . ) . . iv | .
2 Avdrolysis of 3'-9—-Benzy| ‘(ﬁ) at Initial Conge‘ntrat‘ion ofIZ.‘iSX‘O-z\ﬁf 7
r N P . ' ’ ‘ ' ' ' N » '\I.Q‘l‘

Using Mt hod 8 - N

Lo o
_» | —
07 e '
.o L Cage ®
. I N A 3197
. 289 ¥
\\ . <
Ly 262
\\ » , .
9 .t 26‘.‘
N s * '. A
, 115 . S 283

w

. z
i - N . , ‘ . \" . -'-
A : L
v - :

K'Y = 283 (+15) ;cﬂlots-,-sec.-l S B

“
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;K/ ’

. ¢
Hydrolys

"

|

is of

\
S

}._Q_-Ben_éyl (_‘ﬁ) at Initial ,Comntratign

A

-2

of 2.45x10 7 M

“ ‘ o . 5‘_;"“?2-{ :

.

Using Method B

N : 4.}.-' . . * ' .
¥ $ of h6

. ”'Q 0., " .

'i’-‘ '9&..5

.\‘

- ! -~
i

.\".‘“h Q. T

b 597 T T
5.6 -
T ALs

. .ﬁ 21,7

_l! “ \,._-M '5\' .‘ ‘\\

. 7. 10.8

‘I R ~N N . . '
T A T
k' = 277 (£#11) x 10 5 sec "

L}

. e
*"\'J‘ y:‘“"
g :

k' x ,_IO

5

b

DN -I
,Sec




By ~ . - . R L -

\ o ‘ 172.

e

A38) at Initial Cdncehtr_atlon of 2°.lo'8xlo-'zﬁ K

-

Hydrolysis &f 2'-0-Tésyl

. . ’ e . 3
Using Method A ' -

Time 2 of _3_8_ S k' x IOS, sec-|

mln_ o ini N °
| —— - M‘ . "a
," o ‘, "Om‘ .~“ . 'oo . ‘ N ' Y - ‘ JN )
120 . . . s 923 . r.mﬁ%
2o, REX OF LR -
k20" 0T s T e
b30 - . N 73:6 Lt 119
e ¥ ST ey L ,
1140 B A K
Toog - Coser T ey,

T80 ™ o 3me \ . .l.‘o}‘: |
2610 \ by 7.8 - a2z T
2700 BT 17.3 % ¥1.08

-

N N 4 _'_{_5 . _' .
k' =-1.10 (+0.05) x 10 sec . C
L. ’ - . - e

“
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-
Hydrolysis of 2'~0-Tosyl (_3‘3) at Initial Concent_{ation 2.50 x IP-ZM

L : : Using Méthod.A
o T - 5 .

Time ‘Y T of 38 . k! x ¥0°, sec
min. ° : remaining = —

0. S 100 v -
36 | 81.4 7 0.9

| : - o

375 ' 80.0 . 0.99
1560 ""' - . 38.9 Lo
1 P4

g %2
2760 g 15.9

& @\

2775 . S 16.2
2805 \ ' 16.4
2835 . 16.3

\ C -

2840 |, D ¢ 6.1

“ . ) M ' :
. b ., . ‘(', ‘,'-' . ’, N >

v K 105 (r0ith) x 107 sec”! - "

- -
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HYdleS% of 3'-0-Tosyl (39). at. Initial Concentrstion of 2.‘0?":'(“70‘._2_!1_

A Mrar 2

. .
. A A

' 5 -1
. k' x 107 gec

Using Method A

.
Time . ‘ % of 39 )*, N
o 4 ~ 00 N )
PR SR = TG L
120 X O Y LTS . - ho
180 - ‘ f_' '"65."0" - © 3.9,
o . ‘,.:-' 59g\i"'" B . ~. . ..J:6,5 R
L
| < W2 3.69
675" | 18.87 s ka3”

695 . | 17.6 ' k.16,
L _ ) " 368, 0 o«
. ‘

. \\\.'" Sb ’ ) x
. K™o39 (+0.25) & 107 sec”! : g

[
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&ydrolysls of 3'-0- Tosyl (39) at Initial Concentration of 2. 52x10
- :

AN

J | T Uslng flethod A .

