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Abstract: The synthesis and GABAp antagonist activity of a series of substituted morpholine-2-acetic
acid derivatives is described. Resolution of the lead compound from the series produces one active and one
inactive enantiomer. X-ray analysis of a halogenated derivative (25) of the active enantiomer Sch 50911
(23) shows that it possesses the 25 configuration. Copyright © 1996 Elsevier Science Ltd

Introduction: = GABABR antagonists are of potential use in the treatment of absence seizures (petit mal
epilepsy).1 In addition, there is preliminary evidence that they may be useful for the treatment of certain
CNS disorders involving memory deficits, such as Alzheimer’s Disease.2 They may also be of use in
countering the respiratory depression caused by excessive doses of GABAB agonists such as baclofen. The
search for an effective GABAR antagonist has led to the discovery of a series of very potent phosphinic
acid-derivatives (e.g., 1) that is structurally related to the natural agonist, y-aminobutyric acid (2;
GABA).3.4 An earlier generation of GABARB antagonists is illustrated by phaclofen (3), which is the
phosphonic acid analog of baclofen (4).5 Baclofen is a clinically useful GABARB agonist.® In our search for
GABAg agonists and antagonists we synthesized and tested the unsubstituted morpholine-2-acetic acid (9)
and found that it possessed a trace of activity in our binding assay. The subsequent development of this
series is described below.
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Chemistry: The morpholine-5-acetic acid ester derivatives (5) were synthesized according to the
process shown in Scheme 1. The key step was the base-catalyzed ring closure of (8) to the morpholine
derivative (5). This method of ring formation by intramolecular Michael reaction has been described
recently for the synthesis of morpholine inhibitors of carnitine acetyltransferase.’
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Scheme 1 Reagents and conditions: (i) Hinig's Base, CHClo, it, 24 h;
(iiy DBU, toluene, reflux, 3-20 h.

Intermediates 8 were prepared from readily available ethyl 4-bromocrotonate 7 and the substituted
aminoethanols 6, most of which were available from commercial sources. Flash chromatographic
purification of the crude 5 led to the isolation of a series of esters in yields generally in excess of 50%. The
esters were hydrolyzed by heating with 6N-HCI, and the resulting solutions were evaporated under vacuum
to yield the crystalline HCI salts of the final products, 9-21. Compounds 13-15 were prepared from
enantiomerically pure starting materials 6. However, the cis diastereomer (25,55)) of 15 was formed in
insufficient amount for isolation. The diastereomeric pairs of products 10 and 11, 16 and 17, and 18 and 19
were separated by column chromatography but 1H NMR suggested that 16 still contained ca. 10% of its
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Pharmacology and SAR:  The unsubstituted derivative 9 was identified in the GABAR binding assay as
a potential lead compound with modest activity (Table 1.) It showed no GABAB agonist activity in a
functional in vitro assay, but showed slight activity as an antagonist of baclofen in the same assay.
Inclusion of a 5-methyl group (10 and 11) improved binding activity slightly with no apparent difference
between cis and trans diastereomers. Incorporation of two methyl groups at C5 gave 12 which showed
marked improvement in binding potency. The pure enantiomers (13, 14, and 15) gave a preliminary
indication that the 2§ configuration was favored although the desired cis diastereomer of 15 was not
available. Of the two pairs of alkyl/hydroxyalkyl substituents tested (compounds 16-19) the diastereomer
with the alkyl group cis to the 2-substituent was more active (17 > 16; 19 > 18). The two spirocyclic
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derivatives (20 and 21) were less active than other 5,5-disubstituted derivatives and were not examined
extensively.

Compound 12 was chosen for further study, including separation into its enantiomers, and
determination of the absolute configuration of the active enantiomer.

TABLE 1
Physical Properties and GABA g Antagonist Activity of Morpholine-2-Acetic Acid Derivatives (9-21)
Compound Number R! R2 Yielda mp (°C) g:;:g, gi‘,}?{?g p
and Stereochemistry (%)
ICso (MM)  Inhibn% +SEM;(m)  ICs0 (LM)
+SEM; (M9 at 300 pM d (95% cont. limits)
9 2RS H H 25 172-174 >100¢ 46 (44,48)
10 (2RS,5RS) H CH; 29 165-168 9+7(3) 96(92,100)
11 (2RS,55R) CH3 H 29 219221 37+19(3) 76(75,76)
12 2RS CH3 CH; 67 204206 3t1(4) 84+1(3)f* 46(2.8-79)
13 (2R,5S) CoHs H 23 140-142 >100 —
14 (2R,5R) H CyHs 5 148-151 >100 —
15  (2S,5R) CoHs H 33 140-144 10x4(3) 95(9595)

