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ABSTRACT

A general procedure for the regioselective synthesis of 9-glycosyl
guanine nucleosides and analogues has been’ develéped. Treatment of
guanine 'with aqetic anhydride in N,N-dimetﬂylacetamide followed by
. 06-diphenylcarbamoylation | _and , 9-deacetylati0ri gave
Nz-acetyl-06-diphenylcarbamoylguan'me in 83% overau yield.
Trimethylsilylat‘i;n of N2-acetyl-06-diphenylcarbamoylg‘uanihe and
§gbsequent coupling with glycosyl acetates or a-haloethers in tolue’ne in-
the presence of trimethylsilyl triflate gave good yields of N9 substituted
guanines without detected formation of the N7 isomers. For exar;lple,
‘ :

‘the coupling of silylated Nz-acetyl-OG-diphenylcarbamoylguanine with
1,2,3,S-Fetra-g-acetyl-ﬁ-D-ribofuranose afforded a 91% yield of the
guanosine derivétive, which was depretected to give guanosine in 75%
yield. This procedure has been applied to the coupling reactions of
silyiated N2-acetyl-06-diphenylcai‘bamoylguanine with i.2,3,57tetra-
O-acetyl-D-xylofuranose, 1,2,3, 5-.tetm-_0_-acetyl-D-‘arabinofuranose,
2,3,5-tri-O-benzyl-D-arabinofuranosyl chloride,® 2-deoxy-3,5-di-O-
Q-toluoyl-a-D-erﬂhro-pem;t.'uranosyl chloride, and \(Z-acetoxyethoxy)-
methyl bromide to give the corresponding'Q-glycosyl guaﬁine nucleosides
and analogues. X-ray crystallographic analysi, of thé coupling product

from (2-acet¢dxyethoxy)methyl bromide confirmed the Os-attachment of



-

the diphenylcarbamoyl group to the guanine moiety. -

;,,p,complementary procedure has been found for the regioselective
P [}

synthesis  of 7-glycosyl guanines. Trigethylsilylation  of

~

Nz-acetylg'uanine followed by couplin 'cosyl iceta o8

1,2-dichloroethane in the presence of stannic ¢ Joride at™
temperature resulted in regioselective N7 glycosylation without
significant formation of the N9 isomers. Application of these conditions
to the coupling reactions of silylated Nz-acetylguanine with
tetra-O-acetyl-D-furanosyl derivatives of ribose, xylose, ana arabinose
gave the corresponding N7 guanine nucleosides. The N7/N9 selec;ivity
of these reactions was 15-20:1. Separation of the N7 glycosides from
the minor N9 isomers was achieved by column chromatography on silica.
Deprotection of the pure N7 isomers afforded the corresponding free N7
guanine nucleosides in good overall yields.
- s

13C NMR studies of our guanine derivatives have revealed that_t’he
C5 resonance peak of the N9 substituted guanines occurs at lower field
than 114 ppm and that of the N7 isomers at higher field »than 111 ppm.
The C5 resonance regions of the two isomers do not over.'lap.
“Therefore, the C5 chemical shift, alone, can be used as a diagnostic
index for differentiation between N7 and N9 guanine derivatives. The
fact that the C5 chemical shift is very sensitive to changes o. N7 and

N9 attachment and relatively insensitive to the nature of substituents on



the guanine moiety makes this method reliable for rapid determination of
the site of attachmeént of N7 and N9 substituted guanines. ¥

An indirect approach has - beeri utilized for the synthesis of

sugar-modffied guanine nucleosides to avoid the inherent difficulties

v
-

associated with direct transformations of guanosine. This approach
in;zolved three main steps: (1) a highly efficient chemical ‘conversion of
the experimentally unhcooperative guanosine to 2,6-diamino-9-8-D-
ribofuranos&lpurine, (2) sugar transformation reactions on this
2,6-diam_i'nop\u'ine nucleoside, and (3) enzymatic deamination of thé
sugar-modified 2,6-diaminopurine compoun@s 'to return to their guanine
counterparts. 2'-Deoxyg11ano§ine, 3';deoxyguanosine, 9-(2,3-dideoxy-
f-D-glycero-pent-2-enofuranosyl)guanine, 9-( 2-amino-2-deoxy-[34b-
arabinofuranosyl)guanine, and 9-B-D-xylofuranosylg'uahine have been

. . ‘ ¢ —
synthesized using this approach.

vii
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1. INTRODUCTION

- \

Nucleic acids are of fundamental importance in storing and
transmitting genetic information and controlling metabolism in living
systems. The discovery of nucleic acids was reported more than a
hundred years ago by Miescherl. He described the isolation of an
acidic material containing a relatively high proportion of phosphorus and
named it "nuclein". Altmzmn2 later pubiished a convenient and general
method for the preparation of "nuclein" and introduced"a new term
"nucleic acid".

- Nucleic acids are co-polymers of nucleotides tha'f consis‘t of three
bartST" {17 a heterocyclic base, (2) a pentose‘ sugar, ahd (3) a
phosphate residue. The combination of a heterocyclic base and a
pentose is referred to as a '"nucleoside", a term first fntroduped by

Levene and Jacobs3.

" In a macromolecule of nucleic acid, nucleosides
are joined together via phosphodiester linkages. .”'.,

There are two general types of nucleic acids occurring in nature:
(1) I‘A (deoxyrr;ibonucleic acid) in which all of the sugar residues aré
?-deoxy-D—ribose (Z-deoxy—D-emhro-pentose) and (2) RNA
(ribonucleic acids) in whjch all of the sugar residues are D-ribose. The
four bases commonly found in DNA are adenine, guanine, cytos‘ine, and
thymine. In» RNA, thymine is replaced by uracil (Scheme 1). DNA has
been found to be the primary genetic substance in nature, except in
cases of some viruses in which RNA takes its place.

The genetic information is coded by the chemical structure of

nucleic deids as specific sequences of the above mentioned bases along

gl
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the polynucleotide chain. Studies? of t{w macromolecular structure of
these nucleic acids have revealed that the DNA molecule ‘consists of two‘
polynucleotide chains; wound together to form a double helix. This
duplex hﬁ& specific hydrogen bonds between puriﬁe and pyrimidine base
pairs of guanine-cytosine and adenine-thymine.

DNA replication | occurs during cell division. The génetic
information is transmitted ' by the synthesis of complementary
pol{mucleotide chains using the existing paired polynucledtide chains as
templates.. DNA also controls metabolic processes in cef&., This is
realized by the gene-contrdlled synth;asis of specific enzyme¥ to effect
or alter these processes. Selective chemical inhibition of these
important biological processes in bacFerial-, virus-, or cancer-infected
cells is a basis of chembtherapy for these diseases.

Nucleosides have.proven to be a promising group of compounds in
the search for new antiviral and anticancer agents. Nucleosides and
their derivatives are required for nucleic acid biosynthesis, energy
metaboliém, and. coenzyme functions. The biological importance of
.component nucleosides and the fact that a number of nucleoside
analogues have shown good activity és antiviral or anticancer agentss,
have prompted considerable interest in the development of efficient new

—

synthetic approaches to these~ compounds. Through the efforts of

6-9 pave been established

many researaehers, a number of general methods
and applied successfully to the synthesis of a wide variety of naturally
occurring ngcleosidés and ang}ogues. However, applications of these

methods for ‘the synthesis of guanine nucleosides are often much less

satisfactory than in cases of adenine or pyrimidine nucleosides.
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Guanine nucleosides are major components of nucleic; acid:r of all
types. Historically, ) guanosine was . the first nucleoside to be
isolatedlo. It éave‘ guanine and a pentose on acid hydrolysisn.

Extensive structural studies— led to the conclusion that naturally

occurring guanine nucleosides are 9-f-D-glycosyl compoundslz’m.

Sugar-modified guanine nucleosides have frequently been
synthesized by condensation of a g:ﬁénine derivative with an
appropriately functionalized sugar. Specific chemical transformations on
the :sugar moiety of the intact nucleoside guanosil:le have also been

employed. The alternative approach14

» [N
glycosyl pyrimidine or imidazole with subsequent elaboration of, the
‘ -

involving the preparation of a

purine ring by cyclization requires more éynthetic steps and is rarely

used.

A. Syntheses of guanine nuclecsides via sugar-base coupling reactions’

Condensation of a heterocyclic base with a peracylatéd sugar is
operationally simple and convenient. It is the most extensively used
method for nucleoside syntheses. In practice, the reaction is perfprmed

by using one of the following general procedures.

a. The heavy metal salt procedure

The heavy metal salt procedure was developed early in the
nucleoside literature. In this procedure, the silver or mercury salt of
a heterocyclic base is condensed with a protected glycosyl halide in hot

xylene to afford the corresponding protected nucleoside.

*



15 achieved the first synthesis of nucleosides

Fischer and Helferich
using the silver salt procedure with 2,3,1,69tetm-g-aéetyl-a-D-
glycopyranosyl bromide. This procedure was later used by Todd and
co-work(’ersl3 for the first synthesis of guanosine (Scheme 2).
Condensation of the gilver salt of 2,8-dicl/110roadenine (1)  with
2.3,,f_)_-_tri-g-acetyl-D-ribofuranosyl chloride (2) fc;llowed by dea'cetyl'at‘ion
yielded 2,8-dichloro-9-p-D-ribofuranosyladenine (4). The 8’-chloro
"group was selectively removed by catalytic hydx'o‘geanvis. . Subsequent
deamination with nitrous acid followed by amination at the 2-position
. gave guanosine (Z)_. This synthetic compound was identical with the
natural product guanosine. Adenosine also was synthesized from (4) by

complete hydrogenolytic dechlorinationlﬁ.

17 employed the related chloromercury procedure

Shabarova ‘et al.
for the synthesis: of)‘ 9-B-D-glucopyranosylguanine  (13) u:sing
Nz-acetylguanine as the siarﬁng material (Scheme 3). Coupling of the
mercury salt of Nz-acetylgganine' (9) with 2,3,4,6-15tra-_Q—acetyl-a-D-‘
glycopyranosyl t;romide (10) was found to produce a mixture of N9 (11)
and N7 (12) isomers with B configurations at the anqmeric cemres. The
stereoselective formation of the p-anomers could ’t;e explained in terms
- of neighboring group participationle. Deprotection of the mixture gave
a 27% yield of the correspond_ing free nucleosides (13) and (14), from
which the N9 isomer (13) was isolated by repeated recrystallization.

This procedure was utilized by Walton and co-workers19 for the

preparation of 3'-deoxyguanosine. The formation of the N7 nucleoside

isomer was again, observed. ,
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Mercuric salts also have been used to N'silyl

Hilbert-Johnsen reactions. Bobek2? described the synthesi

guanosine derivatives via ‘a mercury catalysed silyl

reaotion (Scheme 4). Condensatjon of the silyl

was expected because of the absence of a participating groﬁp Aat the

2-position of the chloro sugar.

B!OCH, o C|
N

Silylation A (15)

o

Hg(OAc);

\rNHAc

—
p—)
(v}

~——

¥e)
w R

SCHEME ¢4

In addition to the chemical problems involving formation of side
products using this procedure, mercury contamination of the nucleoside
product is often a critical biological problem. Even trace amounts of

mercury in the product can lead to false positive cytotoxicity

Ag——
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conclusions. For these reasons, the heavy 'metal salt procedure is

seldom used in recent gyears.

b. The fusion procedure .

The so-called fusion procedixre was developed by Sato et al.21’22

It involves heating a heterocyclic bese with a peracylated sugar and a
Lewis acid catalyst.
Imai and co-wo:'kex's23 applied this procedure to the shthesis of

guanosine derivatives (Scheme 5). Fusion -of bf,Q-diacetylguanine (20)

0
HN)'I: 820 0. OAc |
\ 2 —
“"""k\nl > M —Q |
AC , . BzO (0]:}] A
(20) @)
(o] N
AcHN~‘4 | N\>
HN
J\ | \> HN N
AcHN \N + o
BzO o) 8:0 (o]
Bz20 082 8z0 08:
(22) B (24) B
(23) « (25) a

SCHEME 5
with 1-O-acetyl-2,3,5-tri-O-benzoyl-pB-D-ribofuranose (21) in the
presence of iodine afforded a mixture f acyl derivatives of guanine

ribusides in 51% crude yield. Complete separation of the reaction
} ..

. ' '
products was not achieved. The unexpected formation of a anomers

indicated that the fusion reaction did not follow Baker's irans rulels.
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24,28 in

Similar results were obtained by other investigators attempts to

synthesize guanine nucleosides by fusion reactions.

A more detailed study28

. on the product distribution in fusion
reactions employed' glycosylations of Nz-acetylg'ua‘nine with various fully
ac;tyhted sugers. The results showed that the anomeric confizunuon
of the starting sugar_had little effect on the product dhtribution. On
the other hand, there was constancy in_the ra%o of N9 to N7 isomers
observed in all the examples. This constancy also was apparent in
fusion reactions of ‘Nz-acetylg'uanine with 1,2,3,5-tetra-O-acetyl-B-D-
ribofuranose using different catalysts. These observations suggested
that the ratio of N9 to N7 isomers was dependent on the structure of
_ the base derivative, but was not affgcted by thé sugar or the catalyst
under the specified fusion conditions". Subjection of individual
nucleoside products to the fusion conditions was found to produce a
similar mixture of positional isomers and anomers. This product ratio
was’similar to that observed in the initial fusion reactions. Therefore,

it was concluded shat the product distribution in these fusion reactions

was determined by the the}mod'ﬁlamic stability of the products.

c. The silyl Hilbert-Johnson procedure
Modification of the original Hilbert-Johnson procedure with

alkoxypyrimidines by using silylated bases in nucleoside synthesis
overcame several disadvamages6 of the classic method and further
extended its applicability to the purine nucleosic . series.. Due to its

superiority over other methods, the silyl procedure has been developed

-~
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9,27-34

a8 a general method for nuclecside synthesis. Silylation

transforms the normally insoluble bases into silylated derivatives that-
are very soluble in organic solvents. This ensures that the
glycosylation reactions proceed in homogenous systems.

The silylated bases are readily obtained in near quantitative yields
by treating heterocyglic bases with conmrcinny available reagents such
es hexamethyldisilazane (HMDS), trimethylsilyl chloride (TMSC), or
N.Q}bﬂ'ﬂﬂmethylsﬂyl)acetamide (BSA). After the ' glycosyl
condensation is completed, the trimethyls'uyl' groups are 'hydrolysed
durling the aqueous work-up procedure. These. advantages contribute
‘to making the silyl procedure one of the best for 'nucleosi;i'e synthesde.

In guanine nucleoside synthesis, the most frequently used base
components have been N2-subst1tuted guanine derivatives since these
compounds are more soluble than guanine and therefore undergo

2--substituent improves the

silylation more readily. Furthermore, the N
solubility of the nucleoside product and thus facilitates the work-up
procedure. ua:ine and its N2-substituted derivatives are usually high
melting com unds that often decompose before melting. They are
almost compfetely insoluble in most solvents. In contrast, their silyl
derivatives are viscous oils that can‘ be distilled in some cases35. They
are very soluble in mbst aprotic solvents. |

The sugar ({ompohents used in coupling reactions are usually
peracylated glycosyl halides or acetates. Glycosyl halides are very
reactive a-haloethers that permit generation of stabilized sugar c. .uns
under mild coupling reaction conditions. Oh the other pand, direct SN2

displacement of the glycosyl halogen atom by lone__-ydir electrons of the -



N 12

heterocyclic base is also possible. The amorphous furenosyl halides are
rather unstable and decompose on standing. Hence, freshly prepared
material is required for each condensation. The 1-Q-acetyl sugars .m
much more convenient to use because they are quite stable. Some of
them can be ¢rystallized readily and are commercially available reagents.
Under coupling reaction ct;ndmom. the 1-Q-acetyl group rgacts with
the catalyst tom generate a glycosyl omtion that is attacked by the
heteronygl}c base to form a nucleoside.

dependent upon the structure of the sugar component. Baker et af.la
note;l that when a participating group is present at C2 of the sugar
component, the nucleoside is formed with a Cl1 to C2 trans
configuration. The exclusive formati:m of the trans product was

rationalized by the formation of an acyloxonium ion intermediate (28) by

participation of the adjacent 2-acyloxy group (Scheme 6). Attack of

RCO R x) RC 89

X
——— —eee
*\,/o
RGOO  OCR RcoO o—¢
\
° R
(26) (27)
' B
8
RCO / RCO 0
@
RCOO  O-xg RCOO  OCR
0
— (280 ® (29)
X = CI,Br, CH,COO
SCHEME 6 R\
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the heterécyclic base ' at Cl1 gives the nucleoside with Cl1 and C2
substituents trans to each other. However, if the glycosyl component
is a 2-deoxy sugar or. bears a nonpart.icipating group at C2, control of
the anomeric configuration is usually lost. A mixture of nucleoside
anomers is ordinarily produced presumably via attack of the heterocyclic
base on a sugar Jcat’“ion -analogous to (27) from either side, or by direct
‘SNZ displacement" ogat C1 of the anomeric mixture of gylcosyl halides.

Wright and Dudycz36 have recently apr;l.ied the silyl gngcedure to

the synthesis of N2-(R-_rl-butylphenyl)guanir}e nuclggside (Scheme 7).

Coupling of’ silylated ,,NZ-(p_-g_-butylphenyl)guanine ( with 1,2,3,5-
tetra-O-acetyl-p-D-ribofuranose (31) using trimethylsilyl triflate as
catalyst gave a mixture of N9 (69%) and N7 (11%) positional isomers.

The anomeric configuration of both products was found to obey Baker's

« .
o) OAc s
TMSTS
AcO OAc
’ (§_l) v
a-Bu NN N
YIS
HN N
+ 0
AcO 0.
AcO OAc i AcO  OAc

152) 69% » . (33) 11%
TMSTt = CF,S0,SiMe,

SCHEME 7
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trans rule. Mechanistic studies of the glycosylation reaction showed

that the 7-8 isomer “(33) was fot';xe‘d firs# and was subsequently
isomerized to the more stablé 9-8 compbgngi (32). A mixture of 9-f ahd
7-B isomers was obtained after a few hors with, an isom'ericmatio of
70-80:5-15. A similar mixture of 9-f an(; 7-B isomers was obtained upon
subjec{ion ‘of each pure (9-p or 7-B) isomer to the glycosylation
conditions. This N9===N7 interconversion is characteris'* for guanine
nucleoside syntheses effected at elevated temperatures . -1 =~ lts in an

equilibrium mixture of plz'oducts.s’38

The yield of a pe~ 1@s.ar isomer
under these conditions is dependent on the relative stability of that
product’. A 17,9-bis(ribosyl) nucleoside, which was Jisolated as a minor
product of the glycosylation reaction, was postulated as an intermediate
in the N9=—=NT7 interconversion37. This was supported by the fact
that the use éf a two-fold excess of suglarv in the glycosylation mixture
accelerated the conversion of N7 to N9 isomers.

Coupling of the same base (30) with 2-deoxy—3,5-di-g-p-téluoyl-
a-D-et_'yihro-pentofuranosyl chloride (34) allowed isolation of one a- and
two B-a;lomers of the N7 and N9 isomeric 2'-deoxymucleoside pr'oducts36
(Scheme 8). The formation of a-anomer was expected because of the
absence of a C2 participating group.

Applications of the silyl pfocedure to the synthesis of other

guanine nucleosides have been 1'<epor'ted.31’39'42

The formation of N9
and N7 positional isomers was usually reported for these coupling

reactions.
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SiMe,
Ly + -—
~Bu 4 'n‘ \N N Cl
SiMe,  SiMe,  P-TolO L
(30) (34)
. o] N N
- n-Bu HN~Z
HN Ny @ \é IR
I ) HN- N
a-Bu; N~ N
H + 0
HO o) *HO 0. .
;
-~
HO _ HO
(35) (36) B
(37) «

l

SCHEME 8

d. The "Friedel-Crafts procedure"

Since many coupling reactions involve attack of a sugar cation on

. an aromatic heterocycle, Friedel-Cmfts catalysts have been evaluated

43

and found to be effective. Furukawa and Honjo ° studied the coupling

2

of N -octanoylguanine (38) and Nz-palmitoylguanine (39) with 1,2,3,5-

tetm—Q:;;éiyl-ﬁ;D-ribofuranose (31) in chlorobenzene in the presence
of aluminium chloride (Scheme 9). These reactions afforded guanosine
in 36% and 66% crude vyields, respectively. Only a small amount of
minor product was detected in the mother liquor. Its UV spectrum
corresponded to that of 7-methylguanine.

A few years later, Lee et al.44 attempted to apply this procedure
for the preparation of - "xylo-guanosine" derivatives  using

2

'Nz-palmitoylg'uanine (39) and N°-nonanoylguanine (40) (Scheme 10). It
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‘was reported that Nz-palmitoylguanine gave a higher ratio of Né to N7
nucleosides than N2-nonanoylguanine. " This is surprising because one
would expect that the bulkier group at the N2-position would hinder the
N9 position more than the N7 position. Moreover, it was found that
a-anomers were formed in amounts %ivalent to those of the f-anomers
for both the N9 and. N7 isomers and both YNZ-acylguanines. A
substantial improvement in the ratio of B-anomer. (a:f=1:4) of the NS
isomer was realized by slow addition of the sugar (41) to the preformed

2

complex of N®-nonanoylguanine and aluminium chloride. However, the

anomeric ratio of the N7 isomer remained unchanged“.

Using tie same procedure, treatment of Nz-nonanoylguanine with

1,2,3,5-;etra-g-acetyl-D-arabinofumnose afforded some N7 nucleoside

44

5}
with the ‘N9 isomer as the major product The a-anomer was
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(42) ‘ - (43)
SCHEME 10

4
predominant for both the N9 and N7 isomers. The reaction with the

preformed complex of Nz-nonanoylguanine and aluminium chloride did
not alter the anomeric ratio of the nucleoside products. Although these
e,xper"imemal results are difficult to interpret, it is clear that the

product distribution is affected by the structures of the base and sugar

used.,

[ 35

e, Trimethylsilyl triflate and transnucleosidation

In addition to the nature of the base and sugar derivative used in
coupling reactions, the nature of the catalyst is important fgr the
outcome of nucleoside syntheses; ‘

Trimethyl‘silyl’_' triflate, which was— introduced by Vorbriiggen‘ et

,30'34 was found to be an excellent -catalyst for the silyl

¢

al.



