Glycine Site NMDA Antagonists 267

A Novel Series of 2-Carboxytetrahydroquinolines Provides New
Insights into the Eastern Region of Glycine Site NMDA Antagonists

Gerd Dannhar&f", Markus v. Gruchall%?, Beate K. Kotﬂ), and C. G. Parsofs

3 Department of Pharmacy, Johannes Gutenberg-University, D-55099 Mainz, Germany

b) Department of Pharmacology, Merz & Co., D-60318 Frankfurt am Main

Key WordsNMDA receptor binding studies; patch clamp studies; 2-carboxytetrahydroquinolines; eastern region; structure-
activity relationships; ureas; sulfonylureas; crown ether compounds

Summary dures. The ester group was then saponified with LiOH in THF
or, when epimerization into tlteansisomers was required,

A series of potent 4-substituted tetrahydroquinolines has beaeacted with sodium methoxié. Activation of the primary

synthesized and biologically tested in order to refine the eastee{mino function withN,N -carbonyldiimidazole (CDI) fol-

region of the pharmacophore model for glycine site NMDA anq, 04 1y the addition of the amine linker yielded the urea
tagonists concerning the assessment of lipophilicity, flexibility, ;. f F thesis of th dina thi
and hydrogen bonding. Displacement studies on rat cortical merf'?—er'va Ives. For syninesis or the corresponding thioureas,

branes using3[—|]-5’7_dich|orokynurenic acid as a radioligand 1,I-thiocarbonyldiimidazole was used. Saponification and
indicated that binding affinites are markedly enhanced whempimerization were performed as described in the amide
additional hydrogen-accepting groups are introduced into the eagferies. Reaction of compouBdvith the appropriate arylsul-
ern region of the 2-carboxytetrahydroquinolines. Among the mogy, v jisocyanate afforded the sulfonylurea derivatives, which

potent ligands were some urea, sulfonylurea, and crown ether, . . .
compounds as interesting leads for new diagnostics, especially fﬁﬁd to be hydrolysed with aqueous LiOH in THF.

the evaluation of PET tracers, which allow biodistribution studies

O L . 0
and NMDA receptor studies in the living organism. i
O HN™ P07 T Cl NH,
= a
i cl N O~ cl N O~
Introduction H g H o

Overactivation of théN-methyl-D-aspartate (NMDA) re-
ceptor has been implicated in a huge number of acute a¥f@#eme 1(a) 1. flash chromatography on silica gel (eluent: GHfoF the
chronic neurodegenerative disorders. The most prominesﬁfwaranon ofis- andtrans-isomers; 2. trimethylsilyl iodide; MeOH.
amon? these include stroke, Alzheimer’'s disease, and epi-
lepsylt. A visualization and quantification of NMDA recep-
tor changes in these diseases by PET studies may lead to a
deeper understanding of the pathogenesis. Due to their po-
tency and high receptor selectivity, tetrahydroquinolines

could become interesting targets for diagnostic interventior Touke : suforyurea
when combined with brain permeability enhancers. Efforts t ‘/m}%a Je e
refine the structure-activity relationships of glycine antagc 2 X 0 9o 0
nists to the receptor protein in order to evaluate new diagnc ¢ HN*MNIOK o HNku“ukok o HNku/s PR
tic tools and to shift these findings to some in vivo potent leg R o o
structures led to the following series of new compounds. © N ~ N e d N ~
3 o 5 o 7 o
borc borc b
Chemistry \ o jx o ‘O
H o, O
. . A
The general synthetic steps used for the preparation of tI “N%NEOK ol HY H“Hkoj< SCERE,
series are outlined in Scheme 1 and Scheme 2. on on on
The synthesis of compountiand2 was performed accord- © \ N N TN

ing to the procedure of Stevenson etZhlith modifications
concerning the cleavage of the benzyloxycarbony! protect heme 2(a) water soluble carbodiimide; GEl2; TEA; carboxylic acid
group, which was easily achieved in good yields by reactigpq, 1(e)quiv LiOH; HO; THF affords thesis-isomer; (c) 8% sodium
with trimethylsilyl iodide. . ] ) _methoxide; MeOH affords theansisomer; (d) formation of ureas: CDI;

For the preparation of the amide series, the primary amifQr; o °c; amine linker/formation of thioureas: tttiocarbonyldiimida-
group in compoun@ was condensed with the appropriateole; THF; 0 °C; amine linker; (e) arylsulfonylisocyanate;2CH. For X
carboxylic acid linker using standard amide coupling proc@nd R see (Tables 1-3).
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Pharmacology (Co- and G-spacer) show less affinity (factor 80 respectively
o _ factor 10000). Th&ransisomers of compoundss and13 !
‘The compounds were tested for their afémlty to the glycing, equipotency, but in contrastl® compound.5 exhib-
site on the NMDA receptor using theH}-5,7-dichlo- its a stronger difference in affinity betweeis- andtrans

rokynurenic binding assay on rat cortical membrdfes . o . .
Patch clamp studies were performed on cultured superfgrrm due to the side chain in the eastern region, which leads

colliculus neuronel. These neurones were obtained froni a_pronoun_ced stereochemical_ diﬁer_entiatio_n. '_raking al
rat embryos, mechanically dissociated in 0_050)3|nd|ng data into account, the p|perazme.derl\'/anve'(com-
DNAase/0.3% ovomucoid following an 8 min preincubatio©Und 18) was the most active structure in this series. A
with 0.66% trypsin/0.1% DNAase. The dissociated cells wefel-SPacer between the phenyl ring and the piperazine moiety
then centrifuged at 18G for 10 min, resuspended in minimut@®mpound19) caused a drastic loss in receptor affinity,
essential medium and plated at a density of 150,000 ce§ich may be due to the basicity of the piperazifieatom
cmi2 onto poly-L-lysine-precoated plastic petri dishes. Thef19in contrast to the protolytically neutral one of compound
cells were nourished with NaHGM®EPES-buffered mini- 18. The crown ether derivatived and21 exhibit a consid-
mum essential medium supplemented with 5% foetal cadfable activity. As could be detected by mass spectrometry,
serum and 5% horse serum and incubated at 37 °C. Tthe crown ether unit forms a stable complex with sodium or
medium was exchanged completely following inhibition opotassium cations thus enforcing the coulombic interactions
further glial mitosis with cytosing-D-arabinofuranoside with the receptor. A possible interaction of the crown ether
(20uM) after about 7 days in vitro. Thereafter the mediunanit with the receptor protein is depicted in Figure 1. On the
was exchanged partially twice weekly. Patch clamp recorgther hand, the improved affinities of the crown ether deriva-
ings were made from these neurones. Only results from stajleg may be at least partially effected by the added potential

cells were accepted for inclusion in the final analysis. Fft the polyether structure to gain hydrogen-bond-accepting
further experimental details, see experimental part.

interactions.
Results and Discussion » |1/ Eastern Region of the
Receptor
i smAl ; Receptor
The whole series of 2-carboxytetrahydroquinolines incluc -~ "5 “. -

ing the results of the biological testing is summarized i
Tables 1-3. The physical data of compouge®6are given
in Table 4.

