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Abstract

Enantiomeric excess (ee) of organic primary amine compounds such as phenylglycine methyl ester hydro2hlmaile (
been determined by fast-atom bombardment (FAB) mass spectrometry (NBA matrix). Chiral recognition in host—guest
complexation systems between crown ethers [H] and amino acid ester ammonium ions [G] has been extended to the ¢
determination. The method characteristically uses a 1/1 mixture of a pair of enantiomeric hosts whose enantiomer i
isotopically labeled [(RRRR]}- and (SSSS}-dg]. Chiral recognition of a given guest is simply measured with the given
host—pair reagent from the relative peak intensities of the two corresponding diastereomeric host—guest complex ions |
I[(Hrrrr* G) V[(Hssssg* G)" = Ir/lsq, SO called IRIS value. The IRIS value varies in a linear fashion with the ee
quantitiy of 2 and produces a symmetric linear V-shaped plot, indicating that in the case of a primary amine guest (such a:
2) with unknown ee, one can determine the ee by this type of chiral recognition FAB mass spectometry. Further, based on th
observed concentration effects on the IRIS values, it is suggested that the present IRIS value reflects the concentration ra
of the diastereomeric complex ions formed in the matrix. (Int J Mass Spectrom 193 (1999) 123-130) © 1999 Elsevier Scienci
B.V.
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1. Introduction sis processes to determine the enatiomeric excess (ee)
or optical purity of the given samples. Instead of the
It is important for not only the structural elucida- old fashioned polarimetry where a large amount of
tion of clinical, pharmaceutical, and agricultural sample is generally needed, nowadays some typical
chemicals, but also other asymmetric organic synthe- methods are used, for example, chiral separation by
high performance liquid chromatography. The injec-
tion of an enantiomeric mixture onto the chiral sta-
* Corresponding author. E-mail: m-sawada@sanken.osaka- tionary phased column gives two isolated peaks which
u.ac.jp have different retention times from each other on the

1387-3806/99/$20.00 © 1999 Elsevier Science B.V. All rights reserved
Pll S1387-3806(99)00166-9



124 M. Sawada et al./International Journal of Mass Spectrometry 193 (1999) 123-130

same chromatogram. Similarly, capillary electro- 2. Experimental
phoresis using chiral additives is covered by the same

category. On the other hand, in the case of nuclear 2.1. Materials
magnetic resonance (NMR) spectrometry, treatment

of a given sample consisting of enantiomers with a
O O
chiral derivatizing reagent (or a chiral solvation re- (R)o(\ /\o”?\\ @of,s’o(\ /E(S)

. . . . . . \,g, Y .,
agent) gives slightly different chemical shifts in the O\\(R)o o 0?@ 750 o°°o(s;/©
NMR spectra [1-4]. \©)

Mass spectrometry is a highly sensitive method.
. . . OCHa 0003
Yet, it has been scarcely noted as the ee determination
tool for chiral organic amines because of the absence (RRRR)-1 (58S9)-1-dg

of mass difference between diastereomeric isomers on

the mass spectra. To our knowledge, there have been

only two reports where the possibilities of the ee ©7<COOCH3
determination (1) in the ethyl tartrate system and (2) .

in the binaphythyl system were suggested by the H N

detections of (1) a proton bound dimer ion [5] and (2) 2

a proton bound association ion (1-phenylethyl amine- Scheme 1.

