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Extension of our work on the synthesis of ademne C-nucleoades’ to the puro- 
mycm senes necessitated the preparation of a substituted 3-ammo-3-deoxy-D- 
nbofuranosyl hahde capable of undergomg nucleophrllc substitution with a mtnle 
Baker and co-workers2 had synthesrzed substituted puromycms from 3-acetamldo- 
l-O-acetyL2,5-d~-O-benzoyl-3-deoxy-D-nbofuranosyl chloride-tltaruum chloride and 

from 2,5-dl-O-benzoyl-3-deoxy-3-phthallmldo-D-nbofilnosyl chloride, but we found 
that these hahdes were not satisfactory for the synthesis of the substituted Pammo- 
2,5-anhydroAdeoxy-D-allonomtnle and -allomc acid needed m our C-nucleoslde 
synthesis kccordmgly, we tned three other methods of preparmg glycosyl hahdes, 
and found one that was satisfactory and that led to the preparation of a crystalhne 
HBr salt of 3-acetamido-2-U-acetyl-3-deoxy-5-O-p-mtrobenzoyl-D-r~bofuranosyl 
hronude , ths could be converted mto 4-acetamldo-3- 0-acetyl-2,5-anhydro+deoxy- 
5-O-$&mtrobenzoyl-D-tiomc acid (S), an adequate startmg matenal for the C- 
nucleoslde synthesis 

The synthesis started with the known 3-acetamldo-3-deoxy-1,2-O-lsopro- 
pyhdene-D-nbofuranose (l), prepared by the procedure of Bnmacombe and Moffi3 
On p-mtrobenzoylatlon, compound 1 ylelded crystalhne 3-acetamldo-3-deoxy-1,2-0- 
Isopropyhdene-5-0-p-mtrobenzoyl-a-D-ribofuranose (2) To remove the lsopro- 
pyhdene group, we used the procedure of Chrrstensen and Goodman4 employmg 90% 
aqueous trrfluoroacetic acid. The reaction reqmred 4 h for completion (instead of the 
customary 5-10 mm, and yelded the desired 3-acetamldo-3-deoxy-5-O-p-mtro- 
benzoyl-D-nbofuranose (3) Thus syrupy compound could be converted mto three 
crystalhne derivatives potentially capable of formmg the glycosyl hahde with hydrogen 
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hahde, however, the tist two farled to grve hahde m satrsfactory yreld Thus, 
treatment of compound 3 wrth methanohc hydrogen chloride, followed by p-nitro- 
benzoylatron of the methyl glycoside, converted compound 3 into thz anomenc 
methyl 3-acetarmdo-3-deoxy-2,5-dl-U-p-mtrobenzoyl-D-nbofuranosldes (5) Alter- 
natrvely, compound 3 was p-nitrobenzoylated to grve the 3-acetanudo-3-deoxy- 
1,2,5-tn-O-p-mtrobenzoyl-D-ribofuranoses (6) Attempts to prepare the glycoside 
hahdes from compounds 5 or 6 farled to grve crystallme denvatrves, and t 1 c of the 
reaction product revealed the presence of at least five compounds 

