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Allylic alkylation of amino- and hydroxy-azaheterocycles, in particular nucleoside
bases, has been effected using Pd(0)-catalysis. A method has been developed for the
preparation of carbocyclic nucleoside analogs such as the antiviral agent Carbovir.
The synthesis of an appropriately substituted cyclopentenyl acetate for this reaction is
described. Carbocyclic nucleosides of thymine at N-1, of adenine at N-9 and guanine
at N-9 are described. Regiochemistry and stereochemistry of the products and inter-
mediates have been determined by NMR studies. The (trimethylsilyl)ethyl group has
been found to be an excellent protecting group for the 6-OH group in guanine, and it

is readily removed by fluoride ions.

Alkylations of nucleoside bases and related biologically
important heteroarene derivatives are frequently carried
out on the respective ambident anions."* The chemoselec-
tivity and regioselectivity depend on factors such as the
nature of counter ion and the relative hardness (softness) of
the nucleophilic centers in the anion, and on the electronic
nature (hardness, softness) and the size of the electrophile,
besides the properties of the solvent.

In this report we describe work on alkylation reactions
using s-allyl palladium complexes for the purpose of
developing methods for regio- and stereo-chemical control
in the preparation of carbocyclic nucleosides. Previously
we have described the use of n-allylpalladium complexes in
the alkylation of 2-pyrimidinone.? Since m-allylpalladium
complexes are relatively soft electrophiles,* alkylation was
on the nitrogen which is the softer part of the ambient
pyrimidinone anion.?

In nucleosides and analogs, f-stereochemistry at the
anomeric carbon is a requirement for nucleoside activity.
In the syntheses of nucleosides, however, stereochemical
control at the anomeric carbon is frequently a major diffi-
culty. We envisaged that the stereochemical course can be
controlled by a palladium-catalyzed coupling reaction with
an allylic acetate or carbonate since the stereochemistry in
such reactions is controlled by the stereochemistry of the
Pd(0)-template. The stereochemical outcome with soft
nucleophiles is retention of the acetate or carbonate con-
figuration.* The product from the coupling reaction has
a carbon—carbon double bond which can be further
manipulated, e.g. by introduction of one or two hydroxy
groups.

The allylic coupling reaction constitutes a promising

* To whom correspondence should be addressed.

Acta Chemica Scandinavica 46 (1992) 761-771

route for the preparation of antiviral carbocyclic nucleo-
sides containing a cyclopentene ring attached to a hetero-
cyclic moiety in its allylic position.> In our syntheses of
such structures (vide infra) the carbocyclic sugar is an
appropriately substituted cyclopentenyl acetate. Either the
cyclopentenyl acetate 1 or its isomer 2 (Scheme 1) could
have been used as starting material for the synthesis,
because in Pd(0)-catalyzed allylic alkylations the original
positional identity is lost once the leaving group has de-
parted. The same intermediate palladium complex (I;
Scheme 1) is formed from either isomer. The regioselec-
tivity during the approach by the nucleophilic base is con-
trolled by non-bonded interactions, in the present case
from the substituent on the cyclopentene ring. Both the
stereochemical and regiochemical assumptions were con-
firmed in alkylation reactions using the cyclopentenyl
acetate 1.

The cyclopentenyl acetate 1 was prepared from the
cyclopentanone 3 which we have previously described.”
The latter was converted into its trimethylsilyl enol ether 4,
which was oxidized to the a,B-unsaturated ketone 5 by
Pd(II) acetate. The use of other oxidants such as benzo-
quinone or 2,3-dichloro-5,6-dicyanobenzoquinone in the
presence of catalytic amounts of palladium was less satis-
factory. Reduction of the enone 5 with 9-borabicyclo-
[3.3.1]nonane (9-BBN) in THF led almost exclusively to
the formation of the cis-alcohol 6. Cerium(III)-catalyzed
sodium borohydride reduction of the enone 5 was also
tried, but the product was a mixture of saturated cis- and
trans-alcohols and the trans-cyclopentenol in addition to
the desired cis-alcohol 6. The stereochemical assignment of
the product was based on NMR data. NOE studies of the
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acetate 1 showed that 1-H and 5-H must have a cis relation-
ship since irradiation of 1-H gave an 18 % increase of the
signal intensity of 5-H whereas irradiation of 5-H gave a
13 % increase in the intensity of the 1-H-signal (Scheme 6).

In the alkylation reactions the reactivity of the cyclo-
pentenyl acetate 1 was qualitatively compared with the
reactivity of allyl acetate where there is no substituent to
cause steric interference.
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a-Allylpalladium acetate reacted with the ambident
anion of the 5-chloro-2-pyrimidinone with exclusive forma-
tion of the N-alkylated product.> The same course of re-
action was observed with the cis-cyclopentenyl acetate 1,
the product being the N-alkylated derivative 8 (Scheme 2).
The regiochemistry corresponds to alkylation by the less
sterically hindered terminal allylic carbon, and the stereo-
chemistry was retained as shown by NOE experiments
(vide infra).
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In thymine there are two ambident anionic centers for
alkylation. Mono N-alkylation can occur at either N-1 or
N-3, but in most cases alkylation on N-1 is the faster reac-
tion. In the present work alkylation was run on the bis-
activated 2,4-bis(trimethylsilyloxy) derivative 9. With allyl
acetate the product was a mixture of the N-1 mono-
alkylated derivative 10 and the 1,3-dialkylated derivative
11. The non-bonded interaction in the reaction of the cyclo-
pentenyl acetate 1, however, gave exclusively the N-1 alky-
lated product, the pyrimidine nucleoside 12. NOE experi-
ments (Scheme 6) confirmed that the alkylation was on
N-1. There was 4 % increase in the intensity of the 6-H
signal in the heterocycle when 1'-H in the cyclopentene
ring was irradiated, and an increase of 2 % in the intensity
of the 1'-H signal when 6-H was irradiated. The cis stereo-
chemistry was also confirmed by NMR (vide infra).

In the alkylation of amino- or hydroxy-purines mixtures
of isomeric products are frequently formed. Thus simple
alkylation reactions on adenine 13 under basic conditions
can give mixtures of N-3, N-7 and N-9 alkylated products
with the last isomer as the major product.?® It is therefore
notable that exclusive N-9 alkylation (14) was observed in
the Pd-catalyzed reaction between allyl acetate and
adenine 13 as its cesium salt (Scheme 3, Table 1). The
cesium salt of adenine was used because of its favourable
solubility in DMSO, which was the preferred solvent. The
catalyst was tetrakis(triphenylphosphine)palladium and the
reaction temperature was 45°C. The same exclusive N-9
attack was observed for the cyclopentenyl acetate 1 and
hence formation of 15. The regiochemistry of the product
was ascertained by a combination of selective INEPT and
HETCOR studies in NMR (vide infra). For comparison,
vinyl epoxides have also been reported to react with ade-
nine in the same regioselective manner under the influence
of Pd(0)-catalysis.’

The difficulties encountered in regioselective alkylations

15

of guanine have led to the use of various 6-substituted
2-aminopurines as precursor substrates for guanine.'® In
the present study the S-chloro derivative 16 was reacted
with allyl acetate under the influence of Pd(0), and a 1:1
mixture of N-9 (18) and N-7 (20) alkylated products was
formed (Scheme 4). The product from the reaction of 16
with the cyclopentenyl acetate 1 also contained a consid-
erable amount of the N-7 alkylated product (24) in addition
to the N-9 alkylated isomer (22).

