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ABSTRACT 

Benzyl 6-deoxy-cY-l,-talopyranoside (10) has been synthesized and provides, 
after hydrogenolysis, an improved preparation of 6-deoxy-I.-talose. Several par- 
tially substituted derivatives of the glycoside 10 have been prepared, including ben- 
zyl 6-deoxy-3,4-0-isopropylidene-a-L-talopyranoside and benzyl 3,4-di-O-benzyl- 
6-deoxy-a-L-talopyranoside. Both of these have served as aglycons for condensa- 
tion with 2,3,4-tri-0-acetyl-a-L-rhamnopyranosyl bromide to furnish, after re- 
moval of protecting groups, 6-deoxy-2-0-(cu-L-rhamnopyranosyl)-L-talose (36). 
This disaccharide occurs as the inner unit of oligosaccharide chains in the polar 
glycopeptidolipid antigens in the Mycobacterium avium-M. intracellulare-M. 

scrofulaceum serocomplex. A derivative of disaccharide 36, benzyl 3,4-di-O-ben- 
zyl-6-deoxy-2-0-(2,4-di-O-benzoyl-u-~-rhamnopyranosyl)-a-r.-talopyranoside, has 
been synthesized to serve as the common aglycon for the attachment of serovar- 
specific, external sugar residues. 

The distinctive features of the “C-mycoside” glycopeptidolipid-typing, sur- 
face antigens from the Mycobacterium avium-M. intracrllulare-M. scrofulaceum 

(MAIS) serocomplex are short, partially acetylated oligosaccharidc chains O- 
glycosylically linked to D-allothreonine residues in a short, apparently invariant 
lipopeptide’. That these oligosaccharides, in turn, contain a common interior di- 
saccharide component of 3-O-substituted a-L-rhamnopyranosyl-(l-Z)-6-deoxy-L- 
talose has been established in detailed structural studies on the oligosaccharides 
from serovars 21, 9, and 25 (ref. 2). The generality of this structural feature is sup- 
ported in further structural studies on serovars 19 (ref. 3), 2, and 20 (ref. 4), and 
in compositional studies on several other serovars ‘.‘. We now report a synthesis of 
this disaccharide, 6-deoxy-2-0-(cu-L-rhamnopyranosyl)-L-talose (36), together with 
a derivative, benzyl 3,4-di-O-benzyl-6-deoxy-2-0-(2,4-di-O-benzoyl-a-~~-rham- 
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nopyra~losylf-n-L-lalopyranosidr (35). suitably substituted to act as a glycosyl tic- 
ceptor for the attachment of the serovar-specific outcr sugar residues. We &o de- 
xribe the synthesis of a series of partially substituted derivatives of benzyl h-droxy- 
a-L-talopyranosidc (IO) and an improved preparation of 6-dcoxq-I -tulow (37). 

Renzyl n-L-rhamnopyranosideh (5) was prepared from L-rhamnose (1) in an 
overall yield of 68%. by a sequence involving acrtylation (to give I .?.i~J-tctra-0 
acetyl-L-rhamnopyranose’, 2). treatment of 2 with hydrogen bromide in acetw acid 
(to give ~,3,~-tri-0-Hcetyl-ru-L.-rharnnopyranobyl bromidex. 3). condensation of 3 
with benzyl alcohol in the presence of mercuric cyanide in ~lichlora~ncthane (to 
give benzyl ?,3.3-lri-O-aoetyl-lu-1 -rhamnopyranosidc” 4). and quhsequen~ 0. 
deacetylation. Compound 5 wa\ convcrtcd hy treatment with 2.2.dimethox>- 
propane in the presence of p-toluenesulfonic acid into the 7.3.isopropylidaxr 
acetal’ 6 in 90% yield. After this preparation had been completed. Liptlik it ul. “I 

reported a similar method of acctonation. Oxidation of 6 with ruthenium tctra- 
oxide” gave, after chromatography on a column of silica get. the glycos-4.ulose de- 
rivative 7 as a syrup in 70%, yield. Compound 7 was stereoselectively reduced with 
sodium borohydride and the major product, benzyl 6-droxy-2.3-0-isopl-opylidene- 
a-L-talopyranoside (9). was most conveniently isolated in 78G yield as the crystal- 
line. 3-0-ac~tyl-2.3-0-isopropylidene derivative 8. Subsequently. it was found that 
the isolation of’7 is not ncccssary for the preparation of 8. The product mixture crb- 
tainrd hy oxidation of 6 was successively reduced with sodium borohydride and 
acctylatrd to give 8 in Xl ‘Tr yield. Alternatively. oxidation of 6 was performed 111 
N,N-dim~lhylformamide with dimcthyl sulfoxid~-~phosphorus pentaoxidc”. In ths 
CRSC. however. compound 7 was slightly contaminalcd with a marginally fastcr- 
moving (t.1.c.) component that auld not be removed by column chrom;~togmphy. 
Nevertheless, this method was satisfactory for the preparation r>f 8 Thr product 
mixture obtained by oxidation ot 6 was sequentially reduced and acetqlatrd to af- 
ford 8 in 72% yield. Removal of the isopropylidrne group from 9 with :aqucoua ace- 
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tic acid gave crystalline 10 in 91% yield. Acetylation of 10 gave the 2,3,4-tri-0- 
acetyl derivative 11. Hydrogenolysis of 10 afforded crystalline 6-deoxy-L-talose’” 
(37) in 80% yield. The seven-step sequence 5 + 6 + 7 4 9 + 8 + 9 + 10 + 37, 

giving 37 in 43-48% yield (based on 5) without recourse to chromatographic frac- 
tionation at any stages, provides the most satisfactory synthesis of 37, and is clearly 
superior to earlier analogous synthesis” from methyl cu-L-rhamnopyranoside or 
methyl cr-L-fucopyranoside. 

Acetonation of 10 with 2,2_dimethoxypropane in the presence of p-tol- 
uenesulfonic acid afforded a mixture that was fractionated on a column of silica gel 
to give the 3,4- (12) and 2,3- (9) isopropylidene acetals in 76 and 8% yields, respec- 
tively. The struc1ure of compound 12 was contirmed by methylation, followed by 
hydrolysis, reduction, and acetylation to give 6-deoxy-2-O-methyl-L-talitol tetra- 
acetate (42), whose substitution pattern was clearly shown by its mass spectrum. 
Compound 12 was alkylated” with ally1 bromide and the syrupy product 13 deiso- 

propylidenated with aqueous acetic acid to give crystalline benzyl 2-Q-allyl-6- 
deoxy-a-L-talopyranoside (14). Benzylation“’ of 14 with benzyl bromide, followed 

by O-deallylation of the product 15, furnished benzyl3,4-di-O-benzyl-6-deoxy-cr-L- 
talopyranoside (16), whose substitution pattern was confirmed by methylation to 
give 17, which in turn on hydrogenolysis afforded 6-deoxy-2-O-methyl-L-talose 
(38). The partially methylated sugar was, as before, characterized by conversion 
into the corresponding partially methylated alditol acetate 42. In the foregoing 
reaction-sequence, O-deallylation was achieved equally satisfactorily by isomeriza- 
tion of the ally1 to 1-propenyl ether with the Wilkinson catalyst [tris(triphenylphos- 
phine)rhodium chloride] in the presence of 1,4-diazabicyclo[2.2.2]octane” fol- 
lowed by mild acid hydrolysis, or in a single step by treatment with palladium-on- 



charcoal in acidified solutionlh. Roth 3,4-di-O-substituted henzyl h-deoxy-n-r.- 

talopyranosides 12 and 16 were later used as aglycons for the disaccharide synthe- 

sis. 