R”poMe ‘OQOR ‘OpBr 
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5 

R = -!-NO2 ROwqH 
RogN 

R”y”s-oH 
ACNH Ok ACNH OAC ACNH OAC 
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It was, therefore, decided to proceed vza the 1,2-dr-O-acetyl denvatlves (4), 
which could be obtamed either by acetylatmg compound 3, or (better) by treatmg 
compound 2 directly wrth a mixture of acetrc anhydnde and concentrated sulfunc acid. 
Compounds 4 showed two anomenc protons, a smglet at 6 5 0 and a doublet at 6 5 2 
(J 4 5 Hz), for the /I and a anomers, respectively Treatment of the dr-O-acetyl 
derivatrves 4 with acetyl bromide and hydrogen bromide m dlchloromethane gave a 
hydrated HBr salt of 3-acetarmdo-2-O-acetyl-3-deoxy-5-O-p-mtrobenzoyl-D-nbo- 
furanosyl bromide (7) On treatment with mercunc cyamde m mtmmethane, com- 
pound 7 afforded a mtnle (S), which was hydrolyzed to the desired 4-acetamdo-3-O- 
acetyl-2,5-anhydro4deoxy-5-O-p-mtrobenzoyl-D-allomc acrd (9) Partral hydrolyses 
of compound 7 gave a crystalhne 3-acetamrdo-2-O-acetyl-3-deoxy-5-O-p-nltro- 
benzoyl-D-nbofuranose (10) 
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General - Meltmg points were determmed on a Kofler block and are un- 
corrected. Evaporattons were conducted under drrmmshed pressure m a rotary 
evaporator at 40-45” Specrfic rotatrons were measured, m a 0 2-dm tube, wuh a 
Bendrx-NPL polanmeter Infrared spectra were recorded, for potassmm bromrde 
pellets, wrth a Perkm-Elmer, model 621, gratmg, mfrared spectrophotometer. N-m r. 
spectra were recorded at 60 and 100 MHz with Varian T-60 and HA-100 spec- 
trometers, respectively Mass spectra were recorded wrth a Vanan M-66 mass 
spectrometer by Mr M. P. Grlles Thm-layer chromatography (t 1 c ) was performed 
either on plates of Merck S&a Gel G or plates of srhca gel precoated wrth a 
fluorescent mdrcator (Eastman Kodak catalog No 6060), with sulfuric acrd spray 
and u v hght, respectrvely, for detectron For column chromatography, s~lrca gel 
(60-200 mesh, J T Baker) was used with a Grbson automatm fraction-collector. 
Mrcroanalyses were performed by Spang Mmroanalytrcal Laboratory, Ann Arbor, 
Mrchrgan, U S A 

3- Acetamzdo-3-deoxy- Z,2-O-zsopropyZzdene-5-O-p-nztrobenzoyI-~-~-rzbofzzranose 

(2) - A solutron of 3-acetarmdo-3-deoxy-1,2-0-lsopropyhdene-a-D-nbofuranose2 (1) 

(9 3 g, 0 04 mole) m a mixture of dmhloromethane (20 ml) and pyrrdme (50 ml) was 
cooled to 0”. p-Nltrobenzoyl chlorrde (8 18, 0 04 mole) was then added, and the 
mrxture was kept for 24 h at 20”, and then poured onto crushed Ice (100 ml) The 
mixture was extracted with dichloromethane, and the extract successively washed w&h 
saturated sodmm hydrogen carbonate (300 ml) and water (100 ml), filtered through a 
column (2 x 10 cm) of srhca gel, and evaporated, to afford compound 2, which 
crystalhzed from ethanol (10 ml) n-r needles, yreld 86 28%, m p 118”, [a]g - 15 5” 
(c 1, chloroform), RF 0 40 (1 1 benzene-ethyl acetate), IS= 3350 (NH), 1725 (OAc), 
and 1650 cm-r (NAc) 

Anal Calc for C1 ,H2,,N208 C, 53 68, H, 5 30, N, 7 37 Found C, 53 80, 
II, 5 32, N, 7 37 

3-Acetamzdo-3-deoxJl-5-O-p-ltrtrobenzoyZ-D-~zbo~iranoses (3) - A suspensron of 
compound 2 (0 4 g) m 9 1 tnfiuoroacetrc acrd-water (5 5 ml) was strrred for 4 h at 
room temperature and then evaporated under Cllmrmshed pressure to a syrup which 
was dned by successive co-evaporatron wrth dmhloromethane and toluene The acrdrc 
syrup was drssolved m 1 1 water-acetone (50 ml), and the solution was made neutral 
wrth sodmm hydrogen carbonate, and mItered The filtrate was evaporated to a syrup 
which was atered through srhca gel, and the sohd washed 1~1th ethyl acetate The 
filtrate and washmgs were combmed, and evaporated to a syrup, which was dned 
under drrmmshed pressure, yreld 0 45 g (71 O%), t 1 c (11.5 2 chloroform-methanol- 
benzene) & 0 71 (maJor) and 0 58 (mmor), (2 3 petroleum ether-acetone) RF 0 40 
(maJor) and 0 33 (minor) 

