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INTRODUCTION

Heterocyclic chemistry is of great interest for its diversity in
synthetic procedures and for its wide physiological activities. Here we are reporting
the synthesis of some heterocycles with possible physiological activity starting from

a) quinoxaline b) mucobromic acid.

Quinoxaline or 1,4-diazine is an important heterocyclic system with very wide
biological activities. = From quinoxaline derivative we have prepared 2-phenyl-
pyrazolo[3,4-b]quinoxaline derivatives. Pyrazolo[3,4-b]quinoxalines were prepared by
Ohle and coworkers in 194 1? starting from glucose, o-phenylenediamine, and
phenylhydrazine in acetic acid. These compounds have a characteristic yellow colour
and hence they are known as flavazoles. These flavazoles are known to exhibit a wide
range of activities like analgesic, antiinflammatory, tuberculostatic, antileukemic and
immunochemical properties which gave inspiration for the synthesis of a new series of

flavazoles with a view to testing their pharmacological activities.

Detailed information about the synthesis and reactions of 1-phenylpyrazolo-

. . . o 34,37, 38 . .
[3,4-b]quinoxalines are available. © We are reporting the synthesis of 2-phenyl-
pyrazolo[3,4-b]quinoxaline and its various 3-substituted derivatives starting from the

known ethyl 2-hydroxyquinoxaline-3-carboxylate. = This starting compound on

treatment with POCl; followed by PhNHNH, gave ethyl-2-phenyl-



hydrazinoquinoxaline-3-carboxylate. = This compound undergoes cyclisation at
temperature above its melting point to give 3-oxo-2-phenylpyrazolino[3,4-b]-

quinoxaline.

3-Oxo-2-phenylpyrazolino[3,4-b]quinoxaline on treatment with POCl; gave 3-
chloro-2-phenylpyrazolo[3,4-b]quinoxaline which is taken as the starting material for
the further reactions. The chloro compound was subjected to substitution reactions
with urea, secondary amines, ethanol in presence of potassium carbonate, methanol in
ammonia etc., to give the corresponding 3-substituted products. The products were

characterised by spectral methods and elemental analysis.

In addition to the substitution reactions the compound was subjected to
reduction using sodium borohydride in isopropanol and the product was 2-phenyl-
pyrazolo[3,4-b]quinoxaline. Oxidation of the chloro compound with aqueous KMnO,

gave pyrazolopyrazine dicarboxylic acid.

Some of the synthesised compounds were screened for their activity against
enteric pathogens and it was found that 3-amino-2-phenylpyrazolo[3,4-b]quinoxaline
was found to show some activity against some enteric pathogens like Vibreo cholerae

inaba, V. Cholerae ogawa and V. Cholerae 0139 .



In the second part of the work mucobromic acid was taken as the starting
material for the preparation of physiologically active compounds. Mucobromicls acid 1s
a y-aldehydic acid , which can exist as 3,4-dibromo-5-hydroxycrotonolactone or as
2,3-dibromo-3-formylacrylic acid. The reactions of mucohalic acid and their esters
were carried out by Hill. Some studies on the reactions of 3,4-dibromocrotonolactone
with primary amines were also reported to yield S-hydroxy-5-methyl-4-
bromocrotonolactam.  Very little information was available on the reactions of
unsaturated lactones and here we are reporting the reactions of S-hydroxy, 5-alkoxy,

5-halogeno and S-unsubstituted crotonolactones with various nucleophiles.

The unsaturated lactones exhibit activities like antibiotic, antitumor, cardiac
haemorrhagic and insecticidal properties. The reactions of mucohalic acid derivatives
with penicillamine have been shown to give fused thiazolidines, which are structurally

related to penicillins.

X
x— Q(Clh
N CH,
/]
0

COOR

Dickens and Jones demonstrated a correlation between physiological activity

#3
and the structure of lactones. They classified the various types into groups as given



below. Compounds of the type I and II are found to be physiologically active whereas

related lactones of group III failed to show any activity.
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(i)—" Nr:} Group 1
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Four derivatives of mucobromic acid were prepared and characterised.
Reactions of mucobromic acid and its derivatives with various nucleophile were carried
out with a view to understanding the position of attack of the nucleophile on the
lactone, structure and biological activity of the products formed. In these reactions
two types of products were formed 1) substituted crotonolactones and 2) substituted
crotonolactams.  The identification of the products were carried out by detailed
spectral and analytical methods. The large number of new compounds obtained by

these reactions are being submitted for evaluating their biological activities.



