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Abstract—1-{(4- Amino-3.4-dideoxy- 8 -D- ibo hexopyranosyluronic acid)c ytosine was synthesized and its identity with

the natural product pentopyranamine D was established.

Recently, Secto' isolated several cytosine nucleosides
(pentopyranines (A — F) from the fermentation broth of
Streptomyces griseochromogenes. The proposed' struc-
tures of pentopyranine A and C as 1-(2,3 - dideoxy - a - 1
- glyceropentopyranosyl) - cytosine and 1- (3 - deoxy - a -
1. - threopentopyranosyl)cylosine, respectively, were
confirmed’* by total syntheses. Pentopyranine E and F
were assigned’ structures of | - (a - L -
arabinopyranosylkytosine and | B - b
xylopyranosyl)cytosine, respectively by direct compari-
son to known’ nucleosides. Seto et al. also isolated two
new nucleosidic products, pentopyranic acid® and blas-
ticidin H,” from the culture broth of S. griseochromogenes.
The structure of the former compound was firmly
established as 1-(8-D-glucopyranosyluronic acid)ytosine
by chemical synthesis." The latter product is an immediate
biogenetic precursor of blasticidin S. Pentopyranamine D,
the nucleoside moiety of blasticidin H, was obtained by
hydrolysis and assigned the structure 9 [1 - (4 - amino - 3,4
- dideoxy - 8 - D - ibohexopyranosyluronic acid)cytosine)
on the basis of physico-chemical studics.” From these
structural assignments, Seto ef al* proposed a reaction
sequence for the biosynthesis of the important nucleoside
antibiotic, blasticidin S. It is noteworthy that the proposed
structure of pentopyranamine D resembles closely that of
C substance | - (4 - amino - 4 - deoxy - 8 - D -
glucopyranosyluronic acid)cytosine.” a degradation pro-
duct of the antibiotic gougerotin. We report herein the
total synthesis of 1 - (4 - amino - 3.4 - dideoxy - 8 - D -
ribohexopyranosyluronic acid)cytosine (9) and its identity
with the natural product. pentopyranamine D.

The known' | - (3 - deoxy - 8 - D - xvlohex-
opyranosylkytosine (1) was used as starting material.
Treatment of 1 with triethylorthoformate in DMF
containing dry hydrogen chloride according to the
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procedure of Zemlicka'' afforded an epimeric mixture of
orthoesters which were benzoylated and hydrolyzed to
give the dibenzoylated 3. Reaction of 3 with bis(4-
methoxyphenyl)phenylchloromethane  (MMTrCl)  in
pyridine followed by treatment with mesyl chloride
yielded the crystalline 4'mesylate (4) in ~S50% yield.
Treatment of 4 with sodium azide in hexamethylphos-
phoric triamide (HMPT) gave the 4'-azido derivative §
which without purification was detritylated with 80%
aqueous acetic acid to crystalline 6. Compound 6 was
oxidized with chromic anhydride in aqueous acetic acid"
to 7 which was debenzoylated directly to the free 4'-azido
nucleoside 8. Reduction of the 4'-azido substituent of 8 by
hydrogenation with palladium-charcoal catalyst afforded 1
- (4 - amino - 34 - dideoxy - 8 - D - nbo -
hexopyranosyluronic acid)cytosine 9. The PMR spectrum
of 9 was consistent with structure 9 (Fig. 1). The IR
spectrum of the dihydrochloride of 9 was identical with
that of pentopyranamine D dihydrochlonde (Fig. 2). The
optical rotation of the dihydrochloride of pen-
topyranamine D ([a]p™ - 24° = 3%, H,0, C = 0.08) and of
the synthetic material 9 ([a),™ - 27+ 3, H;0, ¢ =0.09)
was determined.t These values establish the D-
configuration for the natural product.

EXPERIMENTAL

M.ps were determined on a Thomas-Hoover capillary ap-
paratus and were corrected. PMR spectra were obtained on a
JEO.L -JIM-PET-100 spectrometer with TMS as reference
unless specified otherwise. Chemical shifts are reported in ppm
(8) and signals are described as s (singlet), d (doublet), t (triplet)
and q (quartet). Values given for coupling constants are first order.
IR spectra were recorded on a Perkin-Fimer Infracord using
pressed KBr pellets. TL.C was performed on microscope slides
coated with silica gel GF,., (Merck) and spots were detected by
UV absorbance or by spraying with 20% v/v H,SO.~EtOH and
heating. Microanalyses were performed by  Galbraith
L.aboratories. Inc., Knoxville, Tenn. and by Spang Microanalyti-
cal Laboratory, Ann Arbor, Mich.

