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ABSTRACT

The mass spectra of some per-O-acetylaldono- and per-O-acetyldeoxyaldono-
nitriles have been recorded. The major fragmentation-pathways are discussed in terms
of the application of electron-impact mass-spectrometry to structural studies of
aldoses. Both acetyl and deuterium-labelled acetyl derivatives are included. The
spectra are useful in verifying the position of the deoxy group(s) of deoxyaldoses.

INTRODUCTION

Per-O-acetylaldononitriles are useful derivatives for the separation of mixtures
of aldoses by gas-liquid chromatography (g.l.c.), both with packed columns*~* and
with open, capillary, tubular columns?. In one application, human urinary alditols -
and aldoses have successfully been analyzed as acetyl and cyanoacetyl derivatives®;
these compounds are volatile, thermally stable, and well snited for gas-phase analysis.
As they retain ferminal dissymmetry as open-chain structures, these derivatives are
suitable for analyses of biological interest by gas-liquid chromatography-mass
spectrometry (g.l.c.—m.s.).

Other derivatives of acyclic carbohydrates have been studied. The literature
contains mass-spectral data on diethyl dithioacetal acetates”'®, aldehydo acetates®,
alditol acetates'?, alditol trifluoroacetates®?, acetates of monosaccharide N-phenyl-
osotriazoles!?, and deoxyfluoroalditol acetates!3. The work reported here deals with
studies of aldoses and deoxyaldoses as per-O-acetylaldononitriles and per-O-acetyl-
deoxyaldononitriles by electron-impact mass-spectrometry (e.i.—m.s.).

RESULTS AND DISCUSSION

Mass spectral data (m/e values and relative intensities) for the compounds
studied are given in Table L.

Mass spectra of per-O-acetylaldononitrile derivatives'* of aldoses show
fragmentation pathways similar to those of per-O-acetylpolyols'®. Direct cleavage
of chain C-C bonds, followed by the loss of ketene (m/e 42), acetate radical (/e 59),
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and acetic acid (m/e 60) or acetic anhydride (m/e 102), occurs for all members of the
class. A related type of fragmentation arises from loss of the same groups from the
molecular ion.

For all of the compounds studied, the cyano group protects the derivative from
undergoing C-1-C-2 bond cleavage. The mass spectrum of per-Q-acetylarabinono-
nitrile shows a fragmentation pattern giving a 4CN, 3CN, 2CN, 3C, 2C, and 1C series
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of ions (see Scheme 1). [Generally, the series of ions is designated in a fragmentation
scheme with numbers corresponding to the number of carbon atoms in the chain!®
Because a terminal C=N group is sometimes present, the letter “IN™ is conveniently
used to distinguish between ions containing (for example, 3CN) and not containing
(for example, 3C) this moiety.] The most abundant ions observed are 242, 200 (4CN
series), 157, 115 (3C series), and 145 (2C series). Most of the ions of the C series are
found in the spectra of similar compounds, but an explanation of the ions mfe 115 is
necessary. The mass spectra of labelled compounds indicates that two different ions,
with mfe 115(118) and 115(119), are present. The structure of the latter ion is known;
the ion of m/e 115(118) may arise from ion m/e 217(226) by expulsion of acetic
anhydride (see Scheme 1).

A similar fragmentatica occurs for per-O-acetyl-D-glucononitrile. In addition
to the ions mentioned for the previous compound, the mass spectrum shows
mfe 272(282), 212(218) (of SCN species), 289(301), 187(193), 127(130), and 85(86)
(of 4C species) (see Scheme 2).

c=N 9 c=N c=n

CH-0-Ac CH 0-Ac CH-0- Ac

CH- 0Ac_____,ca 0Ac__,cu 0-Ac

CH-0-Ac =CHy-0-Ac CH 0-Ac =CHp=C-0* CH -0-Ac

CHOAc CHOAC CH - 0-H
+

G- 0-Ac SCN /e 3141326 mle 272(282)

(a
1 \ 3
CH=0-Ac Ac-0

1 N+
(IZH-O-Ac Ac-0

CH-0-Ac C=N

~

i
CHy-0-Ac 7. mle 212 218)
4C m/e 289 m)N Ac-0

A\ N\ R\
O+:_-__> Eo% —_— Eo+
AC-OB CH3C00H' Ac-0 -CHz‘C’O 0

m/e 187 {193) m/e 127 (130) m/e 85(86)
Scheme 2

The mass spectrum of per-O-acetyl-D-glycero-p-gulo-heptononitrile gives
additional fragments of the 6CN and 5C species, due to the additional carbon atom
in the chain and to the additional acetoxyl group (compared to the corresponding
D-glucose derivative) (see Scheme 3). The fragmentation of SCN, 4C, 6CN, and SC
primary ions proceeds with expulsion of acetic anhydride, and leads to an abundance
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of cyclic ions. This process appears to be much faster than the competitive loss of
ketene from 6CN and 5C ions.

