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In a previous paper!, we described the synthesis of 3-deoxy-3-C-(R)-ethoxy-
carbonyl(formylammo)methyl- 1,2 5,6 -d1- O -1sopropylidene -« - D - allofuranose (1),
which 1s a sugar derivative containing a protected glycine moiety as a branched
chain at C-3 At present, there 1s much mnterest 1n the synthesis of nucleoside peptide
antibiotics? and analogues of the polyoxin group of antifungal agents® Ths, together
with the discovery that profound changes 1a the biological activity of naturally
occuring nucleosides can be achieved by the introduction of branching at C-3 of the
sugar moiety#, has prompted us to synthesize nucleosides from 1 This paper describes
the synthesis of 1-[3-C-(R)-(1-acetamido-2-hydroxyethyl)-3-deoxy-S-D-ribofuranosyl]-
uracil (16) and 1its « anomer (17) by the modified Hilbert-Johnson reaction®

Acid hydrolysis of 1 followed by acetylation gave the diacetate 2 Preliminary
experunents indicated that acetolysis of 2 gave a mixture of the N-formyl and N-
acetyl compounds 3 and 4, which could not be separated chromatographically The
ratio of 3 4 showed very little change on varying the reaction time and the concentra-
tion of actd Hydrolysis of 2 with trifluoroacetic acid® followed by acetylation gave a
complex reaction mixture from which the lactone 5 was isolated 1a fairly high yield.
To circumvent these difficulties, 1 was reduced with lithium alumimmum hydride and
then deformylated to the e-ammo-alcohol! 6

Acetylation of 6 with acetic anhydride 1in pyridine gave a mixture of the N,N-
diacetyl compound 8 (main product) and the partially acetylated compound 7
Hydrolysis of the 5,6-O-1sopropylidene groups 1 7 and 8, periodate cleavage of the
resulting diols 9 and 10, and reduction of the products with borohydride gave com-
pounds 11 and 12, respectively Acetylation of 11 with pyridine-acetic anhydnide
gave 13. During acetylation of 12 with pyridine-acetic anhydride and work-up m the
usual manner, one of the N-acetyl groups was lost, and the same product (13) was
obtained as in the acetylation of 11,

Acetolysis of 13 for at least three days’ gave crystalline 3-C-(R)-(1-acetammdo-2-
acetoxyethyl)-1,2,5-tr1- O-acetyl-3-deoxy-f-D-ribofuranose (14) as the only product
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The anomeric configuration of 14 was deduced from its n m r. spectrum, where the
resonance for H-1 appears at t 3 65 as a singlet, indicating the f configuration? 8
Reaction of 14 with bis(tr.methylsilyl)uracil®, using the procedure described by
Niedballa et al ®, gave an anomeric mixture (15) of nucleosides which could not be
fractionated. The mixture was therefore deacetylated by refluxing with 0 1M methanolic
sodium methoxide to give a muxture of the deprotected nucleosides 16 and 17 in a
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1 2 ratio Fractionation of this mixture by chromatography on silica gel gave crystal-
line 16 (16%) and 17 (30% yield from 14) The empirical rule'® that the resonance
for H-1’ 1in the n m r. spectrum occurs at lower field when the substituents are cis
than when they are zrans indicated the § configuration for 16 and the « configuration
for 17 These anomeric assignments for 16 and 17 were unequivocally established by
ord. data The ord spectrum of 16 exhibited a positive Cotton effect characteristic
of the B-b configuration of furanosyl pyrimidine nucleosides!?!, whereas the spectrum
of 15 exhibited a negative Cotton effect which 1s consistent with an «-D configuration

(Fig 1)
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Fig 1 Rotatory dispersion curves of the S-nucleoside 16 (. ) and the a-nucleoside 17 (— — =)
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Fig 2 Circular dichroism curves of f-nucleoside 16 m methanol (@) and of «-nucleoside 17 in
methanol (), acetonitnie (¢), and p-dioxane (d)
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In methanol, the B-nucleoside 16 shows the expected ¢ d maximum at 267 nm
(d4e 7 23) due to the optically active uracil chromophore, 1n addition to the negative
Cotton effect of the N-acetyl chromophore below 215 nm In contrast, the ¢-nucleoside
17 gave a ©d spectrum in methanol with maxima at 272 (de —1 46) and 247 nm
(4s 1 40) (Fig 2) The presence of two relatively widely separated ¢ d -maxima of
oppostte sign 1s usually indicative of solvation and/or conformational equilibrium 2
Further evidence for such equihibrium 1s furmished by the c¢d spectra of 17 in
acetomtrile and p-dioxane, i1n which the intensity ratios of the two maxima were
markedly different (Fig 2) These observations are compatible with an a-nucleoside
conformation, 1n which the juxtaposition of the uracil and N-acetyl optically active
chromophores clearly allows mteraction of the two chromophores, as well as solvent-
dependent conformat:onal changes

