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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 
(KGFR) was evaluated in a radioligand binding assay that utilized a biotinylated derivative of 
the extracellular domain of p75 NGFR (p75,J fixed to streptavidin-coated plastic wells. Two 
compounds, 6-aminokynurenic acid (5hj and the 3-methyl ester of 4,7-dihydro-2-methyl-7-0~0- 
thieno[3,2-b]pyridine-3,5-dicarboxylic acid (161, were found to inhibit the binding of [lZ51]NGF 
t o  ~ 7 5 , ~ ~  with IC50 values in the low micromolar range. Other amino-substituted kynurenic 
acids also possessed activity a t  slightly higher concentrations. Several structural features seem 
t o  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 [lZ5I]NGF to its receptors in membranes 
from PC12 cells (which express p75 as  well as trk, 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 a t  securing an adequate supply of trophic 
factor represents a form of neuronal sculpturing, which 
ultimately produces the mature nervous system.l 
Additionally, many mature neurons require continued 
trophic support for survival. Neurotrophic factor re- 
moval can lead to  the apoptotic death of the dependent 
neur0ns.j 

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 It also 
provides trophic support t o  basal forebrain cholinergic 
neurons, in vitro8 as  well as in vivo.10-12 

NGF is a member of the neurotrophin family, which 
includes brain-derived neurotrophic factor (BDNF),l3,I4 
neurotrophin 3 (NT-3),'"17 and neurotrophin 4/5 (NT- 
4/5).18 l 9  A high level of sequence homology (50 -604)  
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.'@-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,Z5 In 
support of this expectation, chronic NGF treatment to  
animals has been shown to  enhance the survival of 
lesioned septohippocampal cholinergic 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-415 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, ~ 7 5 ' ~ ~ ~  (also known as 
~751 ,  is recognized with similar affinity tin the low 
nanomolar range) by NGF and the other neuro- 
t r ~ p h i n s . ~ " ~ ?  

Although p75 was initially thought to  be a component 
of a functional high-affinity NGF receptoS8 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- 
i ~ a t i o n ~ ~  and in neuronal apoptotic death.15 
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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 t o  ~ 7 5 . ~ ~  -I7 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 t o  PD 90780. 

Me 

general structure 5 (Scheme 1 I . ~ ~ - ~ ' '  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 0-alkylated products t6 and 11, in 22 and 78% lleld. 
respectively) (Scheme 2 1. 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. 

1 Pharmacology 

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 ( S A R )  of the PD 90780 
seriesq6 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 t o  prepare the target compounds of 

Multiple NGF-sensitive cell lines exist that express 
the p75 receptor and can be used for competitive I"'I1- 
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 
[ ""I]NGF to the biotinylated recombinant extracellular 
domain of human p75 (~75 , , ,~ ) ,  plated onto streptavidin- 
coated polyethylene wells. was used as a high-capacity 
initial screen."l In this assay. NGF displays an I C , , ,  
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~ - I Y H C O - ( ~ - M ~ ) C ~ H ~  , I A  

6 h H 2  IA 

6 h H C O  (4 Me)C& 
IA ~ 
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Table 1. Inhibition of NGF Binding to p75,,, by Test 
Compounds 

15 6 UH: 128'11 

I 
16 I Y = c o p  1 2300 t 600 

I 17 Y = COUH Tetrazole 1 1300 i 400 

"Screening results: inhibit ion of [12sl]NCF binding to recombinant extracellular 
domain  of the p75 receptor (see experimental). Percent inhibition at  Screening 
concenuarion of 10 pM or IC50 (nMj  ?: SEM. blA =inactive: less than 25% inhibition 
at 10 pM. CReference 52. dReference 53. eReference 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 [""INGF 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 [1251]NGF binding 
t o  p7Sext 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.17 
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 
t o  1 . 4 6  

As shown in Table 1, kynurenic acid (5a) and its 5,7- 
dichloro derivative 15b), a potent glycine/NMDA an- 
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Figure 1. Inhibition of [ T I N G F  binding to DG44 CHO cells. 

