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ABSTRACT - A stereospecific high-yield glycosylation of a fully
aromatic pyrrole, 2-bromo-(or ethylthio)-5-ethoxymethyleneamino-
pyrrole-3,4-dicarbonitrile(l4a and 14b) has been accomplished for
the first time. Treatment of the sodium salt of l4a or l14b with
l-chloro-2-deoxy-3,5-di-Q-p-toluoyl-a-D-erythro-pentofuranose(5)
gave exclusively the corresponding blocked nucleosides with B-ano-
meric configuration (15a and 15b),which on ring closure and further
functional group transformation provided the total synthesis of 2'-
deoxytoyocamycin (3a) and 2’-deoxysangivamycin (3b). Similar glyco-
sylation of the sodium salt of l4a with l-chloro-2,3,5-tri-O-benzyl-
a-D-arabinofuranose (8) furnished the corresponding blocked nucleo-
side (17), which on ring closure, debromination/debenzylation gave
4-amino-7-g-D-arabinofuranosylpyrrolo[2,3-d]jpyrimidine-5-carboxamide
(21b). The synthetic utility of this glycosylation procedure for
other saturated pyrroles, pyrrole-3-carbonitrile (ll) and diethyl
3,4-pyrroledicarboxylate (4) has been demonstrated.

The naturally occurring cytotoxicl'2 nucleoside antibiotic tubercidin (la) is a structural
analog of adenosine and closely related to pyrrolo[2,3-d]pyrimidine ribonucleosides toyocamy-
cin (1b) and sangivamycin (l¢), which also exhibit significant antitumor properties.2'6 The
recent isolation of nucleoside antibilotics related to 7-deazaguanosine from natural sources,
e.g. nucleoside Q,7‘10 nucleoside preQ, (gg),n'l2 cadeguomycin (2§)13'17 and kanagawamicin
(Zg)18 has stimulated renewed interest in the synthesis and biological evaluation of the
nucleoside derivatives of pyrrolo{2,3-d]pyrimidine ring system. From a biochemical view-
point, these pyrrolo(2,3-d]pyrimidine nucleosides present potential advantages, since tuber-
cidin is neither deaminated by adenosine deaminasel? nor subject to glycosidic cleavage
by purine nucleoside phosphorylase.20 Unlike tubercidin (la), sangivamycin (lc) is active
in vivo against L1210 and P388 leukemias and Lewis lung carcinoma.?
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Derivatives of 2’-deoxyadenosine are of considerable current interest due to the potent

antitumor effects of 2-halo-2'-deoxyadenosine.21'23 It has recently been found?3 that

2-chloro-2'-deoxyadenosine, given on a frequent schedule, results in 60% survivors of mice

injected with L1210 leukemia. These observations provide a good rationale for the synthesis

of 2'-deoxytoyocamycin (3a), 2'-deoxysangivamycin (3b) and related 7-8-D-arabinofurancosyl-

pyrrolo(2,3-d]pyrimidines (2]) to obtain sufficient quantities for further studies of these

potential chemotherapeutic agents. We now report a total synthesis of these nucleosides vja

ring closure of pyrrole nucleoside precursors.
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The stereospecific synthesis of 2'-deoxyribofuranosyl nucleosides with B-anomeric configu-
ration has been a part of our ongoing research program. Prior glycosylation procedures
introducing the 2-deoxy-g-D-ribofuranosyl (2-deoxy-B-D-erythro-pentofuranosyl) moiety into an
azole heterocyclg reported from our laboratory24'27 and by others28-31 invariably suffered
from the need to separate regioisomers and anomers at some stage of the synthetic sequence.
In only one instance the B anomer of the 2'-deoxyribonucleoside has been claimed exclusively
in 40% yield.32 In view of these difficulties, a four-step deoxygenation procedure using
phenoxythiocarbonylation33'35 or imidazolylthlocarbonylation36v37 of the 2’-hydroxy group of
the corresponding 3',5'-diprotected B-D-ribonucleoside has been developed to provide the
requisite 2’-deoxynucleoside. These latter procedures, however, require the availability of
the preformed ribonucleoside. Although the synthesis of a number of analogs of 2‘-deoxy-
adenosine by an enzymatic procedure has been reported,38 this approach is not generally
applicable to the pyrrolo(2,3-d]lpyrimidine ring syst:em.39 We have recently employed a
sodium salt glycosylation procedure“o'as for the synthesis of several ribo and 2'-deoxyribo-
furanosyl derivatives of certain heterocyclic ring systems. Use of this stereospecific,
single-phase sodium salt glycosylation procedure for the synthesis of pyrrole nucleosides has
now been found to be remarkably successful. Further ring annulation of certain of these
pyrrole nucleosides provided a route to the synthesis of 3a, 3b and 21b.

Literature search revealed that only a few pyrrole N-nucleosides have been reported“6‘48
using partially hydrogenated pyrroles in the glycosylation reaction employing the "indoline-
indole" method.%? Subsequent photodehydrogenation of [P-pyrroline nucleoside intermediates
gave the pyrrole nucleosides. However, our synthetic pathway involves the direct attachment

of a glycon moiety to a preformed fully aromatic pyrrole derivative.
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In the present work we elected to use diethyl pyrrole-3.b-dicarboxylaCeSO-51 (4) as one
of the aglycons for glycosylation studies. The sodium salt of 4, produced in situ by NaH in
anhydrous CH3CN, was treated with l-chloro-2-deoxy-3,5-di-0-p-toluoyl-a-D-erythro-pento-
furanose32 (5) at ambient temperature. A clean reaction was observed, and the desired diethyl
1-(2-deoxy-3,5-di-Q-p-toluoyl-B8-D-erythro-pentofuranosyl)pyrrole-3,4-dicarboxylate (&) was
isolated in 70% yield (Scheme ]). No formation of the a-anomer was detected. When 6 was
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treated with MeOH/NH3 (saturated at 0°C) at 100-110°C for two weeks, deprotection of the
glycon moiety with concomitant ammonolysis of the ester functions to amide groups occurred to
give 1-(2-deoxy-B-D-erythro-pentofuranosyl)pyrrole-3,4-dicarboxamide (Z) in 37% yield.