EXPERIMENTAL

General methods — M p s were determined with a Kofler hot-stage apparatus
Ir spectra were measured with a Perkin—Elmer 257 spectrophotometer, and electronic
spectra were recorded on a Unicam S P 800 instrument N m r spectra were recorded
on a Vanan HA-100 mstrument for solutions mn CDCl; with tetramethylsilane as
mternal standard, unless otherwise stated Optical rotations were measured with a
Benaix-NPL Automatic Polarimeter Type 143 on solutions m chloroform (¢ 10
+0 3) unless otherwise stated Ord and c¢d spectra were recorded on a Jasco J-20
automaiic recording spectropolarimeter on concentrations given as gmol/l Mass
spectra were determined with an A EI MS-9 spectrometer, using the direct-inser-
tion techmique and an 1omizing voltage of 70 eV. All solvent extracts were dried
(Na,S0,), and solvent was then removed below 50° iz vacuo T 1c¢ was performed
on 0 1-mm plates of silica gel GF,;5, (Merck), spots were detected by u v light at
254 nm, or with cerrum(1V) sulphate Column chromatography was conducted with
Silica gel 60 (Merck) and chloroform-methanol (20 1), unless otherwise stated

3,6-D1-Q-acetyl-3-deoxy-3-C-(R)-ethoxycarbonyl( formylanuno)methyl-1,2-O-1so-
propylidene-a-D-allofuranose (2) — A solution of 1 (500 mg) in 75% acetic acid (5 ml)
was heated 1n a water bath at 75° for 1 h The solvent was removed iz vacuo and the
product acetylated with pyridine-acetic anhydride to give 2 as an o1l (446 mg, 75%),
[«]2° +90°, +EHCIs 1735 (ester), 1688 cm ™! (amide) Mass spectrum mfe 402 (M™*
—15) Nmr data 7 172(s, CHO), 312 (d, Jay 1 10 Hz, disappears on addition of
D,0-Et;N, NH), 422 (d, J, , 4 Hz, H-1), 491 (g, J;-,3 5, J; u 10 Hz, H-1%), 531
@t Jy,4,J,34Hz, H-2),576 (g, J 7T Hz, CH,CH3), 738 (0, J3,; 5, J32 4, J34
10 Hz, H-3), 7 87, 7 95 (25, 2Ac0), 8 42, 8 68(25,2CHj3;), 8 70 (¢, J 7 Hz, CH,CH;)

Anal Calc for C ;H,,NO,, C,518 H,65,N,34. Found C,518,H,65,
N,33

Acetolysis of 2 — A solution of compound 2 (3 6 g, 8 8 mmoles) 1n acetic
acid (50 ml) and acetic anhydride (5 ml) was cooled 1n an ice bath, and conc sulphuric
acid (2 5 ml) was added dropwise. The 1ce bath was removed, and the mixture was
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left at 20° for 3 days, and then poured into ice-water (500 ml) and extracted with
chloroform (3 %200 ml) The combined extracts were washed with aqueous sodium
hydrogen carbonate (3 x 100 ml) and water (3 x 100 ml), and the solvent was removed
to give an o1l (21 g) Repeated chromatography of this o1l gave a product (1 6 g)
which was a mixture of 3 and 4 as evidenced by nmr [t 176 (s, CHO) and 806
(s, NAc)] and mass spectrometry [m/e 401 (M* —CH3;CO,H), 3, and mfe 415 (M*
—CH,CO.H), 4]

