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Syntheses of 3'- hydroxymethyl modified analogues of the potent antiviral agent 9- (4- hydroxy-3- 
hydroxymethylbuty1)guanine (1 c) are described. These include methyl homologues (7a, b), chain- 
extended compounds such as the methylene homologue (16) and hydroxyalkyl ethers (26b, c), and 
methoxy (26a), bromo (28), azido (29), amino (30), and formamido (31) substituted analogues. 
Compounds (7a, b), (16), and (26a-c) were prepared by construction of an appropriately 
functionalised alkyl unit followed by purine alkylation and deprotection, whereas compounds (28)- 
(31) were prepared by selective modification of ( lc) .  The formamido analogue (31) showed moderate 
anti- herpes virus activity and compounds (1 6), (26b), and (29) weak activity. 

Certain 9-(4-hydroxybutyl)guanines (1) show potent and 
selective anti-herpes virus activity and have undergone 
extensive evaluation during the past few years. 9-(4-Hydroxy- 
butyl)guanine (la) itself exhibits quite high anti-herpes virus 
activity in oitro' but, due to poor pharmacokinetics and its 
inability to compete with endogenous thymidine, it is ineffective 
in v i t : ~ . ~ . ~  9-(3,4-Dihydroxybutyl)guanine (DHBG) (lb) is 
somewhat more active and has been extensively investigated as 
an antiviral agent both in uitro and in u i 0 0 . ~ - ~  The anti-herpes 
virus activity of 9-(4-hydroxy-3-hydroxymethylbutyl)guanine 
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(lc) has been noted by us6-' and by othersg-" and we have 
found that this compound is substantially more potent than 
DHBG. The increasing anti-herpes virus activity of the series 
(la) to ( lc )  encouraged us to synthesize and evaluate the 
antiviral activity of compounds (1) in which the group R is 
further modified or extended. The synthesis of analogues of (lc) 
substituted at the positions designated as C-l', C-2', and C-3' of 
the alkyl chain is described in Parts 1 and 2 of this series of 
publications.'.'' 

Results and Discussion 
The methyl homologues (7a) and (7b) were prepared by a route 
similar to the one that we have reported for the synthesis of 
(lc).13 In this case diethyl acetylsuccinate (2) (Scheme 1) was 
reduced to the trio1 (3) in quantitative yield with methanol- 
activated sodium borohydride in t-butyl alcohol. Protection of 
the 1,3-diol system with the isopropylidene group was not 
selective and (4) was obtained in 19% yield as a mixture of cis 
and t r u m  isomers. The alcohol (4) was brominated with carbon 
tetrabromide and triphenylphosphine in N,N-dimethyl- 
formamide ( D M  F) and column chromatography afforded the 
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Scheme 1. 

pure cis (5a) (32%) and trans (5b) (33%) isomers. Assignment of 
the stereochemistry of the isomers was made on the basis of their 
270 MHz 'H n.m.r. spectra; the relevant coupling constants are 
shown in the Table, along with the derived structures and 
conformations of the isomers. The conformation is dictated by 
the transannular axial steric interactions of 2-Me, 6-H and the 4- 
axial substituent so that both (5a) and (5b) have the methyl 
group equatorial. The bromoethyl group is then equatorial in 
(5b) (two axial-axial couplings to 5-H), which is thus the traits 
isomer, and it is axial in (5a) (no axial-axial coupling to 5-H), 
which is thus the cis isomer. 
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(THP) and benzyl protecting groups were used to differentiate 
the two hydroxyethyl groups attached to the branching carbon. 
Thus, alkylation of (8) with THP-protected bromoethanol 
(sodium hydride-tetrahydrofuran) gave (9) (64% yield), which 
was decarboxylated in hot dimethyl sulphoxide (DMSO) to 
give (10) in 28% yield. The ester group of (10) was reduced with 
lithium aluminium hydride in ether to afford the alcohol (11) 
(56% yield), which was acetylated with acetic anhydride and 4- 
dimethylaminopyridine (DMAP) in pyridine to afford the fully 
protected triol (12) in 93% yield. The alcohol (13) was obtained 
in 83% yield by catalytic hydrogenolysis of (12) in ethanol 
containing 1% acetic acid. Bromination of (13) to (14) and 
alkylation of 2-amino-6-chloropurine to afford the 9-substituted 
purine (15) were carried out as described above. Hydrolysis of 
(15) with 50% formic acid at 100 "C converted the 6-chloro into 
6-0x0 and also removed both the acetyl and THP groups to 
afford the guanine (16) in 47% yield. 

Synthesis of the ethers (26a--c) proceeded from the diol(l7) 
(Scheme 3). Differentiation of the two hydroxy groups was 
achieved either by monoester formation via a cyclic orthoester 
or by selective monoanion formation followed by alkylation. 
Reaction of (17) with triethyl orthoacetate catalysed by toluene- 
p-sulphonic acid followed by hydrolysis with 5% acetic acid 
gave the monoacetate (18) in 63% yield. Silver oxide catalysed 
methylation of (18) (iodomethane-DMF) afforded the methyl 
ether (22a) (67% yield), but attempted hydroxyethylation of (18) 
was not successful. Generation of the monoanion of (17) with 
1.05 equiv. of sodium hydride in toluene followed by addition of 
ally1 iodide gave the monoallyl ether (19) in 55% yield. cis- 
Hydroxylation of (19) with osmium tetroxide and N-methyl- 
morpholine N-oxide gave the triol (20) (81% yield) and one-pot 
reaction of (20) with sodium periodate followed by sodium 
borohydride afforded the hydroxyethyl ether (21) (87% yield). 
Compounds (20) and (21) were peracetylated with acetic 
anhydride-DMAP-pyridine to give (22c) (86% yield) and (22b) 
(85% yield), respectively. Debenzylation of (22a) was effected by 
catalytic hydrogen transfer from ammonium formate and of 
(22b) and (22c) by catalytic hydrogenolysis in ethanol 
containing 1.5% acetic acid, the latter procedure being 
somewhat more efficient (yields of (23a-c) 49, 99, and 967; 
respectively). Bromination of the alcohols to (24a--c) and 
alkylation of 2-amino-6-chloropurine to the 9-substituted 
purines (25a-c) were carried out as described above. The 
deprotected guanines (26a-c) were obtained by hydrolysis of 
(25a---c) in refluxing dilute HCl in yields of 34, 62, and 73% 
respectively. 

Selective functional group conversion of one hydroxy group 
of (lc) was achieved via the bis(monomethoxytrity1) derivative 
(27) (Scheme 4). Reaction of (27) with carbon tetrabromide- 
triphenylphosphine in DMF followed by deprotection with 80% 
acetic acid afforded the bromo derivative (28). This compound 
was treated with sodium azide in DMF to give the azido 
analogue (29) in 54% yield. Reduction of (29) by catalytic 
hydrogen transfer from ammonium formate afforded the amine 
(30) which was isolated as the acetate salt (68% yield). 
Compound (30) was treated with formic acid and dicyclohexyl- 
carbodi-imide in DMF and the major product was isolated by 
reverse-phase h.p.1.c. and was shown to be the diformyl 
derivative (31). 
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5a; R' = CH,CH,Br, R 2  = H b; R' = H, RZ = CH,CH,Br 

Table. Selected 'H n.m.r. parameters and conformation and 
stereochemistry of (5a) and (5b) 

F 3J 6 3J 
6-H,, 4.02 1.7 Hz (eq-eq) 3.85 4.9 Hz (eq-ax) 
6-H,, 3.75 1.4 Hz (ax-eq) 3.57 10.4 Hz (ax-ax) 
4-H,, 4.22 2.4 Hz (ax-eq) 3.70 9.7 Hz (ax-as)  

The bromides (5) were used to alkylate 2-amino-6-chloro- 
purine in the presence of potassium carbonate in DMF to afford 
the 9-alkylated purines (6a) (60% yield) and (6b) (56% yield). 
Heating of (6a) and (6b) in dilute hydrochloric acid hydrolysed 
both the 6-chloro function and the isopropylidene protecting 
group to yield the desired guanines (7a) (86% yield) and (7b) 
(83% yield). 