HISTORICAL REVIEW

2.1. QUINOXALINES

Quinoxaline, or 1,4-benzodiazine (1) is an important structural unit among
nitrogen heterocycles and in general is easily be prepared. The synthesis of a large
number of its derivatives have been reported in recent years because of their biological

importance**~ 29

2.1.1. SYNTHESIS OF QUINOXALINE DERIVATIVES
Some of the important methods used for the preparation of quinoxaline derivatives
are 1. Condensation of aromatic diamines and dicarbonyl compounds.
2. Intramolecular cyclisation of N-substituted aromatic o-diamines.

3. Ring transformation of benzodiazapines etc.



2.1.1.1. Condensation of o-diamines and dicarbonyl compounds
Condensation of aromatic diamine and o-dicarbonyl compound is a very facile
and widely used method for the synthesis of quinoxalines and alkyl substituted

quinoxélinesl(Z)

I i — X
—~
NH, Oé \R N R

2

Condensation of mesoxalic acid and o-phenylenediamine proceeds as expected,
producing 2-hydroxyquinoxaline-3-carboxylic acid (3) however, with sodium meso-
oxalate an anomalous reaction occurs’. The initial products 2-hydroxyquinoxaline-3-
carboxylic acid (3) and 1,2-dihydrobenzimidazole-2,2-dicarboxylic acid (4) undergo an
intermolecular  hydrogen transfer reaction to yield 1,23 ,4-tetrahydro-2-

oxoquinoxaline-3-carboxylic acid (5) and benzimidazole-2-carboxylic acid (6).

N _OH
NHZ N NH
CO COONa), .\ COOH
“ N
NH, N COOH H COOH
3 4



COOH

Quinoxaline-2-ones (7) are obtained in excellent yields by the condensation of

n-butyl glyoxalate and o-phenylenediamine’.

OBu

SOl es

2

Quinoxaline derivatives are also prepared from osones, hydrazones and dehydro-L-
ascorbic acid* . Here the carbohydrate is acting as the carbonyl compound. Glucose
condenses with o-phenylenediamine to yield 2-(D-arabino-tetrahydroxybutyl)-

quinoxaline (8)°.

NH, ?HO
NHz-NHz
+ ICHOH)4 ]\
NH: CH,0H HOAc CHOH)g

CH20H



2.1.1.2. Intramolecular cyclisation
Reductive cyclisation of the a-amino acid intermediate 9 formed from an amino
acid and an o-nitrohalogenobenzene is an unambiguous method for the synthesis of

quinoxaline-2-one®. .

H
ClNH,CH,CO,H Nﬁ Fe[net NS
NO, NO3 e

9

2.1.1.3. Ring transformations
Quinoxalines can also be synthesised by degradative reaction of larger ring
systems. 1,2-Dihydro-2-oxoquinoxaline-3-carboxylic acid (10) is isolated from alkaline

hydrolysis of a fused alloxazine’.

0
N N
L — oo

PS
NH, = N o NH, N ~o

10



The 1,5-benzodiazepine on UV irradiation in benzene undergoes oxidative ring

contraction to 2-benzoyl-3-methylquinoxaline (11)°.
N R
= - N\ COR
S
~
N— N~  "Me
Me
R =Ph, Me

11

2.1.2. REACTIONS OF QUINOXALINES
2.1.2.1. Substitutions

Pyridine is generally reluctant to take part in electrophilic substitution reaction,
so introducing one more nitrogen would make the quinoxaline derivative less reactive
towards electrophiles. If active substituents are present in the benzene ring the
reaction becomes more facile. Quinoxalines are easily attacked by nucleophiles, for eg.
two molecules of Grignard Reagent can be added across quinoxaline molecule to give
compound 12°.

H g

N N e

J ~

= =

N 2. HJO N e
H

H

12
6-Substituted quinoxalines undergo unusual reactions with nucleophiles. Thus

2,3-diphenyl-6-nitroquinoxaline (13) with KCN in methanol gives substitution in



position S, with the displacement of nitro group to give compound 14 along with 5-

amino-isoxazolo[3,4-f]quinoxaline (15)"°.

N_ _Ph N_ _Ph
AN AN
o — T
~ ~
NO, N° “Pph MeO N” “ph
CN

13 14

N\ h
| P
N7 | N Ph
\
HN
NH,

15

2.1.2.2. Reductions

Catalytic reduction of 2-acetyl-3-methylquinoxaline in methanol gives a deep
crimson solution from which red brown needles of 2-acetyl-1,4-dihydro-3-
methylquinoxaline (16) was isolated''. Reduction of quinoxaline with sodium in THF

at 20 °C yields the 1,4-dihydroquinoxaline'?.

