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Abstract

A series of 2-phenyl-1,8-naphthyridin-4(1H)-one (2-PN)
derivatives has been synthesized and illustrated very potent
cytotoxicity. However, most of them were quite lipophilic and
poor pharmacokinetic characteristic for preclinical studies.

In order to improve the ADME properties of 2-PNs,
several 3-carboxylic acid derivatives were designed and
synthesized. The appropriate ethyl benzoylacetate 11-13 were
obtained from  commercially avalable 3-substituted
acetophenones 8-10 treated with diethyl carbonate, respectively.
The acylating agent of N-succinimide ester of aminonicotinic
acid 6 was prepared from appropriate aminonicotinic acid and
N-hydroxysuccinimide in the presence of DCCindry THF. To
cyclocondensation of compounds 11-13 and acylating agent
used potassium t-butoxide as a base at reflux afforded 2-PNs
14-16, respectively, bearing the 3-carboxyl moiety on the
3-position. Finaly, the hydrolysis of compounds 14-16 by
treatment with 10% NaOH(; gave target compounds 17-19,
respectively. We provided successfully the synthetic route for
the preparation of 2-phenyl-1,8-naphthyridin-4(1H)-one-
3-carboxylic acid derivatives under smooth reaction conditions

for drug development.
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2-Phenyl-4-quinolone-3-carboxylic Acid 2. 05 % 75 1
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Fig 1. 3’-Fluoro-6-methoxy-2-phenyl-4-quinolone-3-

carboxylic acid

(3) 2-Phenyl-4-quinolone-3-carboxylic Acid 2. # 3}~ # + &

(PK)IL R

#-  3’-fluoro-6-methoxy-2-phenyl-4-quinolone-3-
carboxylic acid ¥ male ICR mouse (- fiig < & fEhze |t
ARl R)EFCIRE FIRAGNE IR TR ERER o H S
M AFIRAISEES G (Table. 1) # § iz
% & w884 (volume of distribution) » #7/1 LS ¥
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Table 1. # %% /1 &+ 2.0 mg/kg ** male ICR mice =7

i S

PK parameters Mean
C(0) (ng/ml) 33329.1
AUC(0-inp)

91438.0
(ng+hr/ml)
MRT (hr) 4.5
CL (ml/(minzkg)) 0.4
Vs (I/kg) 0.1
V. (Vkg) 0.1
Ty (hr) 3.3

C(0) - Initial concentration
AUC : Area under the curve
MRT : Mean residence time
CL : Plasma clearance

V : Volume of distribution

T 12 - Half-life



Table 2. ¢ PR¥% - 20.0 mg/kg >+ male ICR mice

Zrdd BikE

PK parameters Mean
Cinax (ng/ml) 103276.2
AUC(0-inp)

645317.6
(ng*hr/ml)
Tmax (hr) 0.5
MRT (hr) 5.5
Ty (hr) 4.1
Bioavailability (%) 71

Cmax : Maximum concentration

AUC : Area under the curve

Tmax - The time of Maximum concentration
MRT : Mean residence time

T1/2 : Half-life
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Fig 2. 2-PN % 2-PQ z_ % Jf#

(=) 2-Phenyl-1,8-naphthyridin-4(1H)-one-3-carboxylic
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¥ - % % » I * 2-phenyl-1,8-naphthyridin-4(1H)-one-3-
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(= ) Ethyl 3-Substituted Benzoylacetates (11-13)2_ & =

Scheme 6
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B A -
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H -ﬁ#g;%;u t &P 115 6] > & SEIR ~ NMR ~ 2 MSh

ks B o AT

(1) IRFIH#(F11-1) : fk #1742 cm™ 2 1687 cm™ vt C=0+
LR N

(2) '"H-NMR (CDClL;-d; > 200 MHz) & (ppm) (#111-2) :
d A A AT I & 4T 14T & E 0 A0 ] R Sk
5 7.58-7.17 (4 H, m)A ul fF | H-2 » H4 ~ H-5 - H-6 > @
©04.16 (2 H, s)iF >t A i carbonyl group® & -CH,-hd
AR 04122 H, q,J=T7.1H2)ff B>t ¢ fig A CH & 3
508 3.8 B H, 9)iF B> %35 2 8 -OCH;B~ % A 2 & 31
5 B3 EFATO1L1TGBH, t,J=71Hz)RF/H> T fiq
A& CH; & 3UEL o

(3) PC-NMR (CDCl;-d; » 50 MHz) 8(ppm) (F11-3) :
By 12 R+ 3050 H3pH AP o A 2519322
o 167. SE]JETF >+ 7 B carbonyl group srE 2 5L o

@) fﬁ* #H(EIMS) (B 11-4) : 2 F 33+ 2% (m/z222) » 23 Hp. “f#

b F 38 CpH O 22 2 3 &4 2 0



(=) 2,5-Dioxopyrrolidinyl 2-Aminopyridine-3-

carboxylate (6)Z. & =

Scheme 7
o
Q o)
N COOH !
DCC P
‘ +  HO—N > N °
dry THF, rt, 24 h
G T o)
N NH, =
N NH,
o
4 5 6

4 Scheme 7 #7757 » 7 L 14 2-aminonicotinic acid (4) & 4= 4
Bl > @k THE %73 4% > & 4 » N-hydroxysuccinimide (5)%
DCC &3 BT F b 24 ) B > 2 (3 5 ik iBihBihin o 11 4
HEAFTFE )L (PREZF TR e @m=3:1)F
B iv & 4 2,5-dioxopyrrolidinyl 2-aminopyridine-3-carboxylate (6)

