
Carbohydrate Research. 33 (1974) 372-376 
0 Elsevler Scientific Pubhshmg Company, Amsterdam - Prmted In Belgmm 

Note 

Synthesis of 2,3-di-O-mathyl- and 2,3,6-tri-O-methyl-D-mannitol’ 

CHARLES W BAKER AND ROY L WEUSIUR* 

Department of B;ochennstry, Purdue Unmersrty, Lafayette, IndIana 47907 (LJ S A ) 

(Received October 29th, 1973, accepted m revised form, December 12th, 1973) 

Permethylatron of polysacchandes’ 2 IS wrdely used to provrde structural 
mformatron Thus, It IS necessary to have a broad hst3 of reference compounds wrth 
whrch to compare the methylated monosaccharides resultmg from methanolysrs or 
hydrolyses of the methylated polymer For structural determmatlons of mannose- 
contammg polysaccharzdes, a large number of partrally methylated D-mannose 

derlvatlves are avadable - 3 ‘* However, for comparison by g 1 c , the 2,3-dr- and 
2,3,6-tn-methyl ethers of D-manmtol were required and have been prepared 

During the course of the work, an Improved method for the benzyhdenatron of 
methyl glycosrdes having czs-hydroxyl groups at C-2 and C-3 was developed AdJacent 
czs-hydroxyl groups are known to produce five-membered benzyhdene acetals durmg 
formatzon of the more favored 4,6-O-benzyhdene acetall We found that rapid and 

preferential formation of the latter rmg IS obtamed by use of a dry, weak cation- 

exchange resin as catalyst 

Methyl 4,6-O-benzyhdene-a-D-mannopyranoside (1) was methylated2’ to gave 
the 2,3-dr-O-methyl derrvatrve (2) Thrs was debenzyhdenated wrth tnfiuoroacetrc 
acid-water z r to give tne 4,6-drhydroxy compound (3), which was sequentrally 
converted mto the 6-0-trityl denvative (4) and the 4-U-acetyl-6-U-tntyl derrvatlve (5) 
Compound 4 was Isolated m htgh yields by punficatron on neutral alumma, as 
purrficatron on srhca gel was observed to produce detntylatron8 27 Detrrtylatton of 5 
occurred easrly with aqueous trrfluoroacetrc acid to grve methyl 40-acetyl-2,3-dr-O- 
methyl-a-D-mannopyranoside (6) m 94% yreid This reactron gave a better yield than 
other detntylatton procedures 22*23 Compound 6 was methylated wrth dmzo- 
methane” and hydrolyzed to produce 2,3,6-trl-O-methyl-D-maMOpyranOSe (S), 

which was reduced to the corresponding D-manmtol denvahve (9) 

2,3-Di-O-methyl-D-mannopyranose (11) was produced by acrd hydrolysis of 3, 
which gave a yield better than that of +&e hydrolysis of 2 The corresponding D- 

manmtol denvatlve (12) was obtained by reduction The time necessary to effect 
complete reductron of 8 and 11 was longer than the reductron ttme of D-mannose 
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denvatlves lackmg a 3-methyl ether 24 After acetylatxon of the free hydroxyl 
groups of 9 and 12, the respectire acetates IO and 13 had retention times on g 1 c as 
shown m Table I 

TABLE I 

RETENTION l7hlES OF O-hIETHYL-D-hfANNIT0L.S ON G L C a 

0-AcetyI groups Rerentron tm& 

2,3,4,6 1s 1 00 

2,336 1,435 2 14 
2,3 I,4,5,6 344 

“G I c performed on a Vanan aerograph, Instrument, senes 1800, eqmpped wnh a coh.unn (2 4 m) 
of Gas-Chrom Q (100-120 mesh) coated with 3% ECNSS-M, at 180”, with rntrogen (40 ml/mm) as 
gas came? bRetentton ttme relative to that of 1,5-dt-O-acetyl-2,3,4,6-tetra-O-methyl-D-mannttol 