(l:EN -1 (EEN
CH-0-Ac CH-0-Ac
)
CH-0-Ac CH-0-Ac Ac-0 gt ~os
CH-0-Ac —__» CH-0-Ac , o Ac-0
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[ '
CH-0-Ac CH = 0-Ac 0-Ac
i +
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+
(I:H=0—Ac
(,:H'O'AC AC-On X0+ ot
CH-0-Ac ——> — = Ac-0
i . ~2CH3COOH P
(|:H-O-Ac Ac-0 3
CHy- 0-Ac 0-Ac
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Scheme 3

A disadvantage inherent in the mass spectra of per-O-acetylaldononitriles is
the lack of molecular ions, but molecular weights may readily be deduced from M — 59
(—OAc) and M —73 (-CH,OAc) ions.

A useful feature of per-Q-acetylaldononitriles is their terminal dissymmetry. In
structural analyses of polysaccharides vig methylation, the per-O-acetyl-O-methyl-
alditol end-products may be indistinguishable by mass spectrometry*>. Use of per-
O-acetyl-O-methylaldononitriles (instead of per-O-acetyl-O-methylalditols) should
facilitate such structural studies.

Fragment ions attributable to the direct loss of acetic acid, acetate radical, or
ketene from molecular ions of per-O-acetylaldononitriles appear to be much less
significant (see Table I) than pathways involving cleavage of the carbon chain.

Per-O-acetyldeoxyaldononitriles fragment similarly to per-O-acetylaldono-
nitriles. With these compounds, there is no cleavage adjacent to the deoxy group.
Neither 3C nor 2CN species ions were found in the spectrum of per-O-acetyl-2-deoxy-
D-erythro-pentononitrile. The presence of two abundant ions having mfe 125 (4CN)
and 145 (2C) (for labelled derivative, m/fe 151) is characteristic of the derivative of
2-deoxy-D-erythro-pentose (see Table I), but the mass spectrum of the labelled
derivative shows an abundant ion at m/e 129, instead of the predicted m/e 128 (see
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Scheme 4). To explain this, mass spectra were measured at lower ionizing potentials
(see Table II). With ethyl esters'®!7, almost complete scrambling of the ethoxyl
hydrogen atoms occurs. Ions 85 and 129 may originate from scrambling of deuterium
from acetyl groups to the sugar skeleton; this would involve the elimination of an
acetate radical as -OOCCD,H instead of -OOCCD;. The degree of scrambling is
dependent on the ionizing potential, but the data are insufficient to rule out firmly a
scrambling mechanism in the case of loss of acetate radicals. Because the ratio of
scrambling is different for these two ions, 85(84)> 129(128), there are evidently two
paths that provide ion m/e 84.

TABLE 11
VARIATION OF THE RATIOS OF IONS /e 84(85) AND 128(129) WITH IONIZING POTENTIAL

7° 11%
eV 84:85 128:129 84:85 128:129
70 6.5:100 9.8:100 24:100 48:100
20 7.2:100 8.5:100 25:100 49:100
17 7.5:100 9.7:100
15 10:100 8.7:100 57:100 50:100
12 35:100 8.5:100
11 57.5:100 11:100 101:100 60:100

2Compound 7 = tri-O-acetyl-2-deoxy-D-erythro-pentononitrile. °11 = tri- 0-acetyl-2,6-didecxy-D-ribo-
hexononitrile.

The scrambling of deuterium from an acetyl group occurs not only for per-O-
acetyldeoxyaldononitriles but also for derivatives of aldononitriles. The ion mfe 190
is more abundant than ion m/e 189 in the spectra of per-O-acetvlaldononitriles.

Major ions in the mass spectrum of tri-O-acetyl-2-deoxy-D-erythro-pentono-
nitrile (see Table I) include m/e 73(76) (1C), 83(84,85) (4CN), 103(107) (20),
112(115) (3CN), 125(128) (4CN), 145(151) (2C), and 184(190) (4CN). The ions of CN
species are significant for the structural elucidation of any per-O-acetyl-2-deoxy-
aldononitrile. Generally, the methylene carbon atom may be found from the 58
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atomic mass unit (a.m.u.) shifts of the corresponding ions. For an w-deoxyaldono-
nitrile, e.g., tetra-O-acetyl-6-deoxy-L-galactononitrile, any C-species ion is shifted by
58 a.m.u. The major fragmentation-pathways of tetra-O-acstyl-6-deoxy-L-galactono-
nitrile are shown in Scheme 5. The fragmentation pathway of per-O-acetyldigitoxono-

m/e 242 (254)(4CN) ——» m /e 183 (186,190) ~—»m /e 141(145)
mie 231(240){4C) ~—>» m/e 129(132)
M1

m/e 159(165)(3C} ~——»m/e 117 (121)

m/e 87(50)(2C)

Scheme 5

nitrile is a combination of the fragmentations of the derivatives of 2-deoxy- and 6-
deoxy-aldoses. Besides abundant ions of 2C, 3C, and 4CN species, there are ions which
arise from direct loss of acetic acid, ketene, or acetate radical according to Scheme 6;
these ions are more prominent in spectra from derivatives of deoxyaldoses than in
spectra from derivatives of aldoses.

