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Kynurenic Acid Derivatives Inhibit the Binding of Nerve Growth Factor (NGF) 
to the Low-Affinity p75 NGF Receptor 
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The ability of a series of substituted kynurenic acids, thienopyridinonecarboxylic acids, and 
related compounds to inhibit the binding of nerve growth factor (NGF) to the p75 NGF receptor 
(NGFR) was evaluated in a radioligand binding assay that utilized a biotinylated derivative of 
the extracellular domain of p75 NGFR (p75ext) fixed to streptavidin-coated plastic wells. Two 
compounds, 6-aminokynurenic acid (5h) and the 3-methyl ester of 4,7-dihydro-2-methyl-7-oxo-
thieno[3,2-6]pyridine-3,5-dicarboxylic acid (16), were found to inhibit the binding of [125I]NGF 
to p75ext with IC5O values in the low micromolar range. Other amino-substituted kynurenic 
acids also possessed activity at slightly higher concentrations. Several structural features seem 
to be essential, including the carboxylic acid, a polar group on the benzene ring (or thiophene 
ring, in the case of analogues of 16), and the C-4 carbonyl group in the pyridinone ring. These 
compounds were also found to inhibit the binding of [125I]NGF to its receptors in membranes 
from PC12 cells (which express p75 as well as trka receptors for NGF) and DG44-CHO cells 
(transfected with full length p75 NGFR). The available data for 5h and 16 do not allow the 
determination of whether the effects of these compounds are mediated by their interaction 
with NGF or the NGF receptors. 

Introduction 

Neurotrophic (neuron-nurturing) factors are target-
derived peptides that play an essential role in the 
development and survival of responsive neuronal popu­
lations. Developing neurons compete for a limited 
supply of these factors. The death of those neurons least 
successful at securing an adequate supply of trophic 
factor represents a form of neuronal sculpturing, which 
ultimately produces the mature nervous system.1-2 

Additionally, many mature neurons require continued 
trophic support for survival. Neurotrophic factor re­
moval can lead to the apoptotic death of the dependent 
neurons.3 

Nerve growth factor (NGF) is one of the most exten­
sively studied neurotrophic factors. This 118 amino acid 
polypeptide (depending on the species) is essential for 
the development and survival of peripheral sympathetic 
and neural crest derived sensory neurons.4"7 It also 
provides trophic support to basal forebrain cholinergic 
neurons, in vitro8-9 as well as in vivo.10"12 

NGF is a member of the neurotrophin family, which 
includes brain-derived neurotrophic factor (BDNF),13-14 

neurotrophin 3 (NT-3),15"17 and neurotrophin 4/5 (NT-
4/5).1819 A high level of sequence homology (50-60%) 
exists among the various neurotrophins. These factors 
display neurotrophic activity on a variety of peripheral 
and central neurons, and the supported neuronal popu-
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lations overlap in many cases. In recent years, the 
ability of neurotrophins to promote the survival of 
peripheral and central neurons during development and 
after neuronal damage has stimulated wide interest in 
their use as potential treatments for neurodegenerative 
diseases and nervous system injuries.20"22 For example, 
Alzheimer's disease, which is characterized by a loss of 
basal forebrain cholinergic neurons,23 represents a 
reasonable therapeutic target of NGF treatment.24-20 In 
support of this expectation, chronic NGF treatment to 
animals has been shown to enhance the survival of 
lesioned septohippocampal cholinergic neurons26-2' and 
to ameliorate the age-related atrophy of central cholin­
ergic neurons.28 

Two types of neurotrophin cell surface receptors have 
been identified to date. The neuronal specificity of the 
different factors is believed to arise from their selective 
interaction with members of the trk family of tyrosine 
kinase receptors. NGF binds selectively to trk (also 
known as trkA),29"31 while BDNF and NT-4/5 bind to 
the related receptor trkB32 and NT-3 binds preferen­
tially to trkC, the third member of this receptor family.33 

The second type of receptor, p75NGFR (also known as 
p75), is recognized with similar affinity (in the low 
nanomolar range) by NGF and the other neuro­
trophins.34"37 

Although p75 was initially thought to be a component 
of a functional high-affinity NGF receptor38 and involved 
in its biological activity,39 recent evidence disputes the 
direct role of p75 in neurotrophin-mediated signal 
transduction.40"42 This receptor is a member of a family 
of membrane-bound receptors that possess several ex­
tracellular cysteine-rich domains. Other members of 
this family include the B cell antigen CD40 and the 
tumor necrosis factor receptor.43 Recent reports have 
suggested a role for the p75 receptor in NGF internal­
ization44 and in neuronal apoptotic death.40 
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Selective inhibitors of the actions of NGF at the p75 
receptor would be useful tools in further elucidating the 
biological role of the p75 receptor. No selective antago­
nists of the p75 receptor have been described in the 
literature. Recently, we described a novel compound, 
PD 90780 (1), as a potent and selective inhibitor of NGF 
binding to p75.46-47 This report describes the inhibition 
of NGF-p75 interaction and structure-activity relation­
ship of a series of kynurenic acid derivatives that bear 
some structural resemblance to PD 90780. 