N* - Benzoyl - 1 -(2-0 - benzoyl -3 - deoxy - 8 - -
xylohexop)mnosyl)cwoxmt (3). 1" (16 g, 00‘5 mol) was dissol-
ved in DMF (80 ml). To the soln was added triethylorthoformate
(32 ml) followed by 10 M HC] in DMF (8 ml). After 20 min, solid
NaHCO, (16 g) was added and the mixture was stirred overnight
and then filtered through a Celite pad which was thoroughly
washed with pynidine. The combined filtrate and washings were
evaporated to dryness below 45° using a mechanical pump. The
residue, was tniturated with ether (100 ml) and the ether was
discarded.
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The colorless, sticky syrup (a single spot on TLC benzene-
cthanol 9:1) was dissolved in 100 ml pyridine. After cooling the
solution to 0°, benzoyl chlonde (20g. 0.14mol) was added
dropwise and the mixture was stirred for 30 min and then poured
into ice water (800 ml). The ppt was collected by decantation of
the supernatant. The residue was triturated with water (800 ml x 3),
dissolved in chloroform (250 ml), dried over Na,SO, and then
cvaporated to dryness to a syrup (2) which could not be crystallized
from several solvents or mixtures of solvents.
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‘The above syrup (2) was dissolved in methylenc chloride
(100 ml) and the soln was diluted with EtOH (90 ml) and water
(10 ml). The mixture was acidificd with conc. HCI (2 ml). After
20 min, the mixture was cvaporated (o dryness. Crystallization of
the resulting colorless solid from E1OH afforded 3 as fine needles
(188.70.5%), m.p. 214° (sintered), 225-228" (¢ff). (Found: C, 61 8S:
H,S5.02;N,9.00. Cakc. for C;.H:,N\O»: C.61.9 :H.498:N,9.03).

N*- Benzoyl - 1 - (2- O - benzoyl - 3 - deoxy -6-0-di -p-
methoxytrityl - 4 - O - mesyl - B - D - xylohexopyranosyl)cytosine
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Fig. 1. PMR spectrum of synthetic pentopyranamine D (9) (D,0). Chemical shifts are given in parentheses in parts per
million (8). DSS as the external standard.



Nucleosides—XCV

1495

1 1 Al

Nahuerda pentogyranamine O

Synthetc product (9)

1 It 1 i

000 2000

500 20C

Q00 90O 800 0

Fig. 2. IR spectra of dihydrochlorides of natural and synthetic pentopyranamine D (KBr).

(4). A mixture of 3 (13g, 0.028mol) and MMTrC] (10-1g,
0.030 mol) in pyridine (150 ml) was stirred overnight at 45° and
then heated to 60° for 4 hr. The mixture was cooled to 0° and mesyl
chlonde (4 ml, 0.05 mol) was added. After 4 hr at room temp. the
mixture was poured into an ice-water mixture (800 ml). The solid
ppt was collected by filtration, washed with water, dissolved in
chioroform (200 mi), dried (Na,S0,). and evaporated to dryness.
The solid residue was recrystallized from EtOH. Compound 4
(12g, 51%) was obtained as colorless, fine needles, m.p. 194-200°
(to a red liquid), PMR (DMSO-d,) § 2.53 (4H, mesyl CH, and
H3'a), 3.74 (9 H, 2 anisyl CH,, H¥ ¢ and H6', 67, 4.61 (1H, H4),
SA8(1H, HY), S35 (1H, HY). 6.33 (1H. HY'. J, ; = 9.46). 68-8.2
(~2SH. aromatic). 11.29 (1H, NHB,. dissociabk). (Found: C,
65.71; H, 4.99. N, 4.79. S, 3.50. Calc. for CuHuNLO,,S: C, 65.33;
H. 509 N, 497.5.3.79).

TLC examination (benzene-EtOH 9: 1) showed that the mother
liquor of recrystallization contained a considerable amount of
detnitylated product.

