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2,4,6-Tri-O-methyl-~-mannose monohydrate, m.p. 64', [ a ] ~  +17" (water), has been synthesized from 2,4,6-tri-O-methyl- 
D-glucose by epimerization with dilute alkali. 

The glucomannan obtained from urediospores of 
Puccinia graminis tritici, the organism causing stem 
rust of wheat, yielded upon methylation followed 
by hydrolysis, among other products, a crystalline 
tri-0-methyl-D-mannose monohydrate, m.p. 64O, 
[(Y]"D + 1 7 O  (water).2 That this trimethyl sugar 
was a derivative of D-mannose was shown by the 
fact that methylation of its anilide with silver oxide 
and methyl iodide3 afforded 2,3,4,6-tetra-O-methyl- 
N-phenyl-D-mannopyranosylamine. 

In  Table I are recorded the known tri-0-methyl 
derivatives of D-mannose. The fact that the gluco- 
mannan was relatively stable to dilute sulfuric acid, 
coupled with the observation that the anilide of the 
tri-0-methyl-D-mannose gave upon methylation 
the characteristic 2,3,4,6-tetra-O-methyl-N-phenyl- 
D-mannopyranosylamine, ruled out the 2,3,5-tri-O- 
methyl isomer. The unknown crystalline tri- 
methyl-D-mannose failed to induce crystallization 
of 2,3,4-tri-O- and 2,3,6-trj-O-methyl-~-mannose, 
both of which are liquids, and when mixed with 
crystalline 3,4,6-tri-O-methyl-~-mannose there was 
a depression of the melting point. 

TABLE I 
TRI-0-METHYL DERIVATIVES OF D-MASNOSE 

Tri-0-methyl- 
D-mannose X1.p.. O C .  [..ID (water) Ref. 

2,3,4- Liquid +2O 4 
2,3,6- Liquid +6" 5 
2,3,5- Liquid +28" (0.1 S HgSO,) 6 

2,4,6- (p-anomer) 104-107 - 5 . 7 "  + 19" 7 
2,4,6- (a-anomer) 90 +21" + +14" 

3,4,6- (a-anomer) 101-102 4-21" -+ 4-8.2' 8 
Unknown tri-0- 

methyl- 64 +17O (no mutarotation) 2 

There remained, therefore, only the 2,4,6-tri-O- 
methyl derivative and it was tentatively concluded 
that the unknown tri-0-methyl-D-mannose was the 
2,4,6-tri-O-methyl isomer even though the un- 
known compound had a different melting point and 
rotation from the 2,4,6-tri-O-methyl-~-mannose 
previously isolated.' Inasmuch as no crystalline 
2,4,6-tri-O-methyl-~-mannose was available for 
comparison purposes, a synthesis of it was sought. 
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This was accomplished by the following series 
of reactions : D-ghlCOSe + 1,2 :5,6-di-O-isopropyli- 
dene-D-glucofuranose + 3-0-benzyl-1,2 5,G-di-O- 
isopropylidene-D-glucofuranose - methyl 3-0- 
benzyl-D-glucopyranoside + methyl 3-0-benzyl- 
2,4,G-tri-0-methy~-~-glucopyranoside - methyl 2,- 
4,6-tri-0-methy~-~-glucopyranoside + 2,4,6-tri-O- 
methyl-D-glucose + 2,4,6-tri-0-methyl-~-mannose. 

The transformation of 2,4,6-tri-O-methyl-~-glu- 
cose into the corresponding D-mannose derivative 
was effected by epimerization with dilute alkaliy 
and the resulting mixture separated by partition 
chromatography on a cellulose-hydrocellulose col- 
umn.'" The synthetic 2,4,6-tri-O-methyl-~-man- 
nose readily crystallized as a monohydrate which 
proved to be identical with the tri-0-methyl-D- 
mannose obtained from the methylated urediospore 
glucomannan. Crystallization from ether, the 
solvent used previously7 for crystallizing the 2,4,6- 
tri-0-methyl-D-mannose from methylated yeast 
mannan, gave the same crystalline form of the 
monohydrate. The discrepancy between the prop- 
erties of the 2,4,6-tri-O-methy~-~-mannose, pre- 
pared from the methylated urediospore glucoman- 
nan and by synthesis, and the 2,4,B-tri-O-methyl- 
D-mannose reported previously7 is not understood 
but i t  is perhaps possible that the compound re- 
ported herein is a mixture of anomeric forms since 
it does not show mutarotation in water whereas the 
previous cy- and p-forms of 2,4,6-tri-O-methyl-~- 
mannose do7 (see Table I). 

