2-phenyl-1,8-ngphthyridin-4-one (2-PN)

2-PN

2-Phenyl-1,8-naphthyridin-4-one

1986  Cheng' (tricyclic chemica

structural pattern) antineoplastic activity Fg. 1

naphthalene 2 phenyl ring (A)
(heterocyclic units) tricin (B) kaempferol
(®) (flavonoids) antimutagenic®  anti-
leukemic® 1995 (microtubles)

3',5-dihydroxy-4',3,6,7,8-pentamethoxy flavonone (D)
colchicine (inhibition of colchicines
binding; ICB) flavonoid
azaflavone (E) 2-phenyl-4-
quinolones (2-PQ)
E.Hamel cytotoxicity, inhibition of tubulin

polymerization (ITP) inhibition of colchicine binding (ICB)

3



colchicine ITP 1CB
NCI patterns of differential cytotoxicity toward human
tumor cell lines
(antimitotic agent)*
2-phenylnaphthyridin-4-ones multiple substituted 2-phenyl-
quinolin-4-ones  2-phenylquinazolin-4-ones  tetrahydro-2-phenylquinolin-
4-ones (structure activity relation

ships; SAR)*™

OH

Fig.1 Tricyclic chemical structural pattern



PQ [PQ (2-phenyl-4-quindlones)
DHPQ (2,3-dihydro-2-phenyl-4-quinolones) PN (2-phenyl-1,8-naphthyridin
-4-one) PQZ (2-phenylquinazolin-4-one) DHPQZ (2,3-dihydro-2-

phenylquinazolin-4-one) ] *™ (Fig. 2)

PQZ DHPQZ

Fig. 2 2-Phenyl-4-quinolone analogus

(A) 2-Phenyl-4-quinolone (PQ)

2-phenyl-4-quindones (PQ)

m



A C biaryl A C

B A
6 C 3
10~11
A
PQ
(B) 2,3-Dihydro-2-phenyl-4-quinolone (DHPQ)
2,3-dihydro-2-phenyl-4-quinolones (DHPQ)'**
[
(HCT-8) (MCF-7) (A-549) (KB)
(PC-3) (1A9) (HOS) (UB7-MG)
P-gp- (KB-VIN) (SK-MEL-2) ]
cytotoxicity 6 3 PQ
chird
center enantiomers opticaly pure
( Disomers racemate () isomers antitubulin

cytotoxicity



(C) 2-Phenyl-1,8-naphthyridin-4-one (PN)*#*°

PN cytotoxiaty
3
OCH; -Cl ) 6
PN
DHPQ

(D) 2-Phenyl-quinazoline-4-one (PQZ)**

B tubulin
3 -OCH;

2 4  -OCH; “OCH,
DHPQZ  ( Hsomers

( )-isomers



13 (protofilaments)

(Fg. 3) (tubulin)
a B
25 nm 15 nm 10 nm 1 pm
Mm a B 55000
110000 GTP (guanosine

triphosphate) N (N-site) a

E (E-site) B N GTP

GTP (Non-exchangeable)
E GTP GTP 2
GTP GDP

(microtubule-associated proteins) (Fig. 5) MAP1 MAP2 Tau



Fig. 4 (protofilaments) o B

25

Microtubule

g 1 o By w een T Al P el

Fig. 5 (microtubule-associated proteins)™®
9




kinesn

dynein ATP

(spindle pole)
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2-PQ

() 6-Pyrralinyl-DHPQ  6-pyrrolinyl-PQ 27-28

(1) 2-Amino-5-pyrrolinylacetophenone

Scheme 1 3-chloroacetophenone pyrrolidine

2-amino-5-pyrrolinylacetophenone

(2) 6-Pyrrolinyl-DHPQ derivatives

Scheme 1 2-amino-5-pyrrolinylacetophenone
substituted benzaldehyde 6-pyrrolinyl-DHPQ
derivatives

(3) 6-Pyrrolinyl-PQ derivatives
Scheme 1 substituted benzaldehyde
amide linkage 6-pyrrolinyl-PQ

derivatives

1



(1) 2-amino-5-pyrrolinylacetophenone
(e}

o
cl cl H Q
cHy HNOL(f) / H,S0, cHy \ / \ N’

NO,

10%Pd/C

2 6-pyrrolinyl-DHPQ derivatives

Q
10%NaOH
c H.OH
_HPO,THOA.
) 6-pyrrolinyl-PQ derivatives
Cl
oy Q.
N 2,
cH, ©O R CHg
- . R
NH, NH
o
t-BuOK |
t-BUOH

Scheme 1



( )PN

Al8
Scheme 2 substituted 2-aminopyridine  substituted

benzaldehyde 2-(arylideneamino)pyridine chloroacetyl

chloride 2-phenylpyrido[ 1,2-a]pyrimidin-4-one

PQ PN

A

R' R
SO Wy
P O
N NH, kN/ N=CH
H

CICH,COCI

o
i — N%\Q —350 °C » R
E\ :k\
N
R

Scheme 2

N\ /

Iz

PN

13



18-19
B

Scheme 3 substituted 2-aminopyridine  substituted ethyl
benzoyacetate  polyphosphoric acid (PPA) 2-phenylpyrido-
[1,2-a]pyrimidin-4-one 350 PQ

PN

B o

0
CH3 )J\
R + H5C 20 OC,Hsg

Diethy carbonate

NaH | Toluene
(0] (o]
/ R
N NH2
Polyphosphoric acid
o [e]
X
7y | 350 °C R |
_
\ \N N/ N
H
PN R

Scheme 3

14



( )2-PN 2-thienyl-naphthyridinone
29

Scheme 4 benzo[b]thiophene-2-carbonyl chloride
dimethyl malonate benzo[b]thiophene-2-carbonylmal onate
PN PPA substituted 2-amino-
pyridine 350 2-thienyl-

naphthyridinone

Cl
@i\>—< + CH,(COOCH,),
S O

NaH | THF

PPA

Y

350°C

2-thienyl-naphthyridinone

Scheme 4

15



( )PQZ DHPQZ 21

Scheme 5 substituted-2-nitroenzoic acids thionyl
chloride amide
PQZ DHPQZ substituted 2-amino-benzamides
DMAC (N,N-dimethylacetamide) A)
150 NaHSO; (B) p-toluenesulfonic acid substituted
benzal dehyde PQ PQZ DHPQZ

COOH COcCl
R SOCl,, benzene R4©: NHs, benzene
0, reflux \o, RT.
o X CONH,
R H,/ Pd-C . R I
O2 G

NH,

(A) . 7

CONH, NaHSO,

NH
R‘@i + H N,N-dimethylacetamide
R
NH
2 150 °C R
PQz

)

4@ﬁknﬁ
R
N/J\ 3
o PQZz
CONH, 4-tolunesulfonic acid Q
BT ————

R + M N,N-dimethylacetamide +

NH, R RT. o

Scheme 5 DHPQZ

16



350

PN

PN

sodium sdt

17

(prodrugs)

PN



2-phenyl-1,8-naphthyridin-4-one

-F -Cl -OCH:

1-6
1R,=H,Rs=Cl,Rs =H
2R;=H,Rs = OCHy Re=H
3R,=Cl,Ry=H,R;=H
4R,=F,R;,=H,R =H
5R,=H,R,=H,R,=Cl
6R,=H,R,=H,R,=H

R1
R, \
> +
R N NH2
13-16

13R,= CH, ,R,=H, R, =H
14R,= H, R,= CH, ,R,=H
15 R,= H, R,= H, R;= CH,
16 R,= H, R,= H, R;=H

115-125 °C
R3 o]
R
Y
R \ \N
Ry
17-26 Rg

17 R,=H, R,=H,R,=H,R,=H,R,=Cl, R = H

18 Ry= CHy, R; = H, Re= H, Ry= H, Ry= Cl, Re= H

19 Ry= H, R, = CH;, Re= H, Ry=H,R5=Cl, R= H
20R,=H, R,=H,R,=H, R,= H, R;= OCH,, R,= H
21 R,= CH,, R,=H, R,= H, R,= H, Ry = OCH,, R, =H
22 R,=H, R,= CH, R,= H, R,= H, R;= OCH,, R, =H
23 R,=CH,, R,=H, R,=H, R,=Cl, R;=H, R;=H

24 R,= CH, R,=H, R,=H, R,=F, R;= H,R,=H

25 R,=H, R,= CH, R,=H, R,=F, Rg=H, R, =H

26 R;=H, R,=Cl, R3= H, R;= H, R=H, Rg= H

18-19

5 6 2
Scheme 6

+ H5C 20 OC2Hs

Diethy carbonate

NaH [ Toluene (reflux)

OC,Hs

R¢’ 4
Rs
7-12

7R,=H,R,=CL,R,=H
8R,=H, R;= OCH, R,= H
9R,=CL,R,=H,R, = H
10 R;=F,Rs=H,Rs=H
11R,=H,R, =H,R,=Cl
12R,=H,R,=H,R,=H

Ry
X
Ry s

350+10 °C H

27-35

27R,=H,R,=H,R,=H,R,=H R;=Cl, R =H
28R,= CH,, R,=H, R,= H, R,= H, R=Cl, R;= H

29 R,=H, R,= CH, R,=H, R,=H, R =Cl, R;=H

30 R,=H, R,=H,R,=H, R,=H, R;= OCH,, R;=H
31 R,= CH,, R,=H, R,= H, R,= H, R = OCH, R, =H
32 Ry=H, R, = CHa, Ry= H, Ry= H, Rs = OCHj, Rg=H
33 R;= CHg, Ry=H, Re= H, Ry=Cl, Rs= H, Rg= H

34 R,= CH,, R,=H, R,= H, R,= F, R;=H, R,=H
35R,= CH,, R,=H, R,=H, R,= H, Ry=H, R,= H

Scheme 6

18



() 2,34-Substituted ethyl benzoylacetate (7-12)

(0] (o]
CHg i
Na.H OC2H5
R o —+ H5C,0 OC,H5 E—
s 4 Toluene Re Ry
Rs Diethy carbonate R
5
1-6 7-12
1R,=H,R;=Cl, Rg = H 7TR,=H,Ry=Cl,Rg =H
2R;=H, Rg=0OCHj;, Rg=H 8Rs=H, Re=0OCHj3 Rs=H
3R4s=Cl,Rs=H,Rs=H 9R,=Cl,Rs =H, Ry =H
4R,=F,Rs=H,Rs=H I0R,=F,Rs=H,Rs=H
5R,=H,Rg=H, Ry=CI 11R,=H,Ry=H,R; =Cl
6R,=H, Rs=H, Ry = H 12R,=H,Rs=H,Rs = H
Scheme 7
Scheme7 substituted acetophenone (1-6)
(sodium hydride) substituted
acetophenone a diethyl carbonate
(CHCl, ) substituted

ethyl benzoylacetate (7-12)

19



( )6,7,8,2',3,4-Substituted phenylpyrido[1,2-a] pyrimidin-
4-one (17-26)

R3
o) o) R1 Ry
Rz
oCH X PPA
2Rs
| — N
+ Y Re
Rg 4 R3 N NH,
Rs
13-16 17-26 Rs
7-12
17R;=H, R; =H,Rs=H, Rs=H, Rs = Cl, Rs =H
7Ry=H,R=Cl,Rs=H
=R ° 13 Ri= CHs,R2= H, Re=H 18R1=CHy,R;= H, Ry=H,R=H,Rs =Cl,Rs = H
8R.=H, R = OCHy, R =H
o o R 14 Ri=H, Rz = CHg, Re= H 19R;=H, R, = CHy, Ry=H, R4=H, Rs= Cl, Rg=H
9R,;=Cl,Rs=H, Rg=H
4 s © 15 Ri= H, R, = H, Rs= CHs 20R;=H, R, =H,Rz=H, R4=H, Rs = OCH3, Ry=H
ORi=F R=HR=H 16 Ri=H, Ry =H,Rs = H 21R,= CHy, Ry= H, Ri= H, R4=H, Rs= OCH3, Rg = H

LRs=H R=HR=Cl 22R;=H, R, = CHa, Ra=H, Ra= H, Rs= OCHj, Ro= H

Z2ZRe=H R =H Rs=H 23Ry= CHy, Ro= H, Ri=H, R4=Cl, Ry =H, Rg= H

24R1=CH;,R2=H, Re=H,R4=F,Rs= H, Re=H
25R;1=H,R2=CH3 Rs=H,R4=F,Rs=H,Rs=H
26R;=H,R;=Cl,R3=H,R4=H,Rs= H,Re=H

Scheme 8

Scheme 8 substituted ethyl benzoylacetate (7-12)
Polyphosphoric acid (PPA) 350 substituted-2-amino-
pyridine (13-16) CH.Cl,
substituted phenylpyrido[1,2-a]pyrimidin-4-ones
(17-26)



22

22
22 163-164
Q) : (EIMS)( 22-1)
(M/z 266) CisH1N,0,

IR  ( 222)(KBr)  1708cm™  carbonyl group (C=0)

3079cm™®  aromatic (C-H)

(3) ?max (CHCL) nm (loge) :  331.2 (4.24)
(4) NMR :NMR chloroform-d; (CDCly)
(@ 'H-NMR  ( 223

14
(proton signals) : 0 240
(3H,d,J=0.8Hz) CH; O
o 3.86 (3H, 9 OCH;
[1,2-a]pyrimidin-4-ones 0 6.34
(1H, 9) H-3 5 700702

(1H,m) & 7.36(1H,dd, J=8.1,8.2Hz)

H-4 H-5 & 8.84 (1H,
9 H-6 & 7.58-7.63 (4H, m) H-2 H-6
H-8 H-9

21



() P°C-NMR  ( 22-4):CiHuN,O, 16
16 C16H14N202
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Ethyl benzoylacetate (7-12) phenylpyrido[1,2-a]pyrimidin-4-one (17-26)
Scheme 9-1 Scheme 9-2

1)
CHs CH
@/ﬁ\ NaH @/ﬁ\ 2
—_—
R R
CHz CHz/ﬁ\OCZHs
R 7-12

Scheme 9-1

~ ool

| '

< Ry N
NH» A

R’ /\I\

H H
proton shift R'
H5czo\ /
p—@ OH OH Q
B ——— —_—
R
=
H
Pt <~
- = R |N H R X | |
e —_— N
N H
H
&r H® .
o
C,HsOH ~ |
- N
N
17-26 R'
Scheme 9-2

25



( )56,7, 2", 3 ,4'-Substituted-2-phenyl-1,8-naphthyridin-
4(1H)-ones (27-35)