EXPERIMENTAL 

General - Purity of products was determmed by t 1 c on s&a gel-coated glass 
plates (5 x 13 cm) Irrigated urlth (A) 6 1 hexane-ethyl acetate, (B) 3 1 benzene-ethyl 
acetate, (C) 3 1 chloroform-acetone, (D) 6 1 chloroform-methanol, and (E) 3 1 
chloroform-methanol Solvent ratios are based on volumes Components were 
located by spraymg with 5% (v/v) sulfuric acid m ethanol and heatmg until permanpnt 
char spots were visible. Melting pomts were determined on a Fisher-Johns apparatus 
and are corrected N m r spectra were obtained with a Vanan Assoa&es T-60 A 
Instrument I r spectra were obtamed with a Perkm-Elmer Model 337 spectrophcto- 
meter Evaporations were done under reduced pressure at a bath temperature below 
40” for organic solvents and at 45-50” for water AdsorptIon chromatography was 
performed on s&a gel (Baker 3405) and neutral alumma (Woelm) Optical rotations 
were determmed on a Perkm-Elmer Model 141 recordmg polanmeter connected with 
a clrculatmg, constant-temperature bath mamtamed at 25” with a Valley Forge 
Temperature Programmer. 

Metfzyl4,6-0-benzyizderze-a-lw?zannopyranoszde (1) - Dry methyl e-D-manno- 
pyranosldez6 (29.1 g, 0 15 mole) and IRC-SO(H+) resin (30 g) were suspended m 
freshly &stdled benzaldehyde (300 g) contammg hydroqumone (300 mg) under a 
stream of dry nitrogen The suspension was stirred (12 h, 125”) The cooled super- 
natant was decanted, and the same procedure was repeated The combined super- 
natants were chromatographed on neutral alumma (500 g) The excess benzaldehyde 
and methyl 2,3 4,6-dl-O-benzyhdene-a-o-mannopyranoside were eluted with benzene, 
pure 1 was eluted with 1 1 (v/v) acetone-methanol The dlbenzyhdene compound 
crystalhzed from acetone (8 9 g, 16%) and was homogeneous by t 1 c (A, RF 0 36), 
m p 179-180”, ht ** m p 174-178” Compound 1 was crystallized from benzene 
(33 5 g, 79%) and was homogeneous by t 1 c (C, RF 0 39), m p 143-l@“, [IX];’ 
+70 2” (c 1 02, chloroform), lit 2g m p 140-141”, [c@ +69 7” 
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MethyZ 4,6-0-benzyizdene-2,3-dz-0-methyEa-D_ma (2) - Dry 1 
(28 2 g, 0 10 mole) was methylated by treatment with sodmm hydride-methyl iodide*’ 
Chromatography on neutral alumma gave pure3’ 2 (97%) 

Methyi 2,3-dz-0-metltyl-cr-D-manrzopyranoszde (3) - Compound 2 (15 5 g, 

50 mmoles) was stirred (15 mm, 0’) with 9 1 (v/v) trifluoroacetic acid-water 
(150 ml)= Chromatography of the Impure syrup’l on slhca gel (200 g) usmg 
irngant C gave pure1 ’ 3 (95%) 

Methyl 2,3-dz-O-nzetJzyZ-6-O-trztyZ-a-D-mazzzzopyranoszde (4) - Dry 3 (5 6 g, 
25 mmoles) and chlorotnphenylmethane (11 2 g, 0 04 mole) were stirred (30 h, 45”) 
m dry pyridme (90 ml) After Isolation the cooled, washed3 ’ solution m benzene was 
adsorbed on neutral alumma (150 g), and pure ” 4 (94%) was eluted with chloroform 

MethyZ 4-0-acetyZ-2,3-dz-O-methyZ-6-O-trztyZ-~-~-nzannopyranoszde (5) - Dry 4 
(10 2 g, 22 mmoles) was acetylated and isolated by standard procedure3* Pure 5 
(11 1 g, 99%), which crystallized from ethanol, was homogeneous by t 1 c (B, 
R, 0 57), m p 205-206”, [cx]~ +24 6” (c 1 28, chloroform) 

Anal Calc for C,,H,,O, C, 71 13, H, 6 76 Found C, 71 12, H, 6 60 
MetJzyZ 4-O-acetyZ-2,3-dz-O-metJzyZ-a-D-mannopyranoszde (6) - Dry 5 (10 1 g, 

20 mmoles) was detritylated (15 mm, O”) with 9 1 (v/v) trifluoroacetic acid-water 
(100 ml)21 The isoiated’l, impure syrup was chromatographed on silica gel (50 g) m 
6 1 (v/v) chloroform-acetone solutron Syrup 6 (5 5 g, 94%) was homogeneous by 
tic (C, RrO46), [a]: +33 5” (c 1 63, chloroform) 