The above synthesis of 2,4,6-tri-O-methyl-~- 
mannose from the corresponding D-glucose deriva- 
tive indicates that epimerization may be of gen- 
eral preparative value for the synthesis of certain 
methylated sugars, providing the hydroxyl group 
a t  position two is blocked by a methyl group to 
prevent ketose formation. When used in conjunc- 
tion with chromatography, the above reaction is 
useful for the identification of an unknown methyl- 
ated aldose sugar if its epimer is known. 

Experimental 
3-0-Benzyl-l,2 : 5,6-di-O-isopropylidene-~-glucofuranose. 

-1,2 : 5,6-Di-0-isopropylidene-~-glucofuranose (36 g.)" was 
dissolved in liquid ammonia (500 mi.) and sodium (3.3 9.) 
was added in small pieces with stirring until a permanent 
blue color resulted. Benzyl chloride (16.3 ml.) was added 
slowly after which the stirring was continued for 2 hours. 
The reaction mixture was allowed to stand overnight a t  
room temperature without stirring to allow the ammonia t o  
evaporate. The residue was dissolved in chloroform and the 
solution was washed well with water to remove sodium chlo- 
ride and unreacted 1,2: 5,6-di-0-isopropylidcne-~-glucofu- 
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rnnose. Tliechloroforrri solutiriri, after drying with iiiagnesiu~n 
sulfate, \vas evaporated to  remove the chlorofr~rni :tiid most 
of the remaining benzyl chloride. After removing the last 
traces of benzyl chloride in uaczio (50' and 0.02 mm.)  dis- 
tillation CJF the sirupy residue gave 3-O-benzyl-l,2 : 5,6-di-0- 
isopropylidene-o-glucofuranose, a x k o u s  colorless liquid, 

(in ethanol; c 1.3); l i t e~ -a tu re l* '~~  [ a ] ~  -27" (in ethanol). 
3-O-Benzyl-n-glucose.-The 3-O-benzyl-l,2 : 5,6-di-O-iso- 

propylidene-D-glucofuranose (21.5 g. ) was dissolved in 
methanol (45 ml.) and Nsulfuric acid (21.5 nil.) was added. 
.lfter the solution had been kept a t  70" for 6 hours the tneth- 
anol was removed by evaporation i 7 z  EUCTUJ and the solution 
neutralized-(RaCO.i), filtered and evaporated t o  give 3-0- 
benzyl-n-glucose (17 g.) .  .\fter recrj-stallization from ace- 
ton-ethyl acetate and from acetone, the 3-0-benzyl-o- 
glucose (2.2 g . )  had rr1.p. 138-141°, [ C Y ] ~ ~ D  i 2 0 . 6 "  + 
f41.3" (in water, c 0.9);  literature'4 m.p. 138-141' and 
 ID +20.3' + f41 .9"  (in water). 

Methyl J-O-Benzyl-~-glucopyranoside.-The 3-0-benzyl- 
D-gluCOse (2.2 g.)  was dissolved in 0.5"( nietliniiolic hydro- 
gen chloride ( I 4  ml.) and heated f o i -  6 hours in a scaled tube 
in :t boiling water-bath. The  rotation of the solution, in- 
i t idly [ o ] D  +36.5",  cliaiiged in 4 hours t o  +(is" (constant 
for a further 2 hours). The solution IKIS ncutrdized ivith 
silver carbonate, centrifuged aiid the supernatant liquid 
evaporated to  give methyl :~-O-benzyl-D-glucopyr~iiiositle 
(2.5 9.) as a viscous liquid. 

