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A new method for the determination of enantiomeric composition of N, N-dimethyl-o-
ferrocenylethylamine by 'H NMR spectroscopy using (S)-mandelic acid as a chiral protonat-

ing agent was proposed.
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N, N-Dimethyl-a-ferrocenylethylamine (1) is widely
used for the synthesis of planar-chiral enantioselective
catalysts.]—3 However, the enantiomeric purity of this
compound and similar ferrocenylalkylamines was deter-
mined hitherto by HPLC using expensive and not al-
ways available chiral columns4—® or by polarimetry.”’—?
The latter method has some drawbacks!® aggravated in
the case of amine 1 by its low optical activity
([a]p +14.4)7=2 in combination with intense light ab-
sorption in the range close to the bD-line of Na.
The goal of the present work was to develop a
simple and convenient method for the reliable deter-
mination of enantiomeric composition of N,N-di-
methyl-o-ferrocenylethylamine by !H NMR spec-
troscopy.

Results and Discussion

The initial attempts to use various homochiral
palladacycles for the conversion of enantiomers of amine
1 to spectrally discernible diastereomers failed because
of a low capability of tertiary amines for coordination
with palladium!! and a low resistance of the ferrocenyl
fragment to oxidation. Nor solvation of amine 1 with an
excess of methyl ester of (S5)-N-(3,5-dinitrobenzo-
yl)phenylalanine followed by its protonation with
L-tartaric acid gave a noticeable dispersion of signals of
the resulting diastereomers.

Insofar as (S)-mandelic acid (2)12 and its deriva-
tives13:14 are known to be more efficient as chiral
protonating agents for the determination of enantio-
meric purity of amines than other similar reagents,

including Mosher’s acid,!2:15 we estimated its applica-
bility for the solution of our problem.

The resolution of signals for diastereomeric salts
(R,S)-3/(S,S5)-3 was estimated by protonating samples
of scalemic ferrocenylethylamine 1 in CDCl; in
situ with (S)-mandelic acid (S)-2 in an NMR tube
(Scheme 1).

(R,S)-3

(5,5)-3

Figure 1 displays fragments of the 'H NMR spectra
of three specimens of N, N-dimethyl-a-ferrocenylethyl-
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Fig. 1. Fragments of the 'H NMR spectra in the range of
o-Me proton resonance of N,N-dimethyl-o-ferrocenylethyl-
amine protonated with (S)-mandelic acid in CDCl; (in
situ): (a) the (S)-enantiomer, (b) a scalemic sample, and
(¢) the (R)-enantiomer. "Satellite” lines owing to rotation are
asterisked.

amine 1 protonated with approximately equimolar
amounts of (S)-mandelic acid, namely, specimens with
high (a) (S)-ee or (¢) (R)-ee and (b) a specimen con-
taining comparable amounts of the two enantiomers.

The 'H NMR spectrum of a protonated scalemic
amine 1 shows two doublets with A8 = 0.025 ppm in the
region of the a-Me proton resonance (see Fig. 1, b).
Such dispersions of the signals for diastereomeric salts
should be regarded as quite satisfactory for this type of
compounds. Thus chiral protonation of N, N-dimethyl-
o-methylbenzylamine with methoxy(trifluoromethyl)phe-
nylacetic acid gives A5 = 0.019 ppm!5 for the a-Me
protons.

The ratio of the integral intensities of two doublets
for the a-Me group of the above sample was refined by
signal deconvolution to give the value of 2.56 : 1. The
corresponding enantiomeric purity of the amine is
43.841.5% ee, while that calculated from the specific
rotation of this sample ([a]p2® —4.0%2.7) equals
27.8%18.5% ee.

Analogous processing of the 'H NMR spectra of the
salts derived from (.5)- and (R)-enantiomers of amine 1
([0]p2® —10.742.7 and +10.8+0.7, respectively) gave
93.24£2.0% ee and 83.4%+1.5% ee. These values differ
significantly from those found from specific rotation
(74.1£18.5% ee and 75.0£4.2% ee, respectively). An
additional recrystallization of L-tartrates of these amines
afforded individual enantiomers (S)-1 and (R)-1 (the
'H NMR spectra of the samples protonated with
(S)-mandelic acid contain one doublet).

