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The preparation of N-(2-phosphonylmethoxyethyl) derivatives of purine and pyrimidine bases,
1V, as analogs of the antiviral 9-(2-phosphonylmethoxyethylDadenine (PMEA, I), is described.
The synthesis consists in alkylation of alkali metal salts of heterocyclic bases or their N- or
O-substituted derivatives with diethyl 2-p-toluenesulfonyloxyethoxymethylphosphonate (Ila),
2-chloroethoxymethylphosphonate (I/Ib) or 2-bromoethoxymethyiphosphonate (IIc). The ob-
tained N-(2-diethoxyphosphonylmethoxyethyl) derivatives of heterocyclic bases (III) were
treated with bromotrimethylsilane to give phosphonic acids IV. Compounds IV were prepared
from pyrimidines (uracil, cytosine and their 5-methyl derivatives), purines (adenine and its N°-
and C(2)-substituted derivatives, hypoxanthine, guanine, 6-hydrazinopurine and 6-methyl-
thiopurine etc.) and their analogs (3-deazaadenine etc.).

In one of our recent communications of this series! we have described the methods
for preparation of 9-(2-phosphonylmethoxyethyl)adenine (PMEA, I). This acyclic
nucleotide analog exhibits interesting antiviral activity against some DNA viruses
(e.g. HSV-1 and HSV-2) (refs?®) and retroviruses (MSV, HIV) (refs*-*). Within the
framework of our structure-activity studies we investigated its analogs obtained by
extensive side-chain modifications of the parent structure I, which are derived from
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the 9-substituted adenine system®'’. In the present communication we describe the
preparation of such analogs of compound I in which the side-chain structure is
preserved whereas the adenine residue is replaced by other heterocyclic bases. i.e.

Part VI of the series Acyclic Nucleotide Analogues: Part V: Collect. Czech. Chem. Commun. 54,
446 (1989).
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the synthesis of N-(2-phosphonylmethoxyethyl) derivatives of pyrimidine and purine
bases.

The hitherto used syntheses of compound I were based either on substitution of
9-(2-hydroxyethyl)adenine or on alkylation of adenine with an organophosphate
synthon with preformed structure of the side-chain. For solution of the given task
the second approach is logically more convenient. A general synthetic pathway
leading to the N-(2-phosphonylmethoxyethyl) derivatives IV is depicted in Scheme 1.
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SCHEME 1

The heterocyclic base BH reacts with the organophosphorus synthon II to give
intermediary dialkyl phosphonate [1I. Hydrolysis of the ester functionalities leads
then to the desired compound IV.

Any compound of the formula II, described in our previous communication’,
may serve as the synthon in the above mentioned reaction. The chloro derivative I1b,
prepared previously from diethyl 2-hydroxyethoxymethylphosphonate by treatment
with triphenylphosphane and tetrachloromethane', has been now obtained by a
more advantageous procedure®, described in Scheme 2.

Reaction of 2-chloroethanol (VI) with 1,3,5-trioxane and hydrogen chloride
affords 2-chloroethoxymethyl chloride (V11) which by Arbuzov reaction with triethyl
phosphite is converted into the chloro derivative I1b in high yield. Thanks to the large
difference in reactivity of both the C——Cl bonds in compound V11, the reaction course
is unequivocal. The procedure requires no chromatographic purification of com-
pound IIb from side-products of the reaction with triphenylphosphane, pure product
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being obtained by simple vacuum distillation. This new method of preparation
makes the compound IIb a more accessible and suitable reagent for the synthesis
of phosphonyl derivatives IV, particularly for larger-scale syntheses. The dimethyl
ester VIII may be prepared by reaction of chloromethyl ether VII with trimethyl
phosphite in the same manner as the compound I7Tb.

CICH,CH,0H —> CICH,CH,OCH,Cl
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SCHEME 2

The alkylation was performed in dimethyiformamide because of its excellent solva-
tion properties and its directive effect on the course of alkylation. In all cases the
synthon II reacted with an alkali metal salt of the heterocyclic base, generated in situ
by treatment with sodium hydride; in the case of I1b the reaction was also carried
out in the presence of potassium carbonate.

When the alkylation with synthon IIb leads to the desired N-alkyl isomer, the
starting heterocyclic base can be used in its unprotected form. This is the case with
adenine, its N®,C(2)-substituted derivatives, 6-methylpurine, 6-methylthiopurine and
in part also with 2-aminopurine® which afford predominantly N°-substituted deriva-
tives, with 4-aminopyrazolo[5,6d]pyrimidine (N’-isomer), with cytosine (which
gives an N'-alkylated product), etc. If, however, the reaction of the free base leads
to a mixture of N-isomers or to the undesired isomer, a suitably protected derivative
has to be used. Such situation arises e.g. with uracil, thymine (formation of a mix-
ture of N'- and N )N°3-disubstituted derivatives), hypoxanthine (N’-isomer) or
guanine (a mixture of N7- and N°-isomers).

The first two bases may be employed in the form of their 4-O-alkyl derivatives
(substituted 4-methoxy-2-pyrimidones) and the conversion into the uracil or thymine
derivative may then be effected by acid hydrolysis in some of the further synthetic
steps. The reaction of synthon IT with sodium salt of uracil leads predominantly to
the N'-isomer I1Iq, affording simultaneously minor amounts of the N!,N3-disubsti-
tuted derivative which was characterized as the tetraester XIa and as the diacid X/b
(after removal of the ester groups).
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In formulae // R represents CH,CH,OCH,P(O}XOC H.), ;
in formulae /V,R represents CH,CH,0CH,P(O)(OH), ,
in formulae V R represents CH,CH,OCH,P(0)(0OC,H;)(OH)

In the preparation of the N°-jsomer derived from hypoxanthine and its derivatives,
deamination of adenine derivatives (such as compound I} is the method of choice.
With guanine (or NZ-acetylguanine), the overall conversion is very low; the best
route consists in reaction of 2-amino-6-chloropurine (the alkylation gives both
isomers in the ratio 8 : 1 in favour of the N®-alkyl derivative I1I) and acid hydrolysis'®
of the obtained intermediate to the guanine derivative. Low solubility of some free
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bases (guanine, cytosine and its derivatives) in the reaction medium may also re-
present a considerable limitation. In such cases one may employ suitably substituted
derivatives, such as N*-benzoylcytosine; no loss of the benzoyl groups takes place
when the reaction is performed with sodium hydride at low (or room) temperature.

Isolation of the neutral diesters 111 (Table I) is the necessary condition for prepara-
tion of isomerically pure compounds I'V. After extraction with chloroform from the
reaction mixture, the intermediates [1[ can be easily purified by chromatography on
silica gel or directly by crystallization. This procedure is necessary even when the
reaction leads predominantly to one isomer. By performing the reaction on a larger
scale and isolating the minor side-products, one can obtain the isomers of compounds

TaBLE 1
Characteristics of compounds 11/

M.p. R Calculated/Found
Compound °c _—_— Formula - —

S1 S2 (M.w.) % C %H % N %P
Ila >250 — 053 C;,H, NgO,P. 4306 697 2153 795
.C,H;OH (390-5) 43-15 6-84 21-55 814

Ille — — 044 - — - - -

uIf — 0-60 - — — —~ -

g - — 078 — — — — —

1l1h - 034 — — — — — —
Il 133 033 — C,,H;oCINSO,P* 3961 527 1925 853
(363-8) 39-68 5-30 19-15 853
1lj 111 043 — C,,H;oCIN;O,P" 3961 527 1925 8:53
(363-8) 39-71 5-50 19-17 8-23
Im 157 — 050 C,;4H,,N;O(P 4340 572 18-08 801
(387-4) 4338 591 1826 7-89
HIn 94--96 040 — C;,H,oNsO,P 4376 612 2127 9-42
(329-4) 44-06 5-95 21-06 9-27
Y4107} — 0-38 — Cy1H{gN,O4P 43-12 625 9-15 10-13
(306-3) 4323 652 927 9-84
Xla — 048 —  C;gH34,N,0,,P, 4319 685 5-60 12-40
(500-6) 42-91 6-77 5-88 12-21

4 Calculated: 9-75% CI; found: 9-69%; CI; ? calculated: 9-75% Cl; found: 10-02% Cl.
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I}V that are otherwise accessible only with difficulty. We thus isolated e.g. the N’-
and N’-isomers derived from 2,6-diaminopurine (IVb and V).

