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SUMMARY

A microporous polymer of ethylvinylbenzene and divinylbenzene was chloro-
nmethylated and then aminated with (—)-a-phenethvlamine to produce an optically
active weak-base ion-exchange resin. Partial resolutions of mandelic acid were
achieved with water and methanol as solvents but no resolution was observed with
ethanol or chloroform. Some postulations are presented to explain the limited resolu-
tion that was observed and the structure of a more effective resolving resin is proposed.

INTRODUCTION

Considerable progress has been reported recently on the resolution of diastereo~
isomers by chromatographic methods. Racemic amino acids!—5, alcohols®?, and
amines®? have been resolved by gas chromatography (GC) via volatile diastereo-
isomers on inactive substrates. Diastereoisomeric dipeptides have been separated by
thin-layer chromatography® and esters of racemic sec.-butanol with active lactic or
mandelic acid were resolved on Dowex-50'l. Reports on the more difficult separation
of enantiomers on active substrates have also appeared. Racemic amino acids have
been resolved by GC on capillary!? and packed?® columns, and mandelic acid has been
resolved partially on a variety of active substrates by liquid column chromatography
(LC)14-17_ Also, «~olefins have been resolved on optically active vinyl polymers!®, and
coordination compounds of Ni(II) on cellulose by LC?°,

The GC separation of diastereoisomers or enantiomers is so much faster than
LC, so that for the analytical determination of optical purity, GC is the method of
choice. But for preparative purposes, LC of diastereoisomers or enantiomers is
superior since much larger samples can be chromatographed at one time.

In LC, very long columns are usually avoided due to the enormous pressures
necessary to force the liquid through the column. It was felt that a column of a micro-
porous resin, as described by HoLL1s®, would show a smaller pressure drop than a
conventional ion-exchange resin, and hence permit LC with very long columns. Active
(—)-a-phenethylamine was chosen to be incorporated into the polymer since the
asymmetric carbon is adjacent to the exchanging site and the carbon is surrounded
by fairly large groups to limit the number of conformations. A weak-base resin was
felt to be superior to a strong-base resin prepared earlier!® since closer approach to the
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asymmetric carbon by the isomers of the racemic substance being chromatographed
was shown to be possible using Fisher-Hirschfelder models.

EXPERIMENTAL

Synthesis of the optically active vesin,
~CyH ;~CH ,—~NH-=CH-C,H,
CH,

Chlovomethylation. To a slurry of 8 g of Porapak Q*, 80—100 mesh, and 1z g of
chloromethyl methylether, 12 ml of a 10 %, v/v solution of anhydrous stannic chloride
in petroleum ether (b.p. 30-60°) was added and the mixture agitated well. The reac-
tion mixture was kept at 25° for 48 h with occasional mixing. The chloromethylated
resin was washed in a small column with 100 ml of each, dioxane, 45 % water 45 %
dioxane 10 % 12 M HCI, 20 9% water 70 % dioxane 10% 12 M HCIl, 95 % dioxane
5 % methanol, 50 % dioxane 50 % methanol, and with methanol until no further
chloride appeared in the effluent. The resin contained 3.00 mmoles of chloride per
gram of dry resin as determined by SCHONIGER’s méthod?1,

Amination. The optically active amine, (—)-«-phenethylamine, was prepared
by the procedure of THEILACKER AND WINKLER?2, Six ml of the amine, [e]}f =
—38.5° (neat, 43" = 0.952), was added to 3 g of the chloromethylated resin and the
mixture kept at 2° for 48 h, then at 25° for 48 h and finally at 100° for r h. The
recovered excess amine had [«]f = —37.8° (neat). The aminated resin was slowly
washed with 500 ml 1 M HCl, 500 ml 1 M NaOH, and water until no chloride appeared
in the effluent. The weak-base and strong-base capacities were determined as described
elsewhere!®. The weak-base capacity was 2.26 mmoles per gram of dry, free-amine
form resin. No strong-base capacity was found. The problem of extra cross linking
to form quaternary nitrogens as reported previously!s had been avoided.

Chromatography. In the experiments with chloroform, the optically active resin
was slurried into the column with benzene. A glass wool plug was placed on top of the
bed, and the benzene washed out with chloroform. In the other experiments, the
resin was slurried into the column with the solvent used. The column was fitted with
a reservoir above it, and an automatic fraction collector was used to collect 3 — 6 ml
fractions. Frontal chromatography of racemic mandelic acid solutions was carried
out. The solution was passed into the column until the optical activity of the fractions
after the breakthrough of the mandelic acid was zero. The non-aqueous fractions
were evaporated to dryness with a stream of air at 25° and the residue dissolved in
6.00 ml of water. In all cases, the mandelic acid content was determined by absorption
at 257 mu with a Beckman DB Spectrophotometer and the optical activity with a
Perkin-Elmer 141 Polarimeter at the sodium D line. At this point the mandelic acid
in the interstitial voids was washed out with the solvent and the exchanged mandelic
acid was displaced with o.x M KOH and collected in one fraction. With the non-
aqueous solvents, the fraction was evaporated, dissolved in water, acidified with o.5
M HCl, and the mandelic acid content and optical activity determined. The same
 sample and quantity of resin in the free-amine form was used in all the experiments.