Before satisfactory conditions wcrc cstablishcd tar preparation of the 3.1-G 

isopropyhdene dcrivativc 12, several alternative routes to 3.3.di-O-huhstituted de- 

rivatives of IO were explored using regioselective alkylafion. tn the presence of 

tetrabutylammonium bromide”. or benzoylation. in the presence UC molecular 

sieves”, of the dibutylstannylene derivative of benzyl J-~-b~nLyl-h-deuxv-n-L- 

talopyranosidc (19). Compound 19 had been obtained cryalallintl by henzylat&~ OI 
9 to give the crystalline J-0-bcn7.yl-~..l-O-isopropylidcnc dzrivativc 18, which was 

deacetnnated with mild acid. In each case. regiosrlective rttaction prw~~~Ied with 

preferential. but not exclusive, whstitution at O-3 in 19, ,md column-chromatog- 

raphic separation was required for the iAation of purr products. Thus henzyla- 

tion” of the stannylene derivative of 19 afforded 16 and the 2.4-di-0.hcwyl ether 

20 in 53 and 32% yield, respectively. The structure of the latter compound was es- 

tablished similarly by methylation (to give 21). fullowed by hydrogcnolysis to af- 
tord h-dcoxy-3-C~-metl~yl-t.-t~l~s~“’ (39). whose identity was contirmed from the 

mass spectrum of the dcrivcd, partially methylatrd alditol xet,itc 13. Similarly. 

allylation” of the sla~mylenc derivative of 19 afforded the 3. (23) and Z-ally1 (22) 

ethers in 54 and 35% yields. respectively. The structures of these compounds were 

confirmed by bcnzylation to give respectively compounds 24 and 15. which on O- 

deallylation afforded 20 and 16, respectively. In hoth regioselrctive reactions. no 

2,3,A-t&substituted ethers were formed and no starting material 19 remained. Re- 

giohrlective benzoylation’” ui the stannylene derivative of 19 gave the 3- (28) and 

I-O-hcnzovl (27) derivatives in hh and 74% yields. respectively. with complete 
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utilization of 19 but no formation of the 2,3-di-0-benzoyl derivative 29. Compound 

29 was prepared separately by treatment of 19 with an excess of benzoyl chloride 
in pyridine. Compounds 28 and 27 were prepared separately from the ally1 rthcrs 

22 and 23 via compounds 25 and 26, respectively, with subsequent 0-deallylation 

over palladium-on-charcoal in acidic solutmn. In contrast, selective henxoylatinn of 

19 with benzoyl chloride in pyridine at -40” showed little selectivity, and gave, 

after chromatography on a column of silica gel, 29, 28, and 27 in 36, 8, and 25% 

yields, respectively, with recovery of unchanged 19 (20%). 
The synthesis of the disaccharide 36 was performed most simply by the 

method of Hanebsian and Banoub ‘” by condensation of 12 with 3 in the presence 

of silver lrifluoromethanesulfonate (triflate) and 1,1,3,3-tetramethylurea. The 

reaction gave a mixture shown by t.1.c. to contain benzyl 6-deoxy-3.4.O-isop- 

ropylidene-2-0-(2,3,4-tri-O-acetyl-w-~-rhamnopyranosyl)-a-~-talopyranoside (31) 

as the major product, accompanied by traces of the marginally slower-moving, un- 

reacted 12, which could not be removed by column chromatography. Therefore, 

the mixture was 0-deacetylated and the product chromatographed on a column of 

silica gel to give, in 91% yield, benzyl 6.deoxy-3,4-0-isopropylidene-2-0-(a-I.- 

rhamnopyranosyl)-a-L-talopyranoside (30). which on acetylation gave 31. 

Deacetonation of 30 with mild acid furnished the crystalline benzyl glycoside 32, 

from which the parent disaccharide 36 was obtained on hydrogenolysis. Methyla- 
tion linkage-analysis of 36 gave 2,3,4-tri-0-mcthylrhamnitol diacetate (46) and 6- 

deoxy-3.4-di-O-methyltalitol triacetate (44). thus confirming the presence of the 

(l-2)-interglycosidic linkage in 36. Reduction of 36 with sodium borohydride af- 

forded the crystalline disaccharide alditol40, which was acetylated to give the crys- 

talline hepta-0-acetyl deivative 41. The ‘?-n.m.r. sp ectra of the disaccharide ben- 

zyl glycoside 32, the disaccharide alditol 40, and its heptaacetate 41 gave values of 

169-172 Hz for the ‘3C-1-H-1 coupling constants, which confirmed the formation 

of an a-I.-rhamnopyranosyl linkage”. 
In an alternative synthesis of 36, compound 16 was condensed with 3 in 1: 1 

benzene-nitromcthanc in the presence of mercuric cyanide to give a mixture. T.1.c. 



examination showed the formation of benzyl 3,3-di-O-\~en~yl-h-d~~~x~-~-~~-(1.3.1- 

tri-O-acetyl-u-t.-rharnnopyr~nosyl)-Lu-L-t~lopyr~no~id~ (34) as the ma~ur product. 

accompanied by a trace of a marginally slower-moving component. Purilication of 

34 by column chromatography wax not successful. so thal the mlxturc was O- 

deacetylated and the resulting mixture fractionated on a column ot silica gel to give 

henzyl 3.5~di-O-henryl-h-de~~~y-2-C)-(,~-~ -rhemnopyr;inc~syI)-or-I -tal~,pyl-;lnu~idc 

(33) in 84% yield. Acetylation of 33 gave 34. I-lydroprnolysi\ of 33 ga\e 36. which 

was reduced with sodium borohydride to furnish 40. whose physical constants v.t‘re 

good agreement with those of the compound prcparcd cnrlicr lnnn rcxtion <of 12 

with 3. 

Treatment of 33 with trimethyl orthohenzoate in the prrwnw of p-tol- 

uenesulfonic acid, followed by benroylation with benzovl chloride m pyr-idine. and 

aad-catalyzed rearrangement of the orthohenzoatr” burnished 35 in 757 lieId_ 

The location of henzoyl substituentb in 35 was established by methylatlon with di- 

at.vmcthane-hol-on tlifluolide cthcratz”. l’ollowrd by successive hydrogenolyGs. 

hydrolysis. reduction, and acetylation ti) give an equimolar mixture of h- 

deoxytalitol pcntaacetate (45) and 3.O-methylrhamnitol trtraacet:itc (47). I‘hc 

partially substituted disaccharide glycoside 35. or analogues prepared similarly. 

should serve as common aglycvnh for- the synthesi\ k?f cnmpletc ~>lig:)wcch;rridc 

chains from the glycopeptidolipid antigen\ of the MAIS group ot organi~n~~. 

EXPERIMENTAL 

Generctl mrthod.7. - Orgamc solutmns wrre dried wrth anhydrous sodium 

sulfate. Solutions were evaporated. at :I temperature t50”. under diminished preq- 

sure. Benzene. dichloromcthnne, N.N-dimethylf~~rmamidr. dimrthyl wlfoxldc. 

nitrotnethane. pyridine, and 1 .l ,i.3-tetmmethylurea were distilled over cdlaum 

hydride. and %lorrd owr nmlerutar sicvea 4A. The sodium hydride purchased :IS a 

dispersion in mineral oil was washed several times with pctrolcum cthcr before uxc. 

