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, : - . of diacetylguanine with 1,3-dipivaloyloxy-2-[(methyl-
Abstract: The potent and selective antiviral drug ganciclo@jr ( . .
has been synthesized in two stepstrdaaspurination of fully acety- sulfi nyl)_methoxy] propane®? In this methpd, however,
lated guanosine1j in the presence of 1,3-diacetoxy-2-(acelPreparation of the pseudosugar component is rather labo-
toxymethoxy)propane2j, followed by deacetylation in aqueousfious due to three steps of synthesis, foul-smelling
ammonia. The transpurination reaction also provides valuable sidgproducts, and amoderate overall yield (29% from glyc-
products, tetrdd-acetylf3-d-ribofuranose) and the 7-regioisomer erol). Ganciclovir can also be obtained from 5-aminoimi-
of triacetylganciclovir 4); the latter product can be converted to th@jazole-4-carboxamide (AICA) by applying a modified

desired 9-isomer in a thermal 79 isomerization. Y amazaki ring closure reaction in a 3-step synthesis with
Key words: ganciclovir, biological activity, guanosine, transglyco-an overall yield of 3%.%*

sylation, transpurination . - .
Y P We now wish to report an efficient synthetic route to gan-

ciclovir (6) from inexpensive and readily accessible gua-
nosine, using one kind of protection, acetyl groups, for all

9-(1,3-Dihydroxy-2-propoxymethyl)guanine  (ganciclo-
vir; DHPG,; 6), one of the most important nucleoside ana-
logs of biological activity, exhibits aselective antiherpetic
action'* including clinical efficacy against cytomegalo-
virus.>8 Ganciclovir is readily phoshorylated in infected

reactive functions of substrates. The acyclic sugar analog
was prepared in reaction of 1,3-dichloro-2-(chlo-
romethoxy)propane®?23with an excess of potassium ace-
tate, which gave 1,3-diacetoxy-2-(acetoxy-methoxy)-
propane (2) in 71% yield. This compound may also be ob-

idi i 7,8 i _tri -
cells by the HSV }hy”_“d' ne k.' nase, , and its .5 triphos tained in two steps from 4-chloromethyl-1,3-dioxolane.®
phate acts as a ‘chain terminating’ nucleotide analog, in-

hibiting the viral DNA-polymerases. Ganciclovir has alsd "e main synthetic step of our procedure, transpurination
found a promising application in the so-called ‘suicid€f tetraacetylguanosine (1)** in chlorobenzene with the
gene’ therapy of brain tumo?4? and recently of lung PSeudosugar component 2, performed in the presence of
tumors! and peritoneal carcinomatod?<Chiral synthesis P-toluenesulfonic acid, gave a mixture of products: tri-
of a DNA decamer containing 9-(1,3-dihydroxy-2-pro&cetylganciclovir (3), its 7-regioisomer 4, and 1,2,3,5-tet-
poxymethyl)guanine has been reported and effects of fifrO-acetyl--D-ribofuranose (5). These products were
corporation of this acyclonucleoside on thermal stability@sily separated using silicagel chromatography, in53, 38

duplex structure, and thermodynamics of duplex forma0d 85% yields, respectively (Scheme). The mechanism
tion has been investigaté* of glycosyl exchange reactionsin the guanine nucleosides

, . L sgri% has been discussed recently.1’25
The first chemical syntheses of ganciclovir were reporte i o .
almost simultaneously by several research grééips. The side product formed in this approach, 7-regioisomer
Those syntheses involved glycosylation reactionsi?ef 4 Was then converted to the desired product 3 in the reac-
monoacetyl- or 9y>-diacetylguanine with chloromethyl tion of thermal 7 - 9 isomerization. Thus, heating of 4 at
or acetoxymethyl derivatives of glycerol. All those proce230 °C for 10 min resulted in a mixture of the regioiso-
dures suffered from some practical limitations, i.e. loWers, from which the 9-substituted compoGndas iso-
overall yields, lack of regioselectivity usually observed ifted in 50% yield. Finally, the triacetyl derivati8evas
alkylation of guaniné>7and difficultiesin separationof ~ deprotected in agueous ammonia to afford gancicl6yir (
the resulting 7- and 9-regioisomers of the product. Onthe  In an almost quantitative yield. In a similar way, deblock-
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other hand, the use of tetrabutylammonium fluoride in
alkylation of silylated guanine reportedly resulted in the
formation of a pure 9-regioisomer of ganciclovir.’® Be-
sides, dueto the use of benzyl groups for protection of hy-
droxyl functions, some synthetic methods'*8%required
an additional step in the final deblocking of the product,
catalytic hydrogenolysis over palladium. This further re-
duced the already low yield of synthesis and considerably
limited a scale-up perspective. More recently, the yield of
synthesis of 6 has been dlightly improved in the reaction
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ing of 4 gave the 7-regioisomer of ganciclovi).(

Products3—7 were obtained in a crystalline state. Their
structures and purity were proven by *H NMR (Table 1),
13C NMR (Table 2), ultraviolet spectra, thin-layer chro-
matography and elemental analysis. The method present-
ed here appears to be the simplest and the most efficient
approach to the synthesis of ganciclovir. Moreover, gua-
nosine serves not only asapurine donor, but aso as a sub-
strate for synthesis of tetraacetylribose (5) - a valuable
component in the nucleoside chemistry.
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9-(2',3',5'-Tri- O-acetyl$-D-ribofuranosylN?-acetylguanine 1)
was prepared according to Reese and Saffhilhd then precipitat-
ed by addition of its solution in CHQlo EtO giving 1 as a white

powder. - 1,3-Dichloro-2-(chloromethoxy)propane was Obt"’“newgoroussti rring for 2 h. After cooling, the mixture was diluted with

from 1,3-dichloropropan-2-8%% Melting points: Laboratory De-
vices Mel-Temp |l micromelting point apparatus (uncorrected). U

spectra: Beckman DU-65 spectrophotometer. NMR spectra: Vari

Unity 300 FT NMR spectrometetH: 300 MHz; **C: 75 MHz).