1,5,6-Tri-O-acetyl-2,3-dideoxy-3-C-(R)-formylamnomethyl--p-allofuranose-
3%, 2-carbolactone (5) — A solution of 2 (310 mg) 1n 90% trifluoroacetic acid (10 ml)
was kept® at 25° for 8 min and the solvent then removed iz vacuo below 50° Acetyla-
tion of the residue gave a complex mixture of products, which was dissolved 1 a
mmmmum of acetone and triturated with hexane to give a crystalline sohid Recrystal-
Lisation from hexane-acetone gave S5 (152 mg, 55%) as colourless needles, m p
152-153°, [«]2? —145°, v$HCs 1793 (lactone), 1740 (ester), and 1690 cm ™! (amide)
Mass spectrum* m/e 331 (M* —CH3CO, ) Nmr data t 166 (s, CHQ), 343 (d,
Jun,3t 10 Hz, NH), 3 62 (s, H-1), 5 01 (d, J,,3 5 Hz, H-2), 4 80-6 60 (/m, H-3,31,4,5,6,6’,
7 85, 791, 7 96 (3s, 3Ac0O)

Anal Cale for C;;H,,NO,, C,483,H,51,N,38 Found C,483,H,51,
N, 37

3-C-(R)-(I-Acetamido-2-acetoxyethyl)-3-deoxy-1,2 5,6-di-O-1sopropylidene-a-p-
allofuranose (7) and 3-C-(R)-[2-acetoxy-I-(diacetylamino)ethyl]-1 2 5,6-di-O-1sopropy!-
1dene-o-D-allofuranose (8). — Compound 6 (5.1 g) was dissolved in dry pyridine (25 ml)
and treated with acetic anhydride (5 ml) The nuxture was left at 20° for 18 h and
then poured mto ice-water (250 ml) The mixture was extracted with chloroform
(3x 100 mi), and the combined eatracts were successively washed with cold 3M
hydrochloric acid (3 x 100 ml), saturated aqueous sodium hydrogen carbonate
(3 x 100 ml), and water (3x 100 ml) Removal of the solvent gave a mixture of two
products, which was fractionated by column chromatography

Compound 7 was obtained as an o1l (2 65 g, 41%), [«]3° +34°, vEHCs 3415
(NH), 1730 (ester), and 1667 cm™ ' (amide) Mass spectrum mje 372 (M* —15)
Nmr data 7321 (d, Jyu,, 95 Hz, disappears on addition of D,0-Et;N, NH),
425, J, , 4 Hz, H-1), 510-536 (m, H-1"), 519 (¢, J, , 4, J, 3 4 5 Hz, H-2), 7 76—
7 90 (mn, H-3), 7 95 (s, OAc), 8 08 (s, NAc), 8 43, 8 59, 8 66, 8 66 (4s, 4CH,)

Anal Calc. for C,gH,,NOg; C,558,H,75,N,36 Found C, 562; H, 76,
N, 36

Compound 8 was recrystallized from hexane to give colourless needles (3 85 g,
53%), m p 94-95°, v$HC1s 1627 cm ™! (ester and amude), [«]3! +63° Mass spectrum
mfe 370 (M* —CH;CO.) Nmr. data 7 428 (d, J, , 4 Hz, H-1), 521-559 (m,
H-1"), 537 (@, J5 , 4, J5 3 45 Hz, H-2), 7 53-7 88 (m, H-3), 7 31 (s, OAc), 8§ 33, 8 45
(2s, NAc,), 8 47, 8 59, 8 67, 8 69 (4s, 4 CH3)

Anal Cale for C,oH;,NOy C, 559, H,7.3,N,33. Found C, 562, H,71,
N,32.

3-C-(R)-(I-Acetamido-2-acetoxyethyl)-3-deoxy-1,2-O-1sopropylidene-o-p-ribo-
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Suranose (11) — A solution of 7 (2 6 g) 1n 75% acetic acid (50 ml) was heated at 75°
for 30 min Removal of the solvent gave a quantitative yield of the 5,6-deprotected
sugar 8¢ Mass spectrum mje 332 (M —15) To a solution of 9 (24 g, 6 9 mmoles)
in methanol (60 mi), a solution of sodium metaperiodate (148 g, 6 9 mmoles) in
water (30 ml) was added. The reaction was monitored by tlc and was complete
within 1 h The precipitated sodium 1odate was filtered off, the solvent was removed,
and the residue was taken up in acetone (500 ml) After filtration the solvent was again
removed, and ethanol (50 m!) and sodium borohydride (66 mg, 1 75 mmoles) were
added, and the mixture was stirred at 20° for 3 h The solvent was removed, the residue
was extracted with chloroform (250 ml), and after filtration the soivent was removed to
give 11 as an o1l (2 01 g, 95%), [«]3! +32°, vSHCs 3410 (OH and NH), 1730 (acetate),
and 1657 cm™ ' (amudej Mass spectrum mje 302 (M* —15)