The diesters I1I were cleaved using the previously described® reaction with bromo-
trimethylsilane in acetonitrile*. After removal of excess reagent, hydrolysis of the
reaction mixture and deionization, the N-(2-phosphonylmethoxyethyl) derivatives
IV are purified by chromatography on anion exchangers. In most cases it is possible
to use a strongly basic anion exchanger in the acetate form and to isolate the product
I'V as the free acid, often crystallizable from water or aqueous ethanol as a hydrate.
However, the 2,6-diaminopurine and guanine derivatives (IVa and IVb, respectively)
are so sparingly soluble in water that the ion-exchanger chromatography has to be
carried out in a mildly alkaline medium on a medium basic anion-exchanger (e.g.
Sephadex A-25).

Also the two-stage alternative may be used in the preparation of compounds I'V:
in the first step one ester group is saponified in an alkaline medium under formation
of monoesters of phosphonyl derivatives ¥ (Scheme 1). The second ester functiona-
lity 1s completely acid- and alkali-stable, allowing thus the desired transformations
on the heterocyclic base (e.g. methanolysis of the N-benzoyl group or hydrolysis
of the C—Cl bond in 2-amino-6-chloropurine derivatives IIIi or IIIj). The mono-
esters 1" may be either isolated by ion-exchanger chromatography or, without isola-
tion, they can be directly converted into compounds IV by reaction with bromotri-
methylsilane.

We also studied the possible use of dimethylester VIII in the preparation of com-
pounds IV. In a model reaction (alkylation of sodium salt of adenine under usual
conditions) the expected diester /X a indeed arose but was cleaved to give the mono-
methyl ester IXb already during the alkylation. In addition to the low yield of com-
pound /Xa and work-up complications due to the mentioned cleavage, the presence
of significant amount of 9-methyladenine (X) in the reaction mixture represents
another drawback. Compound X (characterized by the '*C and 'H NMR spectra
and comparison with an authentic sample) is evidently the product of methylation of
adenine with dimethyl phosphonate VIII which proceeds concurrently with the
desired alkoxyethylation. Analogous reactions are known for trimethyl phosphate
and phosphite. We cannot exclude that also the dimethyl ester IXa might possess
such methylation ability: this would explain the significant amount of monomethyl
ester 1Xb in the reaction mixture. Therefore, the best alternative for preparation of
compounds III and IV appears to be working with diethyl esters II (the amount of
N°-ethyl derivatives as the reaction side-products, though detectable, is negligible),
or such esters of phosphonic acids (e.g. 2-propyl, 2,2-dimethylpropyl) in which the
alkylation reaction is a priori excluded.

* 4-O-Methyl derivatives of the pyrimidine series partly lose the O-methyl group in the
reaction with bromotrimethylsilane; on the other hand, a methyithio group in position 6 of the
purine system (compound IVY) is stable under the same reaction conditions.
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Products IV were characterized by usual analytical methods, including elemental
analysis and UV and NMR spectra. Purity of the compounds was checked by
HPLC, paper chromatography and electrophoresis in mildly alkaline medium
(under these conditions the mobility of compounds I'V corresponds to dissociation
to the second degree (Table ]l)). In most cases their structure followed already from
that of the diesters I11, confirmed by the NMR spectroscopy. Using this method, the
isomeric side-products of the reaction of compound /¢ with 2,6-diaminopurine were
characterized as the ethyl esters Vb and V¢ and as the phosphonates IVh and I'Ve.
Also the UV spectra were employed for the structural assignments: by comparison
with the known data it was possible to distinguish the N'- and N3-isomers in the
pyrimidine series, the N7- and N°-alkyl derivatives of guanine, 2-aminopurine etc.

Although the phosphonyl derivatives IV can be isolated as free acids, these forms
are of little use for biological purposes and they were therefore converted into their
sodium salts which are well soluble in water. The transformation was realized either
by neutralization of the free acids or by an ion exchange from ammonium or triethyl-
ammonium salts. According to our experience, an additional ion exchange is
desirable even when the sodium salt is prepared by neutralization of the acid IV
because the thus-obtained sodium salt can be well precipitated with ethanol or
acetone from concentrated aqueous solutions.

The phosphonic acids of the general formula I'V, their monoethyl esters V and other
derivatives prepared in this study, were subjected to antiviral activity assays and
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TaBLE IT

Characteristics of compounds IV

| Calculated/Found
Compound Rr  Eup k . F;;mu &

(83) (4 S M.w.) wC %H %N %P

1 0-18 0-86 2:52 (S6) — - — — —
1va 008 084 474(SS)  CgH,3N,O,P 3333 454 2916 1077
(288-3) 33-11 470 28-81 10-60

Vb 008 082 545(S5)  CgH, N,O,PNa, — — 2530 934
(332-3) — — 2493 9-07
e 014 084 352(SS)  CgHyNgO.PNa, — — 2530 934
(332-3) — — 2479 902

1vd 017 090 074(S6)  CgH, N ,OP 3503 404 2043 1132
(274-3) 35-54 4-31 2042 11-84

Ive 016 084 1-56(S6)  CgH,oNsO,PNa,. — — 2089 926
.H,0 (335:3) — — 20-88 947

v 037 090 329(S7)  CgH,,N,O,PLi,S* 3418 351 1772 982
(316-2) 34-12  3-26 17-58 1001

vy 020 096 184(S6)  CgH; ;NcO,PNa, — — 2530 934
(332:3) B — 2504 9-58

Vh 026 084 720(S6)  CgH,;N,O,PNa, -~ — 1590 881
.2 H,0 (352:3) - — 16:03 8-85

IVk 006 094 338(S4)  CgH,;oNsOsPNa,. 2602 382 1896 840
.2 H,0 (369-3) 2597 369 1857 830

wi 006 088 1-00(S6)  CgH;oNsOPNa,.  —  — 1994 884
.H,0 (351-3) - — 19-87 9-00

IVn 021 078 605(S6)  CgH,oNsO,PNa, - ~ 2208 978
(317-3) — — 21-81 971

1V 0-18 082 1-54 (S6) CgH, 1N405Pc 3503 404 2043 11-32
(274-3) 3492 426 2060 11-10

1¥p — 0-85 0-86 (S7) CgH{3N,O4P.H,0 37-25 521 19-30 10-68
(260-2) 37-15 532 19-44 10-62

1vg 018 093  2:15(S4)  C,HoN,O4PLi, —  — 1069 1184
(262°1) — — 10-46 11-59

v 029 092 3-05(S4)  CgH;;N,0.PLi, 3480 402 10-15 1123
(276:1) 3455 432 1026 11-24

s 017 076 078(S4)  C,H,,N;OsP.H,0 3146 528 1572 1161
(267'3)d 31-70 507 1605 11-41
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TaBLE II
(Continued)
c . Re  Ey, X Formula Calculated/Found
ompound - (s3)  (s4) OF (M.w.) T
%»C %H %N %P
147 023 090 1-52(S4)  CgH;,N;OPNa,,  —  — 1163 859
.3 H,0 (361:3) — — 11-31 838
XIb 006 125%* 2:60(S4)  C,HoN,O,PLi, — 1069 11-84
(262°1) — — 10-87 11-63

@k = (1, — t,)[1,, where t, is retention time, ¢, is hold-up time; ® calculated: 10-143 S; found:
10-06% S; © m.p. 214—215°C; ¢ m.p. 226°C.

other biological studies. According to preliminary results, some of these compounds,
particularly derivatives of adenine, 2,6-diaminopurine and guanine, show a significant
antiviral activity against the whole spectrum of DNA viruses (HSV-1, HSV-2, VZV,
CMV) and retroviruses (MSV, HIV) (refs’!~'¢).

