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PYRIDONOQUINOLONE - INTERIM REPORT

I. INTRODUCT ION

To completely round out the DuPont pigment product
line a strong, lightfast yellow is required. Many areas
of synthetic organic chemistry have been explored in an
attempt to obtaln a suitable candidate, particularly
the area of pyridone chemistry, in which the lightfast
red pigment, quinacridone, was discovered. One approach,
which has not been attempted and is the objective of this
program is to synthesize an analog of guinacridone poss-
essing no peripheral benzene rings. This compound,
pyridonoquinolone {PQ}, should possess the same hydrogen-
bonding characteristics as quinacridone, which are known
to be essential for lightfastness, and hopefully might
exhibit color in the desirable yellow region of the
spectrum. To this end, the synthesis of pyridonogquino-

- lone and some related derivatives was undertaken.

‘TI.  SUMMARY AND CONCLUSIONS

Pyridonoquinolone (PQ} has been synthesized and
found to be a tinctorially weak, relatively lnsoluble;
greenish-yellow pigment, the lightfastness of which is
presently being determined, It is concluded that in
order to obtain the desired color in the reddish-yellow
reason, auxochronic substitution is necessary on the
pyridone rings.

The N,N'-dibenzylimide of PQ tetracarboxylic aeid
was synthesized and found to be a tinctorially attractive
--yellow-orange compound being too soluble, however, for
use as a pigment. To decreagse the solublility and yet
retaln the desired color characteristics, the unsubsti-
tuted diimide is being prepared.

A yellow-crange discenaphthyl derivative of PQ was
also synthesized. Additional material is being prepared
for complete plgment evaluation studies.

1II,  PATENT SITUATION

No patent applilications based upon this work is werranted
at present.

IV,  HISTORY

References to the diazaanthracene ring system first
appeared in the literature in 1939+. The common name used
for the ring system is 1,5-anthrazoline but Chem. Abstracts
prefers pyride (2,3-g) quinoline and this nomenclature
and numbering system is used throughout this report. Only
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IV.  HISTORY {Cont'd)

a small number of derivatives have been reporteda,

pyrido {2,3-g) quinoline
but it appears that the 4,9-diketo derivatives which
are the subject of the present study are unknown in
the literature and thus represent a new class of compounds.
v. DISCUSSION

1. Synthesis of Pyridonoquinolone

Two main factors made the synthesis of pyridono-
quinolone an atiractive project. O(ne, Nelsond synthe-
sized octahydroguinacridone (I) and found it to be
a feirly strong yellow, non-lightfast compound; the
lack of lightfdvnness is probably a function of the

non-coplanarity of the fused cyclohexene rings which
adversely affect efficient intermolecular hydrogen
bonding. Since the cyclohexene rings are not chromo-
phores, but probably act as auxochromes, their removal
was expected to cause a very slight hypsochromic shift
in the absorption spectrum and thus retain the desired
yellow color in the resulting pyridonoguinolone molecule,

Secondly, ILuttke and Hermann*ﬁ moleculaxr orbital
(MO) calculations showed that removel of the peripheral
benzene rings in thioindigo, should cause the longest
wavelength visible band at 543 m n/u to undergo a hypso-
ehromic shift of about 50 mam in the resulting bis-
thiophen indigo (II). Experimentally, IT was actually
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V.  DISCUSSION {Cont'd)
0
~ M s 2 S
C~10 =0
| S i s y’
thioindigo
ﬂmaX- 543 mt A\ mex. 502 m A

shown to exhibit long wavelength absorption at 502 ms
in excellent agreement with the MO calculations.

If both of the above considerations were applicable
in the pyridone system, removal of the two peripheral
benzene rings in guinacridone should result in & hypsoS
chromic, shift from 515 met (QA) to 470 m .+, a deslirable
red-~yellow region for PQ?4 The synthesls was accomplished

QA PQ
: ;>\max, 515 mmt AAmex, 412 m

and it was found that the long wavelength absorption of

- PQ occurred at 412 m. in the greenish-yellow region
indicatlng that an unexpectedly large hypsochromic shift
of ~100 met had occurred. A reagsonable interpretation
of this sult is that the peripheral benzene rings in QA
contribute €0 a grester extent to the chromophore then is
the case in thiolindigo; in other words, the benzo substi-~
tuents exert a greater auxochromic influence on the electron
deficient six-membered pyridone rings than on the electron
rich five-membered thiazolone system.

