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ABSTRACT 

The title compound (21) was synthesized from cellobiose as a synthon of a 

heparin-related oligosaccharide. The per-0-benzyl and per-0-benzoyl derivatives of 

1 ,6-anhydro-4-0-(6-deoxy-B-D-~~~lo-hex-5-enopyranosyl)-~-~-glucopyranose were 

treated with a nonsolvated borane to give a 1 :2 mixture of the corresponding 4-0- 

E-L-idopyranosyl- and 4-0-P-D-glucopyranosyl-D-glucopyranose derivatives in total 

yields of 90 and 39 %, respectively. Jones oxidation of 1,6-anhydro-2,3-di-O-benzoyl- 

4-0-(2,3,4-tri-O-benzoyl-cc-L-idopyranosyl)-~-D-glucopyranose and 1,6-anhydro-2,3- 

di-O-benzoyl-4-O-(2,3,4-tri-~-benzoyl-~-~-glucopyranosyl)-~-~-glucopyranose gave 

the corresponding uranic acid derivatives, namely, the cc-L-idopyranosyluronate (21) 

and the /-D-glucosyluronate, in good yields. 

INTRODUCTION 

Our new program on the synthesis of a partial structure of heparin necessitates 

the use of several disaccharides, including an L-idopyranosyluronic acid moiety, as 

the building blocks of that oligosaccharide. Hitherto, we have made some efforts to 

utilize the readily available disaccharides as the starting materials for various syn- 

theseslm3. Along this line, the chemical transformation of cellobiose into a ~-O-(X-L- 

idopyranosyluronic acid)-D-glucopyranose derivative was attempted. 

We now describe the synthesis of 1,6-anhydro-2,3-di-0-benzoyl-4-0-(methyl 

2,3,4-tri-O-benzoyl-cr-L-idopyranosyluronate)-~-D-glucopyranose (21) through con- 

figurational inversion at C-5’ of cellobiose, and oxidation of the hydroxymethyl group 

in the product. 

RESULTS AND DISCUSSION 

The essential starting-material, 1,6-anhydro-P-cellobiose (2) was obtained by 
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base hydrolysis of the corresponding peracetate’ (I ). and it !\\;I\ u~od i;lr t\bo bcrie$ 

of syntheses without bang purlfial. ‘The procrdurcs that hax hccn ds\4opcd for 

conGgurational Inversion at C-5 of aldohexuscs by utilirlng their ft~rano~yl~ OI 

acyclic formi as the intermediates art: not applicable to our slnthzsix 01‘ an O-Y-I - 

idopyranosyl-( I -3)-t,-gl~lcopy1-anose derivati\,e, hecau>c the starting matcrlal (2) i\ 

a disaccharide consisting 01‘ t\vo pyranox forms. Thi’rcforc. Q\C pianncd to cxtm~ne 

two diRerent ways for cc~iltigrLlratic,nal inversion at C-5 in the (nonr~ducin~) I)- 

gluco~vl group of cellobiosc. The first approach included selrctlv~‘ l~:~loge~~;tt~on at _ c 
C-5’ in an intermediary diaricclrarlde dcl-ivatrvc, and suhscqucnt. rcdui.tl\c rcmo\al 

of the halogen atom. ~11th configllrational in\crslon. 4ltcrnati\~cl~ t lie wcond 

approach consisted of’ the formatron of a Weouq--5-cnc~p~ ranos4 I poup tllerc‘in. 

and hydroboration of the ~!oublc b~)ncl 111 11. 

In the first route. 2 was subjected to tritylation and bcnzoylatron. to gibe the 

mono-U-tritylated penta-O-bcnroyl derivative (3) as crystals 111 88 ‘I,, 4 ICILI. Rcmo\aI 

of the trityl group in 3 ua> achieved b) trcstmcnt lath perchlorlc acid 111 chloroform 

during 5 min at room temptxxure. to atTord the correqxlndin g h-lndK~\y cnllIpoLllId . 
(4) in good yiekl. For oxiJa.tion of the 5’-hydro~yirieth~I gro~rp in -8. \\c’ LIIJ not use 

the conventional methods. stich as air o\id&on“ or permsngan;~tc ox~dar~on~. hut 

employed Jones oxidation’ “, found to proceed vq reaciilq 2:t rnc>rn Lcnipcraturc. 

After csterification of the resulting ticid \\,ith diazomcthanc. cl-~ stallinc n~ethyl ester 

5 was obtained In X3 ‘I<, yield. 

Ferrier and Furneuux’ ” reported the I_‘hoto-bronilnation rcactlons 01‘ some 

monosaccharide derivatives as shown in Scl~c~~~c I. On treatment \\ith bromine OI 

.a’-bromosuccinlmide (NBS) under ordinary light, the peracetate of methyl II-glucu- 

ronate undergocr ’ ” b. I ominatron at C-5. \vhereas the peracctate r)l‘ 1 .f;-:~nhyri~o-ii-r,- 

glucopyrnnosc gives fhc 6C~vc~-bromo clerivarive’ ‘, Our disxcharicfe 3iihitrntc (5) 
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consists of both types of monosaccharide components, but selective bromination at 

C-5’ was desired. 

Photo-bromination of 5 with 1.1 mol. equiv. of bromine resulted in a mixture 

of the 5’-bromo and the 6ex-o, 5’-dibromo compounds (6 and 7) in 47 and 7 9: yield, 

respectively. Furthermore, the reaction of 5 with 1.2 mol. equiv. of NBS (instead of 

bromine) gave 6 only, in 61 yd yield, if an appropriate reaction-time was employed. 

The structures of 6 and 7 were elucidated on the basis of their ‘H-n.m.r. spectra. 