18

A}

Hilbert-Johnson reaction. It results in formation of higher ratios of the
natural nucleosides that are more 'thermodynamically stable than other
positional isomers.. The use of this catalyst also facilitated the work-up
procedure in comparison with stannic chloride catalysed silyl
Hilbert-Johnson reactions, in which the formation of emulsions was often
‘encouyntered . ;

Studies also revealed . that trimethylsilyl triflate catalysed the
cleavage of some nucleosides with rearrangement to the more stable
isomers31. This led to applications in transnucleosidatioh reaétions in
which the sugar moiety of a pyrimi'din; nucleoside was tra;igferred to a

purine base. I[mazawa and Eckstein45 applied this method successfully

to the~syntuhesis of 2'-amino-__2'-deoxyg’uanosine (45) (Scheme 11).

N
HO 0 + ”")j:\
| RHNJ\\ | ﬁ>

N
HO NHCOCF; (39)
(44) o
N
HN
MSTf NH, E H N N
— — N
BSA.CH,CN CH,OH HO (o)
HO  NH,
(45)
. -~ OSiMe,

BSA = CH,C=NSiMe,

"R = cH,(cH,),co-

SCHEME 11
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Treatment of the uridine derivative (44) with  silylated
Nz-palmitoylguanine catalysed by trimethylsilyl triflate gave the desired
N9 guanine nucleoside (45) in 60% yield after deblocking. This was

46 which required several steps to get the

\;) «superior to a previous method
modified ngar from an azidouridine derivative.

In another example“, the sugar moiety from a cytidine derivative

(46) was transferred to N2-ac'ety_lguanine in the presence of

trimethylsilyl triflate (Scheme 12). The yield of the 9-8 nucleoside (48)

was 66%. A minor product (- 2%) was assumed.to be the N7 isomer

from its UV spectrum.

NHAc
.N/ |
OSiMe,
AcO 0.
. + Ac'-‘J\\N N>
. t
SiMe,  Sime,
AcO OAc
, (47)
(46)
o
N
HN \>

) N
TMST¢ ACO—] o. |

SCHEME 12
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Transfers of certain other sugar moieties".‘l’,‘?8 to the N9 position of

Nz-acetylg'uanine were less satisfactory since.the N7 isomers were
produced in considerable amounts (lScheme 13).
Mercuric bromide and stannic chloride also have been used to

49 )

catalyse transnucleosidations ~, but the results were nof {as good as

those with trimethylsilyl triflate. These transnucleosidation reactions
clearly demonstrated the reversible nature of nucleoside syntﬁesis by

L4
sugar-base condensations.

f. Syntheses of "acyclic guanine nucleosides"

In reéerit .years, a number of acyclic nucleoside analoéues of
2'-deoxyguanosine have beLn shown to possess a high degree of
potency and selectivity against viruses of the herpes group. A typi‘cal
example is 9-[(2-hydroxyethoxy)methyl]guanine (acycloguanosine,
acyclovir)}. It contains an acyclic side chain which mimics the
carbohydrate portion of natural nucleosides. Acycloguanosine is quite
nontoxic to uninfected host cells, but it shows high antiviral activity in
cells infected with herpes simplex viruses (HSV). This selective
toxicity is éttributed to phosphorylation of the acyclic nuéleoside to -

. monophosphate in ihfected cells by HSV-coded thymidine ki*—ne
Subsequent phosphorylation to the di- and triphosphate leve:

effected by host cell enzymes. The acyclic nucleoside tripﬁospx.»ale
interferes with HSV replication by inhibition of the virus-specified DNA

50

polymerase These findings have prompted tremendous efforts in the

chemical synthesis of related acyclic nucleoside analogues. Examples of
synfheses of certain acyclic guanine nucleosides are given in References

%

50-75. .
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Generally, the synthesis of aE;CUC nucleosides can b‘e achieved by
alkylation of a base derivative. The use of alkyl halides (a-halo-
ethers) is practical since they are reactive but fairly stable for
storage. The corregponding alkyl acetates are less reactive under
coupling conditions and requir.e a Lewis acid catalyst. Reactions with
alkyl halides (a-haloethers) may proceed via direct SN2 displacement
rather than by formation of an alkyl cation-

The silyl procedure has been employed extensively forz\bhe

91-57

synthesis of acyclic nucleosides. Ogilvie and co-wox‘kers52 applied

this procedure for ‘the preparation of 9-[(1.3-dif1ydroxy-2-
propoxy)m.ethyl]g'uam'ne, which is the most potent antiherpetic member
in the group in certain systems (Scheme 14). Condensation of silylated
N2-acetylg'uanine with (1,3-dibenzyloxy-2-propoxy)methyl chloride (56)
afforded a mixture of blocked r}ucleoside analogues with a N9 to N7
ratio of 1:1. Under similar conditi:)ns, the condensation using Silylated
guanine in place of silylated Nz-acetylguan.ine gave N9 and N7 isomers
in 41% and 11% S'ields, respectively. The tedious step in this route was
the silylation of guanine, which required four days at reflux in
hexamethyldisilazane to complete. Separation of the positional isomers
was difficult owing to their similar chromatographic mobilities in’
solvents investigated. It was found that after deblocking they could be
separated by repeated recrystallizationsz. :

The fusion procedure also has been used for the synthesis of

58-60,72

acyclic nucleosides. The previously noted disadvantageous

formation of anomeric mixtures with this procedure is not a concern
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L 0 | .
HMDS  (BnOCH,);CHOCH,CI
'1 | \> > —
| (56) |

AcHN~ 2N Ny

U L
AcHN \N - 0
+ 8n0O O

BnO ' BnO
(57) 28% " (58) 28%
HMDS = (Me,Si),NH
' 7,
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here since most acyclic nucleoside analegues do not have a chiral centre
at the site of attachment to the base. Therefore, a simple mixture of
N9 and N7 pUaitional isomers is expected fmm the coupling of a guanine
derivative under fusion comditions. | |

z described 4 new gpproach to the

Recently, MacCoss et al.6
synthesis of an optically active acyclic nucleoside, (S)-9-12,
3-@1}1ydroxy~1-propoxy)methyl]guanine (64), starting from the readily
available methyl 2,3,4-tri-O-benzyl-a-D-glucopyranoside (59). This
approach utilized the -chirality of CS5 of D-glucose to give a single
enantiomer ‘(6_4)‘ (Scheme 15). The glucose derivative (33) was
chloromethylated and subsequently coupled with the sodium salt of
Os-benzylguanine to .afford the v, guanine nucleoside (62) after

debenzylation. Periodate oxidation followed by sodium borohydride
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reduction cleaved the glucqse ring and gave the acyclic derivative (83),
which upon acid treatment provided the desired (S)-enantiomer (684).
The ($)-enantiomer showed ° broad-spectrum antiviral activity whereas

the (R)-enantiomer is inactive.

It is noteworthy that an O -protected guanine derivative was used

in the coupling reaction. After chromatography, the desired N9

6

product (61) was obtained in 43% yleld. Since O -protected guanine

derivatives are rarely used in coupling reactions (probably due to their

unavailability), it would be interesting to eValuate the influence of the

Os-protecting group on product distributions in coupling reactions.

However, in this case, the side products of the coupling reaction were

not reported. 62

During the preparation of this thesis, a communication by Kjellberg

75

and co-workers claimed regiosélecdve N9 alkylation of

08-(p-methoxyethyl)guanine with a N9 to N7 ratio up to 15:1.

g Syntheses of guanine nuciestides from 2,6-disubstituted
4
Direct condensations- of guanine or Nz-substi;uted guanines with

peracylated sugars normally lead to mixtures of N9 and N7 positional
isomers. Further complication by formation of anomers is also obsefved_
in ;mny cases. Separation of these positional and anomeric isomers is
usually difficult because of their amphoteric nature, limited solubility;
and similar chromatographic mqbility. Therefore, indirect approaches
have been explored to avoid these disadvantages.

Indirect approaches have involved condensations using
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2,6-disubstituted purines other than guanine or N>2-protected guanines
and subsequent chemical conversions of the 2,6-disubstituted purine
mojetx to guanine. Such approaches have employo'd 2,8-dichloropurine,
2,6-diaminopurine, and 2-amino-68-chloropurine. |

Reist and Goodu\m76

Have prepared
9-(B-D-arabirofuranosyl)guanine (70) from 2,6-dichloropurine (85)
(Scheme.  186). Fusion of  2,6-dichloropurine  (85)  with
1,2,3,5-tetra-O-acetyl-D-xylofuranoee  afforded the desired N9
nucleoside (66). Subsequent treatment with methanolic ammonia resulted
in replacement of the 6-chloro by an amino group and concomitant
removal of the acetyl groups. kfter multistep tmnsformtiém of the
sugar moiety from ‘xylose to arabinose, the' resulting nucleoside (68)
was deaminafed with njtr?us acid to give 2-chlorohypoxanthine
arabinoside (69). Aminolysis of (69) at elevated temperature effected
repilacement of the 2-chloro by amino to affhrd the targeted —g'uahine
product. '

Davoll and Lowy77 'employed 2.6-dfaminopurine as a guanine
precursor in the synthésis‘ of gﬁanosine (Scheme 1l7). .”Conversion of
2,6-diaminopurine (fl_l) into 2,6-diacetamidopurire (72) was followed by

- . \

forxqation of its mercyry salt. This was condensed with
2,3.5—tri-_Q-acetyl-D-ribofumﬂb§;rl_ chloride to give the desired N9
nucleoside (73). Treatment of (73) with methanolic ammonia at 0°C
prefqrentially removed the acetyl groups from the sugar moiety and the
6-amino group. This was the key step that allowed discrimination
between _the two acetamido groups. Deamination at the 6-position

followed' by removal of the remaining Nz-acetyl group gave guanosine.



Later,

\ syntheéis of 9-[!-D-ribopyranosylguanine78

.21

-~ (} !

the sam® ;eaction sequence was applied successfully for the

ribofuranosyl) guanine'z-9 .

HNO,

and 9-(3-amino-3-deo_xy-B-D-
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" nucleosides resulting from selective deamination at the 2-position.

29

With unprotected 2,6-diaminopurine nucleosides, chemical

deamination with nitrous acid gave only isoguanine (6-aminopurin-2-one)
77,79

)

However, exclusive deamination at the 6-position was effected using the

enzyme adenosine deaminmse (ADA) to give guanine nucleosides in high

yields. 67,80-82 Thus, 2,6-diamino-9-{ (1, 3-dihydroxy-2-propoxy)-

methyl]p‘u}iné‘ (75) was converted to the corresponding guanine

counterpart (76) in near quantitative yield67v(Scﬁéme 18). - Adenosine

deaminase also was used to effect hydrolytic replacement of

6-substituents besides the amino group, such as chloro and methoxy

groups to afford guanine nucleosides.56‘81'83

NH, o
N7 ; HN Ny
M,N \N I N\> ADA H‘,NJ\\N I >
HO—‘<0\I « H°-|<°\l
HO HO
(75) ¥ (76)

P
3
- | !:} ’ —

ADA = Adenosine Deaminase

i
&
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Another useful gu"'anine precursor is 2-amino-6-chlobopurine. Lee
and Tong84 prepared 3'-deoxyguanosine (81) startinguwith a-derivative

of this base (Scheme 19). Condensation of the mercury salt (77) with

Ci 820 o. CI ’

r’d
N Q + -
AcHNA,
N HgCl 0Bz
(77) (78)
’ LIERN ’
cl SCH,CH,0H o)
. N ' N N
N> N~ HN
IQ f\/'i 0 ﬁb
AcN” N7 N AcN” N7 N ) H,N7 N7 N
BzO o — | B20§" _Q HO o
%
o8Bz VY \ oez: . OH
7/
(19) (80) (81)
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chloro sugar (78) yielded the N9 nucleoside (79). Thisl‘ intermediate
was converted to 3'-deoxyguanosine by treatment with metha‘nolic sodium
methoxide and 2-mercaptoethanol, which effected overall hydrolysis of
tne 6-chloro group and acyl deprotection.

“2-Amino-6-chloropurine appears to have general applicability for

the synthesis of N9 guanine nucleosides and analogues and has been
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used by a number of researchers.52’56'66’85:89

However, it is
<

expensive and sometimes suffers from lower yields unless mercury salts

are employed. Less generally applied syntheses of guanine nucleosides

from other purine derivatives such as 2-chloro-6-iodopurine,64

30 6-ber;zyloxy—2-flouropurine91 , and

6-amino-2-methylthiopurine,
6-amino-2,8-¢:lichloropurinel3’92 have also been reporte'd., .
Unlike the coupling reactions ‘with guanine or Nz-substituted

guanines, condensations with 2,6-dichloropurine, 2,6~diaminopurine, or

2-amino-6-chloropurine afford N9 nuc‘leosides in good vyields withc?pt

. L | .
significant formation of N7 isomers. Reasons for the absence of the .N7;

isomers are not apparent. Perhaps such N7 substituted comﬁounds
ha;re limiteql stability.' Although thes/b indirect approaches yield N9
guanine‘ nucleosides, they suffer from the high costs of these
2,6-disubstituted purines and the subsequent steps required to produce

the guanine base.

-

B. Syntheses of guanine nucleosides via chemical transformations

In addition to sugar-base coupling reactions, sugar transformation

chemistry with intgct nucleosides has proven to be another powerful
method? for the synthesis of nucleoside analogues with modified
carbohydrate moieties. However, transformations on the sugar portion
of guanosine are much more difficult experimentally in comparison withr
such reactions on most other naturally occurring nucleosides. Poor
solubility and sell association (gelling) in various solvents, and the
absence of convenient isolation and purification techniques are serious

practical problems. The guanine base undergoes side reactions with a

[Al
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number of reagents that are used for sugar transformations. These
problems often contributg to lower yields for modified guanine
nucleosides in parallel transformations. Also troublesome is the failure
to isolate and purify the transformation kproduc':ts as a result of gelation
duriﬁg attempted recrystallization. ’Therefore,‘ syntheses of guanine
nucleosides via sugar transformations on guanosine have proven to be

of limited ;ppﬁcabihty.

a. 5'-Modified guanine nucleosides- ‘

In order to introduce the desired modification at a specific
position of the ‘ribose moiety of a nucieoside, select‘ive protection of
other hydroxy groups is usually necessary. The 5'-OH as a primary
alcohol ‘differs greatly in reactivity from the 2'-OH and 3'-OH.
Therefore, selective class protection can be achieved easily. Selective
protection‘ of the 2'-OH and 3'-OH is achieved via formation of
2',3'-0-isopropylidene dez:ivatives. | Many 2',3'-O-isopropylidene
‘n'ucleosides are commercially available reagents. Various 5'-substituteav
nucleosides can be prepared readily starting with them. This can be
illustrated by ‘the synthesis of 5'-deoxyguanosine (86) (Scheme 20).93
C;)mmercial 2',3'-O-isopropylideneguanosine (82) was tosylated at the
5'-position to give (83). Displacement of the tosylate function from
(83) was effected with sodium ethanethiolate.  After successive
deprotection and desulfurization,, 5'-deoxyguanosine was obtained in 18%

overall yield.
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(82) ,(8_3_) (84)
G
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HO OH HO OH
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Displacement of the 5'-tosylate (or similar leaving groups) from

4 nitrogen,95 or halogen96 nucleophiles

(83) with other external sulfur,9
has been reported teo give the cprresponding 5'-alkylthio, 5'-amino, and
5'-halo-5'-deoxy§uanosines. Displacements with internal nucleophiles
have resulted in formation of N-3,5'- an_d X-8,5'-cyélonucleosidgs,.97'103

Nucleoside 5'-aldehydes are rather difficult to prepare ar;d purify
dueA-;o&\eir inherent instability. However, a reasonaﬁly satisf‘actory
solution to this probiem has been developed using the Pfitzner-Moffatt

104 .1d by manipulation of 1,3-diphenylimidazolidine!®®

oxidation method
derivatives as protected aldehydes. Unlike most conventional oxidation
methods, the.Pfitzner-Moffatt method uses dimethyls’ulfoxide_(DMSO)'\"and

dicyclohexylcarbodiimide (DCC) as oxidants and oiddizes the 5'-OH to
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the aldehyde level without overoxidation. Isolation and purification of
the free aldehydes have proven to bg extremely difficult. The
5'-aldehydg -under‘g‘oes partial epimerizatior; at C4' and elimination of
the C3' functional group readily. Conversion of the aldehyde to its
1,3-diphenylimidazolidine  derivative, allows isolation by direct

105

crystallization Upon mild acid treatment, the aldehyde function is

regenerated. Using this approach, guanosine 5'-aldehyde’ has been
prepared.
For the preparation of nucleoside 5'-carboxylic 'acids, direct

oxidation of the free nucleoside by oxygen with platinum catalyst has

been successful. Guanosine 5'-carboxylic acid has been synthesized in
106,107

23% vyield using this method. Chemical oxidation of 2',3'-
protected nucleosides with alkaline potassium permanganate is a useful
alternative for many nucleosides. However, it has been reported to be

unsuitable for guanosine derivatives.108

b. 3'-Modified guanine nuclecsides

Chemical conversion of guanosine to its 3'-modified derivatives is

difficult to accomplish due to the ‘lack of an efficient method for
seleétive derivatization of the 8'-OH. Mengél and Muhs 109,110
achieved the p_reparat‘ioﬁ of 3'-deoxyguanosine .'via a 3'-halo
intermediate (Scheme 21). .Treatment of the orthoester (87) with
pivaloyl chloride and sodium jodide in hot pyridine gave an isomeric
mixture of traus iodc;ééters (89 and _9_9) via the acetoxonium ion (88).

Conversion of the isomeric iodides to the corresponding deoxy

derivatives was effected by catalytic hydrogenolyéis. The overall yields
, -
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of 3'-deoxy- and 2'-deoxyguanosine were 25% and 2%, respectively.
T.reatmem of the trans hydroxy iodide (91) with base produced the
epoxide (94). This was opened with boron trifluoride etherate to afford
the xylo derivative (95) via migration of the 5'-pivaloyl group to the
3'-position. Epoxide _opening with sodium benzoate in a hot
methanol-water mixture led to - the formation of the
N-3,3'-cyclonucleoside.

Treatmeht of free nucleosides with a-acetoxyisobutyryl bromide
afforded an isomeric mixture of nucleoside 2',3'-bromoacetates via a

111-114

similar mechanism. Reaction of this mixture with zinc-copper

113,114

couple gave the 2',3'-unsaturated nucleosides. Guanosine and

adenosine were converted to the corresponding 2',3'-unsaturated

nutleosides in 47% and 81% yields, respe'ctively.114

Considerabls effortus-122 ‘has * been directed towards the
development of chemical reactions that will discriminate between the
2'-OH and 3'-OH groups to give regioselective protection. Ogilvie et

117

al reported procedures that claimed highly selective silylation of the

2',5'- or 3',5.'-OH's of ribqnucleosidesf The procedures also claimed
selectiv; silylation at either the 2'- or 3'-position of 5'-O-dimethoxy-
tritylribonucleosides. In the case of uridine, higher than 90% yields of
the 2',5'- or 3',5-disilyl nucleoside were reported. However, when this
procedure was applied to guanosine or its N2-acyl derivatives, the
selectivity was very poor. Yields of the desired disilyl nucleosides
were lower than 60%. Derivatization of | the 3'-OH of the

2',5'-diprotected guanosine (97) was reported to require 70 hours to

accomplish (Scheme 22)123. During this extended reaction period,
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isomerization of the silyl groups occurred and a mixture of 2'- and
3'-acyl derivatives was obtained. Using this sequence, the three-step
transformation afforded the 3'-deoxyguanosine derivative (100) in 8%

-
overall yield.

c. 2'-Modified guanine nucleosides

Chemical transformations at the 2'-position of ribonacleosides have
proven to be more difficult thap analogous reactions at the 3'-position.
Both electronic and steric factgrs make the 2'-carbon more resistant to
nucleophilic displacement. He}\ce, better leaving groups are required

for. activation of the 2'-OH. 2'-Tosylates have been a popular choice

owing to their availability Sm regioselective tosylation. The méthod124

for selective 2'-tosylation {nvolves the use of di-n-butyltin oxide as the
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activating reagent. Utilizing this method, 2'-Q-tosylguanosine (102)
was prepared in 48% yield (Scheme 23).125 Nucleophilic attack on
tosylate (102) using sodium azidei yielded the azido-nucleoside (103),

which was hydrogenolyzed over palladium. The overall yield of the
amino-nucleoside (104) was 4%.

"~ HO— _O__ G Hoo o @
' .Buzsno TsCl
—

HO OH L. H OTs
uBu nBu

' (102)

. H,N

HO HO
(103) (104)

.

SCHEME 23

IRehara et al.126’127 applied this method for the regioselective
tosylation of 8-bromoguanosine. Théy prepared ‘several
X-8,2'-cyclonucleosides via displacement of the 8-bromo function with

appropriate nucleophiles (Scheme 24). Intramolecular displacement of

the 2'-tosylate from (107) with O-8 gave the O-&,Z’-cycloguanosfirfe
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(108). Nucleophilic opening of the O-S,chlonucleoside Unkag'e with

hydrazine or hydrogen sulfide produced 8-substituted 9-8-D-

arabinofuranosylguanines, which could be converted into 9-p-D-

arabinofuranosylguanine by removal of the 8-substituent.128'132
'Displacement of the 2'_-tosylate of other leaving groups with a

sulfur nucleophile at the 8-position afforded S-8,

133-135

2'-thiocycloguanosine. Direct desulfurization of this

thiocycloguanosine provided a synthetic route to 2'-deoxyguanosine.
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* Due to the electron withdrawing effect of the adjacent
electron-deficient anomeric centre, the 2'-OH of ribonucleosides .is
slightly more acidic than thé 3'-(and 5'-) hydroxyl" function.
Accordingly, the 2'-ester is hydrolyses more readily than the others
and selective deprotection of O2' can be achieved with retention of the
3'- and 5'-esters. Partial deprotection of 3-&-.2'.3',5'-&1-

O-benzoylguanosine with hydrazine in acetic acid-pyridine gave
136

2-N-,3',5'-di~0-benzoylguan in 63% yield. Such N2,3',5'-

protected guanosines
137

as starting materials for
2'-transformations. |

The most useful method for protection of the 3'-OH and 5'-OM
funétions of nucleosides utilizes the ¢ 1,3-dichloro-1,1,3,3-
tetraisopropyldisiloxane reagent developed by ‘ Markiewicz and

138,139

Wiewiorowski. Silylation of nucleosides occurs seiec;ively ‘at the -

3'- and 5'-pogifions to give the corresponding 3',5'-9’(1,1,13.3-
tetraisopropyldisilox-l,3-diyl) (3',5'-O-TPDS) derivatives in high
'yields.

