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Analogs of antiviral 9-(2-phosphonomethoxyethyl)adenine (PMEA, [/I), containing modified purine bases
|-deazaadenine (VII), 3-deazapurine (X/), 7-deaza-7-cyanoadenine (XI//lb) and 3-deazaguanine (XXIb),
were prepared by alkylation of the heterocyclic bases with bis(2-propyl) 2-chloroethoxymethylphosphonate
(V) in dimethylformamide in the presence of sodium hydride or cesium carbonate. The obtained protected
derivatives were deblocked with bromotrimethylsilane to give the phosphonic acids. 3-DeazaPMEG (XX/Ib)
is active against DNA viruses and exhibits a marked cytostatic effect against L-1210 leukemia.

Systematic investigations of nucleoside analogs have shown that usually these
compounds act in vivo only after phosphorylation leading to the corresponding 5’-nuc-
leotides which are the antimetabolites proper. However, a direct application of these
nucleotides to organism usually fails due to dephosphorylation in the blood plasma
and/or during permeation through the cell membrane. The in vivo instability of the
phosphomonoester bond has directed our attention to isopolar nucleotide analogs which
would not undergo the in vivo enzymatic dephosphorylation'.

From the viewpoint of isosteric and isopolar similarity, O-phosphonomethyl deri-
vatives of nucleosides appear to be promising. These compounds contain methylene
group bonded between the phosphorus atom and the hydroxyl oxygen atom of the
nucleoside sugar moiety. Extraordinarily interesting, however, were not the mentioned
nucleoside derivatives but the analogous phosphonomethyl compounds derived from
acyclic nucleosides (acyclic analogs of nucleotides), particularly N-(5)-(3-hydroxy-2-
phosphonomethoxypropyl) and N-(2-phosphonomethoxyethyl) derivatives of hetero-
cyclic bases (HPMP derivatives, /, and PME derivatives, I/, respectively) which exhibit
high antiviral activity®~ 3.

So far, structure-activity studies have shown that the biological activity in the PME-
series is limited only to purine derivatives substituted with a side chain in position N-9.
The compounds have a high in vitro as well as in vivo activity against herpes viruses,
iridoviruses, adenoviruses and poxviruses®’. Derivatives of adenine, guanine and 2,6-
diaminopurine are also active against retroviruses (HIV-1, HIV-2, SIV, FIV)®8 - !l and
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suppress multiplication of human hepatitis virus B (ref.'?). PMEA is a more potent
antiretroviral than AZT against Moloney sarcoma virus in mice’. PME derivatives also
exhibit a significant effect on L-1210 mice leukemia cells'3.
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It appeared that this biological effect is very strongly limited by the character of the
base: not only the PME derivative of hypoxanthine and xanthine but also the 2-hydro-
xyadenine, 2-methylthio- or 2-methyladenine and other derivatives of 6- or 8-substi-
tuted purine bases have no marked activity against the mentioned DNA viruses and
retroviruses. Inactive are also compounds derived from pyrimidine bases (cytosine,
uracil and thymine)®.

It is well known that replacement of the —N= atom in imidazole or pyrimidine ring
of purines by a methine group brings about no change in the steric demands of the
formed system. 1-, 3- or 7-Deazapurine nucleosides (or bases) often have marked anti-
metabolic character: 3-deazaadenosine and its arabino-analog exhibit antiviral acti-
vity!413 1-deazaadenosine affects blood coagulation'®, 7-deazaadenosine and its
7-cyano derivative (toyocamycin) are natural antibiotics'”'8, 3-deazaguanine and its
nucleosides are potent cytostatics'®.

Recently, we described antiviral effect of N-(3-hydroxy-2-phosphonomethoxy-
propyl) derivatives derived from deaza analogs of purine bases?’. Our present paper
deals with the synthesis of N-(2-phosphonomethoxyethyl) derivatives of 1-deaza-
adenine, 3-deazapurine, 7-deaza-7-cyanoadenine and 3-deazaguanine. The preparation
of 3-deaza analog /Il was published already earlier’.
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The PME compound derived from 1-deazaadenine was prepared by alkylation of
sodium salt of base IV with bis(2-propyl) 2-chloroethoxymethylphosphonate (V). Using
the bis(2-propyl) ester (instead of diethyl ester, employed in the preparation of 3-deaza-
adenine derivative®) improved markedly the yield because there was no concurrent
alkylation of the base with the ethyl group generated from the ester RCH,P(O)(OEt),
(ref.2"). As in the case of 3-deazaadenine, the reaction gave predominantly the N°-isomer
VI which on treatment with bromotrimethylsilane afforded phosphonic acid VII (Scheme 1).
The structure of the N°-isomer was confirmed by comparison of its UV spectra with the
literature data??.
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On the other hand, alkylation of 3-deazapurine (VIII) (Scheme 2) afforded a 7 : 3
mixture of the N°- and N’-isomers which could not be separated either as diesters IX
and X or as free phosphonates X/ and XII. The assignment and ratio of these position
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isomers was derived from comparison of their '*C NMR spectra (see Experimental)
with those of the hitherto described N-(2,3-dihydroxypropyl) derivatives?3