Time: g & L ’1 % OP_Q ‘ k' x los,sec-'

remain!ng : .

o . ¥
L

. % »yf\l‘? .. ‘ ’T ” . ; . '?' - \ ”‘} é . - ‘
o . i . . E « .
. : “3 . P !
0 . e ahe 100 -, . | |

. ’, A VR K § . ' '3 9

o m W 3.55
o sl W
e ST e s

Tagoc a3y . 3.8

1440 " L " 2.5 .- _ 4.26

k' = 3.81 (+0.22) x 10 7 sec
.

b . : '
k) \

Lo
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»

Hydrolysis of 2'-0-Besy! (36 ) at Initial Concentration of 2.51 xlo-zﬁ
b A

Using Method B

Time : 2 of 2_6_ - k' x 105, sec’
min g} < 0}
3 rfmalning : A f g

o T | 100 R T
L J \\ i .
170 | 83.3" 178
' . 765 1.8
2.7 . 4&»’ |
69.7 SRR W
62.2 ' 188

430 '." | | 62.2 I . 1.65

600 D 4.3 .‘ 0 N
725 | 47.5 Yy 1.71

1530 o 2.7 o 1.53

1565 I~ 3. 1.55
1635 e we 200 - 1.6k
aes 23.0 | 1.46

' i 1 ‘
k' = 1.68 (+0.10) x 10-5' ‘sec-l

3



oA
Hydrolysis of 2'-0-Besyl (36) at Initial Concentration of 2.l

¥

-

Using Method B '

Time - “ % of _3_6_ v A k' x 10 sec.-l
min ¢ remaining ' f\& ) \
o i o . ., -
60 933 - 1.92
165 \  83.3 | : - 1.83
195 2 81.5 LTS
. : \ ¥
255 o 76. T 1.73 »
310 72,6 .72
580 5§ 1.95
600 - 53.2 B W £
820 | 4.1 ;- - 1.8L\
- 840 - we RN
1530 LT 22 ' ' 1.64
1560 » .20k ¢ L. 1.6p
et , ‘ - N ' g
. ' » :5 ) -I
k' = 1.77 (+0.08) x 10-" sec
. N N B 2

- s
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-

+

Hydrolysis of 3'-0-Besyl (37) at Initial Concentratio‘n.of Z.thlo-z M

Using Method B

L ’ o
.

Time ' % of 37 k' x 10°, sec '
min remaining E
0 ~ " 100 B \ (».5

30 90.3 . . 5.62

60 \" . 83.1 - 5.18

90 o 746 ' 5.42

125 K 66.8 _ & 5.5

155 ‘.;i‘- . ‘ll! 61.0 ; “5.32

180 3 6.0 _ 5.37

o v, :3 " N ' ‘ﬁ‘." .

210 D SRR 48.9 N 5.67

250 \ A1 o 5.45
300, | 37.8 5.40

330 | TR . 553
. - . -«

540 S 19 . . 5.97
o v 1Q ‘"¢ﬁ‘ . , SR 4 :
570 : - 15.7 o 5.4

[ » v ' .
810 896 | - bges .

-, ’ L o ‘\ ‘
' Ly =5 -1 .
- % _\—' k! = 5.37 (10.?1») x 10 sec' | {j :
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\

Hydrolysis of 3'-0-Besyl '(37) at Initial Concentration of 2.48 x 10-2!1 \

Using Method B

Time , X of 37 “ k' x 10°, sec”|

_""" remaining. s .
0 o ‘100 \ -

60 " 82.2 © L\ 5.k

90
120
150
180

210
240
270
1300
420

540

- - < . - -y
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2

Hydrolysis of 2'-0-Nisyl (40) at Initial Concentration of 2.53 x 10 M

-

Time
min

120
180
\ 405
1170
1200
- 9230
1380
545
800

2730

( N
2970

k' = 1.05 #0.21) 1072 sec

Using Method A

% of 40
remaining

‘100

8713
84h.2 -
0509
1 %3}éih;}' ot
513 g;,
4.6
w26
)

L

., 362

i 3.8
22.5 |

R .