EXPERIMENTAL

Methods

Unless stated otherwise, the solutions were stripped of solvents at 40°C/2 kPa and the compounds
were dried over phosphorus pentoxide at 13 Pa. Melting points were determined on a Kofler
block and are uncorrected. Thin-layer chromatography (TLC) on silica gel was carried out on
Sifufol UV 254 plates (Kavalier, Votice, Czechoslovakia) in systems Sl chloroform-methanol
(9:1) and S2 chloroform-methanol (4 : 1). Paper chromatography was performed on a paper
Whatman No 1 in system S3 (2-propanol-con¢. aqueous ammonia—-water 7 : 1 : 2). Paper electro-
phoresis was done on a Whatman No 3MM paper in a 0-1M buffer S4 (triethylammonium hy-
drogen carbonate) at 40 Vecm ™~ 1. HPLC analyses were carried out on columns (150 X 4 mm) of
C18-silica gel Separon CGX (10 u) in 0-05M buffer S4 containing 1% of acetonitrile (S5), 5%
of acetonitrile (S6), 10%; of acetonitrile (S7) and 5% of methanol (S8). Elution rate 1 mi min "~ !
detection at 260 nm, Preparative chromatography on silica gel (30—40 p) was performed either
on columns or on loose layers (40 X 16 X 0-4 cm) of silica gel with an indicator (all products
of Service Laboratories of this Institute). UV absorption spectra were measured on a PU 8 800
UV/VIS spectrophotometer (Pye-Unicam, Cambridge., Great Britain), NMR spectra were
obtained with a Varian XL-2 000 instrument (chemical shifts § in ppm, coupling constants J
in Hz).

Starting Materials and Reagents

Dimethylformamide and acetonitrile (Janssen, Belgium) were dried over phosphorus pentoxide,
distilled in vacuo and stored over molecular sieves. Bromotrimethylsilane, benzoic anhydride,
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4-dimethylaminopyridine and adenine were Janssen products, uracil, thymine, cytosine; guanine,
4-aminopyrazolo[5,6d]pyrimidine and 2-aminopurine were purchased from Lachema (Czecho-
slovakia), 2-amino-6-chloropurine from Mack (F.R.G.), 6-methylthiopurine from Loba-
-Chemie (Austria) and 5-methylcytosine from Calbiochem (U.S.A.). 4-Methoxy-2-pyrimidone
and 4-methoxy-5-methyl-2-pyrimidone were prepared according to ref.!”7, 3-deazaadenine
according to ref.1® and Nz-acetylguanine according to ref.1%.

2,6-Diaminopurine. Dowex 50X8 (H+-form) was gradually added to a stirred suspension of
2,6-diaminopurine hemisulfate hydrate (Sigma, U.S.A., 100 g, 0-46 mol) in water (300 ml) until
dissolution. The suspension was applied on a column of the same ion-exchanging resin (400 ml)
and the column was washed first with water until the UV absorption and conductivity of the
eluate dropped to the original values, and then with 2-5% ammonia. The UV-absorbing ammonia
eluate was taken down in vacuo, and the residue was codistilled with ethanol (4 X 100 ml) and
pyridine (3 X 100 ml). After addition of anhydrous ether (300 ml), the product was filtered,
washed with anhydrous ether (300 ml) and dried in vacuo (finally at 50°C/13 Pa over phosphorus
pentoxide); yield 92%;.

6-Hydrazinopurine. A mixture of 6-methylthiopurine (7-5 g, 45 mmol) and 85%; hydrazine
hydrate (20 ml) was heated in an autoclave to 120°C for 15 h. The reaction mixture was concen-
trated in vacuo, the residue was codistilled with water (4 X 50 ml), mixed with water (50 ml) and
applied onto a column of Dowex 50X8 (H+-form, 200 ml). The column was washed with water
to loss of the UV absorption and the product was eluted with 2-5% aqueous ammonia. The UV-
-absorbing eluate was taken down, the residue was codistilled with ethanol (3 X 50 ml), mixed
with ether, filtered and dried. Yield 3-75 g (55%) of slightly violet product (R 0-56, S1) which
was used without further purification.

N*-Benzoylcytosine. Cytosine (17-1 g, 0-154 mol) and 4-dimethylaminopyridine (2-5 g) were
added to a solution of benzoic anhydride (384 g, 0-17 mmol) in acetonitrile (300 ml) and the
reaction mixture was stirred and refluxed for 7 h. Ethanol (400 ml) was gradually added under
stirring to the thick boiling reaction mixture. After standing at room temperature overnight,
the solid was filtered, washed with ethanol and ether and dried; yield 30-1 g (91%) of chromato-
graphically pure product.

N*-Benzoyl-5-methylcytosine. A mixture of 4-methoxy-5-methyl-2-pyrimidone (4-0 g. 29 mmol)
and 30% methanolic ammonia (70 ml) was heated in an autoclave to 120°C for 6 h. After cooling
and evaporation, the residue was deionized on a column of Dowex 50X8 (H*-form, 100 ml).
The column was washed with water and the product was eluted with 2-5% aqueous ammonia.
The UV-absorbing eluate was taken down and the residue crystallized from water on addition
of ethanol (4 volumes), followed by ether (to turbidity). Yield 3-3 g (92%) of 5-methylcytosine,
identical (TLC in $2) with a commercial sample (Rg 0-20). This product was mixed with benzoic
anhydride (68 g, 30 mmol), 4-dimethylaminopyridine (0-5 g) and acetonitrile (80 m! and re-
fluxed with stirring for 7 h. Ethanol (50 ml) was added to the boiling mixture and, after cooling,
the product was filtered, washed with ethanol and ether and dried. Yield 45 g (78%;), Rp 0-32(S2).

Diethyl 2-Chloroethoxymethylphosphonate (I1b)

Gaseous hydrogen chloride was introduced into a mixture of 2-chloroethanol (376 g, 4-66 mol)
and 1.3,5-trioxane (140 g, 4-66 mol) for 10 h. The aqueous layer was separated and the remaining
oil was dried over powdered calcium chloride under stirring and introduction of dry hydrogen.
After 2 h the mixture was filtered and the filtrate destilled in vacuo; yield 432 g (74%) of 2-chloro-
ethoxymethyl chloride, b.p. 50— 55°C/2 kPa.
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The thus-obtained compound (120 g, 1 mol) was placed into a flask equipped with a dropping
funnel and a reflux condenser and triethyl phosphite (182:8 g, 1-1 mol) was added dropwise with
stirring at 90°C at such a rate as to keep a rapid evolution of methyl chloride (90 min total).
The mixture was then heated to 125°C for 4 h and distilled in vacuo, affording 209 g (90%) of
compound /Ib, b.p. 110°C/5 Pa. For C,H;cCIO,P (236'5) calculated: 36-45% C, 6-99% H,
15-37% Cl, 13-43°%, P; found: 36:75% C, 7-70% H, 15-44%, Cl, 13-43%, P.

Dimethyi 2-Chioroethoxymethylphosphonate ( VIII)

Trimethyl phosphite (33 ml, 0-28 mol) was added dropwise over 40 min under stirring to 2-chloro-
ethoxymethyl chloride (35:6 g, 0:275 mol) at 90°C under reflux condenser. The mixture was
heated to 120°C for additional 4 h and distilled in vacuo. Yield 38-4 g (69%;) of compound VIII,
b.p. lOObC,"S Pa. For CsH,,ClO,P (202-5) calculated: 29-64%; C, 5-97% H, 17-50% Cl, 15-29%; P;
found: 30-23% C, 6:91°, H, 17-48% Cl, 15-52% P.