10



H
N R N R
~
Cor. — 0
N7 N0 N~ N0
R H
R= CH3
16
When quinoxaline is reduced with LiAIH, in ether 1,2,3 4-tetrahydroquinoxaline is
obtained®. Sodium borohydride in acetic acid ** and hydrogen in the presence of Pt"
have been used to reduce 6-substituted quinoxalines to 1,2,3,4-tetrahydro compounds.
Hydrogenation of quinoxaline or 1,2,3,4-tetrahydroquinoxaline over a 5% rhodium-on-

alumina catalyst at 100 °C and 136 atmospheres pressure or over freshly prepared

Raney Ni gives meso (cis)-decahydroquinoxaline (17)¢.

N

96
H
17
2.1.2.3. Oxidation reactions
A number of methods have been used for N-oxidation of quinoxalines. With one

equivalent of peracetic acid quinoxaline gives 1-oxide, while with excess of the reagent
1,4-dioxide is formed'”. Substituents at 2-position generally inhibit 1-oxide formation,

for eg. 2-alkoxy and 2-carbethoxy quinoxaline furnishes the 4-oxide only'®. The

electrolytic oxidation of quinoxaline at copper anode gives pyrazine-2,3-dicarboxylic

11



acid in excellent yield'®. A similar conversion is also effected by oxidation with alkaline

KMnOs.
2.1.2.4. BIOLOGICAL STUDIES

A number of reports are present in literature about the wide spread use of
quinoxalines as antihypertensive agents and animal growth promoters ** ' It was
found that several highly mutagenic and carcinogenic quinoxalines have been identified
in heated meat and fried fish™>. Certain condensed quinoxalines exhibit antibacterial,
analgesic, tuberculostatic, antileukemic activities™.

Biologically active polypeptides such as levomycin and echinomycin have been
shown to possess one or more quinoxalinyl residues®. The 2,3,7-trichloro-6-

methylsulfamoylquinoxaline (18) is a patented anticancer agent®.

CH,;NHSO N\ c1
1L
c N ClL

18

2-Phenyl-3-piperidinoquinoxaline (19) and its derivatives are selective herbicides®.

12
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]

Caroverine and Quinacilline are used as antibacterial agents”*. N-[2(@4nethyl-
amino)ethyl]carboxamide derivatives of fused tetracyclic quinoxalines are found to be
3-fold more cytotoxic than DACA in human leukemia cell lines with in vivo activity in
colon 38 comparable to that of DACA and doxorubicin®. S-(Methylsulphonylamino)-
quinoxaline-2,3-dione was useful as anxiolytics, anticonvulsants, analgesics and
neusoprotectants3°.

2.1.3. CONDENSED QUINOXALINES
Certain condensed quinoxalines like pyrazoloquinoxalines (20) are reported to
exhibit antibacterial, antiinflammatory, analgesic and tuberculostatic activities®"".

Triazoloquionoxalines (21) are found to be both medicinally and industrially important

as they are widely used as drugs, optical brighteners and polymer additives **.

13

o

HMe

Me



2.1.3.1. SYNTHESIS OF PYRAZOLOQUINOXALINES

Flavazole ring system was first prepared by Ohle & Co-workers® by the treatment
of 3-(D-arabino-tetrahydroxybutyl)quinoxaline (22) with phenyl hydrazine in acetic
acid when ~ 1-phenyl-3-(D-erythro-1,2,3-trihydroxypropyl)-1H-pyrazolo[3,4-
b]quinoxaline (23) was obtained in 97% yield. The ring system was referred to as

flavazoles because of their yellow colour similar to flavanoids.

N N o
{
P N
N (|:H0H)3 N7 N

CH,0OH CHOH),

22 23
(23)
1H-Pyrazolo[3,4-b]quinoxaline dcréwfc’vc: was also prepared by a single reaction
of glucose, o-phenylenediamine and phenylhydrazine in presence of an acid®. All
reducing sugars which have no substituents in positions 2 and 3 undergo this reaction.
The flavazole derivatives thus obtained have a well defined crystalline nature, so they

can be easily identified by X-ray diffraction pattern and melting points*>*®.

Compound 23 was oxidised with chromic anhydride in acetic acid to 1-phenyl-

1H-pyrazolo[3,4-b]quinoxaline-3-carboxylic acid (24). The same acid can be

14



synthesised independently by the condensation of o-phenylene:diamine with 1-phenyl-

4,5-dioxo-2-pyrazoline-3-carboxylic acid (25).

CeH
N\ N\/ s NH, O% /C5H5
N + '
— / 0 N\ N
N NH
CHOH), COH
H,OH
23 25

N NPh
N
— /
N
CO.H

24

1-Phenyl-1H-pyrazolo[3,4-b]quinoxaline (26) was later prepared by Henske and
co-workers, by oxidative cyclisation of quinoxaline-2-carboxaldehyde phenylhydrazone

using phenyl hydrazine in acetic acid®’.

