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A series of 4-phenylisoquinolone derivatives were synthesized and evaluated for NK1 (substance 
P) antagonist activity. Highly potent antagonists, 4-phenyl-3-isoquinolone-N-benzylcarboxa- 
mides (1 l), were discovered from the structure-activity relationship studies on the isoqui- 
nolone-urea lead la. Optimization of the activity in this series resulted in the development 
of 5-phenyl-6-pyrido[3,4-blpyridine-N-benzylcarboxamides (30) which are highly potent orally 
active NK1 antagonists. Among the compounds synthesized, N-[3,5-bis(trifluoromethyl)benzyl]- 
7,8-dihydro-N,7-dimethyl-8-oxo-5-(substituted phenyl)-6-pyrido[3,4-blpyridinecarboxamides 
(30a,f,g) showed excellent antagonist activities with IC50 values (in vitro inhibition of [Iz5I]- 
BH-SP binding in human IM-9 cells) of 0.21-0.34 nM and ED50 values (in vivo inhibition of 
capsaicin-induced plasma extravasation in guinea-pig trachea, iv) of 0.017-0.030 mgkg. These 
compounds exhibited significantly potent activity upon oral administration with ED50 values 
of 0.068-0.17 mgkg. Conformational studies on 30g indicated that the two stable conformers 
of 30g are quite similar to those of CP-99,994. 

Introduction 
Substance P (SP),l Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe- 

Gly-Leu-Met-NH2,2 is a neuropeptide belonging to the 
tachykinin family which includes neurokinins A and B 
(NKA and NKB). These tachykinins possess the com- 
mon C-terminal amino acid sequence "-Phe-X-Gly-Leu- 
Met-NHz" and have been shown to elicit a wide variety 
of physiological responses both in the central nervous 
system and peripheral tissues, including the transmis- 
sion of pain and stress signals, inflammation, and the 
contraction of smooth muscles. The biological responses 
induced by the tachykinins (SP, NKA, and NKB) are 
mediated by three distinct receptors, NK1, NK2, and 
N&, respectively. Hence, stable receptor antagonists 
could have clinical potential in the treatment of various 
pathological states such as pain, inflammation, rheu- 
matoid arthritis, asthma, and mig~aine.~ 

Since the discovery of the first selective non-peptide 
NK1 antagonist CP-96,345,4 study in this area has been 
highlighted, and reports of several antagonists which 
belong to other structural classes have rapidly followed, 
e.g., RP67580,5 CP-99,994,6 SR140333,' CGP49823,8 
RPR100893,9 L-732,138,lo FK!224,11 and FK88812 (Fig- 
ure 1). It is noteworthy that some of the antagonists 
(e.g., SR140333 and RPR100893) have been reported t o  
have highly potent antagonist activity upon oral ad- 
ministration, implying that they have the potential for 
clinical use. 
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In our search for a new non-peptide NK1 antagonist, 
we first focused13 on the similarity between SP and 
cholecystokinin (CCK) as well as between their recep- 
tors; both neuropeptides possess hydrophobic amino acid 
sequences, and the receptors of both peptides are 
members of the G-protein-coupled receptor superfamily. 
A report14 which dealt with certain hydrophobic peptides 
that act as ligands for both SP and CCK receptors also 
attracted our attention. Thus, our synthesis started by 
taking into consideration the structural features of the 
non-peptide CCK antagonist L-365,26Ol5 (Figure 1) 
which is characterized as a heterocycle consisting of a 
diphenylmethane moiety linked to  a phenyl ring via a 
spacer. Among the compounds synthesized along this 
line, a derivative of isoquinolone, N-(1,2-dihydro-2,6,7- 
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EtOH; (e) NaNOdconcentrated HC1-AcOH. 

trimethyl- l-oxo-4-phenyl-3-isoquinolinyl)-N'-( 3-meth- 
ylpheny1)urea (la), was found to possess weak binding 
affinity for the human NK1 receptor (IC50 = 0.84 pM). 
The disclosure of CP-96,345 and RP67580 during the 
course of our optimization study from la further stimu- 
lated our synthetic work, since both of these antagonists 
were found to  possess structural features related to 
those we had envisioned. 

In this paper, we describe our synthetic studies 
starting from the lead compound la and resulting in 
the discovery of a novel class of highly potent, selective, 
and orally active NK1 antagonists, N-benzylcarboxamide 
derivatives of isoquinolone (1 1) and pyrido[3,4-blpyri- 
dine (30). Conformational studies on 30g, whose results 
may prove useful as an aid in better understanding the 
interactions between the antagonists and the NK1 
receptor, are also described. 

Chemistry 
The 4-phenylisoquinolone derivatives having various 

substituents at the 3-position were synthesized using 
the 4-phenylisoquinolone-3-carboxylic acids 4 as the key 
intermediates. The preparation of 4 is outlined in 
Schemes 1 and 2. The first method (2 - 3 - 4) is based 
on the protocol in the literature.16J7 Alkylation of the 
2-benzoylbenzoic acids 2 with diethyl bromomalonate 
followed by refluxing in concentrated HC1-AcOH gave 
the isocoumarin-3-carboxylic acids 3. Treatment of 3 

with methylamine followed by dehydration with HC1 in 
EtOAc gave 4.lS In this method, however, when R is 
2-methyl [i.e.,  2-(2-methylbenzoyl)benzoic acid (2~11, the 
ring closure reaction of the ester with concentrated 
HC1-AcOH did not proceed, affording the starting 
material 2c instead of 3c. Attempted dehydration of 
the glycine ester amide of 2c (6) afforded 6 only in a 
trace amount, the undesired decarboxylation product 7 
being the main product presumably formed via the 
4-membered ring intermediate.lg The synthesis of 4c 
was accomplished via the 3-cyanoisoq~~inolone 9 (Scheme 
2). Condensation of 2c with (N-methy1amino)aceto- 
nitrile provided the amide 8, which was cyclized and 
dehydrated with 1,8-diazabicyclo[5.4.Olundec-7-ene (DBU) 
to afford the 3-cyanoisoquinolone 9. Alkaline hydrolysis 
of 9 gave the amide 10, which was treated with NaNOz 
in concentrated HC1-AcOH to give the acid 4c. 

The synthesis of the 4-phenylisoquinolone derivatives, 
having various substituents at the 3-position, from the 
carboxylic acids 4 is shown in Scheme 3. The urea 
derivatives 1 were synthesized by reaction of 4 with 
diphenyl phosphorazidate (DPPA) followed by treatment 
with the appropriate amines. The isoquinolone-amide 
derivatives 11 were prepared from 4, via the acid 
chlorides, by reaction with the appropriate amines. The 
N-alkyl derivatives (11; R = Me, Et) were also prepared 
from 11 (R = HI by alkylation. Reduction of 4 with 
NaBH4 via the acid chlorides gave the hydroxymethyl 
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Reagents: (a) DPPA, EhN, RNH(CH2),PhRChenzene; (b) (COClh, DMF/THF; (c) RNH(CH2),PhRC, Et3N/CH2C12; (d) Me1 (or EtI), 
NaH/DMF [for (11; R = HI]; (e) NaBHd1,2-dimethoxyethane/THF; (0 MsC1, EtsN/CHZClz; ( g )  RR'NH; (h) ~ , ~ - ( C F & P ~ ( C H Z ) ~ C O C ~ ,  Et3N/ 
THF (14f; R' = H); (i) 3,5-bis(trifluoromethyl)benzyl alcohol, NaWDMF; (j) NaCNDMSO; (k) concentrated HC1-AcOH. 

derivatives 12, which were converted to the isoqui- 
nolone-amine derivatives 14 and the isoquinolone- 
ether derivative 16 by reaction with the appropriate 
amines and 3,5-bis(trifluoromethyl)benzyl alcohol, re- 
spectively, via the mesylates 13. Treatment of 14f (R 
= Me, R' = H) with the acid chlorides gave the amides 
15. The mesylate 13a was converted to the 3-acetic acid 
derivative 18 by reaction with NaCN followed by acid 
hydrolysis. The amide derivative of 18 (19) was syn- 
thesized via the acid chloride by reaction with N-methyl- 
3,5-bis(trifluoromethyl)benzylamine. 

Scheme 4 shows the preparation of the pyrido[3,4-b]- 

pyridinecarboxamide derivatives 30, in which the car- 
boxylic acids 29 were chosen as the key intermediates. 
The intermediates 29 were synthesized from the 3-ben- 
zoyl-2-pyridinecarboxylic acids 21 via synthetic routes 
a-c. The acids 21 were obtained by the Friedel-Crafts 
reaction (method A) or Grignard reaction (method B) of 
2,3-pyridinedicarboxylic anhydride (20). In routes a and 
b, 21 was converted to 29 by methods similar to those 
used in the preparation of 4. In route c, condensation 
of 21 with (N-methylaminolacetaldehyde dimethyl ac- 
etal followed by acid hydrolysis gave the aldehydes 24. 
The aldehydes 24 were cyclized and dehydrated with 



Substance P Antagonists 

Scheme 4" 

Journal of Medicinal Chemistry, 1995, Vol. 38, No. 16 3109 

Me 

20 

Route a : i 
Route b ; j 

Route c ; k 

21 

I 

Route a : b, c 
Route b ; b,d 

Route c : b, e,  f 
* c 

22 R=C02Bn 
23 R = C N  
24 R = C H O  

25 R=C02Bn 29 3 0  
26 R = C N  
27 R=CONH2 
28 R=CHO 

h C  

a Reagents: (a) AlC13/RbPh or RbPhMgBr/THF; (b) SOClz, DMFPTHF; (c) sarcosine benzyl ester hydrochloride, Et3N/CHzC12; (d) (N- 
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Figure 2. Conformational isomers, 30g and 30g. Cis and 
trans conformers are assigned with respect to the amide bond, 
and 2 and E are assigned according to the sequence rule. 

DBU to afford the pyrido[2,3-blpyridine-3-carboxalde- 
hydes 28, which were oxidized with KMn04 to afford 
29. The acids 29, thus obtained, were converted to the 
amide derivatives 30 by reaction with benzyl- 
amines via the acid chlorides. 

An important structural feature should be noted for 
the N-substituted N-benzylcarboxamide derivatives of 
isoquinolone (11; R = Me, Et) and pyrido[3,4-blpyridine 
(30; R = Me). These exist in two conformational isomers 
(rotamers), cis and trans, with respect to the amide bond 
(Figure 2).20 In the amidation reaction of 4 and 29 with 
N-substituted benzylamines, the two conformers were 
usually formed in a ratio of ca. 7: l  as observed by TLC 
and/or HPLC. Since the minor conformer is unstable 
in solution, being easily interconverted to  the major one, 
the product isolated in a crystalline form by conven- 
tional workup of the reaction mixture is usually the 
major conformer: physicochemical and biological data 
for 11 and 30 in the tables and Experimental Section 
are those for the major conformer unless otherwise 
noted. The physicochemical properties of the rotamers 
were examined in detail using compound 30g and the 
isomer 30g'. Single-crystal X-ray structural analysis of 
30g revealed that the major isomer has the trans 

conformation at the amide bond. A stereoscopic view 
of 30g as determined by X-ray analysis is shown in 
Figure 3. The minor conformer 30g' was separated and 
isolated in a crystalline form in a low yield by column 
chromatography (SiOz) followed by a rapid and careful 
workup (e.g., evaporation of solvent at low temperature). 
NMR studies on 30g and 30g' in CDC13 at 25 "C 
indicated that both isomers interconverted and reached 
the same equilibrium state (30g/30g' = ca. 7: l )  in about 
6 h. 

Biology 

The antagonist activities of the compounds prepared 
were preliminarily evaluated for in vitro inhibition of 
[1251]Bolton-Hunter (BH)-SP binding in human IM-9 
cells,21 followed by in vivo screening (inhibition of 
capsaicin-induced plasma extravasation in the trachea 
of guinea pigs22) for the compounds showing good in  
vitro activity. Selected compounds were assayed for the 
ability to inhibit SP-induced contraction in guinea pig 
ileum preparations. 

Results and Discussion 
(a) Isoquinolone-Urea Derivatives (1). The bio- 

logical data for the isoquinolone-urea derivatives, 
which have structures related to the lead compound la, 
are shown in Table 1. Substitution of the phenyl group 
at the urea nitrogen with a benzyl group (n = 0 - 1) 
(lb) resulted in a 6-fold increase in affinity, and 
N-methylation at the urea nitrogen (R) remarkably 
improved the affinity (lb us If). The substituent effects 
in the three phenyl rings (Ra, Rb, RC) were examined 
with compounds lc-j. The compounds having a 4-flu- 
or0 atom (ld,e) on the 4-phenyl ring (Rb) showed 
substantially the same level of potency as the unsub- 
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Figure 3. Stereoscopic molecular view of 30g as determined by X-ray crystallographic analysis. 

Table 1. Physicochemical and Biological Properties of Isoquinolone-Urea Derivatives (1) 

0 

, Rc 

compd yield" recrystn IC5oC % inhibitiond 
no. R" Rb R C  R n (%) mp ("C) solventb formula (nM) 3.0 mgkg, iv 
la  
lb 
IC 
Id 
l e  
If 
1g 
lh  
l i  
U 
lk 
11 

6,7-Me2 
6,7-Me2 
H 
H 
H 
6,7-Me2 
6,7-Me2 
6,7-Me2 
6,7-Me2 
6,7-Me2 
6,7-Me2 
6,7-Me2 

H 
H 
H 
4-F 
4-F 
H 
H 
H 
H 
H 
H 
H 

3-Me 
H 
H 
H 
2-c1 
H 
2-Me0 
241 
3,5-Me2 
3,5-(CF3)2 
H 
H 

H 0 43 
H 1 53 
Me 1 55 
Me 1 65 
Me 1 65 
Me 1 59 
Me 1 48 
Me 1 68 
Me 1 60 
Me 1 70 
Et 1 77 
Me 2 59 

'300 
234-236 
203-206 
225-228 
226-228 
174-176 
270-272 

184-185 

153-155 
184-188 

ca.207 

ca.230 

E 
T 
EA-EE 
EA-EE 
EA-EE 
A-EE 
EA-EE 
T-IPE 
EA-IPE 
EA-IPE 
T-IPE 
EA-EE 

-e 840 
140 - 

1100 - 
1500 - 

- 480 
16 57.3 f 6.6*f 
23 
4.2 58.5 f 9.4*f 

28 
54 
66 

3600 

- 

- 
- 
- 
- 

a Yield of final step. E = ethyl alcohol, T = tetrahydrofuran, EA = ethyl acetate, EE = ethyl ether, A = acetone, IPE = isopropyl 
ether, H = hexane, M = methyl alcohol, DC = dichloromethane. Inhibition of [1251]BH-SP binding in human IM-9 cells (IymDhocvte). 
IC50 values were determined by a single experiment run in duplicate unless otherwise noted. Capsaicin-induced trachea e&r&asition 
in guinea pigs (n = 6). e -: not tested. f Mean f SEM values are given for n = 6 determinations. Dunnett's test * p < 0.05. 

stituted derivative (IC). Introduction of methyl groups 
at the 6,7-positions (If) of the isoquinolone ring (Ra) 
significantly improved the affinity. In particular, the 
compound having a 2-chloro atom (lh) on the phenyl 
ring (Rc) in the side chain showed the most favorable 
activity among the urea derivatives, with an IC50 value 
in the nanomolar range. Substitution with trifluoro- 
methyl groups at  the 3,5-positions in Rc (lj) did not 
improve the activity, whereas the same substitution in 
the isoquinolone-amide (11) and pyrido[3,4-blpyridine- 
amide (30) derivatives led to significant enhancement 
of activity as described below. Substitution with an 
ethyl group at the urea nitrogen (lk) decreased the 
activity, and elongation of the tether length to two 
methylenes (n  = 2) (11) caused a significant loss of 
activity. 

