MASS -SPECTROMETRIC STUDY OF CARBOHYDRATES
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The mass -spectrometric investigations of carbohydrates that we have carried out previously [1, 2] have permitted
us to study the mass spectra of the methyl ethers of some anhydrosugars, The use of the mass -spectrometric method
makes it possible to establish the structure of some narural
compounds, Data on the mass spectrometry of anhydrosugars

are limited to a single paper by Reed et al., [3], who ob- m w2 . D
tained the mass spectra of methyl 3, 6-anhydro-B -D -gluco- @ i ac'“u ww2st 16
H.
pyranoside and methyl 3, 6 -anhydro-¢ -D-gluco-, D-galac- o e 2
3

to-, and -mannopyranosides. As the subject of our investi-
gation we chose the methyl ethers of anhydrosugars, which < ) 1
are more suitable for mass spectrometry in view of their
volatility, These ethers are of interest as possible degrada-
tion products in the study of polysaccharides (for example,
agar and other related polysaccharides of red algae). More-
over, by working with methyl ethers it might be possible to
make a direct comparison of the modes of fragmentation

of anhydrosugars with the fragmentation of ordinary mono-
sacchatides [1, 2,41
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We have recorded the mass spectra of 2,3,4-tri-O-

methyl -1, 6 -anhydro-D-glucose (1), methyl 2,4-di-O-
w o & wp 10 KO 60 180 W

methyl-3, 6 -anhydro-o -D -glucopyranoside (1I), and methyl R, o
2, 5-di~O-methyl - -D ~glucofuranoside (IiI). Compound (I) ' C%ﬂ% wad|
was obtained by methylating the triacetate of levoglucosan 0 T ns
by Haworth's method; the constants agreed with published , i .
data [5]. The starting material for the synthesis of (I1) and
(1I1) was methyl 2,3 -anhydro-a -D-allopyranoside, which 2 \ Lo, 35
was converted into methyl 3, 6-anhydro-« -D-glucopyrano- . JI ' Ei;l T / i s
side and methyl 3, 6 -anhydro-o -D-glucofuranoside by W & g A M K0 @) 200
heating with a 1 N solution of caustic soda [6]. Methyla-
tion of these substances by Purdie’s method gave the methyl
ethers (II) and (III) with constants identical with those given
in the literature [7}.
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Mass spectra of 1,2, 3-tri-O-methyl-~1, 6 -anhydro-

D-glucese; methyl 2, 4-di -O-methyl-3, 6 -anhydro-
The mass spectra were taken on a MKh-1303 mass o ~-D-glucopyranoside; and methyl 2, 5-di-O-methyl

spectrometer with an ionizing voltage of 70 eV and an in- 3, 6 -anhydro -o -D -glucofuranoside.

let system temperature of 175" C. The intensities of the peaks

were calculated with respect to the intensity of the main peak of the spectrum and to the total intensities of all the

peaks of the spectrum from M™ to m/e 45 for the purpose of conveniently comparing the spectra, The mass spectra of

compounds (I1y=<(I1I} are given in the figure. ’

The mass spectra of the anhydrosugars can be interpreted only partially by starting from the rules established for
the decomposition of the methyl ethers of ordinary pentoses and hexoses [1,2,4]. The closest analogy was found betweer
the mass spectra of (I} and of methyl 2, 3, 4, 6-tetra-O-methyl -« -D-glucoside [1], although the presence in substance
(1) of an additional ring leads to the appearance of several peculiarities in the decomposition*® of this compound. Thus,
in the mass spectrum of (I), as was to be expected, the peaks corresponding to the ions of series A and E disappear(the
latter arise as a result of primary ruptures of the Cy—glycosidic oxygen and C;—Cg bonds respectively). Peak By is also
absent, in spite of the formation of ions By and Bg.

*In the subsequent discussion of the mass spectra, we shall make use of our previously introduced system of sym-
bols for ions and decomposition routes [2]. ‘
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The initial rupture of the C;—C, bond leads to several series of ions of similar structures with m/e 175, 159, 143,
127, and 95, partially recalling the ions of series C for methyl 2, 3, 4, 6-tetra-O -methyl -8 -D -galactoside [2]
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In other respects, also, the mass spectrum of substance (I) recalls the mass spectra of the completely methylated
methyl hexosides; it has peaks of the ions F; and G (m/e 101), H? and H (m/e 88), H, (m/e 73), Fy(m/e 71), and
others characteristic of the permethylhexosides. The peak of the ion Dy is found at m/e 108:

CH,—0
\R] —_— [ >—0ch3
cuaﬁ ocH,
CHOCH, mye 103,

The ion J(m/e 75) has a lower intensity and apparently arises mainly by the following process:

. OCH,» _ s Al . .
C%DWDcnzcn-o——-cuzp—cn OCH, + CH,0-CH-CH=CH-DCH,CH=0
CHQ l mfe 75,3
CHO-CH-OCH, +  CH, O=CH-CH=CH-0CH,CH=0