Taking advantage of thj.s new method, Robins and Wilson developed
a general procedure for transformation of ribonucleosides to their

140-143

corresponding 2'-deoxyribonucleosides (Scheme 25). The ‘3'- and

5'-OH's of ribonucleosides (109) were protected as their 3',5'-O-TPDS

derivatives  (110). Functionalization of  the 2'-OH  with

phenoxythiocarbonyl chloride gave the Zkthionocarbonates, (111).

Reduction with tributyltin hydride followed by deégrotection with fluoride °
afforded the 2'-deoxyribonucleosides in good ovirall yields. For
example, adenosine and guanosine were ‘converted into their 2'-debxy

counterparts in 78% and 57% yields, respectively. The relatively lower
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i

yield for guanosine resulted from its poor solubility and side reactions

. in the silylation step. It is notewarthy that this procedure‘employed a

biomimic free radical mechanism for the 2'-deoxygenation and thus,
avoided an energetically unfavorable  heterolysis of the C2'-O2' bond.

Transformations of the 3',9'-O-TPDS » deri\{&tives (110) by

v successive oxidatior and reduction have led to [3-arabinonucleosi!les,144

which are difficult to prepare by coupling reactions. Coupling

reactions with arabihose derivatives with a C2 participating group give

a mixture of a- and @-anomers or exclusively ? d®nomer. The
y

eiclusive formation of a-anomers by coupling sllylated “bases with

1,2,3,59-tetra-O-acetyl-D-arabinofuranose was utilized for the synthesis

of \a-arabinonucleosidesms. Applications = of the Robins-Wilson

&

L 4

deoxygenation procedure to the deprotected a-arabin&tucleosides openéd

a géneral steréo-controlled route to.the(se «;T-deﬁ compaunds.

L



2.  RESULTS AND DISCUSSIKON

>

3

A. N Syntheses of guanine nucleosides via regioselective glycosylations

Guanine is an inexpensive, commercially available heterocycle that

‘i can be converted to its Nz-acylated derivatives: via simple chemical

_\\reactions. B:ecause' of their availability, Nz-acylated guanine

N
derivatives have been used extensively as starting materials for guanine

nucleoside syntheses in glycosylation reactions. However, the
problems ‘of formation of positional isomers and the difficulty in
é’eparating them have rendered the glycosylation method much‘ less
efficient for guanine nugleoside syntheses. Therefore, new coupling

, . r
_procedures that allow regioselective glycosylation are desirable.

oYy
[

“v'ca;’_- ' Regioselective glycosylation leading to N9 guanine nucleosides

In 198".1v.‘, Vorbriggen et a1.31 studied the behavior of trimethylsilyl
triflate las a catalys;"’in nucleoside synthesis. This catalyét was found
to favor the formation of the. more thermodynamically étable isomer.
G'ugnbsine was repoyted to be obtained in 66% overall yield from
‘~‘$;12-acetylguamne usmg this catalyst. However, no analytical data were
_ reported for the product, which comigrated with naturally occurring
guanosine on TLC. To evaluate this method for guanine nucleoside
synthesis, we reinvestigated Vorbriiggen's procedure (Scheme 26).
Tk~1e h'térature« conditions were followed carefully and the rjlicleoside

14 NMR spectroséopy at bogh “the

1

“ products were analysed by 400 MHz
mtermedlate pmtected stage and the deprotected product. The "H NMR

spectrum of the crude protected product showed that a sxgmflcant

3

-
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_amount of the N7 isomer (24) was produced together with the major N9

nucleoside (22) (N9 to N'( 3:1). fThe minor product was dssigned as

the N7 isomer on the basis of its characteristic downfield shifts relative

" - o

to the N9 isomer fdrr'*‘ Y
' a. M .:&):,
(H1') for the N7 isohé¥:‘hnll & 8.30 (H8), & 6.42 (H1') for' the N9

isomer]. Formation of the N7 isomer was further confirmed by the 1

H
NMR spectrum of the deprotected product which showed signals at &
8.28 (HS8) and‘é 5.95 (H1') for the N7 isomer {& 7.92 &HB) and & 5.68
(H1') for the N9 isomer]. -

-

silylated Nz-acetylguanine with three different 1,2,3,5-tetra-O-acetyl-

Similar reaction conditions were appliéd to the glycosylations of

whd H1' resonances [ & 8.58 (H8), & 6.63 °

D-pentofuranoses. lH NMR analysis of the crude coupling products at

the protected stage indicated that both the N9 and N7 isomers were

produced in all cases. The N9 to N7 ratios ranged from approximately

5:1. to 2:1. These results were in agreement with the literature that
equilibrium mixtures of positional isomers were produced from
glycosylations with N2-substituted g'uanines. Alterations of reaction
conditions by using various catalysts, solvents, sugér derivatives, or
Nz—acyl substituents had limited effucts on product ratios. [t is quite
clear that the product ratio is mainly dependent upon the isomeric
products' relative stability, which is irT turn related to the structure of
the guanine derivative used for the glycbsylation. Little work has been
done to alter the structure of the starting guanine derivatives except
for Nz-substituent's. However, the N2-substituent is distant from the

glycosylation sites and is attached to an exocyclic amino group. Hence,

it should have limited electronic or steric effects on the glycosylation
,

X . ]
£ - .
e
N

.
B SO
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reaction. We expected that an Os-protecting group would shift the .

‘activation barriers to favor the N9 isomer more effectively since the
08-substituent adjacent to N7 should hinder the attack of a sugar
cation on this position kinetically. In a thermodynamic equilibrium

system, the larger steric interaction between the Os-substituent and the

N7 sugar residue would make it less stable and facilitate its

»
rearrangement to the more stable N9 isomer. In addition, the electronic

6-protected guanine derivative would be more ‘like
_ -y
those of 2-amino-6-chloropurine and 2,6-diaminopurine, which are known

structure of the O

to undergo regioselective l‘ﬁi glycosylation. Our first challenge involved
studies on the synthesis of Oe-protected guaning derivatives.
- Novak and Sormﬂs had reported that treatment of guanine with
acetic anhydride i; hot N,N-dimeth’.g}lacetamide (DMAc) gave
X ‘

Nz-acetylg’uam'ne in 73% yield from the cooled reaction mix@re. We

A\

found that the deposited product was actually N2,9-diacetylguanin\é
\

(20). With slight modifications of this procedure, we were able to \\

obtain N2

,9-diacetylguanine in 90% yield. Attempts to recrystallize this
material from ethanolvor an ethanol/water mixture resulted in cleavage
of the 9-acetyl group to afford crystalline N2-acetylg'uanine. This
lability of the 9-acetyl group under recrystallization conditions might

explain the previously reported results146

of selective acetylation of the
2-amino group of 2~\amino-6-substituted‘ purines. The selectivity was
probably not due to monoacetylation of the 2-amino gfoup, but rather to
the selective deacetylation of the 9-acetyl group during work-up or

recrystallization. " In fact, we found that treatment of 2-amino-6-

bénzyloxypurine (114) with acetic anhydride in N,N-dimethylacetamide

\
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at 150°C for 30 min gave the 9-acetylated product (113) in 75% yleld.
Therefore, the 9-position of guanine may also be the first site to be
acylated.
147-153 . 6 .
Several methods were known to provide O -protection in the
guanosine series. We next examined the applicability of such methods

for guanine derivatives. Hata and co-workex'slsz’153

reported that
treatment of appropriately protected guanosines with diphenylcarbamoy!
(DPC) chloride in pyridine gave the 06-DPC derivatives in high yields.
We studied the acylation of Nz-acetylguanipe Qith DPC chloride under
similar conditions. It was found that the first DPC group was bound to
the N9 or N7 position of Nz-acetylguanine. Using a modified acylation
procedure, a mixture of 9- and 7-DPC isomers (116/117 - 1.2:1) was
" obtained in excellent ‘yield. Although a second DPC group could be
introduced at the Os-position under forcing cé)nditions, the 9- and
7-DPC groups of the products (lLB_,li_S) were resistant to hydrolyéis
under conditions that removed the 9-acetyl group from N2,9-diacetyl-
guanine. ‘ ‘

Acylation of N2-acetyl-06-benzylg‘uanine (120) with DPC chloride
afferded the corresponding 9- and 7-DPC derivatives (121,122) in 82%
.and 15% yields, respectively. The much higher selec/tivity for the N9
isomer in comparison with that of the acylation of N2-acetylguanine
indicated the significant effect of the 06-benzyl group. on the product
ratio.

It was clear that protection ot" the more ruactive N9 (or N7)

6

position was a necessary prerequisite for introduction of the O -DPC

group. In consideration of the ready availability of N?,Q-diacetyl-
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guanine and the lability of its 9-acetyl group, we applied Hata's
4

diphenylcarbamoylation pr'ocedure152 1133

2

to this = 9-protected

2

N“-acetylguanine derivative (Scheme 28). A suspension of N©,9-

diacetylguanine in dry pyridine was treated with 1.1 equivalents of DPC

(o}
HN N pPCCl : -
I —
AcHN \N N
Ac
(20)
OoDPC 4. ey ' ’ ODPC
NZ .. EtOH,H)O AN
\\ |- + 112 N
ACHNJ\\)IN> ' > J\\ I \>
NN A AcHN- N
Ac
(123) - ©(124)
SCHEME 28

éhloride and 2 equivalents of diisopropylethylamine to give a red
solution. This solution was evaporated and the&’sidue was heated in
an ethanol/water mixture to effect 9-deacetylation. Filtration of the
- resulting suspension and washing of the solid product with ethanol gave
the analytically ipure ‘-compodnd (124) in 92% overall yield. The

intermediate product (123) was isolable with a careful work-up

) procedure.
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b

Similar treatment of N2 ,9-diacetylguanine with dimethylcarbamoyl

(DMC) chloride resulted in a mixture of two products, which probably

13

were (125) and (126) according to thexr 1H and C NMR spectra:

Formation of the bis(DMC) derivative (126) indicated that the 9-acetyl

g'&'gup of 2,9-diacetylg'uanine was cleaved during the reaction. This
"éféalea also was observed in attempts to prepare the Os-g-nitro-
§ 151

phehylethyl (NPE) derivative (127) by a reported method. Owing to

the ‘greater stability of the 9-(and 7-)DPC group, Os-protection of

2-ac¢=.~tyl-9-(amd 7-)diphenylcarbamoyiguanine with NPE and TPS

N
(2,4,6-triisopropylphenylsulfqnyl) groups was achieved to afford the
corresponding trisubstituted guanines (129,130,131,132) in high yields.

Reaction of N2,9-diacetyiguanine with g-butykiimethylsilyl (TBDMS)
chloride proceeded smoothly and gave the OS-TBDMS derivative (133).
Glycosylation of (133) with 1,2,3,5-tetra-_Q_-acetyl-B-D-ribofuranose in
the presence of trimethylsilyl triflate yielded a mixture of N9 and N7
isomers similar to that obtained by glycosylation of silylated

2

N“-acetylguanine. Parallel direct glycosylation reactions with the

guanine derivatives (116), (117), (l18), (124), (131), and (132) gave

unsatisfactory results.

Various couphng conditions were tested for the glycosylation of
Nz-acetyl O6 dlphenylcarbamoylguanme (124) with 1,2,3,5-tetra-O- acetyl-
p-D-ribofuranose. Compound (124) was chosen for the tests for several

reasons. A convenient high-yield synthesis of (124) was at hand. Our

6

preliminary results snowed that the O -DPC group was fairly stable

under certain coupling reaction conditions and required no extra
e

deprotection steps to give the free nucleoside. Furthermore, it was
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/ ’
expected that the bulkier OG-DPC group would have a greater steric

effect on N7 and improve the solubility of the base component.

Treatment of a suspension of the o8-ppc derivative (124) in
1,2-dichlometlx.gne with N,O-bis(trimethylsilyl)acetamide at 80°C gave a
homogeneous solutio>n in 10-15 min. After removal of volatile mteriéls
by evaporation at reduced pressure, the residual silyl derivative was
dissolved in dry toluehe. Glycosylation of the silyl derivative with 1.2
equivalents of 1,2,3,5-tetra-g-acetyl;B-D-ribofumnose in the presehce
of trimethylsilyl triflate at 80°C proceeded cleanly as indicated by TLC.
This coupling reaction was completed in 30 min - 1 h and gave the N9
nucleoside (134) in 91% yield after chromatographic\purification on silica
(Scheme 29). A minor product was obtained in about 2% yieldo By
using 2.5 equivalents of the sugar component in the glycosylation
re‘action, we were able to isolate this minor product. It was
characterized as a bis(ribofuranosyl) derivative (147) (see Scheme 30)
from its NMR and mass spec'tral data.

Removal of all protecting groups from the major N9 product (&4)
was effected with methanolic ammonia. The free nu;:leoside (1) was
obtained as a hemihydrate after recrystallization from H20. The overall
yi’eld of guanosine (7) from the OB-DPC guanine derivative (124) was
68%) Although this yield was only slightly higher than that reported
by Vorbriiggen et al.31, our final product was free of contamination
with the N7 isomer.

In this coupling procedure, the mild silylation conditions using

N,O-bis(trimethylsilyl)acet'amide were necessary. Alternative silylation

with hexamethyldisilazane required much higher temperatures and longer
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reaction times and was found to cgasé“’ partial décomposition of the base
‘component (124). The chéice ‘of .toluene as solvent for the éoupling
reaction also was important. Parallel cou;;Ling reactions in acetonitrile
or 1,2-dichloroethane resulted in formation of several minor products as
indicated by TLC. |
N The coupling procedure we used for the synthesis of guanosine
was found to be a general method for regioselective N9 glycosylation of

2-acetyl-06-diphenylcax'bamoylgu&r'u'ne (124) with various sugar

N
components. Its application to the glycosylation of (124) with an
anomeric mixture.zof 1,2,3,5-tetra-O-acetyl-D-xylofuranose ga\}e the
desired N9 nucleoside (135) in 86% yield. About 4% of a bis(xylosyl)

derivative (148) was isolated? as a minor product. Saponification of

(135) afforded 9-pg-D-xylofuranosylguanine (96) in 67% yield. The

1
’
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relatively lower yield for the rdeblocking step was due primarily to the

1 )

lbwer recovery of (96) in recrystallization.

\

The same coupling procedure was foll'owe;i for the glycosylation
<

r\ Y L)
-reaction of (ng)" with an anomeric mixture of -1,2,3,%-tetra-O-acetyl-
) ) - ¢ .
D-arabinofuranose. This gave the expectgd 9-a nucleoside (136) in 82%

gn'eld. Formation of the corresponding bis( arabinoéyl) bil“product was

not . detected in "~ this case. After deprotection, the free nucleoside,

ry

9-0-D-arabincsfuranoéylguanine (137), was obtained in _8496 yiela. /

v flycc)sylation of (124) withkl-g-g-nitrobenzoyl-Z,3,5-tri-g-benzyl-
g-D-arabinofuranose using the same 'coupﬁné procedure Jrequired 5
‘hoinfs to accomplish owing to the low reactivity of the sugar component.
- This réaction gave a ‘mixture of 9-f and 9-a nuclgoside agomers
(ng,;ﬂ) in low yiélds. queral side pi'oducts were detected on TLC.
One of them Avas isolated and ide;ltified as the deacétylated derivative of
(140). Modification of the coupling procedure by using 2,3,5-tri-O-
benzyl-D-aratgnofuranosyl chl:)ride as the sugar component accelerated

o

the glycosylation weaction and . gave the N9 nucleoside anomers:

(138, 1_1_9_)’. After cmm }og’ra_phic separation on silica, the pure anomers
« 1:1) were obtained in361% combined yield.

‘ Cbthplet& er/ljétection of (138) and (140) in one step was attempted
with sédium metaly in liquid ammonia. These reactions resulted in partial
deblbcking and afforded '2:§-acetyl-9-D-arabinofuranosylguanines in
deez.'e;te‘yields. In ”Xiew of the c{ifficulty of cleaving the Nz-aéetyl -

». group and the potential p{sk of reducigg the guanine moiety under more
severe conditions, _the attempted one-step deprotection of (138) and
4 \ »
™ (140) was abandoned.

i’ -
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Removal of acyl groups from (138)"WHd (140) was ‘effected by

treatment in aqueous ammonia/methanol. The corresponding - and
a-anomers (139,141) of 9-(2,3,5-tri-g-benzyi-D-arabinofurt;nosyl)g’uanine
were obtained in 88% yields after chromatographic purification.
Debenzylation of (139) and (141) by hydrogenolysis over palladium was .

62

found to be difficult. MacCoss et al. had reported that removal of

benzyl protective groups from a glucose derivative (61) und\er those
hydrogenolysis conditio_ns could be achieved by addition of one
equivalent of p-toluenesulfonic acid per benzyl group. However,
pargl}el results >wex'e not observed in the cases of (139) and (l41).
Reductive debenzylation of the PB-anomer (139) with sodium metal in

89

liquid ammonia was known ‘tq give the free nucleoside (70) in 78%

yield. This approach was successfully applied to the crud; deacylation
pro{iluct of (138)" Thus, saponification of -(138) followed by
debenzylation gave (70) in 81% overall yieldN without isolation of
intermediat'e’ (138). The a-anomer (137) ‘was'otI)tained in 71% yield from
(140) in 5 similar manner. Successive sapopification of (1_4(_)_) and
debenzylation of‘v(_l_4_1_) with boron trichloride afforded (137) in 65%
vield. |

Coupling of - (124) with 3,5-di-O-p-toluoyl-2-deoxy-a-D-erythro-
pentofuranosyl chioride (34) using our coupling procedure gave an
anomeric mixture of the N9 nuéleosides, After chromatographic
separatien the pure 8 (142) /b.nd a (_1:@_) ,ant;m?rs were recovered in 31%
and 36% yields, respectively. Subjé%tiq‘nnf each pUre anomer to
saponification yielded the cdrrespdﬂdiné~2'-deoxyg'uanosine (93) and {ts

a-anomer (144).

& -
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Analogous coupling of (124) with (2-acetoxyethoxy)methyl

-
bromides’{i proceeded smoothly at ﬁ\of)ip },empem{ure without any catalyst.

~The pure N9 alkylated guanine product (145) was obtained in 63% yield
~after chﬁnatographic purification” and crysthllization from acetonitrile

with diffusion of ether. A minor product was isolatled in about 3% yield

which was identified as the bis(alkyl) derivative (149). Treatment of

the crystalline (145) with aqueous ammonia/methanol at 60°C  gave

r

acycloguanosine (146) in 91% yield.
In order to analyze the regioselectivity of this N9 glycosylation
procedure, we prepared DPC derivative (134) and its N7 isomer (151)

from 2-_&-,?',3',5'-tri-_Q_-acetylg’uanosine (48) and its N7 isomer (150),
152,153

respectively, ° utilizing Hata's procedure ! (Scheme - 31).
" ODPC
: N
AcHN'k\ ‘
opcc@- ' NT N
- —_ AcO o)
AcO  OAc

——

b N N NHAE N—~ NS NHAC
T (T
| N NH NN
7 Ao o o , oDPC

A
¢ ppccr A9
—_—

—~
=9
—
>
—
—
-9
~—

AcQ OAc AcO OAc

(150) . . ‘ (151)°

C, | SCHEME 31

' B
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Comparison of the 400 MHz 1

l;{ NMR spectra c;f ihe products of Hata's
acylation procedure with that of the crude product obtained from“our
N9 glycosylation procedure showed “that ‘our product was identical with
the DPC derivative of the N9 nucleoside (134) and was free of the N7
isomer (151). i

It is known that kinetic formation of N7 nucleosides is observed in
coupling reactions with N2-substituted guanines. However, attempts to
isolate. the 'N7 isomer (1351) as a coupling. product under mild conditions
failed. Glycosylation of silylated N%-acetyl-os-diphenylcarbamoylguanine
(124) with 1,2,3,5-tetra-g-_acety1-8-D-ribofurar‘l'ose in toluene solution
with trimethylsilyl triflate catalyst at room temperature for 4 days gave
the NS nucleoside (134) in good yiéld.

Coupling of the® same base and sugar components in

»
1,2-dichloroethane at room temperature using stannic chloride as

catalyst was also examined. This reaction gave the N9 isomer in 4Q%

yield as the only significant product.. The low yield of this reaction

resulted from partial decomposition of the DPC-‘base by stannic chloride.’

&

It is noteworthy that this combination of catalyst, solvent, and  reaction
: .

temperature normally favours formation gbf the kinetic product. [t has

been used by us: as standard ""toruitions for regioselective N7
glycosylation of silylated Nz-acetyf
}u

- .
anfhe (see part b of this chapter).
Subjection of the N7 nucl v‘

eoside (151) to our standard N9
glycosylation conditions resulted in compléte conversion of (181) to its

N9 isomer (134). ' This isomerization re@xi d two hours at 80°C "to

complete. The slower reaction rate and the failure to isolate the N7

-

nucleoside (151) as a coupling product under mild conditions implied

&
»

-
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that the N7 isomer (151) was not an intermediate in the regioselective
N9 giycosylation reaction.

