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The thermal cyclization of the aminomethylenemalonates (8) gave the 4-hydroxynicotinates
(9), ethylation of which yielded N-ethylated (11) and O-ethylated products (12). Hydrolysis of
9, 11, and 12 led to the desired nicotinic acids (10, 4, and 13), respectively.

J. Heterocyclic Chem., 14,477 (1977).

It is well known that oxolinic acid (1) (4), nalidixic
acid (2) (5) and pyromidic acid (3) (6) have an anti-
bacterial activity for Gram negative bacteria. In order to
get effective antibacterially active compounds which have
the similar structure with 1-3, we investigated a synthesis
of the phenylsubstituted nicotinic acid derivatives and
here we wish to report the synthesis of phenylsubstituted
L-ethyl-1,4-dihydro-4-oxonicotinic acids (4) which have
the common partial structure of the above three com-
pounds.

Recently the synthesis of alkylated 1,4-dihydro-4-
oxonicotinic acid (5) was reported (7), but we expected
the nicotinic acid substituted by phcnyi function at 5
and/or 6 position to be effective as an antibacterial
substance because the active compounds (1-3) have the
structure of nicotinic acid fused with aromatic ring at
5 and 6 positions.
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Condensation of the phenyl ketone derivatives (6) and
diethyl aminomethylenemalonate (7) (8) in the presence
of p-toluenesulfonic acid afforded the enaminomalonates
(8) as a mixture of two grometrical isomers, determined
by their nmr spectra (9), whose data also ruled out the
imine structures (8°) as a possible one.
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Gould-Jacobs reaction of these isomers at 250-280° in
diphenyl ether gave 4-hydroxynicotinates (9) (10), which
were converted into nicotinic acids (10) by hydrolysis.
Alkylation of 4-hydroxynicotinates (9) with ethyl
iodide inthe presence of potassium carbonate in dimethyl-
formamide and water gave the expected N-ethylated
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products (11) together with the undesired O-ethylated

= compounds (12). The formation ratio of 11 and 12
2 e = ~ depended upon the structure of the starting materials
) ) w .o g
Q T = Gl (9). These results were shown in Table IV,
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o _.2 % % Diethyl Aminomethylenemalonate (7).
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= P Q= e with benzene. The extract was washed with water, dried over
sodium sulfate and evaporated to give an oil. This was chromato-
ic graphed on silica gel using benzene as eluent to afford 8as a pale
= S 8 a 8 yellow oil, whose yields and physical data are shown as follows.
2. =]
g ‘ - - Compound 8a.
]

This compound was obtained in 14% yield; ir v max (neat):
1720, 1700, 1655 and 1595 em=1; nmr § (deuteriochloroform)



Vol. 14

T. Kametani, K. Kigasawa, M. Hiiragi, K. Wakisaka, O. Kusama, H. Sugi, and K. Kawasaki

480

) . . . . ‘wiy pmbyy e uo uaye) sem urnaoads I
YL (9) "21g Pue (*HI="HD-C0D+I “Yead aseq) €12 V1T ‘8L ‘95T ‘¥8T o/ wi 3e sxyead sofew 19yj0 Yym ggg ofur je () ead uot semosjows  pamoys winnoads ssew ayyf (v)

(H-%D ‘s ‘H1) 81'8 ‘(°H9)D ‘w

‘HS)Y $2-0°L (SHOHD O ZH L = [ 0291 (89F% ) 16% N (ouexay-u-9g97))
‘b ‘HZ) e€% “(FHDHON ZH L = [ 0021 (859 ) 1.9 ‘H EONSTH D S[eIsAId ssajio[0d 221021 aLL
‘b ‘HZ) 26°¢ (EHD-2D s ‘HE) STT (TL'1L) 9512 D

(CHO'HD0 “2H L = [ 1 ‘HE) %1
(CHD®HDN ‘2H L = [ 1 ‘HE) s¢e'1

(H-%D s ‘HT) 83'8 “(°H%) ‘w
‘HS) 0€°2-00°2 “(SH®D ‘s ‘HS) 00°2

(SHD®HD0 2H L = [ ‘b ‘H7) 8% SI91 (e )0y N (ouexoy-u-949))
(CHOHON zH L = [ *b ‘He) €L°¢ S291 (26'S ) 609 ‘H FON'EHT®) SR IeiC 161-061 ail
(EHOHDO ZH L = [ 9 ‘HE) 13’1 (3¥'9L) 20092 D
(EHDTHON ‘ZH L = [ 1 ‘“HE) 20°1
(H-%D) s

