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Two routes to protected derivatives of 2,5-anhydroalhtol were mvestlgated 
The first route, mvolvmg a two-step reduction of 2,5-anhydro-6-U-benzoyl-3,4- 
O-isopropyhdene-D-aIlorutrlle (4), gave a mixture of 2,5-anhydro-6-U-benzoyl- 
3,4-O-lsopropyhdene-D-altntol (7) and a lesser amount of the desired 2,5-anhydro- 
6-O-benzoyl-3,4-O-lsopropyhdene-D-alhtol (6) Isomenzatxon was shown to occur 
m the first reduction step-treatment of the mtrlle 4 with Raney mckel, sodrum 
hypophosphlte, and acetic acid The second route gave lsomencally pure 2,5-anhydro- 
3,4,6-tn-O-benzyl-D-alhtol(21) via reduction of the correspondmg ethyl allonate (18) 

DISCUSSION 

Interest m C-nucleosldes prompted us to mvestlgate the preparation of denv- 
atlves of 2,5-anhydroaIlose, which m fact the naturally occurrmg C-nucleosrdes are 
Treatment of 2,5-anhydro-3,4,6-tn-O-benzoyi-D-allonomtnle (2) w&h Raney nickel 
and sodium hypophosphlte m pyrldme and acetlc acid, a procedure reported to 
reduce mtrlles to aldehydes’, gave 5-(benzoyloxymethyl)furaldehyde (11, the desired 
reduction of the mtrlle to aldehyde being accompamed by aromatlzatlon resulting 
from the loss of two molecules of benzolc acid As esters are reported to be unaffected 
If this reductron IS carried out III formic acid3, this modlficatron was also Investigated, 
but it aIs0 gave 1 and none of the desired allose The aromatlzatlon was avolded by 
carrying out the reduction with 2,5-anhydro-6-O-benzoyl-3,4-O-lsopropyhdene-D- 
allomtnIe’ (4) Examination of thus reduction product by t I c showed two spots, 
one traveling directly beneath the other, that charred on heating after spraying with 
ammomum sulfate soIutlon and that gave posltlve aldehyde tests with both 2,4- 
dmltrophenylhydrazme and p-rosamhne The p m r spectrum of the nurture showed 
two aldehyde-proton signals (at 9 65 and 9 75 p p m ) As the aldehydes (8) could not 
be reasonably separated, the mixture was further reduced with sodium borohydnde 
at pH 5 to the correspondmg aldltols Although the p m r spectra of the aldltols, 
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acid (17), its ethyl ester (US), its benzyl ester (19), and 5-(benzyloxymethyl)-2-furolc 
acid (15) and Its benzyl ester (16), whxch were partially separated and ldentdied 
Reduction of the prmclpal product, the ethyl ester 18, with sodmm bls(2-methoxy- 
ethoxy)alummum hydride then gave 2,5-anhydro-3,4,6-tn-O-benzyl-o-allrtol (21) 
Later, the mixture was simply reduced to 21 and 5-(benzoyloxymethyl)-2-hydroxy- 
methyl)furan (20) The desired tn-O-benzylalhtol 21, which should be a valuable 
mtermedlate m the preparation of C-nucleosldes, was readily separated from the 
furan and obtained m crystalhne form 

ExPF.FuMENTAL 

General - Meltmg pomts were determmed with a Mel-Temp apparatus and 
are not corrected The p m r spectra were determmed m CDCl,-(Me,Sl) with a 
Varlan XL-loo-15 spectrometer, and the correct integrals were obtained for the 
assignments mdlcated, chemical shifts quoted for multlplets were measured from 
the approximate centers The mass spectra were determmed with a Hltachl-Perkm- 
Elmer RMU-6D-3 spectrometer Chromatographlc analyses were carried out on 
t 1 c plates of silica gel H (Brinkmann) The spots were detected by u v light after 
spraying with Ultraphor (WT, highly concentrated) and by charring after spraymg 
with aqueous ammomum sulfate Most of the chromatographlc separations were 
performed on a 43-mch column of SlhcAR 7 (Mallmckrodt) under 40 lb m-’ at a 
flow rate of 600 ml/h with the solvents indicated 

