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The synthesis of 1,3-anhydro-2,4,6-tri-0-benzyl-B_D-mannopyranose (9) and 

1,3-anhydro-2,4,6-tri-O-(p-bromobenzyl)-B-D-mannopyranose (20) is of interest, 

since their stereospecific polymerization would give an a-(1+3)-linked manno- 

pyranan. Terminal a-(1 -+3)-linked mannopyranosyl groups are important immuno- 

determinants of yeast manna&, and cc-(1+3)-linked mannose residues are found 

at branch points of glycosyl side-chains of a number of glycoproteins’. 

In previous syntheses of the title compounds3, the key intermediates were 

2,4,6-tri-O-benzyl- and 2,4,6-tri-0-(p-bromobenzyl)-x-r>-mannopyranosyl chloride. 

There were two difficulties in the syntheses. First, it was difficult to convert reproduci- 

bly large quantities of methyl 2,4,6-tri-O-benzyl- and methyl 2,4,6-tri-O-(p-bromo- 

benzyl)-a-D-mannopyranosides into the corresponding mannosyl chlorides, because 

some disaccharides were readily formed both in the reaction and in the purification 

when the 3-hydroxyl group was not protected. Second, by-products formed in the 

ring-closure reaction prevented crystallization of the monomer. In the present paper, 

we have employed a new method as follows. 

Methyl a-D-mannopyranoside (1) was converted into methyl 2,3 :4,6-di-O- 

isopropylidene-cc-D-mannopyranoside (2) and the crude product was partially 

hydrolyzed to methyl 2,3-0-isopropylidene-a-D-mannopyranoside4 (3). Benzylation 

or p-bromobenzylation of 3 followed by hydrolysis of the isopropylidene group 

afforded methyl 4,6-di-o-benzyl- (5) and 4,6-di-O-(p-bromobenzyl)-cc-D-manno- 

pyranoside (16). The 2-OH groups of 5 and 16 were selectively etherified to give, 

respectively, methyl 2,4,6-tri-O-benzyl- (6) and methyl 2,4,6-tri-O-(p-bromobenzyl)- 

cr-D-mannopyranoside’ (17). Compounds 6 and 17 were acetylated6 to give methyl 

3-O-acetyl-2,4,6-tri-o-benzyl- (7) and 3-O-acetyl-2,4,6-tri-O-(p-bromobenzyl)-cc-D- 

mannopyranoside (18). Treatment with anhydrous hydrogen chloride converted 7 

and 18 into 3-O-acetyl-2,4,6-tri-O-benzyl- and 3-O-acetyl-2,4,6-tri-O-(p-bromo- 

benzyl)-cc-D-mannopyranosyl chloride (8 and 19), respectively. A satisfactory yield 
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was obtained and the mannosyl chlorides thus obtained were quite stable. Ring- 

closure of 8 and 19 was achieved with potassium fort-butolide to pi\ c nearly yuanti- 

tative yields of 9 and 20. 

Compared with the previous procedure”, the improved method has nine steps 

instead of eleven and the intermediates, mostly obtained in high yield, are readily 

purified. 

We have also obtained satisfactory results with 7,4,6-tri-C)-kenzyl-I>-manno- 

pyranose (13) although its preparation by hydrolysis of 6 was difficult because of 

substantial decomposition. However, its 3-ally1 ether (10) could be bydrolyxd hy 

a previously reported method’ to give 3-0-allyI-1,4,6-tr~-O-benz~l-n-n~~~nnop~ranose 

(ll), and the ally1 group could then be removed by treatment with chlorotris(tri- 

phenylphosphine)rhodium’ to provide 13. Acetylation of 13 to give the 1,3-Jiacetatc 

14 and the conversion of 14 into 8 were quantitative 

The I .3-anhydro sugars obtained by the present methods were characterized by 
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‘H-n.m.r. spectroscopy and optical rotation. The values were the same as those 
reported before3. However, one monomer was obtained crystalline instead of as 

a syrup. 

