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Abstract: Guanine 11 was converted, in a one pot reaction, into 2-amino-6-{(4- chloropheny])sulfanyl]purme 9a
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in 88% isolated yield. 4-Acetoxy-3-(acetoxymethyDbutanol 23 was prepared from 2-chloroethanol in five steps and

in 46% overall yield. The mesylate ester of compound 23 reacted with 9a in the presence of potassium carbonate
with a high degree of regioselectivity (89%) to give the N-9 alkylated product 26 which was isolated in 80% yield.
Acidic hydrolysis of the latter compound 26 gave penciclovir 4 in virtually quantitative yield. Penciclovir 4 and
famciclovir § were prepared from 2-amino-6-[{(4-chlorophenyl)sulfanyl]purine 9a in four and five steps, respectively,
by procedures involving initial alkylation with 1,2-dibromoethane. The overall yiclds obtained were 65 and ca. 60%,
respectively. © 1999 Elsevier Science Ltd, All ri ights reserved.

Keywords: antivirals, purines, alkylation, regioselection

INTRODUCTION
A number of nucleoside analogues in which the sugar residues have been replaced by acyclic side-chains have been
found to exhibit high antiviral activity.! An especially notable group of such analogues which have found application
in chemotherapy are achiral 9-alkylguanine and closely related 9-alkyl-2-amino-9H-purine derivatives. This group of
compounds includes acyclovir?:3 1, its 6-deoxy-derivative4 2, ganciclovir3-8 3, penciclovir?-10 4, and
famciclovir!1:12 5, A rational strategy for the synthesis of these and indeed of other related alkylated purines consists
essentially of three main parts. The first part involves the preparation of a purine derivative that undergoes highly
regioselective (or preferably regiospecific) alkylation on N-9, and is so designed that the resulting alkylation product
can easily be converted into the corresponding 9-alkylguanine or 9-alkyl-2-amino-9H-purine. The second part is
concerned with the introduction of the appropriate side-chain, and the third part involves the transformation of the

alkylated purine derivative so obtained into the target compound.
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Scheme 1  Reagents and conditions: i, Ac;O, CsHsN, DMF, 75°C: ii, POCIl3, PhNMe,, Et4yNCI, reflux;
iii, (4-chloro)thiophenol, EtsN, MeOH, room temp.; iv, Et0«BF3, PhOH, CH,Cl,, reflux

In a previous publication, we reported!3 the conversion (Scheme 1) of guanosine 6 into 2-amino-6-{(4-
chlorophenyl)sulfanyl]purine 9a which proved to be a useful intermediate in the preparation of acyclovir 1 and its 6-
deoxy-derivative 2. We now report a considerably improved preparation of 2-amino-6-[(4-
chlorophenyl)sulfanyl]jpurine 9a, and describe its conversion into 9-[4-hydroxy-3-(hydroxymethyl)butyl}guanine
(penciclovir 4)%10 and 9-[4-acetoxy-3-(acetoxymethyl)butyl]-2-amino-9H-purine (famciclovir 5).11.12
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As far as we are aware, the purine derivative used in all but onel4 of the reported syntheses of
penciclovirl0:14-16 4 and famcicloviri1.12.16 § has been 2-amino-6-chloropurinel7.18 10. Due partly to its solubility
in water, the direct preparation!8 of the latter compound 10 from guanine 11 (by treatment with phosphoryl
trichloride and tetraethylammonium chloride in acetonitrile) is inconvenient to carry out on a laboratory scale, and
usually leads only to a modest yield of the desired product 10. Furthermore, although 2-amino-6-chloropurine 10
undergoes alkylation predominantly on N-9, significant quantities (sometimes more than 15%) of the N-7 isomer are
usually also obtained.!? The alkylating agents that have been used in the preparation of penciclovir 4 and famciclovir
5 include 5-(2-bromoethyl)-2,2-dimethyl-1,3-dioxane!? 12, 4-acetoxy-3-acetoxymethyl-1-iodobutane20 13, diethyl
(2-bromoethylidene)malonate!? 14a, diethyl (2-chloroethylidene)malonate!2 14b and triethyl 3-bromopropane-

1,1,1-tricarboxylate16 15.
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Geen et al.20 showed that the N-9 : N-7 ratio observed in the alkylation of 6-substituted 2-aminopurine
derivatives varies considerably for different C-6 substituents. In the latter study,20 the worst ratio (i.e. the greatest
proportion of N-7 isomer) was observed for the 6-methoxy derivative 16; R = OMe and the best ratio was observed
for the 6-isopropyl derivative 16; R = MeaCH. The N-9 : N-7 ratio observed for the 6-chloro derivative 10 was
somewhere in between. We had previously found!3 that the trimethylsilyl derivative of 2-amino-6-[(4-
chlorophenyl)sulfanyl]purine 9a reacted with (2-acetoxyethoxy)methyl bromide?! 17 in the presence of mercury(II)
cyanide virtually regiospecifically on N-9. However, the conversion of guanosine 6 into the latter purine derivative
9a, which involves four steps13 (Scheme 1), is rather cumbersome and leads to an overall yield of less than 60%.
We now report that when guanine 11 was allowed to react with trifluoroacetic anhydride in anhydrous pyridine,22
and the products were treated first with (4-chloro)thiophenol and then with aqueous ammonia followed by hydrogen
peroxide (Scheme 2), 2-amino-6-[(4-chlorophenyl)sulfanyl]purine 9a was obtained and was isolated as an almost

colourless solid in 88% vyield. Thus 2-amino-6-[{(4-chlorophenyl)sulfanvyllpurine 9a can eagi]y be pre.nared from
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(Scheme 2) into 2—amino~6-[(4~methylphenyl)sulfanyl]punne 9b and 2-amino-6-(phenylsulfanyl)purine 9¢ in 76 and
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may not be significant. However, as thiophenol is a particularly disagreeable reagent to work with, both the 6-[(4-

