
STFBXOSELECTIVE SYNTHESIS OF 
2,3-U-ISOPROPYLII)ENE*~~-RIBOEURAWOSE AND 
MIZTI-IYL p-D1 -RIBUPYRANOS1DB FROM FURFURYL ALCOHOL 

Methyl 2,3a~deoxy~ut-pcat-2-onopyranosid-4-ulose (2) nnd 1-U-bcnzoyl-ZJ- 
dideoxy-aL-~ent-2-enop~r~nos-4-ulose @I, obtained from furfuryl alcohol, gave 
methyl B-Do-C~~~irFu-pentopyranosid~ulo~~ (6) and I- O-bcfiroyl-8-~~-er~~~~~~- 

pentapyranas-4-ulose (3, respectively, on cis-hydroxyladon with silver cbloratc- 
asmium tetrotide. Reduction of the isopropylidone derivatives (8 add 9) of 6 and 7 
with lit&m aluminium hydride and sodium borohydridc, rcqxxfi~cly, afforded 
~~riiase d&Wives. 

Amongst the sugars occurring in Nature, D-ribosc attracts much attention as WI 
invarhble component of nuckic acids ’ and as a sugar constituent of numerous 
antibiotics2, The unique function of c~ibose and its tow natural abundance promoted 
the development of eficient methods of synthesis from p-glucose’. Scvcral synthcscs 
of ot-ribosc have also been reportedA. We have developed a method’ of mono- 
saccharide synthesis whereby the methyl glycosidee of all rhe or-pentoscs have been 
obtained’ from furfury alcohol. However, the yield of methyl p-eY&ibopyranoside 
WBS low and we now describe modilications tif tile genaral approach which led to an 
efticknt synthesis of Dr.-ribose derivatives. 

a,3-I)ideoxy-Dtrpent-2-cnopyranos4rulo (l), abtaiaed” from furfury alcohol, 
ww treated witls methyl iodide: in the presence of silver ox&Is:‘, or benzoyl chloride in 
pycidine, to give the giycoside 2 and the bonzoate 3, re~peotively. Reductiatl of the C-4 
catbony group in 2 is highly stereoselective and yields the cx_Dt-glycera isomer 4*, 
which, on &hydroxylatian, af5orda methyl a-lx.4yxopyranasidc exclusively6 + 

*AlI cnmpouads are mcemic mixtures. but far coawaitmce ail formulae nnd configura~~onol pmfixc9 
refm ta &e D xria. 
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~w~~~~ Of confkuratmn at C-I IO 4 and subsequent cls-h>droxylstlon of the 
reSI.thmg akohol5 ieads to a mixture of methyl fi-DL-nbo- and p-Dkiyuopyraoosides”. 

,- .O 

+o OH 
1 5 

6 R = MC 
7R= 5: 

10 P’ = Fle,R'= H 14R=H 13 
11 F’ = r1r.G' = AC 15 R = AC 

In seelang a stereoselective route to the nbose derivatives, crs-hydro\ylation of 
2 and 3 was attempted before reduction of the Cd carbonyl group. Due to the 
relatlveiy llmlted stnblhty9 of 2 and 3, most of the crs-hydrouylaun; reagents” fc y., 
hillas or Woodward reagents) were unsatisfactory. With the cls-hydroxylating 
reagent (Aver chlorate uith a ca~1yt.1~ amount of osmium tetroulde) mtroduccd by 
Eraun ‘I for water-soluble oleik, 2 and 3 reacted under homogeneous con&tions 
(tetrabydrofkrzn-water) at room temperature to @we, after l-2 days, methyl /I-DL- 

ery!lrro-pentopyranosid~ulose (6) and I-O-benroyl-8-u~-er_~f~f~-~ntopyranos-d 
ulose (7), respectively, 3s single products Ct.1 c.). The unstable hetodlols 6 and 7 were 
converted ~ILIIOU~ punficatlon Into the correspondmg Isopropylideot: acetals 8 and 9 
which e_&.ibited expected anaiyt~cal and spectral data. Both 8 and 9 had IX. absorbticn 
for carbonyl group (I 740 cm- I), and 9 had addItIonal bands (1725, 12M cm- ‘) for 
the benzoyl residue. The ‘H-n.n;.r. spectra contamed s~~mals for the isopropylldene 
methyl groups, five ring-protons, a methoxyl group (for S), and fibe aromatic protons 
(for 9). Because of sterlc hindrance, cis-hydrouylatlon of 2 and 3 occurs PQJZS to the 
C-l substituents: consequently, the /?-rr~~hro conf@uraUon can be assrgned to 6 and 7. 

