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(5)- Trolox™ Methyl Ether: a
Powerful Derivatizing Reagent for
the GC Determination of the
Enantiomers of Aliphatic Alcohols
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Abstract. (S)-Trolox™ methyl ether Sa prepared from the racemic commercial antioxidant
Trolox™ is presented as a new chiral reagent for the GC analysis of stereoisomeric primary
and secondary alcohols. The superiority to the hitherto known reagents is demonstrated by
some examples.

that general methods for the exact determi-
nation of the (high) optical purity ofintem1e-
diates comprising Me-branched C-C chains
were lacking. Thus, we developed a practi-
cal GC method for the stereochemical ana-
lysis of acyclic terpenoid carbonyl com-
pounds using acetals derived from (+)-1.-
tartaric esters [2].

In the case of Me-branched primary al-
cohols, we could obtain no satisfactory re-
sult by the application of commercially avai-
lable chiral reagents. Recently, reports on
the direct separation of a few such alcohols
on GC columns coated with (chiral) cyclo-
dextrine derivatives have appeared [3]. In
this communication, we would like to offer
a promising new derivatizing reagent for the
analysis of such alcohols using conventional
(achiral) GC columns.

1. Introduction

New methods of stereoselective organic
synthesis, particularly some involving ho-
mogeneous asymmetric catalysis [I], yield
products with high en anti om eric excess. For

the development and the improvement of
such techniques, reliable analytical proce-
dures for ee determinations are essential.

In the course of our work aimed at the
total synthesis of naturally occurring toco-
pherols 1and other isoprenoids, we realized

* Correspondence: W. Walther, Dr. Th. Nelscher
') Central Research Units
') Department of Vitamin and Nutrition Rescarch
F. Hoffmalln-La Roche Ltd.
CH-4002 Basel



FORSCHUNG 121
CHI MIA ~5 (1491) Nr. 4lAI'rill

5. Conclusion Received: March 15, 1991
Na

In this contribution, we have presented [IJ E. Grushka, R. M. McCormick, J. J. Kirkland.
some of the first successful results of the Anal. Chl'n1.1989, M. 241.

K,NH4 combination CZE-TSE. With its low detec-
[2] Y. Walbroel, J. W. Jorgenson, J. C/1mlllll{ogr.

1984,315, 135.
tion limits for various cations, the ISE is a [3] M. C. Roach. P. Goze!. R. N. Zare. .!. ellm-
powerful sensor for charged species. Due to matogr. 1988,426, 129.
its high intemal resistance, this sensor is [4J R. A. Wallingford, A. G. Ewing. Anal. Chem.

aJmost perfectly suitable as a detector in
1987,59. 1762.

[5] R. A. Wallingford, A. G. Ewing, Anal. Chell/.
zone electrophoresis. To fully exploit the 1988, 60. 1972.

Ca analytical possibilities of this method, ef- [6J X. Huang,TK. P,mg, M.J.Gordon, R.N.Zare,
forts are in progress to extend this technique Anal Chl'm. t987, 59, 2747.
to anions and organic cations. [7] X. Huang, R. N. Zare, AI/al. Chem. 1990,62,

443.
[8] X. Huang, R. N. Zare. S. Sloss. A. G. Ewing,

We would like to thank Sre\'en West from Orion AI/al. Chl'm. 1991. 63, P\9.
Research for helpful discussions. This work was partly 191 A. Manz. W. Simon. .I. CI/I'II/llatogr. 1987,
supported by the Swiss National Science Foundatioll. 387, 187.

[10] A. Manz, W. Simon,Mikrochim. A cia 1986, I,
147.

[II] A.Manz, W. Simon,Anal.Chl'm.1987,59, 74,

10 mV
[12] A. Manz,W. Simon..!. Chromatogr. Sci. 1983,

21,326.
[13J G. Eisenman, 'Glass Electrodes for Hydrogen

andOtherCations '. Marcel Dckker. NewYork.
1967.

[14] R. A. Durst, 'Ion-Selcctive Electrodes', Spe-
cial Publication No. 314. National Bureau of
Standards, Washington, DC, 1969.