Fl, m/e 129
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The mass spectrum of substance (II) differs considerably from that of (I), and the fragmentation of (II) is character-
ized by processes which are not encountered in the decomposition of the completely methylated methyl hexosides, al-
though some features of similarity are still retained. Thus, the peaks at m/e 173 and 141 evidently owe their origin to
the isomeric ions A; and A;(m/e 173) and A, and As (m/e 141):

H,COH . HOCH,
@ Q
OCH, CH30

acH, DCh,
A, m/e 173 ‘,m/e 173 A,,m/e141
, H/
—CHD oy o@
OCH, DCH
0CH, . UCH 4y
€,.m/e173 Eg,m/e 141

The mass spectrum of (II) exhibits a fairly intense peak of the fragment D; (m/e) 103), while the main peak of
the spectrum is that for m/e 101, which possibly corresponds mainly to the ion F2, The formation of these two frag-
ments in the case of (II) probably takes place in a similar manner to that proposed for the completely methylated

methyl hexosides [23
Q }\.gcn — [>ocn

CHUC”: . m/e 103,D,
N
*
\=\— 0CH, —— CH 0~ CH=CH-CH=0CH,
ch,0 Y0 \
CH= 6CH3 A myje 10", F'

The peak with m/e 88, as was to be expected, has a comparatively low intensity and probably corresponds to the
ion H} including Cy and C, with their methoxyl groups.

The mass spectrum of (1I) is characterized by a relatively high intensity of the peaks with m/e 175, 143, 131, 99,
and 73, whose presence is difficult to explain unless the following rearrangement is assumed:

0—CH,

CH,_ . :
T o e i e L
OCH, CHP OCH CH30 OCH3 .
OCH,

OCH, L,rfe17s OCHy

l-t:nsocucuao 1"3'*30”
\f +
G g O, U*z
CH,0= CH-CH=0 u\/Locw, erd=He N oK,
OCH, 0CH,
m/2 143
m/e 73, N, M,,m/e98 - M,m/e3t Lo,/

In order to confirm this hypothesis, selectively labeled compounds whose synthesis entails considerable difficulties
must be used.

The mass spectrum of the anhydrofuranoside (III) differs considerably from the spectra of the two isomers con-
sidered above. The first difference consists in the presence of the peak of the M* ion, which reflects the generally
greater stability of the molecule as compared with substance (II){cf. [7,6]). The appearance of the strongest peaks
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of the mass spectrum of (II), with m/e 114 and 58, can be explained by the following two processes of conjugated
electron transfer, recalling to some extent the route of formation of fragments HZ and K; in the case of the completely

methylated glycosides [2, 3}

] i
o

T VemoH, - CH,0 + HCOOCH, + [CH0-CH=CH-CH=CH-OCH,}’
oY 1
i Y m/e 114

ocH

CHO H
AN . »
q (>---0CH=[0=CH-CH=0] « [Cn0-CH-CH OCH,} + [CH,=CH OCHy]
A
0CH

me 58 m/e B8 m/e S8
3

A series of other ions arises in an analogous manner to the corresponding fragments in the mass spectrum of methyl
2,8, 5-tri-0 -methyl -t , 8 -L -arabofuranoside [2]. Thus, the ions Ay (m/e 173) and A, (m/e 141) are formed by the suc-
cessive elimination of a CHyO radical and a molecule of methanol:

CH, CH, g .
TR — OO
s

' OCH, 0
OCH, OCH,
A, mze 173 A, mfe 141

The ions EY and E'% are formed in the same way as the ions E% and E% ¢

) CHOHE-HL 6 o
L e —— ——e g
ocH, 0ch, Q OCH,
ocH, OCH, * CHPCHCH,D
E,,m/e 129 E,.m/e {72

The origin of the ion Gy (m/e 144) and its further fragmentation are clear from the following scheme:

CH,
lz CHO
EHOTY=0 CHO - 3 9
———-—)3 k s 4+ 0 —-U—C-HJ,—
0CH, CHOCH,

S—0CH,
OCH, 0CH,
C,,mfe 144 L,, mfelt3
l-CH30H
0
/4 -»
- ~— " 0 0
CJ == "k s | @
+. H
0
C,. mfe 69 C,,m/e 98 C,. m/e 81

It is not yet possible to explain the origin of some other peaks, including one of the strongest peaks in the spec~-
trum at m/e 85. Further investigations of the mass spectra of corresponding labeled compounds are necessary for this
purpose.

The results given show that the presence of the additional ring in the anhydrosugars, as well as its size and
position, introduce specific features into the mass-spectrometric behavior of these compounds. These features of the
mass spectra permit the use of the mass-spectrometric method for determining the structure of the anhydrosugars even
with the incomplete treatment of mass spectra which is possible at the present time.
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Summarz

The mass spectra have been recorded of three anhydrosugars: 2, 3, 4-tri-O -methyl -1, 6 -anhydro -D -glucose,
methyl 2, 4-di~O-methyl-o -D -glucopyranoside, and methyl 2, 5-di-O-methy!-3, 6 -anhydro -« -D -glucofuranocside,
An interpretation of the spectra obtained has been given.
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