C5H5

L — o0
|
e

26

15



3-Methyl-1-phenyl-4,5-dioxo-2-pyrazoline (27) was condensed with o-phenylene-

diamine to give 3-methyl-1-phenyl-1H-pyrazolo[3,4-b]quinoxaline (28)*°.

NH, Oy CeHs N N es
C[NH: Oégﬁ o C[N/ N
CH, CH,
27 28
Klingar reported the preparation of 3-methyl-7-nitro-1-phenyl-1H-pyrazolo[3,4-

b]quinoxaline (31) by the condensation of 4-nitro-o-phenylenediamine (29) with the

aminal 30*°.

N NH N
© 2 2 N— CGHS
+ (N Ill'
NH, )

CH,
o)
29 30
NO, N - Cotls
|
N/ ~ N
CH,

31

16



Pyrazoloquinoxalines with various groups such as chloro, amino, hydroxy,
chloromethyl, trichloromethyl, N-pyrrolidyl, and N-pyrrolidylmethyl at position 3 have
been reported by P. M. Pillai and P. Ramabhadran®. They also gave new methods for
oxidative cyclisation (a) using azobenzene, (b) heating the phenyl hydrazone above its
melting point in an atmosphere of oxygen.

Pyrazoloquinoxaline (32) was also prepared starting from pyruvic acid*. o-
Phenylenediamine with pyruvic acid gave 2-hydroxy-3-methylquinoxaline (33) which
with POCl; gave 2-chloro-3-methylquinoxaline (34). Subsequent bromination of 34
gave the dibromo derivative 35. This dibromo derivative on treatment with hydrazine
provided 32

Romenko and Burnistrov prepared pyrazoloquinoxaline by reaction of 2-chloro-
quinoxaline-3-carboxaldehyde (36) with hydrazine in 71% yield**. Pharmacological
activity of 7,8-dimethylpyrazoloquinoxaline with sugar residues at position 3 was
studied by N.P.Bu Hoi and co-workers®. 1-Methylpyrazoloquinoxaline (37) has been
prepared by the alkylation of 1H-pyrazoloquinoxaline using alkyl halide and potassium

carbonate in DMF*,

17
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+ —
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NH, O CH, N CH,

33
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36 32
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N
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Ke Yoshida and Hirotaka Otamasu has reported the preparation of 3-
aminopyrazoloquinoxaline from ethyl-2-hydroxyquinoxaline-3-carboxylate (38)*.
Compound 38 was treated with ammonium carbonate to give an amide 39. This amide
with POCl; or PCls gave 2-chloroquinoxaline-3-carbonitrile (40) in 85% yield.

Refluxing 40 with hydrazine gave 3-aminopyrazoloquinoxaline (41).

U T

38 39
N\ N{I
N
N
NH,
40 41

Wittig reaction of carboxaldehyde” 42 with carbo-ethoxymethylidine
triphenylphosphorane gave the condensation product 43*. Cyclisation of 43 with

alkali gave two products namely pyridazone 44 and pyrazoloquinoxaline 45.

19



N_ _OH N_ _OH
N N
@EN/ NNHC¢Hs @[NIKNNHCSHS

CHO CH=CHCO,Et

42 43

+

Z z
by
=4

\z/ N

44 45

The following derivatives 46-50 of 3-formylpyrazoloquinoxalines were prepared to

study their tuberculostatic activity*’.

CH=NNH, CH=NNHCSNH,

46 47

20



48
N N
~ 7, - /)
CH, N CH, N
CH=CHCO,H CONH,
49 S0

2.1.3.2. Substitution reactions

Compounds containing the pyrazoloquinoxaline ring system undergo substitution
reactions at various positions. Acylation reactions take place very easily in the
pyrazoloquinoxalines if position 1 is unsubstituted. 1-Acetylpyrazoloquinoxaline-3-
carboxylic acid was obtained from pyrazoloquinoxaline-3-carboxylic acid on treatment
with acetic anhydride and pyridine*®. De-acetylation takes place under mild conditions
at position 1. 1-Acetyl-pyrazoloquinoxaline-3-carbonylchloride (51) on treatment with

methanolic ammonia gave pyrazoloquinoxaline-3-carboxamide (52)*.