Melting points wcrc determined with a Yanagimoto micro-melting point apparatus 

and are uncorrected. Optical rotations were rneawred with an Applied Electronic 

automatic polnrimctcr. and i.r. spectrawcre rccordrd with a Shlmxizu IR-ZC spcc- 

tromrter. N.m.r. spectra were recorded with a Vat-!an A-60A spectrometer; trtra- 

methylsilane (in chlol-ofo‘ur-m-d and dimethyl wlfouide-cl,,) and J.%ciimrthvl-l- 

~ilaprntane-I-sulfonare (in deuterium owde) were the internal standards. “C- 

N.m.r. spectra were recorded at IO0.h MHz with a Bruker WH 4Otl xpectromcter; 

tetramrthylsilane (in chloroform-d) and acrtone-d, (in deuterium ox&c) were the 

internal standards. C;.l.c was performed on a packed column of 3’; <>f silicone- 

polyester copolymer ECNSS-M on Gas-C‘hrom 0 at 200 or on an OV-225 

S.C.O.T. column at 170”. Mass spectra wcrc determined for samples ~rrtwduced hq 

direct insertion or from a g.1.c. capillary column of silicone DBS-15N (permanently 

bonded OV-54) attached by a jet separator to a VG Micromass 161’ mass spec- 

trometer. which was operated with an inlet tcmpcratutc of 150”. an ionization po- 
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tential of 70 eV, and an ion-source temperature of -250”. Microanalyses were per- 

formed by the Guelph Chemical Laboratories, Guelph, Ontario. T.1.c. was per- 

formed on Silica gel 60, No. 7731 (Merck); spots were made visible by spraying the 

plates with 10% sulfuric acid, followed by heating. Column chromatography was 

performed on Silica gel 60, No. 7734 (Merck). The following solvent combinations 

(v/v) were used: (I) 4:1, (2) 3:1, (3) 7:3, (4) 2:1, (5) 3:2, and (6) 2:3 hexane-ethyl 
acetate, (7) 19:1, (8) 9:1, (9) 4:1, and (10) 2:l benzeneethyl acetate, (II) 4:1, 

(12) 3:1, and (13) 3:2 chloroform-methanol, and (24) 9:l and (15) 4: 1 benzene- 

ethanol. 
Benzyl c~-L-rhamnopyranoside (5). -To a stirred solution of L-rhamnose (1) 

monohydrate (25 g) in pyridine (100 mL) was added, dropwise at 0”, acetic anhyd- 
ride (100 mL) during Ztl min. The mixture was allowed to warm to room tempera- 

ture and then kept overnight. The solvents were evaporated, the last traces being 

rcmovcd by rcpcatcd evaporation of toluene from the residue, to give 1,2,3,4- 

tetra-0-acetyl-L-rhamnopyranose (2) as a syrup (45 g, -lOO%), [a]% -63.1” (c 

1.5, chloroform); t.1.c. (solvent 9): Rr; 0.44 and 0.40 (a mixture of the a and 6 

anomers); lit.’ [a]g -61.7” (c 2.7, chloroform). To a chilled (to 0”) solution of 2 

(40.2 g) in dichloromethane and freshly distilled acetic acid (40 mL) was added a 

saturated (at 0”) solution of hydrogen bromide in acetic acid (80 mL). The mixture 

was kept for 3 h at O”, and then distilled with dichloromethane (300 mL). The solu- 

tion was washed successively with iced water, aqueous sodium hydrogencarbonate, 

and water, dried, and evaporated to a syrup, which crystallized from ether-petrole- 

um ether to give 2,3,4-tri-0-acetyl-rr-L-rhamnopyranosyl hromide (3) as needles 

(37.6 g. 88%), m.p. 6465”, [a]$’ - 171.5” (c 1.1, chloroform); lit.’ m.p. 71-72”, 

[aID -169”. To a stirred mixture of dry benzyl alcohol (19 mL, 183.2 mmol), mer- 

curic cyanide (22.9 g, 90.6 mmol), and powdered molecular sieves 4 8, (10 g) in di- 

chloromethane (150 mL) was added dropwise over a period of 1 h a solution of 3 
(32.0 g, 90.6 mmol) in dichloromethane (150 mL). The mixture was stirred for 16 

h at room temperature, filtered through a layer of Celite, and the inorganic solids 
were washed with dichloromethane. The combined filtrate and washings were 

washed successively with water, aqueous potassium bromide, aqueous sodium hy- 

drogencarbonate, and water, and dried. The solution was evaporated, and remain- 

ing benzyl alcohol was removed in wcuo at 80”by repeated evaporation of water. 

The resulting white mass was recrystallized from ethanol to give benzyl2,3,4-tri-O- 

acetyl-ol-L-rhamnopyranoside (4) as needles (28.3 g, X2%), m.p. ill-112”, [a]:: 

-77.1” (c 2.4, chloroform); lith m.p. llO”, [cy]$’ -73” (c 1, chloroform). Com- 

pound 4 (25 g) was treated in abs. methanol (100 mL) with mcthanolic M sodium 

methoxide (3 mL). The solution was kept for 1 h at room temperature, made neu- 
tral with Amberlite IR-120 (H+) Ion-exchange resin, filtered, and evaporated to a 

syrup, which crystallized from ethyl acetate to give 5 (19.9 g, 95%), m.p. 7&75”, 

[a]g -66.8” (c 1.0, water); lit.6m.p. 76”, [a]$’ -63” (c 1.0, water). 
Benzyl 2,3-0-isopropylidene-a-L-rhamnopyranosice (6). - A mixture of 5 

(12.3 g), 2,2_dimethoxypropane (25 mL), and p-toluenesulfonic acid (260 mg) was 



stirred for 45 min at rclom tcmperatore. The acid was made neutral with Arnberlite 

IR-4(10 (OHH ) inn-exchange rccin, and the solution evaporated The IUKG was 

recrystallized from petroleum ether to give 6 (12.8 g. 90%). n1.p. 7&75”, in];: 

-53.1” (c 1 .9, chlorofnl m); lit.” m p. 73%7S”, [LY],~ -55” (c I 1 chloroform). 

BelrryI cJ-denxy-2,.?-~>-i,sopr~,pylidPnP-n-L.-lyxo-h~x~~?~rutzo~id-4-rrlo~c~ (7). 

‘To a solutinn of 6 (5.0 g) in alcohol-free chlorolorm (50 mt) wert: added water (X0 

ml,), potassium periodale (6.0 g), potassium carbonate (0.65 g). and ruthenium di- 

oxide (1.0 g). The mixture wab stirred vigorously at room temperature. and the 

progress of the reaction monitored by t.l c. (solvent I, R, I). I7 for 6 and RF 0 37 

foI- 7). Further addittons ot potassium pcriodatc (each 0.5 g) we~c made after .?. 4, 

and 5 h. respectively, and, after 7 11, t.1.c indicated complete disappearance of 6 

7”ne oxidation was terminated by adding 2-prupanol (20 mLi and stirring the mix- 

turc for 20 nun. The mixture was filtered through a Cellte pad. and the filter was 

washed with chloroform (SO mL). ‘l’he organic layer weds scparatcd, and the aquc- 

ous layer extracted with chloroform (3 x 30 mL). ‘I’hc combined extracts were 

dried md evaporated TO a syrup. which was fractionated on a ct~lumn of silica gel 

(42 x 600 mm) with solvent I to give 7 as a colorless syrup (3.78 g. 7hci). ]a];” 

-115.!Y (c 2.2, chloroform); v:$!; I755 cm _’ (C=O), n.m r. data (chloroform-ri): 

6 7.53 (\, 5 H, Ph), S.05 (5. 1 11. II-I), 3.53 (AH q, 2 H..J 12.41 H7, Phl’H,), I 48, 
1 .Mi (Y, each 3 H, CMe,), ancl 1.311 (d, 3 H, .Ts.h 6.0 H7, MC). 