R3 o} Ry 0
R R
2 / N 2:
+10°
S 350+10°C
R{ R3
17-26 Ro 21-35 o
Rs Rs
17R1 HRz—H R3 HR4 HRS CI RG— 27R1 HRz HR3 HR4 HRs Cl R6=H
18 R;=CH3 R,=H,R;3=H,R;=H, Rs=Cl, Rg=H 28 R;=CH;, R,=H, Ry=H, R,=H,R5=Cl,Rg=H
19R;=H,R;=CH;3, R3=H,Ry=H,Rs=Cl, Re= H 29R1=H,R,=CH3, Rs=H, Ry=H,Rs=CI,Rs=H
20R;=H, R,=H,R3=H, R;=H, Rs=OCH3,, Rg=H 30R,=H,R,=H, Ry=H, R;=H, Rs= OCH3,, Rg= H
21 R1=CHs R2=H,R3=H, Rs=H, Rs= OCH3, Rs= H 31 R;=CHs, R2=H, Rs3=H, Ry=H, Rs = OCHs, Rg=H
22R;=H,R,=CHs;, R3=H, Ry,=H, Rs= OCH3;, Rg=H 32R;=H,R,=CH,;, Ry=H, R;=H,R5=0OCH;, Rg=H
23 R;=CH3 R2=H,R3=H,Rs=CI, Rs= H, Rs= H 33R1=CHs, R2=H,Rs3=H,Rs=CI,Rs= H,Rs=H
24 R1=CH3 R2=H,R3=H,Rs=F, Rs= H, Re=H 34 R =CH;, R,=H,Rs=H,Rs=F, Rs=H, Rg=H
25R;=H,R,=CH;, R3=H, R,=F, Rs= H, Rg=H 35R;=CH;, R,=H, Ry=H,R,=H,Rs=H, Rg=H
26 Ri=H, Ro=Cl,Rs=H,Ry=H, Rs=H,Rs=H
Scheme 10
Scheme 10 substituted phenylpyrido[1,2-a]pyrimidin-
4-one (17-26) 1 100 15-20 liquid
- 3
paraffin 250 cm® (Merck
Seasand)
( 350 )
210-230 310
350 350

26



120 1000

31 ) substituted

2-phenyl-1,8-ngphthyridin-4-one (27-35)

32
32
32 216-218
(1) : (EIMS) ( 32-1)
(m/z 266) C16H1N20,

IR  ( 322 (KBr)  1558cm™  iminogroup (C=N)
1618cm®  carbonyl group (C=0) 3178
1

cm’ amino group (N-H) 3033cm*  aromatic

(C-H)

(3) ?max (CHCL) nm (loge) :  348.0 (4.10)
(4) NMR :NMR chloroform-d, (CDCl,)
@ H-NMR  ( 32-3 3231
14

27



'H'HCcosYy ( 324 3241 (proton

signals) ; 0o 231(3H,9 CH;
O o 380(3H,
S| OCHj; naphthyridin-4-one
5 6.52(1H,9 H-3
18 H-7 H-5 d 7.76 (1H, d,
J=18Hz) & 845(1H,d, J=13H2) H-7 H-5
5 11.72 (1H, br) NH

naphthyridin-4-one
3 OCHs ortho- para-

& 7.07 (1H,dd, J=8.0,2.1 Hz)

5 720 (1H, d, J= 21 Hz) & 7.257.27 (1H, m) H-4
H-2 H-6 5 740 (1H, t, J = 80
Hz) H-5
(b)®°C-NMR  ( 32-5): 15
C16H14N202 16
€ HMQC  ( 326): 5 1800 & 55.47
CH; OCH; 7

0 109.62, o 113.02, & 116.34, o 119.78, d 13041, o 13551
0 153.56 C-3,C-2,C-4,C-6,C-5,CH C7

28



(d) HMBC  ( 327)

C-2 (6 11302) H-6' (& 7.257.27) °J
(correlation) C-4' (5 116.34) H-2° (5 7.20) H-6' (0 7.257.27) °J

correlation C-6' (0 119.78) H-4' (0 7.07) H-2'(® 7.20) H-3
(5 6.52) >Jcorrelation 5 12957 CH;(® 231) H-7(5 7.76)
2J correlation C-6 C-5 @ 13551) CH; (®
2.31) H-7(@ 7.76) *Jcorrdation 5 14936  H-5(5 8.45)
3] correlation C-8a 5 151.29 H-2

(d 7.20) H-6 (5 7.25727) H-3 (3 652) °J 2J corrdation

C-2 C-7 ® 15356) CH; ( 2.31) °J correlation
5 160.13 OCH; (d 380) H-5 (3 7.40) H-4 (B 7.25-7.27)
H-2' @ 7.20) %) 2J corrdation c-3

5 17887  H-5 (5 845) °J correlation
C-4 (C=0) “C-NMR
18 > 136.00 H-3 ® 652) H-6 (6

7.25-7.27) °J 2Jcorrdation C-4a C-1

29
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32-3

32-3-1

= .—_h'_‘—;:"'--—cﬁr',.-—""':' = . i f = v

H-5"
HS o HE
B H-2"

H-4' |

| .
‘ ‘ ”I | OCH;
|
o |

32 'H-NMR  (CDCls, 400 MHz)

32  'H-NMR (CDCl5, 400 MHz)
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LCHs

— & H5C.
- .@.
4
32-4 32 'H-'H COSY (CDClj, 400 MHz)
32-4-1 32 'H-'H COSY (CDCls, 400 MHz)
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C& c4 C2 C3
L,_J.\.W.L.A_J_.__..

|

-5 C-B
:: 2 | C8
it

]

C-7

32-6

32

32  BC-NMR (CDCls, 100 MH2)

HMQC (CDCls, 400 MHZ)
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ce Ccz2
vy c-3

c-2 C-4a C-6
C-Ba =1

- I

= :
':-_'j- - o

o
- L) =]
- = =

Q)

C-4(C

H-5' H-3 JOCHs CHas-

32-7 32 HMBC (CDCls, 400 MH2)




350

Scheme 11
HC H [=) Q H
3 / N | s =z N 8 / ﬁ
4
XN NS N N - X NS
N N
OCH, OCH;,
H3 e
A ] N
— — | |
N \
(,e 2 N
singal bond rotation
OCH,
OCH,
H
Hg N 3
| N unstable structure
> I
=3 SN
° proton shi oc
R OCH, Hg
(@]
— |
OCH, <*+—— N
N N
H
OCH;,
Scheme 11




PN

Scheme 12 1946 R.C.Hdafidd

30

7-chloro-2-(3'-fluorophenyl)pyrido[ 1,2-a] pyrimidin-

4-one 3 -COOH
Scheme 6 2-phenyl-1,8-ngphthyridin-4-one
Cl
cl XN o
| XN o | P
+
" C>—Q Toluene T
R.T. H
.
36 37 38 F
96\6
A
e
cl S o HsC,00C COOC ,H5
Cl
| A Sodium diethyl malonate \Q
)
38a :
F
F
155°C
Y
(o)
Cl / COOH Cl
v | 10 % NaOH
N )
N
a1

Scheme 12



() N-(5-Chloropyridin-2-yl)-3-fluor obenzamide (38)

Q Q= ULQ

Scheme 13
Scheme 13 5-chloro-2-aminopyridine (36)
3-fluoro-benzoyl chloride(37)
N-(5-chloropyridin-2-yl)-3-fluoro-
benzamide (38)

37



() 7-Chloro-2-(3'-fluorophenyl)pyrido[1,2-a] pyrimidin-4-

one-3-car boxylate (40)

cl
Zy PCI, NP
| _—
H 110-115°C
38 | 38a

) /COOC oHg Tol 110 °C
Na + CZHSOH Diethyl malonate = NaHC &» reflux

50°C

COOC ,Hsg
39

HsC,00C COOC Hs

Cl | \N
%
N
|
i
155°C

(o] (0]

