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CHAPTER VI

CONCLUSIONS

       Successful chiral separations of profens have been demonstrated on Chiralpak AD

and Chiralcel OD.  A systematic approach for optimization of the separation of racemic

profens on both CSPs has been attained by varying the concentration of the alcoholic

mobile phase modifier first, starting from the possible highest composition that would

give a homogeneous eluent, while keeping the concentration (about 0.1%) of the strong

acidic modifier, such as TFA, constant.  A good choice of alcoholic modifier to start with

is ethanol.  Because of its polarity  rapid optimization is possible due to short analysis

time.  Further enhancement of enantioseparation can be achieved by changing the nature

of the alcoholic modifier.  Once the optimized mobile phase condition of

hexane/alcohol/0.1% acid modifier is known, the concentration of the acidic modifier

could then be adjusted to improve the enantioselectivity of the chiral analyte.  Final

optimization could then be achieved by varying the column temperature last.

       Enantioseparation of profens on Chiralpak AD was favored by either  ethanol or 2-

propanol as the alcoholic modifier, and TFA or HFBA as the acidic mobile phase

modifier.  Tert-butyl alcohol and HOAc as the alcoholic and acidic mobile phase

modifiers, respectively, resulted to a decrease in enantioselectivity.  From the temperature

dependence studies, chiral separation on Chiralpak AD is said to be enthalpy controlled,

hence lowering the temperature improved enantioselectivity.

       On Chiralcel OD, on the other hand, chiral separations were more favored when tert-

butyl alcohol was the alcoholic mobile phase modifier.  Either TFA or HFBA could be

used as the acidic modifier.  In addition, lowering the temperature could either increase or

decrease enantioselectivity depending on the analyte structure.  Enantioseparation on

Chiralcel OD  is either enthalpy or entropy controlled.

       The retention mechanisms for the separation of racemic profens on Chiralpak AD

and Chiralcel OD are dependent primarily on the hydrogen bonding interaction between

the acidic proton of the carboxyl moiety of the analyte and the carbonyl oxygen of the

carbamate moiety of the CSP.  This hydrogen bonding also affects enantioselectivity
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which illustrates that the retention and chiral recognition mechanisms on both CSPs are

complex and interrelated.

       The chiral recognition mechanism on Chiralpak AD for racemic profens involves: (1)

the formation of transient diastereomeric analyte-CSP complexes by reciprocal hydrogen

bonding interactions between the carboxyl moiety and the carbamate moiety,

respectively; (2) insertion into chiral cavities, as well as π-π and dipole-dipole

interactions, for the stabilization of diastereomeric complexes; and (3) additional

hydrogen bonding which is the driving force for chiral discrimination, which also

contributes to the stabilization of diastereomeric complexes.

       On Chiralcel OD, the two chiral recognition mechanism involve: (1) the formation of

transient diastereomeric analyte-CSP complexes by two hydrogen bonding interactions

between the carboxyl and carbamate moieties of analyte and CSP, respectively; (2)

insertion to chiral cavities, and π-π and dipole-dipole interactions for the stabilization of

diastereomeric complexes; and (3) chiral recognition by: (a) the difference of the steric fit

of racemic analytes in a chiral cavity (entropy controlled) and (b) π-π or dipole-dipole

interactions between analytes and CSP (enthalpy controlled).  From the temperature

dependence studies, it is apparent that there are two mechanisms operating on Chiralcel

OD.  Chromatographic and  quantitative thermodynamic evidences were the favorable

enantioseparations profens with “free” phenyl moieties were favorable at higher

temperatures. Whereas the separations of those racemic analytes with fused rings at lower

temperature.

       The enantioseparating abilities of Chiralpak AD and Chiralcel OD appear to be

dependent on their higher order structures.  Variation of the mobile phase composition

and the nature of the alcoholic and acidic mobile phase modifiers had significant effects

on enantioselectivity on both CSP.  Racemic profens showed different optimum

enantioselectivities on the CSPs.  In addition, there was a reversal in the order of the

enantioselectivity of profens.  This result also strongly suggests that the enantioseparating

abilities of Chiralpak AD and Chiralcel OD were complementary from the viewpoint of

racemic profens separated.

      In summary, the work in this dissertation has demonstrated that chiral separations on

derivatized polysaccharide CSPs, such as Chiralpak AD and Chiralcel OD are complex.
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The chiral recognition depends on the higher order structure, thus, it is difficult to predict

their chiral recognition only from the character of the tris(3,5-dimethylphenylcarbamate)-

D-glucose monomer unit.  For chiral separation optimization and mechanism studies, the

chemistry of the analyte, CSP, and mobile phase should be taken into considerations.

This research has contributed to the understanding of the separation of chiral compounds,

specifically the profens of 2-methylarylpropionic acids on derivatized polysaccharides

CSPs, as well as advanced some methodology with which the enantioseparation could be

improved.
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