Compounds®, 10, and12 in the amide series confirm the
general findings of Leeson et B, describing thérans-iso-
mers of 4-substituted 2-carboxytetrahydroquinolines as mc-.
active than the correspondirgs-isomers. This effect of —
stereoselectivity on affinity could be also observed in patc
clamp recordings throughout the amide series (Table 1). T
trans-isomer of10 was the most potent compound with ar
alicyclic spacer, indicating, that a lipophilic carbon chai
enhances the ability of the ligand to interact with the easte /
region (bulk tolerance region) of the receptor protein. Com-
poundl1l, holding a lipophilic phenyl moiety within the side
chain, is equipotent to compoumd Compoundl.2 shows a Figure 1. Hypothetical affinity enhancing elemer]ts of the crown ether unit.
similar affinity to compound® although it holds a much D is a hydrogen bond donor, + is a receptor cation and — a receptor anion.
stronger tendency towards lipophilicity. The reason for that
effect might be the stronger rigidity of compouh?lcom-

pared tF9- ) . . o _ The thiourea compoun@® and23reflect the general trend
Thecis andtransisomers in t]he urea series are in line Withy the yrea series, showing a-€acer between the phenyl
tr;]e .f|ndl|ng§ by Leeson et é{ﬁ% 'Rd"l".at'n% thar: long side ing and the carbamate as favourable for binding. The all in
IC "’t‘.'n.? 'n_lfhe e?stern rlegltqn_to tf ?mlagan ) en anf8e r?tereogl?'weaker affinity of thiourea derivatives compared to the
k?ecelr\:l Zheligr :tgéeg\slgrefhgl go?res O?n%.'s?g:r?qr b tﬁz urea compounds affirms the important requirement of hydro-
factor 200. The biperazine moietyp SeCeiEmI@S to beya useflfn bonding adjacent to the 4-position in the heterocycle,
: pip which was first indicated by Leeson etdl. We therefore

structure to differentiate between ttis- andtransisomers decided he id ve hvd bondina b
in the PH]-5,7-DCKA binding assay. Using patch clampd€cided to pursue the idea of extensive hydrogen bonding by

techniques, the 1§ values forcis- andtransconfigurated ~ ¢reating a small series of sulfonylurea derivatives (com-
compounds are much less discriminative. Examining tiPunds24 and2s), which were directly compared with the
transisomers of compounds5, 16, and17, a prolonged corresponding urea derivatives, serving as standard com-
side-chain between the phenyl ring and térebutoxycar- pounds in the assay (Table 3). Compo2a@dnd compound
bonyl group does not necessarily lead to more active co@p containing the hydrogen-bond-accepting sulfonyl group
pounds. A maximum in affinity is already reached witlare even more potent than the highest affinity substance of
compound15 (Ci-spacer) whereas compounti® and 17 this class of glycine antagonists, the urea derivative L-

Coulombic Attractions
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689,560, which is in the form of4°H]-L-689,560[°] used Table 2.Urea/thiourea series:

as highly specific radioligand for the glycine site.

Additional
N Hydrogen-Accepting
— < Group

cHNT N {
_—
OH
cl N
H o

Figure 2. High affinity sulfonylurea compound, which may be used as a leg

for a tritium labeled radioligand or for the design of a PET tracer.

The supplementary structural features which serve to fL

ther enhance affinity are depicted in Figure 2.

Compound24 and compoun@5 may be useful structures
for the design of novel radioligands and especially the devt
opment of PET-tracers, which allow the mapping of th
glycine site as well as an imaging of the NMDA-recepta
distribution and density under pathological conditions. Th
18c_jabeling is now under investigation and will certainly be

the topic of further communications.

Table 1. Amide series:

R
Cl HN
Cl N OH
H o
IC,, (UM) *
Cpd. R cis- trans-
isomer  isomer
9 CO(CH),NHCOOC(CH) 660 041
. ° (13.20 (2.00)
10 CO(CH).NHCOOC(C 1.50 0.14
", ", (3.30)° (1.00)°
11  COPh(CHNHCOOC(CH),)-4 - 0.12
(@)
N 530 047
12 5\ JV 6.90)" (2.14)°
oo (6.90)° (2.14)

Tables 1-3: a. 16 values are determined in th?éHl—5,7—DCKA binding

X
Cl HNJ\N'R
N
cl H OH
(0]
IC,, (M) *
Cpd X R cis- trans
isomer isomer
13 O Ph 0.01  0.007 [3]
14 O Ph(NHCOOC(CH),)-4 o.32b o.oosb
(2.00)° (0.03)
15 O  Ph(CHNHCOO(CH))-4 0'44Ob O'OOZ
(1.30)° (0.05)
16 O Ph((CH),NHCOOC(CH),)-4 - 0.561
17 O Ph((CH),NHCOOC(CH))-4 - 71.70
o 1.22  0.006
18 0 QN%NWE% (450)° (0.10)°

N O\é
19 0 \©\/N//\\//\‘g - 0.17

20 O 4-benzo-15-crown-5 - 0.064
21 O 4-benzo-18-crown-6 - 0.18
22 S Ph(NHCOOC(CH,-4 2.75
23 S Ph(CHNHCOOC(CH),)-4 - 1.19
Table 3.Sulfonylurea series/standard compounds:
o
MR
Cl HN™ N
H
Cl N OH
H o
IC M] ©
Cpd. N SO[IH ]
transisomer
24 SOPhCH-4 0.0002
25 SOPh 0.0001
26 PhCH-4 0.0018

assay, using rat cortical membranes. Each value is an average of triplicates.

The values of compound,§[3] and26 are included for purposes of compari-

son. b. The 16 values gained in patch clamp studies on cultured superior

colliculus neurones are indicated in parantheses.
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Table 4.Physical data of the final compounds.