Bemy 4-O-acetyl-h-draxy-2,S-O-isr~pm~~~~l,dcne-n-L-luk,pyrrrr2o\rili~ (Sj. - 

f’u) Sodium borohydride (O..i g) was added in portlons during 15 mirl to a vigorously 

stirred sulution (cooled to 0”) of 7 (4.30 g) in dry methanol (100 ml_). I‘he mixture 

was stirred for 20 lmin at room temperature, when t.1.c. (solvent IO) ihowcd the 

disappearance of 7, and the fvrmalion uf 9 (RF tl 57) and 6 {R, 0.51) in --h)5:5 

ratlo. The mixture was boiled for 10 min under reflux to dccomposc the excess of 

the hydride, evaporated, and the residue extracted with chloroform. The solution 

was washed successively with water, 2% acetic acid, sodium hqdrogencarbonate. 

and water’, and then dried. and evaporated to a syrup. Methanol wak repeatedly 

evaporated Cram the syrup. and the resulting syrup was acetylated with t _ I (v/v) 
acetic anhydride-pyridinc (40 mL) overnight at room tamperarure. The mixture 

was evaporated and tnluene evaporated frum the residue to give ;L crvqtolline mass, 

which was reel-ystallized from ethanol to afford 8 (4.01 g, 8.5%), m.;. ~~97”. [a]:: 

-f?4.3” (C 1.6, chloroform); n.m.r. data (chloroform-d): 6 7 15 (s;. 5 If. Ph), 1.b-$ 

(Af3 q+ 2 H, J 12.0 l[lr. PhCH,), 2.15 (s. 3 H. AC), 1 .S(l. 1.33 (s. each 3 I-I. (‘Me,), 

and I.20 (d, 3 II, J5,(, 6.5 Hz, MC) 

AnaL. Calc. for CIRHL.&,: C. 64.27; H, 7. L9. Found: C, 64.3.1; ET, 7.13. 

(b) The product mixture obtained I-ry oxidation of 6 (1.0 g:) with ruthenmm 

tetl-aoxlde, wlthout chromatographic separation, was trc;lted with sodium 

horohydride (20 mg) in methanol (20 mL), lollowed by 1: 1 (v/v) acetic anhydrlde- 

pyridine (III ml ), to give 8 (0.92 g, Sl%), m.p. and mixed m.p. WI-W” (ethanol). 

[cy]: -64.0” {u 1.2, chloroform). 

(f) To a stirred svluti<m of 6 (10.0 g) in N,N-dimethylformamiclr (60 mL) 
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containing phosphorus pentaoxide (20 g) was added dropwise dimethyl sulfoxide 
during 30 min, during which time the temperature rose to -30”. The suspension 
was stirred for 2 h at ambient temperature (25-30”), and for 5 h at 60”. The mixture 
was cooled, and poured cautiously into ice-water (500 mL) containing potassium 
carbonate (20 g). After evolution of gas had ceased, the mixture was extracted with 
hexane (5 x 100 mL). The extracts were combined. washed with aqueous sodium 
chloride (2 x 50 ml_), dried, and evaporated to a syrup. T.1.c. (solvent 1) showed 
the presence of 9, and two minor products (R, 0.54 and 0.25), in addition to traces 
of unchanged 6 (R,. 0.02). Treatment of the syrup in methanol (220 mL) with 
sodium borohydride (0.5 g)> followed by acetylation with 1:l (v/v) acetic anhyd- 
ride-pyridine (90 mL), as described in method a, gave 8 (8.22 g, 72%), m.p. and 
mixed m.p. 9G97’ (ethanol), [a]g -64.3” (c 1.5, chloroform). 

Renzyl 6-deoxy-2,3-O-isopropylidene-a-L-talopyranoside (9). - A solution 
of 8 (14.3 g) in dry methanol (100 mL) and dichloromethanc (50 mL) was treated 
with methanolic M sodium methoxide (5 mL). The mixture was kept for 5 h at room 
temperature. made neutral with Amberlite-120 (H ’ ) ion-exchange resin, the resin 
filtered off, and the filtrate evaporated to give 9 (11.5 g, 92%). m.p. 41-42” (cyclo- 
hexane), [a]:: -68.2” (c 2.0, chloroform); n.m.r. data (chloroform-d): 6 7.33 (s, 5 
H, Ph), 5.14 (s, 1 H, H-l), 4.64 (AB q, 2 H, J 12.0 Hz, PhCZZ2), 2.23 (d, 1 H, J4,+ 

OH 7.0 Hz, exchangeable with DZO, 4-OH), 1.58. 1.36 (s, each 3 H, CMeZ), and 
1.31 (d, 3 H, .15,e 6.0 Hz, Me). 

Anal. Calc. for C16H2205: C, 65.29; H, 7.53. Found: C, 65.28; H, 7.64. 
Benzy/6-deeo.uy-cr-L-tnfopyrnnoside (10) - A solution of 9 (7.11 g) in acetic 

acid (36 mL) was heated to 80”, water (24 mL) was added in small portions, and the 
mixture was stirred for 1 h at 80”. The solvents were evaporated, and the last traces 
of the solvents were removed with the aid of repeated addition and evaporation of 
toluene. The residue was crystallized from hexane to give 10 (5.59 g, 91%). m.p. 
87-88”, [u]$ -94.4” (c 1.7, water). 

Anal. Calc.forC H 0 :C,61.41;H,7.13. Found:C,61.33;H,7.21. 13 18 5 
Acetylation of 10 (0.21 g) with 1:l (v/v) acetic anhydride-pyridine (3 mL) 

overnight at room temperature gave benzyl 2.3,4-tri-O-acetyl-6-deoxy-a-L- 
talopyranoside (11) as a syrup (0.29 g, 94%), [a]g -90.4” (c 2.0, chloroform); 
t.1.c. (solvent 9): R,0.45; n.m.r. data (chloroform-d): 67.33 (s, 5 H, Ph), 4.63 (AR 
q, 2 H, J 12.0 Hz, PhCZZ,), 2.15, 2.12, 1.98 (s. each 3 H, 3 OAc), and 1.19 (d, 1 
H, J5,6 6.0 Hz, Me). 

6-Deoxy-L-&lose (37). - Compound 10 (0.62 g) was dissolved in acetic acid 
and hydrogenated in the presence of 10% palladium-on-carbon (0.5 g) overnight at 
room temperature and normal pressure. The catalyst was filtered off through a Ce- 
lite pad. and washed with methanol. The combined fltrate and washings were 
evaporated, and the residue was crystallized from ethanol-acetone to give 37 (0.32 

g, 80%). m.p. 12&125”, [cx]~ -19.9” (c 0.5, water); lit.13 m.p. 126-127”, [a]&’ 
-20.5” (c 2.28, water). 

Benzyl6-deoxy-3,4-0-isopropylidene-a-L-taiopyranoside (12). - A mixture 
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of 10 (6.0 g), 2.2-dimetl~oxypropane (13 mL), and p-loluenesulfonic acid (100 mg) 
was stirred for 1 h at room temperature. .I‘he acid was made neutral with Amberlite 
lR-400 (OH ) ion-exchange resin. the resin was filtered off and wa?hrtl with di-- 
chlnromethane. and the combined filtrate and washings were cvapnrated tn a 
syrup, which was shown by t.1.c. (solvent 5) to he composed of two components 
having R, values of 0.40 (9) and 0.27 (12). in addition to traces <>f unreacted 10. 
The mixture was fractionated on a column (43 X. 4X0 mm) of silica gel. Elution w-ith 
solvent 6 gave 9 (O.S(i g. Xc;). rn.p. and mixed m.p. d(Gtl’ (cyclohcxanc). [<x]f 
-67.0” (c 1.3, chloroform). Further elution of the column with x~l\ent 6 aflordsd 
I2 (5.28 g. 76%). m.p. 75-76” (petroleum ether). [w]:;’ -97.7” (c 7.7. chiorolorm): 

n.m.r. data (chloroform-d): 8 7.32 (s. 5 H, Ph). 2.66 (11. 1 Il. J,.,. ,)&, 7.0 HT. cx- 
changeahlc with F&O. Z-OH). I .50. 1 .I34 (. c. each 3 H. C-MC,). :ind I.‘3 (d. 3 H. 
J+,, 6.0 1 lz. ME). 

