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Abstract: Coordination of an alkali metal cation (A) to two proximate oxygens in a
molecule (molecular weight, M) affords a prominent [M+A]" ion peak in fast atom
bombardment mass spectrometry. Relative affinities of various diols and other O-
containing compounds for Na* were determined from the intensities of the [M+Na]*
ions relative to that of 1,2-hexadecanediol (1). Copyright © 1996 Elsevier Science Ltd

INTRODUCTION

One of the most important uses of mass spectrometry in organic chemistry is the determination of
molecular weight (M). Some organic compounds, however, show only a very weak or no molecular ion peak,
even in so-called soft ionizing fast atom bombardment (FAB) mass spectrometry.” In some cases, addition of
alkali metal ions induces an adduct ion peak [M+A]", where A is the atomic weight of the alkali metal cation, and
this peak has often been used for molecular weight determination of sugars, peptides and other organic compounds
in FAB and other ionization mass spectrometry.”

Formation of stable complexes between polyoxygenated compounds and alkali metal cations has been
reported with crown ethers and some other poly ethers,” and sugars.® Other polyfunctional compounds, such
as peptides, are also known to form such complexes under FAB conditions. However, the structural requirements
for such adduct ion formation as well as the location of the metal remain unclear.”

Recently, we observed that the FAB mass spectrum of fusarielin A (20), an antifungal antibiotic from
Fusarium sp. K432.% showed only a weak pseudo-molecular ion peak [M-H]" at m/z 401 (Figure 1-A), but
on addition of NaCl, gave an intense [M+Na]" ion peak at m/z 425. Figure 1-B shows the FAB mass
spectrum of 2 0 with addition of 0.2 equivalents of NaCl. The intensity of the [M+Na]* ion peak increased with
the amount of NaCl added. Since 20 has a 1,3-diol moiety, we examined the formation of [M+Na]" ion peak
with a variety of diols and related compounds. This report describes the nature of the oxygen functional groups
required for stabilization of the [M+Na]* ion in FAB mass spectrometry.
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Figure 1. Positive ion FAB mass spectra. (A) Fusarielin A (20)®’ (MW 402). (B) Compound 20

with 0.2 equivalents of NaClL.'”. (C) (20R,22R)-Cholest-5-ene-3[,20,22-triol (21)'®’ (MW 418).
(D) Compound 21 with 0.2 equivalents of NaCl.'” Matrix, m-nitrobenzy! alcohol. The base peak
in the spectra (A) to (D) each is at m/z 154 (protonated molecular ion of the matrix).
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EXPERIMENTAL
Instrumentation and sample preparation

FAB mass spectra were recorded on a JEOL JMS-HX110 double-focusing mass spectrometer of EBE
arrangement with a JMS-DAS000 or DA7000 data system. Ion acceleration voltage was 10 kV, and the
fast-atom xenon gas was accelerated at a voltage of 3 kV. Collision-activated dissociation (CAD) spectra were
obtained with helium collision gas, which was metered to cause about 20% attenuation of the main beam.”
m-Nitrobenzy] alcohol (nNBA) was used as the matrix, and LiCl, NaCl and KCl were used as alkali metal
cation sources.

Sample solutions for the FAB mass analyses containing 0.2 equivalents of NaCl (Figure 1-B, 1-D
and Figure 2-B ) were prepared by mixing 5 pl each of 0.1 M sample compound in CHCI,-CH,0H (1:1),
0.02 M NaCl in H,0-CH,OH (1:9) and mNBA. Solutions for experiments to obtain the relative intensities of
sodium adduct ions shown in Figure 3 were prepared by mixing S pl each of 0.1 M sample compound and 0.1
M hexadecane-1,2-diol (1), 10 pl of 0.02 M NaCl, and 10 pl of mNBA. For the analyses of the relative
intensities of Li*, Na* and K* adduct ions of the diols listed in Table 1, S pl each of 0.1 M sample compound,
a salt solution prepared by mixing equal volumes of 0.02 M LiCl, NaCl and KCl, and mNBA were combined.
An aliquot of the mixture was applied to the target tip for FAB mass analyses. = FAB mass spectra were
obtained by means of a 10 second scan from m/z 100 to 1500. The intensity of the Na* adduct ion was
essentially constant for several minutes. Therefore, three values, at 20, 30 and 40 sec from the start of the
analysis, were averaged. Each sample was measured at least twice.

