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) Trea.tment of methyl - and {S—B—glucopymnomdes methyl - 3nd ,B-D gala.etopyranomdes, and methyl G=D- ..

mannopyranoside with 1,.2, or 3 molar equlv of mesyl chloride at low. temperature afforded mixtures of mesyl =~
esters of which the major and some of the minor components were identified. The enhanced reactivity of the

; C—2 hydroxyl in ac—glvcomdes has Lot been observed for the g- glycomdes of giucose and galactose

In. part I of thls deries, 12’ we described the prepara— :
 tion in good yield of: crystalline’ methyl 2,6-di-O- -
mesyl-a-p-glucopyranoside (1) by a one-step Teaction
This compound
has proved to be a useful intermediate and in an at-

from methyl a-p-glucopyranoside:

tempt to obtain othe_r_readﬂy available and partially
substituted glycosides and t0 examine the - factors

controlling the relative reactivities of the ring hydroxyl -
groups, we have extended the selective mesylation:

" technique to other glycosides.  This paper describes
the results obtained with the methyl «- and §-glyco-

pyranosides of p-ghicose. and p-galactose and . with =
These results are sum-.

methyl e-D=mannopyranoside.-
marized in Table 1.

The mesylations were earried Gut by slowiy addmg_" . _
mesyl chloride to a solution of the glycoside in anhy-.

- drous pyridine at --20 to —40°. In an attefapt to
increase the selectivity, mesylations were also attempted
at about 60" in mixtures of pyridine and triethyl-

amine and of pyridine and dmaethylformamlde but no_'

significant difference could be observed.

From the reaction of methyl oz-D-qu.copyranomde_ )

with 1 equiv of mesyl chloride, methyl 6-O-mesyl-a-

p-ghicopyranoside (3) was obtained as the major prod-

net. TIts structure was established by acetylation to
give  methyl 2,34-tri-O-acetyl-6-0-mesyl-o-p-gluco-

pyranoside, previously deseribed by Cramer, ef al.®
Beveral attempts to obtain the yields reported by’

these workers for the preparation of this compound

by a monomolar mesylation of methyl e-p-glucopyranc--. )
side followed by acetylation of the reaction mixture

were unsuccessful.  Although a crystalline product

(1) (=) Part I: A. K. Mitra, D, H. Ball, and L. 'L.ong,' .Tr.,. J. Org.
" Chem., 27, 160 {1962). (b) Supported in part by the Army Research Office
(Durham).

" (2} (a) B. Helferich and A, Gnuchiel, Ber TiB, 712.(1938): (h) ¥. Cra.- :

mer, H, Otterbach, and H. Springmann, 'zb:d 92, 384 (1059).

was obtaired in good yleid, this invariably proved to
be "a. mixture’ of * compounds.? Methyl  2,3,4-tri-O-
acetyl-6-0-mesyl-a-p-glucopyranoside could be ob-
tained pure by several réerystallizations but the over-
all yield, even after fractionation of the mother liquors’
on silies gal, was no more than 509.:

CH,OR:

- Ho-

OCHa"'_Rz'
i. R, = Ry = SO,CH; - 4 R, =S0,CHy, Ra e H
2 R, '=S0,CH;, Rp=H 5 R, =Rp=50,CH; -

3 R=H, R, SO,CH; € R =R =H .
. CH,OMs
MsO- 0
" RO :
1 OCH,
L ORy : : . OR
7 R, = 50,CHy, R, = H- 9 RrR=H

8 R, = R, = 50,CH;.

0CH;

CH,0 -

i ' 12 R £H, R,=0CH,
= I3 R, =0CH;, Rp=H

{8) Among those identified were the diacetate of 1, methyl 2,3,4,6-tetra-
O-acetyl-o-p-glucoside, and methyl 6-chloro-G-deoxy-2,3,4- trlwoAacetylwcz-
D-giucoside,
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_ PRODUCTS FROM SELECTIVE MESYLATIONS
R Moles of ‘ Ieotated . . g )
Methyl p-glycoside mesyl chloride Crystalline produet vield, % Crystalline derivative
- a-Clucopyranoside 2 2,6-Di-0-mesyl® 51 . 2,6-Di—0—mesyl—3,4—di~0—meti1yia T
: o1 2,6-1i-0-mesyl 0 3,4-Di-0-acetyl-2,6-di-0-mesyl
' 2-0-Mesyl® . - 2.5 '
. o o 6-0-Mesyl - 20 - 2,3,4-Tri-0-acetyl-6-0-mesyle
g-Clucopyranoside : 2 Tri-0-mesyl’ 3 - Lo :
' : S 4,6-Di-0-mesyl. 13 4,6-Di-0-mesyl-2,3-di-0-methyl
2,6-Di-0-mesyl 4 ) 2,6-Di-0-mesyl-3,4-di-0-methyl
Di-0-mesyl 4 )
o o 6-0-Mesyl." -4 . _ : :
e-Mannopyranoside - : 3 2,3,6-Tri-O-mesyl -~ 41 2,3,6-Tri-G-mesyl-4-0-methyl
a-Galactopyranoside - 3 2,3,6-Tri-0-mesyl - 80
2 " 2,3,6-Tri-0-mesyl 0 S ' o T
: " 2,6-Di-0-mesylé 20.  3,4-0-Isopropylidene-2,6-di-0-mesyl
o . . 2,6-Di-O-mesyl-3,4-di-O-methyl
: AR © 3,6-Di-O-miesyl -4 . 3,6-Di-0-mesyt-2,4-di-O-methyl
g-Galactopyranoside ° 2 3,6-Di-0-mesyl - 26 o 3,6-Di-0-mesyl-2,4-di-0-methyl e

