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ABSTRACT

This thesis reports the results of investigations into the
chemistry and properties of the new hetérotricycle: 7,8,9,10-
tetrahydropyridofl,2-alquinoxalin~4-one.

The chemistry and properties of guinoxalines, pyrrolo{l,2-
alquinoxalines and pyrido[l,2—a]quinoxaline§ are reviewed

A re-investigation of the methods of synthesis of the title
compound and some of its derivatives was undertaken._CondensatiDn
of pipecolinic acid with the appropriately substituted 1-fluoro-
2-nitrobenzene in ethanol basified with 10% sodium hydrogen
carbonate solution followed by cyclizaiion cf the resulting N-
[2'-nitrophenyl }jpiperidine~2-carboxylic acid with alkaline sodium
dithionite was developed as the optimum method. The 2Z2-fluoro-
and 3-methyl- derivatives of the heterogricycle were prepared in
this manner. The sodium dithionite reductive cyclization method
however proved ineffective when thEFE.WES another reducible group
in the acid adduct. In this case selective hydrogen transfer
reductive cyclization of the methyl! ester of the carboxylic acid,
via palladium on carbon, was the preferred method. The 3—-nitro
derivative of the heterotricycle was available only by this
method. : '

The reactions of 7,8,7,10-tetrahydropyrido{!,2-alquinoxalin-
4-one with electrophilic reagents have been studied. The
tetrahydropyridoquinoxalinone was found to be completely
unreactive to some reagents and in several other instances,
intractable mixtureslof compounds were.obtained.

Nitration of the heterocycle was however achieved with a
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mixture of potassium nitrate and sulphuric acid, giving the 2-
nitro compound. Attempted nitration with concentrated nitric
acid alone, or in other solvents, gave ring opened products, as
the tricyclic skeleton is readily cleaved under these conditions.
~Bromination of the heterocyclé was examined under four
diffe}ent conditions in order to delineate the role played by the
amine and amide nitrogen atoms in directing electrophilic
substitution into the aromatic ring. With one mole equivalent
5romine in acetic acid and with bromine in boiling hydrobromic

acid, two different monobromo derivatives were obtained. Mixtures

~af products were obtained, on the other hand, from the reactions

of the heterocycle with N-bromosuccipimide in 30% sulphuric acid
and also with excess bromine in acetic acid.

1
H-NMR nuclear Overhauser enhancement studies involving the

amide N-H of the 7,8,9,10-tetrahydropyridol{i,Z2-alquinoxalin—-6—
ones have been used to fully éssign for the first time, the
aromatic proton éignals of the pyridoll,2-ajguinoxalin—-é6-ones as
well as to unambiguously characterize the prﬁducts af nitration
with potassium nitrate/sulphuric acid and bromination with one
mole equivalent bromine in glacial acetic acid as the Z-nitro-;
and 3-bromo compounds respectively.

- Attempted N-alkylations of 7,8,9,1@~-tetrahydropyridof{l,2-a]
quinoxélin—b—one by the conventional methods of reaction with an
alkyl halide in the presence of a strong base such as sodium

hydride or sodium methoxide were unsuccessful. A convenient and

mild method of N-alkylation of the heterocyclic compounds via a



iv

phase transfer process was however developed. N-Alkylation of the
tetrahydropyridoquinoxalinones were accomplished in a solid-
liquid two-phase system consisting of powdered sodium
hydroxide/potassium carbonate suspended in benzene, in the
presence of a catalytic amount of tetra-n—~butylammonium hydrogen
sulphate. Good vyields of the relatively more spluble N-alkyl
products were obtained.

Several attempts at selectiQe replacement of the &-oxo
group in the title compound with chlorine by reaction with
phosphoryl chloride were unsuccessful and gave rise to a
suspec ted polychlorinated -compound.

Products of attempted oxidation with manganese dioxide and
alkaline potassium ferricyanide are described.

Full assignments of the 1H and 13C—NMR resonance of the new
heterocycle 7,8,9,1n~tetrahydropyrido[1,2—a]quinoxalin-6~one and
some of its derivatives are reported for the first time.
Unambiguous assignments were made by extensive NOE experiments in
conjunction with the use of 2D one-bond and long range 13C:lH
chemical shift correlations.

The replacement of hydrogen with gdeuterium has been known to
produce shifts in the position of the neighbouring carbon-13 NMR
signals. The magnitude of these effects has recently been shown
to possess a stereochemical dependance. Exchange of the amide N-H
of the 7,8,9,l@—tetrahydropyrido[ﬁ,2~a]quin0xalin—6—ones with
deuterium induces shifts iﬁ the carbon-13 resonances of the

heterocycle. Evidence is presented in this work to show that the



magnitude of the deuterium isotope effect on these carbon-13 NMR
sonance bears a geometrical relationship to the N-H.

Fungicide activity of the tetrahydropyridogquinoxalinanes,
their precursors and N-alkyl derivatives are also reported for

the first time.
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COMPENDIUM OF ABBREVIATIONS AND ACRONYMS

We live in an acronymous age, but these shor thand
collection of letters (Greek-akros, tip, and onyma, name) have a
correct usefulness only if they are defined in context. The
following short listing includes only those acronyms and
abbreviations used in this thesis.

AC —————mmmm s acetyl

Ac 0 ————-——————————— Acetic anhydride

chH or HOAc - ————=————=— Acetic écid

By ———————=—r——m o butyl

COsSY ———~-——————————-——- Correlation spectroscopy
DMAD =——=—m s Dimethyl accetylenedicarboxylate
DMF ——==m———m=mm—— e N,N-Dimethylformamide

pMS0Q ———= s Dimethylsulphoxide

Et ~—— === — ethyl

Et O ———————==———— Diethylether

EtgH e Ethanol

FT —~=—~——=~————————==—= Fourier Transform
IR/i.r.————=—m=——=———7—" Infrared

LAH ———————— = —— Lithium alumininium hydride
Mg —=—m=——==——me oo methyl

MeOH —=-—--—————=——=———===~~ Methanaol

NBS --———=-=——————=mm o N-Bromosuccinimide

NC§ —--~——=———==-=m===="~ N-Chlorosuccinimide
NMR/n.m,r ———————===———== Nuc lear magnetic resonance
13C—NMR ———————————— Carbon-13 NMR

1

H-NMR/p.m.r =—-——= Proton NMR
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ZD-NMR ————— = Two dimensional NMR

PH =mm e phenyl

= Polyphosporic acid

PTC —mommmem e e Phase Transfer Catalysis

Pyr ————m e m—m e Pyridine

= O Room Temperature

TBAHSO -———r—————— Tetrabutylammonium hydrogen sulphate
TEA ,_f ————————————————— Triethylémine

THF ~—— e em e Tetrahydrofuran

NOTE : All NMR DATA ARE GIVEN IN ppm OR CP UNITS
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1.8 INTRODUCTION

The impressive biological activity of numerous nitrogen
heterocycles has fostered continuing interest in the chemistry of
thié structural class. Notable among this class of compounds are
the quinoxalines. Interest in the chemistry of quinoxalines has
resulted in the appearance of a large n;mber of publications
both in the journal and patent literature as numerous derivatives
have been prepared in work designed to produce biologically
active materials. Polycondensed nitrogen heterocycles in
particular have attracted considerable interest because of their
importance in (:hermc:thca'r-éutnam’cicc:.l’I2 and their marked activity in

3
many biological systems .

4-9

1.1 GENERAL INTRODUCTION TO QUINOXALINE CHEMISTRY

1.1.1 Nomenclature

The approved numbering for the quinoxaline ring system is

shown in structure (1); positions 2 and 3 are sometimes designated
€7—positions. An alternative name for gquinoxaline occasionally
to be found in the literature is 1,4-diazanaphthalene.

5

I EéﬁEW’fN 3
?Lg.?) xg z
4 i
1
1.1.2 Syntheses of the ring system:

The vast majority of guinoxalines are of synthetic origin.
The synthetic method generally used is to condense an o—-disubstituted

benzene with a two carbon synthon. Thus condensation of



2.

o*phenylenediamineé with ak~ dicarbonyl compounds results in

quinoxaline formation as shown in scheme 1.

b

R
NH2 c/c; R
o ’
NHz (1] ' = g
1 Nge
SCHEME 1

By suitable choice of the Ok—dicarbonyl component, alkyl and
arylquinoxalines, quinoxalinones and quinoxaline carboxylic acids
have been prepared.

Other two carbon synthons that have been reacted with o-
phenylenediamine to form quinoxalines includeci -halogenocarbonyl
compounds,o(qﬁ-dihalides, and acetylene-1,2-dicarboxylic acid
esters.

Major variants on this method are the use of o-
nitrosoaminobenzenes and benzofuroxans as substrates for reaction
with a two carbon component as illustrated in scheme 2. The o-

¢
nitrosoaminobenzene based synthesis has tﬁe advantage of leading

to products of unambiguous structure. This is not the case when

unsymmetrical o-phenylenediamines or benzofuroxans are used.

i

R
N=0 6?1 R
+ l —_— R +
NHa N NH,
1
] a R R
CH;
+ -————ﬁ,R , +
5 O - R
o
\R?

SCHEME &
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This construction of gquinoxaline-di-N-oxides from
is known as the Beirut reaction and has been exploited

in recent years.

1.1.3 Reaction of BQuinoxalines with Electrophilic

benzafuroxans

extensively

Reagents

a) On Ring Nitrogen:

Quinoxaline (1,4-diazanaphthalene) has a pKa

value of

0.6 and it is_therefore less basic than either cinnoline

(1,2-diazanaphthalene}, quinazoline (1,3-diazanaphthalene)

or phthalazine (2,3-diazanaphthalene). Quinoxaline is

reported to have a second pKa of -5.52 and it is

therefore

only significantly diprotonated in a strongly acidic

medium.

Quinoxaline and its simple derivatives are readily converted

into both mono and di—-N-oxides by oxidation with peracids

(scheme 3). As mentioned above, di-N-oxides are also

available from primary synthesis.

0-.
M \ Me
©  30mPHoAc ’E;i \
——— e
D
Ph 36 Ph
SCHEME 3

Me

Quinoxalines form monoquaternary salts when treated

with common quarternizing agents such as methyl sulphate and

methyl p-toluenesulphonate. The guarternary salts of 2-

alkyl quinoxalines are unstable and on oxidation

are

converted into complex coloured products. Quinoxaline

quarternary salts have also been prepared by primary



b)

synthesis from N-substituted o-phenylenediamines and

o{ ~dicarbonyl compounds (scheme 4)

. Me
NH2 Z Me
o HE10 a
+ l ey el CIOY + 2no
R Me
NH; 0 : B
' ‘\Me
SCHEME 4

On carbon:

Ouinoxaline itself and many of its simple derivatives
do not readily undergo 5ubstitu?ion on carbon when treated
with electrophilic reagents. However, under forcing
cénditions, the parent base is nitrated with nitric acid and

oleum to give 5,6-dinitroquinoxaline as the_majnr product.

GO e GO0

{1.5%}) (247)
1 ! 3
In contrast to guinoxaline, 2,hydroxyquinoxalines and
related 1,2-dihydro-2Z-oxoquinoxalines are activated to
electrophilic substitution. Nitration and halogenation

occur smoothly in the 7-position when the reactions are

carried out in acetic acid solution.

(*37)
4 3
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Activation here is due to the NR.CO grouping (R = H or Me}

The guinoxalinium cation is susceptible to substitution
at C-2 by a whole range of radical reagents. For example,
acyl radicals (RCO ) generated under oxidizing conditions
from aldehydes react with quipoxaline to give 2-quinoxalinyl
ketones. 2-alkyl carboxamiéo - and etﬁoxycarbonyl quinoxalines

have also been prepared {Scheme 3).

2+ 3+ -

Fe + ROOH —— Fe + OH + RO

1 1 (R =Hor t -Bu
RO + RCHD ———» ROH + RCO

VRS

g&j) +  Rbo '—ﬁ Q('SNj\caR‘+ H'

-

SCHEME S

Hoﬁolytic{x-aminoalkylation of quinoxalinium cation
also occurs at the 2-position. However, at high acidity,
when a significant amount of diprotonated base is present,
both 2- and &- substitution occurs.

1.1.4 Addition Reactions of qunoxalingg:

Following hydride ion addition to quinoxalines,

1,2-dihydro,1,4—dihydro,1,2,3,4—tetrahydro and decahydroquinoxalines

x L
are known. Reduction of gquinoxaline with sodium in tetrahydrofuran

o
1 (THF) at 20 vyields i,4-dihydrogquinoxaline (6) whereas aluminium

hydride "in ether vields 1,2,3,4—tetrahydroquin0xaline (7).

H

solilee

(1) (&)

*



H
LRR/Et,0 "'hf:]
—_—
N
(7) H

(0

The tetrahydroquinoxaline (7) is also obtained, albeit in
lower yield, by reduction with sodium in refluxing alcohol.
Quinoxaline also adds two molecular proportions of

Grignard reagent to give a 2,3-disubstituted 1,2,3,4-tetrahydro-

H
e
+ 2RMgBr  ————
X N
H

o ) (8, R=CHoCH=CHp)
(9, R=CHaCHaCHaNMez)

quinoxaline (8 and 9).

Quinoxaline undergoes cycloaddition reactions with reagents
such as diphenylcyclopropenone to form 1:1 molecular adQucts.

1.1.5 Reactions of substituted Quinoxalines:

2-Alkylquinoxalines show enhanced reactivity in terms of
1

their ability to undergo condens%tion reactions with aldehydes

and their ability to undergo Michéel additions. Similarly 2-
halogenoquinoxalines have been found to participate in a wide

range of rucleophilic substitution reactions with oxygen,

sulphur, nitrogen and carbon nucleophiles. Chlorine in the 2-position
ic also readily removed by catalytic hydrogenation.

Guinoxaline—Z—carngylic acids are very readily decarboxy-

lated which renders their purification difficult but in some
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cases increases their utility as intermediates in other guinoxa-—

line preparations. For example, 2-chloroguinoxaline (11) can be

readily prepared from 3-ch10roquinoxalinE*E—carboxylic acid (10).

AN A YN
Awheon™ K Avha

Tautomerism of Guinoxaline Derivatives:

1.1.6
2-hydroxy— and 2-mercaptoguinoxalines exist in the quinoxalin-—

2-one and quinoxalin-2-thione forms whereas 2-aminoquinoxaline
-

exists as such rather than as an imine (scheme &).

i ¥
. — QX
N H WAy
~ % & LR P -
R

(= 0 or 5)

NN YN
Ly, A

l&. knu&‘{\.... }k.u -
Nyt \-NH,: M WA NN
[=3

H

SCHEME &

2,3—Diﬁydruxy— and 2,3-dimerbaptoquin0ialine similarly exist

in 2,3-dione and 2,3-dithione forms respectively. 3-substituted-2-
quinoxalinones carrying an acyl-methyl function in the 3-position
exhibit side chain-ring tautomerism, with the two tautomeric forms

(12) and (13) contributing. Intramolecular hydrogen bonding is



thought to contribute to the stability of the enamineg tautomer.

H
v N, 20 o\ A
———
_—
CHzCOR N/QHCDR rrg

a2) ) ‘ ol
S - ”d? R
) a4) R = Ph
(13} R = CEt
1.1.7 Reactions of fluinoxalines involving Ring Change:

Relatively few reactions of quinoxaline derivatives occur
with change of ring size. The isclated examples known are
described here. For example ring contraction to benzimidazole
derivatives occur when 2,3-diphenylguinoxaline or 2-
halogenoquinoxalines are treated with potassium amide in liquid

ammonia and when quinoxalin—-2-one is treated with hydrazine.

. HaoN-NH
= g Me
o
1G]

i1&)

- . It was also found that oxidation of i-amino quinoxalin-2-

ones with lead tetraacetate gives benzo-1,2,4-triazines (scheme

7).
R R
Pb(OACI
g ————> N
NHp
SCHEME 7
1.1.8 : Biolooical properties of GQuinoxaline Derivatives:

The main search for biologically active guinoxalines has



centred araound the preparatiqn of quinoxaline-N-oxides. 3-
substituted-2-methylquinoxaline 1,4-dioxides with high antibac-
terial activity have been prepared. Quinogxaline—-2-sulphonamide
has had sustained use as a coccidiostat for poultry. Antibiotics

of the triostin and quinomycin series, isolated from cultures of

streptomyces audreus, have been shown by degradation study to
contain a guinoxaline-2-carboxylic acad residue. The structure of

quinomycin A (echinomycin) (17) is given below.

M Me
M M M K‘:”/ 0
- Co 7
.c_H H_—C—-N—é —N—CH—C——N——CH—C

1 H 1 1
a] Hp O 0 —CHe 0
0 cHa ClHa
| e o b Hp |8
‘#C__._CH_—E\I—&—C —N— G PH—N——C—CH— TN
oA e e O
Me Me ;97’ N

5,4,7,B-Tetrachloroquinoxaline (chlorgquinox) is the active

compound in various fungicidal formulations and Morestan (18) is

used as an insecticide.

1.2.8 PYRROLOQUINGXAL INES

In pyrrologquinoxalines, a pyrrole ring is fused to a
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quinoxaline skeleton. There are four types of pyrrologuinoxalines,
as illustrated below, which differ in the position of fusion of
the rings. Thus we have pyrrolo{l,2-alquinoxaline pyrrolol2,3-b]
quinoxaline , pyrrolo{3,4-blguinoxaline and pyrrololl,2,3-de]

quinoxaline.

2 g I 3
2
9 b 3
8 3
7 5 4
N 4
& 5
Pyrrololl,2-alquinoxaline Pyrrolof2,3-blguinoxaline
1 3
8 9 1 N/jiﬁ
2 ? 5
3 Bi 5
S 4 7
Pyrrolol3,4-blguinoxaline Pyrrolofi,2,3-delguinoxaline

wE o

For the purpose of this study, the chemistry and properties
of only the pyrrololl,2-a] gquinoxalines which closely resembles

the pyrido[l,?—a]quinoxaline ring system is reviewed.