chlorophenyl)suifanyl]- and the 6-[(4-methyiphenyI)suifanyi]- derivatives (9a and 9b, respectively) are perhaps to be
preferred over the 6-phenylsulfanyl-derivative.
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The preparation of penciclovir 4 from the 6-[(4-chlorophenyl)sulfanyl] derivative 9a and 4-acetoxy-3-
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19 to react with ethyl vinyl ether 18 in the presence of a catalytic quantity of trifluoroacetic acid. Alkylation of the
sodio derivative of diethyl malonate with compound 20 gave the diester 21 as a distillable liquid in 75% isolated
yield. Reduction of this compound 21 with sodium borohydride, followed by acetylation of the resulting diol gave
the diacetoxy-acetal 22 as a distillable liquid in ca. 70% isolated yield. Finally, hydrolysis with acetic acid-water (4
1 v/v) gave the required 4-acetoxy-3-(acetoxymethyl)butanol 23 as a colourless distillable liquid in 94% isolated
yield. It should be noted that removal of the 1-ethoxyethyl protecting group leads to volatile and readily removable
by-products (i.e. acetaldehyde and ethanol). This would not have been the case if, for example, the tetrahydropyran-
2-yl protecting group had been used instead.
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Scheme 3 Reagents and conditions: i, CF3CO,H (ca. 0.5 mol %), 0°C to room temp., 1 h; i,
CHy(CO,Et),; NaOEt, EtOH, refiux, 20 h; iii, NaBH,, MeOH, t-BuOH, refiux, 3.5 h;
iv. Ac.O C-H-N room tem 20h v. AcOH-H O 4:-1yNY, 30°C. 20 h

iv, Acy0, CsHsN, room temp., 20 h; v, AcOH - H,O (4: 1 vAv), 30°C, 20 h

In the preparation of penciclovir 4, 4-acetoxy-3-(acetoxymethyl)butanol 23 was first converted (Scheme 4a)
into its mesylate20 24 which was then allowed to react with 2-amino-6-[(4-chlorophenyl)sulfanyl]purine 9a and
potassium carbonate in N,N-dimethylformamide (DMF) solution. A mixture of 7-[4-acetoxy-(3-acetoxymethyl)but-
yl]-2-amino-6-[(4-chlorophenyl)sulfanyl]-7H-purine 25 and the desired 9-isomer 26 was thereby obtained in high
yield. Integration of the signals at § 8.04 and 8.30 p.p.m. (assigned to the resonances of the H-8 protons of the two

comnpot nds) in the TH NMR snectrum [in (CD2)2801 of this mixture indicated that the isomeric ratio was 89 : 11 in

compou A NMK spectrum 1n (U3 )20U0U 7 O This mIXiure 1r
favour of the compound with the higher field (i.e. 8 8.04 p.p.m.) H-8 resonance signal. It has been reported?? that
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column chromotography, the 9- and 7- isomers (26 and 25) were isol:
and 168-171°C) in 80 and 2.4% yields, respectively. When the 9-isomer 26 was heated, under reflux, with 2.0 mol
dm-3 hydrochloric acid for 3 h, 9-[4-hydroxy-3-(hydroxymethyi)butyijguanine {(penciciovir, 4) was obtained in 98%
isolated yield. The fact that the 1H and 13C NMR spectra [in (CD3),SO] of this product were closely similar to the
spectra reported in the literature!6 for penciclovir 4 provides further confirmation that the major product obtained in

the alkylation of 2-amino-6-[(4-chlorophenyl)sulfanyl]purine 9a with the mesylate 24 (Scheme 4a) was indeed the 9-

isomer 26.
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the isomeric ratio was 82 : 18 in favour o
signal. This was assumed to be the 9-isomer20 28. Foiiowing fractionation of the mixture by short column
chromatography, the 9- and 7-isomers (28 and 27) were isolated as pure crystalline solids in 66 and 8.1% isolated
yields, respectively. It is noteworthy that 2-amino-6-[(4-chlorophenyl)sulfanyl]purine 9a undergoes alkylation by
the mesylate 24 more regioselectively on N-9 than 2-amino-6-chloropurine 10.
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Although 4-acetoxy-3-(acetoxymethyl)butanol 23 is a useful synthon in the preparation of penciclovir 4
(Scheme 4a) and famciclovir 8, our synthesis of it involves five steps (Scheme 3). With a view to devising a
potentially more convenient procedure for the large scale preparation both of penciclovir 4 and famciclovir 5, we
have developed a shorter synthetic route (Scheme 5). When 2-amino-6-[(4-chlorophenyl)sulfanyl]purine 9a was
allowed to react with an excess (ca. 5 mol equiv.) of 1,2-dibromoethane in the presence of potassium carbonate in
dry dimethyl sulfoxide (DMSO) at 50°C, a 9 : 1 mixture of 2-amino-9-(2-bromoethyl)-6-[(4-chlorophenyljsulfanyl]-
9H-purine 30 (8y [(CD3)2S0] 8.05 p.p.m.) and the isomeric 7-(2-bromoethyl)-derivative 29 (6y [(CD3),S0] 8.32