^ 
O 

r^ xy CO2H 

Me 

Chemistry 
We decided to prepare a series of substituted kynurenic 

acids (5, 8, and 10) and 4-methoxyquinoline-2-carboxylic 
acids (14 and 15) based on our understanding of the 
structure-activity relationship (SAR) of the PD 90780 
series46 4T and our discovery, through random screening 
of a compound library, of thienopyridones 16 and 17 as 
inhibitors of NGF-p75 binding. In general, well-
established methodology for the synthesis of kynurenic 
acids was used to prepare the target compounds of 

general structure 5 (Scheme I).48-5" Reaction of ap­
propriately substituted anilines with dimethyl acety-
lenedicarboxylcate produced the corresponding Michael 
adducts 3, which were thermally cyclized to produce 
kynurenic esters 4. Amino-substituted kynurenic esters 
(4g—i) were prepared by catalytic reduction of the 
corresponding nitro compounds. Alkaline hydrolysis of 
esters 4 readily produced the corresponding substituted 
kynurenic acids 5. Reaction of the sodium anion of 4c 
with methyl iodide produced a mixture of N-alkylated 
and O-alkylated products (6 and 11, in 22 and 78% yield, 
respectively) (Scheme 2). Standard methodology, in­
volving catalytic reduction of the nitro group, in some 
cases derivatization of the amino group with 4-methyl-
benzoyl chloride, and finally alkaline ester hydrolysis, 
produced the target compounds 8. 10, 14. and 15. 

Pharmacology 

Multiple NGF-sensitive cell lines exist that express 
the p75 receptor and can be used for competitive [120I]-
NGF binding experiments. However, high-volume 
screening of a proprietary compound library required a 
large total amount of receptor protein, and a modified 
receptor system was developed for binding experiments. 
The ability of test compounds to inhibit the binding of 
[125I]NGF to the biotinylated recombinant extracellular 
domain of human p75 (p75t.xt), plated onto streptavidin-
coated polyethylene wells, was used as a high-capacity 
initial screen.11 In this assay. NGF displays an IC.-,n 
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Table 1. Inhibition of NGF Binding to p75ext by Test 
Compounds 

6 f 

R 2 - -

7 

Compound 

1 

5a 

5bc 

5cd 

5d 

5ed 

5f 

5ge 

5h<i 

5 

8 

5 

N " ^ C 0 3 H 

R, 

, 8 , 1 0 

Ri 

H 

H 

H 

H 

H 

H 

H 

H 

R2 

H 

5,7-diCl 

6-NO7 

5-CO2H 

6-COiH 

7-COiH 

5-N'Hi 

6-NH2 

5 
6 r ^ * T 

R J - ^ -

\ ^ 
7 

8 
14, 15 

Inhibn of NGF 

LBinding3 

200 ± 50 

IAb 

IA 

IA 

IA 

IA 

IA 

i [50%] 

i 31001900 

5i 

5.i 
5k 

51 

5m 

8 

10 

14 

15 

H 

H 

H 

H 

H 

Me 

Me 

7-NH-, 

6-CO.NHT 

5-NHCO-(4-Me)C6H4 

6-NHCO-(4-Me)C6H4 

7-NHCO-(4-Me)C6H4 

6-NHi 

6-NHCO-(4-Me)C6H4 

6-NHCO-(4-Me)C6H4 

6-NH2 

O 

[37%] 

IA 

[38%] 

IA 

IA 

IA 

IA 

[29%] 

[28%] 

Y = CO7H 2300 + 600 

Y = CONH-Tetrazole 1300 ±400 

Screening results; inhibition of [125I]NGF binding to recombinant extracellular 
domain of the p75 receptor (see experimental). Percent inhibition at screening 
concentration of 10 |iM or IC50 (nM) ± SEM. bIA = inactive: less than 25% inhibition 
at 10 |jM. Reference 52. dReference 53. 'Reference 54. 

value of about 2 - 5 nM, similar to the binding of NGF 
to the native p75 receptor.34-35 The activity of the most 
potent compounds in this initial screen was confirmed 
using the binding of [125I]NGF to full-length p75 recep­
tors expressed in DG44-CHO and PC12 cells, as de­
scribed in the Experimental Section. 

Results and Discussion 

The inhibition by test compounds Of[125I]NGF binding 
to p75ext is summarized in Table 1. Thienopyridones 
16 and 17, which were identified by random screening 
of a proprietary compound collection, displayed IC50 
values of 2300 and 1300 nM, respectively. Consistent 
with the SAR of PD 90780 (1) and analogues, the acidic 
functionalities of 16 (carboxylic acid) and 17 (tetrazolyl-
amide) were found to be essential for activity; other 
ester and amide derivatives were found to be inactive.4' 
Either acidic functionality produced compounds of com­
parable activity. Benzene analogues of 16, kynurenic 
acids of general formula 5, were targeted for synthesis 
because they are more readily accessible and provide 
more opportunities for structural variations. Particular 
attention was paid to polar substituents, such as car­
boxylic, amino, and amide groups on the benzene ring 
of analogues 5, based on the SAR of compounds related 
to I.46-17 

As shown in Table 1, kynurenic acid (5a) and its 5,7-
dichloro derivative (5b), a potent glycine/NMDA an-
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Figure 1. Inhibition Of[125I]NGF binding to DG44 CHO cells. 

tagonist,52,55 were both found to be inactive as inhibitors 
of NGF binding to p75, as were the 6-nitro (5c) and the 
various carboxy-substituted analogues (5d-f). Unlike 
compounds in the PD 90780 series,47 arylamide deriva­
tives of kynurenic acid (5k—m) were mostly inactive, 
although 5k possessed some activity (38% inhibition) 
at the screening concentration of 10 /xM. The amino-
substituted analogues (5g-i) were the most potent 
kynurenic acid derivatives tested. Thus, 5g displayed 
an IC50 value of about 10 «M, while the 6-amino 
analogue 5h possessed an IC50 of 3.1 uM. Interestingly, 
8, the Nl methyl derivative of 5h, was inactive, sug­
gesting that the high degree of phenolic character 
present in the C4 carbonyl group of an Nl unsubstituted 
kynurenic acid32 is important for inhibition of NGF 
binding to the p75 receptor within this series of com­
pounds. Compared to 5h, the reduced activity of 15 
(28% inh. at 10 ;«M), a compound with a 4-methoxy 
substituent, suggests that the C4 functionality of 5h 
may act as a hydrogen bond donor instead of a hydrogen 
bond acceptor. 