3-Acetamzdo-1,2-dz-O-ace~Z-3-deoxy-5-O-p-nz?robenzoyZ-D-rzbofara~oses (4) - 

To a solutron of compounds 3 (2 8 g) m a mrxture of ace& acrd (42 ml) and acetm 
anhydnde (4 2 ml) was added sulfur-m acrd (2 56 ml), dropwrse, wrth sturmg at 10”. 
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After addrtmn was complete, the mrxture was kept for 20 h at room temperature, 
poured slowly mto Ice-cold water, and the mrxture extracted wnh chloroform 
(3 X 60 ml), the extracts were combmed, successively washed with aqueous sodmm 
hydrogen carbonate and water, dned (magnesmm sulfate), and evaporated under 
dlrmmshed pressure to a syrup which crystalhzed from acetone-petroleum ether 
Compound 4 (yteld 89%) crystalhzed 111 needles, m p lW, [cz];’ t24 4” (c 1, chloro- 
form), RF 0 40 (11 9 acetone-petroleum ether), vz 1740-1760 @AC, C02R) and 
1660 cm- ’ (NAc) 

Anal Calc for C18H20N2010-0 5H20 C, 49 89, H, 4 88, N, 6 46 Found 
C, 50 03, H, 4 74, N, 6 16 

Methyl 3-acetamzdo-3-deo~-2,5-dr-O-p-n~trobenzoy~-~-r~bo~~ranos~des (5) - A 
solution of syrupy 3 (0 35 g) m a mrxture of methanol (11 ml) and concentrated 
hydrochlonc acid (0 2 ml) was kept for 9 h at room temperature, made neutral wrth 
sodium hydrogen carbonate, and evaporated under lmnushed pressure The residue 
was nnxed with ether, the suspenston filtered from the msoluble salt, and the filtrate 
evaporated, and dned by co-evaporation with toluene The residue was dissolved m 
anhydrous pyndme (10 ml), and treated overmght wrthp-mtrobenzoyl chlonde (0 4 g) 
at 0”. A few drops of water were added, and the mrxture was stu-red for 0 5 h and 
then poured onto crushed ice The solutton was extracted wth chloroform, and the 
extract was washed successively wrth dilute hydrochlonc acid, 2M sodmm hydrogen 
carbonate, and water, dned (magnesmm sulfate), and evaporated under dlmnnshed 
pressure, to yield compound 5, whrch crystalhzed from benzene m needles, m p 228- 
231” 

Anal Calc for C22H21N3011 C, 5249, H, 420, N, 835 Found C, 5232, 
H,44O,N, 821 

3-Acetamzdo-3-deoxy-1,2,5-trr-O-p-nrtro~e~zoyZ-D-rzbo~~r~oses (6) - A solu- 
tton of compound 3 (3 0 g) m pyrrdme (30 ml) was cooled, p-mtrobenzoyl chlonde 
(3 3 g) was added, and the nnxture was kept for 20 h at 20” It was then poured onto 
Ice (100 ml), and extracted wrth ethyl acetate (4 x 10 ml) The extracts were combmed, 
successively washed wrth sodmm hydrogen carbonate solution (2 x 50 ml) and water 
(2 x 50 ml), and dned The dark-brown suspensron was filtered through s111ca gel, and 
the sohd washed wnh ethyl acetate (300 ml), the filtrate and washmgs were combined, 
and concentrated to 10 ml The crystals that separated were recrystalhzed from ethyl 
acetate (yield 1 1 g, 17 2%) as needles, m p 204206”, [a];’ +72 3” (c 0 31, chloro- 
form), R, 0 513 (2 3 petroleum ether-acetone) 