2w ¢ FH o

it £ 62 SR A NEIR ~NMR ~ 2 MSeF 4 & 247 > 3%

it e L
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1) &% 6 Lv ¢ B BeEi 171-173 C (it mp
167-169 C) o
2) IRW;#(F6-1) © it #3351 cm''jief NHy W 53R e
ot ik #1714 cm™ 2 1680 em™ e C=001 Sg3R 5
oM o
(3) 'H-NMR (CDCl;-d; * 200 MHz) & (ppm) (H#6-2) :
dAE A EA T & T7F OB & B 0 40 H| 8T E MBS
75 8.32-8.23 (2 H, m)~ | §F 3 H-4 ~ H-6:0d L85
5 6.70-6.63 (1 H, dd, J = 8.0 Hz, 4.7 Hz)jF > H-54 3
5.0 86.35 (2 H, brs)§F B> -NHye0& 3051 > §2.89 (4 H, s,)
PGB it B ok 4p i e0H-3T s HoA' & UL -
(4) “C-NMR (CDCl;-d; * 50 MHz) & (ppm) (#16-3) :
d BT 3 8B A FAF  d &+ Bz 106
B4Rl T R A A BB SRNE(CY ~ C4
C-2~C-5)E ik o f g ? 7 105 918 25.12 & P AE
B HB g B A 169.1F 5w gk 2 carbonyl groupH B
MR KB H s S C-30 s C-47 8 C-27~ C-5"2 2L 8L o
(5) DEPT-135 (CDCl;-d; > 50 MHz) 6 (ppm) (#16-4) :

d DEPT-135% gl 3% b i {8 50 > M gﬁ;ﬁ S5 w Spl > A
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5C-2~C-3~C-2"~C-5% 1 * ch— i#carbonyl group >
202515 % B-CHywpl2n 5L o
(6) F#(EIMS) (® 6-5): ~ + &+ % (m/z235) > &gl Sif

i+ 38 CgHgN3Oy 2o 2+ £ 4B 13 o

( = ) Ethyl 2-(3-Substituted phenyl)-1,8-naphthyridin-4(1H)

-one-3-carboxylates (14-16)2. 4

Scheme 8
COOEt
R
t BuOK
) dry THF, 1t, 72 h
11 R= OCH, 14.R-OMe
15. R=
12.R=F 1o R= 1
13.R=Cl

AT B2 b R 4T

4rScheme 8+#77+ » 7 L rlethyl 3-substituted benzoylacetate
(11-13) 5 4245 AL > & K THF 2 73 4 > 7 k& 14 388 potassium

tert-butoxide (#-BuOK) » #& P~ethyl 3-substituted benzoylacetate
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Zoofm b2 d o X304 4518 £ 4 » 2,5-dioxopyrrolidinyl
2-aminopyridine-3-carboxylate (6) 2 Z E T * BX3X > F KR
SRBREGFEEVNFEEKE D F T REPR BV RE 0
R (P )L 30 it & 4 ethyl 2-(3-Substituted

phenyl)-1,8-naphthyridin-4(1H)-one-3-carboxylates (14-16) -

H ¢

-

S ER LI L $ 145 b0 A BJEIR ~ NMR ~ 2 MShF

ﬂ\sl

ks B o iAo

1) “2H 1450568 % 0 BE% 65677TC -

(2) IRFz(H14-1) : 2t #1729 cm™ ~ 1718 cm™ 2 1603 cm™
Jieh C=0¢iie S ARES g o

(3) 'H-NMR (CDCl;-d; » 200 MHz) & (ppm) (#14-2) :
dfF A BT &5 8F 163 & MEL » 4~ 9h Z| ¥ B B
P05 12.16 (1 H, 5)§F B> -NH:hd 31508 8.65 (1 H, dd,
J=79Hz, 1.7 Hz)§f B> H-7¢0& 30358 7.39-7.05 (6 H, m)
A ulfF B> H-5 - H-6 ~ H-2’ ~ H-4’ ~ H-5" ~ H-6" > §4.10 (2
H,q,J=7.1Hz) }Ff> ¢ fa A eCHy & 715 > 33.76 (3 H,

$)BF B -OCH 0 E 8L » & d i B3RS 1.01 B H, 1,7 =
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7.1 Hz) Bl 5 B3t ¢ g A enCHL & U8E o
4) 13C-NMR (CDCL;-d; > 50 MHz) &(ppm) (#114-3) :
d BT 3 17BA R+ A5 vd &3 3V F o kizy 18
At o R T A - BRI E R o
(5) DEPT-135 (CDCl;-d; > 50 MHz) 6 (ppm) (H]14-4) :
d DEPT-135% g3 o i¥ 4v > p 45§ 7w pl > 2 d
BHE R 8B e sk o 50 159.78E v BALRIR
WU B o TR Eh B B Bl chE o @ 28 61.0
4 — B-CHyse s 8E o
(6) ¥ % (EIMS) (F] 14-5) :4 + 323 % (m/z2324) > 22358 3%

>+ 7 CigHigN,Og 2o 2 3+ &4 2 o

(= ) 2-(3-Substituted phenyl)-1,8-naphthyridin-4(1H)-one-

3-carboxylic Acids (17-18)2. &

Scheme 9
o (@]
N COOEt N COOH
10% NaOH
= R MeOH, A = R
N N N N
N H
14. R= OMe 17. R=OMe
15.R=F 18.R=F
16. R=Cl 19. R=CI
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4c Scheme 9 #7177 » g L1 it £ 4 ethyl 2-(3-Substituted

phenyl)-1,8-naphthyridin-4(1H)-one-3-carboxylates (11-14) =
o 4o » 10% NaOH #c# 1 1% if & 0 B (7

e FORL 0 T R 0%
Fadf K25 flo o 6 PR Sc kAR T £ it o £ 01 =
’ ?]4 L 5}7”
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2-(3-substituted phenyl)-1,8-naphthyridin-4(1H)-one-3-carboxylic
acids (17-19) -

B j€IR ~ NMR ~ 2 MSehF

A

HoHganit g 3175 b

e P172 S dE
1) &% 17 5%% ¢4 % %585 187-189°C o

@) IRWH(WI17-1) : fik #3486 cm' et OH:n S4mde s
’]I‘l')z ; I__/};Lg;;3233 cm /i PNH!—’TJI\J ﬂﬁﬁ%“}»“](% ; B

#1710 cm™ 2 1614 cm™ 7 C=0¢niY 1“4’){:—‘2ﬁ7vk"i('l§
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(3) 'H-NMR (CDCl;-d; » 200 MHz) & (ppm) (H17-2) :
dAAEHE TSI 11BE R td 43 N F
R 120 & M 40 S B 5 -OH o A4 243t
B MBS S 13.25 (1 H, br o)§iF B> -NHe & U5
5891 (1 H,dd,J=45Hz, 1.8 Hz)ff B> H-7¢0& ;5L »

58.63 (1 H, dd, J= 8.0 Hz, 1.8 Hz)[# > H-5:14 2L 8 »

