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Mecthods of preparation of N-(3-hydmxy»l»phnsphnnmmﬂImxyprnpyl) (HPMP) derivatives of (25)- and
(2R)-configuration (compounds [ and NAVII. respectively) are deseribed. The general method starts from
the corresponding N-(2.3-dihydroxypropyl) derivatives which were converted cither into the (R)-cnantio-
mers YT by reaction of the base with (B)-glycidol butyrate (XI1) in the presence of cesium carbonate and
subscequent methanolysis, or into the (8)-cnantiomers X7 by alkylation of the base with (£)-2.2-dimethyl-+4-
tosyloxymethyl-1.3-dioxolane (V) in the presence of the same reagent. The amino groups on the hete-
roeyelic hase in compounds X7 and X111 were henzoylated by silylation followed by reaction with benzoyl
chloride and the obtained N-bhenzoates XV and XVIT on reaction with trityl chloride afforded the
corresponding 3'-O-trityl derivatives XVIand XYV These compounds were condensed with bis(2-propyl)
p-toluenesulfonyloxymethanephosphonate (XXT1T) in dimethylformamide in the presence of sodium hydride
to give the fully protected diesters XXTV and XXVIIL These compounds could be selectively acid-hydro-
lvzed 10 remove the trityl group only under formation of compounds XXXV, or methanolyzed and then
acid-hydrolyzed 10 remove the trityl and N-benzoyl groups and lead to compounds XXV and XXX, or trea-
ted with bromotrimethylsilane to remove the trityl and 2-propyl group to give phosphonates of the type
XXX Al the three types of compounds were then converted into free phosphonates of the (S)-series (1)
and (K)-scries (XAVIT). Derivatives of eytosine (la. XXVIa). adenine (Ib. XXVIIb). 2.6-diaminopurine (/.
NXVIe) and guanine (Id. XXVIId) were prepared. Condensation of the partially blocked adenine derivative
XXXV with the tosyl derivative XX1II and subscquent deprotection afforded 9-(8)-(2.3-diphospho-
nomethoxypropyDadenine (XL, Reaction of the same compound XXXV or its (R)-cnantiomer XXXVIIT
with dicthyl chlorophosphonate, followed by deblocking. afforded 37-O-phosphoryl derivatives (5)-
HEPMPA (XXXVIT) and (K)-1HIPMPA (XL).

Recently, considerable attention has been paid to the study of biological effects of the
so-called HPMP-derivatives, i.c., (S)-N-(3-hydroxy-2-phosphonomcethoxypropyl) deri-
vatives of heterocycelic (purine and pyrimidine) bases (/). These compounds exhibit
significant antiviral activity against DNA viruses (for a review sece refs'?) which has
been exemplilied on many in vitro as well as in vivo experimental models™; some of
them show also an antiparasital effects, c.g. against Plasmodium sp. (ref.¥). Several
approaches 1o the preparation of these so-called acyelic nucleotide analogs® have been
claborated, most of them based on attaching phosphonomethyl ether functionality to the
corresponding N-(2,3-dihvdroxypropyl) derivatives /1, cither by transformation ol the
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presynthesized chloromethanephosphonates with alkali metal hydroxide or metho-
xide”® or by condensation with dicster of p-toluenesulfonyloxymethanephosphonic® 10
or methanesulfonyloxymethanephosphonic!! acid. Regioselectivity of these procedures
must be guaranteed by suitable protection both of the heterocyclic base and the side
chain. To this end, the first alternative makes use mainly of acyl (benzoyl) groups
which have to be introduced into the position 2. The procedure consists of two steps
and utilizes the selectivity of tritylation in position 3’ of the side chain®. Although the
first variant was cmployed successfully in the preparation of gram quantitics of N-(3-
hydroxy-2-phosphonomethoxypropyl) derivatives, it has several drawbacks: the tempo-
rarily introduccd trityl functionality must be very acid-labile in order to be casily
removable without degradation of the benzoyl ester functionality. The dimethoxytrityl
group, mainly uscd for this purpose, meets these requirements but requires expensive
reagents. In the obtained 2-O-benzoyl derivatives the benzoyl group very casily migra-
tes to the neighbouring 3'-hydroxy group in the presence of traces of alkali, leading to
a mixture of chloromethancphosphonates and, after the intramolecular ctherification
step, to a mixture of isomeric phosphonomethyl cthers.

B8 B8
HO/\_-/l 0 RO/\;/I
o _p " OH
NS \OH
I II, R=H

I11, R = triphenylmethyl

For obvious rcasons, the sccond alternative, introducing of the mentioned functio-
nality by condensation with the organophosphorus synthon in the presence of sodium
hydride, does not allow to use acyl group for protection at position 3" and, on the
contrary, requires introduction of an alkali-labile protecting group. A trityl-type group
again appears to be the most suitable for this purpose. In one publication'®, the adenine
derivative HPMPA was prepared in this way from N°3'-ditrityl derivative of 9-(S)-
(2,3-dihydroxypropyl)adenine. An analogous procedure had to be used also in the
preparation of the 3-dcazaadenine analog!?. The apparent simplicity of this monothe-
matic simultancous protection of hydroxy and amino groups is depreciated by the diffi-
cult preparation of such compound which enforces the use of excess reagent, lowering
thus the sclectivity of substitution at the primary hydroxyl. Under such circumstances,
the best way appeared to be the combination of both protecting groups, i.c., an alkali-
labile group for the protection of the amine functionality (if present in the molecule)
and the unsubstituted trityl group for sclective protection of the primary hydroxyl in
compounds /1. In principle, as alkali-labile protecting group one may also use the
amidine functionality which is introduced by reaction of the amino derivative with
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dimethylformamide dialkyl acctal; this approach was uscd alrcady carlicr by us® and
later by other authors!®. However, with some heterocyclic systems (particularly those
containing strongly basic amino groups) the simplicity of the transformation of the
amino group is obscured by the relatively high lability of the formed amidine in acidic
as well as alkaline medium'2, Therefore, in most cases the group of choice is the
N-benzoyl functionality. It can be selectively introduced to an amino group by reaction
with chlorotrimethylsilane and benzoyl chloride in pyridine!* and the obtained products
usually can be well crystallized or chromatographed on silica gel. The mentioned
combination of protecting groups has only one limitation: as we have found’s, the clea-
vage of trityl derivatives of N*-benzoyleytosine nucleosides with acetic acid is
accompanicd by migration of the benzoyl group to the position N* which, as final
conscquence, leads to uracil derivatives. This danger can be avoided by using a strong
mincral acid of low nucleophilicity (c.g. sulfuric acid).

The present study concerns method of laboratory synthesis of N-(3-hydroxy-2-
phosphonomethoxypropyl) derivatives of purine and pyrimidine bases (/) from N-(2-
hydroxy-3-O-trityloxypropyl) derivatives /11 that may be utilized for their preparation
on a large scale and in high purity. These principles have been taken over from us by

other authors'o

. Particular attention is paid to compounds with proved biological acti-
vity: derivatives of cytosine, adenine, guanine and 2,6-diaminopurine. Since some data
have appeared indicating that the originally declared enantiosclectivity of the antiviral
cffect of compounds 7 is obviously of only limited validity and depends on the virus!'?,
we further aimed at the preparation of the compounds in both enantiomeric series in
order to investigate the generality of the enantioselectivity in relation to the hete-
rocyclic basc as well as to the virus.

The synthesis of (§)-N-(2,3-dihydroxypropyl) derivatives was described in detail
alrcady several times®!® = 20 in the present paper we describe a new modification of
preparing one ol the key compounds, 1-(S)-(2,3-dihydroxypropyl)cytosine (X7) which
has been hitherto prepared by ammonolysis of the corresponding 4-methoxy-2-pyri-
midone derivative VI, obtained from sodium salt of this basc (/V) by rcaction with
(R)-2,2-dimethyl-4-tosyloxymethyl-1,3-dioxolane® (V). Cytosine (VII), which in the
form of sodium salt or in the presence of potassium carbonate reacted with this recagent
only sluggishly and with preferential formation of the O*-isomer VI, in the presence
of cesium carbonate afforded smoothly and preferentially the desired N'-isomer IX; this
obscervation is supported by an analogous result of alkylation of cytosine with the
corresponding mesyl derivative®!. Although this synthesis docs not give higher overall
yicld of compound /X than the mentioned route starting from 4-methoxy-2-pyrimidone
(IV), it is shorter and simpler. It appears that a rapid and smooth course of cytosine
alkylation docs not require cxcess of cesium carbonate as stated for the analogous
mesyl derivative=!. Naturally, even replacement of sodium salt of 4-methoxy-2-pyri-
midone (/V) by a mixture of the free base and cesium carbonate in the reaction with the
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tosyl derivative V represents a more advantagcous modification of this alkylation
reaction. Still better is using cesium carbonate in the alkylation of cytosine with

(R)-glycidol (X) (Scheme 1).
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SCHEME 1

The reaction with cesium carbonate has been successfully employed also in the
preparation of (R)-(2,3-dihydroxypropyl) derivatives X111 by alkylation of heterocyclic
bascs with (R)-glycidol butyrate ((R)-butanoyloxymethyloxirane, XI7). Reaction of this
compound with cytosine (VIT) gave the acylated intermediate which upon methanolysis
afforded the expected N-alkyl derivative X/ a; with analogous case we oblained the
adenine and 2,6-diaminopurine derivatives XIIb and Xlllc, respectively. 2-Amino-6-
chloropurine atforded predominantly the N°-(R)-(2,3-dihydroxypropyl) derivative XI11d
which could be casily converted into N°-(R)-(2,3-dihydroxypropyl)guanine X//le by
acid-catalyzed hydrolysis (Scheme 2). Compounds X/ were again converted to 2,3-O-
isopropylidene derivatives XIV by reaction with 2,2-dimethoxypropanc.
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The enantiomeric N-(2,3-dihydroxypropyl) derivatives X1 and X111 were converted to
the N-benzoyl derivatives XV and XVIL. It might scem that these compounds could be
obtained directly by condensation of the three-carbon synthon with the N-benzoyl deri-
vative of the heterocyclic base; however, the N-benzoyl group is not entirely stable
under conditions of deprotection, being partially cleaved during acid hydrolysis of

NH,

Z ~
c,H,coo/\<\ — /\‘/I — 9

XII XIIla X
R R'
N N
N7 X N7
\ R \
A L9 A I
R*7SNT N R27 SN N
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XIIT b, R = NHy; RZ =H

XIII ¢, R'=R? = NH,
XIIT d, R = C; R? = NH?
XIIT e, R' = OH; RZ = NH,

SCHEME 2

compounds X and, naturally, in methanolysis of intermediates obtained by alkylation
of the bases with compound XII. Morcover, the course of the benzoylation is often
cquivocal, leading to perbenzoyl derivatives which then have to be partially debenzoy-
lated. We usced this procedure with the adenine derivative XIV whose reaction with
benzoyl chloride in pyridine gave the NO-dibenzoyl derivative XIX. Treatment of XIX
with ammonia in aqucous dioxanc afforded N°-benzoyl derivative XX which on acid
hydrolysis was converted into the desired (R)-cnantiomer XVb (Scheme 3).
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Preparatively preferable is the variant consisting in reaction of compounds X/ and
XIIT with chlorotrimethylsilane and benzoyl chloride in pyridine (vide supra), cven
though onc has to consider the formation of benzamide and a great amount of salt, so
that the N-benzoyl derivatives XV and XVII usually require chromatographic isolation.
Cytosine, adenine and guanine derivatives afforded smoothly the corresponding mono-
N-benzoyl derivatives XVa, XVb, XVd and XVIla, XVIIh, XVIId; as cxpected, the 2,6-
diaminopurine derivative was converted into 2,6-bis(benzoylamino)purine derivative
XVe. All the thus-obtained compounds were characterized by their NMR spectra.