&
PYRROLO[l,Z;HEDUINDXALINES

1.2.1 PHYSICAL PROPERTIES:

The parent aromatic heterocycle has been subjected to exten-
sive theoretical calculations in order to compare the predicted
and found sites of electrophilic substitutionlm. HMO calculations
suggest that the most susceptible position is the Z-position,

whereas a consideration of localization energies indicates that

the susceptibility to electrophilic substitution decreases in the
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order 1>3>6>2. The latter prediction is regarded as more valid

and agrees with the experimental results described. (Section 1.2.3)

O/Q,, _
The acidity-constant of the unsubstituted heterocycle is
. : 11
3.94 in 5@% agqueous ethanol indicating the relatively weak

basic nature of the ring system. Nevertheless, pyrrololl,2-a]
quinoxalines are appreciably stronger bases than quinoxalines.
Substitution of the ring system by methyl groups results in a
base strengthening effect, as e#pected. This base strengthening
effect is dependent on the site of substitution. The 4-methyl
compound has a pKa of 4.58 in Sav alc':ohol12 which 1s consistent
with protonation at the S-position as the increase in pKa (0.64)
is characteristic of the effect of methyl substitution in six—
membered rings o - to the site of protonationls. The much smaller
increase in pKa between the 4-methyl compound (4.58) and the

2,4-dimethyl compound {4.89) is also consistent with protonation

at the S-position.:

1.2.2 METHODS OF PREPARATION:

Several different approaches have been adopted for the syn-
thesis of pyrrololl,2-ajquinoxalines. Particularly useful are
approaches involving cyclization reactions of o-aminophenylpyrroles.
Alternative syntheses have involved the use of o-phenylenediamine,
the cyclization Ufﬂ—quinOxaIinylperionic acids, quaternization
of quinoxaline derivatives, as well as several other routes less
amenable to classification.

A. Syntheses from o-Aminophenylpyrroles and Related Compounds:

Routes via o-aminophenlypyrroles present the most convenient
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11,12,14,15,16,17
syntheses of pyrrolotl,E*a]quinoxalines {(scheme B8)

A wide variety of reagents have been used for the cyclization
step and variously substituted pyrroloquinoxalines have been
prepared by using appropriately substituted o—aminophenylpyrroles

11,12,14,19
and related compounds

e e OO

[lu]

N / [IV] /
Ar
Reagents: i) R({CO3:0 Ar = Ph or CgHyOMe—p
ii) POCl3
iii) ArCHO
i) MnD;
SCHEME 8

4,5—Dihydro*4-nxopyrrolo[1,2—a3quinoxaline {21) is obtained
on reaction of the amino compound (1?) @ith phosgenelq. Cheeseman
and Tucle obtained the carbamate-(2@i ‘on reaction of (19) with
ethyl chloroformate. Compound (21).cou1d not be'cyclized with
phosphoryl chlaride but reacted with zinc chloride in refluxing

o-dichlorobenzene to give the 4-oxo compound (21).

y | L
N <):r _wa C\)\]/
NHp NHL,DEEL : \H 0

19 20 =4}

Reagents: (i) CICOET
{i1) Clgs O-CleCsty, A
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19

Nagarajan et al , obtained the 4-thioxo compound (22) on

treatment of compound (19) with carbon disulphide. Thiophosgene,

on the other hand did not give the expected thioxo derivative
19

(22) but the sulphide (23)

- O{'(/) [i1 (INE/
- “NHp N8
H
-

X
17

Reagentst (i) CS; [=—
(i1) C8Clz LN
| » .
H '...S K H

23

The adduct (24), from the reaction of the amino compound

{19) with dimethylacetylenedicarboxylate was cyclized to the
pyrrelol1,2 —algquinoxaline (25) using polyphosphoric acid. The

anilino compound (27) was obtained by treatment of the urea (26)
19

with phosphoryl chloride

2 o
G = (L2
NHa- 7 \NH fH OoMe
19 E?a// ngME
24

—

X
COpMe

25
(IN:" o C
NHCONHPh H NHPh
26) a7
Reagents i) Me0,CC=CCOoMe

ii) Polyphosphoric acid
ii1) F'UCI_,.
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17
an attempt by BGarcia et al s to formylate the pyrrole (28)

with phosphoryl ch{oride in DMF gave the 4-phenyl compound (30)
presumably by way of Beckmann rearrangement of the oxime followed
by cyclization of the resultant amide.

Catalytic reduction of the nitrocyanide (31) gave

14
the 4-amino-S-oxide (32} .

C=NOH el NHCOPh
h @9

(8 \\EH

Reagents i} PDC1a ,DNF

O | O
X

=
ii} Hp
: Cl/ h
(20
———e

CN NH

NDg i e
-
(31) (32)
B. Syntheses from o-Phenylenediamines:

Pyrrolo[l,2-a]quinaxalines have also been prepared by reaction
of o-phenylenediamine and disubstituted derivatives with approp—
riate esters. Thus the pyrroloquinoxalinon; (34) is cobtained from

o-phenylenediamine (33) and the dihaloester.
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_ /
rd AN AlHz i M
- + CL(CHa)z CHBrCOpEt ————
%, "NHp g

H
(33) (34)
# S eNHS cncogEt N R
o J + RCH=CHCOgEt ——> COoEt
% NH COzEt ‘ [, 9
I H
COMe
(35) 5 (3¢, R = H orMe)
) .
=
CHoCHaCOREY '
n ! (iii) N
& SN CCogEL ¥
O e o
X ?‘H COpEt H
(37) COMe (38)

Reagents : (i) BrCHpCHpCOpEL
(ii) NaOEt
(iii} H*

&

The disubstitutéd phenylenediamine (33) has been condensed
with methyl acrylate2m and methyl crotonatez} to give the
cyclized Michael adducts {36). The product (363 R = H) was also
prepared by reaction of the phenylenediamine (33) with ethyl 3-

bromopropionate to give the triester (37) followed by cyclization
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with sodium ethoxide. Acid cyclization of the intermediate (37)
on the other hand, gave compound (38) by hydrolysis and
decarboxylation of the 3 -ester group.

Two moles of o-phenylenediamine condense with the pyrone

22
derivative (39) to give the anilide (4@) 1in 75% yield .

H 0pC D=C{R
OH /l NHz
07/ \\CHE ‘ C::j[: Lz
R I NHg TopEt
D\l 7\COgEt % AN H So
COREY N NeogEt
COzEt
39 (39a) (4@, R = NHCHNHL)

This reaction is most easily understood by regarding the

pyrone (39} as an internal ester of the dicarbonyl compound (3%a).

C. The Cycliza£ion oﬂﬂLGuinoxalinylprcpionic—ﬁcids.

Cyclization of/g—quinoxalinylpropionic acids presents another
facile route to pyrrolo[l,2—a]quinoxalines. Cheeseman and Roy23
obtained 1,5—dihydro—1—oxopyrrolo[1,E—alquinoxaline (42) in 85%
yield on heating the quinoxalinylpropionic acid (41) with
pnlyphosﬁhoric acid. Reaction of the propionic acid {41) with
phosphoryl chloride, on the other hand, gives the l-chloro

16
compound (43).
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CHaCHoCOpH L

N & -
H

1)
\\\{:; 42)

ct Reagents:
—_— i) Polyphosphoric acid
o ii} POCl

@3’

Various 2- and 4- substituted analogues of (42) have been

prepared by cyclization of appropriately substituted guinoxalinyl-
24-26
propionic acids using either acetic anhydride in sulphuric acid
16
or polybhosphoric acid as cyclization reagent.

In contrast to the reaction with phosphoryl chloride,
phosphoryl bromide reacts with the acid (41) to give, not the 1-
bromo analogue of (43) but a mixture of the 2,3-dibromo compound

27
{(44) and the 1,2,3-tribromopyrrolofl,Z2-al quinoxaline (45) .

;;HECHQCD
Oy @(”“ ©(”"

(@1 44) 45)



18

This mixture of polybromo compounds is also obtained on
treatment of the -parent heterocycle with bromine in refluxing
hydrobromic acid.

Reductive cyclization of quinoxalinyl propionic acids yields

}hexahydro—l-oxo compounds. Thus reduction with hydrogen and Raney

26,28
nickel of the acids (46), yields the hexahydro compounds

)

HeRcmey Ni QNS ?

(47).

4&) R'= CHzLHoCOzH Or 47)
CH=CHCOZH
R = H, Me or Ph R =H, Me or Ph

The earliest preparation of the ring system reported by
Leonard and Boyer in 1958, involved hydrogenation of the keto
ester (48) at bhigh temperature and pressure over copper chromite.

The perhydro compound (49) was obtained by this approach.

CHaCOCOREL b
N Hg
A —_—
N Copper .
chromite H

“a) @)

The use of hydrogen and Raney Nickel on compound (48)
30

however, tresulted in the synthesis of (53) .
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CHECOCD
He’Rqr-ey Ni |

N

48) (50)

The most carefully studied approach concerned the prepara-
tion of dioxo compounds (38) and(52) from the propionic acids

(51). The best reducing agent for this synthesis was found to be

31
alkaline sodium borohydride. .
0
N CHaCHoCOpH
- 2
E::]:;:j:a NaBH,OH- (7 l
X —_— N N
| D
R R
{S1), R=H or Me (IR =H (S52) R = Me
D. Syntheses_involving Quarternization of Quinoxalines.

In éeneral, the quinoxaline ring system 1s quarternized only
with difficulty, so that approaches to pyrrolu{l,2—a]quinoxalines
that involve a guarternization step are unlikely to be very
convenient. Nevertheless several different types of syntheses
have been performed using quinoxaline quarternary salts.

Cheeseman and Tuck12 obtained the pyrrolo [t,2-alquinoxaline

(54) in low yield on treatment of the hydroxypropquuinoxaline

(53) with hydrobromic acid.
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This contrasts with the high yields obtained from this approach

in the maore readily quarternized quinoline series

N CHaCHOHCHLo0H
™~ € e HBr I 4
/ ————
. \'49 W’ \ME
(53) ' (54)

2,3-diphenylquinoxaline (53) forms a dianion on treatment
with sodium, and this has been alkylated with 1,3- diiodopropane

32
to give the tetrahydro compound (56)

' h
| P:l% /™ Na, ICHgCHpCHpI \I ~
2N i A
N \Ph

Ph

55) | (56)

24 _
Taylor and Cheeseman obtained an unspecified yield of

the pyrrolo compound (98) on reaction of 2-methyl-3-phenylguino-
xaline (57) with chloroacetone. Apparently the intermediate
quarternary salt cyclized spontaneously to give the tricyclic
product. Similarly, quar{ernizatinn of 2,3 - dimethylguinoxaline
(59) with phenacyl bromide gave a low vield Pf the pyrrolo [1,2]

12
quinoxaline (6@)

N. Me N S
o .
Ph N

(57) (58}

| N;(M + PhCOCHgBr ———>
(=]
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E. Cyclization of N-[2-Nitrophenyl] Pyrrolidine-2-Carbeoxylic
Acids:
33,34
Adegoke et al first reported the synthesis of pyrrolo

{1,2-al quinoxalines via a hydrogen transfer reductive cyclization
of. the methyl esters of N-[2-nitrophenyl lpyrrolidine-2-carboxylic
acids (62). These esters were prepared by condensation of L-proline
(pyrrolidine-2-carboxylic acid) with the appropriate 1-halogeno—2-
nitrobenzene in dilute bicarbona£e solutions to give the N-[2-
nitrophenyl] pyrrolidine-2-carboxylic acid {(61) followed by
esterification with acidified anhydrous methanol. Catalytic
hydrogen transfer reduction of the nitroesters over 10% palladium
on charcoal in ethanol and cyclohexene gave initially the N-[2-
aminophenyl] derivatives (63) which were cyclized in situ
intramolecularly to give the desired 1,2,3,3,&- tetrahydropyrrolo

[1,2-al)qguinoxalin-4-one (34).

X
HN—"’“"‘\. 033 R
NOz Hoa DCDEH
L= 1i
X =F or Cl =Prolina 61}
or &-NO2
ngMe
[iii]
NHz
(63) F'\
|CDEME
(L2)

Reagents: i) NaHCOz EtOH
1) MeoH;
%‘3 iii) Pd/C; CMpETOH

{34).R=H, 7-NO>
or 9-NOg
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ALKYLATION

Pyrrolo [1,2-a3] quinoxaline reacts readily with methyl iodide

give the S-methyl quarternary salt (63) Guarternization of the

4-methyl compound {54) to give the 4,5-dimethyl derivative (&6)

proceeds more slowly presumably because of steric hindrance to

18

the reaction .

N, Mei
: _— 1o
. M

&4
&3
P Mal
| — + -
/'
’ Me Me
54)
(66)

The 1,5-dihydro-1-oxo derivative (67) reacts with methyl

"jodide in methanolic spodium methoxide to give a monomethyl

derivative formulated as the 5-methyl derivative (68) on the

z2é

basis of UV spectral data . In contrast, J.W. Lown et al

0

obtained the l1-ethoxy derivative (70} on treatment of the

1-hydroxy compound (69) with triethyloxonium fluoroborate

Q§§ Ma D§§ Me
! |

| -
. Ph . . Ph
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EtD
Ox Ph N Ph
5/\;\% N =~ \\FPh
’ .
) Me i Me
&R (70)
Reagents! )
i) Mel, NaOMe, MeOH
i)  (Eug0BR

The S-methyl compound (71) is obtained on methylation of

the 4-oxo derivative (21) with methyl sulphate. The corresponding

4-thioxo compound {(22), on methyiation with methyl iodide gave
1B
the 4-methylthio derivative (72} as expected . Both these

reactions have been extended by Nagarajan et al, wusing more

complex alkylating agents to give & series of dialkylaminoalkyl

, 19
compounds rigﬁjbiological evaluation
I, | I, |
AN N (ME)ESD4 PN S
—
0 . ™ g
! Me
1) N V4))
- ! : Mal - ' . .
:ﬁ'\“\. AN AN N~
{ | T —_— r T
M
- \\S N EMe
H
(22) {72}
35
Abou - Gharbia et al recently synthesized a series

of N-alkyl and N — aroyl derivates of 1,2,3,3a,4,3,- hexa-
hydropyrrolo {1,2-a] quinoxalines. Alkylations with appropriately

substituted alkyl br aralkyl halides were ¢arried out in
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dimethyl formamide in the presence of sodium hydride.

A ]
[” ™ + CLCHgR # '; ;
g, fl Y :’;\. L '![

S G s R
H
o CL[ER
B8 g o= g 4 HM
= LT AC (732)
E,b—(DMe)EC&Hj CHzhMela
The 4 — QX0 Qroup was removed by reduction of compound

{73, R = 2,6 - (OMe) C H ) with Lithium aluminium hydride (LAH)

a mixture of anhydrgu: 2ther"tetrahydrofuran to give (76&).,
Compound (746) was prepared in higher yields by én alternate
syntheéis in which 2,6—dimethoxybenzoylchloride was reacted with
the reduced guinoxaline (;6) in acetone in the presence of
triethylamine (TEA) to afford the corresponding N-aroyl derivative
{77). Lithium aluminium hydride reduction of (78} in

Y, . 35
tetrahydrofuran afforded compound (76) in good vield

’ MED
+ CLC @ Q
' ‘M
H

CU
(78) "
TS

LAH

Qer
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B. Electrophilic Substitution Reactions.

Pyrrololl,2-a) quinoxaline undergoes smooth electrophilic
substitution in the pyrrole ring. Theoretical calculations
predict that the most favoured positions for electrophilic
substitution in decreasing order of susceptibility are 1>3>6>2.
There have been reports describing electrophilic substitution
at the 1,3 - and 2 -~ positions but no reaction at the &6 -
position has yet been observed. The distribution of products
obtained depends on the size of the incoming electrophile. With
bulky reagents, steric interactions tend to inhibit reaction at
the most electron rich carbon - 1 atom. For example, halogenation
of pyrrolo [1,2-alquinoxaline provides mixtures of products which
increasingly disfavour substitution at the 1 - position, as the
electrophiles increase in size in the order Cl+ < B;+ <I+
All three halogenations with one equivalent halogenating
agent provide mixtures of the i-halo, 3-halo and 1,3 - dihalo
compounds. Reaction at room temperature with N-chlorosuccinimide
in 3@% sulphuric acid16 gives 75% 1l-chloro, 2.5%4, 3 — chloro
and @.5% 1, 3 - dichloro compounds. Cheeseman and Roy27 obtained
42% l1-bromo, 2.7%4 3-bromo and @.77% 1,3-dibromoc compounds with
N-bromosuccinimide under the same conditions. Bispyridineiodonium
nitratt=.-27 at room temperature yields 18% 1-iodo, 267 3-iodo,
and @.11% 1,3 - diiodo compounds. 2,4-Dimethyl pyrrololl,2-al
quinoxaline gives similar mixtures on bromination and chlorination.

All the monohalo compounds can be dihalogenated by use of

excess of the halogenating agent. N
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=
\

4375y (77) 254

(78 @.5/

e
\

(79), 42Y (8Q) a7%

Br

———

NG

(81,7

-+

@./ _:_% @/ a‘/x

(82), 18% (83) 2&/,
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—_—
X=Cl, Br orl
Reagents:
i) NCS, 507 Hz80,
ii} NBS, 5@% H2504
iii) Bispyridineiodine nitrate

) Encess reagent

1<
Nagaraian gt al obtained 1-bromopyrrololl,2-a) quinpxaline

(79) on bromination of the parent heterocycle with one equivalent
bromine im cold acetic acid whereas the 1,3-dibromo compound

(81) was the product of reaction with two equivalents of bromine
at room temperature. Three eguivalents of bromine in boiling
hydrobromic give a mixture of the 2,3—dibrnmo and the
1,2,3-tribromo compounds. High temperature chlorination with

a mixture of phosphoryl chloride and phosphorus pentachloride

27
gives a mixture of the l-chloro and 1,2,3-trichloro derivatives

[al]

[:n] (Bl)
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Br Er'\ Br |
SOAENE( ‘S” -
. !
s |8 i
LY " '\{,:f IR 4
“4) 45)
Cl Cl Cl
Livl ‘ I (/\ Z\CL
— ' W
i > S
64) b Vol Ry
(85}

. a3
Reagents i) Bry, HOAC , o°C

i) 2Bry , HOAC, RT
ii1) 3By, HBry A\
) POCYg, PCig A

Nitration of pyrrolo {1,2-a] quinoxaline is achieved with
a mixture of potassium nitrate and concentrated sulphuric acid
and yields a mixture of 25%Z l-nitro and 48% 3-nitro derivatives,
No significant reaction was observed with potassium nitrate in
trifluorpacetic acid, in fuming nitric acid alone or fuming

16
nitric acid and acetic anhydride

g
|

Y oY KNUZ/HRDUE o, N A AN A

] f s & e Sy “NUs
A | [ | + il ! -
i b, AL W, AL

(&4 e V'S NSO

(85), 25y, (E7) 48,
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The attempts to avoid the use of sulphuric acid were made
because of the ease with which the heterocycle undergoes
sulphonation. Thus treatment of pyrrolof1,2,-al quinoxaline
with concentrated sulphuric acid at room temperature readily
gives the 3-sulponic acidlb. Apparently the electrophile is
too large to allow formation of detectable émounts of the
isomeric 1-suphonic acid and so sulphonation occurs exclusively
at position 3 when carried out at room temperature.