Cpd. Mp. (°C) IR (KBr) 'H-NMR, 3 (ppm),J (Hz)
1.39 (s, 9 H, -C(CH3), 1.92 (m, 1 H, Chhe), 2.08 (m, 1 H, -Chk), 2.31 (dm, 1 HJ = 12,5,
, 3370 s (-NH), 2970 scH,.y, 2.46 (m, 1 H, -Chl), 3.39 (m, 1 H, -Chi-), 3.67 (m, 1 H, -Chl), 3.74 (m, 1 H,
cis9 258-259  (-CHy), 1700 s (-C=0), CH,yc), 4.99 (M, 1 H, Chied, 6.04 (s, 1 H, NH, exchange), 6.52 (d, 104, 2.5, Ar-H), 6.58 (d,
1635 s (-NHCO) 1 H,J = 2.5, Ar-H),[DMSO-de, 200 MHz]
1.32 (ddd, 1 HJ = 12.5, 8.5, 4.5, Cld.d, 1.38 (s, 9 H, -C(Chs), 2.24 (m, 2 H, -Cht), 2.28
3370 s (-NH), 2970 s (dm, 1 H,J = 12.0, CHyc9, 3.08 (m, 2 H, -Cht), 3.52 (dd, 1 HJ = 12.5, 4.5, Chl9, 4.92 (m,
trans9  260-262 (-CHy-), 1700 s (-C=0), 1H,CHuc), 6.51(d, 1 H) =25, Ar-H), 6.54 (d, 1 H) = 5.0, NH, exchange), 6.74 (d, 1 =
1635 s (-NHCO) 2.5, Ar-H),[DMSO-dg, 200 MHz]
1.37 (s, 9 H, -C(CH}s), 1.42 (m, 2 H, -Ch#), 1.56 (M, 2 H, -Ch#), 1.88-2.05 (m, 4 H, 2x-CH),
3330 m (-NH), 2470 m1-96 (M, 1 H, Clid, 2.41 (d, 1 HJ = 12.5, CHie, 3.02 (M, 2 H, -Cht), 3.83 (m, 1 H, Chhc),
cis 10 230-232 ('OH), 1660 s ('NHCO), 4.96 (m, 1H, C*ELCC), 6.13 (d, 1 HJ=5.0, NH, eXChange), 6.54 (d, 1H: 2.5, AT—H), 6.58 (d,
1640 s (-NHCO) 1H,J =25, Ar-H),[DMSO-ds, 200 MHZz]
1.36 (s, 9 H, -C(CH)3), 1.41 (ddd, 1 H) = 12.5, 8.5, 4,5, Cle9, 1.38 (m, 2 H, -Cht), 1.52 (m,
3330 m (-NH), 2470 m2H, -CH-), 1.85-2.06 (m, 4 H, 2x-C#), 2.28 (dm, 1 HJ = 12.0, Chlixg, 3.05 (m, 2 H, -Ch}),
trans 10 233-235 (-OH), 1660 s (-NHCO), 3.61(dd, 1 HJ =125, 4.5, Chieg, 4.93 (m, 1 H, Chie9, 6.48 (d, 1 HJ = 5.0, NH, exchange),
1640 s (-NHCO) 6.55 (d, 1 HJ = 2.5, Ar-H), 6.72 (d, 1 H] = 2.5, Ar-H),[DMSO-ds, 200 MHz]
1.38 (ddd, 1 H,J = 12.5, 8.5, 4.5, Clg, 1.40 (s, 9 H, -C(CHs), 2.28 (dm, 1 HJ = 12,5,
CHabed, 3.58 (dd, 1 HJ = 12.5, 4.5, Chheg, 4.28 (d, 2 H, -CRHNHCO), 4.89 (m, 1 H, Chicd,
3380 m (-NH), 2920 s598 (d, 1 HJ = 5.0, NH, exchange), 6.50 (d, 1 8= 2.5, Ar-H), 6.52 (d, 1 HJ = 5.0, NH,
trans11  238-240 (-CHy), 1710 s (-C=0), exchange), 6.58 (d, 1 H,= 2.5, Ar-H), 7.28 (d, 2 HJ = 5.0, Arom.), 7.65 (d, 2 H] = 5.0,
1670 s (-NHCO) Arom.), [DMSO-dg, 200 MHz]
0.86 (M, 2 H, -Ch), 1.36 (m, 2 H, -Ch), 1.37 (s, 9 H, -C(Ch)s), 1.64 (m, 2 H, -Ch#), 1.85-
3480 m (-NH), 2930 52.06 (m, 2 H, -Ch), 1.96 (m, 1 H, Chhcg, 2.38 (m, 1 HJ = 12.5, CHyeg, 2.72 (M, 1 H, -CH-),
cis12 250-253 (-CH), 1730 s (-C=0), 3-77 (M, 1 H, ClbeJ, 5.02 (m, 1 H, Chicd, 6.11 (s, 1 H, NH, exchange), 6.56 (d, 1JH; 2.5,
1650 s (-NHCO) Ar-H), 6.62 (d, 1 HJ = 2.5, Ar-H),[DMSO-dg, 200 MHz]
0.82 (M, 2 H, -CH), 1.27 (m, 2 H, -Ch), 1.37 (ddd, 1 HJ = 12.5, 8.5, 4.5, Ckle), 1.39 (s,
9 H, -C(CH)s), 1.56 (m, 2 H, -Ch), 1.95-2.12 (m, 2 H, -CH), 2.29 (dm, 1 HJ = 12.0,
3480 m (-NH), 2930 SCHapeg, 2.74 (M, 1 H, -CH-), 3.65 (dd, 1 B= 12.5, 4.5, Chhed, 4.83 (m, 1 H, ChicJ, 6.58 (d,
trans12 ~ 255-258 (-CHp-), 1730 s (-C=0), 1 H,J = 2.5, Ar-H), 6.62 (s, 1 H, NH, exchange), 6.76 (d, UH,2.5, Ar-H),[DMSO-ds, 200
1650 s (-NHCO) MHz]
cis13 Lit. [3] data were consistent with
literature
trans 13 Lit. [3] see above
1.42 (s, 9 H, -C(CH)3), 1.88 (m, 1 H, Chheg, 2.74 (dm, 1 HJ = 12.5, CHyg, 3.76 (m, 1 H,
5260 3360 s (-NH), 2970 SCHath, 4.96 (m, 1 H, Cki)cc), 6.01 (d, 1 HJ = 50, NH, exchange), 6.54 (d, 1\H,: 2.5, AT-H),
cis 14 - (-CHy), 1705 s (-C=0), 8:58 (d, 1 HJ)=2.5, Ar-H), 6.68 (d, 1 H] = 5.0, NH, exchange), 7.22-7.35 (m, 4 H, Ar-H), 8.56
. 1655 s (-NHCO) (S, 1 H, NH, exchangeI)DMSO-de, 200 MHZ]
1.29 (ddd, 1 H,) = 12.5, 8.5, 4.5, Cl, 1.42 (s, 9 H, -C(CH)s), 2.28 (dm, 1 HJ = 125,
sog0 3360 s (NH), 2970 sCHarcd, 3.52 (dd, 1 HJ = 12.5, 4.5, Chhed, 4.92 (M, 1 H, Chhed, 6.32 (d, 1 HJ = 5.0, NH,
trans 14 dec (-CHy), 1705 s (-C=0), exchange), 6.54 (d, 1 H,= 2.5, Ar-H), 6.72 (d, 1 H] = 5.0, NH, exchange), 6.78 (d, 1 #iz
1655 s (-NHCO) 2.5, Ar-H), 7.26-7.36 (m, 4 H, Ar-H), 8.54 (s, 1 H, NH, exchanfiz))SO-ds, 200 MHz]
1.41 (s, 9 H, -C(CH3), 1.94 (m, 1 H, Chheg, 2.36 (dm, 1 HJ = 12.5, CHyg, 3.78 (m, 1 H,
CHabed, 3.87 (d, 2 H, -CHNHCO-), 4.91 (m, 1 H, Clcd, 6.04 (d, 1 HJ = 5.0, NH, exchange),
>260 3380 s (-NH), 2970s¢.57 (d, 1 HJ= 2.5, Ar-H), 6.61 (d, 1 HJ = 2.5, Ar-H), 6.70 (d, 1 H] = 5.0, NH, exchange),
cis 15 dec.  (-CHy), 1690 s (-C=0), 6.86 (d, 2 HJ = 5.0, Ar-H), 7.30 (d, 2 H] = 5.0, Ar-H), 8.61 (s, 1 H, NH, exchangf)MSO-
1655 s (-NHCO) ds, 200 MHZ]
1.26 (ddd, 1 HJ = 12.5, 8.5, 4.5, Cl.9, 1.37 (s, 9 H, -C(CH), 2.28 (dm, 1 HJ = 12.5,
3380 s (NH) 29705 CHabed. 3.48 (M, 1 H, Chhed, 3.96 (d, 2 H, -CHNHCO-), 4.89 (m, 1 H, Chiej, 6.31 (s, 1 H,
trans 15 >260 (-CHy-), 1690 s’ (-C=0) NH, exchange), 6.52 (d, 1 H= 2.5, Ar-H), 6.67 (d, 1 H] = 5.0, NH, exchange), 6.84 (d, 1 H,
dec. zh "= 2.5, Ar-H), 7.16 (d, 2 HJ = 5.0, Ar-H), 7.38 (d, 2 HJ = 5.0, Ar-H), 8.49 (s, 1 H, NH,