3-C-(R)-[2-Acetoxy-1-(diacetylamino)ethyl]-3-deoxy-1,2-O-1s0propyhdene-o-D-
ribafuranose (12) — Hydrolysis of 8 (3 4 g) with 75% acetic acid (60 ml), as in the
preparation of 9, gave 10 as an oil 1n quantitative yield, mass spectrum mfe 330
(M™*™ —CH;CG3)), v&ict 3410 (OH and NH), 1730 (acetate), and 1655 cm™ ! (amuide)
A solution of 10 (3 05 g, 7 75 mmoles) 1n methanol (60 ml) was treated with sodium
metaperiodate (1 65 g, 775 mmoles) and sodium borohydride (76 mg, 2 mmoles),
as 1n the preparation of 11, to give 12 (2 16 g, 76%) as an oil, [«)3' +30°; vSHCls 3410
(OH and NH), 1735 (acetate), and 1657 cm™! (amude) Mass spectrum mfe 344
M* —15)

5-0-Acetyl-3-C-(R)-(I-acetamido-2-acetoxyethyl)-3-deoxy-1,2-O-1sopropyhdene-
a-D-ribofuranose (13) — Acetylation of 11 (2 15 g) with acetic anhydride-pyridine
gave 13 (2 20 g) as an oil, [o}3° +43°, v$H: 3425 (NH), 1735 (acetate), and 1669 cm ™ *
(amide) Mass spectrum mje 344 (M™* —15) Nmr data 7 343 (d, Jyu,3- 10 Hz,
NH), 419 (d, J,,, 4 Hz, H-1), 518 (¢, J,, 4, J, 5 4 Hz, H-2), 529-5 54 (m, H-1"),
7 75-7 95 (m, H-3), 7 93 (s, OAc), 8 04 (s, NAC), 8 43, 8 65 (25, 2CH;)

Anal Calc for C;¢H,5sNOg C, 535, H,70,N,39 Found C, 529, H, 69,
N. 37 Calc for C,sH,,NOg (M* —CH;) 344 135 Found 344 137

Acetylation of 12 (20 g) gave a product (2 16 g) 1dentical (ms, ir, nmr,
fedp) to 13

3-C-(R)-(I-Acetamido-2-acetoxyethyl)-1,2,5-tr1-O-acetyl-3-deoxy-f-D-11bo-
furanose (14) — A solution of 13 {2 1 g) in a mixture of glacial acetic acid (20 ml)
and acetic anhydride (2 m!) was stirred 1n an ice bath, and conc sulphuric acid (1 ml)
was added dropwise The ice bath was removed, and the muxture was kept at 20°
for 3 days, and then poured into 1ce—water (200 mi) and extracted with ethyl acetate
(6 x50 ml) The combined extracts were washed with saturated, aqueous sodium
hydrogen carbcnate (3 x 50 ml) and water (3 x 50 ml), and the solvent was removed
to give impure 14 (1 7 g) Chromatographic purification gave 14 (1 25 g) as an oil
which slowly crystallized Recrystallization from hexane gave 14 as colourless plates,
mp 1i2-113° [«]2® —105°, vCHCls 3440 (NH), 1730 (acetate), and 1670 cm™*
(amude) Mass spectrum- mfe 344 (M*™ —CH,3CO;) Nmr data t 365 (d, Jnu 1+
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95 Hz, NH), 399 (s, H-1), 468 (d, J > 5 5 Hz, H-2), 725-7 50 (m, H-3), 789 (s,
OACc), 793 (s, 3Ac0), 8 08 (s, NAc)