The"bi,s(;‘cylofuranosyl) derivative (148) was assumed to be a N9
nucleoside on the basis of its B3¢ NMR data (see Part c of this
chapter). This attachment was further confirmed by the fact that
hydrolysis qf (148) gave 9-8-D-xylofuranosylguanine (398) as the major
“produ?hm Attaéixment of the second xylosyl residue to thé 2-amino

Py
/ 13 13

| PP .
' nitrogen - was " assigned on the basis of the C-1H coupled "“C NMR~

spe&rum. ‘The signal for C2 was split into a doublet by H1' of the
second sugar residue. The other bis-substituted compounds (147, 149)
are probably linked at N2 and N9 as well since they are formed under
" chemically analogous c.o;lditions. Therefore, it is conclﬁded that t}u’s
cd}ubling procedure gives regioselective N9 glycosylation without

N

formation of the N7 isomer (the amount of the N7 isomer, if gl;y, 'is

1

below the detectable limit of our 400 MHz "H NMR spectrometer).

) ‘ 1]
In the above discussion, the DPC group was assumed to be
6

»

attached at O° of the .guanine derivative (124). However, this

O6

attachment of the DPC group had not been proven. ' Hata et
31.152’153 .had pregai'ed DPC derivatives of guanine nucleosides and
x*qj’ported them as OG-DPC compounds by analogy of the DP‘C acylation
procedure to other methods that give Os-substituted guanosine—
deﬁvatives.

" Mass spectra of (124)-.and other DPC compounds had no peaks for

M-Ph,NCOO fragments. 1H NMR spectroscopy did not differentiate

2
between possible 0%-DPC  and N1-DPC derivativeé.' Ultraviolet .

spectroscopy is useful for the determination of sites of attachmsn of

. @
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groups on many heterocyclic bases. However, it is not useful for our

P

DPC derivatives since the DPC group. absorbs UV light in the same

region as the guanine base. The site of attachment of the DPC group

6 154

was determined teo be at O of

by X-ray crystallographic analysis

DPC derivative (145). The computer-generated structure and

structural parameters are shown on the following pages (Sche}ne 32,
Table 1-3).

Since the DPC derivative (134) prepared by coupling with

o =y

2-e\cetyl-OG-diphenylcarbamoylguanine (124) was identical with that

e

N
prepared by Hata's diphenylcarbamoylation procedure, we assume that
all of our DPC derivatives fron. coupling with (124), as well as Hata's

diphenylcarbamoyiation products, have the same Oﬁ attachment.
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Naturally occurring purine nucleosides are N9 glycosyl compounds.
This N9 attachment is also common to most biologically active purine
nucleoside analogues. Therefore, in purine nucleoside syntheses by
coupling reactions, the N9 glycoside is normally the target\nd any N7
isomer appears as 11 unwanted side product. This is particul?,rly true
in guanine nucleoside syntheses. Major efforts have been devoted to
raising the ratio of N9/N7 guanine nucleosides. Few attempts have
been made to do the opposite.

In the exploration of regioselective glycosylation approaches for
guanine nucleoside éynthgsis, we examined the coupling reactions of

2—acetylg'uanine with three  different  peracetylated

silylated N
pentofurancses using various reaction conditions. It was found that
when the coupling reaction was conducted at~ room temperature in
1,2-dicMomethaﬁe in the presence of stannic chloride, the N7
nucleoside was produced predominantly without significant formatien of |

1

the N9 isomer. H NMR analysis of the crude coupling reaction

pi'oducts showed that the N7/N9 selectivity was 15-20:1 (calculated from
1H NMl} integ'ratiqn of the H8 signal of the products). The sequential
procedure involved silylation of N2-acetylg'uanine, addition of stannic
chloride to form a complex with the silylated base, glycosylation with va
peracetylated sugar derivative, and removal of protective groups to
give the free N7 nucleoside.

Thus, treatment of a suspension of Nz-acetylguanine in 1,2-di-
c};loroethane with N,O-bis(trimethylsilyl)acetamide at 80°C gave a

homogeneous solution of the silylated base (Scheme 33). This solution
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was cooldd to room temperature and then v;as stirred_ with 2.14
equivalents of stannic chloride for 30 min. 1.1 Equivalents of 1,2,3,5~
tetm-g-acetyl-p-D-ribofumnosg was added and the glycosylation
reaction was allowed to proceed at room temperature for 1 day. After a
standard work-up procedure and chromatographic purification, the pure |
N7 nucleoside (150) was obtained in 70% yield. Deprotection of (150)

——

was effected with methanolic ammonia. The yield of the N7 isomer (113)
of guahosine was 78%.

In this coupling procedure, the silylation of Nz-acetylguanine also
can be achieved by treatment with hexamethyidisilazane. However, the
use .of N,O-bis(trimethyisilyl)acetamide is preferable since it allows more

facile silylation and enables comBination of the silylation and

glycosylation steps into a "one-pot" procedure.

DR R
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) A fractical problem frequently encounfemd in stannic chioride-
catalysed ce,upUng reactions was formation of emulsions during v:ork-up.
We found th.( this problem could be minimized by addition of ¢ small
&nount of methangl prior to the liquid-liquid extraction procedure.

Application Jf this N? glycosylation procedure to the &mpung of
(8) with an anomeric mixture of 1,2,3,5-tetra-O-acetyl-D-xylofuranose

/

gave the cckrresponding N7 "xylo-guanosine" derivative (152) \in 76%

PN

yield after separanon on silica. About 3% of the N9 x‘lucleoside (156)
wes 1801@&3d- as a.:rmnor product.' Deprotection' of (152) with aqueous
amm_onia/m‘é,thanol' afforded 7-B-D-xylofuranosylguanine (153) inl 86%
yie. - B
élyweylation of ‘(§)‘ with an aQomeeic mixture of 1,2,3,5-tetra-0O-

e ] i

:‘acetyl‘ D-Erabinofuranose using !the same coupling procedure gave the
4

expected 741 nucleosxde (154) m 72% yield. The free 7-a-D-arabino-

i
L4

v
)

" fux‘anoéylguamne (156) was obtamed in 85% yield by removal of

pmt;ane groups.

V..o

-

&

_c. A _convenient method for determination of the site of glycosyl

. ¢
¢

attaéhmen{s of guanine necleosides

The position of attachment of the glycosyl linkage of ' natuml

pumne nucleosxdes was first established by comparison of thexr uv
12,155-158

spectra. * It was found that the UV spectra of 9-methyl--

guanine were similar to those of natural guanine nucleosides and were
considerably different from those ot: 7-methylguanine, in neutral and
alkaline solutions. Guanosine and 2'-deoxyguanosine were assigned as

N9 glycosides on this basis. Later, UV criteria were used extensively

[}



&\ X : : XY

- 6
-/ 9

from glycosylation reactions. However, this,method is restricted to free

“

nucleosidés or »substituents that are UV transparent.

;. Structure assignment of positional isomers of guam nucleosides

:

: by H N‘WIR gpectroscopy 1s often more reliable and can be applied to

protected .nucleosuies A§?ton et al. 5? have observed that downf1eld
LN

_— ' shifts of the H8 and Hl' resonances of N7 1somers relative to thelr N9

7 M . ’ “

isomers are charactemstlc lH NMR studies of our guanine derivhtives
{ E ]

are generally in agreement w1th this observa&lon The H8 and hl'

~ ®

,_\chemical shifts of isomeric pairs of guanine derlvatines are listed in

'y

Table 4. The data show that the H8 resonances of N7 isomers are

‘app‘ n tely 0.3 ppm downfield relative tg those of their N9 isomers.

- The H1' signals are also shifted downfield to a sumla# extent. The
> . downfield shift of the Hl' resonances of the N7 isomers, attributed to

-carbonyl group anlsotropy, has been. shown to be a reliable mdlcatoi

for the s1te of glycosylauon in other nucle031des 159-162

*

_An exceptlon to this trend is (151), whose H1' resonance 1s 0.17

[ .- ™

' -..ppm upfxeld relatwe to "that of its N9 isomer (134) Two factors that

-

fmay gontnbute to this are the absence of tﬁe guanine carbonyl

anisotropy and adopﬁ.on of an. anti conformatxon in which the H1' resuﬁes
%

mtmn a slueldmg a‘rea “of. the DP/C g‘roup R : st

/ . -y S-tructure asmg'nm!nts of N7 and N9 g’uanine derwanves by H
. & N

« NMR %ectrg:copy are straightforward when 1dent1eal posf::onal isomers

) \ v -
. ‘:ﬁ* area avallable fo: compaptson . 'However, thls analysis becomes

’ -4
; o the anomemc center sometimes results fn sthts of The H8 and H1'

O I

~to distinguish between positional isog.n of guanine nucleosides obta'ined v

[

5

. K conlphcated whet?( ano?ners are; mvolved lnversion of configuration a‘t.‘

a
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resonences similar to those between N7 and N9 pairs.

?abevxous studles163 -169 have shown that 13C NMR spectroscopy

‘a2

provides valuable information in determmatlon of the site of
N-substitution on nitrogen heterocycles This spectral method relies on

changes in chemical shifts of Ehose carbon atoms a and B to the site of

169

N-substitution. An improved method has utilized a conyf)ination of

the a- and B-carbon chemical shift data with certain long-range two-

) i3

and three-Pond : C-IH coupling constants. The key spin-spin coupling

of Ca and H1' allows an unambig'uo%s assignment of the site of

N- glycosylation However, it requires much longer accumulation times

| ew‘ger sample. smes to obta.ln such 13C 1H coupled smctra .
I

n attempts to dxstmguxsh between N7 ‘&nd N9 purine nucleoside

13

isomers by C NMR spectroscopy, Schmidt and co-workers1 0 ‘ noted

that the purine carbon shift pattern of N9 isomers :ras similar, 'buts

distinct from another compatible pattern for the N7 isomers. These
patterns were considered to Qrovude unequivocal assignment of the site

of glycosyl hnkag‘es ‘Although this criterion. was applicable to many

guamne derwauves, difficulties were encountered when the guanine

-

carbon shift pattern was complicated by additional signals' from
o ,

substituénts. B
13

\

C NMR studies of our g't;anine derivatives }ia\re revealed that ‘the |
C5- resonance peak of the N9 substituted. guamnes e‘gcurs at lower field .

than 114 ppm and that of the N7 isomers at hlgher fleld than 111 p'n.,

5

The C5 resonance regxons ot the two isomers do not overlap (see Table 7
5)I Therefore, the CS- chemical shift, alone, can be u§ed. ? ‘a

diag"nos{ic‘ .index for dﬁfefennauon Between N7 and N9 anine
1) i\;
derivatives. ' " L T ' R

. -
o .
hd -
. ! S ¢
c . .
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- feature in that most of

’
P
‘l !

- are relaii’vgly_ inwsjtive to the nature of N“- and O

® 3

Use of the C5 chemical shift index offers several advantages: (1)
Amoﬁg the five guanine c'arbon peaks, the C5 signal is usually the
easiest to identify. It appears at the highest field and in a region

normally free of other signals. (2) C5 is close to the glycosylation

attachment. In fact, the C5 chemical &ts of N7 subs_tituted guanines
re §10 ppnrtupfield from those of their N9 isomers. (3) G5 sig'nalg.
o

2 6-substituents .

‘ , i .
The shifts caused b‘y,flz- and 0%-substituents are normaau‘? within 4
) "‘,‘ R . A ‘

ppm. (4) The C5 chentftal shift ind % dbes not require the other

isomer for comparisgn-and allows ‘x%:id eyaluation of the position of the

Kg‘lycosyl‘ linkage without assignment of the other 13%WMR s"ﬁnals. LAl

L] 4
of these features contribute to making this a convenient and general

L4 .
method for determination of the site of glycosyl attachmgnt of N7 vs. NS

guanine nucleosides.
The 13C_ ;JMR spectra of guanine derivatives with unsubstituted

imidazole nitrogens such as (8), (120), (124) and (125) have a conimon
. . _

r

<

depleted. The exigtence of tautomers other than the 9-H isomer and -

172

equilibration between them may account for this observation.

. .
B. 'Syntheses of guapine nucloosides via a (combination of chemical
' Momﬁm and enzymatic deamination | -
In 1981, a convenient appx:oach for the synthesis of sugar-modified

guanine nucleosides via sugar transformations was reported by our

research g'roup.so Guanosine was converted to 2,6-diamino-9-p-D-

»~

the g'ua‘nine carbon 'signais are broadened and/Qr

sites, _Rence its chemical shift is sensitive to changes of glycosyl

>

-~

rd
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ribofuranosylpurine  (138), g which upon  methylation  afforded uL

1 - ‘
a mixture of 2'-O- &nd ’-Q—m,ethylated 2,6-diaminopurine nucleosides

(159) and (169) (Scheme,35). Treatment of (159) and (160) with

(162) 92%

) f

~

- ADA .

| | ,NH! | y
kgs)
H, N

+ HOH _O. -

* " SCHEME 35

\ adenosine degminase:(adenosine aminohydrolaée; E.C.3.5.4.4) gave the
corresponding sugar-modified guanine nucleosides (161 and 162) in high
overall yields. This approach featured a highly efficient chemical

' conversion of the experimentally uncoopgrativi, guanosin’e*; o

2]
Y » -
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2,6- diamlno-9 B D- ribot'uranosylpurine followed by sugar transformation
chemistry on this "9-aminoadenosine" nucleoside and then enfyuatic
deemination ‘of the sug‘ax;modified 2,6-diaminopurine compounds to
return to. their guanine cougjerparts. '

We have extended this indirect approech to the synthesis ot‘
severel sugag-modified gue ne nucleqsid.s 2, ‘Diamino -9-8- D-mbo-

“rom guanosine (1) usmg a
173

fumnosylpurine (gg) was prepa
80

of the known q;eth Treatment of (158) with

u-acetoxyisobutyryl bromide111 -114 yielded afl isomericd mixture of trans
bromo acetates (163) (Scleme 36),;’ Apphcatmn of this mixture to a

column of »Dowex 1X2 (OH') and .elution with ‘nhanol gave the

2' 3'-anhydro n&leosu:le (164) m 81% yielde from 58).. Rbductive

opening of the epogde ‘'ring of (_l_,‘__) with lithium triethylhydridoborate

resulted in selectlve cleavgge of  the "0-C3' bond to give the 3'-deoxy
®

nucleoside (l__)*in 85% yield. ‘ : a |
Reduction of (163) with tri-n- butyltm hydmfe followed by

deprotectxon gave : mixture of the‘z -deoxy and 3'-deoxy nucleosxdes

[
(165 and 166). After separatxon. on a Dowex 1X2 (OH) column, the

pure 2'-deoxy and 3'-deoxy isomers were obtained m 16% and 59%

yields, respectively. | l o
Treatment: of (163) with~ zinc-copper cou‘ple ~in N,N-dimethyl-’ Ge
t‘or'ma'micleu-4 effected smooth reductive elimination: of bromide and

acetete. from (163). The 2',3'-unsatur‘ted mitleoside (167) was
X -

obtained after depretecuon Assxgmnent of the vinylic* proton and

) carbon resonance peaks of (167) was comgl'meted by*e t1ghtly coupled

distinguish the sxgnals of HZ' md C2' from those of H3' and C3'

>

A

- spin system. An experiment -using a labeled compound was designed to
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Subjection of 2, 6--dlamino:9-(2-deutez'io-ﬂ-D-ribot‘uranosyl)pux'i‘ne174
(2'- D (158)] (-16% 2l'l) to this reaction sequence gave the corresponding

2',3' umted nucleoside with the 2'-position partially labeled

.‘ [2'-D-Q1 Z)] ' The ll-l NMR spectrum of  this product showed two vinyl

o ¥ %.3 »

i

»; t

protonlg ! at 6 10 nﬁ and 6 44 ppm. The higher-field ‘nal was
lsi"less gten&e than the lower. Therefore, the signal at 6.10 ppm
‘gned to H2' and tfmt at 6.44 ppm to H3'. The higher field

13515

n signal was assigned to C2' on the basis of selective
.,_ll’g experiments. These~assignments of H2' and C2' to higher

fl&rgl"ore in harmony with the ordering for other 2, 3'-unsaturated

nuéleosides 113,114

Treatment of (158) with 1, 3-dichloro-1,1,3,3-tetraisopropyldisi-
140,141

4

gave (168) in high yield

under t literature conditions
(Scl%ph?) The rude product (168) was acylated with phenoxy'thxo-

‘carbtl!&'l chlomdc and the, resulting thionocarbonate was reduced with

tri- —buty)tm hydmde After removal of the silyl prbtect.ing group, the

2'-deoxy nucleosidé (166) was obtained in 41% overall yteld from (158)

Triflation® of (lﬁ) followed . by displacement with azide and

deprotection with fluoride afforded the 2'-azido nucleoside ( i ). This

compound was converted to the 2'-amino nucleoside (170) by

’ hydrogenolysis with Raney nickel.

Conversmn of these sugm:-modlfled 2, 6- dmmmopumne nucleosides

(165, 166, 167,\170 172) to their guanine nucleos1de counterparts was

effected in aqueous sodium phosphate buffer solution using adenosine

' deaminase (Scheme 38). The reaction process was monitored by
. . ' .
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electrophoresis. The isolated yields of the corresponding guanine
nu;:leosides v;rere highler than 80% except for the unsaturated nucleoside
(1711). In this case, thé enzymatic 'deaminaﬁon re‘quired 10 days for
completion and the soméwMt ur:table unsaturated nucleosides
peartially decomposed guglng the exto!;dod reaction period. ’
In general, this indirect approach for t!ﬁ synthesis of
sugar-modified guanine nucleosides is. c;)nsidembly more favorable to
carry out experimentally tﬁan the direct sugar tragnsformations of
guanosine. Separation anei ’purification of the intermediate reaction
products are easily ’a‘.qhieved because these 2,6-diaminopurine

nucleosides are amenable to ion-exchange chromatography on Dowex

1X2 (OH™) resin and usually cfystallize readily. This approach offers-

. ¢
better overall yields in certain cases than the direct transformation
s

method and thus provides a usefu\l/ygernative route to sugar-modified

guanine nmucleosides. ‘ ®.

T




A. General Procedures

Melting points (mp) were determined on a Reichert
apparatus and are uncorrecteé Mass Qectra (MS) were deter ﬂ
the Mass Spectrometry Laboratory of thig department High resolution
MS measurements were done on a Kratos MS-50  instrument with

. computer processing at 70 eV using a gimct probe for sample
mtroﬂsﬂon Fast atom bombardment (FAB) MS were recorded on a
. Kratos MS-9 instrument at low resolution. b'Juclear gagnetic resonance
(NMR) spectra were determined on Bru&(er WH-400 or Bruker WH;200
~spectrometer§ operatmg in the FT rnode,’ with Meqsi as internal
" stapdard 1n Me SO- d_G solu_tions.. Ultraviolet (UV) spectra@were
recorded’ on a Hewlett Packard 835(‘)A diode array\ spectrophotometer and
infrared (IR)-spectra on a Nicolet 7199 FT (IR) instrument. Elemental °
analyses were deternuned by the Mlcroanalytlcal Laboratory of thxs
.department or by Schwarzkopf Mjcroanalytlcdl Laboratory, - Woodside,
N.Y. X- Ray crystallogmpmc analysxs was done on an- ,.Enraf Nomus

CAD4 automated ,dtffractometer by the Structure Determination

-

»

| a__‘ Laboratory of this department et
,34. Kﬂl solvents 'used,,werp df reagent grﬁle and were purifled,
"‘ﬁ:m# t . o . N .
> ‘ according to the mefho&e"déscmbed in reference 175 if used as reactlon

;.& ’ media. Solvents used for chromatog‘raphy, extraction, and other

i, T \ )
purposes “were purified by simple distillation. All dried solvents were

r

stored over Davison 3 A and 4 A moleculgr sieves purchased from the

~ Fisher Scientific Company. »
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Buffer sblmions used for e‘nzymatic ' §eamination reactions were
formulated to 0.1 M from monosodium ph§sphate. PH values were
adjusted to the desired values (pH 7.4 <;r pH 6.5) by addition of NaOH
solution using a Corning pH meter model 7 calibrated with 6 Fisher
.certified standard buffer solution (pH 7.00).

énzymatic deamination reactions were monitored by thin layer
electrophoresis (TLE) on Polygram CEL 300 pre-cogted plastic sheets
(layer thickness 0.1 'mm) on a,ar’inkmanh instrument operating at
800 ‘V. .pH 3.5 (sodium formate buffe}' solution) for 30 min. The other

reactions were followed by thin layer chromatography (TLC) on Merck

v ‘ _
silica gel 60F254 pre-coated plastic sheets (layer thickness 0.2 mm).
1

The TLE and TLC sheets were observed under UV light (2537, A).

Preparative TLC was performed on glass plates coated with Merck silica

- gel 60PF254. " The solvents used for TLC were different ra}"ios of

MepH:CHCl3 (3:90, 1:19, 1:9), EtOAc : Skelly B (2:8, 4:6, 6:4), SSE

(fhe upper phase of EtOAc:g-PrOH:HzO,,4:1:2), and g-PnOH:H.ZO:
. A -

NH4OH (7:2:1). Silica gel column chromatography .was performed using

Terochem silica gel (100 mesh up: ‘5%, 10Q-200 mesh: 47.6%, 200 mesh

. , C v
down: 47.4%) or Merck silica gel 60 (230-400 mesh). Anien exchange

chromatography was carried out on Dowex 1 X 2 resin in the ﬁydro?(idg_

forgh -y % - " 7 b o
TR g ‘ , '

Evaporations were effected using a Buchi rotating evaporator

. . ' . / . .
equipped with a Dewar "dry ice" condenser under water aspirator or

mechanical oil pump vacuum at 40°C or cooler. The specified reaction

.

- temperatures were direct readings of the bath temperatures.

‘Abbreviations used are: ADA = adenosine deaminase (adenesine -



¢ .