Sulphuric acid at ISBOC on the other hand, gives the 2 -
sulphonic acid in about 49% yield. wWwhen the 3-sulphonic acid
is heated in concentrated sulphuric acid rearrangement to the

23
?2-acid occcurs

P

(e8)

[iii]

I [iil
(64)
' Reagents!
i) Conc. HpS04, RT

i) Conc, HpS04 130 C
iii) Coinc. H2804, A

These observations parallel the well-known o(—sulponation
of naphthalene at moderate temperatures and the rearrangement
of the 0("5u1ph0nic acid to the thermodynamically more stable

/ﬁ-—sulphonic acid on heating.
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The 1-methyl and 2,4-dimethyl derivatives of pyrrolo
[{1,2-a] quinoxalines (74) are also readily sulphonated at room
(16) D/
temperature . Although S—aminopyrro}gtl,Z—a] quinoxaline(74)
gives the 3-amino-2-sulphonic acid (95), the 3-nitro compound
23

(87) does not react .
1

e

M
Me
- , /-f N £i1 SDEH
— e

(9@ 2y

Me

—

Me
[il
oL — QUL
Me g Me

(92) (93)

O == X

(F4) (7S

Reagents; (i) Conc, HpS04 ¢ RT

.. 0
The 3-sulphonic aci%né¥¥¥EQ§%h?b§§E?y in the 1-position,

16 27
and 1-chloro and 1-bromo-3-sulphonic acids may be obtained
by halogenation of the I-sul pho—-compound. Sulphonation of l-chloro

and 1-bromopyrrolo [1,2-alquinoxaline takes place in the

3-position to give the 1-halo~3- sulphonic acids, identical
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with those obtained by halogenation of the 3 - sulpho derivative.

| 80zH

N
(88) —

“ Qt =7 \g0zH

: 96, ¥ = Br
SO

43, X =Cl
g2, x = Br

i) &
\ff)

The 3-sulpho-compounds {R =H, NH NO or C1) desulphonate
2 2

to the corresponding 3- -unsubstituted derivatives on refluxing
23,27

in aqueous sulphuric acid .

An anomalous reaction however occured in the case cf the

1- bromo—S—sulphonic acid (?6), which was converted into 3-bromo
24

pyrrololl,2- a]qulnoxallne (83) under Elmlli{ conditions

(scheme 10@)

= Br, H, NHgz, NOa, Cl

(79 (8Q)
Heagents: (1) Hqueous -

=eHEME 12
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The most probable intermediate in this reaction is the
1-bromo compound (77) and it was later shown Qy the same workers
that although 1-chloropyrrole [1,2-alquinoxaline is stable under
the reaction conditions, the l-bromo compound (7%) rearranges to
give the 3-substituted product (B8). Similarly 1-bromo-2,4-
dimethylpyrrolc [1,2-al quinoxaline rearranges to the 3-bromo
compound.

The difference in behaviour.between the l-chloro and the
1-bremo-3-sulphonic acids is attributed to steric interaction
between.the 1-halg substituent and the’ hydrogen. Such steric
interaction is known to play a determining role 1in the
electrophi;ic substitution reactions of pyrrolo [1,2 -al
quinoxalines. As noted earlier, with increasing size of
electrophile substitution is favcuéed at position 3 rather than
at position 1.

The above transformation may also be carried out in boiling
hydrobromic acid27 and seem to occur by an intramolecular
rearrangement. Thus refluxing in hydrobromic acid a mixture of
1-bromo-pyrrolo {1,2-al] quinoxaline (79) and an excess of the

2,4-dimethyl compound (92) gives the cross over compound (98).

27
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Also if potassium iodide is added to a splution of the
1-bromo compound in boiling hydrobromic acid, the parent
heterocycle is obtained together with a sublimate of iodine,
presumably formed by reaction of iodide ions with the released

+
bromonium ions. Direct evidence for the release of Br 1is

provided by the conversion in acid solution of the 1,2,3 -

tribromc compound into 2,3 - dibromopyrrole {1,2-a] gquinoxaline.

K1 o
Oi +HBr — + In

(&4)
{79)
B + &l B Br + Ip
:I_'/ - (IS/ )
{45) 44)

The 1- and 3-iodo derivatives of the ring system are also

converted into the parent heterocycle by refluxing hydrobromic
27
acid .

e

|2 ,1-D e
B83.,3~-D
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C. Reactions with Nucleophilic Reagents.

Pyrrolo [1,2-a] quinoxaline is gquarternized at the 5=~
nitrogen with methyl iodide. Confirmation that quarternization
had taken place at the s-position was obtained by conversion of

the methiodide (63) into the S-methyl-4~oxo -compound (72) on

. 18
treatment with agqueocus sodium carbonate
NaECGjHED | LN
B .
N -N\'D
|
Me
(71)

Attempted Tschitschibabin Reaction i.e treatment with

potassium amide in liquid ammonia, on the parent heterocycle
i8
afforded the 4—amino derivative in 56% vyield

KNHp; Lig, NHz 2

&4 (99)

NHE

Phosphoryl chloride reacts with 1,3-dihydro-1-oxo
compounds to give the 1- chlorao derivatives which are
apparently very stable. i-chloro compounds are however

hydrolyzed to 1,5-dihydro—1-0x0 derivatives by refluxing
: 26
with potassium hydroxide in ethylene glycol or dimethyl
23
sul phoxide
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o
XN
| Lil
{ -
*.._...———
| £iil
. e
H
(1e¢@ Reagents: (101}
i} POCLz :

ii) KOH , DMSO

The 4,5-dihydro —-4-oxo compounds are readily converted
into 4-chloropyrrolofl,2-a) quinoxalines by treatment with
phosphoryl chloride. In contrast to the 1-chloro compounds, the
4-chloro derivatives are readily converted into other 4 -
substituted pyrrolo [1,2-alquinoxalines by nucleophilic
substitution. A wide variety of nucleophiles have been used

- - - 18 37 -22,37
including Me0 , HS , N, NH s NH NH y EtO

3 3 19 2 2
as well as more complex reagents .

Displacement of the 4-chlorine with sodium azide gave tha

tetrazolo compound (1@2) whereas treatment with thiourea gave

the 4-thioxo campound {(22).

-, /
NN |
A s

H

(102} (22)

|
37
Kumashiro pbtained the triazolo compound (1@3) on reaction

of the corresponding 4-hydrazinopyrrolol(i,2-alquinoxaline with
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formic acid. Reaction of the chloro compound (1@4) with

22
hydrazine gave the fused pyridazine (1@3)
Ci:I;§E¥M
(103)
EtD
Et
M ‘ N
@ COzEL [:'I \(D
%Cl
h w7
{124) : (103)
Al though, 1—nitropyrrolo[l,2—a]quinoxa1in—3—5ulph0nic
(1@4)
acid . iz desulphonated on refluxing 1n agueous sulphuric acid,

in concentrated hydrochloric acid the sulphonic group is
stable, but the nitro group undergoes nucleophilic displacement
b% chloride. The product of this reaction, i-chloropyrrolo
[1,2—a]quinoxalin—3—5u1ph0nic acid (97) is formed in

23
excellent yield .

02N . |
/ [
QO re=s QL

{126) C (97

Lithium chloride in boiling DMF also effects this
transformation-.ifi good yield. The enhancement of reactivity
towards nucleophilic substitution by the 3 - sulphonic acid
function is important for this reaction, as 14nitropyrrolo (1,2

-al gquinoxaline is only slowly converted into the l1-chloro
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compound in refluxing hydrochloric acid, and with lithium
23
chloride there is no reaction .

In these reactions the nitrosulphonic acid is presumably
reacting as the zwitterion (scheme 11) and it is significant to

note that the sodium salt of the acid did net react in a

cimilar manner with lithium chlioride.

NO
o cl Cl
= - 1 =

_ o 507 —— "
@ /503 . Oi E @ 503

ﬂ +

oo ' !

H H

M
SCHEME 11

In this case therefore, it is plausible that activation to
nucleophilic substitution is attributable to protonation at
N-5,

The lability of the bromine in 1 - bromo pyrrolo [1,2-al
quinoxaline ({79) makes the reaction of the nitrosulphonic
acid (106) in either concentrated hydrobromic acid or in DMF
containing lithium bromide, more complex. In the reaction of
(106) with lithium bromide, the 1-bromo-3-sulphonic acid(96)
may be isoclated after i@ mins. However after 1 hr, only the 3-
bromo compound (B®) is obta;ned. In independent experiments by
the same authors (Cheeseman and Roy), it was found that the
intermediate (96) as well as the i-bromo compound (79) and 1,3
—dibromopyrrolo[l,2-a]quinoxaline form the 3-bromo compound

23
(8@) on reaction with 1ithium bromide in DMF .
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OE Br

# LiBr/DMF . o
sogH P E:;j[f SOH
.

(106)
(96)] LiBry/DMF
Br
o LiBry/DMF I 2 \pr
_“—-—*
.’
79 e

Concentrated hydrobromic acid may be used as well as
sulphuric acid to convert the 3-sulphonic acid (88) into the
parent heterocycle (64). However, with the former reagent
a small amount of the 3-bromo derivative (8@) is also obtained.
Wwhen the reaction is repeated with the 1-nitro-3-sulpbonic
acid (1@6), a mixture of the di_and tri brominated products’' (44)
and (45) is obtained. The same two products are obtained,
though in different proportions, by refluxing i-nitro pyrrolo
[i1,2-al quinoxaline in concentrated hydrobromic acid. It seems
that a brominating species such as bromine is formed in situ by

reaction between hydrobromic acid and the displaced(nitrite) f

ions.

(2@
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B~ Br, Er
ZF\Br NBr
+ |
X .,
106, R = 503H @4 45
86, R=H ) .
2Br + NOz Bro + NOp *

The displacement of the nitro group apparently requires
protonation of the attacked species as in scheme 12 as no reaction
occurs when 1-nitropyrrolo{l,2-al quiﬁoxaline is refluxed

23
with lithium bromide in DMF .

0p Br;
- 802
(P — O
+ N —_—
J :
i " (
i%;'\Br
————» Polybromo Compounds

SCHEME 12

In an attempt to simulate the formation of polybrominated
products, an equimolar mixture of 1—br0mopyrrolo{l,2-a]quinoxaline
and sodium nitrite in concentrated hydrobromic acid was heated
under ref{ux and the expected mixture of 2,3-dibromo and 1,2,3-

23
tribromo quinoxalines was obtained
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Br
(\ = B'f“ P \Br
+ NaNDe

“4) 45)

D Dxidatian

Little work has been done on the oxidation of pyrrolo
[1,2-alquinoxalinesg There are no reports of attempts at N-
oxidation; the only N-oxide known was prepared by direct
synthesisla. 4,5-Dihydro-4-phenylpyrrolo {1,2-alquinoxaline
(107) is readily oxidized to the 4 - phenyl derivative of the
aromatic ring system by manganese dioxidelﬂ. Nickel in
refluxing xylene has been used to aromatize a 6,7,8,9-tetrahydro
compoundse. Similarly, palladium on charcoal at 27@00
dehydrogenates 1,2,3,3~-a,4,5-hexahydro compounds to give the

20,21
aromatic ring system

Ot = O,

(187) 24 (10B)
Taylor and Hand obtained the ring opened compound (11@)

on treatment of the 1-oxo-1,5-dihydro compound (1@9) with

alkaline potassium ferricyanide.

H
0 .-CHaCOpH cojH
/E /} CHe |CHECCIEH
—_—
\ Ny OH
H Me &

(109) (11@)

Er
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E Reduction
Catalytic hydrogenation of 1-chloropyrrolo ([1,2-al
gquinoxalines results 1in removal of the halogen atom.
- Apparently, the dechlorinated products are themselves reducible,

and care must be taken in dechlorinations to allow the absorption
12,26
of only one mocle of hydrogen

M
c ___;E | —__/Me
H)
—_——
Ph Ph
(111) (112§

1,5-Dihydro-1-oxc compounds are resistant to hydrogenation
at atmospheric pressure. Reduction of the 1-oxo compound (113)

was however achieved over palladium on charcoal at 2000 psi
26
giving an unidentified tetrahydro derivative . The dioxo

compounas {114) have been reduced with lithium aluminium
28,21
hydride to give the hexahydro products (113) .

o i ol

=H or Me

=Me or Ph
Staﬂﬁt‘:us chloride H¥E been used to reduc@sll— rnitro

and 3—nitropyrrolo[1,2—a]quinoxalines to the corresponding
16
. amino compounds and 4—amino pyrrolo [1,2-a] quinoxaline was

obtained by Cheeseman and Rafiq on reduction of the S5-oxide
14
(32) with sodium dithionite .
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NO HaN
N (i3 : o
[ | — | M%
(B&) {11&)
[ii]
. —_—— P
| NHz ™~ NH2
D— .
(32) (F9)
Reagents !
(i) SrCla
(ii) NaaSp04
39
Pe Martino et al have described the reduction of

the 4,5-bond in pyrrolo(1l,2-a) quinoxalines. Heating 4,5

~dihydro~4—-thioxo derivatives with Raney nickel results in
37

formation of the aromatic, desulphurized compound

Lithium aluminium hydride has more recently been

used to remove the 4-oxo group in some hexahydropyrrolo
33 :
guinoxalines

fid -
_ |
NN LRy
|
CHgR CHzR
(73) (7

R = 2,6-{OMe)pCsHz
Reagent : L1ALH4: Dry Etp0/ THF
1.2.3 Uses -

Although a large number of derivatives of this ring

system are known, surprisingly few uses of pyrrolo [1,2-a]
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quinoxalines have been described. An extended series of

derivatives of the heterocycle bhave been described as
: 39
uninteresting as antileukemla agents . The 1- oxo compound

(117) has however been patented as having analgesic and

hypnotic activity.

o o

alkyl
(117) (118}

The spiro derivatives (118) are described in a
40
patent as useful relaxants and tranquilizers .

A series of tetrahydropyrrolo {1,2-alquinoxalines
e.q (76}, were maore recently synthesized and tested for
+

their ability to relax K - depolarized aortic smooth

muscle and antihypertensive activity.
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1.3.0 PYRIDGQUINAOXAL INES

The group of heterocycles known as pyridoquinoxalines
consist of a pyridine ring fused to a quinoxaline skeleton.
There are four structural types differing in the position of
fusion of the two rings. Thus we have pyridol[l,2-algquinoxalines,
pyridol2,3-blguinoxalines, pyrido[3,4—b]qui;oxa1ines, and

pyridofl,2,3-delquinoxalines.

2
1 3 g 7
1@fﬂ 4
9/ ~ 7
B\A,«’INS ©
7 L)
Pyrido (1,2-a) quinoxalime Pyrido(R,3-b) quircxaline
2
9 1 ”\/\3
™~ 2 1 ¢ 5
7 3 9 &
5 4
Pyrido (3,4-blquinoxaline Pyrido (,2,3-de) quinoxaline

The chemistry and properties of only the pyridol[l,2-a]
quinoxalines involved in this study, is reviewed here.

PYRIDO[1,Z~-AJRUINDOXAL INES:

1.3.1 Physical properties

There are no reports of physical properties such as
acidity constants, HMO calculations etc of pyridol{l,Z-a]
quinoxalines. The little that is known about the

spectroscopic properties is discussed in section 1.4.3
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1.3.2 Syntheses of the Ring System:

The earliest claims to the synthesis of this ring system
was by Maurer and his co-workers in 1934 41. i1t had been found
that mahy hexose sugars condense with o-phenylenediamine to
vield quinoxalines such as (119). This reac£ion was extended by
Maurer and his co-workers who found out that under acidic conditions
(119) is converted into a new praduct, to which they assigned
the structure (120) {with the numﬁering shown) and the trivial

42

name glucazidone. later work by Gomez-Sanchez et sl showed

that Maurer's glucazidones were actually furylguinoxalines {121).

&

S 7
R .\JB .
3 %Nx\\| T/W\
a
: 2 NQ > N
R d vd
0 fo Uk

A )

(113) (12@) : (azn

More recently several authentic representatives of this
heterocycle have been synthesized. The approved Anumbering
system (Chem. Abstracts Ring Index} is shown in {122). The
nucleus has also been referred to!as pyridin?fl,E-a]quinoxaline
(123). A third numbering system {124) has alsc been used in

early literature.
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p 1.3.2.
A.From Quinoxaline and its Derivatives:

Pyrido{1,2-a] quinoxaline like the analogous pyrrolo f1,2-
al] quinoxalines can be prepared from quinoxaline and its
derivatives. Thus, the pyrrolo and pyrido ripg systems (126)
and (127) are obtained by cyclization of the guinoxalinyl
alkanoic acids (125) with alkaline sodium borohydride. Both

43
products are obtained in good yields

U 0
|
N NOBH4-0H™
H NH
HOZC(CHg) NH
g

{125) {1286) 1273
n=2or 3
Reactions of guinoxaline itself with two molecular

equivalents of dimethyl acetylenedicarboxylate (DMAD) gives the
44

tetrahydrotetramethoxycarbonyl derivatives (128)

COzMe
MeQ-C Ny
+ eMeDaC =CC0zMe —_— .
Melz N
COpMe
) as
l Aames and Brohi  synthesized a series of pyrid8&¥,2-a]

quinoxalin—-1B-one derivatives by condensation of 2-alkynyl
quinoxalines (129) with carbanions af diethylmalonate. For
example, reaction of 2-phenylethynyl guinoxaline with diethyl

malonate in sodium ethoxide gave 9-ethoxycarbonyl-8-phenyl
i 2

pyridol[l,2~alquinoxalin-1@-one (130, R =fFh, R = CO Et, X
2

= H).