e Seerefl. ¢ Seeref 13, ¢Beeref2. dBeerefd.
Treatment of 1 with alkali gave crystalline methyl
3,6-anhydro-2-0-mesyl-a-p-glucopyranoside (4) in 609,
yield. Tts structure was established by mesylation”
which gave methyl 3,6-anhydro-2,4~di-O-mesyl-a-D-
glucopyranoside (5).. This was also obtained by
mesylation . of methyl 3,6-anhydro-e-p-glucopyrano-
side (6) which was prepared by alkaline saponification .
of 3. R ; L
 The physical constants of 4 were found to have
changed after the compound had been stored at room
temperature for several months and the nmr spectrum '
indicated that a pyranoside to furanoside rearrange-
ment had oceurred to give methyl 3,6-anhydro-2-
O-mesyl-a-D-glucofuranoside -~ (7). -, Mesylation of 7
gave, in 78% yield, a crystalline methyl 3,6-anhydro-
di-Q-mesyl-a-v-ghtcoside which' was different from 5
and which probably had the furanose structure 8. -
Dimolar mesylation of methyl 8-p-glucopyranoside
- proved to be much less selective than for the « anomer. '
The major product was shown to be methyl 4,6-di-
O-mesyl-3-p-ghicopyranoside (9) since methylation
gave a crystalline dimethyl ether which was identieal
with methyl 4,6-di-O-mesyl-2,3-di-O-methyl-g-p-gluco-
pyranoside (10), prepared by an unambiguous route.
Trom the methylation of 9 at room temperature with
methyl iodide and silver oxide in dimethylformamide,

a second erystalline product was obtained and was

tentatively, identified as methyl 3,6-anhydro-4-O-
mesyl-2-0-methyl-8-p-glucopyranoside (11).¢ _

A second methyl di-O-mesyl-8-p-glucopyranoside!
was probably the 2,6 isomer. 1t afforded a crystalline
dimethyl ether which gave two products when treated
with alkali.  These were separated by chromatography
on siliea gel and the faster moving, which contained
no hydroxyl or sulfonyl groups, gave a mass spectrum
with a molecular ion peak at m/e 204 and showed a
similar fragmentation pattern to that of methyl 2,6-

(4) During this work, it was observed that when methylations were -
carried out in dimethylformamide at room temperature, two side reac
tions were possible if the appropriate structures were present: (a) 3,6-
anhydro ring formation, and (b) conversion of a primary mesyloxy group
t¢ & methoxy group., Although of some diagnostic value, these side reac-
tions lower vields and could be greatiy reduced by carrying out the methyla-
tion at 0° and by working up the reaction as soon as it was shown to be
compiete by tle.

CH,0

anhydro-3,4-di-O-methyl-a-p-mannoside (12)* and. is -
therefore probably the 8 anomer 13. o S

The  mono-O-mesyl derivative was shown to be.
methyl  6-O-mesyl-g-p-glucopyranoside since it was
readily converted to the known methyl 6-deoxy-6-

" jodo-A-p-glucopyranoside by treatment with sodium

iodide in dimethylformamide. The third di-O-mesyl’ |
derivative’ and tri-O-mesyl derivative were not iden-
tified. - ' _ : T

‘Methylation of the inéthyl. tri-O—iﬁesyl'—a—D?manno.— ’ )

pyranoside, the major product from di- and trimolar. -

mesylations of methyl o-p-mannopyranoside, gave a.
crystalline methyl ether but attempts to saponify this -

resulted, not unexpectedly, in decompeosition and the: - ;

formation of complex mixtures. The methyl ether:

OH

RO
OCH; .

I
@
L
=
"
0
")
[

14 R=C ;
I5 R =H i7 Ri'= Ry = R3 = SOCHs °
b o 1B R = Re-= S0LHs, Rs= H
B 19 R =H; Ry *Ra = SOCH
CoocHy

0o

20 R = SOCH; -

21 ER
was found to be identical ‘with methyl 2,3,6-tri-O-
mesyl-4-O-methyl-a-D-mannopyranoside (14) which was

(5) E. D. M. Eades, D. H. Ball, and L. Long, Jr., J. Org. Chem., 80,
3040 (1965). . ) .

8) Methyl 2,3-di-0-mesyl-g-p-glueopyranoside, prepared by mesylation
of methyl 4,6~0Aet.hylideneﬁ-n—glucopyranoside, iollowed by hydrolysis-
with Dowex 50W (H*) resin, was found not to be identical with this com=~ -
pound.

= SOCHs, Ry = H'
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prépared by m’éSylé,tion: of the known methjl' 4-0-.

methyl-e-pD-mannopyranoside.” . " The methyl tri-O-
mesyl—a'—D—mannopyranoside was therefore the- 2,3,6

-isomer 15 which is ana.logoufi to the tribenzoate Te-

cently reported.®

. The tri-O-mesyl derivative obtained from the mesy-
- lation’ of methyl e-p-galactopyranoside was shown to
be the 2,3,6 isomer 17 since monomolar mesylations
of methyl 2,6-di-O-mesyl-a-p-galactopyranoside (16)9

and of methyl 2,3-di-0-mesyl-e-p-galactopyranoeside -

(18); prepared by an unambiguous route, both gave 17.

" This isomer is that expected by analog:y with selective

benzoylation results.®

In addition to 16, a .second methyl dl—O-mesyl—a-m '

galactopyranoside was obtained in: about 49 yield

from ‘the dimolar mesylation. - It was shown to be the
3,6. isomer- 19 gince it wag different from 16 and- 18 -

and since monomolar mesylation again gave 17. A
third erystalline di—O—meSyl derivative: was not char-
. acterized.