In our recent communication>’ we described the marked catalytic effect of cesium
carbonate on alkylation of purine bases (and their deaza derivatives) with oxiranes,
alkyl halides and alkyl tosylates. This effect also strongly operated in the preparation of
PME derivative of substituted 7-deazaadenine XII//b. In this procedure we decided to
make use of the known directive effect of bromine atom in position 6 of the pyrrole
ring?*. Synthon V was condensed with 4-amino-6-bromo-5-cyanopyrrolo[2,3-d]pyri-
midine (XIV) in the presence of cesium carbonate. Nonetheless, we have obtained the
protected bromo derivative XV as the main reaction product. In the next stage the
bromine atom was removed by hydrogenolysis on 10% Pd/C. The diester XIlla was
converted to the free acid X/IIb by the usual treatment with bromotrimethylsilane
(Scheme 3). Similar preferential formation of the N'-isomer was observed also in the
displacement of p-toluenesulfonyloxy groups?’-2%,
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However, the condensation reaction of the base with the synthon, used successfully
in all previous cases, failed completely with 3-deazaguanine (XVI).

0
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The reaction mixture did not contain even traces of the desired products. This
observation corresponds to our experience with the guanine series. Therefore, we
prepared N-(2-phosphonomethoxyethyl)-3-deazaguanine by a procedure analogous to
that used by Cook and coworkers>’ in the synthesis of 3-deazaguanosine, i.e., by alky-
lation of 5(4)-(cyanomethyl)-4(5)-ethoxycarbonylimidazole (XVII) followed by forma-
tion of the pyrimidine ring on treatment with ammonia.
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The imidazole XVII was alkylated with synthon V under usual conditions (Scheme 4)
to give a mixture of N'- and N3-substituted products XVIII and XIX in the respective
yields 76% and 16%. The predominant formation of the N3-isomer XVIII was observed
for this imidazole system already earlier® ~ 28, Heating of the obtained intermediates
with methanolic ammonia at 110 °C (instead of the described?® treatment with liquid
ammonia) resulted in smooth cyclization to compounds XXa and XX/a. Deprotection of
these diesters with bromotrimethylsilane afforded 3-deaza analogs XXb and XXIb which
were isolated only in a very low overall yield, obviously due to instability of the cycli-
zation products.
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Structure of the position isomers was unequivocally confirmed on the basis of pre-
viously described characteristic UV and '*C NMR spectra (see Experimental)?.

The 1-deaza derivative VII, as well as the 3-deazaadenine derivative /11, has no effect
on the DNA and RNA viruses studied®®. Also in the group of retroviruses no protective
effect of these analogs was observed against cell transformation by HIV-1 and HIV-2.
However, certain in vitro effect of 3-deazaadenine derivative II/ on HBV was
observed®. The 3-deazapurine and toyocamycin analogs X/ and X/IIb showed no effect
on the tested viruses. Contrary to the deazaadenine derivatives, the 3-deazaPMEG
(XXIb) was active against DNA viruses (HSV-1, HSV-2, VZV, CMV)3!. These results
will be published elsewhere.

Because some purine PME derivatives have marked in vitro cytostatic activity on
L-1210 mice leukemia cells'>32, we also studied the inhibitory effect of modified PME
derivatives prepared in this study on the growth of L-1210 cell cultures. Compounds
111, VII and XIIIb were ineffective up to concentrations 10 mol 1=!. Under the expe-
rimental conditions used, the cytostatic effect of 3-deazaPMEG (XXIb) was comparable
with that of PMEA (/1) but markedly lower than the cytostatic effect of PMEG (ref.*?).

EXPERIMENTAL

The melting points were determined on a Kofler block and are uncorrected. Solvents were evaporated on a
rotatory evaporator at 40 °C and 2 kPa. Products were dried over phosphorus pentoxide at 13 Pa.

Thin-layer chromatography was performed on Silufol UV 254 (50 x 16 x 0.3 mm layers), preparative
column chromatography on Silpearl UV 254 silica gel (both Kavalier, Votice). The solvent systems are
specified in the text. Spots were detected by UV light at 254 nm. Reversed-phase chromatography was
performed on octadecyl silica gel (20 um, Laboratorni pfistroje, Praha), detection on a Uvicord 4 701 A
(LKB, Sweden) instrument at 254 nm. Preparative HPLC was carried out on an Alltech 300 x 51 mm
column packed with Separon SGX-RPS 10 pm; the same type of reversed phase was also used for analy-
tical HPLC (column 200 x 4 mm). The solvent systems used are specified in the text.