“?%

57.60 (1 H, dd, J=8.0 Hz, 4.5 Hz) §f > H-60& u3L >

5 7.43-7.05 (4 H, m)~ 5| §F f>*H-2" ~ H-4’ ~ H-5* ~ H-6"¢h
&L A Bk B IS 3.80 B3 H, 5)iF B*0-OCH; &
MEL o

(4) "C-NMR (CDCl;-d, > 50 MHz) 6 (ppm) (F17-3) :
o BIE T 5 16+ U5 BIFH AR @ o 4~ M 1T
0 178.0% 6 165.63 = i carbonyl groupsF gk 5L » @ &
d 55. 7§ﬁ A% -OCH; e 2 5L o

(5) DEPT-135 (CDCl;-d; » 50 MHz) & (ppm) (F]17-4) :
d DEPT-135% g3t g iF v > L 245 8B w gt > 223f
Bip i oo

(6) ¥ 3% (EIMS) (B 17-5) : 4 + 325 % (m/z 296) » &2 5 ‘53

>+ 38 CigHppNyOg 2o 2 F 4R 72 o
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(1) &

Akl BRI R

&R R
*~F 37 % A @ & & 2-phenyl-1,8-naphthyridin-
4(1H)-one (B)#g #i74 2. & s = (* 7% 1, Scheme
3) 0 2 F HF “T* Kk & = 2-(3-Substituted phenyl)-
1,8-naphthyridin-4(1H)-one-3-carboxylic acid (D)#g it &

freng &3 2 (3 21, Scheme 5) & 7 # R4k gL
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4 Scheme 11 #177 ©

Scheme 11
° (@]
o
COOH
X N DCC N
- EE—
| HO—N 1,0 X o
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N CHy Nl » e i
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% = & 6-Phenylpyrido[2,3-b]pyrazin-8(SH)-one (E)#g
%2 2-Phenyl-1,6-naphthyridin-4(1H)-one (F)&g

L& Bns A2

¥ H 0 Fp# it > g2 & & 2-(3-Substituted phenyl)-1,8-
naphthyridin-4(1H)-one-3-carboxylic acid (D)#g enfiT 4 4= #F » &

EREFEN* LPREESH A FEED L P o

(=) £ = 6-Phenylpyrido[2,3-b]pyrazin-8(5H)-one (E)#g
& Fend A3k
%+ Scheme 5 ¢0& = = % fﬁ%—%iﬁ\'%%%\;t“ & R T o

£ & 3 x4 Scheme 12 #71 ©

Scheme 12
o o o o
NaH OEt
CHs . EwoO OEt ——————
toluene, A o
2 11 BuOK N
+-Bu AN
8 e > |
dry THF, 1t, 72 h
ry rt =
N N
H
0

(o}

o,
[e]
22
N\ CooH N i
DCC ~
E + HO—N, —_— | N o
dry THF, tt, 24 h
P T o
N NH, Z
N NH,
21

20 5
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N COOEt N COOH

\ \
| | 10% NaOH | |
---------------- E OMe
P OMe MeOH, A N/

22

z
Iz
Iz

LEF 21 2 & R P 4T

B £ 11 3-aminopyrazine-2-carboxylic acid (20) & 424> R
o g ke 3 dm 538 FR £33 8 £ v » N-hydroxy-
succinimide (5)% DCC > 3 B ™ & i 24 /] FFis » B-F ik iE
Pt M ERAEATRE A (PRERZF TR CEL A
=1:1)> ¥ {Fit &4 25-dioxopyrrolidinyl 3-aminopyrazine-

2-carboxylate (21)2_ ¥ ¢ F|48 o
& 212 BAEEEA SEIR S NMR ~ 2 MSERF AL & 245 -

i 4o

(1) &% 21 5%F ¢ 4% %585 146-148°C o
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(2) 'H-NMR (DMSO-ds > 200 MHz) § (ppm) (F21-1) :
d A BRI L F 157 8B & B o An b L) 8T B MR
Brkd 8.44 (1 H, d, J = 2.0 Hz)fF B> H-6:0d 3L
5801 (1H,d,J=20Hz)ff B> H-5¢0 %L > §7.25Q2 H,
brs)§F B>t -NHyehd A% > & hd 3 B3 /&D 2.88 (4 H, 5)
FBH-3 s HA4ehi s -

(3) “C-NMR (DMSO-d; * 50 MHz) & (ppm) (#121-2) :
d RIBET G TBARF N Ld A3 AT ok E
BaR > FRIF A A B SR aw s (G337 C4
21C-2 ~ C-5)E 47k o d BT T 005 115 25.62 B4
PEBHB I B @ 1704% 5w %8 2 carbonyl
groupH B4 X % @ o o7 H % 5 C-3C-42C2~C-5
2 B EL o

(4) DEPT-135 (DMSO-d; > 50 MHz) 6 (ppm) (F21-3) :
d DEPT-135% g3 i iF 4> - 48§ S spl > 4 &
% C-2~C-3-~C-2"~C-5% 5 ¢ ch— B carbonyl group > @
482515 A B-CHye B30 55 o

(5) ¥ 3# (EIMS) (] 21-4) : 5 + 33 % (m/z236) » 2378 B4

i+ 38 CoHgN4Oy 2 &+ E 4p 3 o
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(=) & = 2-Phenyl-1,6-naphthyridin-4(1H)-one (F)#g it &

Fehg R

%+ Scheme 5 H& = 3 ;% » {e 3 B2 4-aminonicotinic
acid (24) % 424~ R AL » £ 4 » N-hydroxysuccinimide (5)% DCC
AERTER24)REFOTEASFA N LU RIEEEERE
B X RIS R AR TR R RE - R