1655 s (-NHCO) exchange)[DMSO-ds, 200 MHZ]
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Table 4.Continued

Cpd. Mp. (°C) IR (KBr) 'H-NMR, & (ppm),J (Hz)
1.36 (ddd, 1 HJ = 12.5, 8.5, 4.5, Cld), 1.38 (s, 9 H, -C(Ch), 2.29 (dm, 1 HJ = 12.5,
CHaned, 2.58 (t,J = 12.5, -CH-), 3.08 (t,J = 12.5, -CH-), 3.68 (dd, 1 HJ = 12.5, 4.5, Ched,
rans 16 2260 3?(’:53 s l(ég:')' 2%7_00 $4.93 (M, 1 H, Chhod 6.48 (d, 1 HJ = 5.0, NH, exchange), 6.56 (d, 1 #= 2.5, Ar-H), 6.62 (d,
rans ec. (1'6502')' 1088 (-C=0). 11,3 ='5.0, NH, exchange), 6.74 (d, 1 H= 2.5, Ar-H), 7.08 (d, 2 H] = 8.0, Ar-H), 7.26 (d.
s ) 2H.J=8.0, Ar-H), 8.07 (s, 1 H, NH, exchangi)MSO-ds, 90 MHz]
1.38 (s, 9 H, -C(CH)s), 1.39 (ddd, 1 HJ = 12.5, 8.5, 4.5, Clie), 1.58 (quin, 2 HJ = 12.5,
-CHy-), 2.33 (dm, 1 HJ = 12.5, CHyeJ, 2.42 (t, 2 HJ = 12.5, -CH-), 2.85 (t, 2 HJ = 12.5,
>260  3360s (-NH), 2970 s.CH,), 3.67 (dd, 1 HJ) = 12.5, 4.5, Chhed, 4.97 (m, 1 H, Ched, 6.46 (d, 1 HJ = 5.0, NH,
trans 17 dec.  (-CHy), 1685 s (-C=0O), exchange), 6.54 (d, 1 H,= 2.5, Ar-H), 6.63 (d, 1 HJ = 2.5, Ar-H), 7.00 (d, 2 H] = 10.0, Ar-
1655 s (-NHCO) H), 7.16 (d, 2 HyJ = 10.0, Ar-H), 8.16 (s, 1 H, NH, exchangMSO-ds, 90 MHz]
1.35 (s, 9 H, -C(ChJs), 1.91 (M, 1 H, Chic, 2.36 (dm, 1 HJ = 12.5, CHied, 293 (t, 4 HJ =
10.0, 2x-CH-), 3.73 (M, 1 H, Chhed, 3.82 (t, 4 HJ = 10.0, 2x-CH), 4.91 (m, 1 H, Chic),
) >260 3390 s (-NH), 2970 sg g (d, 1 HJ = 5.0, NH, exchange), 6.52 (d, 1 3= 2.5, Ar-H), 6.55 (d, 2 H) = 6.0, Ar-H),
cis18 dec.  (-CHy), 1685 s (-C=0), 656 (d, 1 HJ=2.5, Ar-H), 7.13 (d, 2 H] = 10.0, Ar-H), 7.92 (s, 1 H, NH, exchangiMSO-
1655 s (-NHCO) ds, 200 MHz]
1.32 (ddd, 1 HJ) = 12.5, 8.5, 4.5, Cltkg, 1.39 (s, 9 H, -C(ChJs, 2.33 (d, 1 H,J = 12.5, CHpeg,
2.92 (t, 4 HJ = 10.0, 2x-Ch¥), 3.76 (dd, 1 HJ = 12.5, 4.5, Chi.d, 3.89 (t, 4 HJ = 10.0, 2x-
>260 3390 s (-NH), 2970 SCH,), 4.88 (m, 1 H, Chi), 6.32 (d, 1 HJ = 5.0, NH, exchange), 6.50 (d, 2 Hz 6.0, Ar-H),
trans 18 dec.  (-CHy), 1685 s (-C=0), 6,56 (d, 1 HJ = 2.5, Ar-H), 6.82 (d, 1 H] = 2.5, Ar-H), 7.08 (d, 2 H] = 6.0, Ar-H), 7.81 (s,
1655 s (-NHCO) 1 H, NH, exchange]PMSO-ds, 200 MHz]
1.37 (s, 9 H, -C(CH3), 1.38 (ddd, 1 HJ = 12.5, 8.5, 4.5, Clid, 2.35 (dm, 1 HJ = 12.0,
CHaped, 2.58 (t, 4 H,J = 10.0, 2x-CH), 3.09 (t, 4 HJ = 10.0, 2x-CH), 3.41 (s, 2 H, -Cht
>260 3360 s (-NH), 2970 sNR,), 3.59 (dd, 1 HJ = 12.5, 4.5, Chic), 4.94 (m, 1 H, Chh), 6.52 (d, 1 HJ = 5.0, NH,
trans 19 dec.  (-CHy), 1690 s (-C=0), exchange), 6.55 (d, 1 H,= 2.5, Ar-H), 6.75 (d, 1 HJ = 2.5, Ar-H), 7.09 (d, 2 H] = 10.0, Ar-
1650 s (-NHCO) H), 7.37 (d, 2 HJ = 10.0, Ar-H), 8.08 (s, 1 H, NH, exchangi)MSO-de, 200 MHz]
1.31 (ddd, 1 HJ = 12.5, 8.5, 4.5, Cltk, 2.26 (dm, 1 HJ = 12.5, CHeg, 3.55 (dd, 1 HJ =
