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ABSTRACT 

The effect of O-alkylation on the carbon-13 n m r. spectra of methyl pento- 
furanosldes has been determined U-Alkylanon of an OH group drsplaced the signal 
of the appended .I 3 C nucleus downfield, whereas the adJacent 13C nucler were, m most 
mstances, shrfted upfield to a smaller extent The effect of O-methylation was 

appreciably larger than 0-rsopropylatron or 0-glycosylatron, but either O-methyl or 
0-isopropyl denvatrves may be used as models for mterpretmg the spectra of 
furanord ohgo- and poly-saccharides, mcludmg the galactomannan of PenzczZZzum 
charleszz The srgnal drsplacements are, to a large extent, comparable to those 
observed m the conformationally more stable mannopyranose series, so that they are 
msensrhve _to effects of sterrc dlstortron and population (or both) These effects 
occurred on 3-0-alkylahon of methyl pentofuranosldes, as appreciable changes m 
J1,2 values m their p m r spectra were observed 

DISCUSSION 

Several recent studres have reported the shrfts of carbon-13 nuclear magnetic 
resonance (13C n m r ) srgnals of sugars that occur on metbylation of a smgle 
hydroxyl group I-‘. The observed displacements can be of aid m mterprehng “C 
n m T. spectra of olrgosacchmdes and polysacchandes, as slufts produced by O- 
glycosylatton are apparently m the same direction and of a smn1a.r order of mamtude 
as those occurnng on 0-methylattonq-6 In the c1- and /I-D-mannopyranose senes4, 
0-methylatron or U-glycosylauon drsplaced, to an appreciable extent only the signals 
of 1 3C nuclei posltroned CL and /3 relahve to the subshtuent The shrft values for methyl 
ethers were determined more rea&y than those of ohgo- and poly-saccharides,,“› and 
it was found that methylatron of a hydroxyl group results in a downfield shrft of 
7-10 p p m of the signal of the substrtuted “C nucleus Tlus was accompanied, m 
most instances, by upfield shifts of x 1 p p m of the sqgnals of the adJacent nuclef, 
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when the hydroxyl group was equatorial. However, when the group was axial, the 
upfield shift was much greater, sometunes bemg as much as 4 p p m 

In order to determine whether the signal lsplacements occur vvlth the same 
regularity in furanosldes (which can exist in numerous interconvemble conformationa 
states’) and whether the Interpretation of 13C spectra of furanold ohgosacchandes 
and polysacchandes rmght be aded by the same approach, the 13C n m r. spectra of 
a number of methyl pentofuranosldes and their mono-O-methyl denvahves were 
compared. 

TABLE I 

ASSIGNMENT OF SIGNALS IN ‘“c N M R SPECTRA OF METHYL. PENTOEURANOSIDES IN D20 
(chermcal slufts as S, compared with Me.& 111 p p m at 33”)O 

Glycostde C-I c-2 c-3 c-4 c-s OCR,-1 

Methyl a--u-arabmofuranondeS 
Methyl 8-marabmofuranos:de* 
Methyl a-D-lyxofuranosrde 
Methyl fl-D-iyxofiu-anosde 
Methyl n-D-xylofkranosxde 
Methyl 8-D-xylofurauoslde 
Methyl a-D-nbofurauoslde* 
Methyl j?-D-nbofuranonde* 

1093 
103 2 
109 1, 
1032 
103 0 
109 6 
1042 
109 0 

819 77 5 849 624 56 1 
77 5 75 7 83 1 642 56 3 
77 0 72 0 813 612 569 
72 9 70 7 819 62 4 565 
171 760 19 3 61 5 566 
809 760 83 5 62 1 562 
72 1 70 8 85 5 62 6 56 5 
75 3 719 83 9 63 9 56 3 

EAsslgnments and chermcal sh& of these glycosldes m water have been recently reported2* 

TABLE II 

UPFIELD DISPLACEhSENTS OF “C-C=H AND =C=H SIGNAU OF SUGARS” M D20 COMPARED WITH 

THOSE OF CORRESPONDING ‘3C-C-1H AND =C-‘H RESONANCES, RESPE~LY 

sugar Upfield dtsplacement In p p M b 

Methyl a,j%D-lyxofuranoslde-3-zH 
Methyl a,8-D-lyxofuranonde-S-%H~ 
Methyl a,&D-xylofuranoslde-3-ZIi 
Methyl a,8_D-xylofuranoside-5-2H 

Methyl 3-O-~opropyl-a,&D-xylofuranosxde-5-2H 

Methyl 2-O-methyl-c&D-nbofuranos~de-2-2N 
Pr;,thyl3-O-methyl-c@ D-nbofuranoside-3-2H 
Methyl 3-O-methyl-a,j?-D-nbofuranoside-5-zH 

Methyl 5-O-methyl-cr,B_L-n~ofuranoslde-Z-*~ 
Methyl 2-O-methyl-a,f?-D-arabmofuranoslde-Z-2H 
Methyl 2-O-methyla,BD-arabmofirranosld~5-z~ 
Metbyl3-0-methyl&%-arabmofuranoslde&zH 
Methyl 5-O-methyi-&D-arabmofiuanoslde&*H 

Not recorded 
C.&X0 IO), c,-4@ 12) 
Not recorded 
C&(0 05)s C&(0 OS>, 
C&O 47, J 20 Hz) 
C&O 0% C&O 081, 
CB-5(0 44, J2i Hz) 
c,-3(0 09), C&q-3(0 07) 
Q-2(0 07), CD-2(0 09) 
C&O 031, CB4(0 031, 
C,-5 not recorded 
C&-3(0 OS), CB-3(0 08) 
C3(0 06). CB3(0 05) 
c&4(0 05), c&(0 05) 
C.&O OS), C&O 05) 
C&O 06)s C&@ 06) 