/% s 4 Scheme 13 #71 ©

Scheme 13
(@]
Q 0
COOH DCC
N P
‘ +  HO—N —H—» N‘ N o
Z NH, dry THF P ©
NH,
(e}
24 5 26
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% = & 2-(3-Substituted phenyl)-1,8-naphthyridin-4(1H)-

one-3-carboxylic Acid 7% Z (Decarboxylation) >

AT FE2Za 0 REX 2PN T g 2258 HE
PRI RS T 350°C 0 £ ORIRA o TIERF F I ATE
* 3 E AR Pl e et & 4k (7% 2 (Decarboxylation) %

o BEEP . TAIN P R ERRACDATE ST RS

FBE2-PN I &EF o

g < JREEf M SHEREFEMEL B 72 0 R

B = ;g%z A S40T
432 A 4 Scheme 14 #F1

Scheme 14

Cl

Cl
MeO. COOH MeO.
N 20% HCI N
—>
— A, 6 h, 85% —
N O N O

27 28

35



452 B2 : 4 Scheme 15 *F

Scheme 15

F COOH L F
X Cu,0, quinoline X

180 °C, 20 h, 88%

<452 C % 4 Scheme 16 #+77

Scheme 16
9 0
F N COOH F §
Boc ‘ / NaBH4 s Boc ‘
/\C/N N N MeOH, 0 C to rt, 53% / \C7 7 N
HN )\ ’ e HN
N/ s N)\
wo = \_/
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s 5

RIS F A ERE LS FRACFY - BT S D

p- ",’TT » 4r Scheme 17 #7177 o

Scheme 17

o (@]

AN coon 20% HC X

—>
110 C,6h OMe

oM ’ P
N/ N . i\ N
H H

B & 1 2-(3-methoxyphenyl)-1,8-naphthyridin-4(1H)-one-
3-carboxylic acid (17) 5 =45 #L > B » 20% HCI -k i3 7% > 4 4%
ITRGUERMNIIOTC) EFREF K F RO 0 4
10% NaOH ® vk i 2 P > M= F P25 B> B2 § 702
@ RESS L g8 247 #1 &4 2-(3-methoxy-

phenyl)-1,8-naphthyridin-4(1H)-one (33) -
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i £ 47332 B d b s NMREIH & 2 ir > it 4o

(1) &+ 33509 & fR o

(2) 'H-NMR (CDClL;-d; > 200 MHz) § (ppm) (F133-1) :
d A Bl EF147 1213 & 35 o 4= ) H) S350 & M2
B35 9.70 (1 H, br ) B *t-NH& 315 > 8§ 8.66 (1 H,
dd, J= 8.0 Hz, 18Hz)& 63 H-7¢04 250 0 6 8.48 (1 H, m)
B H-5:0% %58 7.48-7.06 (5 H, m)F > H-6~H-2"~
H-4’ ~ H-5" ~ H-6"¢1& 3155 6.6.58 (1 H, 5)~ 4§ " H-3
enE AEL A L ITETR G hd B ST T HEP 5
e 3 "’f »om A Bk 3.85 (3 H, S)RTF %3 -OCH, e

Z3E -

hhhhhh o o ~
2 RS RTLRTAITERE Sm%ﬂm%ﬁ ]
~ MmN Y g o s$ mmmmmmmmmmmmm ™
a g T MO DU@ToOMNGT comMa@d ]
a 2 | J0oJd0TITISTISTMAAMAANNN-OOO
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>
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PF R m@ : {5\
tom 10 . g ' 8 H & ] ) H y
BBl 33-1 it & 4 33 2z H-NMR (CDCl;-d; > 200 MHz) ] 33



DS EFR AFRETADRT g & 2-phenyl-1.8-

naphthyridin-4(1H)-one (B)#g #i74 4~ 2 fg% o IR IO s

it 33 A Apleche d JEP T Y FH & LD &
RTE Ak SR aH BT £ B 2PN L 5 i
B BT FORIEERUEfoF i T o
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Fra 2 FFENBEHRES

FHAAE RPN A ATL R LB F 2 BRI
4R R i e KA LRI B F P v R i R U

ARGE BT LEBP A FEFRR LR 6 PRGE - g

Pt
S
i

ot}
W

ey b (Table.3) > H s H mf A o

Fh M b it 4 (14-19) ARl b 11 A TR o etk
(human tumor cell lines; HTCL)P|:& 2 %+ A549 (lung cancer cell) ~
Hep-3B (liver cancer cell) ~ 2 Colo205 (colon cancer cell)im ¥z 3%
F B MEriE o % drTable. 3 #7177 » BEARAF Z 528 4 > - B
ok -COOH F e A3 2R 7 2L enie® > e Fwmie

A E AR A 4o & -COOH it fenit &% o oo 5 % 4o

>
T‘.ﬁ
k.

2-phenyl-4-quinolone-3-carboxylic acid (A)%g #7 2 4 {28

GFZBE b4 ~-COOH T i At m% R4 EP > &L

Jvi

2-PN s e frfrde 2 B4t > 3 ¥ e £ 2-PQ #7215 5L~ 6
A THLEFERA A FHTES

M % o
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Table 3. Cytotoxicity for compounds against A549 ~Hep-3B ~Colo 205

Compoun ICsy " (M)
R, R,
d A549°  Colo 205° Hep-3B*
14 -COOEt -OMe >100 >100 >100
15 -COOEt -F >100 >100 >100
16 -COOEt  -Cl >100 >100 >100
17 -COOH -OMe >100 >100 >100
18 -COOH -F >100 >100 >100
19 -COOH -Cl >100 >100 >100
Data was presented as ICso (LM); -- : not determined.

a : ICsg (proliferation-inhibitory concentration) after 48 hrs incubation.
b : Human lung carcinoma cells.
¢ : Human colon adenocarcinoma cells.

d : Human liver carcinoma cells.
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2L 2PN e EH 4 BB F o R
2-(3-substituted phenyl)-1,8-naphthyridin-4(1H)-one-3-carboxylic
acid (D) 3 it & P o ¥ ﬁ 12 3-substituted acetophenones (8-10)
fv diethyl carbonate 5 & #L F & ¥ | ethyl 3-substituted
benzoylacetates (11-13) > £ P~ 2-aminonicotinic acid 2%
N-hydroxysuccinimide # N,N'-dicyclohexylcarbodiimide (DCC)
' % T s ok & @ 2,5-dioxopyrrolidinyl 2-aminopyridine-
3-carboxylate » £ #- A = {# I] v ethyl 3-substituted
benzoylacetates (11-13) % = 2,5-dioxopyrrolidinyl 2-amino-
pyridine-3-carboxylate % potassium tert-butoxide (~-BuOK):ri®
* T & v 5 ethyl 2-(3-substituted phenyl)-1,8-naphthyridin-
4(1H)-one-3-carboxylates (14-16) » # s £ 4 10% NaOH -k f% &
HBOED & AT Rt L5 (17-19) 0 T 2 P oiE

