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ABSTRACT 

The long-time reaction of methyl cr-D-gluco-, cY-D-manno-, and a-D-galacto- 
pyranosides with excess diazomethane-diethyl ether at 25” in the presence of water 
gave all partially methylated methyl cu-D-hexopyranosides which differ in number 
and position of methyl substitution. The presence of electrolytes, such as potassium 
or sodium phosphate, in the reaction medium enhanced the degree of methylation, 
resulting in preferential formation of tri-O-methyl derivatives of methyl cY-D-hexo- 
pyranosides. 

INTRODUCTION 

It has been reported that the hydroxyl groups in carbohydrates can be methyl- 
ated with diazomethane to a low degree in dry diethyl ether’,*. Previously, we re- 
ported that treatment of several sulfated glycosaminoglycanG4 or a polyuronide, 
pectin5, with diazomethane in diethyl ether in the presence of a small amount of 
water or phosphate buffer resulted in considerable depolymerization of the poly- 
saccharide chains and concomitant methylation of the hydroxyl groups. We 
describe herein methylation of several methyl a-D-hexopyrandsides by treatment 
with diazomethane in diethyl ether in the presence of a small amount of water, and 
the effect of some organic and inorganic electrolytes on the methylation. 

RESULTS AND DISCUSSION 

A solution of methyl a-D-glucopyranoside in a small amount of water was 
treated with an excess of diazomethane in diethyl ether with vigorous stirring for 48 
h at 25” (see Experimental section). After acetylation, a mixture of the partially 
methylated products was separated by g.l.c., and all the peaks except Peak No. 5 
were characterized by g.l.c.-m.s. with reference to known R, data6 (Table I). The 
two sets of the expected four isomers of trimethyl (Peak Nos. l-4) and mono- 
methyl derivatives (Peak Nos. 9-12) were characterized; however, the expected 

*TO whom correspondence should be addressed. 
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six- isomers of dimcthyl derivatives were resolved into only four peaks (Peak 
Nos. 5-8) by g.1.c. Since the g.l.c.-m.s. of Peak No. 5 material suggested that it was 
most likely to he a mixture of many products, a mixture of the partially methylatcd 
products was directly subjcctcd to l.c. separation on a Hitachi 3OSh ODS column. 
As sh:>wn in Figs. la and b. the fourteen peaks were obtained well scparatcd by use 
:,f two sets of eluent. 3:7 and 1:9 methanol-water, Each material isolated was 
scetylatcd and g.1.c. indicated that Peak No. 5 material was a mixture of Peak 
Nos. 7, 9, and 10 materials from the l.c. separation (Table I). Each acetylatcd 
dcrivativc separated by l.c. was characterized by g.l.c.-m.s. Rclativc yields of the 
methyl cthcrs of methyl n-rl-glucopyranoside were calculated from the peak areas 
of Peak Nos. I-12 (g.1.c.) and Peak Nos. 7. 9. and IO (l.c.). Based on these relative 
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TABLE I 

RELATIVE RETENTION nms AND RELATIVE YIELDS OF METHYL 0-ACET~L-0-METHYL-CPD-GLWO- 

PYRANOSIDES OBTAlNED BY PARTIAL METHYLATION OF METHYL a-D-GLUCGPYRANOSIDE WITH 

DIAZOMETHANE IN THE PRESENCE OF WATER, FOLLOWED BY ACETYLATION 
-.. 

Peak No. 
(g.1.c.) 

1 
2 
3 
4 
5 

6 
I 
8 
9 

10 
11 
12 

w 

12.5 
19.9 
21.6 
38.0 
43.8 

54.9 
57.6 
64.0 
81.0 
82.7 
88.4 
90.9 

Peak No.~ O-Methyl Relative 
(1. c.) group’ yield (%)” 

14 3,496 1.4 
13 2,374 2.0 
11 2,3,6 7.6 
12 2,476 6.4 
10 436 9.3 
7 3.6 15.4 
9 334 8.3 
8 296 14.3 
6 2,3 14.1 
5 2,4 12.7 
4 6 1.5 
1 3 3.7 
3 4 2.0 
2 2 1.5 

“Relative to the retention time (29.4 min) of methyl cr-o-ghtcopyranoside tetraacctate on an ECNSS-M 

column (100). bSee Fig. 1. cPosition of O-methyl groups, determined by g.l.c.-m.s. dCalculated from 
peak areas of gas-liquid and liquid chromatogram; 100% is the sum of all of the partially methylated 
a-o-glucopyranoside acetates. 

