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8-Carbyl Substituted Cyclic Adenosine-3",05' -

Monophosphorothiolate Compounds as cCAMP Modulators

This invéntibn relates to novel purine nucleotide
derivatives, to processes for their preparation,
intermedia%es,in their preparation, compositions
containing them, their use in medicine and diagnostics,
and to methods of treatment and assay methods using
them, in particular where the'purine nucleotide
derivative is a purine cyclic monophosphate
phosphorothioate substituted at the 8-carbon of the
purine ring by a carbon-attached substituent.

The naturally occuring purine cyclic monophosphates,
cyclic adenosine monophosphate (cAMP) and cyclic
guanosine monophosphate (cGMP), are messenger molecules

important for mediating the effects on cell function of
hormones,

It has been brbposed that analogs of such cyclic
nucleotides may be used in treating disease states
associated with reduced or enhanced.immuné function.
Thus one such analog 1s adenosine -cyclic
monophosphorothioate (cAMPS), or more exactly adenosine
3',5'- cyclic monophosphorothioate, in which one of the
oxygens pendant from the phosphorus atom is replaced by
a sulphur. The phosphorus as a result is a chiral
centre and 1in thé'Rp cOnfiQuraﬁion-Lat the phosphorus
atom) cAMPS is a cAMP antagonist while in the Sp
.configuration (at the phosphorué atom) it is a cAMP
agonist. The use of Rp- cAMPS as a cAMP antagonist as
part of an HIV treatment has been proposed for example
in W098/48809 and the use of cAMPS as an inhibitor of
‘neoplastic growth has been proposed in US-A-5843916.

w098/48809 suggestéd in.pérticular the use of cAMP
antagonists which inhibit the activity of the enzyme
cAMP-dependent proteln kinase I (PKAI) and in this
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regard suggested the use of Rp- cAMPS substituted at the
8-carbon of the purine ring by a heterocatom (e.g. Br or
Cl) or a heterocatom-attached group (e.g. piperidine).
Moreover Gjertsen et al in J. Biol. Chem. 270:20599-
20607 (1995) demonstrated that 8-chloro and 8-bromo Rp-
cAMPS had a higher antagonistic activity relative to
PKAI than 8-unsubstituted Rp-cAMPS.

Various 8-substituted cAMPS are available commercially
from Biolog-Life Science Institute of Bremen, Germany,
1n particular Rp-8-Br-cAMPS, Rp-8-Br-MB-cAMPS (MB is a
monobutyryl substituent at the 2' position of the ribose
ring), Rp-8-Cl-cAMPS, Rp-8-CPT-cAMPS (where CPT = 4-
chlorophenylthio), Rp-8-HA-cAMPS (where HA =
hexylamino), Rp-8-OH-cAMPS, Rp-8-PIP-cAMPS (where PIP =
piperidino), Rp-8-AEA-cAMPS (where AEA = 2-
aminoethylamino), Rp-8-AHA-cAMPS (where AHA = 6-
aminohexylamino), Rp-8-Ni;~cAMPS (where N; = azido), and
Rp-8-I-cAMPS. Biolog also supply Sp-cAMPS compounds but
again all are either 8-unsubstituted or are 8-
substituted by a heteroatom or a heteroatom-attached

group.

The present treatment of HIV infection 1s a potent
cocktail of anti-HIV drugs; highly active antiretroviral
therapy (HAART). HAART includes protease inhibitors and
nucleoside and nonnucleoside analogs that target the
virus and is the main component in the treatment of HIV-
infected patients. However, although HAART
significantly prolongs life of HIV infected patients by
stopping the development of AIDS, impaired T cell
function seems to persist. In fact, the HIV-specific
immune response has been seen to decline rather than
increase during HAART. Furthermore, HAART does not
eradicate the wvirus, patients display virological
relapse upon withdrawal of treatment and 1in some
patients the virus develops resistance to the treatment.
In addition, a large number of patients develop
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intolerance to the present drugs with potentially
serious adverse events.