tagonist,j2 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-n. 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) 
a t  the screening concentration of 10 ,uM. The amino- 
substituted analogues (5g-i) were the most potent 
kynurenic acid derivatives tested. Thus, 5g displayed 
an ICs0 value of about 10 ,uM, while the 6-amino 
analogue 5h possessed an IC50 of 3.1 uM. Interestingly, 
8,  the N1 methyl derivative of 5h, was inactive, sug- 
gesting that the high degree of phenolic character 
present in the C4 carbonyl group of an N1 unsubstituted 
kynurenic acidS2 is important for inhibition of NGF 
binding t o  the p75 receptor within this series of com- 
pounds. Compared to  5h, the reduced activity of 15 
(28% inh. a t  10 ,uM), 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 p75,,, 
assay was confirmed by evaluating their inhibitor of 
[lZ5I]NGF binding to  full-length p75 receptors in intact 
DG44-CHO cells (Figure 1). Both compounds displaced 
[1251]NGF binding to  p75 receptors in a concentration- 
dependent manner, with IC50 values of about 10 uM for 
both compounds, only slightly higher than the values 
from the solid-supported ~ 7 5 , ~ ~  protein. 

Interestingly, the activity of 5h and 16 in the PC12 
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 [12511NGF t o  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, PC12 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 t o  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 t o  C4 in the kynurenic 
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Figure 2. Inhibition of I'2"IINGF binding to  PC12 cell% 

acid structure, and t o  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 t o  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  neuronsAA In this case, inhibition of 
the NGF-p75 interaction by compounds such as 5h 
might increase the amount of NGF available t o  neurons 
and might be a viable approach to  developing small 
molecules that enhance endogenous neurotrophic activ- 
it,y. 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.56 Additionally, several types of brain tumors have 
been shown to  secrete a variety of growth factors, 
including NGF."; 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.5s 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. 

Experimental Section 
Air- or moisture-sensitive reactions were carried out in 

flame-dried glassware under a n  atmosphere of nitrogen or 
argon. Kynurenic acid i5ai was purchased from Aldrich 
Chemical Co. Tetrahydrofuran ITHF I \vas distilled from 
sodium benzophenone ketyl. dioxane from sodium. and di- 
methylformamide IDMFJ from calcium hydride. Organic solu- 
tions \ r ~ r e  dried over anhydrous MgSO, and concentrated 

under reduced pressure on a rotary evaporator. Thin-layer 
chromatography 1 T I L  I \vas carried out on E. Merck silica gel 
60-F254 precnated glass plates I0,2,? mm thick 
column chromatography  as performed Ivith E. 
gel 60. 230 ---100 mesh ASThI. Ieltiiig points were determined 
on Thomas-Hoover rapillai. melting point apparatus and 
:ire uncorrected Infrared .ipe ra were recorded on 3 Nicolet 
MX- 1 FTIR spectrometei'. H-XMR spectra were rec-orded {In 
:I Yarian YL2OU I200 I lHz  I or a Bruker A31250 250 51H7 I 
spectrometer. C'hemical shifts are reported in ppm downfield 

analyses arc' indicated 11)- t he  spnbolA of' the elements. t h e  
i w u l t s  are nithin 0.4'f of the theoretical value. The purit 
of' the final product> \i as determined high-performmc 
liquid chromatograph)- on :i ?ystem composed of :I LKB 215( 
pump. a LKP, 2 152 controller. and an  Applied Bio 
programmable atxortxmce c lm~c to r .  

Gene ra l  Procedure for the Syn thes i s  of Subs t i t u t ed  
Kynuren ic  Acids. Me thod  A: Dimethyl  2-[ (4-Ni t rophen-  
yljaminoj-2-butenedioate (3cj. Dimethyl acetylenedicar- 
hoxylate 1 l5.(53 g. 1 1 0  mnioll \vas added drop\vine to a stirred 

loanilinc 13 .dI  p. I ( ) ( ,  inmoll in 150 mI. 0 1 '  

1 h c  resulting suipcinsion ii 3:: heated at 
JI' 2 h 'ind then a l I o \ v ~ d  to cool to riiom 

ttLinperattire. Tht. precipitated solid:: ir ere filtered. ivashed 
u i th  ct)lcl mrthanol a n d  t ' thei . .  and cirirti i n  v ; i c ~ u )  a t  40 -(- to 
give the title c.onipounti 20.60 g.  74'f 
118 ,5 - - l l 9 ,5  C"1it:"iinp 1 2 4 . 5  125 C IIbM3rl: 1629. 1729 
cm : .  'H-SAIII f (*DC'l  . I :  : j  7 
i 8 .  6 .XR I 2H. t i .  .J 1 %(I H i  1 .  ,S. 1 7 ( 2 H .  c 
hroad s i .  415. 2 h I  4: . 1 .  1 : 3 ~ .  189:  1 ( N f  .Iii:il C '  !H,2X.0,>p 
('. H.  S. 

