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Flavodilol, 7-[2-hydroxy-3- (propylamino )propoxy lflavone (I), is an antihy-
pertensive agent {1,2] related in structure to propranolol, 1-isopropylamino-3-
(1-naphthoxy)-2-propanol (II), and other B-adrenergic antagonists which have
in common an aryloxy or heteroaryloxy moiety attached to a propanolamine side-
chain. It is well documented that the individual enantiomers of agents in this
class exhibit marked differences in potency or mode of action [3-5]. As a result
it is important to have methods for the analytical resolution of such enantiomers
and for the precise measurement of their enantiomeric purity.

Of the methods available for the analysis of enantiomers the following have
been applied to aryloxypropanolamines: (1) optical rotation measurements [3,5],
(2) nuclear magnetic resonance (NMR) spectroscopic methods [6], (3) circular
dichroism (CD) spectroscopic methods [7] and (4) liquid chromatographic (LC)
resolutions involving chiral columns [8,9] and separation of precolumn deriva-
tized diastereomers using chiral derivatization agents (CDAs). The CDAs which
have been used for the high-performance liquid chromatographic (HPLC) reso-
lution of propranolol and related S-blockers include R{+ )- and S(— )-1-phenyl-
ethyl isocyanate (PEI) [10-13], R(+ )-1-phenylethyl isothiocyanate [14],
R(+)-1-(1-naphthyl )ethylisocyanate [15,16], N-trifluoroacetyl- (S)-( —)-pro-
lylchloride [17], R,R (+ )-tartaric anhydrides [18], 2,3,4,6-tetra-O-acetyl- f-glu-
copyranosyl isothiocyanate [19] and (+ )-1-(9-fluorenyl)ethyl chloroformate
[20].

In our initial studies ( + )-PEI was employed under reversed-phase HPLC con-
ditions similar to those reported for the resolutior: of propranolol (II) [10]. As
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observed for propranolol [10] long retention times (20-30 min) were required
for the complete resolution of flavodilol (I). Furthermore, in the analysis of in-
dividually resolved enantiomers it was desirable to employ a CDA approaching
100% in optical purity. The optical purity of (+ )- or (— )-PEI from commercial
sources in our hands was not reliably 100%.

The optical purities of the CDAs were examined in at least three of the above
cases reported for the resolution of §-blockers and were proven to be very high
[14,17,18] as required for the accurate measurement of enantiomeric purity. The
CDAs employed in those cases and others [15,19] also yielded excellent separa-
tion coefficients, an additional requirement for the precise measurement of purity.

We have found that the use of ( — )-menthylchloroformate [ (— )-MCF ], which
is readily available in high (100%) optical purity, is likewise advantageous as a
CDA in both analytical and preparative resolutions of aryloxypropanolamines
and we have developed an assay method for the assessment of optical purity of
resolved enantiomers. The resolution method is based on the chromatographic
separation of diastereomeric ( — )-menthyl carbamate derivatives (Fig. 1) which
may be prepared in situ as part of the sample preparation.
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Fig. 1. Derivatization of aryloxypropanolamines with ( — )-MCF.
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The use of (—)-MCF as a CDA in analytical gas chromatography (GC) and
HPLC resolutions has been reported [21-24] including its use in the preparative
resolution of a S-blocker by normal-phase L.C of an O-carbonate derivative [25].
However, the use of (— )-MCF as a CDA for the resolution of N-carbamate de-
rivatives of S-blockers in either an analytical or a preparative method has not
been reported. We describe below such a method using ( — )-MCF.

EXPERIMENTAL

Racemic flavodilol maleate was prepared by a modification of the reported
method [2]. B{+ )- and S(— )-flavodilol maleates were prepared by fractional
recrystallization of the racemates as the di-O-toluoyl tartrate salts in a manner
similar to the method described for propranolol [3] followed by standard con-
version via the free base to the maleate salt or by a modification of the method
reported by Klunder et al. [8] for the chiral synthesis of propranolol. Racemic
propranolol and samples of R (+ )- and S( — )-propranolol as the hydrochlorides
were obtained from Ayerst Laboratories (New York, NY, U.S.A.). L(—)-MCF
and R(+ )-PEI [as R(+ )-methylbenzyl isocyanate | were purchased from Ald-
rich (Milwaukee, WI, U.S.A.).

Instrumentation

Analytical HPLC was performed on a Perkin Elmer Series 4B unit with an L.C-
95 detector and a Hewlett Packard 3392 integrator. A Dupont Golden Series (Mac
Mod) Zorbax Cg, 3-um, 8 cm X 6.2 mm column was employed for the resolution
of flavodilol using ( — }-MCF (method Ia) or (+ )-PEI (method Ib). An identical
column packed with Spherisorb Cq, 3 um, was employed for the resolution of
propranolol using (—)-MCF (method Ila).