48
D )
X RS N
E—— |
R
X
(129} {12@)
Y = C =CPh Rl = Ph
X = H, Me, NHMe, NHEt RE = COoEt, CN, H
Reagents: CHa(COSEY)z or AcCHzEL or NCCHaCOzEL
44
Kurasawa et al have described the synthesis of the

pyridoquinoxaline (133) from the furoquinoxaline {(131}. Thus,
reaction of the furoguinoxaline (131) with ethyl cyanoacetate
and sodium ethoxide in ethanol gave the spiroguinoxaline
derivative {(132) which on treatment with dimethyl formamide
followed by acetic acid afforded the pyridoguinoxaline (133).
Compound (133) was also obtained by treatment of (132) with

guanidine hydrochloride in acetic acid.

o

g EtDeC;
N P e
| HoL m\' \%
SVl % 20
H O Y
(131 (132)
Liil
A or B
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Reagants:

i) NG-CHpE L /EtT Na' / ELOH
ii ) Method A: 1, DMF, reflux

2. ACOH, reflux
Method B : HN = C(NHz)p  HCL /ACOH; reflus

B. From o-Phenylenediamines

Another route to pyridoguinoxalines is by condensation of
o-phenylenediamines with various substrates.

Imada47 obtained the pyridogquinoxaline derivative (137a)
as the reaction product of D-threo-2,5~hexodiulose (134) with
o-phenylenedianine dihydrochloride. Compound (134) was also
synthesized by condensétion of Kojic acid (13é) with o-
phenylenediamine dihydrochloride in water. The free base (137b)
was obtained by neutralization with potassium carbonate. The

pathway via (135) and {136) explains the formation of the

tricyclic compound from the hexodiulose.

CHgOH

(138} (137a}
{137b); Free base)

& ANHg
Reagent: (i) ‘ ﬂ‘ BHCL /Ha0
o NH2
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Cyclocondensation of pyrylium perchlorate (139) with
derivatives of o-phenylenediamine gives a series of
pyridoguinoxalinium salts (141) by way of the N-phenylpyridinium

48,49

salts (14@) . Treatment of (141) with ammonium hydroxide

gave the zwitterionic compound (142} in guantitative yield.

R = H, CL, NOp, S03zH
L

AN

R ¢
: Reagent: (i) .\J/l

R = H, CL, NOp, SO3H
ii ) NH4OH

Similarly, the pyrylium tetrafluorcborate salt (143)
reacts with o-phenylenediamine in methanolic solution to give
the pyridoquinoxalinium salt (144) whereas in the presence of

50
triethylaminiAieads to the zwitterionic compound (142) .

’k “—
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#™ NHp
O : MeOH
N NHp
ii)

TEA
A series of complex derivatives of the ring system (146)

been prepared by reaction of the pyranylidene compounds
51

(145) with o—phenylenediamine .

Reagents ¢ 1)

CDeEt

R~ KL:[ P COEY ot

5 iy

D. \;D
#

(145)
R, R' = H, Me or Fh

(14&)

The pyrido[l,2-alquinoxaline {148) was obtained by
reaction of o-phenylenediamine with dimethyl
acetylenedicarboxylate (DMAD)}. This gave the guinoxaline
derivative (147a) @hich on further treatment with DMAD gave the

sconitate ester (147b). Heating of (147b) under nitrogen
92
afforded (148) .

W T
~NHa AN N\w.t“ﬂﬂaf"'e
+ MeDoCC=CC0Me —= | | N)
R',.-' "NHE R"‘- .. ""'G
= H, Cb (720, R = H
(1470), R3 = [C (COgMexCHCOoMe)
25, N2

~



o2

I

(148 R =H, CL

C. From Pipecolinic Acid and l-Halogeno —2-nitrobenzenes

or pyridines.

More recently, tricyclic pyrido(l,2-algquinoxalin-é-one
skeletons with a fully reduced ring "C" were obtained by
Adegoke and co-workers by selective hydrogen transfer reductive
cyclization of N-I2-nitrophenyllpiperidine-2-carboxylic acid
methyl esters (150). These esters were prepared by condensation
of pipecolinic acid with the appropriate 1-halogeno-2-
nitrobenzene in dilute bicarbonate solutions to give the N-
[2-nitrophenyl lpiperidine -2- carboxylic acid (149), followed
by esterification with acidified anhydrous methanol. Catalytic
hydrogen transfer reduction of the nitro esters overl®i
palladium on charcoal in ethanol and cyclohexene gave in each
case, the corresponding N—[2-amiﬁophenylJcompounds {151)
in situ._Continued reflux in added ethanol caused the latter to

33,34
cyclize to the heterocyclic quinoxalin—-6-ones (152) .
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/.\‘N : I/\\{I o £il
'\ /' “[I=H AKYT -
NO2

=

[ S L T
) ij.ll:l-ulu 1dt—

acid
- | ol - — LY
AN A AN
- 7| [ —iR
. Loy

y I
SR
Y !

i ) NH |
i LY = -
\/ Y I_S/ COaCHz __I \U/CDECH3
a
: (151 (15@)
(152ax R =
(1528b) R = 2-NDg F\'eagents i) NaHECI / ELOH,

iij ) Pd/C ; CeHm, EtOH.

(15ec) R = 1 ~ NDp2

The 4-aza analogue of the ring system was similarly
obtained by reaction of 3-chloro -Z- nitropyridine with
pipecolinic acid followed by esterification and cyclization in
the usual manner to give the 4-aza 7,8,9,10-tetrahydropyrido

34
{1,2-alquinoxalin-6-one (154)

P

& g \u'l

o

|f’r W‘H 3 \\ 1} r’;"’ 1\.?}1"«"!\‘\,‘ ..—N
—_— ‘ND

N / £0H C‘_/k\% /N L\ )‘c ooh 2
NOgz (1S3)

i

Reagents i) NaHCOgz ELCH
ii) 1. CHz0H, H
2, Pd/Ci CgHip, EtOH.
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This reaction demonstrates the utility of this method for
the preparation of tricyclic quinoxalines with a fully reduced
ring “C". The analogous pyrrologuinoxalines- 1,2,3,3-a-
tetrahydropyrrololl,2-alquinoxaline~4-ones were prepared in
a similar manmner starting with the appropriate cycloamine
carboxylic acid (pyrrolidine—-2-carboxylic acid). The method
has the advantage of avoiding the use of refractory dicarbonyl
compounds and is therefore the méthod of choice in this study. o

1.3.3 Chemical Properties

Very little is known about the chemistry.of this ring
system. The few reactions that have been reported are described
here. The structure of the pyridoquinoxaline (137b), prepared
by Imada47, was confirmed by its chemical behaviour. Thus,
treatment of' (137b) with acetic anhydride and pyridine afforded
the corresponding diacetate (155) whereas the monobenzene
sulphonate (156) was cbtained on reaction of the pyridoquinoxaline

I

with N-benzenesulphonyl chloride
Vg

Aml AN AN
=y o o \I.V \r"

- [ { {
i 1 3}/3 dﬁk\??k\fjﬁﬁc v
HO_ N A ) (155)

A ANE N %;J v B
- 4378) O A e
3NN e
Reagents: - €
i) Acpl/Byr (1561

(ii) PhSOsCL/CaHg,



o

S5

Oxidation of the hydrochloride salt of the heterocycle

(137a) with potassium permanganate afforded the quinoxaline-2-
47

carboxylic acid (157), identical with an authentic sample

o0 o A W KA AN '
N N u g WOty
I.li.'-i L | W) - ————— E . !l I
AN AN A oA
(137a) ' (157)

The only other reported reaction of the heterotricycle is

the N-methylation of the zwitterion{(l42) with the powerful
5@

methylating agent, methyl trifluoromethane sulphonate

1.3.4 Uses
Surprisingly, little effort bas been made at evaluating
the biological properties of pyridoll,Z-algquinoxalines.

However, 8,1@-diphenyl-é-~oxopyrido [1,2-al guinoxalinium

perchlorate (141) was recently reported, by Chernavaskaya et al

49
to have a minimum bactericidal concentration of 2g per ml

against Bacillus Substilis GB.

Cé——
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1.4.0 SFECTROSCOFIC PROFERTIES OF GLINOXAL INES,
FYREROLO{ 1. 2-a]0UTNOXAL INES AND EYRIDO
[1.,2-a]0UINOXALTNES.

1.4.1 PBuinoxalines
. Ultraviolet., Infrared and Mass Spectra

The electronic spectra of guinoxaline and its 1l-chloro, 2-
methoxy, and 2-amino derivatives have been calculated by the
Pariser-Parr—-Pople method. The calculated and the observed
spectra agree wellss.

Analysis of the UV spectra of the monoprotonated 2-
substituted quinoxalines by Kaganskii and co—worker554 shows a
change in the position of protonation. Thué, Z2-methaxyguinoxaline
was found to protonate at N-4, and 2-aminoguinoxaline at N-1.

However, the site of protonation of Z2-chloroquinoxaline was

amblguous.
The UV spectra of substituted quinoxaline N-gxnides (159)

55
have been calculated and also observed experimentally and the

effect of solvent on the spectra of 2-amino-, 3—amino—, Z2-
methoxycarbonyl- and I-ethoxycarbonyl-guinoxaline l-oxide has
been studied. As with pyrazine l-oxides, the site of

56
protonation was found to be the unoxidized N-4 atom .
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AL
| R R = 2- or 3-CL

&f ‘ 2- or 3- OMe

The UV spectrum of i1-methylquinoxalinium iodide in dilute
aqueous alkali at pH 1@.5 shows absorption maxima at 301 and

340nm, and in methancolic sodium methoxide, maxima at 304 and
57
344nm .

The fluorescence spectra of guinoxalin-Z-one and 3-
substituted gquinoxalin-2-cnes have been recorded by Kumashiro
and a correlation with the absorption spectra was reported

58, 59

The 17'—‘ﬂr* triplet of quinoxaline has been observed in a
single crystal in durene and the fine structure was fcuné to
be practically identical to that of the triplet state of
naphthalenebm.

The infrared spectra of quinoxaline mono-— and di-N-oxides;
3-quinoxalinone-i-oxides, and 1-hydroxyguinoxaline 2,3-diones

have been reported by Khan and co-workers; the ring stretching

vibrations and €=0 and N-0 stretching frequencies were
61
assigned

2-Methyl-6-amino and 2-methyl -6-nitro—- 1,2,3,4 -
tetrahydro-3—quinoxa1inones(16@) have been examined in the
infrared, both in KBr disks and in solution in carbon
tetrachloride and carbon disulphide. The predominant tautomer

&2
was found to be the lactam form {160b) .



H

z JEi N Me

— | ]

RS N0
H

(160a) (16@b)

R = NHp2, NDz .
The mass specira of & nosbesr of guinoxalines have besn
63-65
reported . The parent heterocycle shows fragment ions

resulting from the loss of Dne'ok two molecules of HCN.
Similarly in the case of 2-alkyl and 2-arylguinoxalines, M-HCN,
and M-RCN ions are observed. A notable. feature of the spectrum
of 2—me£hy1-3—phenylquinoxaline is the formation of an
+
intense (M-1}) ion. This was shown by deuterium labeling to be the
result of hydrogen migration from the methyl group to the
phenyl ring, followed by expulsion of a hydrogen atom to give

64,65
the cation (l&1} .

161}

The M-17 peak with the expected metastable ion was found
to be a significant feature of the mass spectra of all
substituted mono-N-oxides examined and is assigned to a one -
step elimiﬁation of the hydroxyl radical . For guinoxaline
dioxides the M—-16 peak is more importamt and is due to the

&3
preferential loss aof an oxygen atam from the molecular 1on .
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B. Nuclear Maqnetic Resgnance Spectra.

NMR spectroscopy has become an indispensable tool for
synthetic chemists, and an additional and very useful
technique for examining tautomeric and confarmational

equilibria. Over recent years, there has been a great deal of

work done on the detailed analysis of proton magnetic resonance

spectra , and with increasing sophistication of Fourier
13
Transform NMR spectrometers, C-NMR spectra are now obtained
13
routinely. In combination with proton NMR, C-NMR provides

the carbon- hydrogen framework of;the'mnlecule.

1 .
The H-NMR spectrum of gquinoxaline has been measured in
1=T-] &6 &7
acetone , carbon tetrachloride , dimethylsulphoxide ,
&8 68
dichloromethane and trifluoroacetic acid . The signal for

H-? and H-3 in carbon tetrachloride appears as a low field
singlet at B8.73 and the aromatic ring protons appear as an
AA BB’ system. The low field half of the AA’BB’ multiplet is

assigned to the 5- and 8-protons and the high field half to

protons & and 7. Some broadening of the signals from protons &

WAy 648
and 7 is attributed to long range coupling with protons 2 and

3. The computed chemical shifts for protons 5 and 8 and 6 and 7( 4

are 8.86 and 7.67 respectively. (Fig 1)

+|+ 8.06
H-, ~H
7.67 ’H Yid ™~
< ¢ 873
HR H

H B.0&

FIGURE 1

14~ NMR CHEMICAL SHIFTS OF QUINOXALINE IN CCL4.

Gotpraed
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In the more polar solvent, acetone, there is a general

small low—field shift. Coupling constant values are, J 8.4Hz;
5,6
J 1.4Hz; dJ G.6Hz and J &.9Hz. Analysis of the
s 7y 5,8 6,7 érﬁ
H-NMR spectra of a number of 2-,5- and &-monosubstituted

quinoxalines show the following coupling constant variations:

J 1.7-1.9Hz, J . 9.8-8.3Hz, J 8.4-1@.3Hz, J 1.4-2.7Hz,
2,3 &,7 838 3,7
J @.7-2.9Hz and J @.3-8.8Hz .
4,8 5,8 -
The very small value for J is notewoarthy. The chemical
2,3

shifts of the ring hydrogens in 6-substituted quinoxalines have

been correlated with (jg— electron charge density, after C}’
' 69
correlation for N-anisotropic and ring current effects .
i
A study of the H chemical shifts of 2,3,6-

trimethylquinoxaline in carbon tetrachloride, trifluoroacetic
acid and fluorosulphonic acid indicated that the carbocyclic
ring participates in the positive charge distribution to the
extent of about 25-3@% in the mono protonated species and 15—
2@8% in the di-protonated quinoxaline7@. Z2,3-Diphenylquinoxaline

forms a stable monocation in trifluorcacetic écid, as indicated

by the downfield hydrogen signals in this solvent, compared to
48 ‘
those in dichloromethane . The NMR spectra of guinoxaline 1~
71

pxide, 1,4-dioxide and the N-oxides of 2- and 3-substituted
guinoxalines have been reported72. Analysis of the chemical

‘shift values of gquinoxaline -2,3-dicaroxylic acids in dimethyl Q:"
formamide and carbon tetrachloride indicated the presence of an

equilibrium between monomeric and dimeric species. In guinoxaline

-2,3-dicarboxylic acid 1,4-dioxide no such equilibrium was observed,
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i 73

owing to the presence of intramolecular hydrogen bonding

Chemical shifte and coupling constants of substituted
1,2,3,4-tetrahydrogquinoxalines, computed by fAguilera and co-
workers, indicate that the heterocyclic ring in these
derivatives is in the half-chair form74. The. variation of the
cis vicinal and geminal couplings resulting from acylation on
nitrogen indicates that the acylated derivatives have a
slightly flattened half-chair confnrmatioan

The H-F spin-spin coupling of Z-substituted-3-

trifluoromethylguinoxaline and their mono-and di —N- oxides was

75
examined by Abushanab . The study indicated that J alters
H-F
as the H-F internuclear distance varies. The effect is best
75
explained by a "“through-space” intéraction. .

13
The C chemical shifts for quinoxalines have been

explained in terms of inductive and resocnance effects of the

76
csubstituents . Resonances at 144.8 and 142.8 in the spectrum

of guinoxaline in deuteriochlorofform are assigned to carbon
atoms 2 and 3, and 9 and 1@, respectively. Carbons 5 and 8

76,77
resonate at 129.6 and carbons 6 and 7 at 129.48 (Fig 2)

) ..
129.&@

130 CHEMICAL SHIFTS OF QUINOXALINE

FIGURE 2
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1.4.2 Pyrrololl,Z2-alguinoxalines.

A.Ultraviolet, Infrared and Mass Spectra

The ultraviolet spectrum of pyrrolo{l,2,-alquinoxaline
in aqueous buffer at pH 6.9 shows three maxima at 224, 247 and
334nm. A well defined change in spectrum occurs on protonation
o (pH 1.@) , the long wavelength band moving to 352nm11’l2. The
ultraviolet spectra of various substituted derivatives were
élso examined by Cheeseman and TQC%. In all cases, the
intensity of the long wavelength absorption increases and a
bathachromic shift in the position of maximum from about 1@ to
3 m is observed. This is most pronounced in the case of the
l-chloro compoundslz. The infrared spectra of several salts of
pyrrololl,2-alquinoxalines suggest that protonation occurs at
the S—position12
Several 1-oxo-1,5 dihydro compounds (162} have had their
ultraviolet spectra determined in .96% ethanol by Cheeseman and
Tucklz. They show three characteristic bands, at ca. 235, 3080
and 420-43@nm. Apparently certain:2,3 ~diphenyl derivatives

exist in tautomeric hydroxy form (143a) as evidenced by a prominent

OH stretching freguency {no details given) in their infrared
356 :

‘
i

~ spectra
/R
H

Ng'

(162)
R = H, COzH or COpMe; 7 = Me or Ph
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1

It has been suggested that theé compounds undergo a keto-
enol type of tautomerism 163a =2 163b which is influenced by
changes in pH. In acetonitrile however, there appears to be
marked differences between the ultraviolet spectra of compounds

(163 ) and the 1~ethoxy derivative (7@ )

o8
Kumashiro has recorded the fluorescence spectra of

certain pyrrolo(l,2-alquinoxalines 'and compared them with
those of various guinoxaline derivatives.

The mass spectra of the 1,2,3,3-a tetrahydropyrrolo(l,2-aj}
guinoxalin-4-ones prepared by Adegoke and co-workers shows
abundant molecular ions consistent with their polycondensed
character. A simple fission in each of the molecules results in
the next abundant M-28 peak due to loss of CO. This is followed
by the loss of HCN33.

B. Nuclear Magnetic Resonance Spectra

The proton-NMR spectra of several pyrralot1,2—a]quinoxalines,

variously substituted in positions 1-4 have been recorded at 6@



&4
12,16,27,78
Mk 2, {generally in CCL. solution). The PMR spectrum
4
(CCL )} of the parent heterocycle at &8 MHz shows signals at 6.9
4

ard 6.99 (H-2, and H-3) multiplets in the ranges 7.31-7.69 (H-
7, H-B) and 7.87-8.3@ (H-1, H-&, H-9) and a singlet at 8.93

{(F—-4} (Figure 3).