Cm-5, (0 50. J 22 Hz), 

C,-5, (0 41, J 20 Hz), 

c8_5, (0 34; J 22 Hz), 

#a and fi subscripts refer to configuration at C-l of the sugar bUnless other stated, the s~guals of 
carbon atoms attached to deutenum tiappeared. 
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TABLE III 

DISPLACEMENTS OF ‘“c SIGNALS M METHYL O-ALKYL PENTOFURANOSIDES IN D20 RELATWE ?o 
THOSE OF CORRESPONDING CARBON ATOMS IN ‘l-Hi3 PARENT METHYL. PEKIDFURANOSIDE 

173 

O-Alkyl derroatrve of SgnaI drsplacemenrs m p p m a 

C-l c-2 c-3 C-4 C-S 

Methyl a-rzbofiamrosrde 

2-O-methylb 
3-O-methyl” 
SO-methyl* 
2-O-aopropyl 
3-O-Lsopropyl 

Methyl &rrbofzuanosrde 

2-0-methyP 
3-0-methyP 
5-0-methylb 
2-0-isopropyl 
3- O-nopropyl 

Methyl a-arabmofuranosnie 

2- O-methyl* 
3-O-mzthySJ 
5-0-methyP 
Z-0-mpropyl 

Methyl /Sarabmnofaranoszde 

2-O-methyl” 
3-O-methyl* 
SO-methyl* 
2-O-isopropyl 

Methyl a-lyxofuranosrde 

Z-U-methyl 
2- 0-lsoprop yl 

Methyl fifyxofuranosrde 

2-O-methyl 

2-O-isopropyl 
3-O-methyl 

Methyl a-xylofwanoszde 

3-0-isopropylb 

Methyl /3-xylofiwanosrde 

3-O-lsopIopy1° 

-11 +89 -14 +08 0 
-01 -03 +93 -19 +02 
-01 -02 0 -20 f106 
-06 +50 -08 +07 +01 

0 -07 +51 -15 -03 

-24 
-l-o2 
+01 
-10 
+01 

-20 
+03 

0 
-11 

-15 
+04 
+01 
-09 

-14 
-09 

-11 

-04 
-01 

-03 

+01 

+92 -08 +06 -03 
-25 +94 -16 f01 
-03 +03 -20 +110 
+54 -07 +07 -03 
-17 f51 -15 -04 

+97 -20 -06 -04 
-31 fl03 -06 103 
-02 +03 -18 +106 
+58 -12 -09 -03 

f86 
-04 
-03 
+53 

or +51 

-11 
+10 1 

-l-O_2 
-09 

f02 
-06 
-21 
-03 

or -05 

0 
+06 

+109 
+0_2 

+96 -16 +05 
t56 -09 +05 

+87 
or +94 

+48 
+01 

-19 

-09 
+79 

-04 
or f03 

+02 
-16 

-12 

-10 

+56 

+61 

-07 

-07 

0 
0 

-01 

0 
-03 

-1-04 

+03 

“Mm&%u$field, plus Isd&kfield Assxgmnenzmade by usmg dezen‘um Isotope&iec>I~these 
instances, the assignments were coniirmed by usmg deuterated denvatlves 
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In order to facrhtate observatron of such displacements, unambrguous assign- 
ments were made for the ’ 3C srgnals of the a- and /I-anomers of methyl lyxofuranoside 
and methyl xylofnranosrde by use of C-deuterated methyl pentofuranostdes; the 
methyl nbofuranosrdes and methyl arabinofuranosrdes have been prevrously 
exammed* Assrgnments were then based on the effect of the deuteron on the srgnal of 
the appended 13C nucleus, which dIsappeared or appeared as a triplet at hgher 

field”, and the effect on the stgnal(s) of the adJacent 13C nucleus or nucIer, which 
were slufted upfield ’ 1x by 0 03 to 0 12 p p m The complete interpretattons of the 
spectra are presented m Table I and the values of the &carbon shrfts are summarized 
in Table II As may be seen from the present and previous data on methyl nbo- 
furanosrdes and methyl arabmofuranostdes’, each sugar gtves nse to a 13C n m r 
spectrum &splaymg signals of C-l, C-4, C-2, C-3, C-5, and OCH,-1, consecuttvely, 
proceeding from Iow to hrgh field 

The 13C n m r spectra of some of the mono-O-methyl pentofuranosrdes were 
srmrlarly interpreted by usmg deuterated analogues These analogues were the 2-, 3-, 
and 5-methyl ethers of methyl a,/?-D-arabmofuranosrde and the 2-, 3-, and 5-methyl 
ethers of methyl a&n-rrbofirranoside The observed drsplacements of methoxyl 
signals (Table III) were found comparable to those of pyranosrdes, the mam ones 
bemg of the 0-methylated carbons atoms (+ 8 to + 11 p p m )* and of the adJacent 
carbon atom(s) (mostly - 1 to -3 p p m , some being as small as -0 3 p p m ) 
These figures were suffirzently consistent that they could be used as a basis for mter- 
pretmg the 13C spectra of methyl 2-0-methyl-x,/3-D-lyxofuranoside and methyl 
3-U-methyl-a-D-lyxofuranosrde 

It IS srgmficant that no spectral changes occurred, even m such a “crowded” 
molecule as methyl 3-U-methyl-j?-D-lyxofranosrde (four vrcmal substltnents above 
the ring), that would be attnbutable to drstortrons of a single conformer and/or 
vanatron of the percentages of populatxons of grven conformers Accordmgly, simtIar 
measurements were conducted with the conformatronally larger U-isopropyl 
substrtuent, whose dtmensrons correspond more closely to those of a glycosyi group 
The 2- and 3-isopropyl ethers of methyl a,#?-D-rrbofuranosrde, and also methyl 
2-O-isopropyl-a,/?-D-lyxofuranoside, were prepared The drsplacements of their ’ 3C 
srgnals relatrve to the parent methyl pentofuranoslde could be readily measured wrth- 
out use of deuterated derrvatrves, as the signals are comparatively well separated 
The observed values are from +4 8 p p m to + 5 8 p p m for the signal of the 
0-alkylated 13C nucleus and -0 4 to - 1 5 p p m for those of the adJaccnt nucler, 
no other marked drsplacements bemg observed On proceedmg from the O-methyl 
to the 0-rsopropyl denvatrve of a grven methyl glycosrde, rt may be seen from 
Table III that the a and j? l 3C srgnaIdrsn1acement.s are both smaller in magmtude * 
If thts consistency-were also true for 0-glycosylatton, rt might be used for mterpretmg 
the 13C n m r spectra of ohgo- and poly-saccharides,,“› as the /i-duplacement could be 
estimated once the a-drsplacement IS known 