Chemical shiftsg, are expressed in ppm downfield from TMS. El-

emental analyses: Perkin-Elmer 240 Elemental Analyzer; satisf;
tory microanalyses were obtained 8+7: C + 0.15%, H + 0.09%,

N £ 0.22%. TLC: Merck silica gel F,s, 60 plates, in the following
solvent systems (v/v): A, CHCly/MeOH (9:1); B, toluene/EtOH
(4:1); C, i-PrOH/concd NH,OH/H,O (7:1:2). Preparative short-col-
umn chromatography: Merck TLC gel 60.

Tablel Chemical Shifts(TMS, §) in*H NMR Spectra

1,3-Diacetoxy-2-(acetoxymethoxy)propane (2)

A suspension of anhyd potassium acetate (50 g, 0.51 mol) in DMF

(200 mL) was concentrated under reduced pressure to a volume of

ca. 170 mL and then 1,3-dichloro-2-(chloromethoxy)propane??23

Q.S.O g, 84.5 mmol) was added. The suspension was refluxed with

H,O (500 mL) and extracted with CHCI; (3 x 250 mL) The com-
ined extracts were washed with sat. NaHCO; (200 mL), dried

gS0,) and concentrated on a rotary evaporator at 5 mbar, 40 °C.

Distillation of the crude product (129-130 °C/0.5 mbar) ¢aae a
colorless syrup. Yield 13.88 g (71%).

ac-

1H NMR (300 MHz, CDCJ): § = 2.08 (s, 6H, CKCO), 2.11 (s, 3H,
CH,CO), 4.16 (m, 5H, CKCCHy), 5.34 (s, 2H, OCHD).

9-(1,3-Diacetoxy-2-pr opoxymethyl)-N2-acetylguanine (3)

Method A. A mixture of1 (10.0 g, 22.15 mmolR (11.0 g, 47.39
mmol), andp-toluenesulfonic acid monohydrate (0.063 g, 3.323
mmol) was refluxed with stirring in anhyd chlorobenzene (100 mL)

Com- N2H NH 8-H NCH,O OH CH CCH, NCOCH;, OCOCHj,4
pound
3k 12.01 9.51 7.82 5.53 - 4.15 2.34 2.02
bs, 1 bs, 1 s 1 s 2 m, 5 s, 3 s, 6
42 12.47 11.22 7.99 5.87 - 4.09 2.44 2.012.00
bs,1 bs, 1 s, 1 S, 2 m, 5 s, 4 2s,6
6° 6.50 10.64 7.81 5.44 4.62 3.55 3.38 - -
bs, 2 bs, 1 s, 1 s, 2 t, 2 p,1 m, 4
7° 6.19 10.84 8.09 5.65 4.59 3.51 3.37 - -
bs, 2 bs, 1 s, 1 s, 2 t, 2 p,1 m, 4

2 Recorded in CDCl,.
b Recorded in DM SO-dj.
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Table2 Chemical Shifts (TMS, §) in **C NMR Spectra

Com- N-Ac O-Ac C6 Cc2 C4 Cc8 C5 CH NCH, CCH, N-Ac O-Ac
pound

3 17194 17093 15550 14791 148.69 138.93 121.07 7444 72.14 63.01 24.34 20.81
42 17335 17049 156.86 148.38 153.20 14385 11186 74.76 74.94 63.09 24.68 20.68
6° - - 156.71 153.69 151.18 137.55 116.33 79.91 71.39 60.76 - -
7° - - 160.16  152.81 154.41 143.75 107.62  79.79 74.31 60.74 - -

@ Recorded in CDCls.
b Recorded in DM SO-dg.

for 2 h. The solvent was then removed under reduced pressure. A Ay (H,0) 254 nm (log: 4.15), 270 (sh; 4.05).

resulting oil was redissolved in CHCI,/CH;OH (9:1) and adsorbed

on a portion of silica gel (25 g, 70-230 mesh) by evaporation. The(1,3-Dihydroxy-2-pr opoxymethyl)guanine (7)

dried gel was applied on a silica gel short column (7 x 11 cm). Prog-solution of the fully acetylated 7-regioisom&r(0.114 g, 0.30
ucts were eluted with a toluene/EtOH gradient (from 95:5 to 4:1, reymol) in 27% NHOH (5 mL) was stirred at r.t. for 2 days. The so-
spectively), and 20 mL fractions were collected. Fractions # 13—Rfion was then concentrated to a volume of ca. 3 mL and left aside
contained tetraacetylriboge and fractions # 48-66 - the 7-regioi- at 5°C. A resulting crystalline material was collected by filtration,
somer4. Evaporation of fractions # 76-110 gave homogenous lyashed with acetone and dried in vacuo, mp >8Qdarkened
TLC compound3 as an oil. An analytical sample was crystallized>-258°C). Yield 0.064 g (84%), R0.06 (A), 0.50 (C).

from EtOH, mp 175 °C. Yield 4.15 g (53%); R.58 (A), 0.21 (B). .. (H,0) = 244 nm (log: 4.10), 286 (4.17).

Amax (MEOH) = 259 nm (log 4.21), 278 (4.06).
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