The ‘H-n.m.r. spectrum of 5 exhibited signals due to H-6a, H-6b, H-4’, and H-5’, 

at 6 4.05 as a doublet with J63,6b 7.82 Hz, at 6 3.80 as a broad triplet with J7.32 Hz, at 

6 5.75 as a triplet with J,,.,, = J4,,5, = 9.27 Hz, and at 6 4.55 as a doublet with 

J 4r,5T 9.27 Hz. On the other hand, the ‘H-n.m.r. spectrum of 6 revealed the H-4’ 

resonance at 6 5.68 as a doublet with J,,,,, 9.28 Hz, and no H-5’ resonance. Product 7 

showed no resonance for either H-5’ or H-6b in its ‘H-n.m.r. spectrum. 

X 

Reductive replacement of the bromo atom in 6 with configurational inversion 

at C-5’ was necessary for preparation of the target compound (21). However, all 

attempts failed, and the only products obtained from various reductions of 6 were the 

D-glucosyluronate-containing disaccharide 5 and the 4’-alkenic compound 8. When 



zinc or sodium borohydrlde 111 various polar or nonpolar solkcntx \\a5 used, 8 1~3s 

obtained in high yield. The LISC of t-riphenyltin hydride (neat) or sodium cyanc>boro- 

hydride In nonpolar solvents i‘ w\e 5 exclusivclv. These results suggcctal that the lone 

pair of the ouqgrn atom in the p>ran~w rin g stabillres the C-5’ carbcn~~iii~ ion pi-o- 

duced during the reaction. to result in the formation of~hc thcrmod~n~tt~~~c~~ll~~st;~ble5. 

instead of 21. 

The second approach was cxamlncd with compounds bearing benq 1 or bcnzoyi 

groups as protection for the secondary alcohol groups. I .h-Anhqclro-(,‘-O-trit~l- 

ccilobiose, produced in .s/tu (‘1 om the car-responding peracetatc (9). \+;I\ bcwylatcd III 

,+‘.A’-dimcthylformamide \+,ith sodium hydride and bcnzyl bromltic in the ~1suu1 \\a!. 

giving crystalline. perObcnzy1 dcriutlvc 10. The trityl group 111 IO \t;ts rcmo\ai AS 

described for the preparation of 4, to affi~d 11 in 79 “,, jiclLI. Trcatmcnt of 11 \\ith 

/,-tolucncsulfinyl chlorrde in the prcscncc of J-(cllmcth!:lamiii~-,)~‘5 rrdiiv2, and rc- 

placement of the resulting fi’-tnsylo’cy group with an iirdtt :inioll g;l\‘c iodrdc I.3 in 

75 ‘I,, overall yield. On treatment with 1 ,S-di;~zahlcyclo~~.-l.t~~unJec-7-c~~c ( DE311 J 
in oxolnne (tetr31i?drof‘Llran, TIi Fj, 1.3 underwent elimination ~>l‘ h~drctgcn IOCIICIC 

to afford :rlkcnc 16 almost qunntrtativel:. 
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TABLE I 

HYDROBORATION OF 16 

.-~ ._~~ .- 

Reagents Solvent 

_ _____~ ~_ ~~~~ 

BH3. THF THF 
BH3. SMe3 THF 

BH3 CHaCla 

..~~__ 

Products 

Yield (” (, ) 

0 
90 
90 

~~_ ___ 

Ratio of 18: 11 

1 :8 
I:2 

the anomeric configuration of the substrate, giving a preponderance of the product 

bearing the main groups at C-l and C-5 in cis relationship. This situation was very 

unsuitable for our project, the preparation of an a+idopyranosyl compound from a 

B-D-linked disaccharide of the D series (such as 16), but had to be overcome to the 

fullest extent possible. 

The results of the hydroboration of 16 are shown in Table I. Use of the stoichio- 

metric amount of the borane-THF complex under the standard conditions resulted 

in no reaction, and complete recovery of 16. When the concentration of borane was 

increased by a factor of 10, by using borane-methyl sulfide complex in THF, the 

hydroboration proceeded, to give the products in 90 9; yield. Two isomers, prepared 

by benzoylation thereof, were separated by column chromatography. The compound 

obtained by basic hydrolysis of the major benzoate (moving the more slowly in thin- 

layer chromatography) was identified with 11 on the basis of their spectral data and 

other physical properties. The compound derived from the minor benzoate (moving 

the faster in thin-layer chromatography) was identified as the a-L-idopyranosyl- 

containing disaccharide 18; i.e., its ‘H-n.m.r. spectrum exhibited the H-5’ resonance 

at 6 4.03, as a broad singlet. This spectrum was in sharp contrast to that of 11, 

revealing the H-5’ resonance at 6 3.02 as a doublet having a large coupling-constant 

(J4’,5’ 8.79 Hz). These n.m.r. data indicated that the dihedral angle between H-4’ 

and H-5’ in 18 is nearly 9D”, and that the glycosyl group in 18 has the lCq(~) con- 

formation. 

Although the (nonreducing) glycosyl group of cellobiose could be partially 

converted into the expected L-ido component, the ratio of the hydroboration products, 

18:11, was only 1:8. 

To improve the ratio, a nonsolvated borane prepared according to a procedure 

reported by Brtindstrijm and co-workers” was employed for the hydroboration of 

16. When 16 was treated with tetrabutylammonium borohydride and methyl iodide 

in dichloromethane, and the product treated with hydrogen peroxide in aqueous 

sodium hydroxide, a 1 : 2 mixture of 18 and 11 was obtained in 90 y’, yield. The un- 

desired product 11 could be converted into alkene 16 by the aforementioned procedure, 

thus allowing it to be recycled. In a similar way to the preparation of 5,18 underwent 
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21 

20 R : BI R’ = r 

the Jones oxidation, but gave several products in rather lo\\ yield, probably bccaube 

some of the bcnzyl groups wrc oxidized. 