CeHsCO. _ COCeH
OSTINN o NHCOC4Hs

N7 N N)IN
Xy —— )i\ —_ Ny ——  XVb
kNI D k\NI N>
O/ﬁ/‘ O/ﬁ)

0 ,SYO
SCHEME 3 XX XX

Reaction of benzoyl derivatives XV and XVII with trityl chloride in dimethylforma-
mide in the presence of a small excess of pyridine, catalyzed with 4-dimethyl-
aminopyridine at clevated temperature, afforded 3-O-trityl derivatives XVI and XVIIT
(Scheme 4), the starting compounds for condensation with the organophosphorus

e g8
HO/\‘) — Tro/\‘/l
OH OH
XV XvVI
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HO/\:) — TrO/\.)
OH OH
XvII XVIII
e 4 Tr triphenyimethyl; B% see Scheme 6
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synthon, dicster of p-toluenesulfonyloxymethancephosphonic acid. Since we found that,
analogously to reaction with phosphoric acid tricsters, in a side-reaction these
compounds arc alkylating the heterocyclic base (the amount of the side-product decrea-
sing in the order benzyl > methyl > ethyl), we replaced the hitherto used diethyl cster
with the bis(2-propyl) ester; this synthon was prepared frorm bis(2-propyl) phosphite
(XX which on reaction with paraformaldchydc under catalysis with tricthylamine gave
hydroxymethanephosphonate XX//. The crude intermediate XXI1 was tosylated to give
compound XXIII, obtained in the crystalline state upon chromatography (Scheme 5).
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The optimum execution of the condensation of both key compounds consists in using
a small excess of the svathon XX/I relative to the protected intermediate XVIor XVIII.
The reaction is carricd out in dimethvlformamide by addition of 3 cquivalents of
sodium hydride (relative to compound XVI or XVIIT) to a mixture ol both reactants at a
low temperature (=10 °C to =20 °C); the reaction then proceeds at room or clevated
temperature and can be monitored by chromatography.

Further work-up of the reaction mixture depends on the intended synthetic utilization
of the formed fully protected intermediates XXV and XXVIII. In the preparation of the
cnantiomeric compounds [ and XXVII the reaction mixture was directly subjected first
to methanolysis and then to hydrolysis with acetic acid which converted the trityl deri-
vatives XXIV and XXVIII into the unprotected bis(2-propyl) esters XXV and XXX,
respectively. This reaction sequence must be observed particularly in the case of cyto-
sine in order to suppress migration of the N*-benzoyl group (vide supra). N-Debenzoylation
ol 2,6-diaminopurine derivatives is dilficult. Therefore, after the final work-up also the
monobenzovl derivative XXXIT was isolated from the reaction mixture.

The ester-bonded groups of the phosphonic acid are completely stable under the
mentioned conditions (they do not undergo even reesterification), so that bis(2-propyl)
esters XXV and XXX can be deionized by ion-exchange chromatography and isolated.

10 in this

Alkaline hydrolysis, which proceeds smoothly with methyl and cthyl esters
case is extremely difficult; although we obtained limited amounts of mono(2-propyl)
ester, the only elfective method for cleavage of the ester bond in compounds XXV and
XXX is their reaction with bromotrimethylsilane, followed by hydrolysis”!” (Scheme 6).

After the usual processing by deionization and ion-exchange chromatography, the
desceribed procedure gave the respective enantiomeric (R)- and (8)-(3-hydroxy-2-
phosphonomethoxvpropyl) derivatives XXVII and [ in good yiclds. Their optical purity
was verificd by HPLC on a chiral phase and was in all cases higher than 98% for the
(S)-derivatives; for the (R)-derivatives XXVII the enantiomeric purity limit was 95%, in
accord with the enantiomeric purity of the starting compound X//.

The high stability of the ester bond in bis(2-propyl) phosphonate esters allows to
remove selectively the trityl group from some protected diesters XXV and XXVIII.
Thus, c.g., the adenine derivatives XXIVH and XXVIID on boiling with 80% acctic acid
alforded N-benzoyl derivatives XXXV and XXXVIII with free hydroxyl group; similarly,
N-benzoylguanine derivative XLI was prepared from the fully protected starting
compound XXVIIId.

In the cytosine series, this reaction cannot be used for the reasons alrcady mentioned.
On the other hand, it is possible to remove simultancously the trityl protecting group
and the ester-bonded alkyl groups under prescervation of the N-benzovl functionality:
the fully protected derivative XXVIHIa upon treatment with bromotrimethylsilane in
acctonitrile and subscequent work-up in the presence of water gave N*-benzoyl-(S)-HPMPC
(XXXD). There was no N-benzovl migration: after debenzoylation by methanolysis in
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the presence of sodium methoxide, (§)-HPMPC (la) was obtained as the sole product
and no uracil derivative was found in the mixture.

The character of thus-obtained intermediates of the type XXXV (protected phospho-
nate functionality and amino group, only onc free hydroxyl) makes them suitable for
further synthetic utilization. Reaction of enantiomeric adenine derivatives XXXV and
XXXVIII with dicthyl chlorophosphate in the presence of a soft basce, followed by
deprotection of the tetraesters XXXV and XXXLY by mcthanolysis and treatment with
bromotrimethvlsilane afforded 3'-O-phosphates (S)- and (R)-HPMPA (XXXVII and XL,
respectively). The aim of their synthesis was, inter alia, to find out whether such
compounds can arise in phosphorylation of HPMP derivatives in cells and whether they
can act as possible intermediates in transformations of HPMP derivatives into analogs
of di- or triphosphates®>** (Scheme 7).
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XXXVIII XXXIX XL

Bz benzoyl; iPr 2-propyl
Scueme 7
Compound XXXV was also usced as the starting material for the preparation of a
representative of a further, hitherto undescribed, type of acyclic nucleotide analogs,
9-(5)-12,3-bis(phosphonomethoxy)propyvljadenine (XLIIT). Condensation ol compound
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XXXV with tosyl derivative XX/I1 in the presence of sodium hvdride, followed by
mecthanolysis, afforded the tetraester XLIT which on trecatment with bromotri-
methvisilane was converted to 2.3-bis(phosphonomethyl) derivative XLII. This
compound was not found among the products of condensation of N-benzoyl derivative
XVIIb (with free vicinal diol group) with an excess ol reagent XX/, Analogous deri-
vatives can be obviously more casily prepared according to the procedure described in
Scheme 8.
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ScueMme S

Compound XL/ exhibited no antiviral effect against DNA viruses under standard
conditions of in vitro essays. Comparison of biological effects of the (R)-enantiomers

XXVII deseribed in this paper will be published elsewhere™,

EXPERIMENTAL

The melting points were determined on a Kofler block and are uncorreeted. Solvents were evaporated on a
rotatory evaporator at 40 °C. Analytical samples were dried at 25 °C and 6.5 Pa for 8 h. Optical rotations
were determined on a Perkin=Elmer 141 polarimeter at 25 °Cin dimethylformamide or 0.1 M HCL NMR
spectra were measured on a Varian 200 X1, instrument in I’ mode at 200 MIlz (‘11 specetra) in hexa-
deuteriodimethyl sulfoxide with tctramethylsilane as internal standard. Chemical shifts are given in ppm
(d-scale) and coupling constants (J) in Hz. UV absorption spectra were measured on a Pye Unicam 8800
UV-VIS spectrophotometer, the wavelengths of the extrema are given in nm. Thin-layer chromatography
was performed on Silufol UVsgo column chromatography on Silpearl silica gel (both Kavalier. Votice,
Czech Republic). Solvent systems for TLC: ST chloroform—methanol (95 @ 5). S2 chloroform-methanol
(92 1), S3 chlorolorm=—mcthanol (4 : 1), S4 chloroform-methanol (7 : 3). 85 benzene—cthyl acetate (7 @ 3),
SO cthyl acetate-acctone=cthanol-water (4 - 12 1 2 ). Paper chromatography was carried out in the system
S7. 2-propanol-concentrated aqueous ammonia—water (7 @ 1 2 2) (paper Whatman 1). High performance
liquid chromatography was performed on 250 x 4 mm or 250 x 17 mm columns packed with Separon SGX
CIS (S um or 10 pome Laboratorni piistroje. Prague. Czech Republic), isocratic clution (1 ml/min) with
0.05 saricthylammonium hyvdrogen carbonate, ptl 7.5, containing 5 vol.% of acctonitrile (S8): detection at
254 nm. Paper electrophoresis was done on a Whatman 3 MM paper at 40 Viem for 1 hin 0.05 M tricthyl-

ammonium hydrogen carbonate, pll 7.5 (89).
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Chemicals and reagents. Adenine was a Janssen (Belgium) product, 2-amino-6-chloropurine was

purchased from Mack company (Germany). Cytosine was obtained from Fluka (Switzerland). bis(2Z-propyl)
phosphite from Strem company (France). (R)-glycidol butyrate from Genzyme Fine Chemicals company
(United Kingdom) and (K)-glycidol was an Arco (U.S.A.) product. 4-Mcthoxy-2-pyrimidone was prepared
according to a published pmucdurcz‘g. Dimethylformamide, dichloromethane and acetonitrile were dried by

distillation from phosphorus pentoxide and stored over molecular SieVes.

Bis(2-propy!) p-Toluenesulfonyloxymethylphosphonate (XXTIT)

Tricthylamine (3.4 ml) was added to a stirred mixture of bis(2-propyl) phosphite (96 g) and para-
formaldehyde (23 g) and the mixture was heated at 100 °C 1o complete dissolution of the para-
formaldehyde and then for 1 h more. After cooling. acctonitrile (500 ml) and p-toluenesulfonyl chloride
(121.5 g) were added to the stirred mixture, foltowed by tricthylamine (90 ml) and <4-dimcthyl-
aminopyridine (1 g). The mixture was stirred for 24 h. cooled with ice, and tricthylammonium hydrogen
carbonate (400 ml of 0.4 M solution) was added. After stirring for further 24 h, acctonitrile was evaporated
in vacuo at 40 °C and the mixture was extracted with cther (3 x 200 ml). The ethereal extract was dried
over sodium sulfate, filtered, the filtrate was concentrated in vacuo and the residue chromatographed in
benzene (200 mb) on a column of silica gel (500 ml). Flution with benzene removed impurities of higher
Ry (TLC on silica gel plates in chloroform) and the product was cluted with cthyl acetate. After evapo-
ration of the solvent in vacuo. the remaining oil was stirred with light petroleum (300 ml) to solidification,
the solid was collected, washed with light petroleum and dried in vacuo. Yicld 140 g of bis(2-propyl)
p-toluenesulfonyloxymethylphosphonate, m.p. 37.5 °C. For €y H0,PS (350.4) caleulated: 47.98% C,
0.61% 1. 8.86% P. 9.15% S: found 48.15% C, 6.80% . 9.02% P, 9.24% §.