Thus, there 1s an increasingly recognized need for other
Creatment modalities. Treatment based on
immunomodulation that can improve the function of the
somewhat “knocked down” immune system of HIV-patients
might make the immune system competent in driving out
the virus from its reservoirs and could be an important
adjuvant therapy 1n HIV-patients. Elevated levels of
CAMP and thus i1ncreased activation of PKA type I
significantly i1nhibit proliferation of T cells from HIV-
infected individuals independent of ongoing HAART. Use
of a selective antagonist of PKA type I improves the
impalred proliferation of T cells from HIV-infected
patients up to 300%. The observations described above
suggest PKA type I as a potential target for
immunomodulating therapy. PKA type I selective
antagonists such as Rp-8-Br-cAMPS offer one possibility
to reverse the 1nappropriate activation of PKA type I in
immunodeficiencies and thereby restore T cell function
and immune responsiveness. It has been shown that most
Rp-cAMPS 1somers act as antagonists of PKA by
competitively binding to the cAMP binding sites of the R

subunit, but do not dissociate and activate the enzyme.

Furthermore, characterization of derivatives of Rp-cAMPS
has shown that some compounds (e. g. Rp-8-Br—~-cAMPS) act
as selective and full antagonists of the PKA type I
1soenzyme and as partial agonists of the PKA type II
1soenzyme. Most cells and tissues contain highly
significant amounts of PKA type II anchored at a number
of subcellular sites and implicated in mediating a largs
number of cAMP induced effects.

(D

In contrast, although PKA type I 1is also widely
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distributed, it has mainly been shown to be necessary

and sufficient for regulation of function of immune
cells. This offers some tissue/cell selectivity, which
could favor a potential treatment based on a PKA type I
selective antagonist. Despite PKA type I being an
interesting drug target, no pharmaceutically acceptable
cAMP antagonist 1s available. Development of
immunostimulétory drugs that interfere with cAMP action
will improve the immune function of T lymphocytes and
can be brought to pre-clinical testing by developing PKA
type I selective cBAMP antagonists that counteract cAMP
action. The specific aims of the performed research
were the development of such compounds and development
of methods and models for evaluétion of compounds as
immunostimulatory drugs that reverse the

immunodeficiency in HIV.

We have now surprisingly found that particularly high
PKAI (or more precisely PKA RIa) affinity, 1.e. cAMP
agonism and more especially antagonism)may be achieved
using cAMPS in which the,puriné 8-carbon is substituted
by a carbyl group, i.e. a carbon-attached group.

Thus viewed from one aspect the invention provides 8-
carbyl substituted cAMPS or a derivative thereof.

By the term derivative in this context is meant a
compound which is chemically modified but retains the
ability to exért the activity of the 8-substituted cAMPS
in use, e.g. a salt, ester, prodrug (i.e. bioprecursor),
ote. form. Where the derivative contains or generates
in use a component separate from the 8-substituted
CAMPS, e.g. a counterion or a cleavable protective
group, this component 1is preferably physiologically
tolerable. '
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In one embodiment, the present invention provides an 8-carbyl

substituted adenosine-3',5'-cyclic monophosphorothioate (cAMPS)

compound in the Rp configuration, wherein the 8-carbyl

f‘-

substiltutent is selected from the group consisting of: aryl

groups selected from the group consisting of benzene,

naphthalene and annulated carbocyclic systems; annulated

pr——
Prosde

heterocyclic systems selected from the group consisting of

pyridine, di- and triazines, furan, thiophene, pyrrole, azoles,

triazoles, oxa- and thiadiazoles, and tetrazoles; heteroaryl

p—

groups selected from the group consisting of six-membered ring

azlnes, pyridine, the diazines, triazines and annulated

carbocyclic systems; and five membered ring systems selected

f—
—

from the group consisting of furan, thiophene, pyrrole, the

azoles, triazoles, oxadiazoles, thiadiazoles and tetrazoles;

and wherein saild 8-carbyl substituent is optionally substituted

by one or more groups selected from the group consisting of: (i)
OR* wherein R!' denotes H, Ci-Cip alkyl, Cy,-Cyp alkenyl, or C,-Cig
alkynyl; (11) SRﬂ,EKHﬁ and SOﬁ@¢ where R' is as defined above;

(iii) NR'R!' wherein each R' may be the same or different and is

as defined above; (iv) halogens; (V) COﬁﬁy CI%?, and CONR'R!

fﬁ
—

wherein each.R?:may pe the same or different and 1s as defined

above; and, when the 8-substiltuent 1is an aryl group, (vi) polar

groups selected from the group consisting of NO,, P(OR')., and

CH,OR', wherein each R}:may be the same or different and is as

defined above.