[15] F. V6gtle. F. Bongardt. T. Klcincr, M. W.
Lliubli.O. Dinten, E. Prctsch, W. Simon,Al/al.
Chem. 1985,57,2756.

[16] F. Lantcr, Disscrtation 7076. ETlI-ZOrich,
1982.

[17] T. BOhrer. Dissertation 8984, ETH-ZOrich,
1989.

Li [18] J. V. Sweedler, J. B. Shear, H. A. Pishman, R.
Fig. 10.Free zone electropherogram of doublydistilll'd N. Zare, Anal Chem. t99t. 63. 496.

[19] A. Jeanja4uct, W. G. Kuhr. Abstracls of pa-
waterstoredina washbottle. CapillaryI.D.251lm:length pel'S,'2nd Inlernational Symposium on lIigh-0.99m;buffer20mMmagnesiumacetate(Hel); injection Performance CapilIary Electrophoresis', San17 15 13 11 9 min. eleclrokinetically, 5000 V for 5 s; potential 20 kV; ISE Francisco. CA, 1990.Abstrael P 1()I.membrane as described previously; detection post-
column.

Chimia 45 (199/) 121-123
© Schweiz. Chemiker-Verhand; ISSN 0009-4293

(5)- Trolox™ Methyl Ether: a
Powerful Derivatizing Reagent for
the GC Determination of the
Enantiomers of Aliphatic Alcohols
Willy Waltherl)*, Walter Vettert), Max VecchP)t, Heinz Schneider2), Robert Karl
Miiller2), and Thomas Netscher2)*

Abstract. (S)-Trolox™ methyl ether Sa prepared from the racemic commercial antioxidant
Trolox™ is presented as a new chiral reagent for the GC analysis of stereoisomeric primary
and secondary alcohols. The superiority to the hitherto known reagents is demonstrated by
some examples.

that general methods for the exact determi-
nation of the (high) optical purity ofintem1e-
diates comprising Me-branched C-C chains
were lacking. Thus, we developed a practi-
cal GC method for the stereochemical ana-
lysis of acyclic terpenoid carbonyl com-
pounds using acetals derived from (+)-1.-
tartaric esters [2].

In the case of Me-branched primary al-
cohols, we could obtain no satisfactory re-
sult by the application of commercially avai-
lable chiral reagents. Recently, reports on
the direct separation of a few such alcohols
on GC columns coated with (chiral) cyclo-
dextrine derivatives have appeared [3]. In
this communication, we would like to offer
a promising new derivatizing reagent for the
analysis of such alcohols using conventional
(achiral) GC columns.

1. Introduction

New methods of stereoselective organic
synthesis, particularly some involving ho-
mogeneous asymmetric catalysis [I], yield
products with high en anti om eric excess. For

the development and the improvement of
such techniques, reliable analytical proce-
dures for ee determinations are essential.

In the course of our work aimed at the
total synthesis of naturally occurring toco-
pherols 1and other isoprenoids, we realized

* Correspondence: W. Walther, Dr. Th. Nelscher
') Central Research Units
') Department of Vitamin and Nutrition Rescarch
F. Hoffmalln-La Roche Ltd.
CH-4002 Basel



FORSCHUNG 122
CHI MIA 45 (1'1'11) Nr. 4 (April)

~OH

5 6

a b c

R1 CH3 H H
Ff eaOH COOH

coo H3';~rH"" (5)

.y

~I
~OH

*
4

3
OH

~

2

Secondary alcohols with the chiral cen-
ter at the carbinol C-atom are much easier to
separate than primary alcohols with Me-
branched chains [12]. As expected from the
above results, (S)-Trolox methyl ether Sa is
an excellent reagent for such cases, some-
times leading to wide separations as shown
for hexan-3-01 (2) (Fig., a).