_ \Iethylatlon of 19 ga,ve a crysta,ﬂme dlmethyl ether'_
~ in good yield but'room temperature methylation of 16 -
afforded a - crystalline: snhydro comipound in addition *.

to the expected - dimethyl ether. The anhydro com:
pound . was ‘shown- to be methyl. 3,6-anhydro-2-0-

" mesyl—4—0-methyl-—aén-galactcjpyranoside (20) since re-

duction with lithium aluminum hydride gave the known

methyl 3 G—anhydro—éc O—methyl-a—D~g&1&ct0pyran081de |

(21).10- _
From the dimolar mesylatlon of methyl ﬁ~D—gala.ct0—

pyranoside, a crystalline di-O-meésyl ester was obtained, _.

in 26%,. yield. This gave a crystalline dimethyl ether

‘which, " when treated with alkali, gave the known
methyl 3 6—-a,nhydro-2 4-di-0 -methyl—,ﬂ-n—gajactopyran- '
oside  (22)1.in 39%, yield. The methyl dl—O—mesyl- '

- B-p-galactopyranoside was therefore the 3,6 isomer and
the saponification results indicate that the mesyl group
at C-3 is hydrolyzed at least as rapidly as that at €-6.:

In contrast to the good yields of the useful 2,6-
dimesylate (1), readily. obtained from methyl . e-n-

glucopyranoside, - the "above results - are . somewhat

disappointing from & preparative viewpoint. Methyl
3,6-di-0-mesyl-g-np-galactopyranoside may be the most

useful intermediate arising from this work. For the -
a-glycosides examined, the C-2 hydroxyl is the most-
reactive of the ring hydroxyls, as would be expected

from previous work. However, this was not found to
hold for the ftwo g-glycosides. examined which have
equatorial methoxyl groups at C-1 in the preferred

conformations.. Clearly, more than one factor controls

the relative reactivities of the ring hydroxyls but more
examples- must be 1nvebt1ga.ted before genera.llza,tlons
. are possible.

Selective mesylation results W1th ‘some - methyl_

: pentosxdes will be reported in part III of this series,

_ Expenmental Sec’cwn12
- Procedure for Selective Mesylaﬁons ~~The methyl egcos1de

was dissolved in Amhydrous pyrzdme (7—8 ml/g of glycos;de) and

LN W N. Ha.warth L N. Owen, and F. Smith, J. Chem. Soc,, 88 {1941).
8) A. C. Rmhardson and J. M. Williams, Chem. Commun. (London), .

104 (1965), .
M AL B Foster, W. G O\erend M. .Stacey, and L. F. Wiggins, J
Chem. Soc., 2542 (1949). . . - o
{H})} P. A. Rac and F. Smith, iind 229 (1044).
{11} W. N Haworth; J. Jackson, and F. Smith, 1b1d 620 (1940)
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" the solution was Iexternally ‘conled to —40° .With.Dry Tce—ace-

tone. Mesyl chloride was added dropwise during 1-2 hr and the
temperature was maintained below —20°.. The reaction mix-
ture was stored at —20° for 24 hr and any pyridine hydrochlo-
ride that formed was then removed by filtration. The solution
was allowed to stand at room temperature for 24 hr and then con-
eentrated to remove most of the pyridine. Where advantageous

(e.g., with tri-O-mesyl derivatives which are readily soluble in

chloroform), the reaction mixture was partitioned between chloro-~
form and water a6 this stage and in other eases, the mixture was
fractionated by eolumn chromatog’raphy on mhca. gel using the

_ solvent indicated by tle.

Monomolar Mesylation ' of Methyl a—n-Giuccpyranomde —
Treatment of methyl a-p-glucopyranoside (40 g) with 1 equiv of
mesyl chloride afforded a thick syrup which was fractionated on
a column of silica gel (800 g) with methyl ethyl ketone as solvent.
Fractions were collected and combined acoording to the results

-of tle (methyl ethyi ketone) and three main fractions were ob-

tained. .
Fraction 1 (4.6 g) crystallized and recrystallization from water

gave component A which was shown by melting point.and mixture

" melting point: to be identical with methyl 2,6-di- O—mesyl—a~D- o

glucopyranoside {1).1.

Fraction 2 (10.1 g) was & mixture 6f tlirbe main components
{A, B, and C).

Fractlon 3 (11.9 g) crystallized and recrysta.lhza.tmn from 1-

propanol gave component C (9 1 g) with mp 99— 101“, [ac] 205

+115° (e 1.1, water):.

Anal. Ca.lcd for CeHy0:8: C, 35.29; H, 5.88; B, 1T 76
Found: C, 35.46; H, 5.83; S, 11 43

Refractionation of fra.etlon 2 on a column of- sﬂiea. gel (4-.)0 )
‘with methyl ethyl ketone as solvent afforded additional amounts

- of component A (2.7 g} and component, C (2.3:g). . Component
B (1.4 g) was also obtained crystalline and after recrystalliza-

tions from ethanol and' I-propancl had mp 113-116°, not de-
pressed by admixtwre with authentic methyl: 2- O—me;yl—a:—n-

ghucopyranozside (2), [a]®p 41187 (e 0.8, chloroform), in good

agreement with values previously reported 13

Methyl 3,4-Di-0-acetyl-2,6-di-O-mesyl-e-p-glucoside. ——Acety— '_

lationof 1 (10 g) with pyndme and acetic anhydride at room tem-

perature gave a sirupy product which was purified by chromatog= .

raphy on a column of silica gel using chloroform-ethyl acetate
(3:7) as eluent.. The chromatographieally pure product crystal-
lized after several months and recrystallization from ethanol

. afforded 9.8 g (759 o). with mp 143.5-144.5° [ 1%p +122° (e L. 7

chloroform).
Anal Ca,lod fOI' CmanOmSg C 35. 94 II 507 S 14, 74

Found: C, 35.78; H, 511 8. 14.00.