9-(R)-(2.3-Dihydroxypropyhadenine (X1TH)

A) (R)-Glycido! butyrate (XI1: 34 g) was added at 100 °C to a stirred mixture of adenine (27 g. 0.2 mol).
potassium carbonate (1.5 g) and dimethylformamide (600 ml). The mixture was heated at 100 °C for 3 h,
filtered while hot and washed with dimethylformamide (S0 ml). “The filtrate was concentrated in vacuo, the
residue mixed with 0.05 M sodium methoxide in methanol (500 ml) and the solution sct aside overnight.
The separated product was collected. washed with cthanol and cther and dried in vacuo: yicld 32 g (76%)
of 0-(R)-(2.3-dihydroxypropyDadenine, homogencous according to TLC in S4. An analytical sample was
crystallized from methanol with addition of cther. For CgllNsO, (200.2) caleulated: 45.93% €. 5.30% I
33.48% N: found: 46.15% C. S.45% 11. 33.70% N.

B) A solution of compound XIVb (10 g, 40 mmol) in (1.25 M sulfuric acid (150 ml) was allowed to stand
overnight at room temperature. After neutralization with saturated barium hydroxide solution, the mixture
was heated to 80 °C and filtered while hot. The precipitate was washed with boiling water (1 1). the filtrate
was evaporated and the residue codistilled with ethanol and crystatlized from 80% ethanol with addition of
cther. Yield 7.7 g (92%) of compound X//1h. identical with the product obtained by procedure A.

9-(R)-(2.2-Dimethyl-1.3-dioxolan-4-ylmethyhadenine (X7Vh)

Compound XIIb (prepared from 1.35 g (10 mmol) of adcnine according to procedure A) was mixed with
dimethylformamide (40 ml), 2.2-dimcthoxypropance (40 ml) and 6 M HCLin DMF (5 ml). “The mixture was
stirred overnight with exclusion of moisture, made alkaline with tricthylamine, the solid was filtered off.
washed with acetone, and the filtrate was evaporated. Column chromatography on silica gel (150 ml) in
chloroform (the product was cluted with chloroform—mcthanol (9 : 1)), followed by crystallization from
methanol with addition of ether. afforded 1.1 g (44%) of compound XIVh, m.p. 221 °Cu Ry 0.50 (S2): [u]),
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$22.3° (¢ 0.5, dimethylformamide). For € H sNsO, (249.3) caleulated: 53.00% €. 6.06% 1. 28.10% N:
found: 53.15% €. 5.99% 11. 27.85% N.

N(’.N"-I)ihcn/nyl 9-(R)«(2.2-dimethyl 1.3-dioxolan-4-ylmethyhadenine (XN1X)

4 Dimethylaminopyridine (0.6 g) and benzoyl chloride (12 ml, 14.5 g 103 mmol) were added to an ice-
cooled mixture of isopropylidene derivative X1VH (12.5 g, 40 mmol) and pyridine (180 ml). The mixture
was stirred at 0 °C for 2 h and at room temperature overnight. After addition of methanol (10 ml) the
mixture was concentrated. the residue dissolved in cthyl acetate (200 ml). washed with water (50 mi) and
the layers were quickly separated before the product began to precipitate. The organic phase was
concentrated in vacuo and the residue was boiled briefly with ethanol (250 ml). After cooling, the solid
was collected. washed with ethanol and cther, and dried in vacuo, yield 15.3 g (84%) of dibenzoyl deri-
vative XIX, m.p. 232 °C: [a]y, +13.3° (¢ 0.5, dimcthylformamide). For CastyNsO (457.5) calculated:
65630 C.5.07% 11 15.31% N: found: 65.20% €. 5.13% 1. 15.17% N. '"H NMR spectrum: 1.33 5. 6 11
(isopropylidence): 3.70 dd. 1 1T (J(37.2") = 5.6, J(gem) = 8.8) and 413 dd, 1 H (J(3'.27) = 6.0) (3'-CH,):
415 =460 m, 3 H (1-CH, + 2-CHY: 8019 + 8.66 25 s, 2 TTH(H-2 and T-8): 7.20 = 7.90 m, 10 I (aromatic ID).

N"»an/oyl-q-(l\') (2.3-dimethyl-1.3-dioxolan-4-ylmethyladenine (XX)

Concentrated ammonia (70 ml) was added to a solution of compound X7X (15 g. 33 mmol) in dioxane (360 ml).
The mixture was stirred for 30 min at room temperature. the solvent evaporated and the residue codistilled
with dioxane (2 x 100 ml). Crystallization from cthanol with addition of light petroleum afforded 11.7 g
(quantitative yicld) of compound XX, m.p. 125 = 126 °C {u]y, +21.8° (¢ 0.5. dimethylformamide). For
C s oNsO5 (353.4) caleulated: 61.01% C. 5.41% H. 19.77% N: found: 60.34% C. 5.55% 11. 19.55% N.

NC-Benzoyl-9-(R)-(2.3-dihydroxypropyladenine (XVh)

A) From compound XX. A solution of compound XA (144 g. 33 mmol) in a mixture of dioxane (100 ml)
and .25 M sulfuric acid (100 ml) was heated at 80 °C for 1 h. cooled, neutralized with tricthylamine and
the solvent was evaporated in vacuo. The residue was stirred with chloroform (200 ml) and water (100 ml).
the solid was collected. washed with chloroform and dried in vacuo. yield 7.8 g (75%) of compound X'Vb,
m.p. 202 °Ce [ty +28.6° (¢ 0.5, dimcthylformamide). For CysHsNsO5 (313.3) caleulated: 57.50% C,
4.82% 11 22.36% N: found: 57.64% C. 4.86% 11, 22.44% N. "Il NMR spectrum: 3.46 m. 2 11 (3'-Cl1,);
3.05 m, 1 1 (2-CH): 4.19 br d and 4.47 br d, 2 11 (1'-Cl15): 495 and 5.20 2 x brs. 2 x 1 HOI): 8.75
and 842 2 x s, 2 x LI (H-2 and H-8): 1111 brs, 1 H (NI 7.37 = 8.20 m. 5 1 (aromatic H).

B) From compound XIIb. A suspension of compound X111b (32 g. 0.15 mol) in pyridine (200 ml) was
evaporated in vacuo. the residue was dissolved in pyridine (800 ml) and chlorotrimethylsilane (108 ml)
was added. The mixture was stirred for 1 h, benzoyl chloride (97 ml) was added and stirring was continued
for further 2 h. The reaction mixture was cooled with ice and ice-cold water (166 ml) and concentrated
aqueous ammonia (370 ml) were successively added. After stirring for 30 min at 0 °C the mixture was
concentrated in vacuo and the residue partitioned between water (400 ml) and cthyl acetate (180 mi). The
separated erystalline product XVh was collected on filter. washed with water and ethyl acctate, and dricd.
Yicld 9 ¢ of chromatographically pure benzoyl derivative XVh. Ry 0.30 (82). The residue was evaporated
in vacuo. codistilled with ethanol (2 x 100 ml). stirred with ¢thanol (250 mi) for 16 h. and the separated
salts were (iltered off. After evaporation, the residue was column chromatographed on silica gel (500 ml)
in chloroform. The corresponding fractions (clution with chloroform—cthanol 9 @ 1) were combined. evapo-
rated. and the residue was crystallized from cthanol with addition of c¢ther: yield 27 g of the same product.
The total yield amounted to 75% of product identical with that obtained by procedure A.
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N{'-ch/nyl»‘)»(If)»(l-hydruxy-3~lriplwn_\'|mcllmx)pmpyl)zu]vninv (NVIh)

A suspension ol of compound XVb (4.8 g 1S mmol) in pyridine (50 ml) was evaporated in vacuo, the
residue was codistilled with pyridine (2 x 50 ml) and dissolved in dimethylformamide (SO ml) and pyridine
(25 ml). Trityl chloride (6.2 g) and 4-dimethylaminopyridine (1 g) were added and the mixture was stirred
at SO °C for 20 h under exclusion of moisture. Mcthanol (20 ml) was added and after 30 min the solvent
was evaporated in vacuo. The residue was dissolved in chloroform (SO0 ml), the solution was washed with
saturated solution of sodium hydrogen carbonate (2 x 100 ml), water (100 ml). and dried over magnesium
sulfate. After evaporation in vacuo, the residue was stirred with acetone (50 ml), light petroleum (150 ml)
was added, and the product was collected, washed with light petroleum and dried: yield 5.7 g (66%) of the
trityl derivative XVIb, m.p. 214 °C, [a], +15.5° (¢ 0.5, dimcthylformamide). For Cy150NsO5 (555.6)
calculated: 73.55% €, 5.26% . 12.61% N: found: 73.42% C. S.48% M, 12.94% N. "Il NMR spectrum:
2.04.dd, T HE(J(37.2°) = 5.9 J(gem) = 9.5) and 3.07 dd. 1 H (J(3°.27) = 5.1) (3-CHa): 406 my 1 H (2-CH):
427 ddo T H (J(17.2") = 81 J(gem) = 13.9) and 446 dd. 11T (172" = 3.9) (1'-CH,): 5.50 bros, 11
(3-OH): 8.72 s 1 Hand 8.36 s, 1 H (H-2 and H-8): 11.2 br s, 1 (NH): 7.10 = 7.50, 15 11. 7.50 = 7.70,
3 11 8.05, 2 H (aromatic ).

0-(K)-(3-1ydroxy-2-phosphonomethoxypropyhadenine (XXVIIh)

A mixture of compound XVIH (5.50 g 10 mmol). tosyl derivative XX (4.2 g. 12 mmol) and
dimethylformamide (40 ml) was cooled to =15 °C and 1.4 g of 60% sodium hydride dispersion (0.84 g, 35
mmol) was added. The mixture was stirred at =10 °C for I h and then at room temperature for 72 h. Acetic
acid (1.5 ml) was added, the solvent was evaporated at 40 °C and 13 Pa and the residue was stirred and
refluxed with 8O% acctic acid (60 ml) for 30 min. The mixture was taken down, the residue codistilled
with toluene (2 x 25 ml). dissolved in chloroform and washed successively (25 ml cach) with water, satu-
rated sodium hydrogen carbonate solution and water, and dricd over magnesium sulfate. After evaporation,
the remaining diester XXXV (2.3 go 47%) was set aside with 0.1 M sodium methoxide in methanol (200 ml)
for 16 h and then neutralized by addition of Dowex SO X 8 (H* form). ‘The suspension was made alkaline
with tricthylamine, filtered. the solid washed with methanol, the filtrate evaporated in vacuo, and the resi-
duc dried and dissolved in acctonitrile (50 ml). Bromotrimethylsilane (S ml) was added and the mixture
was allowed to stand at room temperature for 3 days. After evaporation in vacuo. the residue was worked
up as described for compound XXV1la, affording 1.4 g (44%. calculated on the trityl derivative XVIb) of
monohydrate of compound XXVIIh, m.p. 262 °C: [«]y, +25.0° (¢ 0.5, 0.1 M HCD. For CyH \NsOsP L 11,0
(321.2) calculated: 33.65% C, 5.02% 11, 21.79% N, 9.65% P: found: 33.44% C, 4.86% 1. 21.93% N,
0.54% P.