Reductron of 2,5-anhydro-3,4,6-tr r-O-beilzoyl-D-allo?lrtrrle (2) - A mixture 
of 2,5-anhydro-3,4,6-trl-O-benzoyl-D-allomtrIle (2, 500 mg), sodmm hypophosphlte 
(1 g), and Raney mckel (300 mg) m 15 ml of 1 1 2 water-acetic acid-pyndme was 
stirred for 1 5 h at 50” before the catalyst was removed by filtration and washed with 
ether, benzene, and water The combmed filtrate and washmgs were separated and the 
orgamc phase washed with water and then sodium hydrogen carbonate solution 
before drying over magnesium sulfate The solution was evaporated to dryness, and 
the residue chromatographed on a column of slllca gel with chloroform as the eluant 
The eluate gave 198 mg of an 011, which was rechromatographed on slllca gel with 
19 1 benzene-ethyl acetate as eluant Evaporation gave a sohd, which was ldentdied 
as 5-(benzoyloxymethyl)-2-furaldehyde (1) by Its p m r spectrum 6 5 48 (s, 2, CH,), 
6 8 and 7 4 (d of d, 2, H-2 and H-3), 7 6 and 8 2 (m, 5, phenyl), and 9 8 (s, 1, CHO) 

Reductron of 2,5-anhydro-6-O-ber~zoyI-3,4-O-lsopropyl (4) - 
Raney mckel (7 5 g wet, suspended m 5 ml of water) was added to a solution of 2,5- 
anhydro-6-O-benzoyl-3,~O-~sopropyl~dene-D-allonltr~le (7 57 g, 25 mmoles) and 
sodmm hypophosphlte hydrate (15 13 g) m 151 ml of 2 1 1 pyrldme-acetlc acid-water, 
and the mixture was heated for 1 h at 50” with stnrlng The procedure was repeated 
to ensure complete reduction The catalyst was removed by filtration and washed 
with ethanol and water To the combmed titrate and washmgs was added portlonwlse 
2 78 g of sodium borohydrlde, and the mixture ~2’s stirred overmght (pH 5) before it 
was evaporated to dryness m tacuo A solution of the residue m water, acldlfied with 
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concentrated hydrochlonc acrd to pH 3, was extracted wrth three 50-ml porbons of 
chloroform The chloroform extract was washed wrth 5% sodium hydrogen carbonate 
solution and then with water before drymg over magnesmm suIfate The dned solutron 
was evaporated to dryness, and the residue (7 06 g) chromatographed m two parts on 
a column of srhca gel (eluant 4 1 benzene-ethyl acetate) A partial separatron of the 
two products was achieved so that 1 18 g of 2,5-anhydro-6-0-benzoyl-3,4-O-rso- 
propyhdene-D-altritol Q, 0 570 g of 2,5-anhydro-6-O-benzoyl-3,CO-lsopropyhdene- 
D-alhtol(6), and 0 703 g of a 1 1 mixture of the two were obtained, makmg the total 
yield of the altntol I 53 g (20%) and of the alhtol 0 92 g (12%) (a p ratio 5 3) The 
mass spectrum of the mrxture (mol wt 308) before separation showed the followmg 
prmcrpal peaks 293 (308 -Me), 277 (308 - CH,OH), 186 (308 - C6H5C02CH,, -H), 

171(308 -C,H,C02CH,, - Me, - H), 122 (CsHSC02CH2 +H), and 105 (&H&O) 
P m r spectra (6 m p p m ) 6-l 36 and 1 54 (s, CH3), 2 25 (s broad, OH), 3 91 
(d, J1 2 5 2 Hz, 2H-l), ca 4 2 (m, H-2), 4 3-5 0 (m of m, H-3, H-4, H-5, 2H-6), 
7 47 and 8 04 (m, phenyl H), 7-l 37 and 157 (s, CH,), 2 27 (s broad, OH), 3 74 
(m, 2H-l), 4 14 (q. J1 2 3 1 Hz, J’l 2 3 8 Hz, H-2), 4 2-4 8 (m of m, H-3, H-4, H-5, 
2H-6), 7 48 and 8 05 (m, phenyl H) In both cases the assignment of the C-l protons 
was confirmed by reaction with trrchioroacetyl rsocyanate, whrch caused a downfield 
shaft of the srgnals from the C-l protons and H-2 of both 6 and 7 Because of overlap- 
pmg absorptron, rt was necessary to locate H-2 of 6 by an INDOR expenment, 
observing at the frequency of the low-field peak of the H-l doubiet wlule sweepmg 
the decouphng frequency, The srgnal from the C-l protons of 7 mdrcates that they 
are magnetrcally non-equivalent, perhaps because of restncted rotation imposed by 
the proxrmrty of one of the methyl groups of the rsopropyhdene morety Irradratron of 
the C-l protons decreased the H-2 slgnal to a doublet (J2 3 3 7 Hz) Attempts to 
Identify 6 and 7 by nuclear Overhauser effect experiments farled because of the 
overlappmg of the signals from H-2, H-3, and H-4 These sugars were further charact- 
enzed by conversron mto theu l-O-(p-mtrobenzenesulfonyl) derivatives (11 and 13) 
and by debenzoylatron to 2,5-anhydro-3,4-O-rsopropyhdene-D-altrrtol (12) (1~1;~ 5 
-9 3” &- 1 0” (c 0 37, ethanol)) and 2,5-anhydro-3,4-O-rsopropyhdene-D-alhtol (10) 

