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ABSTRACT 

The title branched-chain sugars possessing a new type of two-carbon branch 
were synthesised from D-glucose. These compounds are important intermediates 
for a total synthesis of the nucleoside antibiotics, atnipurimycin and miharamycin. 

INTRODUCTION 

Amipurimycin’ (1) and miharamycin A (2a) and B (2b) (ref. 2) are novel 
9-N-substituted Zaminopurine nucleoside antibiotics that are active against rice- 
blast disease caused by Pyricularia oryzae. Although the absolute configurations at 
C-6’ of these antibiotics remain to be established, the branched-chain moieties have 
closely related structures. The chain branches are the same two-carbon unit, 
namely, the (S)-1,2-dihydroxyethyl group, which has not heretofore been found as 
the side chain of naturally occurring branched-chain sugars. In this paper we 
describe the synthesis of the important intermediates (22 and 32) for a total 
synthesis of 1 and 2 from D-glucose, 
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RESULTS AND DISCUSSION 

To construct the chain branch, Homer-Emmons alkenation of methyl 2-0- 
benzoyl-4,6-O-benzylidene-a-D-ribo-hexopyranosid-3-ulose3 (3) was chosen, be- 
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cause the undesired stereochemistry at C-3 was found4 when alkyl mctnl carhanion 

was added. This method has the additional advantage that the contiguration ;II the 

branching carbon and the side chain C;LII be controlled at the wnc :im<: by c,ir-di- 

hydroxylation, if the (,E) isomer is used. The alken:ltic>n 01 3 with ethyl dicth!,lphos- 

phonoacetate in the presence of an cquimolar ;m~r~unt ~4’ potassium CfJrf-butoridc 

was complicated in that two _7-C’-(~thox)‘c.ar~~on~l~Tlcthvle~~~) isk!mc’rs 14 ;rnd 5) \vcrc’ 

obtained in addition to :I mixture of the two expcctd 3-t ‘-t ~tIiclyys;~r.l~c,n~I- 

methylcne) isomers (6j. Frrr cx:nnpl~!. the reaction in ~~~..C’-din~cth~ltor~namidc 

(D!vIF) at ---hO” gave the producls 4, 5, and 6 in 32. 1 I. ;~rlc! 27”C) !iclds. 

respcctivclg. The mixture 6 could not he separated :II this SI+C ;IIIL! thr: ratio 4’ I.%) 

and (E) isomers WHS prnvcd to be 2.3 by the intensity of alkcnic pr~~tons at 6 h. IX 

and 6.09. respectively. in the ‘H-n.m.r. spectrum at 500 MHz. The signals for the 

(Z) and (E) isomers were distinguished and assigned hy the aid ot‘ f tl4~emicaLshit’t 

corrclatcd 2D. n.m.r:’ spectroscopy. ‘The mcthylenti signals in the c-rhvl group 01 

the (Z) isomer show doubled quartets, which may he r:rtionalizcd IW the hasis ot 

hindered rotation of the ethyl group because of the nL!ighbvring l-~nzcryl ptmp. 

‘I’hc structure:4 r>t’ the L!-C’-alkylidcnc isomers 4 and 5 ncrc cctnfirnwd by the 

fact that each H-i proton is coupled with H-2. and catch I-14 \ipn;;l irl>i’c;lrs ::s 

triplet instead of a doublet because of the new proton :It C’-.T. .l-!~c c<>rlligura;ionz :rt 

C-3 were readily dctermincd by the large values oi’J>,, (V.5 anti I!!.: i IX’). inrlicativc 

of the /runs-diaxial relationship. I’hc gcomctrical siructurcs tlf 4 :irr:! 5 wc”r< L’OII- 

firmed hy the following chemical modifications. Each isomer \\:I!: ~~~\~tctl into 

the corresponding 2-h~clroxycrhvlidcne derivative 1y rcductirw c?f I he c?hos! - 

carbonyl group with lithium aluminium hydride in ether. followetl h! trcatmcnt 

with 2-methoxypropenc and catalytic amount of pyridinium E’-tc-llilcn~stllfonatc 

(PPTS) in DMF. The 2-hvdrt-,xyrthylidcnc derivalivc from the minctr (l:) Irma 5 

gave an O-isopropylidenc derivative (7). whereas that from the m;ijclr (71 i>omcr 1 

did not. A similar modification confirmed that the m;tjor componc’nt 01 6 \4 ;I> the 

(Z) isomer, as shown Iatcr. ‘These results indicate a rcarranccmt:nt rlf 3 to [hc ctlrrc- 

spending 3-O-hen~oyl-l>-clrclhino-hexopyra (8). l.iii h~nzovl misratitrn 

of the 2.3-encdiol derivative formed by proton abstraction Gth \tron;: b;txc. as 

shown in Scheme 1. This migration was suppressed considcrahiy I>\- rlddition 01‘ 111~ 

less-polar tetrahydrofuran (THF) as cosolvcnt. ;IS shown ilr ‘T’ahlt~ [. ~IIIc bc+t rcsuit 

was obtained in a mixture of DMF and THF. with ;I ratio ot’ 4 to 5 that g;~vc prc- 

dominantly 6 in 72% yield. In contrast. the same alkcnation with ethyl trimcthyl- 
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silylacetate and lithium dicyclohexylamide6 in THF gave only the 3-C-alkylidene 
derivative 6, with a similar ratio of geometrical isomers, in 97% yield. 

Conversion of 6 into the corresponding 3-C-(2-hydroxyethylidene) 
derivatives (9 and 11) was performed in the same manner as described for 4 and 5. 
These geometrical isomers were first separated as their diacetates (10 and 12). 
Starting from the undesired but major (Z) isomer (9), the synthetic routes for the 
skeletal structures of 1 and 2 were established as follows. 

Treatment of 9 with 2-methoxypropene and PPTS gave the 2,2W-iso- 
propylidene derivative (l3) in 91% yield, and this proved to have the (Z) configura- 
tion. Stereoselective cis-dihydroxylation from the exocyclic direction was per- 
formed by treatment of the alkene 13 with osmium tetraoxide and 4-methyl- 
morpholine N-oxide’ in tert-butyl alcohol-THF-water to give 14 in 62% yield. The 
stereochemistry of the 3,4-dihydroxy group was proved chemically to be truns by 
3,4-anhydro ring formation, as will be mentioned here. In order to construct the 
skeletal structure of 1 from 14, deoxygenation at C-4 and inversion of configuration 
in the chain branch were needed. At first the latter conversion was achieved by 
Swern oxidations and subsequent reduction with sodium borohydride. The inverted 
product (W) was obtained as the It-acetate (16) in 72% yield. The O-debenzyl- 
idenated derivative (17) of 16, obtained by hydrogenolysis in the presence of 20% 
palladium hydroxide, was treated with pivaloyl chloride in pyridine at 60” to afford 
the 6-0-pivaloyl derivative (18) in 87% yield. Formation of the 3,4-anhydro ring 
occurred readily with triflic anhydride in pyridine to give the D-gulacro isomer (20) 
in 96% yield. However, even the secondary hydroxyl group of 18 resisted con- 
ventional sulfonylation with either p-toluenesulfonyl or methanesulfonyl chloride 

TABLE I 

ETHOXYCARBONYl_MET!dYLENATlON OF 3 

Curbanion 
sources 

Bases Solvents 
(ratio) 

Temperature” Products (%) 
(degrees) 

4 5 (~1 6 VW 

(EtO),POCH$O,Et tert-BuOK DMF -60 32 11 (2.9) 27 (2.3) 
(EtO),POCH,CO,Et tert-BuOK DMF-THF (5:2) -78 38 6.8 (5.5) 45 (2.8) 
(EtO),POCH,CO,Et tert-BuOK DMF-THF (45) -78 18 5.8 (3.1) 72 (3.0) 
Me,SiCH,CO,Et ( (Tt), NLi THF -78 - - 97 (2.3) 

._.-- - . _. .-_ -. 