The synthesis of PQ was accomplished in four steps

starting with a 1,2-Michael addition of diethyl-2,5-~-diamino-
terephthalate (ITI} to dimethyl acetylene-dicarboxylate (IV).

DUP050081607
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V. DISCUSSION {Cont'd}
1. Synthesis of Pyridonoguinoione {Cont'd)

The product (V), a bis-fumarate adduct, was obtained in

¥e D00

~ CH
é{
HzN COCEt __COoOMe MeOOC “HN -~ COOES
WIIII{ o IIL"‘ e ﬁgéi]\ COoOMe
E00C 7 """NHz GOOMe B£00C N~ GO0
i
IIX v
Met)()fl"g\K
v

good yield, and was characterized by its ir and nmr
spectra. The transold geometry of the molecule was
demonstrated by its single vinyl C-H absorption in
the nmr at 5.52 ppm., in good agreement with other
work” published on anilino-fumarates, .

. WaOMe L"i('.’. ooC

3
MeOOC

Dieckmann cyclizatlion of V, employing sodium methoxide,
produced a symmetrical tetraester (VI), which was
cheracterized by elgmental analysis and its nmr spectrum.
The ir spectrum did not display characteristic C=90
ahsorption of 4-quiznolones. This is analogops to
similar cbservations made with ather 4-quinolones
sybstituted in the %,3 positions with bulky pubstituentsb,
This particular reaction is of interest gince it
provides a general facile synthesis of 2,3~dicarboalkoxy~
uinolin-4-ones and 2,3,7,8-tetracarboalkoxy pyrido
2s3~g) quinolin-4,9-diones, both new clasges of compounds.
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V. DISCUSSION {Cont'd}

1. Synthesis of Pvridonoguinolome {Cont'd}

- Complete saponification and partial decarboxy-
lation of VI was accomplished by refluxing the
ester in ethylene glycol with the theoretical
amount of potassium hydroxide. The product (VII)
- was & dilacid, in which the positions of the two
carboxy groups has not been unequivocally established.

Finally, thermal Qecarboxylatlon of the diacid VII
was accomplished by heating at280°C in tetramethylene
sulfone to yield the desired pyridonoguinolone (PQ).

4 O H

: T N
Bems

H o

vII Py

HOOC .

¥Q was found to be twice as goluble as QA in '
bolling DMF, 0.50 g./1. vs. 0.25 g./1., and tinctorially
a weak greenish-yellow having a long wavelength absorp-
tion at 412 m L {¢ 19,900). The lightfastness is
presently being determincd,and although the compound
does not appear to be of interest as a yellow pigment,
1t will be evaluated as a UV absorber. In addition, it
Will be of theoretical interest to see the effect of
ggetabsence of the peripheral benzene rings on light-

stness. . . .

2. Alternate Attempts to Synthesize Pg

In an effort to obtain a diester rather than
tetraester intermediate for subsequent ease of
sagonif;catlon and decarboxylation, dlethyl-2,5-

I
- " L H
Foo0 @ NH2 oy o BL0OC . A ™ g
Holv 00}3: m-—- COOBL ) CH ——CH ———N “CHwCOﬁEt
2 LY \ ] 3 Jibonen @3 .
——— H cbo;:t
NaOMe . oz
o B W s 0 ¥ coort
. , CGOEt '
Et00C e V . ’ y
‘ H
| OOEt ,
x O ¢ 0

v

I | X

DUP050081609




B
V.  DISCUSSION- (Cont'd}
2. Altarﬁata Attempts to Synthesize PQ {(Cont'd}.

diaminoterephthalate was condensed with ethylpropiolate
in a Michael addition to-yield the bis-adduct VIII,
Attempts were made to cyelize the bis-adduct VIII via
a Dieckmann reactlon to obtain IX and by a Conrad-
Limpach cyclinzation to obtain the diester ¥X; none

of the attempits proved successful.

. Conrad-Limpach cycliization of the bis-adduct V
produced the teiraester XI, which resisted all efforts

COCEL g
N

QOOEt

CO0Me

CO0¥e

of saponification under alkaline and acid,coéditions.
Ring opening may have oceurred under these stringent
reaction conditions.