Anal Calc for C,;H,sNO,, C,506,H,63,N,35 Found C,503,H, 60,
N,35

Preparation of an anomeric mixture of protected nucleosides 15 — To a solution
of 14 (995 mg, 2 47 mmoles) m dry 1,2-dichloroethane (50 ml), bis(trimethylsilyl)-
uracil (700 mg, 2 74 mmoles) and tin(IV) chloride (025 ml) were added under
anhydrous conditions The mixture was stirred at 20° for 4 h and then poured mto
saturated, aqueous sodium hydrogen carbonate (100 m!) The mixture was filtered
through Celite, and the aqueous phase was thoroughly extracted with ethyl acetate
(10x 50 ml) The extracts were combined and the solvent removed to give crude 15
(900 mg} A pure mixture 15 (566 mg, 51%) was obtamed as a foam by column
chromatography (ethyl acetate-methanol, 10 1), mass spectrum mje 395 (M™*
—CH;CO,H), 344 (M* —base); vSHC%: 3300 (broad, NH), 1725 (acetate), and
1665 cm ™! (amide)

Anal Acc mass calc for C;,H,,;N;0gs (M* —60) 395133 Found 395 131

1-[3-C-(R)-(1-Acetarnido-2-hydroxyethyl)-3-deoxy-f-D-ribofuranosylluracil (16)
and 1-[3-C-(R)-(1-acetamido-2-hydroxyethyl)-3-deoxy-a-D-ribhofuranosyliuracil (17) —
The mixture of protected nucleosides 15 (735 mg, 1 6 mmoles) was refluxed with
0 1M methanolic sodium methoxide (16 ml) for 4 h The solution was cooled, the
pH was adjusted to 7 with glacial acetic acid, the solvent was removed, and the residue
was chromatographed with 1 1 methanol-ethyl acetate The f-nucleoside 16 was
obtained as a foam (144 mg, 27%) which crystallized from methanol as colourless
needles, mp 141°, [o2° +44°, vKBf 3390 (NH and OH) and 1650 cm ™! (amide)
Electronic spectrum (methanol) loge.gs 397, loges;; 385 Ord (¢ 111x107%,
20°, methanol) [@]3,5 1350, [DPlag, +14900, [Plr70 O, [Plas; —21700, [P],,, O,
a=+4+366 Cd (¢ 111x107%, 20° methanol) Ae (295) 0, (267) 4723, (242) O
Nmr data (methanol-d;) t 175 (d, Jg s 8 Hz, H-6), 433 (s, H-1"), 437 (d, Js5 ¢
8 Hz, H-5), 560 (d, J, 5 5 Hz, H-2'), 739-7 66 (m, H-3"), 8 03 (s NAc)

Anal Cale for C,3H, N3O, H,O C,449 H,61,N, 121 Found C, 447,
H,61,N,122

Compound 16 (6 mg) was also treated for 18 h with a mixture of acetic anhydride
(1 ml) and pyridine (2 ml), and all solvents were then removed at 20° in vacuo
Preparative layer chromatography of the residue with chloroform-methanol (9 1)
gave a foam (4 mg) identical in chromatographic behaviour and m s to the mixture 15

Anal Acc mass calc for C;;H, N3;O0g (M* —60) 395133 Found 395133

The a-nucleoside 17 was obtained as a foam (264 mg, 50%), [0]3° —48°,
yKBr 3380 (OH and NH) and 1665cm™! (amide) Electronic spectrum (methanol)
log £,65 3 84, l0og,05 387 Ord (c 691x107%, 20°, methanol) [P];,5 900, [Pl,55
—3750, [Plaes 0, [Dlass 4200, [Dlaso O, [Pla2s 10400, [Pl,05 4300, a= —80 Cd
(c 705x 1073, 20°, methanol) de (295) 0, (274) —1 46, (260) 0, (247) 1.40, (232) O,
(c 7.14x 1074, 20°, acetonitrile) Ade (295) 0, (276) —1 11, (267) 0, (249) 2 55, (227) 0,
(c 277x1073, 20°, p-dioxane de (298) 0, (275) —1 43, (267) 0, (250) 385 Nmr
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data (methanol-d,) t 263 (d, Js,5 8 Hz, H-6), 377 (d, J;-, 2 Hz, H-1"), 436 (4,
Js,¢ 8 Hz, H-5), 6 94-7 16 (m, H-3"), 8 00 (s, NAc)

Anal Calc for C,3H;oN;304. C, 47.4; H, 5.8, N, 12 8. Found. C, 46.8; H, 6.1,
N, 122

For analytical purposes, compound 17 (5 mg) was acetylated and the acetate
isolated, as described for compound (16), to give a foam (3 mg) 1dentical in chromato-

graphic behaviour and m s to the mixture (15)
Anal Acc mass cale for C,,H,,N;0, (M* —60) 395133 Found 395 131.
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