yields, the degree of methylation of the four hydroxyl groups in methyl a-D-ghCO- 

pyranoside was calculated to be 52.2%. As reported previously3, the long-period (2 
days) reaction of heparin with diazomethane at 20” resulted in the cleavage at O-4 
of the uranic acid residue to give a mixture of methyl cz- and /?-glycosides of N,O- 
methyl di-, tetra-, and hexa-saccharides having a 4,Sunsaturated uranic acid, non- 

TABLE II 

EFFECT OF ADDITION OF ELECTROLYTES ON METHYLATION OF METHYL (2-D-GLUCOPYRANOSIDE WITH 

DIAZOMETHANE IN THE PRESENCE OF WATER 

Electrolyte added Composition of products (%)* 

Terra Tri Di Mono 

Degree of 
methylation 
(%)b 

None 0 17.4 74.1 8.5 52.2 
C,H,,NHSO,Na 0 57.1 42.9 0 64.3 
C&,OSO,Na 0.6 52.9 46.5 0 63.5 
Sodium acetate 1.8 65.5 32.8 0 67.3 
KH,PO,-Na,HPO, 
(PH 8.0) 2.6 63.4 34.0 0 67.2 
KH,PO,-NasHPO, 
(pH 8.0, repeated) 10.3 82.4 1.2 0 75.7 

“Tri, di, and mono-methylated products correspond to Peak Nos. 14, 5-8, and 9-12 (g.1.c.) in Table I, 
respectively. bCalculated according to the equation: (4A + 3B + 2C + D)/400 (%), where A, B, C, 
and D are composition (%) of tetra-, hi-, di-. and mono-methylated products, respectively. 
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Fig. 2. Liquid chwmatopraphv of :t mixture of partial methyl rtht.rs of methyl (I-I)-mannopyrilnosidc 011 

a Hitachi 30.56 UDS column Hith 3: 7 meth;mol-water as Cltwnt (a 1. The peak matcri;lls indic:ltcd I>> !ht> 

hrxc in (;I) wrc’ rrchrom:ltc)~raphctl with I :9 methanol--water iI% ducl~t (I>). 

reducing end-group. The major disaccharides obtained wcrc almost fully mcthyl- 

ated. In the case of the diazomcthane treatment of pectin’. the addition of a sm;tll 

amount of inorganic p’hosphatcs accelerated both cleavage and methylation reac- 

tions. These observations suggested th;it the addition of elcctrolytcs which strongly 

facilitate dissociation may accelerate the mcthylation of mcthvl cu-I>-hex+ 

pyranosides with diazomethanc. A solution of methyl cu-r,-glucoyyr;lnosidc in ;1 

small amount of water was treated with an cxccss diazometh~rnc in dicthyl ether 

with or without clectrolytcs. In each case. the reaction products wcrc ;moIyzcd 

quantitatively by g.1.c.. indicating (Table II) a remarkable cffcct of these clcctro- 

lytes. in particular the incrcnsc of the yield of trimcthyl ethers. 

‘1-o confirm the absence of side reactions, ;I portion of each mcthylated prod- 

uct of methyl cu-r,-hexopvranosides with diazornethanc in the ahscncc of clectro- 
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Fig. 3. Liquid chromatography of a mixture of partial methyl ethers of methyl a-D-galactopyranoside 
on a Hitachi 3056 ODS column with 1:4 methanol-water as eluent (a). The peak materials indicated by 
the brace in (a) were rechromatographed with 3:47 methanol-water as eluent (b). The peak materials 
indicated by the braces I and II in (b) were subjected to l.c. with 3:97 methanol-water as eluent, giving 
Peak Nos. 1 and 2, and 5-7, respectively (c). 

lytes was dissolved in dry dichloromethane, and permethylated with diazomethane- 
boron trifluoride etherate7. G.1.c. and t.1.c. analyses indicated the exclusive forma- 
tion of methyl tetra-0-methyl-cr-D-hexopyranosides, suggesting the absence of side 
reactions during the diazomethane treatment (data not shown). When a solution of 
methyl a-D-glucopyranoside in phosphate buffer (pH 8.0) was treated twice with 



diazomcthane. the yields of tri- and tetra-methyl ethers increased to 82.4 and 
I Ci. 3’L. respectively (Table II). The significant accumulation of the trimethyl ethers 
;1~ compared to the tctrnmcthyl cthors is closely related to their distribution 
coefficient bctwcen water and diethyl ether in the reaction medium, since the 
former are fairly soluble in water. but the latter is not. 