Synthesis of the methylene extended analogue (16) com- 
menced from the malonate (8) (Scheme 2). Tetrahydropyranyl 
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Biological Data-The acyclonucleosides prepared in this 
study were tested at concentrations up to 1OOpg ml-' for 
antiviral activity in cell cultures. Unlike the lead compound 
( 1 ~ ) , ~ - "  none of the compounds (7a, b), (16), (26a-c)  and 
(28-31) was highly active against herpes simplex virus types 1 
and 2. The most active compound was the formamido derivative 
(31), for which the 50% inhibitory concentration (ICs0) against 
herpes simplex virus type 1 (SC16 strain) and herpes simplex 
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type 2 (MS strain) in MRC-5 (human fibroblast) cells was 20 
and 33 pg ml-I, respectively. Although (31) contains an 
additional 0-formyl group, we believe that this would have been 
rapidly hydrolysed under the assay conditions.8 Compounds in 
which the hydroxy group was further removed from the 3'- 
carbon by an extra methylene unit (16) or by an ethoxy group 
(26b) were slightly active against the type 1 virus with IC,, 
values of 33 and 100 pg ml-', respectively. Compounds (26b) 
and (29) were also slightly active against the type 2 virus with 
IC,, values of 100 and 59 pg ml-I, respectively. None of the 
compounds prepared in this study inhibited the replication of 
influenza A (HK/1/68) virus or parainfluenza type 1 (Sendai) 
virus in Madin-Darby canine kidney cells. In these tests slight 
toxicity to the cell monolayer was observed only with 
compound (29) at 100 pg ml-' in MRC-5 cells. 

Experimental 
M.p.s were determined using a Reichert Kofler apparatus and 
are uncorrected. 'H N.m.r. spectra were recorded with a Varian 
EM-390 90 MHz or a Jeol GX-270 270 MHz spectrometer. 1.r. 
spectra were recorded with a Perkin-Elmer 580 spectrometer 
and U.V. spectra with a Cary 219 spectrometer. Mass spectra 
were recorded on a V G  70-70 instrument and accurate masses 
were measured on a VG ZAB spectrometer. Microanalyses were 
performed on a Carlo Erba model 1106 analyser. Column 
chromatography was carried out on Merck 7736 silica gel. All 
compounds were homogeneous by t.1.c. on silica gel 60F,5, 
coated aluminium sheets. 
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3-Hydro.~ymethylpentane-1,4-diol(3).-Methano1(12 ml) was 
added in three portions over 30 min to a refluxing solution of 
diethyl acetylsuccinate (21.6 g, 100 mmol) and sodium 
borohydride (10 g) in t-butyl alcohol (200 ml). The solution was 
heated under reflux for a further 30 min and then allowed to 
cool. It was then neutralised with 5~ hydrochloric acid, filtered, 
and evaporated. The residue was extracted with ethanol (50 ml), 
and the extract filtered, and evaporated to afford the triol (3) as 
a viscous oil (14.4 g, quantitative); 6,(D,O) 1.20 (3 H, d, J 6  Hz, 
CH,), 1.3-2.0 (3 H, m, CHCH,), and 3.5-4.3 ( 5  H, m, 
2 x CH,OH and CHOH). 

cis and trans 5-(2-Hydro.xyethyl)-2,2,4-trimethyl- 1,3-dio.xune 
(4).-2,2-Dimethoxypropane (37 ml, 300 mmol) and toluene-p- 
sulphonic acid monohydrate (3.42 g, 18 mmol) were added to a 
solution of the triol (3) (100 mmol) in dry tetrahydrofuran (40 
ml) and the solution was stirred at room temperature for 1 h. 
The solution was neutralised with triethylamine and evaporated. 
Column chromatography of the residue on silica gel, eluting 
with diethyl ether afforded a mixture of three isopropyli- 
dene acetals (9 g). This mixture was purified by column 
chromatography on silica gel eluting with hexane-diethyl ether 
mixtures to give the acetal (4) as a cisltrans mixture (3.36 g, 
19%); G,(CDCl,) 1.18 (3 H, d, J 6.6 Hz, OCHCH, isomer A) 
and 1.2 1 (3 H, d, J 6.1 Hz, OCHCH, isomer B) (Found: C, 6 1.1; 
H, 10.25. C,H,803-0.1H20 requires C, 61.40; H, 10.42%). 

Diethyl 2- Ben~ylo.xj~ethyi(2-tetrahydrop~~ran-2-ylox~,ethyl)- 
malonate (9).-Diethyl benzyloxyethylmalonate (14.7 g, 50 
mmol) was added to a suspension of sodium hydride (60% 
dispersion in oil; 2.2 g, 55 mmol) in dry tetrahydrofuran (100 ml) 
and the mixture was stirred until effervescence ceased. 1-Bromo- 
2-(tetrahydropyran-2-yloxy)ethane (10.5 g, 50 mmol) was 
added to this solution and the mixture was heated under reflux 
for 16 h. It was then allowed to cool after which it was 
partitioned between ether (80 ml) and water (80 mi). The 
organic layer was separated, dried (MgSO,), and evaporated. 
The residue was purified by column chromatography on silica 
gel eluting with hexane-acetone (5: 1) to give the malonate (9) 
as a clear liquid (1 3.5 g, 64%); vmax,(film) 2 980,2 940,2 870, and 
1 730 cm-'; G,(CDCl,) 1.20 (6 H, m, 2 x CH,), 1.45-1.80 (6 H, 
m, 3 x THPCH,), 2.15-2.35 (4 H, m, CH,CCH,), 3 .3G3.60  
(4 H, m, CH,CH,CCH,CH,), 3.74-3.82 (2 H, m, THPCH,O), 
4.13 (4 H, m, 2 x CH,CO),4.43 (2 H, s, PhCH,), 4.51 (1 H, m, 
OCHO), and 7.30 ( 5  H, m, C,H,) (Found: C, 65.6; H, 8.1. 
C,,H,,O, requires C, 65.38; H, 8.1 1%). 

Ethjd 4-Benzylo.~y-2-(2-tetrahydropyran-2-ylo~~yethy~)buty- 
rate (lo).-A mixture of the malonate (9) (13.3 g, 31.5 mmol), 
sodium chloride (1.84 g, 31.5 mmol), and water (1.13 ml, 63 
mmol) in Me,SO (53 ml) was heated under reflux for 16 h after 
which it was partitioned between water (230 ml) and hexane 
(2 x 80 ml). The organic layers were combined, dried (MgSO,), 
and evaporated and the residue was purified by column 
chromatography on silica gel, eluting with hexane-acetone (5: 1) 
to afford compound (10) as a clear liquid (3.07 g, 28%); 
vmax.(film) 2 940,2 860, and 1 730 cm-'; GH(CDC1,) 1.20 (3 H, m, 
CH,), 1.5-2.05 (10 H, m, 3-H, CH,CHCH, and 
3 x THPCH,), 2.70 (1 H, m, CH), 3.3-3.55 (4 H, m, 
2 x CH,OC), 3.70-3.83 (2 H, m, THPCH,O), 4.11 (2 
H, m, CH,OCO), 4.43-4.57 (3 H, m, OCHO and PhCH,), and 
7.32 ( 5  H, m, C,H,) (Found: C, 68.2; H, 8.5. C2,H3,05 
requires C, 68.54; H, 8.63%). 

4- Ben~yI0.x~-2-(2-tetrahydropyran-2-~~lo.~yethyl)butan- 1 -01 
(ll).--A solution of the ester (10) (2.95 g, 8.4 mmol) in ether ( 5  
ml) was added dropwise over 0.5 h to a suspension of lithium 
aluminium hydride (0.37 g) in ether (1 5 mi). After a further 0.5 h, 

water (0.4 ml) followed by 10% aqueous sodium hydroxide (0.6 
ml) and water (1.0 ml) were added. The solution was filtered, 
dried (MgSO,), and evaporated. The residue was purified by 
column chromatography on silica gel, eluting with hexane- 
acetone (3: 1) to afford the alcohol (11) as a clear liquid (1.45 g, 
56%); vmaX.(film) 3 440,2 940,2 860, and 1 030 cm-'; G,(CDCl,) 
1 .5G1.85  (1 1 H, m, CH,CHCH,, and 3 x THPCH,) 3.17 (1 
H, q, J 6.8 Hz, D,O exchangeable, OH), 3 .4G3.65  (6 H, m, 
3 x CH,O), 3.84 (2 H, m, THPCH,O), 4.51 (2 H, s, PhCH,), 
4.59 ( I  H, t, J 3.4 Hz, OCHO), and 7.33 ( 5  H, m, C,H,) (Found: 
C, 70.3; H, 9.1. C,,H2,04 requires C, 70.10; H, m, 9.1504). 