21



N
N COCH 3 ~ II\I_ COCHg

CONH,

51 52
Sulphonation of pyrazoloquinoxaline with pyridine-sulphur trioxide at 170°C
followed by treatment of the pyridinium salt with NaOH and subsequent liberation of
free acid by ion exchange gave pyrazoloquinoxaline-3-sulphonic acid (53)*. 1I-
Phenyl-3-methylpyrazoloquinoxaline (54) with chlorosulphonic acid underwent
sulphonation at para position of the phenyl group and gave a single product S5 which

was subsequently converted into sulphonic acid 56 and sulphonamide 57.

Pyrazoloquinoxalines on nitration gave an isomeric mixture of mono nitro
derivatives. The exact position of the nitro group was not determined*®. An unusual
phenylation reaction of phenyl pyrazoloquinoxalines have been reported by P.M. Pillai
and P Ramabhadran®. When 1-phenyl-pyrazoloquinoxaline was treated with air
oxidised phenylhydrazine, 1,3-diphenylpyrazoloquinoxaline (58) was obtained.
Bromination of 1-phenylpyrazoloquinoxaline gave 1-p-bromophenyl-
pyrazoloquinoxaline (59). Similarly 1,3-diphenylpyrazoloquinoxaline gave 1-p-

bromophenyl-3-phenylpyrazoloquinoxaline (60) on bromination®'.

22
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2.1.3.3. Ocxidation reactions

Oxidation of pyrazoloquinoxaline with aqueous KMnO, gave pyrazolo[3,4-b]-
pyrazine-5,6-dicarboxylic acid (61)*>.  1-Phenylpyrazoloquinoxaline with neutral
potassium permanganate gave l-phenylpyrazolopyrazine-5,6-dicarboxylic acid which

was characterised as its dimethyl ester (62) *'.

N NH N CO,H
N[—] 2

IS

N/ / —_—p N _

N CO.H

61

24



2.1.3.4. Ring opening reaction

Attempts to reduce 1-phenylpyrazoloquinoxaline using NaBH, in methanol and
LiAlHy in ether was unsuccessful. However, with NaBH, in isopropanol 1-phenyl
flavazole gave 2-anilino-quinoxaline-3-carboxamide (63) and 2-anilinoquinoxaline-3-

carboxylic acid (64) by ring opening.

C5H5

S aC e o

63

I I NHC H,
' ' :cozn

64

25



\

2.1.3.5. Miscellaneous reactions
Hydrazine in presence of Raney nickel reduced the nitro group in 31 and gave

the amino derivative 65.

CH CcH
_~"6"5 _~ 65
NO, N N NH, NN
N N
L L
CH3 CH3
31 65

The sugar residue of 3-(D-erythro-trihydroxypropyl)pyrazoloquinoxaline (66) was
oxidised using lead tetraacetate or periodic acid to give the carboxaldehyde 67. The
aldehyde 67 underwent the cannizaro reaction with hot conc. alkali and gave a mixture

of primary alcohol 68 and carboxylic acid 69.

26
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OH

66 67

68 69

It was found that pyrazoloquinoxaline with free 1-position form metal salts which
had orange to yellow colours due to the flavazole anion which has a number of

resonance forms as shown below.

N\- /N /N\
SOV RN GGoIES
4 NS Sy
N
N /N\ N\ N;\
I - i
/ —
N~ N
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2.1.3.6. Biological studies

In order to study the biological activity, water soluble derivatives of
pyrazoloquinoxalines were prepared. For this two methods were used (a) by
increasing the hydroxyl group in the heterocyclic system®, and (b) by introducing poly

54,55 .
. Varnious

hydrogen sulphate salts on the hydroxyl groups of the sugar residue
derivatives of 1-phenylpyrazoloquinoxalines were subjected to screening for the
inhibition of multiplication of Staphylococcus k phage. The growth rate of
stapylococcus aureus was inhibited 5-10% when pyrazoloquinoxalines were added to
the growth cultures at concentrations necessary to double the lysis time™. 1-

Phenylpyrazoloquinoxalines was found to be active against clostridium septicum

infections in mice®’.
Buu-Hoi and co-workers® studied the antibacterial, antiinflammatory and analgesic

properties of pyrazoloquinoxalines 70-73. The tuberculostatic activity of the

hydrazone 74 and semicarbazone 75 were reported by the same authors*’ .
CH3 N\ NE.I
N
— 7,
CH, N
R

70. R=CHO; 71. R = CHNOH; 72. R =CN; 73. R=COOH

28



74 75
Sallam and co-workers ***° have shown that C-nucleoside 76 exhibited invitro
cytotoxic activity against KB cells (a human epidermoid carcinoma of the

nasopharynx) where as 77 was inactive.