Methylation of Methyl 3-O-Benzyl-~-glucopyranoside.- 
.I solution of methyl 3-0-benzyl-D-glucopyranoside (2 .5 8.) 
in methyl iodide (35 ml.) containing methanol (5 ml.) was 
stirred and refluxed for 10 hours in the presence of anhydrous 
calcium sulfate ("Drierite") (1.0 g . )  and silver oxide (2.0 
g.). After filtering and washing the solids with acetone, 
the cnmbined filtrate and washings were evaporated to  dry- 
ness zn z'acuo. The sirupy product was subjected to  five 
additional methylations in the same way to give methyl 
3 -0- benzyl-2,4,6- tr i-  O-nieth~-l-n-glucopyranoside, b.p. 
(bath.  temp.) 160", 0.001 nim. ,  nZ8D 1.4926, [ m ] " ~  + i o "  
in ethanol (c  1) (yield 2.1 g.); literature'6 [ m ] ~  +43.5' 
(ethanol). Anal. Calcd. for CiiH260~: OCH1, 38.0. 
Found: OCH.,, 36.4. The difference in rotation can be at- 
tributed to the presence of 01- and ~-aiiorriers of the glycoside 
in the above preparation. 

Methyl 2,4,6-Tri-O-methyl-~-glucopyranoside .-To the 
methyl 3-0-benzyl - 2,4,B - tr i-  0 -methyl -D - glucop~-ranoside 
(2.1 g.) in a round-bottom flask, sodium (3.8 g.)  was added 
in sinal1 pieces.'6 -\fter tlie addition of ethanol (10 i d . )  the 
mixture was refluxed. Successive portions of ethanol (10 
nil.) xere  added over a 2-hour periotl, with continued re- 
fluxing, until the sodium was decomposed. .-\fter cooling 
the reaction mixture, water (60 ml. )  was added followed by  
acetic acid until the solution remained only slightly alkaline. 
The solution was extracted with chloroform (four 30-ml. 
portions), the chloroform solution was dried with magne- 
sium sulfate and evaporated to  give the crude methyl 2,1,6- 
tri-0-methyl-o-glucopyranosidc ( 1.5 9.)  as a pale yellow 
sirup which waq purified by  disti1l:ctinn: b .p .  (bath.  tcrnp.) 
l:3O-IGo, 0.001 mm., n*% 1.151:3, [ a ] * b ~ )  -90° in chloro- 
forin ( c  l ) ,  yield 1.1 g .  

2,4,6-Tri-0-methyl-~-glucose. -The methyl 2.4,fj-tri- 
O-inetliyl-D-gluc(ipyraniiside (0.33:3 g. W:IS liydrol~-zeil with 
~ ulfuric acid (12 rill.) b>- heating for 16 
solution, [.ID +71°,  was neutr:iiized (R 
rated in i'aczm to give a sirup which cr) 
ously. For purification, the crude 2 ,1,6-tri-O-nietIi\-l-D- 

21.5 g., b.p. 143', 0.003 mm., nZ8D 1.4932, [ a ] * ' D  -28.3" 
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glucose was dissolved in inetlij-1 ethyl ketone : water azeo- 
trope (2.0 nil.) and chroin~ttograplied using the cellulose- 
hydrocellulose coluiniilu and methyl ethyl ketone : water 
azeotrope as the irrigating solvent. Two fractions were 
obtained from the eluate: 2,4,6-tri-O-iiieth~~l-~-gluc~~se 
(0.440 6.1 which crystallized, and unliytlrolyzed sirupy 
methyl 2,i,6-tri-0-meth)l-D-glUCopyran(JSid~ (0.095 g.). 
;\fter t\vo recrystallizations from ethanol-petroleuIii ether 
the 2,1.6-tri-O-methyl-n-glucose had 111.p. 123-126', [ a ]  2 3 ~  

+112" (initial value) changing to +io" in methanol ( c  
0.5), [ a I z 3 D  +91" (illitid value) changing to f i l '  in water 
( c  O . G ) ;  yield 0.110 g. These values agree with those re- 
ported previously.lj.l~-'g A n d .  Calcd. for C&&: OCH3, 