Materials

The structures of the compounds tested are listed in Figure 3. The diols 1-4 were purchased from
Aldrich Chemical Co., Inc. The diols § and 6 were obtained by LiAlH, reduction of B-hydroxydodecanoic acid
(a gift from Dr. A. Kawaguchi of The University of Tokyo) and undecanoic y-lactone (Aldrich Chemical Co.,
Inc.), respectively. The diol 7, stearyl alcohol (12), 3B-cholestanol (19) and mNBA were purchased from
Tokyo Kasei Kogyo Co., Ltd. Steroidal diols 5a-cholestane-1at,30-diol (15)¥, 5ci-cholestane-2f,3a-diol
(16)” and 5a-cholestane- 1o, 3B-diol (1 7)*'* were prepared by the cited methods. 'H NMR (CDCl,) of 15: §
0.63 (3H, s), 0.73 (3H, s), 0.84 (6H, d, J =7.0 Hz), 0.88 (3H, d, J = 7.0 Hz), 3.72 (1H, m), 4.06 (1H, m).
16: 8 0.64 (3H, s), 0.86 (3H, d, J = 7.0 Hz), 0.87 (3H, d, J = 7.0 Hz), 0.90 (3H, d, J = 7.0 Hz), 0.99 (3H,
s), 1.33 (IH, ddd, J= 14.0, 3.0, 3.0 Hz, H,,), 1.49 (1H, dd, J = 14.5, 3.5 Hz, H,), 1.72 (1H, dd, J = 14.5,
2.5 Hz, H,), 1.88 (1H, ddd, /= 14.0, 14.0, 3.0 Hz, H,), 3.85 (1H, m, Hyy), 3.89 (1H, m, H, ). Compounds
8, 9, and 14 were prepared from the diol 1, i.e., by treatment of 1 with methylsulfinyl carbanion followed by
methylation with methyl iodide;'” by acetylation of the primary hydroxyl group of 1 followed by Swern
oxidation,'® then hydrolysis of the acetyl group with K,CO;; by reaction of 1 with 2,2-dimethoxypropane in the
presence of p-toluenesulfonic acid. The epoxide 10 was derived from 2-hexadecenoic acid (Tokyo Kasei
Kogyo Co., Ltd.) by esterification with ethanol and HCl, followed by diisobutylaluminum hydride reduction,
and then oxidation with m-chloroperbenzoic acid. The acetate 11 was obtained by acetylation of 12 with acetic
anhydride in pyridine. The ether 18 was prepared from 19 by the reaction of 3,4-dihydro-2H-pyran in the
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presence of p-toluenesulfonic acid. The ether 13 was prepared by treatment of decanol with octyl iodide in the
presence of NaH. Commercial products were used without further purification. All compounds prepared were
characterized by 'H NMR (JEOL JNM A-500 NMR spectrometer, 500 MHz), FAB and/or electron impact mass

spectrometry.
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Figure 2. (A) Positive ion FAB mass spectra of 1,2-hexadecanediol (1) (MW 258: Ms). Commercial
1 contains about 0.02 equivalents of Na*. The base peak is at m/z 154 (Protonated molecular ion of
the matrix) (B) Positive ion FAB mass spectrum of 1 with 0.2 equivalents of NaCl.'” The peak at
m/z 176 represents the Na* adduct ion of the matrix. (C) Collision-activated dissociation (CAD)
spectrum of the Na* adduct ion of 1, m/z 281. Matrix, m-nitrobenzyl alcohol.