»
b

aminohydrolase; EC 3.5.4.4); AIBN = azobisisobutyroniirile; BSA =
N,O-bis(tr‘imethylsilyl)acetéMde; DMAc = N,N-dimethylacetamide; DMAP
= 4-(dimethylamino)pyrid.ine;' DMF = N,N-dimethylformamide;; DMSQO I='
dimethy! sulfoxide; THF = tetrahydrofuraq; TMSTE = trimethylsilyl

triflate; TPDSC1 = 1,3-dichloro-1,1,3,3-tetraisopropyldisiloxane; s

singlet; d = doublet; t = triplet; m = multiplet;’ br = broad; abs

o /op\
absolute; dec = decomposition; Lit = Literature; Sh = shoulder peak.
Skeliy B represents the petroleum ether fraction which boils between

60-90°C .
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B. Syntheses .

4 . -
2,9-Diacetylguanine (20) 7
-

To 30.22 g (0.2 mol) of guanine' ir} 250 mL of dry DMAc was added

N

50 mL (54.1 g,-0.528 mol) of Aczo. The suspension was stirred at

180°C for 7 h to give a brown solution. The oil bath was removed and

»”

the reaction mixture was allow‘ed_ to stand at ambient ter'nperature
overnight. The resulting crystals were collected b}/ filtration and
washed with 250 mL of cold 95% EtOH. The filtrate and washings were
kept at 5°C overnight to give an additional crop. The combined yield

22

was 42.53 g (90%) of (20):. mp 270°C (dec) (Lit™% mp 261-263°C); MS-

m/z 235.0706 (12%, M* = 235.0706); 'H NMR & 2.20 (s, 3, AcN’), 2.80

134

(s, 3, AcNS), 8.42 (s, 1, HS), 11.70-12.20 (br, 2, HI, HN?);

NMR &, 173.47 (CON?), 167.75 (CON9), 154.45 (C6), 148.25 (C2),

147.68 (C4), 137.14 (C8), 121.38° (C5), 24.40 (CH,CON?), 23.65
99

Found: C 45.77, H 3.83, N 29.79; UV (MeOH) Max 252 and 292 nm.

(QH3CON9); Anal. Caled. for C,H N503: C 45.96, H 3.86, N 29.78.

2

N“-Acetylguanine (8) .

4

4

Y

A suspension- of 2.35 g.(}d 'mmol) of N2,9-diacetylguanine \(2_0_) in
100 mL of 50% EtOH was heated on a steam bath for 2 h and then kept
at 5°C overnight. The crysftals were collected by filtration and washed
with 50 mL of 95% EtOH to give 1.89 g (98%) of (8): mp > 290°é

1

(Lit!T'¥45 mp 260°C); MS m/z 193.0600 (24%, M' = 193.0600); 'H NMR

¥
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5 2.16 (s, 3, Ac), 8.02 (s, 1, HS8), 11.60-12.40 (br, 3, HN1l, HN",

176

HN9"'°);' Anal. Caled. for C7H7N 0 C 43.53, H 3.65, N 3®B726.

507

Found: C 43.16, H 3.61, N 36.41; UV (H,0) max 259 nm (e 15,600);
(0.1 N HCl) max 260 pm (¢ 16,600); (pH 9) max 264 nm (e 11,300).

' o4

(Lit!"? UV (H,0) max 260 nm (e 14,280); (0.1 N HC) max 261 nm (e

15,930); (pH 9.1) max 264 nm (e 11,800)].

2—Acetamido-6-dibhenylcarbamoyloxy-Q-acetylpurine (N2 , 9-diacetyl-06-

. diphenylcarbamoylguanine) (123)

To a stirred suspension of 0.47 g (2 mmol) of N2

,9-diacetylguanine,
(20) and 0.7 mL (;1 mmol) of diisopropylethylamine in 20 mL of dry
pyridine was added porﬁonwise 0.51 g (2.2 mmol) of diphenylcaijamoyl.
chloride. The reaction Mmixture was stirred at room temperature for 1
h During this period, the solid material disappeared .\an_d a dark r&d
solution was obtained. Volatile materials were evaporated and
coevaporated with toluene (5 mL x 3). The residue was suspended in
CH3CN and filtered. The solid product was washed with portions of
CH,CN and dried to give 0.63 g (73%) of (123) a¥ a powder: mp
224-228°C (dec); MS m/z 430.1379 (18%, Mt = 430.1390); 14 NMR 6 2.24
(s, 3, AcN2), 2.93 (s, 3, AcN9), 7.28-7.62 (m, 10, Ph,), 8.88 (s, 1,
H8), 10.92 (s, 1, HNZ); 13C NMR & 168.56 (CON®), 167.45 (CON9),
155.48 (C6),  153.47 (C4), 152.85 (C2), 149.61 (COOG), 142.28 (C8),
141.33, 129‘.15, 127.10, 126.66 (th), 120.77 (C5), 24.41 (2 X QH:;CO);

- UV (MeOH) max 263 nm.
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2-Acetamido-6-diphenylcarbamoyloxypurine (Nz-lcetyl-os-

diphenylcarbamoyiguanine) (124)

v

The pr{)cet_lure outlined in the preparatior; of (123) was followed
using 5.88 g (25 mmol)‘ of N2,9-diacefylguamne (20), 120 mL of dry -
pyridine, 8.7 mL (50 mmol) of diisopropylethylamine, and 6.37 ‘g (27.5
mmol) of diphenylcarbamoyl Xhloride. After stirring the reaction

mixtt_xye at room temperature for 1 h, H20 (10 mL) was added and

stirring was continued for 10 min. Volatile materials were evaporated

m——

and coevaporated with toluene (20 mL x 3). The residue was heated on
a steam bath in 300 mL of 50% EtOH for 1.5 h. The mixtute was
alléwed to cool and then filtered. The solid product was washed with
portions of 98% EtOH until washings were colorless and dried- to give

. 8.93 g (92%) of (124) as a powder: mp 254-256°C (fast heating, decl);

1

MS m/z 388.1283 (7.5%, mt = 388.1284); "H NMR & 2.18 (s, 3, Ac),

7.26-7.'56 (m, 10, th), 8.46 (s, 1, H8), 10.66 (s, 1, HN2), 13.02

Nyal76, . )
(br, 1, HN9''®); Anal. Caled. for CyoH,.NgO,: C 61.85, H 4.13, N

91.64. Found: C 61.84, H 4.24, N 21.51; UV (MeOH) max 224 and 278

of
nm. »

L

g -

2-Acetamido-6-diphenylcarbamoyloxy-9-(2,3, 5-tri-O-acetyl-p-D-ribo-

furanosyl)purine (134) from (124)

To a suspension of 388 mg (1 wmmol) of (lﬁ) in 10 mL of dry
1,2-dichloroethane was added 0.5 mL (2 mmol) of BSA. The reaction

mixture was stirred in a stoppered fla'sk'at 80°C for 15 min to give a
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clear solution. Volatile materials were evapoi-ated «and the residue wu.

)

dissolved in 5 mL of dry toluene. To this solution were added 0.25 mL
(1.3 mmol) of TMSTf and a. sdlution of 382 mg (1.2 mmol) of
1,r2‘,3,5-tetra-g-acetyl-ﬂ-Dt?ibofumnose in 5 mL of toluene. The
reaction mixture was stirred at 80°C for 1 h and then ‘cooled. EtOAc

(50 mL) was added #hd the org'anic phase was washed successively with

saturated NaHCOéIHZO (50 mL x 2) qtumted NaCl/Hzo (50 mL), dried

(Nazsoq), filtered, and evaporated. The residue was chromatographed
" on a silica column (25 g, 2 x 15 cm) using Et20 and 8:2 Et2O/Mo2CO as

eluants. Evaporation of appropriate fractions gave 589 mg (91%) of

(134) as a white foam: MS (FAB) m/z 647 (2.9%, M+l); 1

- —

2.05, 2.12 (3 X s, 3 X 3, 3 X AcO), 2.18 (s, 3, ACNZ), 4.33 (d of d,

H NMR-6 1.99,

J = 11.0 Hz, J = 6.0 Hz, 1, H5"), 4.38 (m, J = 3.5 Hz,

5"-5" 5"-4' 4'-5"

Jd = 5.5 Hz, 1, H4'), 4.43 (d of d, 1, H5'), 5.78 (t, Jlﬁ'-Z' = 5.5

4'-3'

Hz, 1, H3"); 5.95 (t, Jg, ;v = 5.0 Hz, 1, H2'), 6.26 (d, 1, H1"),
— v

13¢ NMR

7.28-7.54 (m, 10, Ph,), 8.61 (s, 1, H8), 10.77 (s, 1, HN?);
5 169.75, 169.01, 168.29 (4- X COCH,), 155.25 (C6), 153.98 (C4),
L 152.16 (C2), 149.77 (coo®), 144.10 (C8), 141.41, 129.19, 121.10,
126.77 (Ph,), 120.26 (C5), 86.27 (C1), 79.76 (Ca'y, 72.16 (C2'), 70.25
(C3), 63.04 (C5), 24.26 (NCOCHy), 20.21, 20.09, 19.%6 (3 X
OCOCH,); UV (MeOH) max 225 and 278 nm.

A}

2-[N-(2,3 ;5-tri-g-acetyl-p-D-eribofuranosyl)acetgm.ido }-6-diphenylcar-

bamoyloxy-9-(2,3, 5-tri-g-acetyl-B—D-ribofuranosyl)purine (147)

The silylation conditions used in the synthesis of (134) were
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appued to 388 mg (1 mmol) of (124), 15 mL of 1,2-dichloroethane, and -
0.5 mL (2 mmol) of BSA. To the reéultlng clear isolu,t‘ion were added
796 mg (2.5 mmol) of 1,2,3,5-tetra-_0_-ace'tyl-n;D-ribot‘uranooe and 0%4
mL (2.1 mmol) of TMST{. Stirring was continued -at 80°C for 3 h. The
identical work-up procedure was followed and the mi:iue ‘was
chromatographed on a silica column (25 g, 2 x 15 cm) using 3:97 and -
_ then 10:90 Me CO/CHC13 as eluants Evaporation of fract'ions 11-14
gave 26 mg of pure (147) as a white fpﬁn MS (FAB) m/z 905 (0.2%,
. M+l1); 1H NMR6160 1.95, 204 2.06, 2.12, 2.14, (6 X s, 7T X 3, 7
X Ac), 3.83, 4.18, 4.23, 4.37 (4 X m, B, 2 X H4' and 2 X H5',5"),
5.28, 5:60, 5.80, 5.97 (¢, t, m, t 4, 2‘ XVHZ' and 2 X H3'), 6.11, 6.36
(2 X d, 2 2 X H1Y), 730760 (m, 10, Ph), 8.85 (s, 1, H8); uv
(M@OH) max 228 (Sh) and 263 (Sh) nm. ) )
Evaporation of fractions 23-40 yielded 160' mg of pure (134).
Fractions 15-22 contained 115 mg of a white foam, which was a mixture

“of (134) and (147).

" Guanosine (7)

-

A mixture of 647 mg (1 mmol) of (134) in 20 mL of NH;/MeOH
(saturated at -10°C) was stirred in a sealed flask at room temperatufe
for 1 day. Volatile materials were evaporated. Tﬁe ‘solid residue was
extracted twice with CHCP and then recrystallized from H,O to ‘give 220
mg (75%) of (1) as a hemihydrate: mp 265°C (dec) [Lit!"® mp > 235°C

12-0 HZ, J "-4'

4.0 Hz, J

(dec) ]; MSfAB) m/z 284 (23%, M+l); 14y NMR & 3.52 (m, J5"-5' =

= 4.0 Hz, JS"-S'OH = 5.5 Hz, 1, H5"), 3.62 (m, JS'-4'

5'-s'0H = -3 HZ 1, H5'), 3.88 (m, J,_q = 4.0 Hz, 1,



‘
»

He'), 4:08 (m, Jgu_g = 5.0 Hz, Jy_goy = 4.5 Hz, 1, HI), 4.40(m,
. ‘ . t
Jyys = 8.0 Hz, Jygioy = 6.5 Hz, 1, H2), 5.10 (t, 1, HOS", 5.17
(d, 1, HO3'), 5.44 (d, 1, HO2", 5.71 (d, 1, H1') 6.49 (s, 2, ‘H2N2),'
7.96 (s, 1, H8), 10.69 (s, 1, HN1); 1°C NMR & 156.77 (C8), 153.63
(C2), 151.28 (C4), 135.60 (C8), 116.68 (C5), 86.42 (C1"), 85.21 (C4"), |
73.69 (C2'), 70.3 (C3), 61.40 (C5); Anal: " Caled. for
CyoH;gNg050-5H,0: C 41.10, H 4.83, N 23.96. Found: C 41.03, H
4.63, N 23.99; UV (H,0) max 252 nm (¢ 13,800); (0.1 N HCl) max 25
nm (¢ 12,300); (0.1 N KOH) max 264 nm (e 11,500).

£l

2-Acetamido-6-diphenylcarbamoyloxy-9- (2,3, 5-tri-O-acetyl-g-D-xylo-

furanosyl)purine (135) and 2-[N-(2,3,5-tri-O-acetyl-B-D-xylofuranosyl)-

acetamido ] -6-diphenylcarbamoytoxy-9-(2,3,5-tri-Q-acetyl-f-D- -
e it xylofuranosyl)purine (148)"

s

The conditions and work-up used for the synthesis of (134) were

'y
applied to the preparation of (135) using 388 mg (1 mmol) of (124) and
382 mg (1.2 mmol) of anomeric 1,2,3,5-tetra-O-acetyl-D-

179 .

xylofuranose. The residue was chromatographed on a silica column

(25 g, 2 x 15 cm) using CHCI3 and 1:99 MeOH/CHCl3 as eluants.
Evaporation of fractions 22-32 gave 553 ‘mg (86%) of (135) as a white
foam: MS (FAB) m/z 647 (3.8%, M+l); 'H NMR & 2.01, 2,09, 2.10 (¥ X
s, 3 X 3, 3 X AcO), 2.22 (s, 3, ACNZ), 4.29 (m, JS?-S' = 12.0 Hz,
Jen.gr = 7.0 Hz, Jg,_40 = 4.0 Hz, 2, HS', 5"), 4.61 (m, Jg 30 = 4.5 Hz,
1, H4"), 5.55 (d of d, 3 o = 2.5 Hz, 1, H3), 5.81 ("t", Jy_ji =
3.5 Hz, 1, H?2"), 6.18 (d, 1, Hl1'), 7.28-7.56 (m,I 10, th), 8.59 (s, 1,

H8), 10.74 (s, 1, HNZ); 3c NMR 57169.69, 168.97, 168.83 (4 X

—
L ]
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§_0Cl'i3), 155.12 (C6), 154.23 (C4), 15;.33 (C2), 149.77 (COOB), 143.18
(C8), 141.41, 129.17, 127.07, 126.68 (th), 119.68 (C5), 86.15 (C1"),
18.25 (C2'), 77.69 (C4'), 73.98 (C3'), 61.11 (C5'), 24.35 (NCOQ_H3),
20.26, 20.18, 20.15 (3 X OCO_C_ZHs); UV ¢MeOH) max 226 and 278 nm.

Evaporation of fractions 17-30\gave 40 mg (4%) of (148) as a white

foam: MS (FAB) m/z 905 (5.7%, M+l); 'H NMR & 1.43, 1.90, 1.9,
2.02, 2.10 (5 X 5, 7 X 3, 7 X Ac), 3.88, 4.03, 4.30, 4.62 (4 X m,

2 X He' and 2 X HS', 5°§, 5.22, 5.52, 5.7, 5.80 (4 X m, 4, 2 X H2
and 2 X H3'), 6.14, 6.29 (2 X d, 2, 2 X H1'), 7.30-7.60 (m, 10, Ph,),
8.83 (s, 1, H8); '3C NMR 6 170.13, 169.75, 169.63, 169.09, 168.83 (7

X _QOCHs), 155.17 (C6), 154.12 (C4), 151.82 (C2), 149.62 (COOS),

™ 2

145.73 (C8), 141.35, 129.24, 127.21, 126.72 (Ph2), 122.59 (C5), 87.72, -

86.83 (2 X C1'), 78.40, 78.07, 76.94, 75.54, 74.79, 74.13 (2 X C2', 2
X C3', 2 X C4'), 61.20, 61.02 (2 X C5'), 23.28 (NCO_C_ZH3), 20.28,
20.15, 19.27 (6 X OCO_QH:;); UV (MeOH) max 228 (Sh) and 263 (Sh)
nm. A

. 9-p-D-xylofuranosylguanine (96) from (139)

To 647 mg (1 mmol) of (135) in 20 mL of MeOH was added 20 mL of
NH3/H20 (28-30%). The reaction mixture was stirred in a sealed flask
at 60°C for 1 day. Volatile materials were evaporated.v The solid
residue was. extracted twice with CHCl; and then recrystallized from

H.O to give (two crops) 197 mg (67%) of (96) as a hemihydrate: mp

9
250°C (dec) (Lit2%'%2 mp 241-243°C (dec)]; MS (FAB) m/z 284 (14%,

1
M+1); "H NMR & 3.62 (m, J5"-5' = 11.5 Hz, JS"-4’ = 6.0 Hz, J5"-5'OH =



4
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5.5 Hz, 1, H%"), 3.72 (m, JS'-4' 5.0 Hz, JS'-S'OH = 5.5 Hz, 1, HY"),

4.01 (m, Jy_g = 3.5 Hz, Jgi_g = 1.5 Hz, Jgigigy = 4-3°Hz, 1, HI),

4.08 (m, 1, HY), 4.19 (m, Jo,_; = 1.5 Hz, Jgi_gigy = 4.5 Hz, 1, H2Y,

4.69 (t, 1, HOS'), 5.56 (d, 1, HO3'), 5.66 (d, 1, H1'), 5.80 (d, 1,
HO2'), 6.47 (s, 2, H2N2), 1.83 (s, 1, H8), 10.63 (s, 1, HND); B3¢
.NMR 6 156.52 (C8), 153.51 (C2), 150.63 (C4), 135.89 (C8), 116.24
(C5), 88.52 (C1'), 83.06 (C4'), 80.92 (C2'), 75.08 (C3'), 59.33 (CS');
Anal. Caled. for C, H ;NOg*0.5H,0: C 41.10, H 4.83, N 23.96.

10713
Found: C 40.97, H 4.52, N 23.83; UV (H20) max 252 nm (¢ 13,700)'.

2-Acetamido-6-diphenylcarbamoyloxy-9-(2,3,5-tri-O-acetyl-a- D-arabino-

furanosyl)purine (136)

The procedure and work-up used for the synthesis of (134) was
followed using 388 mg (1 mmol) of (124) and 382 mg (1.2 mmol) of
anomeric 1,2,3,5-tetm-g-acetyl-D-arabianuranose.179 The residue was
applied to a silica column (25 g, 2 x 15 cm) and the product was eluted
with 8:2 EtZO/MeZCO. Evaporation of appropriate fractions gave 331 mg

1

(82%) of (136) as a white foam: MS (FAB) m/z 647 (0.8%, M+l); "H NMR

5 2.04 (s, 9, 3 X AcO), 2.22 (s, 3, ACNZ), 4.20 (d of d, JS"-S' = 12.0

Hz, J = 5.5 Hz, 1, H5"), 4.32 (d of d, J5'-4' = 3.5 Hz, 1, HS"),

5"_4!

5.00 (m, J = 6.5 Hz, 1, H4'), 5.40 (d of d, J3,_2. = 5.0 Hz, 1,

4'-3'
H3'), 6.04 ("t", Jy_,, = 4.0 Hz, 1, H2), 6.32 (d, 1, H1), 7.26-7.56
(m, 10, Phy), 8.59 (s, 1, H8), 10.76 (s, 1, unZ); 13c NMR & 169.80,
169.45, 169.32, 168.69, (4 X COCH,), 155.18 (C6), 153.99 (C4), 152.18

(C2), 149.77 (COOS), 143.95 (C8), 141.40, 129.17, 127.08, 126.67
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(Ph ), 120.08 (CS). 8eé. 71 ( l') 80.18 (C4'P, 78.26 (C2'), 74.87 (C3'),
62.56 (CS'), 24.37 (NCOQH ), 20.30, 20. 26, 20.15 (3 X OQ_OCHS), UV'

(MeOH) max 226 and 278 nm.

9-a-D-arabinofuranosylguanine (137) from (136)

v The deprotection condltlonsj and worig-up used for the preparatjon
of (96) fx;om (135) were applied to 647 ‘”u‘;g (1 mmol) of (136). The
crude product was recrystallized from sz to give 246 mg (84%) of
(137): mp 290°C (dec); MS (FAB) ‘m/z 284 (16%, M+1); 14 and 3¢ NMR
spectra were identical with those of thé product obtain‘d from
deprotection of (_1;_49). Anal. Calcd. for C,,H 13Nso5 0. 5H20 C 41. 10
H 4.83, N 23.96. Found: C 41.23, H 4.57, N 24.08, uv (HZO) max
252 nm (¢ 13,000).

_ .