EXPERIMENTAL 

General methods. - These are as described in ref. 3. Organic solutions were 
dried with anhydrous sodium sulfate. 

Methyl 2,3-O-isopro~yZidePte-a-D-mannop~ranosidu (3). - Methyl a-D-manno- 
pyranoside (145 g, 0.747 mot), 2,2-dimethoxypropane (591 g, 5.67 mol) and p- 
toluenesulfonic acid (29.2 g, 0.15 mol) were added to acetone (2.6 L) and the mixture 
was stirred vigorously for 5 h at room temperature. A colorless solution containing 
methyl 2,3 :4,6-di-0-isopropylidene-cr-D-mannopyranoside (2) was obtained. Water 
(20 mL) was added to the solution at room temperature with vigorous stirring and 
after 0.5 h another 20 mL of water was added. When about one-half of compound 2 
had been hydrolyzed to 3 [as indicated by t.1.c. (pure ethyl acetate)], the reaction 
was stopped by passing gaseous ammonia through the solution until it became 
weakly basic. A small amount of precipitate (starting material) was filtered off and 
the filtrate evaporated to a syrup. Water (70 mL) was added to the syrup and the 
mixture extracted with hexanes several times to remove compound 2 (95 g), which 
could be reused. The aqueous layer was extracted with ethyl acetate in a continuous 
extractor for 24 h and the organic phase evaporated to a syrup. The syrup was 
dissolved in dichloromethane (100 mL), hexane (h 50 mL) was added, and white 
crystals were obtained. The crude crystals of 3 were purified by recrystallization from 
dichloromethane-hexanes and 82 g of 3 was obtained; m.p. 103-104”, [ali + 30.2” 
(c 0.94, chloroform); lita4t9, m-p. 104-105”, [a]? +28.3” (c 1, methanol). 

Metllyl 4,6-di-O-ben~~l-a-D-manvro~yr~os~de (5). - To a solution of com- 
pound 3 (60 g, 0.256 mol) in toluene (270 mL) was added finely powdered potassium 
hydroxide (120 g). Benzyl chloride (150 mL, 1.30 mol) was then slowly added during 
2 h under reflux and with vigorous agitation. The mixture was boiled for 0.5 h more 
under reflux. T.1.c. (pure ethyl acetate) indicated the reaction to be complete. The 
mixture was extracted with water and the excess of benzyl chloride removed by steam 
distillation. The mixture was extracted repeatedly with dichloromethane and the 
organic layer dried. Dichloromethane was removed and syrupy methyl 4,6&O- 
benzyl-2,3-0-isopropylidene-a-D-mannopyranoside (4) was obtained. To a solution 
of 4 in methanol (450 mL) was added hydrochloric acid (100 mL, 0.5M) and the 
mixture was boiled under reflux for 1 h. T.1.c. (pure ethyl acetate) indicated the 
reaction to be complete. The mixture was made neutral with sodium hydrogencarbo- 
nate and the solvent evaporated to give a wet solid. The crude product was extracted 
repeatedly with dichloromethane and the organic layer dried. Hexanes (200 mL) were 
added to the solution (100 mL) and white crystals of 5 obtained; these were purified 
by recrystallization from dichloromethan*hexanes; yield (from 3) 97 %; m.p. 
lOl-102”, [ali +74.7” (c 1.11, chloroform); ‘H-n.m.r. (CDCl,): S 7.33-7.29 
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(10 H, m, aromatic H), 4.90-3.75 [I 1 H, m. H-l ,2 CH,Ph, (2) H-6. H-2.3.3.5], 3.33 

{? H. s, OCH,), and 2.X5-2.60 r2 H. s, (3) OH]. 

,l/~~f/z_t~/ ^‘.4,ti-t/.i-O-h~,,~~~,/-~-1~-~~/~~////~~/?~,~~~/?~).~~~/(, (6). ~~~~ To ;t solutton of 5 (40 g. 