*A posmve value denotes a downiield shift and a negative value an upfield one 
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An mveshgatton of the “C signal-drsp lacements occurrmg on U-glycosylatron 
of furanosrdes was somewhat curtarled because reference compounds are not readily 
available The study was hmtted to 6-O-a- and j?-L-arabmofuranosy1-D-glucose12, 
“ gaiactocarolose” (an extracelluiar polysacchande from Penzczlllum charieszz 

contammg 5-0-substrtuted /3-D-galactofuranosyl and mannopyranosyl residues), and 
two denved ohgosacchandes obtamed by partml acrd hydrolysts13 Four galactose- 
contammg ohgosacchandes were formed, orrginally designated dx-, tn-, tetra-, and 
pentasacchande’ 3 The dt- and tetra-sacchande have furanosyl non-reducmg end- 
groups as thetr 13C spectra showed C-l srgnals at S, 101 9 and 96 0, correspondrng to 

those of /3- and cc-D-galactofuranose (3,102 0 and 96 0, respectively) The spectra 
also showed a C-l srgnal at 6, 108 0, ansmg from the other /I-furanosyl C-l atoms 
As may be seen from Frg 1, the 13C n m r spectrum of the gaiactotetraose lends 
itself readrly to mterpretatron in terms of signal drsplacements occurring on O- 

galactosylatron of a /3-D-galactofuranose moiety These results, and others obtamed 
from the arabmofuranosyl drsaccharrdes, are complled m Table IV 

The presence of two, low-field C-l signals in the 13C n m r spectrum of the 
galactomannan from P charleszz IS unexpected The main one (at 6,108 0) evidently 

a -rses from non-reducmg p-D-galactofuranosyl end-groups and 5-0-substituted 
j3 D-galactofuranosyl residues, by analogy wrth the spectrum of the galactotetraose 
However, a mmor signal, 0 9 p p m to lower field, mdrcates the presence of another 

type of /3-D-galactofuranosyl group, possrbly the one attached to the mannan portion 
of the molecule Further evidence for thts posstbrhty was obtamed from the 13C 
spectrum of the ‘cpentasacchande” The C-l region showed, m add&on to the signal 
at 6,108 0, two signals at 6,97 5 and 93 4, correspondmg m therr chermcal shrfts to 
those of a- and p-D-galactose, respectrvely Thus the reducing end has a pyranose and 
not the expected furanose structure The exact structure of the “pentasaccharrde”, 
and the question of whether its reducing end-group anses from a galactofuranose 

structure, wrll receive further attentron 

From the foregomg data, It appears that the chemrcal shrfts of the 13C srgnals 
are msensrtrve to any conformatronal or populatton effects that mtght occur on 
O-alkylatron of pentofuranostdes, molecules that are relatively cccrowded” compared 
wtth pyranostdes Such effects could be extremeIy complex, rt has been pomted out 

by Durette and Horton7 that the pentofuranosrdes may readrly extst in two or more 
conformers as the energy barners between them are small (3-4 kcal mol- ‘) O- 
Alkylatton could either alter the percentages of each conformer, or stenc compressron 

rmght cause drstortton of the rmg of one or more conformers However, either of these 

effects couid affect the vaIue of the spin-spur couphng between H-l and H-2 that 1s 

observed III the time-averaged proton spectra As may be seen later, and m Table V, 
the spm-spin couphng value may be modrfied on 0-alkylatron 

As would be rmphed by the work of Karplus, especrally 111 the paper where hrs 
generahzed equation was formulated ’ 4, 2- 0-alkyIatron of methyl pentofuranostdes 
could well affect the vrcmal couphng-constant of H-l, even without conformattonal 

modificatron However, drfferences m the electronegatrvny of the substrtuent should 
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Frg 1. 13C II m.r. spectrum of the (1+-a lmked B_D-galactofixanose tetrasacchande from Pemczlbum 
charlesu galacromamwP m DzO 

TABLE JS’ 

CIiF,IvlICAL SHiFl-S OF 13c SIGNALS IN VARIOUS GLYCOFURANOSE DERIVATIWS IN DzO, AND 

DISPLACEhlENi% (IN PARENTFmEs) ON O-ALKYLA?~~N, IN P P M 

ChermcaZ shlfs (drsplacements), p p m Chemzcal shafts (drsplacements), p p m 

C-Z c-2 c-3 c-4 c-s c-6 C-l c-2 c-3 c-4 C-S C-6 

Methyl &D-goZacrofuranosrde 

109 2 819 778 840 720 63 9 

Methyl 5-0-methyl-j&D-galactofuronosrde 

IO9 0 818 778 83 4 81 8 609 

(-0.2) (-0 1) (0) (-06) (+9 8) (-3 0) 

$-D-Arabmofwanose 

962 

6-O-8-~-~ab!nofaranosyI~,~D-glucose 

101 9 

(+57) 

B-D_Galactofurorose 

I02 0 

Gakzcrotefraose, non-redacmg end-group 

108 0 824 77 5 83 7 71 6 63 8 

MIddIe residues of galaccotetraose 

1080 824 77 5 82 4 76 6 62 1 

(0) (Q (0) (-13) (+so) (-17) 

a-D-Arahmfwanose 

102 1 

6-Oa-L-Arabmofara~syf~~-D-g~acose 

1089 

(+6 8) 