Epimerization of 2,4,6-Tri-O-methyl-~-glucose and Isola- 
tion of 2,4,6-Tri-O-methyl-n-mannose .-To the 2,4,6-tri-O- 
rIiethy~-D-gluciJse (0.101 g.), 0.035 ,v barium hydroxide 
solutioii (20 1111.) was added a t  room temperature, nitrogen 
being bubbled through the solution for a few minutes to dis- 
place air. The s~~ lu t inn  was kept a t  35" for 8 da 
tightly stoppered container. The rotation chang 
[a]* 'D +69" (initial value) to +30° (after 7 days),  aiid +SI" 
(after S t l a y a ~ .  

The solution iv;is iicutralizctl i v i t h  
centrifuged mid the supernatant liquid 
gale yA!oiv sirup wliicli sliowed [a] 270 
-.  1) ~iidicntitig tlie presence of approxi 
ties CJE 2,4,6-tri-O-tnethyl-D-glucuse and 2,4,B-tri-O-rnetliyl- 
o-mannose. 

The sirup (101 mg.) was dissolved in methyl ethyl ketone: 
water azeotrope (1 ml . )  and put on the cellulose-hydrocellu- 
lose eolumn.'0 Collection of the eluate with an automatic 
fraction collector was started a t  30 minute intervals giving 
18 ml. of eluate per tube and continued for 8.5 hours, after 
which the collection was continued a t  10-minute intervals 
(6  nil. per tube) for 14..5 hours. Thereafter collectioris xvere 
made for 10 hours a t  30-minute intervals. The  niethy1:ited 
sugars were located in tubes 36-72 by testing with p-anisi- 
dine.*O Tubes 36--10 coiitained 2,4,6-tri-O-niethyl-n-iii~iii- 
nose (31 mg.) which h:>d an Rf (0.55) identical Tvitli tha t  
of the unknown tri-O-meth\-l-o-m:itinose from tlie methyl- 
ated uretiiospore polysnccharide; tubes 47-60 coiitainetl :I 
mixture (51 ing.) of 2.4,G-tri-O-rnetliyl-D-rn;innr,sc and 2,4,G- 
tri-0-iiiethyl-D-glucose (XI 0.48) arid tubes 01-72 cont:~incd 
2,1.6-tri-O-tiiethyl-n-gluccise (1 nig.) (total recovery, 84.Ljr; ). 

The ~,~,G-tri-O-inetl iyl-~-tn,innose (31 nig.)  cryst:illizetl 
spontaneousl>- as :I monohydrate, and, after recrl-stalliza- 
tion either from etliancil-petroleuiri ether or from ethJ-1 ether, 
it had m.p. 62-61', [aI2Gn +17" in water ( c  2.5) without 
inutarotatioti. There was no depression r ) f  the trielting 
point when mixed with the tri-0-methyl sugar obtained from 
the meth:-lated urcdiospore polysaccharide which had 111.1). 
64' and ja]*G~ +17" (in water, c 2.5) and likexise showcd 
110 rnutarotntion. 

,\fter keeping over "Drierite" in t'aczio the crystals of 
2,4,6-tri-O-inetliyl-D-mannose liquefied, but upon exposure 
to the atrnoq~herc for several hours, crystallization again 
took place. IT'lieii the crystalline 2,l,6-tri-O-inethy1-1)- 
mnnnosc W:IS heatcd a t  56' in t l m u o  over phosphorus pen- 
toside, one molecular proportion of water was lost. .1 nn i .  
Calctl. for CyH?oOi: C, 45.0; H ,  8.3; OCI-I:I. 38.8; HYO. 
c -  i .a .  F ~ ~ u i i d  (for the tri-0-rrieth~-~-n-riiatinose from the 
methylated urediospnre polysaccharide): C, 45.2; H ,  8.0 ;  
OCHa, 39.9; H2O (by  loss in weight), 7.5. Found (for the 
synthetic 2.4,O-tri-O-metliyI-n-mnntlose nionoliydrate: C, 

41.8. Found: OCHa, 42.6. 

45.3; H,  8.1; H?O, 7.5. 
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