(CG4 5 09 
2,S-A?rhydro-6-0-benzoyZ-3,4-O-zsopropyZzdene-~-O-(p-nztro~e~~e~zeszz~nyl)-D- 

allrtol (11) and 2,5-an~ydro-6-0-benzoyl-3,4-O-isopropylr 
slilfo~lyl)-D-azt~rtol (13) - 2,5-Anhydro-6-O-benzoyl-3,PO-~sopropyl~dene-~-aIlo- 
mtrrle (5 g, 16 5 mmoIes) was reduced as aheady described to grve, after punficatron 
on a column of s&a gel, 3 33 g (65% yieId) of a mrxture of 6 and 7 To a solutron of 
thus mrxture m dry pyrrdme (10 ml) was added, m portrons wrth coohng and strrnng 
over a penod of 7 h, 3.41 g of p-mtrobenzenesulfonyl chlorrde After two days at 4”, 
the mrxture was poured onto 150 g of Ice, and the resultant gum washed well with 
water before bemg dissolved m 100 ml of benzene The dned benzene solutron was 
evaporated to dryness, and the resrdue (3 68 g) chromatographed on a column of 
s&a gel with 9 1 benzene-ethyl acetate as the eluant From thrs column I 49 g (28%) 
of a mixture of the p-mtrobenzenesulfomc esters 11 and 13 was obtamed These com- 
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pounds were separated by chromatography on a second column of slhca gel with 
19 1 benzene-ethyl acetate as eluant- yield of 2,5-anhydro-6-U-benzoyl-3,4-0-lso- 
propyhdene-1-0-(p-xutrobenzenesulfonyl)-D-alhtol (ll), 716 mg (13 5%) A small 
sample was recrystalhzed for analysrs m p 93-949 [a]g - 9 9 t 0 4” (c 0 83, ethanol), 
6 m p p m - 1 37 and 1 54 (s, CH,), 4 2-4 8 (m, H-l, H-2, H-3, H-4, H-5, H-6), 7 48 
and 8 05 (phenyl H), and S 05 and 8 3 (p-mtrophenyl H) 

Anal Calc for CZ2HZ3N01 ,,S C, 53 55, H, 4 70, N, 2 54 Found- C, 53 55, 
H, 4 84, N, 2 56 

The yield of 2,5-anhydro-6-O-benzoyl-3,P-O-~sopropyl~dene-l-O-[p-n~troben- 
zenesulfonyl)-D-altrltol(13), an 011 that could not be crystallized, was 335 mg (6 3%), 

kg 5 -115+03”(c098,ethano1),6mppm 13andl4(s,CH,),42-5O(m, 
H-l, H-2, H-3, H-4, H-5, H-6), 7 48 and 8 05 (phenyl H), and 8 05 and 8 35 (p-w 
trophenyl HJ 

Anal Calc for C22H23NOIO§ C, 53 55, H, 4.70, N, 2 84 Found C, 53 64, 
H,447,N,278 

Ethyl 2,5-anhydro-D-allonate (9) - A solution of 2,5-anhydro-3,4,6-tn-O- 
benzoyl-D-allomc acid4 (12 26 g, 25 mmoles) and sodium methoxlde (2 70 g, 50 
mmoles) m 100 ml of methanol was refluxed for 30 mm before being dduted with 
50 ml of water and neutrahzed with AG SOW-X4 (Hi) resm The resin was removed 
by filtration and washed with three 25-ml portrons of water The combmed filtrate 

and washings were concentrated ztz uacuo and then extracted with four 25-ml portlons 
of chloroform The residue from evaporation of the water solution was dissolved m 
25 ml of M hydrochloric acid and 5 ml of p-dloxane, and the solution was diluted 
with 100 ml of ethanol before evaporation to dryness The resfdue was dissolved m 
ethanol and the solution evaporated to dryness five times, convertmg the allomc 
acid mto Its ethyl ester, which was dried overmght 111 VUCIIO, yield 5 25 g This material 
was used m the next step wlthout further purlficatlon 