Method  B: Methyl  1,4-Dihydro-6-nitro-4-oxo-2-quino- 
l inecarboxyla te  (4c). Compound 3c 1 10.0 g. 35.7 mmol! \\-vas 

.small portions to 100 mL of Dowtherm A at  235 
~ - - 2 4 0  .C. the solution was allowed 

tii cool to room temperatuw anti \vah liirther stirred at  this 
temperature overnight. The precipitated solid n.as filtered. 
washed several times with ether. and dried in vacuo at 30 ' C  

The filtrate and rvnshings were concr'n- 
due \v;I .~ httated again at 240 Y' for 30 min. 
ond crop of' product ~ i - i i h  obtained ( 2 . 7 2  g. 

89'; overall I ,  >lp: ,260 'C 1 lit 
1636. 1737 c" . 'H-SRIII ! V I 1  
X . 1 0  11H. (1. .i ~- :) :: H- 
[ I H . d . J - =  2.1 H i i .  12. 

Method C: Methyl 6-Amino-l,4-dihydro-4-oxo-Z-quino- 
l inecarboxylate (4hj. X suapen.;ion of4c ( 4 , 1 2  g. 16.6 mmoli 
and  Raney nickel 11.0 gi in 250 ml, of methanol  as hydro- 

Method  D: &Amino- 1,4-dihydro-4-oxo-2-quinolinecar- 
boxylic Acid (.3h). A solution of 4 h  10.75 
mL of I N N; iO€I  in :JO i d .  oi' methanol M 

temperature t'or 18 h. The, mixturr' \vas filtered to remove 
some insoluhlc. ma!erial. arid the filtrate \vas  evaporated t o  
dryness. T h e  res idue  \\;I. dissolved in ivatei, 120 m b .  and the 
solution \vas titrated to  pH 5 Lvith 6 N HCi and cooled to  0 C .  
The precipitattd wlid \vas filtered. Lvashed Lvitli cold methanol 
and  ethc,r. ,inti t l i . icr l  in  ~ ~ a c 1 1 ~ 1  tn give, 3h 

~l)>lSO-i/,,l, (j .71 s!H. ,-I. 7 1 1  11H. rid:/ = 2.4. F.9 Hz). 7 .17  
! I F l ,  d .  .I 7: 2 3 1 1 7 '  7 7t. 1 I H .  (1. .I = ,<.% >IS. 205 [ \ l  - 1 .  
4". 161 100 '  . \ f l < i l  ' ( '  II1.X 0 .1 2Ff.O' (.. f1, s. 

,2430 (-'. ! l i t  n i l )  .X(Jb ( .  I[< ' K R r , :  I f  



Kvn ureriic Acid Derii'ative.. 

In another series of experiments, ethyl 4-aminobenzoate was 
transformed (methods A, B, and Di into a mixture of 5d and 
5f. which were separated by MPLC (silica: EtOAc:hexane, 1:1 I 
a t  the diester stage, prior to the final hydrolysis. 
1,4-Dihydro-4-oxo-2,5-quinolinedicarboxylic Acid (5d). 

hIp: >280 'C. IR (KBr): 1695 em-'. 'H-NMR (TFA-d): 7.93 
i lH.  SI,  8.18 I  1H. dd. J = 8.9 and 7.2 HZJ ,  8.62 i l H ,  d, J = 8.9 
H z i . 8 . 9 0 1 1 H . d , J = 7 . 2 H z i .  MS: 234lR/I-1,441,2161100). 
Anal. I C I ~ H ; N O ~ * I . . ~ H L O I  C. H. N. 
1,4-Dihydro-4-oxo-2,7-quinolinedicarboxylic Acid (5D. 

Mp: >300 "C. IR (KBri: 1701 cm-'. 'H-SMR (TFA-dj: 8.21 
I  1H. si, 8.66 ( 1H. d. J = 8.4 H Z J ,  8.82 ( 1H. d. J = 8.6 H Z I ;  9.22 
i l H ,  si. hIS: 233 (31. 4 1 ,  44 1100). Anal. ~ C ~ I H ; N O ~ - I . ~ H C ~ )  
C. H. N .  