Am/ Calc. for CihHlllO>: C, 65,29: II. 7.53. Found: C. 65 36: H. 7.10. 
A portion of 12 waq successivrly methylated, hydrolyzed with (b.jM sulfuric 

acid for 5 h at IOU”. reduced with sodium borohydride, and acetylatcd to pwe 

1.3.4.5-tctra-O-acetyl-0-ctci,xq.-2-O-li~ol (42). which was h~~mogeneous 
on g.1.c. _ and whosr mass s pec(rurn showed prominent fragment-ions at l??iz 113. 
117. 129, 173. 201. and ‘75 

Be~z-_~l2-(l)-nl~~l-h-deo.r~-~-~-~~~~~~~~~~1~~,~~~~ (14). -- Sodium hydride ( I .2 g) 
was added to a solution n! 12 (3.50 g) in N.N-dimethylformamide (40 ml.). and the 
mixture was stirred for I h at room temperature. and then caroled at 0”. Ally1 
bromide (2.1 mL.) was added, and the mixture was stirred f<or 3 h at room tcmprra- 
turc. Methanol was added to decompose the excess of the hydride. and most of the 
solvent was evaporated off. A solution of the residue in chloroiorm was washed 
with water. dried. and evaporated to a syrup, which was chromat~,grrrphcd on a col- 
umn (22 X 30 mm) with solvent 3 to give benzyl 3-O-:rllyl-6-~leoup-.i.J-O-is~,- 

propylidene-~-I.-talopyranoside (13) ax a syrup (3.jY g. XX? ). [w]$’ -75.3’ (c 1.5. 
chloroform). Treatmenl of 13 (3.19 g) in acetic acid (30 mL) with water (?(I mL) for 
2 h at 80”. as described for the preparation of 10, gave 14 (757 g. YfIc, ). m-p. X6 
X7” (petroleum ether). [a]: --X8.6” (c I .9. chloroform). 

Anal. Calc. for CllrrH120i: C, hS.2Y; H. 7.53. Found: C. 65.25: F-I. 7.54. 
Rrnqyl 3,;1-di-O~h~~~~-_~l-h~~~o.~~-cu-r -trdopyrunmi& (16). 7‘~) a solution of 

11 (2.89 g) in N.N-dil-ncth~lf(~l-mamide (J-0 mL) was added sodium hydridr (I .-I 8). 
and the miutur? was stIrred for 1 h at room temperature. and then cooled to 0”. To 
this mixtux was added hcn7yl bromide (7 ml.). and the mixture w‘ih \ti!-red over- 

night at room tempcraturc. and processed as described for the preparation of 13. 
The resulting syrup was fractionated on a column (_ ?2 x 33(1 mm) of silica get with 
solvent 1 to give benryi 3-0-allyl-3.4-tl~-O-btsnzyl-6-d~~~~y-~~-t -talol’yr;in~,sicle (15) 

as a syrup (3.86 g. 82%). [u]:;’ -32.0’ (i- I .7. shlorotorm). 
(n) A solution [,f 15 (I.07 g) in boiling ethanol-benzene-water (8:3: 1. 30 

mL) contaming tris(triphcnytphosphine)rhodium chloride (hO mg) and 1 .J-di- 
azabicyclo[?.2.?]oct~~llc (0.3 g) was \tirrrd ovcrnighr urrdcr rrtlux. and then rvapo- 
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rated to dryness. A solution of the residue in chloroform was washed successively 
with water, M hydrochloric acid, aqueous sodium hydrogencarbonate, and water, 
dried, and evaporated. The residue was dissolved in acetone (18 mL) and M hydro- 
chloric acid (2 mL), and the mixture was boiled for 30 min under reflux, cooled, 
made neutral with aqueous sodium hydrogcncarbonaie, evaporated, and extracted 
with chloroform. The extract was washed with water. dried, and evaporated to a 
syrup, which was chromatographed on a column (22 x 250 mm) of silica gel with 
solvent 2 to give 16 as a syrup (0.80 g, X0%), [u]g -55.5” (c 2.1. chloroform). 

(b) A mixture of 15 (0.57 g) and 10% palladium-on-carbon (0.5 g) in 
ethanol-acetic acid-water (3: 1: 1, 15 mL) was stirred for 20 h at 80” The catalyst 
was filtered off, and the filtrate was evaporated to a syrup, which was fractionated 
on a column (22 X200 mm) of silica gel with solvent 2 to give 16 (0.35 g, 76%), 
14:” -54.2” (c 1.2, chloroform). 

Renzyl 3,4-di-O-benryl-6-deoxy-2-(>-methyl-a-~-talopyranoside (17). - A 
solution of 16 (1.1 g) in N,N-dimethylformamide (15 mL) was stirred for 1 h at 
room temperature in the presence of sodium hydride (0.2 g), and then cooled lo 0”. 
Methyl iodide (1 mL) was added, and the mixture was stirred for 3 h at room tem- 
perature and processed as described for the preparation of 13. The resulting syrup 
was eluted from a column (22 X 30 mm) of silica gel with solvent 9 to give 17 as a 
syrup (0.97 g, 85%), [a];” -25.5” (c 1.3, chloroform); n.m.r. data (chloroform-d): 
d 3.54 (s, 3 H, OMc). 

6-Deoxy-2-O-?nethyl-~-talose (38). - Hydrogenation of 17 (0.81 g) in acetic 
acid (3 mL) in the presence of 10% palladium-on-charcoal (0.2 g), as described for 
the preparation of 37, followed by elution of the residue from a column (18 x 220 
mm) of silica gel with solvent Il. gave 38 as a syrup (0.26 g, 82%), [a],” -6.0” (c 
2.0. water). A portion of 38 was reduced with sodium borohydride and then 
acetylated to give 42, which was identical (g.l.c.-m.s.) to the previously prepared 
sample. 

Benzyl4-O-benzyl-6-deoxy-2,3-0-isopro~ylidene-u-~-taiopyranoside (18). - 
Compound 9 (9.92 g) was trcatcd in N.N~dimethylformomide (100 mL) with 
sodium hydride (2.0 g), followed by benzyl bromide (6 mL). Processing as de- 
scribed for the preparation of 13 gave 18 (11.15 g, X6%), m.p. 92-93” (petroleum 
ether), [cy]:$ -25.2” (c 1.6, chloroform); n.m.r. data (chloroform-d): 6 7.32-7.29 
(m, 10 H, 2 Ph), 5.00 (d, 1 H. J,.2 1.5 Hz, H-l), 1.53, 1.34 (s, each 3 H, CMcz), 
and 1.21 (d,3H.Js,,6.5Hz,Me). 