The activity of compounds 5h and 16 in the p75ext 
assay was confirmed by evaluating their inhibitor of 
[125I]NGF binding to full-length p75 receptors in intact 
DG44-CHO cells (Figure 1). Both compounds displaced 
[125I]NGF binding to p75 receptors in a concentration-
dependent manner, with IC50 values of about 10 wM for 
both compounds, only slightly higher than the values 
from the solid-supported p75ext protein. 

Interestingly, the activity of 5h and 16 in the PC 12 
cell assay provides some insight into another relevant 
question, the selectivity of these compounds in inhibit­
ing NGF binding to p75 versus the trk receptor. As 
illustrated in Figure 2, binding of [125I]NGF to intact 
PC12 cells is inhibited in a concentration-dependent 
manner by both compounds, a profile very similar to 
that seen in p75-expressing DG44-CHO cells. Unlike 
the CHO cells, however, PC 12 cells express both p75 
and trk receptors. Thus, these results suggest that 5h 
and 16 block the binding of NGF to both types of 
receptors. Although we have no direct evidence in the 
case of 5h and 16, PD 90780 and analogues have been 
shown to prevent binding of NGF to p75 by specifically 
binding to the NGF molecule, not to p75. Given that 
the PD 90780 and kynurenic acid series share several 
structural requirements for NGF/p75 inhibition (such 
as the carboxylic acid group or an equivalent, the 
carbonyl group corresponding to C4 in the kynurenic 
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Figure 2. Inhibition of [125I]NGF binding to PC12 cells. 

acid structure, and to a limited extent the SAR of the 
substitution pattern on the benzene portion of the 
molecule), we hypothesize that compounds such as 5h 
and 16 may also bind to NGF instead of the NGF 
receptors. The observed blockade of NGF binding to 
both p75 and trk receptors suggests that these com­
pounds bind to an NGF epitope that is important for 
its interaction with both receptor types. 

As indicated above, glial cells have been shown to 
possess a high expression level of p75 receptors. On the 
other hand, they lack trk receptors. Glial cells are 
capable of internalizing and degrading significant 
amounts of NGF, suggesting that this may be a regula­
tory mechanism involved in controlling the amount of 
NGF available to neurons.44 In this case, inhibition of 
the NGF-p75 interaction by compounds such as 5h 
might increase the amount of NGF available to neurons 
and might be a viable approach to developing small 
molecules that enhance endogenous neurotrophic activ­
ity. Another potential therapeutic use of this type of 
compound would be as an antineoplastic agent. Exces­
sive synthesis of trophic factors or their receptors has 
been implicated in the neoplastic transformation of some 
cells.06 Additionally, several types of brain tumors have 
been shown to secrete a variety of growth factors, 
including NGF.57 Thus, NGF antagonists may possess 
utility in the treatment of some tumors of neuronal 
origin. Finally, some authors have argued that aberrant 
neuronal growth takes place in the earliest stages of 
AD and that this growth is being promoted by growth 
factors. In this line of thinking, an effective strategy 
might be to block the effects of such factors using 
neurotrophic antagonists.'8 Clearly, a better under­
standing of the role of NGF in these and other disease 
processes is required before compounds such as 5h and 
16 can be considered as potential therapeutic agents. 
Several reports on the activity of PD 90780 and related 
compounds, which seem to share much of the profile of 
5h and 16 but with increased potency, are currently in 
preparation. 

E x p e r i m e n t a l S e c t i o n 

Air- or moisture-sensitive reactions were carried out in 
flame-dried glassware under an atmosphere of nitrogen or 
argon. Kynurenic acid <oai was purchased from Aldrich 
Chemical Co. Tetrahydrofuran (THFi was distilled from 
sodium benzophenone ketyl. dioxane from sodium, and di-
methylformamide (DMF) from calcium hydride. Organic solu­
tions were dried over anhydrous MgSOi and concentrated 

Jcwn ct nl. 

under reduced pressure on a rotary evaporator. Thin-layer 
chromatography (TLC) was carried out on E. Merck silica gel 
60-F254 precoated glass plates (0.25 mm thickness). Flash 
column chromatography was performed with E. Merck silica 
gel 60. 230 -400 mesh ASTM. Melting points were determined 
on a Thomas-Hoover capillary melting point apparatus and 
are uncorrected. Infrared spectra were recorded on a Nicolet 
MX-I FTIR spectrometer. H-NMR spectra were recorded on 
a Vanan XL200 (200 MHz. or a Bruker AM250 (250 MHz) 
spectrometer. Chemical shifts are reported in ppm downfield 
from tetramethvlsilane (internal standard). Mass spectra 
were recorded on a Finnigan 4500 mass spectrometer or a VG 
analytical 7070E/HF mass spectrometer: the spectra are 
described by the molecular peak (Mi and its relative intensity 
as well as the base peak MOOi. Elemental analyses were 
performed on a CEC 240XA elemental analyzer. Where 
analyses are indicated by the symbols of the elements, the 
results are within 0.4'V of the theoretical values. The purity 
of the final products was determined by high-performance 
liquid chromatography on a system composed of a LKB 2150 
pump, a LKB 2152 controller, and an Applied Biosvstems 783A 
programmable absorbance detector. 