9-(2-Phosphonylmethoxyethyl)-2,6-diaminopurine (/Va)

Method A. Sodium hydride (2-4 g, 0-1 mol) was added to a suspension of 2,6-diaminopurine
(15-0 g. 0-1 mol) in dimethylformamide (500 ml) and the mixture was stirred at 80°C for 1 h
under exclusion of moisture. To the obtained solution of the sodium salt of the base was added
a solution of compound Ila (394 g, 0-11 mol) in dimethylformamide (40 ml) and the stirred
reaction mixture was heated to 100°C for 24 h. After evaporation of the solvent at 50°C/2 kPa,
the residue was extracted with boiling chloroform (I h total). The extract was taken down
in vacuo and the residue was chromatographed on a column of silica gel (600 ml) in chloroform.
The contaminants were removed by washing with chloroform and chloroform-methanol (49 : 1),
elution with chloroform-methanol (19 : 1) afforded compound IIla. The combined product
fractions were taken down and the residue was crystallized from ethanol (with addition of the
same volume of ether and then of light petroleum to turbidity) to give 16:0 g (47%) of compound
Illa. Its characteristics are given in Table 1.

Bromotrimethylsilane (25 mli, 29 g, 190 mmol) was added to a suspension of compound Illa
(17-2 g, 50 mmol) in acetonitrile (100 ml) and the formed solution was set aside at room tempera-
ture for 2 days. The mixture was taken down in vacuo, the residue was codistilled with aceto-
nitrile (2 < 50 ml) and mixed with 0-1M triethylammonium hydrogen carbonate pH 7-5. Tri-
ethylamine was gradually added until the mixture became homogeneous and constantly alkaline
(pH 9). After 30 min, the solution was again taken down in vacuo, the residue was codistilled
with methanol (2 X 100 ml) and dissolved in water (100 ml) on acidification with concentrated
hydrochloric acid. This solution was applied on a column of Dowex 50X8(H+~form, 300 ml)
and the column was washed with water to drop of conductivity and UV-absorption of the eluate
to the original values. The resin was then suspended in 5% aqueous ammonia (1 1), the suspension
was stirred for 2 h, filtered and the resin washed with boiling water (2 1) which had been made
alkaline with ammonia. The combined eluates were concentrated in vacuo and the residue was
dissolved in water (100 ml) with addition of ammonia. The obtained solution was applied onto
a column of Dowex 1X2 (acetate form, 200 ml). The column was washed with water to drop
of UV absorption of the eluate to the original value and the Dowex was suspended in a mixture
of water (500 ml) and formic acid (120 ml). The stirred mixture was taken to the boil, filtered
and the resin was washed with 2M formic acid (2 1). The combined eluates were taken down
in vacuo and the residue was codistilled with water (4 X 100 ml) to remove the residual formic
acid. The residue was suspended in boiling water (200 ml), mixed with ethanol (1 200 ml) and
ether was added to turbidity. After cooling, the crystalline product was filtered, washed with
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ether and dried in vacuo, yield 14-4 g (100%, based on Illa) -of compound IVa (for data see
Table II). '3C NMR spectrum (D,0): 44-08 s (C-1"); 69-88 d (C—P, LXC, P) = 128-2); 71-47d
(C-2-, 3.1(C, P) = 11-9); 113-78 s (C-5); 141-66 s (C-8); 151-89 s (C-4); 156:95s (C-6); 160-88 s
(C-2).

Method B. Sodium hydride (9-6 g, 0-4 mol) was added to a stirred suspension of 2,6-diamino-
purine (60 g, 0-4 mol) in dimethylformamide (2 1). The mixture was stirred at 80°C for 1 h (cal-
cium chloride protective tube), then compound IIb (116 g, 0-5 mol) was added dropwise in the
course of 30 min. The stirred mixture was heated to 80°C for 24 h (after 10 h another portion of
compound IIb (23-2 g, 0-1 mol) was added). Further work-up of the mixture (evaporation, ex-
traction with chloroform, chromatography on silica gel) was the same as described under A.
The diester IIla was obtained in a yield of 58% (90-5 g) and was identical with the product de-
scribed above. Its conversion to compound I'Va was executed in the same manner as described
under 4.

Method C. Sodium hydride (0-12 g, 5 mmol) was added to a suspension of 2,6-diaminopurine
(0-75 g, 5 mmol) in dimethylformamide (30 ml) and the mixture was stirred at 80°C for 1 h under
exclusion of moisture. A solution of compound Ilc (1-50 g, 5-45 mmol) in dimethylformamide
(10 ml) was added, the mixture was heated to 80°C for 16 h and then taken down at 40°C/13 Pa.
The residue was extracted with boiling chloroform (300 ml), the extract was stripped of the
solvent in vacuo and chromatographed on one plate of silica gel (S2). The zone of the product
was eluted with methanol (300 ml) which was then evaporated and the residue was crystallized
from ethanol-light petroleum; yield 0-80 g (47%) of compound Illa, identical (TLC in S2) with
the product prepared according to method 4. The obtained product was mixed with acetonitrile
(25 ml) and bromotrimethylsilane (1-5 ml) and allowed to stand for 2 days. After evaporation
in vacuo, the residue was codistilled with acetonitrile (2 X 25 ml), taken up in 0-4M buffer S4
(50 ml) and set aside for 3 h. The solution was evaporated in vacuo, the residue was codistilied
with methano! (2 X 50 ml) and deionized on a column of Dowex 50X8 (H* -form, 100 ml).
The ammonia eluate of the product was taken down and the residue was chromatographed
on a column of Sephadex A-25 (HCOj -form, 150 ml), elution with a linear gradient 0-02 to
0-20M buffer $4 (2 11). The product-containing fractions (0-10—0-15 m buffer) were evaporated
in vacuo, the residue was coevaporated with methanol (3 X 50 ml), dissolved in water (20 mi)
and applied onto a column of Dowex 50X8 (Na *-form, 100 ml). Elution with water and evapora-
tion of the UV-absorbing eluate, followed by codistillation with ethanol and precipitation with
ether (200 ml) from methanol (20 ml), afforded monohydrate of disodium salt of compound IVa
(0-75 g, 92%;, based on Illa). The salt did not melt up to 300°C. For CgH¢N4O3Na,.2 H,O
(350-3) calculated: 24-00% N, 8-86%; P; found: 24-209%; N, 8-71% P. Its UV spectrum, chromato-
graphic constants and EUP values corresponded to those given for compound IVa in Table II.

7-(2-Phosphonyimethoxyethy!)-2,6-diaminopurine (IVb)
and 3-(2-Phosphonylmethoxyethyl)-2,6-diaminopurine (IV¢)

The column of silica gel after elution of compound Illa (see the preparation of compound IVa
by method 4) was washed with methanol (2 1), the eluate was evaporated in vacuo and the residue
was allowed to stand with 1M sodium hydroxide (60 mi) at room temperature overnight. The
mixture was acidified by addition of Dowex 50X8 (HT-form) and the suspension was poured
on a column of the same jon-exchanger (200 ml). After washing with water to drop of UV ab-
sorption of the eluate to the original value, the product was eluted with 2-5% aqueous ammonia.
The UV-absorbing eluate was evaporated in vacuo and the residue dissolved in water (50 ml),
was applied onto a column of Dowex 1X2 (acetate form, 500 ml). After washing with water to

Collect. Czech. Chem. Commun. {Vol. 54) (1989)



2202 Holy, Rosenberg, Dvorakova:

drop of UV absorption to the original value, the material was eluted using a linear gradient of
acetic acid (0-—0-5M, & 2 1). The material, eluted with 0-10—0-12M acetic acid, after evaporation
and crystallization from water afforded 1-3 g (427) of compound Vb, the fraction obtained with
0-12—0-20M acid gave analogously 1-1 g (3:5%) of compound Ve, and the fractions from 0-20 to
0-35M acid afforded 06 g (2%) of compound Va.