12.5, 4.5, Chhed, 3.58 (M, 8 H, 4x-CH), 3.70 (M, 4 H, 2x-Chl), 3.96 (M, 4 H, 2x-CH), 4.96
>260 3380 s (-NH), 2930 S(m, 1 H, CHye, 6.41 (d, 1 H,J = 5.0, NH, exchange), 6.56 (d, 1 M= 2.5, Ar-H), 6.58-6.82
trans 20 dec.  (-CHy), 1720 s (-C=0),(m, 3 H, Arom.), 6.75 (d, 1 H) = 2.5, Ar-H), 8.22 (s, 1 H, NH, exchangdhMSO-ds,
1690 s (-NHCO) 90 MHz]
1.28 (ddd, 1 HJ = 12.5, 8.5, 4.5, Clikg, 2.24 (dm, 1 HJ = 12.5, CHyd, 3.48 (M, 4 H, 2x-
CHy), 3.53 (dd, 1 H) = 12.5, 4.5, Che, 3.55 (M, 8 H, 4x-CH), 3.75 (m, 4 H, 2x-CHt), 4.00
>260 3360 s (-NH), 2910 s(m, 4 H, 2x-CH-), 4.95 (m, 1 H, CkhJ, 6.35 (d, 1 HJ = 5.0, NH, exchange), 6.54 (d, 1 H=
trans 21 dec.  (-CHy), 1725 s (-C=0), 2.5, Ar-H), 6.55-6.80 (m, 3 H, Arom.), 6.75 (d, 1H; 2.5, Ar-H), 8.18 (s, 1 H, NH, exchange),
1650 s (-NHCO) [DMSO-ds, 90 MHz]
1.29 (ddd, 1 HJ = 12.5, 8.5, 4.5, Cld), 1.42 (s, 9 H, -C(CHs), 2.28 (dm, 1 HJ = 12.5,
>260 3360 s (-NH), 2910 sCHach: 3.52 (dd, 1 H,] =_12.5, 4.5, CH)CJ; 4.92 (m,_l H, Ckluct)x 6.32 (d, 1 HJ = 5.0, NH_,
trans 22 dec. (-CHy), 1725 s (-C=0), exchange), 6.54 (d, 1 H,= 2.5, Ar-H), 6.72 (d, 1 H) = 5.0, NH, exchange), 6.78 (d, 1 H=
1650 s (-NHCO) 2.5, Ar-H), 7.26-7.36 (m, 4 H, Ar-H), 8.54 (s, 1 H, NH, exchanfi))SO-ds, 90 MHz]
1.26 (ddd, 1 HJ = 12.5, 8.5, 4.5, Cki.), 1.37 (s, 9 H, -C(CH)), 2.28 (dm, 1 HJ = 12.5,
CHaped, 3.48 (M, 1 H, Chhed, 3.96 (d, 2 H, -CHNHCO-), 4.89 (m, 1 H, Chic), 6.31 (s, 1 H,
>260 3360 s (-NH), 2970 sNH, exchange), 6.52 (d, 1 B= 2.5, Ar-H), 6.67 (d, 1 H] = 5.0, NH, exchange), 6.84 (d, 1 H,
trans 23 dec.  (-CHy), 1690 s (-C=0), = 2.5, Ar-H), 7.16 (d, 2 HJ = 5.0, Ar-H), 7.38 (d, 2 HJ = 5.0, Ar-H), 8.49 (s, 1 H, NH,
1670 s (-NHCO) exchange)[DMSO-ds, 90 MHz]
1.58 (ddd, 1 HJ = 13.3, 12.5, 3.7, Clgkg, 2.08 (dm, 1 HJ = 13.3, CHueg, 2.38 (s, 1 H, Ar-
>260 3400 s (-NH), 3030’ mCH3), 3.76 (d, 1 HJ = 10.6, C"Abc(), 4.70 (S,_l H, NH), 4.72 (m, 1 H, GEEB, 6.64 (d, 1 H,] =
trans 24 dec. (-OH) 1660 s ('CONH), 16, AI'_—H), 6.80 (S, 2 H, NH), 6.69 (d, 1Bz 16, Ar-H), 7.58 (d, 2 H) = 80, Ar-H), 7.77 (d,
1350 m (-S@) 2 H,J = 8.0, Ar-H),[DMSO-dg, 400 MHz]
1.57 (ddd, 1 HJ = 13.2, 12.6, 3.5, Clgg, 2.07 (dm, 1 HJ = 12.7, CHycg, 3.78 (dd, 1 HJ =
>260 3400 s (-NH), 3000 s 12.0, 2.8, C}ELC[), 3.80 (S: 1H, NH), 4.72 (m, 1H, G&E@, 6.63 (d, 1HJ= 1.9, Ar—H), 6.77 (S,
trans 25 dec.  (-OH),1720s (-C=0), L1 H,NH), 6.89 (d, 1 HJ =19, Ar-H), 7.59 (m, 3 H, Ar-H), 7.69 (s, 1 H, NH), 7.90 (m, 2 H, Ar-
1650 s (-NHCO) H), [DMSO-ds, 400 MHZ]
data were consistent with
trans 26 Lit. [3] the literature
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Acknowledgements Cis/trans-4-amino-5,7-dichloro-1,2,3,4-tetrahydroquinoline-2-ethyl-
carboxylate Hydrochloride