He% v R E 2PN & Ff2eh i (SAR) ST -

FHATR Y R 2 i * & 8 2-(3-substituted
phenyl)-1,8-naphthyridin-4(1H)-one-3-carboxylic acid(D)#g 147

4 % 5 B F ;‘%‘ d gt 2 = & = 6-phenylpyrido[2,3-b]-
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pyrazin-8(5H)-one (E)#f % 2-phenyl-1,6-naphthyridin-4(1H)-one

(F)iferims 4o 1 B

SEenE 3 P HF

R

(Decaboxylation) #1 ¥

2-phenyl-1,8-naphthyridin-4(1H)-one (B)%§

s FEPF R R BIE R ot E 2 5

IER

rat

MNhA P ife i Ty
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R RICAL

3
=
A

() #%
I S N T ]

Sodium hydride(60%)

2. Bt p ® & Lancaster = ¢ —‘F’{
3-Chloroacetophenone (98%)
N,N'-Dicyclohexylcarbodiimide (DCC) (99%)
Diethyl carbonate (98%)
3-Fluoroacetophenone (98%)
3-Methoxyacetophenone (98%)

Potassium zert-butoxide (97%)

3. Btp £ K Acros = & —‘[5‘
2-Aminonicotinic acid (98%)

4-Aminonicotinic acid (99%)
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3-Aminopyrazine-2-carboxylic acid (99%)

N-Hydroxysuccinimide (98%)

4. pEp % K Tedia = p"—ﬁ’

Absolute ethanol, 99.5 %

5. Fp p ARRfrit BR3¢ %iﬁ
Glacial acetic acid (synthesis grade)

Sodium hydroxide (synthesis grade)

(=) B
I Hp RS & P
Choroform-d; (for NMR spectroscopy, 99.8 %)
Dimehylsulfoxide- ds (for NMR spectroscopy, 99.8 %)
Ethyl acetate (guaranted reagent; G.R)
n-Hexane (ACS grade)
Methanol (ACS grade; spectrophotometric grade)

Tetrahydrofuran
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2. Mp # K Tedia = & —‘F‘{
Chloroform (ACS grade)

Ethyl ether anhydrous (guaranted reagent; G. R)

Toluene (ACS grade)

3. BER c BE AN F b A

Ethanol, 95%
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FoE ERRFETHRIE

-) EERE

1. 3 2L <_% (Melting Point Apparatus)
NGB A 2 23 B4 Yanaco MP- 500 D %5 BEip) 2 %

R @ H R R E £ 40-500°C 0 BB A ERE

2. %z ¢k 40k 3¥ & (Infrared Spectrophotometer)
fvh Ak ¥ 4 47 42 * Spectrum One FT-IR Spectrometer

PRI MR T 49 R S 4 ar i > ke E 5 #e(em™) -

3. B 3% &k (Mass Spectrophotometer)
EIMS 2 VG platform II GC-MS instrument p] Z_»> &~ it

TRL T0ev: =5 mizo (¥ W%%*gﬁg—fiﬁﬁ <)

4, % ¢tk F(UV Equipment)
% * CAMAG UV-Cabinet II % *h'FE 24 > § 7 ©®iik

£ 254 nm £ £ & 366 nm 2. kR o
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5. % = ¥= k3 ik (Nuclear Magnetic Resonance Spectromete)

# * Bruker Advance DPX-200 FT-NMR Spectrometer (¥ & %
< gﬁ TREP ) M(ppm)E X o7 P E =B E > A L TMS
(tetramethylsilane) (6 = 0) & p 3R84RF o B & F HI J £ 7 5 T s
7. H ' (singlet) » d % = & * (doublet) » ¢t % = & * (triplet) > m % %
4% (multiplet) » br % % % (broad) > dd # = £ * (double doublet) >

ddd * %= & "% (double double doublet) -

\\\Xr

6. 350 C & # ¢ (Montle heat)

New Lab instrument Co. %] %.: MNS 500> 300 walt> 110V)
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(=) H#

1. &% ¢ k& ~ 47 (Thin-Layer Chromatography)
A 4t K E.Merck = & 4 &2 Pl-e-coated-aluminium TLC
sheets (silica gel 60 Fps4 » 2020 cm > 0.2 mm layer thickness -

Art.554) -

2. ¥ ¢ B & #7(Column Chromatography)

45 B E.Merck = @ 41 %2 Silica gel 60 (70 -230 mesh) & &

SR A)EE L 02071391 -
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F2& MEF2ZWUR

(- ) 2,5-Dioxopyrrolidinyl 2-Aminopyridine-3-

carboxylate (6)2. &

EhEr grkemie » FE S P A TR N ED R
K @ vhem 3 % o & f=P~2-aminonicotinic acid (2 g 14.48
mmol) > ¥ 3t250% 2 chz FEHEg Y o e r mokw g A 150F
A SR FREIE 3 R 4~ N-hydroxysuccinimide (3.33
g+ 2896 mmol)% DCC (4.48 g»21.72 mmol) > # & &% &3
BTROE24 P o 2 (SRR iR iBIR R T R R RS
SERAH (B) B0 D § T g =3

S RRAMEICLESF65 9 F HE(A133g A F39%) -

&P 6T 2 kAT
5 8h(mp) : 171-173 C
IR (F16-1), Y wx (KBr) em™ : 3351 cm™ (-NH,)
1714 cm™ (C=0)

1680 cm™ (C=0)
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"H-NMR (CDCl;-d, > 200 MHz) & (ppm) (F6-2) :
8.32-8.23 (2 H, m, H-4, 6)

6.70-6.63 (1 H, dd, J = 8.0 Hz, 4.7 Hz, H-5)

6.35 (2 H, br s, -NH,), 2.89 (4 H, s, H-3", 4)

BC-NMR (CDCl;-d; > 50 MHz) & (ppm) (F16-3) :

169.1, 169.1, 161.7, 159.5, 155.7, 140.2, 112.8, 100.7, 25.1,
25.1

MS (M/2) (B16-5) : 235 (M)