2-Aceta.mido-G-d{phenylcarbamoyloxy-S-( 2,3,5-tri-O-benzyl-a-D-arabino-

furanosyl)purine (140) and 2-acetamido-6-diphenylcarbamoyloxy-9-

(2.3.5-tri-_Q-benzy,l-B-D-ambinofuranosyl)puriné (138) [

v
The procedure and work-up - used for the synthesis of (134) was

applied to 388 mg (1 mmol) of (124) and anomeric 2,3,5-tri-O-benzyl-

D-arabinofuranosyl chloridel\s\o

L4

1-0-p-nitrobenzoyl-2,3, 5-tri-O-benzyl-p-D-arabinofuranose. The

prepared from 684 mg (1.2 mmol) of

residue was chromoatographed on a silica column (30 g, 2 x 18 cm) with
§

Skelly B and then 3:7 EtOAc/Skelly B as eluants. Evaporation\ of
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fractions 18-31 gave 262 mg (33%) of (140) as a white foun MS (FAB)
m/z 191 (8.8\, M+1); 'H NMR 8 2.18 (s, 3, AcN®), 3.68 ("d", Jg_q0 ®
5.5 Hz, 2, HY', 8"), 4.23 ("t", Jg_q = 4.5 Hu, Ja._z.\" 3.5 Hs, 1,
H3'), 4.55, 4.36, 4.68 (s, m, @, 3 X 2, benaylie), 4.7 (m, 1, B4y,
4.89 (t; Jy_yo = 3.0 Hz, 1, H2'Y, 6.26°(d, 1, H1), 7.14-7.58 (m, 25,
X Ph), 8.54 (s, 1, H8), 10.72 (s, 1, HN®); !3%c NMR & 168.69
(NCOCH,), 155.01 (C8), 153.85 (C4), 151.98 (C2), 149.89 (coo),
143.33 (C8), 141.47, 137.94, 137.41, 137.38, 129.15, 128.01, 121.97,
127.94, 127.51, 127.36, 127.26, 127.05, 126.85, 126.70 (5 X Ph), 120.13
(C5), 87.97 (C1'), 84.66 (C2'), 83.01 (C4'), 82.34 (C3'), 72.24, 71.54,
71.13 (benzylic), 69.80 (C5'), 24.38 (Me); UV (MeOH) max 228 and 279
nm.
| Evaporation of fractions 33-50 '‘gave 225 mg (28%) of (138) as a
white foam: MS (FAB) m/z 791 (17%, M+1); 'H NMR & 2.18 (s, 3,
AeN?), 3.77 (m, Jgu_gi = 11.0 Hz, Jgu_g = 4.5 Hz, Jgig = 5-0 Hz, 2,

H5', 5"), 4.18 (m, J = 5.5 Hz, 1, H4'), 4.28, 4.47 (d, d, 2,

4'-3"
benzylic), 4.53 (s, 2, benzylic), 4.56 (1, Jg 3= J2.'_1, = 5.5 Hz, 1,
H2'), 4.68 (m, 3, H3' and benzylic), 6.45 (d, 1, H1'), 6.86-7.80 (m,
25, 5 X Ph), 8.45 (s, 1, H8), 10.72 (s, 1, HN?); 13c NMR & 168.47
(NCOCH,), 155.01 (C6), 154.34 (C4), 152.01 (C2), 149.91 (coo®),
144.23 (C8), 141.51, 137.94, 137.87, 136.79, 129.21, 128.11, 128.03,
127.95, 127.46, 127.40, 127.36, 127.29, 127.11, 126.76 (5 X Ph), 119.54
(CS), 82.64 (Cl'), 81.59 (C2'), 80.81 (C3"), 80.12 (C4"), 72.16, 71.83,
71.35 (benzylic), 69.49 (C5'), 24.37 (Me); U™ (MeOH) max 228 and 278

nm.
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9-(2,3,5-¢ri-Q-bensyl-p-D-arsbinofuranosyl) guanine (139)

To 791 mg (1 mmol) of (138) in 20 mL of MeOH was added 20 mL of
NHy/H,O (28-308). The reaction mixture was stirred in « sealed flask
at 60°C for 1 day. Volatile materials were evaporated and the residue
was purified on a silica column (25 g, 2 x 15 cm) using CHCl; and 3:97 '
l\loOl'lICl%(‘Jl3 as eluants. Evaporation of q;propmte fractions ﬁtvo 488
mg (88%) of (139) as'a white foam: MS (FAB) m/z 884 (128, M+l); W
NMR & 3.67 ("d", Jg,_,, = 5.0 Hz, 2, HS', 5"), 4.12 (m, J 5 = 5.0
Hz, 1, H4'), 4.27 (d, 1, benzylic), 4.30 (t, J3'-2' = 5.0 He, 1, H:;\').
4.39 (t, J2'-1' = 5.0 Hz, 1, H2'), 4.43 (d, 1, bensylic), 4.52 (s, 2,
benaylic), 4.63 (m, 2, benzylic), 4.17 (d, 1, H1'), 6.83 (s, 2, H2N2),
7.04, 7.24-7.40 (m, m, 15, 3 X Ph), 7.72 (s, 1, H8), 10.66 (s, 1,
HN1); ];3C NMR & 156.62 (C6), 153.78 (C2), 150.92 (C4), 138.03,
137.77, 137.10 (Ph's), 136.25 (C8), 128.22. 128.17,“' 127.61, 127.44,
127.42 (Ph's), 115.76 (C5), 81.91‘(C1'), 81.21 (CZ';, 80.87 (C3"),
79.89 (C4'), 72.22, 71.56, 171.16 (benzylic), 69.45 (C5'); UV (MeOH)

max 254 nm. [Lit39 UV (EtOH) max 254 nm].

9-(2,3,5-tri-0O- benzyl-a-‘D-ambinofumnosyl)guanine (141)

.

Application of .the procedure used for the preparation of (139) to
791 mg (1 mmol) of (140) gave 489 mg (88%) of (l41) as a wlute foam:
MS (FAB) m/z 554 (9.0%, M+1); 'H NMR & 3.60 ("d", Jg,_,, = 5.0 Hz,
2, HS', 5"), 4.19 ("t", J3,_4. = 4.5 Hz, Jg o = 3.5 Hz, 1, H3'), 4.54



(s, 2, b(my)lc). 4.58 (m, 3, H4' and bensylic), 4.6F (s, 2, bonlync):
4.68 (t, Jg_p, = 3.5 Hz, 1, H2'), 6.00 (d, 1, H1'), 6.92 (s, 2, HN’!.
7.20-7.40 (m, s, 3 x pn), V.86 (s, 1, HO), 10.08 (s, 1, HND); 13¢
NMR & 136.46 (CB), 153.51 (C2), 180.57 (C4), 137.94, 137.46, 137.22
(Ph's), 135.08 (C8), 18.01, 127.48, 127.44, 171.38, 121.33, 127.24
(PH's), 146.60 (CS), 86.84 (CL'), 8.48 (C2"), .82.30 Q). 2.
(), 72.23, 71.21, 71.14 (benzylic), 69.52 (C3'); UV (MeOH) max 253

~ .
nm.

./

- i

9-p-D-arabinofuranosylguanine (70) ' N

-

" The u;)onifimmn procedure used t'or‘the erepcntion of (139) was
followed using , 79 mg (1 mmol) of (1_3_8_).' Volatile materials were
evaporated. The crude product was coeyapomted twice with THF and
then c}issolved in 5 mL of THF. The soludon was cooledito -60°C and
NH3 gas was'addned. After about 25 mL of NH, was condensed, small
pieces of sodium metal were ;dded a\t -40°C until a persisten: blue color
was retained. The blue solution was stirred at -40°C for an additional
13 min and the bath temperature was lowered to -60°C. Solid NH4CI
was added in small portions until the blue color was discharged. The
cooling t.>ath was removed and NH3 was vented with a stream of N2.
The residual mixture was evaporated to dryness in vacuo and ther
extracted twice with benzene. The solid product was dissoived in 1(

mL of H,O amd the solution was acidified to pH 7 with AcOH. The

27
precipftate (two crops) ‘wa.s collected and recrystallized from HZO te
give (three crops) 23§ mg\(81$) of (70) as a hemihydrate: mp 280°(

(dec) [Lit?® mp 290°C (dec)]; MS (FAB) m/z 284 (7.3%, M+1); 'H NMI
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5 3.60 (m, Jgu_g = 11.5 Hz, Jgy g = 5.0 Hz, Jsn_gion = 59 HZs Jgig

= 4.5 Hz, J5'-5'OH = 5.5 Hz, 7, H5', 5"), 3.73 (m, J4,_3, = 4.0 Hz, 1,
H4'), ‘4 02 (m, J2._3, = 4. 2-2'0H 5.5 Hz, J2,_1. = 4.5 Hz,ll;
H2'), 4.04 (m, -3'0H 4.0 Hz, 1, H3"), 5.04 (t, 1, HO5'), 5.48 (d,

1, H03), 5.59 (d 1, HO2"), 6.00 (d, 1, H1'), 6.46 (s, 2, H, ), 1.75
(s, 1, H8), 10.60 (s, 1, HN1); 13C NMR & 156.59 (C6), ‘153.47 (C2),
150. 83 (C4),.136 .65 (CS), 115.76 (C5), 84.22 (C4), 83.31 (C1"), 75.44
(c2', C3'), 60.96 (C5'); Anal. Cglcd for C10H13N505 *0.5H, O: C 41.10,
H 4.83, N 23.96. Found: C 41.03, H 4.73, N 24.01; UV (H2O) max
252 nm (¢ 14,100).

9-a-D-arabinafuranosylguanine (137) from (_1_4_Q)

The deprotection procedure and work-up used for the preparation
of (70) was applied to 791 mg (‘1_ mmol) of (140). The residue was
recrystallized from’H2O to give (two crops) 208 mg (71%) of '(;ﬂ) as a
hemihydrate: mp 290°C (dec); MS (FAB) m/z 284 (18%, M+1); 1H NMR

5 3.44 (m, d = 12.0 Hz, J5"-4' = d = 5.5.Hz, 1, H5"), 3.56

5"-5"

(my J5|_41 = 3.5 ,HZ, J

5"_5'(?;{

s-50q = 5-5 Hz 1, HSD, 3.94, (m, Jy_gq =

Jyi_gr = Igi_gon =53 H 1, 'H3"), 4.05 (m, 1, H4'), 4.45 (m, Jo 11 =

5.0 Hz, Jy g0y * 59 Hz, 1, H2'), 4.85 (t, 1, HO5", 5.49 (a, 1,
HO3'), 5.65°(d, 1, H1), 5.71 (d, 1, HOZY, 6.44 (s, 2, HZNZ), 7.90
(s, 1, H8), 10.62 (s, 1, HN1); 13c NMR 6.156.56 (C6), 153.41 (C2),.
151.01 (C4), 135.76 (C8), 116.60 (C5), 87.54 (C1'), 85.13 (C4"), 79.73

)t t .
_(C2 ), 75.44 (C3"), 61.11 (C5'); Anal. Calcd. for C101—113N505 *C. SHZO

N 23.96. Found: C 41.13, H 4.54, N 24.05; uv

® :
,(H20) max 252 nm ¥e 13,700).



' 97

2- Acetamido-6-diphenylcarbamoyloxy-9-(2-deoxy-3,5-di-0-p- toluoyl-p-D-

erythro-pentofuranosyl)purine (142) and 2-acetamido-6-diphenyi-

carbamloyloxy-Q-( 2-deoxy-3,5-di-0O-p-toluoyl-a-D-erythro-

pentoftiranosyl)purine (143).

4

-

The procedure and Qork-up used for the synthesis 134) was
applied to 388 mg (1 mmol) of (124) and 466 mg (1.2 m:nql) of
2-deoxy-3, 5-di-_Q-g—tolQoyl-a-D- rythro-pentofuranosyl chloride. 181
The residue was chromatographed on a silica colunin (30 g, 2 x 18 cm)
using CHCl, and 1% 99 CH,CN/CHCl; as eluants. Evaporation of

fractions 21-35 gave 231 mg (31%) of (142) as a white foam: MS (FAB)

im/z 741 (2.4%, M+1); 'H NMR & 2.18 (s, 3, AcN®), 2.34, 2.40 (2 X s,

2 X 3, 2 X Me), 2.78 (m, Jou_p = 14.5 Hz, Jgu_yo = 7.0 Hz, Jou g0 =
?

3.0 Hz, 1, H2"), 3.40 (m, J = Jd = 7.0 Hz, 1, H2'), 4.39 (m,

2'-1' 2'-3'
2, H5Y 5"), 4.68 (m, 1, H/4'), 5.90 (m, 1, H3"), 6.54 (t, 1, HI"),

7.20-7.60 (m, 14, Aromatic)', 7.80, 7.94 (2 X d, 2 X 2, Aromatic), 8.61

(s, 1, H8), 10.70 (s, 1, HN?); 13C NMR & 168.43 (NCOCH,), 165.33,
165.09 (2 X OCOPhCH,), 155.18 (C6), 154.11 (C4), 152.03 (C2), 149.98
(Co0%), 144.38 (C8), 143.99, 143.61, 141.52, 129.37, 129.32, 129.25,
129.15, 127.20, 126.87, 126.80, 126.57, 196.49 (Aromatic), 120.54 (C5),
84.39 (C1'), 81.90 (Ca'), 74.95 (C3'), 64.03 (C5'), 35.29 (C2'), 24.41
(NCOCH), 21,13, 21.06 (2 X Me); UV (MeOH) max 229, 238, and 277
nm.

Evaporation of fractions 38-55 gave 264 mg (36%) of (143) as a

1

white foam: MS (FAB) m/z 741 (4.0%, M+l); 'H NMR & 2.18 (s,’3,

AcN?), 2.30, 2.40 (2 X's, 2 X 3, 2 X Me), 3.02 (m, Jyu_p = 14.0 HE,
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Jop_yr = 6.5 Hz, Jpu_g0 = 7.0 Hz, 1, H2"), 3.14 (m, Jgiys = 2.0 Hz, 1,

H2'), 4.55 (m, Jgu_g = 12.0 Hz, Jgu g0 = Jgi g0 = 4.5 Hz, 2, H5', 5"),

/'5.08 (m, 1, H'), 5.64 (m, 1, H3"), 6.59 (d of d, 1, HI"), 7.16 (d, 2,

i
L/

/

/
4

.

Aromatic), 7.30-7.60 (m, 14, Aromatic), 7.92 (d, 2, Aromatic), 8.62
(s, 1, H8), 10.66 (s, 1 HN%); 13C NMR & 168.46 (NCOCH,), 165.28,
164.86 (2 X OCOPhCH,), 154.95 (C6), 1;53.82 (C4), 151.87 (C%), 149.91
(coo®), 143.61, 143.53 (Aromatic), /143.16 '(c8), 141.477 129.10,

128.89, 196.97, 126.67, 126.47, 126.15 (Aromatic), 120.42 (C5), 85.73
4

(C1'), 83.14 (C4'), 174.39 (C3"), jl.72 (C5'), 36.75 (C2'), 24.25

(NCOQH3), 20.90 (2 X Me); UV (MgOH) max 229, 238 (Sh), and 278
/ . :

/
.
\ i
2'-Deoxyguanosine (93)%from (142) !
\
PI . K

)
£
N

nm.

3,

. \~
The deprotection and work-up Eﬁ)ee,dure outlined in the
~—
preparation of (96) from (135) was applied to 741 mg (T mmol) of (142).

—
R

The crude product was recrystallized from' H2O to give (two crdﬁ'gw) 205

7€

mg (74%) of (93): mp 240°C (dec) ’(Litl mp 250°C); MS (’F:AB) m/z
,

/

268 (22%, M+1); 'H NMR & 2“0‘ (0, Jgu_gn = 13.(}/Hz, Jyn_g0 = 3.0 Hz,

Jou_ys = 6.0 Hz, 1, H2"), 2.50 (m, Jgr g = 5.5Hz, Jy_;i = 7.5 Kz, 1,

H2'), 3.52 (m, Jgu_g = 12.0 Hz, Jgu_g = Jgi g = 4.5 HZ, Jgu_gioy *

Jd = 5.5 Hz, 2, HS', 5"), 3.80 (m, J4._3,,= 2.5 Hz, 1, H4'), 4.34

5'-5'OH
(m, J3 g0y = 4-0 Hz, 1, H3"), 4.95 (t, 1, HOS"), 5.26 (d, 1, HO3"),

6.12 (d of d, 1, H1'), 6.46 (s, 2, H2N2), 7.92 (s, 1, H8), 10.64 (s,
1, HND); 3¢ NMR & 156.92 (C6), 153.53 (C2), 150.93 (C4), 135.64
(C8), 116.84 (C5), 87.59 (C4"), 83.01 (Cl'), 70.84 (C3'), 61.78 (CS5"),

39.76 (C2'); Anal. Caled. for C. H..N.O

10813Ns 4°0.5H20: C 43.48, H 5.11, N

g



99

95.35. Found: C 43.22, H 4.88, N 25.58; UV (HZO) max 252 nm (b

13,600).

9-( 2-Deoxy-a-D-ex_'y_ghro-pentofuranosyl )guanine (144)
L

Application of the deprotection procedure outlined in the

preparation of (96) from (135) to 741 mg (1 mmol) of (143) and

recrystallization of the crude product from HZO gave 233 mg (84%) of

1

(144): mp 250°C (dec); MS (FAB) m/z 268 (6.7%, M+1); "H NMR & 2.20

(m, JZ"-Z' = 14.0 Hz, J2.._3, = J2,._1. = 3.0 Hz, 1.‘H2"), 2.67 (m, J2'-3'

= 17.0 Hz, J2,_1. = 8.0 Hz, 1, H2'), 3.44 (m, JS"-S' = 12.0 Hz, JS"-4' =

5.4 = 43 Hz, g 504 = I5'-5'0H

J4._3. = 2.5 Hz,‘/l; H4'), 4.27 (m, J3'-3'QH = 4.0 Hz, 1, H3'), 4.86 (t,

J = 5.5 Hz, 2, HS', 5"), 4.06 (m,
1, HO5'), 5.51 (d, 1, HO3"), 6.10 (d of d, 1, 'Hl‘), 6.45 (s, 2, HZNZ)‘,
7.97 (s, 1, H8), 10.63 (s, 1, HN1); 13C NMR & 156.79 (C6), 153.54
(C2), 150.79 (C4), 135.97 (C8), 116.50 (C5) 88.19 (C4'), 82.85 (Cl"),
70.71  «(C3", 61.67 (Cs"h, 40.34 (C2"); Anal. Calcd. for
C10H13N504'0'5H2
4.99, N-25.52; UV (H2O) max 252 nm (e 14,000). [Litgl_UV (MeOH)
max 253 nm (e 12,000)]. g

A J

.2-Acetamido-6-diphenylcarbamoyloxy-9-{(( 2-acetoxyethoxy)methyl]purine

O:.C 43.48, H 5.11, N 25.35. Found: C 43.59, H ~

(145) and 2-{N-[ (2-acetoxyethoxy)methyl]acetamido}-6-diphenyl-

carbamoyloxy-9- [ (2-acetoxyethoxy)methyl]purine (149)

The procedure and work-up used for the synthesis of (134) was

L4

N

s
/

/

y

/

i
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" applied to the preparation of (11'_@_) using 388 mg (1 miol) of (124) and

56 except no

0.158 mL (1.2 mmoly.of (2-acetoxyethoxy)methyl bromide
TMSTf catalyst was used and the coupling reaction was conducted at
room temperature for 1.5 h. The residue-~was applied to a silica column
(25 g€ 2 x 15 cm). The column was eluted with Et20 and then 3:7
Me, CO/Et O. Evaporation of fractions 18-32 gavega white foam that. was
recrystallized from CH CN/Et O (diffusion) to afford, 319 mg (63%) of
(145) as white crystals: mp 136- -138°C; MS m/z 504.1770 (O. 7% M =
504.1757); (FAB) m/z 505 (2596, M+1); H NMR & 191 (s, 3, OAc), 2.22
(s, 3, NAc), 3.78 (m, 2, AcOCHZCﬂzO), 4.08 (m, é, AcOCH_ZCH2O),
5.62 (s, 2, OCHZN), 7.30-7.56 (m, 10, phz), 8.60 (s, 1, H8), 10.76
(s, 1, HN?); 13C NMR & 169.83 (OCOCH,), 168.62 (NCOCH,), 155.04
(Cs6), 154.88 (C4), 152.33 (C2), 149.81 (COOG), 145.36 (C8), 141.43,
129.08, 126.97, 126.64 (th)‘, 119.54¢ (CS), T72.47 (NCH20), 67.20

(ACOCH,CH,0)  62.44 (AcOCH,CH,0), 24.27 (NCOCH,),  20.16

2
(OCOQH3); UV (MeOH) max 225, 278 nm (e 37,800, 13,600).
Evaporation of fractions 14-16 gave 20 mg (3%) of (149), which was
repurified on a silica piate (5 x 20 cm, developed twice with 3:7
Me2CO/Et20) before NMR analysis. 1H NMR 6 1.85, 1.88 (2 X s, 2 X
3, 2 X AcO), 2.28 (s, 3, AcN?), 3.66, 3.74 (2 X m, 2 X 2, 2 X

AcOCH CQZO), 4.03 (m, 4, 2 X AcOC}_i_2CH20), 5.42, 5.68 (2 X s, 2 X

2
2, 2 X OCH2N), 7.30-7.60 (m, 10, th), 8.73 (s, 1, H8).
“ .

g-{(2-Hydroxyethoxy)methy!] guanines (acycloguanosine, acyclovir) (146)

A 504 mg (1 mmol) sample of crystalline (145) was subjected to the
deprotecuon and work-up procedure used for the preparation of (96)

from (yﬁ). The crude product was recrystallized from HZO to give
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(two crops) 212 mg (91%) of (146) as a hemihydrate: mp 250-253°C
(Lit%® mp 265-268°C for an anhydrous sample); MS m/z 225.0865 (7.2%,
M* = 225.0862); (FAB) m/z 226 (80% M+1); 'H NMR & 3.46 (s, 4,
OCH,CH,0), 4.67 (br s, 1, HO), 5.35 (s, 2, NCH0), 6.51 (s, 2,
HyN%), 181 (s, 1, H8), 10.64 (s, 1, HND); 13c NMR 6 156.76 (C8),
153.78 (C2), 151.39 (C4), 137.71 (C8), 116.43 (C5), 72.01 (OCH,N),
70.3¢ ' (HOCH,CH,0),  59.88 (HOCH2;; Anal.  Caled. for

C8H11N503°0.5H20: C'41.01?. H 5.16, N 29.90. Found: C 41.21, H

4.99, N 29.92; UV (}{20) max 251 nm (¢ 13,200).

2-Acetamido-7-(2,3,5-tri-_(_)_-acetyl-[!’-D-ribofumnosyl)hypoxanthine (150)

4

- S

A suspension of 193 mg (1 mmol) of N2-acetylg’u5nine (8) and 0.5
mL-(2 mmol) of BSA in 10 mL of dry 1,2-dichloroethane was stirred in a
stoppered flask at 80°C uﬁiil a clear solution resulted (-2.5.h). The
solution was cooled, 0.25 mL (557 mg, 2.1 mol) of SnCl4 was addegq,

and the reaction mixture was stirred at room temperature fpr“30 min.