Anal. Calc. for Cz3H2s05: C, 71.85; H, 7.34. Found: C, 72.05; H, 7.34. 
Benzyl 4-0-benryl-6-deuxy-a-L-tcrlopyranoside (19). - Treatment of 18 

(10.15 g) in acetic acid (84 mL) with water (56 mL) for 1 h at 80” , as described for 
the preparation of 10, gave 19 (8.36 g, 920/n), m.p. 8687” (petroleum ether), [a]2 
49.6” (c 2.2, chloroform): n.m.r. data (chloroform-d): 6 7.32-7.30 (m, 10 H, 2 
Ph), and 1.23 (d, 3 H, J5.6 6.5 Hz, Me). 

Anal. Calc. for C&HZ405: C, 69.75; H, 7.02. Found: C, 69.91; H, 6.95. 
Regiosefective benzylution of 19. - A mixture of 19 (2.35 g, 6.8 mmol) and 



dibutyltin oxide (1.70 g. 6.X mmol) in henzenc (150 ml.) was stirred and boiled for 
3 h under rcflux with azeotropic removal of water by a Lkan-Stark condenser. 
After -1 h, the mixture hecame clear, and it was rvaporalcd lo --l(N) ml.. 7etra- 
butylammonium hromidc (Z.3) g. 6.X mmol) and bsnzyl bromide (1.78 ml., IS.1 
mmol) were added. and the mixture was bollcd tar 31 h under rriiur. after which 
time I l.c. (solvent 2) showed the presence of 16 (R, 0.37) and 20 (R, Cj.3). The 
mixture was evaporated tn dryness and water cvaporzlred fr-om the r-csi~luc to gore 
a syrup, which was dissolved in chloroform. The solution was washed with water. 
dried, and evaporated, an d the residue was fractionated on ~1 pre-pxhccl column 
(32 ~570 mm) of silica gel. Elution with wlvcnt .Z gave 16 as a syrulp (I .57 g. 53’i). 
[a]:: -54.0” (c 1.1. chloroform). Subscquenr elut~on with solcent 4 aftorded hen- 
zyl 2.1.di-O-bcnzyl-h-deoxy-~~-1 -t;tlopyranoside (20) (0.05 p, 3Zc; ). m.p. 83 44’ 

(ether-petroleum ether). [CT]?’ 42.4” (c. 1.7. chlurof<>rm). 

Ann/. Calc. for C~,Irl,,oi: c‘. 71.63: FT. h.96. Founds c‘. 74.80: I I. h xx. 
Compound 20 (0.9 g) was treated in N.,~-dimethylfornial~~idz ( 15 mL) with 

sodium hydride ((1. IS g). I~~llowed by methyl iodide ( 1 mL) Puriticatlon of the re- 
\ulting syrup by column chromalography with solve111 Y aliordecl benql 1.4.d&O- 
benzyl-6-dcoxy-3-O-rncthyl-ru-i -talopyranosidc (21) d?r a s>ru~ (1b.X2 p. XXr; ). [my],:’ 

4X.X” (c 1.7. chloroform): n.m r data (chloroform-rf): A i 3J (k. 3 H OMc). 
6-Deoxv-_~-O~llzerll~/-/ -I&W (39). - IiydrogenatKm c,( 21 ((I.7 g). followed 

by purification by ct~lumn chr~,matopraphy, ab dcscril3ed tar 37. gnvc 39 as a sl rup 

(0.74 g. 86%). [a]:; --2V.h (C 1.1. water): lit.‘” -iO.l” A portion of 39 was re- 
duced with sodium horohydride and acetylatrd to give I .‘7.~.~-tztr;t-O-;I~~t~l-.~-~- 
methyl-I.-talitol (43), which was h~mogcncou~ on g.l.c., and ~hmc mi~ss x~wct~urn 

showed prominent fragment-ions at ??I/: IS. 133. IX\1 and 21111, 
Regiosciecti~c nUvlmicm CJ/. 19. ~ Treatment of 19 (6.0 g. 17.4 mrnol) in hen- 

zene (300 mL) with dibutyltin oxide (A.31 p. 17.4 mmol~. followed by allyI brcrmlde 
(15.1 nti., 174 mrnol) and lelrabutylammonium bromide (5.61 g. 17.-l mmol). as 
described earlier. gave a miwtur-c. which was ~howrr by 1.1.~. (sc~lvent 8) to contain 
23 (R, 0.34) and 22 (RF 0.71). The mixture was proccsscd as &WI-11wd earlier- and 
fractionated on a prz-packed cuiumr~ (15 ~700 mm) uf silica ge!. I-‘_!ut~~>n with sol- 

vent 8 gave benzyl .~-O--allyl--l--O-brn~yl-~~-deouy-~u-i~-t,~lopqrano~~dc (23) as a syrup 
(3.62 g. 55%). [WI,?’ -+1.11’ (c 7.3. chloroform). Further elution wth aolccnt V af- 
forded benzyl 2-O-allyl--t-O-benryl-0-droxy-~-1 -talopyranoa~dt~ ( 22) ;L\ ;I syrup 
(7.35 g. xc; ). ICY],?” , -77.0” (z 1.3. chloroform). Bcwylntion of 22 (0 XY 6). a\ de- 
scribed car-lier. followed by purification on (L column (22 x 30 mm) ot silica gel 
with solvent I. gave 15 (Cl.95 g. 8hV ). [LY]:: -73.3‘ (C 1 ..i. chloroform). 

Bmzyl -?-O~r~ll~l 2.J di O~hen~~/-h-dcr~.~~-a-r-tulr~p~~mrt~~si~lc~ (24). - Bcnzy- 
lation of 23 (1 .3S g). as dcscrihrd previ<,u<ly, l’ollowed by chromat~,graphy on a co- 
umn (29 X 360 mm) of silica gel with solvent I, gave 24 a> a SVi’U,‘ ( I .3h g. xi C)_ 
[a]{? -52.7‘ (r 1 A, chloroform). 

O-Deallylation of 24 (I. IX g). as described for I5 (method h). followed by 
chromatography on a column (71 r: 300 mm) of silica gel with solvent -7, gave 20 
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(0.77 g, 71%), m.p. 83-84” (ether-petroleum ether), [a]:” -63.1” (c l.S, chloro- 
form). 

Benzyl 2-O-ally13-O-bmzoyl-6-deoxy-cu-L-tulopyrunosidr (25). - Benzoyl 
chloride (0.8 mL) was added dropwise to a stirred solution of 22 (0.91 g) in pyridine 
(5 mL) at 0” ) anal the mixture wab allowed to atlain roum temperature, and then 
kept for 5 h. The mixture was treated with a small amount of ice-waler, kept for 
2 h at room temperature, and evaporated to dryness. A solution of the residue in 
chloroform was washed successively with water, M hydrochloric acid, aqueous 
sodium hydrogencarbonate, and water, dried, and evaporated to a syrup, which 
was chromatographed on a column (22 x330 mm) of silica gel with solvent 1 to give 

25 as a syrup (0.96 g, 83%), [a]u” -79.7” (c 1.2, chloroform). 
Benzyl .?-O-rrIlyl-2-O-bmzoyl-4-O-benzyl-6-deo~y-~-L-ta~opyranoside (26). 

-Treatment of 23 (1.10 g) in pyridine (6 mL) with benzoyl chloride (1 mL) at O”, 
followed by processing, as just described, and purification on a column (22 x 270 
mm) of silica gel with solvent I, gave 26 as a syrup (1.19 g, 85%). [cy]: -26.4” (c 
1.3, chloroform). 

Benzyl2-0-benzoyZ-4-0-benzyl-6-deaxy-cu-L-tu~opyrcmoside (27). - O-Deal- 

lylation of 26 (0.84 g), as described for 15 (method b), followed by chromatography 
on a column (22 x300 mm) of silica gel with solvent 4, gave 27 (0.58 g, 75’S), m.p. 
109-110” (ethanol), [cv]&” -40.0” (c 1.7, chloroform). 