Therefore, instead of the benzylated dlsaccharidc 18. It was dec~drcl to synthcwc 

the corresponding, benzoylated compound 20. As in the preparatJon of 16 from ill, 

4 was transformed into the bcnzoylataf alkcnc 17, ~itr the h’-O-to\~i (14) and the 

h’-deoxy-6’-iodo compound (15), In 4:! “,, owl-ail yield. Hydroboration nf 1 with the 

nonsolvatcd borane M~S cc~nductcd as dwcribecl for that of 16. but It uncspcctedly 

gave a mixture of wver:Jl compounds that wt‘rc detectable hv thin-l:t!,cr chromate- 

gmphy. Bccau~ this probably occurred as the result of n:r~ratl~~rl, or h\ciroly<is. 

of some of the benzoyl groups during the trcutmcnt utldcr lw\ic ccindition>. the INI\- 

ture of hydroboratlon products N:JS benzoylatcd bcforc Isolation. to gi\c two per- 

benzoatcs in the ratlo of I 2 (In ;I total y~dd of 5.3 “,,_ baaed on 17 ). T‘hc major wab 

more polar than the minor product. ;tc Ikr as behavior on thin-layer cliIc,nl~ltngrunl~ 

\v3s concerned. 

For the elucidatic>n of their structures, and the prcp;Lration ilt‘ a substrate 

for the next oxidation reaction, both perbcnzoates \\crc convt’rtcd into the corrc- 

spending penta-0-belizo!,I-h’-CI-trityl derivati\c:, in good yiclci. a< ctcscr~b~~f liar 

the preparation of 3 from 1. The compound dcri\cd from the more polar pcrbenzontc 

was Identiticd as 3. The ~Qhrr- G’-O-trityl dcri\ativc. obtafllcd from the Icss-polar 

product, gave a ’ H-n.m.r. spectrum rwealing the H-3’ resonance at (i 5.27 as ;J 

broad slnglet, and the H-5’ rewnancc at S 1.90 3s a broad tlouhlct of doublets \\ith 

./5 .i,,, 5.86 and .I5 .(,h, 9.7(1 Hz. This spcztrum \+a5 in sharp wntrabt to that of 3. 

cxhiblting H-4’ and H-S’ wson;mccs at ci 5.46 as a triplet with ;I spacing of 9.76 Hr. 

and ~5 3.93 as :i doublet of‘ doublets of doublets \tith ,I, ,.i 0.70 Hr. Then spectral 

data Indicated that this compc)und was the r-idopyr:tnos>l dcrlV;lti\c I 19). 

In order to explain the phenomenon that employment ot‘thc nc>nsol\ated horanc 

(Instead of the usual. sol\atcd one) ax the rengcnt for ll!,(jr(1bor-;ttlou of 16 or 17 

resulted in increase of the ratio of the product\. the r-i~opyranosyl :/I-r)-~lucclpyrano- 

syl compound, the conformation of the substrates (16 or 17) and I’actc)rs dominating 

the direction of attack of the rcagcnt ~houlcl bc tahcn Into con~~~lr~-~ttl~~n. Accordmg 
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to Ferrier et al.16, when the J1 2 values of the exocyclic, alkene-containing /3-D-gluco- 

pyranoside derivatives are in the range of 3 to 5 Hz, they retain the ‘C, conformation. 

Thus, the J, ,,2j values of 6.34 Hz for 16 and 4.39 Hz for 17 indicate that the p-glycosi- 

die bond of the unsaturated-monosaccharide component in 16 and 17 is axially 

oriented, as shown. When the solvated borane was used, the p-glycosidic oxygen 

H&-O 

0 

R = Bn or Bz , RI = 
OR 

@ 
Bn = PhCH> OR 

Bz = PhCO 

atom, bearing a bulky aglycon, sterically hindered attack of the reagent on the double 

bond from this side, whereas the nonsolvated borane could attack the double bond 

from this side via formation of a cheiate with the P-glycosidic oxygen atom. This 

situation is shown in the depiction. 

The conversion of 17 into the uronate 21 was performed as described for the 

preparation of 5; thus, 19 was subjected to O-detritylation, the product to Jones 

oxidation, and the oxidation product to esterification, to afford 21 in 84% overall 

yield. The ‘H-n.m.r. spectrum of 21 showed the H-3’, H-4’, and H-5’ signals, each 

as a broad singlet, which indicated that the oxidation had proceeded without any 

epimerization at C-5’ in 19. 

EXPERIMENTAL 

General methods. - Melting points were determined with a Yamato micro 

melting-point apparatus, and are uncorrected. Optical rotations were determined 

with a Perkin-Elmer Model 241MC polarimeter. Chromatography was performed 

in a column of Silica Gel Merck (70-230 mesh; E. Merck, Darmstadt, Germany). 

Thin-layer chromatography was conducted on precoated plates (layer thickness, 

0.25 mm; E. Merck, Darmstadt, Germany) of Silica Gel 60 FZs4. 1.r. spectra were 

recorded with a Shimadzu IR-27 spectrophotometer, as Nujol mulls for crystalline 

samples and as neat films for liquid samples. ‘H-N.m.r. spectra were recorded with 

a JEOL JNM-FX 400 spectrometer, using tetramethylsilane as the internal standard, 



for solutions in chloroform-r/. Solutions xvere evaporated under dimtntshed pressure: 

solvent extracts were dried with magnesium sulfate unless specified otherwise. 

l,h-A~~/1~~r/~o-_‘,3-tli-O-hfn~c~~~l-I-0-( ~,3.4-t~i-O-hrn~o~~~l-6-~~-l~it~~i- /I- II-,gliicop,r~- 

rmtosl,/)-/~-D-,yl~rc,~/~~‘~~~t~~.~-~, (3). ~-~ A mixture of I (27.3 p. 47.4 mmol 1 and sodium 

methoxidc ( I80 mg) in methanol ( 150 mL) WHS stirred for 10 11 at t-~~c~,m temperature. 