L7 SR

p.p.m.) was obtained in virtually quantitative yield. Following fractionation of the mixture by short column

chromatography, the 9-(2-bromoethyl)-derivative 30 was obtained as a colourless crystalline solid in 86.6% isolated

yield. Chromatographic purification was not necessary in any of the subsequent steps. Reaction between the 9-(2-

bromoethyl)-derivative 38, pmassmm carbonate and diethy! malonate in dry DMSO at 50°C gave the diester 31

which was isolated as a crystalline solid in 93% yield. When this compound 31 was reduced with sodium
S T 41 P 1i 2" sran ad ae

borohydride in the presence of methanol in diglyme solution, the corresponding diol 32 was obtained and isolated in
85% yield. Penciclovir 4 was obtained in 95% isolated yield when this diol 32 was heated, under reflux, with 2.0
mol dm-3 hydrochloric acid. Acetylation of the diol 32 and Raney nickel desulfurization# of the resuiting diacetate

26 gave famciclovir 5 as a colourless crystalline solid in 87% isolated yield. The 1H and 13C NMR spectra of both



the penciclovir 4 and the famciciovir 5 prepared by this route (Scheme 5) were closely similar to the spectra reported
in the literature, 16

In certain respects, the preparations of penciclovir 4 and famciclovir 5 described above would appear to offer
significant advantages over previously reported®-12.14-16 preparations. First, on the laboratory scale, 2-amino-6-[(4-
chlorophenyl)sulfanyl]purine 9a can be prepared (Scheme 2) from guanine 11 very much more conveniently and in
much higher yield than can 2-amino-6-chloropurine 10. Secondly, 2-amino-9-[(4-chlorophenyl)sulfanyl]purine 9a
undergoes alkylation by, for example, the mesylate 24 on N-9 with a higher degree of regioselectivity (89%) than
does 2-amino-6-chloropurine 10 (82%). This is doubly advantageous in that not only is a higher yield of the desired
isomer obtained, but also its purification is likely to be facilitated. It is not clear what is the best way to introduce the
9-[4-hydroxy-3-(hydroxymethyl)butyl] side-chain in the preparation of penciclovir 4 or the 9-[4-acetoxy-3-
(acetoxymethyl)butyl)] side-chain in the preparation of famciclovir 5. However, the 1,2-dibromoethane approach
(Scheme 5) described above, which is very straightforward and proceeds with a high degree of regioselectivity

””””” <

(90%), may very well be the method of choice. Fi al!y.
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romatography. Pyridine, triethylamine and acetonitrile wer
reflux, over calcium hydride and were then distilled. Diglyme and DMF were dried by distillation over calcium
hydride under reduced pressure. Raney nickel (50% aqueous siurry) and (4-chioro)thiophenoi were purchased from

the Aldrich Chemical Company.

2-Amino-6-[(4-chlorophenyl)sulfanyl]purine 9a

Trifluoroacetic anhydride (42.4 mL, 0.30 mol) was added dropwise over a period of 15 min to a stirred suspension
of guanine 11 (15.11 g, 0.10 mol) in dry pyridine (200 mL) at 0°C (ice-water bath). After 20 min, solid (4-
chloro)thiophenol (36.16 g, 0.25 mol) was added, and the stirred reactants were allowed to warm up to room
temperature. After a further period of 2 h, concentrated aqueous ammonia (4 0.88, 100 mL) was added dropwise
over a period of 10 min, followed by 27% aqueous hydrogen peroxide (10 mL). After the reaction mixture had been
stirred for a further period of 1 h, the products were evaporated to dryness under reduced pressure. The residue was
re-evaporated with toluene (100 mL) under reduced pressure, and was then shaken with toluene (100 mL) and water
(100 mL) in a separatory funnel. The resulting mixture was filtered, and the residue was washed first with toluene
(50 mL) and then with water (50 mL) to give the title compound 9a as an off-white solid (24.50 g, 88%).
Crystallization of this material from acetonitrile gave colourless crystals (Found: C, 47.48; H, 2.80; N, 24.97. Calc.

for C) HgCINsS : C, 47.57; H, 2.90; N, 25.22%), mp 227-228°C (it.13 mp 225°C); Rf 0.57 (system B); oy
[(CD3);S0] 6.27 (2H,'s), 7.50 (2 H, m), 7.63 2 H, m), 7.98 (1 H,s), 12.63 (1 H, br); 3¢ [(CD3)280] 123.2,
117 1701 1270 1264 120Q 18727 180 1507
V41.4, 12Z7.1, 123.6, 1J0.%4, 1J7.0, lJ&.i, AJU.7, 1J7.J
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2-Amino-6-{(4-methyiphenyi)sulfanyijpurine 9b

Trifluoroacetic anhydride (17.0 mL, 0.12 mol) was added dropwise over a period of 15 min to a stirred suspension
of guanine (5.00 g, 33.1 mmol) in dry pyridine (50 mL) at 0°C (ice-water bath). After 30 min, solid toluene-4-thiol
(10.37 g, 83.5 mmol) was added and the stirred reactants were allowed to warm up to room temperature. After a
further period of 2 h, concentrated aqueous ammonia (d 0.88, 30 mL) was added dropwise over a period of 10 min,
followed by 27% aqueous hydrogen peroxide (3 mL). After the reaction mixture had been stirred for a further period
of 1 h, the solvents were removed under reduced pressure. The residue was re-evaporated with toluene (20 mL)
under reduced pressure, and was then stirred with hot toluene (30 mL) (water bath temperature below 100°C) for 10
min and filtered: it was finally stirred with hot water (50 mL) for 10 min. The resulting mixture was cooled and
filtered to give the title compound 9b as a virtually colourless crystalline solid (6.51 g, 76.4%) (Found in material
recrystallised from acetonitrile: C, 54.7; H, 4.2; N, 27.0; C;2H11N5S - 0.25 H7O requires: C, 55.05; H, 4.43; N,
26.74%) m.p. 179-180°C; R¢ 0.58 (system B); 8y [(CD3)280] 2.33 (3 H, s), 6.17 (2 H, br.s), 7.24 (2 H, d, J
7.9), 7.46 (2 H, m), 7.92 (1 H, s) and 12.55 (1 H, br.s); 8¢ [(CD3)2S0] 20.85, 123.46, 124.45, 129.77, 134,85,
138.51, 139.24, 152.11, 158.11 and 159.73.