The preparation of the B-D-arabinofuranosyl derivatives of 4 was also accomplished in
a manner similar to that of 6. Glycosylation of the sodium salt of 4 with l-chloro-2,3,5-
tri-Q-benzyl-a-p-arabinofuranose53 (8) in CH3CN at ambient temperature and purification of
the reaction product by flash chromatography on silica gel gave a 69% yield of diethyl
1-(2,3,5-tri-0-benzyl-g-D-arabinofuranosyl)pyrrole-3,4-dicarboxylate (9a). Debenzylation of
9a with Pd(OH); in EtOH in the presence of cyclohexene (as hydrogen source) at reflux tempera-
ture readily gave diethyl 1-f-D-arabinofuranosylpyrrole-3,4-dicarboxylate (9b) in 75% yield.
Ammonolysis of 9b with MeOH/NH3 at 100-110°C for two weeks provided 1-8-D-arabinofuranosylpyr-
role-3,4-dicarboxamide (10), which was isolated in 52% yield. The synthesis of these pyrrole
nucleosides represents the first report of a direct attachment of a glycon moiety to a fully

aromatic preformed pyrrole.
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The other heterocycle that was employed for glycosylation studies was pyrrole-3-carbo-
nitrile* (11). Compound 1l was chosen since brunfelsamidine, a novel convulsant isolated
recently from the roots and bark of Brunfelsiagrandiflora is identified as pyrrole-3-carbox-
amidine.?> Reaction of the protected halogenose 5 with the sodium salt of 11 gave a 62% yield
of 1-(2-deoxy-3,5-di-0-p-toluoyl-B8-D-erythro-pentofuranosyl)pyrrole-3-carbonitrile (12a)
(Scheme II). As in the case of 6§, no formation of the a-anomer of 12a in this reaction was
observed. Deprotection of the blocking groups of the glycon moiety of 12a was accomplished
by the treatment with MeOH/NH3 at room temperature to yield 1-(2-deoxy-B-D-erythro-pentofura-
nosyl)pyrrole-3-carbonitrile (12b), in which the nitrile function was available for further
transformation reactions. The presence of the nitrile function in 12b was evident as confirm-
ed by the IR spectrum, which revealed a sharp absorption band at 2215 cm 1. Treatment of 12b
with NH,OH/H0, solution, and purification of the reaction product by chromatography on silica
gel furnished 1-(2-deoxy-B-D-erythro-pentofuranosyl)pyrrole-3-carboxamide (13a) in good yield.
Reaction of 12b with HyS in pyridine containing Et3N at room temperature gave the correspond-
ing 3-thiocarboxamide derivative (13b) in 67% yield. When 12b was allowed to react with free
NHyOH in EtOH at reflux temperature, 1-(2-deoxy-g-D-erythro-pentofuranosyl)pyrrole-3-carbox-
amidoxime (1l3c) was formed in almost quantitative yield, which on further catalytic hydrogena-
tion in the presence of Pd/C at 50 psi for 2 days, furnished an 80% yield of the 2’-deoxyribo-
furanosyl derivative of brunfelsamidine (13d).

The anomeric configuration of the isolated pyrrole-2’-deoxyribonucleosides (7 and 12b)
was assigned as B by 14 NMR, where the characteristic triplet for the anomeric proton was
observed at 65.94-6.15 with a peak width of 13.20 Hz. This pattern is similar to that
observed for the anomeric proton of other 2'-cleoxy-ﬂ-r::[bt:om.\cleosides.25-[‘3 Since the starting
halosugar 5 has the a-configuration56 in the solid state, the exclusive formation of the

blocked 2’-deoxy-B-D-ribonucleosides in this study is believed to be due to a direct Walden
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inversion (Sy2) at the C; carbon by the anionic heterocyclic nitrogen. The anomeric
configuration of 10 was assigned as B on the basis of J;',5’ coupling constant (4.80 Hz)
observed for the anomeric proton (6§ 5.74) in the Iy R spectrum, which is within the region
of 3.5-8.0 Hz expected for a vicinal, cis arrangement of the C;’ and Cp' protons.57
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For the synthesis of the target pyrrolo[2,3-d]pyrimidine nucleosides (3a, 3L and 21b),

2-amino-5-bromopyrrole-3 ,A-dicarbonicrlless

served as a useful starting material. The
protection of the amino group was effected in 90% yield by the treatment of the aminopyrrole
with diethoxymethylacetate in CH3CN at reflux temperature to give 2-ethoxymethyleneamino-5-
bromopyrrole-3,4-dicarbonitrile (l4a) (Scheme III). Coupling of l4a with 5 in CH3CN furnished
a 75% yileld of 2-ethoxymethyleneamino-5-bromo-1-(2-deoxy-3,5-di-Q-p-toluoyl-g-D-erythro-
pentofuranosyl)pyrrole-3,4-dicarbonitrile (l5a), which cleanly cyclized to 4-amino-6-bromo-7-
(2-deoxy-B-D-exythro-pentofuranosyl)pyrrolo(2,3-d]pyrimidine-5-carbonitrile (l6a) on treatment
with MeOH/NH3 at room temperature. Selective acetylation of 16a with Aco0 in pyridine gave

a near quantitative yield of 4-amino-6-bromo-7-(2-deoxy-3,5-di-Q-acetyl-g8-D-erythro-pento-



Synthesis of pyrimidines by the stereospecific sodium salt glycosylation procedure 5873

furanosyl)pyrrolo[2,3-d)pyrimidine-5-carbonitrile (16b). Reductive debromination®? of 16b was
smoothly accomplished with N,0-bis(trimethylsilyl)acetamide (BSA) in the presence of "naked"
fluoride ion in dry CH3CN, and deacetylation of the resultant debrominated product (16d) with
MeOH/NH3 gave the desired 2'-deoxytoyocamycin (3a). A small amount (<10%) of the MeOH
addition product presumably 2'-deoxytubercidin-S-methylformimidate (22) was also isolated
from this reaction mixture. Compound 3Ja was found to be identical with 2’-deoxytoyocamycin
previously reported.y‘ Treatment of 3a with NH,OH/Hy0, in MeOH/dioxane afforded 2'-deoxy-
sangivamycin (3b) in 75% yield. A similar treatment of l6a with NH,OH/Hy09 gave an excellent
yield of 6-bromo-2’-deoxysangivamycin (18). Catalytic (Pd/C) hydrogenation of 18 under
hydrogen atmosphere at 40 psi furnished yet another route to 3b, which as before was found
to be identical with 2'-deoxysangivamycin previously prepared by deoxygenation procedure.y‘