7.87-8.30
¢ Hy H
Ho 7Ty 695, 699
Hz- 7 ' Hy™
751767
H7 Heggs
Hg
I
7.87-8.30

1H-NMR CHEMICAL SHIFTS OF PYRROLOC1,2-alQUINDXALINE IN

CCLg AT &@MHZ
FIGURE 3
Substitution at position 1 by halogen (CL,Br or I}

resulted in a marked deshielding (92.8-1.8 ppm) of the proton in
12,27,78

pcsition 9 . In 4-methylpyrrolofl,2-alguinoxalines
ursubstituted at position 1, the shif£5 of H-& and H-9 were
found to differ by less than @.25 ppmlz. in 4-methylpyrrolo
[1,2-alquinoxaline itself, the signals from H-1, H-& and H-9
were reported by Cheeseman and Tuckl2 as an unresolvable multiplet
within the range 7.73-8.1@ while those of H-2 and H-3 appeared
as a doublet from 6.80-6.87, one of the peaks being slightly
split. Protons H-7 and H-8 gave rise to a complex multiplet at

< . IW-7.67. With further (alkyl) substitution in pasition 2, and
where H-& and H-2 could be distinguished from H-7 ‘and H-8, the

former two protons were assigned (X- portions of ABX systems)

w.th H-9 to high field of H-& but without given reason. The
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signals for H-7 and H-8 were never distinguished in any of these

studies.
79
Feeney found that J s J and J lie within the
1,2 1,3 2,3
ranges 2.7-2.8, 1.1-1.4 and 4.0-4.1 respectively, in

stlected 4-substituted pyrrolo[,E-é]quinoxalfnes.
’

Artico et 3120 have briefly reported the spectrum at 68 MHz
of the parent pyrrololl,2-alquinoxaline in CCL , H-4 appearing
as a singlet at about 8.58, H-2 and H-3 as anqintense pair of
lines at ca &.67 and the remaining five protons forming a
complex multiplet between 7.8@ and 8.00.

However, a detailed analysis of the complex eight-proton
p.m.r spectrum of pyrrolo[l,2-ajJquinoxaline in (CD ) 50 and
CDCL at 100 MHz has been reported by Heffernan ang ?rvineam
The :pectrum of a vacuum degassed solution of pyrrololl,2-a]
quinoxaline in (CD )} S0 at 1@@ MHz shows proton H-4 appearing at
E.?1 as a just resglzed doublet of width 1.7Hz. The magnitude
cf the principal goupling constant;(presumabiy J } could not

. i,4
te reliably obtained from this signal, but is evidentliy greater

than @.6 Ha -
Proton H-1 appears as a multiplet at about 8.45

with splittings of approximately 2.7, 1.3 and B.QH:. Irradiation
of H-4 removed the @.8Hz splitting and so the three splittings
were identified with Jﬂ* ’ Jﬂﬁ and qh“ . Protons H-7 and H-8
appear as a pair of just overlapping "triplets"” centred at about
7.63 and 7.58. the lines of the lower field proton are broader
oy almost @.3Hz. Two "doublets" appear centred at about 7.92

and 8.28. The lines of the latter are broad (@.55 Hz) but
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without resolution of a small long-range splitting while the
former exhibits a small expected coupling between H-4 and H-64.
The 7.92 signal is thus assigned to H-6 and the 8.28 signal is due

to H-9. Figure 4 shows the full assignment of the signals.

8.45
828 | Hi He o696
o .

““Hz 7.04

“~Hg gg1

. Hy 792
14y - NMR CHEMICAL SHIFTS FOR PYRROLOL1,2-AIGUINOXALINE
IN (CD3)2 SO AT 10@ MHp ‘
FIGURE &

In the spectrum of a vacuum-~degassed 5% LTV solution of
pyrraloll,2-alguinoxaline in CDCLSVproton H-4 appears at 8.8@
as a signal 1.8Hz broad Jjust split by approximately @.6 Hz.
Protons H-2 and H-3 occur agsin as the AB portion of an ABX
systaem. The shifts of the two protons are however considerably
closer than in (CD3{28D sclution,

The signals from H-7 and H-B lie between 7.3@ and 7.60. The
lines at the low-field and of this portion of the spectrum are
roughly twice as broad (ca @.6 Hz) as those of their high-field
counterparts. This suggests that H-8, coupling to the greater
extent with H-4 and presumably with the protons of the five
membered ring, 1% again low-field of H-7.

The signals from H-1, H~-& and H-9 appear as a complex

: r letosfHin
multifplet in-the range 7.70-8.08. Confirmation that H—ﬂLis é?’

situated very close to half way between the other twao nuclei was

obtained by irradiation of H-2 and H-3, resulting in an
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intensity increase at the centre of the three - proton multiplet
i.e a nuclear Overhauser enhancement was observed. H-6,
apgearing at 7.94 is now to low field of H-9 (7.80) (cf, the
opposite case 1n (ngxzso solution. The full assignment of

signals is shown in figure 3. .

7.87

Hy-. ~H .
91 . -2 &.84

H
747Hg, f g ese

|
7.40@ JL\ e
Hg

794

14 - NMR CHEMICAL SHIFTS OF PYRROLOIL1,2-alQUINOXALINE
IN CDCL3 AT 100 MHz

FIGURE S
Spectra of pyrrolo(1,2-alquinoxaline in cartbon tetrachloride,
acetlone, acetic acid, trifluorocacetic acid and benzene were also

80
reccerded by the same authors although detailed analyses were

not attempted.
13

C-NMR of pyrrololl,2-alquinoxalines has received less

attention; there are no attempts at detailed.analysis. However,
13
an application of C-NMR in this field is in the establishment
of the product of reaction of the benzimidazolium salt (164)
13

with DMAD. Comparison of the C-NMR spectrum with that of the
authantic pyrrololl,2-alquinoxaline (71) confirmed the product

to b2 2,3—dimethoxycarbony1—5—methylpyrroln[1,2~alquinoxalin—

4—-oneiz (143).

CHoCOgEL

4 A s ¢
+ DMRD E; —
= y predin 0

(1649 (71YR = H
(1&5) . R = E0aM8 .,
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1.4.3 Pyrido[l,2-ajguinoxalines

Unlike the quinoxalines and pyrrololl,2-alquinoxralines, no
definité attempts bhave been made at detailed spectroscopic
analysis of pyrido{l,2-alguinoxalines., The structures of pyrido
[l,Z-alquincoxalines prepared by several authors, have however
been deduced from spectrascopic evidence. Thus, the structure of
the pyridofl,2-alquinoxaline (137) prepared by Imada47, wWas
dedu-ed from the following spectroscopic evidence. The U.V
spectrum of 137b is closely similar to spectra of authentic 1-
meths1-2-(hydroxymethyl }-5-hydroxy-4-pyridone (166) ( h max nm
(log £ ) 281 (4.89) and authentic 1,2,3,4 tetrahydroguinaxaline
(7))L ?\ max nm (logg); Z19(4.45), 254(3.63) and 31@(3.54). The

i.r.upectrum of {137b) shows a carbonyl vibration at 1640 cm

attr:butable to the C=0 group of a X ~-pyridone.

P
O .
Hﬂf’\\j«’ Haf“‘w.. Ma rff"‘*t.r“\
) NH | ]
RN Ve O™ " ~CHoOH L\%"xmf
{127} Hygrochloride & {188 {71

(137t Fres base,

All of these data are consistent with the structure

assigned to (137b).’

Molina et al obtained the zwitterionic compound (142) on
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reaction of 2-ethoxycarbonyl-4,6-diphenylpyrylium tetrafluoroborate
with o-phenylenediamine in the presence of triethylamine. In

the absence of TEA, the tetraflucrocborate salt (144) is

obtained. Reaction of (144) with methyl trifluoromethanesulphonate

gave the N-methyl salt {(138).

d Ph| Fh
+ o .
./ ‘\ X 7 ¢~J/ ,5;:1\?\', J _
JKL [\ i w' CF3507
( "~ ,/ . A \ ME
PR J
BFa
4 0

These g%vuctures were deduceduﬁaom the folloé%ﬁ%
spectoscopic evidence., The IR spectra of compounds(144) and
(158) show an absorption at 1718 cm—l attributed to the C=0
stretching vibration which is absent in(142}.

The praton NMR spectrum of (138) shUﬂs amongst octhers, a
signal as singlet at 3.30 due to the N—CHs group. Mass spectra

+

of compounds (144) and (158) show the fragment (M - HX) whereas

compound (144) shows the expected molecular ion peak.

The structures of the pyridofl,?2 -ajguinoxalin~-6-ones
33,34 .
obtained by Adegoke et al were assigned on the basis of
elemental analysis and spectroscopic data. The tricyclic C?

quinoxalinones were obtained by reductive cyclization of the
methyl esters of N—E2'—nitrophenyl3piperidine—2—carboxylic

acids(15@).

{15@) (152)
R = H,3-NOgz, 1= NOz
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A shift of the carbonyl absorption from 1740 cm in (15@)
-1
to 14680 cm in {152) was attributed to the fermation of the

lactam after cyclization. The NMR spectra substantiated this by a
corresponding collapse of the -OMe singlet at ca 3.2 and a
change in the positions of the aromatic H mﬁtiplets from
between 7.4 and 8.8 to between 6.0 and 7.0, The mass spectra
of each of the quinoxalines showed abundant molecular ions
consistent with their polycondensed character. A simple fission
in each of the molecules resulted in the next abundant M-28
peak, due to loss of CO. This is followed by loss of HCN.

The IR and NMR spectroscopic data available on pyridoll,2-

alquinoxalines prepared by several authors are given in Table 1.
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TBELE 1

~NOz

NN
u. [\ H

1
W]

5

o

Vmax 4:1'n‘1

345@ (N~H)
1£80 (Lactam C=0)
1530 - NOp)

3450 (N-H) _
1670 (Lactam C=0)

1530 ~NOg)

34@0@ (N-H)
1675 (Lactam C=0),

1726 (COzEL
1655 (pyridaone
c=0

2255, 1&93,
16645,

SPECTROSCOPIC PROPERTIES OF PYRIDO[1,2-a]GUINCXALINES

1H =~ NMR, REF.

1.6 (m,4H,
piperidine) =3
2.4 (m,eH) =
3'6 fﬁ’hEH)

4,2 (m.l H)

&7 - 7.4
(aromatic 3H)

1.& (m4H,
piperidine}

2.4 {m,2H) 33
4,2 m, 1H) &

60 - 7.0

(aromatic 3H)

18 {&H, m,
piperidine)

37 (2H, m) 34
4.0 (1H, ™y

7.@ (4H, aromatic,

s, broad at base)
2.08 (iH, broad,
exchangeable with

D20}

112 (3H+,
J, 7Hz, CHz CH3)
&.82 (1H.5, H-7) 4z

7.28 - 225 (%H, m
aromatic H)
8.2 (IH,8, H-&)

&% - 7.37 (m,
aromatic 3H + H-9)
218 (ddd, 1H,

J: 1.2Hz, L.eHp 46
& 7.8 Hz, H-1)

977 (IH, &r,570H).

1193 (1H, S, N-H)



STI-;\:J%ETURE COMPOUND Ymax cm™
137b v
| 3060, 1640,
< _f> 4 1400.
) ; H
o
;?
<
137a |
HCL. 333G (OH or
N"H)'J 164@
H (C = oy
. 155
1755 & 1735
c=0
.,
ﬂ 1618 (C=0)
N

1320, 1156

HO, 2~
156 O\ ‘
. G ‘ ,/N"SOaF‘h (S02)

1710, 1£20,

134 1570

1y - NMR, REF.

43@, (2H, €, H-&)
&6.28 (1H,5,H-7)
7.2@-8.32

fAromatic 4H.ml,

B.67 (1H.5, H-1&) 47
.60 (1H,5,
exchangaable with
D0, N-H)

342 {IH,5,
exchangeable with
Dz0, O-H) =

S.@28 (BH, S, H-&)

&7@ (1H,S.H)

T4 - 8,32 47
{Aromatic 4H, m)

2.Q2(1H, S, H-1Q)

.62 (8H,B,H-&)

&77 (1H,S.H-7)

740 - 820 47
(Aromatic 4H,m)

879 (iH,5,H-1@

212 (3H,8, OCOCHZ)

239 (31,5, = NCOCHz3)

2.40 (1H,S)

820 (1H, d, J = 2Hz) 50
870 (1H, d, J = &Hz)

7.2 - 83 {4H, m)
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STFF\%CTURE COMPOUND Ymax cm? Iy - MRS REF.

1675, 1620, 9,12 (H,d,3=2Hz)
1590 8.60 (1H, d,
J = 2Hz) 5@
72-83 (4 H, m

e

8.8¢ (IH, d, J=eHz)
1710, 162¢, 154@ 8.60 (M, d,J=2Hz) 50
7.3 - 84 (14H, m)

158
2.2@ (3H, 5)
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1.5.@ SCOPE (OF PRESENT STUDY:

The synthetic route to 7,8,9,180-tetrahydropyrideoll,2-al
quinoxalin-&-one was reported by Adegoke and F\lo34 in 1983 but
its properties had not been investigated at the onset of this
work. The cbject of this research was therefére threefold:

1. A study of the electrophilic aromatic substitution
reactions of the hexahydropyridoguinoxaline., The result was
expected to provide an insight into the chemistry of this
class aof heterocycles.
_ ' 1 13

2. A detailed study of the H- and €-NMR spectra of
7,8,9,18-tetrabydropyridoll,2~alquinoxalin-é~one and

variously substituted derivatives. This would provide the much

needed information on spectroscopic identification of this
group of heterocycles.

3. Synthesis of diverse derivatives for biological screening
e.q by N-alkylation reactions, nucleophiligAEePstitutiDn of\ — .
the carbonyl oxygen etc. ! .

The overiall result of the investigation was expected not
only to provide more soluble derivatives,thus overcoming the
insolubility problems associated with these tricyclic
quinoxalinones in the biological testing regimen, but also to
obtain novel derivatives with possible increased activity,
either in the pharmaceutical or agrochemical industry.

The first-step in this study was the preparation of the
title compound: 7,8,9,10-tetrahydropyridoll,2-alquinoxalin-&-

one. The synthetic route is outlined in scheme 13. Condensation
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of 1-fluoro-2-nitrobenzene with pipecolinic acid in dilute
bicarbonate solutions followed by methylation of the adduct
and finally treatment of the resulting nitroester with 1@0%
palladium on carbon in refluxing ethanol and cyclohexene gave
z
the parent tricyclic guinoxalinone in good yieldshq.

In the course of this study howsver, Abou-Gharbia et a135
published the preparation of analogous pyrrolofl,Z2-alguinoxalin-
4-ones by a similar route but théir condensation reactions were
carried out in dimethylsulphoxide with triethylamine ss base. The
resulting nitro acids were reductively cyclized via sodium dithionite
or iron in glacial acetic acaid. [t was therefore worthwhile
attempting to prepare the title compound by this modified route,
as outlined in scheme 13 below, which has the advantage of precluding

the farmation of the nitroester precursor. It also avolids the use

of the expensive palladium reagent.

Another reagent which has been used successfully for such

reductive cyclizations is tin in concentrated hydrochloric
53
acid .

NH

LO2H  F%
NGOz { sv_];/""'
Pipecolinic 1-fluoro ~-2- N-{2-nitropheinyl) piperidine

T

acid nitrobenzerne ,,.--" -2- carboxylic acid.

\ljm
o |

~C0pH

F
o

“/
0

7,8,9,10-tetrahydropyiride Mathyl N-{g-nitrophervl)

fl,2-alquinoxalin-&-one. piperidine-2-carhoxylate
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The E:p methods of condensation and four methods of
cyclization were to be examined with a view to developing the
best method of synthesis of the compound wifh particular
reference to
a) vields and purity of product
b) relative ease of reaction and work-up procedure
c) reaction economy vis-—a-vis cost of chemicals.
In the second stage of the study, the reactions of
7,8,9,18-tetrahydropyridoll,2-alquinoxalin-&é-cne with electrophilic

reagents were to be examined. Bromipation, nitration and
sulphonation reactions were to be carried out under various
conditions. The rationale for the selection of reaction conditions
was based on the premise that the chemistry of the aromatic ring
would be dominated by the interaction between the amine and
amide nitrogen atoms. If electrophilic aromatic substitution

is considered under mildly acidic or neutral conditions, the
amine nitrogen will not be fully protonated and hence
glectrophilic substitution shogld take place predominantly at
the 3-position. Thus, bromination for example was to be

examined under various acidity conditions ranging from strong

acid conditions such as with bromine in boiling hydrobromic



77

acid to weak acid conditions such as with bromine in acetic

acid. The bromination reaction was also to be carried out with
N-bromosuccinimide in dilute sulphuric acid. Similarly,
nitration and sulphonation reactions were to be attempted
under various acidity conditions.

The products of these reactions were to be analysed by new NMR
techniques to determine the position of substitution in each
case.

Nuclear Overhauser enhancement 5tpdies were to be carried
out to determine the sites of electrophilic aromatic substitution
and further corroborate earlier NMR assignments in the spectra
of products. As classical methods for the orientation of
groups which have been introduced by substitution on to an
aromatic or heteroaromatic ring have often involved lengthy
unambiguous synthesis, emphasis 1is shifting to more recent NMR
spectroscopic methods which involve chemical shift and coupling
constant arguments, The Nuclear UOverhauser Effect provides a
valuable method for interrelating contiguous protons. It has
considerable potential iﬁ heteroarcmatic chemistry where a
cyclic N-H can be identified pspecially as such an -N-H will
often exchange relatively slowly on an NMR time scale in
solvents such as dimethylsulphoxide. The —-N-H signal could
therefore be utilized as an n.0.e. marker or reference probe
in the molecule in order to determine the sites of electrophilic
substitution in the heterocycle. It was necessary therefore,

to synthesize variously substituted derivatives of the title
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compound using interalia, 2,4-dinitrofluorocbenzene {Sanger’'s
reagent), 2,4-difluoronitrobenzene and 4-fluoro-3—-nitrotoluene,.
Their lH—NMR épectra were to be examined and using the —N-H
signal as a Nuclear Overhauser Enhancement probe, the value of
this method for the determination of the sugstitution pattern
in heterocycles in general and this series of compounds in
particular could be determined.