Anal. Calc. for C H 27 28 h 0 : C, 72.30; H, 6.29. Found: C, 72.33; H, 6.29. 
Renzyl3-0-benzoyl-4-O-benzyl-6-deoxy-a-~-talopyranosidr (28). - O-Deal- 

lylation of 25 (0.76 g), as described for 15 (method b), followed by chromatog- 
raphic purification, afforded 28 as a syrup (0.49 g, 70%), [a]:’ -97.4” (c 0.9, 
chloroform). 

Benzyl 2,3-di-O-benzoyl-4-0-benzy[-6-deoxy-ru-L-talopyranoside (29). - 
Treatment of 19 (0.48 g) in pyridine (5 mL) with benzoyl chloride (0.5 mL), as de- 
scribed for the preparation of 25, gave 29 (0.64 g, 830/o), m.p. 76-78” (ether-petro- 
leum ether), [a]? -29.5” (c 1.8, chloroform). 

Anal. Calc. for C_%H7,0,: C. 73.90; H, 5.84. Found: C, 73.98; H, 5.7R. 
Regioselective benzoylution of 19. - (a) A mixture of 19 (2.0 g) and dibutyl- 

tin oxide (1.45 g) in benzene (120 mL) was stirred for 3 h under reflux with continu- 

ous removal of water. The solution was evaporated to -90 mL, and cooled. Pow- 

dered molecular sieves 4A (5 g) and benzoyl chloride (0.74 mL) were added, and 

the mixture was stirred overnight at room temperature, after which time t.1.c. (sol- 

vent 8) showed the presence of 28 (R, 0.54) and 27 (RF 0.45). The mixture was 
filtered off through a Celite pad, and the solids wcrc washed with chloroform. The 

combined filtrate and washings were evaporated to a syrup, which applied to a pre- 

packed column (38 x470 mm) of silica gel. Elution with solvent 7 gave 28 (1.72 g, 

66%), [aI g 46.1” (c 1 .O, chloroform). Further elution with solvent 8 afforded 27 

(0.62 g, 24%), m.p. and mixed m.p. 108-109” (ethanol), [o]g 40.6” (c 1 .O, 

chloroform). 

(b) Benzoyl chloride (0.56 mL. 4.8 mmol) was added over a period of 20 min 



to a stirred solution of 1Y (1.5 g, 4.4 mmol) in pyridine (61) ml.) at --Jr)‘ ‘The mx- 
ture was stir-red for 1 h at -3O”, 2 h at -70”. and overnight at 0” ~I’.l.c. (solvent 
8) showed the presence of 2Y (RF lJ.bl). 28 (K,. 11.53). 27 (R, (1.45). SICK 19 (R, 
0.12). The mixture was processed as described for the preparation of 25. and the 
resulting syrup fractionated on a pl-c-packed column (3X x hO0 mm) ot silica gel 

Elution with solvent 7 pave 29 (0.X7 g. 3bV I. m.p. and mlucd m.p. 7(,-7x”. [at; 
-30.0” (c 1.5, chloroform). Subsequent elation with solvent 7 affordrd 28 (II.18 g. 
R?b,). [LY]$’ 1).5.X” (c I. I, chloroform). Further rlution with solvent S gave 27 (0.4X 
g, 25%). m.p. and mixed m.p. 109-l IO”. [a]$’ -.W.5” (c 1 .O. chlorof~>rm). Elution 
with methanol gave unchanged 19 (0 3Og. 10<; I. 

B~Vz-_~I 6.k>XL’-.i, 3-O-isf~~,rop~llriu?~~-~-~-~~~-l.-l~la~zn~~p~r~lf~o.~~f)-u-l_-ral~l- 
pymrzoside (30). - A solution of 3 (5.76 g. 16.3 mmol) in dichkpromcthane (20 
mL) was added dropwisc during 20 min Lo a stirred solution (co&cl to -70’) of 12 
(?.40 g, X.2 mmot) 117 dichloromcthanc (30 mt.) containing silver tritlate j5.03 g, 
19.6 mmol) and 1. I .3,2-tetramethylurea (1.71 mL. 39.4 mmol). Alter being stirred 
for 1 h at -X0. the mixture was allowed to warm to loom temprraturc. and then 
stirred overnight. T.1.c. (I: 1 heaane+cthyl acetate) chowcd the formation of 31 (R, 

0.44) as the major product. accompanied by a marginally siowrr-moving compo- 

nent (RF O.-II)) and traces of unreacted 12 The solids were removed by tiltration 
and washed with dichloromcthane. The ctrmhincd filtrate and wxhings uerr 

washed successively with water. aqueous sodium hydrogencarhonate. and water. 
dried, and evaporated. A solution of the residue in m?lhanol (811 ml.) was treated 
with mrthanolic M sodium methoxitle (3 mL). and the mixture was pr~ccssd as dc- 
scribed for- 8. The rcnulting syrup was fractionated of a c~>lumn (30 > 5HO mm) of 
silica gel with solvent 15 tcj give 30 as a syrup (3.77 g. 41 ‘S ) lw]f;’ -92.5” (c’ 1 .h. 
chloroform); t.1.c. (solvent 15): RF 0.40; n.m.r. data (deutcrium osidc): 87.31 (s. 
5 H. Ph), 4.96 (5. 1 f1. FI-1’). 4.8h (d, 1 H. .I, 2 h.tl Hz. H-1). 174. A.51 (,4H q. 2 
H, J 11.6 Hz, PhCH?). I.JY. 1.311 (a, cart, 3 Ff. C-Me,). and 1.17-I IJ (2 overlap- 
pmg d. 6 H, 2 Me). 

Ben-_.vI 6-deoxy-.~,-l-O-isoprr~py/idr~lr-17-0-(.j,l-rri-V-rrc~er~/-~r-~-r/lnnrno- 
pyrun~,~yl)-rY-l.-lu~~~~~~~f~~~~,sidr (31). - - Acctylation of 30 (0.25 g) with 1 : I (v/v) KC- 
tic anhydride-pyridine (3 mL) overnight at room tempcratux gave 31 as a syrup 
(0.26 g. 93%). [n]:; -lOl.S” (c 1.b. chloroform): n.m r. data (chloroform-J): 6 
7.33 ($1 5 H, Ph), 2.15. 7.03. 1.98 (: 2, each 3 H. 3 OAc). I .5?. I -3fJ (s, each 3 H, 
CMe,). 1.20. and 1 .(I4 (d, each 3 H. I5 ,, = J5.,(,. = 6.0 Hz. 2 Me). 

Benzyl 6~deox~v-2~V-(a-L-rhnmnup~rrrno.s~i)-n-L-trr/op~nrno.~i~lr~ (32). - 
Treatment of 30 (2.54 g) in acetic acid (15 ml.) with water- (IO mL) for I h at 80”. 
as described for the preparation of IO. gave 32 (2.13 g. 02’Q j1 m.p. 176178” 
(ethanol), [cx]6’ - 123.8” (c 1.5. water): 11.m.r. data (deuterium oxide): 8 7.37 (s. 5 
H, Ph). 4.05 (d. 2 H, J,,r = JYZ = -1.5 Hz. H-1.1’). 1.28. and I.15 (d, each 3 H, 
J 5.6 = J,,,,.= h.0 Hz. 7 Me); & 103.35 I/<. ,.H , Ih9.9 Hi! (C-1 or <.‘-I’,]. Y8.2 [_I 
170.3Hz(C-I’orC-I)l. 