Starting with 3-nitroaniline. approximately equal amounts 
of the 5- and 7-nitro derivatives of methyl kynurinate were 
produced (methods A and B: 7 0 8  combined yield). Reduction 
of this mixture 'method C 1 followed by column chromatography 
[silica: Et0AC:hexane. 1:Ii produced a 40% yield of methyl 
5-amino-1,4-dihydro-4-oxo-2-quinolinecarboxylate l4gl and a 
45% yield of methyl 7-amino-1,4-dihydro-4-oxo-2-quinolinecar- 
boxylate 14il. These crude esters were hydrolyzed (method D I  
to  the corresponding acids. 
5-hino- 1,4-dihydro-4-oxo-2-quinolinecarboxylic Acid 

(Sg)." Monohydrochloride salt. Mp: >260 "C. IR (KBrJ: 
3444, 1733 c m ~  I. 'H-NMR (DhISO-dsi: 6.24 ( l H ,  d, J = 7.8 
Hz1.6.31ilH.si.6.88i1H,d,J=8.0Hz~.7.14~lH.t~.J=8.0 
Hzi. Y E :  205 iM I1.151, 161 !1001. Anal. ICloHJi?OyHC11 
C. H: S: calcd. 11.64: found. 10.95. 
7-Amino-1,4-dihydro-4-oxo-2-quinolinecarboxylic Acid 

(Si). Monohydrochloride salt. Mp: '260 'C. IR iKBr!: 3327, 
1715 em-'. 'H-NMR ( D M S O - ~ R , :  7.00 f 1H. dd. J = 9.1 and 
1.8 Hzi. 7.07 i lH.  d. J = 1.7 H Z J .  7.21 i lH, s) .  7.93 ( l H ,  d. J 
= 9.1 Hzi. MS: 20.5 iM -- 1, 8). 161 (100). Anal. ( C I , , H ~ -  

6-Formamido- 1,4-dihydro-4-oxo-2-quinolinecarboxy- 
lic Acid (5j). This compound was prepared in 555 overall 
yield from 4-carboxamidoaniline by methods A. E. D. Mp: 
>270 'C. IR iKBr): 1666.1670 em-'. :H-h'MR (TFA-d): 8.21 

I  1H. s I ,  8.56 f 1H. d. J = 8.9 Hzi. 8.75 i l H ,  d, J = 8.2 H Z J .  9.27 
11H. si. MS:  232 131. 3 1 ,  44 i100i. Anal. fClIHsN204. 
O.iHC1i: C. H, N. 
Method E: Methyl 1,4-Dihydro-6-[(4-methylbenzoyl)- 

amino]-4-oxo-2-quinolinecarboxylate (41). To a solution 
of 4h 10.73 g. 3.3 "011 and diisopropylethylamine (2.58 g. 
20 mnioli in 50 mL of dichloroniethane and 2 mL of DMF was 
added 4-methylbenzoyl chloride I  1.25 g. 8 mmoli dropwise, a t  
0 'C. The mixture was stired a t  room temperature for 65 h 
and then concentrated in vacuo. The resulting solid was taken 
up in about 10 mL of methano1:ether 11:101, filtered, washed 
with ether, and dried. The solid was dissolved in 40 mL of 
methanol and treated with 5 mL of 1 N sodium hydroxide for 
30 min. The solution was neutralized with 1 N HC1. and the 
resulting solid was filtered, washed with methanol and ether, 
and dried in vacuo to give crude 41 (0.20 g, 20"r I ,  mp >250 "C. 
This material was used in the next step without further 
purification. 
Method F: 1,4-Dihydro-6-[(4-methylbenzoyl)aminol-4- 

oxo-2-quinolinecarboxylic Acid (51). .4 solution of 41 0.15 
g, 0.45 mmol I and 3 mL of 1 S sodium hydroxide in 30 mL of 
water was stirred at  room temperature for 8 h. The resulting 
mixture was filtered. and the filtrate was titrated to pH 3.8 
with 6 N HC1. The precipitated solid was collected, washed 
consecutively with cold water, methanol, and ether. and dried 
in vacuo at 40 "C to give 51 180 mg. 5 5 % ) .  Mp: >250 "C. IR 
IKBri: 1674, 1734 em-'. 'H-XIMR(TFA-d): 2.51 13H, s), 7.44- 
7.46 '2H. ml. 7.86-7.88 t2H, mJ, 8.12 ( l H .  S I .  8.47--8.56 i2H. 
mi, 9.10 (1H. si. MS: 322 iM. 2),  119 (100). Anal. tC!rHi+V,O:- 