The desired, high stereoselechvity of reducbon of the C-4 carbonyl group was 
assured by ca.rrymg out the reaction on the isopropyhdene denvatives S and 9. For 
the analogous compound neth\i 6-deoxy -2,3-O-1sopropyhdene-a-D-rlbo-beuo- 
pyrancsld4ulose, the pj ranoid ring evists’ ’ In the OS, conformatlon, so that the 
frurrs approach of the reducmg agent to the Isopropylrdene group 1s favoured 

Reducuon of S with llthlum alumnuum hydride and 9 ~101 sodium borohgdrlde 
arTorded a single product. 10 and 12, respectively, In each rextron, 3s shown by t.1.c 
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Compounds 10 and 12 and the respecuve acetates, 11 and 13, exhiblted correct 
analytxal and specti data. The couplings J, ,? 2.8, Jz,l 6.7. Jds5 6.5, and J,,,. 
7.7 Hz m the ‘H-n.m.r. spectrum of 11, and J,,? 3.3, J,,; 6.1, J3,s 3 5, and Js,5+ J,,,. 

15.0 Hz for 13, were compatible wlcb the /I-nbopyranord structure. The sim&u values 
of Jd,5 and J,,S. found for 11 indicate that both ‘C, and ‘C, conformations are 
significantly populated. The P-r& configuratlon of the reduction products was 
proved by comparison w1r.h derivatives of D-nbose. Acrdx bydrolys~s of the iso- 
propylidene resrdue m 10 or 11 followed by ac&ylatiou gave the tnacetate 15, wtuch 
was identical (t.l.c, ix. and IH-n.m r. spectra) Fvlth methyl 2,3,4-tn-O-acetyl-/3-D- 
nbopyranoside. Soponificaclon of the benzoate 12 with sodium met&oxide in methanol 
yleided the lsopropylidene derivative 16 whxh was ldentlcal it.1 c., i r. and ‘H-n.m.r. 

spectra) with 2,3-O-isopropylidsne-~nbofuranose. 
Using the foregoing, general rouLe, methvl 2,3-O-lsopropybdene-5 5-dl-C- 

methyl-p-tx-noopyranoside (20) l\as obtamsd. The betone 17 prepared from 2- 
(2-furyIppropan-2-01’ 3 was treated with I:ver chlorate-o?mlum tetxotide (0 gve the 
stable, crystalline cuol 18 as the sole product (t-1 c.) Reducbon of the !sopropyhdene 
deribahve (19) of 18 wrtb Muum alumrmum hydnde was stereoselecuke, yleldmg the 
p-nbopyranoside de&abbe 20. 

ExPmfENTAL 

General. - Meltmg pomts were determined on a Kofler apparatus. Bolliog 
points refer to air-bath temperature during semunxro-scale dlshllatrons and are not 
corrected. 1-r. spectra were measured on KBr discs for sohds and on t.hm films for 
crlis ~tb a Unicam SP-200 spectrophorometer. I H-N.m.r. spectra were recorded on 
Jeol JMN-IH-IO0 (100 MHz) and Yallaa EM-360 (60 MHz) spectrometers for 
solutlons m CDCIJ (mternal hle,S~). SdIca gel G (Merck) was used for t-1 c., and 
MN-Kiaetgel (100-200 mesh) (Machery Nagel Sr Co.) for column cbromarography. 

2,3-Dideouy-lx-pent-Zenopyranos~ulose5 (I), glycosides 2’ and 17’, methyl 
2.3,4-h-i- O-acetrl-B-D-n~opyranoslde’“, and 2.3-di-O-isopropylldene-lo-nbo- 
furanose ’ s Here obtamed by 1lleratux-e procedures. Acerylatloo was carned out 
cooventlonally w~i.b p} ndme-acetic anhydnde (1.1) orernlsht at room temperature 
Anhydrous mngnc>lum sulphate was used for drying of solutrons m orgamc solvents 

I-O-Ben--oI~/-2,3-d~deou~~-~L-penl-2-~nopI’ranosJI-u/use (3). - To a solutlon of 1 

(1 Id,09 10 mmol) m dlchloromethane (10 ml), dry pyndme (S ml) was added, 



f&a& &pwis-, v&h ~t.in-ing, by a solution of bentoy chloride (1.62 8, 1 I .5 mmoll 

in &&&mm+thsmc (5 ml), the temperatunz being kept below 5”. On completion of 
the rc~ixicsn f~1.c.; light ptroleum-eth~l acetate, 4:1), dichloromethnne (20 ml1 ~9 
d&d, tie rtx,&on mixture was washed several times with cold water, and the organic 
la3tr was dried, and concentrated under diminished preSsuFC with toluene (3 )r 10 lmrl. 