In spite of the rapidly increasing potenti-
al of chiral stationary phases for chromato-
graphy [13], extension of the range of chiral
reagents still appears warranted, as they of-

Figure. Capillary gas chro-
/11afogra/11Sof fhl! I!sfl!l"s dl!-
ril'l!dfro/11 (S)-Trolox ml!fhy/
I!t/lI!r 5a al1d thl! racl!mic
alcohols hl!xal1-3-o/2 (a). {3-
citl"Ol1l!!/ol 3 (hl, al1d 2-/1/1!-
thy/pl!/Ital1-/·o/4 (el.
Conditions: OV-/ capillary
column. 25 m, inner diame-
ter 0.15 mm; carrier gas H~,
50 cmjs; injectortemp. 280°.
detector temp. 280°; column
temp. for a: 130--220°, h:
165-220°, e; 135-220° (tem-
perature program with 0.5°{
min).
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fer generally useful methods for the separa-
tion of enantiomeric compounds on conven-
tional high temperature columns. In additi-
on, it is noteworthy that limitations of the
GC method in the separation of diastereoi-
someric esters derived from Sa (high mo-
lecular weight and thermal instability of the
alcohol moiety) may be circumvented by the
use of the more gentle conditions of capillary
supercritical fluid chromatography (SFC)
[ 14].
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2. Results

Choosing racemic ,B-citronellol (3) as a
candidate, we examined firstthe known chiral
reagents [4][5]. In no case, we could achieve
a satisfactory resolution. The work of Slover
and Thompson [6], in which they have sepa-
rated the four diastereoisomers of a-toco-
pherol (all-rae-l, RI = R2 = Me) as the tri-
methylsilyl-ether derivative, constitutes a
most remarkable separation of stereo iso-
mers containing a Me-branched chain. Thus
we decided to try a reagent with the structure
oFthechiral Me-substituted chromane moiety
present in the natural isomer of a-toco-
pherol for the separation of 3.

The racemic carboxylic acid Sb/6b [7],
commercially available [4a] as an antioxi-
dant with the trade name Trolox™, gave us a
facile access to such a reagent. Both enantio-
mers could be obtained by fractional crystal-
lization (see Experimental) of the diaste-
reoisomeric salts Sc/6c with (- )-(S)-I-
phenylethylamine in optically pure form (ee
> 99.9%). Treatment with NaH/dimethyl
sulfate and subsequent saponification ofthe
methyl ester yield e.g. the (S)-enantiomer Sa
[8]. To obtain Sa in gram quantities an alter-
native procedure has been worked out based
on the chromatographic separation of glu-
cosy I esters derived from Sa/6a [9].

As shown in the Figure (h), complete
separation was achieved after esterification
[10] of racemic citronellol (3) with (5)-
Trolox methyl ether Sa. To investigate the
scope of this new reagent, we applied it to a
particularly difficult separation problem: (±)-
2-methylpentan-l-ol (4) [3]. For compari-
son, the known reagents [4][5] were also
applied. The analysis was carried out on an
apolar (OV-)) capillary GC column [II].

The result demonstrates the limits of all
these reagents: none of them achieved an
analytically useful result, but in contrast to
all the others, Sa showed at least a partial
separation (Fig., c).
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3. Experimental

(S )-3.4 -Dihydro-6-hydroxy-2 ,5 ,7.8-tetramethyl-
2H-I-hen:opyran-2-car/Joxylic Acid «S)- Troloil", 5b)
/JyResolntion. (All glassware is cleaned by consecutive
treatment with hot 10% NaOH soln., H,O, and acetone
prior to use.) To the soln. of 12.5 g (50.0 mmol) of
Trolox'" in 20 ml of EtOH and 200 ml of Etp, filtered
through a pad and stirred mechanically (ca. 250 rpm),
are added (AI' atmosphere) 7.5 ml (59.0 mmol, 1.18
equiv.) of (- )-(S)-phen ylethy lamine in one pOl1ion.The
temp. rises up to 27°, and, after stirring for I h, the clear
pale yellow soln. (23°) is seeded by the addition of ca.
0.5 mg of 5c [151. Fine crystals begin to precipitate, and
3 h aftcr addition of the amine, stirring is stopped. The
mixture is allowed to stand at _20° for 21 h. Suction
filtration and washing twice with Et,G (40ml each) yield,
after drying in l'aCf{O,7.42-9.69 gofthe ammonium salt
containing ('{J. 77-94%of5c ([ag~,,=-26to-4l; for all
measurements: C = I, EtOH). Isomerically pure 5c [16]
is obtained by twofold rccrystallization (dissolving in
20ml of hot EtOH, adding 200 ml ofEt,G and seeding):
5.H9-6.50 g (32-35%) colourless crystals. M.p. (after
sintering above 148°) 151-152°. IaJ;~" = -46.4.

