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MASS SPECTROMETRY OF COMPLETELY ACETYLATED MONOSACCHARIDE FORMATES

A, F, Pavlenko, N. I. Belégortseva, and Yu. S. Ovodov UDC 543.544,51 + 547.917

The mass~spectrometric fragmentation of model samples of fully acetylated mono-

formates of D-glucose and D-galactose has been studied. It has been shown that

it is similar to the fragmentation of the full acetates of the hexoses, is char-
acteristic, and permits the position of a formyl group in a monosaccharide to be
determined,

We have previously developed a method for determining the positions of sulfate groups in
sulfated carbohydrates through their replacement by formyl groups with the subsequent mass-
spectrometric identification of the compounds formed. In this connection, it is a matter of
interest to study the mass spectra of formyl derivatives of monosaccharides. In the present
paper we consider the interpretation of the mass spectra of the peracetates of formyl deriva-
tives of D-glucose (compounds 1-4) and of D-galactose (compound 5).

© CH,OR, CH, CAe
0 AcO g
R, OAc OAc
R,0 JAc
OR, ~ ocoH

(1-4) 05y
1 R,= Ry= R,=A¢ R,=COH
2.R=R,;= R,=Ac R,=COH
3R= Ry= R,= Ac Ry = COH
+«R=R,=Ry=Ac R4= GOH

Fully acetylated monosaccharide formates

The mass~spectrometric characteristics for these compounds, which are given in Table 1,
enable us to judge that the decomposition of the fully acetylated monosaccharide formates is
similar to the decomposition of fully acetylated hexoses [2]. The mass spectra contain two
main series of fragments, B and C (using Heyns and Muller's symbols [2]).

Series B (scheme 1, next page) begins by the elimination of the glycosidic acetoxy group (ionwitt
m/z 317), and the subsequent ejection of formic or acetic acid and a molecule of ketene leads
to fragments with m/z 211 (compounds 1, 3-5), 197 (1, 2, 4, 5), 169 (1-3, 5), and 155 (4).
The ion with m/z 271 is absent from the spectra of 1, 3-5 and is characteristic for 2. The
ion with m/z 211 is observed only in the mass spectra of compounds (1), (3), (4), and (5) and
is strongest for (1) and (5). '

SeriesC(schemeZ,nextpage)beginswithfragmentcl,whidnisformedbythecleavageoftheCl—
C, bond. The elimination of a Ac,0 molecule leads to the fragment C, with m/z 274 (1, 3-5). -
The following fragment, Cs, is formed by the ejection of formic acid. The peak with m/z 274
is present in the spectra of compounds (1, 3-5), and an ion with m/z 242 only in the spec-
trum of (2). Table 1 gives information on the relative intensities of the peaks observed in
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TABLE 1. Mass~Spectrometric Characteristics of the Peracetates
of Formyl Derivatives of D-Glucopyranose and of D~Galactopyra~-
nose

Relative intensities of the peaks
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Scheme 1

CH,OR, CH,OR, uH, OR,
- /0 -R,0H 0 -R,OR, QR
OR, — \ H
&.0 .0 m/Z 108
3 1 (-5
OR, OR, 0
B1 Bz ’ B
m/2 317 (1-5) m/ & 257 (1,3-5) m/z 169 (1-3,5)
mya 7t (2) m/z 155 (4}
cH,%ti. CHy
g RO / g
t -R,0H or or
-R, OH R0 =
¢ R, OR,
8,

m/z 21 (1,3,4,5,

Scheme 2
| I
CH,OR, CH,OR, ,0R,
. : \
—RyOAc \ _-HCOOH /
OR, ;CHOAG——~ 4+ CHO ———1R_0
R,0 “—CHOR, R,0 “— CHOR, ==
OR,
G’I CZ B Cg -
: m/Z 274 (1,3-5) m/z 228 {(4,3-5)
' m/z 242 (2)
_REGFV
R,0CH=CH-CHOR -R0R, ;UHg o
c, c, Cy
m/Z 157 (2,4) m/z 140 (2,4) m/ z 186 (1,3-5?
m/Z 143 (1,3,5) m/z 126 {1,3,5) m/z200(2)
| ~CH,CO |-cH,co |-CH,C0
CS CS C.’l
m/z 115 (2,4) m/z 08 (1-5) m/z 158 (1,2,3,5!
m/z 101(1,3,5) m/Z 144 (4)

the mass spectra of the compounds studied. Here it must be borne in mind that the peak with
m/z 43 is distinguished by the greatest intensity in all the spectra and in comparison with
this the intensities of the other peaks are very small, In view of this, Table 1 gives the
intensities of the peaks in relation to the peakwith the second-highest intensity (for com-
pounds (1), (3), and (5) the peak with m/z 98, for compound (2) the peak with m/z 69, and for
compound (4) that with m/z 115). It must be mentioned that in addition to series B and C, an
ion with m/z 303 is characteristic for the mass spectra of (1-3) and (5), while it is absent
from the spectrum of (4).

m/ 2303 (1-3,5)

Thus, the mass spectra of the peracetylated formates of monosaccharides are characteris-
tic and can be used to determine the positions of the formyl groups.
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EXPERIMENTAL

The mass spectra were obtained on a LKB 9000S instrument (Sweden)., TLC was performed
on plates coated with silica gel in the chloroformacetone (98:2) system. The spots were re—
vealed by spraying with sulfuric acid. Specific rotations were determined on a Perkin-Elmer
141 polarimeter. PMR spectra were recorded on a ZKR-60 instrument (GDR). Melting points
were determined on a Boetius stage.