The 8-substituent, which as stated is required to be attached

to the 8-position on the adenine ring by a
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carbon-carbon bond, may typically contain up to 25 non-
hydrogen atoms, more preferably up to 20, especially up
to 15, particularly up to 10. These non-hydrogen atoms
include at least one carbon and may all be carbon;
however preferably at least one, e.g. up to 6, of the
non-hydrogen atoms may be heteroatoms, e.g. halogen,
oXxygen, sulphur, nitrogen or phosphorus, especially O, N
or S. The B8-substituent may be linear, branched or
cyclic or a combination of two or more thereof and may
be saturated or unsaturated. Especially preferably the
substituent is or contains a cyclic group, in particular
a homo or heterocyclic aryl group, e.g. containing 5 to
10 ring atoms, most particularly a heteroaryl group
containing 5 ring atoms or a phenyl group. Thus for
example the substituent may be an aryl, aralkyl,
alkaryl, alkyl, cyclic alkyl, alkenyl, or alkynyl group
optionally attached via a carbonyl or thiocarbonyl group
and optionally substituted by acyl, halo, hydroxy,
thiol, amino, carboxy (or other oxyacid), cyano, azido,
alkoxy, ester, ether or alkylthio groups. 1In any such
substituents, alkyl groups or unsaturated analogs
thereof preferably contain up to 10 carbons,
particularly up to 6 carbons.

Examples of typical 8-substituents according to the
invention include aryl groups such as benzene,
naphthalene and annulated carbocyclic systems, and
annulated heterocyclic systems including pyridine, di-
and triazines, furan, thiophene andypyrrole, and the
azoles, and triazoles, and oxa- and thiadiazoles, and
tetrazoles; heteroaryl groups such as the six-membered
ring azines, pyridine, the diazines, triazines and
annulated carbocyclic systems, and annulated
heterocyclic systems as defined above, and five-membered
ring systems such as furan, thiophene and pyrrole, the
azoles, and triazoles, and oxa- and thiadiazoles, and
tetrazoles and annulated heterocyclic and carbocyclic

systems as defined above; optionally substituted aryl



CA 02568907 2006-12-04
WO 2005/1237535 PCT/GB2005/002418

6
and heteroaryl groups, e.g. substituted by

(i) OR' where R' = H, C;-Cyo alkyl, C,-Cio alkenyl, C,-Cio
alkynyl, aryl or heterocaryl groups, and optionally
substituted derivatives thereof,

(1i) SR!', SOR' and SO,R', where R' is as defined above,

(1ii) NR'R' where each R' which may be the same or

different 1s as defined above,
(1v) halogen,

(v) CO,R', COR', or CONR'R' where each R' which may be the

same or different is as defined above, and

(vi) additional optionally substituted aryl and

heteroaryl groups;

carbonyl, thiocarbonyl, iminocarbonyl and cyano
derivatives such as CO,R', COR', CONR'R', C(NR')NR'R!,
CSNR'R' and CN where each R' which may be the same or
different is as defined above; and non-aromatic carbon
substituents which are optionally substituted, such as

C1—-Ci0 alkyl,

C,-Cyo alkenvl,

Cg%ﬁo alkynyl, e.g. where the optional substitution
involves

(a) insgrtibn of additilional double and triple bonds

into C;-C;0 alkenyl or alkynyl groups

(b) 1nsertion of oxo groups to form ketones or
aldehydes

(c) substitution by aryl and heteroaryl

substituents themselves optionally substituted by
halogen (e.g. F and/or Cl), OR', SR', S-oxides (e.g. SOR!
and SO,R'), NR'R', CO;R', or CONR'R' where each R' which

may be the same or different is as defined above.

Particularly preferred 8-substituents include phenyl,
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furyl, and thienyl groups, especilally 2-furyl groups.

Where the 8-substituent is an aryl group it may 1f
desired be substituted by one or more polar groups, e.d.
OR', SR', SOR', SO,R', NR';, halogen, CO;R!, COR!, CONR!R!,
NO,, P(OR'),, and CH,OR'.

In the 8-carbyl-substituted cAMPS of the invention,
other skeletal positions may if desired also be
substituted, e.g. the 2'-oxygen, the nitrogen of the 6-
amino group and the oxygen and sulphurs pendant from the
cyclic phosphorus atom. In this regard the substituents
may be substituents as defined above for the 8-position
or for example substituents known in conjunction with
CAMP and cAMPS (e.g. acyl, alkylcarbonyl, aryl, etc.)
Si1lyl substitution of the 2'-oxygen is especially
preferred 1n compounds according to the invention which

are Z2'-protected versions of active compounds.