‘HT) €2'8 “(SH®D ‘w ‘HEG) L2-T°L
(HO*HD0 “2H L = [ ‘b ‘HT)
6€% (CHOHDN ZH L = [ ‘b
‘HZ) 29°¢ “(EHD-SD ‘s “HE) SL'1 (9) 0zL1 (e) EONC'H D [0 mo[[PA aed el
CEHD™HD-0 ‘2H 2 = [ ‘1 ‘HE) T¥'1
(EHD*HDN ‘2H L = [ 4 ‘HE) 03’1

[-W Xewt a (punoq) ‘pored (uonezijje1sAial Jo juRA|0S) "ON
(WIOJOIOYOOWIINIP Ul @) JUIN] (eprwoiq wnissejod) 1 sisAjeuy B[RULIO | souereaddy (D,) d'IW punodwoy)
Syt
w g
mmNUOOUQ Ty
0

(L1 ) se1eunod1UOX0-H-0IpAYIPH* [-[ANIF-T [AYiq

III 2191



May 1977
Table IV
The Yield of Ethylation of 9

Starting N-Ethylated O-Ethylated
material product (%) product (%)

9a 11a (85) 12a (not isolated)

% 11b (69) 12b (16)

9¢ 1c (56) 12¢ (25)

(11): 1.33 and 1.25 (6H, t, J = 7 He, 2 x CH,CH3), 1.90 and
1.70 (3H, d, J = 7 Hz, =CH-CH3), 4.32 and 4.13 (4H, q, J =7 Hz,
2 x CH,CH3), 5.28 and 542 (1H, q, ] = 7 Hz, =CH-CH3), 7.33
(5H, s, -CgHs), 8.0 (1H. d, J = 13 Hz, > N-CH=), and 10.8 (1H,
br d, J] =13 Hz, >NH). A ratio of two geometrical isomers was
1to 4.4(12).

Compound 8b.

This compound was obtained in 32% yield; ir v max (neat):
1710, 1680, 1650, 1635 and 1595 cm-!; nmr § (deuterio-
chloroform) (11): 1.29 and 1.12 (6H, t, ] =7 Hz, 2 x CH,CH3),
4.18 and 3.99 (4H, q, J = 7 Hz, 2 x CH,CH3), 6.32 and 5.39
(1H, s, =CH-CgHs), 7.2.7.5 (10H, m, 2 x CgHg), 7.86 and 7.95
(1H, d, J = 13.5 Hz, >N-CH=), and 11.25 and 10.95 (1H, d, ] =
13.5 Hz, >NH). A ratio of two geometrical isomers was 1:2.3 (12).
Compound 8¢.

This compound was obtained in 52% yield; ir v max (neat):
1720, 1690, 1650 and 1600 cm~!; nmr 6§ (deuteriochloroform)
(11): 1.26 and 1.35 (61, t, ] = 7 Hz, 2 x CH,CH3), 2.25 and 2.15
(3H, s, >C-CH;), 5.65 and 6.18 (1H, s, =CI{-C4Hs), 7.27 (5H, s,
-Ce¢Hs), 7.86 and 7.95(1H,d, J =13 Hz, >N-CH=) and 11.25 and
10.95 (1H, d, J = 13 Hz, >NH). A ratio of two geometrical
isomers was 1 to 1.3 (12).

General Procedure for Thermal Cyclization of Aniinomethylene-
malonates (8).

A stirred solution of diethyl aminomethylenemalonates (8) in
5-20 fold weight of diphenyl ether was heated at 250-280° for
0.5-1.5 hours checking by thin layer chromatography. The
reaction mixture was chromatographed on silica gel. After the
elution with a mixture of n-hexane-benzene (1:1) to remove
diphenyl ether, the elution with benzene and/or chloroform gave
9 as a solid, whose physical data were shown in Table L

General Procedure for Ethylation of Ethyl 4-Hydroxynicotinates
(9).

A stirred mixture of 1 g. of ethyl 4-hydroxynicotinate (9),
1.5 ml. of ethyl iodide, 6 ml. of dimethylformamide, 3 ml. of
water and 1.5 ¢. of potassium carbonate was heated at 70-75°
for 3 hours. The solvent was evaporated off to leave an oil, which
was extracted with benzene. The extract was washed with water,
dried over sodium sulfate and evaporated to give a reddish brown
oil, which was chromatographed on 50 g. of silica gel. The
elution with benzene and/or benzene-chloroform (2:1) mixture
gave O-ethylated compounds (12) and the elution with chloroform
and/or chloroform-methanol (100:1-2) mixture afforded N-ethyl-
ated products (11), whose physical data were shown in Table 111
and IV.

Compound 12b.