“Reaction time was 2 h. 
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in pyridine at room temperature. The 4-y-tolucnesulf(lnate 19 was lirst obtained. in 

20% yield, when 18 was treated with p-toluenesulfonyl chloride in the prescncc of 
pyridine (6 equiv.) and 4-dimethylaminopyridine (I cquiv.) in dichlorom~thanc 
under reflux for 7 days. The reaction in pyridine at 60” for 3 days gave 19 and 20 in 
20 and 15% yields, respectively. The n-gulucro configuration was considered much 

more probable than D-tillo. considering the higher reactivity of lh~ scctlnditr\: 
hydroxyl group, and conclusive evidence was obtained by the nest step. namely. 

Ph 

CeZOR H 

9R=H 11R := H 

10R = AC 12R = AC 

reductive cleavage of the anhydro ring. Among various sets of conditions examined 
(Table II j. the best selectivity for formation of the desired 4-dcoxy sugar (22) was 
observed with lithium aluminium hydride in ether at 15” to gi\:e. after acctylation. 
the desired 4-deoxy sugar (22) and Sdcoxy sugar (23) in 68% yield in the ratio of 
10 to 1 . Reduction by diisobutylaiuminium hydride and sodium bis(Z- 

methoxyethoxy)aluminium hydride of the deacylated derivative 21 in the cxpecra- 

tion, especially for the latter reagent, of higher regioselectivity (;I?; shown in the 
formation of 1,Sdiols from free allyl alcohol cpoxidcs’!.‘“). proved not to bc 
cffectivc. The structure of 23 was confirmed by the presence of’thrtx xetyl signals 
instead of two for 22, together with appropriate coupling constants between ring 
protons: .I,, (1 I .X), J,, (7.9). and J,,, (0 Hz), which were observed in the ‘H-1l.nl.r. 
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TABLE II 

REDIJCW’E ANHYDRORING CLEAVAGE OF 20 AND 21 

Anhydro Hydrides Equivalents Solvents Temperature Reaction Producw Recovery 
sugars (degrees) time (“h) of anhydro 

(h) WWb sugarC 

20 LiAIH.,d 2.0 THF r&x 6 57.2(68/32) 18.2 
20 LiAlH, 3.0 ether 15 42 68.0(91/9) 
2fl LiAIH, 8.0 ether -25 240 37.5(91/9) 20.9 
21 DIBALd 5.0 THF 15 120 77.9(26/74) 
21 RedAl= 3.8 toluene 15 96 64.4(57/43) 

‘Isolated after acetylation as a mixture of diacetate 22 and triacetate 23. bDetermined by *H-n.m.r. 
signals of methoxyl group. cRecovered as 6,1t-diacetate of 21. dDiisobutylaluminium hydride. ‘Sodium 
bis(2-methoxyethoxy)ahuninium hydride. 

spectrum at 500 MHz. Thus, a key intermediate 22 for the total synthesis of 1 was 
obtained from D-ghCOSe by 16 steps in 9.6% overall yield. 

Dihydroxylation of the alkene 10 in the same manner as decribed for 13 gave 
the D-&CO isomer 24 selectively in 57% yield. Its 0-deacetylated analog 25 was 
then cyclized with camphorsulfonyl chloride in pyridine at room temperature to 
give the 2,2’-anhydro derivative 26 in 72% yield. The possibility of a four- 
membered cyclic ether structure was rejected by the fact that the H-1’ signal was 
shifted to the lower field in the tH-n.m.r. spectrum of its acetate 27. The configura- 
tion of the hydroxyl group at C-l’ was inverted by the same oxidation-reduction 
method used for 14. The intermediate glycosulose 28 was obtained by Swern 
oxidation in 72% yield and successive hydride reduction gave, in 95% yield, a dial 

ph<o@oMe ph<@oMe ph<@oMe 
HCOH OR 0 0 

I 
RO 0 

CH20R 
26R = H 28 

24 R = AC 27R = AC 

25R = H 

CH,OR 
I 

ph-co@oMe ph<:@oMe B”o@Me 
R o,\\\‘s’ 0 

B” o\\““‘ 0 
B”O\\*’ O 

29R = H 31 

30R = AC 

32R = H 

33R = Ac 



derivative (29) as a single product which was clearly dit’tzrcnt fn~rn 26. ‘The 

stereochemistry of 29 was confirmed by the following chemical conversion. 

Selective hydrolysis of 15 with 11.85~ p-toluenesulfonic acid in 1 : 1 I .-&diosanc- 

water at room temperature gave the O-dcisclpropylidenatcd dcrivarivc. whose 

cyclization product using carnphorsulfonyl chloride was fully consistr:nt with the 

structure 29. Furthermorc, henzylation of 29 with sodium hydriclc and hcnryl 

chloride in dimethyl sulfoxidc gave the di-O-be@ derivative (31). whose benzyl- 

idene group was clcavaged regiosclcctively with an cquimolar misturc of lithium 

aluminium hydride and aluminium chloride in ether-dichloromcth~lne to give the 

3.4,1 I-tri-O-benzyl derivative (32) in X2 ‘2$ yield. T’his compound is ;I kc! intcr- 

mediate for modification both at C-l and C-6, which is necchsary for the synthesis 

of 2. and was obtained from I)-glucose by I4 steps in 2.0% overall vicld. 

Gene& merhorls. - Melting points are uncorrected. Solutions were concen- 

trated under diminished pressure at <SO” (bath). Optical rotations were mcasurcd 

with a Carl Zeiss LEP-A1 or a JASCO DIP-3 polarimctcr. 1.r. spectra were 

recorded with a Hitachi EPI-CJ2 grating spcctrometcr. iH-N.m.r. spectra wcrc 

recorded at 100 MHz with a JEOL PS-100 spectrometer. unless otherwise statccl. 

for solutions in CDC!, (internal Mc,Si). Bruker AM-500 mnd \:arian XL--l00 
spcctrometcrs were also used for the mcasut.cmcnt of ccrtoin cr~mpounds. at SO0 

MHz and 3OC1 MHz. respectively. 17G’-N.m.r. spectra wcrc’ rccordctl at ‘2.5 Mtiz . . 

with a JEOI, FX-90 spectrometer for solutions in CDCI,;. unlcs~ r~thcrwisc stated. 

Chromatography was p&ormcd on Wakogcl C-700. Ilash chromatography on 

Wakogcl C’-300, and preparative t.1.c. on silica gel 60 (Merck). Iilhyl di~thy~l- 

phosphonoacetatc and cthvl trimethylsilylacctate wet-c put-chascci from Tokyo 

Kassi Kogyo Co. Ltd. and Aldrich Chemical Co.. rcspcctivcly. 

_- 7’0 a solution of 3 (70 g. 0. 13 mol) in a mixture of DMF (300 ml..) and THF (IO0 

ml,) was added dropwisc at -7X” during 1 ti a solution of the c:irb;ini~>n!’ preparcci 

from ethyl dieth~~lphosphonoacrtatc (5X.3 g. O.?h mol) and potassium r0+hutoxidc 

(29.2 g. ().I% mmol) in a mixture of DMF (100 mI_) and ‘THF (IO0 ml.). After being 

kept for 2 h at -7X”. the solution was poured into 4aturatcd aqucou~ ammonium 

chloride, and cxtractcd with ethyl acctatc. The extract wits aashcd with w’atcr. 

dried with magnesium <ulf:atc. and evaporated to pi\~ cl syrup th;lt 11 ;I5 SCpNiltl!d 

on il column of silica gel with A: I hcxanc-ethyl acetate to give 4 (TO.7 g. ]X~+,), (, 

(42.X g. 72’!&) and 5 (3.3 g. .5.X%). 

Compound 4. a syrup. had [ alI, -3.4” (c 1.0. Clfc’l,): ‘El-n.m.r.: r’i 5.X9 (rl. 

