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ABsTRAcr 

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. 

lNlXODUCTION 

Per-0-acetylaldononitriles are useful derivatives for the separation of mixtures 
of aldoses by gas-liquid chromatography (g.I.c.), both with packed columns’-4 and 
with open, capillary, tubular columns 5. In one application, human urinary alditols 

and aldoses have successfully been analyzed as acetyl and cyanoacetyl derivatives6; 
these compounds are volatile, thermally stable, and well suited for gas-phase analysis. 
As they retain terminal 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-spectra1 data on diethyl ditbioacetal acetates’*‘, aldehydo acetatesg, 
alditol acetateslO, alditol trifluoroacetates’ ‘, acetates of monosaccharide X-phenyl- 
osotriazoles”, and deoxyiluoroalditol acetates13. The work reported here deals with 
studies of aldoses and deoxyaldoses as per-0-acetylaldononitriIes and per-O-acetyl- 
deoxyaldononitriles by electron-impact mass-spectrometry (e.i.-m.s.). 

RESULTS AND DLSCUSSION 

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

Mass spectra of per-0-acetylaldononitrile derivativesi of aldoses show 
fragmentation pathways similar to those of per- 0-acetylpolyols lo. Direct cleavage 
of chain C-C bonds, followed by the loss of ketene (m/e 42), acetate radical (m/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-l-C-2 bond cleavage. The mass spectrum of per-U-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 somdimes present, the letter “N” 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 m/e 115 is 
necessary. The mass spectra of labelled compounds indicates that two different ions, 
with m/e 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 fragmentation occnrs for per-O-acetyI-D-glucononitrile. In addition 
to the ions mentioned for the previous compound, the mass spectrum shows 
m/e 272(282), 212(218) (of 5CN species), 289(301), 187(193), 127(130), and 85(86) 
(of 4C species) (see Scheme 2). 

$‘N 1 
+. 

!'N pN 

CH-O-AC CH- O-AC CH-O-AC 

:H- O-AC ;H-O-AC __ 

!H_O_Ac +X2-O-AC , 
~‘H-~-Ac 

iH-O-AC 2= 

+ 

-CH C-O* ’ $H-O-AC 

{H-O-AC tt~‘0-A~ iH = O-H 

;H2-0-Ac 
+ 

5CN m le 314 (3261 
+ 

m / e 272 (282) 

CH=&Ac 

AH-O-AC 

[H-O-AC 

4C mle289(301) 

AC-O 

AC-O 

C=N 

m le 212 12181 

AC-O 

AC-O 

m le 187 (193) m le 127 (1301 m/e 85(a) 

Scheme 2 

The mass spectrum of per- O-ace@-D-&zero-D-gu&heptononitrik 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 5CN, 4C, 6CN, and 5C 
primary ions proceeds with expnlsion 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. 

CGN 1” 
Lo-AC 

$'N 

CH-O-AC 

{H-O-AC :H-0-Ac 

CH-O-AC ,;;H-0-Ac 

;H-O-AC -CH2-o-AC &_o_Ac 

k”-0-Ac 

;i;:::;cCT Ac-o a,,, 

;H = O-AC O-AC 

iH2-0-Ac 
+ 

6CN m le 386 (401) m I e 284 (2931 m/e 1641167) 

;H=O+-Ac 

CH-O-AC 

[H-O-AC --+ 
AC-O \ o+ 

;H-O-AC AC-O G 

t o+ 
- AC-O 

-2CH3COOH EJ 0 

iH2- 0-Ac 
O-AC 

SC m/e 3611376) m I e 259 (268) m/e 139(142) 

Scheme 3 

A disadvantage inherent in the mass spectra of per-0-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-0-acetylaldononitriles is their terminal dissymmetry. In 
structural analyses of polysaccharides via methylation, the per-O-acetyI-O-methyl- 
alditol end-products may be indistinguishable by mass spectrometry”. Use of per- 
0-acetyl-0-methylaldononitriles (instead of per-0-ace@-0-methylalditols) shouid 
facilitate such structural studies. 