16 (2RS,5RS) CHj CH,OH 30 125-128 5+2(3) 2419 (3)tF
17 (RS,SSR) CH20H CH3 8 181-184 2(1.8,22) 74t6(3)f* 4.5(2.0-109)
18 (2RS.5RS) C,Hs CH,OH 28  146-149 100 (60,140) —

19 (2RS5SR) CHOH CoHs 30 8 19+74) 99 (98,100)
20 2RS —(CH2)2- 37 188-190 37(2549) —
21 2RS —~(CH2)4- 14 186-188 11x5(3) 97(95,100)
CGP 35348 62(49,75) 50f2(4Hf*  65(39-112)

* p<0.05, Student’s t test; 1 not significant.

aYield is for the two steps from 8 to the final product. PPreparation of rat brain synaptosomes and the assay for GABA g receptor
binding were performed as described elsewhere.8 CReversal of inhibitory effects of 30 pM baclofen on EFS stimulated neuronal
cholinergic contractions of guinea pig tracheal rings. Isolated guinea pig tracheal rings were incubated under a resting load of 0.5
g in 37 °C low (0.6 mM) Ca?* Tyrodes buffer (pH 7.4) supplemented with 5.6 mM glucose, 30 iM choline, and 2 M
indomethacin. The preparation was continuously aerated with 95% 0,-5% CO;. After 90 m, 5 s trains of electrical field
stimulation (EFS = 20 v, 300 mA, 0.5 ms pulse duration, 8 Hz) each min gave contractions, mediated by postganglionic
cholinergic neurons, that were inhibited by GABAg agonists. Antagonists were added to the bath 10 m before addition of 30 pM
baclofen.? @ where n = 2 results are expressed as the average, and the individual values are shown in parentheses. ©lnitial
screening result gave an ICsq of ca. 50 UM. f Measurements were performed at an antagonist concentration of 30 pM.

& Hygroscopic - no mp taken.
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Separation of 12 into Enantiomers:  The intermediate 5 from Scheme 1 (in which R1 = R2 = CH3) was
separated into its enantiomers as shown in Scheme 2. Conversion of the ethyl ester to either the N-Cbz or,
preferably, the N-BOC derivative 22 produced compounds that showed good separation (¢ = 1.54 for 22)
on a Daicel Chiralcel OD® column, eluting with hexane: 1% isopropanol. Between 250 and 500 mg of
racemate could be separated cleanly in a single run. Removal of the BOC group and the ethyl ester was
accomplished in a single step by dissolving each enantiomer in 6N-HCI and storing at room temperature for
several days. Evaporation of the acid led to the crystalline HCI salts of the enantiomers (+)-23 and (-)-24.
As shown in Table 2, activity resides in the first-eluting enantiomer, (+)-23, known as Sch 50911. Accounts
of the GABAR activity of Sch 50911 have been published along with the observation that 23 does not bind
to the GABA 4 receptor up to at least 100uM. 810

Scheme 2 o H (+)-22
i COzEt i
5§ 7™ CH N
e BOC -2
22
i H
(#)-22 ————  23; Sch50911 o)
COH
CH37[ j/\
ii CHg $ HCi
(-2 ——> 24 H

Reagents and conditions. (i) (BOC),0, Hinig's Base, CH2Clp, 25 °C,18 h; (ji) Daicel Chiralcel
0D® 5 x 50 cm column, hexane (99%)/isopropanol (1%}, 50 mL/min; (iii) 6N-HCI, 25 °C, 60 h.

TABLE 2
Physical Properties and GABA g Activity of Sch 50911 and its Enantiomer
Rotation GABAB Binding GABAB in vitro
Compound [0, @20) mp (°C) ICsp (UM)8 ICs0 (M)

(95% conf. limits)

23.HCl1 +16.5° (25 °C) 154.5-157 1.1£0.5 3.5(1.8-7.0)
24 HCI -18.7° (23 °C) 154.5-157 >100 >300

Absolute Stereochemistry of Sch 50911: Crystals of Sch 50911.HCI, 23, suitable for X-ray analysis,
proved difficult to obtain. We chose to convert a sample of 23 to a heavy atom-containing derivative. This
was accomplished as shown in Scheme 3. Suitable crystals of 25, the N-(4-chlorobenzyl), 4-chlorobenzyl
ester, HCI salt derivative of 23, were obtained by recrystallization from lower alcohol solvents. X-ray
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crystallographic analysis!! established the absolute configuration at C(2) as S. Fig. 1 shows the structure
and solid-state conformation of 25.