Methyl 2,3,4-Tri- O—acetyl - O—mesyi—a D-glucomde ~—Acetyla-

tion-of compone_nt. C {from the above monomesylation} (2.0 g) -
" with acetic' anhydride and pyridine at room temperature gave a

syrupy product which was purified by chromatography on a col-

umn of sifica gel with benzene—ethanol (97:3) as solvent. The .

purified acetate crystallized and after recrystallizations from hen~
zene and from ethanol, the product (2.1 g, 7267%) had mp 115-
116°, [«]®n +143° {¢ 1.0, pyridine) .

‘Anal. Caled for CHH}QOHS C, 42.21; H, 5. 53 3, 8.05.
Found: C, 42.39; H, 5.67; 8, 7.97.

A sa,mple of methyl 2,3, 4—tr1—0 acetyl-6- O-mesy1~cx-n—g1u0051de,

‘prepared according to the procedure of Cramer, ot al.,® was
- shown to be identical with the above product by mixture me}ting..

point and by comparison of their infrared and nmr spectra.

(12) SBolutions wers doncentrated ‘under reduced pressure. Melting

points were determined with a Thomas—Hoover capillary. melting point
apparatus and optical rotations were messured using an ETIL-NPL auto-
mstic ‘polarimeter, Infrared spectra were recorded on a Perkin-Elmer

" Infracord spectrophotometer and nmr spectra. were recorded on a Varian

Model A-60. spectrometer.” Ascending thin layer chromatography (tle)

was performed on 0.25-mm layers of silica gel G (distributed by Brinkmann .

Instruments, Ine., Great Neck, L. I., N. Y.). Tor the detection of spots,
the plates were sprayed suceessively with a 1% solution of a-naphthdl in
ethandl and with 10% sulfurie acid and were then heated. Silica gel column
chromatography was performed on a siliea gel, grade 950, 60-200 mesh

from the Davison Company, DBaltimore 3, Md.,, or on silica gel, Woelm ac-.

tivity grade I, for absorption chromatography (distributed by Alupharm
Chemienls, New Orleans, La.). The microansglyses were done by Mr. C.
DiPietro, the amr spectra by Mr. F. H. Bissett, and the mass spectra by
Mr. M. L. Bazinet, all of these laboratories,

(1958).

(13) R. W. Jeanlez and D. A. Jeanloz, J. 4dm. C’hem Soc 80, 5692
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Methyl 3 6-Anhydro-2 2-di- O—mesyl—a—n glucopyranos1de (5).
—To a solution of 3 (3.1 g) in ethanol {25 ml) was added 1 ¥ so-
dium hydroxide (12 ml), and the solution was hesated at 80° for
1 hr. The solution was then cooled, neutralized (solid carbon
dioxide), and concentrated, and the reSIdue was extracted with
hot acetone.
which crystailized and recrystailization from ethyl acetate gave
pure methyl 3,6-anhydro-e-p-glucopyranoside (6) (1.1 g, 55%)
with mp 108°, [«]®p +52° {¢ 1.0, water).

Treatment of this compound w1th mesyl chloride in anbydrous
pyridine at 0° afforded & crystalline di-O-mesyl derivative in
739% vield. Reerystallization from ethanol afforded pure methyl
3,6-anhydro-2,4-di-O-mesyl-e-p-glucopyranoside - (5) with mp
158-159.5°, [a]®p +64° {¢ 0.8, chloroform,.

- Anal. Ca,led for CgHmOgSz C, 32.53; H, 4. 82; S 19.28.
Found: C, 32.37; H, 4.83; 3, 19. 09

Methyl 3,6- Anhydro 2- O—mesyl—a—z)-glucopyranomde (4) —A

solution of 1 (8 4 g) in ethanol {160 mt) and 1 N sodium hydroxide

{30 ml} was heated at 65-70° for 2 hr. The solution was then.

cooled, neutralized {solid carbon dioxide), and concentrated, and
the res1due was extracted with hot scetone. Concentration. of

the extracts afforded a syrup which erystallized, and recrystal--

lization from ethanol afforded a methyl anhydro-O-mesyl-a-p-

glucoside (3.6 g, 60%;) with mp 116-118°, [o]®p +77° (¢ 1.3,

water).

Anal: Calcd for CEH14O7S C 37. 79 H,
Found: ¢, 37.74; H, 5.57; 8, 12.69.

Treatment of this CO]’I’IpOIlﬂd with mesyl chlorlde in anhydrous

~ pyridine at 0° afforded in 909 yield, a erystalline-methyl anhy-

drodi-O-mesyl-a-p-glicoside with mp  158-159.5 s,
{e¢ 1.1, chloroform).
with 5 (see above) by mixture melting pomt and by compar ison
of theirinfrared and nmr qpectla

51 'S, 12. B0;

 Rearrangement of 4.—After 4 had been stored at room tem-'
perature for 6 months, it was observed that its physical con- -

stants had changed to mp 92-93°, [a]®p +162.5° (¢ 1.2, water),
although no decomposition appeared to*have océurred, and the
nmr spectrim was cobsistent with. a. pyrancside — furanosuie
rearrangerent. Treatment. of the rearranged  product with
mesyl chloride in anhydrous pyridine at 0° afforded a crystal-
line product: in 78% yield which, after recrystallization from

ethanol, had ‘mp 88-00°, [a]®¥D Jr].72° (e 1.2, chloroform), and
- whiclr is probably methyl 3 6—3.nhydro—2 5- dl-O—mesyl =D~ giuco— ;

furanoside {8).:
Anal.. Caled f01 CgHmOgSz
Found: C, 32.75; H, 5.01; 8, 19. ]3

Dimolar Mesylatmn of Methyl B-D- Gluco;syranosxde —Exami—-

nation by tle (ethyl acetate) of the product from-a dimolar mesy-
lation of methyl 8-p-glucopyranoside {14 g} indicated that at least

six components were present and the mixture was [ractionated on. .

a column of silica gel (700 g) with ethyl acetate as eluent.

