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The prostaglandin B compounds formed by alkaline treatment were found to inhibit
PGDH, noncompetitively.!t These inhibitor constants were fairly high, about 210 wm, which
is about 25 times that of K, of PGE;. In our method, it was preferable to measure the total
prostaglandin (prostaglandin E—}—prostaglandm F) and each prostaglandin ranging from 10 ng
to 50 ng. In this range, the maximum amount of prostaglandin B, formed from prostaglandin
E by alkaline treatment, may be about 40ng. Calculating from the inhibitor constant
of prostaglandin B, the prostaglandin B in this concentration may not hinder this enzymic
assay, practically.

The proposed method is a modified one for the determination of prostaglandins by the
combination of the method of Anggard, ef al.” with the enzymic assay of NADH by Guilbault
and Kramer.® In their method, the continuous reduction of NAD in the presence of an
excess of ethanol and ADH was coupled with resazurin and diaphorase. Their method is
more sensitive than the determination of NADH from spectrophotometric measurement of
reduced cytochrome c!® or of dichlorophenol-indophenol.14

Compared with the method of Anggard, ¢f al.,” the present method is more convenient
because of simplifying an enzymic cycling system, and more sensitive since the fluorescence
of final product, resorufin, is more intensitive than of NADH, Further, it is capable for
separatory determination of PGE and PGF.
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Reductions of o-nitrobenzylideneacetylacetone analogues (I, IT and III) by means of
stannous chloride in hydrochloric acid or catalytic hydrogenation of 5% palladium carbon

- as catalyst gave the mixture of 3-acylquinaldines and these N-oxides, analysed by gas
chromatographies.

Cyclization between aromatic nitro group and ortho side chain to synthesize heterocyclic
compounds has widely been investigated by many workers.?> Among them, Loudon and
Tennant3-%) reported that the o-nitrobenzylidene derivatives in inert solvent using hydrogen
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halides or strongly basic catalyst such as potassium cyanide gave the 1-hydroxyquinolin-4(1H)-
ones or quinoline N-oxides. Kametani, ef al.,% reported the novel synthesis of quinoline
derivatives by treatment of ethyl 2-nitrobenzylidenemalonate with triethyl phosphite. In
addition Coutts, ef al.,” have reported the synthesis of 4-hydroxy-8-methoxycarbonyl-2-
methylquinoline 1-oxide by reductive cyclization by means of sodium borohydride-palladium
charcoal of methyl o-nitrobenzoylacetoacetate. Hereby we wish to report the convenient
synthesis of quinoline N-oxide derivatives by simple reductive cyclization of o- mtrobenzyl—
1deneacetylacetone analogues

CORs : ‘
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. II: Ri=Rs=0CH:0, Rs=CHs V : Ri=Re=0CH:0, Rs=CHs; VII
II: Ri=Rz:=H, Rs=CeHs  VI: Ri=Re:=H, Rs=CeHs IX

Chart 1

- Reduction of nitrobenzylideneacetylacetone (I) by stannous chloride in hydrochloric
‘acid® afforded a mixture (419 yield) of 3-acetylquinaldine (IV), mp 78—79°, lif. 78°,9 and
3-acetylquinaldine N-oxide (VII), which gave IV by treatment with phosphorus trichloride.
The gas chromatography (GLC) showed the ratio of IV and VII to be approximately 5: 95.
Catalytic hydrogenation of I over 59, palladium carbon as catalyst gave a mixture of IV
and VII (10: 90) in 959, yield. Analogously, reductions of nitropiperonylideneacetylacetone
(IT) and nitrobenzylidenebenzoylacetone (III) gave the corresponding quinoline (V and VI,
mp 68—69°1" and quinoline N-oxide (VIII and IX) derivatives shown in Table I.

TasLe I, Ratio of Products of Reductive Cyclisation

. Ratio of products
. .. Yield —_—
Reduction condition o s
%) Quinolines ~ Grunoline
I (A) SnCl,-HCl 41 5 95
(B) 5% Pd-C/H, 95 10 90
II A . » 45 : 5 95
B : ' 94 ' 14 86
A 34 41 ) 59
HI B 88 45 55

Expectedly the fact that in the case of I and IT having two acetyl groups on the side chain
the overwhelmingly predominant product was the N-oxides, whereas in III having one acetyl
and one benzoyl groups the presence of VI and IX was in the ratio of approximately 1:1
clearly shows that the initially formed intermediate hydroxylamine attacks preferentially
‘acetyl carbonyl in relation to cis configuration in former cases and the reduction of nitro group
beyond the intermediate hydroxylamino-stage happened preferentially in the latter case.
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Experimentall?)