Golactotetraose, non-reducing end-groups and m&iIe resuiues 

108 0 

(+63) 
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TABLE V 
VICINAL SPIN-SPIN COUPLING VALUES OF H-l SIGNALS OF h5iTlWL PENTOFURAN OSIDES AND 

THEIR 3-0-ALKYL DERIVATIVES IN D20 

Glycosrde Couphg zndue, Hz 

Methyl a-n-nbofkanoslde 38 
Methyl 3-0-methyl-z-r+nbofuranoslde 45 
Methyl 3-0-Isopropyl-a-D-nbofuranosxde 44 
Methyl j-D-nbofuranoslde 13 
Methyl 3-0-methyl-p-D-nbofuranoslde 12 
Methyl 3-0-Isopropyl-&D-nbofuranoside 06 
Methyl &D-lyxofuranoslde 41 
Methyl 3-0-methyl-j?-D-Iyxofuranosrde 47 
Methyl a-D-xylofuranoslde 34 
Methyl 3-0-methyl-a-n-xylofuranoslde 46 
Methyl 3-O-Isopropyl-a-D-xylofuranoslde 43 
Methyl j?-D-xylofkanoslde 1.1 
Methyl 3-0-methyl-/.?-D-xylofuranoslde 12 
Methyl 3-0-Isopropyl-B_D-xylofiuanoslde 18 

not Sect the couphng of H-l to H-2 m the methyl 3-U-alkylpentofuranosldes 
(Table V) ‘The observed changes m span-spm couphng (obtamed at 70” to afford 
better resolutron) m each senes are equrvalent to about 5-7” m terms of the trme- 
averaged drhedral angle between H-l and H-2, but whether this IS caused by popu- 
latron effects, drstortron of the nng, or both, IS not yet clear 

Carbon-13 magnetrc resonance spectroscopy - Tie 13C n m r spectra were 
obtamed by procedures identical to those described prevrously4, except that a 16 K 
(Instead of ,m 8 K) memory was used m the Founer-transform expenments, and the 
operahng temperature was 33” The chenucal shifts are expressed as a,, compared 
wrth the shrft of external tetramethyblane. determmed by measurement m a caprllary 
m a tube contammg D,O, whrch served as a 2H lock The offset, thus determmed, 
was 32374 Hz, and thrs value was used m spectral measurements of sugars m D20. 

Preparalron of reference compounds 
The ’ 3C n m r spectra of methyl glycosrdes and their denvahvcs were frequently 

obtained from anomenc nnxtures In most mstances, httle difficulty was expenenced 
m drEerentratmg the srgnals of each anomer, as the minor component exrsted m 
small proportron and the configurahon of the maJor one could be assigned from the 

specrfic rotatron of the mixture In two examples, however, methyl 2-O-isopropyl- 
c&/3-D-xylofuranosrde and methyl 2-O-methyl-cc,/%o-arabmofuranosrde, the pro- 
portions were approxrmately equimolar when methanolic hydrogen chlonde was 
used as r-gent, and the components were resolved by column chromatography and 

their co&matrons determined from tde reiatrve specrfic rotatrons 
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The methyl 2-0-alkyl-a,/?-arabmofuranosldes or -lyxofuranosldes, obtamed by 
using cold methanohc hydrogen chloride, were treated successively with sodmm 
metapenodate and banum hydroxide to remove pyranosldes The methyl 3-O-alkyl- 
c&pentofuranosldes did not contain any pyranosldes, as shown by refluxmg m 
methanohc hydrogen chlonde In each instance the product gave rise to new 1 3C 
signals, wh~h were those of pyranosldes 

The reference compounds were prepared by conventional routes, as described 
m the followmg experimental details Chromatograplc solvents are v/v 

Methyl 2-O-metjlyI~,B-D-arabmofuronosrde and tilew _S2N derrvatrves - 
3-O-Methyl-D-glucose (1 0 g) was dissolved m water (2 ml), acehc acid (50 ml) was 
added, and lead tetraacetate (1 2 molar equivalents) introduced with stu-rmg After 
15 mm, an excess of water was added The solutxon was then delomzed and evaporated 
to a syrup that was dissolved m water (50 ml) The solution was mamtamed overmght 
at 100” to hydrolyze formrc esters and the resultm g 2-O-methyl-D-arabrnose was 
converted directly mto a mature of methyl glycosldes by actlon of cold, 0 5% 
hydrogen chloride m methanol (35 ml) After 18 h the solution was neutrahzed 
(silver carbonate) and evaporated, and the methyl pyranoslde components were 
decomposed by addition of sodmm metapenodate (1 4 g) m water (50 ml) The 
solution was deromzed, banum hydroxide (1 g) was added, and the mixture was 
mamtamed for 1 h at 100” Delomzaticn, followed by evaporation gave methyl 
2-0-methyl-cr,j?-D-arabmofuranoslde (0 45 g) 

Fractionation on a column of slhclc acid (eluant 50.1, chlorcform-methanol) 
gave the 2( anomer (149 mg), [CX] g’ + 110” (c 1 0, water), p m r data (D20, 70”): 
6 5 57, J 1 8 Hz (H-l) 

Anal Calc for C,H,,O,. C, 47.18, H, 7 92 Found C, 47 07, H, 7 76 
The bls(p-mtrobenzoate), after two recrystalhzations from ethanol-hexane, 

had m p 113-l 14”, [&Ii5 + 90” (c 0 7, chloroform) 
Anal Calc for C&H,,,N,O,, C, 52 94, H, 4 23, N, 5 88 Found C, 52 98, 

H, 4 58, N, 5 80 
The second fraction consisted of the /3 anomer (153 mg) which, from ethanol- 

hexane, had m p 49-50”, [or] is - 132” (c 0 8, water), p m r data (D20 70”). 6 5 64 
J 4 4 Hz (H-l) 