, A solution of 350 mg (1.1 mm915 of 1,2,3,5-tetra-O-acetyl-p-D-

ribofuranose in 5 mL of 1,2-dichloroethane was added. Stirring was

‘continued at room temperature for 1 day. MeOH (5 mL) was added and

the reaction mixture was diluted with 50 mL of ch13. The solution

was wasﬁed successively with saturated NaCl/HZO-(SO mL), saturated

N,aHCO3/H20 (50 mL x 2), and saturated NaCl/HzO (50 mL). The

organic layer was dried (Nazso4), filtered, and the filtrate evaporated.
The residue was chromatographed on a silica column (25 g, 2 x 15 cm)
using Et20 and 9:1 EtZO/MeOH as eluants. -Evaporation of appropriate

fractions gave 317 mg (70%) of (150) as a white foam: MS m/z 451.1331
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(6.2%, M" = 451.1339); 'H NMR & 2.04 (s, 6, AcO), 2.11 (s, 3, AcO),
2.17 (s, 3, AcN?), 4.24 (d of d, Jzu_g = 12.0 Hz, Jgu_ 4 = 6.0 Hz, 1,
HS"), 4.32 (m, J . = 4.0 Hz, J,,_5, = 5.0 Hz, 1, H4"), 4.42 (d of d,
1, H5'), 5.4 (d of d, Jq_o = 6.0 Hz, 1, H3)/ 5.80 (t, Jg_; = 6.0
Hz, 1, H2'), 6.31 (d, 1, H1'), 8.52 (s, 1, H8), 11.66, 12.24 (2 X br
s, 2, HNZ and HN1); '3C NMR & 173.18 (NCOCH,), 169.77, 169.08,
168.88 (3 X OCOCH,), 158.26 (C4), 152.07. (C6), 147.35 (C2), 143.85
(C8), 110.49 (C5), 87.50 (C1'), 79.40 (C4'), 73.00 (C2"), 69.58 (C3"),
62.79 (C5'), 23.48 (NCOCH,), 20.24, 30.07, 19.88 (3 X OCOCH,); UV

(MeOH) max 221 and 263 nm.

7-B-D-ri‘ofuranos'ylguamne ( 113)

The deprotection and work-up conditions outlined in the synthesis
of (7) were applied to 451 mg (1 mmol) of (150). The crude product
was recrystallized from H,O to give 228 mg (79%) of (113) as a

c )
2 np 230-268° (dec)]; MS m/z

9830510 T9.3%, M’ = 283.0917); (FAB) m/z 284 (12%, M+1); 'H NMR
N -t "‘ A‘""‘ :l.l - ’
',’.5""5'3,".";-”:"’5"-5' = 12.0 Hz, Jou_g = 4.0 Hz, Jgu 5oy = 60 Hz, 1, .
HS"), 2.66 (m, Jg,_, = 4.0 Hz, Jgi_gioy = 4.5 Hz, 1, H5), 3.89 (m,

- ' - ’ -
J = 4.0 Hz, 1, H4"), 4.07 (m, Jg_o = 5.5 Hz, Jg 3oy = 5.0 Hz,

4'-3'

1, H3"), 4.36 (m, Jp_;, = 5.5 Hz, Jgr_pioy = 6.0 Hz, 1, H2'), 5.01 (t,

1, HOS"), 5.10 (d, 1, HO3"), 5.36 (d, 1, HO2Z'), 5.98 (d, 1, H1"), 6.25

13

(s, 2, H2N2), 8.30 (s, 1, H8), 10.96 (br s, 1, HNI); C NMR &

160.63 (C4), 154.31 (C6), 152.87 (C2), 142.36 (C8), 107.67 (C5), 89.10
(C1'), 85.17 (C4"), 74.39 (C2'), 69.69 (C3'), 61.12 (C5'); Anal. Calcd.

for C,-H NSO *0.5H,0: C 41.10, H 4.83, N 23.96. Found: C 41.13,

10713 3 2
H 4.50, N 23.71; UV (HZO) max 286 nm (¢ 6,800).
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3

2-Acetamido-7-(2,3, 5-tri-_Q-acetyl-B-D-xylofumnocyl)hyboxanthine (152)

and 2-acetamido-9-(2,3,5-tri-O-acetyl-f-D-xylofuranosy!)hypoxanthfne

(156)

——
e ——
.
’

The procedure and work-up outlined inAthe cvnthesic of (150) was

applied to 193 mg (1 mmol) of (8) and 350 nmg (1.1 mmol) of anomeric

179

1,2,3,5-tetra~-O-acetyl-D-xylofuranocse. Lhe residue was

chromatographed on a silica column (25 g, 2 x 15 cm). The column was
eluted with CHCI3 and then 2:98 MeOH/CHCl3. ‘Evaporation of fractions

1'424 gave 341 mg (76%) of (152) as a white foam: MS m/z 451.1338

1

(8.7%,’M+ = 451.1339); "H NMR &6 2.05, 2.06, 2.10 (3 X s5,.3 X 3, 3 X

AcO), 2.18 (s, 3, AcN%), 4.34 (m, J 12.0 Hz, J = 7.0 Hz,

}5"'5' = 5" 24’
JS'-4' = 4.5 Hz, 2, HS', 5"), 4.61 (m, J4,_3. = 4.5 Hz, 1, H4"), 5.48 (d

of d, J3,_2, = 2.5 Hz, 1, H3'), 5.58 (t, J2,_1, = 3.0 Hz, 1, H2'), 6.36

(d, 1, Hl'), 8.40 (s, 1, H8), 11.63, 12.20 (2 X br s, 2, N2

HN1); 13'C NMR & 173.01 (NQOCHs). 169.55, 168.74, 168.54

and

(3 X OQ_OCHB), 157.35 (C4), 152.10 (C6), 147.00 (C2), 142.02 (C8),
110.55 (C5), 88.16 (Cl'), 79.35 (C2'), 77.96 (C4'), 73.89 (C3'), 60.96- '
(C5'")., 23.37 (NCOQ_H3), 20.15, 20.01 (3 X OCOQ_Hz); UV (MeOH) max

221 and 264 nm.

1

Evaporation of fractions 28-30 gave 13 mg (3%) of (156): "H NMR

5 2.02, 2.08, 2.10 (3 X s, 3 X 3, 3 X AcO), 2.18 (s, 3, ACN2), 4.28
» -

= 7.0 Hz, J = 4.5 Hz, 2, HS', "),

'Tsl'_4l 5'-4'

4.56 (m, J = 4.5 Hz, 1, H4'), 5.52 (d of d, J3,_2. = 2.5 Hz, 1,

4'-3'
H3'), 5.58 (t, J2._1. = 3.0 Hz, 1, H2"), 5.97 (d, 1, Hl"), 8.18 (s, 1,

2 13

H8), 11.70, 12.¥0 (2 X br &, 2, HN" and HN1); C NMR 56173.20

(NQOCH3), 169.60, 168.88, 168.84 (3 X OQOCHs), 154.50 (C6), 148.33
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(C4), 147.97 (C2), 136.98 (C8), 119.81 (C5), 85.58 (Cl'), 78.82 (C2"),
~ 77.74 (C4"), 73.86 (C3'), 60.92 (C5'), 23.52 (NCOQHs); 20.19, 20.14 (3

X OCOQHs); UV (MeOH) max 258 and 280 nm.

7-p-D-xylofuranosylguanine (153) ‘

The deprotection and work-up procedure used for the synthesis of
(96) from (135) was applied to 451 mg (1 mmol) of (152). The crude

product was recrystallized from HZO to give (two crops) 251 mg (86&)

2

of (153) as a hemihydrate: mp 285°C (dec) [Lit4 mp > 220°C (dec)];

MS (FAB) m/z 784 (26%, M#l); 'H NMR & 3.67 (m, Jgu g,

- -— " L'-
Jgnq = 6.5 Hz, Jgu gioy = 5:5 Hz, 1, HS")3 3.74 (m, J5, 40 = 2.0 Hz,

s 12.0 Hz,

Jgi_5op = 5 Hz, 1.'H5’), 4.01 (m, Jg_, = 3.5 Hz, Jg_, = 1.5 Hz,
Jygioy = 45 Hz, 1, H3), 4.15 (m, 1, H4), 4.23 (m, Jp_y, = 1.0 Hz,
Jyigioy = 4-0 Hz, 1, H2'), 4.73 (1, 1, HOS"), 5.45 (d, 1, HO3"), 5.80

(d, 1, HO?2'), 6.08 (d, 1, Hl'), 6.25 (s, 2, H2N2), 8.12 (s, 1, HS8),

10.98 (s, 1, HN1); 13C NMR & 159.98 (C4), 154.36 (C6), 152.60 (C2),

141.75 (C8), 107.41 (C5), 91.11 (Cl'), 83.44 (C4'), 81.39 (C2'), 75.11
1 ) iy, . .

(C3"), 59.31 (C5'); Anal. Caled. for C10H13N505 0.5H2O. C 41.10, H

4.83, N 23.96. Found: C 41.01, H 4.58, N 23.78; UV (HZO) max 285

(e 7,300).

2-Acetamido-7-(2,3, 5-tri-g-acetyl-a-D—ambinofuranosyl )-

hypoxanthine (154) e

s
’ -

The procedure and work-up outlined in the synthesis of (150) was



followod using 193 mg (1 mmol) of (8) and 350 mg (1.1 mmol) of

anomerfc 1,2,3,5-tetra-O-acetyl-D-arabinofuranose. 179 The residue was
purified on a silica column '(25 g, 2 x 15 cm). The column was eluted
successively with Etzo, 5:95, and t?\en 10:90 MeOH/Etzo. Evaporation
of appropriate fractions gave 326 mg ‘(7!‘) of (154) as a white foam: MS
m/z 451.1328 (3.6%, M+ = 451.1339); 1H NMR 6 2.03, 2.04, 2.06 (3 X s,
3 X 3, 3 X AcO), 2.16 (s, 3, AcN?), 4.18 (d of d, Jou g 7 12.0 Hz,

J

§n-q' " 6.0 Hz, 1, H5"), 4.28 (d of d, JS'-4' = 3.5 Hz, 1, HS'), 4.83
(m, J4,_3, = 6.0 Hz, 1, H4'), 5.37 (4, J3,_2, = 5.0 Hz, 1, H3'), 5.93
(t, J2,_1. = 5.0 Hz, 1, H2'), 6.36 (d, 1, H1'), 8.44 (s, 1, H8), 11.66,

"12.23 (2 X br s, 2, HN? and HN1); !3C NMR & 173.47 (NCOCH,),
170.13, 169.75, 169.39 (3 X OCOHCH,) 158.42 (C4), 152.48  (C8),
147.48 (C2), 143.80 (C8), 110.45 (C5), 88.18 (Cl'), 79.86 (C4"), 79.01
(C2'), 74.54 (C3'), 63.08 (C5'), 23.72 (NCOCH,), 20.54, 20.51, 20.37
(3 X OCOCH,); UV (MeOH) max 221 and 263 nm.

'
7-a-D-arabinofuranosylguanine (155)

The 'deprotection and work-up procedure outlined in the symthesis.

of (7) was applied to 451 mg (1 mmol) of (154). The crude ‘product

was recrystallized from H,O to give 249 mg (85%) of (135) as a
2 g :

1

hemihydrate: mp 250°C (dec); MS (FAB) m/z 284 (12%, M+l1); "H NMR

§ 3.47 (m, Jgu_g, = 12.0 Hz, Jgu_g = Jgu_gioy = 5-5 Hz, 1, H5"), 3.58

(m, Jg g = 3.5 Hz, Jgi_gioy = 5.5 Hz, 1, HS"), 3.93 (m, Jyu g = 6.5
- - ] [}

Hz, Jg_g = 5.5 Hz, Jg 3.0y = 5-0 Hz, 1, H3), 4.19 (m, 1, H4Y, 4.49

(m, Jguyo = 5.0 Hz, Jp g0y = 5.5 Hz, 1, H2'), 4.84 (t, 1, HOS"),

W
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e
5.45 (d, 1, HO3'), 5.68 (d, 1, HO2'), 5.91 (d, 1, H1"), 6.2¢ (s, 2,

H2N2). 8.16 (s, 1, H8), 10.92 (s, 1, HN1); 13C NMR 38 160.68 (C4),
4 154'28_ (@), 152.83 (C2), 142.44 (C8), 107.49 (C5), 90.33 (C1'), 84.82
.(C4'), 80.26 (C2'), 75.03 (C3"), 61.13 (C5'); Anal. Caled. for
N505°0.5H20: C 41.10, H 4.‘83, N 23.986. Found: C 41.35, H

CioM13
4.83, N 24.18; UV (H,0) max 286 nm (¢ 7,500).

‘ 2-N-,2',3' ,5'-tﬁ-g-acotylguan001ne (48)

\ -

The acylation and work-up conditions specified in the synthesis of

.152,153 were

o .
applied to 283 mg (1 mmol) of g'uanosine and 1.42 mL (1.54 g, 15 mmol)

Z-Q-.2',3',5'-tri-g-propionylguanosine by Hata et al

of acetic anhydride. The residue was purified on a silica column (25 g,
2 x 15 cm) using CHCl,, and 3:97 MeOH/CHCl, as eluants. Evaporation |
of appropriate fractions gave 255 mg (57%) of (48) as a white foam: MS
m/z 451.1348 (11%, M+ = 451.1339); 1H NMR &6 2.03, 2.05, 2.12 (3 X
s, 3 X3, 3 X AcO), 2.20 (s, 3, Ach), 4.‘.;.6-4.44 (m, 3, H4', HS',
5"), 5.48 (d of d, J3._4, = 4.0 Hz, J3._2. = 6.0 Hz, 1, H3"), 5.81 (%,

Jd = 6.0 Hz, 1, H?2'), 6.08 (d, 1, Hl'), 8.25 (s, 1, H8), 11.70,

2'-1'
12.08 (2 X br s, 2, HN® and HN1); '°C NMR & 173.35 (NCOCHy),
169.91, 169.25, 169.05 (3 X OCOCH,), 154,61 (C6), 148.50 (C4),
148.11 (C2), 137.68 (C8), 120.33 (C5), 84.59 (Cl"), 79.78 (C4"), 72.10
(C2'), 70.23 (C3'), 62.95 (C5'), 23.73 (NCOCH,), 20.35, 20.21, 19.99

3

(3 X OCOCH,); UV (MeOH) max 258 and 280 nm. (Lit183 uv (95%

EtOH) max 258, 282 nm. (€ 14,600, 12,500)] {
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2-Acetamido-8-diphenylcarbamoyloxy-9-(2,3,5-tri-Q-acetyl-f-~D-ribo-

furanosyl)purine (134) from (48)

The diphenylcarbamoylation conditions of Hata et al.152.153 were

ap;;lied to 177 mg (0.39 mmol) of (48). Excess reagent W.;l destroyed
b§ addition ?f 1 mL of H20. The reacton mixiure was evaporated and
the residue was dissolved in 40 mL of éHCls. ;I‘he CHCl3 l.oluslon was_
washed with NuHCOsll{zO (40 mL x 2), N&Cl/H,0 (40 mL), and -
evaporated. The residue was purified on a silica column (20 g, 2 x 12C
cm) using CHCl3 and 1:99 MeOH/CHCI3 as eluants. Evaporation of
appropriate fractions gave 194 mg (77%) of (134) as a white foam. The
'H and 13c NMR and UV spectra of this material were identical with‘
those of (134) pi'epared from (124) via a coupling reaction. The two
samples comigrated in three different TLC systems.

LY

2-Acetamido-s-diphehylcafbamoyloxy-? -(2,3,5-tri-O-acetyl-pg-D-ribo-

furanosyl)purine (151)

The dipﬁenylcarbamoylation procedure and work-up outlined in the
synthesis of (134) from (48) was applied to 226 mg (0.5 mmol) of (150).
The reaction was allowed tc; proéeed at r?;om .temperature for 3 h. The
residﬁe was purified on a silica column (20 g, 2 x 12 cm) using CHCl:3

and 2:98 MeOH/ CI-ICI3 as eluants. .vaporation of appropriate fractions

. gave 264 mg (82%) of (151) as a white foam: MS (FAB) m/z 647 (25%,

M+1); 1H NMR & 1.95, 2.00, 2.16 (3 X s, 3 X 3, 3 X AcO), 2.20 (s, 3,

t

‘
P
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AoNT), 421 (d of d, Jgug: * 12.0 Hz, Jgu_g0,= 6.0 Hz, 1, HS"), 4.32
(d of d, Jyiq * 3.5 He, 1, NIS), 4.47 (m, Jyog = 4.3 Hz, 1, HeD,
5.44 ("M%, Jy_p * 6.5 Hz, 1,JH3"), 5.68 (1, Jp,y = 6.0 Hz, 1, HZY,
6.09 (d, 1, H1'), 7.30-7.63 {m, 10, Phy), 8.91 (s, 1, H8), 10.70 (s,
1, uN?); B¢ vmr 1® s .91, 189.29, 168.96, 168.72 (4 X COCH,),
164.84 (C4), 152.33 (08) 150.32 (C00®), 148.19 (C2), 147.73 (CB),
141.23, 129.43, 121.55, 121.30, 127.24, 127.12 (Phy), 110.59 (C9),
' §7.21 (C1'), 80.00 (C4'), 72.88 (C2'), 69,87 (C3'), 62.95 (C5"), 24.39
(NCOCH,), 20.35, 19.96 (3 X OCOCH;);.UV (MeOH) max 230 and 266

nm,—

2, 6-Diamino-9-| 2-g-acotyl-3-bromo-3-deoxy-5-g-( 2,5,5-trimethyldioxolan-

4-on-2-yl)-B-D-xylofut_-anooyl]purine and 2,6-diamino-§~[3-9_-acetyl-‘2-

bromo-2-deoxy-5-0-(2,5,5-trimethyldioxolan-4-on-2-yl) -g-D-arabino-

furanosyl]purine as a crude mixture (163)

To a suspension of 564 mg (2 mmol) of (gg)so in 40 mL of dry
CH3CN were etdded 4 mlL of CH3CN/H2O (99:1) and 1.2 mL (1.67 g, 8
mmol) of a-acetoxyisobutyryl bromide 114 Tne reaction mixture was
stiz:red at rdom temperature for 4 h. NaHCO3/H2O (30 mL) was added
and the solution was extracted with 200 mL of EtOAc. The organic
layer was @hed with 30-mL of satumted NgCl/HZO, dried (Na.ZSO4),
filtered, and evaporated to give (163) as a white foam.\ This crude

product was used directly in further transformation reactions.

\
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2.8-Dhmlno-9-(2.3-mhydro-p-D‘-ﬂ.bot‘nnooyl)purim (184)

\ ]

The crude foam (163) prepared from 2 mmol of (158) was dissolved
in a minimal volume of MeOH and the solution was applied to a Dowex
1 X 2 (OH ) column (3 x 20 cm, previously washed with MeOH). The
column was allowed to gmnd for 1| h at ambient temperature and the
title compound w;; eluted with MeOH. Crystallization occurred in the
early fractidn-collecting tubes. Crystals were collected by filtration and
‘the filtrate and appropriate fractions were concentrated and chilled to
give an additional crop of pr'oc\uct; The total yield of (164) was 42'{ mg
[81% from (158)): mp \}gf)}c (dec); MS miz 264.0968 (238, M° =
264.0971); 'H NMR & 3.55 (m, Jgn g, = 11.5 Hz, Jgu.y = Jgu_gion

J = 5.0 Hz, J = 5.5 Hz, 2, HS', 5"), 4.15 ("t", 1, H4'),

5'-5'0OH 5'-4"
4.17 (d, Jy_p = 2.5 Hz, 1, H¥'), 4.37 (d, 1, H2), 5.09 (t, 1, HOS",
5.85 (s, 2, H,N®), 6.01 (s, 1, HL), 6.77 (s, 2, HN®), 7.92 (s, 1,
H8); !3C NMR & 160.33 (C6), 156.17 (C2), 151.48 (C4), 135.63 (C8),
112.98 (C5), 81249 (C1'), 80.89 (C4'), 61.04 (C5'), 58.67 (C3'), 57.76

"y . .
(C2'); Anal. Caled. for C10H12N603. C 45.45, H 4.58, N 31.80.

Found: C 45.35, H 4.75, N 31.48; UV (MeOH) max 255, 280 nm (e

~

' 9,900, 10:300).

2,6-Diamino-9-(3-deoxy-p-D- rythro-pentofuranosyl)purine (165) from

A

(164)

To a stirred solution of 528 mg (2 mmoi) of (164) in 40 mL of

DMSO was added 25 mL of 1 M LiEt,BH/THF at 10°C under N,

¢
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protection. After 1 hgigl cooling bath was removed and the reaction

Y

mixture .was stirred at. :ambient temperature for 3 days. HZO (60mL)-
was added cargfully' and a strong N2 stream was passed through the
“s_olution to r;move " the pyrophoric \ triethylboron. Solvents were
.ev&porated at’ 50-60°C in vacuo (- 0.5 mm Hg) and the yellowish
residue was chromatographed on a Dowex 1 X 2 (OH ) column (3 x 24
cm) using HZO and 3:7 MeQH/HZO as eluants. Evapofatidn of
appropriate fractions and recrystallizatibon ~of the residue from MeOH
.gave 453 mg (85%) of (Ej): mp 198-199°C, mp 122-123°C (from HzO)
(Lit!® mp 120-121°C (from H,0)]; MS m/z 266.1124 (16%, M =
266.1.127); 14y NMR 6 1.92 (m, Jan_qr = 13.0 Hz, Jdgu_gq = 6.5 Hz, Jau_g
= 3.5 Hz*, 1, H3"), 2.24 (m, Jg_y ='§.0 Hz, ‘JS'-Z' = 6.0 Hz, 1, H3'),
3.50 (m, Jgug = 11.5 Hz, Jgu_ g = 4.0 Hz, Jgu oy = 55 Hz, 1,
H5"), 3.65 (m, Jg\ 41 = 3.5 Hz, Jgi gigyg ~© 5.5 Hz, 1, H5'), 4.30 (m,
1, H4'), 4.51 (m,‘éér_l, = 2.5 H;., Jor910H = 4.5 Hz, 1, H2'), 5.18 (t,

A , .
1, HOS"), 5.56 (d, 1, HO2'), 5.70 (d, 1, H1'), 5.78 (s, 2, H2N2), 6.75

-~

(s, 2, HZNG), 7.92 (s, 1, H8); !3C NMR & 160.11 (C6), 156.17 (C2),
151.23 (C4), 135.76 (C8), 113.38 (C5), 90.18 (CLl), 80.19 (C4",

Ry : 1y ° . .
» 74.38 (C2'), 62.93 (C5'), 34.51 (C3'); Anal. Calcd. for CIOH'I4N603' C

-45.11, H 5.30, N 31.56. . Found: C 44.90, H 5.31, N 311.52;‘ UV (MeOH)
max 255, 280 nm (e 10,200, 10,700).