After being stirred for 30 min with Done.\ 50 (H ’ ) rain (IS mL). the mixture W’;IS 

filtered. and the liltratc was evaporated. to give a sytx_~p, which \\;I> dissolved in 

pyridine (300 mL). T’rltyl chlorldc (2X.6 g, I03 mmol) wa, udcled. and, after IO h. 

benzoyl chloride (72 g. S I2 mmol) was added drop”,ise at 0 5 . and the mixture 

stirred for IO h at room tempcraturo, poured into ice-water, and extracted with ethyl 

acetate. The extract \~a> ~uccc~s~vcly washed with cold. dilute h~drochlor~ acid, 

aqueous sodium hydrogencnrb(,nate, and bvater. dried, and t~aporated. The residual 

syrup was chromatog~aylied c!n silica gel Faith IO: I (k, v) heune--ethyl acetate as the 

eluant, to glue 3 (45.5 g. XX”,,): n1.p. I34 135’.. [_x],1, +3-l ((2 1.00. chloroform); 

O,, 3.33 (Jd. I H. .I 3.03 ;lnd 10.7 Hz, H-6’a), 3.-K) (dd. 1 i-1. .I 5.80 :~nd IO.7 HI, 

H-h’b). 3.80 (dd, I tl. .I 5.35 and 7.32 Hz. H-G). 3.S7 (5. I H. H-4). 3.93 (ddd. 

J2.93, 5.86, and 9.76 Hz. H-5’), 4.05 (d, I H, J 7.33 Hr. H-k), 5.10 t‘;. I H. H-l), 

5.35 (d, 1 H. ./ 8.30 Hz, H-l’), 5.46 (t, I I-1, .J 9.76 Hr, H--l’). 5.03 (&I. I H. J X.30 

and 9.76 Hz, H-Z’), 5.63 (5. I H, JH-2). 5.76 (s, I I-1, H-3). and 5.S? (t. I I-I. .J 9.77 

Hz, H-3’). 

.-lna/. Calc. for Co6H5,01Z. . C, 71.92; H, 5.00. Found: C, 72.33: H. 1.99. 

1,6-.~nJ~~~ti~o-~._~-di-O-h~t~;~~~~~i-3-0-(~~~~tfl~_~~l ~.3,-l-t~r-O-hnlro~~l-~~-~~-,~f~~(~~J~~~u- 

no.~~~/7~~onrrf~~)-~i-r~-,~~~7e~o~~~~~7~~7n~~~s~ (5 ). ~~~~ A solution of 3 (~ IO.0 g, 9.13 mmol) III chloro- 

form (100 mL) xnd W”,, perchloric acid (0.5 inL) was stirred for 5 mln at room 

temperature, and then diluted with chloroform. The organic layer M’X succecsivelq 

washed \+ith aqueous sodium hydrogencarbonate and water, dried (snlclum chloride), 

and evaporated. Jones reagent (4~ chromium trioxide , 74 ml_) M’X added dropwise 

during 20 mln at O-5 to 3 cold solution of the residual byrup in acctonc (100 mL), 

and the mixture was stirred for 6 11 at room temperature. The ~XXSS of the reagent 

was dccornposcd by addition ofmethanof. and the mluturc \vas evaporated. the residue 

suspended in ethyl acetate-water, and the aqueous layer extracted bvith cthql acetate. 

The extract was successively washed with aqueous sodium hyjrog~ncnrbonate and 

water, dried, and evaporated. The residue wa chr(~matographcJ on srlica gel with 

51): 1 (v/v) chloroform-methanol as the rluant. to give the uranic acid. which was 

esterified with dlazomethanc In Jichloromethane~dieth~l ether. to give 5 (5.3 g. 

66 ‘I,, from 3); m.p. 155.5.--186.5’, [Y]:’ +23 ((’ O.-l2. chloroform); (i,: 3.31 (s. 

3 H, CO,CH,). 3.50 (br t. 1 H, ,J 7.33 Hz, H-6b). 3.84 (5, 1 H, H-G), 3.05 (d, 1 H, J 

7.82 Hz, H-6a), -1.55 (d. 1 H. J 9.27 Hz. H-5’). 4.59 (d, I H. .I 5.37 Hz, H-5), 5.0’ 

($, 1 H, H-l ). 5.42 (d, I H. .J 7.81 Hz, H-l’), 5.63+5.69 (m, 3 I-f, H-1.2.7’), 5.75 (t. 

1 H, J 9.27 Hz, H--l’), 5.97 (,t, I H, H-3’), and 7.35~-8.20 (m. 25 I-l, 5 Ph). 

.4r7nl. Calc. l-or C~XH5,jC),6: C, 66.05; H. 4.62; Found: C. 05.95: H. -l.63. 

