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ABSTRACT

A new chiral resolving reagent N-(p-toluenesulfo-
nyl)prolyl isocyanate(TSPI) was prepared with a  very
practical method and evaluated for liquid chromato-
graphic resolution of amine and alcohol enantiomers
via diastereomerie derivatization. This procedure is
rapid and convenient, with good separation, few by
products. Expected structures of the derdvatives were
confirmed by mass spectra. Ordinary ncrmal phase and
the mobile phase of petroleum ether were used.

INTRODUCTION

lLiquid chromatopraphy has been greatly employed

in the separation of a variety of enantiomers. Although
875
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more studies on direct resolution of enantiomers by
HPLC have been reported recently, using chiral sta-
tionary phase and chiral mobile phase, the indirect

separation with achiral chromatography system via dia-
stereomeric derivatization is s8till widely used in
common laboratory.

Chiral isocyanate is usually considered to be a
kind of the most useful resolving reagent, Only S(-)
or R(+)-naphthalylethyl isocyanate(NEIC) and S(-) or
R(+)-phenylethyl isocyanate(PEIC) have been reported
so far(1,2). Both of them were synthesized from their
corresponding optical active amines by the action of
phosgene on the hydrochloride of amine or by treatment
of ethyl carbamate of amine with trichlorosilane(3).
However, their synthetic material sources were expen-
sive and not easy to get, additionally, phosgene was
very toxic and the procedure was not practical irn ordi-
nary analysis laboratory.

On the other hand, chiral reagents were often pre-

pared from l-amino acids which were the most common

compounds of high optical purities. Of all amino acids,

L-proline is employed most frequently by virtue of the
principle that optical resolution might be greatly in-
creased and the configuration of the chiral carbon atom
might be best kept if the asymmetric center is part of

2 rirz system(4). However, so far the chiral reagents
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prepared from L-proline were usually activated reids
such as acid chlorides instead of isocyarates.
Therefore, with a practical synthetic route, from
L-proline, we have prepared two chiral isocyanates,i.e.
N-(p~toluenesulfonyl)prolyl isocyanate{TSPI) and N-/(2-
naphthalene)sul fonyl)prolyl isocyanate{NSPI). They have
similar ability of optical separation, and NSPI will
be described in my another paper in press. The work
herein reported the synthesis and liauid chromatographic
evaluation of TSPI for indirect separation of amine

and alcoh:1 enantiomers.

FXPXRIMENTAL

Chemicals and reagents

I-proline and sodium azide were obtained from
Sigma and Aldrich, respectively. Ethyl chloroformate(CP),
triethylamine(AR), p-toluenesulfonyl chloride(CP) and
other solvents(AR) were purchased from domestie market.

Racemic mexiletine hydrochloride, amphetamine and
phenylpropanol are all used as drug materials. The free
base of mexiletine was ottained from its salt by adding

agueous ammonia and then extracting with chloroform.

Chromatorraphy

The HPLC system consisting of a Waters Model 6GCOA

pump, a Rheodyne 7105 injector, a Shimadzu SPD-1 UV de-
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tector coupled with a Hitachi 056 recorder or a Shimadzu
C-R3A Chromatopac was used.

Separation was carried out on a 30cm*4,0mm 1.D,
column{Waters) packed with silica gel of 7-9um particle
size(tianjing, China}. The detection was mornitored at
254nm. The mobile phase was consisted of petroleum ether
and isopropanol in aprropriate proportions at flow-rate

of 1.5ml/min.

Synthesis of the chiral reagent

N-(p-toluenesulfonyl )proline(TSP) was prepared from
L-proline and P-toluenesulfonyl chloride, referring to
the previous paper(5) .

N~-(p-toluenesulfonyl)prolyl azide(TSP-N3) was syn-
thesized from TSP, ethyl chloroformate and sodium azide,
with the method similar to synthesization of cis-2-phe-
nylcyelopropyl azide(6). IR spectrum(in XBr): 2160,
17207'cm peaks denoted the azide group.

TSP-NZ in stable to storage in refripgerator, sur-
vives melting, but loses nitrogen at approximately 100°¢C
to yield TSPI, consulting the Pirkle's paper(7). Because
igocyanate is sensitive to moisture, it is important to
convert TSP-N3 into TSPI just before derivatization., IR
spectrum(in KBr): 22804cm peak denoted the isocyanate
group. Mass spectrum(EI) with molecular ion peak at m/z

266 was observed.
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Derivatization

A 10% excess of TSPoN3 in toluene was heated under
reflux for 10min, the racemic amine was then added +to
this solution, The reaction mixture was kept at room
temperature for 10min, then chromatographed without any
work up beyond cooling and dilution. For racemic mexi-
letine, the resulting derivative could precipitate from
the solution. The precipitate was filtered and deter-
mined by mass spectrometer(EI). The molecular ion peak
at m/z 445 was afforded.