' It is of considerable interest that thiosangivamycin (4-amino-7-g8-D-ribofuranosylpyrrolo
[2,3-d]pyrimidine-5-thiocarboxamide), reported earlier from our 1aboratory'60 exhibited a T/C
of 175 against L1210 leukemia.? Thiosangivamycin has also shown considerable activity against
the MX-1 human mammarycarcinoma xenogl:aft:.2 However, 4-amino-7-8-D-ribofuranosylpyrrolo-
[2,3-g]pyrimidine-5-carboxamidoxime,60 at 3.12 mg/kg/day on 1x9 daily dosage treatment
schedule exhibited a T/C of 204 against L1210 leukemiaZ. This carboxamidoxime has also shown
activity against colon 26 and colon 38 carcinoma. In view of such antitumor activity, we have
now prepared the corresponding 2'-deoxy derivatives. Treatment of 3a with HyS in pyridine at
room temperature gave 2'-deoxythiosangivamycin [4-amino-7-(2-deoxy-B-D-erythro-pentofurano-
syl)pyrrolo(2,3-d]pyrimidine-5-thiocarboxamide],19a in 62% yield. Similarly, when 3a was
allowed to react with free NHoOH in EtOH at reflux temperature, 4-amino-7-(2-deoxy-8-D-
erythro-pentofuranosyl)pyrrolo(2,3-d]pyrimidine-5-carboxamidoxime (19c) was formed and was
isolated in 89% yield. Treatment of 3a with liquid NH3 and NH,Cl at elevated temperature and
pressure gave the corresponding 5-carboxamidine derivative (19b), which was isolated as the
hydrochloride salt.

The glycosylation studies were further extended to 2-ethoxymethyleneamino-5-ethylthio-
pyrrole-3,4-dicarbonitrile (l4b), which in turn was obtained by the treatment of 2-amino-5-
ethylthiopyrrole-3,A-dicarbon1trile58 with diethoxymethylacetate. Condensation of the sodium
salt of 1l4b with 3 in CH3CN gave the corresponding glycosyl derivative 15b, which readily
cyclized to 6-ethylthio-2'-deoxytoyocamycin (léc) when treated with MeOH/NH3. The isolated
yield of 16¢c from 1ob was greater than 90%. Subsequent treatment of 16c with NH,OH in EtOH at
reflux temperature resulted in the isolation of &4-amino-6-ethylthio-7-(2-deoxy-g8-D-erythro-
pentofuranosyl)pyrrolo[2,3-d]pyrimidine-5-carboxamidoxime (19d).

The versatile starting material (l4a) that was avallable for glycosylation studies was
also employed to obtain the arabinosyl derivatives. Thus, treatment of l4a (as the sodium
salt) with 8 gave the corresponding benzyl blocked nucleoside 17, which was readily ring
closed in the presence of MeOH/NH3 to yield 4-amino-6-bromo-7-(2,3,5-tri-Q-benzyl-pg-D-arabino-
furanosyl)pyrrolo[2,3-d]pyrimidine-5S-carbonitrile (20a). As in the case of 16b, reductive
debromination of 203 with BSA in the presence of "naked" fluoride ion gave 20b, which on
oxidative hydration by the treatment of NH,OH/H,0; furnished 4-amino-7-(2,3,5-tri-0-benzyl-8-
D-arabinofuranosyl)pyrrolo(2,3-d)pyrimidine-5-carboxamide (2la). Debenzylation of 2la with
Pd(OH)y in EtOH in the presence of cyclohexene at reflux temperature gave &4-amino-7-8-D--
arabinofuranosylpyrrolo[2,3-g]pyr1midine-5-carboxamide61 (21b) in greater than 94% yield. This
nucleoside was found to be identical to 2lb reported recent:ly'61

Thus, the stereospecific attachment of 2-deoxy-B-D-ribofuranosyl and f-D-arabinofuranosyl
moieties via the sodium salt of a preformed fully aromatic pyrrole and subsequent ring closure
constitutes a direct route to the synthesis of 2’-deoxyribofuranosyl or arabinofuranosyl

nucleosides of pyrrolo(2,3-d]pyrimidine ring system.

EXPERIMENTAL

Melting points were taken on Thomas-Hoover capillary melting point apparatus and are un-
corrected. Nuclear magnetic resonance (“H NMR) spectra were determined at 300 MHz with IBM
NR/300 FTNMR spectrometer. The chemical shift values are expressed in § values (parts per
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million) relative to tetramethylsilane as an internal standard. Infrared spectra (IR in KBr)
were obtained on a Beckman Acculab 2 spectrophotometer and ultraviolet spectra (UV; sh =
shoulder) were recorded on a Cary Model 15 spectrophotometer. Elemental analyses were done by
Robertson Laboratory, Florham Park, NJ. E. Merck silica gel (230-400 mesh) was used for flash

column chromatography. Evaporations were carried out under reduced pressure with the bath
temperature below 30°C.

D - e
(6). To a solution of diethyl pyrrole-3,4-dicarboxylate (4, 1.60g, 7.6mmol) in dry CH3CN
(25ml) was added NaH (60% in oil, 0.40g, 10mmol) and the mixture was stirred at room tempera-
ture under a nitrogen atmosphere for 30 min. 1-Chloro-2-deoxy-3,5-di-Q-p-toluoyl-a-D-erythro--
pentofuranose (5, 3.90g, 10mmol) was added portionwise with stirring . The reaction mixture
was stirred at room temperature for 0.5h, at 50°C for 1h, and then it was filtered to remove a
small amount of insoluble material. Evaporation of the filtrate gave an oily residue, which
was purified by flash chromatography using hexane:acetone (7:3) as the eluent to_yield
3.0g(70%) of 6 as foam. IR: v 1715 (C-O)cm'l; UV: A max (EtOH) 240nm (€43,000); 1 NMR
(cpClqy): 6 1.26 (s, 6, 2CHpCH3), 2.41 (2s, 6, 2CH3), 4.25 (q, 4, 2CHpCH3), 6.0 (t, 1,
J=7.0 Hz, Cy'H), 7.22-7.94 (m, 10, 2Ph+C,H+CsH). Anal. Calcd for C31H33NOg (563.60): C,
66.06; H, 5.90; N, 2.48. Found: C, 66.03; H, 5.92; N, 2.59.

