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The first example of a two-component chiral phase transfer catalyst is described which, operating in a biphasic solvent system, preferentially
esterifies one enantiomer of a racemic N-acylated amino acid. The two-component catalyst is comprised of an achiral quaternary ammonium
ion and a proline-derived chiral selector initially developed for the liquid chromatographic separation of enantiomers.

The development of simple sturdy chiral catalytic systems transport one enantiomer of a racemate from one immiscible
for asymmetric induction is being actively pursued by many liquid phase into anothércoupling the transport with a
research groups. Several examples of rather successful chiradubsequent chemical reaction seemed a logical approach for
phase transfer catalysts (CPTC) have been desctittexe kinetic resolution of these amino acid derivatives.

being one-component entities typically derived from cinchona In the examples of kinetic resolution described, racemic
alkaloids? That one might someday parlay the design of N-(3,5-dinitrobenzoyl) leucine (DNBleu),a, dissolved in
effective chromatographic chiral selectors into CPTC has dilute aqueous sodium bicarbonate, is exposeg-boomo-
been anticipated for some time. For example, several proline-phenacyl bromide (BPB), tetra-hexylammonium chloride
derived selectors, when immobilized, have shown high levels (THAC), and an N-acylated-proline anilide, (S)-2, all

of chromatographic enantioselectivity towakt3,5-(dini- dissolved in a nonpolar water immiscible solvent such as
trobenzoyl) amino acid derivatives and related compodnds. carbon tetrachloride. Acting in conjunction, the latter two
Since similar systems have been demonstrated to selectivelyeagents selectively transport one enantiomer of the leucine
derivative from the aqueous phase into the organic phase
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one has a two-component CPTC. At present, few one- selector is decreased, one observes a corresponding decrease
component chiral phase transfer catalysts are known whichin the enantiomeric purity of the transported ion pair.
In biphasic reactions containing all the aforementioned
CHa components, with BPB present initially, the enantiomeric
o o] purity of the ester again increases as the concentration of
ON N X D)LN cH selector §)-2 is increased and as the concentration of THAC
Y 0o N ' : is decreased (Table 2). Ideally, one should adjust the
NO, lipophilicity of the achiral PTC so that, by itself, it cannot
effect transport of the carboxylate anions unless the lipophilic
\ chiral selector is also involved. This would suppress the
(S)-2 background production of racemic ester, arising from trans-
port occurring independent of the chiral selector. However,
this background reaction can be lessened through use of an

are effective in converting racemic acids into enantioenriched excess of the chiral selector even if the achiral PTC is capable
esters, something normally considered to be the province ofof unassisted transport.

selected enzymes. Dilution reduces reaction rate and enantioselectivity. As

Using a standard reaction protocol, it was found that in @ gynected for a kinetic resolution, the enantiomeric purity of
stirred biphasic solvent system of aqueous sodium bicarbon-qcter1p decreases somewhat as the extent of conversion

ate and carbon tetrachloride containing 1.0 mol equiv eachjncreases, owing to depletion of the bicarbonate solution of

of racemic DNBleula, and 0.5 mol equiv of BPB, little o he more rapidly esterified (S)-enantiomer of DNBleu.
no esterification occurs at room temperature. Addition of 1.0 Conversely, the enantiomeric purity of the residua)-(

mol equiv of thet-proline-derived selector, (S)-2, does not - a6 increases as the extent of esterification increases.
alter this situation. However, addition of a small amount of . o . S
Reaction at 4°C increases the enantioselectivity of the

the achiral THAC leads to production of estdy. Enantio- e
merically enriched ester is produced when selecB)is esterification but slows the process. Because ester can be
: . . L ) produced by an achiral pathway as well as by the process

pLesent,t.racgmm esttert|s F;Loc:t#c:gév.hen #.'S.' n?l'[. ;!—h's ﬁterinvolving selector (S)-2, the extent to which each process

?o tsrzrxsaplgrr; tf?én:;ri)cr)?(;;e Znion i tlos tiue f;goz ;ggrz)\clhllco _contributes affects the enantiomeric composition of the ester

N . . produced. Consequently, the stereoselectivity facsprig

ir;d51'Cnathaeb?ssoin:;e?t;eletcr;?f’ovr\;hght’ht;y;tts;ﬁl: hIOV\;?)\I/\?;te d influenced by the concentrations of the various species. In
P 9 P gy one of the examples shown in Table 2, #factor was 25.8,

sod!um carbox_ylat_e to any s!gnlﬁcant extent. a minimum value for the stereoselectivity of the unadulterated
Simple partitioning experiments demonstrate that the chiral process

enantiomeric purity and the amount of transported DNBleu . . N .
The success of this particular kinetic resolution process

depends on both the amount of THAC and selec®F4 . . ;
gstems from the enantioselective transport process, which

present. When the carbon tetrachloride layer was isolate .
after equilibration with the sodium bicarbonate, racerdg ~ 'a/9€ly masks secondary processes. For example, while the

selector (S)-2, and THAC mixture, and BPB is then added, more stable homochiral complex_(S)(2 and ion pair formed
subsequent HPLC assay on &R)-Whelk-O column shows from (S)—.DNBIeu and THAC is present n the carbo_n
that the amount of ester produced corresponds to the amoun{etrachlonde to a far greater extent than its heterochiral

of THAC added (Table 1). Furthermore, as the amount of counterpart, they may, and do, have different reactivities
( ) toward BPB. Addition of BPB to a carbon tetrachloride