General Procedure for the Synthesis of Substituted 
Kynurenic Acids. Method A: Dimethyl 2-[(4-Nitrophen-
yl)aminoJ-2-butenedioate (3c). Dimethyl acetylenedicar-
boxylate 115.63 g. 1 10 mmol) was added dropwise to a stirred 
solution of p-nitroaniline • 13.81 g. 100 mmol) in 150 ml. of 
methanol.is •'"••'" The resulting suspension was heated at 
gentle reflux for 2 h and then allowed to cool to room 
temperature. The precipitated solids were filtered, washed 
with cold methanol and ether, and dried in vacuo at 40 'C to 
give the title compound (20.60 g. 74'r i as a yellow solid. Mp: 
118.5-119.5 C'lit. ; , lmp 124.5-125 ( \ IR(KBr': 1629.1729 
cm !. 1H-NMR'CDCl;i: 3.78 «3H. s>. 3.80 3H. SL 5.70 11 H. 
si.6.89(2H.d.-/ =-- 9.0 Hz..8.17(2H. d.-/ -~ 9.0 Hz-. 9.8OdH. 
broads). MS: 28PM - 1. 13.. 189 ' 100'. Anal. C -H, >N -O1, i 
C. H. X. 

Method B: Methyl l,4-Dihydro-6-nitro-4-oxo-2-quino-
linecarboxylate (4c). Compound 3c 110.0 g. 35.7 mmol) was 
added in small portions to 1.00 mL of Dowtherm A at 235 
O. '•" •'"-'" After 5 min at 235-240 ~C. the solution was allowed 

to cool to room temperature and was further stirred at this 
temperature overnight. The precipitated solid was filtered, 
washed several times with ether, and dried in vacuo at 40 3C 
to give 4c 15.21 gi. The filtrate and washings were concen­
trated, and the residue was heated again at 240 0C for 30 nun. 
Upon cooling, a second crop of product was obtained '2.72 g. 
89'.V-overalk Mp: -260 JC (lit.i;,i nip 295-297 Ci. IRiKBn: 
1636.1737 cm . ''H-NMR(CDCl:,): 3.99 ' 3H. s L 6.73 < IH. si. 
8.10 ' IH. d. -/ --- 9.3 Hz;. 8.48 i IH. dd. •/ = 2.6. 9.3 Hz >. 8.79 
i IH. d. J = 2.1 Hz I. 12.58 • ! H. broad s;. MS: 248 iM. 57-. 84 
• 1001. Anal. <Ci;H...\jO.-,i C. H. N. 

Method C: Methyl 6-Amino-l,4-dihydro-4-oxo-2-quino-
linecarboxylate (4h). A suspension of 4c '4.12 g. 16.6 mmol) 
and Raney nickel i 1.0 g.) in 250 mL of methanol was hydro-
genated in a Parr apparatus at ca. 50 psi for 1.5 h. The 
catalyst was filtered, and the filtrate was concentrated to give 
4h (3.30 g, 91 ' f I as a vellow solid. Mp: 225-226 0C (lit.",:i mp 
235 T d e c IRiKBn": 1717 cm '. -H-NMR (DMSO-tf,;): 3.93 
(3H. si. 5.59 (2H. broad s.NH;', 6.50-6.70 ' IH. m.. 7.07-7.15 
(2H. mi. 7.71 i IH. d. -/ = 8.8 Hz). 11.62-11.90 UH. nn. MS: 
218 (M, 94). 158 , K)Oi. Anal. . C;, H,„N'Ai C. H. N. 

Method D: 6-Amino-l,4-dihydro-4-oxo-2-quinolinecar-
boxylic Acid (oh). A solution of 4h (0.75 g, 3.4 mmol) and 5 
mL of 1 N NaOH in 30 mL of methanol was stirred at room 
temperature for 48 h. The mixture was filtered to remove 
some insoluble material, and the filtrate was evaporated to 
dryness. The residue was dissolved in water i 20 mL'. and the 
solution was titrated to pH 5 with 6 N HCl and cooled to 0 !C. 
The precipitated solid was filtered, washed with cold methanol 
and ether, and dried in vacuo to give 5h .0.48 g. 69fr). Mp: 
-240 C, ilit. : mp 308 C IR KBi'.: 1639 cm :. 1H-NMR 

IDMSO-(A;': 6.71 • IH. s'. 7.11 i IH. dd. •/ = 2.4. 8.9 Hz>, 7.17 
( IH, d, ,/ - 2.3 Hz.. 7.78 'IH. d. •/ = 8.9;. MS: 205 (M - 1. 
42). 161 MOO.. Ana!. .('.,.H-N. 0..-1.2H •()'C. H. N. 
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In another series of experiments, ethyl 4-aminobenzoate was 
t ransformed (methods A, B, and D) into a mixture of 5d and 
5f, which were separated by MPLC (silica: EtOAc:hexane, 1:11 
at the diester stage, prior to the final hydrolysis. 

l ,4-Dihydro-4-oxo-2,5-quinol inedicarboxyl ic Acid (5d). 
Mp: >280°C. IR(KBr) : 1695 cm"1. 1H-NMR(TFA-C/): 7.93 
( IH. si, 8.18 i IH, dd. J = 8.9 and 7.2 Hz), 8.62 ( IH, d, J = 8.9 
Hz), 8.90 i IH . d, J = 7.2 Hz). MS: 234 (M - 1, 44), 216 (100). 
Anal. IC1IH7NO5-LSH2O) C, H, N. 

l ,4 -Dihydro-4-oxo-2 ,7-quinol inedicarboxyl ic Acid (5f). 
Mp: > 3 0 0 ° C . I R ( K B n : 1701cm" 1 . 1H-NMR (TFA-cZ): 8.21 
( IH, s), 8.66 ( IH. d. J = 8.4 Hz), 8.82 ( IH. d, J = 8.6 Hz). 9.22 
HH, s). MS: 233 (M. 4 ' , 44(100) . Anal. (C„H7N05-1.4HC1) 
C. H, N. 