1-(K)-(2.3-Dihydroxypropyl)cytosine (X1a)

Compound X11 (52 g) was added at 100 °C 10 a stirred mixture of cytosine (33.3 g. 0.3 mol). cesium carbo-
nate (3 g) and dimethylformamide (600 ml). The mixture was stirred at 100 °C for 4 h and then the solvent
was evaporated in vacuo. ‘The residue was codistilled with toluene (2 x 100 ml) and allowed to stand with
0.05 M mcthanolic sodium methoxide (SO0 ml) for 16 h. The separated crystalline product X1lla was
collected, washed with ethanol. ether, and dried in vacuo: yicld 39 ¢ of product containing (11.C in $6) a
small amount of cytosine. ‘This product was used in the next step without further purification.

The filtrate was evaporated in vacuo and the residue was deionized on a column of Dowex 50 X 8 (11*
form). After elution with water to disappearance of UV absorption and acidity. the product was cluted with
2% aqueous ammonia. The UVeabsorbing (raction was evaporated and the residue was crystallized from

SO% aqueous cthanol with addition of cther to give further 4.5 ¢ of chromatographically homogencous
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Xlla: Ry 007 (eytosine 0.20) in S6. M.p. 186 = I87 °C: [a]p +37.2° (¢ 0.5, dimethylformamide). For
Col1, N3O (185.2) caleulated: 45.39% C.5.99% 11 22.60% N: found: 45.76% C. 6.12% 1. 22.77% N.

| v(I()-(_’.l»l)inwlhyl-l..3»diuxol:m-él-ylm(-lh_\'l)cylu\’inn' (X1Va)

A mixture of compound Xila (prepared from L1 g (10 mmol) of cytosine as deseribed above).
dimcthylformamide (S0 ml). 2.2-dimcthoxypropane (50 ml) and 6 s HC in dimethylformamide (5 ml) was
stirred for 24 h. made alkaline with tricthylamine, filtered. the solid was washed with acetone and the fitrate
evaporated. ‘The residue was crystallized from cthanol o give 1.34 ¢ (60%) of compound XTVa, m.p. 245 °C;
[t]yy +31.3° (¢ 0.5, dimethylformamide). For CghsNyOy (225.3) caleulated: 53.32% C. 6.71% 11, 18.66% N:
found: 53.21% C. 6.52% 11. 18.44% N.

N -Benzoyl-1-(R)-(2.3-dihydroxypropyheytosine (XVa)

A suspension of compound X1lla (11.7 g. 63 mmol) in pyridine was evaporated in vacuo. the residue was
suspended in pyridine (300 ml). and chlorotrimethylsifane (42.5 ml) was added. After stirring for 1 h,
benzoyl chloride (38 ml) was added and the stirring was continued for 2 h. "The mixture was cooled to 0 °C
and water (66 ml). followed by concentrated aqueous ammonia (145 ml), was added dropwise with stirring
which was continued for 30 min at 0 °C. After evaporation of the solvent in vacuo, the residue was crys-
Gllized from water to give 145 g (79%) of practically purc compound XVa. An analytical sample was
obtained by crystallization from cthanol with addition of cthers map. 218 °Cy [y, +71.4° (¢ 0.5,
dimethylformamide). For Cp N3O (289.3) caleulated: S8.12% 5.23% H. 14.53% N: found: 58.16% C,
SAS% HL 14.39% N.

N-Benzoyl-9-(R)-(2-hydroxy-3-triphenylmethoxypropyleytosine (XVia)

A mixture of compound XVa (13.6 g. 47 mmol). trityl chloride (13.5 g). 4-dimethylaminopyridine (1 g).
dimethylformamide (100 ml) and pyridine (40 ml) was stirred at 50 °C for 40 h. Mcthanol (10 ml) was
added and after 30 min the solvents were evaporated in vacuo. The residue was dissolved in chloroform
(500 ml) and the solution was washed with saturated sodium hydrogen carbonate solution (3 x 100 ml) and
water (100 ml). After drying over magnesium sulfate and evaporation of the solvent, the residuce was
codistilled in vacuo with toluene (2 x 100 ml), dissolved in benzene (100 ml) and this solution was added
dropwise under stirring to light petroleum (700 ml). The separated product was collected. washed with
light petroleum and dried in vacuo. Yield 118 g (40%) of compound XVIa. m.p. 154 °C: [ae]yy +82.6° (¢ 0.5,
dimethylformamide): Ry 0.78 (82). For Cg3llgNyO 4 (651.7) caleulated: 79.24% €. 4.49% 11 6.45% N:
found: 79.32% C. 4.70% . 6.30% N.

Livaporation of the filtrate in vacuo and column chromatography of the residuc on silica gel (300 ml) in
chloroform afforded another 7.4 g (25%) of compound XV/a.

9-(R)-(3-11ydroxy-2-phosphonomethoxypropyl Jeytosine (XAVIa)

A mixture of compound XV/a (11.8 g. 18.7 mmol) and compound XX/I1 (8.3 g. 23.7 mmol) was codistitled
with dimethylformamide (2 x SO ml) at 40 °C and 13 Pa and then dissolved in dimethylformamide (70 ml).
The solution was cooled to =10°C, sodium hydride (2.3 g of 60% dispersion in paralfin, i.c.. 57.5 mmol)
was added and the mixture was stirred at room temperature for 2 days. After addition of methanol (200 ml),
the solution was set aside for 16 h. neutralized with Dowex 50 X 8 (H* form) and made alkaline with
tricthylamine. The Dowex was filtered off. washed with methanol (200 ml) and the filtrate was evaporated
in vacuo. The residue was boiled with S0% acetic acid (150 ml) for 45 min, filtered and the filtrate was

taken down. After addition of water (300 ml). the mixture was extracted with ether (3 x 100 ml). the
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aqucous phase was evaporated and the residue deionized on a column of Dowex 50 X 8 (I1* form, 200 ml).
After washing the column with water to disappearance of the UV absorption, the product was eluted with
dilute (1 : 10) aqucous ammonia. The UV-absorbing fraction was stripped of the solvent and the residue
was codistilled with ethanol (2 x SO ml) and dricd in vacuo. The amorphous residue was allowed to stand
overnight with bromotrimethylsilane (20 ml) in acctonitrile (100 ml) under exclusion of moisture. After
cvaporation in vacuo, the residue was codistilled with acetonitrile (S0 ml) and dissolved in water (100 ml).
After standing for 30 min the mixture was made alkaline with ammonia and the solvent was evaporated.
The residue was deionized as described above on a column of Dowex 50 X 8 (H* form, 200 ml), the
ammonia cluate was taken down and the residue was chromatographed on a column of Dowex 1 X 2
(acctate form, 200 ml): the column was first washed with water and then the product was cluted with 0.2 m
acctic acid. ‘The UV-absorbing cluate was concentrated. the residue codistilled with water (3 x 50 ml) and
then erystallized from water with addition of cthanol (3 parts) and cther to turbidity. After cooling. the
separated product was collected, washed with cther and dried in vacuo: yield 5.1 g (91%) of compound
XXV1a (monohydrate), m.p. 278 °Cq [a])y +110.5° (¢ 0.5, 0.1 s HCD. For Cgll (N3O P L 1,0 (297.3)
caleulated: 32.32% C05.43% T 14 14% N 1OA4% P: found: 32.12% C, 5.58%: 11 14.42% N, 10.63%. P.
I"'l‘]- 0.76.

2-Amino-6-chloro-9-(R)-(2.3-dihydroxypropyl)purine (X1/1d)

A mixture of 2-amino-6-chloropurine (8.5 g. SO mmol). compound XII (8.65 g. 60 mmol). cesium carho-
nate (0.75 g) and dimethylformamide (125 ml) was stirred at 100 °C for 1 h. The solvent was evaporated
under diminished pressure. the residue was codistilled with toluene (2 x 50 ml) and allowed to stand with
methanolic 0.02 v sodium methoxide (250 ml) at room temperature overnight. The solution was concentra-
ted. mixed with cthanol (125 ml) and acctone (125 ml). and the precipitate was filtered and washed with
acctone (100 ml). The filtrate was cevaporated. treated with water (100 ml) and applied onto a column of
Dowex 50 X 8 (H* form. 300 ml). The column was washed with water to drop in UV absorption and
acidity of the cluate and then the Dowex was suspended in water (300 ml). To the obtained suspension
aqucous ammonia was added 1o adjust the mixture to pH 10, The ion exchanger was filtered off, washed
with water, the filtrate was evaporated and the residue codistilled with ethanol (2 x 50 ml). The product
was dissolved in methanol (200 ml), adsorbed on silica gel (60 g). dried, slurried in chloroform and
applied onto a column of silica gel (400 ml). Elution with methanol-chloroform (1 : 9) afforded a product
which was precipitated with cther, filtered and dricd: yield 5.0 g (41%) of compound XI11d. m.p. 205 °C;
[«]yy +67.6° (¢ 0.5, dimethylformamide). For CyHoCINGO S (243.7) calculated: 39.43% C, 4.14% 11,
14.55% C1. 28.75% N: found: 39.13% C. 3.99% 1. 14.26% C1. 23.93% N. 11 NMR spectrum: 3.33 dt, 1 11
(J(3".2") = S8.J3OH) = 58, J(gem) = 11.2) and 341 de 1 H (/32" = 5.2) (3-CH,): 382 m, | (X =
28.7) (2-CHD: 3.02.dd. T H (J(17.2") = 8.6, J(gem) = 13.8) and 4.20 dd. 1T (J(1'.2") = 3.6) (1'-CH,): 4.83 1.
(J =58)yand S.11 d. (J =5.0). 2 x I H(OH): 6.89 brs. 211 (2-NH5): 8.09 s 1 H (H-8).

O-(R)-(2.3-Dihydroxypropyl)guanine (X11le)

A solution of compound X/Td (4.5 g. 18.8 mmol) in 1 M hydrochloric acid (200 ml) was refluxed for 2 h,
cooled and ncutralized with aqueous ammonia. After evaporation. the residue was erystallized from water
to give 3.7 ¢ (87%) of compound XTIle, not melting up to 300 °C [y, +40.6° (¢ 0.5 dimethylformamide).

N. '11 NMR spectrum: 320 de I ((37.27) = SSC/3.0H) = 5.5 J(gem) =11.0) and 3.37 di 1 (J(3'.2")
= 5.2) (3-CH5) 376 mo T H (X = 27.2) (2-CH): 3.82 ddo 1T (/(17.27) = 8.0, J(gem) = 13.7) and 4.08
ddo T H (1727 = 3.0) (1-CHa) 481 10 = S5y and S.00 do (= 5.2) 2 x 1 H (OHD): 6.49 br s, 211
(2-NH5): 7.62 s 1 HE(H-8): 1007 bros. T H(NID.