Fragment ions attributable to the direct loss of acetic acid, acetate radical, or 
ketene from molecular ions of per-0-acetylaldononitriles appear to be much less 
significant (see Table I) than pathways involving cleavage of the carbon chain. 

Per-0-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-0-acetyl-2-deoxy- 
D-eryrhro-pentononitrile. The presence of two abundant ions having m/e 125 (40 
and 145 (2C) (for labelled derivative, m/e 151) is characteristic of the derivative of 
2-deoxy-D-erythro-pentose (see TabIe 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 

Scheme 4). To explain this, mass spectra were measured at Iower ionizing potentials 
(see Tabie II). With ethyl esters16’ 1 ‘, 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 II 

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

70 lib 

eV 8485 228: 129 84:&i Z28:129 

70 6.5: 100 9.8:100 24:lOO 48:lOO 
20 7.2:lOO 8S:lOO 25:lOO 49:lOO 
17 7S:lOO 9.7:100 
15 1O:lOO 8.7:100 57:lOO SO:100 
12 35:lOO 8.5:100 
11 57.5:100 11:lOO 101:lOO 6O:lOO 

“Compound 7 = tri-0-ace@-2-deoxy-D-erytilro-pentononitrile. '11 = tri-0-acetyl-2,6-dideoxy-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 m/e 190 
is more abundant than ion m/e 189 in the spectra of per-O-acetylaldononitriles. 

Major ions in the mass spectrum of tri-O-acetyl-2-deoxy-D-erythro-pentono- 
nitrile (see Table I) include m/e 73(76) (lC), 83(84,85) (4CN), 103(107) (2C), 
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 o-deoxyaldono- 

nitrile, e.g., tetra-O-acetyf-6-deoxy+galactononitrile, any C-species ion is shifted by 
58 a.n.u. The major fragmentation-pathways of tetra-O-acetyl-6-deoxy-r_-galactono- 
nitrile are shown in Scheme 5. The fragmentation pathway of per-U-acetyldigitoxono- 

/ 
m le 242 Q54)(4CN) ~m/e183(189,190) -mfe 141(145) 

m le 231(240)(4C) e m le 129 11321 

m/e 159(165)(3C) --+ m le 117 (121) 

\ mle 87(90)(2Cl 

Scheme 5 

nitriie is a combination of the fragmentations of the derivatives of Zdeoxy- 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 llO(111) 

t 
M 1”- m le 211(217)- m I e 169 (173) 

m/e 271(280) 
c 

mle 109 (110) 

Scheme 6 

EXPERIMENTAL 

Preparation of derivatives_ - Reference aldoses and deuxyaldoses (Supelco, 
Inc., Bellefonte, Pa., U.S.A.) were converted into the corresponding per-O-acetyl- 

aldononitriles and per-O-acetyideoxyaldononitriks by our published procedure5. The 
following compounds were studied: tetra-U-acetyl-r_-arabinononitrile (I), tetra-0- 
(acetyl-d,)-L-arabinononitrile (2), penta-O-acetyl-D-glucononitrile (3),penta-O-(acetyl- 
d,)-D-gIucononitrile (4), hexa- O-acetyl-D-glycero-D-~~Zu-heptononitrile (5), hexa-& 
(acetyl-d,)-D-g&%)-D-g&J-heptononitrile (6), tri-O-acetyl-2-deoxy-D-erythra-pento- 
noni’zile 0, tri-O-(acetyl-d&2-deoxy-D-erythru-pentononitie (8), tetra-O-acetyl- 

6-deoxy-L-galactononitrile (9), tetra-O-(acetyl-d&6-deoxy-L-galactononitrile (lo), 
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tri-O-acetyI-2,6-dideoxy-D-ribo-hexononitrile (ll), and tri-0(ace@-da)-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 x 4 mm) packed 
with 2% of SE-30 on Gas Chrom P (100-120 mesh, acid washed and siianized) 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). 
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