0.107 mol), tctrabutylammonium hydrogensulfate (S 6). and benzyl bromide (32 mL, 

0.269 tool) in dichloromcthane ( I .Z L) was added aqueous sodium hydroxide (IO0 mL, 

5”“) and the mixture \vas boiled for 7 days under refluk. The mtuture ~\as washcci 

with water twice and the organic lays evaporated to a syrup. The e\c~‘ss of ben~yl 

bromide was removed by steam distillatic>n. Tho mixture was exirractcd repcatedlq 

with dichloromcthanc, the organic layer dried. and the solvent rcmo\ed. The syrup 

thus obtained was separated by preparattve l.c. with I : 3 ethyl acetate hcutws ;~nci 

pure 6 (31.5 g) obtained: yield 8 t .9”,, (because 9 g or crystalline starting-material 5 

\vas recovered and could bc reused): [%]I’,’ -k 17.1 (I’ 1.0, chloroform): lit.” 11~],‘,’ 

+ 16.9’ (C 1.5, chloroform ). 

il/etll_l~/ 3-0-~r(~~~t~~/-_7.4.~-t~i-O-b~~7i=.l~l-~-~-t77~77777~~~7~~~f777~~,~i~~~~ (7 ). Compound 6 

(3.1 g, 7.1 tnmol) was acetylated by a standard tnethod” and syrupy compound 7 

(3.3 g) \vas obtained: ,-i&l 9X”,,: [x];’ t-S.3 (I’ 0.97, chlorol’orm): ‘H-n.m.r. 

(CDCI,): 3 5.24 (I H, m. J,,, 9, J2.J 3 Hz. H-3). and I .9 (3 H. equatorial OAc); 

lit.’ [a]; -l-9. I ‘. (c I, chloroform). 

3-0-,4~~ef~,/-_‘,4,6-t7~i-O-h(~n~~~l-~-~~-777~~7777~~~_~,7~~~77~.s~~~ ch/,wit/~~ (8) -- Compound 

7 (2.0 g. 3.9 mmol) was dissolved in a dry, I : I mixlure (I50 mL) of~lichlorotnethanc 

and acetic acid. Hydrogen chloride gas was bubbled in to saturation (under nitrogen 

and in an ice-bath). After 1 days at room temperature, the rcactton was _ 90”,, 

complete (n.m.r.). The solvents were evaporated and the product purified by analyti- 

cal l.c. (1 .2 ethyl acetate--hexanes on a column of silica gel 1. Pure. q\ rupy 8 ( I .S g, 

2.9 mmol) was obtained. Compound 8 was stable itnd could he ,lor‘c‘d under re- 

frigeration for 5 months; yield 74.-l”.: [ ~12 +51.2 (C 0.93. chloroform): ’ H-n.m.r. 

(CDCI,): ci 7.30-7.X (IS H. m, aromatic H). 6.07 (1 H, d. ./ 2.4 Hz, H-i ). 5.45 

(I H, m, J,,, Y, J,,, _ 3 Hr., H-3). 4.X0--4.39 (6 H, m, 3 C/I,Ph). -1.IS--~3.73 [S H, m, 

(2) H-6,2,4,5), and I.92 (3 H equatoriat OAc); ‘“C-n.tl1.r. ((‘DC‘I,), 170.73 (c-=0), 

138.30, 137.64 (aromatic C-l ), 128.68, 128.58. l28.26, 125.03, 127.91 (aromatic C). 

90.93 (C-l), 7X.89 (C-2). 74.90. 74.49. 73.63, 73.33, 72.86, 72.35 (<‘-X4.5. 3 0TH2), 

68.32 (C-61, and 30.89 (CH,C:=O). 

mg, 0.85 mtnol) was dissolved in dry oxolane (IO mL), and poklsstum /c,/.t-butosido 