Collect. Czech. Chem. Commun. (Vol. 58) (1993)



Inantiomeric Derivatives of Purine and Pyrimidine Bases 665

N>-Benzoyl-9-(R)-(2.3-dihydroxypropyl)guanine (XVd)

A suspension of compound XIHle (3.7 g, 16.5 mmol) in pyridine (50 ml) was cvaporated in vacuo. This
procedure was repeated twice more and the residue was resuspended in pyridine (100 ml). Chloro-
rimethylsilane (13.7 ml) was added and, after stirring for 1 h. benzoyl chloride (10.7 ml) was added and
stirring was continued for 2 h. After cooling with ice, the mixture was decomposed with ice-cold water (17
ml) followed by aqueous ammonia (38 ml), stirred for 30 min at 0 °C and evaporated. ‘The residue was
treated with water (150 ml) and chloroform (60 ml), the product was filtered, washed with chloroform,
acctone and cther and dried. Yield 5.0 g (91%) of compound XVd. m.p. 141 °C: [}y +47.3° (¢ 0.5,
dimethylformamide). For Cy5HsNgO, (329.3) caleulated: 54.70% C, 4.59% H. 21.27% N: found: 54.48% C.
4.60% 1., 20.97% N. '"H NMR spectrum: 3.35 m. 1 11 (3-CH,): 3.86 m, | H (2°-CH): 3.99 dd. 1 1l
(J(1".2") = 8.6, J(gem) = 13.4) and 4.27 dd, 1 I (J(1'.2") = 3.2) (I'-ClH,): 4.88 1, (J(3".OH) = 5.0 and 5.17 d.
SO =5.2). 2 x 1 HOH): 7.04 s, 1 H(HS8): 1110 brs, 1 HT(NHDY: 7.95 = 8.10 m. 2 H and 7.50 = 7.70 m,
3 11 (aromatic 11).

N=-Benzoyl-9-(R)-(2-hydroxy-3-triphenylmethoxy propyl)guanine (YVId)

A solution of compound XVd (5.0 g (1S mmol). trityl chloride (7 g) and 4-dimethylaminopyridine (0.5 g)
in a mixture of dimethylformamide (60 ml) and pyridine (20 ml) was stirred at 60 °C for 24 h under exclu-
sion of moisture. Mcthanol (5 ml) was added and after stirring for 20 min the solvents were evaporated.
The residue was dissolved in chloroform. the solution washed with water (2 x SO ml) and dried over
magnesium sulfate. Aflter evaporation of the solvent, the residue was stirred with ether (100 ml), the sepa-
rated product was collected, washed with ether and dried: yield 7.6 g (89%) of chromatographically homo-
gencous (S1) compound XVId, m.p. 146 °C. [a], +24.2° (¢ 0.5, dimethylformamide): For Cy,l10NsO),
(571.6) calculated: 71.44% C, 5.11% 1, 12.25% N: found: 71.79% . 5.20% 11, 12.32% N.

Bis(2-propyl) N*-Benzoyl-9-(R)-(2-phosphonomethoxy-3-triphenylmethoxypropyl)guanine (XXTVd)

A mixture of compound XVId (7.5 g. 13 mmol) and tosyl derivative XXII (5.2 g. 14.9 mmol) was
codistilled with dimethylformamide (3 x 25 ml) at 40 °C and 13 Pa, the residue was dissolved in
dimethylformamide (40 ml). cooled to =10 °C and mixed with sodium hydride (1.6 g, 40 mmol, of 60%
dispersion in paraffin). ‘The mixture was allowed to warm to room temperature and stirred under exclusion
of moisture at 80 °C for 16 h. Mcthanol (200 ml) was added, the mixture was immediately neutralized
with Dowex 50 X 8 (H* form), the Dowex was filtered off. washed with methanol and the solvent was
evaporated. Column chromatography on silica gel (300 ml) in chloroform afforded 6.2 g (64%) of
compound XXIVd. m.p. 107 = 109 °C: Ry 0.45 (S3). For CH, 1 NsO;P (749.9) caleulated: 65.67% C,
S.01% 1. 9.34% N, 4.14% P found: 65.34% C. 5.78% 11. 9.08% N. 4.31% P. "I NMR spectrum: 112 +
113 4 116 + 117 4 x dod x 3 1 (J(CHRCHY = 6.1) (CHy) 3.00 dd. 1 H (J(3".2") = 5.1, J(gem) = 10.5)
and 3.15 dd. T H (J(37.2") = 3.9) (3'-CH,): 378 dd. 1 H(J(P.CH) = 9.8, J(gem) = 13.4) and 3.81 dd. 1 11
(J(P.CI = 9.5) (P=CHL): 3.96 mo 1 H (= 20) (2-CHD: 427 ddo T H (J(17.2) = 4.5, J(gem) = 14.5) and

(O 6.49 brs. 2 1 (2-NHy): 7.77 s 1 H (HES): 710 = 7.90 (aromatice 11).

9-(K)-(3-Hydroxy-2-phosphonomethoxypropyhguanine (XXVIId)

A solution of compound XXIVd (6.2 g. 8.3 mmol) in 0.1 M mcthanolic sodium methoxide (200 ml) was
allowed to stand overnight and then neutralized with Dowex 50 X S (H* form). The Dowex was filtered.
wished with methanol and the solvent was evaporated. the residue was boiled with 80% acetic acid for 30
min, water (200 ml) was added and the mixture was extracted with cther (3 x 50 ml). The aqueous phase

wias concentrated and the residue codistitled with ethanol (3 x SO ml) and dried in vacuo. Acctonitrile
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(40 ml) and bromotrimethylsilane (4 ml) were added, the solution was sct aside at room temperature
overnight and the solvent was evaporated. ‘The residue was dissolved in water (50 ml) and made alkaline
with ammonia. After evaporation, the residue was applied onto a column of Dowex 50 X 8 (H* form: 100
ml) which was washed with water. After washing out the salts the product (longer retention time) was
cluted. The appropriate fraction was cvaporated and the product crystallized from water with addition of 3
volumes of cthanol. Yicld 1.7 g (64%) of compound XXVIId, m.p. >260 °C: [a]p +67.6° (¢ 0.5, 0.1 M
HC). For Collj NsOP (319.3) calculated: 33.85% C, 4.42% 1. 21.94% N, 9.72% P; found: 32.85% C,
4.58% H, 21.97% N. 9.54% P.

2.6-Diamino-9-(K)-(2.3-dihydroxypropyl)purine (X1/ic)

A solution of (R)-glycidol butyrate (XII: 8.65 g. 60 mmol) in dimcthylformamide (20 ml) was added to a
stirred mixture of 2.6-diaminopurine (7.5 g. 50 mmol), cesium carbonate (1 g) and dimethylformamide (80
ml), preheated to 100 °C. The mixture was stirred at 100 °C for 4 h (quantitative reaction). filtered while
hot and the filtrate concentrated in vacuo. ‘The residue was codistilled with toluene (2 x 100 ml) and set
aside with (.1 M methanolic sodium methoxide (200 ml) overnight. The crystalline product was collected,
washed with methanol, cther, and dried: yield 7.5 g (67%) of compound Xlllc of purity higher than 98%
(HPLC in $8). An analytical sample was crystallized from water, m.p. 240 °C. For Cgll[;N O, (224.2)
calculated: 42.85% C, 5.40% 11, 37.49% N: found: 42.55% C. 5.30% I1. 37.75% N. 'll. NMR spectrum:
3.24 pent, 1 H (X7 = 23.0) + 3.35 pent. 1 H (2T = 22.0) (3-CHy): 3.77 m, | H (2T = 27.8) (2'-CH): 3.84 dd,
1 H (J(17,2') = 7.6, J(gem) = 13.9) and 4.10 dd, 1 11 (J(1".2) = 3.7) (1"-CHy): 4.91 . (J(3".OH) = 5.7) and
5.46 d. (J(2.0H) = 5.1). 2 x 1 T (OH): 5.94 br s, 2 H and 6.70 br s, 2 L (NH,): 7.62 s, 1 11 (H-8). After
exchange: 3.26 dd. 1 11 (J(3".2") = 6.1, J(gem) = 11.2) and 3.35 dd. 1 11 (J(3'.2) = 5.1) (3'-Cll,): 3.77 m,
1 H (2 =22.7) 2'-CH).

2',3"-O-Isopropylidene derivative (XIVe), m.p. 232 = 233 °C: [a]yy +7.4° (¢ 0.5, dimethylformamide).
For C;1H;,NgO, (264.2) calculated: 49.98% C. 6.11% 1, 31.80% N: found: 49.76% C, 5.98% . 31.81% N.

2.6-Bis(benzoylamino)-9-(K)-(2.3-dihydroxypropyl)purine (XVc)

A suspension of compound X/lIc (6.7 g. 30 mmol) in pyridine (100 ml) was evaporated and the residue
stirred with pyridine (140 ml) and chlorotrimethylsilane (25 ml, 200 mmol) at room temperature for [ h.
Benzoyl chloride (18.6 ml, 160 mmol) was added. the mixture was stirred at room temperature for 2 h and
cooled with ice. Water (30 ml) and concentrated ammonia (70 ml) were successively added and after 30
min at 0 °C the mixture was concentrated. The residue was codistilled with cthanol (4 x 200 ml) and
stirred with ethanol (300 ml). The undissolved inorganic salts were filtered off, the filtrate was evaporated
and the residue extracted with boiling chloroform (2 x 200 ml). The chloroform extract contained the
product (R 0.42 in $2) whereas the insoluble portion was benzamide. After filtration, the chloroform was
cvaporated and the residue crystallized from cthanol. affording 4.1 g of chromatographically pure product
XVe: chromatography of the mother liquor on a column of silica gel (200 g) and crystallization under the
same conditions as above gave further 3.3 g of the same product, the total yield being thus 7.4 g (56%) of
compound XVe, m.p. 140 — 142 °C: [«], +7.6° (¢ 0.5, dimethylformamide). For Cy,1150N,0,(432.4) calcu-
lated: 61.10% C, 4.66% H. 19.44% N: found: 60.91% C. 4.39% 11, 19.46% N. 'Ill NMR spectrum: 3.33
pent. 1 H (X7 = 23.4) + 3.54 pent, 1 H (X = 21.7) (3'-CIy): 3.92 m. | H (2] = 28.3) (2"-CH): 4.15 dd, 1 Tl
(J(1".2"y = 7.8, J(gem) = 13.9) and 4.37 dd, 1 H (J(1'.2") = 3.7) (1'-Cll,); 4.91 ¢, (J(3",O11) = 5.7) and 5.21
d. (J(2'.OH) = 5.4). 2 x | H(OH): 831 s, 1 H (H-8): 11.02 and 11.17 2 x s, 2 x | H (NH); 7.50 - 7.70
m. 6 H and 7.90 - 8.10 m, 4 Il (aromatic H). After exchange: 3.32 dd. 1 11 (J(3".2") = 6.5, J(gem) = 11.2)
and 3.54 dd, 1 H (J(3'.2') = 4.8) (3'-CH,): 3.92 m. 1 1 (/ = 22.8) (2’-CH).
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2.6-Bis(benzoylamino)-9-(R)-(2-hydroxy-3-triphenylmethoxypropyl)purine (XVic)

Trityl chloride (6.0, 19.5 mmol) and 4-dimethylaminopyridine (0.5 g) were added at 70 °C 10 a stirred
mixture of compound XVe (6.5 g. 15 mmol). dimethylformamide (40 ml) and pyridine (20 ml). The stirring
at 70 °C was continued for 24 h, methanol (S ml) was added and after 1 h the mixture was concentrated
in vacuo to half of the original volume. The residue was diluted with cthyl acetate (500 ml), the solution
washed with water (3 x 100 ml), the organic solvent was evaporated, the residue codistilled with tolucne
(4 x 100 ml) and purified by column chromatography on silica gel (200 ml) in chloroform. Fractions,
containing the compound XVIc¢ (Rg: 0.67 in S1). were combined. the solvent was evaporated and the residue
precipitated from cther with light petroleum. Yicld 5.0 g (49%) of compound XVic, m.p. 144 — 145 °C:
[t]p +11.8° (¢ 0.5, dimethylformamide). For CyHy NGO, (674.7) caleulated: 72.98% C, 5.08% 1. 12.46% N:
found: 73.03% C. 5.11% H, 12.81% N.