1,6-~4r7h~~fr-o-~,3-t/i-0-b~/7~c~~~l-4-0-( /77efl7>,/ ~.3,4-t~i-C)-htlt7=o,l.l- _i - bt~t71o - /I - D - 

ghl~~r~~?~~ltrno.s~~/7~ronut~ j-li-r>;a/~r~ol?l,r~7~7nse (6). -- A stl rrcd solution of S (3.0 g. 3.1 



SYNTHETlC STUDIES ON Ml_JCOPOLYSACCHARIDES. PART I 125 

mmoi) and Wbromosuccinimide (740 mg, 4.1 mmol) in carbon tetrachloride (200 

mt) was refluxed under irradiation with a tungsten lamp (200 W) until two products 

appeared in t.1.c. The mixture was cooled, poured into ice-water, and extracted with 

chloroform. The extract was successively washed with 10 y. aqueous sodium hydro- 

gensulfate, aqueous sodium hydrogencarbonate, and water, dried (calcium chloride), 

and evaporated. The residual syrup was chromatographed on silica gel, with 60 : 1 

(v/v) benzene-ethyl acetate as the eluant, to give 6 (1 .I g, 61%); m.p, 129.5-I 3 1 So, 

[ 1 cx 6” - 58 O (c 0.08, chloroform); S H: 3.47 (s, 3 H, CO,CH,), 3.38 (dd, I H, J 5.86 

and 7.81 Hz, H-6b), 3,94 (s, 1 H, H-4), 4.13 (d, 1 H, 17.82 Hz, Ma), 4,65 (d, 1 I-I, 

J 5.87 Hz, H-51, 5.04 (s, 1 H, H&b), 5.48 (s, 1 H, H-2), 5.59 (s, 1 I-I, H-31, 5.81 (t, 

1 H, J 8.30 Hz, H-2’), 5.85 (d, 1 H, J 7.80 Hz, l-i-l’), 5.86 (d, 1 H, J 9.28 Hz, H-4’), 

and 6.17 (t, 1 H, J 9.28 Hz, H-3’). 

Anal. Calc. for C,,H,,BrO,,: C, 60.57; I-I, 4.13; Br, 8.40. Found: C, 60.26; 

H. 4.18; Br, 8,37. 

~,6-Anh~dro-2,3-di-0-ben~yl-4-0-(2,3,4-tri~O-belz=yl-8-D-gZucu~yru~~syl)-P-D- 

glucopyranose (10). - 1,6-Anhydro-6’-O-trityl+cellobiose was prepared from 1 
(25 g, 43 mmol) as described for the synthesis of 3, and isolated as peracetate 9 

(21 g, 63:;); m.p. l90-190.5”, [a]A5 -12” (c 0.31, chloroform). 

Anal. Calc. for C,,H,,O, 5 : C, 63.39; H, 5.71. Found: C, 63.25; H, 5.73. 

A suspension of 9 (20 g, 26 mmol) and sodium methoxide (800 mg) in methanol 

(200 mL) was stirred for 3 h at room temperature, and then evaporated. Sodium 

hydride ( 18.5 g, 50 0; mineral oil dispersion) was added portionwise during 10 min 

at O-5’ to a cooled solution of the residual syrup in NJV-dimethylformamide (650 

mL), and the mixture was stirred for 30 min at room temperature. Benzyl bromide 

(125 g5 73 1 mmol) was added dropwise during 30 min at 0-S O to the cooled mixture, 

and the mixture was stirred for 2 h at room temperature. The excess of the reagent 

was decomposed by addition of methanol, and the mixture was poured into ice-water, 

and extracted with diethyl ether. The extract was washed with water, dried, and 

evaporated. The residual syrup was chromatographcd on silica gel, with 10 : 1 (v/v, 

hexane-ethyl acetate as the eluant, to give 10 (20.9 g, 49 % from 1); m.p. 153-l 54.5 O, 

[ 1 25 53 - 18 a ; (c 1.30, chloroform); v,~, 1950-1700, 1590, 1150, 1070, 910, and 695 

cm-l; 6,: 3.24 (dd, 1 H, J 5.39 and 9.71 Hz), 3.43 (s, 1 H, H-4), 4.34 (d, 1 H, J 10.3 

Hz), and 5.52 (s, 1 H, H-l). 

Anal. Calc. for C,,H,,O,,: C, 77.93; H, 4.34. Found: C, 77.86; H, 6.29. 

~,6-Anhydro-2,3-di-O-b~~zyl-4-0-(2,3,4-tri-O-ben~yZ-P-n-g~~c~pyranosyl) - j? - D - 

glucopyranose (11). - A solution of 10 (20.5 g, 20.2 mmol) in chloroform (200 mL) 

and 60 2) perchloric acid (0,4 mL) was stirred for 5 min at room temperature, and 

then diluted with chloroform. The organic layer was successively washed with 

aqueous sodium hydrogencarbonate and water, dried (calcium chloride), and evapor- 

ated. The residual syrup was chromatographed on silica gel, with 10: 1 (v/v) hexane- 

ethyl acetate as the eluant, to give syrupy 11 (12.4 g, 79 x); [cl];’ -30” (c 1.27, 

chloroform); v,,, 3460 cm-‘; 6 H: 1.70 (s, 1 H, OH), 3.20 (ddd, 1 H, J 2,90,2.90, and 

8.79 Hz, H-5’), 3.38 (s, 1 H, H-4), 3.47 (dd, 1 M, J 7.82 and 8.79 Hz, H-2’), 3.54 (t, 



I H, J8.79 Hz, H-4’), 3.62 (t. 1 t-1. J8.79 Hz, H-3’), 3.57-3.72 (m, ;! H, H-h’:t,6’b), 

3.71 (dd, 1 H. Jh.34 and 7.32 Hz, H-6b), 3.74 (s, I H. H-2). 3.80 (5, 1 H, H-3). 3.97 

(d. 1 H, J 7.33 Hz. H-6a). 4.50 (d, I H, J7.82 Hz, H-l’), and 5.51 (s. I H, H-l ). 