Anal Calc for C,H,,O, C, 47 18, H, 7 92 Found. C, 46 94, H, 7 8i 
Methyl 2-0-methyl-C&D-arabmofuranoside-2-*H was snmlarly prepared 

from 3-0-methyl-D-glucose-3-‘H, which had been obtamed m turn from 1,2’5,6-dl- 
0-nopropyhdene-a-D-glucofuranose-3-ZH’ 5 

Methyl 2-0-lsopropyI-a,&D-arabznofuranoszde. - 2-O-Isopropyl-/3-D-arabmose 
was prepared from 3-0-isopropyl-~glucose’~ by the procedure outlmed for the 
preparation of 2-U-methyl-D-arabmose from 3-O-methyl-D-glucose, yreld 75% It 
had m p 109” (from ethyl acetatehexane), [ali -94” ---, -83” (constant value, 
c 0.6, water) 

Anal Calc for C,H,BO,. C, 49 99, H, 8 39 Found: C, 49 74, H, 8 09 
The methyl glycosldes were obtamed as outlined for the 2-O-methyl denvatlves 
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and the [E];’ -l-50” (c 0 3, water), m&cated that it conslsted mamly of the cc anomer 
Pmr data@,0,70”) S544,.712Hz(H-1) 

Anal Calc. for C,H,,OS C, 52 41; H, 8.80 Found: C, 51 95; H, 8 58 
MethyI 5-0-methykx,&~-arabmofuranosrde and the 5-2H derwatwe of Its 

L-emtzomer. - Methyl 2,3-ch-0-benzyl-c+D+arabmo&ranoslde was prepared by the 
method of Giaudemans and Fletcher ” A potion (1 g) was methylated by FurdIe’s 
method and the product debenzyiated hydrogenolflcally wth 5% palladmm on 
charcoal m acetic acid to give methyl 5- U-methyl-E-D-arabmofuranoslde, [a] i5 -I- 92” 
(c 0 3, water) 

Anal. Calc for C7H1405- C, 47 18, H, 7 92 Found. C, 46 81, H, 7 77 
It was converted mto an cc,@-anomenc m&ure by reffuxmg m 0 5% methanohc 

hydrogen chlonde for 30 mm 
Methyl 5-O-methyl-cr,~-L-arabmofuranos~de-5-2H was prepared wrmlarly, 

starting from L-arabmose+‘H Thus was prepared from a syrup (1 0 g) contaimng 
mamIy methyl /_?-D-galactofuranoside, Drepared from D-galactose by the action of 
cold 0 5% hydrogen chlonde in methanol The glycoslde was treated with 1 1 molar 
equivalents of sodmm metaperiodate and, after 3 h, the solutlon was deionized 
Sodmm borodeutende (2 0 g) was then added and after 1 h the nuxture was processed 
as before The product was hydroIyzed with 0 15~ sulfunc acid for 2 h at loo”, 
provldmg L-arabmose-.5-2H (0 27 g, from ethanol); m p 156-159” 

MethyI 3-0-methyl-cc&D-arabmofuranoszde aHd the S-‘W denvanve qf US 
L-enantzomer - Methyl 5-0-tntyl-cr-D-arabmofuranos~de~’ (1 0 g) was shaken with 
sdver oxide (3 g) m methyl lo&de (9 ml) for 6 h T 1 c on slhca gel (50.1 chloroform- 
ethanol) showed that mono-0-methylatton had taken place The mrxture was diluted 
wth &chloromethane, filtered, and the filtrate evaporated The tntyl group was 
removed by heatmg in 80% aqueous acetic acid (25 ml) for 15 tin at 100” and the 
solution was evaporated_ The residue was chromatographed on a coIumn of slhc~c 
acrd (50-l chloroform-methanol) and the fractxon correspondmg to methyl O-methyl- 
arabinofiranosxdes (0 50 g) Isolated 1 “C N m r spectroscopy showed that the prod- 
uct was mamIy the 2-O-methyl derlvatlve, but other signals (3-O-methyl denvatlve) 
were also detected 

A mixture contammg methyl 3-O-methyl-/&II-arabmofuranoslde was obtamed 
by hydrolysis of the glycoslde, followed by treatment for 18 h with cold 0 5% 
hydrogen chloride m methanol (18 h) 

The expenments were repeated with methyl 5-0-tntyl-cr-L-arabmofuranoslde- 
5-2H (from methyl j&D-galactofuranoslde) as startmg matend 

Me&yi EO-methyl-a,j3-D-r~bofuranosfde-2-2H - Wxed methyl 2,3-O-benzyl- 
xdene-Q-L-arabinopyranosldes l8 (1 20 g) were oxldrzed m dlmethyl sulfoxlde (10 ml) 
conbmmg phosphorus pcntaoxlde (0 5 g) After 2 days, chioroform (250 ml) was 
added, and the solution was washed 3 times wth equal volumes of Ice-water The 
product (0 91 g) obtamed on evaporation gave on t 1 c (50 1 chloroform-ethanol, 
50% sulfunc acid as spray) a dark-brown spot movmg faster than the starting 
matenal The presumed ketone was reduced with sodmm borodeutende (0 3 g) m 



180 P. A J. GORIN, M. MAZUREK 

methanol (10 ml) maintained at -20” After 1 h, the solution was evaporated and 
&spersed between chloroform and water. The chloroform layer was evaporated to a 
syrup that was pamally hydrolyzed m 80% aqueous acetic acid (20 ml) for 1 h at 100”. 
Evaporation gave a syrup that crystalhzed, and recrystallization from ethanol gave 
methyl j?-L-nbopyranoslde-2-‘FI (0 27 g), m p. Sl-84“, [a]k5 + 113” (c 0.4, water). 

Anal Calc for CsDH,,OS . C, 43 63; H+D, 7 93. Found: C, 43.71: 
H+D, 7.74. 