76 77
1-Phenylpyrazoloquinoxaline of isomaltohexose coupled to chicken gamma
globullin induced T cells dependent anti-(1-6) dextron specific IgM and IgG responses
in CBA, BALB/C and A strain mice®®. Tichmann and co-workers® prepared 1(m-
nitrophenyl)-pyrazoloquinoxalines from oligosaccharides of maltose, isomaltose and
cellobiose series and were used as model compounds for immunochemical studies. m-
Aminophenyl derivatives had similar properties as that of nitro derivatives , and are

useful for the manufacture of immunogen, antigen models and immunoabsorbants with
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oligosaccharide determinant group®. The 1-(m-nitrophenyl)pyrazoloquinoxaline of
isomaltose oligosaccharides were used to study their interaction with human
antidextran by the qualitative hepten inhibition and fluorescence quenching technique®™.

Cellulose-m-aminobenzyloxy methyl ether and p-aminobenzyl cellulose were
diazotised and coupled with 1-(m-hydroxyphenyl)pyrazoloquinoxaline and 1-(m-
aminophenylpyrazoloquinoxaline of sugars of maltose and isomaltose series to obtain
sugar specific immuno adsorbants for isolation of anti oligosaccharide antibodies from

antiserums®*.
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2.2. MUCOBROMIC ACID AND ITS REACTIONS

Hill®and Simonis® carried out investigations on mucobromic acid and found that it

was a y-aldehydic acid which can exist in tautomeric forms ie. 3,4-dihalogeno-5-

hydroxy crotonolactone (78) or o, 3-dihalogeno-B-formyl acrylic acid (79).

H
X OH X CHO
0
78 79

The reactions of alcohols with mucohalic acids gave a mixture of normal and

67,68
pseudo esters’ .

The normal ester (80) was assumed to be unstable and it was
recently shown that normal esters are thermolabile and rearrange to the respective
pseudo-esters (82)%. Hill suggested that the ester derivatives have a cyclic or pseudo
structure. Mowry and others confirmed this by examining the UV absorption
spectrum’>”". In the spectrum no absorption maximum in the 260-280 nm was present
which indicated the absence of chromophores containing both carbonyl and carboxyl
group in conjugation with a double bond. The conversion of normal ester to

pseudoester was by rearrangement , ie a transannular shift of methyl cation after the

formation of the cyclic salt.
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X X X X X X
P . H l . H
7 07> 07
0 H? 0 _0 % 0 ([) 0
CH H
2 : CH,
80 81 82

Furthermore, it was shown that mucohalic acids esterified by methanol in presence
of acid catalyst gave 3,4-dihalogeno-5-methoxy-5SH-furan-2-one (82), while
esterification with diazomethane gave normal ester (80)® Mucohalic acids gave
Michael addition product 83 with nucleophile followed by the displacement of one of
the halogens and this reaction involved a more favoured transition state stabilised by

the strongly electron attracting aldehyde group’”.

0 O
Br Br /
H - + I H
| om + CHOK  —» OH
Br \ CeHsO \
0 0
83

In 1954, Wasserman and Precopio showed that 3,4-dichloro-5-
methoxycrotonolactone (84) with aniline in cold alcohol gave 4-anilino-5-
methoxycrotonolactone (86) by the replacement of halogen B to the carbonyl”. This
preferential attack involved a favorable transition state (85a,b) stabilized by electron

interaction with the lactone carbonyl group.
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c1 H OCH, ClE om,

| o T * HgLg 0 -
ClL \\ cl N\
0 o
84 85a
H H
€L ocH, H.C HN OCH,
HsCq 0 — o
Cl C \\
o 0
85b 86

Later Semonsky and co-workers reported the preferential attack at the o position™.
They reported that 5-methyl-3,4-dibromocrotonolactone with aniline in cold ethanol
solution gave S-methyl-4-bromo-3-anilinocrotonolactone by displacement of bromine
at the o position. They assigned the structures based on the work of Vinogradova and

Semjakin”. But the preferential attack at the o position was found to be in error and it

was indirectly verified by Hachihama™. In order to tag the o and B positions of the

ester molecule, we have prepared the two chlorobromo esters 88 and 89 from the
corresponding acid 87a and 87b respectively. These esters on treatment with aniline
gave two different products 90 and 91 by the replacement of the  halogen which
corresponds to the anilino derivatives derivable from the esters of mucobromic acid
and mucochloric acid respectively. These transformations clearly disclose the nature of

the halogen replacement reactions in the pseudo ester series of the mucohalic acids and
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also provide a basis for formulating products of uncertain structures derived in

analogous replacement reactions.
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Semonsky studied the reactions of mucochloric acid with methyl, n-propyl, n-butyl
n-dodecyl and cyclohexyl amine. Reaction of 92 with methyl amine was carried out in

ethanol at -5°C using excess of methyl amine.

pr B __OCH, Br OCH,
e
I 0 > 0] —>
Br \\ Br H \\
0 (0]
92
H ocH
H___conmcH, H 2
I(OCH3 S | :
Br \ Br \\
o) 0
93 94

With the exception of aniline all other amines given above lead to the formation of
the corresponding substituted amide (93) or to the formation of the cyclic form, N-
substituted 5-hydroxy-5-methyl-4-bromo-crotonolactam (94)’*.