O°-Alkylguanines can be alkylated preferentially at N-9.10
For our study we required an alkyl group on the 6-hydroxy
oxygen which can be removed under relatively mild condi-
tions once the N-alkylation has been achieved. An appro-
priate substrate is the 6-methoxyethoxy derivative 17 where
the 6-substituent has a pronounced N-9 directing effect in
simple alkylations.!® The Pd(0)-catalyzed reaction with
allyl acetate, however, produced both the N-9 (19) and the
N-7 (21) allyl isomers (Table 1); with cesium carbonate as
the base, in DMSO, the isomer ratio (N-9/N-7) was 1.4:1.0;
with lithium hydride in DMF the isomer ratio was 2.1:1.0.
With the more bulky cyclopentenyl acetate 1, however, the
reaction took place in the desired manner at N-9 with 23 as
the only isolated product.

Removal of the methoxyethyl group on the oxygen in the
6-position requires acidic conditions which are incom-
patible with the carbocyclic nucleoside structure 23 where
the purine base is in an allylic position and therefore acid
sensitive. This is overcome in those cases where it is desired
to saturate the double bond before removal of the protect-
ing group. For the retention of the double bond, however,
we have found the 2-trimethylsilylethyl group to be a good
choice for protection of the 6-hydroxy group. The 2-tri-
methylsilylethyl group has been used widely as a protecting
function for carbohydrates and carboxylic acids; it is readily
removed by fluoride ion.!!

The guanine derivative 25 (Scheme 5) was available from
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Table 1. Pd(0)-catalyzed allylation of the purines 13, 16, 17 and 25 with allyl acetate and 1.

Entry Comp. Acetate Product Base/Solvent N-9/N-7 ratio Yield (%)
1 13 Allyl acetate 14 Cs,CO;/DMSO Only N-9 68
2 13 1 15 Cs,CO;/DMSO Only N-9 54
3 16 Allyl acetate 18, 20 Cs,CO;/DMSO 1:11 38
4 16 1 22,24 Cs,CO;/DMSO 46:1 28
5 17 Allyl acetate 19, 21 Cs,C0O;/DMSO 1.4:1 64
6 17 Allyl acetate 19, 21 LiH/DMF 2.1:1 76
7 17 1 23 LiH/DMF Only N-9 55
8 25 Ally! acetate 26, 27 LiH/DMF 1:1 82
9 25 1 28 LiH/DMF Only N-9 54

the reaction between 2-amino-6-chloropurine 16 and the
sodium salt of 2-trimethylsilylethanol. Its reaction with allyl
acetate using Pd-catalysis led to equimolar formation of
N-9 (26) and N-7 (27) alkylated products. The important
finding, however, is that only the N-9 alkylated product 28
was formed from the cyclopentenyl acetate 1. The silylethyl
group was removed simply by reaction with tetrabutyl-
ammonium fluoride in acetonitrile at 50°C. The product
31, which was formed from 28, is the antiviral compound
Carbovir.® Thus in general the trimethylsilylethyl group
should be a very useful protecting group for the oxygen in
the guanine 6-position during alkylation reactions directed
at N-9.

The assignments of the regiochemistry and stereo-
chemistry of the products were based on NMR. NOE data

are given in Scheme 6. In the product 8 from the reaction
between the cyclopentenyl acetate 1 and 5-chloro-2-pyri-
midinone 7 (Scheme 2), the regiochemistry was confirmed
by a9 % NOE from 6-H to 1'-H and a 5 % enhancement in
the opposite direction. In the subsequent stereochemical
assignment the relative chemical shift of the 5'-methylene
protons was established by 6 % and ~1 % NOE from 1'-H
to the methylene protons. The former effect is due to the
a-H, the latter to the §-H. In the reverse direction 5'a-H
had a 17 % effect on 1’-H. The effect of 4’-H on 5'8-H was
a small indirect negative one (probably via 5'0-H) in ac-
cordance with a trans relationship. The separation between
the signals from 4’-H and 5'a-H was too small for selective
irradiation of either one for the confirmation experiment.
Thus attempted irradiation of 4'-H also resulted in irradia-

Scheme 6.
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tion of 5'a-H and a positive NOE on 5'8-H. The a-H
configuration at 4’-position, however, was confirmed by a
9% NOE to 1'-H and an 1% intensity increase in the
opposite direction. The small effect from 1'-H on 4'-H
probably arises because 4'-H is quite well relaxed by pro-
tons on the side chain while 1'-H is not."

The regiochemistry of the carbocyclic thymine derivative
12 (Scheme 2) followed from the positive NOE from 1'-H
to 6-H (4 %) and from 6-H to 1'-H (2%). The stereo-
chemical assignment was based on a positive NOE from
1'-H to 5'a-H (6 %) and from 5'a-H to 1’-H (15 %). The
NOE from 4’-H to 5'a-H could not be measured accurately
because of the small difference in chemical shift between
4’-H and 5'a-H, which resulted in partial cancellation of
the S'a-H signal by off-resonance effects. An NOE of
10 %, however, was determined by irradiation for 60 s at
very low power to avoid most of the off-resonance effect.
The findings correlate well with NOE data for a similar
compound which was prepared by a different route.

The point of attachment of the carbocycle to adenine in
15 (Scheme 3) was revealed by long-range selective INEPT
studies™ after prior assignments of the 'H and “C NMR
signals. The highest field signal in the *C NMR of adenine
derivatives is due to C-5.2 By analogy, the signal at the
highest field in the downfield region is tentatively assigned
to C-5 in 15. Applying the selective proton pulses to the
signal at 7.89 ppm showed this to be due to 8-H because of
correlation with C-5 (119.8 ppm) and with the signal at
149.8 ppm which was therefore assigned to C-4. Selective
proton pulses to the remaining purine singlet at 8.38 ppm
showed correlation with C-4 at 149.8 ppm and with the
signal at 155.5 which therefore must be due to C-6. One-
bond heteronuclear multiple quantum coherence (HMQC)
experiments,'* connected the signals at 7.89 (8-H) and
139.2 ppm (C-8), and the signals at 8.38 (2H) and 152.7
ppm (C-2). The point of attachment of the carbocycle was
subsequently determined by applying selective proton
pulses to the 1’-H multiplet (5.75 ppm) which was found to
be correlated to C-4 and C-8 in the purine ring. The stereo-
chemistry ws further clarified by NOE experiments as
shown in Scheme 6. In particular, 1’-H and 4'-H have a cis
relationship.