Enantiomeric assay method

Chiral derivatization method using (—)-MCF (methods Ia and Ila). A 0.10 M
stock solution was prepared by dissolving 2.19 g (0.01 mol) of (— )-MCF in 100
ml dry methylene chloride. This solution was stable for months if kept dry. A 0.1-
mmol sample of the analyte as the maleate salt (I) or hydrochloride salt (II) was
liberated to the free base by extraction with 50 ml of 10% sodium carbonate and
50 ml of dichloromethane. The organic layer was separated, washed with 50 ml
of saturated sodium chloride, dried with magnesium sulfate and filtered, followed
by directly adding 2.0 ml (0.2 mmol) of the above solution and 0.2 m! of triethyl-
amine to form the diastereomeric carbamates in situ. In the case of propranolol
(method IIb) no triethylamine was added. The derivatization was complete in
0.5 h (method Ia) and in 4 h (method IIa).

Chiral derivatization method using (+ )-PEI (method Ib). A 0.068 M stock so-
lution was prepared by dissolving 1.0 g (6.8 mmol) of (+ )-PEI in 100 ml of dry
methylene chloride. A 0.1-mmol sample of the analyte as the free base in solution
was prepared as above followed by direct addition of 1.5 ml (0.1 mmol) of the
stock solution. The derivatization is complete within minutes.
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High-performance liquid chromatography

Method Ia. The mobile phase was methanol-water (78:22) containing 0.2%
acetic acid and 0.2% triethylamine (triethylammonium acetate). The flow-rate
was 2.0 or 3.0 ml/min. The detector wavelength was 254 nm at 0.2 a.u.f.s.

Method Ila. The mobile phase was methanol-water (72:28) containing 0.2%
triethylamine and acetic acid as above with a flow-rate of 2.0 ml/min. The detec-
tor in this case is set at 220 nm at 0.2 a.u.f.s.

Method Ib. The mobile phase was methanol-water (60:40) containing 0.2%
triethylamine and acetic acid as above with a flow-rate of 2.0 ml/min. The detec-
tor wavelength was 254 nm at 0.2 a.u.f.s.

RESULTS AND DISCUSSION

The resolution of flavodilol (I) was initially performed with (+ )-PEI using a
method similar to the method described for the resolution of propranolol [10]. A
moderate improvement was observed by employing Cg packing versus C,5. Using
method Ib the retention times for resolved peaks were 22.8 min for S{—) and
24.3 min for R(+ ) [separation coefficient («¢) =1.07] with near baseline sepa-
ration achieved. In those cases of assaying for enantiomeric purity of resolved
samples the minor enantiomer appeared as a shoulder and longer retention times
were required to precisely measure less than 5%.

A substantial improvement was observed using ( — )-MCF for the resolution
of flavodilol. Using method Ia the retention times observed for baseline resolution
were 8.8 min for S(—) and 10.2 min for R(+ )} (@ =1.20) at a flow rate of 2.0 ml/
min or 5.5 min for S(—) and 6.4 min for R(+) (a¢=1.18) at a flow-rate of 3.0
ml/min (Fig. 2). The percentage composition using method Ia was reproducible
to the 0.2% level.

By using method Ia to monitor the classical resolution of flavodilol by recrys-
tallization of di-0,0-ditoluoyl tartrate salts from ethanol it was determined that
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Fig 2. HPLC resolution of racemic flavodilol using method Ia (3.0 ml/min).
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seven recrystallizations were necessary to achieve an enantiomeric purity of 98.5%
or greater (Fig. 3). The absolute configuration of (—) as S and (+) as R was
determined by analysis of samples prepared by the chiral synthesis of flavodilol
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Fig. 4. HPLC resolution of racemic propranolol using method ITa (2.0 mi/min).
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Fig. 5. HPLC resolution of individual propranolol enantiomers using method Ila (2.0 ml/min).
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by the method of Klunder et al. [6]. The optical purity of each enantiomer ob-
tained by this method was 96.3 for S (- ) and 96.4% for R(+ ).

Finally, samples of racemic propranolol as well as the individual enantiomers
of propranolol were assayed using (— )-MCF as a CDA. Under conditions Ila
baseline resolution was achieved with retention times of 11.2 min for S(—) and
12.6 min for R(+) (c=1.14) (Figs. 4 and 5). The absolute configurations are
based on literature assignments [7]. Optical purities by this assay method ex-
ceeded 99.0% but were not further investigated.