The glycoslde (0 15 g) was hydrolyzed m 0 15M sulfunc acid for 3 h at 100” and 
followmg neutrahzatlon (barmm carbonate) the resulting L-nbose-2-2H was con- 
verted mto methyl 5-U-methyl-cr,j?-tnbofuranoslde by the method of Woods et al I9 

Methy12-O-methyl-a,~-rwzbofuranosrde-2-2H and the 3-2H and S2H derwatrves 
of methyl 3-Cl-methyl-u,/?-D-rzbofuranoside - 2-U-Methyl-D-nbose and 3-U-methyl- 
D-nbose were prepared according to the methods of Haga et al 2o and converted mto 
their methyl a$-tiranosides by the action of cold, 0 5% hydrogen chlonde m 
methanol for 1 h P m r data (D20, 70”) for the 3-U-methyl denvatives: S, 5 56 
J 4 5 Hz; $5 50 J 12 Hz (H-l)- for the 2 U-methyl denvatives S, 5 68, J 4 3 Hz, 
cYD 5 68, J 1 8 Hz (H-l) Methyl 2-O-methyl-a,~-D-nbofranoside-Z-z~ and methyl 
3-U-methyl-lr,j?-D-nbofuranoside-3-z~ were obtained by using 1,2 5,6-dl-O-iso- 
propyhdene-c+D-allofuranose-3-2u (ref 15) as stating matenal mstead of its non- 
deuterated counterpart The crystalhne bls(p-mtrobenzoate) of methyl 3-U-methyl- 
j?-D-nbofuranoslde-3-2H (from ethyl acetate-hexane) had m p_ 141-142”, [LY] L5 + 14” 
(c 0 7, chIoroform) 

Anal Calc for C,,DH,,N,O,,: N, 5.87 Found. N, 5-71. 

Methyl 3-U-methyl-c&D-nbofuranos~de-.5-221 was prepared by the method of 
Haga et al ” except that, foliowmg penodate oxldahon of 1,2-U-lsopropyhdene-3- 
U-methyl+D-allofuranose, the product was reduced mth sodmm borodeutende 
instead of with sodmm borohydnde. 

Methyl Z-0-lsopropyk,@-D-nbojiwano.nde - 1,2-5,6-Dl-U-lsopropyhdene-a- 
D-allofuranosef 5 (0 45 g) was shaken for 6 days m 2-lodopropane (4 ml) and N,iV- 
dnnethylformamlde (4 ml) conmmng silver oxide (4 g) The product obtamed by 
filtration and evaporation was fractioned on a column of slhc~c acid (1 1 chloroform- 
hexane) to give syrupy 3-U-isopropyl-I,2 5,6-di-U-isopropyhdene-cr-D-allofuranose 
(0 38 g); [a]k5 +84” (c 1 2, chloroform)_ 

Anal Calc for CX5HZ606. C, 59 58, H, 8 67 Found- C, 59 13 ; H, 8 43 
3-U-Isopropyl-l,2 5,6-dl-U-isopropyhdene-a-D-aliofuranose (0 15 g) was heated 

m 0 1~ sulfunc acid (5 ml) contammg methanol (2 ml) on a steam bath until all of 
the methanol had evaporated and then for 1 h thereafter The solution was neutralized 
(banurn carbonate), and evaporated to gve syrupy 3-O-1sopropyl-c&D-allose 
(0 12 g), [cc]k5 + 14” (c 0 4, water) 

Anal Calc for C9H1s06. C, 48 64, H, 8 16 Found. C, 48.15, H, 8 02 
The phenylosazone of 3-U-isopropyl-D-allose had m p 173-177”. 
dnai. Calc for C21H28N404‘ N, 13 99. Found- N, 13 72 

3-U-Isopropyl-D&lose (0.10 g) was converted quantitatively into 2-U-1so- 
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propyl-D-ribose [or]k5 -25’ (c 0 3, methanol) by oxidation with lead tetraacetate by 
the method already described 

Anal. Calc for C,H,,OS: C, 49 99, H, 8 39. Found: C, 47 45, H, 7.83. 
The derived p-tolylsulfonhydrazone had m p 146-147” (from methanol) 
Anal Calc for C,,HZ3N,0sS N, 7 80 Found N, 7 64 

The methyl furanosides, [E]E 0” (c 0 4, water), were prepared by the action of 
cold 0 5% methanohc hydrogen chloride for 2 h, p m r data (D20, 70”) S, 5 29, 
J4.1Hz, 6,519, J2OHz(H-1) 

Methyl 3-O-zsopropyl-a,/?-D-rzbojk-anoszde. - 3-O-Isopropyl-1,2*5,6-di-O-iso- 
propylidene-a-D-allofuranose (0 15 g) was shaken for 1 h in water-methanol 
(10 ml 3 ml) contaimng Amberhte IR-120 (Hf form) F&ration and evaporation of 
the filtrate gave 3-O-~sopropyl-1,2-U-isopropyhdene-a-D-allofuranose (0 10 g, from 
ether-hexane); m p 98-99”, [a] g5 + 96“ (c 0 3, chloroform) 

Anal Calc for C,,H,,OB: C, 54 94, H, 8 46 Found C, 54 92, H, 8 27 
3-0-Isopropyl-l,2-U-isopropyhdene-or-D-ahofuranose (80 mg) was oxidized 

with sodmm metaperiodate (150 g) m water (20 ml) for 3 h The solutron was 
delomzed, sodmm borohydnde (30 g) was added to the filtrate, and removal of the 

reagent in the conventional way provided 3-O-isopropyl-1,2-O-isopropyhdene- 
-cr-D-rrbo-furanose (55 mg), [a]g5 t-75” (c 0 4, chloroform) 

Anal Calc for CllH2e05 - C, 56 88, H, 8 68 Found C, 57 21, H, 8 32 
Hydrolysis under the conditions already descrrbed gave 3-O-Isopropyl-D-nbose 

(43 mg), [I$~ 0” (c 0 4, water) 
Anal Calc for C,H,,O, _ C, 49 99, H, 8 39 Found. C, 49 44, H, 8 22 
The methyl furanosldrc mrxture, [u]p +20” (c 0 2, water), was obtamed by 

usmg 0 5% methanohc hydrogen chlonde for 2 h at room temperature, p m r data 
(D20, 70”). S, 5 57, .7 4 4 Hz, 6, 5 50, J 0 6 Hz (H-l) 