2-Amino-6-phenylsulfanylpurine 9¢

Trifluoroacetic anhydride (17.0 mL, 0.12 mol) was added dropwise over a period of 10 min to a stirred suspension
Af Siianina 1T /&ENN 5 21T 1 cmmemnnd) Zon Ao ez dieen &M T \ nt N (2nn ntne hothlhl A fiac 1& snien o onlizeloac O

O1 gucuuuc 1X (J.UV F, J1.1 HUNUL) 111 Ul y pyuuulc IV L) dt LV \le‘Wdt 1 Udtll}. l‘\l‘Cl 12 I, 4 MOHuuon of

were aliowed to warm up to room temperature and were stirred for a further period of 2 h. Ethanolic methylamine (8
mol dm-3, 4 mL) was then added and the resuiting soiution was stirred at room temperature for 30 min. The products
were concentrated under reduced pressure. The residue obtained was triturated with petroleum ether (b.p. 40-60°C,
20 mL) and was then collected by filtration; it was finally suspended in water (100 mL), stirred and filtered.
Crystallization of the resulting solid from aqueous acetone gave the title compound 9¢ (6.05 g, 75%) as a colourless
crystalline solid (Found: C, 54.22; H, 3.53; N, 29.10. C;1HgNsS requires: C, 54.31; H, 3.73; N, 28.79%), mp
205°C; Rs 0.56 (system B); 8y [(CD3)280] 6.20 2 H, s), 7.44 (3 H, m), 7.61 (2 H, m), 7.96 (1 H, s), 12.60
(1 H, brs); 8¢ [(CD3),S0] 112.3, 128.3, 128.8, 129.1, 134.6, 139.5, 159.8.

1-Chloro-2-(1-ethoxyethoxy)ethane 20

Trifluoroacetic acid (0.8 mL, 10 mmol) was added to a stirred solution of ethyl vinyl ether (200 mL, 2.09 mol) and
2-chloroethanol (140.5 mL, 2.09 mmol) at 0°C (ice-water bath). The reactants were allowed to warm up to room
temperature. After 1 h, triethylamine (3.0 mL, 21.5 mmol) was added. The products were then distilled over
anhydrous potassium carbonate to give the title compound 20 (300 g, 94%) as a colourless liquid, bp 161°C / 760

mmHg (lit.25, b.p. 75-77°C/ 31 mmHg); &y [CDCl3} 1.21 3H,t,J 7.1), 1333 H,d,J 5.4), 3.51 (1 H,m),
3.62-3.75 (4 H, m), 3.82 (1 H, m), 4.78 (1 H, quart, J 5.4); 8¢ [CDCl3] 15.1, 19.5, 43.2, 60.9, 64.7, 99.5.

= el B B R At ]

Diethyl [2-(1-ethoxyethoxy)ethyllmalonate 21
Diethyl malonate (120.7 mL, 0.795 mol) was added dropwise over a period of 1 h to a stirred solution of ethanolic

sodium ethoxide [prepared by dissolving sodium metal (18.6 g, 0.809 g ato u) in absolu
60°C]. After 2 h, i-chioro-2-(i-ethoxyethoxy)ethane 20 (122.4 g, 0.802 mol) was added and the stirred reactants
were heated, under reflux, for 20 h. The cooled products were concentrated (bath temperature ca. 45°C) under
reduced pressure (water pump), and partitioned between ethyl acetate (400 mL) and water (150 mL). The dried
(MgSO4) organic layer was separated and evaporated under reduced pressure. The residue was distilled to give the

title compound 21 (165.0 g, 75%) as a colourless liquid (Found : M*, 276.1591. 12C31H24160¢ requires M,
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276.1573), bp 121°C/0.1 mmHg; 8y [CDCi3] 1.19 3 H, t,J 7.0), 1.27 (O H, m), 2.18 (2 H, m), 3.46 (2 H,
m), 357 (1 H,t,J 7.4), 3.63 (2H, m), 420 (4 H, m), 4.66 (1 H, quart, J 5.3); 8¢ [CDCl3] 14.1, 153,
19.7, 29.0, 49.0, 60.8, 61.4, 62.1, 99.5, 169.4.

1-Acetoxy-2-acetoxymethyl-4-(1-ethoxyethoxy)butane 22

Diethyl [2-(1-ethoxyethoxy)ethyllmalonate 21 (106.68 g, 0.38 mol), sodium borohydride (25.15 g, 0.66 mol) and
tert-butanol (300 mL) were heated together, under reflux. Methanol (31.5 mL) was added in three portions over a
period of 30 min to the boiling suspension. The reactants were heated, under reflux, for a further period of 3 h, and
were then cooled to room temperature. The products were neutralized with aqueous sodium phosphate buffer (pH
4.0, 3 mol dm-3) and filtered. The residue was washed with ethanol (150 mL). The combined filtrate and washings
were concentrated (bath temperature ca. 50°C) under reduced pressure (water pump) to give a colourless oil. This

MLty Py o ARiA aLiie dillly a4y ald =

material was dissolved in dry pyridine (200 mL) and acetic anhydride (152 mL, 1.6 mol) was added. The reaction

with catear AL
Wil Saturated ajucous SGaium

[N P (M |
bUll‘vClludlCU unacr reaucea
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a T
-y 1 »‘i s
1% I
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ethoxycthoxy)ethyl]malonate 21 as starting material) as a colourless liquid (Found +,276.1554. 12C 31H241606
requires M, 276.1573), bp 123°C/0.1 mmHg; 8y [CDCi3] 1.21 3 H,t,J 7.1), 1.3" (3 H,d, J 5.4), 1.65(Z H,
quart, J 6.6), 2.06 (6 H, s), 2.20 (1 H, m), 3.48 (2 H, m), 3.65 (2 H, m), 4.09 (4 H, m), 4.68 (1 H, quart, J

5.3); dc [CDCl3] 15.3, 19.8, 209, 284, 34.6, 60.9, 62.4, 64.1, 99.7, 171.0.