(= ) Ethyl 3-Substituted Benzoylacetates (11-13)2. & =

(1) Ethyl 3-methoxybenzoylacetate (11)2. & =

EABT IR R AT 2 Mf'a‘ﬂ - B e ik
SUAE R KT F o & 4B~ 60% sodium hydride (1.99 g » 49.95
mmol) > ¥ *+ 500 = H eh= ggFELP o 4o 2 mR T F 100 2 2
A4 FR L3953 15 1 4~ diethylcarbonate (5.9 g » 49.95

mmol)“4c £ 3 1% ;i g & > §#B~ 3-methoxy acetophenone (5 g °
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33.3 mmol)fFf# >t 50 F A chg kT F o LEF A~ KRR
P FFENRESLF B30 A4 EARL I FE o
FeF UORPEELAL T F iR 2 pH 2-3 0 f 4o 150 A FA

(SRR AR SR O VL RS RN

(W) Bt N9 % e ir=8:2 AR REA

B S 1120 F § R A48l g0 A K 65%) e

M= ) RN R S S

S SR
IR (F11-1), ¥ wx (KBr) em™ : 1742 cm™ (C=0)
1687 cm™ (C=0)
"H-NMR (DMSO-dg 200 MHz) 6 (ppm) (F11-2) :
7.58-7.17 (4 H, m, H-2, 4, 5, 6)
4.16 (2 H, s, CH,)
4.12 (2 H, g,J=7.1 Hz, OCH,CH,)
3.8 (3 H, s, OCH3)

1.17 3 H, ¢, J= 7.1 Hz, OCH,CH;)
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BC-NMR (DMSO-ds * 50 MHz) § (ppm) (§]11-3) :
193.3, 167.8, 159.7, 137.4, 130.0, 121.0, 119.8, 113.0, 60.8,

55.3,45.8, 14.0

MS (M/2) (R 11-4) : 222 (M)

(2) Ethyl 3-fluorobenzoylacetate (12)2. & =

FART PRI S “f%‘ﬂ - Bk anaik
MED AT F o AFEE 60% sodium hydride (2.17 g > 54.3
mmol) > ¥ >+ 500 =2 ch= FFHL® > 4e > @K T F 100 2 H
LA FR L33 15 1 e~ diethylcarbonate (6.42 g » 54.3
mmol)“4e £t 3 1 ;i Jf & 0 #%B~ 3-fluoro-acetophenone (5 g2 36.2
mmol)ff >t 50 = A frm ok FoOLERFAF R
FFEa L L F B30~ PREARLIFIZE - BF
VURPERARL T F i 2 pH 2-30 & 4o~ 150 F A ZAGK > 1Y
KT FE T B R SRR 0 RS T (B

) it o F e e =812 LR it

A

EF 12200 % § @S5 A F 59.2%) -
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L4 12T R kAT

PR L i I
IR (F112-1), ¥ we (KBr) em™ @ 1739 cm™ (C=0)
1695 cm™ (C=0)
"H-NMR (DMSO-d; 200 MHz) 6 (ppm) (F12-2) :
7.82-7.52 (4 H, m, H-2, 4, 5, 6)
422 (2 H, s, CH,)
4.10 (2 H, ¢, J=7.1 Hz, OCH,CH3)
1.16 (3 H, ¢, J="7.1 Hz, OCH,CH3)
BC-NMR (DMSO-ds > 50 MHz) & (ppm) (F12-3) :
192.6, 167.5, 164.6, 138.0, 131.1, 124.6, 120.9, 115.1, 60.7,

45.7, 14.0

MS (M/2) (B 12-5) : 210 (M)

(3) Ethyl 3-chlorobenzoylacetate (13)2. & =
FART PRI S Mfa‘w - B ek
R ERT F o LB 60% sodium hydride (1.94 g > 48.5

mmol) > & 3+ 500 F 2 = FgHELY o 4o r ®-R T F 100 2
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wAYE TR E353 {4 4 »~ diethylcarbonate (5.73 g » 48.5
mmol)4c £t 3 1 jnif & > §#B~ 3-chloro-acetophenone (5 g -
32.33 mmol)fF§»+ 50 = A e k¥ F TR F AR RR
PO EFSNYREREF R0 A4 BRBRLITT ER o
BF VR F BRI pH 2-3 0 £ 4~ 150 22 4
Ko oRE T F B BT R SR RIENES 0 £ S E K

Sz
\7C

101 2R s

: e

div

1 (W) it -z 9

AL L 13 2 %% 4§ R348 g A X 47.5%) -

L A5 13 H P F 2 KT

P SRR A0

IR (F113-1), ¥ w (KBr) cm™ @ 1742 cm™ (C=0)
1692 cm™ (C=0)

"H-NMR (CDCl;-d, > 200 MHz) & (ppm) (F13-2) :

7.97-7.58 (4 H, m, H-2, 4, 5, 6)

4.23 (2 H, s, CH,)

4.11(2H, q,J=7.1 Hz, OCH,CH;)

1.16 3 H, ¢, J= 7.1 Hz, OCH,CH;)
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’*C-NMR (CDCl;-d; » 50 MHz) & (ppm) (F113-3) :
191.0, 169.5, 166.8, 137.3, 133.4, 129.9, 128.3, 126.4, 61.4,
45.7,14.0

MS (m/2) (B 13-5) : 226 (M)

( = ) Ethyl 2-(3-Substituted phenyl)-1,8-naphthyridin-

4(1H)-one-3-carboxylates (14-16)2. & =

(1) Ethyl 2-(3-methoxyphenyl)-1,8-naphthyridin-4(1H)-
one-3-carboxylate (14)z. & =

FhABr Frimbe »F R S e B T woE 0 1 F T
AR & vk 3% o LB~ potassium tert-butoxide (0.48
g 424 mmol) > £ 250 = H ch= §g¥Hg® > S 2 E ke &
eirm 100 T 2 A4 2B~ £ 4 11 (0.94 g > 4.24 mmol)
FrE 20 B ehf ke § ek o Ko F R B
FrR BN EERETERIOAE RFRBRIEEFIAR

BheritEF (05g0212mmol)* "R TF B3I X o LK
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¥

FRBMFE L o r FHRKEZF 7 REP P 5 7K
FRFHAN (B) Bt F 9% o fo fa=3"1

LR EL L 142 00F 8 20142 A 5 21%)e

P L4 14T R kAT

% BL(mp) : 65-67 C

IR (F114-1), Y wee (KBr)em™ : 1729 cm™ (C=0)
1718 em™ (C=0)
1603 cm™ (C=0)