T&e solid r&due was ciystallisad from hexane-ether to give 3 ( I ,72 g, 7Y% ), 

a.p. 82-sS”; P% 1710, 1250 {ester}l and 1695 C&I- (a&unsaturated ketone). 
LH-N.m.r. data: d 8.15 and 7,6Q(m, 5 H, aromatic), 7.15 (dd, I W, J, ,I 3, J,,j 10 Hz. 
H-T), 6.50 cd, 1 H, H-l), 6.40 (d, 1 H, H-3), 4.50 (dd, 2 H, Js,J. 17.0 Hr, H-5.5’1. 

&uL Caic. for CIzHIOO~: C, 61,1; H, 4.6. Found: C, 61.1. ; H, 4.8. 
cis~Hr&o@at~0n reQ&um. - A mixture of the 2,3-uaeatutatcd-ll-ulokc* 

(5 mmol), saver chlorate (1.5 g)$ osrhium tetroxide (10 mg). tctrahydrofurhn /IO M), 
srrd wawr (5 ml) was stirred at room temperature. AFicr t.l.c. (ethyl ucetatc cthunol, 
95:5) had &veaIed that ali of the starting materiaI had reacted. the s~lvcnl~ wcro 
remc~& under reduced pressure and the res:sldual syrup was extracted with hot &VI 
aceWe (S x 15 ml). The combtned extracts were drbd, filtcrcd, and CQi1CChLF~lfCd lo 

dryness. In this way, the following compounds were obtained. Methyl /I-~r~rc~frlrm- 
pentopyrancssid4uIose (6 from 2), colourlcss syrup, v’mdX “q”‘J 3500 (01-i) and 171 s Cl11 ’ 
(Cd& I-O-Be~oyl-~-o~~~~~f~~r~-pentopyranos4~~c (7 from 3). 6010u~I~~~ byrup, 
PqpEd 3500 (OH), 1730 and 1710 cm- ’ (C-0). Methyl 5,5-di-C-mc:thyl-f-~~I”-~l~~~//~rf~. S.RX 
pehiopyranosid4ulos~ (I8 from 17), m.p. 96" (frum ethyl ncctntc), Y:$ 341X) ((If I) 

and 172Clcm-~ (C=CJ}. lH-N.m.r. data: d 4.90 (d, I I-I, J, ,* 2.8 Ii/. i+-I 1, d1.11) 

em, I H, H-3), 3.6O(m, I H, H-2), 3.58 (s, 3 H, OMe), 1.52 and 1.45 (2 Y, 6 II, F’Mc, 1 
Anni. Calc. for CBH,,QS : C, 50.5: H, 7.4. Fotind: C, SO,8 ; 14. 7.5. 
.~iG??&i’I Z,El-i~~;rsf~~jj:E-~~~~~~i~~~~~~-:S~~~~~,~~~~~~~~ (S> !-t: :1 

soltition 0f 6 (I .45 g, 9 mmol) in acetone (20 ml), 2,2-d,r~rrh~rxyprrlpilrrr (2 nit) WJ,I\ 

added follo\ved by toluene-p-sulphonic acid (20 mg) and itnhyrlroub cupric \l~il~lliItt 
(2 g). The mixmre was stirred at room temperature for 2 days, then neutruh& WIIII 
one drop of triethylatine, filtered, and concentrated undur rcduccd prcssrrrc, ‘I’hc 
syl’Qpy residue was aiuted fram silica gei with light petroleum-ethyl ucctntc (Y, I), I~I 
.gikt 8 WB g, 49% from 2), m.p. 64-G” (from hexanc-ether), I$,:; 1740 (C: 0) uncl 
11C#)0II-’ SC-O). ‘H-N.m.r. data: d 4.85 (s, 1 H, H-l), 4.45 and 4.20 (2 6, 2 Ii. 
H-&S’), 4.55-3.65 (m, 2 H, H-2,3), 3.50 (s, 3 H, OMe), I .50 arid 1.35 (2 s. 6 11, 
CMe& 

hnl. Calc. for C9H14Q5: C, 53.5; H, 7.0. Found: C, 53.7; Pt. 7.3. 
I-O-Be/lz#yin2,3-Q-~~~r~~y~~d~~~-~-Dt-, (9). . 