Compounds If and lh were subjected to in uiuo (iv) 
evaluation. To our disappointment, however, these urea 
derivatives were only weakly active in the in vivo test, 
presumably due to low solubility (If and l h  are in- 
soluble in plasma) and/or metabolic unstability. 

The above results indicate that the tether length (n: 
1 >> 0,2) and the substituent at the urea nitrogen ( R  
Me > Et >> H) play important roles in the activity, 
suggesting that the distance and the relative spatial 
orientation between the lipophilic moieties (the diphen- 
ylmethane moiety and the phenyl ring in the side chain) 
are important for binding to the NK1 receptor. Thus, 
the spacer portion [urea: -NHCON(Me)CH2-] was 

hrther modified to amide (11,15, and 191, amine (14), 
and ether (16) groups. 

(b) Modification of the Spacer Portion (11,14- 
16, and 19). The biological data for the isoquinolone- 
amide derivatives (11) are shown in Table 2. N-Meth- 
ylation at  the amide nitrogen (R) significantly increased 
the inhibitory activity ( l l a  us l l c ,  Ilk us llj) in a 
manner similar to that observed in the urea series (1). 
This is similar to the structure-activity relationship 
(SAR) in the tryptophan-amide series23 but in contrast 
to  the SAR in the CP-96,345 series, in which N- 
methylation of the benzylamino group caused loss of 
activity.& Effects of substituents on the phenyl ring (Rc) 
in the side chain were evaluated with llf-j. These 
compounds were all potently active, with IC50 values 
in the range of 10-8-10-9 M. In particular, introduction 
of trifluoromethyl groups at the 3,5-positions ( l l i j )  in 
Rc led to marked improvement of the inhibitory potency; 
this effect is similar to that reported for the SP 
antagonists of quinuclidine ethers24 and N-acyl-L- 
tryptophans.loa As for the Rb substitutent on the 
4-phenyl ring, the compound having a 4-fluor0 atom 
(lln) tended to be more potent than the unsubstituted 
derivative ( l l i )  and the 2-methyl derivative (llj). As 
for the Ra substitutent on the isoquinolone ring, the 
unsubstituted derivative (1 li) was more active than the 
6-chloro derivative (1 ll), and substitution with methyl 
groups at the 6,7-positions (1 lm), which led to enhance- 
ment of activity in the urea series (l), resulted in a 
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0 

compd yielda recrystn Icsoc ED50 (mgkg) or % inhd 
no. Ra Rb RC R (%) mp ("C) solventb formula (nM) iv P O  

860e -f - l la  H H 2-Me0 H 93 220-221 EA Cz5HzzNz03 
470e - l l b  H 2-Me 2-Me0 H 74 237-239 EA Cz6H24Nz03 
30e - l l c  H H 2-Me0 Me 87 147-148 EA Cz6Hzd203 
16e - l ld  H 2-Me 2-Me0 Me 8 5  153-155 EA Cz7HzsNz03 

l le  H 2-Me 2-Me0 Et 6 9  119-120 EE-H Cz&&03 34 - 
l l f  H 2-Me H Me 45 172-174 EA C26H24NzOz.0.2HzO 34 - - 

19e - l l g  H 2-Me 2-C1 Me 65g 143-144 EA C Z ~ H Z ~ C ~ N ~ O ~  
l l h  H 2-Me 3,s-Mez Me 71g 135-136 EA-H Cz&Iz&Oz 32' - 

1.2e 45.7 & 1.6%***h - l l i  H H 3,5-(CF& Me 51 145-146 EE Cz7HzoFsNzOz 
l l j  H 2-Me 3,5-(CF3)2 Me 97g 76-78 H C Z ~ H Z ~ F ~ N Z O Z  1.3 0.18 (0.14-0.27)' 0.81 (0.39-1.51) 
I l k  H 2-Me 3,5-(CF3)2 H 48 169-170 EA-H C~~HZOF~NZOZ 2.P 1.1 (0.54-4.26) - 
111 6-C1 H 3,5-(CF& Me 75 165-166 EE Cz7HigClF6N202 3.4 - 
l l m  6,7-Mez H 3,5-(CF& Me 61g 148-149 EE-H CzgHz4FsNzOz 8.4 0.49 (0.21-0.79) - 
l l n  H 4-F 3,5-(CF3)2 Me 67 99-101 IPE-H C ~ ~ H I ~ F ~ N Z O Z  0.4e 0.063 (0.042-0.086) 1.0 (0.51-3.37) 

- 
- 

- 
- 

- 
- 

- 

a Yield from 4 by amidation unless otherwise noted. b-d,f See corresponding footnotes of Table 1. e Mean value of two independent 
Inhibition (%) at 0.3 mgkg. Dunnett's test *** p < 0.001. ' 95% experiments run in duplicate. g Yield from 11 (R = H) by alkylation. 

confidence limits are given in parentheses. 

Table 3. Physicochemical and Biological Properties of Amine (141, Ether (161, and Amide (15, 19) Derivatives of Isoquinolone 

compd yielda recrystn Icsoc % inhd 
(nM) 3.0 mgkg, iv no. Ra RC X n (%) mp ("C) solventb formula 

14a H 2-Me0 CHzNH 1 57 145-146 EA-EE CzsHz4NzOz.0.3HzO 460 -e 
- 14b H 3,5-(CF& CHZN(Me) 1 51 135-136 EA-IPE C Z ~ H Z Z F ~ N ~ O  600 

14c 6,7-Me2 2-Me0 CHzNH 1 90 159-160 EA-IPE C27HzsNzOz 13 36.3 & 11.2 
14d 6,7-Mez 2-Me0 CHZN(Me) 1 43 91-92 EE-H Czg.H30Nz02 800 

250 1 4 d  6,7-Me2 3,5-(CF3)2 CHzNH 1 64 powder - CzeHzsC1FsNz0 
16 H 3,5-(CF3)2 CHzO 1 18 133-134 EA-IPE Cz6HigFsN02 2 3  
19 H 3,5-(CF& CHzCON(Me) 1 69 193-194 EA-IPE C~~HZZF~NZOZ 68 
15a H 3,5-(CF& CHZN(Me)CO 0 72 229-230 EA-IPE Cz7H~oFsNzOz 19 & 7h - 
15b H 3,5-(CF& CHZN(Me)CO 1 37 219-220 EA-IPE Cz&b~FsNz02 110 

- 
- 
- 
- 
- 

a-e See corresponding footnotes of Table 1. f This compound was prepared as the hydrochloride. g Mean value of two independent 
experiments run in duplicate. Mean f SD value of three independent experiments run in duplicate. 

decrease in activity. Among the amide derivatives, l ln  
showed the most potent activity with an IC50 value in 
the subnanomolar range, which is comparable to that 
of (f)-CP-99,994 25 (IC50 = 0.2 nM). 

The biological data for the compounds having various 
other functional groups in the spacer portion (XI are 
shown in Table 3. The amine derivatives (14a-e) and 
the ether derivative (16), which we had anticipated 
would possess highly potent activities considering their 
structural similarity to CP-96,345, showed only weak 
to  moderate activities with IC50 values on the 

M level. The amide derivatives (15a,b, and 191, 
whose structures are related to l l i ,  were also found to 
have low potency. 

In the in vivo (iv) evaluation, the amide derivatives 
(1 lj,k,m,n) exhibited potent activity corresponding 
relatively well to in vitro potency. Although the best of 
these, lln, was still less active than (f)-CP-99,994 
(ED50 = 0.017 m&g, iv), the fairly good activities 

observed with oral administration of l lj  and l l n  
stimulated further structural modification. 

(c) Pyrido[3,4-blpyridine Derivatives (30). From 
the S A R  studies on the CP-96,345 series, a three-point 
binding model has been proposed and the importance 
of the bridgehead "basic nitrogen" in CP-96,345 for the 
NK1 receptor recognition through ion-pair site interac- 
tion with the receptor has been indicated.4c Our series 
of compounds (1, 11) lack the basic moiety, although 
they possess a diphenylmethane moiety linked to  a 
phenyl ring via a spacer which seems essential for NK1 
receptor recognition. Taking these points into consid- 
eration, introduction of a basic nitrogen into the mol- 
ecule was investigated in hopes of obtaining antagonists 
with improved activities. Satisfactory results were 
obtained by replacing the benzene ring in the isoqui- 
nolone nucleus with a pyridine ring. The biological data 
for the pyrido[3,4-blpyridinecarboxamide derivatives 
(30) thus prepared are shown in Table 4. The SAR in 
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this series (30) was similar to that in the isoquinolone- 
amide series (11). N-Methylation at the amide nitrogen 
increased the affinity (30a us 30b). Substitution on the 
4-phenyl ring (Rb) showed minimal effects (30f us 
30a,g). As for the Rc substituent on the phenyl ring in 
the side chain, substitution with trifluoromethyl groups 
at the 3,5-positions (30a,f,g) gave excellent results with 
IC50 values in the subnanomolar range which are 
comparable t o  that of (f)-CP-99,994; other substituents 
such as 2-methoxy ( ~ O C ) ,  3,5-dimethyl(30d,h), and 33- 
dichloro (30i) also gave high affinities with IC50 values 
in the nanomolar range. Furthermore, the potencies of 
30a and 30f are ca. 2-5-fold higher than those of their 
counterparts in the isoquinolone-amide series (l ln and 
1 li,  respectively). These results indicate that the 
pyrido[3,4-b]pyridine nucleus is superior to  the isoqui- 
nolone nucleus with regard to  NK1 receptor binding. 

It is noteworthy that the cis rotamer (30g') exhibited 
less potent activities than the trans rotamer (30g) both 
in in vitro and in vivo (iv). This again serves to 
emphasize the importance of the spatial orientation of 
the two phenyl rings for NK1 receptor binding.26 

Some of the compounds (30a-c,f,g) which showed 
potent binding affinity were examined for in vivo (iv) 
activity. These compounds showed fairly potent activity 
comparable to  (f)-CP-99,994. Significantly, three po- 
tent compounds, N-[3,5-bis(trifluoromethyl)benzyll-7,8- 
dihydro-N,7-dimethyl-8-oxo-5-(substituted phenyll-6- 
pyrido[3,4-blpyridinecarboxamides (30a,f,g), exhibited 
potent inhibitory effects upon oral administration with 
EDSO values of 0.068-0.17 mgkg. From the above 
results, it is apparent that the basic nitrogen in 30 
contributes not only to high affinity for the receptor but 
also to  good oral a~a i lab i l i ty .~~ 

Compounds 30a, 30f, and 30g inhibited SP-induced 
contraction in the guinea pig ileum preparation; the p A 2  
values were determined to be 9.7-9.8, which are 
comparable to that of (f)-CP-99,994 (9.8). In all cases, 
increasing concentrations of these compounds produced 
parallel shifts of the log concentration-response curves 
of SP to the right, and the magnitude of the maximum 
responses to SP remained unchanged. Also, Schild plot 
regressions of 30a, 30f, and 30g were linear with slopes 
of 1.03 f 0.28,l.ll  f 0.17, and 1.08 f 0.29, respectively. 
These results indicate that the compounds behave as 
competitive antagonists of SP activity. Furthermore, 
compounds 30a, 30f, and 30g exhibited ca. 1000-fold 
selectivity for the human NK1 receptor (IM-9 cells) over 
the rat NK1 receptor28 (rat forebrain: IC50 values 0.43, 
0.36, and 0.30 pM, respectively), and the affinities a t  
the NK2 (bovine p ~ a l t e r i u m ) ~ ~  and N& (guinea pig 
cerebral cortex)30 receptors were also weak with ICs0 
values greater than 1 pM for all of the  compound^.^^ 

To analyze the binding conformations of these potent 
non-peptide substance P antagonists, we compared low- 
energy conformers of 30g (including the rotamer 30g') 
with those of CP-99,994. On the basis of the low-energy 
conformers of these antagonists obtained by systematic 
bond rotations, we predicted pharmacophores that 
describe the binding mode by A ~ e x - 3 D . ~ ~  From the 
resultant pharmacophore candidates, we selected two 
models using the criterion that the conformers have a 
large intersection volume when superimposed (Figure 
4). The first model (Figure 4) has the largest intersec- 
tion volume (191 A3), in which the conformer of 30g is 
17 kcal/mol less stable than the most stable one but has 
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Figure 4. Stereoscopic view of the overlap between two stable conformers of 30g (green) and those of CP-99,994 (pink) selected 
by the criterion that the conformers have a large intersection volume when superimposed: (a, top) the model with the largest 
intersection volume (191 pi3); (b, bottom) the model with the next largest one (182 pi3).  The white sphere (an amide oxygen in 30g 
and an exocyclic amine nitrogen in CP-99,994) and two yellow spheres (two phenyl rings) indicate plausible key sites for NK1 
receptor recognition. 

a structure similar to that obtained from the X-ray 
analysis of 30g.33 In the second model with the next 
largest intersection volume (182 A3) (Figure 4), two 
phenyl rings in each compound adopt a stacking con- 
formation, and 30g is the most stable in this conforma- 
tion. The stable conformers of CP-99,994 selected in the 
first and second models are on slightly higher energy 
levels than the most stable conformer (0.2 and 4.5 kcaY 
mol higher, respectively); the conformation of the latter 
is quite similar to the most stable one.6a Both of these 
pharmacophores indicate that two phenyl rings and a 
heteroatom &e., the amide oxygen in 30g and the 
exocyclic amine nitrogen in CP-99,994) are well super- 
imposed in 30g and CP-99,994,34 suggesting that the 
suitable three-dimensional structure of these three 
points may be essential to the receptor binding, al- 
though it is difficult to conclude which of the above two 
possibilities is the more reasonable. 