In a similar manner. compounds 5k and 5 m  were prepared 
(methods E and I?) from the amino esters 4g and 4i: 
1,4-Dihydro-S-[ (4-methylbenzoyl)aminol-4-oxo-2-quin- 

olinecarboxylic Acid (5k). Mp: '260 "C. IR 1KBri: 1624 
em-:. :H-ShfR (DMSO-da): 2.41 I ~ H ,  S J ,  6.72 i lH.  S J ,  7.41 12H, 
d. J = 8.0 Hzi. 7.68-7.74 12H. mi, 7.95 (2H, d, J = 8.1 Hz). 

N?OyHC1.0.25H20) C. H, S.  

0.3H~O1 C .  H. N. 
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8 . 6 4 ( 1 H , t , J = 4 . 5 H z ) .  MS: 323iM-1.23),261ilOOi.Anal. 

1,4-Dihydro-7-[ (4-methylbenzoyl)amino]-4-oxo-2-quin- 
olinecarboxylic Acid (5m). Mp: '260 "C. IR (KBr): 1659 
cm-'. 'H-NMR (DMSO-&): 2.41 (3H, S J .  6.58 i lH,  SI. 7.37 i2H. 
d, J = 8.1 Hzi. 7.60 !1H, d, J = 8.8 Hz), 7.92 (2H. d, J = 8.1 

MS: 323 (31 + 1, 100,. Anal. iC1~'H1&2O1~0.75H~0i C, H. N. 
Methyl 1,4-Dihydro-l-methyl-6-nitro-4-oxo-2-quinoli- 

necarboxylate (6) and Methyl 4-Methoxy-6-nitro-2-quin- 
olinecarboxylate (11). To a suspension of sodium hydride 
(0.77 g. 32 mmoli in 100 mL of DMF was added solid 4c 14.00 
g, 16 mmoll in small portions. The solution was heated a t  80 
"C for 35 min, iodomethane 13.55 g. 25 mmol) was added, and 
heating was continued a t  80 "C 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 partitioned between ethyl acetate and water. The 
organic layer was dried over IvlgSOi, concentrated, and purified 
by flash column chromatography lhexanes:EtOAc, 1:l I t o  g v e  
6 (0.91 g, 2 2 S 1  and 11 13.32 g, 7 8 ' i ) .  
Compound 6. Mp: 169-172 "C. IR iKBr1: 1644, 1735 

em-'. :H-NMR(DMSO-di;): 3.85 13H, s). 3.99 i3H. s), 6.54 ( l H .  
si, 8.04 clH, d, J = 9.5 H Z J ,  8.53 i lH.  dd. J = 2.7 ,  9.5 Hz). 
8.85 i l H ,  d, J = 2.8 Hzi. >IS: 262 (hl, 100). Anal. 

Compound 11. Mp: 194.0-194.5 "C. IR IKBr): 1623, 
1718 cm-! 'H-NMR iDhlSO-dhI: 3.99 (3H,  SI, 4.22 (3H, S I .  

7.68 t l H .  S J ,  8.29 ( l H ,  d, J = 9.2 H Z I .  8.52 i1H. dd, J = 2.7. 
9.2 Hzi. 8.95 11H. d, J = 2.6 HZJ .  MS: 263 ihf A 1, 91)  204 
I  100,. Anal. iC19HluNrOi.0.25HrO~ C. H. iV 
Methyl 6-Amino-1,4-dihydro-l-methyl-4-oxo-2-quino- 

linecarboxylate (7). Catalytic reduction of 6, in a manner 
similar to the reduction of 4c to gwe 4h, produced 7 (79% 
yield). Mp: 189-190 "C. IR IKBri: 1595, 1740 cm-'. 'H- 

dd.J=2.7,9.1Hz~,7.45ilH,d.J=9.1Hzi.7.57(1H.d,J= 
2.5 Hzi. >IS: 233 ihf + 1, 1001. Anal. ~C1~H1?N203.0.25H20i 
C. H. K .  
6-Amino-l,4-dihydro- l-methyl-4-oxo-2-quinolinecar- 

boxylic Acid (8). Alkaline hydrolysis of 7,  in a manner 
similar to the hydrolysis of 4h to  5h. produced 8 ( 4 1 S  yield). 

si.  7.05 clH. dd, J = 2.6, 9.1 Hzr, 7.29 I lH,  d. J = 2.6 Hzi. 