Fractlon 1 (2.4 g) was & mlxture of two components A a.ﬁd_ '

B.

Fractmn 4 {0 4-g) conts,med mainly component B whlch crys-

- After 1ecrystaliu.a.t10n from ethanol, component. B
- (0.3 g} had mp 168-170°, {a]*p -+4.8° (¢ 1.0, acetone) :
X Anal. Caled for CmeO;st C 28 04 H 468 S 22 43,
Found: C, 28.21; H, 4.91; 5, 22. 15

Fraction3 (5.0 g) contamed four componénts (B G, D and E),

. tallized.

two of which erystallized. After fractional crystallmatlons from

sthanol, compenents D and E were each obtained in pure form
and both showed (,orrect a.ualyaes for methyl dl—O—mesylhexo—
sides.

Component D (0.8 g) had mp 163.5-164°, [a] 21D —23° (c 1 G,
water). .

Anal. Calcd for CgHmOmSa C, 30.85; H, 5 14; S 18.28.
Found: C, 31.08; H, 5.12; 8, 18.49. .

Componeﬁi B (2 8 g) had mp 140—142°, el 211) —8.0° (c 1 0

water).
Anal. Ca,lcd for CQHmOmSz C, 30 85; H, 5]4 8, 18, 28
Found:. C 30.98; H, 5.22; B, 18. 39

Fraction 4 (4.0 g) was a ml}.ture of two components E and F.
Fraction 5 (0.9 g) contained component F which crystallized

and was recrystallized from 1-propa.n01 yleld 0. 8 g, mp 138°,
[ec] 2. —28° (e 2.0, water).

Anal. Caled for CH,0s8: C, 35.20; H, 5.83; 8, 11 76.
- Found: C, 35.22; M, 5.84; 8, 11 73 ’

Fractions 1 ahd 4 were combmed and refractmna,ted on a eol— .

umn of gilica gel (400 g) and component C was obtained erystal-
" line in a yield of 1.1 g.

CHALK Baui, AND LoNG -

Concentration of the extracts afforded a syrup

" a- D—mannopyranoslde (12).5
[al®n --63° . ponent D is probably methyl 2,6-di-0-mesyl-g-n-glucepyrancside..

-This eompound was shown to be ientical’

C 3253 H, 4.82;: S 1928 .
: " lized from éther—hexane:

After recrystallization from ethanol, .

~Vor. 31

component C had wp 124—125", [aiﬂln —6 7° (e 1.0, Water}, and
gave an analysis indicafing s methyl di- O-mesylhex051de o

Anal. Caled for CoHiOul: C, 30.85; H, 5.14; 8, 18. 28
Found: C, 30.86; M, 5.16; 8, 18.43.

Methylatlon of Component D.—Component D (0.45 gy was
dissolved in anhydreus dimethylformamide {5 ml) and to the
solution was added methyl iodide (1 ml} and silver oxide (1 g),
and the mikture was stirred magnetically at room temperature’
for 24 hr in the absence of light. Solids were removed by filtra-.
tion and washed with dimethylformamide. The combined fil--
trate and washings were concentrated to a yellow residue which
was extracted with chloroform. Coneentration of the extracts -
afforded a syrup which erystallized and recrystallization from -
ethanol “afforded 0.29 g (63%) Wlth mp 1{}9~110" and [« 2313 '
—18° (¢ 1.0, chlorcform).

Anal. C&lcd for CnHﬂzOmSz C 04 91 H 5 86 S 16.94.
Found: C, 35.04; H, 5.96; 8, 16. 96

Treatment of a portion {100 mg) of this product with 1 N
sodium hydroxide at 95° for 17 hr gave two products (tlc. in
ether). * The hydrolysate was deionized {Amberlite MDB 3 resin),
concentrated, and fractionated on a column of gilica gel with
ether as etuent. The faster moving component was isolated in
tow yield as.asyrup {8 mg) which had [«]®p —105° (¢ 1.0, chloro-
form) and gave an orange-red spot on thin liyer plates with the
e-naphthol-sulfuric acid reagents. The infrared spectrunt indi-
cated the absence of sulfonyl and hydroxyl groups..- The mass

" spectrum gave s molecular lon peak at m/e 204 and was very,

similar to the spectrum of methyl 2,6-anhydre-3,4-di-0-methyl-
These results indicate that com-

Methylation of Component E.—Component B (1.6 g} was
methylated as deseribed above. = Examination of the resultant,

syrup (1.5 g) by tle {ethyl acetate) indicated two miain products

and the syrup was fractionated on a column of Woelm silica gel
{130 g) with et.hyl acetate as solvént.

The faster moving component orystaihzed and was 1eervsta¥—
lized from ethanol: yield 0.54 g, mp 88~89 5°, {a]ﬂD —28° (¢~
1.0, chloroform). .

Anal Caled for CnHﬂOmSz ‘C, 34. at;” H
Found C, 35:13; H, 5.84; 5, 16.84. :

This product was shown to be identical mth methyl 4,6- dinO~

5.86; 8, 16.94,

. hesyl-2,3-di-O-methyl-g-p-glucoside (10) (see below) by meltmg
point and mixture melting point and by eompa.rlson of their mfra,-

red and nmr spectra.

The slower moving component crvsta.lhzed and was reerystal- :
yield 0.23 g, mp 60——61 5°, [a]211)
—112° (¢ 0.7, chloroform). . :
- Anal. Calcd for CyHisO:5:  C, 40. 30 H 597, 8, 11 94 :

~Found: C, 40.65; H, 6.10; 8, 11.86.