Deionization was performed on Dowex 50X8 (H* form): after application of the mixture, the column
was washed first with water until the UV absorption of the eluate dropped to the original value, and then
the compound was eluted with 2.5% aqueous ammonia. In chromatography on Dowex 1X2 (acetate form),
the column was first washed with water until the UV absorption of the eluate dropped to the original value
and the product was then eluted with a linear gradient of acetic acid or with dilute acetic acid; its
concentration for the individual compounds is specified in the text.

Paper electrophoreses were performed on a Whatman No. 3 MM paper at 20 V/cm (1 h) in 0.1 M tri-
ethylammonium hydrogen carbonate (TEAB). The electrophoretic mobilities (Ey,) are referenced to uridine
3’-phosphate.

UV absorption spectra were measured on a PU 8800 UV-VIS (Pye Unicam) spectrophotometer or on a
Beckman DU-65 instrument. Mass spectra were obtained with a ZAB-EQ (VG Analytical) spectrometer,
using the EI (electron energy 70 eV) and FAB (ionization by Xe, acceleration voltage 8 kV) techniques.

"H NMR spectra were measured on a Varian UNITY 200 (200.01 MHz for 'H) and Varian UNITY 500
(499.8 MHz for 'H) in hexadeuteriodimethyl sulfoxide with tetramethylsilane as internal standard or in
D,0 with sodium 3-(trimethylsilyl)- 1-propanesulfonate as internal standard. 13C NMR spectra were measu-
red on a Varian UNITY 200 (50.31 MHz for £'e) spectrometer; the signals were referenced to the solvent
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signal, 8'*C(DMSO) = 39.7, or to dioxane as external standard; 8'*C(dioxane) = 66.86 for solutions in
D,0.

Chemicals and reagents. 1-Deazaadenine (7-amino-3H-imidazo|4,5-b|pyridine, /V) was prepared from
2.3-diaminopyridine using the published methods'®-3* 3¢, 4- Amino-6-bromo-5-cyanopyrrolo[2,3-d|pyri-
midine (X/V) was prepared according to the previously described synthesis from letracyanoethylene“.
Bis(2-propyl) 2-chloroethoxymethylphosphonate (V) was synthesized from 2-chloroethoxymethyl chloride
and tris(2-propyl) phosphite as described in ref.’.

Bromotrimethylsilane and cesium carbonate were Fluka products, 10% palladium on carbon was purcha-
sed from Merck, sodium hydride was a Janssen product. Dimethylformamide was dried by distillation from
phosphorus pentoxide and stored over molecular sieves.

9-(2-Phosphonomethoxyethyl)- 1-deazaadenine (VII)

A mixture of |-deazaadenine (/V; 1.00 g, 7.5 mmol), dimethylformamide (30 ml) and 60% sodium hydride
dispersion (0.30 g, 7.5 mmol) was stirred at 80 °C for | h under exclusion of moisture (calcium chloride
tube). Bis(2-propyl) 2-chloroethoxymethylphosphonate (V; 2.5 g, 9.6 mmol) was added and the mixture
was heated at 100 °C under stirring and exclusion of moisture until the starting base disappeared (5 h)
(TLC in chloroform—ethanol 7 : 3). The hot reaction mixture was filtered through Celite which was then
washed with dimethylformamide and the filtrate was taken down in vacuo. The residue was codistilled
with toluene (2 x 50 ml) and chromatographed on a column of silica gel (100 g) in chloroform. The
product VI was eluted with chloroform—ethanol (95 : 5). After combining the corresponding fractions and
:vaporation of the solvents, the residue was dried in vacuo over phosphorus pentoxide; yield 1.25 g (44%)
of compound VI (amorphous foam).