_ solution containing9-2 and the racemic ion pair shows that,

} _ initially, the (R)-ester is formed somewhat (ca. 1.5 times)
T‘."‘ble L EXt.raCt'on of ()1afrom _Saturgted Sodium . more rapidly. Thus, either the less stable diastereomeric ion
Bicarbonate into Carbon Tetrachloride with THAC (0.19 equiv) . lex i ive than i ble h hiral
and Varying Amounts of Selectog}-2 pair complex is more reacu_vet an its more sta_ e homochira
counterpart or it is relatively more dissociated and the

1a  X=OH
b X=CH,CO(4-BrCgHy)

() 1a(equiv) (S)-2 (equiv) THAC (equiv) Yextracted® %ee® noncomplexed ion pair is more reactive toward BPB than
1.0 2.00 0.19 19 86 either of the diastereomeric complexes.
1.0 1.00 0.19 19 77 Although good kinetic data are hard to obtain in biphasic
1.0 0.50 0.19 19 59

reactions owing to the dependence of reaction rates on mixing
rates, one can certainly envision the occurrence of a type of

;?rt]an_dférd Ctogditiong ent«’fﬂiledluse of O%Otfj mtrﬁol (1 mol ?quivgc%ﬂ( Lot “product inhibition” arising from the ability of the major
an € Indicated number of mol equiv O e other reagents in 2.6 mL O . .
saturated sodium bicarbonate and 2.6 mL of £Qlhe layers were product, the(S)-ester, to associate with selec{8)-2, thus

equilibrated by rapid stirring at room temperature for 15 min. Layers were lowering its effective concentration, something which could

separated, and the CGlas washed with water and dried over magnesium ; ; it
sulfate. Excess BPB was added to the £@hd aliquots were assayed affect both reaction rates and engnnoselec_uwues. R_egardless
periodically on racemic (%extracted) an®,R)-Whelko (%ee) HPLC ~ Of these complexities, the details of which remain to be

columns. The selector was utilized as the internal standdReépresents unraveled., it is clear that two-component CPTCs can offer
percentage of DNBleu carboxylate ion extracted into organic layer. ’

¢ Enantiomeric excess of thebromophenacyl bromide ester. a pragtical means .of kinetic resolutipn. The system described
here is not optimized and is considered more a “proof of

1.0 0.25 0.19 19 46
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Table 2. Enantioselective Biphasic Esterification Reactions

o]

OaN /@»V S) 2, THAC O,N

N
NaHCO4/H,0/CCly, t H
NO,
() 1a 3 1b
() 1la (equiv) 3 (equiv) (S)-2 (equiv) THAC (equiv) %ee (S)-1b Sb
1.0 0.50 2.00 0.035 87 25.8
1.0 0.50 1.00 0.035 76 12.2
1.0 0.50 0.50 0.035 63 6.60
1.0 0.50 0.25 0.035 44 3.39
1.0 0.50 2.00 0.085 74 10.9
1.0 0.50 1.00 0.085 62 6.33

a Standard conditions entailed use of 0.11 mmol (1 mol equivi)fl and the indicated number of mol equiv of the other reagents in 2.2 mL of saturated
sodium bicarbonate and 2.2 mL of GCThe reaction was rapidly stirred magnetically at room temperature. Aliquots were assayed periodically on racemic
(extent of conversion) and (R,R)-Whelko (%ee) HPLC columns. The selector was utilized as the internal standard. Enantiomeric excess values are reported
at the point where 40% of the initially racemia had been converted to ester (i.e., 80% of the theoretical yieBereoselectivity factor.

principle” than as utilitarian example. Even so, from quaternary ammonium ions might be utilized in conjunction
chromatographic data obtained using chiral columns contain-with the chiral selector in a “double asymmetric induction”
ing immobilized selectors very similar t&)-2, it is clear fashion to further enhance enantioselectivity. Indeed, incor-
that N-(3,5-dinitrobenzoyl) amino acids other than leucine poration of a quaternary ammonium site into a chiral selector
could be similarly resolved. Indeed, tihe(3,5-dinitroben- is clearly possible although where this site is located with
zoyl) derivatives of some synthetic amino acids prepared asrespect to the essential recognition sites in the selector is
the racemates do, once resolved, find usage as selectors iexpected to be rather critical. Having the quaternary site free
chiral chromatography columns capable of separating theto “float spatially” is advantageous in the sense that the
enantiomers of many other compounds. stronger electrostatic ion pair interaction does not interfere

It is evident that other alkylating agents, chiral selectors, with the simultaneous occurrence of the interactions respon-
and achiral quaternary ammonium ions can be utilized in a sible for the enantioselectivity of the selector.

fashion similar to that just describ&dvery likely, chiral
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hydrolysis. This aspect of two-component chiral phase transfer catalysis is
being actively pursued and will be reported shortly. OLO015823N
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