H-l). 6.27 (dd. .I!,; 7.0 Hz. .l;,; IO.2 Hz. H-3), 3.82 (t. .It.:; 0.b IIz. H--l). 1.21 (cit. 
J.,r;l 9.9 Hz. .15,hh 4.9 Hz. H-S). 3.81 (1. .I,: ,,,,,, 10.3 I-12. LI-ha). -I..:!; (rltl. I-l-611). h.-N 
(s. H-l !), 1.27 (t. Mc in Fit). 4. IX (q. Jh,V,( I, 7.3 tfz. Cl-f, in Et). 3.53 (5. OMcj. ;rnd 

S.55 (s. PhCFf): ‘>C-n.m.r.: liO(,.Oh (d. C-l). IY).lc) (S.-C-?). ‘70.71 (d. C-3). X1,.1X 
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(d, C-4), 63.23 (d, C-5) 68.92 (t, C-6), 120.66 (d, C-l’), 164.71 (s, C-2’), 14.09 (q, 
Me in Et), 54.37 (q, OMe), 60.63 (t, CH, in Et), 101.54 (d, PhCH), 126.13, 128.08, 
128.52, 128.89, 129.87 and 133.34 (each d, Ph), 129.38 and 137.08 (each s, Ph), and 
164.87 (s, Bz). 

Anal. Calc. for C,H,,O,: C, 66.07; H, 5.77. Found: C, 65.78; H, 5.94. 
Compound 5 had m.p. 146148”, [rx]o -2.9” (c 0.9, CHCI,); ‘H-n.m.r., (500 

MHz): 6 5.97 (d, .I,., 2.3 Hz, H-l), 6.46 (dd, .I.l,J 9.5 Hz, H-3), 3.87 (t, .I,,, 9.5 Hz, 
H-4), 4.13 (dt, J5.6a 10.3 Hz, &, 5.0 Hz, H-5), 3.80 (t, Jha.hb 10.3 Hz, H-6a), 4.35 
(dd, H-6b): 5.02 (s, H-l’), 5.52 (s, PhCH), 3.40 and 3.73 (each dq, JAB 10.8 Hz, 
J Me.CH 7.3 Hz, CH, in Et), 1.28 (t, Me in Et), and 3.45 (s, OMe); 13C-n.m.r.: S 
101.37 and 102.89 (d, C-l and PhCH), 139.19 (s, C-2), 70.00 (d, C-3). 81.11 (d, 
C-4), 63.39 (d, C-5), 68.92 (t, C-6), 120.66 (d, C-1’). 164.71 and 166.11 (each s, 
C-2l), 13.87 (q, Me in Et), 54.94 (q, OMe), 61.06 (t, CH, in Et), 126.03, 128.08, 
128.03, 128.84, 129.87 and 133.23 (each d, Ph), 129.49 and 137.02 (each s, Ph). 

Anal. Calc. for C,,H,,O,: C, 66.07; H, 5.77. Found: C, 65.82; H, 5.51. 
Compound 6 was a mixture of the (Z) and (E) isomers in 2.3 ratio; ‘H-n.m.r. 

(500 MHz). (Z) isomer: S 4.93 (d, .I,.: 4.0 Hz, H-l), 5.92 (dd, &I 2.1 Hz, H-2), 
4.12 (dd, J4.5 9.5 Hz, J4.] I 1.6 Hz, H-4), 3.97 (dt, &a 9.8 Hz, J,.,, 4.7 Hz, H-5), 3.8 
(H-6a), 4.36 (dd, J6a,6b 10.4 Hz, H-6b), 6.18 (dd, H-l’), 5.64 (s, PhCH), 3.54 and 
3.80 (each dq, JAR 10.7 Hz, Jr,,,vle,CH 7.3 Hz, CH, in Et), 0.93 (t, Me in Et) and 3.44 
(s, OMe); (E) isomer: 5.06 (d, Jlz 3.9 Hz, H-l), 5.64 (dd. Jzq,l 1.8 Hz, H-2), 4.29 

(dd, J4.s 9.3 Hz, Jd., I 1.8 Hz, H-4), 4.00 (dt, JS.ha 10.0 Hz, &,, 4.3 Hz, H-5), 3.8 
(H-6a), 4.34 (dd, H-6b), 6.09 (dd, H-l’), 5.60 (s, PhCH), 3.75 (q, J7.2 Hz, CH, in 
Et), 0.93 (t, Me in Et), and 3.44 (s, OMe). 

AnaE. Calc. for C,,H,,O,: C, 66.07; H, 5.77. Found: C, 66.52; H, 5.70. 
Methyl 2-O-benzoyl-4,6-O-benzylidene-3-C-(ethoxycarbonylmethylene)-a-o- 

ribo-hexopyranoside (6). - To a solution of dicyclohexylamine (363 mg, 2 mmol) 
in THF (10 mL) was added, under an atmosphere of argon dropwise with stirring 
at -78”, a 1.6~ THF solution of butyllithium (1.25 mL, 2 mmol) and ethyl tri- 
methylsilylacetate (320 mg, 2 mmol) and then a solution of 3 (384 mg, 1.0 mmol) 
in THF (5 mL) during 10 min. The solution was kept at -78”, at -25”, and then 
at 0” each for 1 h, poured into saturated aqueous sodium chloride, and extracted 
with ethyl acetate. Conventional treatment of the extract gave a syrupy residue that 
was purified by flash chromatography on silica gel with 3: 1 hexane-ethyl acetate to 
give 6 (440 mg, 97%), which was identical with the mixture just described. The 
ratio of (Z) and (E) isomers was 2.3. 

Methyl 4,6-O-benzylidene-2-C-[(E)-2-hydroxyethylidene]-3,2’-O-isopropyl- 
idene-cr-D-arabino-hexopyrunoside (7). - Compound 5 was converted first into the 
corresponding 2-C-(2-hydroxyethylidene) derivative and then into its 3,2’-diacetate 
in the same manner as described for 9 and 10. The diacetate was purified on a 
column of silica gel with 3:l hexane-ethyl acetate and deacetylated with sodium 
methoxide in methanol. The diol obtained thus was further treated with 2- 
methoxypropene in the presence of PPTS, as described for 13, to give 7 (265 mg, 
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72’S), m.p. 158-160”. [LY]~) -4.0” (c 1.3. CHCl,); ‘H-n.m.r.: 6 4.9-l (4. H-l), 4.86 

(m, H-3). 3.5-4.1 (m, H-4 and H-5). 4.31 (dd. J5.,., 4.4 Hz, .Jliit.hh 9.S Hz. H&j. 3.6.5 
(t, J5.h,, 9.8 Hz, H-NJ), 5.73 (ddd, I,I,,I;, A.0 Hz, I,].,!, 6.0 Hz, .I,!, 1.x IJz. I-I-1 ‘). 4.56 
(ddd, JJ~a.Z~,, 17.0 Hz. .I+, 2.6 Hz. H-2’a). 3.96 (ddd. .I!,,:,,, 3.6 Hz, H-2%). 1.15 :md 
1.50 (each s. Me,C), 3.36 (s, OMe). 5.56 (s, PhCHj, and 7.1-7.6 (m. Ph); ‘T- 

n.m.r.: 6 101.22 (d. C-l). 137.53 (s, C-2), 70.38 (d. C-3), 80.28 (d. C-4). hl.94 (d. 
C-S). 69.21 (t. C-h). 328.75 and 130.70 (each d, C-l’ and Ph). SO.113 (t. C-2’), 2-I. 16 

and 24.26 (each q. Me). 54.52 (4, OMcj. 102.05 (x and d. Mc,C1 and PhCH. 

respectively). 126.06 and 128.07 (each d, Ph). and 137.53 (s. Phj. 
And. Calc. for C,,H,,O,: C. 66.50; H. fi.94. Found: C. 66.84: H. ?.?(I. 
Methyl ~.2’-di-0-acPt~l-4,6-C)-herzz~fidenc~-.3-C_I(,% )-~-Jz!!~J~~.~!‘~~J~~J;~J~~F?~~]-~Y- 

D-ribo-h~~~?royyranoside (10). - To an ice-cold suspcnsirm of lithium aluminium 
hydride (344 mg, 9.07 mmolj in dry ether (35 ml,) wx added dropwisc with stirring 
a solution of 6 (1.73 g, 3.81 mmol) in dry ether (20 ml..). Stirring was continued at 
room temperature for 31) min. To the mixture was added dropwisc ethyl acetate (30 

mL) and water (1 mtj. Undissolved materials wcrc filtered off’ using filter aid. and 
the filtrate was extracted with chloroform. The mixture was c\:iporated and the 

residue, dried over phosphorus pentaoxide. was acctylatcd con\:cntionally with 
acetic anhydride in pyridine. Only the major isomer (10) was ohtaincd. as crystals 
(940 mg. 63%). after purification by column chromatography on silk;1 gel with 2: 1 
hexane-ethyl acetate: the minor isomer (121 was not obtained 13~ this treatment. 