4-Acetoxy-3-(acetoxymethyl)butanol 23

A solution of 1-acetoxy-2-(acetoxymethyl)-4-(1-ethoxyethoxy)butane 22 (40.0 g, 0.145 mol) in glacial acetic acid
(48 mL) and water (12 mL) was stirred at 30°C for 20 h. The products were concentrated (bath temperature ca. 30°C)
under reduced pressure (oil pump). The residue was evaporated with toluene (2 x 10 mL) and was then distilled to
give the title compound 23 (28.0 g, 94%) as a colourless liquid. (Found : ( M+H)*, 205.1092. 12C9!H 71605
requires M, 205.1076), bp 135°C/0.1 mmHg; Vaxfilm 1737 cm-!; 8y [CDCIl3] 1.64 (2 H, quart, J 6.6), 2.07 (6
H,s), 223 (1 H,m), 3752 H,t,J 64), 408(2H,dd,J 6.2and 11.2), 413 (2H,dd,J 52and 11.2); &¢c
[CDCla] 20.8, 31.0, 34.3, 60.1, 64.2, 171.1.

9-[4-Acetoxy-3-(acetoxymethyl)butyl]-2-amine-6-[(4-chlorophenyl)sulfanyl]-9H -purine 26 and
its 7-[4-Acetoxy-3-(acetoxymethyl)butyl] isomer 25
A cnlitinn af mathanaculfanyl chlarida (4 QS mI. 4 mmol) in drv dichloromethane (10 mL) was added dronwise to
A DULUUUIL Ul INCUIAHCOULIUIL Y 1T VIHNULIUC \F. 70 1Ly USTT HIMIIVLJ 1 U1 ) WVARVIVIUVIIGUY (LY iiiy) WHS QGUULS Wivp Wwioh v
5 ctiread cnliition of Aoacateyy 2 {anatorumathuhisanal 22 /6 € o 21 2 mmal) and triethvlamina (104 ml 75
a SUrred Soiutiof 01 4-daCCloXy-I3-aCCloXYyINcuiyjoutaiiul 49 (\U.J g, J1.0 HiIIUL) alild Uity ldaibinie (VT Hil, 70
hloromethane (35 mL) at -5°C (ice-sa T Lathy AFftar o Foaethar noct o AafTh hudeanhlacia anid (10
mmoi ) I'y dichloromethane (920 ML) at -5 U (ICC-§4dll vdul), AlCT a ner pcuuu 1 2 1, nyaroCimonc aCiG (1.v

mol dm-3: 35 mL) was added. The organic layer was separated, washed with saturated sodium hydrogen carbonate (2
x 20 mL), dried (MgSO4) and then evaporated under reduced pressure. The residue was dissolved in dry DMF (20
mL), and 2-amino-6-[(4-chlorophenyl)sulfanyl]purine 9a (5.0 g, 18.0 mmol) and potassium carbonate (4.9 g, 35.5
mmol) were added. The reactants were stirred at 40°C. After 18 h, water (20 mL.) was added, and the products were
extracted with dichloromethane (3 x 20 mL). The combined organic layers were washed with brine (5 x 30 mL),
dried (MgS04) and evaporated under reduced pressure. TLC (system A) of the residue revealed the 9-isomer 26 (Rf

0.60, see below) as the major component and a minor component (Rf 0.35) which was later identified (see below) as



5248 B. Brand et al. / Tetrahedron 55 (1999) 5239-5252

1 _. &

1 of the signals at & 8.04 and 8.30 (assigned to the resonances of the H-8 protons of the

fee T iomen

its 7-isomer 25.
§- and 7- isomers, respectively) in the }H NMR spectrum [(CD3)2S0] of this material suggested that the isomeric
ratio was ca. 89 : 11 in favour of the 9-isomer 26. The residue was fractionated by short column chromatography on
silica gel. The column was eluted with dichloromethane - methano!l (100:0to 96 : 4 v/v): fractions that contained
material with (a) Rf 0.60 (system A) and (b) R 0.35 (system A) were combined separately, and evaporated under
reduced pressure.

Crystallization of the higher Rf material from aqueous methanol gave 9-{4-acetoxy-3-(acetoxymethyl)butyl]-2-
amino-6-{(4-chlorophenyl)sulfanyl]-9H-purine 26 as a colourless solid (6.70 g, 80%) (Found : C, 51.45; H, 4.64;
N, 14.93, C30H22CIN504S requires: C, 51.78; H, 4.78; N, 15.10%), mp 132-134°C; Rs 0.60 (system A); dy
[(CD3)280] 1.85(2H, m), 1.92(1 H,m), 200 (6 H,s), 402(4H,d,J 55),412(2H,t,J 7.1),640 (2 H,
brs), 7.52 (2 H, m), 7.63 (2 H, m), 8.04 (1 H, s); 8¢ [(CD3)2S0] 20.6, 27.9, 34.4, 40.5, 63.5, 123.7,
127.0, 129.1, 133.9, 136.5, 141.4, 151.5, 157.7, 159.6, 170.4.