For the hydrolysis, this salt is stirred in 100 ml of
AcOEt and 50 ml of 2N HCI. After extraction with
AcOEt, the org. layer is washed with HP (2 x 100 ml),
dried (MgS04), and evaporated. Recrystallization from
Et,o/pcntanc (30/100 ml) and drying (0.2 mbar/lOOO)
yield 3.40-4.03 g (27-32% overall from rac-5b/6b)
colourless 5b. M.p. = 1610

• [am" = -67.1; ee > 99.9%
(dctcrmincd by GC analysis on a permethylated fJ-cy-
clodextrinc phasc after methylation by CH,N, (reaction
time 10 min, r.t.) and acetylation to the arylacetate-
methylester).

IS )-3 .4-Dihydro-6-merlwxy-2,5 .7.8-lelramelhyt-
2H-I-hen:opyran-2 -C(//'/Joxylic Acid «S)- Trolox'I"
Methyl Ether. Sa). A soln. 01'3.0 g (12.0mmol)?b in50
ml ofTHF is treatcd at r.t. successively with 2.5 equiv.

each ofNaH (I h) and dimethyl sulfate (overnight). The
crude oily methylether-methylester is saponified with
20.0 mmol of KOH in25 ml ofrefluxing MeOH (19 h).
Ag. workup and crystallization from EI,O/hexane (5/15
ml, 0°) yicld 89% of colourless Sa. M~p.= 144-145°,
[an~9 = -69.2; ee > 99.9% [8].

Esterification of Alcohols with Sa [10]. To the soln.
of ca. 15llmol of alcohol in I mlofdryCH,C1,areadded
10.5 mg (40 llmol) of Sa, 15 mg (75 llmol) of 1,3-
dicyclohexylcarbodiimide, and 0.1 mg (I llmol) of 4-
(dimethylamino)pyridine. The mixture is allowed to
stand overnight at r.t. and filtered (e.g. by a syringe
through a Acrodisc CR PTFE 0.45-11m filter; Gelman
Science Inc., USA). The filtrate is used for the OC
analysis directly, or after washing with NaHCO, soln.
and drying (Na,S04)'
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1. Introduction

Monitoring of Carboxypeptidase
Digestion by Matrix-Assisted
Laser Desorption and Ionization
Mass Spectrometry

Martin Schar*, K. Olaf Bornsen, Ernst Gassmann, and H. Michael Widmer

Ahstract, The potential of matrix-assisted laser desorption and ionization mass spectrome-
try (LDI-MS) is demonstrated by monitoring and analyzing the digestion of (human) pTH
(1-34), a synthetic peptide with carboxypeptidases Y and B. All occurring ion signals in the
mass spectra could be identified as degraded peptides, By calculating the mass differences
between successive degraded peptides, it was possible to identify the released amino acids
and to determine 8 amino acids of the C-terminus of the original peptide. For a single MS
measurement, only 2 pmol of substrate was needed. Time-course analysis of the cleavage
of the first amino acid residue gave insight into the kinetics involved, These measurements
strongly support the hope that quantitative information about concentrations can be
extracted from LDI-MS.

The determination of the amino-acid se-
quence in peptides and proteins is a major
requirement in biomedical and biochemical
research. With the stepwise Edman degra-
dation of the N-terminus, this information
can be obtained, This method is usually
slow, it needs pure samples and can be
impaired by chemical contaminations. Fur-
ther N-terminal blocking groups can be a
severe obstacle for the degradation process.
With the development of new mass spectro-
metric and ionization methods as fast-atom-
bombardment mass spectrometry (FAB-MS)
[I], plasma-desorption mass spectrometry
(PO-MS) [2][3], electrospray mass spectro-
metry (ES-MS) [4-6], and recently matrix-
assisted laser desorption and ionization mass
spectrometry (LDI-MS) [7-11], novel ana-
lytical tools have become available. They
offer interesting opportunities for peptide
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