This product was mixed with acetonitrile (30 ml) and bromotrimethylsilane (3.0 ml) and the mixture
was stirred at room temperature for 24 h in a stoppered flask. After evaporation in vacuo, the residue was
codistilled with acetonitrile (2 x 50 ml), mixed with water (50 ml), adjusted to pH 8 with triethylamine
and allowed to stand for 1 h. The solvent was evaporated in vacuo, the residue deionized on a column of
Dowex 50X8 (H* form; 100 ml) and then chromatographed on a column of Dowex 1X2 (acetate form;
100 ml). The product was eluted with a linear gradient of acetic acid (0 — 0.5 M, | | each). Crystallization
‘rom water—ethanol (1 : 4) with addition of ether afforded 0.56 g (59%) of compound VII, m.p. >250 °C,
= 2.6 (2% acetonitrile in 0.05 M TEAB), Ey, 0.85. For CoH3N404P . H,0 (290.2) calculated: 37.24% C,
5.21% H, 19.29% N, 10.68% P; found: 37.77% C, 5.50% H, 19.67% N, 10.50%P. 'H NMR spectrum (D,0 +
NaOD): 8.07 s, | H (H-8); 7.75d, 1 H (H-2, J(1,2) = 5.4); 6.42d, 1 H (H-1); 429, 2 H (H-1", J(1',2") =
4.7); 3.88 t, 2 H (H-2'); 3.48 d, 2 H (PCH,, J(PCH) = 10.1). '*C NMR spectrum (D,0): 43.25 s (C-1");
69.07 d, (PC, J(P,C) = 150.0); 70.16 d (C-2’, J(P,C-2") = 10.1); 103.42 s (C-1); 122.23 s (C-5); 142.33 5
(C-2); 144.61 s (C-8); 145.89 s (C-4); 146.51 s (C-6). UV spectrum (pH 2): A, 281.5 nm (€,,,4 13 500);
(pH 13): Apax 262.5 nm (€, 11 000).

9-(2-Phosphonomethoxyethyl)-3-deazapurine (X/)
and 7-(2-Phosphonomethoxyethyl)-3-deazapurine (X1/)

A mixture of 3-deazapurine (VIII; 0.83 g, 7.0 mmol), dimethylformamide (30 ml) and 60% dispersion of
sodium hydride (0.28 g, 7.0 mmol) was stirred at 80 °C for | h under exclusion of moisture (calcium chlo-
ride tube). Bis(2-propyl) 2-chloroethoxymethylphosphonate (V; 2.5 g, 9.6 mmol) was added and the mixtu-
re was heated at 100 °C for 5 h under stirring and exclusion of moisture. The hot reaction mixture was
filtered through Celite which was then washed with dimethylformamide and the filtrate was concentrated
in vacuo. The residue was codistilled with toluene (2 x 50 ml) and chromatographed on a column of silica
eel (100 g) in chloroform. This chromatography did not separate the diesters X and X. The mixture was
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dried in vacuo over phosphorus pentoxide; yield 1.0 g (44%) of a mixture of IX and X as an amorphous
foam.

This material was dissolved in acetonitrile (25 ml) and stirred with bromotrimethylsilane (2.5 ml) in a
stoppered flask at room temperature for 24 h. The mixture was worked up as described for compound VII.
The reaction mixture was then deionized on Dowex 50X8 (H* form; 100 ml) and the product was chro-
matographed on a column of Dowex 1X2 (acetate form; 100 ml); elution with a linear gradient of acetic
acid (0 — 0.5 ™, 1 1 each). Crystallization from water—ethanol (1 : 4) with addition of ether afforded 0.35 g
(44%) of a mixture of X/ and XII which could not be separated; k = 2.3 (0.05 m TEAB), EUp 0.83. For
CyH|,N304P . H,0 (275.2) calculated: 39.28% C, 5.13% H, 15.26% N, 11.26% P; found: 39.62% C,
5.94% H, 15.18% N, 11.21% P. 'H NMR spectrum (D,O + NaOD); 7 : 3 mixture of the N°- and N’-iso-
mers; N%isomer: 8.51 s, 1 H (H-8); 8.83 brs, | H (H-6); 834 d, 1 H (H-2, J(2,3) =5.9); 784 d, | H
(H-3); N-isomer: 8.56 s, | H (H-8); 8.96 br s, 1 H (H-6); 8.28 d, 1 H (H-2, J(2,3) =5.7); 772 d, | H
(H-3); other protons together: 4.55 t, 2 H (H-1", J(1",2") = 5.0); 4.03 t, 2 H (H-2"); 3.67 d, 2 H (PCH,,
J(P.CH) = 9.1). '*C NMR spectrum (D,0), N°-isomer: 45.29 s (C-1); 67.74 d (PC, J(P,C) = 154.5); 70.42 d
(C-2', J(P,C-2) = 12.4); 108.22 s (C-3); 137.10 s (C-2); 137.69 s (C-6); 139.00 s (C-5); 141.41 s (C-4);
149.26 s (C-8). '*C NMR spectrum (D,0), N’-isomer: 45.8 s (C-1’); 67.74 d (PC, J(P,C) = 154.5); 70.67 d
(C-2, J(P,C-2") = 12.4); 114.94 s (C-3); 131.54 s (C-5); 131.87 s (C-6); 137.02 s (C-2); 146.51 s (C-4);
150.40 s (C-8).