4- Benzy Ioxy - 2 - (2- t e t rahjidr opj ,ran- 2-~~lo.xyme t h y i) bu ty 1 Ace t- 
ate. (12).-The acetate (12), prepared in a similar way to 
compound (22b) but using the alcohol (ll),  was obtained as a 
clear liquid (1.46 g, 93%); v,,,,(film) 2 940, 2 860, and 1 740 
cm-'; GH(CDC1,) 1.5&1.80 (10 H, m, CH,CHCH,, and 
3 x THPCH,), 1.95-2.05 (4 H, m, CH and CH,), 3.40-3.55 
(4 H, m, 2 x CH,O), 3.82 (2 H, m, THPCH,O), 4.05 (2 H, d, J 
5.5 Hz, CH,OAc), 4.50 (2 H, s, PhCH,), 4.56 (1 H, t, J 3.4 
Hz, OCHO), and 7.33 ( 5  H, m, C,H,) (Found: C, 68.7; H, 
8.6. C,,H,,O, requires C, 68.54; H, 8.63%). 

3 -A c*eto.xj,methjd- 5 -( tetral~ydrc)p~)ran-2-ylox~~)pen tan- 1 -0 I 
(13).--10% Palladium-on-charcoal (1.0 g) was added to a 
solution of compound (12) (1.41 g, 4.0 mmol) in ethanol (20 ml) 
containing acetic acid (0.2 ml) and the mixture was stirred under 
hydrogen for 4 h. The solution was filtered, diluted with ether 
(25 ml), and washed with aqueous sodium hydrogen carbonate 
(15 ml) followed by water (10 mi). The aqueous layer was 
extracted with ether (25 ml) and the combined organic layers 
were dried (MgSO,) and evaporated to afford the alcohol (13) 
as a clear oil (0.86 g, 8304); vmax,(film) 3 460, 2 940, 2 870, and 
1 740 cm-'; G,(CDCI,) 1.55-1.85 (lo H, m, CH,CHCH, and 
3 x THPCH,), 1.91 (1 H, t, J 5.7 Hz, D,O exchangeable, OH), 
2.06 (4 H, m, CH and CH,), 3.48 (2 H, m, CH,OCH), 3.73 (2 H, 
q, J 5.8 Hz, D,O exchange gives t, CH,OH), 3.83 (2 H, m, 
THPCH,O), 4.05 (2 H, dd, J 5.7 Hz and 1.1 Hz, CH,OAc), and 
4.57 ( 1  H, t, J2 .0  Hz, OCHO) (Found: C, 59.6; H, 9.3. C,,H2,O5 
requires C, 59.98; H, 9.29%). 

2- Ac~eto.uymethj~l-4-ben~j~lo.~~butan- 1 -01 (1 8).-Toluene-p- 
sulphonic acid monohydrate (0.3 g) was added to a solution of 
the diol (17) (5.8 g, 28 mmol) in trimethyl orthoacetate (15 ml) 
and the solution was stirred for 0.5 h. The solvent was then 
removed and the residue was taken up in 5% acetic acid (20 ml) 
and stirred vigorously for 10 min. The solution was extracted 
with chloroform and the organic layer was washed with 
aqueous sodium hydrogen carbonate, dried (MgSO,), and 
evaporated. The residue was purified by column chrom- 
atography on silica gel, eluting with chloroform-methanol 
(25: 1) to afford the monoacetate (18) as a colourless liquid (4.47 
g, 63%); vmax,(film) 3 440, 2 940, 2 870, and 1 740 cm-'; 

2.07 (3 H, s, CH,CO), 2.70 (1 H, br, D,O exchangeable, OH), 
3.55 (4 H, m, CH,OH and CH,OCH,Ph), 4.10 (2 H, d, J 6 Hz, 
CH,OAc), 4.53 (2 H, s, CH,Ph), and 7.39 ( 5  H, s, C,H,) 
(Found: M + ,  252.1372. C,4H,,O4 requires M ,  252.1362). 

&,(CDCI,) 1.68 (2 H, 4, J 6  Hz, CH,), 1.8-2.1 (1 H, m, CH), 

2- Ali j~lo.~ymeth~~l-4-ben~yl~~.~ybutan-  1 -oi (19).-Sodium 
hydride (60% dispersion in oil; 1.68 g, 42 mmol) was added to a 
solution of the diol (17) (8.4 g, 40 mmol) in dry toluene (80 ml). 
After evolution of hydrogen ceased allyl iodide (6.4 ml, 70 
mmol) was added and the mixture was stirred at 60°C for 20 
min. I t  was then washed with water (80 ml), dried (MgSO,), and 
evaporated. The residue was purified by column chrom- 
atography on silica gel eluting with chloroform-methanol 
(80: 1)  to afford the allyl ether (19) as a clear colourless liquid 
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(5.5 g, 55%); vmax.(film) 3 430, 2 920, 2 860, 1 645, 1 495, and 
1 450 cm-'; G,(CDCI,) 1.67 (2 H, q, J 6 Hz, CHCH,CH,), 2.00 
[l H, m, CH(CH,),], 2.89 (1 H, t, J 6 Hz, D,O exchangeable, 
OH), 3.4-3.7 [6 H, m, (OCH,),CHCH,CH,O], 3.96 (2 H, m, 
CH,=CHCH,O), 4.53 (2 H, s, PhCH,O), 5.1-5.4 (2 H, m, 
CH,=CH), 5.88 (1 H, m, CH,=CH), and 7.38 ( 5  H, s, C,H,); m/z 
(c.i., NH,) 251 (MH', 100%). 

4- Benqh.~y-2-( 2,3-dihydroxypropoxymethyl)butan- 1-01 
(20).-Osmium tetroxide (catalytic) was added to a solution of 
the ally1 ether (19) (5.3 g, 21 mmol) and N-methylmorpholine N- 
oxide (3.24 g, 24 mmol) in acetone (30 ml) and water (7 ml). The 
solution was stirred under nitrogen for 2 h at room temperature 
by which time it had become homogenous. It was then 
evaporated and the residue purified by column chromatography 
on silica gel, eluting with acetone-hexane (7:3) to afford 
compound (20) as a clear colourless oil (4.86 g, 8 1%); vmaX.(film) 
3 380, 2 920, 2 870, and 1 455 cm-'; G,(CDCl,) 1.60 (2 H, q, J 6 
Hz, CHCH,CH,), 1.96 [ 1 H, m, CH(CH,),], 3.20 (2 H, m, D,O 
exchangeable, 2 x CH,OH), 3.4-3.9 (12 H, m, 1 H D,O 
exchangeable, CHOH and 5 x CH,O), 4.49 (2 H, s, PhCH,O), 
and 7.34 ( 5  H, s, C6H5). 

4- Ben=ylo.xy-2-( 2-hydroxyethoxymethy1)butan- 1-01 (21).-A 
solution of sodium periodate (2.02 g, 9.45 mmol) in water (15 
ml) was added to a solution of compound (20) (2.56 g, 9.0 mmol) 
in water (3 mi) and the mixture was stirred at room temperature. 
After 20 min ethanol (3 ml) was added and after a further 10 min 
sodium borohydride (0.34 g, 9.0 mmol) was added. After a 
further 15 min the solution was neutralised by addition of 5M 
hydrochloric acid. The solution was extracted with chloroform 
(3 x 30 ml) and the combined organic layers were washed with 
aqueous sodium thiosulphate (40 ml). The thiosulphate solution 
was extracted with chloroform (30 ml) and the combined 
organic layers were dried (MgSO,) and evaporated. The residue 
was purified by column chromatography on silica gel, eluting 
with acetone-hexane (1 : 1) to afford the hydroxyethyl ether (21) 
as a clear colourless oil (1.98 g, 87%); v,,,,(film) 3 380, 2 920, 
2 870, and 1455 cm-'; G,(CDCl,) 1.64 (2 H, q, J 6 Hz, 
CHCH,CH,), 1.98 (1 H, m, CH), 2.41 (1 H, br t, J5 Hz, D,O 
exchangeable, CHCH,OH), 2.95 (1 H, br t, J 5 Hz, D,O 
exchangeable, CH,CH,OH), 3.1-3.6 (10 H, m, 5 x CH,O), 
4.51 (2 H, s, PhCH,O), and 7.36 (5 H, s, C,H,) (Found: C, 64.7; 
H, 8.6. Cl,H2,0,~0.3H,0 requires C, 64.74; H, 8.77%). 