"H-NMR (CDCl;-d, > 200 MHz) & (ppm) (F14-2) :

12.16 (1 H, s, NH)

8.65 (1 H, dd,J=7.9 Hz, 1.7 Hz, H-7)

7.39-7.05 (6 H, m, H-5, 6,27, 4,5, 6")

4.10 (2 H, g, J=17.1 Hz, OCH,CH;)

3.76 (3 H, s, OCHs)

1.01 (3 H, t,J=17.1 Hz, OCH,CH;)

BC-NMR (CDCL;-d; > 50 MHz) & (ppm) (F14-3) :

174.9, 165.5, 159.7, 159.7, 152.2, 150.6, 149.9, 136.7, 134.9,

130.1, 120.2, 120.0, 117.4, 116.3, 113.4, 61.0, 55.3, 13.6
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MS (M/2) (B114-5) : 324 (M)

(2) Ethyl 2-(3-fluorophenyl)-1,8-naphthyridin-4(1H)-one-
3-carboxylate (15)2. & =

E ALK @orkemde » i B egh B AT 0 E T
AR & v 3% o L FEB~ potassium tert-butoxide (0.48
g 424 mmol) » & ** 250 T L = FHELP o be r moke &
rhvm 100 & 2 G A4 BT £ 4 12 (09 g0 4.24 mmol)ﬁ%
020 T2t ke dvkea o FEF AN F B o FiF
R BT RETE RIS RFRRLEFRR £
ber i E P (05g02.12mmol)3 R T F R 3 X o AR
BEMGFERE e r» ZHEREZFIREP o5 Pk o £
EE AT (FPR) Bt - F 9% e e =31

SRR SR 152 KF ¢ B A0.17 g0 A F 26%)-

i L4 ISP R KB AT

% BE(mp) ¢ 194-196 C
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IR (F115-1), ¥ we (KBr) em™ : 1730 cm™ (C=0)
1635 cm™ (C=0)
1616 cm™ (C=0)

"H-NMR (CDCl;-d, > 200 MHz) & (ppm) (F15-2) :

11.78 (1 H, br s, NH)

8.66 (1H, dd, J= 8.0 Hz, 1.8 Hz, H-7)

7.54-7.17 (6 H, m, H-5, 6,2°,4°, 5, 6”)

4.12 (2 H, g, J="7.1 Hz, OCH,CH,)

1.03 (3 H, t,J= 7.1 Hz, OCH,CH5)

BC-NMR (CDCL;-d; » 50 MHz) & (ppm) (F15-3) :

175.1, 165.3,160.1, 152.4, 150.0, 149.3, 137.0, 135.8, 135.7,

130.9, 124.1, 120.5, 117.8, 117.6, 115.4, 61.4, 13.8

MS (M/2) (B115-5) : 312 (M)

(3) Ethyl 2-(3-chlorophenyl)-1,8-naphthyridin-4(1H)-one-
3-carboxylate (16)2. & =
Thdw foedvdde r RGBT 2 FT

AR & vk %% o AL fEP~ potassium tert-butoxide (0.48
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g 424 mmol) > £+ 250 = H ch= §g¥Hg® > 4 r E ke &
eirm 100 T 2 SR 40 2B~ £ 4 13 (0.96 g > 4.24 mmol)
ﬁi‘ﬁ"‘ 20 F L@ okw & vk o TiRGFLNF e o &
FUORBLUENFTETFERI0ME RF RRERETRR
Fherit & (05g>2.12mmol)* BT EF B3 X o A
FRRMGFERE v r A RE Z & P REP P2 g 7% h

PEFAkT () Bt on=F " % e @ fig=2"1

éid,i%jﬁéa\%’g_%g@ é‘,;ﬁz 16 Z_ /'\g 4 ‘}n%(() 12g g 7%)

i A4 16 H P F 2 KR AT

%% BE(mp) * 64-66 C
IR (F116-1), ¥ we (KBr) cm™ @ 1729 ¢cm ™ (C=0)

1609 cm™ (C=0)

1603 cm ™ (C=0)
"H-NMR (CDCl;-d, > 200 MHz) & (ppm) (F16-2) :
8.65 (1 H, d, J=7.4 Hz, H-7)
7.57-7.16 (6 H, m, H-5, 6,2°, 4,5, 6")
4.10 (2 H, ¢, J = 7.1 Hz, OCH,CH)

1.01 3 H, ¢, J= 7.1 Hz, OCH,CH;)

60



BC-NMR (CDCL;-d; > 50 MHz) & (ppm) (F16-3) :
174.8, 165.1, 152.2, 149.8, 149.3, 136.8, 135.3, 134.8, 130.5,
130.1, 128.2, 126.4, 120.4, 117.4, 61.2, 13.6

MS (M/2) (B116-5) : 328 (M)

(= ) 2-(3-Substituted phenyl)-1,8-naphthyridin-4(1H)-

one-3-carboxylic Acids (17-19)2 & =

(1) 2-(3-Methoxyphenyl)-1,8-naphthyridin-4(1H)-one-
3-carboxylic acid (17)z. & =
AL fEB it £ 414 (120 mg » 0.37 mmol) > ¥ *+250% = e
Z 5 FL Y 0 4 »30% & gmethanol 5 A 4 0 £ 4 > 10%
sodium hydroxide 30% = » 4v# 1 & iR B 0 B (7 dk BT fig

BUKfEF o F N6 L U TLCHRBIF R 2 0 4ok

h

B s B

PO N
3 T w3

i

ﬁﬁﬁﬁﬂ FR#xIPH=23> =% 9"

d

RRESRE @ EFITLHF S BRI mg > B F91%) -
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L 1T H TR kAT

%% BE(mp) © 187-189 °C
IR (F117-1), ¥ s (KBr) em™ : 3486 cm™ (-OH)

3233 cm™ (-NH)

1710 cm™ (C=0)