Anal. iCI.IHl?NLO?.HC1.0.5HOi: C. H. X. 
Methyl 1,4-Dihydro-l-methyl-6-[(4-methylbenzoyl)- 

amino]-4-oxo-2-quinolinecarboxylate (9). Reaction of 7 
Lvith 4-methylbenzoyl chloride in a manner similar to the 
procedure described above for the synthesis of 41 produced the 
title compound I 8 2 5  I. Mp: 269-272 "C. IR ! KBr I: 1666.1736 
em-'. IH-SMR ITFA-di: 2.51 13H. si.  4.28 i3H, SI .  4.56 (3H. 
SJ.  7.45 !2H, d, J = 7.8 Hzi, 7.73 ( l H .  SI. 7.89 12H, d. J = 7.8 
Hzi. 8.38 ( I H ,  d, J = 9.7 Hzi, 8.72 i l H ,  d, J = 9.6 Hzi, 9.05 
( l H .  S J .  MS: 350 IM, 5 2 ~ ,  119 11001. This crude compound 
\vas used in the next step without further purification. 
1,4-Dihydro-l-methyl-6-[~4-methylbenzoyl~aminol-4- 

oxo-2-quinolinecarboxylic Acid (10). Hydrolysis of 9 in a 
manner similar to the hydrolysis of 41 produced the title 
compound (979  yield,. Mp: >265 "C. IR (KBrI: 1668, 1724 
em-'. 'H-NMR I T F A - ~ I :  2.51 13H. S I ,  4.63 13H, S I ,  7.45 12H, 
d, J = 7.7 Hzi, 7.84 I 1H. si.  7.89 I 2H. d. J = 7.7 Hzi: 8.40 I 1H. 
d, J = 9.6 Hzi, 8.72 i l H ,  d. J = 9.3 H Z J .  9.07 i lH,  s i .  MS: 337 
I M  - 1, 100l. Anal. IC,SH1,;NLOl.l.lH?O): C. N; H: calcd, 
5.15; found. 4.61. 
Methyl 6-Amino-4-methoxy-2-quinolinecarboxylate ( 12). 

Catalytic hydrogenation of 11 in a manner similar to the 
reduction of 4c produced the title compound i l O O %  yield,. 
Mp: 232-235 "C. IR IKBri: 1624, 1720 em-'. 'H-NMR 
~DTvlSO-dsi: 3.90 !3H. SI, 4.04 (3H. S J ,  6.00 (PH, S, NH2), 7.06 
I ~ H .  d. J = 2.3 Hz). 7.20 i lH,  dd. J = 2.4, 9.1 Hz), 7.37 i lH.  
s ~ . 7 . 7 7 i l H , d , J = 9 . 0 H z i .  MS: 232~31,54).174i1003. Anal. 
(C12HliXj203) C,  H,  N. 
Methyl 4-Methoxy-6-[(4-methylbenzoyl)aminol-2-quin- 

olinecarboxylate (13). Reaction of 12 with 4-methylbenzoyl 

~ C ~ Y H ~ ~ N ~ O ~ . ~ H ~ O )  C ,  H ,  N. 

H~i,8.0411H,d,J=8.8H~).8.62ilH.s1, 1 0 . 5 4 i l H , ~ , C O 2 H j .  

( C ~ ~ H ~ , X L O ~ I  C, H, IS. 