4-Benzylo.~~~-2-methoxymethylbutyl Acetate (22a).-Silver(1) 
oxide (3.7 g, 16 mmol) was added to a solution of the 
monoacetate (18) (2.02 g, 8 mmol) and iodomethane (3.12 ml, 40 
mmol) in dry DMF (16 ml) and the mixture was stirred at 50 "C 
for 16 h. The solution was filtered and evaporated and the 
residue was extracted with chloroform. The extract was filtered 
and evaporated and the residue was purified by column 
chromatography on silica gel, eluting with chloroform to afford 
the methyl ether (22a) as a colourless liquid (1.43 g, 68%); 
vmax.(fi1m) 2 930, 2 870, and 1 740 cm-'; GH(CDCl,) 1.64 (2 H, q, 
J6 Hz, CH,), 2.03 (3 H, s, CH,CO), 2.G2.3 (1 H,m, CH), 3.3- 
3.4 ( 5  H, m, CH,OCH,), 3.50 (2 H, t, J 6 Hz, CH,OCH,Ph), 
4.05 (2 H, d, J6 Hz, CH,OAc), 4.49 (2 H, s, CH,Ph), and 7.34 ( 5  
H, s, C,H,) (Found: M + ,  266.1535. Cl,H,,O, requires M ,  
266.1 5 1 8). 

2-Aceto.u~~ethoxymethyl-4-benzyloxybutyl Acetate (22b).- 
Acetic anhydride (2.08 ml, 22 mmol) and DMAP (50 mg) were 
added to a solution of compound (21) (1.86 g, 7.3 mmol) in dry 
pyridine (22 ml) and the solution was stirred at room 
temperature for 15 min. Methanol (1 ml) was added and the 
solution was partitioned between ether (60 ml) and 5M 
hydrochloric acid (60 ml). The organic layer was washed with 

5~ hydrochloric acid (20 ml) and aqueous sodium hydrogen 
carbonate (60 ml), dried (MgSO,), and evaporated. The residue 
was purified by column chromatography on silica gel, eluting 
with acetone-hexane (1:4) to afford the diacetate (22b) as a 
clear colourless liquid (2.1 1 g, 85%); v,,,,,.(film) 2 950, 2870, 
1740, and 1 455 cm-'; G,(CDCl,) 1.69 (2 H, m, CHCH,CH,), 
2.04 (3 H, s, CH,), 2.07 (3 H, s, CH,), 2.14 (1 H, m, CH), 3.44 (2 
H, d, J 5.8 Hz, CH,OCH,CH), 3.54 (2 H, t, J 6.5 Hz, 
CH,OCH,Ph), 3.60 (2 H, m, CH,OCH,CH), 4.10 (2 H, d, J 5.7 
Hz, AcOCH,CH), 4.19 (2 H, m, AcOCH,CH,), 4.50 (2 H, s ,  
PhCH,), and 7.33 ( 5  H, s, C,H,) (Found: C, 63.9; H, 7.8%; M + ,  
338.173 1. C, ,H,,O, requires C, 63.89; H, 7.74%; M ,  338.1729). 

4-Benzyloxy-2-(2,3-diacetoxypropoxymethyl)but~l Acetate 
(22c).-The triacetate (22c), prepared in a similar way to the 
diacetate (22b) but using compound (20), was obtained as a 
colourless liquid (2.33 g, 86%); vmax.(film) 2 940, 2 870, 1 740, 
and 1 455 cm-'; G,(CDCl,) 1.66 (2 H, q, J6.6 Hz, CHCH,CH,), 
2.04-2.16 [lo H, m, CH(CH,), and 3 x CH,], 3.43 [2 H, m, 
CH,OCH,CH(CH,),], 3.53 (4 H, m, OCHCH,OCH, and 
CH,0CH2Ph),4.07[2H,d,J5.5Hz,AcOCH,CH(CH,),],4.13 
(1 H, dd, J 6.3 and 12.0 Hz, AcOCH,CHO), 4.30 (1 H, dd, J 3.6 
and 12.0 Hz, AcOCH,CHO), 4.50 (2 H, s, PhCH,), 5.17 (1 H, m, 
CHOAc), and 7.33 ( 5  H, s, C,H,) (Found: C, 62.0 H, 7.35%; 
M f ,  410.1942. C21H3,O8 requires C, 61.45; H, 7.37%; M ,  
4 10.1 940). 

4- Acetoxy-3-methoxyme1hylbutan- 1-01 (23a).- 10% Pallad- 
ium-on-charcoal (2 g) was added to a solution of compound 
(22a) (1.23 g, 4.6 mmol), formic acid (0.94 ml, 25 mmol), 
ammonia (1.38 ml, 25 mmol), and acetic acid (2 ml) in methanol 
(40 ml) and the mixture was heated under reflux for 1 h. The 
solution was filtered and evaporated and the residue was taken 
up in chloroform and washed with brine and aqueous sodium 
hydrogen carbonate. The organic layer was dried (MgSO,) and 
evaporated and the residue was purified by column chrom- 
atography on silica gel, eluting with chloroform-methanol 
(25: 1) to afford the alcohol (23a) as a colourless liquid (0.40 g, 
49%); vmax.(film) 3 430,2930,2 890, and 1 740 cm-'; G,(CDCI,) 
1.61 (2 H, q, J6 Hz, CH,), 2.06 (3 H, s, CH,CO), 2.21 (1 H, m, 
CH), 2.39 (1  H, s, D,O exchangeable, OH), 3.4-3.5 ( 5  H, m, 
CH,OCH,), 3.67 (3 H, t, J6 Hz, CH,OH), and 4.05 (2 H, d, J 6 
Hz, CH,OAc); m/z (ci ,  NH,) 194 (MNH,' loo%), 177 
(MHf, 56). 

4-( 2-A cetoxyethoxy)-3-acetoxymethylbutan- 1-01 (23b).-lO% 
Palladium-on-charcoal (0.7 g) was added to a solution of 
compound (22b) (1.89 g, 5.6 mmol) and acetic acid (0.5 ml) in 
ethanol (30 ml) and the mixture was stirred under hydrogen for 
40 min. It was then filtered and evaporated to afford the alcohol 
(23b) as a clear colourless liquid (1.37 g, 99%); vmax.(film) 3 460, 
2 950, 2 880, 1 735, and 1 440 cm-'; G,(CDCl,) 1.66 (2 H, m, 
CHCH,CH,), 2.06 (3 H, s, CH,), 2.09 (3 H, s, CH,), 2.14 (1 H, 
m, CH), 2.4 (1 H, br, D,O exchangeable, OH), 3.50 (2 H, AB of 
ABX, JAB 9.4 Hz, JAX 6.3 Hz, and JBX 4.9 Hz, CH,OCH,OH), 
3.65 (2 H, m, CH,OCH,CH), 3.71 (2 H, m, CH,OH), 4.07 (2 H, 
d, J 6.1 Hz, AcOCH,CH), and 4.22 (2 H, m, AcOCH,CH,) 
(Found: C, 53.0; H, 8.0. CllH2006 requires C, 53.21; H, 8.12%). 