Bis(2-propyl)-4-amino-6-bromo-5-cyano- 1-(2-phosphonomethoxyethyl)pyrrolo[2,3-d]pyrimidine (XV)

A mixture of 4-amino-6-bromo-5-cyanopyrrolo(2,3-d]pyrimidine (X/V; 1.2 g, 5.0 mmol), dimethylform-
amide (15 ml), cesium carbonate (1.0 g; 3.0 mmol) and bis(2-propyl) 2-chloroethoxymethylphosphonate
(V; 2.0 g, 7.7 mmol) was heated at 100 °C under stirring and exclusion of moisture until the starting base
disappeared (24 h; TLC in chloroform—ethanol (8 : 2). After evaporation and codistillation with toluene (2 x
50 ml), the residue was extracted with boiling chloroform (250 ml total), the extract was concentrated and
chromatographed on a column of silica gel (100 g) in chloroform. The product XV was eluted with chlo-
roform—ethanol (93 : 7). Crystallization from ethanol—ether afforded 1.1 g (48%) of compound XV, Rr0.29
(chloroform-ethanol 9 : 1). For C;¢H,3;BrNsPO, (460.2) calculated: 41.75% C, 5.04% H, 17.36% Br,
15.21% N, 6.74% P; found: 42.03% C, 4.87% H, 17.73% Br, 14.71% N, 6.59% P. 'H NMR spectrum
((CD5),S0): 8.34 5, 1 H (H-2); 8.35 and 7.20 2 X br, 2 x 1 H (NH,); 449 t, 2 H (H-1", J(1",2') = 4.9); 3.92 t,
2 H (H-2'); 3.77 d, 2 H (P-CH,, J(P,CH) = 8.3); 4.44 m, 2 H (POCH, J(P,OCH) = 7.8, J(CH,CHj3) = 6.35);
1.15 and 1.10 2 x d, 2 x 3 H (2 X CHj3). UV spectrum (pH 2): Ap.y 287.0 nm (€, 11 800), Ay, 259.5 nm
(Emax 11 800); (PH 7): Apay 286.0 nm (€, 11 600), Aoy 259.5 nm (€, 12 500); (pH 13): A,y 287.0 nm
(Emax 11 500), Apax 259.5 nm (€, 12 200).

Bis(2-propyl)-4-amino-5-cyano-1-(2-phosphonomethoxyethyl)pyrrolo[2,3-d]pyrimidine (X/Ila)

Compound XV (1.0 g, 2.2 mmol) was hydrogenated in methanol (50 ml) over 10% palladium on carbon
(1.0 g) in the presence of magnesium oxide (1.0 g) at room temperature for 4 h. The reaction mixture was
filtered through a layer of Celite, the filtrate was concentrated and the residue purified by preparative TLC
in chloroform—ethanol 8 : 2. Crystallization from ethanol afforded 0.42 g (50%) of ester Xllla, Ry 0.18
(chloroform—ethanol 8 : 2). For C ¢H,4NsO,P (381.3) calculated: 50.38% C, 6.34% H, 18.36% N, 8.13% P;
found: 49.82% C, 6.34% H, 18.01% N, 8.57% P. '"H NMR spectrum ((CD;),S0): 8.34 s, 1 H (H-2); 7.84 s,
I H (H-8); 8.20 and 7.00 2 X br, 2 x | H (NH,); 4.54 t, 2 H (H-1", J(1",2") = 4.9); 3.95 t, 2 H (H-2); 3.76 d,
2 H (PCH,, J(P,CH) = 8.3); 4.45, 2 H (POCH, J(P,OCH) = 7.6, J(CH,CH3) = 6.1); 1.15and 1.10 2x d, 2 x 3 H
(2 x CH3).
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4-Amino-5-cyano-1-(2-phosphonomethoxyethyl)pyrrolof2,3-d]pyrimidine (XI11b)

Bromotrimethylsilane (1.1 ml) was added to a suspension of compound X/lla (0.42 g, 1.1 mmol) in aceto-
nitrile (11 ml). The mixture was stirred in a stoppered flask at room temperature for 24 h, worked up as
described in the preparation of compound VII, and deionized on Dowex 50X8 (H* form; 100 ml). The
crude product was chromatographed on a column of Dowex 1X2 (acetate form; 100 ml) and the product
was eluted with a linear gradient of acetic acid (0 — 0.5 M, I | each). Crystallization from 80% aqueous
ethanol with addition of ether afforded 0.25 g (76%) of compound XIIIb, m.p. 200 — 202 °C (decomp.),
Ey, 0.8. For CjgH|,NsO4P (297.2) calculated: 40.41% C, 4.07% H, 23.55% N, 10.43% P; found: 40.24% C,
4.12% H, 23.30% N, 9.82% P. '"H NMR spectrum (D,O + NaOD): 8.36 s, | H (H-2); 7.77 s, 1 H (H-8);
4.55t, 2 H (H-1, J(I',2) = 5.0); 3.96 t, 2 H (H-2'); 3.47 d, 2 H (PCH,, J(P,CH) = 8.6). UV spectrum (pH 2):
Amax 283.0 N (€ax 12 000); (PH 13): Apay 277.0 nm (€ 12 500), Apyay 258.0 nm (€pyy 13 400).