Racemic alcohol drug was derivatigzed with above
method,but the reaction mixture was heated at 100°C for
1h, instead of keeping at room temperature. To affirm
the structure of the derivative, the reaction solution
was washed with 0.1% NaQH, 0.1% HC1 and water respec=-
tively, then dried over anhydrous sodium sulfate and
the organic layer was evaporated to dryness under ni-
trogen stream. Mass spectrum of resulting residue showed
a molecular ion prak at m/z 407, which suggested the ex-

pected carbamate.

RESULTS AND DISCUSSION

It is very important for indirect resolution of
enantiomers by HPIC that the chiral resolving agent has
high optical purity and no racemization occurred in the

process of derivatization as well as chromatography.
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TABIE 1
Chromatographic Results for the Diastereomers Derived
From the Amine and Alcohol Enantiomers with TSPI Reagent

Compound and ! ' d R i-proH% in

structure 2 S mobile phase

Mexiletine
Hy 8.52 13,2 1.54  4.35 3

H, NH,

Amphetamine

8.90 1.2 1.26 1.21 3.5
@—CH ?H CH,

NH,

Phenylpropanol

@EH-CH,-%

H

13.6 16.3 1.20 4.22 1

t L]
* Ky k2: the capacity factors of the first-eluted and
the second-eluted enantiomers, respectively.

o 0
Hy c~ —s-Ng [00 looc, [omin [omin I
HC—< :>— N
O=C—N— N, ] g gc
TSP —N3 TSP] 0

** Chemical structures of the chiral reagents
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IL~-proline is the only L-amino acid that its chiral
center is on a ring system of high configuration immo-
bility, except L-hydexyproline. On the other hand, it
has been concluded that the formation of oxazolone in-
termediate is the major cause of racemization of ac-
tivated N-acetyl amino acid(8). Owing to having no pro-
tons on the nitrogen atom tc form oxazolone inter-
mediate, N-protected proline is the most suitable L-
amiro acid for synthesizing a chiral resolving reagent,
In addition, in TSP-N3 molecule, the attraction between
the negative charge developing on the amide oxygen and
the positive charge on the central nitrogen atom of its
azide group inhibits the bond movements which are neces-
sary to attain the conformation needed for oxazolone
formation(9). Therefore, we storaged TSP-N, reagent in
refrigerator till derivatizatior, which could best keep
the cptical purity of the chiral reagent and avoid the
isolation of TSPI reagent.

Resides, L{-)1-phenylethylamine(optical purity of
99%, Merck-Schuchardt) was applied to react with TSPI in
the same way. No obvious chromatographic peak of the
enantiomeric impurity of TSPI was observed in Figure 3,
which further demonstrated that no racemization occurred
in whole process of the separation of amine isomers. Ad-
ditionally, the condition wused for derivatizing the al-

cohol was more vigorous than that for amine. Ltnfortu-



+2 ‘aurtwejeydwe dTwWovLex (q)
¢] *‘ouTio[IXoW OTWAOBI(B) JO SUATIBATJISP I[dS| 943 JO uoTieIedos | HHANLI
2

tviw) o2 9 al s )

S e S

ZHOU, SUN, AND LIN

o !
]J? . N

81F b

f1e

~l
81862

I

[al]

882

1102 Alenuer Gz /¥ :0T @I Papeo |uwog



10: 47 25 January 2011

Downl oaded At:

23.258
1w

1.532

27.84

START
STOP

.

FIGURE 2. Separation of the TSPI
derivatives of racemic
phenylpropanol, 3.

(Sl
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FICURE 3. Chromatogram representing the
TSPI derivative of L(-)1-phe-
nylethylamine, 4. Mobile phase,
petroleum ether:isopropanol
(100:2); flow-rate, 1.0ml/min.
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nately, we have no alcohol compound of high optical »pu-
rity so that we have not known if the racemization might
occur during the derivatization of alcohol. Extensive
work will be in progress.

The results indicated that as a chiral resolving
reagent, TSPI has several desirable properties. It was
inexpensive and practical to synthesize TSPI of high op-
tical purity. The derivatization was convenient to ope-
rate and produced few by-products. Good separations were
afforded for chiral amine and alcohol drugs. Especially
for resolving alcohol enantiomers, TSPI had greatly shor-
tened the derivatization time, while NEIC had been re-
ported to resolve racemic 3-0O-hexadecylglycerol after de-
rivatizing at 80°C for %6hr(2). It may be one of the rea-
sons that the central carbon atom in isocyvanate group of
TSPI is more positive and results in more reactive than
the one of NEIC because the nitrogen atom in proline of
TSPI can attract electrons while the naphthalene group of
NEIC can revel electrons. On the other hand, the larger
groups connectinag with the chiral carbon atom of 3-0O<he-
xadecylglycerol may reduce the reactivity of its hydroxy
group with isocyanate of NEIC. Mass spectra data of the
derivatives confirmed their expected structures that the
isccyanate formed urea with amine and carbamate with al-
cohol. In conclusion, TSPI may become a versatile and

potential chiral derivatizing reagent,
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