NP-Derivative Va: no melting up to 270°C; for C,oH;,NgO,P (316-3) calculated: 37-96% C.
5-42% H, 26-57% N, 9-81% P; found: 38-14%] C, 5-44%; H, 26:647; N, 9719, P. R 0-38 (S2),
Eyp 0-42. UV-spectrum (pH 2): A_ .. 254, 292 nm; 4, 270 nm; (pH 7 and 12): 4., 256, 282:nm;
Amin 265 nm (corresponds to compound Illa). ‘

N”-Derivative Vb: m.p. 277°C. For CioH7NgOLP (316-3) calculated: 37969, C, 5-429; H,
26:57% N, 9-81%; P; found: 38:19% C, 5412, H, 26:32%; N, 9-60% P. Rp 0-44 (S2), Ey, 0-30.
UV-spectrum (pH 2): 4., 224, 243 nm; 4_;, 260 nm.

min

NZ-Derivative Vc: m.p. 194°C. For C1oH 7N O4P (316:3) calculated: 37-967; C, 5-42%; H,
26-57% N, 9-81%; P; found: 37-72% C, 5-43% H, 26:70% N, 9-88%, P. Ry 0-38 (S2), EUp 0-47.
UV-spectrum (pH 2): 4, 245, 283 nm, 4.;, 260 nm; (pH 7 and 12): 4., 293 nm, 4;, 262 nm.

Bromotrimethylsilane (4 ml) was added to a suspension of compound Vb or Ve (0-95 g, 3 mmol)
in acetonitrile (40 ml) and the solution was set aside at room temperature for 48 h. After evapora-
tion in vacuo, the residue was codistilled with acetonitrile (2 X 20 ml), mixed with 0-4M buffer S4
(100 ml), adjusted to pH 9 with triethylamine and allowed to stand for 30 min. The mixture was
evaporated in vacuo, the residue was codistilled with methanol (2 X 50 ml), dissolved in water
(20 ml), applied to a column of Dowex 50X8 (Na™-form, 200 m)) and elgted with water. The
UV-absorbing eluate was concentrated in vacuo and the residue was codistilled with ethanol
and precipitated with ether (200 ml) from ethanol (20 ml). The obtained product was collected
on filter, washed with ether and dried in vacuo; yield 077 g (76%) of dihydrate of disodium salt
of compound IVb or 0-86 g (85%;) of dihydrate of disodium salt of compound I¥ec. Characteristic
data of these products are giVen in Table II.

min

min

9-(2-Phosphonyimethoxyethyl)hypoxanthine (/Vd)

To a solution of compound I (5 mmol) in 80%; acetic acid (60 ml) was added 3-methylbutyl nitrite
(5 ml) and the mixture was stirred in a stoppered flask for 72 h at room temperature. After
evaporation in vacuo, the residue was codistilled with water (5 % 50 ml), dissolved in water
(50 ml) and applied onto a column of Dowex 50X8 (H*-form, 200 ml). The column was first
washed with water to drop of UV absorption and conductivity to the original values, and then
with water-methanol (9 : 1). The UV-absorbing eluate was concentrated in vacuo, the residue
was codistilled with ethanol (3 X 50 ml) and crystallized from methanol (ether added to turbi-
dity). Yield 1-2 g (93%) of compound IVd (for characteristic data see Table II).

9-(2-Phosphonylmethoxyethyl)-2-aminopurine (/Ve)

The reaction was carried out with 2-aminopurine (0-67 g, 5 mmol) as described in the preparation
of compound IVa (method C) and afforded 0-67 g (40%,) of compound Ille as an evaporation
residue which was further converted into compound [}e using the above-cited procedure. De-
ionization, chromatography on Sephadex A-25 and conversion into the sodium salt afforded
0-52 g (77%, based on compound Iile) of monohydrate of disodium salt of compound IVe whose
characteristic data are given in Table II.
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9-(2-Phosphonylmethoxyethyl)-6-methyithiopurine (1V/)

A mixture of 6-methylthiopurine (6-65 g, 40 mmol), sodium hydride (0-96 g, 40 mmol) and di-
methylformamide (200 mi) was stirred at 50°C for 1 h under exclusion of moisture. Compound
116 (11-6 g, 50 mmol) was added and the stirred mixture was heated to 50°C for 22 h. Further
work-up procedure was the same as described for compound IVa (method B). Chromatography
on sitica gel gave 10-2 g (71%) of compound IIIf as a colourless oil. This product was dissolved
in acetonitrile (150 ml), mixed with bromotrimethylsilane (10 mi, 11-6 g, 76 mmol) and set aside
overnight. The reaction mixture was processed as described for compound IVa. The crude tri-
ethylammonium salt of compound IVf was dissolved in water (50 ml), applied onto a column
of Dowex 50X8 (Li* -form, 150 ml) and eluted with water. The UV-absorbing eluate was con-
centrated in vacuo almost to dryness and the residue was codistilled with ethanol (3 X 100 ml).
The material was stirred with ethanol (100 ml) for 15 min and mixed with the same volume of
acetone. The product was filtered, washed successively with ethanol-acetone (1 : 1), acetone and
ether and dried in vacuo. Yield 6:9 g (779 based on compound IIIf) of dilithium salt of com-
pound IVf, homogeneous according to paper chromatography and HPLC (Table ID). Its UV
spectrum corresponded to a 9-alkyl-6-methylthiopurine. 1tH NMR (D,0): 2:55s, 3 H(S—CH;);
3-68d, 2H (9-CH,, J(P, CH) = 8:7); 400t, 2H (2’«CH,, J= 50); 8355, 2H (2-H + 8-H)

9-(2-Phosphony]methoxyethyl)-6-hydfazinbpurine IVg)

The reaction was carried out with sodium salt of 6-hydrazinopurine (8 mmol) and compound
He (2+8 g, 10 mmol) in dimethylformamide (80 ml) at 100°C for 12 h as descr.bed for compound
IVa (method C). The compound IIg was isolated by chromatography on-a plate of silica gel
in system S2; yield 9-80 g (2:4 mmol, 30%). Further work-up according to the above-cited proce-
dure (deionization, chromatography on Sephadex A-25) afforded disodium salt of compound
1Vyg (889 based on compound I1Ig) which is characterized in Tabie II.

9-(2-Phosphonylmethoxyethyl)-6-methyipurine (IVh)

The title compound was prepared from sodium salt of 6-methylpurine (2 mmiol) and compound
Ilc (21 mmol) in dimethylformamide (20 ml) as described for compound IVa (method C).
Chromatography on a plate of silica gel in the system S2 afforded 0-30 g (46°;) of compound
HIh which was converted into triethylammonium salt of compound IV#h by the above-described
procedure (without deionization on Dowex 50). The triethylammonium salt, obtained by evapora-
tion of fractions from chromatography on Sephadex A-25 (fractions eluted with.0-08—0-10 mol .
17! buffer S4) was dissolved in water (10 ml), applied onto a column of sitica gel C-18 (30 p,
200 ml) and eluted with water. After washing out the salts, the compound IV was eluted (with
retention). The product fractions were taken down and the residue was converted into the sodium
salt (column of Dowex 50X8 (Na*-form, 50 ml)) as described above. Yield 0-20 g (63%;) of di-
hydrate of disodium salt of compound Vi, homogeneous according to paper chromatography
and HPLC (see Table II).

7-(2-Diethoxyphosphonylmethoxyethyl)- (111i) and
9-(2-Diethoxyphosphonylmethoxyethyl)-2-amino-6-chloropurine (111)

A mixture of 2-amino-6-chloropurine (6-0 g, 35 mmol), anhydrous potassium carbonate (98 g,
70 mmol), dimethylformamide (140 ml) and compound 176 (11-4 g, 50 mmol) was stirred under
exclusion of moisture (calcium chioride tube) at 80°C for 16 h. The hot mixture was filtered,
the solid was washed with dimethylformamide (50 m!) and the filtrate was evaporated at 40°C/
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13 Pa. The residue was dissolved in chloroform, applied onto a column of silica gel (400 ml) and
both the reaction products were obtained by elution with chloroform-methanol (49 : 1). Evapora-
tion of the corresponding fractions and crystallization from ether-light petroleum afforded 81 g
(64%) of the 9-isomer IIIj and 1-5 g (12%) of the 7-isomer IIIi. (For data see Table I).