A dichiloro Michael adduct (XII), prepared by
Michael addition of dimethylacetylene dicarboxylate
and 2,5~¢ichloro-p-phenylene diamine, was successfully

cL g
Me00C | N 7 [ COOMe
Me0O0C J‘\N/ cooMe
O
X1t

L
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V.

2-

“T-

DISCUSSION {(Cont'd}

Alternate Attempts to Synthesize Pg {Cont'a)

cyclized in bojllng Dowtherm to yield the 5,10~
dichlore ~ 2,7-dicarbomethoxy derivative of PQ.
Further work was interrupted since the desired

- PQ was obtained concurrently by successful decarb-

oxylation of the diacid VIT. However, this approach
appears ©o be ancther reasonable route for the
synthe&is of PQ and its 5,1l0-substituted derivatives,

Synthesis of the . ML;Q;penzgiimide of PQ -~ Tetram
Eﬂ%mgxcﬂc s ; L2 L

In an effort to enhance the weak yellow absorption
exhibited by the symmetrical tetraester VI, the N,N'-
dibenzylimide (XIV) was prepared and found to be a

briﬁ t yellow-orange solid, with absorption maxime
85 mu (¢ 16,620) and 455 mu (€ 17,160). However,

- dué to excessive solubility, the compound - is not an

attractive pigment candidate. For this reason the
unsubstituted dilmlde {XV} is being p:epared in the

G
H:.:»,N—ﬁ-»ﬁ _

-

hope of msintaining the desirable visible absorption
charecteristics walle decreasing the solubility.

The diimide represents a new ring system, not
listed in Chem. Abstracts or Patterson's Ring Index.

A tentative number system and name based upon Chem,

Abstracts guidelines for nomenclature is:

DUP050081611
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DISCUSSION (Cont'd}

3. Synthesis of the N,N'-Dibenzylimide of Pg - Tetra-

Carboxylic Acid (Cont'd)

- 6 5 3 3
8 N<::: A\j 2
9 10, 11 J2 1

2H,8H-dipyrrolo (3,4-es; 3',4'-e’) benzo (1,2-b: 4,5-b') -
dipyridine

Synthesis of the Diacenaphithyl Derivative of PQ

: Two yellow derivatives of the PQ ring system, the
2,7-diphenyl (XVI) and the 2,3,7,8~tetraphenyl (XVII)
analogs were synthesized a? Newark and both were shown
to have poor lightfastness!, A ressonable explanation

o $
¢/~¢

£ xvit

for this lightfastness deficlency is based on the
assumption that the phenyl rings, which have complete
freedonm of rotation, interfere with efficient inter-
molecular hydrogen bonding.

It was thought that by fusing the benzene rings
in XVII, keeping symmetry considerations in mind, the
resulting coplanarity might favorably affect lightfast-~
ness, To this end, the diacenaphthyl derivative (XVIII)

DUP0O50081612
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VI.

Q-

DISCUSSION (Cont'd)

4.

Synthesis of the Dlacenaphthyl Derivative of Po (Cont'd)

by condensing acenapthenone with diethyl - 2,5-diamino-
terephthalate followed by pyrolysis in refluxing
Dowtherm. A small amount of a yellow-orange solid

was obtained which after acid recrystallization showed
an ir spectrum suggesting the formation of XVIII.

More material 1s being prepared for a complete charac-
terization and pigment evaluation.

The diacenaphthyl derivative also represents a
new ring system not listed in Chem. Abstracts or
Patterson'’s Ring Index and & tentative name and
numbering system based upon Chem Abstracts guidelines
of nomenclature is:

14 15 ' lé
(O
\Q
6

5

diacenaphtho (1,2~e: L',2'~e') benzo (1,2-b: 4,5-b%) -
dipyridine

EXPERIMENTAL

1. Preparation of Diethyl-2,5-bls l},2~b13 {methoxycarbonyl) ~

vinylamino|{ terephthal ate (V).
Y ] F v NB-1904-9 (RIN)

_ NB-1847-32 {EEF)

A solution of 12.6 g {0.05 mol) of diethyl -

2,5-diamino-terephthalate and 15.6 g (0.11 mol) of

dimethylacetylensdicerboxylate in 125 ml anhydrous

methanol was refluxed for five hours. During the

reflux period a yellow solid came out of solution.