(197 mg, 1.8 mmol) was added. The ring-closure reaction wah conducted for 2 II at 

room temperature, after which time most of the solvent was cvaporatcd and the 

excess of rrrt-butoxidc dccomposod by adding ice--bcatcr The product s.as extracted 

with dichloromethane, the solution dried. and evaporated IO a syrup that MUS purified 

by analytical l.c. (I : 3 ethyl acetate+hexanes on a column of siltca gel ). The reaction 

was quantitative and a syrupy product ~:th obtatned: [_x];’ t 53.3 !C I .I. chltro- 

form); lit.” [%]A” +53.0’ (c 1.8. chloroform), Comp<Jund 9 gabr spectra the same as 

recorded in the literature’. 
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Methyl 4,6-di-O-(p-bromobenzyl)-a-D-mannopyranoside (16). - To a solution 

of 3 (20 g, 85 mmol) in toluene (60 mL) was added finely powdered potassium 

hydroxide (40 g). p-Bromobenzyl bromide (99 g, 0.4 mol) was dissolved in toluene 

(60 mL), and the solution was then slowly added to the solution of 3 during 2 h 

with boiling under reflux and with vigorous agitation by a mechanical stirrer. The 

reaction was processed and the product purified by the same procedure as used for 

converting 3 into 5. Crystalline 16 (43.5 g) was obtained: yield (for two steps) 89 %; 

m.p. 122.0-122.2”, [K];” $70.3” (c 1.0, chloroform); ‘H-n.m.r. (CDCI,): 6 7.52- 

7.02 (8 H, m, aromatic H), 4.87-3.56 (11 H, m, H-l, 2 CH,C6H,Br, (2) H-6, H-2, 

3,4,5), 3.33 (3 H, s, OCH,), and 2.67-2.47 (2 H, s, 2 ON); 13C-n.m.r. (CDCl,): 

6 137.61, 137.18 (aromatic C-l), 131.76, 129.72, 129.44, 121.85 (aromatic C), 100.90 

(C-l), 75.99, 73.81, 72.87, 72.06, 71.21, 70.64 (C-2, C-3, C-4, C-5, -OCH,), 69.14 

(C-6), and 55.04 (-OCH,). 

Anal. Calc. for CZIH,,Br,O,: C, 47.37; H, 4.51. Found: C, 47.40; H, 4.52. 

Methyl 2,4,6-tri-O-(p-bro~~zobenzyl)-a-~-mannopyranoside (17). - To a solution 

of compound 16 (36 g, 68 mmol), tetrabutylammonium hydrogensulfate (7.2 g), and 

p-bromobenzyl bromide (27.7 g, 0.1 I mol) in dichloromethane (1.2 L) was added 

aqueous sodium hydroxide (1 IO mL, 5 y/,), and the mixture was boiled for 4 days 

under reflux. The reaction was processed and the product purified by the same proce- 

dure as used for converting 5 into 6. Crystalline 17 (39 g) was obtained; yield, 82.2 %; 

m.p. 71-71.5”, [IN];” f14.2” (c 1.1, chloroform); ‘H-n.m.r. (CDCI,): 6 7.56-7.03 

(12 H, m, aromatic H), 4.94-3.56 [13 H, m, H-l, 3 CH,Ph, (2) H-6, H-2,3,4,5], 3.37 

(3 H, s, OCH,), and 2.08 (1 H, s, OH); ‘jC-n.m.r. (CDCl,): (5 137.72, 137.54, 136.99 

(aromatic C-l), 131.82, 131.62, 129.49, 122.05, 121.63 (aromatic C), 98.09 (C-l), 

78.67 (C-2), 76.64, 73.85, 72.76, 72.16, 71.81, 70.98 (C-3, C-4, C-5, OCH,Ph), 69.34 

(C-6), and 54.95 (OCH,). 

Anal. Calc. for C,,H,,Br,O,: C, 47.93; H, 4.14. Found: C, 48.00; H, 4.08. 