N’-Derivative I1li: ' H NMR spectrum (hexadeuteriodimethyl sulfoxide): 1-14 s, 6 H (CH,CH;

= 7-0); 3-83d, 2H (P—CH,, J(P-—CH) = 83); 3-87t, 2H (2’-CH2, J = 5-0); 390dq, 4 H
(CH,—CHj. J(CH,CHj3) = 70, J(IP—OCH) = 82; 4-49t, 2 H (N—CH,, J = 5-0); 6:61 brs,
2 H (NH,); 8-29s, 1 H (8-H). UV-spectrum (methanol): 4,,,, 324 nm.

N°-Derivative IIj: *H NMR spectrum (hexadeuteriodimethyl sulfoxide): 1-13 s, 6 H (CH,CH,,
J = 70) 383d, 2H (P——CH,, J(P—CH) = 8'1); 3-88¢t, 2H (2'-CH,, J = 5:0); 3-92dq, 4 H
(CH,—CH,, J = 70, J(P—OCH) = 7:9); 424 t, 2 H(N—CH,, J = 5:0); 6-:90 br s, 2 H (NH,),
8:06s, 1 H (8-H). UV-spectrum (methanol): 4,,, 310 nm.

9-(2-Diethoxyphosphonylmethoxyethyi)-N 2 -acetylguanine (I1Im)

Sodium hydride (0-48 g, 20 mmol) was added with ice-cooling to a suspension of Nz-acelyl-
guanine (39 g, 20 mool) in dimethyl formamide (100 ml). After stirring under exclusion of
moisture at 0°C for 1 h, compound Ilc (56 g, 20 mmol) was added, the mixture was stirred at
room temperature for 2 h and at 70°C for 12 h and then taken down at 50°C/13 Pa. The crude
product was extracted from the residue with boiling chloroform (500 ml total) and purified by
chromatography on a column of silica gel (200 m) in chloroform-methanol (19 : 1). Crystalliza-
tion from ethyl acetate-ether afforded 1-5 g (20%) of compound IIIm (see Table I); UV spectrum
(methanol): 4,,,, 268 nm (¢g,,,, 15 500).

9-(2-Phosphony!methoxyethyl)guanine Ethyl Ester (V1)

A mixture of compound 111 (7-4 g, 20 mmol), dioxane (120 ml) and IM sodium hydroxide (120 ml)
was stirred to homogeneity and then set aside overnight. The solution was neutralized by addition
of Dowex 50X8 (H'-form), made alkaline with triethylamine, filtered, the solid was washed
with water (100 ml) and the combined fiitrates were evaporated in vacuo. The dry residue was
refluxed with 1M hydrochloric acid (250 ml) for 2 h and the mixture was neutralized with am-
monia and taken down in vacuo. The residue, dissolved in water (100 ml), was applied onto a column
of Dowex 50X8 (H*-form, 250 ml) and eluted with water. The product was eluted with con-
siderable retention and was obtained by evaporation of the UV-absorbing fractions, codistillation
with ethanol and crystallization from ethanol-ether. Yield 5-2 g (82%) of compound VI, m.p.
195°C, Ry 0-42 (S1), Ey, 0-52. For C,oH,¢N;OsP (317-3) calculated: 37-85% C, 5-08% H,
22-08% N, 9-78% P; found: 37-55% C, 501, H, 21-82% N, 9-86% P. UV-spectrum (pH 2):
Amax 254 nm, ;. 265 nm. HPLC: k = 4-3 (S6). 'H NMR spectrum (D,0 + NaOD): 1-05 t +
3:71 br pent, 5 H (C,Hs, J(CH,CH;) = 7-0, JIP—OCH) = 80, J = 7-0); 3-67d, 2 H (P—CH,,
J(P—CH) = 8:0); 391t, 2H (2’-CH,.J = 4-6); 423t, 2H (N -CH,, J=46); 775s, | H
(8-H).

7-(2-Phosphonylmethoxyethyl)guanine (IVk)

A solution of compound I/Ii (1-1 g, 3 mmol) in a mixture of dioxane (20 ml) and IM sodium
hydroxide (20 mi) was allowed to stand overnight, neutralized with Dowex 50X8 (H*-form),
made alkaline with triethylamine, filtered and the solid was washed with water (100 ml). The
filtrate was taken down in vacuo, the residue was heated with 1M hydrochloric acid (100 ml) to
100°C for 2 h, neutralized with ammonia and evaporated in vacuo. The residue was deionized
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on a column of Dowex 50X8 (H*-form, 200 ml) and the ammonia eluate was taken down.
The residue (compound Vi) was codistilled with ethanol (2 X 50 ml), dried over phosphorus
pentoxide at 13 Pa, mixed with bromotrimethylsilane (3 ml, 22-7 mmol) and set aside overnight.
After evaporation in vacuo, the material was further worked up as described for compound IVa
(method C). The sodium salt of compound IV (dihydrate) was obtained by crystallization from
methanol-acetone (ether added to turbidity); yield 0-95 g (86%;). The compound is characterized
in Table II.

9-(2-Phosphonylmethoxyethyl)guanine (IV/)

Method 4. A mixture of compound VI (3-2 g, 10 mmol), acetonitrile (200 ml) and bromotri-
methylsilane (20 ml) was set aside at room temperature for 48 h. After evaporation in vacuo, the
residue was codistilled with acetonitrile (2 X 50 ml), mixed with water (150 ml) and treated with
triethylamine to alkaline reaction. After 2 hours the mixture was taken down in vacuo and de-
ionized on a column of Dowex 50X8 (H™-form, 400 ml). The ammonia eluate was evaporated
and the residue was dissolved in water (50 ml) and applied onto a column of Dowex 50X8
(Na+-form, 200 ml). Elution with water, evaporation of the UV-absorbing eluate, codistillation
of the residue with ethanol, precipitation from methanol (40 ml) with ether (200 ml) and drying
in vacuo afforded chromatographically pure monohydrate of disodium salt of compound IV/;
yield 3-4 g (97%) (see Table II).

Method B. Compound IIlm (3 mmol) was treated with bromotrimethylsilane as described
for the preparation of compound IVa (method C). After treatment of the evaporation residue
with a solution of the buffer S4 and evaporation, the residue was allowed to stand with 20%
aqueous ammonia for 48 h, evaporated and deionized on a column of Dowex 50X8 (H ¥ -form).
The ammonia eluate was taken down, chromatographed on Sephadex A-25, and converted into
the sodium salt (vide supra). Yield 1-0 g (90%) of dihydrate of disodium salt IV/ (see Table II).

7-(2-Phosphonylmethoxyethyl)-4-aminopyrazolo[5,6d lpyrimidine (IVn)

A solution of compound Ilc (8-5 g. 31 mmol) in dimethylformamide (25 ml) was added dropwise
during 2 h at 80°C to a stirred suspension of sodium sait of 4-aminopyrazolo[5,6d]pyrimidine
(25 mmol) in dimethylformamide (200 ml), prepared as described for compound IVa. After
stirring for 5 h at 80°C (calcium chloride tube), the mixture was worked up as described for
compound IIla (method 4). Chromatography on silica gel and crystallization from ether afforded
compound IIIn (3-9 g, 47%,) (for characteristic data see Table II).

A mixture of compound IIIn (3-3 g, 10 mmol), acetonitrile (20 mi) and bromotrimethylisilane
(15 ml) was set aside overnight and processed in the same manner as described for compound
IV{ (method A). Yield 3-0 g (95%) of disodium salt of compound IVn, homogeneous according
to paper chromatography, HPLC and electrophoresis (see Table IT).