1-(2-Deoxy-8-D-erythro-pentofuranosyl)pyrrole-3.4-dicarboxamide (7). A solution of 6 (2.80g,
Smmol) in MeOH/NH3 (saturated at 0°C, 50ml) was heated in a steel bomb at 100-110°C for 2
weeks, and the mixture was evaporated to dryness. The residue was purified by flash
chromatography using CHCly:MeOH (8:2) as the eluent and crystallized from EtOH/H,0 to yield
0.50g (37%) of 7; mp 176-178°C. IR: v 1650(C=0), 3200-3380 (NHy,0H) cm™*; UV: A max (pHl)
256nm (€¢11,000); (pH7) 252nm (e10,700); (pHl1ll) 25lnm (e10,700): “H NMR (MepSO-dg):é6 6.16 (t,
1, J=6.0 Hz, Cy'H), 7.40 (s, 2, CONHp), 7.89 (s, 2, CpH+CgH), 9.15 (s, 2, CONHp). Anal. Calcd
for Cy1Hy5N305 (269.25): C,49.07; H, 5.61; N, 15.60. Found: C,49.03; H, 5.80; N, 15.42,

Diethyl 1-(2.3,5-tri-O-benzyl-8-D-arabinofuranosyl)pyrrole-3.4-dicarboxylate (9a). In the same
manner as for §, the title compound was prepared by using 4 (4.22g, 20mmol), NaH_(60% in oil,
1.0g, 25mmol), CH4CN (150ml) and l-chloro-2,3,5-tri-Q-benzyl-a-D-arabinofuranose> (§,8.8g,20
mmol). After stirring the reaction mixture overnight, the product was purified by flash
chromatography using hexane:EtOAc (7:3) as the eluent to yield 8.5g (69%) of 2a as oil; IR:

v 1725 (C=0) em"l; UV: A max (EtOH) 250nm (e 7400); H NMR (CDCl3): § 1.31 (t, 6, 2CHCH3),
4.27 (q, 4, 2CHyCH3), 5.71 (d, 1, J=4.5 Hz, C1'H),7.02-7.44(m, 17, 3Ph+CyH+CsH). Anal. Calcd
for CqgH3gNOg (613.70): C, 70.45; H, 6.41; N, 2.28. Found: C, 70.60; H, 6.50; N, 2.11.

ethyl 1-8-D-arabinofur ole-3.4-dicarbo, (9b). A mixture of 9a (8.30g, 13.5
mmol),cyclohexene (30ml) and Pd(OH), (2.50g) in EtOH (200ml) was heated under reflux for 12h.
The cooled reaction mixture was filtered and the filtrate was evaporated to dryness. The
residue was purified by flash chromatography using Cﬂzclzfacetone (8:2) as the eluent to yield
3.50g (75.4%) of 9b as amorphous foam; IR:v 1720(C=0)cm”*; UV: X max (EtOH) 249nm (€9000); 1y
NMR (Me,SO-dg): 6 1.24 (t, 6, 2CHoCH3), 4.16 (q, 4, 2CHpCH3), 5.82 (d, 1, J=4.8 Hz, C1'H),7.58
(s, 2, CpH+CsH). Anal. Calcd for CygHyjNOg (3643.33): C,52.47; H,6.16; N,4.08. Found: C,52.29;
H,6.21; N,3.83.

1-8-D-Arabipnofuranosylpyrxole-3.4-dicarboxamide (10). Ammonolysis of 9b (3.50g, 10.2mmol)
with MeOH/NH3(100ml) at 100-110°C for two weeks in the same manner as described for 7 gave the
title compound in 51.6% (1.50g) yield as foam; IR: » 1650(C=0), 3300-340Q(NH,,OH)cm™"; UV:
max (pH1) 256nm (e9800); (pH7) 249.5nm (€8000); (pH1l) 249nm (€8700); 14 NMR (MeS0-dg) : 6
5.74 (d, 1, J=4.8Hz, Cy'H), 7.09 (s, 2, CONHy), 7.57 (s, 2, CyH+CsH), 8.91 (s, 2, CONHj)
Anal. Calcd for Cj1HjsN30g (285.25): C,46.31; H,5.29; N,14.72. Found: C,46.31; H,5.30;
N,14.63.

1-(2-Deoxy-3,.5-di-0-p-toluoyl-8-D-erythro-pentofuranosyl)pyrrole-3-carbonitrile (12a). In the
same manner as for 6, reaction of the sodium salt of pyrrole-3-carbonitrile5 (11, 0.50g,
5.4mmol and 60% NaH in oil, 0.24g, 6mmol) with 5 (2.30g, 6émmol) in CH4CN (50ml) gave 1.50g
(62.1%) of crystalline (from acetone/hexane) 12a; mp 121-123°C; IR: v 2210(CN), 1710(C-0)cm'1;
UV: )\ max (EtOH) 238nm (e39,700); 14 R (MepSO-dg): § 2.38 (s, 6, 2CH3), 6.21 (t, 1, J=7.0
Hz, C{'H), 6.52 and 7.19 (2m, 2, C4H and CsH), 7.34-7.81 (m, 9, 2Ph+CoH) . Anal. Calcd for
CogtlpNoOs (444.48): C, 70.25; H, 5.44; N, 6.30. Found: C, 70.42; H, 5.54; N, 6.26.