The aminolysis of the lactone 92, the double bond was first shifted from the o, to
B,y position where the enol-lactone reacted by the opening of the lactone ring and
splitting of HBr to give 93, which cyclises to give structure 94”’. The reactions of
mucochloric acid derivatives with secondary and primary amines were investigated by
Winterfeld and Nelke”. One mmole of normal ester 95 of mucohalic acid treated with
3 mmoles of pyrrolidine gave 3-chloro-4,5-dipyrrolidinocrotonolactone 96a and the

reaction was by initial attack on the aldehyde group giving dichlorolactone, which was
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followed by a Michael addition reaction with displacement of chlorine atom B to the
carbonyl group. But the same normal ester with primary amine in cold alcoholic

solution gave a complex inseparable mixture.

H |
0 — H,)n
Cl N H - 2
a l g 7 | (w U
1 — OCH,; CH:n I\iNCIh
OCH, cl N
o)

Br \\
0 L _ 0)

an=4bn=5
95 96
Winterfeld prepared 3,4,5-trichlorocrotonolactone (97) in good yield by heating the
acid with thionyl chloride and catalytic amount of DMF for 5h. Two moles of 97 with
4 moles of pyrrolidine or piperidine in a solution of dioxan at room temperature gave
3-chloro-1,2-dipyrrolidino-3-formylacrylamide (98a) and 3-chloro-1,2-dipiperidino-3-

formylacrylamide (98b), but no product of structure 96 was formed.

H o)
Ccl Ccl R
CsH,;N or C,H,N
| . I
c )\ cl \
o) o)

a. R=C/HsN, b. R=CsH;oN

97 98
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The product formation was by the attack of secondary amine at the carbonyl
carbon to give the intermediate 99 which gave 100. Then carbon atom B to the

aldehyde is attacked followed by the displacement of chlorine to give the compound

98.
Cl Cl Cl Cl
) on — S
>Z—§( oH 0 =0
H 0" R HR

R= CsHloN or C4H9N

99 100

When 2 moles of 3,4,5-trichlorocrotonolactone (97) reacted with 2 moles of
ethylenimine (101) the unstable S-aziridino-3,4-dichlorocrotonolactone (102) was

obtained.

1 ¢ c1
(o, N, — J o
cl \\ cl \
o o)
101 102

Reaction of 97 with primary amine gave stable amide acetals. One mole of 97 with
2 moles of cyclohexyl amine in absolute dioxan at room temperature gave N-

cyclohexyl-3,4-dichloro-5-hydroxycrotonolactam (103).

37



Cl H Cl Cl H OH
Lo — L)
cl c \!
0] 0]
103

Tryptylamine gave amide acetal 104 with 3,4,5-trichlorocrotonolactone.

H
cl OH
cl W\
0 NH
104
To verify the preferential position of attack of the nucleophile ie. whether the o
or § halogen is replaced, Jones and young carried out certain reactions with aqueous
CH;NH; and 4-methyl-pent-2-enoic acid lactone (105) the Michael addition product

106 was obtained .

H CH, CH,NH CH,4
ji/(o + CH3NH2 _— > H 0]
H W\ H
5 g \
105 106

But aniline with 105 gave no product which may be due to its less basic nature”.

Benzyl amine however, gave stable Michael addition product 107.
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107
Under anhydrous conditions and in presence of K;CO; 105 reacted with 1-cysteine
or a-toluenethiol to give the Michael addition products 108 and 109 respectively.

Second mole of thiol was not added.

COzHCH NHz)CHzS H CH3

109
Synthesis of optically active 5-(1-menthyloxy)-3,4-dibromo-2-(SH)-furanone
(110) was carried out by the reaction of furfural with bromine, followed by the
tautomerisation and etherification with (-) menthol. Compound 110 was treated with

thiols and amines to give the Michael addition-elimination product 111%.
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M = menthol R = Ph, PhCH,, furfuryl and n-CsHy;
110 111

In general mucohalic acid undergoes preferential attack at the o position , while the
pseudoester react preferentially at the [  position. The S-alkyl-
dihalogenocrotonolactones, however reacted to give either the B-substituted product
by the displacement of P halogen or 5-hydroxy-5-alkyl-4-halogenocrotonolactam by
opening the ring and splitting of HBr. It was found that the reaction product of
primary and secondary amines with pseudoester and 5-alkyl derivatives can be
isolated, but the reaction of primary and secondary amines with normal ester of
mucohalic acid gave a complex mixture.