S tar t ing with 3-nitroaniline, approximately equal amounts 
of the 5- and 7-nitro derivatives of methyl kynur ina te were 
produced (methods A and B; 70% combined yield). Reduction 
of this mixture (method C) followed by column chromatography 
(silica: EtOAC:hexane, 1:1) produced a 40% yield of methyl 
5-amino-l,4-dihydro-4-oxo-2-quinolinecarboxylate (4g) and a 
45% yield of methyl 7-amino-l,4-dihydro-4-oxo-2-quinolinecar-
boxylate (4i). These crude esters were hydrolyzed (method Di 
to the corresponding acids. 

5-Amino-l ,4-dihydro-4-oxo-2-quinol inecarboxyl ic Acid 
(5g).54 Monohydrochloride salt. Mp: >260 0C. IR (KBr): 
3444 ,1733 c m 1 . 1H-NMR(DMSO-CZ6): 6.24 ( IH, d, J = 7.8 
Hz). 6.31 ( IH. si. 6.88 ( IH, d, J = 8.0 Hz), 7.14 ( IH . t. J = 8.0 
Hz). MS: 205 (M-^- 1.15), 161(100). Anal. (C10H8N2O3-HCIi 
C, H; N: calcd, 11.64; found, 10.95. 

7-Amino-l ,4-dihydro-4-oxo-2-quinol inecarboxyl ic Acid 
(5i). Monohvdrochloride salt, Mp: >260 3 C. I R ( K B n : 3327, 
1715 cm"1. 1 H - N M R I D M S O - C Z 6 ) : 7.00 ( IH . dd. J = 9.1 and 

1.8 Hz), 7.07 ( IH, d. J = 1.7 Hz), 7.21 ( IH, s), 7.93 HH, d. J 
= 9.1 Hz). MS: 205 (M - 1, 8). 161 (100). Anal. (C10H8-
N2O3-HCl-0.25H2O) C. H, N. 

6-Formamido- l , 4 -d ihydro-4 -oxo-2 -qu ino l inecarboxy-
Hc Ac id (5j). This compound was prepared in 55% overall 
vield from 4-carboxamidoamline bv methods A, B. D. Mp: 
>270 C C. IR(KBr) : 1665.1670cm-"1 . 1H-NMR(TFA-C?): 8.21 
i IH . s), 8.56 H H . d, J = 8.9 Hz), 8.75 ( IH, d, J = 8.2 Hz), 9.27 
HH, si. MS: 232 (M. 3), 44 (100). Anal. (CuH8N2O4-
0.7HC1): C, H, N. 

M e t h o d E: Methy l l ,4 -Dihydro-6- [ (4 -methylbenzoyl ) -
amino] -4 -oxo-2 -qu ino l inecarboxy la te (41). To a solution 
of 4h (0.73 g, 3.3 mmol) and diisopropylethylamine (2.58 g. 
20 mmol) in 50 mL of dichloromethane and 2 mL of DMF was 
added 4-methylbenzoyl chloride (1.25 g, 8 mmol) dropwise, at 
0 0C. The mixture was stired a t room tempera tu re for 65 h 
and then concentrated in vacuo. The result ing solid was taken 
up in about 10 mL of methanohe ther (1:10), filtered, washed 
with ether, and dried. The solid was dissolved in 40 mL of 
methanol and t rea ted with 5 mL of 1 N sodium hydroxide for 
30 min. The solution was neutral ized with 1 N HCl, and the 
resul t ing solid was filtered, washed with methanol and ether, 
and dried in vacuo to give crude 41 (0.20 g, 20%), mp >250 0C. 
This mater ia l was used in the next step without further 
purification. 

M e t h o d F: l ,4 -Dihydro-6- [ (4-methylbenzoyl )amino]-4-
oxo -2 -qu ino l inecarboxy l i c Ac id (51). A solution of 41 (0.15 
g, 0.45 mmol) and 3 mL of 1 N sodium hydroxide in 30 mL of 
water was st irred at room tempera tu re for 8 h. The resul t ing 
mixture was filtered, and the filtrate was t i t ra ted to pH 3.8 
with 6 N HCl. The precipitated solid was collected, washed 
consecutively with cold water , methanol , and ether, and dried 
in vacuo at 40 0C to give 51 (80 mg. 55%). Mp: >250 0C. IR 
(KBn: 1674, 1734 cm-1 . 1H-NMR(TFA-CZ): 2.51 (3H, s), 7 .44 -
7.46 (2H, mi. 7 .86-7.88 (2H, mi, 8.12 ( IH. si, 8 .47-8 .56 (2H. 
m), 9.10(1H. si. MS: 322 (M. 2), 119 (100). Anal. (Ci8Hi4N2O4-
0.3H2Oi C, H. N. 

In a similar manner , compounds 5k and 5m were prepared 
'methods E and F) from the amino esters 4g and 4i: 

l ,4-Dihydro-5-[(4-methylbenzoyl)amino]-4-oxo-2-quin-
o l i n e c a r b o x y l i c Ac id (5k). Mp: >260 °C. IR(KBr) : 1624 
cm-1 1H-NMR(DMSO-CZ6): 2.41 (3H, si, 6.72 (IH, s), 7.41 (2H, 
d. J = 8.0 Hzi, 7 .68-7 .74 (2H. m), 7.95 (2H, d, J = 8.1 Hz). 
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8.64 (IH, t, J = 4.5 Hz). MS: 323 (M - 1. 23), 261 (100). Anal. 
(Ci8Hi4N2O4^H2O) C, H, N. 