In addition, these modeling studies revealed that the 
basic nitrogen atoms in the pyrido[3,4-b]pyridine (30g) 
and CP-99,994 do not overlap at all. Concerning the 
receptor binding sites, the essential sites seem to be 
included also in the isoquinolone-amide series of SP 
antagonists (ll), since some of the compounds (e.g., 
lli-n) possess high affinity with IC50 values on the 
nano- to subnanomolar level. These results suggest that 
the ion-pair interaction with the receptor as proposed 
for CP-96,3454c is not as important for this new series 
of SP antagonists (30) and that the role of the basic 
nitrogen in 30 for the enhancement of the affinity may 
be an additional one such as an anchoring function in 
the phospholipid components of the membrane as 
discussed using N-alkyl derivatives of CP-96,345.4g 

In summary, we have demonstrated the discovery of 

N-benzylcarboxamide derivatives of pyrido[3,4-b]pyri- 
dine (30) as a novel class of SP antagonists with highly 
potent activity upon oral administration, which might 
implicate potential therapeutic utility. These are ap- 
parently distinct from the previously reported SP 
antagonists4-12 in that compounds 30 are derivatives 
of a conformationally rigid heterocycle. The conforma- 
tional studies on 30g, however, indicated that stable 
conformers of 30g are quite similar to those of a 
representative antagonist, CP-99,994, suggesting that 
both antagonists bind to similar binding sites on the 
NK1 receptor and that, as proposed for CP-99,9946a and 
its spirocyclic analogue,6c the relative spatial orientation 
of the two phenyl groups may be an important factor 
for binding. Pharmacological studies on these new SP 
antagonists and further studies on SAR of the com- 
pounds having related structures are in progress and 
will be reported in due course. 

Experimental Section 
Chemistry. Melting points were determined on a Yanagim- 

oto micro melting point apparatus and are uncorrected. lH 
NMR spectra were taken on a Varian Gemini 200 (200 MHz) 
spectrometer in CDCl3 unless otherwise noted. Chemical shifts 
are given in ppm with tetramethylsilane as the internal 
standard, and coupling constants (J) are given in hertz (Hz). 
The following abbreviations are used: s = singlet, d = doublet, 
t = triplet, m = multiplet, dd = double doublet, bs = broad 
singlet, bt = broad triplet. IR spectra were obtained on a 
Hitachi IR-215 spectrometer. Mass spectra were obtained on 
a JEOL JMS-AX505W spectrometer. Elemental analyses were 
within 3~0.4% of the theoretical values for the elements 
indicated unless otherwise noted. Extracted solutions were 
dried over anhydrous MgS04 or anhydrous NazS04. The yields 
reported are not optimized. 
4-Phenyl-3-isocoumarincarboxylic Acid (3a). Com- 
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the residue was diluted with EtOAc and washed successively 
with HzO, 1 N HC1, HzO, aqueous NaHC03, and HzO. The 
organic layer was dried and concentrated to  give 5 as a 
colorless oil (3.85 g, 96%): lH NMR 2.41 (3 H, s) ,  2.97 (3 H x 

5.18 (2 H x V5, s), 5.21 (2 H x V 5 ,  s), 7.15-7.60 (13 H, m). 
2-Methyl-4-(2-methylphenyl)- 1(2H)-isoquinolinone (7). 

A mixture of 5 (3.85 g, 9.59 mmol), 1,8-diazabicyclo[5.4.0]- 
undec-7-ene (DBU) (6.0 mL, 40.1 mmol), and toluene (200 mL) 
was refluxed for 3 h while water was azeotropically removed 
using a Dean-Stark apparatus. After being cooled, the 
mixture was poured into 2 N HC1 and extracted with EtOAc. 
The extract was washed with HzO, dried, and concentrated. 
The concentrate was subjected to chromatography on silica gel 
using hexane-EtOAc (2:l) as eluant to give 7 as colorless 
crystals (1.55 g, 65%). Recrystallization from EtzO-hexane 
gave colorless crystals: mp 127-129 "C; 'H NMR 2.11 (3 H, 
s), 3.65 (3 H, s), 6.97 (1 H, s), 7.08 (1 H, m), 7.20-7.40 (4 H, 
m), 7.45-7.60 (2 H, m), 8.52 (1 H, m). Anal. (C17H15NO) C, 
H, N. 
N-(Cyanomethyl)-N-methyl-2-(2-methylbenzoyl)- 

benzamide (8). To a solution of 2-(2-methylbenzoyl)benzoic 
acid (2c) (4.80 g, 20 mmol) in CHzClz (100 mL) were added 
thionyl chloride (2.62 g, 22.0 mmol) and DMF (catalytic 
amount) a t  room temperature, and the mixture was stirred 
for 2 h. After evaporation of the solvent, the residue was 
dissolved in CHzClz (90 mL). To the solution were added (N- 
methy1amino)acetonitrile hydrochloride (2.43 g, 22.8 mmol) 
and Et3N (6.0 mL, 43.0 mmol), and the mixture was stirred 
at room temperature overnight. After evaporation of the 
solvent, the residue was diluted with EtOAc and washed 
successively with HzO, 1 N HC1, HzO, aqueous NaHC03, and 
HzO. The organic layer was dried and concentrated to give 8 
as a colorless oil (5.80 g, 99%): 'H NMR 2.05 (3 H x V4, s) ,  

(2 H x V4, s ) ,  4.48 (2 H x V4, s), 7.20-7.65 (8 H, m). 
1,2-Dihydro-2-methyl-4-(2-methylphenyl)-l-oxo-3-iso- 

quinolinecarbonitrile (9). A mixture of 8 (5.80 g, 19.8 
mmol), DBU (3.0 mL, 20.1 mmol), and toluene (100 mL) was 
refluxed for 5 h, while water was azeotropically removed using 
a Dean-Stark apparatus. After evaporation of the solvent, 
the residue was diluted with EtOAc and washed successively 
with HzO, 1 N HC1, HzO, aqueous NaHC03, and HzO. The 
organic layer was dried and concentrated to give 9 as colorless 
crystals (5.0 g, 92%). Recrystallization from EtOAc gave 
colorless crystals: mp 204-205 "C; 'H NMR 2.12 (3 H, s) ,  3.85 
(3 H, s) ,  7.06-7.14 (1 H, m), 7.20-7.50 (4 H, m), 7.56-7.72 (2 
H, m), 8.51-8.58 (1 H, m). Anal. (ClaH14N~0) C, H, N. 
1,2-Dihydro-2-methyl-4-(2-methylphenyl)- 1-oxo-34~0- 

quinolinecarboxamide (10). A mixture of 9 (5.0 g, 18.2 
mmol), EtOH (50 mL), and 1 N NaOH (25 mL) was refluxed 
for 1.5 h. After evaporation of the solvent, the residue was 
diluted with 1 N HC1. The crystals precipitated were collected 
by filtration and washed successively with HzO, acetone, and 
Et20 to give 10 as colorless crystals (4.30 g, 81%). Recrystal- 
lization from acetone-MeOH gave colorless crystals: mp 319- 
320 "C; 'H NMR 2.12 (3 H, s ) ,  3.69 (3 H, s), 5.48 (2 H, bs), 
6.95-7.05 (1 H, m), 7.25-7.40 (4 H, m), 7.50-7.60 (2 H, m), 
8.48-8.55 (1 H, m). Anal. ( C ~ ~ H I ~ N Z O Z )  c, H, N. 
1,2-Dihydro-2-methyl-4-(2-methylphenyl)- 1-oxo-3-iso- 

quinolinecarboxylic acid (4c). To a mixture of 10 (2.0 g, 
6.84 mmol), AcOH (25 mL), and concentrated HCl(50 mL) was 
added NaNOz (9.0 g, 130 mmol) portionwise at  room temper- 
ature, and the mixture was stirred overnight. After the 
mixture was diluted with H20, the crystals precipitated were 
collected by filtration and washed with HzO and Et20 to  give 
4c as colorless crystals (0.97 g, 48%). Recrystallization from 
EtOAc-EtOH gave colorless crystals: mp 225-227 "C; 'H 
NMR 2.09 (3 H, s), 3.61 (3 H, s), 4.16 (1 H, bs, COOH), 6.95- 
7.05 (1 H, m), 7.15-7.35 (4 H, m), 7.50-7.60 (2 H, m), 8.40- 
8.50 (1 H, m). Anal. ( C ~ ~ H I ~ N O ~ * O . ~ H Z O )  C, H, N. 
Isoquinolone-Urea Derivatives (1, Table 1). As a 

typical example, the preparation of If is described. To a 
stirred mixture of 4d (307 mg, 1.0 mmol), DPPA (0.290 mL, 
1.35 mmol), and benzene (20 mL) was added dropwise Et3N 
(0.142 mL, 1.02 mmol). The mixture was stirred at  room 
temperature for 1 h and then with heating under reflux for 

3 / 5 ,  s), 3.06 (3 H x '/5, s), 4.01 (2 H x ' / b ,  s), 4.26 (2 H x 3/5, s), 

2.40 (3 H x 3/4, s), 3.03 (3 H x 3/4, s), 3.21 (3 H x '/4, s), 4.19 

pound 3a was prepared from 2-benzoylbenzoic acid (2a) by the 
procedure based on a protocol in the literature.16 
4-(4-Fluorophenyl)-3-isocoumarincarboxylic Acid (3b). 

Compound 3b was prepared from 2-(4-fluorobenzoyl)benzoic 
acid (2b) by the procedure based on a protocol in the litera- 
ture.17 
6,7-Dimethyl-4-phenyl-3-isocoumarincarboxylic Acid 

(3d). A mixture of 2-benzoyl-4,5-dimethylbenzoic acid (2d) 
(1.36 g, 5.35 mmol), acetone (35 mL), DMF (1 mL), K&o3 (0.76 
g, 5.50 mmol), and diethyl bromomalonate (1.43 g, 5.98 mmol) 
was stirred at  room temperature for 60 h. After evaporation 
of the solvent, EtOAc was added to the residue. The mixture 
was washed with HzO, dried, and concentrated. To the 
concentrate were added AcOH (25 mL) and concentrated HCl 
(25 mL), and the whole mixture was heated at 110 "C for 5 h. 
After evaporation of the solvent, the residue was diluted with 
HzO and extracted with EtOAc. The extract was washed with 
HzO, dried, and concentrated to  give 3d as colorless crystals 
(1.39 g, 88%). Recrystallization from EtOAc-diisopropyl ether 
(IPE) gave colorless crystals: mp 265-268 "C; lH NMR 2.27 
(3 H, s), 2.40 (3 H, s) ,  5.75 (1 H, bs, COOH), 6.85 (1 H, s ) ,  
7.18-7.30 (2 H, m), 7.40-7.55 (3 H, m), 8.18 (1 H, s). Anal. 

6-Chloro-4-phenyl-3-isocoumarincarboxylic Acid (3e). 
2-Benzoyl-4-chlorobenzoic acid (2e) (16.0 g, 61.4 mmol) was 
treated according to  the same procedure as described in the 
preparation of 3d t o  afford 3e as colorless crystals (13.3 g, 
72%). Recrystallization from EtOAc-IPE gave colorless 
crystals: mp 206-208 "C; lH NMR 7.07 (1 H, d, J = 2.0), 7.18- 
7.30 (2 H, m), 7.45-7.55 (3 H, m), 7.61 (1 H, dd, J = 8.6, 2.01, 
8.35 (1 H, d, J = 8.6). Anal. (C16HgC104) C, H. 
1,2-Dihydro-2-methyl-l-oxo-4-phenyl-3-isoquinoline- 

carboxylic Acid (4a). Compound 4a was prepared from 3a 
by the procedure based on a protocol in the literature.18 
4-(4-Fluorophenyl)-l,2-dihydro-2-methyl-l-oxo-3-iso- 

quinolinecarboxylic Acid (4b). Compound 3b (2.00 g, 7.04 
mmol) was treated according to the same procedure as 
described in the preparation of 4d to afford 4b as colorless 
crystals (2.05 g, 98%). Recrystallization from EtOAc-IPE gave 
colorless crystals: mp 196-197 "C; 'H NMR 3.64 (3 H, s) ,  
7.08-7.21 (3 H, m), 7.28-7.38 (2 H, m), 7.50-7.65 (2 H, m), 
8.42-8.52 (1 H, m). Anal. (C17H1~FN03) C, H, N. 
1,2-Dihydro-2,6,7-t~methyl-1-oxo-4-phenyl-3-isoquino- 

linecarboxylic Acid (4d). To a solution of 3d (3.75 g, 12.7 
mmol) in MeOH (50 mL) was added 40% MeNH2-MeOH 
solution (25 mL), and the mixture was stirred at  room 
temperature for 2 h. After evaporation of the solvent, the 
residue was diluted with HzO. The mixture was acidified with 
1 N HC1, followed by extraction with EtOAc. The extract was 
washed with HzO and dried. After evaporation of the solvent, 
4 N HC1-EtOAc (50 mL) was added to the residue. The 
mixture was stirred at  room temperature for 2 h. After 
evaporation of the solvent, the residue was diluted with HzO. 
The resulting crystals were collected and washed successively 
with HzO, acetone, and Et20 to  give 4d as colorless crystals 
(3.51 g, 90%). Recrystallization from EtOH gave colorless 
crystals: mp >300 "C; lH NMR (CDC13 + DMSO-ds) 2.25 (3 
H, s), 2.39 (3 H, s), 3.67 (3 H, s), 6.91 (1 H, s), 7.39-7.42 (5 H, 
m), 8.24 (1 H, s). Anal. (C19H17N03) C, H, N. 
6-Chloro-1,2-dihydro-2-methyl-l-oxo-4-phenyl-3-iso- 

quinolinecarboxylic Acid (4e). Compound 3e (4.50 g, 15.0 
mmol) was treated according to the same procedure as 
described in the preparation of 4d t o  afford 4e as colorless 
crystals (4.90 g, 100%). Recrystallization from EtOAc-IPE 
gave colorless crystals: mp 248-250 "C; lH NMR 3.61 (3 H, 
s) ,  7.17 (1 H, d, J = 1.91, 7.30-7.40 (2 H, m), 7.40-7.55 (4 H, 
m), 8.36 ( lH,  d, J = 4.8). Anal. (C17H12ClN03) C, H, N. 
N-[(Benzyloxycarbonyl)methyll-N-methyl-2-(2-methy1- 

benzoy1)benzamide (5). To a solution of 242-methylben- 
zoy1)benzoic acid (2c) (2.40 g, 9.99 mmol) in THF (40 mL) were 
added oxalyl chloride (1.12 mL, 12.8 mmol) and DMF (catalytic 
amount) a t  room temperature, and the mixture was stirred 
for 1 h. After evaporation of the solvent, the residue was 
dissolved in THF (50 mL). To the solution were added 
sarcosine benzyl ester hydrochloride (2.81 g, 13.0 mmol) and 
Et3N (4.20 mL, 30.1 mmol), and the mixture was stirred at  
room temperature overnight. After evaporation of the solvent, 