9-(R)-(3-11ydroxy-2-phosphonomethoxypropyl)-2.6-diaminopurine (XXV1/¢)

A mixture of compound XVic (4.9 g. 7.25 mmol) and tosyl derivative XX111 (3.0 g. 8.6 mmol) was
codistitled with dimcthylformamide (3 x 20 ml) at 40 °C* and 13 Pa. A solution of the residue in
dimethylformamide (30 ml) was mixed with 60% dispersion of sodium hydride in paraffin (0.9 g. 22.5
mmol) and the mixture was stirred (calcium chloride protecting tube) at room temperature for 3 days. After
addition of 0.1 M methanolic sodium mecthoxide (200 ml), the mixture was set aside for 2 days at room
temperature, neutralized with Dowex 50 X 8 (H* form). and madc alkaline with tricthylamine. The Dowex
was filtered off and washed with methanol (200 ml). The combined filtrates were taken down in vacuo and
the residue was refluxed with 80% acetic acid (200 ml) for 30 min. After evaporation, the residue was
diluted with water (200 ml). the suspension was extracted with cther (3 x 100 ml). the extract was washed
with water (50 ml) and the combined aqueous phases were taken down in vacuo. ‘The residue was deionized
on a column of Dowex 50 X 8 (H* form; 200 ml): the column was washed with 20% aqueous methanol to
drop of UV absorption of the cluate and then with 2% ammonia in 20% aqucous methanol. ‘The ammonia
UV-absorbing cluate was cvaporated to dryness. the residue codistilled with ethanol (3 x 50 ml) and dricd
in vacuo. The thus-obtained compound XXVIb was treated with acetonitrile (40 ml) and bromotri-
methylsilane (4 ml), and the obtained solution was allowed to stand overnight at room temperature. The
reaction mixture was concentrated. the residue dissolved in water (100 ml) and the solution made alkaline
with ammonia and the solvent was again cvaporated. The residue was deionized on a column of Dowex 50
X 8 (H* form; 150 ml) and the ammonia cluate was concentrated. A mildly alkaline solution of the residue
was applied onto a column of Dowex 1 X 2 (acetate form: 150 ml) and the column was washed with water
to disappearance of UV absorption. The column was then cluted with a lincar gradient 0 = 0.5 M acetic
acid (750 ml cach). Fraction 0.3 = 0.5 M on cvaporation and crystallization from water afforded 1.4 g
(60.7%) of compound XXVilc. m.p. 282 = 284 °C: [u]yy +24.8° (¢ 0.5. 0.1 M HCD). For CollsN,OsP
(318.3) calculated: 33.96% C. 4.75% . 26.41% N. 9.75% P found: 33.57% C. 4.79% I, 26.15% N,
9.66% P. Ry 0.17 (S7). I:'”p 0.60. HPLC (S8) & = 0.72.

Further elution with 0.5 M acetic acid afforded (after crystallization from water) 0.55 g (18%) of
benzoyl derivative XXXII. m.p. 242 = 244 °C. For Cy11;gN,O P (422.4) calculated: 45.49% C, 4.53% 11.
19.90% N, 7.35% P: found: 44.67% C. 4.68% 1. 19.93% N. 7.52% P. Ry 0.34 (87). Ey, 0.50. '11 NMR
spectrum: 3.45 dd. 1 H (J(3".2') = 5.1, J(gem) = 12.6) + 3.72.dd. 1 11 (/3.2 =3.7) (3-CH,): 382 m. I H
(2-CH): 4.32 dd. 1 H (J(17.2') = 6.0, J(gem) = 14.8) + 4.30 dd. 1 11 (J(1'.2") = 4.6) (1'-CH,): 8.16 s, 1 H
(11-8): 3.53 dd. 1 11 (J(P=C11) = 9.6. J(gem) = 12.2) + 3.58 dd, 1 11 (J(P-CII) = 9.0) (P-Cl1,); 7.40 - 7.55 m,
311 and 7.85 = 7.90 m. 2 I (aromatic ).
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1-(5)-(2.3-Dihydroxypropyl)cytosine (X7)

A) (R)-Glycidol (A7 4.45 g, 60 mmol) was added at 100 °C 1o a stirred mixture of cytosine (5.55 g, S0
mmol), cesium carbonate (1 g) and dimethylformamide (100 ml). “The stirring at 100 °C was continued for
2 h. the solvent was evaporated, the residue codistilled with toluene (2 x 50 ml), dissolved in 80% metha-
nol (100 ml), and the hot solution was neutralized by addition of Dowex 50 X 8 (H* form). ‘The Dowex
was filtered off. washed with ethanol (100 ml) and cther was added to turbidity. The product, which crys-
tallized upon standing in a refrigerator, was collected, washed with ethanol and crystallized from 80%
aqueous cthanol with addition of cther. Yicld 6.1 g (64%) of chromatographically pure compound X7 (S6.
R 0.17), m.p. 186 = 188 °C: [a]yy +37.2° (¢ 0.5, dimethylformamide). For CoHN3O5 (185.2) caleulated:
45.39% C, 5.99% 11. 22.69% N: found: 45.55% C. 6.24% 1. 22.84% N.

B) Cesium carbonate (16.3 g, 0.05 mol) was added at 100 °C 10 a mixture of 4-methoxy-2-pyrimidone
(12.6 g, 0.1 mol). 2.3-O-isopropylidenc-1-O-p-toluenesulfonyl-p-glycerol (Vi 34.3 g. .12 mol) and
dimethylformamide (250 ml) and the mixture was stirred at 100 °C for 12 h under exclusion of moisture.
After evaporation n vacuo. the residue was extracted with hot chloroform (3 x 200 ml), the solvent was
evaporated and the residue chromatographed on a column of silica gel (400 ml). Crystallization of the
product from cthanol-cther afforded 13.2 ¢ (50%) of compound V/. identical with the product prepared
according to ref.% This product was heated at 110 = 120 °C with saturated methanolic ammonia (300 ml)
for 12 h and afier cooling the solid was collected. washed with cthanol, cther, and dricd. The obtained
isopropylidene derivative IX was set aside with 0.25 M sulfuric acid (200 ml) overnight, the solution was
neutralized with saturated solution of barium hydroxide. heated to 80 °C. filtered through Celite which was
then washed with hot water (1 1) and the combined filtrates were taken down in vacuo. Crystallization
from 80% aqucous cthanol with addition of cther afforded 7.4 ¢ (40% calculated on compound Vi) of
compound Xa. identical with compound obtained by procedure A.

Bis(2-propyl) N'-Benzoyl-1-(8)-( 2-phosphonomethoxy-3-triphenylmethoxypropylcytosine (XXVIa)

A mixture of trityl derivative® XVIlla (24 g, 38 mmol) and tosyl derivative XXIT (16.7 g. 48 mmol) was
codistilled with dimethylformamide (2 x 100 ml) at 40 °C and 13 Pa. dissolved in dimethylformamide (130 ml),
and 60% sodium hydride dispersion in paraffin (4.6 g. 0.114 mol) was added under stirring. The mixture
was stirred at room temperature for 3 days (calcium chloride tube). Acetic acid (4.5 ml) was added and the
solvent was cevaporated at 40 °C and 13 Pa. The residue was dissolved in ethyl acetate (300 ml). the solu-
tion washed with water (3 x 100 ml), the aqueous extract extracted with ethyl acetate (2 x SO ml) and the
combined organic phases were dried over magnesium sulfate. After evaporation of the solvent, the residue
was chromatographed on silica gel in chloroform, affording 25.0 g (92%) of compound XXVIIa as an
amorphous glass. For C ol (N3O5P (709.9) caleulated: 5.92% N, 4.37% P: found: 6.15% N. 4.55%. P.

Bis(2-propyl) 1-(5)-(3-1ydroxy-2-phosphonomethoxypropyl)eytosine (XXXa)

A mixture of trityl derivative® XVilla (56.8 g. 90 mmol) and tosyl derivative XXT1T (39 g LT mmol) was
codistilled with dimethylformamide (200 ml) at 40 °C and 13 Pa and then dissolved in dimethylformamide
(300 ml). The solution was cooled to =10 °C and 60% sodium hydride dispersion in paraffin (10.7 g, i.c.,
6.4 ¢ 0.27 mol of Nall) was added. The mixture was stirred at =10 °C for 1 h, then at 0 °C for 4 h and
then at room temperature for 16 h. According 1o TL.C (R 0.45 in S5) the reaction was quantitative. The
mixture was allowed to stand with 0.1 M methanolic sodium methoxide (11) at room temperature overnight
and then neuatralized by addition of Dowex 50 X S (H?* form). After addition of tricthylamine to an alkaline
reaction, the mixture was filtered. the Dowex washed with methanol (300 ml). and the filtrate taken down.
The residue was codistilled with toluene (3 x 100 ml) and boiled with 80% acetic acid (150 ml) for 40 min.
After evaporation. the residue was mixed with water (200 ml) and extracted with ether (2 x 50 ml). The
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cthereal extract was washed with water (2 x 25 ml) and the combined aqueous phases were concentrated
almost to dryness. The residue was dissolved in 25% methanol (100 ml) and applied onto a column of
Dowex 50 X 8 (11* form: 250 ml). The column was washed with 25% methanol to drop of the UV
absorption, then the Dowex from the column was suspended in 25% methanol (300 ml) and the suspension
made alkaline with ammonia to pll 10. The Dowex was filtered. washed with 25% methanol. containing
1% of ammonia. and the combined filtrates were concentrated in vacuo. The residue was codistilled with
cthanol (3 x 50 ml) and adsorbed from methanol solution on silica gel (150 mi). This sorbent was layered
on a column of silica gel (400 ml) in chloroform and eluted with a gradient of methanol in chloroform.
The product (R 0.60. S4) was cluted with methanol—chloroform (1 : 9). Fractions containing compound
XXXa were combined and stirred with dry cther (100 ml). Light petroleum (200 ml) was added and the
mixture was left to crystallize at 0 °C. Yicld 20.0 g (61%) of compound XXXa, m.p. 163 °C: [a]y -12.9°
(¢ 0.5, diemthylformamide). For CyH5aN;0.P (363.4) calculated: 46.47% €. 7.21% H. 11.57% N. 8.54%
P found: 45.97% C. 7.27% H. 11.45% N. 8.60% P. 'l NMR spectrum: 1.20 + 1.23 2 x d. 2 x 3 1
(JCH.CH) = 6.4) 1.22.d,6 TH(2 x CHy): 3.42 m. (after exchange 3.40 dd, 1 H (J(3".27) = 4.3, J(gem) =
11.9) and 3.45 dd. 1 H(J(3'.2") = 4.6) (3'-CH,): 3.60 dd. | H (J(17.2) = 6.7, J(gem) = 12.5) and 3.90 dd.
FH 1.2 = 2.75) (U-CHL): 3.63 m. (2-CH): 3.73 dd. 1 HE(I(P.CHD = 9.5, J(gem) = 14.0) and 3.86 dd,
LI RCHDY = 8.6) (P-CHL): 455 2 x do 1 ((P-OCH) = 7.6) (P-OCH): 4.83 1 T (AOILH-3) = 5.8)
(OHY; 5.62 d. 1 H (J(5.6) = 7.0) (11-5): 6.98 and 7.07 2 x s, 2 x | 1T (NI1,): 7.43 s, 1 11 (J(5.6) = 7.0) (11-6).