Compound 10 had m.p. 116-l 17” (from EtOH). [cY],, +137.x” (c 1.1,. ClHC‘l,j: ItI- 
n.m.r.: 6 4.84 (d, .I,.? 3.9 Hz. H-I). 5.40-5.52 (m. H-2). 3.M.d (m. H-l. H-Y. 
H-ha, and H-h’h). 5.73 (t, .1,..3~ 0.0 Hz. H-l’), 4.X2-4.96 (m. kI-?‘a. H-2’11). 3.02 
and 2.18 (each s. AC). 3.38 (s, OMe), 5.54 (s, PhCH). 7.1-7.5 (m. Ph): !T-n.ni.r.: 

6 98.65 (d. C-l). 72.54 (d, C-2). 130.46 (s, c-3), 7X.50 (d, V-1). h5.87 (d. C-Y). 
69.34 (t. C-6). 118.32 (d. C-l’). (19.34 (.t. C-2’). 20.86 and 21.02 icach q. AC). 55.36 
(q, OMe), 101.69 (d. PhCH). 126.39, 128.29 and 129.16 (each cl. Ph). 137.3-1 (s. 

Ph). 169.63 and 170.82 (each s. AC). 

Anal. Calc. for C,,,H,,O,: C, 61.22; H. 6.17. Found: C, (11.15: H. 6.14. 

In a separate expcrimcnt. the reaction mixture was poured into M hydm- 
chloric acid and cxtractcd with chloroform. The dried residue obt;linctl by evapora- 
tion of the extract was acctylatcd and the products were fractionated on a column 
of silica gel with hcxanc--ethyl acctatc to give 10 (370 mg. 52’1;)) ;md 12 (120 mg. 
17%). Compound l2 had ‘H-n.m.r.: 6 4.79 (d. .I!,, 4.0 Hz H-I), 5.72 (d. H-2), 
3.6-4.4 (m. H-4. H-5. II-ha. and H-6b). 5.48 (t. I,!,- 6.0 Hz. I-I-1’). 4.61.X (m. 
H-2’a and H-2’b). 2.04 and 2.16 (each s. AC), 3.40 (s. OMc). 5.50 (s. PhCH). 
7.2-7.6 (m, Ph); “C-n.rn.r.: 696.64 (C-l, dj, 72.08 (ct. C-3). IX07 (s, C-3). 79.71 
(d, C-4). 63.64 (d. C-S). h9.06 (t. C-h), 119.96 (t, C-l’). hO.32 (t. C-Z’), 53.1s ((1. 
OMe). 60.32 and 69.06 (each q. AC). 101.6h (d. PhCH!. 1%. I?. IS. 16. and 128.9-l 

(each d. Ph), 137.29 (s. Ph), 169.65 and 170.18 (each s. Ac). 

Anal. Calc. for C:‘,,,H,,O,: C, 61.22; H, 6.17. Found: C, 61 .OY: H. 6.11. 

Methyl 4,6-O-h~F7~~lirieFlP-3-C-[ (Z)-2-Jz~Ciro.u?:t’tJl~~i~~~Jt7~~~-~, ?-o-i,soJwoJ~):l- 
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Irene-cw-D-ribo-hexopyrunoside (W). - To a solution of 9 (290 mg, 1.0 mmol) in 
DMF (3 mL) was added 2-methoxypropene (5 mL) and PPTS (30 mg). The solution 
was kept overnight at room temperature, poured into saturated aqueous sodium 
hydrogencarbonate, and extracted with ethyl acetate. The extract was dried and 
evaporated to a syrup that was purified by flash chromatography with 1: 1 hexane- 
ethyl acetate to give 13 as crystal, yield 317 mg (92%); m.p. 154-155”, [c$, +23.0” 
(c 0.6, CHCl,); ‘H- n.m.r.: S 4.48-4.80 (m, 3 H, H-l, H-2, and H-2la), 4.28 (d, .!a,5 
6.0 Hz, H-4), 3.ti.O (m, 4 H, H-5, H-6a, H-6b, and H-2lb), 5.92 (m, H-l’), 1.48 
(s, 3 H, CMe,), 3.44 (s, 3 H, OMe), 5.54 (s, PhCH), 7.2-7.56 (m, 5 H, Ph); 13C- 
n.m.r.: 6 99.48 (d, C-l), 71.30 (d, C-2), 135.40 (s, C-3), 77.64 (d, C-4), 63.23 (d, 
C-5), 135.40 (s, C-3), 69.64 (t, C-6), 122.45 (d, C-l’), 59.22 (t, C-2l), 23.68 and 
25.30 (q, Me in CMe,), 55.32 (q, OMe), 101.75 (d, PhCH), 101.91 (s, CMe,), 
128.14, 126.24 and 128.95 (d, Ph). 

Anal. Calc. for C,,H,,O,: C, 65.50; H, 6.94. Found: C, 65.52; H, 7.10. 
Methyl 4,6-O-benzylidene-3-C-[(R)-l,2-dihydroxyet-2,2’-O-~opropyl- 

idene-cm-glucopyrunoside (14). - Compound l3 (200 mg, 0.547 mmol) and 4- 
methylmorpholine N-oxide (135 mg, 1 mmol) were dissolved in a mixture of fert- 
butyl alcohol (3 mL), tetrahydrofuran (3 mL), and water (1.5 mL). To the solution 
was added a 0.13M solution of osmium tetraoxide (0.47 mL, 0.06 mmol) in tert-butyl 
alcohol and stirring was continued overnight at room temperature under exclusion 
of light. The mixture was poured into water and extracted with chloroform. The 
extract was washed with water, dried, and evaporated. The residue was purified by 
flash chromatography with 4: 1 hexane-ethyl acetate to give 14 as a syrup (136 mg, 
62%), [alr, 0” (c 0.65, CHCl,); ‘H- n.m.r.: 6 4.77 (d, J,z 3.2 Hz, H-l), 4.04 (d, 
H-2), 3.50-4.40 (m, 7 H), 1.38 and 1.46 (each s, 3 H, CMe,), 3.40 (s, 3 H, OMe), 
5.14 (s, PhCH), 7.08-7.44 (m, 5 H, Ph); 13C-n.m.r.: 6 98.34 (d, C-l), 75.47 (d, 
C-2), 74.71 (s, C-3), 85.28 (d, C-4), 62.04 (d, C-5), 69.79 (t, C-6), 69.87 (d, C-l’), 
64.58 (each t, C-2l), 24.00 and 25.63 (each q, CMe,), 56.13 (q, OMe), 101.86 (s, 

Chk+,), 102.35 (d, PhCH), 125.97, 128.30 and 129.22 (each d, Ph), and 136.97 (s, 
Ph). 