(C18H1404) C, H. 
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30 min. N-Methylbenzylamine (0.154 mL, 1.19 mmol) was 
added to the mixture, and the whole mixture was refluxed for 
30 min. The mixture was diluted with EtOAc and washed 
successively with H 2 0 , l  N HC1, aqueous NaHC03, and H2O. 
The organic layer was dried and concentrated to  give If as 
colorless crystals (250 mg, 59%). Similarly, la-e,g-1 were 
prepared from 4a-e and (substitutedlamines. The physico- 
chemical properties of la-1 are listed in Table 1. 
Isoquinolonecarboxamide Derivatives (1 1, Table 2): 

By Amidation. As a typical example, the preparation of Ilk 
is described. To a solution of 4c (293 mg, 1.0 mmol) in THF 
(10 mL) were added oxalyl chloride (0.104 mL, 1.19 mmol) and 
DMF (catalytic amount) at room temperature, and the mixture 
was stirred for 1 h. After evaporation of the solvent, the 
residue was dissolved in CHzCl2 (10 mL). To the solution were 
added 3,5-bis(trifluoromethyl)benzylamine (340 mg, 1.40 mmol) 
and Et3N (0.154 mL, 1.10 mmol), and the mixture was stirred 
at  room temperature for 5 h. After evaporation of the solvent, 
the residue was diluted with EtOAc and washed successively 
with HzO, 1 N HCl, HzO, aqueous NaHC03, and H20. The 
extract was dried and concentrated to give Ilk as colorless 
crystals (250 mg, 48%). 
By Alkylation. As a typical example, the preparation of 

lld is described. A mixture of llb (206 mg, 0.5 mmol), NaH 
(60% dispersion in oil) (24 mg, 0.6 mmol), and DMF (5 mL) 
was stirred at  room temperature for 30 min. After the mixture 
was cooled to 0 "C, iodomethane (0.5 mL, 8.0 mmol) was added 
to the mixture. The mixture was stirred at  room temperature 
for 30 min, added to HzO, and then extracted with EtOAc. The 
extract was washed successively with 1 N HC1, aqueous 
NaHC03, and HzO, dried, and concentrated to give lld as 
colorless crystals (180 mg, 84%). Similarly, other isoquinolo- 
necarboxamide derivatives (11) were prepared by amidation 
or alkylation. The physicochemical properties of 1 la-n are 
listed in Table 2. 
3-(Hydroxymethyl)-2-methyl-4-phenyl- 1 (2H)-isoquino- 

linone (12a). To a solution of 4a (10.0 g, 35.8 mmol) in THF 
(200 mL) were added oxalyl chloride (5.67 mL, 65.0 mmol) and 
DMF (catalytic amount) at room temperature, and the mixture 
was stirred for 30 min. After evaporation of the solvent, the 
residue was dissolved in THF (100 mL) and 1,2-dimethoxy- 
ethane (100 mL). The solution was added dropwise to the 
suspension of NaBH4 (4.95 g, 131 mmol) in 1,2-dimethoxy- 
ethane (150 mL) at  0 "C. The mixture was stirred at  0 "C for 
15 min, poured into 2 N HC1, and extracted with EtOAc. The 
extract was washed with aqueous NaHC03 and H20, dried, 
and concentrated to give 12a as colorless crystals (8.80 g, 93%). 
Recrystallization from EtOAc-IPE gave colorless crystals: mp 

H, d, J = 5.6), 7.0-7.5 (8 H, m), 8.43-8.50 (1 H, m). Anal. 
(Ci7Hi5N02) C, H, N. 
3-(Hydroxymethyl)-2,6,7-trimethyl-4-phenyl-l(2H)-iso- 

quinolinone (12b). Compound 4d (10.0 g, 32.5 mmol) was 
treated according to  the same procedure as described in the 
preparation of 12a to afford 12b as colorless crystals (8.7 g, 
91%). Recrystallization from EtOAc-IPE gave colorless 
crystals: mp 209-210 "C; 'H NMR 2.09 (1 H, bt, J = 5.81, 
2.20 (3 H, s ) ,  2.34 (3 H, s), 3.81 (3 H, s), 4.43 (2 H, d, J = 5.8), 
6.73 (1 H, s),  7.25-7.35 (2 H, m), 7.45-7.55 (3 H, m), 8.19 (1 
H, s). Anal. (C19H19N02.0.2H20) C, H, N. 
34 [(Methylsulfonyl)oxy]methyl]-2-methyl-4-phenyl- 

1(2H)-isoquinolinone (13a). To a stirred solution of 12a (8.0 
g, 30.2 mmol) in CH2Cl2 (200 mL) were added Et3N (7.20 mL, 
51.7 mmol) and methanesufonyl chloride (3.87 mL, 50.0 mmol) 
a t  0 "C. The mixture was stirred for 30 min. After dilution 
with CHzC12, the mixture was washed with 0.1 N HCl and H2O 
and dried. The organic layer was concentrated to give 13a as 
colorless crystals (9.70 g, 94%). Recrystallization from EtOAc- 
IPE gave colorless crystals: mp 149-150 "C; 'H NMR 2.88 (3 
H, s), 3.80 (3 H, s), 5.05 (2 H, s ) ,  7.00-7.15 (1 H, m), 7.25- 
7.40 (2 H, m), 7.45-7.60 (5 H, m), 8.48-8.58 (1 H, m). Anal. 
( C I ~ H I ~ N O ~ S )  C, H, N. 
34 [(Methylsulfonyl)oxylmethyll-2,6,7-trimethyl-4-phen- 

yl-l(2H)-isoquinolinone (13b). Compound 12b (3.0 g, 10.2 
mmol) was treated according to the same procedure as 
described in the preparation of 13a t o  afford 13b as colorless 
crystals (2.98 g, 79%). Recrystallization from EtOAc-IPE gave 

158-159 "C; 'H NMR 1.88 (1 H, t, OH), 3.83 (3 H, SI, 4.48 (2 
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colorless crystals: mp 150-151 "C; 'H NMR 2.25 (3 H, s) ,  2.40 
(3 H, s), 2.86 (3 H, s) ,  3.77 (3 H, s) ,  5.01 (2 H, s) ,  6.82 (1 H, s),  
7.25-7.35 (2 H, m), 7.45-7.60 (3 H, m), 8.27 (1 H, s). Anal. 
(C2oH2iN04S) C, H, N. 
Isoquinolone-Amine Derivatives (14, Table 3). As a 

typical example, the preparation of 14c is described. A 
mixture of 13b (300 mg, 0.81 mmol), 2-methoxybenzylamine 
(0.51 mL, 3.91 mmol), and THF (5 mL) was heated in a 
stainless-steel tube at 130 "C for 2 h. The mixture was diluted 
with H20, followed by extraction with EtOAc. The extract was 
washed with aqueous K&03 and brine, dried, and concen- 
trated. The concentrate was subjected to chromatography on 
silica gel using hexane-EtOAc (1:l) as eluant to give 14c as 
colorless crystals (301 mg, 90%). Similarly, 14a,b,d,e were 
prepared from 13a,b and (substituted)benzylamines. The 
physicochemical properties of 14a-e are listed in Table 3. 
1,2-Dihydro-N,2-dimethy1-1-oxo-4-phenyl-3-isoquino- 

linemethylamine (140. Compound 13a (300 mg, 0.87 mmol) 
was treated according to  a similar procedure as described in 
the preparation of 14c using methylamine in place of 2-meth- 
oxybenzylamine to afford 14f as colorless crystals (202 mg, 
83%). Recrystallization from EtOAc-IPE gave colorless 
crystals: mp 198-200 "C; lH NMR 2.30 (3 H, s), 3.47 (2 H, s),  
3.85 (3 H, s),  6.94-7.00 (1 H, m), 7.20-7.30 (2 H, m), 7.40- 
7.55 (5 H, m), 8.45-8.55 (1 H, m). Anal. (Cl~HlsN20) C, H, 
N. 
N-[3,5-Bis(trifluoromethyl)benzoyl]-1,2-dihydro-N,2- 

dimethyl- l-oxo-4-phenyl-3-isoquinolinemethylamine 
(15a). Compound 14f (150 mg, 0.54 mmol) was treated 
according to  a similar procedure as described in the prepara- 
tion of 1 lk using 3,5-bis(trifluoromethyl)benzoic acid in place 
of 4c t o  afford 15a as colorless crystals (201 mg, 72%). The 
physicochemical properties of 15a are listed in Table 3. 
N-[3,5-Bis(trifluoromethyl)phenylacetyll-1,2-dihydro- 

N,2-dimethyl- l-oxo-4-phenyl-3-isoquinolinemethyl- 
amine (15b). Compound 14f (150 mg, 0.54 mmol) was treated 
according to a similar procedure as described in the prepara- 
tion of Ilk using 3,5-bis(trifluoromethyl)phenylacetic acid in 
place of 4c to afford 15b as colorless crystals (105 mg, 37%). 
The physicochemical properties of 15b are listed in Table 3. 
34 [ [3,5-Bis(trifluoromethyl)benzylloxylmethyll-2-meth- 

yl-4-phenyl-1(2H)-isoquinolinone (16). A mixture of 3,5- 
bis(trifluoromethy1)benzyl alcohol (200 mg, 0.82 mmol), NaH 
(60% dispersion in oil) (50 mg, 1.25 mmol), and DMF (6 mL) 
was stirred at  room temperature for 30 min. After the mixture 
was cooled to  0 "C, 13a (200 mg, 0.58 mmol) was added to the 
mixture. The mixture was stirred a t  room temperature for 2 
h, added to 2 N HC1, and then extracted with EtOAc. The 
extract was washed successively with aqueous K2C03 and H20, 
dried, and concentrated. The concentrate was subjected to  
chromatography on silica gel using hexane-EtOAc (3:l) as 
eluant to give 16 as colorless crystals (50.3 mg, 18%). The 
physicochemical properties of 16 are listed in Table 3. 
1,2-Dihydro-2-methyl-l-oxo-4-phenyl-3-isoquinoline- 

acetonitrile (17). To a solution of 13a (157 mg, 0.46 mmol) 
in DMSO (1 mL) was added sodium cyanide (100 mg, 2.04 
mmol). The mixture was stirred at  room temperature for 2 h 
and then diluted with H2O. The crystals precipitated were 
collected by filtration and washed successively with H20, 
EtOAc, and EtzO. Recrystallization from EtOAc-MeOH gave 
17 as colorless crystals (125 mg, 100%): mp 253-255 "C; 'H 
NMR 3.60 (2 H, s), 3.85 (3 H, s) ,  7.02-7.07 (1 H, m), 7.28- 
7.59 (7 H, m), 8.49-8.54 (1 H, m). Anal. (C18H~N20) C, H, 
N. 
1,2-Dihydro-2-methyl- l-oxo-4-phenyl-3-isoquinolineace- 

tic Acid (18). A mixture of 17 (2.19 g, 7.98 mmol), AcOH (50 
mL), and concentrated HCl(50 mL) was refluxed for 8 h. After 
evaporation of the solvent, the residue was diluted with EtOAc. 
The mixture was washed with H20, dried, and concentrated 
to give 18 as colorless crystals (1.40 g, 60%). Recrystallization 
from EtOAc-MeOH gave colorless crystals: mp 200-201 "C; 
'H NMR 3.67 (2 H, s) ,  3.69 (3 H, s), 6.99-7.04 (1 H, m), 7.26- 
7.53 (7 H, m), 8.47-8.52 (1 H, m). Anal. (C18H15N03) C, H, 
N. 
N-[3,5-Bis(trifluoromethyl)benzyll-1,2-dihydro-N,2- 

dimethyl-l-oxo-4-phenyl-3-isoquinolineacetamide (19). 
Compound 18 (250 mg, 0.85 mmol) was treated according to a 
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similar procedure described in the preparation of 11 using 18 
in place of 4c to afford 19 as colorless crystals (313 mg, 69%). 
The physicochemical properties of 19 are listed in Table 3. 
3-Benzoyl-2-pyridinecarboxylic Acid (21a). Method A. 

To a stirred mixture of 2,3-pyridinedicarboylic acid anhydride 
(20) (21.0 g, 141 mmol) and benzene (210 mL) was added 
(30.0 g, 225 mmol) at room temperature. The mixture was 
refluxed for 4 h. After being cooled, the mixture was poured 
into concentrated HCl(25 mL)-ice water (200 mL) and stirred 
at  room temperature for 1 h. The resulting crystals were 
collected and washed with H2O and Et20 to give the hydro- 
chloride of 21a as colorless crystals (23.7 g, 64%). Recrystal- 
lization from MeOH gave colorless crystals: mp 149-153 "C; 
'H NMR 7.44 (2H, t-like, J = 7.91, 7.59 (1 H, m), 7.78 (3 H, 
m), 7.88 (1 H, dd, J = 7.7, 1.5), 8.78 (1 H, dd, J = 4.7, 1.5). 
Anal. (C13H10ClN03) C, H, N. 
Method B. To a stirred suspension of Mg (1.01 g, 41.5 

mmol) in THF (8 mL) were added 1 2  (catalytic amount) and a 
solution of bromobenzene (5.68 mL, 53.9 mmol) in THF (10 
mL) dropwise and stirred for 30 min. The mixture was added 
dropwise to the stirred solution of anhydride 20 (4.5 g, 30.2 
mmol) in THF (60 mL) at 0 "C and stirred for 30 min at  room 
temperature. The mixture was poured into 1 N HCl(50 mL)- 
ice water (50 mL) and extracted with EtOAc. After evapora- 
tion of the solvent, the residue was dissolved in EtOAc. The 
aqueous layer was treated with concentrated HCI to adjust 
the pH to 2-3, and the mixture was extracted with EtOAc. 
The extract was washed with HzO, dried, and concentrated. 
The concentrate was subjected to chromatography on silica gel 
using EtOAc-AcOH (1O:l) as eluant and treated with 4 N 
HC1-EtOAc to give hydrochloride of 21a as colorless crystals 
(2.23 g, 28%). The physicochemical data were identical with 
those of 21a prepared by method A. 
3-(4-Fluorobenzoyl)-2-pyridinecarboxylic Acid (21b). 