Methljl S-O-acet~J-2,4,6-tri-O-(p-bro~nobenz~l)-sr-D-i?za~zrzop~vranoside (18). - 

Compound 17 (34.5 g, 48.5 mmol) was acetylated by a standard method6. The 

reaction was quantitative, and crystalline 18 (37 g) was obtained; m.p. 64-64.5”, 

L4; +4.6” (c 1.04, chloroform); ‘H-n.m.r. (CDCI,): 6 7.5-6.93 (12 H, m, aromatic 

H), 5.24 (1 H, m, J,,, 9, J2,3 3 Hz, H-3), 4.79-3.50 (12 H, m, H-1,2,4,5, (2) H-6, 

3 CH,Ph), 3.35 (3 H, s, OCH,), and 1.95 (3 H, equatorial OAc); 13C-n.m.r. (CDCl,): 

6 170.09 (C=O), 137.49, 137.26 (aromaticc-1), 131.55, 129.41, 129.27, 121.70, 121.54 

(aromatic C), 98.85 (C-l), 76.46 (C-21, 73.77, 73.61, 72.71, 72.24, 71.53 (C-3, C-4, 

C-5, -OCH,), 69.08 (C-6), 54.90 (0-CH,), and 20.93 (CH,C = 0). 

Anal. Calc. for C,,H,,Br,O,: C, 48.45; H, 4.17. Found: C, 48.37; H, 4.28. 

3-0-Acetyl-2,4,6-tri-O-(p-bromobenzyl)-a-D-nia~~r~opyranosyl chloride (19). - 

Compound 18 (750 mg, 1 mmol) was converted into 19 by the procedure used for 

converting 7 into 8. Pure, syrupy 19 was obtained; yield 630 mg (84 :,;I, [E]F + 31.3 o 

(c 1.08, chloroform); ‘H-n.m.r. (CDCI,): 6 7.57-6.96 (12 H, m, aromatic H), 6.07 

(1 H, d, J,,, 2 Hz, H-l), 5.47 (1 H, m, J3,q 10, J2,3 4 Hz, H-3), 4.78-3.56 [ll H, m, 

3 CH,Ph, (2) H-6, H-2,4,5], and 1.93 (3 H, equatorial OAc); 13C-n.m.r. (CDCl,): 
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5 169.90 (C=O). 137.15. 136.55 (aromatic C-1). 131.71, 131.60, 119.46. 122.0X’ 

121.67 (aromatic C). 90.61 (C-I ). 79.11) (C-2). 74.33. 73.86, 72.61. 72.49. 71 I9 

(C-3.4.5, -OCH,). 6X.21. (C-6). and 20.81 (CH,C=O). 

.AwI/. Calc. for C2‘,HzRBr~CI0,,: C, 46 56; H. 3.75. Found (‘. 46.79: H. 3.87. 

l.3-rlril~~~~f~o-~.4.6-r~i-0-(p-h~o~r~r~~~c~~r~~~l~-~-~~-~i~~1fi~~o~~~~~f~tt~~~~~ (20 ). Com- 

pound 19 (370 mg, 0.63 mmol) \\as dissol\cd in Jry o~lane (6 rnL) and potassium 

tcsrr-butoxidc ( I31 mg. I .35 mnlol) \VB> :tddcd. /jftcr 2 h at ~OOIII temperature. 

compound 19 (370 ms. 0.63 mmol) was converted into target cnmpound 20 h) the 

procedure used for con\crting 8 into 9. Crystalline 20 (360 mgj \\a> obtained from 

ether-hcuanes: yield XY.d”,,; m p_ 91-92 . [,Y.],‘,’ 131.7 ((, IO. chl~rroform): lit.” 

[z-g f31.J” (syrup) (f’ 0.52. chloroform 1. Compound 20 pare \pcctra the same 

as in the literature’. 

Alcvl?_)~l 3-0-alir/-,‘.#.6-tri-O-hcJn~ I~/-m-I~-nlmll?~~~~ll~~li~7r~.\irlr~ (10). Vethyl SW 

tri-O-benzyl-x-I,-mannopyranoside (6, 3 I g. 66.X mmol) was allylated convcntionnlly 

and 10 was obtained as a syrup: yield IOO”,,. [Y]:’ +3-I.] _ (c 0.9. chloroform). lit.’ 

[x]r +33.3 ’ (c 0.4, chloroform). Compound 10 gave spcctm the \;tnie a\ in the 

literature3. 