N*- Benzoyl -1 -(4-azido -2 - O - benzoyl - 3.4 - dideoxy - 6 -
O - di - p- methoxytrityl - B - D - ibokexopyranosyl)cytosine ().
A mixture of 4 (8.5g, 0.01 mol) and sodium azide (2.6 g, 0.04 mol)
in HMPT (30 ml) was heated at 70° with stirring overnight. The
mixture was poured inlo an ice-water mixture (400 ml) containing
a few drops of pyndine. The ppt was collected by fltration,
washed with water (400 ml containing a few drops pyridine), and
then dissolved in chloroform (250 ml). The chloroform soln was
washed with water (250 ml x 3), dried over Na,SO.. and evapo-
rated to dryness to afford a colorless powder (5). The IR spectrum
of this sample exhibited a strong absorption band at 2.160cm '
characteristic of the azido group. This product § was not purified
further, but used directly in the next step.

N-benzoyl - 1-(4-azido -2- O - benzoyl - 3.4 - dideoxy - 8 -
- nbohkexopyranosyl)cytosine (6). Compound § (5.0 g, 0.0063 mol)
was dissolved in AcOH (16 mi). The soln was diluted with water
(4 ml) and stirred at room temp. for 2 hr. After evaporation of the
solvent, the residuc was triturated with ether. The colorless solid
was collected by filtration and crystallized from FtOH to afford 6
(2.68, B4%) as colorless needles, m.p. 163° (sintered), 200-21T7°
(efl), PMR (DMSO-dJ). 8§ 213 (IH. q. H¥a, Ji.ao = dhes =
110Hz). 271 (1H. m, H¥¢), 3.7-4.0 (4H, m. H6', 6", HS'. H4').
495 (IH. t. OH dissociable), S5.31) (IH, sextet, HY.
Joamdy v m92H2, 10, =82H2), 615 (IH. A HI' ), > a9,
7381 (- 11 H, m, aromatic), 8.28 (1H. d. H6, J,. - 7.6 Hz), 11.2
(1H. s, NHBz, dissociable. (Found: C, 58.55; H, 4.61; N, 17.00.
Calc. for C,H::NO.: €, 58.78; H, 4.49; N, 17.14).

|- (4- Azdo - 34 - dideoxy - B - 1 - nbohexopyranosyluronic
acid ) ytosine (8). To a soin of 6 (2.4 g, 0.005 mol) in glacial AcOH
(1Sml) was added 15ml of oxidizing agent {3-fold excess,
prepared by dissolving Cr(), (6.7 g) in water (10 ml), and diluting to
100 ml with AcOH. The mixture was stirred overnight at room
temp. after which it was partitioned between chloroform (250 ml)
and water (200 ml). The chloroform was dried (Na,S0,) and
concentrated to dryness to give crude 7.

The crude. blocked nuckeoside 7 was dissolved in McOH (80 ml)
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and treated with 20 ml of 1N NaOH overnight at room temp. The
MeOH was evaporated and the residue was partitioned between
water and cther (100 ml, each). The aqueous layer was separated
and acidified to pH ~ 1| with conc HC! and then cxtracted with
cther (100ml x 2). The aqueous layer was passed through a
column of Dowex 1 x 8 (OH ) (100-200 mesh, 4.5 x 20 cm) and the
column was washed successively with water (6 1) and 0.1 N formic
acid (4 1). Compound 8 was cluted with 0.1 N formic acid. The
cluent was evaporated to dryness. Compound 8 was obtained as
colorless, fine needles (289 mg) which were recrystallized from
water; m.p. 220-225° (dec), IR, v 52! 3400, 2900, 2160 (N,), 1710,
1600, 1560, 1520, 1400 1270 and 1090 cm '. (Found: C. 40.34; H,
424N, 28.11. Cale. for C\oH ;N O« C. 40.54; H, 4.05: N, 28.38).

1-(4- Amino - 34 - dideoxy - B - 1 - nibohexopyranosyluronic
acid)cytosine (9). The azido derivative 8 (192 mg) was dissolved in
DMF (78 ml) and water (25 ml), and hydrogenated over 10% Pd-C
(7¢mg) for 1Smin with the initia) pressure at 23x 10°kgm °.
After removal of the catalyst by filtration, the filtrate was
evaporated to dryness to a crystalline solid that was recrystallized
from DMF-water. Compound 9 was obtained as colorless needles
(122 mg, 70%), m.p. 246-248° (dec). PMR (Fig. ). (Found: C,
44.23. H, 5.38. N, 20.55. Calc. for C,oH, N, O.: C, 44.44; H, 5.19:
N, 20.74).

The dikydrochloride of a was prepared by dissolving 9 (5 mg) in
0.2ml of IN HCIL After 2 days at room temp. the separated
crystals were collected (3.2 mg). The IR spectrum of this sample
was idential with that of the natural product (Fig. 2).
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