Anal. Calc. for C,,H,,O,: C, 59.67; H, 6.85. Found: C, 59.47; H, 7.10. 
Methyl 4,6-O-benzylidene-3-C-[(S)-l,2-dihydroxyerhy~-2,21-O-isopropyl- 

idene-a-D-gfucopyrunoside (15). - Under an atmosphere of argon, to a solution of 
dimethyl sulfoxide (2.11 g, 27.0 mmol) in dichloromethane (30 mL) was added at 
-78” oxalyl chloride (3.63 mL, 27.0 mmol) and then, after stirring for 10 min, a 

solution of 14 (2.58 g, 6.75 mmol) in dichloromethane (50 mL). To this solution 
was added after 1 h triethylamine (7.1 mL, 54 mmol), and the temperature was 
raised and kept for 1 h at room temperature. After addition of water, the organic 
layer was separated and the aqueous layer extracted with chloroform. The organic 
layer and the extract were combined, washed with water, dried, and evaporated to 
give the crude, syrupy glycosulose. To a chilled solution of the latter in methanol 
(30 mL) was added with stirring sodium borohydride (255 mg, 6.75 mmol) and 
then, after 1 h, acetone (10 mL). The residue obtained by evaporation of the 
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solvent was purified on a column of silica gel w-ith hexanc-ethyl acetate to give 15 

(1.86 g, 72%) as a syrup, [(Y],, +4S.9” (c 1.2. CHCI,): lH-n.m,r.: 6-t.hij (d. J,., .:.h 

Hz, H-l), 3.40-4.32 (m. 9 H). 4.46 (dd. H-lrj. 1.32 and I.-CO (~‘ach S. 3 l-4. CMc,). 

3.32 (s. 3 H. OMe), 5.36 (s. PhCH). 7.12-7.38 (m, 5 H. Ph): T-n.m.r.: B 1(11).1X 

(d, C-l), 75.80 (d. C-2), 73.58 (s. C-3). X4.f-J (d. C-4). bl.77 (d. C.-S). 64.13 (t. 

C-6), 73.69 (d, C-l’), 06.37 (t, C-2’), X.33 and 2ci.,y7 (each q, t’blc,), 55.64 (cl, 

OMe), 101.64 (d, PhCH), lO’7.4-I (s, C*Me:). 1X.46. 1%. 13 and 120.00 (each tf. 

Ph), 137.62 (s, Ph). 

Conventional acetylation of 15 gave its 1 ‘-acctatc (16). tn.p. tX-+-1.37”. [u],, 

+32.7”(r3.5. CHCI,); ‘H-n.m.r.: 65.13 (dt.Jr.2-l_0 Hz, H-lj, 4.78 ld. H-2). 3.46 

4.38 (m, 7 H). 4.6.5 (dd, ,J,!.2~:h 5.0 Hz, JI!.?lb 9.8 Hz. H-l]), I .40 and I .50 (each s. 3 

H, CMe,), 2.13 (s. 3 I-1. AC), 3.40 (s. 3 H, OMc). 5.W (s. PhC’H). 7.2-5-7.64 (m. 5 

H, Ph): IT-n.m.r.: S 97.96 (d. C-1). 75.79 (d, C-3). 72.00 (s. C-3). S4.7Q (d. C-4). 

61.60 (d. C-5), 68.97 (t, C-h). 73.08 (cl, C-l’). 66.32 tt. C-2’). ‘0.81 (q. AC). 26.X 

and 26.93 (each y, CMc,). 5.5.54 (q. OMc). 101.64 (d. PhCH!. ltt7.S (s;. c?v!c,). 

126.40. 128.08 and 129.!)0 (each d. Ph), 137.51 (s, Ph). 169.48 (s. I\c’). 

Arrul. Calc. for Cz,H2&,: C:‘. 59.32; H. 6.65. fbund: C. 59. Id: H. 6.76. 

Mctlr~J IJ-(~-crt~er~/-.?-C-f~S)-1,2-cti~~~dru~y~t~7~i]- 2.2i-C)-isr)pr-c,i~,~li~i~~~~~~-~-~~- 
glucopymtzosid~ (17). --- Compound 16 (107 tng. 0.25 mmol) in cthandl (50 m1.j 

was hydrogenolyzed at atmospheric pressure in the prcsmcc of 211’1;1 palladium 

hydroxide on charcoal and two drops of acetic acid for 53 h at room tcmpcraturc. 

Undissolved material was filtered off. the filtrate matlc ncutr;tl \h,ith wdium 

hydrogen carbonate. and evaporated tr> ;r syrup. Purification hy flash chromato- 

graphy with I : 1 hexanc-ethyl acctatc gave 17 quantitatively, [LY]~~ .+zc).?’ (‘* {I.‘)~_ 

CHCI,); ‘H-r1.m.r.: is 4.82 (d, I,., 4.0 Hz, H-I). 3.3-4.3 (m. 9 HI, 4.91 (t, ./r .:‘,, 4.0 

Hz. H-l’). 1.12 (s, 3 I-I, AC). 1.44 (s, h H, CMe,). 3.80 (hs, OH). _:.XJ (s. 3 H. 

OMc); “%I-n.m.r.: S 47.09 jd, C-l), 77.42 and 77.75 (each d. (‘-2 NXI C-4). 72.65 
(s, C-3). 71.63 (L-l: C-S), 62.15 (t, C-6;), 74.34 (d. C-l 11, hh.15 (t. c-2:). ‘11.75 (q, 
Ac). 25.90 and 26.44 leach q, CMe,), 108.80 (s. CMc,). 169.75 (s. AC). 

Anal. Calc. for C‘,,H,,O,,: C, 49.99; H. 7.19. Found: C. W.W-; II. 7.b1.1. 

Merhjpl I’-0-acetyWC-[ (S)-f ,2-ciihydro.~~l~rti?_II-,7,_ vi-O-i.~oPr(,l,r’lidertr-~-O- 
pivaioyl-a-D_6’luct7pyrarri?.sidr (18). - 7’0 3 solution of 17 (73 tiig. 0.2.3 mttml) in 

pyridine (7 mL) was added pivaloyl chloride (33 mg, rJ.27 mmol). The solutic,n was 

heated for 24 h at 60”, pout-cd into water. and extracted with ~hlorcrform. The 

extract was washed with w;lter. dried. and evaporated to give ;I t-csiduc th;tt W’;IS 

purified hy Rash chromatography with 2: t hexanc-cthyi acetate to git,c 18 in 87% 

yield. The starting compound 17 was rccovcred in 12% yield. Compound 18. a 
syrup, had [~v]~ +10X.2” (c I .3, CHCl,); ‘H-n.m.r. (NO MHzj: fi 3.93 (d. J,,, -$.O 

Hz, H-l), 4.79 (d, H-2). 1.62 (t. .4,5 10.4 Hz. .I-r.OH 10.4 Hz. f&J). 3.8~ (dcld. ./5.h., 

2.1 Hz, Jye6,, 6. I Hz, H-S). 4.28 (dd. JO:l.(,b 11.9 Hz, H-h), 3.48 (dd. I,-(-hb). 4.86 (dd: 

J,yn 5.8 Hz, J,I,~I,, X.6 Hz. f-i-1 ‘). 4.19 fdd. .&I;,.~I,, X.6 Hz. Ii-?‘a). -l.O~I ft. H-2%), 

1.23 (s, 9 H, CMe,). 1.41 and 1.44 (‘each s. 3 H, CMo,), 2. I I (s. 3 I-1. AC). .3.3$ (s, 

3 H, OMe), 3.98 (d. OHj; ‘,T-n.m.r.: h’96.88 {Lt. C-l). 77.37 (d. C-21. 72.W is. 
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C-3), 76.01 (d, C-4), 69.62 (d, C-S), 63.72 (each t, C-6), 73.96 (d, C-l’), 66.21 (t, 
C-2’), 20.70 (q, AC), 25.90 and 26.49 (each q, CMe,), 27.20 (q, CMe,), 38.85 (s, 
CMe,), 55.37 (q, OMe), 108.90 (s, CMe,), 169.42 (s, AC), 177.98 (s, COCMes). 