RESULTS AND DISCUSSION

The positive ion FAB mass spectrum of fusarielin A (2 0)* (molecular weight 402) showed a dehydroxylated
ion peak [M+H-H,0)" at m/z 385 and a weak pseudo-molecular ion peak {[M-H]" at m/z 401 (Figure 1-A).
On addition of NaCl, an intense sodium adduct ion peak [M+Na]" appeared at m/z 425 (Figure 1-B). From
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these data, the molecular weight of 2 0 was concluded to be 402. Fusarielin A homologs having a 1,3-dihydroxyl
or a 1,3-ketol group also formed intense [M+Na]" ions in the FAB mass spectra.

Similarly, the FAB mass spectra of cholest-5-ene-2,3p-diol," (20R,22R)-cholest-5-ene-3p,20,22-triol
(21)'* and 5a-cholestane-3B-benzoyloxy-14a., 1 5a.-diol,’ in which two hydroxy groups are sterically close to
each other, each showed a very weak pseudo-molecular ion peak [M-H]’ relative to the dehydroxylated and
dehydrated ion peaks, [M+H-H,O]" and [M+H-2(H,0)]". However, they each exhibited an intense [M+Na]"
peak on addition of NaCl (Figure 1-C, 1-D). Other diols such as cholest-5-ene-1c,3p-diol," Sat-cholestane-
3B,60.-diol'" and So-cholestane-3B,6B-diol,'” whose hydroxyl groups are further apart, showed only a weak
[M+Na]* peak. These results suggested that coordination of two oxygen atoms to Na” contributes to the
stabilization of the [M+Na]* complex. In order to generalize the structural requirements for the coordination, the
relative intensities of the adduct ion peaks of various diols and related O-containing compounds were examined.

The FAB mass spectrum of hexadecane-1,2-diol (1), taken as a standard simple diol, is shown in
Figure 2-A. The diol 1, molecular weight 258 (Ms), showed a strong dehydroxylated ion [Ms+H-H,O]"
peak at m/z 241 and a weak [Ms-H]" ion peak at m/z 257. Upon addition of NaCl, 1 formed an intense Na*
adduct ion [Ms+Na]* (m/z 281: Figure 2-B).

The stability of the [Ms+Na]*ion was shown by the CAD spectrum of [Ms+Na]"of 1 (Figure 2-C).
The spectrum gave only the Na” ion peak without showing the dehydroxylated ion peak. This implies that Na*
stabilizes the diol by coordination and prevents fragmentation to the [Ms+H-H,O]" ion peak.

The intensity of the [Ms+Na]* ion peak of the diol 1 linearly increased with the amount of NaCl added,
from 0.04 to 1.0 equivalents. Therefore, for the analyses of the intensities of Na* adduct ions, the amount of
NaCl was determined to be 0.2 equivalents with respect to a sample."”

FAB mass spectra of a variety of mono- and dioxygenated compounds were measured in mNBA
solution containing a sample compound, the standard diol 1 and NaCl in a molar ratio of 1:1:0.4. Relative
intensities of Na* adduct ion ([M+Na]") peaks are summarized in Figure 3, where the intensity values are
given relative to that of the diol 1 for oxygenated n-alkanes and the diol 15 for steroids. The relative value of
the steroidal diol 15 to the alkyl diol 1 was 0.7. These values are considered to reflect, at least in part, the
stability of the Na* adducts formed under FAB conditions.