Bis(2-propyl)-3-(2-phosphonomethoxyethyl)-5-(cyanomethyl)-4-ethoxycarbonylimidazole (XVIIT)
and Bis(2-propyl)-1-(2-phosphonomethoxyethyl)-5-(cyanomethyl)-4-ethoxycarbonylimidazole (XIX)

A stirred mixture of compound XVII (1.25 g, 7.0 mmol), dimethylformamide (30 ml), cesium carbonate
(1.14 g, 3.5 mmol) and bis(2-propyl) 2-chloroethoxymethylphosphonate (V; 2.7 g, 10.5 mmol) was heated
at 100 °C under exclusion of moisture until the starting base disappeared (8 h; TLC in chloroform—ethanol
9 : 1). After evaporation of dimethylformamide in vacuo and codistillation with toluene (3 X 50 ml), the
residue was extracted with boiling chloroform and chromatographed on a column of silica gel (75 g) in
chloroform. The N3-isomer XVIII was eluted with chloroform—ethanol (98 : 2). The corresponding fractions
were combined, the solvent evaporated and the residue dried in vacuo over phosphorus pentoxide; yield 2.1 g
(76%) of an amorphous foam. 'H NMR spectrum ((CD3),S0): 7.89 s, 1 H (<CH=); 4.09 s, 2 H (CHy);
4.28 q, 2 H (OCH,CHj3, J(CH,,CH3) = 7.1); 1.32 t, 3 H (OCH,CHj3); 4.45 t, 2 H (NCH,, J(CH,,CHy) =
4.9); 3.80 t, 2 H (OCH,); 3.75 d, 2 H (PCH,, J(P,CH) = 8,05); 4.51 m, 2 H (POCH, J(P,OCH) = 7.3,
J(CH,CH3) = 6.35); 1.20 and 1.17 2 x d, 6 H (2 x CHjy).

Further elution with chloroform—ethanol (96 : 4) afforded 0.44 g (16%) of the Nl-isomer XIX as an
amorphous foam. 'H NMR spectrum ((CD;),SO): 7.79 s, | H (-CH=); 4.34 5, 2 H (CH,); 426 q, 2 H
(OCH,CH3, J(CH,,CH3) = 7.1); 1.29 t, 3 H (OCH,CH,); 4.30 t, 2 H (NCH,, J(CH,,CH,) = 4.6); 3.81t,2 H
(OCH,); 3.77 d, 2 H (PCH,, J(P,CH) = 8.3); 4.52 m, 2 H (POCH, J(P,OCH) = 7.6, J(CH,CH; = 6.1); 1.20
and 1.17 2 x d, 6 H (2 x CHjy).

9-(2-Phosphonomethoxyethyl)-3-deazaguanine (XX/b)
and 7-(2-Phosphonomethoxyethyl)-3-deazaguanine (XXb)

A mixture of crude product X/X (0.41 g, 1.1 mmol) or product XVIII (0.66 g, 1.6 mmol) and methanolic
ammonia (100 ml) was heated in an autoclave at 110 °C for 16 h. After evaporation, the residue was chro-
matographed on silica gel (50 g) in chloroform. The product XX/a or XXa was eluted with chloroform-
ethanol (92 : 8) to give oily N%-isomer XXla (0.3 g) or N7-isomer XXa (0.66 g) which was dried over
phosphorus pentoxide and then used directly for deblocking.