Compound 20 (38.7 g, 260 mmol) was treated according to 
method A using fluorobenzene in place of benzene, and then 
the hydrochloride 21b thus obtained was dissolved in HzO. 
The solution was treated with aqueous NaHC03 to adjust the 
pH to  2-3, and the mixture was extracted with EtOAc. The 
extract was washed with HzO, dried, and concentrated to  give 
21b as colorless crystals (21.0 g, 33%). Recrystallization from 
MeOH-EtOAc gave colorless crystals: mp 152-153 "C; 'H 
NMR (DMSO-ds) 7.35 (2 H, t-like, J = 8.81, 7.68-7.80 (3 H, 
m), 7.99 (1 H, dd, J = 7.6, 1.81, 8.84 (1 H, dd, J = 4.6, 1.8). 
Anal. (C13H~FN03) C, H, N. 
3-(4-Methylbenzoyl)-2-pyridinecarboxylic Acid (21c). 

Compound 20 (50.0 g, 33.5 mmol) was treated according to  
the same procedure as described in the preparation of 21b 
using toluene in place of fluorobenzene to  afford 21c as 
colorless crystals (50.6 g, 63%). Recrystallization from CH2- 
Clz-EtOAc gave colorless crystals: mp 168-170 "C; 'H NMR 
2.41 (3 H, s), 7.24 (2 H, d, J = 8.41, 7.62 (2 H, d, J = 8.4), 7.70 
(1 H, dd, J = 8.0, 4 . Q  7.85 (1 H, dd, J = 8.0, 1.51, 8.77 (1 H, 
dd, J = 4.8, 1.5). Anal. (C~Hl lN03)  C, H, N. 
3-Benzoyl-N- [ (benzyloxycarbonyl)methyll -N-methyl- 

2-pyridinecarboxamide (22a). To a solution of hydrochlo- 
ride of 21a (3.0 g, 11.4 mmol) in THF (60 mL) were added 
thionyl chloride (3.0 mL, 41.1 mmol) and DMF (catalytic 
amount) a t  room temperature, and the mixture was refluxed 
for 1 h. After evaporation of the solvent, the residue was 
dissolved in THF (75 mL). To the solution were added 
sarcosine benzyl ester hydrochloride (2.76 g, 12.8 mmol) and 
Et3N (6.3 mL, 45.2 mmol), and the mixture was stirred at  room 
temperature overnight. After evaporation of the solvent, the 
residue was diluted with EtOAc, washed with H20, dried, and 
concentrated to give 22a as a colorless oil (3.57 g, 81%): 'H 
NMR 3.12 (3 H x '19, s), 3.18 (3 H x 5/9, s), 4.24 (2 H x 5/9, s), 
4.26 (2 H x '/9, s), 5.19 (2 H x 5/9, s), 5.26 (2 H x '/9, s), 7.23- 

5/9, dd, J = 4.8, 1.4). 
7.85 (12 H, m), 8.40 (1 H x '/9, dd, J = 4.8, 1.41, 8.74 (1 H x 

N-[(Benzyloxycarbonyl)methyll-3-(4-fluorobenzoyl)-N- 
methyl-2-pyridinecarboxamide (22b). Hydrochloride of 
21b (2.0 g, 7.1 mmol) was treated according to the same 
procedure as described in the preparation of 22a to afford 22b 
(2.94 g, 100%): 'H NMR 3.13, 3.19 (each 1.5 H, s), 4.20, 4.30 
(each 1 H, s), 5.18, 5.25 (each 1 H, s), 7.12 (2 H, m), 7.22-7.50 
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(5 H, m), 7.22 (1 H, dd, J = 7.6, 1.81, 7.75-7.90 (2 H, m), 8.39 
(1 H, dd, J = 4.8, 1.8), 8.74 (1 H, dd, J = 4.8, 1.8). 
Benzyl 7,&Dihydro-7-methy1-8-0~0-5-phenyl-6-pyrido- 

[3,4-b]pyridinecarboxylate (25a). A mixture of 22a (3.57 
g, 9.19 mmol), DBU (2.0 mL, 13.4 mmol), and toluene (150 
mL) was refluxed for 12 h, while water was azeotropically 
removed using a Dean-Stark apparatus. After evaporation 
of the solvent, the residue was diluted with EtOAc. The 
mixture was washed with HzO, dried, and concentrated. The 
concentrate was subjected to chromatography on silica gel 
using EtOAc as eluant to give 25a as colorless crystals (0.7 g, 
21%). Recrystallization from CH2C12-EtOAc gave colorless 
crystals: mp 127-128 "C; 'H NMR 3.63 (3 H, s), 4.99 (2 H, s), 
7.03-7.08 (2 H, m), 7.23-7.55 (9.H,  m), 7.62 (1 H, dd, J = 
8.3, 1.4), 8.92 (1 H, dd, J = 4.2, 1.4). Anal. (C23H18N203) C, 
H, N. 
Benzyl 5-(4-Fluorophenyl)-7,8-dihydro-7-methyl-8-0~0- 

6-pyrido[3,4-blpyridinecarboxylate (25b). Compound 22b 
(2.94 g, 7.23 mmol) was treated according to the same 
procedure as described in the preparation of 25a to afford 25b 
as colorless crystals (0.63 g, 22%). Recrystallization from 
MeOH-EtOAc gave colorless crystals: mp 127-128 "C; 'H 
NMR 3.63 (3 H, s), 5.06 (2 H, SI, 7.02 (2 H, t-like, J = 8.81, 
7.07-7.38 (7 H, m), 7.48 (1 H, dd, J = 8.4, 4.21, 7.55 (1 H, dd, 
J =  8.4, 1.81, 8.92 (1 H, dd, J =  4.2, 1.8). Anal. (C23H17FN203) 
C, H, N. 
3-Benzoyl-N-(cyanomethyl~-N-methyl-2-pyridinecar- 

boxamide (23a). To a suspension of hydrochloride of 21a 
(10.0 g, 37.9 mmol) in THF (100 mL) were added thionyl 
chloride (13.8 mL, 189 mmol) and DMF (catalytic amount) a t  
room temperature, and the mixture was refluxed for 3.5 h. 
After evaporation of the solvent, the residue was dissolved in 
THF (80 mL). To the solution were added (N-methylamino)- 
acetonitrile hydrochloride (4.85 g, 45.5 mmol) and Et3N (26.4 
mL, 189 mmol) in THF (40 mL), and the mixture was refluxed 
overnight. After evaporation of the solvent, the residue was 
diluted with EtOAc and washed successively with HzO, 
aqueous NaHC03, and H20. The organic layer was dried and 
concentrated. The concentrate was subjected to chromatog- 
raphy on silica gel using EtOAc-hexane (1: l )  as eluant to give 
23a as a brown oil (6.74 g, 64%): 'H NMR 3.11 (3 H x '/3, s), 

7.93 (6 H, m), 8.64-8.90 (2 H, m). 
N-( Cyanomethyl)-3-(4-fluorobenzoyl)-N-methyl-2-py- 

ridinecarboxamide (23b). Compound 21b (7.0 g, 28.5 
mmol) was treated according to the same procedure as 
described in the preparation of 23a to afford 23b as a brown 
oil (4.9 g, 58%): 'H NMR 3.16 (3 H x '/3, s), 3.21 (3 H x 2/3, s), 

7.50 (1 H, m), 7.85 (3 H, m), 8.75 (1  H, dd, J = 4.8, 1.6). 
N-(Cyanomethyl)-N-methyl-3-(4-methylbenzoyl)-2-p~ 

ridinecarboxamide (23c). Compound 21c (22.0 g, 91.2 
mmol) was treated according to  the same procedure as 
described in the preparation of 23a to afford 23c as a brown 
oil (24.9 g, 93%): 'H NMR 2.43 (3 H, s), 3.13 (3 H x ' / 3 ,  s), 

(2 H, d, J =  8.41, 7.42-7.52 (1 H, m), 7.63-7.73 (2 H, m), 7.81- 
7.94 (1 H, m), 8.70-8.75 (1 H, m). 
7,8-Dihydro-7-methyl-8-0~0-5-phenyl-6-pyrido[3,4-b] - 

pyridinecarbonitrile (26a). A mixture of 23a (6.4 g, 22.9 
mmol), DBU (5.0 mL, 33.4 mmol), and toluene (100 mL) was 
refluxed for 4 h, while water was azeotropically removed using 
a Dean-Stark apparatus. After evaporation of the solvent, 
the resulting crystals were collected by filtration and washed 
with EtOH to give 26a as colorless crystals (4.32 g, 72%). 
Recrystallization from MeOH-Et20 gave colorless crystals: 
mp 274-276 "C; 'H NMR 3.92 (3 H, s), 7.36 (2 H, m), 7.58 (4 
H,m) ,7 .74(1H,dd ,J=7.3 ,1 .7) ,9 .03(1H,dd ,J=4.2 ,1 .7) .  
Anal. (C16HllN30*1/4H20) C, H, N. 
5-(4Fluorophenyl)-7,8-dihydro-7-methyl-8-0~0-6-pyrido- 

[3,4-b]pyridinecarbonitrile (26b). Compound 23b (4.9 g, 
16.5 mmol) was treated according to the same procedure as 
described in the preparation of 26a to afford 26b as colorless 
crystals (2.66 g, 58%). Recrystallization from EtOH-CH2C12- 
Et20 gave colorless crystals: mp 231-232 "C; 'H NMR 3.92 
(3  H, s ) ,  7.29 (2 H, t-like, J = 8.81, 7.36-7.48 (2 H, m), 7.60 (1 

3.17 (3 H x '/3, s), 4.39 (2 H x 2/3, SI, 4.50 (2 H x ' / 3 ,  s), 7.23- 

4.44 (2 H x 2/3, s), 4.55 (2 H x '13,  s), 7.17 (2 H, t, J = 8.41, 

3.18 (3 H x 2/3, s), 4.42 (2 H x 2/3, s), 4.49 (2 H x '/3, s), 7.28 
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H, dd, J = 8.4, 4.21, 7.71 (1 H, dd, J = 8.4, 1.81, 9.04 (1 H, dd, 
J = 4.2, 1.8). Anal. (C16HloFN30.0.1H20) C, H, N. 
7,8-Dihydro-7-methyl-5-(4-methylphenyl)-8-0~0-6-py- 

rido[3,4-blpyridinecarbonitrile (264. Compound 23c (26.9 
g, 91.7 mmol) was treated according to the same procedure as 
described in the preparation of 26a t o  afford 26c as colorless 
crystals (14.2 g, 56%). Recrystallization from EtOAc-Et20 
gave colorless crystals: mp 268-270 "C; 'H NMR 2.47 (3 H, 
s), 3.92 (3 H, s), 7.28 (2 H, d, J = 8.0), 7.38 (2H, d, J = 8.01, 
7.56 (1 H, dd, J = 8.0, 4.0), 7.75 (1 H, dd, J = 8.0, 2.0),9.01 (1 
H, dd, J = 4.0, 2.0). Anal. (C17H13N30-'/6H20) C, H, N. 
7,8-Dihydro-7-methyl-8-oxo-5-phenyl-6-p~ido[3,4-b]- 

pyridinecarboxamide (27a). A mixture of 26a (4.32 g, 16.5 
mmol), EtOH (40 mL), and 1 N NaOH (40 mL) was refluxed 
for 40 min. After evaporation of the solvent, the resulting 
crystals were collected by filtration and washed with H2O and 
EtOH to  give 27a as colorless crystals (4.49 g, 97%). Recrys- 
tallization from MeOH-Et20 gave colorless crystals: mp >310 
"C;'HNMR(DMSO-dd3.57(3 H,s),7.28-7.55 (6H,m), 7.65 
(1 H, dd, J = 8.2, 4.2), 7.82 (1 H, bs), 8.09 (1 H, bs), 8.83 (1 H, 
dd, J = 4.2, 1.5). Anal. (C16H13N302) C, H, N. 
54 4-Fluorophenyl)-7,8-dihy~-7-methyl-&oxo- 

[3,4-b]pyridinecarboxamide (27b). Compound 26b (2.55 
g, 9.13 mmol) was treated according to the same procedure as 
described in the preparation of 27a to afford 27b as colorless 
crystals (2.49 g, 92%). Recrystallization from MeOH-CH2C12- 
Et20 gave colorless crystals: mp >310 "C; 'H NMR (DMSO- 
d6) 3.56 (3  H, s), 7.25-7.55 (5 H, m), 7.66 (1 H, dd, J = 8.4, 
4.2), 7.86 (1 H, bs), 8.11 (1 H, bs), 8.83 (1 H, dd, J =  4.2, 1.6). 
Anal. (C16H12FN302) C, H, N. 
7,8-Dihydro-7-methyl-5-(4-methylphenyl)-8-0~0-6-py- 

rido[3,4-b]pyridinecarboxamide (27~). Compound 26c 
(14.2 g, 51.6 mmol) was treated according to  the same 
procedure as described in the preparation of 27a to afford 27c 
as colorless crystals (14.5 g, 96%). Recrystallization from 
MeOH gave colorless crystals: mp 2310 "C; lH NMR (DMSO- 

7.3 (4 H, m), 7.40 (1 H, dd, J = 8.0, 4.01, 7.56 (1 H, dd, J = 
8.0, 2.01, 8.82 (1 H, dd, J = 4.0, 2.0). Anal. (C17H15N3024 
4Hz0) C, H, N. 
3-Benzoyl-N-(formylmethyl)-N-methyl-2-pyridinecar- 

boxamide (24a). To a solution of hydrochloride of 21a (2.0 
g, 7.58 mmol) in THF (30 mL) were added thionyl chloride 
(2.0 mL, 27.4 mmol) and DMF (catalytic amount) a t  room 
temperature, and the mixture was refluxed for 2 h. After 
evaporation of the solvent, the residue was dissolved in CH2- 
C12 (10 mL). To the solution was added a solution of (N-  
methy1amino)acetaldehyde dimethyl acetal (1.5 g, 12.6 mmol) 
and Et3N (3.5 mL, 25.1 mmol) in CH2C12 (20 mL), and the 
mixture was stirred a t  room temperature for 15 h. After 
evaporation of the solvent, the residue was diluted with EtOAc, 
washed with H20, dried, and concentrated. To the concentrate 
were added THF (15 mL) and 6 N HCl(20 mL). The mixture 
was stirred for 30 min, poured into aqueous KzC03, and 
extracted with EtOAc. The extract was washed with H20, 
dried, and concentrated to give 24a as a brown oil (1.13 g, 

H, s), 7.35-7.90 (7 H, m), 8.61 (1 H x 2/5, dd, J = 4.6, 1.41, 

de) 2.43 (3  H, s), 3.66 (3 H, s), 6.08 (1 H, b), 6.92 (1 H, b), 7.2- 

53%): 'H NMR 3.15 (3 H x '/5, s), 3.19 (3 H x 3/5, s), 4.15 (2 

8.75 (1 H x 3/5, dd, J = 4.6, 1.4), 9.49 (1 H x 3/5, s), 9.87 (1 H 
x 2/5, SI. 
3-(4-Fluorobenzoyl)-N-(fo~ylmethyl)-N-methyl-2-py- 

ridinecarboxamide (24b). Hydrochloride of 21b (2.0 g, 7.10 
mmol) was treated according to the same procedure as 
described in the preparation of 24a to afford 24b as a brown 
oil (1.12 g, 53%). This compound was used for the next step 
without further purification. 
N-(Formylmethyl)-N-methyl-3-(4-methylbenzoyl)-2-py- 

ridinecarboxamide (24c). Compound 21c (2.0 g, 8.29 mmol) 
was treated according to the same procedure as described in 
the preparation of 24a to afford 24c as a brown oil (1.46 g, 

V5, s), 4.14 (2 H, m), 7.28 (2 H, d, J = 8.0), 7.35-7.50 (1 H, m), 

(1 H x 3/5, dd, J =  5.0, 1.6),9.52 (1 H x V 5 ,  m), 9.88 (1 H x 2/5, 
m). 