»
-1

-.\ . .
, S
k' x l&illi"
. .q . )

., 0.92

-,



v vb. * K

1
v

Hydrolysis of 2'*.9_-Nisyl (40) at Ir:ltlal ‘Concent.ratlon of 2. 47 x 0

g

2

n

Using Method A

Time | . % of 4o

e \ remaining

o ‘7. o IOO V-
s0 7 T LN 162 .
s g ® oo @8 s

Q.

<’

o e Tma - 'f~‘-‘

o . L owe T
e . W30 |
s - # ama

2955 ¢ T . - vzzl7 e

\
3

5

u‘._
k' x 107, sec

2965 | 22,4 0.84-
. . : . i
DA : ' 4 _“‘ A o
@ Kkt e .86 (+0.07) x 10, sec | < T <7

e
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Hydrolysis of 3'-0-Nisyl (B1) at Inftial Concentration of 2.47 x 1072 N

. ' : , 182,

-

"

‘Using Method “A
P 1 d . d
&
_'a
,8€C.

Zof AN e Lk x10°

 remaining . ) - o
. ‘ "OO “' . | -
“ gga” BRI S
76.9 % 3.65

5 7','_6 T 309 -

62.7 & AU
s .. Team
, 52 PR | ) 291
B T Y ‘3'4:20“%,"‘
. zs:}L o oM o /»-/',2.9& -

T 266 RN 3.07
' R . R

L
Y X

.
Iy

l;/‘ ;{3.1‘-7 (:"_o.'lk) x IO-S’J sec-],",/

Ay

r : /o

[

o A ., « R .. ' .

, N : . .

» “ . S . -
N ) . : ' L o -
4 .. - - | . VA ""‘ Ca
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HydrolySis of 3'F-9-Nisyl (41) at Initial Concentration of 2.46 x lO-zﬂ~

Using Method A

Time ' 3 of 41 - k' x 107, sec !
min {' remaining ’
0 S 100 ) e -
130 : 82.4 2.42
210 ' 68.9 _d,// | 2.96
315 5.9 C 3.46
375 50. 1 - | 3.07
390 ' ' : 50.4 2.93
4os ke 35 .
13 B T 3.16
660 | . ‘ 28.0 ' 3.22
675 ‘ . 271 » \« ‘3.23
650 - _ 25.4 | | 332
T .-

i

N : k' = 3.09 (+0.19) x 10 ° sec"



A

of 2.49x10"

Hydrolysis of 2'-0-Aminosyl.(42) av Initial Concentratibn

Time
min

140
300
350
370
395
600
620
1420
1450

1500

1579

1790
1779

1785

2985

Using Method A

2 of 2
remaining .
oot
89.7
77.i‘
73.8 ‘
71.3

~

70.
58.
61.

~N W

24.2
21.8
21.9
17.7
18.1 -
15.7
19.7'
4.5

k' = 1.58 (+0.15) x 10

-5

-1

sec .

kl

1.46.
1.45
1.51
1.47
1.46

1.29

1,67

1.75
1.69
1.84
1.68 -
1.74
1.73
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Hydrolysis of 2'-0-Aminosy! (42) at Initial Concedtration 2..51'x!0‘.2:§. .

Using Method A M -
- | J .
Time . % of 38 , L k' x IOE','sec-I
mine remaining | .
o - . 100 . N -
. 180 N ey S s
. 345 g 7¢h - _ . 1.23
SLALTIN ‘ G 35 | ', ©1.69
* 1380 - © o270 . 1.58
| 1440 " 125.8 | *1.57
™ 1500 241 ) _ : 1.58
| 1770 . 20.6 1.49
1785 Q‘ | 19.0 \ 1.55

k' = 1.53 (+0.08) x 107 sec”'



_‘, Hydrolysis of_}'—g-,-'Aminosyl (_'0_3_)\

13
[

- -

186. -

* Time
. min’

» 100

120

150

- 180
240
285
®"
300

_ . 36Q..