4-Acetoxy-3-(2,3-diacetoxypropoxymethyl)butan- 1-01 
(23c).-The alcohol (23c), prepared in similar way to the alco- 
hol (23b) but using compound (22c), was obtained as a clear 
colourless liquid (1.66 g, 96%); vmaX.(film) 3 460, 2 940, 2 880, 
and 1 740 cm-'; GH(CDCI3) 1.63 (2 H, m, CHCH,CH,), 2.0-2.2 
(11 H, m, 1 H D,O exchangeable, CHCH,CH,OH and 
3 x CH,) 3.47 [2 H, m, CH,OCH,CH(CH,),], 3.59 (2 H, m, 

isomers), 4.06 [2 H, d, J 6.0 Hz, AcOCH,CH(CH,),], 4.15 (1 H, 
OCHCH,OCH,), 3.71 (2 H, 2 x t, J 6.2 Hz, CH2OH 2 
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2 x dd, J 6.5 Hz and 1 1.9 Hz, AcOCH,CHO 2 isomers), 4.32 (1 
H, 2 x dd, J 3.9 Hz and 12.1 Hz, AcOCH,CHO 2 isomers), and 
5.20 (1 H, m, AcOCH) (Found: C, 52.4; H, 7.4. C14H2408 
requires C, 52.44; H, 7.55%). 

Preparation of the Bromo Compounds (5a), (5b), (14), (24a), 
(24b) and (24c).-Triphenylphosphine (0.39 g, 1.5 mmol) was 
added to an ice-cooled solution of the alcohol (1 mmol) and 
tetrabromomethane (0.50 g, 1.5 mmol) in DMF (3.1 ml) and the 
mixture was stirred at this temperature for 25 min. Aqueous 
sodium hydrogen carbonate (1.5 ml) and water (1.5 ml) were 
added and the mixture was extracted with hexane (3 x 4 ml, or 
more if necessary). The combined organic layers were dried 
(MgSO,) and evaporated and the residue was purified by 
column chromatography on silica gel: elution with hexane- 
ether (5:l)  gave (5a, b); chloroform gave (14); and hexane- 
acetone [4: 1 gave (24a) and 3 : l  gave (24b, c)]. The bromo 
compounds were clear colourless liquids. 

cis-5-( 2-Bromoethyl)-2,2,4-trimethyl- 1,3-dioxane (5a) and 
trans-5-(2-Bromoethyl)-2,2,4-trimethyl-1,3-dioxane (5b). The 
first product to be eluted was (5a) (1.20 g, 32%); vmax~(film) 2 990, 
2 940,2 870,l 380, 1 260, and 1 200 cm-'; G,(CDCl,) 1.14 (3 H, 
d, J 6.6 Hz, 4-CH,), 1.37 (3 H, s, 2-CH3), 1.46 (3 H, s, 2-CH3), 
1.50 (1  H, m, 5-H), 1.98 (1 H, m, 5-CH2) 2.30 (1 H, m, 5-CH2), 
3.48 (1 H, ddd, J 9.9, 9.9, and 6.1 Hz, CHBr), 3.65 (1 H, ddd, J 
10.1,6.8, and 4.4 Hz, CHBr), 3.75 (1 H, dd, J 12.2 Hz and 1.4 Hz, 
6-H,,), 4.02 (1 H, dd, J 12.1 and 1.7 Hz, 6-H,,), and 4.22 (1 H, dq, 
Jd 2.4 Hz and Jq 6.4 Hz, 4-H) (Found: [ M  - CH,]', 221.0178. 
C8Hl,Br0, requires 221.0178). 

The second product to be eluted was (5b) (1.27 g, 33%); 
v,,,,(film) 2 990,2 940,2 860 1 385, and 1 200 cm-'; G,(CDCl,) 
1.21 (3 H, d, J 6.1 Hz, 4-CH3), 1.55-1.80 (2 H, m, 5-H and 5- 
CH,), 1.93 (1 H, ddt, Jd 13.8 Hz, Jd 3.2 Hz and J, 8.1 Hz, 5-CH2), 
3.25-3.45 (2 H, m, CH,Br), 3.57 (1 H, dd, J 11.5 Hz and 10.4 
Hz, 6-H,,), 3.70 (1 H, dq, Jd 9.7 Hz and Jq 6.1 Hz, 4-H), and 3.85 
(1 H, dd, J 11.5 Hz and 4.9 Hz, 6-H,,) (Found: [ M  - CH,] + 

22 1 .O 180. C,H ,Br02 requires 22 1.01 78). 
2-(2-Bromoethyl)-4-(tetrahydropyran-2-yloxy)butyl Acetate 

(14). Yield 0.67 g (69%); vmax~(film) 2 940, 1 740, and 1 240 cm-l; 
G,(CDCl,) 1.5-2.0 (10 H, m, CH,CHCH,, 3-H and 3 x 
THPCH,), 2.07 (4 H, m, CH and CH,), 3.47 (4 H, m, CH,Br 
and CH,OCH), 3.82 (2 H, m, THPCH,O), 4.06 (2 H, m, 
CH,OAc), and 4.58 (1 H, t, J 3.4 Hz, OCHO) (Found: M', 
321.0702. C,,H,,BrO, requires M, 321.0701). 

4- Bromo-2-metho.xymethylbuty1 Acetate (24a). Yield 0.24 g 
(53%); vmax~(film) 2 930,2 900, and 1 740 cm-'; G,(CDCl,) 1.95 
(2 H, m, CHCH,), 2.07 (3 H, s, CH,CO), 2.17 (1 H, m, CH), 3.33 
(3 H, s, CH,O), 3.37 (2 H, m, CH,OCH,), 3.49 (2 H, t, J7.1 Hz, 
CH,Br), and 4.09 (2 H, AB of ABX, J A X  5.7 Hz, J B X  5.9 Hz and 
J A B  11.2 Hz, CH,OAc); m/z ( e i )  206/208 ( [ M  - CH,OH]+, 
8%) and 43 (100). 

2-Aceto.xyethoxymethy1-4-bromobutyl Acetate (24b). Yield 
1.10 g (68%); vmax~(film) 2 950,2 870, and 1 740 cm-'; GH(CDC1,) 
1.96 (2 H, m, CH,CH,Br), 2.07 (3 H, s, CH,), 2.09 (3 H, s, CH,), 
2.19 (1 H, m, CH), 3.47 (4 H, m, CH,OCH,CH and CH,Br), 
3.63 (2 H, m, CH,CN,OCH,), 4.09 (2 H, AB of ABX, J A B  11.2 
Hz, J A X  5.5 Hz and J B X  5.9 Hz, AcOCH,CH), and 4.21 (2 H, m, 
AcOCH,CH,) (Found: C, 42.7; H, 6.1. C H ,BrO, requires C, 
42.46; H, 6.15%). 
4-Bromo-2-(2,3-diacetoxypropuxymethyl)butyl Acetate (24c). 

Yield 1.14 g (62%); vmax~(film) 2 960, 2 900, 1 740, and 1 440 

3 x CH,), 2.18 (1 H, m, CHCH,CH,), 3.47 [4 H, m, CH2- 
OCH,CH(CH,), and CH,Br], 3.56 (2 H, m, OCHCH,OCH,), 
4.07 [2 H, m, AcOCH,CH(CH,),], 4.14 (1 H, dd, J6.3 and 11.8 
Hz, AcOCH,CHO), 4.31 (1 H, 2 x dd, J 3.9 and 12.0 Hz, 
AcOCH,CHO 2 isomers), and 5.18 (1 H, m, AcOCH) (Found: 
C, 43.9; H, 6.0. C,,H,,BrO, requires C, 43.88; H, 6.05%). 

cm-'; 6,(CDCl,) 1.93 (2 H, m, CHZCH,), 2.05-2.10 (9 H, m, 

Preparation of the 9-Alkyl-2-amino-6-chloropurines (6a, b), 
(15), and (25a--c).-A mixture of 2-amino-6-chloropurine (178 
mg, 1.05 mmol), potassium carbonate (145 mg, 1.05 mmol), and 
the bromo compound ( 1  mmol) in DMF (3.2 ml) was stirred for 
16 h at room temperature. The solution was filtered and 
evaporated and the residue was taken up in chloroform. This 
too was filtered and evaporated and the residue was purified by 
column chromatography on silica gel eluting with chloroform- 
methanol (40: 1-30: 1) to afford the 9-alkylpurines as white 
solids. 