Furanones are found to exhibit biological activities and it was found that 2(3H)
furanone has stronger activity than 2(SH)furanones. The result was obtained by the
comparison of HOMO ionisation potential®’. 3-Chloro-4-(dichloromethyl)-5-hydroxy-
2(SH)-furanone is one of the potent mutagen present in river and lake water®>. The
reaction product of unsaturated y-lactone with primary amine were tested of their

carcinogenity by Jones and Young®.
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With the exception of 3,4-dibromo-5-methylcrotonolactone, little information is
available to explain the overall reactions of the various 5-substituted mucohalic acid
derivatives. The reaction of S-chloro and 5-alkoxy derivatives with primary amines

have not yet been demonstrated. »
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3. RESULTS AND DISCUSSION
3.1. Synthesis and reactions of 2-phenylpyrazolo[3,4-b]quinoxalines

The preparation of 1-phenylpyrazolo[3,4-b]quinoxalines or 1-phenylflavazoles
(2), by the oxidative cyclisation of quinoxaline-2-carboxaldehyde phenylhydrazone (1)

using phenylhydrazine in acetic acid has been reported previously®***.

NS NHC¢Hs N —Nph

e G
= N — ,
N N

1 2

Conversion of hydrazone to flavazole can take place by a mechanism similar to

osazone formation®. But here the net mechanism is an oxidation involving the

86,87

i~
removal of two hydrogen atoms, so mild oxidising agents must be capable of

A
bringing about this conversion. Later it was reported that azobenzene converted the

phenylhydrazone to 1-phenylflavazole in 93% yield. The mechanism involves the

formation of a cyclic tautomer 3 formed from 1.
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Another method by which oxidative cyclisation of 1 to 2 brought about was
by heating the hydrazone to a temperature above its melting point in an open
atmosphere. Here the oxygen in the atmosphere acts as the oxidising agent. This
method was of interest because no other reagents or solvents are required for this
conversion. Dahn and coworkers have reported that cyclisation of quinoxalines takes
place even if groups such as COOH, Cl, CN, CONH,, OH, COC¢Hs and CH,C¢Hs are
present at position 2 of the ring®®. These groups get eliminated during the cyclisation
process and it was specifically mentioned that groups such as CHs, C¢Hs do not depart
and flavazole formation does not take place if these groups are present. It was later

proved that stable flavazole systems will be formed even by the elimination of phenyl
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group, if the stating material is heated to sufficiently high temperature or in presence of
suitable reagents.*

We now report a method for the synthesis of 2-phenylpyrazolo[3,4-b]-
quinoxaline starting from ethyl 2-hydroxyquinoxaline-3-carboxylate (4). This key
starting material can be prepared by the condensation of ethyl mesoxalate and o-
phenylenediamine in 93% yield™. Ethyl mesoxalate was prepared by the oxidation of
diethyl malonate with SeQ, at 120-130 °C in 32% vyield”. Compound 4 was also

prepared by another route starting from diethyl malonate.

O2Et 0,Et

19 5g fo NH, N__OH

CH2 — > CBIﬁ + _ I

| | P

CO.Et co,Et  NH: N COOEt
5 4

Bromination of diethyl malonate gave the dibromo derivative 5°> which on
condensation with o-phenylenediamine gave ethyl 2-hydroxyquinoxaline-3-carboxylate
(4)in 40% yield. The yield was increased to 60% by adding NaHCO; at intervals so as
to keep the medium basic. Ethyl 2-chloroquinoxaline-3-carboxylate (6) was prepared
from 4 by treatment with POCL”. Compound 6 with phenylhydrazine at room
temperature or 100°C gave two major products, which were separated by column

chromatography over a silica column to give ethyl 2-phenylhydrazinoquinoxaline-3-
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carboxylate (7) and 2-chloroquinoxaline-3-carbonylphenylhydrazide (8) along with

trace amount of 2-phenyl-3-oxopyrazolino[3,4-b]quinoxaline (9).

N Cl
N

O = CLX
~

COOEt N COOEt

4 6
Cl PhNHNH, NHNHPh
CE L — @ X
COOEt COOEt
7
E;[ I C[ LNC‘HS
CONHNHPh
8 9

Ethyl 2-phenylhydrazinoquinoxaline-3-carboxylate on heating at a temperature
of 190 °C for half an hour gave the same product 9 in 50% yield. IR spectrum