1614 cm™ (C=0)
"H-NMR (DMSO-d; 200 MHz) $ (ppm) (F117-2) :
13.25 (1 H, br s, NH)
8.91 (1 H, dd, J=4.5Hz, 1.8 Hz, H-7)
8.63 (1 H, dd, J= 8.0 Hz, 1.8 Hz, H-5)
7.60 (1 H, dd, J = 8.0 Hz, 4.5 Hz, H-6)
7.43-7.05 (4 H, m, H- 2", 4°, 5, 6")
3.80 (3 H, s, OCH;)
BC-NMR (DMSO-ds > 50 MHz) & (ppm) (F17-3) :
178.0, 165.6, 158.9, 156.2, 155.1, 149.5, 135.5, 135.2, 129.4,
122.0, 120.9, 119.0, 115.6, 114.1, 111.7, 55.5

MS (M/2) (B117-5) : 296 (M")
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(2) 2-(3-Fluorophenyl)-1,8-naphthyridin-4(1H)-one-
3-carboxylic acid (18)2. & =

AL fEB it £ 415 (120 mg > 0.4 mmol) » ¥ *+250% =
ZFFLY o 4 2 30%F & gomethanol 5 A 4 0 E e > 10%
sodium hydroxide 30% = » 4v# 1 & iR & 0 B (T dk BT fig
SOKEF Beo F N6 B e kEEFAEL Y F iR 2 pH=2-3 >
MZE T REE P § R RS L R T
(FRE) itz g PR DR =015 "3ipsgpEn

LB £ 4182 6 & BRI mE A FH52%) -

it L4 18 I TR K Bdp AT

%% BE(mp) © 231-233 °C
IR (F118-1), ¥ w (KBr) cm™ : 3498 cm™ (-OH)

1703 cm™ (C=0)

1612 cm™ (C=0)
"H-NMR (DMSO-d; 200 MHz) 6 (ppm) (F18-2) :
14.93 (1 H, brs, , OH)
13.50 (1 H, br s, , NH)

8.95 (1 H, dd, J= 6.1 Hz, 1.1 Hz, H-7)
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8.67 (1 H, dd, J= 8.0, 1.1 Hz, H-5)
7.67-7.33 (5 H, m, H-6,2°, 4", 5, 6")

BC-NMR (DMSO-ds > 50 MHz) & (ppm) (F18-3) :

178.4, 165.0, 156.0, 155.1, 149.2, 136.4, 136.3, 135.0, 129.9,
124.5,122.0, 118.8, 116.2, 115.3, 110.3

MS (M/2) (B118-5) : 284 (M")

(3) 2-(3-chlorophenyl)-1,8-naphthyridin-4(1H)-one-
3-carboxylic Acid (19)2. & =

LB ib £ 416 (100 mg > 0.3 mmol) » ¥ *+250% =
ZFFLY o 4 »30% & gmethanol 5 A 4 0 £ e > 10%
sodium hydroxide 30% = » sr# % & i & 0 B (7 dk BT fig
BoKfRE o B EXN6) B dekEEEAEL Y F ik 3 pH=2-3
MZF P =5 Bz g " ’%;/ﬁ‘fi/%“ﬁ]é R SRR AT
(FOR) S v > - & 9920 9 BE=0: 15 "% A 3mn

LR L1920 ¢ R(@4mg > A F49%) o
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L L4 19 H T R kB AT

% BL(mp) : 224-226 C
IR (F113-1), ¥ s (KBr) em™ : 1696 cm™ (C=0)

1616 cm™ (C=0)
"H-NMR (DMSO-d; 200 MHz) 6 (ppm) (§19-2) :
15.07 (1 H, br s, OH)
13.56 (1 H, br s, NH)
8.96 (1 H, d, J=3.1 Hz, H-7)
8.68 (1 H, d, J= 7.4 Hz, H-5)
7.68-7.48 (5 H, m, H-6,2°, 4,5, 6")
BC-NMR (DMSO-ds > 50 MHz) & (ppm) (F19-3) :
178.7, 165.1, 156.2, 155.3, 149.2, 136.3, 135.2, 129.8, 129.5,
128.1, 127.2, 122.2, 118.9, 110.1

MS (m/2) (§119-5) : 300 (M")
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(¥ ) 2,5-Dioxopyrrolidinyl 3-Aminopyrazine-2-

carboxylate (21)2. & =

FABe dedvgte »F E g R A B T UE T
K @ vk em 3 % o AL f2B~3-aminopyrazine-2-carboxylic acid
(500 mg > 3.6 mmol) > ¥ *+250% 2 = FEHL Y 0 v > moKkw
@ vkwn 100 2 Z AE o FOR LB G B RE A x
N-hydroxysuccinimide (828 mg 7.2 mmol)% DCC (1.12g> 5.4
mmol) > & F BiRAZTETF R24)PFF o 2 {$B-F BZER
P FRES L ER AT (FB) Btz g
%o =1 LA RRARENERALS I FM

(383 mg » & F45%) o

g4 21 F o R kG AT

% BE(mp) ¢ 146-148 C

"H-NMR (DMSO-d; 200 MHz) 6 (ppm) (F)21-1) :
8.44 (1 H, d, J= 2.0 Hz, H-6)

8.01 (1 H, d, J=2.0 Hz, H-5)

7.25 (2 H, br s, NH,)

2.88 (4 H, s, H-3", 4")
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BC-NMR (DMSO-ds * 50 MHz) $ (ppm) (§]21-2) :
170.4,170.4, 161.4, 156.6, 150.5, 133.5, 117.8, 25.6, 25.6

MS (m/2) (] 21-4) : 236 (M)

(= ) 2-(3-Methoxyphenyl)-1,8-naphthyridin-4(1H)-one
(33)z & =
LBt £ $17(10 mg > 0.03 mmol) » ¥ *+100% = 1=
SEFLP 0 A 220%F 2 e20% HCIA KA 7% o 4o d T s LR B (5
110°C)» & 7ML F Jis o F 596/ B8 > 4r10% NaOH " v
FRRIP M 2§ 7 %P B2 57 %k SRR

o BB ARENLHIB20 F B AGImg 67%) -

i L4 33 P R KB AT

Lo dpk
"H-NMR (CDCl;-d; » 200 MHz) $ (ppm) (F§)33-1) :
9.70 (1 H, br s, NH)

8.66 (1 H, dd, J= 8.0 Hz, 1.8 Hz, H-7)
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8.48 (1 H, m, H-5)
7.48-7.06 (5 H, m, H-6,2,4°,5, 6")
6.58 (1 H, s, H-3),

3.85 (3 H, s, OCH3)
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