In a representative series of 15 differently enriched
specimens of amine 1, it was found that the chemical
shifts of the Me groups of salts of its enantiomers vary
in narrow and non-overlapping regions (8 1.635—1.645
and 1.605—1.619 for (S)- and (R)-enantiomers, respec-

tively). This makes it possible to estimate the absolute
configuration of amine 1 together with the solution of
an analytical problem.

In spite of a comparatively small dispersion of sig-
nals from diastereomeric salts, the proposed method for
the determination of the enantiomeric composition of
N, N-dimethyl-a-ferrocenylethylamine has some advan-
tages over the other methods. These are a simple proce-
dure of in situ derivatization, for which there is no need
to strictly observe the stoichiometry of the reac-
tants; the use of available and inexpensive (.5)-man-
delic acid, which virtually does not complicate a
highfield !H NMR spectral pattern; and the possi-
bility of estimating the absolute configuration of
the amine.

Experimental

IH NMR spectra were recorded on a Varian VXR-400
spectrometer (400 MHz) in CDCls; signals were assigned from
the results of homonuclear double resonance. The chemical
shifts were measured with respect to signals from the residual
protons of the solvent and are referenced to MeySi. Specific
rotation at the p-line of Na was measured on an Al-EPO
automated polarimeter (VNIEKIProdmash). (S)-Mandelic acid
with [a]p20 +152.4 (c 5.0, water) and CDCI; (Aldrich) were
used without additional purification.

Racemic N, N-dimethyl-o-ferrocenylethylamine (1) was syn-
thesized® and resolved’—? by the known methods. To remove
oxidation products,!6:17 it was purified by "dry column" chro-
matography!8 (5.5x2.9 c¢m, neutral Al,03) in benzene—ac-
etone mixtures of increasing polarity immediately before re-
cording NMR spectra. 'H NMR, &: 1.455 (d, 3 H, o-Me,
J = 6.9 Hz); 2.086 (s, 6 H, NMe,); 3.624 (q, 1 H, C,H,
J=6.9 Hz); 4.101 (s, 5 H, CsHs); 4.092 (m, 1 H, CsHy); 4.119
(m, 2 H, C5Hy); 4.139 (m, 1 H, C5Hy).

Chiral protonation of NV, N-dimethyl-o-ferrocenylethylamine
with (S)-mandelic acid. (S)-Mandelic acid (2) (0.0142 g,
0.093 mmol) was added to a solution of amine 1 (0.024 g,
0.093 mmol) in CDClj (~0.3 mL). After dissolution of the acid,
the reaction mixture was transferred to an NMR tube. The
volume of the solution was brought to 0.5 mL with an addi-
tional amount of CDCl; (0.2 mL) before recording 'H NMR
spectra.

The 'H NMR spectrum of a salt with amine (S)-1 of low
optical purity, [a]p2® —4.0£2.7 (¢ 0.73, EtOH): amine 1,
8: 1.613 (d, 0.84 H, a-Me, J = 7.0 Hz); 1.638 (d, 2.16 H,
a-Me, J = 6.9 Hz); 2.377 (s, 6 H, NMe,); 4.256 (q, 1 H,
C(o)H, J = 6.9 Hz); 4.155 (s, 5 H, CsH5); 4.17—4.25 (m, 4 H,
CsHy); acid 2, &: 4978 (s, 1 H, C()H); 7.239 (tt, 1 H,
H, arom., 3/ = 7.4 Hz, *J = 1.6 Hz); 7.322 (m, 2 H, H,, arom.,
J = 7.4 Hz); 7.531 (dd, 2 H, H, arom., 3/ = 7.4 Hz,
4J = 1.5 Hz). The spectrum recorded in C¢Dg shows a very
broad signal at § 9.33 (s, 1 H, Avy,; = 255 Hz), which may be
assigned to the OH or Me,NH™ proton.
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