-{2-Deoxy-8-D- thro-pentofuranosyl ole-3- i (12b). A solution of 12a (0.90g,
2mmol) in MeOH/NH3 (50ml) was stirred at room temperature in a pressure bottle for 12h and
then evaporated to dryness. The residue was purified by flash chromatography using
CHyCly:MeOH (8:2) as the eluent and crystallized from CHCly to yield 0.40g (94.9%) of 12b; mp
42-455C; IR: v 2215 (CN)em™l; UV: A max (EtOH) 224nm (¢10,300); lH NMR (MepSO-dg): 6 5.94 (t,
1, J=7.2 Hz, Cy'H), 6.47 (m, 1, C4H), 7.16 and 7.83 (2m, 2, CsH and CoH). Anal. Caled for
C1oH19Np03 (208.21): C, 57.68; H, 5.81; N, 13.45. Found: C, 57.93; H, 5.66; N, 13.28.

1-(2-Deoxy-g-D-erythro-pentofuranosylipyrrole-3-carboxamide (13a). A solution of 12b (0.42g,
2mmol) in dioxane/MeOH (5 and 50ml each) was adjusted to pH9 with NH,OH and treated with
Ry0o (30%, 5ml). The mixture was stirred at room temperature for 12h and evaporated to
dryness. The residue was purified by flash chromatography using CHCl3:MeOH (8:2) as the
eluent to yleld 0.30g (66%) of 13a as foam; IR: v 1650(C-0), 3200-3400 (NHZ,OH)cm'l; uv:
max (pH1) 232nm (e¢10,700); (pH7) 231nm (e10,700); (pH1l) 230nm (€l11,400); 1y NMR (MeS0-dg): 6
5.87(t, 1, J=7.2 Hz, Cy'H), 6.44 (m, 1, C4H), 6.75 and 7.32 (2br s, 2, GONHy), 6.94 and 7.49
(2m, 2, CsH and CyH). A4nal. Caled for CygH1,N0, (226.21): C, 53.09; H, 6.24; N, 12.38.



Synthesis of pyrimidines by the stereospecific sodium salt glycosylation procedure 5875

Found: C, 52.81; H, 6.26; N, 12.31.

1-(2-Deoxy-f-D-ervthro-pentofuranosylipyrrole-3-thiocarboxamide (13b). A solution of 12b

(0.90g, 4.3mmol) in anhydrous pyridine (50ml) containing Et3N (5ml) was saturated with HyS at

room temperature. After stirring the reaction mixture in a sealed vessel at room temperature
for 12h, it was evaporated to dryness. The residue was purified by flash chromatography using
CHpCl):MeOH (B8:2) as the eluent to give 0.70g (66.8%) of 13b as foam; IR:» 1260 (C=S), 3200-
3400 (NHZ,OH)cm'l; UV: X max (pHl) 257um (e8900), 304 (8800); (pH7) 257nm (c8600), 304
(8600); (pH1l) 257nm (e9000), 302 (7200); 14 R (MepS0-dg): 6§ 5.88 (t, 1, J=7.0 Hz, Cy‘H),
6.58 (m, 1, C4H), 6.97 and 7.62 (2m, 2, CsH and CyH), 8.81 and 9.0 (2br s, 2, CSNHp).
anal. Calcd for CjgHy4N203S (242.21): C, 49.58; H, 5.83; N, 11.56; S, 13.21. Found: C,
49.33; H, 5.88; N, 11.31; S, 13.02.

1-(2-Deoxy-8-D-erythro-pentofuranosyl)pyrrole-3-carboxamidoxime (1l3c). A solution of 12b
(0.50g, 2.4mmol) and free NHoOH (0.50g) in absolute EtOH (25ml) was heated under reflux for 3h
and allowed to stir at room temperature overnight. Evaporation of the reaction mixture and
purification of the residue by flash chromatography using CHCl3:MeOH (8:2) as the eluent gave
0.55g(95%) of 13¢ as foam; IR:w» 3330-3420 (NH2,0H)cm'1; UV: X max (pHl) 235nm (e12,300); (pH7)
245nm (e10,700); (pH1l) 244nm (€8600); 14 NMR (MepS0O-dg): & 5.81-5.87 (m, 3, Cy’'H+NHp), 6.28,
6.94, 7.36 (m, 3, CoH, C4H and CsH), 9.19 (br s, 1, NOH). Apal. Calcd for CjgH)sN304.3/4Hy0
(254.75): C, 47.14; H, 6.47; N, 16.49. Found: C, 47.13; H, 6.18; N, 16.15.

1-(2-Deoxy-8-D-erythro-pentofuranosyl)pyrrole-3-carboxamjdine (13d). A mixture of l3c (0.40g,
1.66mmol), Pd/C (10%, 0.50g) and AcOH (0.2ml) in EtOH (35ml) was shaken under hydrogen (50
psl) on a Parr hydrogenator for 2 days at room temperature. The catalyst was removed by
filtration and the filtrate was evaporated to dryness. The residue was purified by flash
chromatography using CHCl3:MeOH (8:2) as the eluent to yield 0.30g (54%) of 13d as foam; IR:v
3110-3350 (NHZ,OH)cm’1 UV: X max (pHl) 237nm (€10,900); (pH7) 236nm (€10,600); (pH1l) 236.5nm
(€11,500) ;11 MR (MepS0-dg): 6 5.92 (t, 1, J=7.0 Hz, Cy'H), 6.58-6.74 (m, 3, NHo+CoHl), 7.14
and 7.98 (m, 2, C4H+CsH), 8.54 (br s, 1, NH). Anal. Caled for CjgHysN303.CH3CO0H . Hy0
(333.31): C, 46.84; H, 6.95; N, 12.60. Found: C, 47.12; H, 6.67; N, 12.47.

e~},4—g1canbogigrilg (15a). A mixture of 2-amino-5-bromopyrrole-3,4-dicarbonitrile (7.0g,
33mmol) and diethoxymethylacetate (8.10g, 50mmol) in dry CH;CN (250ml) was heated under reflux
for 3h, cooled and evaporated to dryness. The residue was dissolved in a mixture of dry CH;CN
(50ml) and toluene (50ml), and evaporated to dryness. This process was repeated three times
and the residual 2-ethoxymethyleneamino-5-bromopyrrole-3,4-dicarbonitrile (l4a, 8.0g, 90%)
was used as such for further reactions.