N*'-Benzoyl-1-(5)-(3-hydroxy-2-phosphonomethoxy propyl)eytosine (XXXT)

Bromotrimethylsilane (2.5 ml) was added to a solution of compound XXVilla (1.1 g. 1.5 mmol) in accto-
nitrile (25 ml). After standing overnight under exclusion of moisture, the solvent was evaporated and the
residue dissolved in a 5% solution of tricthylamine in 80% cthanol (40 ml). After evaporation, the residue
was chromatographed on a preparative layer of silica gel in the system §2. The zone of polar compound
was cluted with methanol, affording, after evaporation, (.40 g (69%) ol compound XXX/ as an amorphous
foam: Fyy, 0.67. For CsHgNO7P (383.4) caleulated: 46.99% C. 4.73% 1, 10.96% N. 8.10% P: found:
47.46% C, 4.46% H. 10.41% N. 7.86% P. '11 NMR spectrum: 6.01 d. 1 H (J(5.6) = 7.3) (11-5): 7.68. 1 11
(11-6): 7.87 m. 2 11 and 7.47 m. 3 11 (aromatic H): non-resolved multiplets: 3.98 — 4.09 (2 1), 3.69 - 3.88
(31D, 3.45 - 3.62 (4 1),

1-(5)-(3-Hydroxy-2-phosphonomethoxypropyl)cytosine (1a)

A) From compound XXXa. A mixture of compound XXXa (18.7 g. 50 mmol). acetonitrile (250 ml) and
bromotrimethylsilane (50 ml) was stirred in a stoppered flask 10 homogeneity and then allowed to stand
overnight. According 1o paper clectrophoresis of a hydrolyzed sample, the reaction was quantitative. The
solvent was evaporated and the residue codistilled with acctonitrile (50 ml). Water (200 ml) was added and
the mixture made alkaline with tricthylamine. After 20 min the solvent was cvaporated. the residue
codistitled with water. applied onto a column of Dowex 50 X 8 (250 ml) and dcionized under usual condi-
tions. ‘The ammonia cluate was concentrated and the residue chromatographed on a column of Dowex 1 X 2
(acctate form: 250 ml). ‘The column was first washed with water 1o drop of UV absorption and the product
was cluted with a lincar gradient (11 each) of 0 = 0.2 M acctic acid. Fractions of the main product were
combined, the solvent was evaporated and the residue codistilled with water (2 x SO ml). Crystallization
from minimum amount of hot water with addition of 3 volumes of cthanol and cther to turbidity afforded
13.5 g (96%) of 1-(5)-(3-hydroxy-2-phosphonomethoxypropyl)eytosine (fa). identical with an authentic
material.

B) From compound XXVIlla. Bromotrimethylsilane (3 ml) was added to a solution of compound
XXVITa (2.1 g. 3 mmol) in acctonitrile (30 ml). After standing overnight under exclusion of moisture, the

solvent was evaporated and the residue dissolved in 5% tricthylamine in 80% cthanol (50 ml). The mixture
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was again cvaporated, the residue was codistilled with ethanol (2 x 50 ml), mixed with 0.05 M methanolic
sodium methoxide (100 ml) and allowed to stand overnight at room temperature. The mixture was neutra-
lized with Dowex SO (H*Y form), made alkaline with tricthylamine, the Dowex was filtered off, washed
with methanol and the filtrate was evaporated in vacuo. The residue was dissolved in water (100 ml), made
alkaline with ammonia and extracted with ether (2 x 25 ml). The aquecous layer was made free from ether,
applicd onto a column of Dowex S50 (11" form: 100 ml) which was then washed with water to disappea-
rance of UV absorption. Elution with dilute (1 : 10) aqueous ammonia afforded a UV-absorbing cluate
which, after evaporation, was purified as described for procedure A. Yield 0.6 g (71.5%) of 1-(S)-(3-hydroxy-
2-phosphonomethoxypropyl)eytosine (/a). identical with an authentic material.

Bis(2-propyl) N®-Benzoyl-9-(5)-(3-hydroxy-2-phosphonomethoxypropyladenine (XXXV)

A mixture of N°-benzoyl-9-(8)-(2-hydroxy-3-triphenylmethoxypropyl)adenine (XVIIIb: 13 g. 23.4 mmol)
and tosyl derivative XX (9.15 g, 26 mmol) was cvaporated with dimethylformamide (2 x 50 ml) at 40 °C
and 13 Pa. The residue was dissolved in dimethylformamide (80 ml). the solution cooled to =20 °C, and
60% suspension of sodium hydride in paraffin (2.8 g, 70 mmol) was added. The mixture was stirred under
exclusion of moisture for 3 days, mixed with acetic acid (4.2 ml) and evaporated. The residue was
codistilled with toluene (50 ml) and refluxed with 80% acetic acid (150 ml) for 30 min. After evaporation
in vacuo, the residue was codistilled with toluene (4 x SO ml) and dissolved in chloroform (300 ml). The
chloroform solution was washed successively with water (50 mil). saturated solution of sodium hydrogen
carbonate to neutral reaction, again water. and dried over magnesium sulfate. The solvent was evaporated
and the residue chromatographed on a column of silica gel (600 ml) in chloroform and then eluted with
chloroform—cthanol (97.5 : 2.5), affording 5.9 g (51%) of compound XXXV as an amorphous foam; Ry (.22
(S2). For Cyll3gNsO4P (491.5) calculated: 14.25% N. 6.31% P: found: 14.27% N. 5.81% P. 'll NMR
spectrum: L10d + 115 2 x d + 1.19 d (CHy): 3.79 dd. 1 H (J(P.CID) = 9.4, J(gem) = 14.0) + 3.93 dd. 1 1]
(J(P.CH) = 8.6) (P-ClH): 3.54 brt, 2 11 (J = 4.5) (3'-CH,): 3.95 m, 1 1 (2'-CH): 4.30 — 4.60 m. 4 11
(I'-CHy 4+ 2 x P-OCH): 4.99 brt. 1 [1 (J = 4.5) (OH): 872 s, 1 1 + 8.40 s, 1 H (1-2 + H-8): 11.14 br, 1 11
(NH): 7.47 = 7.73 m, 3 11 and 8.00 - 8.43 m. 2 11 (aromatic H). After exchange: 3.32 dd. 1 1 (J(3".2) =
6.5. XJ(gem) = 11.2) and 3.54 dd. 1 I (J(3'.2") = 4.8) (3'-Cl15): 3.92 m, 1 11 (2/ = 22.8) (2"-CH).

Bis(2-propyl) 9-(5)-(3-Hydroxy-2-phosphonomcthoxypropyladenine (XXXb)

A 60% suspension of sodium hydride in paraffin (16.6 g. 0.415 mol) was added at 0 °C 10 a solution of
compound XVIIIb (76 g. 0.137 mol) in dimethylformamide (400 ml). The mixture was stirred at this
temperature for 1 h, a solution of tosyl derivative XXIT (53.5 g. 0.153 mol) in dimethylformamide (80 ml)
was added and the stirred mixture was heated at 80 °C for 30 h. After evaporation in vacuo, the residuc
was mixed with 0.1 M methanolic sodium methoxide (800 ml). set aside at room temperature overnight and
neutralized by addition of Dowex 50 X 8 (H* form). The suspension was made alkaline with tricthylamine,
the Dowex was liltered off, washed with methanol (300 ml) and the solvent was cvaporated. The residue
was refluxed in 80% accetic acid (11) for 45 min, the acid was evaporated. and water (1.5 1) was added to
the residue. After extraction with cther (4 x 250 ml). the aqueous phase was concentrated to about 200 ml,
filtered through Celite which was then washed with water, and the filtrate was applicd onto a column of
Dowex 50 X 8 (H* form: 400 ml). The column was washed with water to drop of UV absorption and
bis(2-propyl) 9-(5)-(3-hydroxy-2-phosphonomethoxypropyl)adenine (XXXb) was cluted with dilute (2.5%)
aqueous ammonia. After evaporation in vacuo, the chromatographically practically pure product was
codistilled with cthanol (3 x S0 ml) and dricd. lcaving compound XXXb as an amorphous foam (29 g.
55%). ‘This product was used for the preparation of compound 7b.
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0-(8)-(3-Hydroxy-2-phosphonomethoxypropyladenine (1h)

Bromotrimethylsilane (40 ml) was added 1o a solution of compound XXXb (29 g, 75 mmol) in acctonitrile
(400 ml), the mixture was stirred to homogeneity and then allowed to stand in a stoppered flask at room
temperature overnight. The solvent was evaporated, the residue codistilled with acetonitrile (100 ml), and
water (200 ml) was added. After 30 min the solution was made alkaline with ammonia, cvaporated in
vacuo. the residue dissolved in water (200 ml) and dcionized on a column of Dowex 50 X 8 (H* form; 500 ml).
The ammonia UV-absorbing eluate was evaporated and the residuce dissolved in water (200 ml), made alka-
linc with ammonia to pll 9, and applicd onto a column of Dowex 1 X 2 (acetate form: 500 ml). The
column was washed with (.05 M acetic acid to drop of UV absorption. As soon as the main portion of the
product was cluted, the clution was exccuted with 0.5 M acetic acid to drop of UV absorption. The combi-
ned fractions were evaporated, the residue codistilled with water (3 x 50 ml) and boiled with water (200
ml). Ethanol (600 ml) and acctone (100 ml) were added and the mixture was set aside at room temperature
overnight. The product was collected on filter, washed with acctone and cther. and dried in vacuo: yicld
19.0 ¢ (79%) of monohydrate of compound Ib, m.p. > 300 °C. For Coll;;NsOsP . H,0 (321.2) calculated:
33.65% (. 5.02% . 21.79% N. 9.65% I found: 33.29% C. 5.39% I1. 21.40% N. 9.71% P. [a]}, -25.3° (¢ 0.5,
0.1 M HC. BC NMR speetrum (D50, NaOD): 152,19 (C-2), 148.79 (C-4). 117.93 (C-5), 155.23 (C-6),
143.21 (C-8). 44.00 5 (C-1'), 80.04 d (J(P.C) = 11.2) (C-2'). 60.51 5 (C-3), 67.48 d (MJ(P.C) = 152.5) (C-P).