Experimental

The 'H NMR spectra were recorded at 300 MHz with
either a Varian XL-300 (manual) or at 200 MHz with a
Varian Gemini 200 instrument. The *C NMR spectra were
recorded at 75 or 50 MHz using the above-mentioned spec-
trometers. The nuclear Overhauser difference experi-
ments, the selective INEPT' experiments, the HETCOR"
and the reverse detection'® experiments were performed on
a Varian VXR-300 and on a Varian XL-300 automatic
instrument both equipped with 5 mm 'H/broad-band
switchable probes. The samples were dissolved in CDCl,
and were degassed with a flow of helium gas for several
minutes, before being capped. The nuclear Overhauser
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experiments were run with long build-up times of 30, 40 or
60 s to ensure close to steady-state conditions. On the VXR
the relevant resonance(s) were irradiated at low power for
this period, the decoupler was then gated off, the 'H broad-
band pulse applied, and 32 or 64 FIDs were acquired. The
process was repeated with the decoupler set at a frequency
remote from any resonance, and the FID resulting from the
latter experiment was subtracted from the former. The
Overhauser experiments performed with the XL-300 auto-
matic instrument were identical except that a delay of 2 ms
(D2) was introduced between the end of the selective irra-
diation and the proton pulse (Ref. 15, p. 236). The mass
spectra under electron impact conditions were recorded at
70 eV ionizing potential and ammonia, isobutane or
methane was used for chemical ionization (CI); the spectra
are presented as m/z (% rel. int.).

cis-I-Acetoxy-5-dimethylthexylsilyloxymethyl-2-cyclopentene
1. Acetic anhydride (0.40 ml, 4.2 mmol) in dry dichloro-
methane (10 ml) was added dropwise with stirring to a
solution of cis-5-dimethylthexylsilyloxy-2-cyclopentenol (6)
(900 mg, 3.5 mmol) and 4-N, N-dimethylaminopyridine
(535 mg, 4.4 mmol) in dry dichloromethane (10 ml) at 0°C
under N,. The mixture was stirred for 1 h at 0°C and 15
min at ambient temperature, diluted with dichloromethane
and washed with sat. aq. CuSO, (X 4), sat. aq. NaHCO;
(x2) and brine (X 1). The dried (MgSO,) solution
was evaporated and the crude product purified by flash
chromatography using EtOAc-hexane (1:15); yield 950 mg
(91%). Anal. C,;H,,0:Si: C,H. 'H NMR (CDCl,, 300
MHz): 0.02 (SiMe), 0.78 (Me in thexyl), 0.82 (d, J 6.9 Hz,
Me in thexyl) 1.56 (m, J 6.9 Hz, CH in thexyl), 1.96
(MeCO), 2.21 (1 H, ddt, J 16.7, 6.9 and 2.2 Hz, H trans to
5-H, CH,), 2.41 (1 H, ddt, J 16.7, 7.9 and 2.2 Hz, H cis to
5-H, CH,), 2.52 (m, 5-H), 3.53 (1 H, dd, J 9.8 and 7.1 Hz,
H,, CH,0), 3.71 (1 H, dd, J 9.8 and 7.6 Hz, Hg, CH,0),
5.68 (dt,J 6.8 and 2.2 Hz, 1-H), 5.86 (ddt, 7 6.8, 5.8 and 2.2
Hz, 2-H), 6.09 (dt, J 5.8 and 2.2 Hz, 3-H). *C NMR
(CDCl;, 75 MHz): 6 —3.5 (SiMe), 18.2 and 20.4 (Me in
thexyl), 21.3 (MeCO), 25.2 (C in thexyl), 34.4 (CH in
thexyl), 34.8 (CH,), 43.5 (C-5), 61.9 (CH,0), 78.9 (C-1),
130.1 and 137.7 (CH=), 171.2 (CO). MS (CI-NH,): 316
(46, M+18), 299 (66, M+1), 256 (16), 239 (28), 215 (24),
172 (51), 155 (100), 106 (44), 89 (28), 79 (94).

5-Dimethylthexylsilyloxymethyl-1-trimethylsilyloxycyclo-
pentene 4. 2-(Dimethylthexylsilyloxymethyl)cyclo-
pentanone’ (2.56 g, 10.0 mmol) in dry tetrahydrofuran
(5 ml) was added dropwise to a stirred solution of lithium
diisopropylamide [prepared in situ by addition of butyl-
lithium (6.60 ml of a 1.6 M solution in hexane, 10.6 mmol)
to diisopropylamine (1.68 ml, 12.0 mmol) in tetrahydro-
furan (10 ml) at —78°C] under N, at —78°C. After 1 h,
chlorotrimethylsilane (2.15 ml, 17.0 mmol) was added and
the solution was stirred for 15 min at —78°C and for
45 min at ambient temperature. The reaction mixture was
evaporated, pentane added to the residue and lithium



chloride removed by filtration. Evaporation of the filtrate
gave crude 4 which was used without further purification;
yield 3.12 g (95%). 'H NMR (CDCl;, 300 MHz): $ 0.03
(OTMS), 0.06 (SiMe), 0.83 (Me in thexyl), 0.87 (d, J 6.9
Hz, Me in thexyl), 1.60 (m, J 6.9 Hz, CH in thexyl), 2.1-2.6
(5H, m, CH, and CH), 3.49(1H,dd,J9.7and 6.7 Hz, H,,
CH,0), 3.65 (1 H, dd, J 9.7 and 3.7 Hz, H;, CH,0), 4.58
(m, CH=). *C NMR (CDCl,, 75 MHz): 8 —3.5 and —3.4
(SiMe), 0.1 (OTMS), 18.5 and 20.5 (Me in thexyl), 24.7
(C in thexyl), 25.0 and 27.0 (CH,), 34.2 (CH in thexyl),
47.8 (CH), 63.9 (CH,0), 102.3 (CH=), 154.5 (OC=). MS
(Cl-isobutane): 329 (58, M+1), 313 (11), 243 (100),
229 (5), 209 (7), 171 (12), 169 (44), 147 (26), 89 (18),
73 (64).

5-Dimethylthexylsilyloxymethyl-2-cyclopentenone 5. A so-
lution of palladium(II) acetate (2.13 g, 9.5 mmol) in dry
acetonitrile (100 ml) was added to crude 5-dimethylthexyl-
silyloxymethyl-1-trimethylsilyloxycyclopentene (3.12 g, 9.5
mmol). The mixture was stirred for 4 h at ambient temper-
ature under N, and filtered and the filtrate was evaporated.
The residue was purified by flash chromatography using
EtOAc-hexane (1:10); yield 1.80 g (71 % from 3). Anal.
C,,H,0,Si: C,H. 'H NMR (CDCl,;, 300 MHz): & 0.04
(SiMe), 0.75 (Me in thexyl), 0.80 (d, J 6.9 Hz, Me in
thexyl), 1.52 (m. J 6.9 Hz, CH in thexyl), 2.41 (m, CH),
2.7-2.8 (m, CH,), 3.78 (1 H, dd, J 9.7 and 3.6 Hz, H,,
CH,0), 3.87 (1 H, dd, J 9.7 and 4.8 Hz, H, CH,0), 6.15
and 7.70 (m, CH=). BC NMR (CDCl,, 75 MHz): 6 —3.8
(SiMe), 18.3 and 20.1 (Me in thexyl), 24.9 (C in thexyl),
32.8 (CH,), 34.1 (CH in thexyl), 47.1 (CH), 61.9 (CH,0),
134.1 and 164.5 (CH=), 210.5 (CO). MS (CI-NH;): 255
(100, M+1), 239 (5), 216 (5), 196 (4), 169 (41), 139 (2),
111 (2), 106 (7), 95 (7), 91 (8), 81 (3), 74 (10).