Anal Calc for CirHzeO7 OMe, 35 23 Found OMe, 35 14 
Methyl 4-O-acet3,Z-2,3,6-trz-0-methyZ-a-D-man (7) - Dry 6 (3 9 g, 

15 mmoles) was methylated with hazomethane m dichloromethanel’ Syrup 7 (4 1 g, 
99%), isolated by the standard procedurelO, was homogeneous by t 1 c (C, R, 0 72), 
[al z5 + 58 8” (c 107, chloroform) 

Anal Calc for C,,H,,O, - OMe, 44 60 Found OMe, 44 39 
2,3,6-Trz-0-methyZ-D-mannopyranose (8) - Dry 7 (3 6 g, 13 mmoles) was 

stirred (30 h, 90°) m 1 5~ sulfuric acid (40 ml) After neutrahzation (barium carbonate) 
and evaporation of the atered solution to a syrup that was purified on s~hca gel (30 g) 
in 18 1 (v/v) chloroform-methanol, 8 (2 6 g, 89%) was homogeneous by t 1 c 
(D, R, 0 52), [a];’ + 14 7” (c 1 20, methanol), ht 33 [a];* + 15” 

2,3,6-Trz-O-metJzyZ-D-mamzztol (9) - A solution of 8 (2 2 g, 0 01 mole) was 
reduced (16 h) with sodmm borohydride 24 (0 57 g, 15 mmoles) After neutrahzation 
with IR-120(Hc) resm, the usual treatment gave 9 (2 2 g. 99%), crystallized from 
ethyl acetate It was homogeneous by t 1 c (D, R, 0 44), m p 81-82”, [c(]E5 +40 6O 
(c 1 43, methanol) 

Anal. Calc for C,H,,O, C, 48 20, H, 8 99. Found C, 48 25; H, 8 98 
1,4,5-Trz-0-acetyl-2,3,6-tri-0-methyl-D-mannztoZ (10) - Dry 9 (2 0 g, 9 mmoles) 

was acetylated and Isolated m the same manner as 5 Syrup 10 (3 1 g, 98%) was 
homogeneous by t 1 c (B, RP 0 34), [a];’ +48 0” (c 1 18, chloroform) 

Anal. Calc for C15H2609 OAc, 36 86, OMe, 26.57. Found- OAc, 36 75: 
OMe, 26 50 
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2,3-DZ-O-met/Z~l-D-mannogyranose (11) - Dry 3 (45g, 2Ommoles) was 
stn-red (30 h, 90”) m 1 5~ sulfunc acid (45 ml) Pure 11 (3 6 g, 87%), isolated m the 
same manner as 8, was homogeneous by t 1 c (E, RF 0 51), [ali +9 27” (c 146, 
methanol), ht 33 [a&, +6 0 

2,3-Dz-0-methyl-D-mannztol (12) - Dry 11 (3 1 g, 15 mmoles) was reduced24 
(16 h) mth sodmm borohydnde (0 76 g, 20 mmoles) Compound 12 (3 1 g, 99%), 
Isolated m the same manner as 8 and crystallized from ethyl acetate, was homogeneous 
by t 1 c (E, RF 0 46), m p 113-114”, [a]F + 11 0” (c 1 14, methanol), ht 3o m p 
101-lo2°) 

Anal Calc for C,H,.O, C, 45 71, H, 8 63 Found C, 45 94, H, 8 66 
1,4,5,6-Tetra-O-acetyZ-2,3-dz-O-methyZ-D-mannztoZ (13) - Dry 12 (2 1 g, 

10 mmoles) was acetylated and Isolated m the same manner as 5 Syrup 13 (3 7 g, 9S%) 
was homogeneous by t 1 c (B, R, 0 42), [a]:’ +42 5” (c 1 92, chloroform) 

Anal Calc for C16H26010- OAc, 45 50, OMe, 16 40 Found OAc, 45 61, 
OMe, 16 48 

2,3,6-Trz-O-methyZ-1,4-dz-O-(p-nztrobenzoyl)-u-~-mannopyranose (14) - Dry 8 
(0 222 g, 1 mmole) and freshly recrystalhzed p-mtrobenzoyl chlonde (0 953 g, 
5 mmoles) were stlrred (8 h, 50”) III dry pyrldme (10 ml) The product was Isolated m 
the same manner as 5 After crystalhzatlon from methanol, 14 (0 499 g, 96%) was 
homogeneous by t 1 c (B, R, 0 52), m p 187-188”, [a];’ +34 3” (c 1 82, chloroform), 
ht l7 mp 188”, [a]gz +34” 