Anal. Calc. for C,gH,,O,,: C, 54.27; H, 7.67. Found: C, 54.59; H, 7.65. 
Methyl I’-O-acetyl-3-C-[(S)-1,2-dihydroxyethy~-2,2’-O-isopropylidene-6-0- 

piVU~oy~-4-O-p-~O~yEsulfonyl-a-D-g~UC~py~Qnoside (19). - To a solution of l8 (108 
mg, 0.27 mmol) in dichloromethane (1 mL) was added with stirring pyridine (260 
E.~L, 3.2 mmol), 4-dimethylaminopyridine (39.6 mg, 0.27 mmol), and p-toluene- 
sulfonyl chloride (509 mg, 2.7 mmol). The solution was heated at 40” for 7 d, and 
processed conventionally. The syrup obtained was fractionated by flash chromato- 
graphy on silica gel with 5:l hexane-ethyl acetate to give 19 (29 mg, 20%) and 
unreacted 18 (60 mg, 56%). 

Compound 19 was a syrup, [a],, +74.6” (c 0.6, CHCl,); ‘H-n.m.r.: 6 5.04 (d, 
Jr,, 3.6 Hz, H-l), 3.80-4.88 (m, 8 H), 3.40 (s, 3 H, OMe), 2.44 (s, 3 H, Me in Ts), 
2.10 (s, 3 H, AC), 1.32 (s, 6 H, CMe,), 1.24 (s, 9 H, CMe,), and 7.34 and 7.88 (each 
d, 4 H, J 8.8 Hz, Ts); t3C-n.m.r.: 6 96.77 (d, C-l), 75.64 and 80.30 (each d, C-2 
and C-4), 72.76 (s, C-3), 67.78 (d, C-5), 62.15 (t, C-6), 72.28 (d, C-l’), 65.99 (t, 
C-2’), 20.81 and 21.61 (each q, Me in AC and Ts), 25.79 and 26.82 (each q, CMe,), 
27.20 (q, CMe,), 38.90 (s, CMe,), 55.70 (q, OMe), 108.15 (s, C’Me3), 128.14 and 
129.60 (each d, Ts), 133.50 and 145.09 (each s, Ts), 169.26 (s, AC), and 177.98 (s, 
COCMe,) . 

Anal. Calc. for CBH3,0,,S: C, 54.03; H, 6.63. Found: C, 54.32; H, 6.69. 
Methyl I1-O-acetyl-3,4-anhydro-3-C-[(S)-I,2-dihydroxyethyq-2,2’-O-i~o- 

propybdene-6-O-pivaloyl-wwgaluctopyrunoside (20). - To a solution of 18 (500 
mg, 1.2 mmol) in pyridine (10 mL) was added trifluoromethanesulfonic anhydride 
(1 mL, 6.0 mmol) under strictly dry conditions. After being kept overnight at room 
temperature, the syrup obtained conventionally was purified by flash chromato- 
graphy with 3:l hexane-ethyl acetate to give 20 (443 mg, 93%), [a]o +78.5” (c 0.9, 
CHCl,); ‘H-n.m.r. (500 MHz): S 4.93 (d, I,,* 3.2 Hz, H-l), 4.80 (d, H-2), 3.48 (s, 
J4,s 0 Hz, H-4), 4.22-4.36 (m, 3 H, H-5, H-6a, and H-6b), 4.49 (t, J,I,~I~ 6.4 Hz, 
.I,] 2~h 6.4 Hz, H-l’), 4.08 (dd, J2~a,Z~b 8.4 Hz, H-2’a), 3.90 (dd, H-2tb), 1.24 (s, 9 H, 
C&e,), 1.35 (s, 6 H, CMe,), 2.16 (s, 3 H, AC), 3.40 (s, 3 H, OMe); “C-n.m.r.: 6 
94.28 (d, C-l), 65.45 (d, C-2), 57.87 (s, C-3), 53.64 (d, C-4), 67.51 (d, C-5), 62.90 
(t, C-6), 72.00 (d, C-l’), 65.94 (t, C-2l), 20.81 (q, AC), 25.63 (q, 2 C, CMe,), 27.14 
(q, 3 C, CMe,), 38.19 (s, CMe,), 56.02 (q, OMe), 109.88 (s, CMe,), 169.58 (s, AC), 
178.04 (s, COCMe,). 

Anal. Calc. for C,,H,,,O,: C, 56.71; H, 7.51. Found: C, 56.28; H, 7.40. 
Methyl 6,Z’-di-O-acetyl-4-deoxy-3-C-[(S)-1,2-dihydro~yethy~-2,2’-O-iso- 

propylidene-a-D-xylo-hexopyranoside (22) and methyl 4,6, I/-tri-0-acetyl-3-deoxy-3- 
C-[(R)-Z,2-dihydroxyethyl]-2,2’-O-isopropy~ide~e-~-D-g~~acto~yr~no~ide (23). - 
To a chilled suspension of lithium aluminium hydride (17 mg, 0.44 mmol) in ether 
(3 mL) was added with stirring an ethereal solution (3 mL) of 21 (80 mg, 0.20 
mmol) which was prepared as described for the next experiment. After stirring for 
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42 h at room tcmperaturc, the mixture was evaporated with additions of small 
amounts of water. The rcsiduc was dried over phosphorus pcntaoxide under 
diminished presssurc at 50”. and acctylated conventionally to give :1 mixture of 22 
and 23 (49 mg. 68%. ratio IO: 1 by ‘H-n.m.r.) after purification by 17ash chromato- 
graphy. The two isomers were scparatcd by preparative t.1.c.. with double dcwlop- 

mcnt by 7:3: 1 bcnzcrlc-hexitne-acetone. Compound 22 was a syrup. [a],, +8X.9” 
(c 0.2. CHCI,); ‘H-n.m.r.: S 4.84 (d. .I,., 3.8 Hz. H-l). 5.02 (d. H-1). I.hX (t. ./J;,,5 

12.8 Hz. Jj;,,j,, 13.2 Hz. H&). 2.22 (dd, ,I-lh,S 2. I Hz, H-4h). -1.03 (dddd, .I,.,;, 5.6 

Hz, Jsqhh 4.0 Hz, H-5). 4.13 (dd, .It,a,(,h 11.7 Hz. H-6a). 3.16 (dd. H&b), 4.61 (dd. 
J,I ,I~ 8.4 Hz, J,l,+ 5.0 Hz. H-l I), 3.98 (t. &I;,+, 
1% and I .4O (each s. 3 H, CMe,) 

8.6 Hz, H-?a). 4.09 (dd, H-2%), 
. 2.10 (s, 6 H. AC). 3.37 (s, 3 H. OMe); I%?_- 

n.m.r.: S 97.58 (d, C-l). 76.72, 65.23 and 73.90 (each d, C-2, C-5 and C-l’). 70.S4 
(s, C-3), 38.41 (t, C-4). 65.34 and 65.83 (each t, C-6 and C-Z’), 55.38 (q. OMc). 
20.81 and 20.91 (each q, AC), 107.71 (s, CMeJ, 169.91 and 170.78 (each s. AC). 

Aml. Calc. for C,,H,,O,: C, 53.03; H. 7.23. Found: C. 52.80: H. 7.32. 
Compound 23 was a syrup, [a],, +68.9” (c 0.3, CHCI,); ‘H-n.m.r.: 6 4.86 (d. 

J,, 3.5 Hz, H-l), S.41 jdd. .I;.j 11.8 Hz. H-2). 2.52 (ddd, .I,,_, 2.0 Hz. JJ,,l -1.0 Hz. 
H-3), 5.32 (d, JJ.s 0 Hz, H-4), 4.10 (dd. J5,,., 13.2 Hz. J5+,, _... q 5 Hz. H-5). 3.99 (dd. 
J 6t,.hh 13.2 Hz. H-6a). 4.13 (dd, H-6b). 4.16 (dt, J,I,~I;~ 7.0 Hz. .I,I.,Q, 7.0 Hz. H-l’). 
3.87 (dd, J?la,2+, 8.0 Hz, H-2’a), 3.91 (dd. H-2’b). 1.23 and 1.33 (each s, 3 I-1, CMe,). 
2.05, 2.07 and 2.10 (each s, 3 H, AC). 3.43 (s, 3 H, OMc); V-n.m.r.: 6 96.77 (d, 

C-l). 67.62 (X), 69.24 and 74.77 (each d, C-2, C-4. C-5. and C-l’). 39.61 (d, C-3), 
62.57 (t, C-6), 67.62 (t, C-2’), 55.26 (q, OMe), 20.75, 2O.Yl and 21.13 (each q. Ac). 
24.33 and 26.11 (each q, CM&). 109.12 (s, CMcz), 170.35 (s, 3 c‘. Ac). 

