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Abstract

The direct HPLC resolution of the enantiomers of methoxy and hydroxy derivatives of 3.4-dihydro-3-(di-
propylamino)-2H-1-benzopyrans and of unsubstituted amino compounds was achieved using Chiralce] OD and/or
Chiralpak AD stationary phases. The position of the substituent (methoxyl or hydroxyl) in the aromatic ring has a
strong effect on the enantioselectivity. Circular dichroism spectra of the single enantiomers of one compound were

measured.

1. Introduction

Dopamine is an important neurotransmitter
both in the central nervous system and in
peripheral  tissues.  Malfunction of the
dopaminergic system has been suggested to play
a major role in diseases such as schizophrenia
and parkinsonism [1]. Although treatment is
available with drugs influencing the dopaminer-
gic system, the therapy of these diseases is far
from satisfactory [2].

Recently, we demonstrated that isosteric re-
placement of the methylene group at C-4 in the
2-aminotetralins by oxygen may play an impor-

* Corresponding author.

tant role in the selective recognition of the
serotoninergic or dopaminergic receptors in rela-
tion to the position of the substituent (hydroxyl
or methoxyl) on the aromatic ring [3,4]. The
effect of the replacement of the C-4 in several
mono- and dihydroxytetralins by oxygen on the
dopaminergic activity has also been investigated
by other groups [5,6].

An efficient synthesis of the compounds in Fig.
1 has been described [4] and its advantage lies in
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Fig. 1. Structure of compounds 1-6, where Z=OH or
OCH, at position S, 6 or 8.
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the possibility of preparing both dipropylic or
diallylic derivatives. From the diallylic deriva-
tives, by enantioselective crystallization with
optically pure binaphtylphosphoric acid both
enantiomers of  8-hydroxy-3,4-dihydro-3-(di-
propylamino)-2H-1-benzopyran (Z = OH) were
subsequently obtained. In vitro assays of
dopaminergic activity indicated highly enan-
tioselective recognition of the D-2 sites by the
(—)-enantiomer [4]. Apart from this result. the
reported pharmacological evaluations refer only
to racemic compounds [5,6].

This prompted us to search for a direct meth-
od of enantiomeric separation in order to obtain
sizeable amounts of individual enantiomers of
dipropylic or unsubstituted amino derivatives
which can be submitted to pharmacological as-
says. Indeed, recent guidance has been given for
toxicity and activity testing during the develop-
ment process of chiral drugs [7].

In this paper we report the first HPLC res-
olution of the enantiomers of 3,4-dihydro-3-(di-
propylamino)-2H-1-benzopyrans and of unsubsti-
tuted amino compounds.

Among various HPLC chiral stationary phases
(CSPs) used by us, only polysaccharide-derived
types were able to resolve the enantiomers of
this class of compounds and the chiral separation
depended strongly on the position of the sub-
stituent (methoxyl or hydroxyl) in the aromatic
ring. The resolution factors (R,) of some com-
pounds were fairly good and afforded milligram
separation and circular dichroism (CD) measure-
ment of the single enantiomers.

For completeness of information, it is useful to
mention the following direct methods of enantio-
meric resolution of isosteric tetralin derivatives.
A Chiralcel OD column was used to determine
directly the enantiomeric purity of the dopamine
agonist 2-(N-propyl-N-2-thienylethylamino)-5
hydroxytetralin [8]). The enantiomers of 5-hy-
droxy-2-(dipropylamino) tetralin were resolved
by chiral ion-pair chromatography, using N-
benzyloxycarbonylglycyl-L-proline as the counter
ion on a carbon column [9]. The enantiomeric
purity of 5,6- and 6,7-dihydroxy-2-aminotetralins
was determined using an 18-crown-6 chiral crown
ether coated on a silica gel column [10].

2. Experimental
2.1. Apparatus

The HPLC system consisted of a Varian Model
5060 liquid chromatograph with Valco sample
loops (10 or 50 ul), a Jasco Uvidec 100-IIT UV
spectrophotometric detector operating at 240 nm
and a Varian CDS 401 data system or an Omnis-
cribe Houston recorder for fraction collection.
CD spectra were recorded on a Jasco Model 600
spectropolarimeter. The mobile phases were
HPLC-grade n-hexane-2-propanol mixtures.
The columns (25 cm X 4.6 mm 1.D.) used for the
experiments reported in Table 1 were packed
with Chiralcel OD (cellulose tris-3,5-dimethyl-
phenylcarbamate) and with Chiralpak
AD  (amylose tris-3,5-dimethylphenylcarba-
mate). both coated on 10-um silica gel from
Daicel (Tokyo, Japan). The columns used for
some unsuccessful experiments reported in the
next section were another helical phase column,
Chiralpak OP(+) from Daicel, and three Pirkle
phase columns, (R)-a-Burke 1, (R)-DNBPG and
(R,R)-Whelk O-1, all from Regis Chemical
(Morton Grove, IL, USA). The column void
time (¢,) was measured by injection of 1,3,5-tri-
tert.-butylbenzene as a non-retained sample.
Retention times were mean values of two repli-
cate determinations. All separations were carried
out at ambient temperature.