With the exception of substitutions to produce a
prodrug, the compounds according to the invention are
desirably used in a form where only the 8 position is
substituted. Prodrug forms in which the phosphorus-
pendant oxygen or sulphur is substituted so as to mask
the acidity of the cyclic phosphorus group however are
particularly preferred. Such prodrugs may thus for
example typically be S-alkylated. While S-alkylation is
a preferred option, the group introduced may typically
be an ester, or thioester (i.e. R-CS-S-R-, R-C0O-S-R- or
R-CS-0~R-) group attached directly or indirectly to a

methylene group attached to the sulphur of the
phosphorothioic acid. In the case of indirect
attachment, the linker preferably contains a delocalized
electron structure such that (thio)ester cleavage
triggers deprotection (e.g. using P-acyl-benzyl
protecting group as in Scheme 2b below). Alternatively,
prodrug forms may be used in which the amino group in

the 6-position of the adenine ring or the hydroxyl group
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on the furyl ring 1s protected by a group eliminatable
following administration, e.g. an ester or double ester
protective group. Similarly, the 6-amino group can be N-
protected by an acyloxyalkyl group such as

pivalyloxymethyl or by an alkyloxymethyl group. In

general, 1n the production of such prodrugs, the amine

or hydroxyl protection can be effected either before or

after the thiation depending on the nature of the 0O- and
N-protective groups.

Compounds substituted at the phosphorus-pendant oxygen
or sulphur may be especially useful where the
preparation process requlres separation of the Rp and Sp
lsomers, e.dg. by chromatography or crystallization.
Compounds in which the 2'-position 1s silylated may
likewlise be particularly preferred as intermediates to

facilitate purification.

The 8-carbyl substituted cAMPS of the i1nvention may be
1n the Rp or the Sp configuration or may contain both Rp
and Sp 1somers. For use according to the invention, the
compound 1s preferably at least 90% Rp (or Sp),
especially at least 95%, particularly at least 98%. For
use as a cAMP antagonist, the compound 1s preferably
majoratively in the form of the Rp isomer; for use as a
cAMP agonist it 1i1s preferably majoratively 1n the form

of the Sp 1somer.

Described 1n particular detail below are four process
schemes by which the 8-carbyl substituted compounds of
the invention may be made. In the first, an 8-
halogenated 3'5'-cyclic phosphoramidate 1s 8-carbylated
whereafter the phosphorus attached nitrogen 1is replaced
by a sulphur 1n a reaction which retains the
configuration of the chiral phosphorus; 1in the second
and third an adenosine 1s 8-carbylated whereafter the
cyclic phosphorus group 1is introduced; and 1n the
fourth an 8-halo-cAMPS 1s 8-carbylated. The first and
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second process schemes are preferred for reasons of
flexibility (and retention of stereochemistry) in the
case of the first and of economy in the case of the
second. All these process schemes form a further aspect
of the invention. Viewed from this aspect the invention
provides a process for the preparation of an 8-

carbylated cAMPS or derivative thereof, said process

comprising at least one of the following steps:

a) reacting a 2'-protected 8-carbylated -adenosine

3',5"-cyclic phosphoramidate with carbon disulphide and

deprotecting the 2'-hydroxvyl:;

b) r

dry solvent;

cactling an 8-carbylated-adenosine with SPCls: 1n a

C) reacting an 8-carbylated-adenosine with a phosphite

and subsequently with sulphur;

d) reacting an optionally 2'-protected-8-halo-cAMPS
with an alkylating agent and 1f required deprotecting
the 2'-hydroxyl;

e) transforming an 8-carbylated cAMPS 1into a salt
thereof;
f) reacting an 8-carbylated cAMPS with a biologically

cleavable protecting group; and

g) separating R, and S, isomers of an R,/S, lsomer

mixture of an 8-carbylated cAMPS or derivative thereof.

Carbylation in the purine 8-position can be effected
particularly readily using a material functionalized 1in
the 8-position. A convenient functionalisation in the 8-
position in the purine heterocycle can be achieved by

introduction of a bromine atom by a simple bromination.

The 8-carbyl substituent i1n the compounds of the

invention may be an electron donor or electron
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withdrawing group as desired.

Adenosine 1s brominated regioselectively in the 8-
position by addition of bromine to a NaOAc buffered
aqueous solution at ambient temperature. cAMP can be
brominated in a similar manner, but is also commercially
avallable. Alternatively, halogenation in the 8-position

can be effected by way of the corresponding lithiated
specles and addition of halogen, in particular the
method has been used for bromination and iodination of
adenosine. The substrate in this case was fully silyl-
protected (TBDMS) adenosine. Lithiation in the 8-
position was effected with nBuli under standard

conditions. This approach may offer the best access to
. 8-10do derivatives.