Treatment of the sodium salt of léa (8.10g, 30.3mmol of l4a and 1.40g, 35mmol of 60% NaH
in oil) with 5 (11.70g, 30.5mmol) in CH4CN (400ml), in the same manner as for §, gave 14.0g
(74.5%) of a as foam; IR: v 1740(C=0), 2210(CN)cm'1; UV: A max (EtOH) 238nm (¢39,200),
270 (13,400); “H NMR (CDCly): & 1.42 (t, 3, CHpCH3), 2.41 (2s, 6, 2CH3), 4.48 (m, 2, CHoCH3y),
6.39 (t, 1, J=7.0 Hz, Cy'H), 7.24-7.90 (m, 8, 2Ph), 8.27 (s, 1, CH). Anal. Calcd for
CyoHy7BXN,0g (619.47): C, 58.16; H, 4.39; N, 9.04; Br, 12.89. Found: C, 58.40; H, 4.46; N,
8.95; Br, 13.11.

(16a). A solution of 15a (0.80g, 1.3mmol) in MeOH/NH3 (SOml) was stirred at room temperature
in a pressure bottle for 2 days and then evaporated to dryness. The residue was purified by
flash chromatography using CHCl3:MeOH (8:2) as the eluent and crystallized from CHCl3/MeOH
mixture to yield 0.35g (76.5%) of 1l6a; mp >300°C(dec); IR: v 2215 (CN), 3300-3400 (NHZ,OH)cm'l;
UV: A max (pH1l) 233nm (e15,400), 282 (15,400); (pH7) 218nm (€17,800), 286 (14,500); (pHll)
286nm (e16,100); Iy R (MeyS0-dg): 6 6.42 (t, 1, J=7.0 Hz, Cy'H), 7.04 (br s, 2, NHy), 8.19
(s, 1, CoH). Apal. Calcd for CyoH)oBrNgO3 (354.17): C, 40.69%9; H, 3.42; N, 19.76; Br, 22.56.
Found: C, 40.45; H, 3.30; N, 19.56; Br, 22.85.

4-A

ne-5-carb gnitxile (l6b)y. A mixture of l6a (1. Og, 2 Bmmol) and acetic anhydride (1 9ml,
20mmol) in dry pyridine (15ml) was stirred at room temperature for 4h. The reaction mixture
was evaporated to dryness and the residue was co-evaporated with dry toluene (3 x 25ml). The
yellow residue was dissolved in CHClj and passed through a silica gel column (2.5 x 25cm) to
get pure compound, which was crystallized from acetone hexane to yield 1.20g (97%) of 16b; mp
166-167°C; 1IR: » 1740(C=0), 2210 (CN), 3100-3450 (NHZ)cm'l; UV: X max (EtOH) 220nm (e16,400),
286 (13,100); 1y MR (MeyS80-dg): 6 1.96 and 2.10 (2s, 6, 2C0CH3), 6.48 (t, 1, J=6.0 Hz, Cy'H),
7.03 (br s, 2, NHp), 8.24 (s, 1, CoH). Anal. Calcd for Cy4H;6BrNsOg (438 24) C, 43.85; H,
3.68; N, 15.97; Br, 18.23. Found: C, 43.94; H, 3.86; N, 15.73; Br, 17.99

bonitrile (l6d). Dry KF (0.10g, 2mmol) and 18 -crown-6 ether (0. 028g, 0.1lmmol) in anhydrous
CH3CN (30ml) was stirred at room temperature for 0.5h with the exclusion of moisture and then
added to a stirred solution of 16b (0.44g, 1lmmol) in dry CHaCN (30ml) containing
N,0-bis(trimethylsilyl)acetamide (BSA), 1lml, 4mmol). The reaction mixture was heated under
reflux for 12h and evaporated to dryness. The residue was purified by flash chromatography
using CHClj:acetone (8:2) as the eluent. The homogeneous product on crystallization from
CHClj/ether gave 0.20g (56.0%) of 16d; mp>200°C(dec); IR: v 1720(C-0), 2230(CN)cm'1; Uv:a
max (EtOH) 229nm(sh) (€15,100), 278 (e19,700); lH NMR (MepS0-dg): 6§ 2.03 and 2.09 (2s, 6, 2
COCH3), 6.51 (t, 1, J=6.0 Hz, Ci’'H), 6.94 (br s, 2, NHp), 8.23 (s, 1, Cgl), 8.44 (s, 1, CoH) .
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&nal. Calced for CygHyyNgOs5 (359.34): C, 53.48; H, 4.77; W, 19.48. Found: C, 53.53; H, 4.96;
N, 19.32,

oxytoyocamyein, 3a) and (&;Aming;z;iz_gs2xx;ﬁ;D;gxx&hx9;2znsgﬁsxgn95xlinxxxglgiz‘é;dlnxximi_
dine-S-methylformimidate (22). A solution of 164 (1.60g, 5.0mmol) in CH30H/NH3 (100ml) was
stirred in a pressure bottle at room temperature for 12h. The mixture was evaporated to
dryness and the residue after purification by column chromatography using acetone:CHCly (7:3)
as eluent gave 22 (0.13g, 9.5%) as amorphous solid; Iy mr (MeyS0-dg): 6 3.74 (s, 3, OCHj,
6.50 (£, 1, J=6.0 Hz, Cy'H), 6.90 (br s, 2, NHj), 8.23 and 8.42 (2s, 2, Col{ and CgH), 10.03
(br s, 1, NH). Further elution with CHClj:MeOH (8:2) and crystallization of the homogeneous
product from EtOH/ether gave 1.0g (82%) of 2g; mp 205-207°C [1it3 mp 208-209°C}; IR
2220(CN), 3200-3400 (NHZ,OH)cm'l; UV: X max (pHl) 234nm (e26,000), 274 (19,300); (pH7) 230rm
(€l7,200), 278 (29,000); (pH1ll) 230nm (e17,800), 278 (23,300); iy NMR (Me;80-dg): & 6.51 (t, 1,
J-6.0 Hz, C1'H), 6.90 (br s, 2, NHp), 8.22 (s, 1, CgH), 8.42 (s, 1, CoH). Anal. Calcd for
CioH13Ns03 (275.26): €, 52.37; H, 4.77; N, 25.43. Found: ¢, 52.25; H, 4.75; N, 25.32.

oxysangivamvein, 3b). Method A. 1In the same manner as for 1_3_g the title compound was
prepared by using 3a (0.27g, lmmol), dioxane (10ml), MeOH (50ml), Ho0 (10ml), NH,OH (20ml)
and Ho0p (2ml). Yield 0.22g (75%); mp 267-270°C [Lit3% mp 272-275°C, and all other physico-
chemical properties of 3b are identical with 2'-deoxysangivamycin reported in literature> 1.