Using the procedure described above for 6, 7 was convcrrcd into 9 (43% from 3). 
m.p. 94-W (from hexane-ethyI acetate); v::; 1750, 1240 (csW), 1720 (C--O), and 
1WCb Cm" ’ (c-0). ‘Ii-N.m.r. data: 6 8.15 and 7.65 (2 m, 5 H, aromatic), 6.40 (s, I I I. 

H-l), 4.704.30 cm, 4 H, H-2,3,5,5’), 1.55 and 1.40 (2 s, 6 H, CMc,). , 
Anal- Cab for C1&X1606: C, 61.6; H, 5.5. Found: C, 61.6; H. 5.~. 
tier&i ~J-O-iscrp~apylidene-5,5-di-G-m~rl~yI-~-vr,-cryrl~ro-pertt~~~ranusir/-~1- 

ufrrse (19). - Using the procedure for 6, 18 was convertcci into 14 (5#%), b.p. 



rZO”/O.4 lorr; \a;::” 1730 (C=0), 1090, and 1030 cm- ’ (C-0). ‘H-N.m.r. data: 
S 4.75-UO (m, 3 H. H-1,2,3), 3.50 (s, 3 H, OMe), 1.43, 1.36, 1.31, and 1.27 (4 s, 
12 H. 2 CMc,). 

AnaL talc. for C, ,H, &I,: C, 57.4: H, 7.9. Found: C, 57.4; H, 7.9. 
. 

Cferhyl 2,3-O-i.r~J~J-u~~lil~e~?e-p-oL-ribu~~~r~~osi~e (10). -- To a stirred solution 
of 8 (0.505 &. 2.5 mmol) in ether (25 ml), lithium aluminium hydride (40 mg) was 
added. Aftet 30 min. 2 drops of water were added, followed by 2 drops of 15% aqueous 
sodium hydroxide and Cl,1 ml of water. The precipitate was removed and the filtrate 
was dried and concentrated to afford 10 (0,5 g, 98%) as a colourless 011, b.p. 
9Wjo.01 tort; ~2:‘” 3500 (0H) and 109~1040cm’- (C-O). ‘H-N.m.r. data: 
6 4.55 Cd, I H, J, bz 3 Hz, H-l), 4.50-3,50 cm, 5 H, H-2,3,4,5,5’), 3.45 (s. 3 H, QMc), 
t.55 and I.@ (2 s, 6 H, CMe,). 

,4naf. Calc. for C,H,,O,: C. 53.9: H, ‘7.9. Found: C, 52.7. H, 8.0. 

Metlr~l4-O-acer~f-~,3-Q-isoprop~lirier~e-8_-n~-~ibo~~ranosi (11). - Acetylation 
of PO gave 11, m-p. 94” (from hexane-ether); I),,,~~ ‘Ilr 1740, 1240 (ester), and 109s 
1040 cm- * (C-0). ‘H-N m.r, data: 6 5.23 (dt, I H, Js,$ 3.7, fJV5 6.5, J4,sP 7.7 Hz, 
H-4), 4.45 ld, f H, J, z 2.8 Hz, H-l), 4 35 tdll, 1 H, H-31, 3.93 (dd, 1 H, .J,.> 6.7 Hz. 
H-Z), 3.72 (dd, 1 H. J5,5 10.0 Hz, H-5). 3,65 (dd, 1 H. H-5’). 3 13 (s, 3 H, QMe), 
I.65 (s, 3 H, A&i, I.45 and 1.15 (2 s, 6 H, CMe,). 

Anal. Calc for C, ,H,,O,: C, 53.7. l-l. 7.4. Found: C. 53.5; H, 7.4. 
Itferh.d ;‘,J-O-rs~~t~pr’c~p~~lid~mr-S.5-~li-~-trrc~tlr~~l-~-~~~ -rib~l~~,‘ctt?osicle (20). - Re- 

duction of 19 with lithium aluminlum hydride, as described ror 110, gave 20 i960,‘o) as 
a syrup, b.p 130’/0,4 torr, which crystaliixcd after didllation; m.p. 108-I IO”; 
~2; 3500 (OH). 1080, and 1030 CM- ’ (C-c)). ‘H-N.m.r. data: 6 4.78 (d, 1 H. 
J ,,? 5.8 Hz, H-t), 4.46 (dd. 1 l-i. .f2.> 7.5, -I,,, 4.0 Hz, H-3), 4.03 id& I I-1, H-2), 

3.76 tt. I l-l, H-4). 3.18 (s, 3 H, OMe). 2.64 (d. 1 H. .I 4.5 Hz, OH), I .54, 1.40, I .37, 
and 1,L: (4 s, 11 H, 2 CUeI). 