The ‘hot mixture wag filtered and the yellow solid

washed with methenol to yield 18.5 g (69%) of yellow

erystals, mp. 175-178 (EEJ 1847/32, mp. 178-179).

Recrystallization from 185 ml methanol and 90 mi

DMF yielded 13.5 g yellow solid mp. 178-179; 151 Nujol)

1740 (C=0), 1720 (C=0}, 1680 (C=0) and 1600 cm ~{C=C);:"

UV and visible spectva (DIMF) Amax. 401w {£1 1,}5005, |

350 {21,300) and 263 (13,500); nmr (DMSO-a®) (1. 8 ppm

DUP050081613
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VI,  EXPERIMENTAL (Cont'd)

('t:sa"o‘fQH&-’GHQ%}a 3.73 .(d,lﬂ,*%),”#;B? (Q:ua-”%cm)a
5.52 (5,2, vinyl=C-H), 7.2% (s,2, aromatic C-H), and
10.90 ppm (s,2, N-Hj. ‘ ‘ :

Anal, Calc'd for CpuH28N=2012; €, 53.70; H, 5.22; N, 5.22
- 'Found: G, 53.76; H, 5.33; N, 5.28

2. Preparation of 2,3,7.8-tetracarbomethoxy-
quinolin-b,0 (1N, bii-dionc (VIV. ‘

185

To 2 stirred golution of 1.38 g (0.06 mol) sodium
metal In 300 ml oi anhydrous methanol, 16.08 g (0.03
mol) of dlethyl-2,5-bis [1,2-bis (methoxycarbonyl)-
vinyl amino| terephthalate (V) was added. Solution
occurred at 50° with a yellow solld precipitating
at 60°, The mizture was refluxed for four hours
and flltered hotv. The dry yellow solid was dissolved
in water, and acidified with glacial acetic acid
to yield 15 g crude yellow solid after drying. Re-
crystallization from DMF ylelded 13 g 37.5% of a
yellow powdey, mp. 330-340 (6.} (EET 1847/37, mp.
330-340 {d.)); ir (Fujol) 1750 (C=0), 1610 and
1540 em™* (ring); UV and visible spectra (DMF)

Amex. 445 m (¢ T600), 424 §8oso), 375 (16,100)
and 269 (26,000); nmr (DMS0-d®} { 3.75 pem

(B ,63 ml“'g“’cooc}ég:) E3 39 90 ,(8_3 63 O = C—C»COOCEQ_) s

8.70 (8,2, aromatic C~H), and 12.60 ppm (s,2, N-H}.

Anal. Calc’d for CoQH36N2010: €, 54.00; h, 3.61; N, 6.31
Found: €, 54.75; H, 3.72; N, 6.24

3. Preparation of Dicarboxypyrido (2.3-z) quinoline-4.9
(OE, 6Hj-dione (VIY). -2 ‘ '
| E ' 1904-42¢ (RJIN)

A mixturc of 4.84 g (0.0109 mol) 2,3,7,8-tetra-
carbonethoxypyrido (2,3-g) quinolin-4,9-dione, 2.96 g
{0.0643 mol) potassium hgdrcxide in 100 ml ethylene
glycol was refluxed at 185-190°C for six hours. The
yellow-orange solid which had precipitated out. during
the reflux period was filtered, washed with water and .
dried. The dry solid was suspended in water, acidified
with cone. HC1l, filteved, washed acid-free and dried to
yield 3 g yellow solid, m§&,} 400°C; ir (Wujol) 1695

(G=0) and 1600 cm™! (ring); DV and visible spectra (DMF)
Amax. 42k moo{  17,700) end 402 (11,000); neut. eq.;
150 (theo. 150). .

DUP050081614




VI. EXPERIMENLAL {Cont*d)
3. (Cont'd}

Anal. cale‘d for C1LHS NeOg: C, 55.70; H, 2.67; N, 9.32
Found: €, 54.49; H, 2.81s N, 9.11

4. Synthesis of pyrido %223~ quinoline-4,9 {1H, 6H)-
’ 3¥one ipyriﬁqnoqulno-one&%J ‘ : .

1904 /42D (RJIN)

A mixture of 5 g {0.0167 mol) dicarboxypyrido (2,3-z)-
quinolin-4,9-dione in 75 ml tetramethylene sulfone was
stirred and refluxed for eight hours, the mixture
changed color {rom orange to greenish-yellow. The
mixture was filtered hot, the sclid washed with
ethanol to yield 3 g greenish.yellow golid. Acid
recrystallization ylelded & greenish-yellow solid,
insoluble in 4il. NaHCOs, mp.> 400°C; ir (Nujol)

1605 em™*+ (c=0) end 1540 (ring); UV and visible
spectra (DMF) 7 max, 412 mm 19,100) and 390
(€ 15,300); foltbility, 0.50 g/1 boiling DMF.