* The ana,lyms, mfra.red and nmr spectra tentatlvely :dentlﬁed :

- this compound as methyl 3,6-anhydro-4-O-mesyl-2-0-methyl-g-

n-glucopyrancside (11)..
Synthesis . of Mefhyl 4, 6~D1—O—mesy! 2 ,3-di- O-methyi—ﬁ—n— '

'glucopyranosﬁe —Methyl 2,3-di-0- methyl 8- -glucopyranc-

side,* mp 54-57° and [o]*D —36° (¢ 0.6, chloroform), was pre-..
pared from the 4 6-O—ethylidene derivative!® by treatment with
Dowex 50W (H*) resin in methanol at-50° for 5 hr.. A solution
of the glycoside (1.1 g} in anhydrous pyridine (15 ml) was treated
with mesyl chioride (2 ml) at 0°: After purification by chro-
matography on a column of silicd gel (100 g) with ether as eluent,
the product, erystallized and, after recrystallization from' etha-"-
nol, had my 88-89.5°, [a]%®Dp —28° (¢ 1.0, chloroform). -
Anal. Caled for CqugOmS» C, 34 91 H 5.86; S, 16. 94
Found: C, 35.15; H, 5.92; S, 16. 78 :
IdentLﬁcat;on of Component F.—Treatment of the methyl 0=
mesyl-g-p-ghicopyranoside. (component T} (0.30 g) in dimethyl--
formamide {5 ml) with sodium iodide (0.18 g} afforded methyl 6-"
deoxy-6-iodo-g-n-glueopyranoside in 53% yield, mp 157-158°,
[a}?n —16.2° (¢ 1.0, water). Raymond and Schroeder!s re-
port mp 157-1568° and. [«]®p: —17° {¢ 5.0, water) for methyl 6-
deoxy-6-iodo-g-p-glucopyranoside. Component F is therefore
methyl 6-0-mesyl-g-p-glucepyrancside. e
. Selective Mesylation of Methyl . e-p-Mannopyranoside —
Treatment of methyl a-p-mammopyranoside (25 g) with 2 equiv
of mesyl chloride afforded a syrup which contained three main

(14} J.W.H Oldbam, J. Am. Chem. Sac.. 56, 1360 (1988).”

a {15) R. L. Mellies, C. L. Mehltretter, and C E. Rist, ¢bid., 78, 294'

(1061).°
{16} A. L. Raymond aad E. F. Schroeder ibid., T0, 2785 (1948)
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components (tle in ‘methyl ethyl ketone). Fractionation on a

column of silica gel (800 g) with chloroform—methyl ethyl ketone

{(11:9) as solvent afforded the fastest moving eompound in erys-
talline form. After recrystallization from ethanol the yield was
7.9 g, mp 1568-160°, [a]%p 4-32° (¢ 1.7, pyridine).

Anal CH;ICd fOT CmHzoOlez C 28 04 H 4. 68 S 22.43.
Found: C, 28.23; H, 4.72; S, 22. 57

The other components of the mixture, probab]y dl-O-mesyI

- esters, could rot be obtained pure and were not further examined.

Since a tri-O-mesylmannoside was formed in.moderate yield

from the dimolar mesylation, methyl a~p-mannopyranoside was

treated with 3 equiv of mesyl chloride under the above conditions
and the crystalline ester was obtained in 4197 yield.
Methylation of the Methyl T1i-0-mesyl-o-p-mannopyranoside.

-—To a solution of the above methyl tri-O-mesyl-a-p-manno-

pyrancside (6.5 g} in dimethylformamide (100 ml) was added
methyl iodide (12 ml) and silver oxide (12 g) and the mixture was
stirred magnetically in the dark at 0°.4 After 5 hr, tle (ether-
methyl acetate, 4:1) indicated complete methyla,tlon and the
mixture was ﬁitered the residue was washed with dimethylform-

amide, and the ﬁlt-ra.te and washings were concentrated to asyrup. -

which was extracted with chloroform. Coencentration of the ex-
tracts afforded a syrup which crystallized: yield 4.2 g, 639.
After two recrystallizations from ehloroform-hexane, the prod-
uct. had mp 105-108°, [«]®p +43° (¢ 1.0, chlovoform).

. Anal. Caled for 011H22012S3 C 29. 86 H 4, 98 S 21.72. E
Found: C, 30.14; H, 4.98; 8, 22. 05 . _
An attempt to remove the mesyl groups by a,lkallne sapomﬁca.—-
. tion resulted in extensive decomposition.
Synthesis of Methyl 2,3,6-Tri-O-mesyl-4-0-methyl-o-p-man- - .
noside.—Methyl 4- O—methyi—a-b—ma.nnopwanosxde’ was treated
with excess mesyl chiloride, affording the tri-O-mesyl derivative’

in 77% yield, after reci‘ysta.].[ization from chloroform-hexane:
mp 105-107°, [o«]*n +38° (¢ 2.0, chloroform). This eompound

was shown by mixture melting point and by comparisen of their
infrared and nmr spectra to be identical with the product ob--

tained by methylation of the methyl trl—O-mesyl-a—D-manno—
pyranoside. :

. Dimolar Mesylation of Methyl a-n- Galactopyranosxde —Treat-- '
" -ment of anhydrous methyl e-p-galactopyranoside (10 g} with 2.

equiv of mesyl chloride afforded 2 syrup which was fractionated

on & column of siliea gel (800 g ) with chloroform~methy1 ethyl

ketone {1:3} as solvent,
Fraction 1 (2.5 g} contained one component which crystalhzed

* Recrystallization from ethancl afforded a tri- O-mesylgalacbomdé
(2.3 g, 10%,) with mp-168.5-169.5°, [«]®p +108° (¢ 1 0, PYyTi=,

dine). .
Anal.: Caled for CsznO{zSz C, 28, 04' H, 468‘ 8, 29,43

“Found: C, 28.13; H, 4.70; 8, 22. 37 )
Fractlons 2,3, and 4 (9.3 g) were crystalline baf not homogene— S
ous and tle (ethyl acetate or chloroform-—methyl ethyl ketone,.