Met1ryl a,~-D-lyxofuranoszde-3-2H - 1,2.5,6-Dr-O-Isopropyhdene-cr-D-galacto- 
furanose-4-2H (10 g) was obtained by the method of Paulsen and Behre21, except 
that sodium borodeutende was used as a reagent in place of sodmm borohydride. It 
was benzylated by shakmg it overnight m cr-bromotoluene (4 0 liters) and NJ?- 
dimethylformanude (4 0 ml) contammg silver oxide (4 g) The product obtamed 
foilowmg drlutron wnh drchloromethane, filtration, and evaporation of the filtrate 
was hydrolyzed m 1,4&oxane (2 ml) contaimng 0 5~ sulfuric acid (2 ml) for 1 h at 
100” The hydrolyzate was neutrahzed (barium carbonate), evaporated, and the 
residue partitioned between water and benzene Deionization of the aqueous layer 
followed by evaporation provided syrupy 3-O-benzyl-D-galactose-4-2H (0 47 g) , 

[cc] i5 + 72” (c 0 5, water) 
Anal CaIc for C,3DH1706- C, 57 55; H+D 706 Found C, 57 72, 

H+D, 6 78 
The phenylosazone (from benzene) had m p. 159-160”. 
Anal Calc for C2sDH2,N40, N, 12 21. Found N, 11 89. 
Oxldatlon of 3-O-benzyl-o-ga!actose4-2N wltb lead tetraacetate, by the method 

already descrrbed, gave 2-O-benzyl-D-lyxose-3-2Wm quantrtative yield. Crystalhzation 
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from ethyl acetate gave the CL anomer, m p 78-SO”, [aiJ k5 0” + -4” (c 0 3, water; 
constant value) 

Anal. Calc for C,,DH,,O, _ C, 59 74, H+D, 7 10 Found C, 59 57, 
H-J-D, 6 89 

Debenzylatron v&h 5% palladium on charcoal m ace& acrd provrded D-lyxose- 
3-‘H (from ethanol), m p 110-I 14” 

AnaZ Calc for C,DH,O, C, 39 73, H+D, 7 33 Found C, 39 56, H-l-D, 7 01 
A nnxture of the four possible methyl glycosldes was obtamed by the action of 

0 5% methanolic hydrogen chlonde for 5 h 
Methyl a,@-D-lyxofuranoslde-5-2H2 - Methyl a,@-lyxofuranoside (1 g), 

obtamed via Its 5-O-trrtyl denvatrve (see later), was drssolved m water (1 ml) 
contalmng a suspensron of actrvated platmum (0 5 g) The temperature was mam- 
tamed at W, au was bubbled through, and sodium hydrogencarbonate (0 51 g) was 
added gradually durmg 3 h After 18 h, Amberhte IR-120 @I+) was added, the 
rmxture was filtered, and Dowex l-X8 (hydrogencarbonate) was added to the filtrate 
to absorb acrdm matenal The acids were regenerated from the filtered resm by shakmg 

in dilute formrc acrd The regenerated syrup was dtssolved m 0 5% methanohc 
hydrogen chlonde (10 ml), and the solution ref!uxed for 10 mm, neutralized (silver 
carbonate), and evaporated The resultmg methyl ester (0 27 g), was reduced m 
methanol (5 ml) contammg sodmm borodeutende (0 10 g) and 0 1~ sodmm methoxrde 
n methanol (1 ml) After 18 h, the solution was processed as before and the product 
fractronated on a cellulose column (7 2 benzene-ethanol) The resultmg methyl 
a,jJ-D-lyxofuranoside-5-2N, (0 13 g) had [a]g + 108” (c 0 5, water) 

Anal Calc for C6D2H1s05 C, 43 37, H+D, 849 Found C, 4290, 
H-t-D, 8 34 

T%e a and /C? anonters of methyl 5-0-trztyb-lyxofuranoszde - D-Lyxose (5 g) 
was shaken m 0 5% methanohc hydrogen chlorrde (100 ml) for 3 h The solution was 
neutrahzed (srlver carbonate) and the filtrate evaporated to a syrup Exammahon by 
“C n m r spectroscopy showed that it conslsted mamly of methyl a-D-lyxofuranoslde, 

wth smaller proportions of the other three methyl lyxosldes 

A portron of the glycosl&c mixture (1 0 g) was dissolved m pyridme (20 ml) 

contarmng chlorotrrphenylmethane (1.3 molar equivalents) and the mixture was 

mamtamed for 18 h at 80” It was then added to aqueous sodmm hydrogencarbonate, 
and the mrxture extracted with chloroform The extract was evaporated to a syrup 
and chromatography on a column of s~hctc actd (3 2 chloroform-hexane) provrded 
methyl 5-O-tntyl-a-D-lyxofuranoside (0 95 g), [a] is + 51” (c 1 3, chloroform) 

Anal Calc for C4sH2s05 C, 73 87, H, 6 45 Found C, 73 39, H, 6 22 
Methyl 5-O-tntyl-/J-o-lyxofuranowde, [a];’ - 18’ (c 4 0, chloroform), was 

prepared m 63% yield from methyl /I-D-lyxofuranosrdeZ2, by the method already 
outlmed for the a anomer 

Anal Calc for C25H2605. C, 73 87, H, 6 45. Found. C, 73 61, H, 6 35 
Methyl 2-0-methyl-u-D-~yxojiiranoszde - Methyl 5-O-trrtyl-&D-lyxofuranoside 

(0 SO g) was partially methylated by shakmg for 12 h in lodomethane (5 ml) con- 
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already described provided 2-U-isopropyl-D-lyxose (92% yield); [a]g - 5O (c 0 5, 
water). 