The N°- or N’-isomer obtained above was dissolved in acetonitrile (10 and 15 ml, respectively) and
stirred with bromotrimethylsilane (1.0 and 1.5 ml, respectively) in a stoppered flask at room temperature
for 24 h. After evaporation and codistillation with acetonitrile (2 x 25 ml), the residue was mixed with
water (25 ml). The mixture was kept at pH 8 — 9 for 1 h by addition of triethylamine. The solvent was
again evaporated, the residue codistilled with methanol (2 x 50 ml) and deionized on Dowex 50X8 (H*
form; 50 ml). The crude product was chromatographed on a column of DEAE Sephadex A-25 (acetate
torm: SO ml). The column was washed with water until the UV absorption of the eluate dropped to the
original value and the product was eluted with a linear gradient of TEAB (0 — 0.3 M, | I aech). The UV-
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absorbing eluate was concentrated and converted into the free acid by chromatography on a column of
Dowex 1X2 (acetate form; 50 ml). The column was washed with water until the UV absorption of the
cluate dropped to the original value and then the product was eluted with 1 M acetic acid. After evapo-
ration, the residue was codistilled with water (3 x 20 ml) and crystallized from water—ethanol (1 : 4) with
addition of ether. Yield of the N°-isomer XXIh 0.1 g (32% from diester XIX), m.p. 250 °C, k = 1.1 (1%
acetonitrile in 0.05 M TEAB), Ey, 0.88. For CoH;3N,O5P (288.2) calculated: 37.51% C, 4.55% H, 19.43% N,
10.76% P; found: 37.79% C, 4.31% H, 19.01% N, 10.53% P. '"H NMR spectrum (D,O + NaOD): 7.87 s,
1 H (H-8); 4.26 t, 2 H (NCH,, J(CH,,CH,) = 5.4); 391 t, 2 H (OCH,); 3.49 d, 2 H (PCH,, J(P,CH) = 8.3).
'3C NMR spectrum (D,0): 45.44 s (C-1"); 69.90 d (PC, J(P,C) = 149.4); 71.12 d (C-2', J(P,C-2') = 9.5);
92.78 s (C-3); 123.52 s (C-5); 144.44 5 (C-4); 145.0 s (C-8); 147.59 s (C-2); 158.68 s (C-6). UV spectrum
(pH 2): Apax 313.5 nm (€, 6 700), Apay 3115 nm (g, 6 700), Ay 281.0 nm (g, 13 400); (pH 7):
Amax 273.5 nm (€44 12 200); (pH 13): Ay 274.5 nm (g, 19 000).

Yield of the N7-isomer XXb 0.2 g (38% from diester XVIII), m.p. 214 — 215 °C, k = 1.92 (2% aceto-
nitrile in 0.05 M TEAB), Ey, 0.76. For CoH 3N4OsP . 2 H,0 (324.2) calculated: 33.34% C, 5.28% H,
17.27% N, 9.56% P; found: 33.70% C, 4.44% H, 17.76% N, 10.34% P. 'H NMR spectrum (D,0 +
NaOD): 592 s, 1 H (H-3); 8.08 s, 1 H (H-8); 4.54 t, 2 H (NCH,, J(CH,,CH,) = 5.1); 3.93 t, 2 H (OCH,);
3.48 d, 2 H (PCH,, J(P,CH) = 8.55). '3C NMR spectrum (D,0): 47.0 s (C-1'); 69.95 d (PC, J(P,C) =
150.2); 72.10 d (C-2’, J(P,C-2") = 10.2); 103.60 s (C-3); 114.28 s (C-5); 146.71 s (C-2); 148.0 s (C-8);
153.66 s (C-4); 155.90 s (C-6). UV spectrum (pH 2): A, 315.5 nm (€, 7 400), Ay, 274.0 nm (€,
9 000); (pH 7): Apax 314.5 nm (€5 8 100), Apaye 274.0 nm (€, 9 900); (pH 13): Ay 310.0 nm (€54
6 700), Apax 261.0 nm (€, 6 700).

This study was supported by Bristol-Mvers Squibb Co. (U.S.A.) and by the Grant Agency of Academy of
Sciences of the Czech Republic (Grant No. 45519). The authors are indebted to Drs E. De Clercq, J. Balzarini
and R. Snoeck (Rega Institute, Catholic University, Leuven, Belgium) for performing the antiviral assays and
to Dr J. Vesely, Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic,
Prague, for estimating the cytostatic activities. The authors express their gratitude to Dr M. Masojidkovd for
measurement and interpretation of "H and 3C NMR spectra, Dr J. Brokes of the same Institute for supplying
4-amino-6-bromo-5-cyanopyrrolo[2,3-d]pyrimidine and to Dr J. Giinter (also the same Institute) for
performing the preparative HPLC. The excellent technical assistance of Mrs B. Novdkovd is gratefully ac-
knowledged.

REFERENCES

. Scheit K. H.: Nucleotide Analogs. Wiley, New York 1980.

. Holy A., Rosenberg 1.: Collect. Czech. Chem. Commun. 52, 2775 (1987).

. Holy A., Rosenberg I.: Collect. Czech. Chem. Commun. 52, 2801 (1987).

. De Clercq E., Holy A., Rosenberg I., Sakuma T., Balzarini J., Maudgal P. C.: Nature 323, 464 (1986).

Holy A., Rosenberg I., Dvofdkovad H.: Collect. Czech. Chem. Commun. 54, 2190 (1989).

. De Clercq E., Sakuma T., Baba M., Pauwels R., Balzarini J., Rosenberg 1., Holy A.: Antiviral Res. &,
261 (1987).