~ One of the problems encountered in the study of
electrophilic aromatic substitution of 7,8,9,10-
tetrahydropyrido[l,2—a]quinoxalin—b—nné, was the insclubility
of the compound itself and the new derivatives, in most organic
solvents, which prevents purification of reaction products by
the usual methods of column chromatography or preparative
t.l.c This insolubility problem may be attributed partly to
intermolecular hydrogen bonding and could therefore be solved
by obtaining the N-alkyl derivatives.

N-alkylation of the heterotricycle was initially
attempted by the conventional methods of reaction with methyl
iodide or dimethylsulphate in the presence of a strong base
(NaH or NaOMe). The pyridoguinoxaline proved difficult to
alkylate under these conditions and so our attention was

directed towards phase transfer catalysis (P.T.C) as an
alternative method.

P.T.C i one of the most important recent methodological
developments in organic synthesis. It is rapidly gaining

popularity and a wide range of synthetic applications have
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82
been reported . In general, the term P.T.C describes the

methodology for reactions of anionic species (inorganic,

organic and complex organometallic anions) based on the

continuous formation of lipophilic ioné-pair; with lipophilic 4;_
cations. Such ion pairs are soluble in nonpﬁlar solvents. This
approach becomes particularly advantageous when reactions are
carried out in systems containing two immiscible phases: the

organic phase where all reations take place, and the inocrganic

phase (aqueous or solid anhydrous), which is the source of the
anions or the base for their generation. The general

principles of this technique and the concept behind it have é?/’

been fully cie*:‘.cr'j.l:\.t_tciar‘z,q3 Ygd{jgg#&%‘

A general problem in alkylation of nitrogen heterocycles
is the regiochemistry of the corresponding anions. The ratioc of
N- versus C-alkylation usually depends on reaction conditions.
In the review by Gallo et a182, it was shown, from results
published so far, that P.7.C strongly favours N-alkylation,
For example during N-alkylation of pyrrole under conventional
alkaline conditions, C-alkylation also occurs at position 2
and 3. An increase in the ratio of N- versus €- alkylation of
pyrrole and of other heterocyclic compounds bearing an acidic fAGMszL
82.
atom has however been observed by several workers ,élﬂrywi, .
N-alkylation was therefore toc be attempted under P.T.C
conditions in order to determine the possible synthetic
application of this method for the N-alkylation of this novel

heterocycle and also to obtain more soluble N-alkyl derivatives
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for biological screening.

The #4-chloro derivatives of the analogous pyrrolol1l,2-
ajquinoxaline, obtained by reaction of 4,5-dihydro—4]€a —
compounds with phosphoryl chloride are readily converted into
other 4~sub5ituted derivatives by nuclecphilic substitution
with a wide range of nitrogen, oxygen and sulphur containing

18,19,22,37
nucleocphiles . Tetracyclic systems such as the

tetrazolo and triazolo compounds (182 and 183) have been prepared.

= =

-3 \\l. Y
G . N h“N

_-'._—_r{I

(1e2) {103

Successful synthesis of the é6é-chloro derivative from the
title compound would therefore be the first step in the
synthesis of such interesting derivatives.

The increasing importance of NMR spectroscopy to synthetic
chemistry and the paucity of information on spectroscopic
analysis of pyridofl,2-alquinoxalines prompted a study of
the 1H and 13C—NMR of the title compound and variously
substituted derivatives. Such spectral studies are important
as they provide information on the stereochemistry of these
novel compounds and also aid in the characterization of these
heterotricycles,

Prior to this work, there had been noO previous

13 '

report on C-NMR of such compounds.

As mentioned earlier, very little effort has been made at
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biological evaluation of pyridoll,2-alquinoxalines. in an
attempt to rectify this, several derivatives of 7,8,7,10-
tetrahydrcpyrido[l,2—a]quin0xalin—é—one were sent for biological
screening at Shell Research Centre, Sittingbourne, Kent, U.K.
They were scteened for antibacterial and anéi fungal activity

in plants and also for possible use as plant growth regulators.
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2. RESULTS AND DISCUSSION

2.1.0 PREPARATION OF COMFOUNDS

The first step in this study was an investigation cCarried
out to determine the optimum method of preparation of 7,8,9,1@-
tetrahydropyridoil,2-alquinoxalin—-6-one starting from 1l-fluoro-2-
nitrabenzene and piperidine-Z2-carboxylic acid.

As indicated in the introduction, the unsubstituted
heterocycle and its 1- and 3- nitro derivatives were originally

33,34

prepared by selective hydrogen transfer reductive
cyclization of the methyl esters of the appropriately substituted
N—-[2'-nitrophenyl ]lpiperidine-2-carboxylic acid using palladium
catalyst and cyclohexene. This method of synthesis was shown to
provide a facile route to the tetrahydroquinoxalinones and was
therefore the initial method of chbice in this study.

The original synthetic procedure consists essentially of two

steps; (1) a condensation reaction in which pipecofinic acid is

reacted with the appropriately substituted 1-halogeno-2-nitrobenzene

in the presence of a base to give N-[2'-nitrophenyl]piperidine-
Z-carboxylic acid.

(2) a cyclization step in which the methyl ester of the nitro-
acid is reductively cyclized wuwsing palladium catalyst and
cyclohexene.

The catalyst, palladium on carbon is however an expensive
reagent and was not available at the onset of this work. This
prompted a re-examination of the cyclization step with a view to
pbtaining a substitute, cheaper reagent.

83
Adegoke and Alo had reported the use of tin and concen-
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trated hydrochloric acid as the reagent for cyclization in the
synthesis of 3,3-a dihydrothiazolo{3,4-bjguinoxalin-4-ones. The
initial preparations of the tetrahydropyridoquinoxalinone in this
work therefore involved the use of this reagent. The vields were
however not good and therefore resulted in a waste of the equally
expensive pipecolinic acid. |

The erxposition by Abou-Gharbia and co—worker535 which
appeared during the course of this study (described earlier in
the introduction) offered two glternative methods of cyclization
as well as a new medium for the conde?sation reaction which was
worth investigating.

2.1.1Preparation of the N-{2'-nitropheny!]lpiperidine-2-carboxylic

acid

Two methods of condensation were used to prepare N-{2 -
nitrophenyl Jjpiperidine-2-carboxylic acid i.e. reaction of
pipecolinic acid with 1-fluoro-2Z-nitrobenzene either in
ethanol basified with sodium hydrogen carbonate {Method A) or
in dimethylsulphoxide with triethylamine as base (Method B).
The results are tabulated below.

TABLE 2

SUMMARY OF RESULTS OBTAINED FOR CONDENSATION OF PIPECOLINIC

AEID WITH 1-FLUORO-Z-NITROBENZENE

METHOD SOLVENT BARSE REACTION REACTION A
Timeshrs TEMPERATURE YIELD
A Ethanol 10% aqueous 3 Reflux &6
Sodium hydrogen
carbonate
B Dimethyl- Triethylamine 18 Reflux 42

~-sulphoxide
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The equation for this reaction is as follows:

s
r’I\““ﬂu b EtOH/HOHCO, .
1 + T en 2
\//\cnau PN omsasten %

i
LI l K.

The reaction 1is essentially an aromatic nucleophilic
substitution and proceeds via the well known SMAr mechanism. This
is by far the most important mech;nism for nucleophilic aromatic
substitution and consists of two steps. The general mechanism of

reaction is depicted in scheme 14 below.
1

S"LE"‘- r A5 A -

= ¥ | ~ 1 ~ vy |

- slow X X
Y — | > — X
Step 2
Y ' - Y .

N I P &N/ -

ChE ]

N o

SCHEME 14

The first stép is usually, but not always, rate determining. This
mechanism greatly resembles the tetrahedral mechanism of

aliphatic nucleophilic substitution and in another way the
arenium ion mechanism of electrophilic aromatic substitution. In

all three cases the attacking species forms a bond with the
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substrate, giving an intermediate and then the leaving group
departs. The mechanism is referred to as the SNAr mechanism but
has also been called by other names includinb SNZ2Ar, the addition-—
elimination and the intermediate complex mechanism.

The reaction of piperidine itself with several l-substituted
2,4-dinitrobenzenes has been thoroughly in;estigated by Bunnett
and co—warker584 and provides one of the evidences in support of
the SNAr mechanism i.e. evidence from studies of the effect of
the leaving group on the reaction.

The mechanism éf the react?on between piperidine-2-

carboxylic acid and i-fluoro-2-nitrobenzene can therefore be

formulated as follows

(- )

N\«/«fnaH /%W/)

F
NOp
fast hv /[O
R N
-HF N ;
Nl:ie
DEH

(149}

The reaction proceeded smoothly by Method A and within one
hour of reaction, the characteristic change in colour, from pale
yellow to deep orange/red, which usually accompanies such
condensation reactions was observed. The reaction was however

monitored by t.l.c and reflux was continued for 5 hrs in order
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to obtain optimum yields. The product was obtained initially as
an pil on extraction of the reaction mixture with chloroform.

Pipecolinic acid is not readily csoluble in sodium hydrogen

carbonate. This problem was overcome by using an excess of a 1@%
csolution of the base. In earlier work from this laboratory 2%

bicarbonate solutions were used in the preparation of analogous
N-[2'~nitrophenyllpyrrolidine-2-carboxylic acids supposedly in
order to avoid the formation of.phenols which were obtailned at
higher base concentrations.

This study has however shown that an increase in base
concentration from 2% to 1@% resulted in an increase in product

34
yields from 6@% as reported in the literature to b,

Furthermore, formation of phenols was not observed by this author
for any of the reactions in this work and solutions of up to 38%
concentration of bicarbonate could be used without any decrease
in vyield.

It is pertinent to note - that further increase 1in %
concentration of the base from the 10% solution employed did not
give a corresponding increase in yield. This dbservatian is
consistent with the fact that for the SNAr mechanism, in Ccases
where bases are catalysts, they catalyze only at low base
concentrations: a plot of the rate against the base concentration
shows that small increments of base rapidly increase the rate
until a certain concentration of base is reached, after which

further base addition no longer greatly affects the rate. This

behaviour, based on a partitioning effect is also evidence for
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the /ﬁNﬁr mechanism and vonfirmns Ehal 2L as  Lhee e batern
operating in this reaction.

Base catalysis is found precisely in those cases where the
amine moiety tcleaves easily but X does not, SO that k is large
and step 2 is rate determining. This is to be Expecteglin this

case where the amine moiety is the large piperidine ring and X 1is

the fluoride ion.

RoNH + + HX
SCHEME 15
At low base concentration, each increment of base, by
increasing the rate of step 2 increases the fraction of

intermediate that goes 1o product rather than reverting to
reactants. At high base concentration, the process is virtually

complete: there 1s Vvery little reversion to reactants and the

rate becomes dependent on step 1. Just how bases catalyze step 2

85-89 23,91
has been investigated for protic as well as aprotic
solvents, but is not relevant to this study.

in method B, the reaction was carried out in a dipolar
aprotic solivent, dimethylsulphoxide, with triethylamine as base.
No efforts were made to vary the concentrations of base used in
this reaction, as base catalysis in aprotic solvents has been

7@,91
shown to be more complicated .
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A much lower yield of product was obtaired by this method.
The re;ction was initially carried out at 6@0C for 18hrs as
reported by Abou-Gharbia et al,\-‘5 but t.l.c of the reaction
mixture at the end of this time showed no appreciable formation
of product. The reaction was repeated at reflux temperature and
this time gave better results.

A problem encountered with this method was that of
purification of the product which was initially obtained as an
oil that would not crystallize. T.1.c. indicated contamination
with DMSD and so it was purified by taking the oil up 1into
dichloromethane and extracting with sodium hydrogen carbonate to
convert the acid product to its sodium salt. The aqueous lavyer
was collected and the carboxylic acid recovered by re—-acidifying
with 5@% hydrochloric acid followed by extraction with gichloromethane.

In both cases {Methods A and B), the cil obtained on
evaporation of solvents crystallized from petroleum ether ‘(4®—'
b@ol to give the product :N-{2'-nitrophenyl] piperidine-2-
carboxylic acid, as a yellow colid which was recrystallized from
ethyl acetate/pentane mixtures to give bright yellow prisms. The
melting point of the product obtained by Method B was the same as
that recorded in the literature i.e 78—8@OC whereas the product
from Method A Had a melting point of 7?—8@DC which is suggestive
of a purer compound. The infra-red and nuclear magnetic resonance
spectra of both products were identical in all respects.

The IR spectrum (Fig I )} showed the following charact-

eristic absorptiaons: The OH stretch of the carboxylic acid
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appears as a broad absorption at about 3,88@0cm . The strong
carbonyl absorption at l?l@cm-l is attributable to the C=0
stretch of a carboxylic scid. Other prominent abscorption at
lbmﬂcm—l and 15213crn—_1 are attributed to the skeletal C==
stretch of the benzene ring and the stretching vibration of
the nitro group respectively. The C-H out of ‘plane deformati
mode of the l,2~-disubstitued benzene ring occurs at 750 cm_l.

The pmr resonance spectrum 6f this compound (Figil)
showed the following absorptions in the aliphatic region: a
4H—mu1t;plet at 1.47; a 2ZH-multiplet at 2.97 ; followed by
two sets of lH-multiplets at 3.@5 and 3.46 and finally a 1H

~triplet at 4.@8, accounting far the nine protons of the

piperidine ring.

N-[2- NI TROPHENYL IPIPERIDINE-2-CARBOXYLIC ACID

The lowfield triplet at 4.08 is easily assigned to

on

H-2

which is highly deshielded by the carboxylic acid group as well as

the nitrogen atom, and is split by the two adjacent proton

1=

on
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carbon 3 (H—S); The two signals at 3.05 and 3.46 integrate for
only one proton gach. They are assigned to H-é6 as these are the
only protons on the same carbon which , owing to the conformation
of the molecule, may be chemically non-equivalent: they are borne
on a carbon ﬁonded t& nitrogen as part of a ring and this may
restrict free rotation. The multiplet at 2.087 is assigned to H-
3. These protons are deshielded by the adjacent {CH{N)CD H)
grouping and so occur lowfield tDAH—4 and H-3. The lattef protons
appear as an unresolved multiplet at 1.67. These protons are not
chemically equivalent but their chemical environments are close
enough for them to appear as the complex multiplet observed at
this field strength.

The aromatic signals of the acid adduct comprise a triplet
of doublets at 7.@5; J, SHz (triplet ) and 1.95Hz (doublets ); a
double-doublet at 7.29; J,4Hz and 1 Hz overlapping with a
cecond double-doublet at 7.48, J,4Hz and lHz and a further
triplet of .doublets at 7.78, J,0H:z (triplet) and 1.5Hz
(doublet). These signals are seen more clearly in the spectrum
showing the expanded aromatic region of the methyl ester of the
carboxylic acid (Fig XIVA)-

From the magnitude of the vicinal coupling constants 1t is
clear that the triplets at 7.85 and 7.78 are adjacent protons
whilet the two doublets at 7.29 and 7.48 represent the other
contiguous protons. The low field triplet is assigned to H-3°

which is expected to be deshielded by the adjacent nitro group

and so the other triplet at 7.05 must be due to H-4'.
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The line splittings observed in the second doublet of the
triplet of doublets at 7.85 are also seen in the doublet at 7.48
and suggest that these proton are coupled (J=1.25Hz). The signal
at 7.48 is therefore assigned to H-5': This signal is expectedly
low field to H-6" ( 7.29) because of the nitro group 1n the para
position which has a greater deshielding effect aon H-5' than the
nitrogen atom of the piperidine ring has on H-6".

The carboxylic acid proton is observed as a single broad
peak at 10.16 which is exchangeable on shaking with deuterium
oxide.

The full assignment of signals is shown in Table 3(P\\'S> é-—

On the basis of the results obtained as summarized in Table
2 , condensation of pipecolinic acid with 1-fluoro-2-nitrobenzene
in ethanolic sodium hydrogen carbonate solution was clearly the
better method for preparation of the nitro—acid. Consequently,
this method was used for all preparations of N-[-2 ' -nitrophenyl]
piperidine-2-carboxylic acid and the other substituted derivatives €;£
prepared in the course of this study.

Tetrahydropyridoguinoxalines substituted in positions 1-4
were needed for n.0.e. studies {section 2.2) and so attempts were
made to obtain N-[2'-nitrophenyllpiperidine-2-carboxylic acids
variously substituted in positions 3-6 of the aromatic ring as
precursors to these heterotricycles.

Thus reaction of pipecolinic acid with 4-fluorp-3-nitrotoluene
for Shrs. at reflux temperature afforded N-{4 —methyl-2 ' nitrophenyl]

piperidine-2-carboxylic acid as depicted in the following equation
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of reaction.
. Me . Me
~. / ¥ AN
NH A -
( ! s "H NaHCOgEOH _ *
\CORH F /\a\.],' A\N \l
NDp \/{ NOz
\CﬂeH
(167)

The product was obtained as an o0il which later splidified

giving a deep yellow crystalline solid. The new compound was
o
obtained in 5@0% vyield and had a melting point of B3-8B&6 C. The

vield was lower than that obtained for the unsubstituted derivative

but this was not unexpected since the metbyl substituent is an
electron donating group; aromatic nucleophilic substitutions
proceeding via the SNAr mechanism are accelerated by electron
withdrawing groups especially in positions ortho and para to the
leaving group and hindered by electron donating groups. In this
case the activation of the ring by the nitro group ortho to the
leaving group is reduced by the electron donating effect of the
methyl susbtituent at the para position.

The IR spectrum of the acid adduct (Fig III} showed the OH
stretch of the carboxylic acid at S,Gﬂmcm—l

A strong absorption at 17@®cm_1 represents the €=0 stretch
of the carboxylic acid whilst the aromatic ring absorptions and
the absorption due to the nitro group were present at 162@ and
1525cm_1 respectively

1
The H-NMR spectrum at B@MHz (Fig IV)' is expectedly
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similar in many respects to that of N-[2' -nitrophenyllpiperidine
-2-carboxylic acid. H-4 and H-5 again appear as A
multiplet shifted 0.87ppm upfield to 1.6 (cf.1.67 for the
unsubstituted compound) . This slight upfield shift was present
in all the signals compared to the corresponaing signals in the
¥ unsubstituted compound and is due to the electronic effect of the

methyl substituent on the ring (see Table 3 ). H-3 (CH -CH(N)CO )

appears as a 2H multiplet at 2.05 followed at 2.32 byza charac%er—

istic 3H singlet due to the ArMe grouping. H-6 (CH =N-) again

. 7

gives rise to two 1H multiplets at 2.97 and 3.37 .LThe ;H

triplet at 4.84 is easily assigned to H-2 which is split by

the adjacent two protons (H-3}.
. The aromatic region of the spectrum is much simpler than
that of the unsubtituted compound. The signal comprises a 2H
multiplet at 7.23 attributed to H-5" and H-6", and a singlet at
7.54 due to H-3' which has no adjacent protons. The
carboxylic acid proton appeared at 9.9 as a bropad signal which
collapses with deuterium oxide (see Table 3 #DF full assignment ).