cis-5-Dimethylthexylsilyloxymethyl-2-cyclopentenol 6. A
0.5 M soluiion of 9-borabicyclo[3.3.1]nonane in tetra-
hydrofuran (14.4 ml, 7.2 mmol) was added dropwise
to a stirred solution of 5-dimethylthexylsilyloxy-2-cyclo-
pentenone (1.52 g, 6.0 mmol) in dry tetrahydrofuran (6 mi)
at 0°C under N,. The resultant solution was stirred at 0°C
for 5 h and at ambient temperature for 3 h, before 3 drops
of methanol were added and the reaction mixture was
evaporated. The residue was dissolved in pentane, ethanol-
amine (0.43 ml, 7.2 mmol) was added, the mixture was
filtered and the filtrate evaporated. The crude product was
purified by flash chromatography using EtOAc-hexane
(1:7); yield 1.01 g (66 %). Anal. C;,H»0,Si: C,H. 'HNMR
(CDCl,, 300 MHz): & 0.12 and 0.13 (SiMe), 0.85 (Me in
thexyl), 0.88 (d, J 6.9 Hz, Me in thexyl), 1.62 (m, J 6.9 Hz,
CH in thexyl), 2.1-2.2 (1 H, m, H trans to 5-H, CH,),
2.32.5 (2 H, m, H cis to 5-H, CH, and 5-H), 2.94 (br s,
OH), 3.77 (1 H, dd, J 10.0 and 7.5 Hz, H,, CH,0), 3.86
(1 H, dd, J 10.0 and 4.7 Hz, Hg, CH,0), 4.86 (m, 1-H),
5.84 and 5.94 (m, CH=). *C NMR (CDCl;, 75 MHz):
—3.6 and —3.5 (SiMe), 18.6 and 20.4 (Me in thexyl), 25.2
(C in thexyl), 34.3 (CH,), 34.4 (CH in thexyl), 42.7 (C-5),
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63.4 (CH,0), 78.1 (C-1), 133.5 and 134.6 (CH=). MS
(CI-NH,): 274 (2, M+18), 257 (34, M+1), 239 (25),
204 (4), 172 (34), 155 (155), 106 (29), 89 (26), 79 (48),
75 (27).

cis-5-Chloro-1-[4-(dimethylthexylsilyloxymethyl)-2-cyclo-
pentenyl]-2(IH)-pyrimidinone 8. Triethylamine (0.16 ml,
1.12 mmol) was added to a suspension of 5-chloro-2(1H)-
pyrimidinone (146 mg, 1.12 mmol) in dry dichloromethane
(8 ml) and the mixture was stirred for 10 min at ambient
temperature under N, before cis-1-acetoxy-5-dimethyl-
thexylsilyloxymethyl-2-cyclopentene (334 mg, 1.12 mmol),
palladium(II) acetate (13 mg, 0.06 mmol) and triisopropyl
phosphite (0.11 ml, 0.45 mmol) were added. The mixture
was stirred for 44 h, diluted with dichloromethane and
washed with brine (X2). The dried (MgSO,) solution
was evaporated and the crude product purified by flash
chromatography using EtOAc-hexane (1:1); yield 186 mg
(45 %). Anal. C;3H,,CIN,O,Si: C,H. '"H NMR (CDCl,, 300
MHz): 6 0.07 and 0.09 (SiMe), 0.83 (Me in thexyl), 0.86 (d,
J 6.9 Hz, Me in thexyl), 1.46 (1 H, dt, J 13.9 and 6.4 Hz,
5'B-H), 1.60 (m, J 6.9 Hz, CH in thexyl), 2.82 (1 H, dt, J
13.9 and 6.9 Hz, 5'a-H), 2.95 (m, 4’-H), 3.54 (1 H, dd, J
10.3 and 4.6 Hz, H,, CH,0), 3.74 (1 H, dd, J 10.3 and 4.1
Hz, Hg, CH,0), 5.65 (dt,J 5.7 and 2.1 Hz, 2'-H), 5.81 (m,
1’-H), 6.18 (dt, J 5.7 and 2.0 Hz, 3'-H), 7.77 (d, J 3.4 Hz,
6-H), 8.47 (d, J 3.4 Hz, 4-H). °C NMR (CDCl,, 75 MHz):
6 —3.5 and —3.4 (SiMe), 18.5, 18.6, 20.3 and 20.4 (Me in
thexyl), 25.3 (C in thexyl), 34.0 (CH,), 34.1 (CH in thexyl),
47.5 (C-4'), 64.4 (C-1'), 64.4 (CH,0), 111.2 (C-5), 128.6
(C-2"), 141.8 (C-3'), 142.1 (C-6), 154.8 (C-2), 164.3 (C-4).
MS (CI-NH,): 371/369 (26/68, M+1), 317 (10), 283 (10),
205 (30), 187 (44), 155 (18), 131 (48), 106 (24), 89 (28),
79 (100).

1-Allylthymine 10" and 1,3-diallylthymine 11." A mixture
of thymine (378 mg, 3.0 mmol) and ammonium sulfate (10
mg) in hexamethyldisilazane (15 ml) was heated at reflux
under N, until the solution became clear (1.5 h). The
solution was evaporated and the residue dissolved in
dry acetonitrile (5 ml). Allyl acetate (0.32 ml, 3.0 mmol),
palladium(II) acetate (33 mg, 0.15 mmol) and triisopropyl
phosphite (0.30 ml, 1.2 mmol) were added and the resul-
tant mixture was stirred at ambient temperature under N,
for 21 h. The reaction mixture was evaporated and the
products separated by flash chromatography using EtOAc—
hexane (1:1).

10: Yield 52 mg (10 %). 'H NMR (CDCl;, 200 MHz): 6
1.90 (d, J 1.2 Hz, Me), 4.32 (d, J 5.7 Hz, NCH,), 5.23 (1 H,
d,J17.2 Hz, CH in CH,=), 5.28 (1 H, d, /9.8 Hz, CH in
CH,=), 5.8-5.9 (m, CH=), 6.97 (q, J 1.2 Hz, 6-H), 9.90
(br s, NH). “C NMR (CDCl,;, 50 MHz): 6 12.9 (Me), 50.3
(CH,N), 111.5 (C-5), 119.6 (CH,=), 132.3 (CH=), 140.3
(C-6), 151.6 (C-2), 165.1 (C-4). MS (CI-CH,): 167 (100,
M+1), 166 (15, M), 139 (1), 124 (5), 123 (10), 96 (1),
95 (2), 81 (1).

11: Yield 268 mg (43 %). 'H NMR (CDCl,, 200 MHz): &
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1.87 (d, J 1.2 Hz, Me), 4.30 [d, J 5.8 Hz, N(1)CH,], 4.51 [d,
J 5.7 Hz, N(3)CH,], 5.1-5.2 (4 H, m, 2 X CH,=), 5.7-5.9
(2 H, m, 2x CH=), 6.95 (q, J 1.2 Hz, 6-H). *C NMR
(CDCl,, 50 MHz): 6 13.5 (Me), 43.9 and 51.2 (CH,N),
110.5 (C-5), 118.2 and 118.4 (CH,=), 132.2 and 132.4
(CH=), 138.4 (C-6), 151.5 (C-2), 163.8 (C-4). MS
(CI-CH,): 207 (100, M+1), 206 (49, M), 191 (35), 179 (1),
165 (5), 151 (2), 137 (1), 123 (9), 94 (13).