2.2. Chemicals

The syntheses of compounds 1, 2, 4, 5, 7 and 8
have been described elsewhere [4]. They start
from readily available or commercial 2-hydroxy-
benzaldehydes and proceed in six steps. Com-
pounds 3, 6 and 9 were synthesized similarly,
starting from  2-hydroxy-5-methoxybenzalde-
hyde, as intermediate products of a unique
synthetic pathway [11].

3. Results and discussion

The chromatographic results for six com-
pounds of the general formula in Fig. 1 and for
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three compounds bearing an unsubstituted NH,
group (7-9) are presented in Table 1.

Among the isomeric hydroxy derivatives, two
of them (2 and 3) were resolved on Chiralcel
OD, whereas the isomeric 1 was not resolved on
this phase, as reported in Table 1 and from other
trials with various percentages of 2-propanol in
hexane as eluent. The composition of the mobile

Table 1

phase was in fact critical for obtaining baseline
R,. as shown for 2 and 3. However, the enantio-
meric resolution of 1 was achieved by using a
Chiralpak AD column, as shown in Fig. 2. This
phase was also efficient in the resolution of 2 and
3, although to a lesser extent by comparing the a
and R, values.

Among the isomeric methoxy derivatives, §

HPLC resolution of enantiomeric compounds 1-9 on chiral stationary phases

Compound z* R" Csp A(%)" k' @ R,
1 5-OH CH,CH,CH, OD 5 1.15 NS¢
AD 10 0.58 1.13 0.8
2 8-OH CH,CH,CH, OD 5 1.65 1.19 1.3
oD 10 0.99 1.15 0.8
oD 20 0.52 1.27 0.6
AD 10 0.67 1.09 0.8
3 6-OH CH,CH,CH, oD 5 1.89 1.50 3.3
OD 10 0.88 1.69 3.1
oD 30 0.27 1.49 1.0
AD 10 1.02 1.12 1.3
4 5-OCH, CH,CH,CH, 6)s) 5 0.19 NS
AD 10 0.04 NS
AD 0 0.16 1.43 0.8
5 8-OCH, CH,CH.CH, OD 3 3.04 1.34 2.0
0D 3 2.99 1.24 1.8
oD 5 1.60 1.26 1.7
AD 0 0.75 NS®
6 6-OCH, CH,CH.CH, oD 10 0.29 NS
AD 10 0.23 1.35 1.4
7 5-OCH, H oD 5 4.34 1.06 0.6
0D 5" 4.70 1.19 1.6
AD 10 1.84 NS'
8 8-OCH, H OD 10 8.42 1.20 1.7
oD 10" 7.73 1.19 1.8
oD 20" 3.64 1.20 1.4
AD 10 2.11 NS
9 6-OCH, H oD 10 1.25 NS
oD 30 1.81 NS
oD 30 1.62 NS
AD 10 2.28 1.35 5.00

” See the general formula in Fig. 1.
® Substituents on the nitrogen atom.

° Percentage of 2-propanol in n-hexane at a flow-rate of 1 mi/min for Chiralcel OD (r, = 3.3 min) and at a flow-rate of 0.5 ml/min

for Chiralpak AD (r, = 7.2 min), unless specified otherwise

? Capacity factor of the first-eluted enantiomer.
* Not separated.

" Flow-rate 1.3 ml/min. ¢, = 2.7 min.

# Shoulder on the rising edge.

" 2-Propanol doped with 0.5% of dicthylamine.
' Flat-topped peak.

! Tailed peaks.
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min.
Fig. 2. HPLC behaviour of 1 on (a) Chiralcel OD with
mobile phase n-hexane-2-propanol (95:5) at a flow-rate of |
ml/min and (b) Chiralpak AD with mobile phase n-hexane-
2-propanol (9:1) at a flow-rate of 0.5 ml/min.

was efficiently resolved into its enantiomers by
the Chiralcel OD column but the isomers 4 and 6
were not separated, as shown in Table 1 and Fig.
3. The enantiomeric resolution of the latter
compounds was instead obtained using a Chiral-
pak AD column. The good resolution factor
obtained for 5 afforded a separation of its
enantiomers by repeated 50-ul injections of
racemic 5 and collection of the eluates from the
chromatographic peaks. The CD spectra of both
eluates were measured and they were mirror
images of each other. as shown in Fig. 4,
indicating that the two cluates are optical iso-
mers. Analytical HPLC re-runs on the eluates
indicated an enantiomeric purity of 100% for the
first peak and 95% for the second peak. Their
UV spectra were also identical.