L= 3 .

2,6-Diamino-"§-(3-deoxy-B-D- x_'ﬂhro-pentofuranosyl)purine (1695) and

2,6-Dfaminf#)-(2-deoxy-p-D-egy_1ﬂ hro-pentofuranosyl)purine (166) from

(183)"

'The crude foam (163) preparéd from 2 mmol of (158) was dissolved
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in 80.mL of oxygen-free toluene. After addition of 64 mg (6.4 mmol) of

AIBN and 2.2 mL (2.38 g, 8.2 mmol) of _Q-Bu3SnH, the reacti:m mixture
was refluxed for 1 h. Toluene was removed’ by evaporatipn;and trg
residue was dissolved in 100 mL of 1:1 CHscN/HZO. The solution was
washed with 100 mL ,of g-penta/x;e and' then evaporated. The r%sidue
was treated with 50 mL of NI;3/MeOH (saturated at -10°C) at ambient
temperature for 4 h. Volatile materials were evaporated and tl}e residué
w’b,és chmmatographed on a Dowex 1 X 2 (OH'b) colum. (3 x 30 cm).
Elution with HZO‘ evaporation of appropriate fractions, and
recrystallization from MeOH gave 85 mg (16% from (158)] of (ng)‘: mp
154-155°C (I_.it186 mp 147-149°C); MS m/z 266.1128 (12%, Mt =
266.1127); IH NMR & 2.20 (m, 'JZ"-Z' = 13.0 Hz, Jgu_g = 3.0 Hz, Jou_p:
- 6.0 Hz, 1, H2"), 2.62 (m, Jy g = 5.5 Hz, Jyu_j = 8.0 Hz, 1, H2),
3.54 (m, J

5" =5 = 12.0 Hz, JS"—4' = 4.0 Hz, J = 6.0 Hz, 1,

5"-5'0OH

H5"), 3.60 (m, J5'-4' = Js,_s,(')H = 5.0 Hz, 1, H5"), 3.86 (m, J4'_3‘ =
-— 1

3'-3'0H - _4.0 Hz, 1, H3"), 5.26 (d, 1,

HO3"), 5.29 (d of d, 1, HO5'), 5.76 (s, 2, HZNZ), 6.19 (d of d, 1,

2.0 Hz, 1, H4"), 4.37 (m, J

H1'), 6.76 (s, 2, H,N®), 7.92 (s, 1, H8); 13C NMR 6 159.98 (C6),
156.14 (C2), 151.17 (C4), 135.75 (C8), 113.48 (C5), 87.63 (C4'), 83.10
(C1"), 170.98 (C3'), 61.95 (CS"), 39.37 (C2'); Anal. Calc;i. for
C10H14N603: C 45.11, H 5.30, N'31..56. Found: C 45.01, H 5.41, N
31.31; UV (MeOH) max 256, 280 nm (¢ 10,100, 10,600).

Further elution with 3:7 MeOH/HQO, evaporation of appropriate
fractions, and recrystallization from MeOH gave s16 mg {gQ% from (158)]
of (165): mp 198-199°C; MS m/z: 266.1129 (11%, M+ = 266.1127). This

product was identical with that prepared by reduction of (164).
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2,6-Diamino-9-(2, 3-dideoxy-p-D-glycero-pent-2-enofuranosyli)purine (167)

L}

The crude foam (163) obtained from a 2 mmol re‘ac/tvion of (158) was
dissolved- in 40 mL of DMF and treated with freshly pre‘pared Zn/Cu
couple 187 at room temperature for 30 min. Soli‘d r;lateria.ls were removed
by filtration. The filtrate was evaporated and thev oily residue was
partitioned between 100 mL of saturated NaHCOS/HZO and 100 mL of
EtOAc. The organic layer was wasﬁed with 100 mL of saturated
NaCl/HzO, evaporated, and applied to a Dowex 1 X 2 (OH_) column (3
x 30 cm, preiriously washed with MeOH). Elution with MeOH,
evaporation of appropriate fractions, and recrystallization from
MeOH/EtZO (diffusion) gave 396 mg [79% from (158)]) of (167): mp

1

157-160°C; MS.m/z 248.1020 (3.9%, Mt = 248.1022); "H NMR & 3.57 (d,

Jgi_g = 4.0 Hz, 2, H5', 5"), 4.85 (m, Jgi_q0 = 1.5 Hz, Jy g0 = 2.0
Hz, J,_,, = 3.0 Hz, 1, H4'), 5.10 (br s, 1, HO5'), 5.82 (s, 2, N,

. - - 1 -
6.10 (m, Jj_ = 6.0 Hz, Jy,_;, = 1.5 He, 1, H2), 6.44 (m, g, =

1.5 Hz, 1, H3'), 6.76.("s", 2, H2N6), 6.77 (m, 1, H1l'), 7.76 ¢s, 1,

H8); 13C NMR & 160.38 (C6), 156.18 (C2),-151.53 (C4), 136.15 (C8),

134.36 (C3'), 125.84 (C2'), 113.19 (C5), 87.89 (Cl'), 87.71 (C4"),

——

10H19Ng09°0-2H,

33.37. Found (The sample was repurified by recrystallization from

63.14 (C5"); Anal. Caled. for C O: C 47.69, H 4.96, N

MeOH): C 47.59, H 5.06, N 33.38; UV (MeOH) Max 255, 280 nm (€

9,900, 10,300).
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2,6-Diamino-9-{3,5-0-(1,1,3,3-tetraisopropyldisilox-1,3-diyl)-p-D-
T8 168)

ribofuranosyl]purine

A stirred suspension of 2.82 g (10 mmol) of (158) in 50 mL of dry
pyridine was treated with .4 mL (3.88 g, 12.3 mmol) of TPDSCI at
ambient temperature for 6 h. After addition' of 5 mL of EtOH, the
reaction mi;(ture ‘was evaporated. The residue was coevaporated several
times with Foluene and then partitioned between 300 mL of GHCI3 and
300 mL of H20. The organic layer was concentrated gid applied to a
silica column (225 g, 6 x 15 cm). Elution with 1:9 MeOH/CHEZl3 and
evaporation of appropriate( fractions gave 5.12 g (97%) of (168) as £:l
foam: MS m/z 524.26(;2 (8.2%, M+ = 524.2599); 1H NMR & 1.94-2.14 (m,

28, i-Pr), 3.90-4.14 (m, 3, H4', H5', 5"), 4.31 (m, J =J

2'-3 2'-2'0H ~

5.0 Hz, J = 1.5 Hz, 1, H2'), 4.45 (d of d, J3,_‘4.>_= 8.0 Hz, 1,

92'-1!
H3'), 5.61 (d, 1, HO?2') 5.72 (d, 1, H1"), 5.79 (s, 2, H2N2), 6.79 (s,

2, HZNG), 7.78 (s, 1, H8); UV (MeOH) max 257 and 281 nm.

2,6-Diamino-9-(2-deoxy-f-D- mhro-pentofuranosyl)purine (166) from

(168) &&;

The foam (168) obtained from a 2 mmol reaction of (_1_5_8_)‘was\
suspended in 20 mL of dry CH3CN and treated with 489 mg (4 mmol) of

DMAP and 0.4 mL (380 mg, 2.2 mmol) of phenoxythiocarbonyl

189

chloride at ambient temperature for 1 h. The resulting solution was

diluted with 100 mL of EtOAc, washed with 100 mL of 2% AcOH/HZO,

d
8,
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100 mL of saturated NaHCO,/H,O, 100 mL of saturated Naél/HZO, dried
(Na2504), and evaporated. The residue was coevapbmted successively
with to{l‘uene. CHC13, and EtZO. The regulting foam was dired in vacuo
at room teriperature for 2 h and then dissolved in 20 mL of toluene.
“After addition of 66 mg (0.4 mmol) of AIBN and 0.85 mL (920 mg, 3.2
mmol) of p_-Bu3SnH, the reaction mixture was purged with oxygen-free
nitrogen and heated 4 80°C overmdght. Addition of 4 mL of 1 M
n-Bu4NF/THF was followed by stirring at 80°C for 3 h. Volatile
materials were evaporated »and the residue was partitioned between

100 mL of H,O and 100 mL of Etzo\. The aqueous phase was

2
concentrated and applied to a Dowex 1 X 2 (OH ) column (3 x 30 cm).

Elution with H,O, evaporation of appropriate fractions, and

] 2
recrystallization from MeOH gave 216 mg [41% from (158)] of (166): mp
154-155°C; MS M/z 266.1124 (15%, Mt = 266.1127). This material was
identical with the minor product (166) prepared by debromination of

-

(163). « —

2,6-Diamino-9-( 2-azido-2-deoxy-p-D-arabinofuranosyl) purine (169)

”

To a suspension of 525 mg (1 mmol) of (168) in 10 mL of dry
CH2C12 were added 367 mg (3 mmol) of DMAP and 0.15 mL (237 mg, 1.4

mmol) of CF,SO,Cl. The reéction mixture was stirred at 0°C for 30

V2

min, 50 mL of (‘HC13 was added, and the solution was washed with 2%
HOAc/H20 (2 x 30 mL), saturated NaCl/HZO (2 x 30 mL) and dried
(NaZSO4). Filtration, evaporation of the filtrate, and successive

coevaporation with toluene, CHC13, and Et20 gave a foam. This was

dried in vacuo at ambient temperature for 4 h and then treated with 196
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mg (4 Tmmol) of dry I..iN3 in 10 mL of dry DMF at ambi;nt temperature
overnight. The residue obtained after evaporation was dissolved in 50
mL of EtOAc. The solution was washed with saturated NaClIH.zO (3 x
50 mL) and evaporated. The resulting foam in 10 mL of THF was
treated with 3 mL of 1 M g-Bu4NF]THF at ‘ambient temperature
overnight. THF was evaporated and the residue’ was chromatographed

on a column of Dowex 1 X 2 (OH™) resin (3 x 10 cm) using H,O and

-

8: 2 MeOH/HZO as eluants. Evaporation of appropriate t'ractions' gave

181 mg (59%) of (169) as a crystalline solid: mp 262°C (dec); MS m/z

1

307.1141 (13%, Mt = 307.1141); "H NMR 6 3.64 (m, J5"-5' = 12.0 Hz,

JS"-4' = 4.5 Hz, J5"-5'0H = 5.5 Hz, 1, H5"), 3.72 (m, J5'-4' = 3.0 Hz,

Jd = 5.5 Hz, 1, H§'), 3.76 (m, J4,_3. = 7.5 Hz, 1, H4'), 4.35 (m,

5'-5'OH

Jd = 7.5 Hz, J = 5.5 Hz, 1, H3"), 4.49 (d of d, J2'-1' = 6.9

3'-2' 3'-3'0H
Hz, 1, H2"), 5.20 (t, 1, HOS'), 5.83 (s, 2, HZNZ), 5.99 (d, 1, HO3"),

13¢c NMR 5

6.19 (d, 1, H1'), 6.78 (s, 2, HZNS), 7.90 (s, 1, H8);

160.37 (C6), 156.09 (C2), 151.60 (C4), 136.20 (C8), 112.78 (C5), 83.11
&

(C4'), 81.43 (C1'), 71.91 (C3'), 67.54 (C2'), 59.85 (C5'); Anal. Calcd.

CyoHy3NgOg: C 39.09, H 4.26, N 41.03. Found: C 38.85, H 4.35,

40.63; UV (MeOH) max 255, 280 nm (¢ 10,300, 10,800).

2,6-Diamino-9-(2-amino-2-deoxy-p-D-arabinofuranosyl) purine (170)

A suspension of 307 mg (1 mmol) of (169) in 15 mL of 98% EtOH
and 5 mL of Hy0 was treated with 100 mg ?\Raney nickel and 1 mL of

95% NHZNH2 at room temperature for 6 h.Y The reaction mixture was

filtered and the solid was washed with 8:2 EtOH/H,0. The filtrate and
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washings were combined, concentrated, and applied to a Dowex 1 X 2
(OH™) column (3 x 10 cm). Elution with H,0 and evaporation of
appropriate t‘ra:tions g‘ave 238 mg (85%) of cryctalline (170): mp
289 -292°C; MS m/z 281. 1232 (10%, M = 281.1236); 1H NMR § 1. 20-1 80

(pr 8, 2, H2N2'). 3.%0, J2'-3' =z JZ'-I' = 6.5 Hz, 1, H2'), 3.58 (d of

d, Jgu_gr = 12.5 Hz, Nghiyo = 4.5 Hz, 1, HS"), 3.68 (m, Jg_ g = 2.5
Hz, 1, HS"), 3.70 (m, J,,_q = 6.5 Hz, 1, H4"), 4.0 (m, J3, 3,0y = 4.5
Hz, 1, H3'), 4.60-5.60 (br, 1, HOS"), 5.39 (d, 1, HO3"), 5.76 (s, 2,
H,ND), 6.02 (4, 1, HI"), 6.68 (s, 2, H,N®), 7.88 (s, 1, gé'); 13c NMR
& 160.17 (C6), 156.02 (C2), 151.63 (C4), 137.10 (C8), 112.92 (CS5),
84.29 (C4'), 84.03 (Cl'), 75.41 (C3'), 60.70 (C5'), 60.31 (C2"); Anal.
Caled. for C, H  N;Op: C 42.70, H 5.38, N 34.86. Found: C 42.56, H
5.38, N 34.87; UV (H,0) max 255, 280 nm (e 9,800, 10,300).

3'-Deoxyguanosine (81)

To 266 mg (1 mmol) of (165) dissolved in 5 mL of DMSO and 25 mL
of 0.1 M sodium phosphate buffer solution (pH 7.4) was added 10 mg of
ADA (2.7 units/mg proteih). The reaction mixture was stirred at robm
temperatupe overnight. Solvents were evaporated in vacuo and the
residue was applied to a Dowex 1 X 2 (OH™) column (2 x 10 cm). The
column was washed sucéessively with Hzo, 842 MeOH/HZO, and HZO’
The product was eluted with 0.03 M ([Et,NH']J[HCO, ] solution.
Evaporation of. appropriate functions gave a white solid, which was
coevaporated with HZO several times and then recrystallized from H20

to afford 239 mg (87%) of (81) as a hemihydrate: mp 250°C
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(dec) (Lit?* mp 240°C (dec), Lit3® mp 250°C (dec)]; MS (FAB) m/z 268

1

(5.6%, M+1); "H NMR & 1.89 (m, J = 13.5 Hz, J = 6.5 Hz,

3n.g3! 3"-4'

J = 3.0 Hz, 1,".“3")’ 2.20 (m9.;13!_4v = 9.0 HZ, J3|_2| = 5.5 Hz, 11 .

3".9!
H3"), .3.51 (d of d, J5"_5. = 12.0 Hz, J‘s.._4, = 4.5 Hz, 1, H5"), 3.64 (d

of d, JS'-4' = 3.5 Hz, 1, H5"), 4.31 (m, 1, H4'), 4.46 (m, J2._1. = 2.0
Hz, 1, H2"), 4.~60-5.90 (br, 2, HOS' and HO?2'), 5.70 (d, 1, H1'), 6.49

(s, 2, HZNZ), 7.94 (s, 1, H8), 10.65 (s, 1, HN1); 13

C NMR & 156.58
(C6), 153.43 (C2), 150.63 (C4), 135.04 (C8), 116.60 (C5), 89.85 (c1,
80.27 (C4'), 74.68 (C2'), 62.56 (C5'), 34.40 (C3'); Anal. Caled. for
C10H13N504°0.5H2

4.89, N 25.39; UV (HZO) max 252 nm (¢ 13,600).

O: C 43.48, H 5.11, N 25.35. Found: C 43.38, H

2'-Deoxyguanosine (93)

The enzymatic deamination procedure outlined in the preparation of
(81) was followed using 266 mg (1 mmol) of (166) and 20 mg of ADA (1
unit/mg protein). Chromatographic purification of the product on a

Dowex 1 X 2 (OH-) column (2 x 10 cm) and recrystallization from HZO

178

gave 250 mg (91%) of (93): mp 250°C (dec) (Lit mp 250°C); MS

1 13

(FAB) m/z 268 16.5%, M+l); "H and C NMR Spectra were identical

with those of (93) prepared from (142) by deprotection. Anal. Calcd.
for C101-113N504°0.51'12
H 4.90, N 2% .62; UV (H20) max 252 nm (e.13,400).

O: C 43.48, H 5.11, N 25.35. Found: C 43.42,
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9-(2, 3-Dideoxy-B-D-glxcero-pent-2-enofuranosyl )guanine (171)

' The deamination procedure used for the preparation of (81) was
applied to 248 mg (1 mmol) of (167) and 20 mg of ADA (1 unit/mg
protein). The reaction mixture was stirred at room temperature for 10
days with additions of 20 mg of fresh ADA every other day. After
chromtographic purification on Dowex 1 X 2 (OH ) resin, the product
was recrystallized fron?‘Hzo (gentle heating) to give 130 mg (50%) of
(171): mp 200°C (dec); MS (FAB) m/z 250 (16%, M+1); 'H NMR & 3.54

(d, J5'-4' = 4,0 Hz, 2, H5', 5"), 4.83 (m, J4,_3. = 2.0 Hz, J4,_2. =1.5
Hz, J4,_1, = 3.0 Hz, 1, H4"), 4.93 (br, 1, HOS'), 6.09 (m, J2._3, = 6.0
Hz, J2'-1' = 1.5 Hz, 1, H2'), 6.44 (m; J3._1, = 1.5 Hz, 1, H3"), 6.50

(s, 2, H2N2), 6.70 (m, 1, H1'), 7.72 (s, 1, H8), 10.67 (br s, 1,
HN1), 13c NMR 6 156.70 (C6), 153.69. (C2), 150.81 (C4), 135.22 (C8),
134..22 (C3'), 125.34 (C2"), .116.43 (CS), 87.77 (Cl'), B87.23 (C4"),
62.87 (CS5'); Anal. Calcd. for C10H11N503-0.5H20: C 46.51, H 4.68, N
927.12. Found: (The sample was repurified by recrystallization from
Hy0): C 46.‘20, ’ ¢.58, N 27.07; UV (H,0) max 252 nm (e 13,800)
(Lit'!* UV (H,0) max 253 nm (e 14,000)]. “

9-(2-Amino-2-deoxy-B-D-arabinofuranosyl)guanine (104)

The deamination procewure outlined in the preparation of (81) was
applied to 141 mg (0.5 mmol) of (170), 10 mL of 0.1 M sodium
phosphate buffer solution (pH 6.5), and 8 mg of ADA (1 unit/mg

protein). The reaction mixture was stirred at ambient temperature for
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15 day; with additibns of 8 mg of fresh ADA every other day. After
chromtographic purification on a Dowex 1 X 2 (OH™) column (2 x 10
cm), the desired product (104) was obtained in both a free 2'-amino
form and as a salt. This salt was converted into the free 2'-amino form
by repeated Dowex. 1 X 2 (OH')chmr;lta‘;br%raphy. Recrystallization of
the free 2'-amino product from H,O gavel 131 mg (90%) of (104): mp
230°C (dec) [Lit'®® mp 193-196°C (dec)]; MS (FAB) m/z 283 (57%,

1

M+1); "H NMR & 0.50-5.00 (br, 3, H,N2' and HOS'), 3.43 (t, J

2 23"
Jorpr = g.o Hz, 1, H2'), 3.60 (d of d, Jgu g = 12.5 Hz, Jgu_ 4 = 4.5
Hz, 1, H5'), 3.68 (m, 2, H4' and H5'), 3.99 (m, 1, H3'), 5.41 (br s,
1, HO3"), 5.98 (d, 1, H1'), 6.46 (s, 2, H2N2), 7.87 (s, 1, H8), 10.56
(s, 1, HN1); 13C NMR & 156.91 (C6), 153.50 (C2), 151.09 (C4), 136.70
F 4 R
(C8), 116.31 (C5), 84.22 (C4'), 84.17 (Cl"), 75.21 (C3'), 60.54 (CS'),
60.17 (C2"); Anal. Cilcd. for C10H14N604~0.5H2
28.85. Found: (The sample was repurified by recrystallization from

O: C 41.24, H 5.19, N
HZO): C 41.38, H 4.93, N 28.68; UV (HZO) max 252 nm (¢ 13,000).

9-8-D-xylofuranosylguanine (96) from (172)

The deamination conditions outlined in thé preparation of (8l) were
followed using 282 mg (1 mmol) of (172)'% and 20 mg of ADA (1
unit/mg protein). The reaction mixture was stirred at room
temperature for 3 days with additions of 20 mg of ADA every day.
Purification of the product on Dowex 1 X 2 (éH') resin and

recrystallization from Hzo‘gave 242 mg (83%) of (96): mp 250°C (dec);
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MS (FAB) m/z 284 (28%, M+1); 'H and '3C NMR spect? identical
with those of the product (96) obtained from deprotection of (139).

|\
Anal. Calcd. for C10H13N505°0.5H20: C 41.10, H 4.83, N 23.96.

Found: C 41.01, H 4.63, N 23.83; UV (H20) max 252 nm (e 13,300).

-
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