Methyl cl-I>-manno- and n-r,-galacto-pyranosidcs were also partially methyl- 
ated with diazomethnnc under similar conditions. The reaction products were 
acctylatccl and separated by g. l.c. Most of the peaks separated were characterized 
by g.I.c.--m.s. To analyze the composition of the incomplrtcly separated g.1.c. peak 
materials (Peak Nos. 6 and 5, of g.1.c. in Table III, and Peak Nos. 7. 0. 10. and I I 
ofg.l.c. in Table IV). each mixture of the partially methylated products was directly 
subjected to l.c. separation in an ODS column with two sets of eluent (3:7 and I :9 
methanol-water) for the products of methyl cu-r>-mannopyranosidc. and with three 
sets of clucnt (1:4: 3:-!7. and 3:07 methanol-water) for the products of methyl 
a-,r!-gala~topyranosidc (Figs. 2a.b and Figs. 3a-c). 

‘I‘ho l.c. separation of the partially mcthylated methyl n-D-mannopyranosides 
gavr fourteen well-separated peaks (Figs. 2a. b). Each peak material obtained was 
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acetylated and subjected to g.1.c. Peak No. 8 material (l.c.) was resolved into two 
peaks, Peak Nos. 8a and 8b (g.l.c.), and their retention times coincided with those 
of Peak Nos. 6 and 9 (g.l.c.), respectively (Table III). G.1.c. and l.c. analyses also 
revealed that Peak Nos. 6 and 9 materials (g.1.c.) were not homogeneous but con- 
tained Peak Nos. 10 and 6 materials (l.c.), respectively (Table III). As described 
above, all of the theoretically predicted partial methyl ethers of methyl a-D-manno- 
pyranoside were separated and quantitatively determined by g.1.c. and l.c. 

The g.1.c. and l.c. separations of the partially methylated methyl a-D-galacto- 
pyranosides were not as efficient as those of the two aforementioned, partially 
methylated methyl cw-D-hexopyranosides (Figs. 3a-c and Table IV). Peak Nos. ll- 
13 (l.c.) did not correlate with any of the Peak Nos. 2-5 (g.1.c.) because of the 
marginal amounts of compounds (Fig. 3a and Table IV). The elution of Peak No. 
5 (l.c.) was detected as an almost imperceptible shoulder of Peak No. 6, and con- 
sequently the ratio of areas of Peak Nos. 5 and 6 could not be calculated (Fig. 3c 
and Table IV). Since the materials of Peak Nos. 5 and 10 (l.c.) were eluted with 
3:97 and 1:4 methanol-water, respectively, the ratio of these peak areas could not 
be calculated (Figs. 3a, c, and Table IV). 

TABLE IV 

RELATIVE RETENTION TIMES AND RELATIVE YIELDS OF METHYL O-ACETYL-O-METHYL-U-D-GALACTO- 

PYRANOSIDES OBTAINED BY PARTIAL METHYLATION OF METHYL a-D-GALACTOPYRANOSIDE WITH 

DIAZOMETHANE IN THE PRESENCE OF WATER. FOLLOWED HY ACETYLATION 

Peak No. 
(g.1.c.) 

Peak No.~ O-Methyl Relative 
(lx.) group’ yield (%)” 

8 
9 

10 

11 

12 

6.4 
15.4 
17.9 
23.9 
26.0 
30.0 
39.8 

52.7 
59.1 

66.5 

88.1 

100 

c 

e 

F 

e 

9 
10 
5 
8 
7 
6 
2ah 
4 
2bh 
1 

2A4.6 
23 
WA 
2,V 
2,4,6 
3.6 
436 
2.3 
276 
374 
6 
3 

294 
2 
4 

0.1 
4.6 
1.5 
0.5 
0.5 

11.8 
10.91 

9.7 
15.59 

8.0 
7.3 

12.5 
1.7 

15.7 

‘Relative to the retention time (30.8 min) of methyl a-D-galactopyranoside tetraacetate (Peak No. 12) 
on an ECNSS-M column as 100. bSee Fig. 3. ‘Position of O-methyl groups, determined by g.l.c.-m.s. 
dcalculated from the peak areas on gas-liquid and liquid chromatogram; 100% is the sum of all of the 
partially methylated methyl a-o-galactopyranoside acetates. ‘Peak Nos. 11-13 of l.c. (Fig. 3a) were not 
correlated to any of the g.1.c. Peak Nos. 2-5 because of the small amounts of material available. &nce 
Peak Nos. 5 and 10 were eluted with 397 and 1:4 methanol-water. respectively, the ratio of these peak 
areas could not be calculated (see Figs. 3a and c). Gnce Peak No. 6 contains a small shoulder due to 