Anal. Calc. for C,,H~,O,,,: C. 53.-l6; H, h.YX. Found: C, 53.06: H. 7.02. 
Reduction of 21 with diisohntylal~~rninirlnl hydride (nIBA I,) or sociiw)~ bis(.?- 

methoxyethox~~)nl~rminirrr?l hydride (RedAl}. - Compound 20 was first deacylated 
with sodium mcthoxido in methanol in the conventional manner to give 21 quantita- 
tively. whose homogencitp was ascertained only by “C-n.m.r-.: (5 90.31 (d. C-I ), 
66.33 and 67.01 (each d. C-2 and C-S). 57.84 (s, C-3). 53.93 (d. C-4). KJ.h7 (t. C-h). 
72.57 (d, C-l I). 65.74 (t. C-2’). 10Y.37 (s, CML). 55.79 (q. OMc). 25.02 and 75.96 
(each q, CMc,). Reduction of 21 with DIBAL or RcdAl was carried clut according 
to conditions shown in Table II, and the mixture was processed as just described. 

Methyl 2,2~-di-0-acrtyl-4,6-O-berrz),liden~-_K-[ (R)-I .2-diihydrc,xyerhvl]-a-D- 

glucopyranoside (24). - Compound 10 (1.0 g, 2.6 mmol) was hydroxylated in the 
same manner as dcscribctl for 14 and the product was purified (~1 a column of silica 
get with 1: 1 hexane-cthyl acctatc to give 24 (1. I g, 57’%), [u],) + 1 N.9” (c 1 .O. 

CHCI,. ‘H-n.m.r. (400 MHz): 6 4.X0 (d. J,, 4.0 Hz. H- 1). 5. I 1 jd. li-2). 3.79 (d. 
JA.5 9.8 Hz. H-4). 4.02 (cit. .IT+a 4.X Hz. .I.<,,,,, 10.0 Hz. H-5), 4.36 (dd. I,,; ,,,,,, 9.8 Hz. 
H-6a). 3.77 (dd, H-6b). 4.31 (dd, Jl,,?la 11.8 Hz, J,~,,t,,h.!, Hz. H-l’). 4.63 and3.66 
(each dd. H-2’a and H-2%). 3.44 (s. OMc). 2. IO and 2.15 (each s. Ac): ‘JC-r7.tn.r.: 
698.39 (d, C-l). 74.09 (d. C-7). 74.38 (s. C-3). X6.73 (d. C-4). 62.2X (d. C-S), 69.45 
(t, C-6). 71.06 (d. C-l’). 66.23 (t. C-2’). 11.13 and 21.38 (each q. AC). 56.0.3 (q. 



TWO-CARBON BRANCHED SUGARS FROM D-GLUCOSE 77 

OMe), 102.74 (d, PhCH), 126.51, 128.80 and 129.77 (each d, Ph), 137.19 (s, Ph), 
170.28 and 171.50 (each s, AC). 

Anal. Calc. for C,H,,O,,: C, 56.34; H, 6.15. Found: C, 56.32; H, 6.12. 
Methyl 2,2’-anhydro-4,6-O-benzylidene-3-C-[(R)-l,2-dihydroxyethy[l-cr-D- 

glucopyranoside (26). - Compound 24 (0.26 g, 0.61 mmol) was deacetylated con- 
ventionally with sodium methoxide in methanol to give 25 quantitatively, which 
was treated with camphorsulfonyl chloride (0.15 g, 0.35 mmol) in pyridine (5 mL) 
at room temperature for 20 h. The solution was poured into saturated aqueous 
sodium chloride, and extracted with chloroform. The residue obtained by evapora- 
tion of the dried extract was purified on a silica gel column with 1: 2 hexane-ethyl 
acetate to give 26 (0.14 g, 72%), [a]o +74.7” (c 1.1, CHCl,); ‘H-n.m.r. (500 MHz): 
6 4.71 (d, I,.2 5.2 Hz, H-l), 4.08 (d, H-2), 3.88 (d, J4,j 9.6 Hz, H-4), 3.78 (ddd, &a 
9.6 Hz, &,, 4.6 Hz, H-5), 3.73 (t, &a,& 9.6 Hz, H-6a), 4.30 (dd, H-6b), 4.82 (dd, 
.7,1 *Ia = J,I Z’b 7.8 Hz, H-l’), 4.25 (dd, J21a,r+, 7.8 Hz, H-2ra), 3.66 (dd, H-2lb), 3.39 
(s,‘OMe),‘5.52 (s, PhCH), 7.34-7.46 (m, Ph); 13C-n.m.r.: S 100.87 (d, C-l), 83.40 
(d, C-2), 77.34 (s, C-3), 84.28 (d, C-4), 60.40 (d, C-5), 70.15 (t, C-6), 72.21 (d, 
C-l’), 73.61 (t, C-2’), 56.23 (q, OMe), 103.55 (d, PhCH), 127.69,129.93 and 130.85 
(each d, Ph), 138.84 (s, Ph). 

Anal. Calc. for C,,H,O,: C, 59.26; H, 6.22. Found: C, 59.35; H, 6.22. 
Conventional acetylation of 26 gave its II-acetate (27), syrup, [a]o +2.7” (c 

1.2, CHCI,), ‘H-n.m.r.: 6 4.82 (d, I,,, 5.5 Hz, H-l), 4.17 (d, H-2), 3.774.13 (m, 
H-4, H-5, H-6a and H-2b), 4.29-4.50 (m, H-6b), 5.50 (dd, J1l.rla = J,I,~I,., 7.6 Hz, 
H-l’), 4.54 (t, J 2’&, 7.6 Hz, H-2ra), 2.65 (s, AC), 3.50 (s, OMe), 5.64 (s, PhCH), 
7.26-7.72 (m, Ph); r3C-n.m.r.: 699.32 (d, C-l), 81.94 (d, C-2), 76.92 (s, C-3), 82.33 
(d, C-4), 59.30 (d, C-5), 69.06 (t, C-6), 71.79 (d, C-l’), 72.18 (t, C-2’) 20.50 (q, 
AC), 55.64 (q, OMe), 102.40 (d, PhCH), 126.26; 128.07 and 129.14 (each d, Ph), 
137.24 (s, Ph), 169.31 (s, AC). 

Anal. Calc. for C,,H,Os: C, 59.02; H, 6.05. Found: C, 58.96; H, 6.13. 
Methyl 2,2’-anhydro-4,6-0-benzylidene-3-C-hydroxyace~l-~-D-glucopyrano- 

side (28). - Swern oxidation of 26 (0.16 g, 0.48 mmol) was performed as described 
for 15 and the product was purified on a column of silica gel with 2: 1 hexane-ethyl 
acetate to give 28 (0.12 g, 78%), syrup, [& +6.1” (c 1.2, CHCl,); ‘H-n.m.r.: 6 
4.92 (s,J,,? 5.6 Hz, H-l), 4.44 (d, H-2), 3.72-4.68 (m, 7 H), 3.42 (s, OMe), 5.64 (s, 
PhCH), 7.32-7.64 (m, Ph); 13C-n.m.r.: 6 100.18 (d, C-l), 79.86 (d, C-2), 76.18 (s, 
C-3), 58.79 (d, C-4), 80.24 (d, C-5), 68.97 (t, C-6), 158.58 (s, C-l’), 72.00 (t, C-2’) 
55.76 (q, OMe), 101.97 (d, PhCH), 125.97, 128.30 and 129.33 (each d, Ph), 137.95 