We wish to thank Dr. G. Quack, head of the Department of Pharmacology, . . .

Merz & Co., D-60318 Frankfurt am Main, for providing tﬁH[—S,?—DCKA Cis- or trans-benzyloxycarbonylamino-5,7-dichloro-1,2,3,4-tetrahydro-

binding data and for performing the patch clamp studies. Financial supnginoIine-2-ethy|carboxylatg (4.23 g, 9?9 mmol) was di_ssc_)lved in dry
by Fonds der Chemischen Industrie is gratefully acknowledged. CH.Cl2 and cooled under nitrogen to 0 °C. Trimethylsilyl |od|dg (2'2(,) 9,
11.0 mmol) was slowly added through a septum and the reaction mixture

turned into a suspension. After 4 h at room temperature, 10 mL methanol
. were added dropwise until the reaction mixture cleared up. The product was
Experimental Part purified by precipitation of the corresponding hydrochloride using ethyl
acetate presaturated with HCI. Yield: 50-70%.

Chemistry Liberation of the Free Base

Melting points were measured on a Biichi apparatus (Dr. Tottoli) and arelhe corresponding hydrochloride (1 mmol) was dissolved in 10 mL water
uncorrected. IR spectra (KBr) were recorded on a Beckmann IR Model 4220d alkalised by addition of concentrated ammonia. The free base had to be
or a Perkin-Elmer 1310 spectrophotometerNMR spectra were obtained extracted immediately with diethyl ether (3 x 50 mL). The organic layers
on a Bruker WH 90 (90 MHz), a Bruker AC-200 (200 MHz) or a Brukemere collected and dried over magnesium sulfate. After filtration and evapo-
AC-400/Bruker ARX-400 (400 MHz) and were consistent with proposetation of the solvent, the free base resulted as a clear, pale yellow oil, which
structures. Chemical shifts are described in parts per million. Tetramethylgias unstable during storage.
lane was used as internal standard. Coupling constjnase( reported in
hertz. Although the MS (EI, FD, FAB) spectra are not included, they werg) Amide Route
obtained for all compounds and were consistent with the assigned structures. ) . o
Thin-layer chromatography (TLC) was carried out with E. Merck silica gel Cis- or trans-4-amino-5,7-dichloro-1,2,3,4-tetrahydroquinoline-2-ethyl-

60 Fosq plates. Yields are reported in per cent from their theoreticalljarboxylate (289 mg, 1 mmol) and 1.2 mmol of the carboxylic acid linker
calculated value. were dissolved in 20 mL dry dichloromethane under an atmosphere of

nitrogen. N'-(Dimethylaminopropyl)N-ethylcarbodiimide hydrochloride
(1.2 mmol) dissolved in 10 mL dry dichloromethane was added followed by

Cis/trans-4-amino-5,7-dichloro-1,2,3,4-tetrahydroquinoline-2-ethyl- triethylamine (1.2 mmol). The reaction mixture was stirred for 12 h at room
carb_oxylate temperature under nitrogen. After the addition of 20 mL dichloromethane,
N—Vlnylbenzyloxycarbama@ the mixture was purified by acid-base treatment. The organic layer was dried

. . . __over magnesium sulfate and evaporated to dryness. The product was crystal-
Freshly distilled acryloyl chloride (30.0 mL, 369 mmol) diluted with;;eq from diethyl ether. Yield: 75%

90 mL of dry toluene was added dropwise to an ice-cold solution of sodium
azide (28.74 g, 441 mmol) in 150 mL deionized water. This mixture w
vigorously stirred at 0 °C for 5 h. The organic layer was separated, was
with 30 ml of 10% aqueous sodium carbonate, deionized water and then driegis- or trans product inA (1 mmol) was dissolved in 5 mL THF, diluted
over magnesium sulfate. with 1 ml water and reacted with 0.5 mL aqueous 1 M LiOH. The mixture

The anhydrous acryloyl azide solution was added dropwise (!) to a stirr@gs stirred for 6 h at room temperature and further diluted with 5 mL water.
solution composed of hydroquinone (1.83 g, 16.56 mmol), pyridine (180 mithe aqueous solution was washed with 5 mL ethyl acetate. The organic layer
22.26 mmol) and benzyl alcohol (45.9 mL, 444 mmol). After the additionyas discarded and the aqueous solution acidified with citric acid. After
the mixture was stirred for 30 min at 110 °C. The toluene was evaporaigghaustive extraction with ethyl acetate, the organic layers were dried over
under vacuum and the product, a colourless liquid, isolated via distillatigRagnesium sulfate and concentrated. The residue was crystallized from
(bp 135-137 °C/0.1 Torr). Yield: 50%. diethyl ether. Yield: 70-80%.

g‘woniﬁcation without Epimerization

Ethyl Glyoxylatd”) Saponification with Epimerization

. . . Thecis-productinA (1 mmol) was suspended in 4 mL of sodium methoxide
Ethyl diethoxyacetate (25.8 g, 147 mmol), glyoxylic acid monohydrat%% in methanol). The mixture was stirred for 24 h at room temperature.

(13.0g, 142 n:mol) a”"“o".‘e”esu'.f"”'c acid monohydrate (200 mg) WETCAfter the reaction had completed, the solution was reduced to a volume of 2
heated at 90 °C for 27 h with an air condenser. Afterwards the mixture was i . o . g . .
cooled with ice-methanol and vigorously stirred while slowly adding phoss. diluted with 5 mL water and acidified with citric acid. Exhaustive

9 y Y 9p ?gtgaction with ethyl acetate, drying over magnesium sulfate and evaporation

phorus pentoxide (18.0 g, 126.8 mmol). Then the reaction mixture was he - ) : . o
for another 2 h to 90-100 °C. The product was isolated by distillation unzlgtrhgn?izsl d)flilgfgoto;’e solicans-product, which was triturated with diethyl

vacuum (bp. 70 °C/0.1 Torr). Yield: 85-90%.