2- Amino-6-chloro-9-[cis-2-(2,2,4-trimethyl- 1,3-dioxan-5-y/)- 
ethyllpurine (6a).Yield 0.82 g, (56%), m.p. 171-173 "C; 
h,,,.(EtOH) 223 ( E  29 OOO), 248 (5 590), and 310 nm (7 700); 
v,,,.(KBr) 3 420, 3 320, 3 210, 1 615, 1 560, 1 520, 1470, and 
1 410 cm-'; G,(CDCl,) 1.14 (3 H, d, J6.4 Hz, OCHCH,), 1.22 (1 
H, m, CHCH,CH,), 1.40 (3 H, s, CCH,), 1.47 (3 H, s, CCH,), 
2.04 (1 H, m, CHCH,CH,), 2.26 (1 H, m, CHCH,CH,), 3.89 (1 
H, dd, J 1.4 and 12.2 Hz, CH,O), 4.06 (1 H, dd, J2 .7  and 12.2 
Hz, CH,O), 4 .154 .30  (3 H, m, OCHCH, and CH,N), 5.24 (2 
H, s, D,O exchangeable, 2-NH2), and 7.80 (1 H, s, 8-H) (Found: 
C, 51.3; H, 6.2; N, 21.6. C14H,oClN,0, requires C, 51.61; H, 
6.19; N, 21 .SO%). 
2-Amino-6-chloro-9-[trans-2-(2,2,4-trimethyl- 1,3-dioxan-5- 

y1)ethyllpurine (6b). Yield 0.88 g (60%), m.p. 166-168 OC 
(phase transition 14&-142 "C); h,,,.(EtOH) 223 ( E  29 OW), 248 
(5 820), and 310 nm (7 800); v,,,,(KBr) 3 460, 3 350, 3 220, 
1 630,l 620,l 565,l 520,1470, and 1 410 cm-'; G,(CDCl,) 1.18 
(3 H, d, J6 .0  Hz, OCHCH,), 1.39 (3 H, s, CCH,), 1.45 (3 H, s, 
CCH,), 1.5G2.00 (3 H, m, CHCH,CH,), 3.6G3.75 (2 H, m, 
OCHCH, and CH,O), 3.90 (1 H, dd, J4.7 and 11.7 Hz, CH,O), 
4.07 (2 H, t, J7.4 Hz, CH,N), 5.23 (2 H, s, 2-NH2), and 7.77 (1 H, 
s, 8-H) (Found: C, 51.3; H, 6.35; N, 21.7. Cl,H20CIN,0, 
requires C, 51.61; H, 6.19; N, 21.50%). 

9-[3-Aceto.xymethyl-5-( tetrahydropyran-2-yloxy)pentyl]-2- 
amino-6-chloropurine (15). Yield 0.27 g (34%) h,,,,(EtOH) 223 
( E  29 000), 247 (5 890), and 310 nm (7 840); vmax.(film) 3 330, 
3 210, 2 940, 1 735, 1615, 1 560, 1 520, 1465, and 1410 cm-'; 
G,[(CD,),SO] 1.15--1.6 (8 H, m, 4'-H and 3 x THPCH,), 1.71 
(1 H, m, 3'-H), 1.84 (2 H, m, 2'-H), 1.99 and 2.00 (total 3 H, each 
s, CH, -two isomers), 3.34 (2 H, m, 5'-H), 3.61 (2 H, m, 
THPCH,O), 4.01 (2 H, m, CH,OAc), 4.12 (2 H, t, J6.9 Hz, 1'- 
H), 4.37 and 4.49 (total 1 H, each t, J 3 Hz, OCHO -two 
isomers), 6.88 (2 H, s, D,O exchangeable 2-NH2), and 8.15 (1 H, 
s, 8-H) (Found: C, 51.7; H, 6.4; N, 16.5%; M',  411.1662. 
C, ,H,,C1N,O4-O.5CH,OH requires C, 51.93; H, 6.60; N, 
16.37%; M, 411.1673). 

9-(4- Acetoxy-3-methoxymethylbutyl)-2-amino-6-chloropurine 
(25a). Yield 194 mg (7473, m.p. 132-135 "C; h,,,.(MeOH) 223 
( E  28 200), 247 (5 500), and 310 nm (7 500); v,,,.(KBr) 3 430, 
3 310, 3 210, 1 740, 1 630, 1 560, 1 520, and 1 470 cm-'; 
G,[(CD,),SO] 1.84 (3 H, m, 2'-H and 3'-H), 1.98 (3 H, s, 
CH,CO), 3.22 (3 H, s, CH,O), 3.32 (2 H, d, J 3.0 Hz, 
CH,OCH,), 3.99 (2 H, AB of ABX, JAx 5.4 Hz, J B X  5.7 Hz, and 

D,O exchangeable, 2-NH2), and 8.15 (1 H, s, 8-H) (Found: C, 
47.7; H, 5.5; N, 21.2. C13H18ClN,0, requires C, 47.64; H, 5.54; 
N, 21.37%). 

9-[4-(2- Acetoxymethoxy)-3-acetoxymethylbutyl]-2-amino-6- 
chloropurine (25b). Yield 0.61 g (46%), m.p. 90-92"C; 
h,,,.(MeOH) 223 ( E  29 500), 247 (5 700), and 310 nm (7 900); 
v,,,.(KBr) 3 450, 3 310, 3 210, 1 735, 1 625, 1 560, 1 520, 1470, 
and 1410 cm-'; G,[(CD,),SO] 1.84 (3 H, m, 2'-H and 3'-H), 1.98 
(3 H, s, CH,), 1.99 (3 H, s, CH,), 3.41 (2 H, d, J 3.9 Hz, 3'- 
CH,OCH,), 3.55 (2 H, m, 3'-CH,OCH,), 3.98 (2 H, AB of ABX, 
J A B  11.0 Hz and J A X  = J B X  5.2 Hz, 3'-CH,OAc), 4.1 1 (4 H, m, 
AcOCH2CH2 and 1'-H), 6.85 (2 H, s, D,O exchangeable, 2- 
NH,), and 8.14 (1 H, s, 8-H) (Found: C, 48.2; H, 5.4; N, 17.4. 
C,,H,,ClN,O, requires C, 48.06; H, 5.55; N, 17.52%). 

J A B  11.2 Hz, CH~OAC), 4.12 (2 H, t, J6.7 Hz, 1'-H), 6.86 (2 H, S, 
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9-[3- Aceto.~ymethyl-4-(2,3-diacetoxypropoxy)butyl]-2- 
amino-6-chkoropurine (25c). Yield 0.90 g (67%); h,,,.(EtOH) 223 
(E 29 200), 248 (5 900), and 310 nm (7 900); vmax.(film) 3 460, 
3 330, 3 210, 2 950, 1 740, 1 610, 1 560, 1 520, 1465, and 1410 
cm-’; 6,(CDCI3) 1.95 (3 H, m, 2’-H and 3’-H), 2.06-2.09 (9 H, 
m,3  x CH,), 3.49(2 H,m,3’-CH2OCH,),3.57(2H,d,J5.2Hz, 
3’-CH,OCH,), 4.08 (2 H, m, 3’-CH,OAc), 4.19 (3 H, m, 1’-H 
and 1 of AcOCH,CHO), 4.35 (1 H, 2 x dd, J 3.4 Hz and 12.0 
Hz, AcOCH,CHO 2 isomers), 5.21 (3 H, m, AcOCH and 2- 
NH,), and 7.81,7.82 (1 H, 2 x s, 8-H 2 isomers) (Found: C, 48.6; 
H, 5.4; N, 14.7. C,,H,,CIN,O, requires C, 48.36; H, 5.55; N, 
14.85%. 