Crystallization of the lower Ry material from aqueous methanol gave 7-[4-acetoxy-3-(acetoxymethyl)butyl]-2-
amino-6-[(4-chlorophenyl)sulfanyl]-7H-purine 25 as a colourless solid (0.20 g, 2.4%) (Found : C, 50.15; H, 4.98;
0485 - H0 requires: C, 49.84; H, 5.02; N, 14.53%), mp 168-171°C; Rr 0.35 (system A); &y

: - 200122 5
HCDA2»SO1 192 (2H m), 197(6H. 8), 205(1H m), 406 (4 H. m) 442 (2 ), 6.14 (2 H. brs), 7.53
[(L3)200) 174 (40, m), J70 M, 8), 1A, M), 204, m), 4422580, M), .14 (2L 0, 0rs), /.23
(2H m 60 2 H m). R30(1 H s &~ [(CD2)SO1 206, 303, 346, 448 63 1162, 127.1. 1294
&= &2y 2E8)y PN NS SRy RRE)y e R 2y M7y M I ATDILN A ] My Sy TRy T Ty W 4 AV dwy Aéuitody b e Ty

N e roa _wy_

Conversion of 9-[4-Acetoxy-3-(acetoxymethyl)butyl]-2-amino-6-[(4-chlorophenyl)sulfanyi]-9H -
purine 26 into 9-[4-Hydroxy-3-(hydroxymethyi)butyijguanine (penciciovir) 4
9-[4-Acetoxy-(3-acetoxymethyl)butyl]-2-amino-6-[(4-chlorophenyl)sulfanyl]-9H-purine 26 (4.71 g, 10.2 mmol) and

hydrochloric acid (2.0 mol dm-3, 10 mL) were heated together under reflux. After 3 h, the cooled products were

)

extracted with ethyl acetate (60 mL). The aqueous layer was carefully neutralized with aqueous sodium hydroxide (10
mol dm-3). The resulting mixture was filtered, and the residue was recrystallized from water to give 9-[4-hydroxy-3-
(hydroxymethyl)butyl]-guanine 4 as a colourless solid (2.53 g, 98%) (Found : C, 46.89; H, 5.84; N, 27.11. Calc.
for C1oH15N503 - 0.25 Hy0: C, 46.60; H, 6.06; N, 27.17%), mp 274-279°C (lit.16, mp 275-277°C); R 0.10
(system C); dy [CD3);SO] 1.44 (1 H, m), 1.71 2 H, m), 3.32-3.46 (4 H, m), 4.00 2 H,t,J 7.3), 445 (2 H,
t,J 5.1), 6.44 (2 H, brs), 7.69 (1 H, s), 10.55 (1 H, s); 8¢ [(CD3)2SO] 28.8, 40.8, 41.1, 61.3, 116.6,
137.4, 151.1, 153.5, 156.9.

9-[4-Acetoxy-3-(acetoxymethyl)butyl]-2-amino-6-chloro-9H -purine 28 and its 7-[4-Acetoxy-3-
(acetoxymethyl)butyl] isomer 27
3 (3.60 g, 17.7 mmol) was treated with methanesulfonyl chloride (2.75 mL,

ic lgrom thane (25 mL), and the products were worked up

aocordmg to the procedure described in the above experiment. The residue was dissolved in dry DMF (8 mL), and 2-
1
1

b2}
[
=
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o
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reduced pressure. TLC (system B) of the residue revealed the 9-isomer 28 (Rt 0.75, see below) as the major

component and a minor component (Rf 0.61) which was later assumed (see beiow) to be the 7-isomer 27. Integration
of the signals at & 8.17 and 8.40 (assigned to the resonances of the H-8 protons of the 9- and 7-isomers,
respectively) in the IH NMR spectrum of this material suggested that the isomeric ratio was ca. 82:18 in favour of the

9-isomer 28. The residue was fractionated by short column chromatography on silica gel. The column was eluted
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with dichloromethane - methanol (100 : 0 to 96 : 4 v/v): fractions that contained material with (a) R¢ 0.75 (system B)
and (b) R¢ 0.61 (system B) were combined separately, and evaporated under reduced pressure.

Crystallization of the higher R material from aqueous methanol gave 9-/4-acetoxy-3-(acetoxymethyl)butyl]-2-
amino-6-chloro-9H-purine 28 as a colourless solid (1.40 g, 66%) (Found : C, 46.78; H, 4.87; N, 19.41. Calc. for
C14H18CIN5O4 - 0.2 H0: C, 46.78; H, 5.16; N, 19.49%), mp 133-135°C (1it.20, mp 134-136°C); R¢ 0.75 (system
B); 8 [(CD3)2S0] 191 3 H, m), 2.01 (6 H,s), 403 (4 H,d,J 53), 417 (2H,t,J 68), 688 (2 H, brs),
8.18 (1 H, s); 8¢ [(CD1)2S071 20.9, 28.1, 34.8, 41.2, 63.8, 123.7, 143.5, 149.7, 154.4, 160.1, 170.7.

Crystallization of the lower Rf material from aqueous methanol gave 7-[4-acetoxy-3-(acetoxymethyl)butyl]-2-
amino-6-chloro-7H-purine 27 as a colourless solid (0.17 g, 8.1%) (Found : C, 46.43; H, 4.80; N, 19.29. Calc. for
C14H15CIN5O4 - 0.3 H20: C, 46.58; H, 5.19; N, 19.39%), mp 172-175°C (1it.20, mp 159-161°C); R¢ 0.61 (system
B); 8y [(CD3)2S0] 1.85 (2 H, m), 1.99 (6 H, s), 2.00 (1 H, m), 403 (4 H,d, J 58), 437 2H,t.J 7.5)
6.64 (2 H, brs), 8.40 (1 H, s); &c [(CD3)2801 20.5, 29.7, 34.4, 44.0, 63.4, 114.5, 142.0, 149.3, 159.8.
164.2, 170.2.