cis- 1 - [4- (Dimethylthexylsilyloxymethyl) - 2- cyclopentenyl]-
thymine 12. A mixture of thymine (164 mg, 1.3 mmol) and
ammonium sulfate (10 mg) in hexamethyldisilazane (5 ml)
was heated at reflux under N, until the solution became
clear (1 h). The solution was evaporated and the residue
dissolved in dry acetonitrile (7 ml). cis-1-Acetoxy-5-di-
methylthexylsilyloxymethyl-2-cyclopentene (298 mg, 1.2
mmol), palladium(II) acetate (11 mg, 0.05 mmol) and
triisopropyl phosphite (0.10 ml, 0.4 mmol) were added and
the resultant mixture was stirred at ambient temperature
under N, for 41 h. The reaction mixture was evaporated
and the product purified by flash chromatography using
EtOAc-hexane (3:4); yield 186 mg (51%). Anal.
CyH::N.O;Si: C.H. 'H NMR (CDCl,, 300 MHz): $ 0.06
and 0.09 (SiMe), 0.83 (Me in thexyl), 0.87 (d, J 6.9 Hz, Me
in thexyl), 1.42 (1 H, dt, J 13.6 and 7.4 Hz, 5'8-H), 1.62
(m, J 6.9 Hz, CH in thexyl), 1.91 (d, J 1.2 Hz, Me), 2.61
(1 H, dt, J 13.6 and 8.3 Hz, 5'a-H), 2.89 (m, 4’-H), 3.56
(1 H, dd, J 10.1 and 4.9 Hz, H,, CH,0), 3.71 (1 H, dd, J
10.1 and 4.7 Hz. Hg, CH,0), 5.63 (dt, J 5.6 and 2.2 Hz,
2'-H), 5.72 (m, 1'-H), 6.08 (dt, J 5.6 and 2.2 Hz, 3'-H),
7.08 (q,J 1.2 Hz, 6-H), 8.88 (br s, NH). *C NMR (CDCl,,
75 MHz): & -3.5 (SiMe), 12.8 (Me), 18.5 and 20.3 (Me in
thexyl), 25.2 (C in thexyl), 33.3 (CH,), 34.1 (CH in thexyl),
47.3 (C-4"), 61.1 (C-1'), 64.7 (CH,0), 110.9 (C-5), 129.7
(C-2"), 136.8 (C-6), 139.8 (C-3'), 151.1 (C-2), 163.9 (C-4).
MS (CI-CH,): 365 (30, M+1), 279 019), 204 (26), 201 (34),
181 (25), 155 (63), 127 (95), 89 (95), 79 (100).

9-Allyladenine 14.> A mixture of adenine (135 mg, 1.0
mmol) and cesium carbonate (326 mg, 1.0 mmol) in DMSO
(5 ml) was stirred for 15 min at 45°C under N, and cooled
to ambient temperature before allyl acetate (0.11 ml, 1.0
mmol) and tetrakis(triphenylphosphine)palladium (58 mg,
0.05 mmol) were added. The resultant solution was stirred
at 45°C under N, for 23 h. Water (2 ml) was added and the
mixture was evaporated. Methanol (10 ml) was added to
the residue, the mixture was filtered and the filtrate
evaporated. The crude product was purified by flash
chromatography using CHCl,-MeOH (6:1); yield 119 mg
(68%). 'H NMR (DMSO-d,, 200 MHz): & 4.79 (d, J 5.4
Hz, NCH,), 5.04 (1 H, dd, J 17.2 and 1.4 Hz, CH in
CH,=), 5.19 (1 H, dd, J 10.3 and 1.4 Hz, CH in CH,=),
6.0-6.1 (m, CH=), 7.25 (br s, NH,), 8.12 and 8.15 (H in
adenine). *C NMR (DMSO-d,, 50 MHz): § 45.8 (CH,N),
117.5 (CH,=), 118.8 (C-5), 133.5 (CH=), 140.6 (C-8),
149.3 (C-4), 152.3 (C-2), 155.8 (C-6). MS (EI): 175 (69,
M™), 174 (100), 148 (25), 147 (26), 135 (16), 121 (11), 120
(12), 108 (25), 80 (14), 67 (16).
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cis-9-[4- (Dimethylthexylsilyloxymethyl) - 2- cyclopentenyl]-
adenine 15. A mixture of adenine (176 mg, 1.3 mmol) and
cesium carbonate (424 mg, 1.3 mmol) in DMSO (5 ml) was
stirred for 15 min at 45°C under N, and cooled to ambient
temperature before cis-1-acetoxy-5-dimethylthexylsilyloxy-
methyl-2-cyclopentene (298 mg, 1.0 mmol) in DMSO
(1 ml) and tetrakis(triphenylphosphine)palladium (58 mg,
0.05 mmol) were added. The resultant solution was stirred
at 45°C under N, for 20 h. Water (2 ml) was added and the
mixture was evaporated. Methanol (10 ml) was added to
the residue, the mixture was filtered and the filtrate
evaporated. The crude product was purified by flash
chromatography using CHCl,-MeOH (20:1); yield 202 mg
(54%). Anal. C,(H;N;OSi: C,H. 'H NMR (CDCl,, 300
MHz): 6 0.08 (SiMe), 0.84 (Me in thexyl), 0.87 (d, J 6.9
Hz, Me in thexyl), 1.6-1.7 (2 H, m, 5'8-H and H in thexyl),
2.80 (1 H, dt, J 13.7 and 8.6 Hz, 5'a-H), 3.01 (m, 4'-H),
3.60 (1 H, dd, J 10.0 and 5.6 Hz, H,, CH,0), 3.70 (1 H,
dd, J 10.0 and 5.6 Hz, Hg, CH,0), 5.75 (m, 1’-H), 5.88 (dt,
J5.6and 2.1 Hz, 2'-H), 6.14 (br s, NH,), 6.18 (dt, J 5.6 and
2.0 Hz, 3'-H), 7.89 (8-H), 8.38 (2-H). *C NMR (CDCl,, 75
MHz): & —3.5 (SiMe), 18.5 and 20.4 (Me in thexyl), 25.2
(C in thexyl), 34.1 (CH,), 35.0 (CH in thexyl), 47.8 (C-4"),
59.5 (C-1"), 64.4 (CH,0), 119.8 (C-5), 128.1 (C-2"), 138.8
(C-3"), 139.2 (C-8), 149.8 (C-4), 152.7 (C-2), 155.5 (C-6).
MS (CI-CH,): 374 (100, M+1), 358 (14), 289 (21), 288
(80), 210 (27), 164 (16), 136 (24), 89 (5), 79 (11), 75 (8).

2-Amino-6-(2-methoxyethoxy)purine 17.'% 2-Methoxy-
ethanol (0.95 ml, 12.0 mmol) was added to a 50 % oil
suspension of sodium hydride (576 mg, 12.0 mmol) in dry
dioxane (40 ml). After 15 min of stirring under N, at
ambient temperature, 2-amino-6-chloropurine (1.02 g, 6.0
mmol) was added and the resultant mixture was refluxed
for 18 h. The solvent was evaporated and the residue was
dissolved in water (20 ml) and extracted with diethyl ether
(X 2). The water layer was acidified to pH 5 with 20 %
acetic acid. After cooling, the solid was removed by fil-
tration and recrystallized from ethanol-water (1:1); yield
890 mg (71%). 'H NMR (DMSO-d,, 200 MHz): & 3.33
(Me), 3.70 and 4.53 (t, J 4.5 Hz, CH,), 6.26 (br s, NH,),
7.85 (8-H).

9-Allyl-2-amino-6-chloropurine 18"% and 7-allyl-2-amino-
6-chloropurine 20. A mixture of 2-amino-6-chloropurine
(170 mg, 1.0 mmol) and cesium carbonate (326 mg, 1.0
mmol) in DMSO (5 ml) was stirred for 15 min at 45°C
under N, and cooled to ambient temperature before allyl
acetate (0.11 ml, 1.0 mmol) and tetrakis(triphenyl-
phosphine)palladium (58 mg, 0.05 mmol) were added. The
resultant solution was stirred at 45°C under N, for 23 h.
Water (2 ml) was added and the mixture was evaporated.
Methanol (10 ml) was added to the residue, the mixture
was filtered and the filtrate evaporated. The products were
separated by flash chromatography using CHCl,-MeOH
(10:1). Compound 18 was purified by flash chromato-
graphy using EtOAc.