Elemental analysis, showing a close fit to the calculated
values was further corroborating evidence for the structure of the
new compound,
N“[E‘—fluoro—Z'—nitrophenyl]piperidine—?—carboxylic acid

(168) was similarly prepared by reaction of pipecolinic acid with

2,4—difluoronitrobenzenfe {Sanger’'s reagent ). The equation of ér_

this reaction is as follows
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F
N ' A,
(\ R (f" mEtDH(Nch N
S L2550

\./Lcog h‘fe 6-—

NO2
Sanger's Reagent (1680
The product was initially obtained as an o0il which

crystallized from n—pentane as yellow crystals with a melting
ul .
point of 97-98 C . As expected, the product yield was high (73%)

due to the further activation of the aromatic ring by the second

fluoro substituent.
The IR spectrum of this new compound (Fig V) showed k'54;ckuf‘
-1 -1 J
absorption at 2800cm and 1710cm due to the 0-H and C=0

stretching vibrations respectively . This is consistent with the
carboxylic acid structure. The benzene ring absorption was observed
at 1<£all.7ﬂt:rn—l while the nitro group caused a band at 153ch—1

The 1H-NMR spectrum at 8@MHz EFig vil) showed a hnow familiar
set of signals due to the piperidine ring in the aliphatic region
of the spectrum but an expected slight downfield shift of all the
signals is observed. H-4 and H-3 again appear as an unresolved
multiplet at 1.7. The second 2ZH multiplet at 2.17 is assigned to
H-3. The two signals due to H-46 are the two 1-H multiplets at
3.10 and 3.63. H-2 appears as a now familiar triplet at 4.87.

The aromatic region is more complex than that of both the
unsubstituted compound and its methyl derivative. This is due to

19
further coupling of the protons to F. Three sets of signals are

7 ase oft
' @wih~f
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towever observed in this region. H-4° and H-&' appear as a ZH
multiglet at .95 and 6.95 respectively. The signal at 7.9@

{1H, multiplet) is ascigned to H-3' which is adjacent to the
electronegative nitro group. The carboxylic acid proton appears as
a broad signal at 7.45. exchangeable with deuterium oxide. The
full assignment of signals is shown in Table 3.

The structure of this new compound was further corroborated
by elemental analytical values. that were a close fit to
theoretical wvalues.

Similarly, the reaction of 2,4-dinitrofluorobenzéene with
pipecolinic acid gave N—[2'4'—d}nitrophenyl]piperidine~2
—carbpyxlic acid (169) as depicted in the equation of
reaction below.

NOo

A

TWH (\ ﬁE\‘SJEH/NaHC% /[\Ij
| p&]/' i O NOx

WCO=H
NOg (169)

The product was obtained in 75% yield. This again is higher
than the 70% yield earlier reported from this laboratory. This
may also be attributed to the increase in base strength used as

o
discussed earlier. Similarly, the melting poiqt of 134 -135 C was

33 o
higher than the reported melting point of 13@- 131 C and may
also be attributable to an improved work-up procedure (newly

designed) giving a purer compound. The purification procedure

=~d for all the acids in this series was to take up the crude
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acid into chloroform or dichloromethane. Addition of sodium hydrogen

carbonate solution converted the acid to its sodium salt leaving
the organic contaminants i.e unreacted halogeno compounds etc in
the organic layer. The aqueocus layer was then collected and the
acid product recovered by acidification with hydrochloric acid

\ followed by extraction with chloroform. On evaporation of solvent

' and crystallization with appropriate solvents, a much purer

compound was obtained in each casé as evidenced from the NMR
spectra and elemental analyses.

The IR spectrum of N-{2',4 -dinitrophenyllpiperidine-2-
carboxylic acid {(Fig VII) showed the expected carbonyl absorption
of a carboxylic acid at 171@cm“1. The aromatic ring absorption
was seen at 1élﬂcm_1 an& the nitro groups absorbed at 153@ and
151®cm—1.

1
1n the H-NMR spectrum at 88MHz, (Fig VIII} protons H—-4 and

H-5 appear as a multiplet at 1.8. The down field shift (cf.1.67
for unsubstituted compound) was expected and is due to the
deshielding effect of the second nitro group. Similarly, the
signal due to H-3 appears as a 2ZH multiplet shifted slightly
downfield to 2.21. The two H-6 protons this time gave only one
signal ; a 2H multiplet at 3.48. The base proton of the carboxylic
acid group (H-2) appears as a triplet at 4.15 {(cf 4.08, unsubstituted
compound ).

The aromatic protons comprise a iH-doublet at 7.18 (J= 9Hz);

a 1H double-doublet at 8.29 (J=%Hz and 2Hz) and aneother 1H

doublet at 8.68 (J= 2Hz). The lowfield meta coupled doublet at
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8.68 is assigned to H-3 which is expected to be strongly deshielded
by the two nitro groups in the ortho-positions to it. H-5  and H-
&' are ortho-coupled (J= 9Hz). The lower field signal at 8.25

ié assigned to H-%' which is adjacent to the electronegative

nitro group and H-6 " absorbs at 7.18.

The proton of the carboxylié acid absorbs at 8.84 and 1is
exchangeable with deuterium oxide. It is per£inent to note the
upfield shift in the signal of the carboxylic acid proton of the
substituted compounds compared to the unsubstituted parent
compound (see Table 3). This may be due to conformational
requirements in the substituted compounds .

The reactions described above were all successful, ining
high vyields of the required N-{2 -nitrophenyl]lpiperidine-2-
carboxylic acid substituted in positions 4 and 3 of the aromatic
ring. Attempts to obtain the nitro atids substituted in positions
I and & of the aromatic ring either failed completely or were
only partially successful. The starting materials in these cases
were the commercially available 2,3—dichloronitrobenzene, for
preparation " of the 5—chloro—§ub5t;tuted acid and 3-chloro-2
nitrobenzoic acid methyl ester for the preparation of the 3-
substituted compound.

I-chloro-2-nitrobenzoic acid methylester is not commercially
available but was easily prepared from the commercially available
acid . Thus 3-chloro-2-nitrobenzoic acid (17@) gave 3-chloro-2-
nitrobenzoic acid methyl! ester (171) on refluxing in anhydrous

methanol acidified with concentrated sulphuric acid ,in 8% % yield.
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The product was obtained as a dirty white solid on removal of
methanol from the reaction mixture . Further, purification gave

o
white crystals with a melting point of 98-18@ C. The &%7.55—**'

equation of reaction is given below.

P . s
( “ MeOH,/Ha504 . fﬁ ]

ny

Cl " \COoH CY OoMe
NOp | NDp
(17 {171

The IR spectra showed a characteristic shift of the
carbonyl absorption from 169@cm_l in the carboxylic acid
{Fig IX} to 17’4!2)cm'_l in the ester (Fig X).

This ester was then reacted with pipecolinic acid 1in the
usual manner. After Shrs, the change in colour of the reaction
mixture from light yellow to deep red/orange which is
characteristic of these condensation reactions was not cobserved.
T.l.c confirmed that no reaction had occurred. The reaction
mixture was therefore kept under reflux for 3 days and constantly
monitored by t.l.c. After 5 days, no significant reaction had
occurrad. The failure of this reaction must be due to steric

effects. In bimolecular nucleophilic substitution, activation by &

nitro group requires conjugation between the substituent and the
=0
R\O

becomes nearly coplanar with the benzene ring, and if this 1is

reaction site. This in turn reqguires that the group

prevented, by bulky ortho-substituents, the susceptibility of
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an aromatic halide to bimolecular attack will be drastically
reduced. For instance A4-bromo-2,6-dimethylnitrobenzene (172)
reacts much less readily than p-bromonitrobenzene with piperidine

@2
because the activating nitro group cannot attain coplanarity .

(173} ' (174)

Similarly, l1-nitro-2-halogenonaphthalenes (173) react less
readily than the 2-nitro-l-halogenonaphthalenes {174) since the
1-nitro group suffers steric hindrance from the peri hydrogn i.e

2
the hydrogen at the B-position 9‘.

The failure of the reaction between pipecolinic acid and
I-chloro-Z-nitrobenzoic acid methyl ester is therefore cleadjdue to
this type of steric effect,

Similar steric effects account for the poor results obtained
on reaction of 2,3,-dichloronitrobenzene with pipecolinic acid
N-[&6 -chloro-2-nitrophenyllpiperidine~-2-carboxylic acid (173) was
obtained but only in 1% vyield.

The equation of this reaction is given below.



11
Clo. o~
Cl
™ \ A~ NaHCOz/EtOH
|H + ] or N - ﬁ
NoNcogH /" TEA/DMSC NOz
* - CogH
NOp
{175)

The product was obtained as a light yellow crystalline solid
with a melting point of 165-16600; The reaction mixture had to be
kept under reflux for 5 days and was constantly monitored by
t.l.c. Up to 78% of unreacted 2,3~dichloronitrobenzene was
recovered on work-up.

The reaction was repeated in dimethylsulphoxide with

triethylamine as base with the same results.

The IR spectrum of the this new acid adduct (Fig XI1) showed the

-1
expected carbonyl absorption of a carboxylic acid at 1713cm
-1
while the nitro group absorbed at 154@cm
The proton magnetic resonance spectrum (Fig XI11) showed

protons H-3, H-4 and H-5 of the piperidine nucleus appearing as an
unresolved &H multiplet at 1.57-1.87. The H-6 protons appear
as a 2H multiplet at 3.1%. The broad signal at 4.82 integrates
for one proton only and is assigned to the proton at the base of
the carboxylic acid group i1.e H-2Z.

The aromatic signals comprised three sets of multiplets at
7.1@. 7.38 and 7.41 The low-field signal at 7.41 is assigned to
H-3 which is highly deshielded by the adjacent nitro group.

Similarly, the chloro group at position &' causes 2



10

MICRONS 60

5.0

.9

3.0

e

NeTRBTMEN L] |

- couods 2

L

At

i

L AERIOINE — 2 = CARBOXYEIC

80

23

1c0

e

e

| Y oaarsnprst o h

oegee 0 T L

INT? ATICN

Lo *aTH_ ..
NCE_

-

Lot
e AR
RE

¥

o+~
w

L

WO
L X il e i




RaurE XIT
-V Speclrum of oo
N- [:é‘-dd.m -‘.-’.—wltvc-,-kmo&g pw:u:tbud.
- cavktaplic Bol Siemingd s
J_,,';A(; i-';’- 7 B0 MHL.

i
| \ﬁ\
i AR

4

cL

9 8 7

en



'd

4

H- NMR _SPECTRA OF N-[2-NITROPHENYL] PIPERIDINE-P-CARBOXYLIC ACIDS AND ESTERS (DETERMINED IN

R

13
TeBLE 3

CEUTERIOCHL DROFORM AT SikiHz)

2
R
I F‘“
TR
F:\-._“’ -‘-._:3/
5 U
) ol " I 3‘
g"*NH’" e
L)
L } o (P
~ 3T riJC’:
‘COoR
_ 1Y 1.3, 1.2 4 1 3 4 1 1 5 ..
FPROTON R-R=H R-R=H R=R=R=H R-R=H R=FR=r=H R=MHa F=t=.R=N0z
4 E| 4 2 z N £ _3
R=ie R=F B=NOz R=CL R-R=HM R=R=H
»
I-H 7.78 7.54 ».q ~ 8.6% 741 7.7z 8.62
]
4-H 7.65 E.RE 7.19 7.02
5'-H 748 7.23 8.25 7.33 ? 47 8.0
&—H 7.2% 7.23 595 2.1z 7.28 7.1
-H 4.08 % .04 4.07 4.15 4.0z 4.0z %.13
3-H z.07 2.05 .47 2.21 1.57 2.10 2.20
4~H
1.67 1.8 1.7 1.8 1.27 1.7 1.77
S—-H
&-H 3.08 z.97 3.10 240 3.15 3.01 3.37
348 3.37 3.53 3.60
e 3.60 3.72
OH 10.16 5.9 .45 5.3%
+ ~
&rMe z.38
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deshielding of proton H-3' and this absorbs at 7.38 . The signal
at 7.19 is assigned to H-4,

Elemental analysis confirmed the structure of this new compound
as the results obtained were close to the calculated theoretical

values.

2.1.2. Cyclization of N-{2'-nitrophenyllpiperidine~-2-carboxylic

acids.

Four different methods of reductive cyclization were used to
convert N-f2 ' -nitrophenyl lpiperidine-2-carboxylic acid toc the desired
heterotricycle: 7,8B,9,10~-tetrahydropyridoll,2~alquinoxalin-é6-one.

The methods differed in the cyclization reagents employed which
are as follows:-

(a) Palladium on carbon

{b) Alkaline sodium dithionite (sodium hydrosulphite)

{c} Tin in concentrated hydrochloric écid

{(d) Iron in acetic acid.

The results obtained are summarized in Table 4 below.
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TABLE 4

SUMMARY OF RESULTS OBTAINED FOR CYCLIZATION arF N—{2 -

NITROPHENYL ] PIPERIDINE-Z2-CARBOXYLIC ACID

METHOD REAGENTS FOR REACTION TEMPERATURE MELTING PT.
EYCLIZATION TIME/hrs B8F REACTIGN %YIELD OF PRODUCT/o0C
A Pds/C, CH 7 Reflux 55 188 - 1908
6 1@

Et0H (D + 2) ‘ (from acid)
B Na S 0 ; NaOH 1.5 Room ag 190 - 191

22 4

Temperature

€C Sns HCOL, EXOH 3 Reflux 17 188 - 190
) ]
D Fe; AcOH 3 680 - 65 C 23.7 188 - 198
34

The first method, WMethod A, was the procedure earlier reported
and adopted by gur group for the preparation of the heterocycle.

This method involves hydrogen transfer reductive cyclization of

the methyl ester of the carboxylic acid, achieved by the use of
9
palladium catalyst and cyclohexene according to Braude's
?6

earlier method

Esterification of the acid was achieved by refluxing the
Aacid  adduct in dry freshly distilied methanol in the presence of
concentrated sulphuric acid. The equation of reaction is given

below.

. T

-+ -
% ) M N/d
P al e0H /i x¢f’ /
NGz NOp
COzH CaMe

(149 (1S
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The product was obtained in 95%4 vyield as a thick
transparent yellow o0il. The mechanism of reaction is as
follows:
q + OH
I H', slgw | MelOH, clow
R-C-0H éﬁ—&-[}}% é
Al
H fast
+
slow TE 0, fast H' fast
—— N R-~[ - ek 1¢ ot eSS
s_:__ R | DH e R ?__DH Y:“'" R-—T':D
as > Slow —
OMe e OMa tHEoW e
. [ //r#\u
where R = e Y V\lJ
NOo

The IR spectrum of the ester (Fig XII1I) showed the

-1
expected carbonyl abosorption at 174@cm (C=0 stretch of a
carboxylic acid ester ). The benzene ring absorptions, still
-1
occurred at 1680cm . In addition, absorptions due to the stretching

vibrations of the nitro group and the C-0 group of the ester
were present at 152@cm—1 and 134@cm—1 respectively.

The proton magnetic resonance spectrum (Fig XI1V) is similar in
many respects to that of the carboxylic acid, the obviousl-
differences being the absence of a carboxylic acid proton and the

additional signal due to the methoxy protons (see Table 3) .

Protons H-4 and H-5 of the piperidine ring appeared as the
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usual 4H multiplet at 1.7. The second multiplet at 2.18 was
assigned to H-3. H- &6 again appeared as two sets of multiplets at
3.81 and 3.46@ but the methoxy protons also absorb at 3.68 andg

the characteristic 3IH singlet appeared above the multiplet of H-6
Proton H -2 appeared as the familiar téip}et at 4.@2 .

The aromatic region of the spectrum was expanded (Fig XIV ) to
aid the assignment of sigmals. This expanded spectrum also aiged
the assignment of the signals in the aromatic region of the
carboxylic acid itself. The aromatic signals comprise a triplet of
doublets at 7.@2. J,4.25Hz (triplet) and l.ZHz (doublets);

a double-doublet at 7.29; J,4.5Hz and 1.5Hz respectively,
followed by a second double-doublet at 7.47; J,4.23Hz and

1.0HMz respectively and a further triplet of doublets at 7.72; J,
4.25Hz (t) and 1.5Hz (d) . The further splitting (J,1.23Hz)
observed in the signals at 7.02 and 7.46 in this spectrum is
similar to that observed in the spectrum of the carboxylic acid
but is seen more clearly in this expanded spectrum.

As with the carboxylic acid, the lowfield triplet at 7.7%2
was assigned to H-3" which is adjacent to the electronegative
nitro group. The coupling constant values (J,4.25Hz)
indicated that this triplet at 7.72 and the triplet at 7.02
belong to adjacent protons, and so the high field triplet was
assigned to H-4',.

H-5' is expected to occur lowfield to H-6& because of

the nitro group in the para position and sO the lower field

doublet at 7.47 was assigned to H-5 and the doublet at 7.29 to
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H-6'. This assignment was further corroborated by the additional
splitting (J,1.25Hz) which indicate that they belong to
adjacent protons i.e. H-4° and H-3".

The methyl ester thus obtained was treated with 5% palladium
on charcoal in refluxing absolute ethanol-and cyclohexene for
2hrs. The ester cyclized under these conditions to give the
expected heterocycle. In earlier work in this laboratory, 13%
palladium on charcoal was generally used for such cyclizations
because initial exploratory work on methyl N-{Z,4-dinitrophenyl}
glycinate had shown that 9% palladium was ineffective for the
cyclization reaction. Cyclization was however achieved on this
substrate with 18% palladium and consequently this catalyst was
used for the cyclization of several N-[2 -nitrophenyllcycloamine
-2-carboxylic acids. 5% palladium was used here because it was
the reagent available owing to the high cost of the 18% reagent.
No difficulty was experienced by this author in obtaining the
parent heterocycle with this reagent.