X,:R/IR!CDC~?I: 3.8313H,~).3.9913H.s).6.5311H,s). 7.20i lH,  

Rfp: >265 'C. 'H-NMR IDMSO-dGJ: 3.72 13H. s) .  5.86 ( l H ,  

7.46 (1H. d? J = 9.1 Hzi. 174 (Ibf - 44. 1001. 159 il7i. MS: 
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chloride in a manner similar to the procedure described above 
for the synthesis of 41 produced the title compound 1 7 7 ~ ; ) .  
Mp: 262-265 " C .  IR (KBr): 1673.1732 cm-'. 'H-NMR iTFA- 
rfi: 2.51 13H, s). 4.35 13H, s), 4.56 (3H. s). 7.44 12H, d. J =  8.0 
Hzi, 7.88 i2H, d, J = 8.0 Hz), 8.02 (1H; S I ,  8.38-8.62 i2H, mi, 
9.11 ( l H ,  s ) .  MS: 350 iM, 201. 119 t1001. Anal. I C 2 8 - , H ~ ~ S ~ O : .  

4-Methoxy-6-[ (4-methylbenzoyl)aminol-2-quinoline- 
carboxylic Acid (14). Hydrolysis of 13 in a manner similar 
to the hydrolysis of 4h produced the title compound (79'; i .  

RIP: '270 "C. IR (KBr): 1590. 1631, 1649 cm-'. IH-XMR 

7.89c2H,d.,l=8.1Hz~,8.09i1H.s~,8.42-8.5812H,mr,9.13 
rlH. S I .  11s: 336 (M. 91.  119 I 1001. Anal. iCIrHlfiN~O:*2HiOi 
C, H,  N. 
6-Amino-4-methoxy-2-quinolinecarboxylic Acid ( 15). 

Hydrolysis of 12 in a manner similar to the hydrolysis of 4h 
produced the title compound (59ci). Mp: 229-230 'C. IR 
(KBri: 1649 cm-'. 'H-NMR IDMSO-dG): 4.32 i3H, SI, 7.20 I 1H. 
d, J = 1.9 H Z J .  7.54 f lH,  d. J = 9.1 Hz,, 7.65 11H. s). 8.25 I l H ,  
d . J =  9 .3Hz) .  MS: 2181M.  301. 1741100) .  Anal. iCIIH. , ,Ki -  

4,7-Dihydro-2-methyl-7-oxo-thieno[3,2-b]pyridine-3,5- 
dicarboxylic Acid, 3-Methyl Ester (16). Reaction of methyl 
4-amino-2-methylthiophene-3-carbo~ylate~~ with dimethyl acet- 
ylenedicarboxylate in a manner similar t o  the procedure 
described for the synthesis of 3c produced 2-1 14-1 methoxycar- 
bony1 G-methyl-3-thienyl lamino I-2-butenedioic acid, dimethyl 
ester (5gC; I ,  recrystallized from Et0H:water i 1:l). Mp: 67.- 

si, 5.27 i1H. si.  5.99 rlH. si. 10.67 i lH.  bsr. 
Cyclization of the above compound in a manner similar to 

the cyclization of 4c gave 4.7-dihydro-2-methyl-7-oxo-thieno- 
13.84 ]pyridine-3,5-dicarboxylic acid. dimethyl ester 158"; I ,  

recrystallized from EtOAc. Mp: 130-133 "C. 'H  KJIR 

SI. 10.77 i lH.  bsi. 
A suspension of the above diester (3.5 g. 12.4 mmoli in 2 N 

HCl 1125 mL 1 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 I  160 
mLI to give 16 (2 .0  g. 60ci I .  Mp: 275 " C  dec. 'H-SMR ITFA- 
rll: 3.18 13H. si, 4.27 f3H. si. 8.11 clH. S I .  Anal. IC:!H~NO;SI 
c, H, N. 
4,7-Dihydro-2-methyl-7-0~0-5-[ ( W-tetrazol-5-ylaminob 

carbonyl] thieno[3,2-blpyridine-3-carboxylic Acid, Meth- 
yl Ester (17). A mixture of 16 (1.5 g, 6 mmoli and 1.1'- 
carhonyldiimidazole 1.9 g, 12 mmol I in 50 mL of DMF was 
heated under N2 a t  95 "C for 75 min. 5-Aminotetrazole 
monohydrate 10.58 g. 6 mmoli was added, and heating was 
continued for 2 h .  The mixture was cooled and filtered. The 
solid was lvashed with water. resuspended in 0.5 N SaHCO,( 
solution. stirred a t  room temperature for 1 h, and filtered. The 
filtrate was cooled and acidified with 1 N HC1. 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 Et0H:SIeOH:DMF 1200:50:10 mLi to give 
the title compound (0.41 g. 2 2 C t  ).  Mp: 253-254 'C dec. IH- 
NJIR IDMSO-&I: 2.77 i3H. s i .  3.92 (3H, si. 7.38 f 1H. SI. '4nal. 