Carbylation reactions:;

(1) At both the nucleoside level or the cyclic
nucleotide level, carbylation can be effected

by transition metal catalysed cross-coupling

I

cactions. We have developed methodology useful
for the preparation of a series of palladium-
catalysed reactions.

(11) At the intermediate cyclic phosphoramidate

level, carbylation in the purine 8-position can

be effected by transition metal catalysed
Cross-coupling reactions.

(111)Carbylation can also be effected at the cyclic
phosphorothioic acid level. Preferentially the
phosphorothioic acid exists in the form of an
O-ester or an S—ester. The ester can

subsequently be cleaved to the corresponding

phosphorothioic acid derivative,

In cross—-coupling reactions, simple alkylation has been

effected under Pd-catalytic conditions in reactions
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between peracetylated 8-Br-adenosine and tetraalkyl

stannanes. A more convenient method for the synthesis
of lower alkyl purine nucleosides is available by
palladium-catalysed cross-coupling reaction of
halogenopurine nucleosides with trialkylaluminums. Both
vinylation and allylation have been effected from the
appropriate stannanes using Pd-catalysis. The alkyne
function has been introduced via an 8-bromo derivative
which was coupled with terminal alkynes using Pd-

catalysis in the presence of Cu(I) iodide under the

Sonogashira conditions.

The reaction schemes shown below are illustrative -

other reagents and end products may be used or made

analogously.

Process I

Amidate intermediates for thiylation:

Preparation of (R,)-8-substituted

adenosinephosphorothioic acids

General methodology:

NH, NH, NH,
/ NIV ——</N l NN _</N | <N
Br—< R R
O ’J O N N/) OH N N/?l
P Pd(0) b CS, |
RM O o,

TBDMSO TBDMSO OH
A-(Sp} B{5p) C-(Rp)

Scheme 1

In this method for the synthesis of the
phosphorothiocates C in Scheme 1, cAMP amidates

intermediates are essential substrates. cAMP is
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brominated as described for adenosine, or the bromo

compound is obtalned commercially. The literature
describes a method for the preparation of a diastereomer
mixture of 3',5'-cyclic phosphoramidates (see Stec, Acc.
Chem. Res. 16:411-417 (1983) and Beres et al. J. 0Org.

Chem. 50:1271-1278 (1985)). The initial step involves
an Apple-type reaction with Ph,P/CCl, to provide the
corresponding phosphoryl chlorides. Apparently there is
little stereochemical control during chlorination at the
phosphorus atom. Hence a diastereoisomer mixture of
anilides results after amidation of the chlorides. (cf.
Scheme 2). The amidates are neutral molecules which are
soluble in a number of organic solvents and can be
separated into the pure diastereoisomers by

chromatographic procedures, or by fractional
crystallisations.
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NH, NH, NH,
NN NN  cicococl | NN
/4 /4
O N N N N Y N N
g imidazole E:L CH.Cl, P
BusN*HO” 00 O DMF, 60°C  BusN*HO~ \00 o 0°C -t c1” O0 0
78%
OH TBDMSO TBOMSO
3 _
1 2
|
CH,Cl,
aniline | geoc.nt.
Y
NH, NH; NH,
~N N 2
. N /4 N
Ar—</ l /] CS, Ar : I /)| Pd(OAc),, PPha Br $ l ,?l
N t-BuOK N DMF ﬁ N N
n _..p._ -
Hs—P—0—\ 0 nTth HN ArSnBus, HN“"p\BO 0o
O DMF, 85°C
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In our new and inventive procedure in Scheme 2, cAMP-8-
Br as an ammonium salt 1 is 2'-0O-protected by a bulky

s1lyl group. TBDMS-Cl is a convenient and efficient
reagent for this purpose (TBDMS = tert-butyl dimethyl

silyl). The silyl ether 2 is subsequently chlorinated

to form structure 3.

The bulky silyl group also has a second important
function in the synthetic sequence. It allows the
product after thiation to be precipitated efficiently
from an aqueous reaction mixture and is helpful in the
purification as described below. Other protecting
groups with similar properties might also be used.

In the chlorination method, oxalyl chloride has been
used successfully together with catalytic amounts of, or
even an excess of DMF. The actual chlorinating agent of
phosphorus 1s an intermediate chloro-imino derivative

which 1s generated in situ from oxalyl chloride and DMF.
The desired phosphoryl chloride stereomer 3 can be

1solated. The crude product, however, may be used in
the subsequent amidation step.