1,4-Dihydro-7- [ (4-methylbenzoyl) amino] -4-oxo-2-quin-
o l i n e c a r b o x y l i c Ac id (5m). Mp: >260°C. IR(KBr) : 1659 
cm"1. 1H-NMR(DMSO-CZ6): 2.41 (3H, s). 6.58 (IH, s). 7.37 (2H. 
d, J = 8.1 Hz). 7.60 ( IH, d, J = 8.8 Hz), 7.92 (2H, d, J = 8.1 
Hz), 8.04 ( IH, d, J = 8.8 Hz). 8.62 ( IH. si, 10.54 ( IH, s, CO2H). 
MS: 323(M + 1 , 100). Anal. (Ci8Hi4N2O4-0.75H2O) C, H, N. 

Methy l l ,4 -Dihydro- l -methyl -6-n i tro-4-oxo-2-quinol i -
n e c a r b o x y l a t e (6) a n d Methy l 4-Methoxy-6-nitro-2-quin-
o l i n e c a r b o x y l a t e (11). To a suspension of sodium hydride 
(0.77 g, 32 mmol) in 100 mL of DMF was added solid 4c (4.00 
g, 16 mmol) in small portions. The solution was heated at 80 
0C for 35 min, iodomethane (3.55 g. 25 mmol) was added, and 
heat ing was continued a t 80 0C for 3 h. Another portion of 
iodomethane (3.0 g, 21 mmol) was added, and the reaction 
mixture was heated for an additional 2 h. The cooled reaction 
mixture was concentrated under reduced pressure, and the 
residue was parti t ioned between ethyl acetate and water. The 
organic layer was dried over MgSO4, concentrated, and purified 
by flash column chromatography (hexanes:EtOAc, 1:1) to give 
6 (0.91 g, 22%) and 11 (3.32 g, 78%). 

C o m p o u n d 6. Mp: 1 6 9 - 1 7 2 0C. IR (KBr): 1644, 1735 
cm"1. 1H-NMR(DMSO-CZ6): 3.85 (3H, s). 3.99 (3H. s), 6.54 ( IH. 
si, 8.04 H H , d, J = 9.5 Hz), 8.53 ( IH. dd. J = 2.7, 9.5 Hz), 
8.85 ( IH, d, J = 2.8 Hz). MS: 262 (M, 100). Anal . 
(Ci2H1ON2O5)C, H, N. 

C o m p o u n d 11. Mp: 194.0-194.5 0C. IR (KBr): 1623, 
1718 cm-1 . 1H-NMR(DMSO-CZ6): 3.99 (3H, si, 4.22 (3H, s), 
7.68 ( IH . s), 8.29 ( IH, d, J = 9.2 Hz). 8.52 ( IH . dd, J = 2.7. 
9.2 Hzi. 8.95 ( IH, d, J = 2.6 Hz). MS: 263 (M + 1, 91) 204 
(100). Anal. (Ci2Hi0N2O5-0.25H2O) C, H, N. 

Methy l 6-Amino- 1,4-dihydro-1 -methyl-4-oxo-2-quino-
l i n e c a r b o x y l a t e (7). Catalytic reduction of 6, in a m a n n e r 
similar to the reduction of 4c to give 4h, produced 7 (79% 
yieldi. Mp: 1 8 9 - 1 9 0 0C. IR (KBn: 1595, 1740 cm"1. 1H-
NMR (CDCL): 3.83 (3H, s). 3.99 (3H. s). 6.53 HH, s), 7.20 HH, 
dd. J = 2.7, 9.1 Hz), 7.45 HH, d. J = 9.1 Hzi. 7.57 H H . A, J = 
2.5 Hzi. MS: 233 (M + 1, 100). Anal. (C,2H12N2O3-0.25H2Oi 
C, H, N. 

6 - A m i n o - l , 4 - d i h y d r o - l - m e t h y l - 4 - o x o - 2 - q u i n o l i n e c a r -
boxy l i c Ac id (8). Alkaline hydrolysis of 7, in a manne r 
similar to the hvdrolysis of 4h to 5h, produced 8 (41% vield). 
Mp: >265 0C. "1H-NMR (DMSO-CZ6): 3.72 O H . s). 5.86 HH, 
s). 7.05 ( IH . dd, J = 2.6, 9.1 Hzi, 7.29 H H , d. J = 2.6 HzI, 
7.46 H H . A.J = 9.1 Hz). MS: 174 (M - 44, 100). 159 (17). 
Anal. (C13H12N2O4-HCKKSH2O): C. H, N. 