Routine 
binding assays were performed using a truncated form of the 
p75 receptor (residues 1-222. molecular mass = 56 kDai. 
originally obtained from Chiron Corp. (Emeryville, CA 1 but 
also commercially available from Austral Biologicals, Inc. I San 
Diego. C A I .  on plastic 96-well microtiter plates (Immulon 11 
Dynatechi. The wells were coated with 50 irLiwell of 20 iig! 

mL streptavidin in a diphosphate buffer solution (DPBS,. The 
plates were incubated a t  room temperature for 6 h. The excess 
streptavidin solution was poured out, and the wells were 
washed with a 0.1'; solution of bovine serum albumin 1 BSAi 
in DPRS. To each well was then added 50 i@mL of a DPBS 
solution containing the truncated p75 receptor. which had been 
previously reacted with biotin by standard procedures. The 
plates were incubated a t  room temperature for 2 h and washed 
with 0.27 BSNDPBS. To each well \vas added 98 iiI, of 2 n M  

0.75HrOi C. H ,  N. 

(TFA-d): 2.51 13H, s!, 4.58 13H. SI, 7.44 i2H, d, J = 8.1 HzI. 

O ~ * H ~ O I :  C. H. N. 

69 "C. 'H-XMR ICDCI~I: 2.64 13H, si. 3.76 16H. S I .  3.91 13H, 

1 DMSO-d,,I: 2.74 13H. 1 .  3.91 I3H. S I .  3.96 I 3H. s I. 6.60 1 l H ,  

I C ~ ~ H I ( , N ~ ~ O ~ S . O . ~ H ~ O I :  C, H. K. 
Inhibition of [lZ5I]NGF Binding to p75,,,. 

[i251]NGF, followed by 2 iiLiwell of a concentration of test 
compound 50 times greater than the desired final test con- 
centration. The plates were incubated for 2 h a t  room 
temperature and washed with 0.1% BSNDPBS. A gamma 
counter was used to determine the amount of I '251]NGF bound 
to the plates. Nonspecific binding was defined as  the binding 
of I'L511NGF in the presence of 2 i t M  cold NGF. The activity 
of test compounds is expressed as  percent inhibition of 1 !"I]]- 
SGF binding a t  the test concentration of 10 reM, or as the IC;,, 
value (the concentration of test compound that blocks 5OC; of 
the binding of I 

[12511NGF Binding Studies. PC12 cells from American 
Ty-pe Culture Collection ivere cultured on rat tail collagen- 
coated tissue culture plastic a t  a density of 5 x 10: ce1ls:cml 
in a culture medium consisting of 8 5 9  RPMI 1640. 10% horse 
serum. 5'; dialyzed fetal calf serum, 125 ng/mL fungizone 
1 amphotericin B I. and 50 irg'mL gentamycin i GIBCO i. Q1 
CHO cells I engineered from the parent DG44 line to express 
full length p i 5  NGF receptors) were a generous gift from Dr. 
B. Chapman IChiron Corp. 1 and were cultured on tissue 
culture plastic in a medium consisting of 90': Dulbecco's 
modified Eagle's medium 1 DNEM, high glucose. GIBCO I. lW7 
dialyzed fetal calf serum. 125 ng!mI, fungizone, 50 icgmL 
gentamycin. and 150 icg,"l L-proline. 

The binding of II"'I1NGF to intact Q1 CHO cells and PC12 
cells was performed in suspension. The cells were suspended 
at a concentration of 4 and 5 x 10" cel1si"L. respectively. in 
binding buffer ( Dulbecco's phosphate buffered saline contain- 
ing 1 mg/mL glucose and 1 mg/mI, bovine serum albumin!. 
The cells were incubated with 50 or 10 phl I I2;I]NGF I Q1 CHO 
and PC12 cells, respectively, in the absence and presence of 
unlabeled inhibitors for 1 h at  37 "C. The cells Lvere then 
centrifuged in a microcentrifuge, the supernatant \vas aspi- 
rated off. and the pellets ivere counted in a gamma counter. 
Sonspecific binding was defined as  the binding of I '"'IINGF 
in the presence of 50 nh1 cold NGF. 
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