Peak No. 5, the ratio of the areas of Peak Nos. 6 and 7 could not be calculated (see Fig. 3~). hPeak No. 
2 of l.c. was separated by g.1.c. into two peaks (Peak Nos. 10 and 11 of g.1.c.). 
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TABLE V 

EFl’E(“I‘ OF AIX~ITION 01’ INOKGASIC’ I’HOSI’HAlES ON MT;THYI.ATION CJF MPIHYL ~I-~J-~~~~NSOI’~‘HANOSIIJI~ 

AND n-I)-(iAI.AC-I‘OPYKAN~)SII)~ WII’H IJIA%OMl=~l‘HANE IN THC: PKESFNC’F OF W.I\I‘I:K 

Hexopyranoside crnd l ‘imposition of products I%)” 

elecrrolyre odded 
_. 

Ttwa 7i-i 
_.. “i.. __. 

Methyl n-I,-n~rmnvp?~ruttosirlc 

None I.1 6.5 SO.8 

KH,PO,-Na,HPO, 

(pH X.0) 2.5 38.2 46.4 

KH,PO.,-Na,HPO, 

(pH8.0). repeated 4.6 76.2 19.2 

Methyl rw-o-KuIacrr~p~lrun~).~idr 
None 0. I 7.0 3Y.7’ 
KH,PO+-Na,HPO, 

(pH X.0) 1 .I) 33.3 

KH,PO,-Na?HPO, 

(pH X.0). repeated 1.6 67.7 30.7 
_.. _ __ _-.. _. _... 

Mono 

4.3 40.7 

II 57.6 

II 71.4 

“Terra-. tri-. di-. mono-. and non-methylated products of methyl cr-I,-mannopyranoside correspond to 

Peak Nos. I. 2-S. 6-Y. 10-13, and 14 (g.1.c.) in Tahlc 111. respectively. Tctra-. tri-. and non-methylatrd 

products of methyl n-i,-galactopyranoside correspond to Peak Nos. 1 . Z-5. mti 12 (p.1.c.) in Table rv, 
respectively. Composition of di- and mono-methylatcd products of the latter methyl glycoside was calcu- 

lated from the relative ratio hascd on g.1.c. and l.c. peak areas, as shown in Table IV. “SW footnote h 

to Table II. ‘The relative yield of monomethyleted products (37.7%) is that of a mixture containing a 

dimethyl ether (Peak No. 7 material, Fig. 3~) and. accordingly. that of dimcthytared products (39.7%) 

was obtained by subtracting the dimethyl ether (Peak No. 7) material. %m of di- and mono-methylated 

products. Since l.c. separation of the methylated products obtained by the diazomethane trcatmrm in 

phosphate buffer was not carried out. the relative yields of di- and mono-methylatcd products were not 

calculated uwing to the overlapping of Peak Nos. Y and IO of g.1.c. (see Tat&* IV). “C’ould not bc 

calculated owing to the reason descrihcd in the preceding footnote. 

The data summarized in Table V indicate that the accelerating effect of the 
added inorganic phosphates on the mcthylation of methyl ry-D-manno- and n-l,- 
galacto-pyranosides with diazomethane was remarkablc. and that repeated 
diazomethane treatment in phosphate buffer resulted in the accumulation of the 
trimethyl ethers, as seen earlier for methyl Lu-D-glucopyranoside (Table 11). The 
usefulness of multiple diazomethane treatments in phosphate buffer for preparing 
trimethyl ethers of methyl a-D-hcxopyranosides is evident when compared to previ- 
ous attempts to prepare methyl a-D-hexopyranosidcs with a high dcgrce of mcthyl- 
atio#. Furthermore, a single diazomethane treatment without electrolytes is ;t 
useful method for preparing all of the partially methylatcd derivatives of methyl 
a-D-hexopyranosides which differ in number and position of methyl substitution. 

EXPEKIMENTAI. 

Materids. - Methyl cr-u-glucopyranoside. a-D-mannopyranoside. and WI:)- 
galactopyranosidc were purchased from Sigma Chemical Co. (St. Louis. MO 
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63178). Diazomethane in diethyl ether was prepared from N-methyl-N-nitroso-p- 
toluenesulfonamideg. BF, etherate, purchased from Wako Pure Chemical In- 
dustries, Ltd., Osaka, was purified by distillation before use. 

