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Abstract: A series of 3-amino-N-hydroxypropanesulfonamide analogs was prepared. Several compounds
showed potent binding at the GABAp receptor and were active in an in vitro functional assay. The GABAp
activity of these compounds appeared to be due to the fragmented product, 3-aminopropanesulfinic acid.
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¥-Aminobutyric acid (GABA) is a major inhibitory neurotransmitter in the mammalian central nervous
system. GABA receptors are subdivided into GABAA and GABAp subtypes.! The GABAp receptor is
associated with the regulation of a variety of physiological mechanisms,2 such as modulation of both the
cholinergic system in lung,3 anaphylactic responses in the airways,4 as well as affecting the cough reflex in cats
and guinea pigs.5 GABAp agonists have potential therapeutic use in asthma by modulating neural control of
airway function. A GABAR agonist would be expected to inhibit the release of acetylcholine and neurokinins
from lung tissue, potentially reducing airway hyperreactivity, reflex bronchospasm, pulmonary inflammation,
and cough.

During the past two decades, many GABAA agonists, antagonists, and uptake inhibitors have been
described in the literature.62 However, only a limited number of GABAp agonists and antagonists have been
reported.60¢ Several GABAR agonists and antagonists contain bioisosteric replacements for the carboxyl
function of GABA or baclofen. These include phosphinic acid agonists,7a-d the antagonists phaclofen,8 and
saclofen,:10 as well as the agonist siclofen (a sulfinic acid derivative of baclofen).1!

X
X =-COH X = -P(O)(OH), X =-SO3H X =-SOH

baclofen phaclofen saclofen siclofen

NH
cl 2

In a search for novel, selective, orally active GABAR agonists, we have synthesized a series of 3-amino-
N-hydroxypropanesulfonamides in which the N-hydroxysulfonamide is a replacement for the carboxylic acid of
GABA. Here we report the synthesis of 3-amino-N-hydroxypropanesulfonamide analogs and their biological
activity.
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The analogs of 3-amino-N-hydroxypropanesulfonamide 1a~f (Figure 1) were synthesized according to
Schemes 1 and 2.

Figure 1 a.R'=H R? = CH,Ph
Q.0 b.R'=H R% = CH,
HZN\/\/SNNronz C. Hl =H R2= H
Fl‘j d.R'= CHa RZ=H
e. R' = CHoPh R2=H
1 f. R"=CH,COOH RZ=H

Chemistry: The key intermediate 6 was prepared according to the method shown in Scheme 1. Ring opening
of 3-propanesultone (2) using potassium phthalimide (3) gave 4, which was converted to the sulfonyl chloride
derivative 5. Reaction of § with O-benzylhydroxylamine yielded the key intermediate 6, which was obtained in
67% overall yicld from 2. Treatment of 6 (Scheme 2) with 98% hydrazine, followed by debenzylation of 1a
with boron tribromide produced compound 1c in good yield. However, debenzylation of compound 1a with 5%
Pd/C in 0.5M HCl or with 10% Pd(OH); in anhydrous HCYEtOH gave variable amounts of the over-reduced
product, 3-aminopropanesulfonamide, which was very difficult to separate from the desired compound 1c.
Other analogs of 3-amino-N-hydroxypropanesulfonamide (1d-f), were prepared by treating intermediate
6 with various alkylating agents R1X to give the alkylated products 7, following the same sequence of reactions
as described above. Compound 1b was prepared via the same sequence as described in Scheme 1 in which
sulfonyl chloride § was reacted with O-methylhydroxylamine fogowed by treatment with 98% hydrazine.

o;s# + NK* —_— N"N"so,k0 ——
o o
o o
2 3 4
o o}
ili
N"" 50,01 > N“"\~""50,NHOCH,Ph
o} o)
5 6

Scheme 1 Reagents and conditions: (i) EtOH, reflux, 2 h, 88%; (ii) PCls, benzene, reflux, 92%;
(iii) PhCH, ONH; » HCI, Hinig's Base, CH,Cl, 83%

When 7 (R]= CH2CO2tBu) was treated with hydrazine, decomposition occurred. However, when the
t-butyl ester of 7 was hydrolyzed with TFA acid 9 was obtained cleanly. Treatment of 9 with 98% hydrazine,
followed by removal of the benzyl protecting group readily afforded target 1f.