- e 1 ]

Suel. o 2oiutlo oy o oiDlalz: @, 67.913; H, 3.793 N, 13.20
Found: €, 68.10; H, 3.85; N, 13.12

enzyl-1,3,7,9-tetrahydro-2H, 8H~
2 d% ;benZQm%iigﬁbih,;grbmqy —
Z {ZH, IOH)-hexacne (XI1V)

19C4-32 (RIN)

A mixture of 4 g {00.009 mol) 2,3,7,8~tetracarbo-
methoxypyridc {2.3-g) quinoline-4,9-~dlone and 0,2 g
(0.0037 mol ) ammcenium chloride in 100 ml benzylamine
was refiuxed for six hours. The yellow-orange solid
which had precipitated during the reflux period was
filtered, washed with agueous ethanol, and dried %o
yield 4.1 g of solid, Rescrystallization from DMF
yielded 3.8 g (56.8%é yellow-orange solid, mpzi>%00°c;

(81

ir (Bujol) 1I7H0 (C=0}, 1710 {C=Q) and 1630 cm ~— (C=0);
visible spectrum (DHF) Amax. 485 Wy (£ 16,620) and
455 {17,160}.
Anal. calc’d for UngHyaNeOg: ©, 67.925 H, 3.42; N, 10.56
Found: €, 68.36; H, 4.17; N, 10.70

6. Preparation of Acensothenone 1904-31 (RJIN)

A mixture of 142.3 g (0.762 mol)} l-naphthylacetic
acld in 310 wl thionyl chloride was refluxed for six
hours. Excess thionyl chloride wasg distilled off
under water asplrator pressure never allowing pot
temperature to exceed 150°. l-naphthyl acetyl chloride
was then distilleg at bp. 175-185 at 15-20 mm (1it.
bp. 188 at 23 mn.”) to yield 78.5 g (50.5%) clear
yellow oll.

DUP050081615
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VI. EXPERIMENTAL {Cont'd)
6. (cont'd)

Cyclization to yield acenapthenone was accomplished
by slowly adding a solution of 78.5 g (0.384 moi; ot
l-naphthylacetyl chloride in 75 ml dry nitrobenzene
dropwise to a suspension of 56.% g (0.42 mol)} aluminum
chloride in 500 ml dry nitrobenzene at 25° with
stirring. The addition required 1-1/2 hours and
when complete, the brownish mixbture was stirred for
six hours and allowed to stand overnlght. The mixture
was poured ontoc 1000 ml crushed ice and the contents
were then steam digtilled. After distillation of all
the nitrobenzene, acenapthenone distilled over 1t
was filtered and dried to yield 20 g (gl%) of white
needles, mp. 118-120 {1it. mp. 120-121%); ir (Nujol)
1710 em~d (€20). |

T. Preparation ongiacena nhtho (1,2-e: .

doe=D2 .00 ) o QIDYT

1904-45 (RIN)

A mixture of 3.36 g (0.02 mol) acentpthenone and
2.52 g (0.01 mol) of diethyl-2,5-dieminc%erephthalate
in 7% ml Dowtherm was stirred and heated at 170° for
one hour. The dark brown solution was then slowly
heated to reflux {260°C) and held there for four hours.
The orange solid which had precipitated was filtered
hot, washed with ethanol and hot DMF to yield 2 g
yellow-orange solid. Acid recrystallization from 95%
H2S04 yielded 1.2 g ellowaoran%e solid, mp.:>400°C;
ir (Nujol) 1660 (c:og, 1645 em~+ (C=C); #N, %.60 -
{(theo. 6.08).