3-0-.411~~1-~.4.6-t~i-O-bot~~~l-n-t~~uw~c~~~~~~~~no.~c~ (11 ). <‘ompound 10 (33 g, 

65 mmol) was heated on a steam bath with a mlsturc oI’80”,, acetic acid (6Z mL) 

and M hydrochloric acid (300 mL) for 5 h. The mkture 1~;1s cLaporated to a byrup 

irl IYKWO. cooled. and cstracted with chloroform. After drying and evaporation of 

the solvent. the remaining syrup was scparatcd by pre~arati~c I.c u rth I ::! ethyl 

acetate-hexanes and syrupy 11 was obtained; yield 2X g (XX”,,): [_Y]:,’ t11.l) 

(c 1.0, chloroform ). Compound 1 I was an x$ mi~turc: ‘H-n.m.r. ((‘IICI, ): ~‘i 7.33- 

7.25 (15 H. m. aromatic HI. 6.20-5.66 (1 H. m. C‘Hz=CIIC’H,O). 5.41 (I H. m. 

H-l 1, and 5.25-3.30 [I7 H. m. C’H,:=CHCH,O. 3 CH,l%. H-1.3.-!.5. (2) H-h. 

OCH,CH =CH,. OH]: “C-n.m.r. (CDC’I, 1: d 138.83. 13X.60. 13X.25 (:lromatlc C’- I I. 

135.26 (H,C=CHCH,O). 12X.49. 128.1X. 127 95. 117.75 (aromatrc C). 117.0.1. 

116.71 (H,C=CHCHIO), 93.21 (C-l/j). 92.81 (C-lx). 79.67 (C’-3) 75.38, 75.08. 

73.66, 73.58. 73.3-k 72.75. 7l.N 71.1 I (C-J. C--I. (‘-5. OCH:. H,C’=(‘HC‘H,O). 

69.92. and 69.42 (C-6). 

_7,4.6-T~i-O-hi~rz~~~i-~~-~~~~~~~~~~~~~.~~~~~~~~~.~~~ (1.3 ). -- Cm pound 11 (3s g. 75 mm01 ) 

was dissolved in 90”,, ethanol (SO0 mL) and the solution boiled under rcllux. To this 

solution was added tris(triphenylphosphine)chlororhodium I I .6 g. I 7 mrnol) ad 

refluxing was continued for 0 h. As indicated by 1.1.~. (I : I cth>I acet;lte-he\a!les). 

all of the starting material had been converted into ~.~.4-tri-O-hcn/!l-?-0-( 1 -prop+ 

nyl)-D-mannopyranosc (12). of which about one-half had ken converted into target 

product 13. To complete the rcnction. v hydrochloric acid (Xi) mL ) \\I\ xi&xi to the 

mixture and the mixture rclluxed for one more h. ILlo,t ofthc .\olvcqts \\cre cvaporatzd 

off. the product wit\ take-n up in dich[oroiiicthane, the solution \\ashcd with brine. 

dried. and cLaporated. Alter purification by preparatrvc l.c.. the syrup crystallized 

from ether-hexancs and whltc. cryslalline 13 (24 8~ U::LS c~bt:tined: yield hS.3”,,: 
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m.p. 74-75”, [IX];” +3.2” (c 1.0, chloroform); lit.” m.p. 72-73”, [cz]~ $2.6” 

(c 1, chloroform). 

3-O-Acetyl-2,4,6-tri-O-benzy~-cr-D-mannopyranosyI chloride (8) from 2,3-di-O- 

acetyl-2,4,6-tri-0-benzykwnannopyranose (14). - Compound 13 (6.6 g, 14.8 mmol) 

was acetylated quantitatively and syrupy 14 (7.9 g) was obtained as an a,/3 mixture”. 

Compound 14 was converted into 8 by treatment with hydrogen chloride-saturated 

ether at room temperature for 2 h under conditions devised by Micheel and Kreutzer” 

for displacing hydroxyl groups by chloride. The reaction was quantitative, and the 

product obtained by this method had the same physical constants as those obtained 

for material prepared by another route as reported already in this paper. 
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