Alkylation of key intermediate 6 with secondary halides such as isopropyl bromide or cyclopentyl
bromide was unsuccessful. When R1 was allyl, removal of the protecting phthalyl group of 7 with 98%
hydrazine in ethanol gave a mixture of desired target and the reduced propyl derivative. This mixture was very
difficult to purify.
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Purification of the final products (1c~f) was initially problematic since the compounds were unstable to
silica chromatography with acidic, basic, or alcoholic eluants. Although the products hydrolyzed to 3-amino-
propanesulfonic acid (11 in Table 1) on attempted recrystallization from aqueous methanol, a satisfactory
procedure was devised effecting recrystallization from anhydrous ethanol/dichloromethane mixtures.

o]
i
6 1a
i )
fl
0
/\/\
N""""SO,N(R")OCH,Ph HN SONHOH.HBr
0o 7 \ o 1c
1 : N""~""S0,N(CH,CO;H)OCH, Ph
v
o 9
HN""S0O,N(R")OCH,Ph
8
vii, viii
l y
HoN"~"S0,N(CH, COH)OH

HN""SON(R")OH

} 1t
1d R'=CHg; 60%

1¢ R'=CHoPh; 84%
Scheme 2 Reagents and conditions: (i) 98% NyH,, EtOH, 50 °C, 83%; (i) BBrs, CHxCh, 0 °c, 88%;
(iil) R'X, Cs,C03 n-BuN'HSO, ', DMF, 71-87%; (iv) (R = CHz or CHoPh), 98% NpH,,EtOH, 50 °C, 90-97%;
(v) BBra, CHCh, 0 °C; (vi) (R' = CHzCO-Bu), CF3CO,H; (vii) 98% NoHy, E1OH, 50 °C; (viii) BBrg,
CH,Cl,, °C, 56%

Pharmacology:  The apparent GABAp and GABA4 data for the 3-amino-N-hydroxypropanesulfonamides
are listed in T;lble 1. Compounds 1c—f showed comparable GABAR activity to (£)-baclofen but they were not
specific. They were about one-sixth to one-eighth as potent at the GABAA receptor. The N-benzyl and N-
methyl derivatives (1d-e) showed higher apparent potency than baclofen at the GABAg receptor, similar to that
of 3-amino-propanesulfinic acid (10). Later we will show that the GABAp binding activity of compounds (1c-
¢) is probably due to the fragmentation of these compounds to 10. None of the compounds, including 10, show
much activity in an in vivo GABAp model. Baclofen inhibits electrical field stimulated (EFS) vagally-mediated
broncho-constriction in guinea-pigs32 whereas 10 and its precursors are almost inactive. Table 1 shows that the
sulfinic acid analog 10 possesses much more potent GABAR binding activity than the sulfonic acid analog 11.
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Among the four 3-amino-N-hydroxypropanesulfonamide analogs, the apparent GABAB binding activity was in
the order: R = H < CHCOOH < CH3 = CHPh (Table 1).

Table 1
Apparent Biological Activity of 3-Amino-N-hydroxypropanesulfonamide Derivatives
. Vi
GABAg InVitro Bronchapasm® GABA,
Cpd. Binding" Trachea % Inh. Binding®
1Cso uM IC3 UM 3 mg/Kg ICso M
H 30 min 10 min 10 min 30 min
HQN’\/‘g-“ou 1c 0.28 16 (8.4-26.4) 0 2
HBr (n=1) (n=10) (n=1)
oCHa
HQNM§'MOH id 0.04 £ 0.01 2.6 (1.6-6.6) 1716 0.28
HBr (n=3) (n=4) (n=4) (n=1)
oGH2Ph .
HNSAEN o le 004001 42 (2.1-9.0) 1716  0.23 (0.21,0.25)
HBr g (n=4) (n=4) (n=4) (=2)
oCH2COOH
HNTS &Noy 1f 0.08 NT NT 0.62
HBrd (=1) (n=1)
HN*~"s0,° 10 0.06 £ 0.01 1.7 (0.7-4.4) 25+ 214 0.47
(n=3) (n=4) (n=4) (n=1)
(n=4) (n=3)
(1)-Baclofen 0210.01 6.4 (4.2-10.7) 755 inactive
@=5) ®=8) (a=4)

NT = Not tested. ®The preparation of rat brain synaptosomes and the assays for receptor binding were performed

as described elsewhere.'?  PEffect of drug on EFS (electrical field stimulation) stimulated neuronal cholinergic contractions
of guinea pig tracheal rings.!> “Effect of drug on the bronchospasm caused by vagal nerve stimulation (EFS) in
anesthetized, mechanically ventilated guinea-pigs.s“ 956% at 30 min “where n=2 results are expressed as the average, and
the individual values are shown in parentheses.