7-(2-Phosphonylmethoxyethyl)-4-hydroxypyrazolo[ 5,6d)pyrimidine (I Vo)

A solution of sodium salt of compound IVa (0-95 g, 3 mmol) and 3-methylbutyl nitrite (4 ml)
in 80% acetic acid (50 ml) was set aside at room temperature in a stoppered flask for 60 h and
then processed in the same manner as described for compound I'Vd (a column of Dowex 50X8
(H*-form, 100 ml, elution with water). After evaporation in vacuo, the eluted product was
codistilled with ethanol (2 X 50 ml), mixed with ethanol-ether and collected on filter; yield 0-50 g
(61%) of compound IVoe (free acid), homogeneous according to paper chromatography, HPLC
and electrophoresis (see Table II).
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9-(2-Phosphonylmethoxyethyl)-3-deazaadenine Ethyl Ester (Vp)

Compound Ila (3-3 g, 9 mmol) was added at 80°C to a suspension of sodium salt of 3-deaza-
adenine (7-5 mmol) in dimethylformamide (30 ml), prepared as described in the preparation of
compound I'Va. The mixture was stirred at 100°C for 6 h under exclusion of moisture and taken
down at 50°C/2 kPa. The residue was codistilled with toluene (2 X 50 ml), extracted with boiling
chloroform (250 ml total), the chloroform was evaporated and the residue was chromatographed
on a column of silica gel (100 g) in chloroform. The product IIIp was eluted with chioroform-
—ethanol (19 : 1) and the solvents were evaporated. The residue was warmed to 40°C with 0-2m
sodium hydroxide (40 ml) for 12 h, the mixture was acidified by addition of Dowex 50X8
(H™-form), the suspension was layered onto a column of the same ion-exchanger (100 ml) and
the column was washed with water to drop of UV absorption and conductivity of the eluate to
the original values. Elution with 2:5%; ammonia gave UV-absorbing fraction which was taken
down in vacuo and the residue was chromatographed on Dowex 1X2 (acetate form, 100 ml) with
a linear gradient of acetic acid (0—0-5M, 1 1 each). The product fraction was evaporated in vacuo,
the residue was codistilled with water (3 X 50 ml) and ethanol and crystallized from ethanol-
—ether; yield 0-56 g (25%) of compound Vp, m.p. 220—223°C. For C;;H,,N,O,P.2 H,0
(336-2) calculated: 39-29% C, 6-30% H, 16:65% N, 9-:22%; P; found: 39-69%, C, 6:20% H, 16-7T1%, N,
9-05% P. 'H NMR spectrum (D,0): 0:88t, 3H (C—CHjy), J= 7-2); 346d, 2H (P—CH,,
J(P--CH) = 8:6); 3-:55 br pent, 2 H (CH,CHj;, J(P—OCH) == 80, J(CH,CHj3) = 7-2); 3-77t,
2H (2--CH,, /= 50); 431t, 2H (N—CH,, J= 5-0); 702 d, 1 H (3-H, J(2, 3) = 7-3); 740 d,
1 H(2-H, J(2, 3)= 7-3); 8:27s, 1 H(8-H). UV spectrum (pH 7): 4 261-5nm(e 8 500); (pH 13):
Amax 265°5 M (&5, 8 700). Eyy,, 0-51; HPLC: &k = 2:76 (S6).

max max

max

9-(2-Phosphonyimethoxyethyl)-3-deazaadenine (IVp)

Bromotrimethylsilane (1 ml) was added to a suspension of compound ¥p (0-45 g, 1-5 mmol)
in acetonitrile (10 ml) and the mixture was stirred in a stoppered flask for 18 h. The further
work-up was carried out as described for compound I'Va (method C). After hydrolysis, the crude
product was purified by chromatography on Dowex 1X2 (acetate form, 100 ml); after washing
with water to drop of the UV absorption to the original values, the product was obtained by
elution with 0-5M acetic acid. The UV-absorbing eluate was evaporated in vacuo, the residue was
codistilled with water (3 X 20 ml) and crystallized from water (with addition of 4 volumes of
ethanol and then ether to turbidity) to give 0-30 g (71%, based on compound ¥Vp) of compound
IVp, homogeneous according to HPLC and electrophoresis (see Table II).

1-(2-Diethoxyphosphonylmethoxyethyluracil (I11g) and
1,3-Bis(2-diethoxyphosphonylmethoxyethyluracil (XIa)

Compound Ila (14-9 g, 40 mmol) in dimethylformamide (30 ml) was added at 80°C to a suspen-
sion of sodium salt of uracil (40 mmol) in dimethylformamide (200 ml), prepared from uracil
using the procedure described for compound IVa. The mixture was stirred at 100°C for 18 h
under exclusion of moisture and processed as described for compound I'Va (method A4). Chromato-
graphy on silica gel (300 ml) in chloroform and then chloroform—-methanol (49 : 1) afforded
compound Xla (3-75 g, 19%) as a colourless oil and then compound IIlq (540 g, 44%;, colourless
oil). For their characteristics see Table I.

Compound 111q. *H NMR spectrum (CDCly): 1-33t, 6 H (CH,CH,, J(CH,CH;) = 7:0);
3-80 d, 2 H (P—CH,, J(P—CH) = 8-5); 415 dg, 4 H (CH,CH, J(CH,CHy;) = 7-0, J(P—OCH)
= (82);3:75—4-0 m, 4 H (N—CH, + O—CH,); 565 br d, 1 H (5-H, J(5, NH) = 1:0, J(5, 6) =
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= 80); 735d, 1 H (6-H, J(6, 5) = 83); 994brs, 1 H (NH). UV-spectrum (pH 2, 7): A,
265 nm, (pH 12): A,,, 265 nm (25-5%; hypochromism).

Compound XIa: 'H NMR spectrum (CDCl3): 1-33t, 12H (CH,CH,, J= 7-0); 3-79d +
+386d, 2xX 2H (P—CH,,J(P—CH) = 895); 414dq+ 415dq, 4 X 2H (CH,—CHj,,
J(P--OCH) = 82); 3:75—4-:0m, 8 H (N—CH, + O—CH,); 567d, 1 H (5-H, J(5, 6) = 8:0);
7-29 d, 1 H (6-H). UV-spectrum (pH 2, 7, and 12): 4 267 nm (no hypochromism at pH 12).

max

1-(2-Phosphonylmethoxyethyluracil (IVg)

A mixture of compound Illq (5-4 g, 17-5 mmol), acetonitrile (100 ml) and bromotrimethyisilane
(5 ml, 38 mmol) was set aside overnight and the reaction mixture was then worked up as de-
scribed for compound IVY. Yield 34 g (75%) of dilithium salt of compound I'Vg, homogeneous
according paper chromatography, HPLC and electrophoresis (Table II).

1,3-Bis(2-phosphonyimethoxyethyl)uracil ( X1b)

Bromotrimethylsilane (4 ml, 30 mmol) was added to a solution of compound X7a (3-5 g, 7 mmol)
in acetonitrile (12 ml), the mixture was allowed to stand overnight and processed as described
for compound IVf. Yield 2-9 g of lithium salt of compound XIb (Table II).

1-(2-Phosphonylmethoxyethyl)thymine (IVr)

Compound IIb (182 g, 78-5 mmol) was added at 80°C to a solution of sodium salt of 4-methoxy-
-5-methyl-2-pyrimidone (50 mmol) in dimethylformamide (300 ml) and the mixture was heated
to 100°C for 15 h. The solvent was evaporated at 50°C/2 kPa, the residue was codistilled with
toluene (2 X 200 ml) and taken up in boiling chloroform (1 1). After evaporation of the chloro-
form, the residue was chromatographed on a column of silica gel (500 ml) in chloroform. The
principal reaction product of Rp 0-43 (S1) (4-O-methyl derivative of compound IIIr) was ob-
tained as a colourless oil (7-6 g, 45%). UV spectrum {methanol): 4 286 nm.