Method B. A mixture of 18 (0.70g, 1.9 mmol), Pa/C (5%, 0.70g) and concentrated NH,OH (5ml) in
EtOH:Hy 0 (4:1, 200ml) was shaken under hydrogen atmosphere at 40 psi for 24h. The catalyst
was removed by filtration and the filtrate was evaporated to dryness. The residue was
crystallized from EtOR to yleld 0.35g (63%) of 3b; mp 268-270°C, and was identical to 3b
prepared by method 4.

(L) By following the procedure as described for the preparation of lj_g the ticle compound
was prepared by using 16a (1.30g, 3.67 mmol), MeOH (100ml), dioxane (10ml), Hp0 (25ml), NH;OH
(20ml) and Hy0; (3ml). The reaction product was purified by flash chromatography using
CHCl3:MeOH as the eluent and crystallized from MeOH/CHClj/ether mixture to yield 1.10g (81%)
of 18; mp 163-166°C: IR: » 1710 (CONHp), 3200-3410 (NH2,OH)cm'1; UV: X max (pHl) 231lnm
(€27,700), 276 (24,400); (pH7) 231nm (¢19,600), 280 (27,300); (pHl1ll) 228nm (e20,800), 280
(€27,900); 1H NMR (MepS0-dg): § 6.47 (tr, 1, J=6.0 Hz, Gy'H), 7.74 (br s, 2, NHp), 7.99 (br s,
2, CONHy), 8.07 (s, 1, CoH). Apal. Caled for CygHy4BrNg0, (372.13): €, 38.73; H, 3.79; N,
18.81; Br, 21.47. Found: C,38.63; H, 3.80; N, 18.39; Br, 21.41.

(198). In the same manner as for 1_3_§ che title compound was prepared by using }_g (0 SOg. 1.8
mmol) and crystallized from EtOH to yield 0.35g (628); mp >230°C (dec); IR: v 1260 (C-S),
3200-3440 (NHZ,OH)cm'l; UV: A max {pH1) 241nm (e16,000), 286 (11,900); (pH7) 246nm (11,100},
263 (11,500); (pH11) 235nm (€12,700), 279 (15,000); 1y MR (Me)S50-dg): § 6.54 (r, 1, J=6.0 Hz,
C1'H), 7.92 (br s, 3, CoH+NHo) 8.11 (s, 1, CgH), 9.44 and 9.64 (2br s, 2, CSNHj). Anal.Calcd
for CypH15N503S (309.34): C, 46.61; H, 4,.89; N, 22.64; S, 10.35. Found: C, 46.41; H, 4,93; N,
22.62; s, 10.45.

gh_lmg_e, (M) A mixt:ure of 3a (0. 553, meol) and NH,Cl (0 11g, meol) in 11quid N4
(75ml) was heated at 100°C in a steel bomb for 12h after which the NHy was evaporated, The
residue was crystallized from EtOH containing a drop of HCl to give 0.4g (61%) of 19b; mp
183-185°C; IR: v 3200-3400 (NH,,OH)cm™ L. uv: A max (pH1) 283nm (e6700); (pH7) 284nm (e6900);
(pH11) 275nm (€4200). Anal. Caled for CyH;;CINgOs (328 76): C, 43.84; H, 5.21; N, 25.55; Cl,
10.79. Found: €, 43.81; H, 5.20; N, 25.56; C1, 10.91

4-

(19¢). In a similar manner as for lic, the title compound was prepared by using :L (0.25g,
0.9lmmol) and free NHoOH (0.30g, 9.lmmol) to yield 0.25g (89%); mp 247-248°C; IR: v 3200-3400
(NHy ,OH)cm™ 1; Uv: A max (pHL) 223mm (29,500}, 275 (20,500); (pH7) 277nm (¢21,700); (pH1L)
277om  (€22,100); 1H MR (MeySO-dg): & 6.02 (br s, 2, NHp), 6.55 (t, 1, J=6.0 Hz, Cy'H). 7.28
and 9.33 (2br s, 2, NHy), 7.89 and 8.08 (2s, 2, CyH and CgH), 9.71 (s, 1, NOH). Anal. Calcd
for CqH1gNgO, (308.29): C, 46.75; K, 5.23; N, 27.25. Found: €, 46.59; H, 5.22; N, 27.07.

- - (15b). The title compound was prepared in a similar manner as
described for 158 using 2-amino-5- ethylt:hiopyrrole-B,lc-dicarbonitriless (vhich was converted
to 14b by boiling with diethoxymethylacetate), (6.5g, 26mmol), NaH (60%, 1.20g, 30mmol), 3
(11.7g, 30mmol) and dry CH3CN (300ml). The product was purified by flash chromatography using
hexane:acetone (6:4), and crystallized from the same solvent to yield 12.0g (76%}; pl 129-
131°C; IR: » 1720 (C=~0), 2220 (CNYem™1; UV: X max (EtOH) 236nm (€33,300), 281 (11,200);
(CDCl3): & 1.27 and 1.43 (2t, 6, 2CHoCHy), 2.39 and 2.43 (2s, 6, 2CH3), 4.47 (m, &, 2C320H3),
6.62 (t, 1, J=6.0 Hz, Gy1'H), 7.22-7.90 (m, 8, 2Fh), 8.27 (s, 1, CH). Anal. Calcd for-
C32H32N405S (600 69): C, 63.99; H, 5.37; N, 9.32; S, 5.33. Found: C, 64.13; H, 5.25; N,

9.33; s, 5.50
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(6.5g, 10.lmmol) and MeOH/NHy (200ml). The product was crystallized from MeOH: CHCl3:ether
mixture to yield 3.60g (91.0%) of l6¢; mp 178-179°C; IR: » 2220 (CN), 3150-3420 (NHy,0H)cm™ 1;
UV: X max (pHl) 237nm (€10,800), 292 (9000); Spﬂ7) 221nm (sh) (e13,400), 239 (sh) (8100), 297
(10,200); (pH11l) 239nm (€9400), 297(10,700); *H NMR (MeSO-dg): & 1.20 (t, 3, CHyoCH3), 3.0