Stability Studies: Because we had observed some degree of instability in the 3-amino-N-hydroxy-
propanesulfonamide analogs during isolation of these compounds, it was important to examine whether they
have intrinsic activity or if the GABAp activity is due to the fragmented product. We performed a stability
study of three compounds (1c (R=H), 1d (R=CHj3), 1e (R=CH3Ph)) under various pH conditions at room
temperature, and investigated the products by examining the NMR spectra after various time intervals. We
found that all three compounds gradually hydrolyzed to 3-aminopropanesulfonic acid (11) in acidic media, but
fragmented to 3-aminopropanesulfinic acid (10) in pH 7.4 buffer or at higher pH. The results are shown in Table
2(A). We investigated the stability of these compounds at pH 7.4 and found that only 11% of 1c fragmented to
3-aminopropanesulfinic acid, yet most of 1d and 1e fragmented to the 3-aminopropanesulfinic acid (10) within
40 min. The results are shown in Table 2(B) and 2(C). It is interesting to note that 1c has about one fifth of



3-Amino-N-hydroxypropanesulfonamide 1713

both GABAp and GABA, activities of 10 yet 1d and le have comparable biological activities to those of 10
(see Table 1). These results somewhat correlate with their fragmentation rates to the sulfinic acid. Since the
GABARB activity was measured 30 min after administration of drug, it suggests that 3-amino-N-
hydroxypropanesulfonamides may possess little intrinsic activity.

Table 2
A. Stability Study of 3-Amino-N-hydroxypropanesulfonamide Derivatives
Relative Reaction Rate Reaction Product
pH 2 buffer ld<1c H;N(CH;)3SO3H; 11
D0 (HBr salts) ld<lec<le H;N(CH;)3SOsH; 11
pH 7.4 buffer le<ld<1le H,N(CH,),S0,H; 10
pH 8.0 buffer le<1d H,N(CH,),SO,H; 10

The amounts of these compounds present were measured by "H-NMR using the integral over the
methylene protons next to -SO, (a-CH,)
8 (ppm) in CDCly: 1 3.28; 1d: 3.20; 1e: 3.20; 10: 2.29; 11: 3.18.

B. Fragmentation of 0.1M 1c to 10 in 0.53M Tris buffer (pH = 7.4)

Elapsed time 5-15min 20-30min 45-60min 2h-3.5h 4h20min 68 h

Amount of 10 9-10% 11-115% 13-15% 30-46% 61% 100%

C. Fragmentation of 1d (R = CH;) and 1e (R = CH,Ph) to 10 at various pH levels

Cpd. Medium 5 min 15 min 40 min
1d pH74 15% 60% 71%
pH6.5 0% 12% 22-25% (1.54h)
pH 6.0 0% 5%
1e pH74 33% 85% 100%
pH 6.5 2% 15-20% 40% (1.54h)
pH 6.0 0% 10%

We also prepared compounds 1a and 1b where R2 = CHyPh and CH3, respectively. The GABAp
binding assay showed that neither of these compounds is active at 20 pg/mL. In addition, 1a and 1b are stable
at pH 7.4 condition at room temperature for several days. This result suggests that the hydroxy proton of the 3-
amino-N-hydroxypropanesulfonamides is important for the apparent GABAp binding activity because, once it

is substituted, the compound can not be converted to the sulfinic acid derivative (10) under physiological
conditions.
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A similar fragmentation to sulfinic acid derivatives has been reported by Nagasawa et al.14a and by

Penketh et al.14® The proposed mechanisms for decomposition of 3-amino-N-hydroxypropanesulfonamides are

as follows.
+
T g
1. HoN A S=N—0—H e HNOA~_§-OH + RINHOH
1
o)“
H
O
H

. , 0
basic medium HaN~_S—OH + RIN=O

In conclusion, we have prepared several 3-amino-N-hydroxypropanesulfonamide derivatives. They are

not stable under physiological conditions but fragment to 3-aminopropanesulfinic acid 10 which shows potent
GABAB and moderate GABA4 receptor binding and in vitro GABAR activity comparable to baclofen.

Acknowledgments: We thank the Physical and Analytical Chemistry Research Department of the Schering-
Plough Research Institute for acquiring the analytical data, and Mr. R. Tiberi of the Organic Preparations group
for the synthesis of compound 6.

References and Notes:

1.

2
3
4.
5
6

10.
11.