2-Amin chlorophenyljsulfanyl}purine 9a (15.0 g, 54 mmol), 1,2-dibromoethane (24.0 mL, 0.28 mol),
e -, wrng ofieen nen ne o ° o 1 L b e (10U
yut&SSi'\hu carbonate {30 0 g, 0.22 mc%) and (‘u_y DMSO {50 i 1L) was stirred tug,c{hm at 50°C. After 1 h, water (160

AAAAA

were washed with

leranan

*H NMR specirum {{

,cr

£ a1, e Wat~

{4 x 50 mL), dried { vngO4 and evaporated under reduced pressure. An examination of the
i € that the ratio of the iniegrals of the resonance signals at & 8.05
and 8.32, assigned to H-8 of the 9- and 7-(2-bromoethyl) 1somers (30 and 29, respectively) was almost exactly 9:1.
The products were fractionated by short column chromatography on silica gel: fractions that were eluted with
dichloromethane - methanol (100 : 0 to 97 : 3 v/v) and contained material with R 0.6 (system A) were combined and
evaporated under reduced pressure; fractions that were eluted with dichloromethane - methanol (97 : 3 to 96 : 4 v/v)
and contained material with R¢ 0.35 (system A) were combined separately and evaporated under reduced pressure.
Crystallization of the higher R material from absolute ethanol gave 2-amino-9-(2-bromoerhyl)-6-[(4-
chlorophenyl)sulfanyl]-9H-purine 30 (18.0 g, 86.6%) as a colourless solid (Found : C, 40.75; H, 2.70; N, 18.10.
C13H11BrCINsS requires: C, 40.59; H, 2.88; N, 18.21%), mp 185°C (lit26 m.p. 182-183°C); R 0.61 (system A);
Oy [(CD3)2S01 391 (2H,t,J 6.2), 446 (2H,t,J 6.1), 649 (2H,br), 752 (2H,d,J 85), 764 (2H,d. J
8.5), 8.05 (1 H,s); 8¢ [(CD3)2S0] 31.5, 44.7, 1239, 127.1, 129.5, 134.3, 1369, 141.7, 151.8, 158.2,
160.0.
Crystallization of the lower Rf material from absolute ethanol gave 2-amino-7-(2-bromoethyl)-6-[(4-
chlorophenyl)sulfanyl ]-7H-purine 29 (1.50 g, 7.2%) as a colourless solid (Found : C, 40.75; H, 2.63; N, 18.04.

C13H1BrCINsS requires: C, 40.59; H, 2.88; N, 18.21%), mp 194-196°C; R¢ 0.35 (system A); oy [(CD3),S0]
3.94 (2 H tJ61), 474 2H, 1, J 6.0), 576 (2 H, brs), 725 (2 H,d,J 8.3),7.61 2 H,d,J 83),832(1 H,
) 8~ H(CDKSOT 332, 483, 116.5, 1274, 1297, 1344, 136.2, 1492 1502, 1604, 162.7
BJy W [\ ES LIS TSk TO.Jy 2 aNdy ATy P Ty 4R , y >
Diethyl 2-{{2-Amino-6-{4-chlorophenyl)sulfanyl]purin-9-yl}ethylmalonate 31

VT Lo N BN S Vo Nk Ik Ko BRSNS AN e ol Adad s bt d caloielo AL ) nemn i 0 /) oo o s 1\ £ 7 A
Ule[nyl malonate (1/.7 mL, U.11/ mMOl) was added 1o a Surrea soiuuion OI 4- amino-9- {£-OI0MMoCULY 1 )-0- | { %+~

o~y ~n 4 AL~ 1 [ 1 n 18 m()i)

chiorophenyijsuifanyij-9H-purine 30 {(i5.0 g, 39.0 mmoi) and anhydrous potassium carbonate {(16.3 g, 0
in dry DMSO (60 mL) at 50°C. After 1.5 h, water (100 mL) was added to the cooled products and the resulting
mixture was extracted with dichloromethane (3 x 50 mL). The combined organic layers were extracted with brine (3 x
50 mL), dried (MgSQ4) and evaporated under reduced pressure. The residue was triturated with petroleum ether
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(b.p. 40-60°C) to give the title compound 31 as a colouriess solid (17.0 g, 93%) (Found, in material crystallized
first from ethanol and then from acetonitrile: C, 51.84; H, 4.60; N, 14.95. C2oH22CIN5O4S requires: C, 51.78; H,
4.78; N, 15.10%), mp 117°C; Rf0.70 (system A); 8y [(CD3)280] 1.12(6 H,t,J 7.1),2.30 (2 H, m), 3.44 (1
H,t,J 7.2), 3.94-4.13 (6 H, m), 6.38 (2 H, brs), 7.49 (2 H, m), 7.61 (2 H, m), 7.93 (1 H, m); &c [(CD3);S0]
13.8, 28.0, 40.7, 48.8, 61.2, 1237, 127.0, 129.1, 133.9, 136.5, 141.4, 151.6, 157.7, 159.6, 168.3.