Various primary amines, or masked amines, can be used
for the amination. Nucleophilic amines react readily
with the chloride. The amidates, however, must be
sufficiently strong acids for an abstraction of the
remaining hydrogen of the amino group. Several aromatic
amines would satisfy the latter requirement. We have
chosen aniline for our work. The reaction with aniline
can be effected in dichloromethane in the cold. Under
these conditions the reaction is stereospecific in that
only one amidate stereoclsomer 4 1s obtained from the

reaction mixture.
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The amidates are neutral molecules which are readily
dissolved in several common organic solvents. Hence
these molecules are appropriate for carbylation
reactions in the 8-position. Several transition metals
will catalyse this process. We have used extensively
palladium in the catalyst systems. In most cases Stille
conditions with stannyl reagents have been used in our
preliminary work. The yields of cross-coupled products
are excellent. Other organometallic reagents can be
used, e.g. zinc and boron compounds. Coupling of a
boronic acid under Suzuki conditions proceeds in the
same manner as shown 1n Scheme 3. Hence a number of 8-
substituted derivatives will become available by this

methodology.
Nk NH
2
Bnq( N TN NN
0 ,J CS, ~ |
Pd(OAc),, PPhg 0 t-BUOK O N N/)
,m~ - N e - I
(j t, 3 h 0
TBDMSO
Cs,CO, @ TBDMSO TBDMSO
4(Sp) 29% g;"’o‘g“rgz 5d-(Sp) 50% 6d-(Rp)
. DMF
NH,F 1, 5.d
' NH2
S \ /N N
N | )
0 N™ N
Hs— -0\ O
O
OH
Scheme 3 7d4Re)
P

The 8-bromo derivative 4 and the 8-carbylated amidates 5

and 11 i1n Schemes 2, 2a and 3 are subsequently thiated.

Thiylation by means of carbon disuldide for displacement
of the amine has been recommended. We find that with
carbon disulfide in THF and potassium tert-butoxide as



CA 02568907 2006-12-04
WO 2005/1237535 PCT/GB2005/002418

17
base, the thiation at room temperature requires less

than 3 hours. The phoshorothioates 6 are obtained in

excellent yields. The substitution proceeds
stereoselectively with retention of the configuration at
the phosphorus atom. However, the formal configurational
assignments are changed because of the nomenclature
priority rules. This work leads to the Rp configuration
in the phosphorothioic acid target molecules.

Besides protection, the presence of a bulky silyl group
is very important for the isolation of the thiated
product 6 because of its relative solubilities 1n the

isolation and purification process.

Desilylation of the product 6 is effected by ammonium

fluoride in DMF solution. The desilylation is run at
room temperature over 5 days after which the target
products 7 are isolated in excellent yield. In this way

both 8-carbylated target products, as well as the 8-
bromo cAMPS, are obtained. When desirable, the 8-bromo
cAMPS can be a substrate for cross-coupling reactions
after 0O- or S-protection in the acid function as

referred to in Process 1IV.

The formation of the amidates (4 in Scheme 2) 1n a

stereoselective manner is an important step i1in the
synthesis outlined in this section. The aniline amidate
hydrogen is sufficiently acidic to allow ready
abstraction (e.g. with an alkoxide base) for the
subsequent thiation. A very efficient and
stereoselective thiation however can also be achieved
where an aliphatic or substituted aliphatic amine (e.g.
benzylamine) is used in place of aniline for amidate
formation. In this case a strong base (e.g. butyl
lithium) is used for deprotonation (see for example
Scheme 234) .
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Where aliphatic or substituted amines (such as

benzylamine) are used, moreover, 8-carbylation may
advantageously be effected using organozinc compounds,
especially the ones where the organo group 1s a small
heterocyéle, in particular one attached at -a ring carbon
adjacent a ring heterocatom, e.g. in conjunction with a
palladium catalyst. In general, where a cyclic group 1S
to be linked to the 8-position, 1t is preferred that the
atoms adjacent to the ring carbon attachment site are

unsubstituted.

Process II
Thiation by ring-closing reactions:

(Rp) -cAMPS has been synthesized enzymatically from the

corresponding nucleoside 5'-0-(1-thiotriphosphate).

Enzymatic techniques are not used in the Examples below

but would provide an alternative procedure.

In a chemical synthesis N-benzoyl-adenosine without O-

protection was treated with bis(p-

nitrophenyl)phosphorochlorothioate in pyridine. The

product, adenosine 5'-bis(p-

nitrophenyl)phosphorothioate<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>