Bis(2-propyl) N2-Benzoyl-9-(5)-(3-hydroxy-2-phosphonomethoxypropyl)guanine (X1.1)

A solution of compound XVIIId (10.6 g. 18.6 mmol) and tosyl derivative XXII1 (7.2 g. 20.7 mmol) in
dimethylformamide (50 ml) was evaporated to dryness at 40 °C and 13 Pa. The residue was dissolved in
dimethylformamide ( 50 ml). cooled to =20 °C and 60% sodium hydride suspension in paraffin (2.25 g,
56.3 mmol) was added under stirring and exclusion of moisture. The stirring was continued for 30 min at
~10 °C and then at room temperature for 24 h. Acetic acid (3.4 ml. 56.3 mmol) was added and the solvent
was evaporated at 40 °C and 13 Pa. The residue was codistilled with toluene (2 x 25 ml), 80% acetic acid
(120 ml) was added and the stirred mixture was refluxed for 30 min. After evaporation, the residue was
coevaporated with toluene (3 x 50 ml) and taken up in chloroform (300 ml). The extract was washed
successively (100 ml cach) with water, saturated sodium hydrogen carbonate solution and water, and dried
over magnesium sulfate. Chromatography on silica gel (200 ml) afforded 7.5 ¢ (80%) of compound XLI.
m.p. 173 — 174 °C. [a];, =28.1° (¢ 0.5, dimethylformamide). Ry 0.47 (S2). For CyllygNsO,P (507.6)
caleulated: 52.06% C. 5.96% 11. 13.80% N. 6.12% P: found: 52.38% C, 5.82% 1. 14.23% N. 5.65% P. 'l
NMR speetrum: 1.135 d + 1.20d (J = 6.2) (CHy): 3.78 dd. 1 H ((P.CH) = 9.8, J(gem) = 14.0) and 3.90 dd.
I H (UP.CH) = 9.3) (P-CH,y): 3.51 br 0 2 H (4 = 5.0) (3-CHy): 3.84 m, 1 H(2-CH): 421 dd. 1 H
(J(17.2') = 7.4, J(gem) = 14.0) and 4.34 dd. 1 11 (J(1'.2") = 3.4) (I'-CH,): 4.50. 2 H (J(CHLCHy) = 6.2)
(P=OCH). 4.95 . 1 11 (J(3.OH) = 5.3) (OH): 7.96 s, 1 H (H-8): 11.96 br s + 12.27 brs. 2 x 1 H (NH):
7.50 = 7.70 m. 3 11 and 7.90 = 8.10 m. 2 H (aromatic ).

9-(8)-(3-Hydroxy-2-phosphonomethoxypropyguanine (Id)

A solution of compound XVIIId (20.0 g, 35 mmol) in dimethylformamide (100 ml) was mixed at 0 °C with
60% sodium hydride suspension in paraffin (4.20 g. 105 mmol). After stirring for 1 h at 0 °C a solution
of tosyl derivative XXIII (13.5 g. 38.5 mmol) in dimethylformamide (20 ml) was added dropwise and the
mixture was stirred at S0 °C for 24 h. After evaporation at 40 °C and 13 Pa, the residue was mixed with
0.1 M methanolic sodium methoxide (200 ml) and set aside overnight. The mixture was neutralized with
Dowex 50 X 8 (H* form). made alkaline with tricthylamine, filtered and the Dowex washed with methanol
(200 ml). The filtrate was taken down in vacuo and refluxed with 80% acetic acid (250 ml) for 45 min
under stirring. After cvaporation, water (400 ml) was added and the solution extracted with cther
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(2 x 100 ml). The aqueous phase was concentrated to about 100 ml and deionized on a column of Dowex
50 X 8 (H* form: 200 ml). The ammonia cluate was cvaporated. the residue codistilled with ethanol
(2 x 50 ml), dricd and the obtained compound XXXd (9.4 g, 66.5%) was stirred with a mixture of accto-
nitrile (200 ml) and bromotrimethylsilane (20 ml) to homogeneity. The mixture was then allowed to stand
at room temperature overnight, the solvent was evaporated and the residue codistilled with acetonitrile (50 ml).
Water (100 ml) was added and after standing for 30 min the mixture was made alkaline with ammonia and
walter was evaporated in vacuo. The residue was deionized on a column of Dowex SO X 8 (H* form: 250 ml)
and the ammonia cluate evaporated. The residue was dissolved in water (100 ml). made alkaline to ptl 9
with ammonia. and applicd onto a column of Dowex 1 X 2 (acetate form: 200 ml). The column was
washed with 0.05 M acetic acid to drop of UV absorption of the cluate and then the product was cluted
with 2 M acetic acid. The UV-absorbing cluate of the product was evaporated. the residue codistilled with
water (3 x 50 ml) and crystallized from water to give 6.30 g (80% calculated on compound XXXdJ) of
monohydrate of compound /d. m.p. 198 °C, identical with an authentic sample: [« =51.0° (¢ 0.5, 0.1 m
HCL). For CollNsOP . H-0 (337.4) calculated: 32.04% C, 4.78% 11, 20.76% N. 9.20% P: tound: 32.37%
€. 4.58% 1, 20.74% N, 9.52% P. 'H NMR spectrum (D,0 + NaOD): 3.54 d. 2 11 (J(P.CH) = 9.5) (P-CT,):
3.55dd. 1 H(/37.2) = 6.0, J(gem) = 12.0) + 377 dd. 1 1T(/(3".2") = 3.5) (3'-CHa): 3.80 m, 1 H (2'-ClH);
48 2 x dd (J(1'.27) = 4.5,(17.2") = 6.0, J(gem) = 14.0) (1"-CH): 7.82 s, 1 H (H-8).

9-(5)-(2.3-Diphosphonomethoxypropyladenine (XLIIT)

A solution of compound XXXV (3.1 g. 6.3 mmol) and tosyl derivative XX (2.7«p, 7.7 mmol) in
dimethylformamide (50 ml) was evaporated at 40 °C and 13 Pa. The residue was dissolved in
dimethylformamide (25 ml). cooled to =20 °C, and 60% sodium hydride suspension in paraffin (0.80 g, 20
mmol) was added. After stirring for 48 h under exclusion of moisture. methanol (120 ml) was added, the
mixture was sct aside overnight and ncutralized with Dowex SO X 8 (H* form). The mixture was made
alkaline with tricthylamine, the Dowex filtered off. the solvent evaporated, the residue codistilled with
toluene (3 x 25 ml) and deionized on a column od Dowex SO X 8 (H* form: 200 ml: clution with 20%
aqucous methanol to drop of UV absorption. then with 2.5% ammonia in 20% methanol). The ammonia
cluate was taken down, the residue was dried in vacuo and allowed to stand overnight with bromotri-
methylsilane (10 ml) in acctonitrile (100 ml) under exclusion of moisture. After evaporation, addition of
water (100 ml) and alkalization with ammonia. the solvent was again evaporated and the residue applied
onto a column of Dowex S0 X 8 (H* form: 200 ml). Water cluted (with retention) the product which, after
cvaporation, was codistilled with ethanol. mixed with cthanol. collected. washed with cther and dried in
vacuo. Yield 0.90 g (36%) of compound XLII. not melting up 10 300 °C. For C4H5NsO.P5 (397.4)
caleulated: 17.63% N, 15.62% P: found: 17.74% N, 16.02% P. [, 1.22 (Ib, 0.70). HIPLC: k = 3.56 (S0).

Reaction of Compound XVIIb with Excess of Tosvl Derivative XXT1T

A solution of compound XVIIb (1.57 g. S mmol) and tosyl derivative XX (4.2 g. 12 mmol) in
dimethylformamide (S0 ml) was cooled to =20 °C, 60% sodium hydride dispersion in paraffin (1.44 g, 36
mmol) was added and the mixture was stirred at room temperature for 3 days under exclusion of moisture.
Mcthanol (100 ml) was added and. after standing overnight. the mixture was neutralized with Dowex 50 X
S (IT* form). made alkaline with tricthylamine, filtered. and the filtrate was taken down. The residue was
codistilled with toluene (3 x 25 ml) and deionized on a column of Dowex 50 X 8 (H* form; 100 ml;
clution with 20% aqucous methanol 1o drop of UV absorption. then with 2.5% ammonia in 20% methanol).
the ammonia cluate was taken down and dried in vacuo. The residue was allowed to stand overnight with
acctonitrile (SO ml) and bromotrimethylsilane (5 ml) under exclusion of moisture. After evaporation, water

(100 ml)y was added. the mixture was made alkaline with ammonia and the water was cvaporated.
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According to paper electrophoresis, the mixture contained exclusively compounds of £y, 0.70. correspond-

ing to compound 7h. and no compound XL (Eyy, 1.22).

9-(8)-(3-Hydroxy -2-phosphonomethoxypropyhadenine 3'-Phosphate (YAXVIT)

Dicthyl chlorophosphate ( 0.70 ml, 830 mg. 4.8 mmol) and bis(2-propyDethylamine (0.70 ml, 529 mg. 4.1
mmol) were added in succession to a solution of compound XXXV (1.6 g, 3.2 mmol) in dichloromethane
(30 ml). The mixture was stirred for 4 he both reagents (0.35 ml cach) were again added and the stirring
was continued overnight under exclusion of moisture. The solvent was evaporated and the residue was
dissolved in 0.2 M methanolic sodium methoxide (50 ml) and allowed to stand overnight under exclusion
of moisture. The mixture was neutralized by addition of Dowex 50 X 8 (H* form) and madc alkaline with
tricthylamine. The solvent was evaporated, the residue deionized on a column of the same ion-exchanger
(100 ml) and the ammonia cluate was taken down in vacuo. The residue was codistilled with cthanol
(2 % 25 mi). dricd, and treated with acctonitrile (40 ml) and bromotrimethylsilane (4 ml). Alter standing
overnight and evaporation in vacuo, the residue was dissolved in water (SO ml). the solution made alkaline
with ammonia and taken down. ‘The residue was applicd onto a column of Dowex 50 X 8 (100 ml) and the
column was washed with water. After washing out the salts. the product was cluted with retention. Evapo-
ration and crystallization from water (with addition of 3 volumes of cthanol) afforded 0.60 g (49%) of
compound XXXVIL not melting up 1o 300 °C: Fy 128 (76 0.75). For ColljsNs¢ )xP5 (383.3) caleulated:
28200 CL3.329% 11 15.38% N. 13.63% P: found: 28.35% €. 3.10% 1. 15.25% N. 13.47% P. The product
was homogencous according to HPLC (6 = 0.60 in SN, for Ih &k = 1.71).

O-(R)-(3-Hydroxy-2-phosphonomethoxypropyhadenine 3'-Phosphate (X7)

The title compound was prepared from compound XXXVIIT ( 115 go 2.3 mmol) in dichloromethane (S0 ml)
and dicthyl chlorophosphate (2 ml total) and bis(2-propyhethylamine (2 ml total), analogously as described
for compound XXXV The reaction time was 48 h and the work-up was the same as for compound
NNV Yield 46% of compound X7.. homogencous according to HPLC (k= 0,60 in S8, for [b k = 1.71):
Foy = 1.28 (for 15 0.75).

This work sways supported by the Bristol-Myers Squibb Company (17.5.A.) and Grant No. 15519 of the Grant
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