2-Amino-6-[(4-chlorophenyl)sulfanyl]-9-[4-hydroxy-3-(hydroxymethyl)butyl]-9H -purine 32

Methanol (3.5 mL) was added dropwise to a stirred solution of sodium borohydride (2.0 g, 53 mmol) and diethyl 2-
{[2-amino-{4-chlorophenyl)sulfanyl]purin-9-yl}ethylmalonate 31 (4.0 g, 8.6 mmol) in dry diglyme (40 mL) at room
temperature. The reactants were then heated at 50°C. After 18 h, the cooled products were carefully neutralized with
concentrated hydrochloric acid and then extracted with dichloromethane (2 x 30 mL). The combined organic extracts
were washed with saturated aqueous sodium hydrogen carbonate (40 mL), dried, and evaporated under reduced
pressure. The residue was triturated with petroleum ether (bp 40-60°C) - diethyl ether (2 : 3 v/v) (50 mL.) to give the
title compound 32 as a colourless solid (2.8 g, 85%) (Found, in material crystallized from acetonitrile: C, 50.61; H,

4.62; N, 18.17. C1sH13CIN5O,S requires: C, 50.59; H, 4.78; N, 18.44%), mp 142-143°C; Ry 0.32 (system B); 3y
MCD2-SOT 1 45 (1 m) 176 (P H m)Y 3K () m) A5 (O H mY 4100 H mY 446 (D t T 8§70
L\ A JZONT ] 1.7 \(L KRy LMl Jy L7V & Kk, RELJy J.JU (& 4R,y 3R, J.TJ & IRy 1), 01U \& 4k, 111), T.OU L L1, LWy J.4),
6.40 (2 H, brs), 7.51 2 H, m), 7.63 (2 H, m), 8.02 (1 H, s); dc [(CD3),S0] 28.4, 0.7, 41.0, 61.2, 123.6,
17£0 190N 122 Q 12£A4 1411 1&€1 A 1874 180K
120.7, 1&7.U, 133.0, 150.4, 141.3, 1J1.%, 1J5/.4, 1370

rsa

Conversion of 2-Amino-6-{(4-chiorophenyi)suifanyij-9-{4-hydroxy-3-(hydroxymethyl)buityij-
9H-purine 32 into 9-[4-Hydroxy-3-(hydroxymethyl)butyllguanine (penciclovir) 4.

2-Amino-6-[(4-chlorophenyl)sulfanyl]-9-[4-hydroxy-3-(hydroxymethyl)butyl}-9H-purine 32 (1.82 g, 4.8 mmol)
and hydrochloric acid (2.0 mol dm3, 5 mL) were heated together under reflux. After 3 h, the cooled products were
extracted with ethyl acetate (2 x 20 mL). The aqueous layer was carefully neutralized with aqueous sodium hydroxide
(10 mol dm-3). The resulting mixture was filtered, and the residue was recrystallized from water to give 9-/4-
hydroxy-3-(hydroxymethyl)burylJguanine 4 as a colourless solid (1.138 g, 95%) that was identical [!H NMR, 13C
NMR, mp, Ry (system C)] to the material prepared above by the acidic hydrolysis of the corresponding diacetoxy

derivative 26.

Acetylation of 2-Amino-6-[(4-chlorophenyl)sulfanyl]-9-[4-hydroxy-(3-hydroxymethyl)butyl]-
9H -purine 32

A solution of 2-amino-6-[(4-chlorophenyl)sulfanyl]-9-[4-hydroxy-3-(hydroxymethyl)butyl]-9H-purine 32 (4.0 g,
10.5 mmol) and acetic anhydride (9.9 mL, 0.15 mol) in dry pyridine (10 mL) was stirred at room temperature. After

=2
<

ot

s»

16 h, trieth (14.6 mL, 0.15 mol) and methanol (5.2 mL) were added to the cooled (ice-water bath) products
which were then concentrated to ca. one quarter volume. Chloroform (200 mL) was added and the resulting solution
........ achad with caturated aguecus codium hvdrooen carhonate (2 x 120 mL ), dried (MaoS0O) and evanorated under
WAD VWAaodlivil Witli JdluIrdwnvg a\iuvvua DVISLCELRL ll!wvévl‘ (T Qg ELN s S T WM \ATASUINSG 7 R WV LA AV Wi

cndiinmd menociira Hevotallicatinm Af tha racidiia fram amnamite mathannl gave O_TA_rrotoyu. L Arstovvmethul Vhunol 1.
TeQulCU PICSSUTS. LIydldIiZdauiull UL UIC TTUUL 1HIULL aUlUUS HIVUIARUL ga Ve 7o TGl OUA y-J (el CaUayicer yijioati yi

~ Y Y RPE N SNSRI NSNS ORI VIR § s} & NI NV ne o anlanelacs anlid (472 o QK04 that wae idantical TTH
£-amino-o-[(4-cnitoropnenyt)sutjurnyij-=r1 —yuluw &U 4ad a COI0UnCss Sullld (=74 g, 7070) wial was iucihiulat "1
NMR, !13C NMR, mp, R¢ (system A)] to the material described above.

9-[4-Acetoxy-3-(acetoxymethyl)butyl]-2-amino-9H -purine (famciciovir) 5
9-[4-Acetoxy-3-(acetoxymethyl)butyl]-2-amino-6-[(4- chlorophenyl)suifanyl]-9H-purine 26 (3.0 g, 6.5 mmol),
Raney nickel slurry (13.6 g) and ethanol - water (1:1 v/v; 80 mL) were stirred together and heated under gentle

reflux. After 1 h, the products were filtered through Celite, and the filtrate was evaporated under reduced pressure.
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Crystaliization of the colourless glassy residue from aqueous acetone gave the title compound 5 (1.90 g, 91%)
(Found : C, 52.17; H, 5.95; N, 21.58. Calc. for Cy4H9NsO4 : C, 52.33; H, 5.96, N, 21.79%), mp 103-105°C
(lit.16, mp 102-103°C); Rt 0.61 (system B); 8y [(CD3)2S0] 1.82-1.96 (3 H, m), 2.00 (6 H, s), 4.03 (4 H, d, J
54), 4152 H,t,J 6.9), 6.52(2H,brs), 8.12(1 H,s), 858 (1 H,s); 8¢ [(CD3)2S0] 21.0, 282, 34.8,
40.6, 63.8, 127.3, 143.0, 149.4, 153.3, 160.8, 170.7.
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