* A microporous polymer of ethylvinylbenzene and divinylbenzene, Ava.llable from Waters
Associates, Inc,, 61 Fountain Street, Framingham, Mass. o170z, U.S.A. ;
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RESULTS AND DISCUSSION

The results of the frontal chromatography experiments are summarized in
Table I.

TABLE I
DATA FOR EXPERIMENTS
Column Concentration Flow rate Break- mmoles mandelic acid and  Sum of
height (I.D. of feed solution  (cm|min) through optical purity in fraction measured
= 2.5 mm) (M) , volumie _ at breakthrorghe &’s, I dmn
{mm) (mi) cell
1080’ o.01% 0.6o 150 o 0.000
0.000f
880 o.o1b . 2,0 138 0.0466 mmoles 5.7 % pure —o.014
~+o.or1f
880 0.023¢ 2.2 40 0.0404 mmoles 3.9 Y% pure --0.014
—o.o11f
88o o.o1d 1.0 58 o 0.000
o.000f
& In CHCIl,.

‘b In H,O contammg o.1 ml Zephiran per liter (as an antibacterial —a 17 % solution of alkyl-
dimethylbenzylammonium chlorides, Winthrop Laboratories, go Park Ave., New York, N, Y.,
U.S.A.).

¢ In CH,OH. -

4 In C,H,OH distilled from o.01 M alcoholic KOH.,

¢ Based on [«¢]% = 150 of mandelic acid?3.

! Of mandelic acid displaced from the column with o.1 M IXOH.

& Appeared after interstitial volume. ‘

A 10 to 30 cm head was sufficient to produce the listed flow rates. Apparently
the microporous structure of the beads was not affected during the synthesis. The
optical activity of the fractions went to zero shortly after the breakthrough. With
chloroform, water and methanol, the concentration of mandelic acid at the break-
through went from near zero to the concentration of the feed solution in 10 ml or less.
~ This indicates rapid reaction in the column. ‘

No resolution was observed in chloroform perhaps due ‘to a slow equilibration
between the mandelate ions held on the resin and the mandelic acid in solution. A
change in the shape of the solvated mandelic acid isomers in water and methanol
and/or a change in the shape of the solvated resin group may account for the reversal
in the sign of the rotation of the mandelic acid which appeared at the breakthrough.

The unusual results with ethanol as the solvent are being investigated further.
The experiments were performed in the order listed in Table I. Decomposition of the
resin did not occur since the apparent capacity to mandelic acid in water was rechecked,
and it agreed with the earlier experiments with water. A much longer column would
have improved the resolutions observed. Considerable quantities of partly resolved
mandelic acid could be prepared with columns of greater length and/or cross-sectional
area.

If the difference in interaction between the two isomers and the active sorbent
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could be increased, the resolution would be improved. The absolute configurations of
D(—)- and L(4-)-mandelic acid are?:

H Iy

AN AN

HS @ oo  Hooc” g ©H
D(=) or s L(+) orR

The absolute configuration about the asymmetric carbon in the resin is? (M
refers to the resin matrix):

H

-M=HN" & CH3

L{~=) or R

For resolution to occur, the resin group and the mandelic acid must contact

each other at at least three points?6, Assuming that the phenyl groups of the resin
and acid are in contact, then the mandelate form of the resin can have four possible

configurations:

H H
/Q\ Resin /ék
“M-HoN* & CHa “M-HoN*. § CH
-00C_ & H “00C & OH
\d/ Mandelic acid v
OH H
D(=) L(+)
Case (1) Case (2)
CH, CH4
/¢\ Resin /¢\
&-MNHE H 3 “MNHZ H
& GOO™ OH. §_ Coo " H
\(.;)/ Mandelic acid \EP/
H OH
D(=) Let)
Case(3) Case(4)
- In cases (1) and (2), any discrimination between the two mandelic acid isomers

rests on a difference in the interaction between CH; and H, and CH3; and OH. A large
difference in interaction could hardly be expected since the difference in the van der
Waals interactions is very small. In cases (3) and (4), a difference in the interaction
- must be due to the H and OH, and the H and H interactions. A large difference in the

interactions here could also not be expected for the reason given.
If the methyl group on the active carbon of the resin were replaced with a
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carboxylic acid group, a more discriminating resin may result since the difference in
the interaction in cases (1) and (2) would then be due to H and COOH versus OH and
COOH. Hydrogen bonding is possible in case (2). Cases (3) and (4) would be unchanged.
A resin with this structure could be prepared by incorporating active «-phenyl-
glycine into a polymer matrix. A resin of this type should be effective in resolving
mandelic acid and perhaps racemic amino acids. The resin could be used as a weak-
base or weak-acid ion-exchange resin by adjusting the pH of the feed solution appro-
priately. An investigation of this resin is being carried out.
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