18: Yicld 37 mg (18 %). '"H NMR (DMSO-d,, 200 MHz):
8 4.71 (d, J 5.0 Hz, NCH,), 5.00 (1 H, d, J 17.1, CH in
CH,=),5.21 (1 H, d, J 10.3 Hz, CH in CH,=), 6.0-6.1 (m,
CH=), 6.96 (br s, NH,), 8.13 (8-H). 13C NMR (DMSO-d,,
50 MHz): & 44.8 (CH,N), 117.3 (CH,=), 123.1 (C-5), 132.8
(CH=), 143.0 (C-8), 149.3 (C-6), 153.9 (C-4), 159.8 (C-2).
MS (EI): 211/209 (30/100, M*), 182 (4), 174 (17), 168 (18),
147 (7), 141 (21), 134 (12), 114 (10), 54 (12), 53 (23).

20: Yield 42 mg (20 %). 'H NMR (DMSO-d,, 200 MHz):
$4.92 (1 H, d, J15.1, CH in CH,=), 4.97 (d, J 2.9 Hz,
NCH,), 5.23 (1 H, d, J 10.6 Hz, CH in CH,=), 6.0-6.1 (m,
CH=), 6.69 (br s, NH,), 8.41 (8-H). 1°C NMR (DMSO-d,,
50 MHz): & 49.2 (CH,N), 107.1 (C-5), 118.8 (CH,=), 132.4
(CH=), 139.6 (C-6), 150.6 (C-8), 152.9 (C-2), 154.1 (C-4).
MS (EI): 211/209 (32/100, M*), 182 (12), 174 (16), 169 (8),
168 (9), 147 (11), 141 (18), 134 (19), 132 (12), 114 (9),
54 (12), 53 (17).

9-Allyl-2-amino-6-(2-methoxyethoxy)purine 19 and 7-allyl-
2-amino-6-(2-methoxyethoxy)purine 21. Method A. A mix-
ture of 2-amino-6-(2-methoxyethoxy)purine (209 mg, 1.0
mmol) and cesium carbonate (326 mg, 1.0 mmol) in DMSO
(5 ml) was stirred for 15 min at 45°C under N, and cooled
to ambient temperature before allyl acetate (0.11 ml, 1.0
mmol) and tetrakis(triphenylphosphine)palladium (58 mg,
0.05 mmol) were added. The resultant solution was stirred
at 45°C under N, for 6 h. Water (2 ml) was added and the
mixture was evaporated. Methanol (10 ml) was added to
the residue, the mixture was filtered and the filtrate
evaporated. The products were separated by flash
chromatography using CHCl,-MeOH (13:1).

19: Yield 93 mg (37 %). 'H NMR (DMSO-d,, 200 MHz):
6 3.32 (Me), 3.70 and 4.54 (t, J 4.8 Hz, CH,0), 4.67 (d, J
5.1 Hz, NCH.), 495 (1 H, dd, J 17.2 and 1.1 Hz, CH in
CH,=), 5.17 (1 H, d, J 10.8 and 1.1 Hz, CH in CH,=),
6.0-6.1 (m, CH=), 6.45 (br s, NH,), 7.86 (8-H). *C NMR
(DMSO-d,, 50 MHz): 6 45.5 (CH,N), 58.9 (Me), 65.4 and
70.8 (CH,0), 113.8 (C-5), 117.1 (CH,=), 133.5 (CH=),
139.5 (C-8), 154.0 (C-4), 159.5 (C-6), 160.0 (C-2). MS
(EI): 249 (32, M*), 234 (1), 219 (6), 204 (3), 191 (100),
174 (8), 164 (7), 149 013), 134 (5), 121 (27).

21: Yield 68 mg (27 %). '"H NMR (DMSO-d;, 200 MHz):
0 3.32 (Me), 3.69 and 4.52 (t, J 4.3 Hz, CH,0), 4.81 (d,J
5.2 Hz, NCH,), 5.11 (1 H, dd, J 17.8 and 1.3 Hz, CH in
CH,=), 5.19 (dd, J 10.9 and 1.3 Hz, CH in CH,=), 6.0-6.1
(m, CH=), 6.15 (br s, NH,), 8.09 (8-H). "C NMR
(DMSO-d,, 50 MHz): d 49.4 (CH,N), 58.8 (Me), 65.2 and
70.6 (CH,0), 106.0 (C-5), 117.8 (CH,=), 134.2 (CH=),
145.2 (C-8), 156.5 (C-4), 159.5 (C-6), 163.8 (C-2). MS
(EI): 249 (54, M™), 218 (2), 204 (2), 191 (100), 174 (17),
164 (16), 150 (19), 134 (4), 122 (11), 108 (6).

Method B. A mixture of 2-amino-6-(2-methoxyethoxy)-
purine (209 mg, 1.0 mmol) and lithium hydride (15 mg, 2.0
mmol) in dry DMF (25 ml) was stirred for 30 min at
ambient temperature under N, before allyl acetate (0.11
ml, 1.0 mmol) and tetrakis(triphenylphosphine)palladium
(58 mg, 0.05 mmol) were added. The resultant solution was
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stirred at 45°C under N, for 6 h. Water (2 ml) was added
and the mixture evaporated. Methanol (10 ml) was added
to the residue, the mixture filtered and the filtrate
evaporated. The products were separated by flash
chromatography using CHCl,-MeOH (13:1); yield 129 mg
(52%) of 19 and 61 mg (24 %) of 21.

cis-2- Amino-6-chloro-9-[4-(dimethylthexylsilyloxymethyl)-
2-cyclopentenyl]purine 22 and cis-2-amino-6-chloro-7-[4-
(dimethylthexylsilyloxymethyl)-2-cyclopentenyl[purine 24.
A mixture of 2-amino-6-chloropurine (220 mg, 1.3 mmol)
and cesium carbonate (424 mg, 1.3 mmol) in DMSO (5 ml)
was stirred for 15 min at 45°C under N, and cooled to
ambient temperature before cis-1-acetoxy-5-dimethyl-
thexylsilyloxymethyl-2-cyclopentene (298 mg, 1.0 mmol) in
DMSO (1 ml) and tetrakis(triphenylphosphine)palladium
(58 mg, 0.05 mmol) were added. The resultant solution was
stirred at 45°C under N, for 22 h. Water (2 ml) was added
and the mixture was evaporated. Methanol (10 ml) was
added to the residue, the mixture was filtered and the
filtrate evaporated. The products were separated by flash
chromatography using CHCl;-MeOH (40:1).

22: Yield 93 mg (23%). Anal. C,H;,CIN,OSi: C,H.
'H NMR (CDCl,, 300 MHz): 8 0.06 (SiMe), 0.81 (Me in
thexyl), 0.84 (d, J 6.9 Hz, Me in thexyl), 1.57 (m, J 6.9 Hz,
CH in thexyl), 1.64 (1 H, dt, J 13.6 and 6.4 Hz, 5'8-H),
2.72 (1 H, dt, J 13.6 and 8.6 Hz, 5'a-H), 2.98 (m, 4'-H),
3.57 (1 H, dd, J 10.0 and 5.5 Hz, H,, CH,0), 3.67 (1 H,
dd, J 10.0 and 5.3 Hz, Hg, CH,0), 5.38 (br s, NH,), 5.56
(m, 1'-H), 5.81 (dt, J 5.6 and 2.2 Hz, 2'-H), 6.14 (dt, J 5.6
and 2.0 Hz, 3’-H), 7.83 (8-H). *C NMR (CDCl,, 75 MHz):
o —3.5 (SiMe), 18.4, 20.2 and 20.3 (Me in thexyl), 25.2
(C in thexyl), 34.1 (CH in thexyl), 34.7 (CH,), 47.8 (C-4"),
59.3 (C-1'), 65.2 (CH,0), 125.4 (C-5), 129.0 (C-2'), 139.4
(C-3"), 140.7 (C-8), 151.0 (C-6), 153.4 (C-4), 158.9 (C-2).
MS (CI-CH,): 410/408 (38/97, M+1), 392 (3), 372 (12), 322
(30), 244 (89), 198 (32), 170 (100), 89 (42), 79 (94), 75 (38).