Anal. Calc. for CI,,HzxO,: C. 56.99; H, 7.0.5. Found: C. 57.13. H. 7.12. 
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6-Deoxy-2-0-(cu-L-rhamnopyranosyl)-L-talose (36). - Compound 32 (1.94 g) 
was hydrogenolyzed, as described for 10, and the product was purified by elution 
from a column (22 x 320 mm) of silica gel with solvent 12 to give 36 as a hygros- 
copicsolid(l.Z2g,81%), [a]g -48.2”(c1.4, water); t.1.c. (solvent 13): RF 0.50. 

Anaf. Calc. for ClzHZr09: C, 46.45; H, 7.15. Found: C, 46.46; H, 7.22. 
Methylation of a portion of 36, followed by hydrolysis, reduction with 

sodium borohydride, and acetylation, gave a 1: 1 mixture of the peracetates of 6- 
deoxy-3,4-di-O-methyl-L-talitol (44) and 2,3,4-tri-0methyl-t-rhamnitol (46), 
whose structures were confirmed by g.l.c.-m.s. 

6-Deoxy-Z-0-(cu-L-rhcrmnopyrcmusyl)-L-tu~~foZ (40). - Compound 36 (0.62 g) 
was reduced with sodium borohydride (30 mg) in water (15 mL) overnight at room 
temperature. The solution was treated with Amberlite IR-120 (H+) ion-exchange 
resin to decompose the excess of hydride, the resin was filtered off and washed with 
methanol, and the combined filtrate and washings were evaporated. Several addi- 
tions and evaporations of methanol gave a syrup, which crystallized from ethanol 
to afford 40 (0.57 g, 92%), m.p. 11s116”, [c~]~y -58.5” (c 0.3, water); n.m.r. data 
(deuterium oxide): Fo99.69 [.Zc.I.,H_l. 168.9 Hz (C-l’)]. 

Anal. Calc. for C12Hz409: C, 46.15; H, 7.75. Found: C, 46.15; H, 7.70. 
1,3,4,5-Tetra-O-acetyl-6-deoxy-2-O-~2,3,4-tri-O-acetyl-~-~-rhamnopy~ano- 

syZ)-L-fafitol (41). - Acetylation of 40 (0.32 g) gave 41 (0.42 g, 86%). m.p. 114 
115” (hexane-ether), [a]g -70.3” (c 1.9, chloroform); n.m.r. data (chloroform-d): 
6 2.19, 2.16, 2.08, 2.07, 2.05, 2.04, 1.98 (s, each 3 H, 7 OAc), 1.21 and 1.19 (d. 
each 3 H, .Zs,6 = .Z5,,h, = 6.0 Hz, 2 Me); i&.96.45 [Jo_,.,r,_,. 171.7 Hz (C-l’)]. 

Anal. Calc. for C2hH38016: C, 51.48: H, 6.31. Found: C, 51.49; H, 6.33. 
Benzyl 3,4-di-O-henzyl-6-deoxy-2-O-(w-r.-rhamnopyra~osyI)-a-~_-talopyra- 

noside (33). - A solution of 16 (3.5 g, 8.1 mmol) in 1: 1 benzene-nitromethane 
(200 mL) was concentrated until 75 mL of the solvent mixture had distilled, and the 
mixture was cooled to 45”. Mercuric cyanide (3.05 g, 12.1 mmol) and 3 (4.27 g, 12.1 
nunol) were added, and lhe mixture was stirred overnight at 45”, and then evapo- 
rated. The residue was extracted with chloroform and the extract was washed suc- 
cessively with water, aqueous potassium bromide, sodium hydrogencarbonate, and 
water, and then dried and evaporated. A solution of the residual syrup in dry 
methanol (50 mL) was treated with M sodium methoxide (2 mL), and the mixture 
was processed as described for the preparation of 9. The residue was fractionated 
on a pre-packed column (42 X 530 mm) of silica gel with solvent 14 to give 33 as 
a syrup (3.93 g, 84%), [a]$’ ~--76.2” (c 2.1, hl c oroform); t.1.c. (solvent 1.5): R, 0.53; 
n.m.r. data (dimethyl sulfoxide-d,): 6 7.33 (s, 15 H, 3 Ph), 1.20, and 1.06 (d, each 
3 H,J,,, = J,,,,, = 6.0 Hz). 

Awl. Calc. for C,,H,,09: C, 68.26; h, 6.94. Found: C, 68.25; H,6.90. 
Hydrogenolysis of 33 (0.44 g) and subsequent reduction with sodium 

borohydride gave 40 (0.17 g, 71%), m.p. and mixed m.p. 11>116” (ethanol), [a]$’ 
-57.2” (c 0.5, water). 

Benryl 3,4-di-0-benzyl-6-deoxy-2-0-(2,3,4-tri-O-acetyZ-a-~-rhnmnopyrano- 
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sy/)-cr-L-tnlopyrcmosid~ (34). - Acetylation of 33 (0.25 g) gave 34 as a syrup (0.76 
g, 87%). [<x18’ ~54.8” (cO.X, chloroform); n.m.r. data (chloroform-d): 87..30 (5. I.‘; 
H. 3 Ph), Z.08, 1.98, 1.92 (s. each 3 H. 3 OAc). 1.77. and I.10 (cl. each 3 1~. li,, 
: J5.h, : 6.0 Hr, 2 Me). 

syf)-~-L-ralopyranosidc (35). -A solutwn of33 (3.0 g) m N.h’-dimethylformamid~ 
(25 ml.) containing trimethyl orthot~enzoule (5 ml_) and p-tolurnesulfonic xid (SO 
mg) was stirred for 6 h at room temperature. Triethylamine ((I.5 ml.) was added 
and the mixture WD\ cvnporatrd. To a cooled solution oI the rzsiduc m pyrldinc ( 15 
mL) was added benzoyl chloride (I .2 mL). and the mixture was stIrred for 2 h at 
room temperarure. Ice~~water WilS added. and the mixture was rvapcwatrd IU ii 
syrup, which was dissolved in chloroform. The soiutmn was washed with uatrr. 

dried. and evaporated. The residue was dissolved in X0’?’ acetic acid 130 mL). and 
the mixture was stirred for IS min al room tcmpcraturc. cvnporated. and toluene 
was evap<oratetl from the residue to give B syrup. uhich was purilied by elation 
from a column (13 X 570 mm) of silica gel wth solvent .?. to sff<>rd 35 ah an 
amorphous powder (3.06 g. 75%)> [ cc :: -11.5” (c 1.5. chlnrolurm): t.1.c. (sc>lvenl 1 
4): RF. 0.44: n.m.rr-. data (chlorofor-In-d): 8 X.72-7.1-O (m. 30 H. 5 Ph). 1 .‘I4 (cl. I II. 
J,j,3,-,,H 7.0 Iiz, exchangeable with D-0. 3’-OH). 1.37, and I. IV (d. each 3 H. .IT.(, 
= .I,,_,,= 6.0 Hr. 2 MC). 

And. C’alc. for CJ7tllXOII: c‘. 71.56; 1-i. 6.13. bound: C. 71 .-%(I; H. 6.15. 

Methylation” oi a portion of 35 with diazumethanr~boron trifluoride rther- 
ale, followed hy successive O-del~en~oylution. hydrogenolysis. hydrolysis. reduu- 
tion with sodium borohydride. and acetylation, gave a I : 1 mixture ot the perace- 
tates of 6-deoxy-I.-talitol (45) and 3-O-methyl-I_-rhamnitol (47). whose structures 
were determined by g.l.c.-m.s. 
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