Cl COOH Cl OOC2Hs
Z | 10 % NaOH Z |
YN -~ X

a1 40
F F

Scheme 14
Scheme 14 N-(5-chloropyridin-2-yl)-3-fluoro-
benzamide (38) PCls
carboximidoyl chloride (38a)
diethyl malonate sodium diethyl malonate (39)
38a 39 diethyl

[[(5-chloropyridin-2-yl)amino] (3-fluorophenyl)methylenelmal onate

33



40

40
40 143-145

(1) : ( 401  (EIMS)

(M/z 346) C17H1,CIFN,O;

IR ( 402 (KB 1679cm*  carbonyl group (C=0)
1735cm™ carbonyl group (C=0)
2979 cm®  nonraromatic (C-H) 3120 cm™*

aromatic (C-H)

(3) ?ma (CHCl) nm (loge ) :  365.8 (4.12)
(4) NMR : NMR dimethylsulfoxide-dg (DM SO- dg)
(@ 'H-NMR (403
12

(proton signals) : o 14

(3H,t, J=7.1H2) COOCH,CHj; O
5 4.13(2H, g, J= 7.1 Hz)
COOCH,CH; pyridopy[1,2-a]pyrimidin-4-one
o 7.84(1H,d,J

=9.4Hz) & 815(IH,dd, J=7.1,24Hz) H9 H8 H-6

39



6 9.00 (1H,d,J=
20Hz) H-6 pyridopy[1,2-a]pyrimidin-4-one
o 7.38-7.40(3H,m) o 742-
7.44 (1H, m) H-2 H-4 H-5 H-6
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() 7-Chloro-2-(3'-fluorophenyl)pyrido[ 1,2-a] pyrimidin-4-one-3-
carboxylic acid (41)
40 10 sodium hydroxide
41
41 150 3
-COOH



ketoenal form
ethyl chloroactate (CICH,COOC,Hs) ethyl
4-0x0-6-methyl-2-(3'-methoxyphenyl)-1,8-naphthyridin-4-yl acetate (42)
4-0x0-6-methyl-2-(3'-methoxyphenyl)-1,8-naphthyridin-4-yl
aceticacid (43) (Scheme 15) PK

32

32

OCHs OCH3

Ao
1
oooc
1
&
O/CI42—(:0002»45 O/CHQ_COOH
H3C \ \
10 % NaOH
N/ N/
42
OCHs 43 OCHg4
Scheme 15



() Ethyl 4-oxo-6-methyl-2-(3'-methoxyphenyl)-1,8-
naphthyridin-4-yl acetate (42)

_CH,—C00C ,Hs
HyC

X H4C
| | _ NaH TN
N/ N + CICH,CO0CH, THF or DMF 7 N/
* Ot 42 OCH
Scheme 16
Scheme 16 6-methyl-2-(3'-methoxyphenyl)-1,8-
naphthyridin (32) ?  (tetrahydrofuran) (sodium
hydride)

ethyl chloroacetate

ethyl 4-oxo0-6-methyl-2-(3'-methoxyphenyl)-
1,8-naphthyridin-4-yl acetate (42)

42

42

42 140-142
1) ( 421)  (EIMY9)
(m/z 352)

C:ZOHZONZ()4

IR  ( 42-2) (KBp) 1043cm* (C-0-C)

1255 cm* (C-0-C)



1600cm™  carbonyl group (C=0) 2969

cm non-aromatic (C-H)

(3) ?max (CHCl) nm (loge ) :  326.0(3.90)
(4) NMR : NMR chloroform-d; (CDCl,)
(@ 'H-NMR (423

(protonsgnéls)
o 1.61-1.67 COOCH,CHs & 2.58(3H,
9 6 CHs O
0 396 (3H, 9 3 OCH;
0 4.39(2H, q,J=7.0H2) COOCH:CHs
naphthyridin-4-one 42 32
4 H-3
o 8.36(1H,9) H-3 o 791(1H,s) o 895
(1H,d, J=2.4) H-7 H-5 naphthyridin-4-one
3 OCH:
ortho- para-
o 7.04-7.08 (1H, m) H-4 4 OCH,COOCH,CH::
naphthyridin-4-one
o 7.26-7.28 (3H, m) H-2 OCH,COOCH,CH: & 7.44(1H,t,J=
80Hz) & 7.75(1H, d, J=7.8Hz) H-5 H-6
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Scheme 17 naphthyridine
(HCI  H,SO,)
5-methyl-2-(3'-methoxyphenyl)-1,8-naphthyridin-4-one (31)
43
31

Hs

N\ /

31

OCH3 OCHg

Scheme 17
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( solvent)

(Fig. 6) >
(Microwave)
1 mm-1m 300-300000MHz
(Fig. 7)** (Fig. 8)*
(Ea)
dipole rotation (Fig. 9)* ionic
conduction ionic conduction 3

rearrangement oxidation reduction akylation N-acylation aromatic and

nucleophlic substitution 32-33

Tamés, P. 2004 34
DHPQ HTIB ([hydroxy(tosyloxy)-
iodo]benzene) Prototropic
shifts DHPQ PQ Scheme 18



Schematic of sample
heating by conduction

-

Temperature on the outside surface is greater than the intemnal temperalure,

Fig. 6

t

The electromagnetic spectrum

'r-

Laser Radiation —»

7 106 105 104 10 102 107 1
Wave Length (meters)

10-19 109 108 10

[ | | [ |
ax1012 3x1010 3x108 Ix108 ax104 3x102
Frequency (MHz)
Molecular
vibrations
Inner-shell
electrons  Quter-shell
(valence)
electrons Molecular rotations
Fig. 7
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Schematic of sample

heating by microwaves iy
-
b
a ik
S ] %
% F S X
%
]
-
Vessel wall — [
is transparent to
microwave energy Reactants-solvent
mixture (absorbs
microwave energy)
™

' [ ]

- [} -

[ S 3

i r

LY L

Localized I
superhaating ’

Fig. 8

Fig. 9
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Z T

Ph
2.4 equiv. HTIB
Microwave
irradiation 2 min
0
DHPQ
,T\c
N Ph
2.4 equiv. HTIB
Microwave
irradiation 3 min
0
DHPQ
Scheme 18

H
N Ph
O
PQ
H
N
Ph
O

3-Phenyl-4-quinolone



350

7-chloro-2-(3'-fluorophenyl) pyrido[ 1,2-a] pyrimidin-4-one-3-carboxyl ate

(36) Scheme 19
ionic liquid

PN

(o] 0 [e)
cl a | COOC 5Hg cl = COOC ,Hg cl Z

S \N Microwave \N | ) | o . | ) |
H H
36 | | |
orthodichlorobenzene .
- No reaction

MW 300 W, 10 min

orthodichlorobenzene .
Sealed tube, No reaction

sand bath heating 12h

\J

orthodichlorobenzene

sealed tube
20ps - No reaction
MW 300 W , 20 min :
N-methyl pyrrolidone .
— No reaction
MW 300 W , 20 min
N-methyl pyrrolidone
ionic liquid
MW 300 W . 20 min Compound decompose
Scheme 19
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(27-34) (17-26)
(human tumor cdl lines; HTCL) cancer cell line HL-60

(leukemia cancer cell) NCI-H226 (lung cancer cell)  A549 (lung cancer cdll)

HA22T (liver cancer cell) Table 1
(17-26) DMSO
(27-34)
2-phenyl group m- Cl  -OCH;

naphthyridin-4-one



Table 1. Cytotoxicity for compounds 27-34 against HL-60 A549
HA22T NCI-H226

Ry 0
Ro X
&
compound R; R> R4 Rs HL-60  "HA22T °A549  °NCI-H226

27 -H -H -H -Cl 0.0400 >25 1.72 >25
28 -CH; -H -H -Cl 0.0305 0.53 0.6 >5.0
29 -H -CH; -H -Cl 0.0379 4.67 2.8 5
30 -H -H -H -OCH; 0.0557 0.65 5.1 > 10
31 -CH; -H -H -OCH; 0.0441 0.522 2.52 >5.0
32 -H -CH; -H -OCH; 0.0323 0.152 5.85 7.2
33 -CH; -H -Cl -H 0.1296 0.901 0.992 10.7
34 -CH; -H -F -H  0.0333 0.554 0.444 > 10

3_eukemia cancer cells (1.0 x10°) were incubated with different concentration in 48 hrs.