These results indicated that compounds having two neighboring oxygen functions (1-6, 8-11, 15-18)
can form stable Na* ion adducts, whereas alcohols and an ether with one oxygen function (12, 13, 19) did not
show stable [M+Na]* ion peaks.’® Comparison of the dihydroxyalkanes 1-7 indicated that the 1,2-diols 1-4
and the 1,3-diol 5 formed stable [M+Na]" ions and the 1,4-diol 6 also gave a stable ion, while the 1,10-diol 7
did not give a stable Na* ion adduct, behaving like the monohydroxy compounds 12 and 19. Steroidal diols
15 and 16, in which two hydroxy groups are spatially located so that they can coordinate to Na*, showed
[M+Na]* jon peaks. However, that of 16 was weaker, possibly because only the less stable, and therefore less
populated, boat form of the A ring would contribute to coordination. Compound 17, as mentioned above, gave
only a weak peak. No Na* adduct ion peak of the dimethylacetal 14 was detected in the FAB mass spectrum
upon addition of NaCl. The reason for this remains unknown, but similar results have been obtained with many
different compounds having a dimethy] acetal moiety.
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Figure 3. Relative intensities of sodium adduct ions in FAB mass spectrometry. The intensity
values are given relative to that of the diol 1 for oxygenated n-alkanes and that of the diol 15 for
steroids. Relative intensity ([M+Na]*/[Ms+Na]") was obtained by the analysis of a mixture of a
compound (molecular weight: M), the diol 1 (molecular weight: Ms) and NaCl (1:1:0.4). Matrix:
m-nitrobenzy! alcohol. The relative value of 15 to 1 is 0.7. For details of sample preparation and
measurement, sce EXPERIMENTAL.

Binding abilities of alkali metal cations to sugars,"?” peptides,™ cyclic ethers*and other organic

21.22;

compounds®'?® have been extensively investigated. In general, the affinity of alkali metal cations decreases in
the order Li"™> Na*> K*** except for cyclic poly ethers, whose binding selectivity depends on the ring
size.”*#" To examine the relative binding abilities of diols to Li*, Na* and K*, FAB mass spectra of diols were
taken in mNBA solution containing the diol, LiCl, NaCl and KCl in a molar ratio of 15:1:1:1, and the relative
intensities of [M+Li]*, [M+Na]" and [M+K]" were compared. The results are listed in Table 1. As expected,
the order of affinity was, in general, Li"> Na*> K*. It was found that the smaller Li* ion coordinates more
favorably to the aliphatic 1,3-diol S and the steroidal 1,3-diaxial diol 15 than to the 1,2-diol 1 and the 1,4-diol
6, whereas larger K* binds more favorably to the 1,4-diol 6 than to the 1,2- and the 1,3-diols (1, 5 and 15).

Leary and Pedersen have reported on Li* adduct ions of vicinal diols in FAB mass spectrometry.®™ We
have shown that not just vicinal diols, but in principle all compounds with two appropriately arranged oxygen
functions form [M+A]" ions.
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Table 1. Relative intensities of alkali metal adduct ions of diols in FAB mass spectrometry*

Li* adduct ion Na* adduct ion K* adduct ion
Compound s
[M+Li]*/[M+Na]* [M+K]*/[M+Na]*
1 nCy4HaeGHGH, 1.7 1.0 0.13
HO OH
5  C4H19CHCH,CH,
{ . 6.4 1. )
o o 0 0.11
15
M 5.4 1.0 0.10
HO oH
6 n-CyHysCHCH,CH,CH, 2.8 1.0 0.21
HO OH

a. Each value was obtained by the analysis of a mixture of a diol (molecular weight: M), LiCl, NaCl
and KCI (15:1:1:1). Matrix: m-nitrobenzyl alcohol. Intensities of the adduct ions are listed relative
to the value of Na* adduct ions. For details of sample preparation and measurement, see
EXPERIMENTAL.

In conclusion, the following results were obtained.
1. Not only poly oxygen compounds such as sugars and polyethers, but also compounds
having two proximate oxygens efficiently coordinate to an alkali metal cation (A*)
and afford the adduct ion peak ((M+A]") in the FAB mass spectrum.
2. The intensity of the [M+A]" ion peak decreases as the two oxygens are further
apart.
3. Affinity of Li*, Na* and K" ions for diols is in the order of Li*>Na">K".
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