24: Yield 19 mg (5%). '"H NMR (CDCl,;, 300 MHz):
0 0.04 (SiMe), 0.81 (Me in thexyl), 0.84 (d, J 6.9 Hz, Me in
thexyl), 1.5-1.5 (2 H, m, CH in thexyl and 5'8-H), 2.80
(1 H, dt. J 13.7 and 8.5 Hz, 5'a-H), 3.00 (m, 4’-H), 3.51
(1 H,dd,J9.9and 5.9 Hz, H,, CH,0), 3.61 (1H,dd,J9.9
and 5.4 Hz, H, CH,0), 5.16 (br s, NH,), 5.8-5.9 (2 H, m,
1’-H and 2'-H), 6.27 (dt, J 5.6 and 1.9 Hz, 3'-H), 8.06
(8-H). “C NMR (CDCl,, 50 MHz): 6 —2.7 (SiMe), 19.2
and 21.0 (Me in thexyl), 25.9 (C in thexyl), 34.8 (CH in
thexyl), 36.9 (CH,), 48.7 (C-4), 63.2 (C-1'), 66.0 (CH,0),
113.2 (C-5), 128.3 (C-2'), 138.9 (C-6), 141.2 (C-3'), 146.4
(C-8), 159.6 (C-2), 164.8 (C-4). MS (CI-CH,): 410/408
(39/93, M+1), 392 (9), 372 (18), 321 (98), 256 (14), 244
(48), 198 (29), 170 (100), 79 (61), 75 (51).

cis-2-Amino-9-[4- (dimethylthexylsilyloxymethyl)-2-cyclo-
pentenyl]-6-(2-methoxyethoxy)purine 23. A mixture of
2-amino-6-(2-methoxyethoxy)purine (815 mg, 3.9 mmol)
and lithium hydride (45 mg, 6.0 mmol) in dry DMF (75 ml)
was stirred for 30 min at ambient temperature under N,
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before cis-1-acetoxy-5-dimethylthexylsilyloxymethyl-2-cyclo-
pentene (894 mg, 3.0 mmol) in DMF (1 ml) and tetrakis-
(triphenylphosphine)palladium (174 mg, 0.15 mmol) were
added. The resultant solution was stirred at 45 °C under N,
for 19 h. Water (2 ml) was added and the mixture was
evaporated. Methanol (10 ml) was added to the residue,
the mixture was filtered and the filtrate evaporated. The
product was purified by flash chromatography using
EtOAC; yield 742 mg (55 %). Anal. C,,H;;N,0,Si: C,H. 'H
NMR (CDCl,;, 200 MHz): & 0.02 (SiMe), 0.78 (Me in
thexyl), 0.81 (d, J 6.9 Hz, Me in thexyl), 1.5-1.6 (2 H, m,
CH in thexyl and 5'8-H), 2.67 (1 H, dt, J 13.6 and 8.6 Hz,
5'a-H), 2.91 (m, 4’-H), 3.37 (Me), 3.52 (1 H, dd, /9.8 and
5.7 Hz, H,, CH,0), 3.63 (1 H, dd, J 9.8 and 5.7 Hz, Hg,
CH,0), 3.75 and 4.59 (t, J 5.0 Hz, CH,0), 5.11 (br s,
NH,), 5.51 (m, 1'-H), 5.78 (dt, J 5.5 and 2.1 Hz, 2'-H),
6.07 (dt, J 5.5 and 2.0 Hz, 3'-H), 7.62 (8-H). “C NMR
(CDCl,;, 50 MHz): 6 —1.2 (SiMe), 18.9 and 20.7 (Me in
thexyl), 25.5 (C in thexyl), 34.4 (CH in thexyl), 35.2 (CH,),
48.0 (C-4'), 59.0 (C-1' and Me), 65.5 (CH,O x 2), 70.5
(CH,0), 115.1(C-5),129.1(C-2"),136.8 (C-8), 137.9(C-3"),
153.1 (C-4), 158.4 (C-6), 160.2 (C-2). MS (CI-CH,): 448
(100, M+1), 432 (15), 416 (8). 362 (48), 296 (4), 284 (14).
238 (13), 210 (50), 178 (10), 515 (10).

2-Amino-6-(2-trimethylsilylethoxy)purine 25. 2-(Trimethyl-
silyl)ethanol (3.42 ml, 24.0 mmol) was added to a 50 % oil
suspension of sodium hydride (1.15 g, 24.0 mmol) in dry
dioxane (60 ml). After 15 min of stirring under N, at
ambient temperature, 2-amino-6-chloropurine (2.04 g, 12.0
mmol) was added and the resultant mixture refluxed for
19 h. The solvent was evaporated and the residue was
dissolved in water (40 ml) and extracted with diethyl ether
(x2). The water layer was acidified to pH 5 with 20 %
acetic acid. After cooling, the solid was removed by
filtration and purified by flash chromatography using
MeOH-CHCI; (1:8); yield 1.98 mg (69%). Anal.
C,H;;N;OSi: C,H. '"H NMR (DMSO-d,, 200 MHz): 3 0.08
(SiMe;), 1.14 (t, J 8.2 Hz, CH,Si), 4.56 (t, J 8.2 Hz,
CH,0), 6.18 (br s, NH,), 7.81 (8-H). *C NMR (DMSO-d,,
50 MHz): & —0.9 (SiMe,), 17.5 (CH,Si), 63.7 (CH,0),
113.2 (C-5), 138.3 (C-8), 155.6 (C-4), 159.9 (C-6), 160.1
(C-2). MS (EI): 251 (8, M*), 236 (2), 223 (32), 208 (100),
191 (4), 166 (6), 151 (7), 134 (8), 99 (8), 73 (389).

9-Allyl-2-amino-6-(2-trimethylsilylethoxy)purine 26 and
7-allyl-2-amino-6-(2-trimethylsilylethoxy)purine 27. A mix-
ture of 2-amino-6-(2-trimethylsilylethoxy)purine (753 mg,
3.0 mmol) and lithium hydride (45 mg, 6.0 mmol) in dry
DMEF (60 ml) was stirred for 30 min at ambient temperature
under N, before allyl acetate (0.33 mi, 3.0 mmol) and
tetrakis(triphenylphosphine)palladium (174 mg, 0.15
mmol) were added. The resultant solution was stirred at
45°C under N, for 22 h. Water (5 ml) was added and the
mixture was evaporated. Methanol (10 ml) was added to
the residue, the mixture was filtered and the filtrate
evaporated. The products were separated by flash
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chromatography using CHCl,-MeOH (30:1) and 26 was
purified by flash chromatography using EtOAc-hexane
(2:1).