Scheme 3 Ci
o)
23 SI — b, cr?[ N °
cl (M or 25

[o)p -21.4°
2.29 mg/mL

Reagents and conditions: (25.2 °C)

(i) Cs2C04, DMF, 80 °C, 6 h;
(ii) HCVMeOH, Etz0 cl

Figure 1
Stereo view from X-ray
coordinates showing
the structure and solid

state conformation of 25.

Conclusions: We have described the synthesis and SAR of a novel series of GABA g antagonists. The
lead compound of this series, Sch 50911, 23, has been shown to possess a range of pharmacological
activities related to its GABAp activity, both in vitro and in vivo.3:10 The observed stereochemistry at C-2
(S) is the opposite of that claimed for a series of highly potent phosphinic acid antagonists, such as 1.

Experimental: Preparation of Sch 50911 (23). To a solution of 2-amino-2-methyl-1-propanol (1.8 g) in CH2Cl3 (40 mL) was
added ethyl 4-bromocrotonate (3.3 mL). Hiinig’s Base (5.2 mL) was added, and the mixture was stirred at rt (ca. 23 °C) for 24 h.
Solvent was removed under vacuum, the residue was suspended in EtOAc (60 mL), and was stirred for 0.5 h. The mixture was
filtered and evaporated. The crude product was purified by flash chromatography (silica gel, CH7Clp:MeOH/NH 3, 95:5) to yield
2.5g(65%)of 8 ®R! =R2= CHj; mp 71-73 °C.) In toluene (50 mL) was dissolved 8 ®R!=R2= CHj3; 1.78 g) and DBU (0.18
g.) The solution was heated to reflux and kept there for 18 h. After cooling the reaction mixture, solvent was removed under
reduced pressure. The crude product was purified by flash chromatography (silica gel, CH Cly:MeOH/NH 3, 95:5) to yield 5 (R ]
=R2 = CH3) as an oil. 1 g of 5 was dissolved in CHaCly (10 mL) at rt. A solution of di-t-butyl dicarbonate (“BOC anhydride™
1.2 g) in CH,2Cly (3 mL) was added followed, about 0.5 h later, by a few drops of Hiinig’s base. The solution was allowed to
stand at rt overnight, The reaction mixture was concentrated under vacuum and the residue was dissolved in EtOAc. This
solution was washed with brine, dried (NapSOy4), filtered, and evaporated to yield 22, mp 36-38 °C. A 10% solution of 22 was
made up in hexane:isopropanol (95:5) and between 2.5 and 5.0 mL of this solution was introduced on to a Daicel ChiralCel OD®
5 x 50 cm preparative HPLC column which was being run with hexane:isopropanol (99:1). The enantiomers were completely
separated under these conditions in just under 1 h at a flow rate of 50 mL/min. The o.-value was ca. 1.54. The first eluting
enantiomer (22; mp 56-58 °C; [ofp +21.8° (23 °C, MeOH); 1.2 g) was suspended in 6N-HCI (12 mL) at rt under Ny. The
mixture eventually became a clear solution. After 48 h water (2 mL) was added and the aqueous solution was extracted with
EtOAc (3 x 5 mL.) The agueous layer was filtered and evaporated to yield 23.HCI as a white solid, 0.75 g (84%; mp 154.5-157
°C; [a]p = +28.6° (21 °C, MeOH)).
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Crystal data for 25: C3o2H26CI3NO3, M = 458.82, orthorhombic, space group P212121 (no. 19),a =
12.886(2) A, b = 25.683(4) A, ¢ = 6.933(1) A, V =2295(1) A3, Z =4, D¢aled, = 1.328 g cm3, u(Cu-
Kot radiation, A = 1.5418 A) = 38.7 cm-1. Intensity data (+h,+k+1; 2714 reflections, Omax. = 75°)
were recorded on an Enraf-Nonius CAD-4 diffractometer [Cu-Ka radiation, graphite monochromator;
®©-26 scans, scanwidth (1.15 + 0.14tan0)°] from a crystal of dimensions 0.18 x 0.36 x0.40 mm. The
crystal structure was solved by direct methods (MULTAN11/82). The absolute configuration was
determined by use of anomalous scattering effects. Full-matrix least-squares refinement of atomic
positional and thermal parameters (anisotropic C, Cl, N, O; fixed H contributions) converged (max.
shift:esd = 0.03) at R = 0.047 (Rw = 0.063) over 1938 absorption-corrected [Tmax.:Tmin. (rel.) =
1.00:0.63] reflections with I>3.00(]). Atomic parameters, bond lengths, bond angles and torsion
angles for 25 have been deposited at the Cambridge Crystallographic Data Center, 12 Union Road,
Cambridge CB2 1EZ, U.K.
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