CONCLUSIONS

The CDA (—)-MCF was found to offer several advantages in the resolution of
aryloxypropanolamines. The derivatization reaction is facile and provides the
stable carbamate (urethane) diastereomers which may be analyzed directly. Ra-
cemization in pure samples of individual diastereomers has not been observed.
The reagent is readily available commercially and is possibly the lowest-priced
CDA available. It is derived from (— )-menthol which is isolated from natural
sources in 100% optical purity. The ( — )-menthol moiety possesses three chiral
centers in the cyclohexane ring and as such is a rigid, yet stereochemically rich
structure. Furthermore, in reversed-phase chromatography the non-bonding, li-
pophilic interactions are predominant, and recognition of the highly lipophilic
( — )-menthol moiety is taken advantage of and the separation of ( — )-menthyl
carbamates is thus facilitated.

The above HPLC resolution method using ( — )-MCF fulfills most of the re-
quirements which have been well outlined for enantio separations [18] and has
been found applicable to the preparative resolution of flavodilol (I). The sepa-
ration coefficients achieved in analytical resolutions (x=1.14-1.20) are com-
parable to those in several previous reports [14,17,19] («=1.14-1.28) though
they are not as high as those obtained with R(+ )-1-(-1-naphthyl)ethyl isocya-
nate [15] (a@=1.33-1.50) or the K,R(+ )-tartaric anhydrides [18] (a=2.40-
4.99). The ( — )-menthol moiety as a CDA suffers from imparting no increase in
chromophoric absorption of the derivative over the parent molecule. Because it
is UV-transparent at the wavelengths commonly used, however, there are in turn
no complications due to reagent absorptivity.

In the analysis of pharmaceuticals it is of increasing importance to have meth-
ods available for the precise measurement of enantiomeric purity. Chiral columns
or CDAs approaching 100% in optical purity are required for such analyses to
avoid misassignment of an optical antipode in the chiral column packing or CDA
as a minor enantiomer. The reagent ( — })-MCF is a CDA with the requisite optical
purity. The above resolution method should be applicable to the analysis of most
aryloxypropanolamines as well as many other primary and secondary amines.

ACKNOWLEDGEMENTS

We thank Drs. Joan Potenza and Bruce Compton for helpful discussions on
the subject of chiral derivatization agents,



203

REFERENCES

1

WO -1 D e LN

10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

E.S.C. Wu, T.E. Cole, T.A. Davidson, C R. Kinsolving, J.C. Blosser and R.B. Parker, Pharma-
cologist, 27 (1985) 261

E.S.C. Wu, U.S. Pat. 4 495 198 (1985); 4 668 804 (1987).

R. Howe, U.K. Pat. 1 069 343 (1967).

R. Howe and R.G. Shanks, Nature, 210 (1966) 1336

Y. Yost and J.L.. Holtzman, J. Pharm. Sci., 68 (1979) 1181.

J.M. Klunder, S.Y. Ko and K.B. Sharpless, J. Org Chem., 51 (1986) 3710.

W.L. Nelson, M.L. Powell and J.E. Wennerstrom, J. Org. Chem., 43 (1978) 4907.

D.W. Armstrong, T.J Ward, R.D. Armstrong and T E. Beesley, Science, 232 (1986) 1132.

Y. Okamoto, M. Kawashima, R. Aburatani, K. Hatada, T. Nishiyama and M. Masuda, Chem.
Lett., (1986) 1237

J.A. Thompson, J.L. Holtzman, M. Tsuru, C.L. Lerman and J.L. Holtzman, J. Chromatogr.,
238 (1982) 470.

J.E. Oatis, J.P. Baker, J.R. McCarthy and D R. Knapp, J. Med. Chem., 26 (1983) 1687

M.J. Wilson and T Walle, J. Chromatogr., 310 (1984) 424,

A.A. Gulaid, G.W. Houghton and A.R. Boobis, J Chromatogr., 318 (1985) 393.

J.Gal and A.J. Sedman, J Chromatogr., 314 (1984) 275.

. Guebitz and S. Mihellyes, J. Chromatogr., 314 (1984) 462.

R.D. Dennis, T.M. Dolak and W.E. Kreighbaum, U.S. Pat. 4 463 146 (1984)

J. Hermansson and C. von Bahr, J. Chromatogr., 221 (1980) 109.

W. Lindner, C. Leitner and G. Uray, J. Chromatogr., 316 (1984) 605.

A.J. Sedman and J Gal, J. Chromatogr., 278 (1983) 199

S. Einarsson, B. Josefsson, P. Moller and D. Sanchez, Anal. Chem., 59 (1987) 1191.

L.A. Carpino, Chem. Commun., (1966) 858.

J.W Westley and B.J. Halpern, Org. Chem., 33 (1968) 3978.

J.F. Nicoud, J. Org Chem., 42 (1977) 4270.

A Wick, J. Bertin and J. Frost, UK, Pat. 2 120 250 (1983).

G. Kruger, J. Keck, K Noll and H. Pieper, Arzneim.-Forsch., 34 (1984) 1612.