26: Yield 347 mg (40%). Anal. C;H,NOSi: CH.
'H NMR (DMSO-d,, 200 MHz): § 0.07 (SiMe,), 1.14 (t, J
8.1 Hz, CH,Si), 4.51 (t,J 8.1 Hz, CH,0), 4.66 (d, J 5.0 Hz,
NCH,), 4.66 (d. J 17.2 Hz, CH in CH,=), 5.17 (d, J
10.3 Hz, CH in CH,=), 5.9-6.1 (m, CH=), 6.39 (br s,
NH,), 7.82 (8-H). *C NMR (DMSO-d;, 50 MHz): & —0.8
(SiMe;), 17.6 (CH,Si), 45.0 (NCH,), 63.9 (CH,0), 114.1
(C-5), 117.2 (CH,=), 133.7 (CH=), 139.6 (C-8), 154.2
(C-4), 160.0 (C-6), 160.6 (C-2). MS (EI): 291 (11, M*),
277 (19), 263 (52), 248 (100), 222 (17), 207 (23), 191 (12),
167 (11), 149 (32), 73 (48).

27: Yield 364 mg (42%). Anal. C;;H,N;OSi: C,H.
'H NMR (DMSO-d;, 200 MHz): 3 0.08 (SiMe,), 1.14 (t, J
8.3 Hz, CH,Si), 4.46 (t,J 8.3 Hz, CH,0), 4.84 (d,J 5.1 Hz,
NCH,),5.03(d,J 18.1 Hz, CHin CH,=), 5.19(d, 9.5 Hz,
CH in CH,=), 6.0-6.1 (m, CH=), 6.09 (br s, NH,), 8.06
(8-H). "C NMR (DMSO-d,, 50 MHz): & —0.9 (SiMe,),
17.6 (CH,Si), 48.9 (NCH,), 64.1 (CH,0), 106.0 (C-5),
117.6 (CH,=). 134.5 (CH=), 145.2 (C-8), 157.0 (C-4),
159.9 (C-6), 163.9 (C-2). MS (EI): 291 (24, M*), 276 (4),
263 (54), 248 (66), 235 (6), 222 (11), 208 (25), 191 (12),
174 (7), 73 (100).

cis-2-Amino-9-[4-(dimethylthexylsilyloxymethyl)-2-cyclo-
pentenyl]-6-(2-trimethylsilylethoxy)purine 28. A mixture of
2-amino-6-(2-trimethylsilylethoxy)purine (427 mg, 1.7
mmol) and lithium hydride (26 mg, 3.4 mmol) in dry DMF
(25 ml) was stirred for 30 min at ambient temperature
under N, before cis-1-acetoxy-5-dimethylthexylsilyloxy-
methyl-2-cyclopentene (387 mg, 1.3 mmol) in DMF (1 ml)
and tetrakis(triphenylphosphine)palladium (81 mg, 0.07
mmol) were added. The resultant solution was stirred at
45°C under N, for 19 h. Water (2 ml) was added and the
mixture evaporated. Methanol (10 ml) was added to
the residue, the mixture was filtered and the filtrate
evaporated. The product was purified by flash chromato-
graphy using EtOAc-hexane (1:2); yield 346 mg (54 %).
Anal. C,,H;;N;O,Si,: C,H. 'H NMR (CDCl;, 200 MHz):
6 0.02 (SiMe,), 0.03 (SiMe;), 0.79 (Me in thexyl), 0.82 (d, J
6.8 Hz, Me in thexyl), 1.18 (t, J 8.4 Hz, CH,Si), 1.5-1.6
(2 H, m, CH in thexyl and 5'3-H), 2.68 (1 H, dt, J 13.6 and
8.5 Hz, 5'a-H), 2.91 (m, 4'-H), 3.59 (1 H, dd, 7 9.9 and 4.7
Hz, H,, CH,0), 3.61 (1 H, dd, J 9.9 and 5.7 Hz, Hy,
CH,0), 4.53 (t, J 8.4 Hz, CH,0), 5.05 (br s, NH,), 5.51
(m, 1'-H), 5.78 (dt, J 5.6 and 2.0 Hz, 2'-H), 6.07 (dt, J 5.6
and 2.0 Hz, 3’-H), 7.61 (8-H). *C NMR (CDCl,, 50 MHz):
6 —3.0 and —-0.9 (SiMe), 18.1 (CH,Si), 19.0 and 20.8 (Me
in thexyl), 25.7 (C in thexyl), 34.6 (CH in thexyl), 36.5
(CH,), 48.3 (C-4"), 59.4 (C-1"), 65.2 and 66.1 (CH,0),
116.3 (C-5), 129.1 (C-2"), 137.7 (C-3'), 139.1 (C-8), 154.0
(C-4), 159.8 (C-6), 161.9 (C-2). MS (CI-CH,): 490 (88,
M+1), 474 (18), 462 (11), 446 (12), 404 (15), 376 (41),
298 (25), 224 (21), 208 (25), 73 (100).



9-Allylguanine 29.” A 0.5 M solution of tetrabutyl-
ammonium fluoride in dry acetonitrile (4 ml) was added to
9-allyl-2-amino-6-(2-triznethylsilylethoxy)purine (251 mg,
1.0 mmol) and the mixture was stirred at 50 °C under N, for
2 h before water (2 ml) was added. The pH was adjusted to
5 with acetic acid and the mixture was evaporated. The
product was purified by flash chromatography using Et;N-
MeOH-CHClI, (1:20:100); yield 151 mg (79 %). 'H NMR
(DMSO-d,, 200 MHz): 4 4.56 (d, J 5.0 Hz, NCH,), 4.96 (d,
J 17.6, CH in CH,=), 5.16 (d,J 9.9, CH in CH,=), 6.0-6.1
(m, CH=), 7.23 (br s, NH,), 7.48 (8-H).

7-Allylguanine 30." Compound 30 was prepared from
7-allyl-2-amino-6-(2-trimethylsilylethoxy)purine as de-
scribed for 29 above; yield 77 %. 'H NMR (DMSO-d;,
200 MHz): 8 4.85 (d, J 5.0 Hz, NCH,), 5.01 (d, J 17.0 Hz,
CH in CH,=), 5.14 (d, J 10.3 Hz, CH in CH,=), 6.0-6.1
(m, CH=), 6.67 (br s, NH,), 7.71 (8-H).

cis-[4-(Hydroxymethyl)-2-cyclopentenylguanine 31° A 0.5 M
solution of tetrabutylammonium fluoride in dry acetonitrile
(4.9 ml) was added to cis-2-amino-9-[4-(dimethylthexyl-
silyloxymethyl)-2-cyclopentenyl]-6-(2-trimethylsilylethoxy)-
purine (298 mg, 0.61 mmol) and the mixture was stirred at
50°C under N, for 3 h before water (2 ml) was added. The
pH was adjusted to 5 with acetic acid and the mixture was
evaporated. The product was purified by flash chromato-
graphy using Et;N-MeOH-CHCI; (1:20:100); yield 105 mg
(70%). '"H NMR (DMSO-d,, 200 MHz): & 1.57 (1 H, dt, J
13.6 and 5.6 Hz, 5'3-H), 2.60 (1 H, dt, J 13.6 and 8.8 Hz,
5'a-H), 2.97 (m, 4'-H), 3.45 (t,J 5.3 Hz, CH,0), 4.75 (t, J
5.3, OH), 5.36 (m, 1'-H), 5.87 (m, 2"-H), 6.13 (m, 3'-H),
6.47 (br s, NH,). 7.61 (8-H), 10.61 (br s, NH).
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