575
580

~

100

k' = 4.61 (+0.09) x 10
\- - .

Using Method A

3of b3
remaining ©\

. . -~

©76.0.

71.2
66.7
1 60.2
50.5
4s.
s
\\
36.9
2.7

2l

-

at ln;étial C‘oncen’tratlon. of 2.'48x10-2r_1_ .
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Hydrolysis of 3'-0-Aminosyl (43) at Initial Concentration.of 2.48x 10 M

*

. Using Method A '
Time %of 43 k' x 10%, sec”!
min ' TR . !
\ ‘ rémaining .
0 . 100 | g S

120 IR 7.6 T s
150 ; 7.2+ . N
180 . '5.8.0 . ' 5.05
240 R ° 4. 94
320 . k2.5 | k.46

. . 38.6 ' " e.80
330 o 386 o _

350 | 37.2 .70 \\'

. e
390 ' 31.8 - 4.89
435 > 29.3 — k.70
450 8" 4.66
500 zg\z S s
530 23 . - 4,52
540 22.1 - k.66 .
sS4 . 23.0 4.50

K' = 474 (+0.21) x 107° sec”!
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/ | p ‘ S
o B ' . . ~

\ . )
Hydrdlysis of 2' Triflate (44) at Initial Concentration of 2.109x10,2_r1

Using Method A

-

Time b4 ' ‘ .2\ ~ ' R ’
min (A4) -  biproduct Adenine
.0 10%\\\ | ' 0 0 .
2.5 95.4° . 19 28 L
5 88.3 a b2 7.5
o 78.2. | 8.2 - 13.6
15 e 68.5] 11.3, 20.1
20 _59.2 " 12.3 27.8
25 53.6 2.9 33.6
30 w8 o 12.5 39.4
3 aa g 43.2 ¥
4o 37.9 ' 139 48.3
g0 2900 oo i
60 | 29.4 1.7 . '614 ?‘
80 15.3 9.1 o756
100 12.1 : 7.7 - 802
120 9.8 . 8.k o 81.8 'i%f
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Hydrolysis of 3' Trifléte (_‘ﬁ)' at Initial Concentration of 2.‘08x|0-21
Using Method A g
Time b4 S 4 3
min ("_5_) : ) biproduct . ) Adenine
| - -
) 109 , 0 | 0
1 76.9 | 10.0 f 13.1
2 63.5 14.8 | 21.7
3 k9.0 20.8 30.3
4 40.4 23.5 36.1
6 27.9 26.8 i 45.3
8 19.6 - 29.3 I
10 16.2 31,1 : 52.7
12.5 10.0 31.0 ~59.0
15 ) t.10.2 31.2 58.6



- " 190,

A

Mobility of Sugar Substituted Adenosine Derivatives

' on Paper Chromatography . )
- Rfs 4
” 3 LN

Abb;eviated - Compound "IPA/HZO/NH3 EtOH/H,0

-Name : Number
2'-0-Hethyl T 32 0,64 0.62
3'-0-Rethy]l 17 0.61 0.55
2'-0-Benzy 47 ' - 0.68
3'-0-Benzy! L6 0.68
2'-0-Mesyl 34 0.66
3'-0-Mesy! 35 0.68 | _
2'-0-Tosyl 38 0.82 0.72
3'-0-Tosy] .39 0.83 ° N\
2'-0-Nisyl 4o | 10.65
'3'-0-Nisyl 41 0.79 _ 0.71
2'-0-Triflate - ~ Lk ‘ \ 0.73
3'-0-Triflate 45 0.81
2'-0-Aminosy! 42 0.73
3'-0-Aminosy]l 43 6 0.74
3'-0-Triflate : ! .
Biproduct 53 0.70
2'-2-Triflfte .
Biproduct , 52 0.65
Adenine 1 . 0.55
Sulfanilic acid : 0.62

E]