binaphthyl derivative) [6] using fast atom bombard-

ment (FAB) ionization. Chiral hosts, (RRRR)- and (SSSS)-d,, were

However, recently the chiral recognition ability of  repared by previously reported procedures [7—13]. In
designed hosts toward amino acid guests could bethe case of the deuterium-labeled compounds, 2,6-
effectively detected by FAB mass spectrometry based pis(bromomethyl)hydroquinone gdiimethyl ether
upon host—guest chemistry [7-12]. We call this ap- was obtained from 2,6-dimethylhydroquinone by
proach chiral recognition mass spectrometry. Herein, CD,l and subsequent side chain bromination [13].
isotope labeling for one of the enantiomeric guests Chiral guests, (RR and (S)2, were prepared by the
had been used to effectively distinguish between esterification of the corresponding chiral amino acids
diastereomeric host—guest complex ions on the samepurchased from Aldrich (Milwaukee, WI) and Sigma
mass spectra (the enantiomer labeled guest method oMilwaukee, WI), respectively [7].m-Nitrobenzyl
the EL—guest method). Thus, the EL-guest method alcohol (NBA) was purchased from Aldrich.
provides a simple and quick determination for the
chiral recognition ability of crown ether hosts toward 5 > FAB mass spectrometry
chiral amino acid guests, compared with the NMR

titration method where it takes long time to execute.  A|| the FAB mass spectra were acquired with a
Here, we describe a novel ee determination method y\ms-pX300 (JEOL, Akishima, Tokyo, Japan), EB
for organic primary amine compounds as the extended double-focusing instrument equipped with a standard
application of chiral recognition FAB mass spectrom- JEOL FAB ionization source fitted with a xenon gun.
etry. For the present purpose, isotope labeling is The conditions are following: acceleration of xenon
necessary for one of the two enantiomers in the chiral peam, 6 kV; mode, positive; matrix, NBA; ion source

crown ether hosts (not in the chiral amine guests). We pressure, typically 10°—10 ° Torr; acceleration volt
call this the enantiomer labeled host method (the age, 3 kV; emission current, 20 mA; scan rate, 5
EL—host method). This is the first example for the ee s/scan (mass range n/'z1000). Data acquisition was
determination of amine compounds by the FABMS/ done using a JEOL JMA 5000 data processing sys-
EL—host method [13]. tem.
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2.3. Preparation of typical sample solutions for the  Table 1
Concentration effects on IRIS values for the FABMS/EL-host
FABMS/EL~host method method {{[H] = 0.0167 M= constant and [G}= varied}

Generally, a weighed sample in a microtube was [HC] IRIS value [Herre" GMHssss' G1 ©°

dissolved with an appropriate amount of solvent using 1:6° 1.32 1.35

a microsyringe. Sampling procedures were as follows. 1‘2 1"712 132

(1) 32.2uL of chloroform was added to 4.26 mg of 5.} 185 188

host (RRRR)1 (solution Hy) (0.16 M), (2) 31.1uL of 6:1¢ 1.86 1.95

chioroform was added to 3.15 mg of host (SS3&4 “The combination of host [(RRRRY- (SSSS)i-d, = 1:1] with

(solution Hy) (0.16 M), (3) 25uL of the solution H guest (R)2 (100% ee). [H] means a concentration of sum of the two

was added to 2L of the solution H; (solution 1) enantiomeric hosts. Numerical concentration exhibited is the con-
. . centration in NBA after evaporation of MeOH and CHGblvents

(0.08 M in each enantiomer), (4) 40,.&. of methanol in an ion source.

was added to 0.87 mg of guedt(solution 2) (0.080 b Calculated concentration ratio of the diastereomeric host—guest

M). complex ions in NBA. See Sec. 4.1.

A final sample solution for the FABMS/EL—host ZE]] Epysesuy
method was typically mixed with (1) &L of the
solution 1, (2) 5uL of the solution 2, and (3) 3@.L
of NBA using a microsyringe and an ultrasonic
processor (for 1-5 h). After evaporation of chloro- 1-dg was used as the host—pair reagent for the ee
form and methanol, the concentrations in NBA were determination of organic amine samples.
as follows: [Hirrd = [Hsssd-dg = [G] = 0.0133 As the guest, we chose phenylglycine methyl ester
M ([H]:[G] = 2:1). The mixed solution stood over- hydrochloride 2) because of its relatively strong
night and the JuL aliquot was put on a FAB probe to  complexation ability with hostl [7]. Several guest

measure the mass spectra. solutions of2 with different ees were prepared by the
appropriate mixing of (Rg and (S)2 (both have
100% ee).