59%): 'H NMR 2.43 (3  H, s), 3.16 (3 H x ' / 5 ,  s), 3.17 (3 H x 

7.70 (2 H, d , J =  8.01, 7.79 (1 H x '/5, d d , J =  7.8, 1.61, 7.88 (1 
H x 3/5,dd,J=7.8,1.6),8.61(1H x 2/5,dd,J=5.0,1.6),8.75 
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7,8-Dihydro-7-methyl-8-oxo-5-phenyl-6-p~do~3,4-b1- 
pyridinecarboxaldehyde (28a). A mixture of 24a (1.11 g, 
3.93 mmol), DBU (0.2 mL, 1.34 mmol), and toluene (20 mL) 
was refluxed for 30 min, while water was azeotropically 
removed using a Dean-Stark apparatus. The mixture was 
cooled, and the resulting crystals were collected by filtration 
and washed with Et20 to  give 28a as colorless crystals (0.82 
g, 79%). Recrystallization from MeOH-THF-Et20 gave 
colorless crystals: mp 212-215 "C; 'H NMR (DMSO-&) 3.74 
(3 H, s), 7.41-7.50 (2 H, m), 7.52-7.63 (4 H, m), 7.70 (1 H, 
dd, J = 8.2,4.4), 8.96 (1 H, dd, J = 4.4, 1,6), 9.43 ( lH ,  s). Anal. 
(C~HuN202) C, H, N. 
5-(4-Fluorophenyl)-7,8-dihydro-7-methyl-8-oxo-6-pyrido- 

[3,4-b]pyridinecarboxaldehyde (28b). Compound 24b (1.09 
g, 3.63 mmol) was treated according to the same procedure as 
described in the preparation of 28a to afford 28b as colorless 
crystals (0.65 g, 63%). Recrystallization from MeOH-THF- 
Et20 gave colorless crystals: mp 231-234 "C; 'H NMR 
(DMSO-de) 3.73 (3 H, s), 7.35-7.65 (5 H, m), 7.74 (1 H, dd, J 
= 8.2, 4.41, 8.96 (1 H, dd, J = 4.4, 1.41, 9.45 ( lH,  s). Anal. 
(CisHiiFNz02) C, H, N. 
7,8-Dihydro-7-methyl-5-(4-methylphenyl)-8-0~0-6-py- 

rido[3,4-b]pyridinecarboxaldehyde (28c). Compound 24c 
(1.46 g, 4.93 mmol) was treated according to the same 
procedure as described in the preparation of 28a t o  afford 28c 
as colorless crystals (1.07 g, 78%). Recrystallization from 
THF-IPE gave colorless crystals: mp 282-284 "C; 'H NMR 
2.48 (3 H, s), 3.95 (3 H, SI, 7.24 (2 H, d, J = 8.01, 7.36 (2H, d, 
J = 8.01, 7.53 (1 H, dd, J = 8.2, 4.41, 7.68 ( lH,  dd, J = 8.2, 
1.6), 9.01 (1 H, dd, J = 4.4, 1.61, 9.61 (1 H, s). Anal. 
(Ci7Hi4N202) C, H, N. 
7,8-Dihydro-7-methyl-8-oxo-5-phenyl-6-pyrido[3,4-b]- 

pyridinecarboxylic Acid (29a): From 25a. A mixture of 
25a (0.64 g, 1.73 mmol), 10% palladium-carbon (50% H2O) 
(300 mg), and MeOH (30 mL) was stirred under hydrogen a t  
room temperature for 1 h. The catalyst was removed by 
filtration, and the filtrate was concentrated to give 29a as 
colorless crystals (0.43 g, 89%). Recrystallization from MeOH- 
Et20 gave colorless crystals: mp 230-233 "C dec; 'H NMR 
(DMSO-d6) 3.50 (3 H, s), 7.10-7.80 (7 H, m), 8.82 (1 H, m). 
Anal. (c16H12N203-'/4H20) C, H, N. The compound 29a was 
treated with 4 N HC1-EtOAc to give hydrochloride of 29a as 
yellow crystals: mp 180-185 "C (turned to colorless crystals), 
230-233 "C dec; 'H NMR (DMSO-&) 3.57 (3 H, s), 7.30-7.40 
(2 H, m), 7.45-7.55 (3 H, m), 7.60 (1 H, dd, J = 8.2, 1.61, 7.73 
(1 H, dd, J = 8.2, 4.41, 8.88 (1 H, dd, J = 4.4, 1.6). Anal. 

From 27a. To a stirred mixture of 27a (5.79 g, 20.7 mmol), 
AcOH (50 mL), and concentrated HCl (150 mL) was added 
NaNO2 (50 g, 0.72 mol) portionwise a t  room temperature, and 
the mixture was stirred for 15 h. Salts were filtered off and 
washed with concentrated HC1 and MeOH. The filtrate was 
concentrated, and the residue was dissolved in MeOH. Salts 
were removed by filtration, and the filtrate was concentrated 
to  give hydrochloride of 29a as yellow crystals (5.35 g, 82%). 
The physicochemical data were identical with those of 29a 
prepared by the above method. 
From 28a. To a stirred mixture of 28a (1.0 g, 3.78 mmol), 

0.3 N NaOH (6 mL), and tBuOH (20 mL) was added KMn04 
(0.63 g, 3.99 mmol) portionwise a t  room temperature. After 
the mixture was stirred for 40 min, EtOH was added to the 
reaction mixture, which was stirred for 15 min. MnO2 was 
removed by filtration, and the filtrate was Concentrated. To 
the concentrate was added concentrated HC1, and the crystal- 
line residue (a mixture of salts) was removed by filtration. The 
filtrate was concentrated to give hydrochloride of 29a as yellow 
crystals (1.05 g, 91%). The physicochemical data were identi- 
cal with those of 29a prepared by the above method. 
5-(4Fluoropheny1)-7,8dihydro-7-methy1-& 

[3,4-b]pyridinecarboxylic Acid (29b). Compound 29b was 
prepared from 25b, 27b, and 28b by the same procedure as 
described in the preparation of 29a from 25a, 27a, and 28a. 
The yields were 85% from 25b, 88% from 27b, and 95% from 
28b. Recrystallization from MeOH-EtOAc gave colorless 
crystals (free form): mp 238-239 "C; 'H NMR (DMSO-&) 3.53 

(C16H13ClNz03.0.2HzO) C, H, N. 
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(3 H, s), 7.21 (2 H, t-like, J = 9.01, 7.39 (2 H, m), 7.45-7.61 (2 
H, m), 8.68 (1 H, dd, J = 4.0, 1.8). Anal. ( C I ~ H I I F N ~ O ~ - ~ / ~ H ~ O )  
C, H, N. 

7,8-Dihydro-7-methyl-5-(4-methylphenyl)-8-0~0-6-p~ 
rido[3,4-b]pyridinecarboxylic Acid (29c). Compound 29c 
was prepared from 27c and 28c by the same procedure as 
described in the preparation of 29a from 27a and 28a. The 
yields were 78% from 27c and 93% from 28c. Recrystallization 
from MeOH-THF gave yellow crystals (hydrochloride): mp 
178-183 "C (turned to colorless crystals), 249-251 "C dec; 'H 

H, s), 7.88 (1 H, dd, J = 8.5, 4.81, 8.02 (1 H, dd, J = 8.5, L4), 
9.04 (1 H, dd, J = 4.8, 1.4). Anal. (C17H15ClN203.0.2HzO) C, 
H, N. 
B-Pyrid0[3,4-b]pyridinecarboxamide Derivatives (30, 

Table 4). As a typical example, the preparation of 30a is 
described. To a solution of hydrochloride of 29b (8.90 g, 26.6 
mmolj in THF (200 mL) were added thionyl chloride (9.8 mL, 
134 mmol) and DMF (catalytic amount) at room temperature, 
and the mixture was refluxed for 3 h. After evaporation of 
the solvent, the residue was dissolved in CHzCl2 (200 mL). To 
the solution were added N-methyl-3,5-bis(trifluoromethyl)- 
benzylamine hydrochloride (8.8 g, 30.0 mmol) and Et3N (10.7 
mL, 76.8 mmol). The mixture was stirred a t  room temperature 
for 15 h. After evaporation of the solvent, the residue was 
diluted with EtOAc and washed successively with H20, 1 N 
HC1, aqueous NaHC03, and HzO. The organic layer was dried 
and concentrated to give 30a as colorless crystals (12.8 g, 90%). 
Similarly, 30b-i were prepared from 29a-c and (substituted) 
benzylamines. The physicochemical properties of 30a-i, all 
of which have trans conformation a t  the amide bond, are listed 
in Table 4. The detailed physicochemical data for 30g (trans 
rotamer) and 30g' (cis rotamer) are described below. 
N-[3,5-Bis(trifluoromethyl)benzyl] -7,8-dihydro-N,7-di- 

methyl-5-(4-methylphenyl)-8-oxo-6-pyrido[3,4-blp~idi- 
necarboxamide (30g: Trans Rotamer at the Amide 
Bond). Recrystallization from acetone-IPE gave colorless 
crystals: mp 197-199 "C; 'H NMR 2.33 (3 H, s), 2.80 (3  H, s), 
3 .66(3H,~) ,4 .27 (1H,d , J=15) ,4 .79 (1H,d , J=15) ,7 .01 -  
7.28 (4 H, m), 7.46 (1 H, dd, J = 8.0,4.0), 7.57 (2 H, s) ,  7.60 (1 
H, dd, J = 8.0, 2.0), 7.81 (1 H, s), 8.91 (1 H, dd, J = 4.0, 2.0); 
IR (Nujol, cm-') 1680, 1400, 1270, 1165; MS (electron impact) 
m l z  533 (M+), 514, 442, 277, 250. Anal. ( C ~ ~ H Z ~ F & O ~ )  C, 
H, N. 
N-[3,5-Bis(trifluoromethyl)benzyll-7,8-dihydro-N,7- 

dimethyl-5-(4-methylphenyl)-8-0~0-6-pyrido[3,4-b]pyridi- 
necarboxamide (30g': Cis Rotamer at the Amide Bond). 
The mother liquor obtained after crystallization of 30g (trans 
rotamer) was concentrated, and the concentrate was subjected 
to  silica gel column chromatography (MeOAc-CH2Cl2 = 4:l) 
to give 31g' as colorless crystals, which were analyzed without 
recrystallization: mp 164-166 "C;  lH NMR 2.46 (3 H, SI, 2.73 
(3 H, s), 3.69 (3  H, s), 4.21 (1 H, d, J = 161, 4.58 (1 H, d, J = 
16), 7.03-7.80 (9 H, m), 8.92 (1 H, dd, J = 4.4, 1.6); IR (Nujol, 
cm-l) 1670,1640,1420, 1400,1280, 1170; MS (electron impact) 
mlz  533 (M+j, 514, 442, 277, 250. Anal. ( C ~ ~ H Z I F ~ N ~ O ~ )  C, 
H, N. 

Single-Crystal X-ray Analysis of 30g. Crystals of 30g 
were grown from ethanovethyl ether. Data were collected on 
a diffractometer, Rigaku AFC5R, and corrected for Lorentz and 
polarization factors. Absorption correction was not applied. 
The structure was determined by direct methods with the aid 
of TEXSAN35 and refined by CRYLSQ36 in the XTAL package. 
The parameters refined include the coordinates and anisotropic 
thermal parameters for all non-hydrogen atoms. Hydrogen 
atoms were included using a riding model in which the 
distances from the bonded carbon atoms were fixed at 1.09 A. 
Thermal parameters of hydrogen atoms were taken from their 
bonded atoms as U,,, and fixed through the next several cycles 
of refinement. The final R factor was 0.096. It is presumed 
that this large R factor can be ascribed to the small size of 
the crystal. Crystal data and conditions of data collection are 
summarized in Table 5. Tables of atomic coordinates, thermal 
parameters, bond distances, bond angles, and torsion angles 
are available as supporting information. 