(3’R *,4’R *)-9-(4- Hydroxy-3-hydroxymethylpenty1)guanine 
(7a).-A solution of the purine (6a) (0.67 g, 2.05 mmol) in 
2 . 5 ~  hydrochloric acid (2.4 ml) was heated under reflux for 
1 h. The solution was neutralised with 10% aqueous sodium 
hydroxide and the guanine (7a) crystallised on cooling (484 mg, 
83%); h,,,.(H,O) 252 (E 12900) and 268sh nm (9690); 
vmax.(KBr) 3 330, 1 690, 1 630, and 1605 cm-’; 6,[(CD,),SO] 
1.01 (3 H, d, J6.3 Hz, 5’-H), 1.30(1 H, m, 3’-H), 1.68 (1 H, m, 2’- 
H), 1.86 (1 H, m, 2’-H), 3.39 (1 H, dd, J 6.4 and 10.6 Hz, 3‘- 
CH,),3.52(1 H,dd,J5.5and 10.6Hz,3’-CH,),3.70(1H,dq,Jd 
5.5 Hz and Jq 6.4 Hz, 4’-H), 4.00 (2 H, m, 1’-H), 4.3-4.5 (2 H, br, 
D,O exchangeable, 2 x OH), 6.41 (2 H, s, D,O exchangeable, 
2-NH,), 7.68 (1 H, s, 8-H), and 10.52 (1 H, s, D,O exchangeable, 
1-H) (Found: C, 46.25; H, 6.55; N, 24.5%; M’, 267.1336. 
C , , H , 7 N 5 0 3 ~ H 2 0  requires C, 46.31; H, 6.71; N, 24.55%; M ,  
267.133 1 ). 

(3’R *,4‘S*)-9-(4- Hydroxy-3-hydroxymethylpentyl)guanine 
(7b).-The guanine (7b), prepared in an analogous way to the 
guanine (7a) but using compound (6b), was obtained as a white 
solid (523 mg, 86%); h,,,.(H,O) 252 ( E  12 200) and 268sh nm 
(9 230); v,,,,(KBr) 3 330, 1690, 1630, and 1605 cm-’; 
6,[(CD,),SO] 0.98 (3 H, d, J 6.3 Hz, 5’-H), 1.38 (1 H, m, 3‘-H), 
1.62 (1 H, m, 2’-H), 1.76 (1 H, m, 2’-H), 3.41 (2 H, AB of ABX 
system, J A B  10.9 Hz and JAx = J B X  5.7 Hz, 3’-CH,), 3.71 (1 H, 
dq, Jd 5.1 and Jq 6.2 Hz, 4’-H), 3.98 (2 H, t, J7.4 Hz, 1’-H), 4.46 (2 
H, br, D,O exchangeable, 2 x OH), 6.44 (2 H, s, D,O 
exchangeable, 2-NH2), 7.70 (1 H, s, 8-H), and 10.57 (1 H, s, 
D,O exchangeable, 1-H) (Found: C, 47.8; H, 6.65; N, 25.2%; 
M + ,  267.1331. C, lH17N,0,~0.5H,0 requires C, 47.82; H, 6.57; 
N, 25.35%; M, 267.1331). 

9-( 5- H~~dro.~y-3-hydroxymethylpentyl)guanine (16).-A solu- 
tion of the purine (15) (230 mg, 0.56 mmol) in 50% aqueous 
formic acid (3 ml) was heated at 100 “C for 100 min. The solvent 
was removed and the residue was taken up in ammonia (d, 
0.880; 2 ml) and methanol (2 ml). The solution was stirred at 
50 “C for 1 h and then evaporated. The residue was purified by 
reverse-phase column chromatography on Spherisorb C 18 300 
silica eluting with water followed by 5 and 10% methanol to 
afford the guanine (16) (70 mg, 4779, m.p. 195-200°C; 
h,,,.(H,O) 252 ( E  11 600) and 270sh nm (8 680); v,,,.(KBr) 
3 320, 3 200, 2910, 1715, 1690, 1630, and 1605 cm-’; 
6,[(CD,),SO] 1.44 (3 H, m, 3’-H and 4’-H), 1.66 (1 H, m, 2’-H), 
1.78 ( 1  H, m, 2’-H), 3.25-3.45 (4 H, m, 2 x CH,O), 3.96 (2 H, t, 
J 7.4 Hz, 1’-H), 4.39 (1 H, t, J 5.1 Hz, D,O exchangeable, OH), 
4.49 (1 H, t, J 5.2 Hz, D,O exchangeable, OH), 6.40 (2 H, s, D,O 
exchangeable, 2-NH2), 7.68 (1 H, s, 8-H), and 10.49 (1 H, s, D,O 
exchangeable, I-H) (Found: C, 48.0; H, 6.4; N, 25.1%; M + ,  
267.1334. C ,  , H  ,,N,O3-0.5H2O requires C, 47.82; H, 6.57; N, 
25.357,; M ,  267.133 1). 

9-(4- Hydro.x~~-3-methoxymethylbutyl)guanine (26a).-A solu- 
tion of the purine (253) (0.16 g, 0.5 mmol) in 2~ hydro- 
chloric acid (1.0 ml) was heated under reflux for 40 min. The 

solution was neutralised with 10% aqueous sodium hydroxide 
and evaporated. The residue was purified by preparative h.p.1.c. 
on a reverse-phase CI8 p-Bondapak column eluting with 17% 
methanol in aqueous ammonium acetate ( 5 0 m ~ ;  pH 4.5) and 
recrystallised from water containing one drop of saturated 
aqueous sodium hydrogen carbonate to give the guanine (26a) 
(46 mg, 3473, m.p. 222-224 “C; h,,,.(H,O) 252 (E 12 600) and 
270sh nm (9 500); v,,,.(KBr) 3 340, 3 170, 2 920, 1 690, 1 640, 
and 1 610 cm-’; S,[(CD,),SO] 1.59 (1 H, m, 3’-H), 1.72 (2 H, m, 
2’-H), 3.21 (3 H, s, CH,), 3.25-3.45 (4 H, m, CH,OH and 
CH,OCH,), 3.99 (2 H, t, J 7.3 Hz, 1’-H), 4.47 (1 H, t, J 5.2 Hz, 
D,O exchangeable, OH), 6.39 (2 H, s, D,O exchangeable 
2-NH,), 7.67 (1 H, s, 8-H), and 10.48 (1 H, s, D,O exchangeable, 
1-H) (Found: C, 48.8; H, 6.3; N, 26.1%; M’, 267.1344. 
C11H17N,03~0.1H,0 requires C, 49.10; H, 6.44; N, 26.03%; M, 
267.133 1). 

9-[4-(2- Hydroxyethoxy)-3-hydroxymethylbutyl]guanine 
(26b).-A solution of the purine (26b) (0.48 g, 1.2 mmol) in IM 
hydrochloric acid (2.5 ml) was heated under reflux for 75 min. 
The solution was neutralised with 25% aqueous sodium 
hydroxide and allowed to cool. Filtration afforded the guanine 
(26b) as a white solid (220 mg, 62%), m.p. 110-1 12 “C followed 
by recrystallisation and melting again at 165-168 “C; 
h,,,.(H,O) 252 (E 12 400) and 270sh nm (9 200); v,,,,(KBr) 
3 390, 3 330, 3 160, 1 690, 1 635, 1 605, 1 580, 1 540, and 1485 
cm-’; SH[(CD3),SO] 1.60 (1 H, m, 3’-H), 1.74 (2 H, m, 2’-H), 
3.3-3.5 (8 H, m, 4 x CH,O), 4.00 (2 H, t, J7 .2  Hz, 1’-H), 4.46 
(1 H, br t, D,O exchangeable, OH), 4.54 (1 H, br t, D,O 
exchangeable, OH), 6.44 (2 H, s, D,O exchangeable, 2-NH2), 
7.67 (1 H, s, 8-H), and 10.60 (1 H, br, D,O exchangeable, 1-H) 
(Found: C, 47.6; H, 6.9; N, 23.0%; M + ,  297.1429. C,,H,,- 
N,04*0.3 H,O requires C, 47.61; H, 6.53; N, 23.13%; M ,  
297.1437). 