8. Preparation of 2, 7-dicarbomethoxy-5, rbogthoxy-

1904-23 (RIN)

One gram (0.0018 mol% of well pulverized diethyl-
2,5-bis- |1,2-bis(methoxycarbonyl)-vinylamino) -
t erephthalate (V) was added portionwise to 50 ml
vigorously refluxing Dowtherm. The resulting
solution was refluxed for 30 minutes, and turned

. light brown duxring that period. The :solution wes
then cooled and drowned into 100 ml ligroin with
stirring. The resulting precipitate was collected;.
washed with ethanol to yield, after drying, 0.5 g
of a tan solid. Recrystallization from DMF/EtOH
yiglded 0.25 g orange solid, mp. 251-253 {d.);

DUP050081616
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VI. EXPERIMENPAL {Cont'd)
8. (Contld)

ir (Najol) 1730 (Cz0), 1710 (C=0) and 1635 cm”

écré); nm% ,DMSOEG53) 1.33 pEm 36, CHa-CHs),
: 48 (m

7

1

94 {5,6,-COOCHs), .M -CHgCHs ) and
'3 som (5,2, Bdnetic c-H). Hatla)

Anal. calc'd for CppoHooN2010: C, 56.003 H, 4.26; N, 5.97
‘ Found: C, 56.01; H, 4.06; N, 5.97

9, Preparation of Diethyl 2,5-bis Rauethoxycarbonxlz
vinyl emingj terepﬁf%aig%e (VITI]. =

| 1904-9 (RJIN)
1847-678 (EES)

& mixture of 12.6 g {0.05 mol) diethyl 2,5-diamino-
terephthalate and 10.80 g (0.11 mol) of ethyl propio-
late in 125 ml anbydrous methanol was refluxed for
five hours. After cooling, the precipitated yellow-
orange solid was filtered, washed with cold methanol
and dried to yield 14 g (62.5%) yellow solid, mp. 145-
165. Recrystallization from DMF/EtOH yielded 10 g
orange solid. mp, 150-165 (EEJ 1947/67A, mp. 150-165);
broad nmeltling point su%gest mixture of geometric
isomers;, ir %Nujol) 1740 (C=0), 1690 {C=0) and
1615 cm~+ .C:G%; UV and visible spectra (DMF) A max.
420 mu (€ 8500) end 351 (46,000).

Anal. calc'd for CppHpgNe0g: €, 59.00; H, 6.25; N, 6.25
Found: C, 59.,00; H, 6.41; N, 6.29

10. Preparation of diethyl-3,6-dichloro-2,5-bis [lsa—bis
(methpxyca:bOnyl}«vihylamin@;,ferepﬁtﬁaiafe {4 .

1904-35 iggg;

1847-33

A mixture of 3154 g é0.0,Q mol) 2,5-dichloro-p-
phenylene diamine and 5.68 g {0.04 mol) of dimethyl
acetylene dizarboxylate in 120 ml anhydrous methanol

was refluxed for flve hours. After cooling, the precipi-
tated yellow so0lld was filtered, washed with cold
methanol to gield after drying, 8 g (66.3%2 yellow
solid, mp. 183184 (¥EJ 1847/33, mp. 183-184).

DUP0O50081617
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VI, -EXPERI%ENTAL (Cont'd)

11. Preparation of 10~dichlorow2 -d carbomethOf“;
pyriao (253 wgf”q&1h8"3n9~ e-4 .0 (TH 6 e (X1I1).

190aa3a (RIW)

Three grams {0,0CHO mol) of diethyi~3,6 dichlorow
2,5-bis [1,2-bis {methoxycarbonyl)-vinylamino
terephthalate {XIX) were added portionwlse t6 50 ml
of vigorously refiuxing Dowthernm.

After complete additlon, the" yellow-brown

- solution wes refluxed and stirred for an additional
15 minutes. The solution was cooled and drowned
into 100 ml ligroin. The precipitated yellow
solid was collected and washed with methanol to
yleld, after drying, 2 g of yellow s0lid, mp. 245~
250. Recrystallization from DMF produced & yellow
gsolid, mp. 259-260; ir {Nujol) 1740 (C=0) and
1690 cm” (C~0)° mass spec. molecular ion at
395 + 2 o 397, 17}

Anal. cale’d for CigH;oM2Cla0g: C, 48.38; H, 2.53; N, 7.06
Found: ¢, 48.38; H, 2.63; N, 7.36

/me
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