Among the isomeric methoxy derivatives of
the primary amines, again we note a marked
difference in the enantiomeric selectivity of the
two CSPs on the same compound. Compound 9
was in fact resolved only by using a Chiralpak
AD phase, as reported in Table 1 and in Fig. 5.
The isomers 7 and 8 were instead better resolved
by using the Chiralcel OD column. Addition of
diethylamine to the mobile phase was effective in

Fig. 3. HPLC separation of (a) 4, (b) 5 and (c) 6 on Chiralcel
OD with mobile phase n-hexane-2-propanol (95:5) at flow-
rate of 1 ml/min and (d) 6 on Chiralpak AD with mobile
phase n-hexane-2-propanol (9:1) at a flow-rate of 0.5 ml/
min.
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Fig. 4. CD spectra of the enantiomers of 5 obtained from (b)
the first and (a) the second HPLC-eluted peaks.
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T A
min.
Fig. 5. HPLC behaviour of 9 with two CSPs: (a) Chiralcel
OD and (b) Chiralpak AD. Mobile phase. n-hexane-2-
propanol, (a) 7:3 at a flow-rate 1 ml/min and (b) 9:1 at a
flow-rate 0.5 mi/min.

the enhancement of the enantiomeric resolution
of 7-9, as expected for primary amines. The
effect is very strong for 7, as shown in Fig. 6.
Hence very fine effects tune the interaction of
the enantiomers of these derivatives of 3.4-
dihydro-3-amino-2H-1-benzopyrans  with  the
polar carbamate moiety of the Chiralcel OD and
Chiralpak AD phases. This isomeric effect was
also found in other classes of chiral compounds
[12]. Also, the difference in the size of the
helical cavity of the cellulose- and amylose-de-

b
{
1|7 ] 1|9 l min. 18 | 210 | 2!2 ‘

Fig. 6. HPLC resolution of 7 on Chiralcel OD at a flow-rate
of 1 ml/min with mobile phase (a) n-hexane-2-propanol 95:5
and (b) n-hexane-2-propanol doped with 0.5% of diethyl-
amine (95:5).

rived phases plays a significant role in the chiral
recognition of the same compound.

The good values of the resolution factors open
the way to the rapid semi-preparative HPLC
isolation of individual enantiomers and sub-
sequent in vitro dopaminergic activity assays on
them.

Finally, we should mention that several trials
were made to obtain enantiomeric resolution of
2,3, 6 and 9 using various Pirkle CSPs, reported
under Experimental. However, although these
phases differ in the kind and number of
stereogenic centres, unsatisfactory results were
obtained.

References

{1] C. Kaiser and T. Jain. Med. Res. Rev., 5 (1985) 145.

[2] H. Bottcher, G. Barnickel, H.H. Hausberg, A.F.
Haase. C.A. Seyfried and V. Eiermann, J. Med. Chem.,
35 (1992) 4020.

[3] J.M. Cossery, H. Gozlan. U. Spampinato, C. Per-
dicakis. G. Guillaumet, L. Pichat and M. Hamon, Eur.
J. Pharmacol.. 140 (1987) 143.

[4] M. Al Neirabeyeh, D. Reynaud, T. Podona, L. Ou, C.
Perdicakis, G. Coudert, G. Guillaumet, L. Pichat, A.
Gharib and N. Sarda, Eur. J. Med. Chem., 26 (1991)
497.

[S] L.D. Wise. H.A. Dewald. E.S. Hawkins, D.M. Rey-
nolds. T.G. Heffner, L.T. Meltzer and T.A. Pugsley,
J. Med. Chem., 23 (1988) 688.

|6] A.S. Horn, B. Kaptein, N.A. Vermue, J.B. De Vries
and T.B.A. Mulder. Eur. J. Med. Chem., 23 (1988)
325,

[7] FDA’s Policy Statement for the Development of New
Steroisomeric Drugs., Food and Drug Administration,
Washington, DC. 1992.

[8] D.T. Witte, J.P. Franke, P.J. Swart and R.A. De
Zeeuw, Chirality. 4 (1992) 62.

[9] A. Karlsson. L. Bjork. C. Petterson. N. Anden and U.
Hacksell. Chirality, 2 (1990) 90.

[10] P. Castelnovo. Chirality, 5 (1993) 181.

[11] M.C. Viaud and G. Guillaumet, manuscript in prepara-
tion.

[12] S. Caccamese. G. Principato, U. Gruss, G. Hagele and
S. Failla. Tetrahedron: Asymmetry. 5 (1994) 141.