M e t h y l l , 4 - D i h y d r o - l - m e t h y l - 6 - [ ( 4 - m e t h y l b e n z o y l ) -
amino] -4 -oxo -2 -qu ino l inecarboxy la te (9). Reaction of 7 
with 4-methylbenzoyl chloride in a manne r similar to the 
procedure described above for the synthesis of 41 produced the 
title compound (82% i. Mp: 269-272 0C. IR(KBr): 1666.1736 
cm"1. 1H-NMR(TFA-CZ): 2.51 (3H, s). 4.28 (3H, s). 4.56 (3H. 
s). 7.45 (2H, A, J= 7.8 Hz), 7.73 H H . si. 7.89 (2H, A. J = 7.8 
Hzi, 8.38 H H , d, J = 9.7 Hz), 8.72 HH, A, J = 9.6 HzI, 9.05 
H H . si. MS: 350 (M, 52), 119 HOO). This crude compound 
was used in the next step without further purification. 

l , 4 - D i h y d r o - l - m e t h y l - 6 - [ ( 4 - m e t h y l b e n z o y l ) a m i n o ] - 4 -
o x o - 2 - q u i n o l i n e c a r b o x y l i c A c i d (10). Hydrolysis of 9 in a 
manne r similar to the hydrolysis of 41 produced the tit le 
compound (97% yield). Mp: >265 0C. IR(KBr) : 1668,1724 
cm"1. 1H-NMRiTFA-CZ): 2.51 (3H, si, 4.63 (3H, si, 7.45 (2H, 
A, J= 7.7 Hz), 7.84 ( IH. s). 7.89 (2H, A.J= 7.7 Hz). 8.40 ( IH. 
d , J = 9 .6Hz) , 8.72 H H , d. J = 9 . 3 Hz). 9.07 H H , s). MS: 337 
(M - 1, 100). Anal. (Ci9H16N2O1-IHH2O): C. N; H: calcd, 
5.15; found. 4.61. 

Methyl 6-Amino-4-methoxy-2-quinolinecarboxylate (12). 
Catalytic hydrogenation of 11 in a manne r similar to the 
reduction of 4c produced the title compound (100% yield). 
Mp: 2 3 2 - 2 3 5 0C. IR (KBr): 1624, 1720 cm"1. 1H-NMR 
(DMSO-cZ6i: 3.90 (3H. s), 4.04 (3H, si, 6.00 (2H, s, NH2), 7.06 
H H . A.J = 2.3 Hz). 7.20 HH, dd. J = 2.4, 9.1 Hz), 7.37 ( IH. 
s). 7.77 I IH, d, J = 9.0 Hz). MS: 232 (M, 54). 174 (100). Anal. 
(C12Hi2N2O3) C, H, N. 

Methyl 4-Methoxy-6-[(4-methylbenzoyl)amino]-2-quin-
o l i n e c a r b o x y l a t e (13). Reaction of 12 with 4-methylbenzoyl 
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chloride in a manne r similar to the procedure described above 
for the synthesis of 41 produced the title compound (77%). 
Mp: 2 6 2 - 2 6 5 0 C . IR(KBr): 1673.1732 cm-1 . 1H-NMR (TFA-
d): 2.51 (3H, s). 4.35 (3H, s), 4.56 (3H. s). 7.44 <2H, d. J = 8.0 
Hz), 7.88 (2H, d, J = 8.0 Hz), 8.02 ( IH. s), 8 .38-8.62 (2H, mi, 
9 .11(1H, s). MS: 350(M, 20), 119(100). Anal. (C20H1SN2O,,-
0 . 7 5 H 2 O ) C H 1 N . 

4 - M e t h o x y - 6 - [ ( 4 - m e t h y l b e n z o y l ) a m i n o ] - 2 - q u i n o l i n e -
carboxy l i c Acid (14). Hydrolysis of 13 in a manne r similar 
to the hydrolysis of 4h produced the title compound (79%). 
Mp: >270 0C. IR (KBr): 1590. 1631, 1649 cm"1. 1H-NMR 
(TFA-oH: 2.51 (3H, si, 4.58 (3H. s), 7.44 (2H, d, J = 8.1 Hz>. 
7.89 (2H, d. J = 8.1 Hz), 8.09 ( IH . s), 8 .42-8.58 (2H, ml, 9.13 
(IH, si. MS: 336(M, 9), 119(10Oi. Anal. (CsHiBN20,-2H20> 
C, H, N. 

6-Amino-4 -methoxy-2 -qu ino l inecarboxy l i c Acid (15). 
Hydrolysis of 12 in a manne r similar to the hydrolysis of 4h 
produced the title compound (59%). Mp: 2 2 9 - 2 3 0 0C. IR 
(KBr): 1649 cm-1 . 1H-NMR(DMSO-Ci6): 4.32 (3H, s), 7.20 (IH, 
d. J = 1.9 Hz,). 7.54 ( IH, d. J = 9.1 Hz), 7.65 ! IH . s), 8.25 ( IH, 
d. J = 9 . 3 Hz). MS: 218 (M. 30). 174 1100). Anal. (CnH 1 1N,-
O3-H2O): C, H, N. 

4,7-Dihydro-2-methyl-7-oxo-thieno[3,2-6]pyridine-3,5-
d icarboxyl ic Acid, 3-Methyl Ester (16). Reaction of methyl 
4-amino-2-methylthiophene-3-carboxylate61 with dimethyl acet-
ylenedicarboxylate in a manne r similar to the procedure 
described for the synthesis of 3c produced 2-[[4-(methoxycar-
bonyl)-5-methyl-3-thienyl.]amino]-2-butenedioic acid, dimethyl 
ester (59% i, recrvstallized from EtOH:water (1:1). Mp: 6 7 -
69 0C. 1H-NMR (CDCl3): 2.64 (3H, s), 3.76 (6H. si. 3.91 OH, 
si, 5.27 i IH. si. 5.99 ( IH, si, 10.67 ( IH, bs). 

Cyclization of the above compound in a manner similar to 
the cyclization of 4c gave 4,7-dihydro-2-methyl-7-oxo-thieno-
|3,2-6]pyridine-3,5-dicarboxylic acid, dimethyl ester )58%S, 
recrystallized from EtOAc. Mp: 1 3 0 - 1 3 3 " 0 C . 1H NMR 
(DMSO-c/,;): 2.74 O H . si. 3.91 (3H. si, 3.96 (3H, si, 6.60 HH, 
s). 10.77 ( IH. bsi. 