(s, Ph). 
Anaf. Calc. for C,,H,,O,: C, 59.63; H, 5.63. Found: C, 59.47; H, 5.82. 
Methyl 2,2*-anhydro-4,6-O-benzylidene-3-C-[(S)-1,2-dihydroxyethyZ)-~-D- 

gfucopyrunoside (29). - The compound 28 (59 mg, 0.18 mmol) was reduced with 
sodium borohydride as described for 15 and the product was purified on a column 
of silica gel with 1:2 hexane-ethyl acetate to give 29 (57 mg, 95%), syrup [o]o 
+57.6” (c 0.9, CHCI,); ‘H-n.m.r. (500 MHz): S 4.77 (d, J,., 5.0 Hz, H-l), 4.14 (d, 
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H-2). 3.95 (d, J,,, 10 Hz, H-4). 3.86 (dt. JS,hi, 10 Hz, J,h,, 5.0 Hz. H-5). 3.84 (t. Ji,i,.h,, 

9.6 Hz. H-6a),4.34(dd, H-hb),4.96(dd.J,1,,;;, =.I,:.,l,7.KHz. H-t’).1.32(t.J,1;,,~:, 
7.8 Hz. H-2%). 3.74 (t, H-2%). 3.43 (s, OMc). 5.57 (s, PhCH). 7.X-7.45 (m. Fh): 

‘T-n.m.r.: 699.32 (d, C-t). 81.94(d, C-2). 76.!)2 (s. C-3). 82.?3(d. V-4). 50.3O(d. 
C-S). 69.06 (t. C-A). 71.79 (d. C-t’), 72. IX (t, C-2’). 2!).50 (ct. Ac). 55.h4 (q- OMc). 

102.40 (d. PhCH). 126.X. 128.07 and 129.14 (each d. Ph). 137.3-l (,s. Phj. 169.31 
(s. AC). 

1.0. CHCI,); ‘H-n.m.r.: 6 4.73 (d. J,,, 5.2 Hz. H-l). -I.07 (d. t-I-2). .‘1.55--3.98 (m. 

H-4. H-5. H-ha and H-2’h), -1. lb--4.31 (m. H-ht,). 5.83 (dd. .I, .I.; ;:: .I!:,,i, 7.7 Hz. 

H-l ‘). 4.42 (t. J::,.+,, 7.7 Hz. H-2’a). 1.00 (.s. Ac). .1.33 (s. OMc). 5.15 (s. PhCH). 

7.25-7.48 (m. Ph); IT-n.m.r.: S99.48 (d, C-l). XI.81 (d. <‘-?I. 77.05 fs. C-3). K2.52 

(d. C-4). 59.38 (d. C-3). hO.19 (t. C-6). 71.95 (d. C-t!). il.-II (t. C-2’). 2tr.S (ct. 

AC). 55.75 (qq OMe), 102.56 (d, PhCH). 126.35. 128.10 and tY.1X (each d. Ph). 
137.30 (,s. Ph). tW.48 (s, Ac). 

Ancrl. Cnlc. for C,,H,O,: C, 59.02: H. 6.05. Found: C. 50.01: H. 6. IO. 
Mcrhyf ~,~‘-lrnfl)lrlr-rJ-3. It-rli-O-hc~t~z~l-4,~-~~-l~ctt~~~liJPr-~.’-~(S)-I.,9-rfi- 

kydrox~erf~~f~-a-~~-~f~~cnl,~r~ttzosida (31). - To a suspension of’ sodium hydride 

(0.42 g. 17.5 mmot) in Mc,SO, which had been stirred for 3 h a1 -10”. was added 
with stirring a solution of 29 (1.03 g, 3.2 mmot) in Mc,SO (-5 ml,). and then. after 
2 h. bcnzyt chloride (1.46 mL, 12.7 mmol). After 2 h the miuturc \viis pour-cd into 
saturated aqueous sodium chtoridc and cxtractcd with cthcr. Conventional 
isolation and purification on i1 column trf’sitica gel gilVC 31 (1.4 g. Wb). syrup, [ alI, 

+tS.(7C(~~1.53,C~HC1i~):‘H-n.n~.r.:ii3.ho-4.XZ(m. 11 Hj.3.37(s.OM~j.1.C)tiand 
5.14 (A&t, CH, in Rn. .I,\,% 12.0 Hz). 5.43 (s, PhCH). 7.12-7.W (In. Ph. IS 11): 
I?(‘-n.m.r.: zi 98.99 (d. C- ) 1 , HI .49 (ct. C-Z), 81.7h (s. C-3). X2.hX (il. C-l). SY.9X (d. 

C-5)> 6X.59 (t. C-6). 7’1.81 (d. C-l’). 6Y.51 (L C-9’). 55.w [q. <IMe). 72.H) ~lnrt 

73.04 (each t, CH, in Bn). tOI. (d. PhCH). 127.lh. 127.31y. 12S.ll and 178.05 

(cnch d. Ph). 137.30. l.W.53 and 1.39.90 (e&l S. Ph). 

At&. (.‘i>lc. for C.~ltiI~i~07: C’. 71.42; H. 6.34. Found: C, 71.-!1; H. h.39. 

- Meth_yl Z,.?t- ~ttth~ifro-.J,d. I’-rri-0-bett~~l-.~-~-[ (S j-l.~-~lilt~flt-~~.~-~~~~t~~~l~-n-l>- 

,~lucc’~?~‘rcznosinp (32). -‘- To a chilled suspension of I.iAtH, (51U mg. I ..3 mmot) in 
a mixed solution of dry cthcr (IO mL.) and dichtoromethanc (IO ml.) H’;IS added 
dropwisc a solution of 31 (0.55 f, I .3 mmot) and then atuminium trichtoridc (0. 1S 

g, 1.3 mmot) in dry ether (IO ml..). The mixture WAS hc:‘tcd L’n(icr rellus t’or 3 h. 

mixed carefully with water. and cxtrackd with cthcr and chloroform. 7‘1~ residue 
obtained by evaporation of the dried extract was purilicd on ;I cotumn ot’ sitici~ get 

with I : I hcxanc-ethyl acetate to give 32 (0.36 g. X2’];,). syrup. [ali, ,t-Sl.1’ (c II.0 

CHCI,): ‘t-I-n.m.r.: i? .?.-W4.7h (m, 11 H), 3.30 (s. OMc), J.Yh It. C’H, in Bn). 

7.13-7.68 (m. Ph. I5 I-l): “C-n.m.r.: 8 98.73 (d. C.--l), SO.0-t (d, c--Z). Sh.05 (s, 

C-3), 80.48 (cl. C-4). 67.69 (d, C-S), h2.47 (1, C-6). 76.87 (d. C-1 ‘). 66.Yh (1. C-Z’). 

SS.05 (q. OMc), 73.26. 7-t.W and 74.38 (each t. Cl-I- in Bn). 126.75. tZ.tc). t17.N 
12X.t I and 12X.31 (each d. Ph). 138.37. t.W.(lt and-13i.Y (cuch 5. I%). 
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Anal. Calc. for C,H,O,: C, 71.13; H, 6.77. Found: C, 70.80; H, 6.84. 
Conventional acetylation of 32 gave 33, [a],, +64.1” (c 2.2, CHCl,); rH- 

n.m.r.: 6 3.86-5.14 (m, 15 H), 1.96 (s, AC), 3.36 (s, OMe), 7.04-7.56 (m, Ph, 15 
H); i3C-n.m.r.: S 98.72 (d, C-l), 80.02 (d, C-2), 86.15 (s, C-3), 80.46 (d, C-4), 
65.61 (d, C-5), 63.55 (t, C-6), 76.29 (d, C-l’), 67.18 (t, C-2’), 20.70 (q, AC), 55.10 
(q, OMe), 73.36 and 74.17 (each t, CH, in Bn), 127.27, 127.43, 127.65, 128.19 and 
128.41 (each d, Ph), 138.16, 138.54 and 139.25 (each s, Ph), 170.56 (s, AC). 

Anal. Calc. for C,,H,O,: C, 70.06; H, 6.61. Found: C, 70.08; H, 6.84. 
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