2.4. Determination of ee values The host—pair reagent @grrl / Hgsssl-dg =

1/1) was mixed with guesR to do the FABMS
Four relative intensity data obtained from the 10th, measurements. Two diastereomeric host—guest com-
20th, 30th, and 40th scan data were averaged (4) plex ions simultaneously appeared in one FAB mass
and tabulated in Tables 1-3. No isotope correction for spectrum. The relative peak intensity (IRIS value)
natural abundance was done because of a 6 mass - unit

difference between the diastereomeric complex ions. Table 2
able
Concentration effects on IRIS values for the FABMS/EL—host
method {[H]/[G] is kept constant as 2.0}

3. Results [Clu IRIS value [Hkrrr* Gl[Hssss” G] ©°
0.040 1.76 1.70
3.1. Concept of the EL—host method 0.0267 179 175
0.0133 1.84 1.83
We chose the chiral crown ethdr as the host  0.010 1.93 1.86
compound and synthesized the enantiomeric pair of %067 1.98 1.90

unlabeled (RRRR)- and the enantiomer-labeled #The combination of host [(RRRR):- (SSSS)3-dg = 1:1] with
(SSSS)l—dG. In the latter compound, methoxy groups guest_(R)Z (_100% ee). [H] means a concentration of sum of the two

. . enantiomeric hosts.
on the benzene ring are deuterium labeled as QCD b Calculated concentration ratio of the diastereomeric host—guest
Thus, an equimolar mixture of (RRRR)and (SSSS)-  complex ions in NBA. See Sec. 4.1.
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Table 3

Change in IRIS value based on change in ee value of difest
Prepared ee value @ (%) IRIS valu¢
(R)-100 1.81
(R)-80 1.60
(R)-50 1.33
(R)-20 1.08

0 0.98', 0.96
(S)-20 0.91
(S)-50 0.71
(S)-80 0.62
(S)-100 0.53

2[H] = 0.0267 M, [G]= 0.0133 M in NBA.
® Prepared by mixing appropriate amounts of gRand (S)2.
¢ An averaged value of 10th, 20th, 30th, and 40th scan data (

4)

9IRIS = 0.98 + 0.04 (1 = 30).

was expected to be a measure of the chiral recognition
properties.

I[{(HrrrR G)+]/|[(HSSSSd6 : G)+]
= Ix/lsdg = IRIS (abbreviation)

wherel means the peak intensity of the corresponding
complex ions in the FAB mass spectra.

The fundamental concept of the EL—host method
is schematically shown in Fig. 1, where the optically
pure (R)—guest complexes the (RRRR)-host by an
arbitrary factor of 2.0 as strongly as the (SSSS)-host
(run 1, IRIS= 2.0). Therefore, the optically pure
(S)—guest should complex the (SSSS)-host by a
factor of 2.0 as strongly as the (RRRR)—-host (run 2,
IRIS = 0.50) because of the mirror image relation-
ship during the host—guest complexation. Further-
more, the racemic (RS)—guest (0% ee) should provide
a pair of equal peak intensities (run 3, IR51.0)
due to the net compensation of a racemic host/racemic

Pattern of H-G

Host pair Guest diastereomeric IRls4
Run No. (Host) (Guest pair) complex ion peaks "
A: FABMS/EL-Host method
1 20

B:

3

5

@Y Eh @

(R)-100% ee —ll——

/ @dn @ (S)-100% ee L oe

@rR) Csss8> ®/©®

1.0

~

1/1 racemic
d,

BRRR @'dn @ Various Various
unknown

FABMS/EL-Guest method

&/ & L e

@ @/ @'dn |—

1/1 racemic

0.5

1/1 racemic

Fig. 1. Schematic fundamental concept of the enantiomer-labeled host and guest methods.
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guest combination in such competitive systems. Ac- a
cordingly, it is noteworthy that in the case of a given
guest sample with unknown ee, one can expect to
determine the ee (percent enantiomeric excess) from
the relationship between the IRIS and the ee values
(calibration line).