B) Urea/thiourea Route
Cis/trans-4-benzyloxycarbonylamino-5,7-dichloro-1,2,3,4-tetrahydro-

quinoline-2-ethylcarboxyla 1,2-Carbonyldiimidazole (325 mg, 2 mmol) was dissolved in 20 ml dry

freshly distilled THF and cooled to 0 °C undet. Nirans or cis-4-amino-
3,5-Dichloroaniline (20.0 g, 123 mmol) was dissolved in 800 mL dryp,7-dichloro-1,2,3,4-tetrahydroquinoline-2-ethyl-carboxylate (580 mg,
dichloromethane and stirred for 15 min at room temperature over magnesidrmmol) dissolved in 5 mL dry freshly distilled THF were added dropwise
sulfate (20 g). After the addition of freshly prepared ethyl glyoxylate (14.0 ¢5 mL/30 min). After the reaction had completed, 2 mmol of the amine linker
137 mmol) the mixture was stirred for another 30 min. The magnesiuglissolved in 10 mL dry THF were added at room temperature and stirred
sulfate was filtered off and-vinylbenzyloxycarbamate (25.0 g, 141 mmol) overnight. The reaction mixture was evaporated in vacuo and the residue
was added to the resulting solution. The mixture was cooled to 10 °C ungégsolved in 30 mL ethyl acetate. After a washing procedure (3% hydrochlo-
an atmosphere of nitrogen and a catalytic quantity of boron trifluoride dieth§it acid, saturated sodium carbonate solution, brine) the organic layer was
ether complex (2.12 g, 15 mmol) was slowly injected through a septum. Tééed over magnesium sulfate, filtered, concentrated and the resulting prod-
solution colour turned into a bright orange and the reaction was completégt crystallized from 10 mL diethyl ether. Recrystallization from methanol
within 1 h at room temperature. The solvents were removed and the resul@ga&ye the pure product. Yield 65-70%.
dark red oil purified by column chromatography (silica gel 60 Merck 7734; For the formation of the thioureas 'tthiocarbonyldiimidazole was used
0.063-0.2 mm) using chloroform as eluent. The first fraction contained tiestead of CDI.
transisomer, the second fraction tbi-isomer confirmed by NMR tech-  Saponification with or without epimerization was performed as described
niques. Yield: 30%djs.trans 3:1). for A.
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C) Sulfonylurea Route dichloromethane/methanol 9:1 (saturated with concentrated ammonia) as

. . N eluent. The isolated brown oil was Boc-protected and hydrogenated as
Trans4-amino-5,7-dichloro-1,2,3,4-tetrahydroquinoline-2-ethylcarbox- described for N-tertbutyloxycarbonyl-(4-aminophenyl)-methylamine.

ylate (300 mg, 1.0 mmol) and the corresponding isocyanate (1.0 mmol) wese 'y t h i land tallization f trol th
dissolved in dry dichloromethane. The mixture was refluxed for 6 h and t Eel?jedc ;?/Ei)%géwstglo;oi\llé(; g(;n(ipa?G_(:?rgig)lza fon from petroleum ether
Y

solvent removed under reduced pressure. The residue was dissolved in
acetate and washed successively with 5% hydrochloric acidsBmL),
saturated sodium carbonate50 mL) and brine (¥ 50 mL). The organic N-tert-Butyloxycarbonyl-(N4-aminophenyl)-piperazine
layer was dried, filtered and evaporated. The resulting residue was wash
with diethyl ether. Yield: 80-85%.

Saponification was performed as described i(Saponification without
epimerization).

eﬁjhe synthesis was performed as describeNfi@rt-butyloxycarbonyl-(4-
aminophenyl)-methylamine using 1-(4-nitrophenyl)-piperazine as educt.

o . . . N-tert-Butyloxycarbonyl-(N4-aminobenzyl)-piperazine
The amine linkers, which were not commercially available were prepared

as follows: 4-Nitrobenzyl bromide (5 g, 0.023 mol) was dissolved in 50 mL dry ethanol
under addition of three equivalents (0.7 mol) anhydrous piperazine. The
reaction mixture was heated under reflux conditions for 1 h and then evapo-
rated to dryness. The residue was purified by flash chromatography on silica
p-Nitrobenzylamine hydrochloride (1.88 g, 10 mmol) was suspended el using dichloromethane/methanol 9:1 (saturated with concentrated ammo-
20 mL dry CHCl. 10 mL Triethylamine were added to the suspension angia) as eluent. The main fraction, which turned with iodoplatinate reagent
stirring continued until the suspension turned into a clear solutioter®i- into purple, was collected and crystallized from 10 mL diisopropy! ether as
butyl-dicarbonate (2.4 g, 11 mmol) dissolved in 10 mL.ChHlwas slowly  yellow solid suitable for use in the following step.
added. After 12 h at room temperature, the mixture was poured into 20 mlThe yellow solid was now suspended in 50 mL dry dichloromethane. After
1 M hydrochloric acid. The organic layer was washed with 20 mL 2 Nhe addition of 10 mL anhydrous triethylamine, the suspension turned into a
hydrochloric acid, neutralized with sodium hydrogencarbonate solutioglear solution. Diert-butyl-dicarbonate (0.02 mol) was dissolved in 10 mL
dried and evaporated. The residue was dissolved in 40 mL methanol and Ifi¢hloromethane and added dropwise. The reaction and workup were per-
Pd on carbon (200 mg) were added. The hydrogenation was performedctined as described fax-tert-butoxycarbonyl-(4-aminophenyl)methy-
room temperature (4 h/2 bap}dThe catalyst was filtered off, the solvents lamine. The residue was dissolved in 40 mL methanol under addition of 10%
evaporated and purification performed by flash chromatography on silica g&ll on carbon (500 mg) and hydrogenated for 4 h without pressure. The
(dichloromethane/diethyl ether 9:1). The product was crystallized fromatalyst was filtered off, the filtrate evaporated under reduced pressure and
petroleum ether (bp 40-60 °C). Yield: 82% of yellow crystals (mp 76-78 *°Gdurified by flash chromatography on silica gel (dichloromethane/diethyl
ether 9:1). The product was crystallized from petroleum ether (bp 40—60 °C)

B-N-tert-Butyloxycarbonyl-(4-aminophenyl)ethylamine as a yellow crystal powder (mp 95-97 °C). Yield: 55%.