(q, 2, CHyCH3), 6.64 (t, 1, J=6.6 Hz, Cy1'H), 7.07 (br s, 2, NHp), 8.22 (s, 1, CyH). Apal. -
Calcd for 616H17N503S (335.38): €, 50.15; H, 5.11; N, 20.84; S, 9.54. Found: C, 50.06; H,
5.13; N, 20.61; S, 9.5

midoximg (12_) In a similar manner as for ng, the title compound was prepnred by using lgg
(1.80g, 4.95mmol), NH,OH (2.50g) and EtOH (100ml) to yield 1.70g (87.0%) as foam; IR: v 1300
(-SEt), 3000-3400 (NHZ,OH)cm'l; UV: A max (pHl1) 286nm (e12,700); (pH7) 292um (e14,100); (pH1l)
292nm (€14,600); 1y NMR (MepS0-dg): § 1.22 (t, 3, CHyCH3), 2.79 (q, 2, CHpCH3), 6.19 (br s, 2,
NHp), 6.76 (t, 1, J=6.0 Hz, C1'H), 7.50-8.20 (m, 2, NHo), 8.06 (s, 1, CoH), 9.86 (s, 1, NOH).
Anal. Caled for Cy,Hy9NgO,S (368.41): C, 45.65; H, 5.47; N, 22.81; S, 8.68. Found: C, 45.88;
H, 5.56; N, 22.83; S, 8.45.

ni;xilg (_1) The title compound was prepared by following the procedure employed for the
preparation of 9a using l4a ( 14.0g, 52mmol), 8 (24.1g, 55mmol), NaH (60%, 2.4g, 60mmol) and
CH3CN (300ml). The crude product was dissolved in CHClj, passed through a silica gel column
(4 x 40cm) and eluted with CHCl3. The homogeneous fractions were evaporated and the residual
oil was used as such for further reactions; yield 28.0g (79.0%).

_1;xilg (2_§) The title compound was prepared by following the procedure employed for the
preparation of l6a using 17 (8.5g) and MeOH/NH3 (400ml). The product was purified by flash
chromatography using hexane:acetone (6:4) as the eluent and the homogeneous product was
crystallized from the same solvent system to yileld 7.5g (89.0%); mp 95-96°C; IR: v 700
(C-Br), 2220 (CN)em™l; UV: A max (EtOH) 288mm (€19,400); 1H NMR (CDCl3): 6 4.53, 4.55 and 4.61
(3s, 6, 3CHyCgHs), 5.83 (s, 2, NHp), 6.64 (d, 1, J=6.6 Hz, Cy'H), 7.28 (m, 15, 3Ph), 8.22 (s,

1, CoH). Anal. Caled for C33H39BrNsO, (640.54): C, 61.88; H, 4.72; N, 10.92; Br, 12.48.
Found: C, 61.74; H, 4.85; N, 10.91; Br, 12.48.

4- .
(20b). In a similar manner as for 16d, the title compound was prepared by using 20a (2.6g,
4.1lmmol), KF (0.44g, B8.2mmol), BSA (4.1 ml, 16.4mmol), 18-crown-6 (0. 12g, O0.4mmol) and
CH3CN (150ml). The product after crystallization from ether gave 1.3g (57.0%) of 20b ; mp
98-100°C; IR: » 700 (C-Br), 2220 (CN)em™l; UV: A max (EtOH) 23lnm (10,700, 280 (16,300); M
NMR (CDCl3): 6 4.51 (m, 6, 3CHpCgHg), 5.93 (br s, 2, NHj), 6.68 (d, 1, J=6.6 Hz, C;'H), 7.31
(m, 15, 3Ph), 7.91 (s, 1, CgH), 8.31 (s, 1, CpH). Anal. Caled for C33H31NgO, (561.64): C

70.57; H, 5.56; N, 12.46. Found: C, 70.60; H, 5.67; N, 12.40,

4-

1

(2la). In a similar manner as for l3a, the title compound was prepared by using 20b (1.45g,
2.58mmol), dioxane (100ml), MeOH (75ml), Hy0 (5ml), NH,OH (25ml) and Hy0p (10ml, 5%) to yield
1.20g (80.0%); mp 138-140°C; IR: » 1620 (C=0) 3180-3480 (NHj)cm® L, Uv: A max (pH1l) 269nm
(€5000); (pH7) 269nm (55100); (PH1l) 272nm (e4700); H NMR (Me3S0-dg): 6 4.36 (m, 6, 3
CHyCgHs), 5.35 (br s, 2, NHp), 6.75 (d, 1, J=6.5 Hz, Cy’H), 7.26 (m, 17, 3Ph+CONHp), 7.74 (s,
1, CgH), 8.23 (s, 1, CH). Anal. Calcd for Cj33H33NsOs (579.65): C, 68.38; H, 5.73; N,
12.08. Found: C, 68.17; H, 5.62; N, 12.06.

ars a e (21b). In a similar
manner as for 9b, compound Zlh was prepared by using 213 (12 Og, 20.7mmol), Pd(OH)p (2. g?
and cyclohexene (50ml) in EtOH (200ml) to yield 6.0g (94.08%); mp 250-252°C; (Lit
258-260°C]; IR: v 1670 (C=0), 3140-3420 (NHZ,OH)cm'l; UV: X max (pHl) 233.5nm (el4,900), 275
(15,200); (pH7) 233 nm (9400), 245 (8200), 279 (14,400); (pH1l) 231nm (e10,100), 280
(14,300); Iy R (MeS0-dg): 6§ 5.49 (br s, 2, NHp), 6.44 (d, 1, J=5.0 Hz, C;'H), 7.33 and
8.07 (2br s, 4, CONHp, CoH and CgH). Anal. Calcd for CyoHisNgOg (309.28): C, 46.60; H, 4.89;
N, 22.63. Found: C, 46.44; H, 4.77; N, 22.51.
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