®Human hepatoma cells  “Human lung carcinomacells  “Non-small lung cancer cells (5.0 x10°)

were incubated with different concentration in 48 hrs.

Data was presented as | Cso (UM)



()  HL-60 AB49 HA22T NCI-H226

1,8-naphthyridin-4-one 28
33 2-phenyl group  meta- Cl ortho-
Cl
(2 AS49 1,8-naphthyridin-4-one
meta- -Cl -OCH;
27 30 28 31
29 32
(3) HL-60 1,8-naphthyridin-4-one
2-phenyl group meta- 29 32
meta- Cl -OCH: 27
30 28 31
(0.0305-0.1296 mm)
(4) HA22T 1,8-naphthyridin-4-one
2-phenyl group meta- mea- -OCH;
-Cl 30 27 31
28 32 29
5) 27 HL-60
(6) 2-phenyl group  ortho- -F

34 HL-60 A549 HAZZT
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(1)

-Cl 33

HL-60 A549 HA22T
28 34

CH;, O
0]
AN

N

Iz

28

Cl

34

Iz



2-PN

HL-60 A549 HA22T  NCI-H226

28 34
7-phenylpyrido[2,3-d]-
pyrimidin-5(8H)-ones Scheme 19
2-PQ 2-PN
-COOH 5-oxo-7-phenylpyrido[2,3-d]-pyrimidine-6-carboxylic
acid Scheme20



(0]

CH, )l\
R + HgC,O C,Hs

Diethy carbonate

NaH | Toluene

NS
R—@\ + R OC2Hs
N/

Polyphosphoric acid

Q
PN N
i | 350 °C R—Nt |
N /k\N - 7
R R

7-phenylpyrido[ 2,3-d]pyrimidin-5(8H)-one

Iz

Scheme 19

) - L
R + . o
N/ NH, d o Toluene N/ NH—”@

C

R

COOEt
N \ Mok /COOEI N \ EtOOC
PCly cl ™~ COOEt
—=—> R |
- S
N N——=C NH—C
(0]
COOH
N
155°C 350°C 10 % NaOH_ R |
Toluene liquid paraffin 7 X

N N
H k%

5-ox0-7-phenyl-5,8-dihydropyrido[ 2,3-d] pyrimidine-6-carboxylic acid
Scheme 20
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(

)

Diethylmaonate

Ethyl benzoylacetate

Liquid paraffin

Polyphosphoric acid

Sodium hydride

Seasand

Lancaster

2-Aminopyridine
2-Chloroacetophenone
3-Chloroacetophenone
2-Fluoroacetophenone
3-Fuorobenzoyl chloride
3-Methoxyacetophenone
4-Methyl-2-aminopyridine
5-Methyl-2-aminopyridine
6-Methyl-2-aminopyridine
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(

)

Ethyl chloroacetate

Fuka

Natrium, 99.5

Tedia

Absolute ethanol, 99.5

Glacid acetic acid (synthesis grade)
Magnesium sulfate anhydrous

Sodium hydroxide (synthesis grade)

Choroform-d, (for NMR spectroscopy, 99.8 %)
Dimehylsulfoxide dg (for NMR spectroscopy, 99.8 %)
Ethyl acetate (guaranted reagent; G.R)

n-Hexane (ACS grade)

Methanol (ACS grade; spectrophotometric grade)
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(

)

Tedia
Chloroform (ACS grade)
Ethyl ether anhydrous (guaranted reagent; G. R)

Toluene (ACS grade)

Ethanol, 95

(Thin-Layer Chromatography)
E.Merck Pl-e-coated-duminium TLC sheets

(dlicagd 60 Fp5, 2020 cm 0.2 mm layer thickness  Art.554)

(Column Chromatography)
E.Merck Silicagd 60 (70 -230 mesh)
Biowest
DMEM medium
F12 K medium

Fetal bovine serum (FBS)

RPMI 1640 culture medium



4.

Gibco laboratories (Grand Island, NY)
Antibiotics (Penicillin, Streptomycin)
L-Glutamine
American Type Culture Collection (Manassas, VA USA)
A549
HL-60
NCI-H226

HA22T



() (Mdlting Point Apparatus)

YanacoMP-500D
40-500
() (UV-Visible Spectrophotometer)
- Shimadzu UV-Visible Recording
Spectrophotometer )
nm loge Molar absorptivity
() (Infrared Spectrophotometer)
Spectrum One FT-IR Spectrometer
(cm™)
() (Mass Spectrophotometer)

EIMS VG platform I GC-MS instrument

70ev mz ( )

()
Heraeus CHN-OSRAPID (



(UV Equipment)
CAMAG UV-Cabinet I 254 nm
366 nm

(Nuclear Magnetic Resonance Spectromete)

Bruker Advance DPX-200 FT-NMR Spectrometer (

) O (ppm) TMS (tetramethylsilane) (d
= 0) J S (@nge) d
(doublet) t (triplet) m (multiplet) br (broad) dd
(double doublet) ddd (double double doublet)

(Enzyme-Linked Immunosorbent Assay reader, ELISA
reader)

(CEM 300 Wadt Microwave)

( ) 350 (Montle heat) (New Lab instrument Co. : MNS

500 300wdt 110V)



HL-60 NCI-H226 A549 HA22T

(HL-60) (NCI-H226 A549)
(HA22T) 37 %% 5%CO,
10% (Feta bovine serum, FBS) 1 %L-glutamine 100
unit / ml Penicillin 100 n1 / ml Streptomycin (HL-60

NCI-H226  RPMI-1640 medium A549  F12K medium HA22T

DMEM medium)
(HL-60) (NCI-H226  A549)
(HA22T)
HL-60 (1.0 x 10° / ml) 24-well
48 h MTT assay
NCI-H226 A549 HA22T (5.0 x 10°/ ml)

96-well 24 h 48
h MTT assay 3536

Proliferation (%) = Sample ODs / Cont. ODs7 x100 %
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Sulforhodamine (SRB)

(PC-3 cdl) 5000 cdlswell 9% well
24 37
% CO,/ 95 % 100 % 48
trichloroacetic acid (TCA 10 %) 4
60
100 pl 1% acetic acid 0.4 % (Wiv) SRB
well 10
1% acetic acid
10 mM trizma base 515 nm
[ (time zero) (Ty)
(control growth) (C) (Ti)]

[(Ti-T2)/(C-TZ)] x 100 for concentrations for which Ti >/=Tz
[(Ti-Tz)/Tz] x 100 for concentrations for which Ti< Tz.
50 % (Glsp)
[(Ti-T2)/(C-T2)] x 100 = 50
50 %



2-, 3- or 4- substituted-ethyl benzoylacetates (7-12)
3-Chloro-ethyl benzoylacetate (7)
diethylcarbonate (5.9g 0.05 moal) 300
150 Sodium hydride (1.8
g 0.075mal)
3-chloroacetophenone (3.85g 0.025 mal)
200