Molecular Modeling Studies. A generation of low-energy 
conformers was carried out by Systematic Conformation 

NMR (CDC13 + DMSO-&) 2.43 (3 H, s), 3.77 (3  H, s), 7.29 (4 

Table 5. Summary of Crystal Data and Intensity Collections 
for 3Og 

formula C27H2iN302Fs 

crystal color, habit colorless, prism 
crystal system monoclinic 

formula weight 553.47 

space group 
a (A) 
b (A) 
c (A, 
I3 (deg) 
v ('43) 
z 
calculated density (g/cm3) 
absorption coef (cm-l) 
temperature ("C)  
radiation 
28 range of reflections for 

cell determination (deg) 
scan mode 
scan speed (deglmin) 
20 range of data collection (deg) 
no. of unique reflections 
no. of reflections used for 

refinement (F z 3uF) 
R,a RWb 

P211n 
12.173(4) 
12.462(5) 
16.897(4) 
106.38(2) 
2452(1) 
4 
1.445 
1.35 
23 
Mo Ka (0.710 73 A) 
11-22 

28-0 
16 
3-50 
4549 
1672 

0.096, 0.095 

Search of SearcWCompare Module in Insight I1 (ver. 2.3.5, 
Biosym Technologies, Inc.). As for the azaisoquinolone (pyrido- 
[3,4-b]pyridine) ring of 30g and 30g', the crystal structure, Le., 
a planar structure, was adopted in this procedure. Bond 
rotation increments for single bonds and an amide bond were 
set a t  30" and 180", respectively, and the energy threshold used 
was 20 kcavmol from the most stable conformer. Relative 
energy of the conformers was estimated by single-point 
calculations using Discover CVFF force field (ver 2.96, Biosym 
Technologies, Inc.). The numbers of conformers obtained for 
30g (including 30g') and CP-99,994 are 85 and 50, respectively. 
Pharmacophore prediction was performed using Apex-3D (ver 
1.4.3, Biosym Technologies, Inc. and DCL System Interna- 
tional Ltd.) and molecular indices calculated by MOPAC (ver. 
6.00, QCPE program). The plausible pharmacophores were 
chosen on the basis of the intersection volume of 3Og (including 
30g') and CP-99,994 on Insight 11. The calculated intersection 
volume is 191 A3 for the first pharmacophore (Figure 4) and 
182 A3 for the second one (Figure 4). All these procedures were 
carried out on the INDIGO2 workstation of Silicon Graphics, 
Inc. 

[1251]Bolton-Hunter (BH) Substance P Binding in 
Human IM-9 Cells and in Rat Forebrain. (1) Prepara- 
tion of Receptors. The receptors from human lymphoblast 
cells (IM-9) were prepared according to the protocol in the 
literature2' with minor modification. IM-9 cells (2 x lo5 cells/ 
mL) were inoculated and incubated for 3 days (1 L) and then 
subjected to centrifugation for 5 min a t  500g to obtain a cell 
pellet. The pellet was washed once with phosphate buffer 
(Flow Laboratories, cat. no. 28-103-051, crushed using a 
Polytron homogenizer (Kinematika, Germany) in 30 mL of 50 
mM Tris-HC1 buffer (pH 7.4) containing NaCl(120 mM), KC1 
(5 mM), chymostatin (2 pg/mL), bacitracin (40 pglmL), phen- 
ylmethanesulfonyl fluoride (0.5 mM), and ethylenediamine- 
tetraacetic acid (EDTA) (1 mM), and then centrifuged a t  
40000g for 20 min. The residue was washed twice with 30 
mL of the above-mentioned buffer and then preserved frozen 
(-80 " C )  as a receptor specimen. The receptors from the rat 
brain were prepared according to the protocol in the litera- 
ture28 with minor modification. The Wistar rats (male, 8 
weeks old) (Charles-River) were sacrificed by decapitation, and 
the forebrain was homogenized in 30 m u r a t  of 150 mM Tris- 
HCl buffer (pH 7.4) containing NaCl(120 mM) and KC1 (5 mM) 
using a Polytron homogenizer and then centrifuged a t  40000g 
for 20 min. The pellet was suspended in 30 mL of 50 mM Tris- 
HC1 buffer (pH 7.4) containing KCl (300 mM) and EDTA (10 
mM) and stirred gently with ice-cooling for 30 min. This 
suspension was centrifuged a t  40000g for 20 min, and the 
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residue was washed with 30 mL of the above-mentioned buffer 
and then preserved frozen (-80 “C) as  a receptor specimen. 

(2) Radioligand Binding Assay. The above specimen was 
suspended in a reaction buffer [50 mM Tris-HC1 buffer (pH 
7.41, 0.02% bovine serum albumin, phenylmethanesulfonyl 
fluoride (1 mM), chymostatin (2 pg/mL), bacitracin (40 ,ug/mL) 
and MnClz (3 mM)], and a 100 pL portion of the suspension 
(corresponding to 150 pg of rat brain or 75 pg of IM-9 protein) 
was used in the reaction. After addition of the sample and 
[1251]BH-SP (0.46 kbq), the reaction was allowed to proceed in 
0.2 mL of reaction mixture at 25 “C for 3Omin. The amount 
of nonspecific binding was determined by adding SP at a final 
concentration of 2 x M. After the reaction, a cell 
harvester (290PHD, Cambridge Technology, Inc., Cambridge, 
England) was used, and the reaction was terminated by rapid 
filtration through a glass filter (GFB) (Whatman, USA). After 
washing three times with 50 mM Tris-HC1 buffer (pH 7.4) 
containing 0.02% bovine serum albumin, the radioactivity 
remaining on the filter was measured with a y counter. Before 
use, the filter was immersed in 0.1% poly(ethy1enimine) for 
24 h and air-dried. 

Ileum Contraction Assay. Experiments were performed 
on ilea taken from guinea pigs (Std Hartley, male, 250 g) fasted 
overnight. Animals were killed by stunning and exsan- 
guination. Ileum segments of about 3 cm in length were 
suspended in 20 mL organ baths containing warm (37 “C) 
oxygenated (with a mixture of 95% 0 2  and 5% COz) Tyrode’s 
solution of the following composition in g/L: MgC128Hz0, 
0.214; NaHZP04, 0.065; KC1, 0.2; CaClp2H20, 0.264; NaCl, 8; 
NaHC03, 1; glucose, 1. The tissues were stretched with 0.5 g 
of tension. Changes in tension were recorded on an Oscillo- 
graph model RECTUI-HORIZ-8K (Japan Electric Sanei Co. 
Ltd.) with an isotonic transducer (ME-4013) (Suruga Electric 
Co. Ltd.). The preparation was allowed to equilibrate for 60 
min. Apparent affinity of samples (pA2)  was determined by 
measuring biological responses to SP on ileum in the absence 
or presence of the sample. The sample was added 5 min before 
the effect was measured. The inhibition with compounds 
30a,f,g was competitive in the concentration range of 1.0 x 

M to 5.0 x 10-lo M. The p A 2  values of 30a,f,g and (f)- 
CP-99,994 determined by Schild pl0tting3~ were 9.76 f 0.17, 
9.73 =k 0.13, 9.73 f 0.17, and 9.81 f 0.01, respectively ( n  = 
3). 

Inhibitory Effect on Capsaicin-Induced Plasma Ex- 
travasation in the Trachea of Guinea Pigs. The inhibitory 
effect was determined according to the protocol in the litera- 
tureZ2 with minor modification. Guinea pigs (Std Hartley, 
male) ( n  = 6) were anesthetized with 35 mgkg of pentobarbital 
injected intraperitoneally, and the test sample dissolved in 
DMSO was then administered intravenously (iv) (in the oral 
administration test, the sample was administered 45 min prior 
to the pentobarbital injection). Five minutes after administra- 
tion, a solution of capsaicin (150 mgkg) and Evans’ blue dye 
(20 mgkg) in ethanol-saline (3:7) was administered (iv) to 
cause the reaction. Ten minutes later, test animals were 
sacrificed by cutting the aorta and then were perfused through 
pulmonary artery with 50 mL of physiological saline. The 
trachea was excised, and its wet weight was measured. Evans’ 
blue dye was extracted by incubation in 1 mL of acetone-0.3% 
sodium sulfate (7:3) overnight. After centrihgation at 2800 
rpm for 5 min, the concentration of Evans’ blue dye in the 
supernatant was quantified by determining the absorbance at 
620 nm. Plasma extravasation was expressed in terms of the 
amount of extracted Evans’ blue dye (mg) relative to the weight 
of the trachea (g). The efficacy of the sample was evaluated 
by calculating the percent inhibition in accordance with the 
following formula: % inhibition = [l - (A - B)/(C - B)] x 
100, in which A, B, and C represent the amount of Evans’ blue 
dye (mg/g) obtained in the test animal, in the group not treated 
with capsaicin (blank) (mean value) and in the control group 
(mean value), respectively. 

Acknowledgment. The authors wish to thank Drs. 
M. Fujino, S. Terao, and K. Meguro for encouragement 
throughout this work. Thanks are also due to Mr. A. 
Fujishima for the X-ray analysis and to Mr. S. Okanishi 
for in vivo screening. 

Journal of Medicinal Chemistry, 1995, Vol. 38, No. 16 3119 

Supporting Information Available: Crystallographic 
data for 3Og and lH NMR data of 1, 11, 14,15,16, 19, and 30 
(12 pages). Ordering information is given on any current 
masthead page. 

References 
von Euler, U. S.; Gaddum, J. H. An Unidentified Depressor 
Substance in Certain Tissue Extracts. J .  Physiol. 1931, 72,74- 
87. 
Chang, M. M.; Leeman, S. E.; Niall, H. D. Amino Acid Sequence 
of Substance P. Nature (London), New Biol. 1971,232, 86-87. 
Review articles: (a) Otsuka, M.; Yoshioka, K. Neurotransmitter 
Functions of Mammalian Tachykinins. Physiol. Rev. 1993, 73, 
229-308. (b) Maggi, C. A.; Patacchini, R.; Rovero, P.; Giachetti, 
A. Tachykinin Receptors and Tachykinin Receptor Antagonists. 
J. Auton. Pharmacol. 1993, 13, 23-93. 
(a) Snider, R. M.; Constantine, J. W.; Lowe, J .  A,, 111; Longo, K. 
P.; Lebel, W. S.; Woody, H. A.; Drozda, S. E.; Desai, M. C.; Vinick, 
F. J.; Spencer, R. W.; Hess, H.-J. A Potent Nonpeptide Antago- 
nist of the Substance P (NK1) Receptor. Science 1991,251,435- 
437. (b) McLean, S.; Ganong, A. H.; Seeger, T. F.; Bryce, D. K.; 
Pratt, K. G.; Reynolds, L. S.; Siok, C. J.; Lowe, J .  A., 111; Heym, 
J. Activity and Distribution of Binding Sites in Brain of a 
Nonpeptide Substance P (NK1) Receptor Antagonist. Science 
1991,251, 437-439. (c) Lowe, J. A., 111; Drozda, S. E.; Snider, 
R. M.; Longo, K. P.; Zorn, S. H.; Morrone, J.; Jackson, E. R.; 
McLean, S.; Bryce, D. K.; Bordner, J.; Nagahisa, A,; Kanai, Y.; 
Suga, 0.; Tsuchiya, M. The Discovery of (2S,3S)-cis-2-(Diphen- 
ylmethyl)-N-[~2-methoxyphenyl)methyll-l-azabi~clo[2.2.2l~tan- 
3-amine as a Novel, Nonpeptide Substance P Antagonist. J.  Med. 
Chem. 1992, 35, 2591-2600. (d) Howson, W.; Hodgson, J . ;  
Richardson, R.; Walton, L.; Guard, S.; Watling, K. An SAR Study 
for the Non-peptide Substance P Receptor (NK1) Antagonist, CP- 
96,345. Bioorg. Med. Chem. Lett. 1992,2,559-564. (e) Schmidt, 
A. W.; Mclean, S.; Heym, J. The Substance P Receptor Antago- 
nist CP-96,345 Interacts with Ca2+ Channels. Eur. J.  Pharmacol. 
1992, 215, 351-352. (0 Nagahisa, A.; Asai, R.; Kanai, Y.; 
Murase, A.; Tsuchiya-Nakagaki, M.; Nakagaki, T.; Shieh, T.- 
C.; Taniguchi, K. Non-specific Activity of (f)-CP-96,345 in 
Models of Pain and Inflammation. Br. J.  Pharmacol. 1992,107, 
273-275. (g) Constantine, J. W.; Lebel, W. S.; Woody, H. A.; 
Benoit, P. A.; Wolfgang, E. A,; Knight D. R. Cardiovascular 
Effects of CP-96,345, a Non-Peptide Blocker of Tachykinin in 
NK1 Receptors. Eur. J.  Pharmacol. 1994, 252, 275-282. (h) 
Lowe, J. A., 111; Drozda, S. E.; McLean, S.; Crawford, R. T.; 
Bryce, D. K.; Bordner, J. N-Alkyl Quinuclidinium Substance P 
Antagonists. Bioorg. Med. Chem. Lett. 1994, 4, 1153-1156. 
(a) Garret, C.; Carruette, A.; Fardin, V.; Moussaoui, S; Peyronel, 
J. F.; Blanchard, J.-C.; Laduron, P. Pharmacological Properties 
of a Potent and Selective Non-Peptide Substance P Antagonist. 
Proc. Natl. Acad. Sci. U.S.A. 1991, 88, 10208-10212. (b) 
Peyronel, J.-F.; Truchon, A.; Moutonnier, C.; Garret, C. Synthe- 
sis of RP67580, a New Potent Nonpeptide Substance P Antago- 
nist. Bworg. Med. Chem. Lett. 1992,2, 37-40. 
(a) Desai, M. C.; Lefkowitz, S. L.; Thadeio, P. F.; Longo, K. P.; 
Snider, R. M. Discovery of a Potent Substance P Antagonist: 
Recognition of the Key Molecular Determinant. J .  Med. Chem. 
1992,35,4911-4913. (b) McLean, S.; Ganong, A.; Seymour, P. 
A.; Snider, R. M.; Desai, M. C.; Rosen, T.; Bryce, D. K.; Longo, 
K. P.; Reynolds, L. S.; Robinson, G.; Schmidt, A. W.; Siok, C.; 
Heym, J .  Pharmacology of CP-99,994; a Nonpeptide Antagonist 
of the Tachykinin Neurokinin-1 Receptor. J .  Pharmacol. Exp. 
Ther. 1993,267,472-479. (c) Desai, M. C.; Vincent, L. A,; Rizzi, 
J. P. Importance of Parallel Vectors and “Hydrophobic Collapse” 
of Aligned Aromatic Rings: Discovery of a Potent Substance P 
Antagonist. J. Med. Chem. 1994,37, 4263-4266. 
(a) Emonds-Alt, X.; Doutremepuichi, J.-D.; Heaulme, M.; Neliat, 
G.; Santucci, V.; Steinberg, R.; Vilain, P.; Bichon, D.; Ducoux, 
J.-P.; Proietto, V.; Broeck, D. V.; Soubri, P.; Fur, G.  L.; Breliere, 
J.-C. In Vitro and In Vivo Biological Activities of SR140333, a 
Novel Potent Non-peptide Tachykinin NK1 Receptor Antagonist. 
Eur. J. Pharmacol. 1993,250, 403-413. (b) Jung, M.; Calassi, 
R.; Maruani, J.; Barnouin, M. C.; Souilhac, J.; Poncelet, M.; 
Gueudet, C.; Emonds-Alt, X.; Soubri, P.; Breliere, J .  C.; Fur, G. 
L. Neuropharmacological Characterization of SR140333, a Non 
Peptide Antagonist of NK1 Receptors. Neuropharmacology 1994, 
33, 167-179. 
Vassout, A.; Schaub, M.; Gentsch, C.; Ofner, S.; Schilling, W.; 
Veenstra, S. CGP49823, a Novel NK1 Receptor Antagonist: 
Behavioural Effects. Neuropeptides 1994,26 (Suppl. l), 38. 
(a) Tabart, M.; Peyronel, J.-F. Synthesis of RPR100893, Proto- 
type of a New Series of Potent and Selective Non Peptide NKI 
Antagonists: The Triarylperhydroisoindolols. Bioorg. Med. Chem. 
Lett. 1994,4, 673-676. (b) Fardin, V.; Carruette, A.; Menager, 
J.; Bock, M.; Flamand, 0.; Faucoult, F.; Heuillet, E.; Moussaoui, 
S. M.; Tabart, M.; Peyronel, J. F.; Garret, C. In Vitro Pharma- 
cological Profile of RPR100893, a Novel Non-peptide Antagonist 
of the Human NK1 Receptor. Neuropeptides 1994,26 (Suppl. l), 