In this article, we characteristically focus on the
relative peak intensities of the diastereomeric host—
guest complex ions as a quantitative measure [14—
16]. A pair of diastereomeric complex ions have the
same molecular weights, formula, and functional 0,00 0.02 0.04 0.06 0.08 0.10
groups. They have only a slight difference in the three [GIM
dimensional structure. It can be reasonably assumed
that the two ions have almost the same transferability
from the matrix to the gas phase during the FAB
ionization process. Therefore, it is noted that the
present system should be an ideal case where the relative
peak intensity reflects the relative concentration of the

Ip/ls.d6

pre-formed diastereomeric ions in the matrix. £
%
3.2. Concentration conditions (concentration effect B
on IRIS values)
Table 1 and Fig. 2(a) show the change in IRIS 0o 001 002 003 004
values due to the change in concentration of the [GIM

optically pure guest (R-in which the concentration
of the host-pair reagerit is constant. The observed Fig. 2. (a) A plot of IRIS values vs. concentration of (R[100%
IRIS values appreciably increased ffom 1.3 to 1.9 29 1 e sremiomer b ot et (contant concettr
with the decreasing change in the concentration of [G] ration of (R)2 (100% ee) in the enantiomer-labeled host method
(also with the increasing change in the [H]/[G] value), ([HI[G] = 2.0; fixed ratio).
although the intensities of the diastereomeric complex
ions themselves have decreased. Judging from aognition,Kg/Kg = 2.0, see Sec. 4.1). Judging from a
balance between the quality of the mass spectrum balance between the quality of the mass spectra and
(peak intensity and scan stability) and the degree of the degree of the detected chiral recognition ability,
the detected chiral recognition ability, we set up the we set up the optimum concentration conditions as
concentration ratio as [H]:[GF 2:1. [H] = 0.0267 M and [G]= 0.0133 M ([H]/[G] = 2.0).

On the other hand, Table 2 and Fig. 2(b) show the
change in IRIS values due to the simultaneous change3.3. Change in IRIS value based on change in ee
in the concentrations of [H] and [G], maintaining a value
constant ratio as [H]:[GE 2:1. The observed IRIS
values also appreciably increased from 1.7 to 1.9 with  Several guest solutions with different ees were
the decreasing change in the concentrations of [H] and prepared by the appropriate mixing of solutions of the
[G]. The lower the concentrations, the higher the optically pure (R)- and (S The IRIS values were
degree of the mass spectrometrically detected chiral determined by the FABMS/EL—host method using
recognition (thermodynamically detected chiral rec- the host—pair reagent [[RRRR)and (SSSS}-dg].
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Typical FAB mass spectra are shown in Fig. 3, and
the results are summarized in Table 3. The observed

IRIS value approaches to unity (1.0) with decreasing
ee value. In order to check a symmetrical feature,

the IRIS values are plotted against the ee values :

when the (R)—guest is in excess, and the reciprocal
of the IRIS values (1/IRIS) are plotted against the ee
values when the (S)-guest is in excess (Fig. 4).
Obviously, the IRIS value varies in a linear fashion

with the ee quantity and produces a symmetric V-
shaped plot.

4. Discussion

4.1. Correlation between IRIS values and
concentration ratios of pre-formed diastereomeric
complex ions under competitive equilibrium conditions

We can now simply consider the following com-
petitive equilibrium system of equations:

Ky

H, + G=———=(H," Q) (1)
Ka

H, + G=——=(H," G) )

Under competitive equilibrium conditions, the follow-
ing third order equation referring to [G] can be
derived [7, 8, 17].

Kle[G]3 - {Kle([G]o - [H1]o - [Hz]o) - K1
— KHG]? = {Ky([Glo — [Hilo) + K([Glo
= [Halo) = 1}[G] = [C], =0 3)

Here, the letter [G] means the concentration of the
free chiral guest, which does not complex with the
chiral hosts. The letter [GImeans an initial concen
tration of G. If the three initial concentrations, {l4,
[H2lo, [G]o, @and the two equilibrium constants, and

K,, are given, the concentrations of the diastereo
meric complex ions, [H+ G] and [H, - G], can be
calculated.