Auu/. Cak. for CJ7H5,,01,,: C. 77.85: H, 6.50. Found: C, 72.36: H. 6.50. 

l,h-,~n/?~,r/~o-_‘,3-ni-~-~~~~~,/-~.~-( 2.3,4-tri- 0 -ht7z:j,l-6 - 0 - p - [o/1./.rzl/fr,~1./-lj-r)- 

~~/uc~of,l,rano.~~,/~-~-~-~~/zz(~~~f~~~/.~z~z~~,~~ ( 12 ). -~~ A solution of 11 ( 16.3 g. 3 1 mmol ), JJ- 

toluenesulfonyl chloride (I 6 g, 84 mmol), and 4-(dimethylamino)pyridine (I.6 g, 

21 mmol) in pyridine (ZOO mL) &as stirred for IO h at room temperature, poured 

into ice-\vater. and extracted with diethyl ether. The extract was succcs\ively washcti 

with cold. aqueous hydrochloric acid, aqueous sodium hydrogcncarbonute. and water. 

dried, and evaporated. The residual syrup was chromatographed on silica gel. with 

IO: 1 (viv) hexane--ethyl acetate as the eluant. to give syrupy 12 (17.3 g, Xc)“,,): 

[a]:’ ---?I ’ (c, 0.37. chloroform): I’,,,,, I186 cm- ‘: O,,: 1.34 (s, 3 H. AI-CH,). 

.4nrrl. Calc. for C,,H,,jC),2S: C, 69.81: H, 6.07: S. 3.45. Found: C. 69.66; 