Preparation of Peracetylated Formates of Monosaccharides. 1,3,4,6-Tetra-O-acetyl-2-0-
formyl-a~D-glucopyranose (1), A solution of 1 g of 1,3,4,6-tetra-0O-acetyl-a-D-glucopyranose
[3] in absolute pyridine (10 ml) was treated with acetic-formic anhydride (1.5 ml). The so-
lution was stirred with a magnetic stirrer until the evolution of gas ceased and it was then
poured into ice-containing water (70 ml). The crystals that deposited were separated off by
filtration and were dried in vacuum over P,05. This gave compound (1) with a yield of 0.995
g (95%), homogeneous on TLC, mp 127-128°C; [alp +97° (c 1.0; CHCls). Found, %Z: C 47.45,

H 5.27. Found, %: C 47,373 H 5.32., PMR (8, ppm): 6.3 (H~1, J = 2 Hz; 4.8-5.7 (H-2, H~3,
H-4); 3.8-4.5 (H-5, 2H-6); 1.9-2.4 (4COCHs); 7.9 (—CH). :

1,3,4,6—Tetra—O—acety1—30—formyl—a—D—glucopyranose (2) [1]. A solution of 0.1 g of the

sodium salt of 1,2,4,6-tetra-O~acetyl-D-glucopyranose 3-sulfate in absolute dimethylformamide
(0.3 ml) was cooled in ice, and, with stirring, oxalyl chloride was added in drops. The mix-
ture was heated at 60°C for 2 h and was then poured into ice water, the aqueous solution was

extracted with chloroform, and the chloroform extract was dried over calcined sodium sulfate

and evaporated in vacuum. This gave compound (2) with a yield of 0.07 g (87.5%), homogeneous
on TLC. Found, %Z: C 47.54; H 5.28. Calculated, %: C 47.87; H 5.32, According to the re-

sults of PMR spectroscopy, the main product was the o anomer: 6 6.25 ppm, J = 2 Hz (H-1).

1,2,3,6-Tetra~-0-acetyl-4-O-formyl-p-D-glucopyranose (3). A solution of 0.5 g of 1,2,
3,6~tetra-O-acetyl-B-D~glucopyranose [4] in absolute pyridine (5 ml) was treated with acetic-
formic anhydride (1 ml). The reaction mixture was worked up as described above for compound
(1). This gave compound (3), with yield of 0.48 g (89%), homogeneous on TLC, mp 148-150°C,
[alp +6.4° (c 0.598, CHCls). Found, %2 C 48,185 H 5.64. Calculated, %: C 47.87; H 5.32.
PMR (8, ppm): S5.74., J = 4 Hz (H-1); 5.15-5,3 (H~2, H-3, H-4); 3.82~4.3 (H-5, 2H-6); 1.94-
2.2 (4COCH3); 8.01 (~CH).

1,2,3,4-Tetra-0-acetyl~6-0-formyl-B-D-glucopyranose (4). A solution of 1 g of 1,2,3,4~
tetra-O-acetyl-B-D-glucopyranose [4] (1 g) in absolute pyridine (10 ml) was treated with
acetic-formic anhydride (1.5 ml). The reaction mixture was worked up as described for (1).
This gave compound (4) with a yield of 0.987 g (93%) homogeneous an TLC, mp 139-140°C, [alp
+7.5° (c1.2; CHCls). Found, %: C 47.87; H 5.40. Calculated, %z C 47.87; H 5.32. PMR spec-
tra (8, ppm): 5.72 (H-1, J = 4 Hz); 4.,9-5.5 (H-2, H-3, H-4); 3.7-4.4 (H-5, 2H-6); 1.9-2.4
(4COCH3); 7.8 (—C-H).

1,3,4,6-Tetra-O-acetyl-2-0-formyl-a-D-galactopyranose (5). A solution of 0.5 g of 1,3,
4,6-tetra-O-acetyl—-a~D-galactopyranose [4] in absolute pyridine (5 ml) was treated with
acetic-formic anhydride (1 ml)., The reaction mixture was worked up as described above for
(1). This gave compound (5) with a yield of 0.46 g (85%), homogeneous on TLC, mp 1l1-112°C,
[a]lp +115° (c 0.29; CHCla). Found, %: C 47.63; H 5.37. Calculated, %: C 47.87; H 5,32.

CONCLUSION

The mass-spectrometric fragmentation of a number of acetylated D-glucopyranose and D-
glactopyranose formates has been studied. It has been shown that it is similar to the frag-
mentation of monosaccharide peracetates and permits the position of the formyl group in the
monosaccharides to be determined.
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