3120 J o u r n a l  of Medicinal Chemistry, 1995, Vol. 38, No. 16 

34. (c) Moussaoui, S. M.; Montier, F.; Carruette, A.; Fardin, V.; 
Floch, A,; Garret, C. In Vivo Pharmacological Profile of 
RPR100893, a Novel Non-peptide Antagonist of the Human NK1 
Receptor. Neuropeptides 1994, 26 (Suppl. 11, 35. 

(10) (a) MacLeod, A. M.; Merchant, K. J.; Cascieri, M. A,; Sadowski, 
S.; Ber, E.; Swain, C. J.; Baker, R. N-Acyl-L-tryptophan Benzyl 
Esters: Potent Substance P Receptor Antagonists. J.  Med. 
Chem. 1993,36, 2044-2045. (b) Macleod, A. M.; Merchant, K. 
J.; Brookfield, F.; Kelleher, F.; Stevenson, G.; Owens, A. P.; 
Swain, C. J.; Cascieri, M. A.; Sadowski, S.; Ber, E.; Strader, C. 
D.; MacIntyre, D. E.; Metzger, J. M.; Ball, R. G.; Baker, R. 
Identification of L-Tryptophan Derivatives with Potent and 
Selective Antagonist Activity at  the NK1 Receptor. J.  Med. Chem. 
1994, 37, 1269-1274. (c) Cascieri, M. A,; Macleod, A. M.; 
Underwood, D.; Shiao, L.-L.; Ber, E.; Sadowski, S.; Yu, H.; 
Merchant, K. J.; Swain, C. J.; Strader, C. D.; Fong, T. M. 
Characterization of the Interaction of N-Acyl-L-tryptophan 
Benzyl Ester Neurokinin Antagonists with the Human Neuro- 
kinin-1 Receptor. J .  Biol. Chem. 1994, 269, 6587-6591. id) 
Lewis, R. T.; Macleod, A. M.; Merchant, K. J. ;  Kelleher, F.; 
Sanderson, I.; Herbert, R. H.; Cascieri, M. A,; Sadowski, S.; Ball, 
R. G.; Hoogsteen, K. Tryptophan-Derived NK1 Antagonists: 
Conformationally Constrained Heterocyclic Bioisosteres of the 
Ester Linkage. J .  Med. Chem. 1995,38, 923-933. (e) Macleod, 
A. M.; Cascieri, M. A.; Merchant, K. J.; Sadowski, S.; Hardwicke, 
S.; Lewis, R. T.; MacIntyre, D. E.; Metzger, J. M.; Fong, T. M.; 
Shepheard. S.; Tattersall, F. D.; Hargreaves, R.; Baker, R. 
Synthesis and Biological Evaluation of NK1 Antagonists Derived 
from L-Tryptophan. J .  Med. Chem. 1995,38,934-941. 

(11) (a) Hashimoto, M.; Hayashi, K.; Murai, M.; Fujii, T.; Nishikawa, 
M.; Kiyotoh, S.; Okuhara, M.; Kohsaka, M.; Imanaka, H. 
WS9326A, A Novel Tachykinin Antagonist Isolated from Strep- 
tomyces violaceusniger No.9326 11. Biological and Pharmacologi- 
cal Properties of WS9326A and Tetrahydro-WS9326A(FK224) 
J .  Antibiot. 1992,45, 1064-1070. (b) Morimoto, H.; Murai, M.; 
Maeda, Y.; Yamaoka, M.; Nishikawa, M.; Kiyotoh, S.; Fujii, T. 
FK224, A Novel Cyclopeptide Substance P Antagonist with NK1 
and NK2 Receptor Selectivity. J .  Pharmacol. Erp. Ther. 1992, 
262,398-402. (c) Murai, M.; Morimoto, H.; Maeda, Y.; Kiyotoh, 
S.; Nishikawa, M.; Fujii, T. Effects of FK224, a Novel Compound 
NK1 and NK2 Receptor Antagonist, on Airway Constriction and 
Airway Edema Induced by Neurokinins and Sensory Nerve 
Stimulation in Guinea Pigs. J .  Pharmacol. Exp. Ther. 1992,262, 
403-408. 

(12) (a) Fujii, T.; Murai, M.; Morimoto, H.; Maeda, Y.; Yamaoka, M.; 
Hagiwara, D.; Miyake, H.; Matsuo, M. Pharmacological Profile 
of a High Affinity Dipeptide NK1 Receptor Antagonist, FK888. 
Br. J.  Pharmacol. 1992, 107, 785-789. ib) Murai, M.; Maeda, 
Y.; Hagiwara, D.; Miyake, H.; Igari, N.; Matsuo, M.; Fujii, T. 
Effects of an NK1 Receptor Antagonist, FK888, on Constriction 
and Plasma Extravasation Induced in Guinea Pig Airway by 
Neurokinins and Capsaicin. Eur. J .  Pharmacol. 1993,236,7-13. 
(c) Hagiwara, D.; Miyake, H.; Igari, N.; Karino, M.; Maeda, Y.; 
Fujii, T.; Matsuo, M. Studies on Neurokinin Antagonists. 4. 
Synthesis and Structure-Activity Relationships of Novel Dipep- 
tide Substance P Antagonists: N2-[(4R)-4-Hydroxy-l-[(l-methyl- 
1H-indol-3-yl~carbonyll-L-prolyl]-N-methyl-N-(phenylmethyl~-3- 
(2-naphthyl)-L-alaninamide and Its Related Compounds. J .  Med. 
Chem. 1994,37, 2090-2099. 

(13) Freidinger, R. M. Non-peptide Ligands for Peptide Receptors. 
Trends Pharmacol. Sci. 1989, 10, 270-274. 

(14) Zhang, L.; Mantey, S.; Jensen, R. T.; Gardner, J. D. An Analogue 
of Substance P with Broad Receptor Antagonist Activity. Bio- 
chim. Biophys. Acta 1988, 972, 37-44. 

(15) Bock, M. G.; Dipardo, R. M.; Evans, B. E.; Rittle, K. E.; Witter, 
W. L.; Veber, D. F.; Anderson, P. S.; Freidinger, R. M. Benzo- 
diazepine Gastrin and Brain Cholecystokinin Receptor 
Ligands: L-365,260. J .  Med. Chem. 1989, 32, 13-16. 

(16) Duro, F.; Condorelli, P. Reaction of Ethyl Bromomalonate with 
o-Ketonic Benzoic Acids. Boll. Sedute Accad. Gioenia Sci. Nut. 
Catania 1960, 6,  606-616; Chem. Abstr. 1963, 58, 9010. 

(17) May and Baker Ltd. Isoquinolinones. Eur. Pat. 0326386A2,1989. 
(18) Duro, F.; Santagati, N. A.; Vittorio F. Synthesis and Pharma- 

cological Activity of Amino- and Dialkylaminoalkylamide De- 
rivatives of 3-Carboxy-4-phenylisoquinoline Part I. IZ Farmaco- 
Ed.&. 1981, 36, 400-411; Chem. Abstr. 1981,95, 115239~. 

(19) The intermediary formation of the 4-membered ring is presumed 
because treatment of 6 under the dehydration conditions did not 
lead decarboxylation. 

(20) Staab, H. A.; Lauer, D. Stabile Rotationsisomere von Carbon- 
saureamiden. (Stable Rotational Isomers of Carboxylic Acid 
Amides.) Tetrahedron Lett. 1966, 4593-4598. 

Natsugar i  et al. 

(22) 

(23) 

(27) 

(28) 

(29) 

(31) 

(32) 

(33) 

(34) 

Cascieri, M. A.; Ber, E.; Fong, T. N.; Sadowski, S.; Basal, A.; 
Swain C.; Seward, E.; Frances, B.; Burns D.; Strader, C. D. 
Characterization of the Binding of a Potent, Selective Radio- 
iodonated Antagonist to the Human Neurokinin-1 Receptor. Mol. 
Pharmacol. 1992,42, 458-463. 
Eglezos, A,; Giuliani, S.; Viti, G.; Maggi, C. A. Direct Evidence 
That Capsaicin- induced Plasma Protein Extravasation is Medi- 
ated through Tachykinin NK1 Receptors. Eur. J .  Pharmacol. 
1991,209, 277-279. 
Boyle, S.; Guard, S.; Higginbottom, M.; Horwell, D. C.; Howson, 
W.; McKnight, A. T.; Martin, K.; Pritchard, M. C.; OToole, J.; 
Raphy, J.; Rees, D. C.; Roberts, E.; Watling, K. J.; Woodruff, G. 
N.; Hughes, J .  Rational Design of High Affinity Tachykinin NK1 
Receptor Antagonists. Bioorg. Med. Chem. 1994,2, 357-370. 
Swain, C.; Seward, E.; Sabin, V.; Owen, S.; Baker, R.; Cascieri, 
M. A,; Sadowski, S.; Strader, C. D.; Ball, R. G. Quinuclidine 
Based NK-1 Antagonists 2: Determination of the Absolute 
Stereochemical Requirements. Bioorg. Med. Chem. Lett. 1993, 
3, 1703-1706. 
(i)-CP-99,994, which was used as a reference compound in this 
study, was prepared according to the protocol disclosed in the 
patent literature: Desai, M. C.; Rosen, T. J. 3-Aminopiperidine 
Derivatives and Related Nitrogen Containing Heterocycles. Eur. 
Pat. 0436334A2, 1991. 
The in vitro and in vivo activities of 30g‘ were measured 
immediately after dissolution of the sample in the biological 
testing medium (DMSO). Interconversion of the rotamer 30g‘ 
to 30g was confirmed in the in vitro NK1 receptor binding assay; 
i.e., when the affinity of 30g‘ was measured using a solution 
which had been allowed to stand for 24 h at  25 “C, the potency 
was enhanced ca. 10-fold, whereas the affinity after 1 h was 
almost same as that immediately after dissolution. From these 
results and the conditions (temperature, time frame) for the in 
vitro (25 “C, 30 min) and in vivo (ca. 39 “C, 15 min) tests, the 
data on 30g‘ seem to accurately reflect the intrinsic affinity of 
30g‘. 
Good oral availability of 30a, 30f, and 30g has been seen in 
guinea pigs and rats, and the data will be reported in due course. 
Quirion, R.; Pilapil, C. Comparative Potencies of Substance P, 
Substance K and Neuromedin K on Brain Substance P Recep- 
tors. Neuropeptides 1984, 4, 325-329. 
van Giersbergen, P. L. M.; Shatzer, S. A,; Henderson, A. K.; Lai, 
J.; Nakanishi, S.; Yamamura, H. I.; Buck, S. H. Characterization 
of a Tachykinin Peptide NK2 Receptor Transfected into Murine 
Fibroblast B82 Cells. Proc. Natl. Acad. Sci. USA.  1991, 88, 

Renzetti, A. R.; Barsacchi, P.; Criscuoli, M.; Lucacchini, A. 
Characterization of NK-3 Binding Sites in Rat and Guinea Pig 
Cortical Membranes by the Selective Ligand PHISenktide. 
Neuropeptides 1991, 18, 107-114. 
Neither the isoquinolone-amide (11) nor pyrido[3,4-b]pyridine- 
amide (30) series of SP antagonists seem to interact with the 
L-type Ca2+ channels; compounds l ln ,  30a, and 30f did not 
displace or enhance L3H1nitrendipine binding to membranes from 
rat brain cortices at the concentration of 10 yM. 
The conformations generated here are not minimized structures 
and a rather large threshold value (20 kcallmol) was adopted, 
since the active conformation, which is not necessarily in a local 
minimum, might be missed by the energy minimization. 
The crystal structure might be stabilized to some extent by 
intermolecular interactions. 
The two models, in which the amide “nitrogen” in 30g (instead 
of the amide “oxygen”) are superimposed on the exocyclic amine 
nitrogen in CP-99,994, in place of Figure 4 were also shown 
possess large intersection volumes. However, we preferred the 
models depicted in Figure 4 since the amide “oxygen” in 30g 
may be more likely as the key site for receptor recognition 
(presumably via hydrogen bonding) as recently reported for the 
tryptophan ester NK1 antagonist L-732,l38.lod 
TEXSAN: Single Crystal Structure Analysis Software, Version 
5.0; Molecular Structure Corporation, The Woodlands, TX 77381, 
1989. 
Olthof-Hazekamp, R. CRYLSQ. XTAL2.6 User’s Manual; Hall, 
S. R., Stewart, J. M., Eds.; Universities of Western Australia 
and Maryland: Lamb, Perth, 1989. 
Schild, H. 0. The Use of Drug Antagonists for the Identification 
and Classification of Drugs. Brit. J.  Pharmacol. 1947, 2, 
251-258. 

JM950127C 

1661 - 1665. 