H. 6.06: S, 3.24. 

1.6-An/z~~~iro-,3,3-rli-O-b~~zz~,~~/-4-0-( ,‘,3.4-t~i-O-htn~~~~l-6-clto.~;~~-6-iotk,~~o- 

~~~~u~~.~~~~)-~~-D-~/~IL.o~~~~~I.~IIIo.Y~ (13). -- A buspension of 12 ( 12.X g. 13.X mmol) and 

sodium iodide (7.0 g, 46.9 mmol) in 2-butanone (ZOO mL) was boiled under refux. 

with stirring, for IO h, cooled, poured into Ice--water. and extracted with dIethy 

ether. The extract was successively washed with IO”,, aqueous sotl~um hydrogen- 

sulfate, aqueous sodium hydrogencarbonate, and water, dried. and e\ aporated. The 

residual syrup was chromatographed on silica gel. Mith 10 : I (~~‘1 ) hexane -ethyl 

acetate as the eluant, to give syrupy 13 (10.3 g, S-1”,,); [XI;’ 19 2 (c 0.23. chlorcl- 

form); &n: 3.67 (t, I H. J 9.28 Hz). 4.02 (d. I H, ./7.X Hz). and 5.51 (5, I Ii, H-l ). 

Anal. Calc. for CJ-H,,,IO,; C, 03.W: k-1. 5 58: I, 14.35, Found. V. 63.98; H. 

5.48; 1. 14.15. 

/,6-An/z~~r~~o-~‘,.~-~/i-0-htn~~~~l-4-0-( ,7.3,4-/pi-O-hen;?,/- 6-~kc.\:1‘- /j - 1) - xybfw.v-J- 

en~~~~~~anos~l)-~-1~-~~/1rc~o/~,1~~~~17~~~~~~ (16). --- A stirred solution of 13 (9.8 g. 12.9 m mot) 

and 1.X-diazabicyclo[5.3.0]undcc-7-enc (5.9 g, 38.8 mmol) in dry oxolanc (90 mL) 

was boiled under reflux for 10 h under a nitrogen atmosphere, cooled, poured Into 

ice-water, and extracted ttith diethyl ether. The extract was washed \+ith water, 

dnrd, and evaporated. The residual syrup was chromatographed on silica gel (Sllicar 

CC-7 special, Mallinchrodt). with 10: I (v/v) hcxane-ethyl acctatc as the eluant. to 

give syrupy 16 (9.65 g, OX”,,): [~],2,’ 5-i (c I .-I, chloroform ): I’~,,,, 1660 cm ’ : 

6,: 3 36 (5, 1 H, H-4). 3.6-l (br t. I H. J 7.37 Hz. H-3’). 3.66 (br t. I H. J h.34 Hz. 

H-3’); 3.70 (br t, I H, J 6.35 Hz. H-6b), 3.79 (s, I H. I-I-:!), 3.X6 (s. I I-1, H-3), 3.99 

(d, I H,J7.32 Hz, H-h), 4.03 (d, 1 I-1. J 7.32 Hz. H-4’),4.86 (d, I H.Jh.33 Hz, H-l’). 

and 5.48 (s, I H, H-I). 

At7crl. Calc. for C,,H,,O,: C, 71.58: H. 6.39. Found: C. 74.56: H. 6.24. 

/,6-,~lnfz~~f~~~-~,~-~fi-~-f~~~tz=~~~f-4-0-( -7,3,4-rri-O-he~z=~~i-~-~-i~/~~~~~r~tz~.~~~l)-~~-t~-~~/u- 

cop~‘tmzose (18). - Methyl iodide (X5 mg. 0.6 mmol) was added dropbvise during 

5 min at O-5 under a nitrogen atmosphere to a cold sc>lution of 16 (380 mg, 0.5 mmol) 

and tetrabutylammonium borohydride (153 rng, 0.6 mmol) in dry dichl~~romethane 
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(2 mL), and the mixture was stirred for 3 h at room temperature. To the cooled 

mixture were successively added, dropwise, water (0.15 mL), 3~ sodium hydroxide 

(0.15 mL), and 33 y< hydrogen peroxide (0.15 mL), and the mixture was stirred for 

3 h at room temperature. After the mixture turned yellow, it was diluted with di- 

chloromethane. The organic layer was washed with water, dried (calcium chloride), 

and evaporated. Bcnzoyl chloride (I.0 mL) was added dropwise to a cooled solution 

of the residue in pyridine (5 mL), and the mixture was stirred for 10 hat room temper- 

ature, poured into ice-water, and extracted with diethyl ether. The extract was 

successively washed with cold, aqueous hydrochloric acid, aqueous sodium hydrogen- 
carbonate, and water, dried, and evaporated. The residual syrup was chromato- 

graphed on silica gel, with 20: 1 (v/v) hexane-ethyl acetate as the eluant, to give a 

less-polar benzoate (130 mg, 30 ycj from 16) and a more-polar benzoate (260 mg, 

60% from 16). 

A solution of the less-polar benzoate (1.06 g, 1.2 mmol) and 3~ sodium 

hydroxide (5 mL) in oxolane (30 mL) and methanol (10 mL) was stirred for 4 h at 

room temperature, evaporated, and the residue extracted with diethyl ether. The 

extract was washed with water, dried, and evaporated. The residual syrup was 

chromatographed on silica gel, with 5 : 1 (v/v) hexane-ethyl acetate as the eluant, to 

give syrupy 18 (881 mg, 95%; 29 % from 16); [a];” -38 O tc 0.93, chloroform); 

S,: 4.03 (s, 1 H, J4’ 5’ ~0 Hz, H-S), 

Anal. Calc. for C47HS0010: C, 72.85; H, 6.50. Found: C, 72.49; H, 6.53. 

The more-polar benzoate (260 mg, 0.3 mmol) was treated with 2~ sodium 

hydroxide (OS mL) in oxolane (5 mL) and methanol (I mL), to give an alcohol 

(216 mg, 95 7;) which was identified as 1 on the basis of their lH-n.m.r. spectra, 

specific rotations, and elemental analysis. 

1,6-An~zydro-2,3-di-O-benz~~?Z-4-0-(2,3,4-tri-O-benzu~~I-P-D-glucopyranosyl)-P- 

tqlucupyranose (4). - The per-O-benzoylatcd trityl derivative 3 (4.5 g, 4.1 mmol) 

in chloroform (50 mL) was treated with 60 yi perchloric acid (0.25 mL) as described 

for the synthesis of 11, to give 4 (2.8 g, 80 %) as an amorphous powder; [&]A2 - 12” 

(c 0.8 1, chloroform); v,,, 3460 cm? 

Anal. Calc. for C47H40015: C, 66.82; H, 4.77. Found: C, 66.85; H, 4.74. 

1,6-AnlEydro-2,3-di-Oabenz~yZ-4-0-(2,3,4-tri-O-be~zoyl-6-0-p-tolyIsuJfonyE-P-D- 

Rlucopyrano~yl)-B-D-gluco~yranose (14). -- Alcohol 4 (1.8 g, 2.1 mmol) in pyridine 

(30 mL) was treated with p-toluenesulfonyl chloride (487 mg, 2.6 mmol) and 4- 

(dimethylamino)pyridine (256 mg, 2.1 mmol) as described for the synthesis of 12, 

to give 14 (1.67 g, 79 %); m-p. 141-142.5”, [a]? + I1 O (c 0.92, chloroform); v,,, 