9- [4-( 2,3 - Dihydroxypropoxy )- 3 -h ydroxyme th yfbu ty llguan ine 
(26c).-A solution of the purine (25c) (0.76 g, 1.6 mmol) in I M  
hydrochloric acid (3 ml) was heated under reflux for 1.5 h. The 
solution was neutralised with aqueous sodium hydroxide and 
evaporated. The residue was purified by preparative h.p.1.c. on a 
reverse-phase C, p-Bondapak column eluting with 10% 
methanol in water. Product-containing fractions were pooled, 
and evaporated and the residue was triturated with ethanol to 
afford the guanine (26c) as a white solid (0.38 g, 7373, m.p. 161- 
168OC; h,,,.(H,O) 252 ( E  12600) and 270sh nm (9300); 
v,,,,(KBr) 3 340, 3 150, 2 920, 1 690, 1 635, 1 605, 1 580, 1 545, 
1 480, and 1 410cm-’; 6,[(CD,),SO] 1.60(1 H, m, 3’-H), 1.74 (2 
H, m, 2’-H), 3.35 (8 H, m, 4 x CH,O), 3.58 (1 H, m, CHOH), 
4.00 (2 H, t, J 7.3 Hz, 1’-H), 4.46 (2 H, m, D,O exchangeable, 
2 x CH,OH), 4.59 (1 H, d, J 5.0 Hz, D,O exchangeable, 
CHOH), 6.38 (2 H, s, D,O exchangeable, 2-NH2), 7.67 (1 H, s, 8- 
H), and 10.49 (1 H, s, D,O exchangeable, 1-H) (Found: C, 46.0; 

requires C, 45.93; H, 6.64; N, 20.60%; M, 327.1543). 
H, 6.3; N, 20.45%; M + ,  327.1547. C13H21N,05*0.7H20 

9-(4-Bromo-3-hydroxymethylbutyl)guanine (28).-Triphenyl- 
phosphine (2.36 g, 9.0 mmol) was added to a solution of the 
protected guanine (27) (4.84 g, 6.05 mmol) and tetrabromo- 
methane (3.0 g, 9.0 mmol) in dry DMF (25 ml) at 0 “C and the 
solution was stirred at 0 “C for 30 min. Methanol (1 ml) was 
added and the solvent was removed. The residue was taken up 
in 80% acetic acid (60 ml) and the solution was stirred at 70 “C 
for 40 min. After cooling, the solution was extracted with hexane 
(3 x 60 ml). Additional water (20 ml) was added and the 
solution was extracted with chloroform (30 ml). The aqueous 
solution was collected, solvent removed, and the residue 
azeotroped with toluene (x3) .  The residue was purified by 
column chromatography on silica gel eluting with chloroform- 
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methanol mixtures (3: 1-2: 1) to give the title compound (28) 
(1.1 8 g, 62%), m.p. > 250 OC (decomp.); h,,,.(MeOH) 255 nm 
( E  12 200); v,,,.(KBr) 3 400, 3 120, 1 680, and 1 605 cm-'; 
6,[(cD3),SO] 1.64 (1 H, m, 3'-H), 1.78 (2 H, m, 2'-H), 3.40 
(2 H, m, CH20), 3.65 (2 H, m, CH,Br), 4.01 (2 H, t, J 7.0 Hz, 
1'-H), 4.68 (1 H, t, J5.2 Hz, D,O exchangeable, OH), 6.41 (2 H, 
s, D,O exchangeable, 2-NH2), 7.70 (1 H, s, 8-H), and 10.51 (1 H, 
br s, D 2 0  exchangeable, 1-H); m/z (f.a.b. + ve ion; thioglycerol) 
3 1613 18. 

9-(4-Azido-3-hydroxymethylbutyl)guanine (29).-A solution 
of compound (28) (348 mg, 1.1 mmol) and sodium azide (1 17 
mg, 1.8 mmol) in DMF (5 ml) was stirred at 80 "C for 75 min. 
After cooling, the solvent was removed and ethanol was added 
and evaporated twice. The residue was triturated with water (2 
ml) and filtered. The solid material was purified by column 
chromatography on silica gel, eluting with chloroform-methanol 
mixtures (5:2-2: 1) to give the azido compound (29) (165 mg, 
54%); v,,,,(KBr) 3 120, 2 100, 1685, and 1610 cm-'; 
G,[(CD,),SO] 1.55 (1 H, m, 3'-H), 1.74 (2 H, m, 2'-H), 3.40 (4 H, 
m, CH,O and CH,N3), 4.00 (2 H, t, J 7.1 Hz, 1'-H), 4.65 (1 H, t, 
J 5.2 Hz, D,O exchangeable, OH), 6.39 (2 H, s, D 2 0  
exchangeable, 2-NH2), 7.69 (1 H, s, 8-H), and 10.50 (1 H, s, D 2 0  
exchangeable, 1-H) (Found: C, 40.3; H, 4.7; N, 37.2%; M', 
278.1249. C,,H,,N80,~0.2CHCI, requires C, 40.55; H, 4.73; N, 
37.08%; M, 278.1240). 

9-(4-Amino-3-hydro.xymethylbutyl)guanine Acetate Salt 
(30).-10% Palladium-on-charcoal (20 mg) was added to a 
suspension of the azide (29) (140 mg, 0.5 mmol) in methanol ( 5  
ml) containing formic acid (0.075 ml, 2 mmol) and ammonia (d 
0.880; 0.1 1 ml, 2 mmol) and the mixture was stirred at 65 "C for 
1 h. The solution was filtered and the solvent removed. Excess of 
ammonium formate was removed in vacuo to give the product 
(140 mg). Some of this material (50 mg) was purified by 
preparative h.p.1.c. on a reverse-phase C p-Bondapak column 
eluting with 3% methanol in aqueous ammonium acetate (pH 
4.5; 50 mM) to give the amine (30) as the acetate salt (38 mg, 
68%); v,,,.(KBr) 3 410, 3 120, 1695, 1610, 1575, and 1 540 
cm-'; G,[(CD,),SO] 1.44 (1 H, m, 3'-H), 1.71 (2 H, q, J 6.9 Hz, 

CH,NH2),3.43(2H,d,J5.2Hz,CH,0H),3.97(2 H,d,J7.3 Hz, 
1'-H), 5.0 (7 H, vbr, D,O exchangeable, 1-H, OH, NH,+, and 
H,O), 6.56 (2 H, s, D,O exchangeable, 2-NH2), and 7.68 (1 H, s, 
8-H) (Found: C, 43.5; H, 6.8; N, 24.9. C,,H2,N,0,~1.2 H,O 
requires: C, 43.16; H, 6.76; N, 25.17%). 

2'-H), 1.83 (3 H, S, CH3C02), 2.65 (2 H, d, J 3.9 Hz, 

9-(4-Formamido-3-formyloxymethylbutyl)guanine (31).-A 
mixture of the amine (30) formate salt (50 mg, 0.17 mmol), 
dicyclohexylcarbodi-imide (45 mg, 0.22 mmol), formic acid (10 
pl, 0.26 mmol), and DMAP (3 mg) in dry DMF (1 ml) was 
stirred at room temperature. Further portions of dicyclohexyl- 
carbodi-imide (42 mg, 30 mg) and of formic acid (10 pl) were 

added and the mixture was stirred for a total of 4 h. Water was 
added, the solution filtered, and the filtrate evaporated. The 
residue was purified by preparative h.p.1.c. on a reverse phase 
C,, p-Bondapak column eluting with 10% methanol in aqueous 
ammonium acetate ( 5 0 m ~ ;  pH 4.5) and recrystallised from 
methanokthyl acetate to give the diformyl compound (31) (9 
mg, 17%), m.p. 156-160 OC; h,,,.(H,O) 254 and 270sh nm; 
v,,,,(KBr) 3 400, 3 120, and 1 690 cm-'; 6,[(CD3),SO] 1.75 (3 
H, m, 2'-H and 3'-H), 3.18 (2 H, t, J 5 Hz, D,O exchange gives d, 
CH,NH), 4 . W . 1  (4 H, m, 1'-H and CH20), 6.40 (2 H, s, D 2 0  
exchangeable, 2-NH2), 7.68 (1 H, s, 8-H), 8.0 (1 H, br, D 2 0  
exchangeable, HCONH), 8.04 (1 H, s, HCO), 8.22 (1 H, s, 
HCO), and 10.1 (1 H, br s, D,O exchangeable, 1-I-€); mlz 308 
(M' ,  1579,262 (22), 204 (29), 164 (40), 152 (69), 105 (76), and 46 
( 100). 
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