1:3) indicated at least four components. The major component,
a di-O-mesylgalactoside (A}, was obtained pure by several re-

crystallizations from ethanol: yield 3.6 g, 209, mp  145-

146.5°, [a]®D +105° (¢ 2.4, pyridine).

~ Anal. Caled for CoHuOuSe: ©, 30.85; H, 5.14; 8, 18. 28 ;

Found: C, 30.99; H, 5.26; S, 18. 26

Foster, et al.,? report mp 145-146°, [o]®p —{—110" (pyr:dme),' :

for methyl 2 ﬁ-dl—O-mesyl-a -p-galactopyranoside (16).

Treatment of the di-O-mesyl galactoside with aeeton&concea—.
trated sulfuric acid afforded, in 50%; yield, erystalline methyl

3,4-0-isoprapylidene - 2,6- di - O-mesyl-a-p-galactoside with mp

124-126°, [«]*p +134° (¢ 0.6, pyridine), in good agreement with : -

" reported values,? o

_ After removal of most of the 2 6 isomer, a second d1 —mesyl B
- derivative (B) " crystallized.. Recrysta,]hzatmn from ethanol

afforded 0.8 g, 4%, mp 149-150°, {«]%p +122° (¢ 1.5, pyridine).

A'n‘?.tll Caled for CngaOmSz C 3085' H 514' S 18.28.

Found: C, 31.29; H, 5.33; S, 18.22.
Trea,tment of this ester Wlth silver oxide and mef:hyi iodide in

- dimethylformamide at 0° afforded, in 749 yield, a crystalling -
" methyl di—O—mesyl—di—O—methyluoz-D—galactopyranoside with mp

138-139°, ] ®p +118° (¢ 1.0, chloroform).

Anal Ca}(}d for CquzO]oSg C 34. 91 H 5 86 S 16, 94 .

Found: C, 35.04; H, 5.00; 8, 17.22,

Fraction 5 (50 mg) contained a third di-(-mesyl galactoside

(C) which crystallized and recrystallization from ethanol afforded
40 mg, mp 163.5-164.5° de¢, [«]®p +120° (¢ 1.0, pyridine).
Anel. Caled for CoHeOwf: C, 30.85; H, 5.14; S, 18.28.

- Found: C, 30.40; H, 5.41; 8§, 17.80.
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_ Trimelar Mesylation of Methyl a—n—Gaiactopyranomde —
Treatment of anhydrous methyl a-nD-galactopyranoside (2,5 &)
. with 3 equiv of mesyl chloride afforded a syrup which was taken up

in water. The aqueous solution was extracted with chloroform,
and the extracts were dried (magnesium sulfate) and coricentrated -

to a crystalline solid. Recrystallization from ethanol afforded -

the above methyl tri-0-mesyl-o-n-galactoside (1.6 g5 30%).
Methylation of 16.—Treatment of 16 (0.45 g} in dimethyl-

- formamide (5 ml) with methyl iodide (1 ml} and sitver oxide (I

g) at room tempersture for 18 hr afforded a syrup (two compo--
nents as shown by tle in ether) which was fractionated on a col-
umn of silica gel (50 g) with ether as eluent. .

Fraction 1 (0.15 g} contained the faster moving component
which erystallized and was recrystallized from ether; yield 0.13
g, 38%, mp 83-85°, {a]®D 4-61° (¢ 1.0, chloroform).

Anal Caled fOI' CgHwO:{S C 40 30 H 5. 97 S 11. 94
Found: C,40.47; T, 6.13; 81204 : )

Reductmn of this compound (a methyl a.nhydro—() mesyl-O .

-methyl-a-n-galactoside) with lithium aluminum hydride in re-

fluxing tetrahydrofuran was complete in 12 hr and the produck
was isolated crystalline in 699 yield. Recrystallization from
ethanol - afforded - methyl 3,6-anhydro-4-O-methyl-e-n-galacto-
pyranoside (21), mp 45-50°, [a]®p +74° (¢ 1.0, water)., TRao.
and Bmith® reported mp 55°, [«]%p +75° (¢ 0.6, water).
Fraction 2 (0.03 g} was a mixture of the two components. .
Fraction 3 (0.14 g) contained the slowel moving component-

" which crystallined. Reerystallization from ethanol afforded =

pure methyl 2,6-di-(-mesyl-3,4-di-0-methyl-a-p-galactoside (0.13
£, 29%), mp 146.5—147.5", [a] *n +95° (¢ 1.0, chloroform). =

Angl.  Caled. for CuTnOuf: C, 34.91; H, 5.86; 8, 16.94. .
Found: C, 35.08; I, 5.99; S, 17.00. _ -

Methyl 2.3- D1-O-mesy1—a D—galactopyranoside_ (18).—Treat-
ment of methyl 4,6-0-ethylidene-a-p-galactopyranoside’” with 2
equiv of mesyl chlorlde afforded the 2,3-di-0-mesyl derivative
in 849% yield after recrystallization from ethanol: mp 181~

162.5°, [x]®p 4-142° (¢ 1.0, chloroform).

Anal Caled for CnquOmSz C 35. 10 H 5. 32 S 17.02 h
Found: C, 35.12; H, 5.20; 8, 16. 70 .