(  83%)

3-M ethoxy-ethyl benzoylacetate (8)

diethylcarbonate (5.9g 0.05mal) 3-methoxy-acetophenone(3.75 g
0.025 mal) 7
8 ( 71 %)

2-Chloro-ethyl benzoylacetate (9)
diethylcarbonate (5.9g9 0.05mol) 2-chloroacetophenone
(3.85g 0.025moal) 7
9 ( 79 %)
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2-Fluoro-ethyl benzoylacetate (10)
diethylcarbonate (5.9g9 0.05mol) 2-fluoroacetophenone
(345g 0.025moal) 7
10 ( 82 %)

4-Chloro-ethyl benzoylacetate (11)
diethylcarbonate (5.9 g 0.05mol) 4-chloroacetophenone
(3.85g 0.025moal) 7
11 ( 73 %)
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2-Arylpyrido[1,2-a]pyrimidin-4-ones (17-26)

2-(3'-Chlor ophenyl)pyrido[1,2-a]pyrimidin-4-one (17)
2-aminopyridine (3.76 g  0.04 mal)

Polyphosphoric acid 155 3- chloro-ethyl

benzoylacetate( 4.53 g 0.02 mol)

100 20 mi
(
= 6:1) 17 ( 70%)
17
17 159-160
(EIMS) ( 17-1): (M/z256)
C1HsCIN,O

IR ( 17-2) v =a{KB)ecm*  1635cm*  (C=0)
3068 cmi™* (C-H)

uv ? max (CHCl3) nm (log €) : 348.8 (4.04)
'H-NMR (CDCl; 200MHZz) & (ppm) ( 17-3) 6.83(1H,s H-3) 7.07
(AH, m, H-7) 7.39 2H, m, H-4. H-5) 7.79 (2H, m, H-8. H-9) 7.97 (1H,

m, H-6) 8.01(1H, m, H-2) 9.01(1H, d,J=7.1, H-6)
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8-M ethyl-2-(3'-chlor ophenyl)pyrido[ 1,2-a]pyrimidin-4-one (18)

4-methyl-2-Aminopyridine (4.33g 0.04 mol) 3-chloro-ethyl

benzoylacetate (4.53 g 0.02 mol) 17
18 (  78%)
18
18 142-144
(EIMS) ( 18-1): (Mm/z270)
C1sH;,CIN,O

IR ( 182) v max(KBr)em™  1689cm™  (C=0)
3081 cm't (C-H)

uv ? max(MeOH) nm (log e) : 352.8 (4.21)
'"H-NMR (CDCl; 200 MHz) & (ppm) ( 18-3) 2.46(3H,s CHs;) 6.76
(1H, s, H-3) 6.92-6.96 (1H, m, H-7) 7.37-7.47 (3H, m, H-4'. H-5". H-9)

7.84-7.89 (1H, m, H-6) 8.07 (1H, d, J= 1.8 Hz, H-2") 891 (1H,d,J=7.2

Hz, H-6)
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7-M ethyl-2-(3'-chlorophenyl)pyrido[1,2-a]pyrimidin-4-one (19)

5-methyl-2-aminopyridine (4.33g 0.04 mol) 3-chloro-ethyl

benzoylacetate (4.53 g 0.02 mal) 17
19 (  70%)
19
19 170-172
(EIMS) ( 19-1): (m/z270)
C1sH;,CIN,O

IR ( 192) v max(KB)ecm®  1675cm™  (C=0)
3081 cm* (C-H)

uv ? max (CHCI3) nm (log €) : 368.6 (4.20)
'H-NMR (CDCl; 200 MHZ) & (ppm) ( 19-3)
2.38-2.39 (3H,s CH;) 6.79 (1H, s H-3) 7.35-7.39 (2H, m, H-4". H-5)

7.58-7.59 (2H, m, H-8 . H-9) 7.83-7.88 (1H, m, H-6) 8.05-8.07 (1H, m,

H-2) 8.82(1H,d, J=0.7 Hz, H-6)
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2-(3'-Methoxyphenyl)pyrido[ 1,2-a]pyrimidin-4-one (20)

2-aminopyridine (4.23g  0.045mol)  3-methoxy-ethyl benzoyl-

acetate (5g  0.0225 mol) 17
115-120 20 (  68%)
20
20 150-152
(EIMS)( 20-1): (M/z252)
CisH1N,0,

IR ( 202) v nax(KBr)em™  1673cm™  (C=0)
3079 cm't (C-H)

uv ? max (CHCl3) nm (log e) : 348.8 (4.15)
'H-NMR (CDCl; 200 MHz) & (ppm) ( 20-3)
3.88(3H,s OCH,;) 6.88(1H, s H-3) 6.98-7.13 (2H, m, H-4'.H-7)

7.34-742 (1H,t,J=8.2 Hz, H-5) 7.59-7.74 (4H, m, H-9. H-8. H-2'.

H-6) 9.02-9.06 (1H, m, H-6)
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8-M ethyl-2-(3'-methoxyphenyl)pyrido[ 1,2-a]pyrimidin-4-one (21)

4-methyl-2-aminopyridine (4.86 g 0.045mol)  3-methoxy-ethyl

benzoylacetate (59 0.0225 mol) 20
21 (  78%)
21
21 150-152
(EIMS) ( 21-1): (m/z 266)
C16H14N0O,

IR ( 21-:2) v max(KB)ecm™  1677cm™  (C=0)
3079 cm* (C-H)

uv ? max (CHCl3) nm (log e) : 355.4 (4.08)
'H-NMR (CDCl; 200 MHZ) & (ppm) ( 21-3)
2.46 (3H, s, CH;) 3.86(3H, s, OCH;) 6.80 (1H, s, H-3) 6.91-7.02 (2H, m,

H-4.H-7) 7.32-7.40 (1H, t, J= 82 Hz, H-5) 7.49 (1H, s H-9) 7.58-7.62
(2H, m, H-2. H-6) 8.93 (1H, d, J = 7.2 Hz, H-6)
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7-M ethyl-2-(3'-M ethoxyphenyl)pyrido[ 1,2-a] pyrimidin-4-one (22)

5-methyl-2-Aminopyridine (4.86g 0.045mol) 3-methoxy-ethyl

benzoylacetate (5g 0.0225 mol) 20
22 (  69%)
22
22 163-164
(EIMS) ( 22-1): (m/z 266)
C16H14N0O,

IR ( 222) v max(KB)ecm™  1708cm™  (C=0)
3079 cm* (C-H)

uv ? max (CHCl3) nm (log €) : 331.2 (4.24)
'H-NMR (CDCl; 200 MHZ2) & (ppm) ( 22-3)
2.40 (3H, d, J=0.8Hz, CH;) 3.86(3H, s OCH,;) 6.84 (1H,s H-3) 7.01

(1H,t, J=18Hz, H-4) 7.36 (1H,t, J=82Hz, H-5) 7.57- 7.62 (4H,
m, .H-2'. H-6'. H-8. H-9) 8.83 (1H, s, H-6)
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8-M ethyl-2-(2'-chlor ophenyl)pyrido[1,2-a]pyrimidin-4-one (23)

4-methyl-2-aminopyridine (433 g 0.04 mol) 2-chloro-ethyl

benzoylacetate (4.53 g 0.02 mol) 17
145-155 23 (  72%)
23
23 160-162
(EIMS) ( 23-1): (m/'z270)
C1sH;,CIN,O