General Method of Reductive Cychzat10n-——a) Stannous Chloride in Hydrochloric Acid: To a solution
of stannous chloride dihydrate (20 g) in conc. HCI (70 ml) was added diketone (0.019 mole).. After stirring
for 15 hr at room temperature, the mixture was cooled to 0° and made alkaline by NH,OH under vigorous
stirring and maintaining the temperature at 0--5° The basic solution was stirred for additional 1.5 hr
and filtered. The collected pasty residue was dried in vacuum desiccator, combined with sand and extracted
with CHCI, in a Soxhlet apparatus for 6 days, The CHCI, was evaporated to give a crystalline mixture of
quinoline and its N-oxide derivatives, which were separated by fractlonal recrystallization with a suitable
solvent.

b) Catalytic Hydrogenation over 5% Pd-C: A solution of diketone (2 g) in MeOH (200 ml) was hy-
drogenated over 5% Pd-C (0.5 g) under atmospheric pressure and room temperature. After the end of the
uptake of hydrogen (required for 4—5 hr), the catalyst was removed by filtration and the solvent was eva-
porated under reduced pressure. The crystalline residue was treated in the same manner as above.

3-Acetylquinaldine N-Oxide (VII), mp 149-—149.5° (from ligroin). IR »5:icm-1: 1697 (CO). UV
Amex my (log e): 240 (4.29), 255 (4.35), 325 (3.89). - NMR (CDCl) 6: 2.70 (3H, s, C,—CHj), 2.83 (3H, s, COCH,),
8.78 (1H, d of d, /=8 and 3 Hz, C¢~H'?), Mass Spectrum m/e: 201 (M*); 184 (M+—OH). Anal. Calcd. for
C1.Hy,O,N: C, 71.62; H, 5,51; N, 6.96, Found: C, 71.62; H, 5.60; N, 7.23.

3-Acetyl-6,7-methylenedioxyquinaldine N-Oxide (VIII), mp 201—202° (from MeOH). IR »E2 cm~1:
1700 (CO). UV AZF my (log €): 238 (4.55), 255 (4.55), 324 (3.91). NMR (CDCl,) 8: 2.67 (3H, s, C,~CH,),
2.80 (3H, s, COCHL,), 6.18 (2H, s, OCH,O), 7.10 (1H, s, C;~H), 7.80 (1H, s, C,~H), 8.10 (1H, s, Cs-H). Anal.
Calcd. for C,3H,,0,N: C, 63.67; H, 4.52; N, 5.71. Found: C, 63.59; H, 4.49; N, 5.79.
3-Benzoylquinaldine N-Oxide (IX), mp 258—261° (from benzene-ligroin). IR #ZE cm-1: 1690 (CO).
UV 5% my (log ¢): 234 (4.43), 270 (4.31), 331 (3.74). NMR (CDCly) 6: 1.97 (3H, s, C,—CH,), 8.82 (1H, d of
d, J=8 and 3 Hz, Cg-H). Mass Spectrum m/e 263 (M*). Aunal, Caled. for C,;H,;O,N: C, 77.55; H, 4.98;
N, 5.32. Found: C, 77.84; H, 4.95; N, 5.33. : : ‘ ‘
3,4-Methylenedioxy-6-nitrobenzylideneacetylacetone (II) After a suspended solution of 6-nitropiper-
onal (5g) and acetylacetone (2.57 g) in EtOH (30 ml) containing five drops of piperidine was stirred for
2 days, the precipitate was collected by filtration, washed with cold EtOH, and recrystallized from EtOH
to give a yellow needles (6.18 g), mp 115—116°. IR »&% cm~1: 1700, 1670 (CO)., UV AEE my (log ¢): 245
{4.23), 273 (4.19), 347 (3.83). NMR (CDCl;) 6: 2.17 and 2.48 (each 3H, each s, 2 X COCHy), 6.20 (2H, s,
OCH,0), 7.70 (1H, s, CH=C), Anal. Calcd. for C;3H;,06N: C, 56.32; H, 4.00; N, 5.05. Found: C, 56.12;
H, 4.12; N, 4.89. '
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