This compound was a pale yellow oil; ir v max (neat): 1710
and 1570 ecm~!; nmr §(deuteriochloroform): 1.00 (3H,t, ] = 7
Hz, C4-0CH,CH3), 1.43 (3H, t, J = 7 He, -COOCH,CH3), 3.72

Table V

1-Ethyl-1,4-dihydro-4-oxonicotinic Acids (4)

Synthetic Studies on Chemotherapeutics. II.

Nmr (6 in dg-DMSO)

Analysis
Caled. (Found)

Formula

Yield
(%)

Appearance

(Solvent of recrystallization)

M.p. (°C)

Compound

Ir (Potassium bromide)

v max cm-1

No.

7 Hz, N-CH,CH5)

1.72 (3H, s, Cs-CH3)

1.33 (3H, t, ]

C; 70.02 (69.60)

H;

5.88 ( 6.00) 1700-1625

5.44 ( 5.33)

CisHsNO;y

81

colorless prisms (ethanol)

207.5-209

3.90 (2H, q, ] = 7 Hz, N-CH,CHs)

8.77 (1H, s, Cy-H)

N;

7 Hz, N-CH,CH3)

1.22 (3H, t, ]

C; 75.22 (74.68)

H;

7.07 and 7.28 (each 5H, s, -C¢Hg x 2)

8.88 (1H, s, C,-H)

1710-1625

5.37 { 5.43)
4.39 ( 4.46)

Cy0H,9NO;

91

colorless prisms (ethanol)

281-282

N;

1.40 (3H, t, ] = 7 Hz, N-CH,Cll5)

2.28 (3H, s, Ce-Cll3)

C; 70.02 (69.83)

1705

H; 5.88 ( 5.76)

CisHysNO,

05

colorless prisms (ethanol)

177-178

481

4.30 (2H, q, ] = 7 Hz, N-CH,CH3)

7.15-7.55 (5, m, -C¢Hs)

8.81 (1H, s, Cy-H)

1625

5.44 ( 5.32)

N;
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(2H, q, ) = 7 Hz, C4-OCH,CHs), 442 (2H, q, ] = 7 Hz,
-COOCH,CH3), 7.22 (10H, s, 2 x CgHs), and 9.00 (1H, s, C,-H).

Compound 12¢.

This compound was a pale yellow oil; ir v max (neat): 1715
and 1590: nmr & (deuteriochloroform): 1.00 (3H, t, J = 7 Hz,
C4-0CH,CH3), 1.43 (3H, t, ] = 7 Hz, COOCH,CH3), 2.38 (3H,
s, Ce-CH3), 3.72 (21, q, J = 7 Hz, C4-OCH,CH3), 4.46 (2H,
q, J = 7 Hz, COOCII,CH3), 7.2.7.6 (5H, m, C¢Hs) and 8.90
(1H, s, Cy-H).

General Procedure for Hydrolysis of Ethyl Nicotinates (9, 11,
and 12).

A solution of 0.5 g. of ethyl nicotinates (9, 11 or 12), 0.5 g. of
sodium hydroxide, 5 ml. of ethanol and 5 ml. of water was heated
under reflux for 1.5-2 hours. Evaporation of the solvent gave an
oil, which was dissolved in a small amount of water. The
aqueous layer was filtered to remove undissolved substance and
adjusted at pH 5-6 using hydrochloric acid to afford a precipitate,
which was purified by recrystallization. The physical data are
Table 1I and V.

Compound 13b.

This compound was obtained as colorless crystals, m.p. 176-
178° (from ether-n-hexane), 87% vyield; ir » max (potassium
bromide): 3600-3300 and 1700 cm~!; nmr 6 (deuteriochloro-
form): 1.00 (3H, t, ] = 7 Hz, OCH,CH3), 3.73 (2H, q, ] = 7 Haz,
OCH,CH3), 7.21 (10H, s, 2 x CgHg), and 9.08 (1H, s, C,-H).

Anal. Caled. for CooHy7NO3: C, 75.22; H, 5.37; N, 4.39.
Found: C, 75.02; H, 5.51; N, 4.25.

Compound 13c¢.

This compound was obtained as colorless crystals, m.p. 274-
276° dec. (from benzene), 74% vyield; ir v max (potassium
bromide): 3600-3300 and 1695 cm-!; nmr & (deuteriochloro-
form): 1.02 (3H, t, J = 7 Hez, OCH,CIH3), 2.47 (31, 5, C-CH3),
4.07 (2H, q, ] = 7 Hz, OCII;CH3), 7.1-7.5 (5H, m, CgHs), and
8.95 (1H, s, C5-H).
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