Anal. WC. for C,, h,,O,: C, 56.4; H, 8.7. Found: C, 57.0; H. 8.6. 

I-Q-Ben=u~l-2,3-0-isup~~p~~ide~t~-~-~L-r~~~p.)-‘rrrtlosr, (12). - A solution of !3 
(0.583 p, 2 mmol) in tetrahydrofuran-water (4: 1, 10 ml) was stirred with sodium 
borohydride (40 mg) for 15 mh at room temperature. The mixture was extracted with 
chloroform, and the extract was dried, filtered, and cancentrated DI LWCNO to give 12 
(G.580 g, 98,5%), m.p. 119” (from ether); v:,:; 3500 (QH), 1730, 1250 (ester), and 
~090-I070 cm- ’ IC-m. ’ l-f-N,m.r. data: 6 8.B and 7.65 (2 m, 5 H, aromatic), 
6.20 (d, 1 F-l, JIvL 3.5 Hz, H-I), 4.57 (dd, I H, Jzs3 6.6% J,_, 3.8 Hz, H-3), 4.33 (dd, 
I H. H-2), 4,1E (m, I H, H-4), 3.92 (dd, 1 H, J_,5 j&O, J5.5P 10.0 Hz, H-5), 3.78 (dd, 

1 H, 54.5’ 10.0 Hm, ii-j’), 2.55 (broad s. 1 H, OH), 1.61 a;ld 1.45 (2 s, 6 H. CMe,). 
Anof. WC. t’or C,JH1806. C, 61.2; H, 6.2. Found: C, 61.2; H, 6.2. 

4 - 0 - ,d c.zt)ai- I - 0 - Aerizrz),l- _7,j - 0 - i.wpropylidt’tl&- /I - DL - rib~pyrunme (13). - 
Acetylation of 12 gave 13, m.p. 126” (from hexane-ethyl acetate): IJ~:: 1730, 1240 
(ester), IUYL). zknd 1050 cm- ’ (C-0). ‘H-N.m.r. data: CT 7.90 and 7.3@ (2 m, 5 H, 
aromarick 6,02 (d. 1 H, .J,*, 3.4 Hz, W-I), 5.~5 (m, i H. H-41, 4.57 (dd, 1 H. Jz,s 6.0, 
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.I 3,4 3.5 Hz, H-3), 4 25 (dd, 1 H, H-2), 3.88 and 3.80 (2 s, 2 H, J4,5,5-) 7.5 Hz, 
H-5,5’), 2.10 IS, 3 H, AcO), I.58 and 1.40 (2 s, 6 H. CMe,) 

Anal. Calc. for C,,HzOO, C, 60.7, H, 60. Found C, 61.0: H, 60. 
Mezlz$ 2,3,4-rri-O-aceryf-8-DL-rlbop~rmrosrde (15). - To a solution of 10 

(0 2!I4 g, 1 tnnol) IIY methanol (5 ml), toluene-p-sulphomc scld (IO mg) was added 
When all the substrate had reacted (1.1 c.), the methanol was evaporated, and tie 
residue was tre.ated con\cntlonally w~t.b ac&c ahydnde-pyrldioe to give syrupy 15 
(0 2.58 g, 83?*) Identxal (t.1 c , 1.r. and ‘H-n.m.r. spectra) wrth methyl 2,3,4-tn-CI- 
acetyl-b-D-nbopyranosldz. 

2,3-O-is~~rop~lfdene-oL-r~boJ~r~~se (16). - To a solution of 12 (0.292 g. 
I mmol) in metl~anol (10 ml), sodmm (IO mg) was added. The solution was bolled 

under redu?c und all of Ihe startmg material had been consumed (-2 h, t.l.c , 
benzene-ethr’r. i-l), and was then cooled, neutralized with acetic and, and con- 
centrated to dryness The only restdue was dlrsolved In ethyl acetate, and tbe solution 
was filtered through a short column of s111ca gel and concentrated to give 16 (0.177 g, 
33?‘0) which was identical (t l.c., I r. and ‘H-Q m-r. spectra) v&b 2,3-U-isopropylidenc- 
D-nbofunaose. 
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