Anal. Calc for Cz8Hz2N4014- C, 52 67, H, 3 47, N, 8 77 Found- C, 52 74; 
H, 3 58, N, 842 

3-Acetamzdo-2-O-acetyI-3-deoxy-S-O-p-n~trobenzoyZ-~-rzbo~~r~osyZ bromrde (7) 
- Thoroughly dned 4 (2 g) was dissolved m a hot mixture of drchloromethane (15 ml) 
and acetyl bronude (5 ml), the solution was cooled to 0”, hydrogen bromide gas was 
slowly bubbled through for 15 mm, and the mrxture was kept for 5 days at 0” under 
anhydrous condrtrons Ether (50 ml) was then added to preclpltate the product, which 
was washed with 3 1 dlchloromethane-ether (10 ml), and then dissolved m dmhloro- 
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methane and precipitated with ether (yield 2 5 g) Compound 7 crystallized from a 
mixture of chloroform and achloromethane as a hydrated salt, m p 144-147”; 
RF 0 28 (9.11 petroleum ether-acetone) 

Anal. Calc. for C16H17BrN208-0 25 HBr 0 25 Hz0 C, 38 85; H, 3 77, 
N, 5.66. Found- C, 38.87; H, 4 08, N, 6.06 

4-Acetamido-3-O-acetyl-2,5-anhydro-4-deoxy-6 0-p-nifrobenzoyl-D-allonic aczd 

(9) - Mercuric cyamde (7 5 g) m nitromethane (65 ml) was &stdled azeotropically 
v&h benzene (20 ml) to remote any morsture present, the nuxture was cooled to 0”, 
compound 7 (2 3 g) was added, and the mucture was stn-red for 70 h at room temper- 
ature and processed ds usual. The syrupy 4-acetarmdo-3-O-ac&yl-2,5-anhydro- 
Pdeoxy-6-O-p-nitrobenzoyl-D-allonomtrde (8) (1.7 g) was hydrolyzed at room 
temperature vnth M hydrochloric acid, and the solutron was then chromatographed on 
a column (2 x 32 cm) of s&a gel with rmxtures of petroleum ether (b p 90-l loo) and 
acetone m the ratios of 3 1 (450 ml), 2 1 (300 ml), and 1 1 (450 ml) Fractions (15 ml 
each) were collected, and momtored by t 1 c (9 11 petroleum ether-acetone) Frac- 
tions 30-80 were combined, and crystalhzed from ethanol in needles, m p 136”, 
[c# +64 0” (c 1, chloroform), v_ Ur 3540 (OH), 3315 (NH), 1755 (COO), and 
1655 cm-’ (COW, II m r. data- 6 8 25 (aromatic), 4 88 (singlet; anomeric), 2 01 
(Oh), and 2 20 (NAc), m s data m/e 466 (M-CO,; lOO%), 260 (M- COCsH4N02, 
80%), and 150 (COC,H,NO, 75%) 

Anal Calc. for C1 ,H18N201 ,, - C, 49 76, H, 442, N, 6 82 Found C, 5006, 
H, 4.72, N, 6 58 

3 Acetamzdo-2-O-acetyl-3-deoxy-5-O-p-nztrobenzoyZ-D-r~bofuranose (10) - A 
solution of compound 7 (3 g) in chloroform (250 ml) was sQrred with saturated sodium 
hydrogen carbonate solutlon (500 ml) for 2 h at room temperature. The chloroform 
layer was then separated, dried, and filtered through a short column of s&a gel, 
which was washed with chloroform and acetone The filtrate and wasbngs were 
combined, and evaporated to a syrup (3 1 g), whch crystalhzed from 4 1 dichloro- 
methane-ether in needles, yield 1.5 g, m p 165-167”, [a];’ +45.7” (c 1, acetone), 
RF 0 33 (9 11 petroleum ether-acetone) 

Anal Calc for C16H1sN203 C, 50 26, H, 4 74, N, 7 32 Found C, 49 81, 
H, 4.70, N, 7 09 
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