3,6-Anhydro-7-0-benzojl-2-deoxy-4,5- 0-tsopropylmdetze- D -altro-heptolutr de 

(14) - A sol&on of 2,5-anhydro-6-O-benzoyl-3,4-0-~sopropyl~dene-l-O-(p- 
mtrobenzenesulfonyl)-D-altrrtol (370 mg) and sodmm cyamde (50 mg) m IV,% 

drmethylformamrde (10 ml) was heated with strrrmg for 2 h at 40” before evaporatron 
to dryness The resrdue was partitioned between water and ether, and the ether layer 
was dried with magnesmm sulfate before evaporation to dryness, yreld 210 mg 
This 011 was purified by chromatography on a column of srhca gel with 9 1 benzene- 
ethyl acetate as the eluant The yreld of crystalhne solid was 130 mg (64% based on 
unrecovered starting material) A small sample was recrystallized for analysis, m p 
62-63”, [c@ -28 2 f 1 8” (c 0 22, ethanol), 5 m p p m 1 38 and 1 5s (s, CH,), 2 73 
(d, 2H-i), 4 16 (q, H-2), 4 33 (t, H-5), 4 51 (d, H-61, 4 62 (m, H-3 and H-4), 7 5 and 

8 07 (phenyl H) 
Anal Calc for C17HlgN0, C, 64 34, H, 6 04, N, 441 Found C, 6442, 

H,593,N,428 
Ethyl 2,5-anlzydro-3,4,6-true-0-belzzyl-o-allone (18) - To a stirred solution of 

ethyl 2,5-anhydro-o-allonate (5 2 g, 25 mmoles) and benzyl chloride (13 9 g, 110 
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mmoles) m 75 ml of dlmethyl sulfoxlde was added durmg 1 h a suspension of sodium 
hydnde (2 64 g, 110 mmoles) in 50 ml of dimethyl sulfoxlde The solution was stlrred 
for an addItIona 22 h before being evaporated to dryness The residue was three times 
dissolved in ethanol and the solution evaporated to dryness before it was chromato- 
graphed on a s&a gel column (600 g, 140-200 mesh) with chloroform as the eluant 
Fractions were eluted that were shown by mass spectrometry to contain benzyl 
2,5-anhydro-3,4,6-trl-O-benzyl-D-allonate (19) (447, M f - CBH,CH,) and benzyl 
5-(benzyloxymethyl)-2-furoate (16) (322, Mi , 231, Mf-CsH,CH,), followed by 
ethyl 2,5-anhydro-3,4,6-tn-O-benzyl-D-allonate (Hi), (5 09 g, 43%) (476, Mf , 385, 
Mt - CsH,CH2) Later fractions contamed 2,5-anhydro-3,4,6-tn-O-benzyl-D-allomc 

acid (17), (100 mg) (357, Mf - C6H5CH2) and 5-(benzyloxymethyl)-2-furolc acid 
(X5), (2 32 g, 40%) (232, M’, 215, M’--OH, 141, MC--CCsH,CH2, 125, M+- 
C6H,CH20) The product 18 was reduced without further purlficatlon 

2,5-Anl?),dro-3,4,6-trr-O-ber~~~~~-D-a~~l~o~ (21) - A solutron of ethyl 2,5-anhydro- 
3,4,6-tn-O-benzyl-D-allonate (4 77 g, 10 mmoles) ID benzene (50 ml) was added 
dropwlse to a refluxmg solution of sodium bls(2-methoxyethoxy)alummum hydride 
(190 mmoles) m benzene (79 ml) After the addition was complete, the solution was 
refluxed for 1 h before being cooled, and 380 ml of 3 6n1 sulfuric acid was then added 

dropwise The benzene layer was separated, washed with saturated sodium hydrogen 
carbonate solution, and then washed with saturated sodium chlonde solution before 
bemg dried with maQneslum sulfate Evaporation of the benzene solution gave a 
residue that solrdlfied, yield 3 77 g (87%) A small amount of this residue (258 mg) 
was recrystallized from 50% aqueous ethanol with charcoal treatment, yield 200 mg, 
m p 58-59”, [a]g4 5 +20 5 50 9” (c 0 51, ethanol), 8 m p p m 2 45 (broad, OH), 
3 52 (t of d, H-6), 3 62 (d, H-l), 4 1 (m, H-2, H-3, H-4, H-5), 4 52 (m, CH-, of benzyl), 
7 28 (m, phenyl H) 

Anal Calc for C27H3005 C, 74 63, H, 6 96 Found C, 74 47, H, 7 11 
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