AnaZ Cak for CsH&s: C, 49 99, H, 8 39 Found- C, 50 41, H, 8.12 
2-U-Isopropyl-D-lyxose was converted into mixture of glycosides by treatment 

for 5 h m 0 5%, cold, methanohc hydrogen chloride The pyranosrdes were de- 
composed by successive treatment with sodmm metapenodate and banum hydroxide 
I?ur&catron was effected by column chromatography on S&X acid (eluant chloro- 
form-methanol, 50.1 v/v) to provide methyl 2-O-Isopropyl-a&D-lyofuranosldes, 
whose [ali value (+94”, c 0 2, water) indrcated a predommance of the c( anomer, 
pmr data@,0,70”) 6,558,J39Hz(H-l),6~556,.T47Hz(H-l) 

Anal Calc for C,H,,O,: C, 52 41, H, 8 80 Found. C, 51 94, H, 8 48. 
The 3-2H and 5-2H derwatrves of methyl a$-D-xylofunmosrde - D-Xylose-3-‘El 

and D-xylose-5-2H were prepared as previously described’. The methyl furanosldes 

were prepared by the method of Levene et al 24, p m r data for t&e 3-methyl ethers 
p20, 70”) S, 5 37, .i 12 Hz, 6,5 47, J 4 6 Hz (H-l) 

Methyl 3-o-xsopropykQ.%D-xylofuranosrde. - 1,2 5,6-Dl-O-lsopropyhdene- 
a-D-glucofuranose (5 0 g) was shaken for 3 days m 2-rodopropane (10 ml) and 
N,N-dnnethylformamtde (10 ml) contaimng silver oxide (10 g), and the mixture was 
diluted with dichloromethane, filtered, and the filtrate evaporated Reaction was not 
complete, and unchanged startmg material crystallized from Skellysolve B. The 
remamder was patially hydrolyzed by the method described by Schmidt25 for 
conversion of 1,2 5,6-do- U-isopropplrdene-cc-D-glucofuranose into 1,2- U-iso- 
propyhdene-c+D-glucofuranose The product was dissolved m ethyl acetate, which was 
extracted with water, and the organic layer was evaporated to give 3-U-isopropyl- 
1,2-U-isopropyhdene-a-D-glucofuranose (1 _ 12 g), which from ether-Skellysolve B 

had m p. 83”, [a] is - 46” (c 0 4, chloroform) 
Anal Calc for C,,H,,O,. C, 54 94, H, 8 46 Found. C, 54.76, H, 8 73 
A portion (0 56 g) was oxidized for 6 h m water (20 ml) contammg sodrum 

metapenodate (1 0 g), and the solutton was extracted twice with ethyl acetate The 
syrup (0 8 g) obtamed on evaporation was reduced with sodium borohydnde (0 20 g) 
m 30% aqueous methanol (20 ml) After 1 h, the solution was partially evaporated 
to remove methanol and the resultmg aqueous solution mas extracted wrth chloro- 
form to give 3-U-isopropyl-1,2-U-nopropyl~dene-cr-D-xylofuranose (0 36 g), [a]g 
-50’ (c 0 5, chloroform) 

Anal. Calc for C, XH200s - C, 56 88 ; H, 8 68 Found C, 56 39, H, 8 21. 
The 3-isopropyl ether (0 18 g) was hydrolyzed m 0 165~ sulfunc acid (10 ml) 

for 2 h at 100” and the solution neutrahzed (banurn carbonate), and evaporated to a 
syrup that crystalhzed Recrystallization for ether-ethyl acetate gave 3-U-isopropyl- 
cr-D-xylose (101 mg), m p 113-l 14”, [a]L5 + 35” + -I- 14” (c 0 3, water, constant value). 

Anal. Calc for C,H,,O, : C, 49.99, H, 8 39. Found C, 49 75, H, 8 08 
The pentose denvative was converted into a rmxture of its methyl furanosides 

by the action of cold 0 5% hydrogen chlonde in methanol for 3 h 
(The foregomg senes of reactions for preparation of the methyl glycosides was 
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repeated, except that sodium borodeutende was used m place of solum borohydnde, 
so that methyl 3-U-isopropy1-a,/3-D-xylofuranoside-5-zH was the final product) 

The methyi glycosrdes (130 mg) were fractionated on a column of s~hclc acrd wrth 
50 1 chloroform-methanol, as eluant, to grve nutrally methyl 3-O-rsopropyl-a- 
o-xylofuranosrde (49 mg), [a] is + 140” (c 0 4, chloroform), p m r data (D20 70”) 
S547J43Hz(H-1) 

Anal Calc. for C,HI,05 C, 52 41, H, 8 80 Found-C, 52 01, H, 8 69. 
The second frachon consisted of methyl 3-O-rsopropyl+D-xylofuranosrde, 

I% -79” (c 0 4, chloroform), p m r data (D,O, 70”) 6 5 37 J 1 8 Hz (H-l) 
Anal. CaIc for C,HIsOS C, 52 41, H, 8 80 Found C, 51 93, H, 8 90 
Methyl 5-O-methyl a&D-galactofurunosuie - Methyl 2,3-dr-O-benzyl-6-O- 

tntyI+$-D-galactofuranosidez 6 (1 0 g) was methylated by the Kuhn procedure” 
and the product was partrahy hydrolyzed m 80% aqueous acetrc acrd (50 ml) for 
15 mm at 100” Evaporation gave a nuxture that was fractronated on a column of 
srhc~c acid with 3 2 chloroform-hexane, as eluant to grve methyl 2,3-dr-O-benzyl- 
5- &methyl-z,@-D-gaiactofuranosrde (0 44 g) 

Anal Calc for C,,H,,Os. C, 68 02, H, 7 2 Found C, 67 56, H, 7 00 
A porhon of the product (0 20 g) was hydrogenolytrcally debenzylated m acehc 

acid contarmng 5% palladmm on charcoal to grve methyl 5-O-methyl-a&D-galacto- 
furanosrde (0 10 g) ; [a] i5 -65” (c 0 5, water) As the rotatron mdrcates, most of the 
product consisted of the /3 anomer 
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