m/e 110(111)

]

M 1T —— m/e211217)——= m/e 169 (173)

m/e 271(280) },
m{e 109 (110}
Scheme 6
EXPERIMENTAL
Preparation of derivatives. — Reference aldoses and deoxyaldoses (Supelco,

Inc., Bellefonte, Pa., U.S.A.) were converted into the corresponding per-O-acetyl-
aldononitriles and per-0-acetyideoxyaldononitriles by our published procedure®. The
following compounds were studied: tetra-O-acetyl-L-arabinononitrile (1), tetra-O-
(acetyl-d,)-L-arabinononitrile (2), penta-0-acetyl-D-glucononitrile (3), penta-O-(acetyl-
d3)-D-glucononitrile (4), hexa-O-acetyl-pD-glycero~D-gulo-neptononitrile (5), hexa-O-
(acetyl-d,)-D-glycero-p-gulo-heptononitrile (6), tri-O-acetyl-2-deoxy-p-erythro-pento-
nonitrile (7), tri-O-(acetyl-d;)-2-deoxy-D-erythro-pentononitrile (8), tetra-O-acetyl-
6-deoxy-L-galactononitrile (9), tetra-O-(acetyl-d;)-6-deoxy-L-galactononitrile (10),
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tri-C-acetyl-2,6-dideoxy-p-ribo-hexononitrile (11), and tri-O-(acetyl-d;)-2,6-dideoxy-
D-ribo-hexononitrile (12).

Mass spectrometry. — Mass spectra were obtained with an LKB 9000 gas
chromatograph—mass spectrometer fitted with a glass column (3 m x4 mm) packed
with 2% of SE-30 on Gas Chrom P (100-120 mesh, acid washed and silanized) at
temperatures of 120 to 160°. Other conditions were: flash heater, 230°; molecular
separator, 260°; ion source, 250°; and ionization potential, 70 eV, unless otherwise

specified (see Table II).
ACKNOWLEDGMENTS

This work was aided by Grant GM-13901 and Contract NIH-69-2161 of the
National Institute of General Medical Sciences, Grant HE-05435 of the National
Heart and Lung Institute, and Grant Q-125 of the Robert A. Welch Foundation.

REFERENCES

1 R. VARMA, R. S. VARMA, AND A. H. WARDL, J. Chromatogr., 77 (1973) 222-227.
2 R. VarMma, R. S. Varma, W. S. ALLEN, AND A. H. WARDY, J. Chromatogr., 86 (1973) 205-210.
3 J. K. Bairp, M. J. HoLrOYDE, AND 3. C. ELLWO0OD, Carbohyd. Res., 27 (1973) 464-467.
4 R. VARMA, R. S. VArRMA, W. S. ALLEN, AND A. H. WARDI, Carbohyd. Res., 32 (1974) 386-395.
5 J. SzAFRANEK, C. D. PFAFFENBERGER, AND E. C. HORNING, Anal. Lett., 6 (1973) 479-493.
6 C. D. PFAFFENBERGER, J. SZAFRANEK, M. G. HORNING, AND E. C. HORNING, Anal. Biochem.,
submitted for publication.
7 D. C. DEJoNGH, J. Admer. Chem. Soc., 86 (1964) 3149-3154.
8 D. C. DEJONGH AND S. HANESSIAN, J. Amer. Chem. Soc., 87 (1965) 1408-1409.
9 D. C. DEJoNGH, J. Org. Chem., 30 (1965) 453458,
0 L. S. GOLOVKINA, O. S. CHIZHOV, AND N. S. WULFSON, fzv. Akad. Nauk SSSR, Ser. Khim., (1966)
1915-1926.
11 O. S. CruizuHov, B. A. DMiTRIEV, B. M. ZOLOTAREV, A. Ya. CHERNYAK, AND N. K. KOCHETKOV,
Org. Mass Spectrom., 2 (1969) 947-952.
12 O. S. CHizaov, N. K. KocHeTkov, N. N. MALYSHEVA, A. J. SHIYONAK, AND V. L. CHASHCHIN,
Org. Mass Spectrom., 5 (1971) 1145-1155.
13 J. ApDAMSON, A. D. BARFORD, E. M. BEesserL, A. B. Foster, M. JARMAN, AND J. H. WESTWOOD,
Org. Mass Spectrom., 5 (1971) 865-875.
14 B. A. DMITRIEV, L. V. BACKINOWSKY, O. S. CHIZHOV, B. M. ZOLOTAREV, AND N. K.KOCHE TKOV,
Carbohyd. Res., 19 (1971) 432-435.
15 H. Bidornpar, C. G. HeELLERQVIST, B. LINDBERG, AND S. SVENSSON, Angew. Chem. Intern. Ed.
Engl., 9 (1970) 610-619.
16 E. V. GopBoLE AND P. KEBARLE, Trans. Faraday Soc., 58 (1962) 1897-1904.
17 A. G. HARRISON AND E. G. JoNES, Can. J. Chem., 43 (1965) 960-968.

1