Mass Spectrometry 193 (1999) 123-130
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Fig. 3. Typical FAB mass spectra (NBA matrix) for the
complexation between host-reagert [a 1/1 mixture of
(RRRR)41 and (SSSS}-dg] and guest2 with various ee quan
tities using the enantiomer-labeled host method: (a) (R)-100%
ee, (b) (R)-50% ee, (c) 0% ee (racemic), (d) (S)-50% ee, and (e)
(S)-100% ee.
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V/(AR/IS-de)

(R) ee (S) ee

Fig. 4. A plot of IRIS values (or 1/IRIS values) against ee quantities
of guest2 (calibration line).

The following equilibrium constants had been
determined in CROD/CDCL, (10/1 by volume per
cent) at 25 °C using NMR titration methods [7]:

host (RRRR)1 with guest (R)2, Kr = 2.0 M~ *
host (RRRR)1 with guest (S)2, Kg = 1.0 M~ *

Based upon the stereochemical viewpoints (cross-
chiral correlations in Fig. 1), the equilibrium constant
of host (SSSS}with guest (R)2 should be assumed
as 1.0 M. Of course, large solvent effects have been
generally observed in the magnitude of equilibrium
constants Kz and Kg). However, when the ratio
value, Kg/Kg), is treated as used for a measure of
chiral recognition of host toward guesg, the solvent
effect becomes much smaller and may be mostly
cancelled [18]. Although the correspondimQ:/Kg
values in NBA are not available, we tentatively
assumed as the same as the above: thHRIKs =
2.0in NBA (e.g.K, = 20 M *andK, = 10 M *in

eg. (3) due to the lesser polar solvent employed).
Then, we can calculate the [@drr: G)1/
[(Hssss® G)*] value using the concentrations of
the measuring sample for FABMS [Tables 1, 2 and
Fig. 2(a)(b)].

Our experimental data (IRIS values) obtained by
FABMS are listed in Tables 1 and 2. The IRIS values
obtained by the EL—host method are very close to the
calculated [(Hrrr* G)V[(Hssss' G)7]  values.
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ratio of the pre-formed diastereomeric ions in the
matrix are quantitatively or semiquantitatively de-
tected by the corresponding relative peak intensity, at
least as far as the diasteromeric host-guest complex
ions are concerned. In other words, it has been
demonstrated that chiral recognition ability in solu-
tion, which is needed for analytical/organic chemists,
can be easily deduced from the IRIS value using the
chiral recognition FAB mass spectrometry under our
concentration conditions employed.

4.2. Determination of ee from IRIS values

As shown in Fig. 4, the ee value is correlated with
the IRIS value as a symmetrical V-shaped plot to
break at 0% ee. This means that it is possible to
determine simply and quantitatively the ee of a given
primary amine sampl2with unknown ee. That is, the
host—pairl can be regarded as the host—pair reagent
for the ee determination.

However, this host—pair reagefitcannot be ap-
plied to all kinds of chiral primary amine guests. It is
important to know which type of guest is suitable for
the ee determination. In general, when the IRIS value
is ~1.5 or more {-0.65 or less), the guest is recom-
mended for the ee determination, because a deep
V-shaped plot (as shown in Fig. 4) can be used. An
insufficient depth of a V-shaped plot will be inter-
ferred for precision of the ee determination. For
example, in the case of the amino acid ester hydro-
chloride series, aspartic acid methyl ester hydrochlo-
ride and valine ethyl ester hydrochloride are possible
to determine the ees because the IRIS values are
obtained as 0.37 [with (S)-Asp-OMgand 0.35 [with
(S)-Val-OEt'], respectively [13]. On the other hand,
in the primary alkyl amine hydrochloride series, such
as 1-phenylethyl amine and P{nitrophenyl)ethyl
amine, the IRIS values are obtained as 0.95 and 1.03,
respectively, so that these guests are not applicable for
the ee determination [13]. Also, in the case of the
secondary amine salt series, there exists no appropri-
ate guest because of a much weaker complexation
ability (and nearly unity IRIS value) [7].

The chiral recognition ability is strongly dependent
on the structural combination between a given host

These findings have suggested that the concentrationand a given guest. The host—pair reageh} i
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