A suspension of the above diester (3.5 g, 12.4 mmol) in 2 N 
HCl (125 mLi was refluxed for 3 h. The mixture was cooled 
and filtered, and the solid was washed with water followed by 
methanol. The purple solid was recrystallized from DMF 1160 
mL) to give 16 (2.0 g. 60%). Mp: 275 0C dec. 1H-NMR (TFA-
rfi: 3.18<3H. s>, 4.27 (3H, s). 8.11 (IH, si. Anal. 'C1Hc1NOsSi 
C, H, N. 

4,7-Dihydro-2-methyl-7-oxo-5-[( l i / -tetrazol-5-ylamino)-
carbonyl] thieno[3 ,2-b]pyridine-3-carboxyl ic Acid, Meth­
yl E s t e r (17). A mixture of 16 (1.5 g, 6 mmoli and 1,1'-
carbonyldiimidazole (1.9 g, 12 mmoli in 50 mL of DMF was 
heated under N2 a t 95 0C for 75 min. 5-Aminotetrazole 
monohydrate (0.58 g, 6 mmol) was added, and heat ing was 
continued for 2 h. The mixture was cooled and filtered. The 
solid was washed with water , resuspended in 0.5 N NaHCO 3 

solution, stirred at room tempera tu re for 1 h, and filtered. The 
filtrate was cooled and acidified with 1 N HCl. At pH ~- 3. a 
solid formed. The mixture was filtered, and the solid was 
washed with water and acetone. The solid was recrystallized 
from a mixture of EtOH:MeOH:DMF (200:50:10 mL) to give 
the title compound (0.41 g. 22% i. Mp: 2 5 3 - 2 5 4 0C dec. 1H-
NMR (DMSO-d6): 2.77 (3H, s), 3.92 (3H, si. 7,38 (IH, s). Anal. 
( C I 2 H K 1 N 8 O 4 S - O . I H 2 O ) : C, H. N. 

I n h i b i t i o n of [123I]NGF B i n d i n g to p75 e x t . Routine 
binding assays were performed using a t runcated form of the 
p75 receptor (residues 1-222, molecular mass = 56 kDai. 
originally obtained from Chiron Corp. (Emeryville, CA) but 
also commercially available from Austral Biologicals, Inc. i San 
Diego, CAi, on plastic 96-well microtiter plates (Tmmulon 11 
Dynatech). The wells were coated with 50 //L/'well of 20 tig/ 
mL streptavidin in a diphosphate buffer solution (DPBS). The 
plates were incubated at room tempera ture for 6 h. The excess 
s t reptavidin solution was poured out, and the wells were 
washed with a 0.1% solution of bovine serum albumin (BSAi 
in DPBS. To each well was then added 50 «g/mL of a DPBS 
solution containing the truncated p75 receptor, which had been 
previously reacted with biotin by s tandard procedures. The 
plates were incubated at room tempera ture for 2 h and washed 
with 0.2% BSA/DPBS. To each well was added 98 ah of 2 nM 
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1125I]NGF, followed by 2 «L/well of a concentration of test 
compound 50 t imes greater t h a n the desired final test con­
centration. The plates were incubated for 2 h at room 
tempera tu re and washed with 0.1% BSA/DPBS. A gamma 
counter was used to determine the amount of [ 120IlNGF bound 
to the plates. Nonspecific binding was defined as the binding 
of I125I]NGF in the presence of 2 /(M cold NGF. The activity 
of test compounds is expressed as percent inhibition of | 1 2 o I ] -
NGF binding at the test concentration of 10 /(M, or as the ICr,,, 
value (the concentration of test compound tha t blocks 50% of 
the binding of (125I]NGF to the t runca ted p75 receptor). 

[125I]NGF B i n d i n g S t u d i e s . PC 12 cells from American 
Type Culture Collection were cultured on rat tail collagen-
coated t issue culture plastic at a density of 5 x 104 cells/cm2 

in a culture medium consisting of 85% RPMI 1640, 10%- horse 
serum, 5% dialyzed fetal calf serum, 125 ng/mL fungizone 
(amphotericin B), and 50 Hg/mL gentamycin (GIBCOi, Ql 
CHO cells (engineered from the paren t DG44 line to express 
full length p75 NGF receptors i were a generous gift from Dr. 
B. Chapman (Chiron Corp. i and were cultured on t issue 
culture plastic in a medium consisting of 90% Dulbecco's 
modified Eagle's medium (DMEM, high glucose. GIBCO). 10% 
dialyzed fetal calf serum, 125 ng/mL fungizone, 50 /<g/mL 
gentamycin, and 150 /<g/ml L-proline. 

The binding of [125I]NGF to intact Q l CHO cells and PC12 
cells was performed in suspension. The cells were suspended 
at a concentration of 4 and 5 x 105 cells/mL, respectively, in 
binding buffer (Dulbecco's phosphate buffered saline contain­
ing 1 mg/mL glucose and 1 mg/mL bovine serum albumin). 
The cells were incubated with 50 or 10 pM (125I]NGF (Ql CHO 
and PC12 cells, respectively) in the absence and presence of 
unlabeled inhibitors for 1 h at 37 0C. The cells were then 
centrifuged in a microcentrifuge, the superna tan t was aspi­
rated off. and the pellets were counted in a gamma counter. 
Nonspecific binding was defined as the binding of I125I]NGF 
in the presence of 50 nM cold NGF. 
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