12.
13.
14.

(a) Bowery, N. G.; Hill, D. R.; Hudson, A. L.; Doble, A.; Middlemiss, D. N.; Shaw, J.; Turnbull, M. Nature
1980, 283, 92; (b) Hill, D. R.; Bowery, N. G. Narure 1981, 290, 149.

(a) DeFendis, F.V. Neurochem. Int. 1981, 3, 113; (b) DeFeudis, F.V.; Grognet, A.; Hertz, F. Gen
Pharmacol. 1983, 14, 585.

(a) Chapman, R.W_; Danko, G.; Rizzo, C; Egan, R W.; Mauser, P.J.; Kreuter, W. Pulmonary Pharmacol.
1991, 4, 218; (b) Tamaoki, J.; Graf, P.D.; Nadel, J.A. J. Pharm. Exp. Ther. 1987, 243, 86.

(a) Luzzi, S.; Franchi-Micheli, S.; Ciuffi, M. and Zilletti, L. Agents and Actions 1986, 18, 245; (b) Luzzi,
S.; Franchi-Micheli, G.; Folco, G.; Rossoni, G.; Ciuffi, M.; Zilletti, L. Agents and Actions, 1987, 20, 307.
(a) Aziz, S.M.; DeGennaro, F.C.; Danko, G.; Chapman, R.W.; Bolser, D. C. Am. Rev. Respir. Dis. 1992,
145, A 616; (b) Bolser, D. C.; Aziz, S.M.; Kreutner, W, Chapman, R. W. FASEB J. 1991, A 1244

(a) Schlewer, G.; Wermuth, C.-G.; Chambon, I.-P. Eur. J. Med. Chem.-Chim. Ther. 1984, 19, 181; (b)
Berthelot, P.; Vaccher, C.; Musadad, A.; Flouquet, N., Debaert, M.; Luyckx, M. J. Med. Chem. 1987, 30,
743; (c) Waldmeier, P. C.; Wicki, P.; Feldtrauer, J.-J.; Mickel, S. J.; Bittiger, H.; Baumann, P. A. Br. J.
Pharmacol. 1994, 113 ,1515.

(a) Dingwall, J. G.; Ehrenfreund, J.; Hall, R. G.; Jack, J. US 4 656 298, 1987; (b) Hills, J. M.; Howson, W.
EP 356 128, 1990; (c) Howson, W.; Mistry, J.; Broekman, M.; Hills, J. M. Bioorg. Med. Chem. Lett. 1993,
3, 515. (d) Froestl, W.; Mickel, S.J.; Hall, R.G.; von Sprecher, G.; Strub, D.S.; Baumann, P.A_; Brugger,
F.; Gentsch, C.; Jaekel, J.; Olpe, H.-R.; Rihs, G.; Vassout, A.; Waldmeier, P.C. and Bittiger, H.

J. Med. Chem. 1995, 38, 3297.

Bittiger, H.; Froestl, W.; Mickel, S.1.;0lpe, H-R. Trends in Pharmacological Sciences 1993, 14, 391.
Kerr, D. 1. B.; Ong, J.; Prager, R. H.; Gynther, B. D.; Curtis, D. R. Brain Research 1987, 405, 150.

Kerr, D. 1. B.; Ong, J.; Johnston, G. A. R.; Abbenante, J.; Prager, R. H. Neurosci. Lett 1989, 107, 239.
Carruthers, N. L; Spitler, J. M.; Wong, S.-C.; Blythin, D. J.; Chen, X.; Shue, H.-J.; Mittelman, S. Bioorg.
Med. Chem . Lest. 1995, 5, 237.

Bolser, D. C.; Blythin, D. J.; Chapman, R. W.; Egan, R. W.; Hey, J. A.; Rizzo, C.; Kuo. S.-C.; Kreutner,
W. J. Pharmacol. Exper. Ther. 1995, 274, 1393.

Chapman, R. W_; Danko, G.; delPrado, M.; Egan, R. W.; Kreutner, W.; Rizzo, C. A; Hey, J. A.
Pharmacology, 1993, 46, 315.

(a) Nagasawa, H.T.; Kawle, S.P.; Elberling, J.A.; DeMaster, E. G.; Fukuto, J. M. J. Med. Chem. 1995, 38,
1365; (b) Penketh, P.G.; Shyam, K.; Sartorelli, A. C. J. Med, Chem. 1994, 37,2912,

(Received in USA 19 April 1996; accepted 24 June 1996)