A solutlon of this compound (2.0 g) in metha,nol (120 ‘ml) -
was stirted with Dowex 50W (H*) ion-exchange resin a6 50° for
24 hr.. The resin was removed by filtration and the filtrate was

. concentrated to a syrup which crystallized. Reerystallization, .
from 1-propanol afforded pure methyl 2,3-di-O-mesyl-a-n-.

galactopyranoside (18) (1.1 g, 60%) with mp 113-114°, [o]®%D
4-111° (¢ 1.0, pyridine). X
Anal. Caled for CngaOmSz C, 30.85;. H, 5.14 5, 18 28'
Found: C, 31.13; H, 5.23; 8, 18 25
Monomoiar Mesylatmn of 18 —Treatment of 18 (1 0 g) with
1 equiv of mesyl chloride by the selective mesyla.tlon procedure
described above gave a syrup which was taken up in water. The

- aqueous solution was extracted with four 8-ml portions of chloro- -

form, and the extracts were dried {MgS0,) and eoncentrated.
The extracts contained a small amount of fully mesylated methyl.

- a—D—gaIactopgn'anoslde which appeared to hinder erystallization .

of the main product but after fractionation on a ecolumn of silica
gel (130 g), with ethyl acetate as eluent, a portion of the major
product was obtained crystalline.. After recrystallization from
ethanol the yield was 0.4.g, 319, mp 168.5- 169°, not depressed -
by admixture with the crystalline methyl tri- O—mesylgalactos;de .
obtained above. The two compounds had identical infrared-

- spectra. The trimesylate obtained by partial mesylation of

methy] a—D—ga,lactopyranoqxde therefore has mesyloxy groups a.t_.

.. C-2 and C-3.

Monomolar Mesylatlon of 16.—A portion of 16 (0.3 g) was

- treated with 1 equiv of mesyl chloride as described above. Once-

again, the presence of a small amount of the tetra-O- -mesyl
derivative appeared to hinder crystallization but the product was'
induced to crystallize without chromatographic fractionation.
Recrystallisation from ethanol afforded .00 g, 25%, mp 165—
167°, not depressed by admixture with the above methyl tri-0- -
mesyl-a—r) -galactopyranoside. The infrared spectra of the two: -
compounds were identieal and the trimesylate is therefore methyl
2,3,6-tri-O-mesyl-e-n-galactopyranoside (17). .
Identlﬁcatmn of Component B.—The second erystalline
methyl di-0-mesyl-a-p-galactopyraroside isolated from the di-
molar mesylation (0.24 g) was treated with 1 equiv of mesyl
chloride as deseribed above. Some of the main product erystal-
lized without chroma,togra,phm fractionation and recrystalliza-

(17} D. H. Ball, J. Org. Chem., 31, 230 (1966).
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tion from ethancl gave 0.07 g, 249, with mp 165-167°, not de-
pressed by admixture with 17. The infrared spectrum of this-

compound was identical with that of 17. Since component B
is different from 16 and 18, it must be methyl 3,6-di-O-mesyl-a-
p-galactopyranoside (19). o )
Dimolar Mesylation of Methyl g-p-Galactopyranoside.—The
- syrupy product obtained by treatment of methyl g-p-galacto-
pyranoside (25 g) with 2 equiv of mesyl chloride was fractionated
on a column of sifiea gel (700 g) with ethyl acetate as solvent.
The main component of the mixture, a methyl di-0-mesyl-8-p-
galactoside, was obtained erystalline in 26% yield. After re-

crystallization from ethanol, it had mp 144-145°, [«]®p +22° .

(c 1.3; acetone). . . . _

Anal. Caled for CoHiOpSe: C, 30.85; H, 5.14; 8, 18,28,
Found: C, 30.77; H, 5.18; S, 18.19. o :

To a solution of this compound (0.7 g) in diméthylformamide
(10 ml) at 0° was added methyl iodide (2 ml) and silver oxide (2
gy, and the mixture was stirred in the dark. After 20 hr, tlc
(ether=methyl acefate, 1:2) indieated compléte methylation and
the formation of & single product. The mixture was filtered
and the filirate was eoncentrated to a residue which was ex-
tracted with chloroform. Concentration of the extracts afforded

a crystalline methyl di-O-mesyldi-O-methyl-g-p-galactoside (0.6 .

©53.16; H, 8.00.

‘g, 789).  After recrystallization from ethanol, the crystals had -

mp 95-97°, [«]¥p —11.2° (¢ 1.0, chloroform). S
Anal.” Cﬂlcd for CﬂHggOmSgi C, 34.91; H, 5.86; S, 16.94.
Found: C, 34.99; H, 5.88; 8, 17.21. - R :
A solution of the methyl di-O-mesyldi-O-methyl-g-D-galacto-

“pyranoside (0.3 g) in 1 N sodium hydroxide (30 ml) was hoiled

under reflux. The reaction was followed by tlc {ethyl acetate)
and, after 2 hr, no'starting material remained. The solution was
cooled, deionized (Amberlite MB 3 resin), and concentrated to a
syrup which partially erystallized. The erystalline product was
purified by sublimation: yield 0.07 g, 39%, mp 83°, [«]®p —74°
(¢ 0.7, water). - _ _ : o

Anal. Caled for CoHuO:: - €, 52.94;. H; 7.84. Found: C,

Haworth, et al-,* teport mp 83° and [alp —77° (water) for
methyl 3,6-anhydro-2,4-di-O-methyl-g-p-galactopyranoside (22).
The infrared spectrum recorded for this compound*® was identical
with that obtained for the above product. S

(IS)IIIR. Sfe';iﬁehs é.nd D. H. Whiffen, from a collection ﬁf the University
of Birmingham,.also available in DMS TIndex MNo. 4533, Butterwarth
and Co. (Publisher}, Ltd., London. s e : :