N-tert-Butyloxycarbonyl-(4-aminophenyl)methylamine

2-(4-Aminophenyl)-ethylamine (1.36 g, 19 mmol) was dissolved in 20 mL
dry dichloromethane under addition of 10 mL dry triethylamine. To thi&harmacology
solution di-tert-butyldicarbonate (2.18 g, 10 mmol) dissolved in 10 mL dry
dichloromethane was added in small portions. After 12 h at room temperature .
the reaction mixture was poured into 20 mL 0.01 M hydrochloric acid. Afteu‘:Issue Preparation

separation the organic layer was again washed with 0.01 M hydrochloric acidyigg e preparation was performed according to Foster and me
neutralized with saturated hydrogencarbonate, dried and evaporated to @Mfague-Dawley rats (200-250 g) were decapitated and their brains were
ness under reduced pressure. The product was crystallized from petroledioved rapidly. The cortex was dissected and homogenised in 20 volumes
ether (bp 40-60 °C). Yield: 90% of a yellow powder (mp 83-85 °C). of ice-cold 0.32 M sucrose using a glass-Teflon homogeniser. The homogen-
ate was centrifuged at 10€9for 10 min. The pellet was discarded and the
y-N-tert-Butyloxycarbonyl-(4-aminophenyl)propylamine supernatant centrifuged at 20,8@0for 10 min. The resulting pellet was
3-Phenylpropyl bromide (20 g, 0.1 mol) was dissolved in 50 mL drresuspended in 20 volumes of distilled water and centrlfuged for 20 m!n at
dichloromethane and ammonium nitrate (8 g, 0.1 mol) was added. 000xg. Then the supernatant and the buffy coat were centrifuged three times

fluoroacetic anhydride (TFAA) (10 mL) was dropped to the solution unddf8,000<g for 20 min) in the presence of 50 mM Tris-HCI, pH 8.0. All
vigorous stirring at 10 °C. Stirring was continued at room temperature unf§¢ntrifugation steps were carried out at 4 °C. After resuspensionin 5 volumes
the inorganic salt went into solution. The reaction mixture was then pour8§50 MM Tris-HCI, pH 8.0 the membrane suspension was frozen rapidly at
on ice, the organic layer separated and the aqueous solution extracted witfl “C- On the day of assay the membranes were thawed and washed four
100 mL dichloromethane. The combined organic layers were washed witfies by resuspension in 50 mM Tris-HCI, pH 8.0 and centrifugation at
saturated sodium hydrogencarbonate solution, dried and evaporated. F8€00«g for 20 min. The final pellet was suspended in assay buffer. The
resulting yellow oil was dissolved in 100 mL dimethylformamide andmount of protein in the final membrane preparation was determined accord-
potassium phthalimide (23 g, 0.12 mol) was added. The reaction was hedfiito the method of Lowr§/! with some modifications of Hartfrét. The

for 2 h under reflux, cooled to room temperature and poured into 200 mL féial protein concentration used for the studies was between 250g500

a saturated ammonium chloride solution. The product was extracted with

ethyl acetate/diethyl ether 1:1 3150 mL) and the organic layers were 3 ,; = -_ P

washed with 5% hydrochloric acid, saturated sodium hydrogencarbon el,ﬂ 5,7-DCKA Binding Assay

brine and afterwards dried and evaporated. The crude intermediate wasicubations were performed according to the methods modified from
redissolved in 100 mL ethanol, boiled for a short period of time and coolgstevious groups (Yoneda et al*!). Membranes were suspended and
The resulting crystals were composed of 3-(4-nitrophenyl)-propyincubated in 50 mM Tris-HCI, pH 8.0 for 45 min at 4 °C with a fixed
phthalimide. Yield: 50%. Crude 3-(4-nitrophenyl)-propylphthalimide (O.OE[3H]-5,7-DCKA concentration of 10 nM. Non-specific binding was defined
mol) was dissolved in ethanol under addition of hydrazine hydrate (3 g). Thg the addition of unlabeled glycine at 1 mM. Incubations were terminated
mixture was refluxed for 6 h, cooled, acidified with 20 mL concentratedsing a Millipore filter system. The samples, all in duplicate, were rinsed
hydrochloric acid and refluxed for another 2 h. After cooling, the precipitaig@ree times with 2.5 mL ice cold assay buffer over glass fibre filters obtained
composed of phthalhydrazide was separated and the acidic solution asn Schleicher & Schuell under a constant vacuum. Filtration was per-
evaporated under reduced pressure to dryness. The residue was poureddnided as rapidly as possible. Following separation and rinse the filters were
100 mL water, adjusted to pH 13-14 using sodium hydroxide and extractgiced into scintillation liquid (5 mL; Ultima Gold) and radioactivity retained
with diethyl ether (3 100 mL). The dried organic layers were evaporatedn the filters was determined with a conventional liquid scintillation counter
to a small volume and purified by flash chromatography on silica gel usirfglewlett Packard, Liquid scintillation Analyser).
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Patch Clamp Studies [4] C. G. Parsons, W. Danysz, G. Quack, S. Hartmann, B. Lorenz, C.
Wollenburg, L. Baran, E. Przegalinsky, W. Kostowski, P. Krzascik, B.

Patch clamp studies were performed with polished glass electrodes (4— Chizh, P. M. Headly). Pharmacol. Exp. Thet997 12, 1264-1275.

6 mQ) in the whole cell mode at room temperature (20-22 °C). The contents

of the intracellular solution were as follows (mM): CsClI (120), TEACI (20)[5] S. Grimwood, A. M. Moseley, R. W. Carling, P. D. Leeson, A. C.
EGTA (10), MgCb (1), CaCt (0.2), glucose (10), ATP (2), cAMP (0.25); Foster Mol. Pharmacol1992 41, 923-930.

pH was adjusted to 7.3 with CsOH or HCI. The extracellular solutions had ) )

the following basic composition (mM): NaCl (140), KCI (3), Ca@.2), [6] G. M. Wieber, L. S. Hegedus, B. Akermark, E. T. MichalsbrQrg.
glucose (10), HEPES (10), sucrose (4.5), tetrodotoxin (T203). Chem 1989 54, 4649-4653.

[7] J. M. Hook,Synth. Comm984 14, 83-87.
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