This product was dissolved in acetonitrile (200 ml) and allowed to stand with bromotrimethyi-
silane (10 ml) at room temperature overnight. After evaporation in vacuo, the residue was dis-
solved in water (80 ml), made alkaline with triethylamine and the solution was again taken down.
The residue was refluxed with 80°% acetic acid (150 ml) for 7 h, the mixture was evaporated and
the residue codistilled with water (5 X 50 ml). The product was converted into the dilithium salt
of compound IVr (5:9 g, 95%,) as described for compound IVf (Table II).

max

1-(2-Phosphonylmethoxyethyl)cytosine (IVs)

Sodium hydride (0-96 g, 40 mmol) was added to a suspension of N*-benzoylcytosine (86 g;
40 mmol) in dimethylformamide (150 ml) and the mixture was stirred at room temperature for
1 h under exclusion of moisture. The formed solution was mixed with compound IIa (165 g,
45 mmol) in dimethylformamide (20 ml), the mixture was heated to 100°C for 10 h and then
taken down at 50°C/13 Pa. The residue was taken up in boiling chloroform (500 ml), the chloro-
form was evaporated and the residue was allowed to stand overnight with 0-1M methanolic sodium
methoxide (200 ml). After neutralization with Dowex 50X8 (H*-form) and alkalization with
triethylamine, the mixture was filtered, the solid was washed with 1% methanolic triethylamine
(300 mi) and the filtrate was taken down in vacuo. The residue was dried by codistillation with
toluene (3 X 100 ml) and suspended in acetonitrile (200 ml). After addition of bromotrimethyl-
silane (15 ml, 114 mmol), the mixture was stirred to homogeneity and left to stand overnight.
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The solvent was evaporated, the residue was codistilled with acetonitrile (50 ml) and dissolved
in water (80 ml). The acidic solution was neutralized with ammonia, concentrated in vacuo to
half of the original volume and applied onto a column of Dowex 50X8 (H*-form, 200 ml).
After washing with water (1 1) and 20°%{ aqueous methanol to drop of UV absorption to the original
value, the product was eluted with 2-5% ammonia. The UV-absorbing fraction was evaporated
in vacuo and the residue was chromatographed on a column of Dowex 1X2 (acetate form.
200 mi), first in water to remove the salts and then in a linear gradient (0—0-2 mol 1™ 1) of acetic
acid (a4 21). The product was eluted with 0-09—0-16 mol 171 acetic acid. After evaporation and
codistillation with water (3 X 50 ml), the residue was dissolved in boiling water and mixed with
fourfold volume of ethanol and one volume of ether. The product crystallized at 0°C overnight,
yield 5-5 g (51%) of monohydrate of compound IVs, homogeneous according to the usual criteria
(Table II).

1-(2-Phosphonylmethoxyethyl)-5-methylcytosine (ZVt)

A solution of sodium salt of N4-benzoylcytosine (9 mmol) in dimethylformamide (60 ml) was
prepared in the same manner as described for the preparation of compound IVs. After addition
of compound Ilc (3 g, 11 mmol) the mixture was stirred at 80°C for 14 h and the solvent was
evaporated at 40°C/13 Pa, The residue was extracted with boiling chloroform (300 ml), the
solvent was evaporated and the remaining material was purified by chromatography on a column
of silica gel (100 ml) in chloroform, affording 2-15 g (56%;) of N*-benzoyl derivative of compound
IIt (R 0-80, S1) as a colourless oil. This product was mixed with acetonitrile (50 ml) and bromo-
trimethylsilane (2 ml, 15 mmol) and set aside for 24 h. The mixture was taken down in vacuo,
the residue was codistilled with acetonitrile (3 X 20 ml) and mixed with 0-4M buffer S4 (25 ml).
The mixture was again evaporated in vacuo, the residue was codistilled with ethanol and briefly
boiled with 0-1M methanolic sodium methoxide. After standing for 24 h, the mixture was neutral-
ized with Dowex 50X8 (H™ -form), made alkaline with triethylamine, filtered, the solid washed
with methanol (200 ml) and the filtrate taken down in vacuo. The residue was partitioned be-
tween water (50 ml) and ether (3 X 25 ml) and the aqueous phase was detonized on a column of
Dowex 50X8 (H*-form, 100 ml). The ammonia eluate was evaporated and converted into the
sodium salt as described for compound I'Va (method C). Yield 1-0 g (56%, based on N*-benzoy!
derivative of IIIt) of trihydrate of disodium salt of compound IVt (see Table II).

Reaction of Sodium Salt of Adenine with Dimethyl
2-Chloroethoxymethylphosphonate (VIII)

Compound VIII (34-4 g, 0-17 mol) was added at 80°C to a suspension of sodium salt of adenine
(0-15 mol) in dimethylformamide (800 ml), prepared as described in the preparation of com-
pound I¥Va. The mixture was heated to 100°C for 6 h under exclusion of moisture. After cooling,
the mixture was filtered from the insoluble material, the filtrate was taken down at 50°C/2 kPa
and the residue was crystallized from methanol. The product was filtered, washed with methanol
and recrystallized from water, affording 6-7 g (30%) of 9-methyladenine (X), m.p. 275°C, identical
(HPLC, k 1-74 in S7 and TLC, Ry 0-40 in S2) with an authetic sample. UV spectrum (pH 2, 7
and 12): 4, 263 nm. 13C NMR spectrum (hexadeuteriodimethy! sulfoxide): 29-74 (N—CH,);
120-3 (C-5); 141-89 (C-8); 150-23 (C-5); 141-89 (C-8); 150-23 (C-4); 152-70 (C-2); 156-13 (C-6);
'H NMR spectrum: 3-71's, 3 H (N—CH,); 7-17 brs, 2 H (NH,); 806 + 813, 25, 2 H (2-H +
8-H).

The methanolic mother liquor from crystallization of compound X was evaporated in vacuo
and the residue was chromatographed on a column of silica gel (300 ml) in chloroform. Elution
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with chloroform—methanol (49 : 1), followed by crystallization from ethyl acetate-ether, afforded
4-9 g (11%9) of dimethyl ester IXa, m.p. 254—255°C. For C;oH;(NsO P (301-3) calculated:
39-86% C. 5-35% H, 23-25% N, 10-30% P; found: 40-04%; C, 5-27°% H, 23-03% N, 10-11% P,
R 0:50 (S1). IH NMR spectrum (hexadeuteriodimethy! sulfoxide): 3-58 d, 6 H (P-—~OCHj;
J(P ~OCH) = 10-5); 3-88t, 2H (2'-CH,,J = 51); 390d. 6 H (P—CH,, J(P—CH) = 84)
4331, 2H (N—CH,, J = 5:1); 7-19 brs, 2 H (NH,); 803s ~ 8145, 2 H (2-H + 8-H).

The chromatography was continued using methanol (2 1) as eluant. The solvent was evaporated
and the residue was allowed to stand overnight with 0-5m sodium hydroxide (100 m!). The mixture
was neutralized with Dowex 50X8 (H+-form) and applied onto a column of the same ion-ex-
changing resin (200 ml). After washing out the salts and neutral UV-absorbing material with
water, the compound 7Xb was eluted (considerable retention). Evaporation of water, codistillation
of the residue with ethanol and crystallization from methanol-ether afforded 3-5 g (8%) of com-
pound 7Xb, m.p. 204—205°C. For CgH; ,NsO,P.H,O (305-3) calculated: 35407, C, 5-28% H,
22959 N, 10-119 P; found: 35-71%; C, 5-40% H, 22-87% N. 10-11°; P. UV spectrum (pH 2):
“Amax 263 nm (independent of pH). HPLC: k = 5-02 (86).

The authors are indebted to Dr M. Masojidkovd and Dr M. Budésinsky of this Institute for
measurements and interpretation of the NMR spectra, and to the staff of the Analytical Department
of this Institute (Dr V. Pechanec, Head) for performing the elemental analyses. The excellent
technical assistance of Mrs B. Novéikové and Mrs B. Cesnekovd is gratefully acknowledged.
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