2,3-Dz-O-methyZ-1,4,6-trz-O-(p-nzrrobenzoy~-a-D-~nnopyr~ose (15) -Dry 11 
(0 416 g, 2 mmoles) and freshly recrystallized p-mtrobenzoyl chlonde (1 85 g, 
10 mmoles) were stirred (8 h, 50”) m dry pyridme (20 ml) The product was Isolated 
in the same manner as 5 After crystalhzatlon from methanol, 15 (1 29 g, 98%) was 
homogeneous by t 1 c (B, R, 0 64), m p 191-192”, [a]:” +44 3O (c 1 74, chloroform), 
ht l1 m p. 194-195”, [LY]$ +42’ 

REFERENCES 

1 E L HIRST AND E PERCIVAL, Methodr Carbohyd Chem , 5 (1965) 287 
2 H E CONRAD, Mefhods Curbobyd Cbem ,6 (1972) 361 
3 R L WHISTLER, Merhods Carbohyd Chem , 5 (1965) 298 
4 L D HAYWARD, J Amer Cbem Sot, 73 (1951) 1794 
~JODEFERRAF~, E G GROS, AND I 0 MA~TRONARDI, Carbohyd Res, 4 (1967) 432 
6 S BAYNE, J A FEWSTER, A J GRIEVE, AND M L HAWKSLEY, J Chem Sot, C, (1967) 114 
7 M H RANDALL. Carbohyd Res , 11 (1969) 173 
8 E G GROS AND E M GRU%EIRO, Curbohyd Res , 14 (1970) 409. 
9 I R SWDXQUI AND V L N. MURTY, Carbohyd Res, 8 (1968) 477. 

10 M B PERRY AND k C WEBB, Con J Chem, 47 (1969) 31 
11 V L N MURTY AND I R SIDDIQUI, Curbohyd Res , 10 (1969) 477, 11 (1969) 273 
12 S S BHA'ITACHARJEEANDP A J GORIN,C~I~ J Chem,47(1969)1207 
13 H B SINCLAIR, Curbohyd Res, 12 (1970) 150 
14 G ALFREDSSON,~ J GAREGG,AND B LINDBERG,&~U Chem &and,24 (1970) 2671 
15 E G GROS AND E M GRU&IRO, Curbohyd Res, 23 (1972) 148 
16 I. R SIDDIQUI, Curbohyd Res ,9 (1969) 344 
17 Y. M CHOY AND A M UNRAU, Curbohyd Res, 17 (1971) 439 
18 G 0. A~PINALL, Aduun Curbohyd Chem ,8 (1953) 217 



376 NOTE 

19 A. N DE BELDER, Adwazz Carbohyd Chem Ezochem , 20 (1965) 219 
20 J, S BFUMACOMBE, Metho& Corbohyd Chcm , 6 (1972) 376. 
21 J E CHRISTENSEN AND L GOODMAN, Carbohyd Res, 7 (1968) 510 
22 B HJZLFERICH, Advuzz CarbukJd Chem , 3 (1948) 79 
23 W R D LEIGH, J Chem Sot, (1961) 754 
24 P. D. BRAGG ANLI L HOUGH, J Chem Sot, (1957) 4347. 
25 H BJ&NDAL, B LINDBERG, AND S SVENSSON, Actu Chem Scazzd. 21 (1967) 1801 
26 J E CADOI-I-E, F SMITH, AND D SPRIESTERSBACH, J Amer Chem Sot, 74 (1952) I501 
27 J LEHRFELD, J Org. Chem ,32 (1967) 2544 
28 J HONEYMAN AND J. W W. MORGAN, J Chem Sot , (1954) 744 
29 B CAPON, W G OVEREND, AND M SOBELL, Tetrahedron, 16 (1961) 106 
30 G. G S DIJITON, IC. B GIBNEY, AND P E REID, Cazz J Chenz ,47 (1969) 2494 
31 A S MEYER AND T REICHSTEIN, Netu Chzm Act, 29 (1946) I52 
32 U. G NAYAK AND R L WHISTLER, J Urg Chem , 34 (1969) 97 
33 C M &WIQUE AND F SMITH, J Amer Chem Sot, 72 (1950) 4634 
34 G J ROBER~ON, J Chem Sot , (1934) 330 