1168 cm-‘; 6,: 2.21 (s, 3 H, ArCH,), 3.77 (m, 2 H, H-4,6’a), 3.98-4.07 (m, 2 H), 

4.15-4.27 (m, 2 H), 4.56 (d, 1 H, J 5.37 Hz, H-5), 4.93 (s, 1 H, H-l), 5.30 (d, 1 H, 

J 8.30 Hz, H-l ‘), 5.41 (t, 1 H, J 9.77 Hz. H-4’), 5.53 (s, 1 H, H-2), 5.58 (dd, 1 H, 

J 8.30 and 9.76 Hz, H-2’), 5.63 (s, I H, H-3), 5.89 (t, 1 H, J 9.77 Hz, H-3’), and 6.95- 

8.16 (m, 29 H, 5 Ph + C,H,). 

Anal. Calc. for C,,H,,O,,S: C, 64.92; H, 4.64; S, 3.21. Found: C, 64.86; 

H, 4.56; S, 3.17. 
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1,6-AnJ7ydvo-2,3-di-O-btwzo~~l-4-0-( 2,3,4-tri-O-ben=o~~l-6-~c(~.~~~-6-iot- 

coy?,rcmos?,l)-8-~-~~/~~~~~.~~~~0~~~ (15). - The tosylate 14 (17.9 g, 28 mmol) in 2- 

butanone (300 mL) was treated with sodium iodide (14.3 g, 95 mmol) as described 

for the preparation of 13, to give 15 (23.4 g, 87”,,); m.p. 198-129.5, [~~z(l~ ~7.9 

(c 0.41, chloroform); (‘i,,: 2.98 (dd, I H, J X.79 and 10.76 Hz, H-6’a). 3.19 (dd, I H, 

J3.44 and 10.74 Hz, H-6’b), 3.79 (dd, I H, J 5.38 and 7.X1 HL, H&b): 3.82 (s, I H, 

H-4), 4.01 (ddd, 1 H,J2.44, X.79, and 9.77 Hz, H-5,),3.05 (d, I H. J7.Xl Hz, H-6a). 

4.56 (d, 1 H. .I 5.37 Hr. H-5). 5.14 (s. 1 H, H-l). 5.3X (t, I H, J 9.7X 1-1~. H-4’), 5.40 

(d, 1 H, J 8.31 Hz. H-l’), 5.62--5.67 (m. :! H. H-2.2’). 5.X1 (s. 1 H. H-3). and 5.93 

(t, I H, J 9.76 Hz, H-3’). 

Anal. Calc. for CJ7t~3910,5: C, 54.13: H. 3.12. I. 13.19. Found: C, 59.09: 

H, 4.19; I, 13.55. 

/.6-,3~i17~~~lr.u-_7.3-c/i-O-h~n~o~~/-4-0-( ‘.3,4-tri-O-h4i7ro~~/-6-~J~(~.~.~~-/i- D- xylo-/w.Y- 

5-enop~~lanos~~~/)-/~-D-,~/uc~op~~rrrrlose (17). -- Iodide 15 (I I.2 g. I I 7 mmol) in drq 

oxolane (130 mL) was treated with I,X-diazabicyclo[5.4.0]undec-7-enc (6.5 g, 42.6 

mmol) as described for the synthesis of 16, to give 17 (X.4 g, X6”,,) ah an amorphous 

powder; [%]i’ --3.-I (c 0.74. chloroform); I’“,~~ 1660 cn- ‘; o;,,: 3.86 (m, 2 H, 

H-3,6b),4.16 (d, I H,.J7.1(1 Hz, H-6a).4.59 (,m, I H, H-h’a),4.78 (d, I H,J4.XS Hz. 

H-5). 4.89 (m, 1 H, H-6’b), 5.02 (d, 1 H, JO.79 Hz, H-l), 5.52 (d. I H, .J-1.39 Hz, 

H-l’), 5.58 (dd, I H, ./4.39 and 5.37 Hz. H-3’), 5.66 (m, I H, H-2), 5.70 (b. I H, H-3), 

5.74 (dd, I H. J 5.37 and 7.33 Hz, H-3’), and 5.Y7 (d. I H. J 7.33 HZ, H-4’). 

,4nu/. Calc. for CS7HJROII: C, 6X.37: H, 4.63. Found: C. 6X.27: H. 4.53. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Y - I.-idopJw+ 

77os~~l)-p-D-~/lr~of~~~ranosc ( 19). -~ Methyl iodide (753 mg. 5.3 mmnl) was added 

dropwise during IO min at 0 5 , under a nitrogen atmosphere. to a cooled solution 

of 17 (4.0 g, 4.X mmol) and tetrabutylammonium borohydride (I .36 g. 5.3 mmol) in 

dry dichloromethane (40 mL). and the mixture was stirred for 3 h at room tompera- 

ture. To the cooled mixture were successively added water (1 .S ml.), 3k1 sodium 

hydroxide (I.5 mL), and 33 “,! hydrogen peroxide (1.5 mL), and the mixture was 

stlrred for 3 h at room temperature. After the mixture turned yellokv, it was diluted 

with dichloromethane. The organic layer was washed with water, dried (calcium 

chloride), and evaporated. A solution of the residue in pyrldine (70 mL) was treated 

with benzoyl chloride (5 mL). The usual processing gave a mixture of two products, 

from which the less-polar one was isolated by chromatography on silica gel, with 

30: I (v/v) benzene-ethyl acetate as the eluant. to give a perbrnzoate (XIX mg, IX”,, 

from 17). O-Debenzoylation of the less-polar perbenzoate (786 mg. 0.X mmol) with 

sodium methoxide (60 mg) in methanol (2 mL), followed by treatment \vith Dowex 

50 (H+ ) resin, gave a syrup. A solution of the syrup in pyridine ( I.5 mL) was succes- 

sively treated with trityl chlorrde (2.0 g. 7.2 mmol) and bcnzoyl chloride (3.4 g. I7 

mmol), as described for the synthesis of 3, to give 19 (660 mg. 73”,,: l3”,, from 

17): m.p. l29-130.5~, [E]:,’ lr! (c 0.93, chloroform); 6,,: 3.36 (dd, I H. .I 5.86 

and 9.77 Hz, H-6’a), 3.5X (dd. I H, J 7.33 and Y.76 Hz. H-6’b). 3.95 (dd. I H, J 5.86 

and 7.X2 Hz, H-6b), 4.00 (y. I H. H-4). 3.23 (d. I H. .J 7.X’ Hz. H-ha). 4.W (br s. 



SYNTHETIC STUDIES ON MUCOPOLYSACCHARIDES. PART I 129 

I H, J,.,,. 5.86, J4,,5, -0 Hz, H-5’), 4.98 (d, 1 H, J5.86 Hz, H-5), 5.06 (s, 1 H, H-l), 

5.27 (br s, 1 H, H-4’), 5.29 (br s, 1 H, H-2’), 5.37 (br s, I H, H-2), 5.52 (br s, 1 H, 

H-l ‘), 5.65 (br s, I H, H-3’), and 5.70 (s, 1 H, H-3). 

Anal. Calc. for C&Hs40r5: C, 72.92; H, 5.01. Found: C, 72.87; H, 4.93. 

1,6-Anhydro-2,3-di-O-benzo~l-4-0-(meth~l 2,3,4-tri-0-benzo$cc-L-idopyrano- 

.syhuonate)-j?-D-gkKo~_vrunose (21). - Compound 19 (390 mg, 0.36 mmol) was 

treated as described for the synthesis of 5, to give 21 (260 mg, 84% from 19); m.p. 

124-125.5”, [LX]; -25” (c 0.17, chloroform); 5,: 3.56 (s, 3 H, CO,CH,), 3.93 (t, 

1 H, J 6.83 Hz H-6b) 3.99 (s, 1 H, H-4), 4.17 (d, 1 H, J 7.32 Hz, H-6), 4.93 (d, 1 H, 

J6.82 Hz, H-5), 5.10 (s, 1 H), 5.30 (s, 1 H), 5.38 (s, 1 H), 5.47 (s, 1 H), 5.49 (s, 1 H), 

5.65 (s, 1 H), 5.66 (s, 1 H), and 5.74 (s, 1 H). 

Anal. Calc. for C,,H,,O,,: C, 66.05; H, 4.62. Found: C, 65.96; H, 4.71. 
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