IR ( 232) Vv max(KBecm*  1691cm®  (C=0)
3087 cm* (C-H)

uv ? max (CHCl3) nm (log €) : 345.6 (4.21)

'"H-NMR (CDCl; 200MHz) & (ppm) ( 23-3)

248(3H,s CH;) 6.66(1H,s H-3) 7.01 (1H, dd,J=1.8, 9.4 Hz, H-7)
7.32- 7.61 (5H, m, H-3". H-4'. H-5. H-6'. H-9) 8.99 (1H, d, J = 6.0 Hz, H-6)



8-M ethyl-2-(2'-fluor ophenyl)pyrido[ 1,2-a]pyrimidin-4-one (24)

4-methyl-2-aminopyridine (4.33g 0.04 mol)  2-fluoro-ethyl

benzoylacetate (4.20 g 0.04 mol) 23
24
_ 24
24 153-155
(EIMS) ( 24-1): (m/'z24)
CysH1:FNL,O

IR ( 242) v . {(KB)cm*  168lcm®  (C=0)
3049 cm* (C-H)

uv ? max (CHCl3) nm (log e) : 348.8 (4.01)
'H-NMR (CDCl; 200 MHz) & (ppm) ( 24-3)
2.49 (3H, s, CH;) 6.93- 7.18 (2H, m, H-3. H-7)  7.21- 7.50 (4H, m, H-3..

H-4' H-5'. H-9) 807 (1H,td, J= 18, 5.8 Hz, H-4) 894 (1H,d, J=7.3Hz,
H-6)
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7-M ethyl-2-(2'-fluor ophenyl)pyrido[ 1,2-a]pyrimidin-4-one (25)

4-methyl-2-aminopyridine (4.33g 0.04 mol)  2-fluoro-ethyl benzoyl-

acetate (4.20g 0.04 mol) 17
145-155 25 (  70%)
25
25 150-152
(EIMS)( 25-1): (m/'z24)
CysH1:FNL,O

IR  ( 252) v »a{KBr)em™  1672cm™  (C=0O)

3076 cm™* (C-H)
uv ? max (CHCI3) nm (log €) : 366.2 (4.08)
'H-NMR (CDCl; 200 MHZ2) & (ppm) ( 25-3)
244 (3H,d, J=11Hz CH;) 6.98(1H,s H-3) 7.11-7.31(2H, m, H-3.

H-8) 7.37-7.45 (1H, m, H-5) 7.62-7.68 (2H, m, H-6.. H-9) 8.04- 8.12 (1H,
td, J=1.9, 5.8Hz, H-4') 8.88(1H, s, H-6)
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7-Chloro-2-phenylpyrido[1,2-a]pyrimidin-4-one (26)

5-chloro-2-aminopyridine (5.14g 0.04 mol) ethyl benzoylacetate

(382g 0.02 mol) 17 26
( 76%)
26
26 169.5-171
(EIMS)( 26-1): (M/z 256)
C1HyCIN,O

IR ( 262) v ={KBr)cm®  1689cm*  (C=0)
3087 cm* (C-H)

uv ? max (CHCl3) nm (log €) : 356.6 (3.78)
'H-NMR (CDCl; 200 MHZz) & (ppm) ( 26-3)

6.8 (1H, s, H-3) 7.43-7.50 (3H, m, H-3. H-4'. H-5) 7.64(2H,d, J=1.4
Hz, H-8. H-9) 8.01-8.06 (2H, m, H-2'. H-6) 9.04 (1H, t, J = 1.5 Hz, H-6)



2-Aryl-1,8-naphthyridin-4(1H)-ones (27-35)

2-(3'-Chlor ophenyl)-1,8-naphthyridin-4-one (27)

17 (1000 mg) 100 15-20
liquid paraffin (New Lab instrument Co.
MNS500 300wadt 110V) 250 cm® (Merck Seasand)

210-
230 310

350 30

120 1000

27 (
23 %)

27
27 274-275
(EIMS)( 27-1): (M/z.256)
C1HsCIN,O
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IR ( 27-2) v ={KBr)ecm*  1652cm*  (C=0)

3076 cmi* (C-H) 3446 cm*  (N-H)
uv ? max (MeOH) nm (log e) : 339.4 (4.22)
'H-NMR (CDCl; 300MHz) & (ppm) ( )8

658 (1H, s, H-3) 7.36 (1H, dd, H-6) 7.48 (2H, m, H-4'. H-5) 7.61 (1H,
td, H-6) 7.72(1H,t, H-2) 863 (1H,dd, H-7) 866 (1H,dd, H-5)

'H-NMR (CDCl;+CD;OD 200 MHZ) & (ppm) ( 27-3)

NMR CDCI;+CD5;0D
'H TLC
IR 2-(3'-chlorophenyl) -1,8-Naphthyridin-

4-one
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5-M ethyl-2-(3'-chlor ophenyl)-1,8-naphthyridin-4-one (28)

18 (300 mg) 27
28 (  31%)
28
28 260-262
(EIMS) ( 28-1): (m/z 270)
C14HsCIN,O

IR ( 282) v maf{KB)em*  1633cm®  (C=0)

3076 cmi* (C-H) 3234 cm*

uv ? max (MeOH) nm (log e) : 337.6 (4.32)

'"H-NMR (CDCl; 200MHz) & (ppm) ( 28-3)

295(3H,s CHs) 6.47 (1H,s H-3) 7.02 (1H, d, J= 4.8 Hz, H-6)

(N-H)

7.45-7.55 (3H, m, H-4' . H-5'. H-6') 7.67 (1H, d, J= 1.9 Hz, H-2') 8.29 (1H,

d, J=49Hz H-7)



6-M ethyl-2-(3'-chlor ophenyl)-1,8-naphthyridin-4-one (29)

19 (300 mg) 27
29 ( 38 %)
29
29 290-292
(EIMS)( 29-1): (m/z 270)
C14HsCIN,O

IR ( 292) v ma{KB)ecm™  1645cm™  (C=0)

3077 cmi* (C-H) 3440cm™*  (N-H)
uv ? max (MeOH) nm (log €) : 344.8 (4.18)
'H-NMR (CDCl3+CD;OD 300 MHz) & (ppm) ( )8

246 (3H, s, CH;) 6.57 (1H, s, H-3) 7.48 (2H, m, H-4', H-5") 7.61(1H, td,
H-6) 7.72(1H,t, H-2) 842 (1H,d, H-7) 849 (LH,d, H-5)
NMR CDCl;+CD;0OD
'H TLC
Mass IR 6-methyl-2-(3'-chloro-

phenyl)-1,8-naphthyridin-4-one



2-(3'-M ethoxyphenyl)-1,8-naphthyridin-4-one (30)

20 (300 mg) 27
30 ( 28 %)
30
30 166-167
(EIMS)( 30-1): (m'z252)
CisH1NL0,

IR ( 302 v «:(KBr)cm®  1618m*  (C=0)

3068 cm™* (C-H) 3430 cm™*

uv ? max (CHCl3) nm (log e) : 340.0 (4.18)

'H-NMR (CDCl; 200 MHz) & (ppm) (  30-3)

(N-H)

3.85(3H,s OCHs) 659 (1H,s H-3) 7.07-7.13 (1H, m, H-4) 7.22-7.32

(3H, m, H-2', H-6', H-6) 7.45(1H,t, J= 7.9Hz, H-5) 8.17 (1H, s H-7)

8.69 (1H, dd, J = 1.8, 6.1 Hz, H-5)



5-M ethyl-2-(3'-methoxyphenyl)-1,8-naphthyridin-4-one (31)