. De Clercq E., Holy A., Rosenberg I.: Antimicrob. Agents Chemother. 33, 185 (1989).

8. Pauwels R., Balzarini J., Schols D., Baba M., Desmyter J., Rosenberg 1., Holy A., De Clercq E.: Anti-

microb. Agents Chemother. 32, 1025 (1988).
9. Balzarini J., Naesens L., Herdewijn P., Rosenberg 1., Holy A., Pauwels R., Baba M., Johns D. G.,
De Clercq E.: Proc. Natl. Acad. Sci. U.S.A. 86, 332 (1989).

O AW —

~

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



Derivatives of Deazapurine Bases

1429

10.

.

12

13.
14.
15.
16.

17.
18.
19.
20.

21

22.

23.

24.
25.

26.
27.
28.

29.
30.
31.
32.
33.

34.

35.
36.

Naesens L., Balzarini J., Rosenberg 1., Holy A., De Clercq E.: Eur. J. Microbiol. Inf. Dis. &, 1043
(1989).

Balzarini J., Naesens L., Slachmuylders J., Niphuis H., Rosenberg 1., Holy A., Schellekens H.,
De Clercq E.: AIDS 5, 21 (1991).

2. Yokota T., Konno K., Chonan E., Mochizuki S., Kojima K., Shigeta S., De Clercq E.: Antimicrob.

Agents Chemother. 34, 1326 (1990).

Vesely J., Merta A., Votruba I., Rosenberg I., Holy A.: Neoplasma 37, 105 (1990).

Montgomery J. A, Clayton S. J.: J. Med. Chem. 25, 96 (1982).

Bodner A. J., Cantoni G. L., Chiang P. K.: Biochem. Biophys. Res. Commun. 98, 476 (1981).
Antonioni 1., Cristalli G., Franchetti P., Grifantini M., Martelli S., Petrelli F.: J. Pharm. Sci. 73, 366
(1984).

Saneyoshi M., Tokuzen R., Fukuoka F.: Gann 56, 219 (1965).

Glazer R. 1., Hartman K. D.: Mol. Pharmacol. 20, 657 (1981).

Khwaja T. A., Kigwana L., Meyer R. B., Robins R. K.: Proc. Am. Assoc. Cancer Res. /6, 162 (1975).
Dvofikovéd H., Holy A., Alexander P.: Collect. Czech. Chem. Commun. 58, 1403 (1993).

. Holy A., Votruba I., Merta A., Cerny J., Vesely J., Vlach J., Sediva K., Rosenberg 1., Otmar M.,

Hrebabecky H., Travni¢ek M., Vonka V., Snoeck R., De Clercq E.: Antiviral Res. /3, 295 (1990).
Antonioni 1., Cristalli G., Franchetti P., Grifantini M., Martelli S., Lupidi G., Riva F.: J. Med. Chem.
27,274 (1984).

Dvofakova H., Holy A., Votruba 1., Masojidkovda M.: Collect. Czech. Chem. Commun., 58, 629
(1993).

Tolman R. L., Robins R. K., Townsend L. B.: J. Am. Chem. Soc. 9/, 2102 (1969).

Cook P. D., Rousseau R. J., Mian A. M., Dea P., Meyer R. B., Robins R. K.: J. Am. Chem. Soc. 98,
1492 (1976).

McGee D. P. C., Martin J. C., Smee D. F., Verheyden J. P. H.: Nucleosides Nucleotides 9, 815 (1990).
Mian A. M., Khwaja T. A.: J. Med. Chem. 26, 286 (1983).

Revankar G. R., Gupta P. K., Adams A. D., Dalley N. K., McKernan P. A., Cook P. D., Canonico P. G.,
Robins R. K.: J. Med. Chem. 27, 1389 (1984).

Dvofdkova H., Holy A., Snoeck R., Balzarini J., De Clercq E.: Collect. Czech. Chem. Commun.,
Special Issue No. 1, 55, 113 (1990).

Yokota T., Konno K., Shigeta S., Holy A., Balzarini J., De Clercq E.: Antiviral Res. /7, Suppl. I, 146
(1992).

De Clercq E.: Unpublished results.

Rose W. C., Crosswell A. R., Bronson J., Martin J. C.: J. Natl. Cancer Inst. 82, 510 (1990).

Vesely J.: Unpublished results.

Cristalli G., Franchetti P., Grifantini M., Vittori S., Bordoni T., Geroni C.: J. Med. Chem. 30, 1686
(1987).

Lupidi G., Riva F., Cristalli G., Grifantini M.: Ital. J. Biochem. 3/, 396 (1982).

Itoh I, Inaba J., Mizuno I.: Heterocycles &, 433 (1977).

Translated by M. Tichy.

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