Gus-liquid chromatography. - A mixture of partially methylated and acetyl- 
ated methyl cy-D-hexopyranosides was analyzed with a Shimadzu gas chromatog- 
raph GC-4BM, equipped with a flame-ionization detector and a glass column (0.4 
x 200 cm), packed with 3% ECNSS-M on Gas-Chrom Q (100-120 mesh). The 
chromatograph was operated for 9 min at an initial temperature of 160”, then in- 
creased to 200” at 2”/min, and held at 200” until the last peak had been eluted. The 
carrier gas was N, at a flow rate of 40 mllmin (at 160”). 

Gas-liquid chromatography-mass spectrometry. - A mixture of partially 
methylated and acetylated methyl a-D-hexopyranosides was analyzed with a Jeol 

JMS DX-300 mass spectrometer, coupled to a gas-liquid chromatograph, equipped 
with the same column as just described. The oven temperature for the column was 
programmed from 160 to 200” at 2“lmin. The ionization voltage was 20 eV. 

Liquid chromatography. - Liquid chromatography was performed with a 
chromatograph equipped with a liquid-delivery pump (NP-DX-5, Nihonseimitsu 
Co., Tokyo) and refractive-index detector (Shodex RI SE-ll), at a pressure of 10 
MPa. A mixture of partially methylated methyl cY-D-hexopyranosides was separated 
in a stainless-steel column (4.6 x 250 mm), packed with Hitachi 3056 ODS (4-6 
pm) adsorbent, at room temperature, with aqueous methanol as eluent at a flow 

rate of 0.9 mUmin. 
Thin-layer chromatography. - T.1.c. was performed on silica gel plates with 

1:19 (v/v) methanol-ethyl acetate as solvent. The plates were sprayed with 0.5% 
orcinol in 2~ HISO,. 

Preparation of a mixture of partially methylated methyl a-D-hexopyranosides. 
- To a solution of methyl a-D-hexopyranoside (20 mg, 0.1 mmol) in water (0.2 
mL) was added a solution of diazomethane in diethyl ether (-20 mL), freshly pre- 
pared from N-methyl-N-nitroso-p-toluenesulfonamide (3.5 g). The mixture was 
stirred for 48 h at 25”, and diethyl ether was evaporated. Methanol (1 mL) was 
added to the residue, and an aliquot (0.1 mL) was transferred to a test tube 
equipped with a screw cap. The solvent was evaporated to dryness, the residue 
acetylated with 1: 1 (v/v) pyridine-acetic anhydride (0.6 mL) for 1 h at loo”, and 
analyzed by g.1.c. Another aliquot (0.8 mL) of the mixture was separated by re- 
versed-phase I .c. 

Methylation of methyl a-D-glucopyranoside with diazomethane in the presence 
of electrolytes. - Methyl cY-D-glucopyranoside (20 mg) was dissolved in a solution 
(0.2 mL) containing sodium cyclohexylsulfamate or sodium cyclohexyl sulfate (0.1 
mmol), or in 0.5~ acetate buffer (pH 8.0, 0.2 mL), or in 0.1~ phosphate buffer 
(pH 8.0,0.2 mL). Each of the solutions was methylated and acetylated in the same 
manner as described above, and analyzed by g.1.c. 

Repeated diazomethane treatment in the presence of inorganic phosphates. - 

A mixture (corresponding to 18 mg of starting methyl cx-D-hexopyranoside) of par- 



tially methylated products, prepared in the presence of inorganic phosphate, was 
dissolved in 0.1~ phosphate buffer (pH 8.0, 0.18 mL) and the solution methylated 
with diazomethane in diethyl ether (-18 mL) for 48 h at 35”. The mixture was 
acetylated in the same manner as described above and analyzed by g.1.c. 

Permethylation of a mixture of partially methylated methyl cu-D-hexo- 

pyranosides with diazomethane-boron trifiuoride etherate in dicltk(~ronzetharte. - A 
dried aliquot (corresponding to 2 mg of starting methyl a-I>-hcxopyranoside) of a 
mixture of partially methylated methyl cy-o-hexopyranosides, prepared in the ab- 
sence of electrolyte, was dissolved in dichloromethane (0.4 mL). To the solution 
were added a solution of diazomethane in dichloromethane (3 mL), freshly prc- 
pared from N-methyl-N-nitroso-p-toluenesulfonamide (0.5 g), and 40 PL of a 
catalyst stock solution that contained freshly distilled BF, etherate (0.1 mL) in dry 
dichloromethane (10 mL). The solution was stirred for 30 min at -5”. The reagent 
and solvent were evaporated, and each residue was analyzed by t.1.c. and g.1.c. 
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