21 (300 mg) 27
31 ( 30.5 %)
31
31 178-180
(EIMS) ( 31-1): (m/z 266)
C16H14N>0O5

IR ( 31-:2) v ma{KBr)cm®  1619cm™  (C=0)
3162 cm™* (C-H) 3232cm*  (N-H)

uv ? max (CHCl3) nm (log e) : 338.6 (4.22)

'H-NMR (CDCl; 200 MHz) & (ppm) ( 31-3)

2.99 (3H,d, J=0.4 Hz, CH;) 3.88(3H,s OCH;) 6.54(1H,s H-3) 6.95
(1H,d, J= 0.4 Hz, H-6) 6.97-7.14 (1H, m, H-4)  7.23-7.34 (2H, m, H-2,
H-6) 7.42-7.50 (1H,t, J=7.8Hz, H-5) 7.89 (1H, d, J=5.0 Hz, H-7)

10.72 (1H, b, -NH)



6-M ethyl-2-(3'-methoxyphenyl)-1,8-naphthyridin-4-one (32)

22 (300 mg) 27
32 ( 38 %)
32
32 216-218
(EIMS) ( 32-1): (m/z 266)
C16H14N>0O5

IR ( 322 v «.{KBr)cm'  1618cm*’  (C=0)
3033 cmi* (C-H) 3442 cm*
uv ? max (CHCl3) nm (log €) : 348.0 (4.10)

'H-NMR (CDCl; 400 MHZz) &(ppm) ( 32-3)

(N-H)

231 (3H, s CHs) 3.80(3H,s OCHs) 6.52(1H,s H-3) 7.07 (1H, dd, J=

8.0,21Hz H-4) 720(1H,d,J=21Hz H-2') 7.25 7.27(1H, m,

H-6') 7.40 (1H,t J=80Hz H-5) 7.76 (1H,d,J= 1.8Hz, H-7) 8.45

(1H,d, J= 1.3Hz, H-5) 11.72 (1H, b, NH)
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BC-NMR (CDCl; 100 MHz) & (ppm) ( 32-4)

18.00 (CH;) 55.47 (OCH;) 109.62 (C-3) 113.02(C-2) 116.34 (C-4')
119.78 (C-6) 12957 (C-6) 130.41(C-5) 13551 (C-5) 136.00 (C-4a
C-1) 149.36(C-8a) 151.29 (C-2) 15356 (C-7) 160.13(C-3) 178.87

(C O

22 32 H
32 H NH 22 8 aromdic
proton 32 7 aromatic proton UV

(M/z 266)



5-M ethyl-2-(2'-chlor ophenyl)-1,8-naphthyridin-4-one (33)

23 (300 mg) 27
33 ( 31%)
33
33 230-232
(EIMS) ( 33-1): (M/z 270)
C45H1:CIN,O

IR ( 332)v «a(KBr)ecm®  1635cm*  (C=0)
3058 cm* (C-H) 3268 cmi*

uv ? max (CHCl3) nm (log e) : 336.4 (3.97)

'H-NMR (CDCl; 200MHz) 3(ppm) ( 33-3)

(N-H)

295(3H, s CHs) 6.31(1H,s H-3) 6.83(lH,d, J=5Hz, H-6) 7.26-7.55

(5H, m, H-7. H-3'. H-4'. H-5'. H-6") 11.65 (1H, b, NH)



5-M ethyl-2-(2'-fluor ophenyl)-1,8-naphthyridin-4-one (34)

24 (300 mg) 27
34 ( 21%)
34
34 230-232
(EIMS) ( 34-1): (Mz 254)
CaisH1FN,O

IR ( 342) vma(KB)cm®  1643cm*  (C=0)
3060 cm™* (C-H) 3253cm™®  (N-H)

uv ? max (CHCl3) nm (log e) : 338.2 (4.25)

'H-NMR (CDCl; 200 MHz) & (ppm) ( 34-3)

2.95(3H,s CH;) 6.47(1H,s H-3) 6.91(1H,d,J=48Hz H-6) 7.21-
7.34 (2H, m, H-3. H-5) 7.48-7.66 (2H, m, H-4'. H-6) 7.78 (1H,d,J=48

Hz, H-7) 10.87 (1H, b, NH)



2-Phenylpyrido[1,2-a]pyrimidin-4-one-3-car boxylate (40)

N-(5-Chloropyridin-2-yl)-3-fluor obenzamide (38)
5-chloro-2-aminopyridine (36) (6.43 g 0.05 mal)
2
3-fluoro-benzoyl chloride(37) (15.85g 0.1 mal)
38 (9%

7-Chloro-2-(3'-fluorophenyl)pyrido[ 1,2-a] pyrimidin-4-one-3-car boxyla-
te (40)

N-(5-chloropyridin-2-yl)-3-fluoro-benzamide (38) (5.1 g 0.0203 mol)
PCl; (4.2g 0.0203 mol)
carboximidoyl chloride (38a) (0.45g 0.0203
mol) diethyl malonate

sodium diethyl malonate (39)

38a 39 diethyl

[[(5-chloropyridin-2-yl)amino] (3-fluorophenyl)methylenelmal onate

40 (  57%)
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40

40 150-151

(EIMS) ( 40-1): (M/z346)
C17H1,CIFN,0;

IR ( 402) v »a{KBr)cm™  1643cm™  (C=0)
3060 cm™* (C-H) 3253cm™®  (N-H)

uv ? max (CHCl3) nm (log €) : 365.8 (4.12)

'H-NMR (CDCl;  200MHz) &(ppm) ( 40-3) 1.04 (3H,t,J=7.1Hz,
COOCH,CH,) 4.13 (2H, g, J= 7.1 Hz, OCH,CH) 7.38-7.40 (3H, m, H-2.
H-4'.H-6) 7.42-7.44(1H, m, H-5) 7.84(1H,d, J=9.4Hz H-9) 815
(1H, dd, J=7.1, 24 Hz, H-8)  9.00 (1H, d, J = 2.0 Hz, H-6)

7-Chloro-2-(3'-fluor ophenyl)pyrido[ 1,2-a]pyrimidin-4-one-3-car boxylic

acid (41)

40 10 sodium hydroxide
41
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Ethyl 4-oxo0-6-methyl-2-(3'-methoxyphenyl)-1,8-naphthyridin-4-yl-

acetate (42)

32 (200 mg 0.00075 mol) ?  (Tetrahydrofuran)
(sodium hydride) (0.1g 0.004 mal)
ethyl chloroacetate (0.36g 0.003 mal)
ethyl 4-ox0-6-methyl-2-(3'-methoxyphenyl)-1,8-

naphthyridin-4-yl acetate (42) ( 62 %)

42

42 140-142

(EIMS) ( 42-1): (m/z352)
C20H20N204
IR ( 42-2)V na(KBr)cm® 1643cm™*  (C=0)
3060 cm™* (C-H) 53cm’t
(N-H)

uv ? max (CHCI5) nm (log ) : 326.0 (3.90)

'H-NMR (CDCl; 200 MHz) & (ppm) (  42-3)

1.61-1.67 (3H, m, OCH,CH;) 2.58 (3H, s, CH;) 3.96 (3H, s, OCH;) 4.39
(2H, g, J= 7.0Hz, OCH,CH;) 7.04-7.08 (3H, m, H-4) 7.26-7.28 (3H, m,
H-2'. -OCH,COOC,Hs) 7.44 (1H,t, J=80Hz,H-5) 7.75(1H,d,J=78

93



Hz, H-6) 7.91 (1H, s H-7) 8.36 (1H, s H-3) 8.95 (1H, d, J = 2.4 Hz, H-5)
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