The equation for this cylization reaction is given below.

SN Pd/C; Cotio
i
[://k NOo EtCH
COgMe

{150)
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The reduction is presumed to initially give the N-[2 -
aminophenyl] derivative of the cycloamine carboxylic ester. The
reduced compound in this case 1s not isplated but is cyclized 1in

situ intramolecularly to give the desired heterotricycle.

Outlined below is the mechanism of this reaction.

O =
—_—

Cyclohexena

+ MeOH

Cyclohexene is first oxidized to benzene thus providing
nascent hydrogen which effects reduction of the nitro group to
give methyl N-[2-aminophenyl Jpiperidine-2-carboxylate.

“This hydrogen transfer is catalyzed by palladium. The electrophilic
carbonyl carbon in this amino compound is susceptible to attack

by the lone pair of electrons on the nitrogen atom of the amino
group. The intermediate resulting;from such an attack in which a
new carbon -nitrogen bond has been formed, loses a molecule of
methanol to afford the desired heterotericycle., It is pertinent

to note here that the alkyl ester of the carboxylic acid is
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preferred for this cyclocondensation reaction because the alcohol
is expected to be a better leaving group than water.

The product 7,8,%,10-tetrahydropyrido{l,2-alquinoxalin-6-one
was obtained in 38% yield. The melting point of 188—19@DC
differed greatly fram the literature34 melting point of 148-
1490C. This could be attributed to the improved purification
procedure which entailed boiling the product with Norite
{(decolourizing charcecal) in ethénol several times in order to
remove coloured carbon impurities that may have accounted for the
lower melting point reported earlier from this laboratory. Even
with this treatment, it was not possible to completely remove
these impurities from the compound as was evident from the grey
colour of the product compared to the white solid later obtained
by Method B.

Purification by column chromatography was impracticable as
the heteroccyle is only soluble in solvents such as
dimethylsulphoxide, pyridine and dimethylformamide .

In Method B, N-[2'-nitrophenyllpiperidine-2-carboxylic
acid was reductively cyclized directly wusing alkaline sodium
dithionite. The reaction was carried out at room temperature
for 1.5hrs. It was found to be an extremely pH sensitive reaction
and the pH had to be monitored throughout by the addition of
sodium dithionite or sodium hydroxide. Yields varied from 35-38%
with varying pH. Optimum yields were obtained at pH 8. The
product was obtained as white crystals with a melting point of

o
19@-1?1 C.
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Ihe mechanism for the cyclization 1s essentially the same oo
described for Method A. The aromatic nitro group is reduced to
the amino group by sodium dithionite to give the N-[2 -
aminophenyl lderivative of the carboxylic acid. Electrophilic
attack on the carbonyl carbon by the lone pair of electrons on
the nitrogen atom of the new amino group results in the formation
of an intermediate which loses a molecule of water to give 7,8,9,10
-tetrahydropyrido{l,2-alquinoxalin-6-one.

There has been very little study on the mechanism of
reduction of nitro groups but 1like . the palladium/cycliohexene
system, the reduction in this case is effected by nascent
hydrogen which is provided by the powerful reducing agent, sodium
dithionite, according to the following equation of reaction

Ma § O + 2ZH 0 <=====> ZNaHS0 + 2{H]

224 2 3
Nascent Hydrogen
Sodium hydroxide is needed to react with the acidic sodium
hydrogen sulphite thus maintaining the neutralit? of the reaction
mediam.
NaHS0 + NaOH ~———- > Na S0 + HO

3 2 3 2
The mechanism of the reductive cyclization is as follows:

BlHI
WS A H
Q NOzH Q LN
\H

COzH f ‘\"DH
o
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The advantage of this method over Method A is that it

circumvents the formation of a nitroester precursor before

cyclization as with the Braude's palladium on carbon methed. The
reaction occurs smoothly at room temperature and a much purer
product is o©obtained. This purity is evident from the higher

melting point and the clean white <crystals obtained which
contrast with the coloured compound obtained by Method A. The
optimum vield of 58% recorded at pHB is higher than that of
Method A because it is obtained directly from the acid.

The use of metals in acid as reducing agents is intrinsic
to methods C and D. The reduction of the aromatic nitro group
which precedes the intramolecular cyclization step i1s achieved by
the use of these reagents. As stated above, the mechanisms of the
reduction of aromatic nitro compounds have been very little
studied though it is usually presumed that, at least with some
reducing agents, ‘nitroso compounds and hydroxylamines are

intermediates. With metals and acid the following path has been
7
suggested .
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o 0~H
+/D +/ H+ 4
ar - N _metal o fe - N = Ar - N
\‘CI“ \D \D
;CI-H Vet o
—— ae - Ny, T Ar - N =0 —Za Ar =N =0
g
H+
+ ' . LN - _ o - N -0-H
H . G- -N-0-H l'nEta].: Ar N B} H —_—a T }Ei

After
cyclizatio
for Method

Both
heterocycl

only 177 w

metal ar - NHE
H+

reduction of the nitro group the mechanism of the
n reaction in bpth cases is ;dentical to that outlined
B abaove.
Methods C and D gave poor overall yields of the
ic compound. With tin in hydrochloric acid, a yield of

as recorded whereas with iron in glacial acetic acidg,

just over 23% vyield was obtained. In éddition, the product

obtained by cyclization with iron in acetic acid was highly

coloured and had to be boiled with Norite for 30 mins to remove

coloured impurites. In both reactions a greenish brown microcrystalline

solid was
o
1990 C.

The
products
were ldent

B
¥V ) show

The shift

obtained. This product had a melting point of 188-

infrared and proton magnetic resonance spectra of the

obtained by all four methods of cyclization of the acid
a

ical in all respects. The infrared spectra (FigXV and
-1
the N-H stretching absorption of the amide at 34@@cm .
-1
in carbonyl absorption either from 1748cm in the

.
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-1 -1
ester or 1700cm in the carboxylic acid down to 1675cm , due

to the lactam formed after cyclization was characteristic.

The proton magnetic resonance spectrum (Fig XVI)} determined
in pyridine d expectedly show similarities in the aliphatic
region to th;5 spectra of the carboxylic acid and ester
precursors, Thus, a six proton multiplet is observed at 1.41-1.76
followed by two sets of multiplets at 2.62 and 3.59
pverlapping with a one-proton mu1£iplet at J.63.

The six—-proton multiplet 1s assigned to H-7 ,H-8 and H-9.
The —CH —-N- group 1i.e H- 1@ gives rise to the two sets of

T
signals a: Z2.62 and 3.9% ang the one-proton signal at 3.63 1is
assigned to H-7.

The aromatic signals appear as a complex multiplet at 6.9@-
7.1@ in the spectrum determined in pyridine d at 6@, BB and 90
MHz and were not assigned at this stage. The_?ull assignment of
signals was done with the spectrum determined at J36@BMHz (section
2.2, Table 5}.

Further evidence for the structure of the compound was
obtained from microanalytical data which gave a clouse fit to the
calculated/expected values for the tetrahydroquinoxalinonﬁh'g)

From the results obtained and summarized in table 4 above,
cyclization with alkaline sodium dithionite i.e Method B was
clearly the method of choice 1in this study. In addition to
giving a higher overall yield of a purer compound, the reaction

proceeds smoothly at room temperature and the reagent is much

cheaper. It also has the advantage of circumventing the
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preparation of a nitroester precursor required for cyclization
with palladium on carbon. The sodium dithionite method was
therefore used for the preparation of the tetrahydropyridoquinoxal inones
required for the n.0.e studies.

Thus cyclization of N-[4 ' -methyl-2'-nitrophenyllpiperidine-
Z2-carboxylic acid gave 7,8,?,1@,-tetrahydro—S—methylpyrido[1,2-a3

quinoxalin-6-one. The eguation of reaction is as follows

ND
DEH e
{167} (175}
The mechanism of reaction is the . same as for the

unsubstituted heterocycle. The compound was pbtained as a pinkish
white crystalline solid in &2% yield. The melting point of this
new heterotricycle was 148—15@0C.

The infrared spectrum (Fig XVII) showed the N-H stretching
absorption of the amide at 32(5:»(.1‘1;::11“-l while the lactam carbonyl
absorbed at lbaﬁcm_l.

The proton magnetic resonance spectrum (Fig XVI11) showed the
expected series of multiplets in the aliphatic region due to the
piperidine ring protons. In addition, the methyl protons on the

aromatic ring appear as an expected 3-proton singlet at 2.13. The

six proton multiplet at 1.34-1. 72 is assigned to protons H-7, H-8
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and H-9. H-1@ appears as the usual two sets of one -proton
multiplets at 2.47 and 2.60. The 7a proton sppears as & one -
proton multiplet at 3.33,

The aromatic signals at 88BMHz comprise a three proton
doublet. The spectrum at 36@MHz later showed this to be a 2H
singlet at &6.69 and a 1-H singlet at &6.41. The full assignment is
discucssed later in section 2.2 .

The amide proton is seen at 18.4% as =a sharp one-proton singlet
which disappeared on deuteriation.

Elemental analysis further confirmed the structure of this
compound as it analyzed for C H N O 8.5H O.

13 16 2 2

Similarly 7,8,9,lm-tetraydro—zﬂfluoropyridot1,2-a]
guinoxalin-&6-one (177) was obtained on treatment of N-[5'-flucro-
2'—nitropheny1]piperidine—Z—carbaxylic acid with alkaline sodium

dithionite. The equation of reaction is given below.

F

J NagSz04/0H
W R ”

|
NO2z

COpH
(168

The mechanism of reaction is as described for the parent
heterocycle. This new compound, a grey microcrystalline solid
o
was obtained in 69% yield and had a melting point of 195-196 C.

The infrared spectrum (Fig XIX) showed the expected N-H
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. -1
stretching vibration and the lactam carbonyl absorption at 3108cm
and 16840 crn-1 respectively.

The proton magnetic resonance spectrum at BoMHz (Fig XX)
chowed the usual sets of multiplets due to the piperidine ring
protons in the aliphatic region, and a complex multiplet in the
aromatic region.

The six-proton multiplet at 1.40-2.00 is assigned to H-7, H-8
and H-9 protons. The two one—prdton multiplets at 2.64 and 3.70
are assigned to H-10@ while the 7a-proton absorbs at 3.5@. The
aromatic protons comprise a 3-proton complex multiplet at 6.6-7.0
whilst the amide proton appears as a singlet'at 13.40@ exchangeable
with deuterium oxide.

The full ascignment of these signals was done with the high
field NMR spectrum at 36@ MHz as discussed in section 2.2.

Further corroboration of the structure of this compound was
obtained from elemental analysis, the values obtained were close
to the calculated /expected values for the heterotricycle .

In contrast with the results obtained above for the
preparation of these new heterotricycles, attempts made to

obtain the 3-nitro derivative of the heterocyle by cyclization of

N—[2'4'—dinitrophenyl]piperidine—?—carboxylic acid via sodium

dithionite, all failed. An apparently charred material was
obtained on every attempt. This was probably due to reduction of
both nitro groups by sodium dithionite . Herein lies the advantage

of selective hydrogen transfer reductive cyclization with palladium

on carbon. The cyclohexene/palladium system has already been
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33
established ac a selective reducing agent. It has been used

for the preparation of the 1-nitro and 3~-nitro derivatives of the
tetrahydropyridogquinoxaline in which only the 2-nitro group of the
dinitroester precursor is selectively reduced, leading to
intramolecular cyclization. This method was .therefore employed to
obtain the 3-nitro derivative.

The nitroester precursor was prepared by refluxipg N-[2°4°
-dinitrophenyl1piperidine-2—carboxylic acid in dry, freshly
distilled methanol containing concentrated sulphuric acid. The

equation of reaction is given below.

MaOH/H \N)"‘&
. R — ¥
WY Nz
3 \ NOo \COoMe

COzH
(1&S) - 47E

The mechanism of this reaction is the same as dezcribed
previously for methyl—N—[Z"nitrophenyl]piperidine—?—carboxylate.
The product of reaction, methyl N-[2'4 ' -dinitrophenyl]

piperidine-2-carboxylate (178), was obtained in 93% vield as a
o
~ bright yellow crystalline solid with a melting point of 86-87 C
33 o
(Lit B&6— B7 L),

The infrared spectrum (Fig XX1} showed the expec ted

absorption due to the carbonyl group of a carboxylic acid ester
-1
at 174Bcm . Other prominent absorptions are the bands due to the
-1
benzene ring at 1600 cm and the stretching vibrations of the two
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-1
nitro groups at 1538 and 151Bcm .

The proton magnetic resonance spectrum (Fig XXII1) showed
the following absorptions in the aliphatic region :a four proton
multiplet at 1.77 followed by two Z2-proton multiplets at 2.20
and 3.37 then a J3-praton singlet at 3.72 and finally a l-proton
triplet at 4.13. The multiplet at 1.77 is assigned to H-4 and H-5.
The second multiplet at 2.20 is assigned to H-3. As with the
carboxylic acid, H-6 gives rise-to only Une‘signal, the Z-proton
multiplet at 3.37,

The one proton triplet at 4.13 1is unambiguously assigned to
H-2. Similarly the singlet at 3.72 is assigned to the methoxy
protons also confirming that esterification had occurred.

The aromatic signals comprise a 1l-proton doublet at 7.0
(J=8Hz) a double-doublet at 8.3 { J=12Hz and 2Hz) and another

doublet at B8.60 (J=2Hz).

The high field doublet is assigned to H-4" while -the double-
doublet is assigned to proton H-5° which is deshielded by the two
nitro groups in the ortho and para positions. H-3' 1is expectedly
even more strongly deshielded by the two ortho nitro groups and the
low field doublet is assigned to this proton. H-5' is meta-coupled
to H-3 (J=2Hz) and this further corroborates the &ssignments.

The methyl ester thus obtained was treated with 3% palladium
on charcoal and cyclohexene in refluxing ethanol for Z2hrs  L.A
dark érown microcrystyalline solid was obtained as pronct.

Attempts at recrystallization with ethanol resulted in the

separation of two compounds from the reaction product; an ethanol
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insoluble

dark brown solid (product I } and an ethanol’ soluble

bright yellow crystalline solid (product II}.

Product I had a melting point

o 33
of 295 C dec. The reported

melting point of the expected 7,8,9,10-tetrahydro-3-nitropyridoll,2-

o

alguinoxalin-6-one is 290 C dec and this suggested that

was the desired compound.
this compound was similar to

cyclization

absorption. In

However,

that obtained TFrom

addition, the proton magnetic

product I
the infra-~red spectrum of

attempted

with sodium dithionite; there was no carbonyl

resonance spectrum

showed no aromatic protans. This evidehce ruled out the possibility

of the product being the desired lactam.

Product IT
o
122 C.

showed the characteristic absorptions at 315@cm

on the other hand, gave a melting point of 188-

The infra-red spectrum of this compound {(Fig XXIII)

-1 -1
and 166@cm

due to the N-H and C=0 séretching absorptions of the cyclic amide

suggesting that cyclizétion to the
addition there were absorptions at
attributed to the benzene ring and
and indicate that the second nitro
aminoc group.

The proton magnetic resonance

lactam had indeed accurred. In
-1 -1

16@0cm and 130Bcm which are

the nitro group respectively

group was not reduced toc an

spectrum (Fig XXIV) showed the

usual six —p;oton multiplet at 1.2-2.0 followed by three multiplets

corresponding to one

proton each at 2.50, 3.8 and 4.0 respectively.

The aromatic protons comprise a one proton doublet at 7.8

(J=1@Hz) and a two proton multiplet at 7.8. This is followed by a

one-proton singlet

at 11.0 exchangeable with deuterium oxide.
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The multiplet at 1.2 - 2.8 is assigned to protons H-7, H-8
and H-?. The remaining three multiplets correspond to those of
the two -CH ~N-protons i.e H-10, which as stated earlier are
non- equivalgnt and thus give separate signals at 2.50 and 4.@ and
the 7a -proton i.e CH(N)-C=0 which appears at 3.0.

The highfield aromatic signal at 7.0 is assigned to H-1.

It 1s ortho-coupled (J=10Hz) to H-2. H-2 and H-4 are expected to
be equally deshielded by the nitro group at position 3 although
H-4 should also be affected by the amide grouping in its second
ortho position. The multiplet at 7.8 is therefore assigned toc H-2
and H~4;

THe presence of the one-proton singlet at 11.@ exchangeable
with deuterium on shaking with deuterium oxide confirms the
presence of the NfH grouping in the compound. This is also
corroborated by the ;bsorption at 315@ecm in the infra-red.

From the spectroscopic evidence, it 1s clear that
cyclization of the nitroester occurred under the conditions of
the reaction to give the expected +tricyclic quinoxalininone
(Product 11} although reduction of the second nitro group
occurred to some extent giving the apparently charred product I.

Although product I1 bhad a melting point which differed by as
much as 1®BDC from the literatur933 melting point, all the

spectroscopic evidence indicated that 1t was the desired

heterotricycle, 7,8,9,10-tetrahydro~-3-nitropyridofl,2-al ho+fe
. 6thﬁsu
quinoxalin-4-gne. In addition, the compound analyzed for ;f e gy
£/
C H NO .HO ie the mononitro compound with one molecule of resks f

1213 3 3 2 : —
| Yoduvneale T P_’J,‘[_
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water of crystallizatian.

The eguation for this reaction is given below.

N NOp
Fa/C; CISHIQ "
e o
N fop  EtOH (
'COz=Me

The mechanism for this reaction is the same as described for
the preparation of the parent heterocycle by this method.

In conclusion, cyclization of N-[2 -nitrophenyl]piperidine—
Z2-carboxylic acids via alkaline sodium dithionite has been
demonstrated to be the best method for preparing tetrabydro-
pyridoguinoxalinones provided there is no other reducible group
in the acid adduct. In this case, selective hydrogen transfer
reductive cyclization of the ester»ﬁf the carboxylic acid 'using

the cyclohexene/palladium catalyst system is the preferred method.
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2.2.0 REACTIONS OF 7,8,9,10-TETRAHYDROPYRIDO(1,2,-a]

GUINDXQFIN-&—DNE WITH ELECTROPHILIC REAGENTS:

2.2.1 Reactions with electrophilic reagents

As the initial object of this study was to investigate the
chemistry and properties of the new tetrahyarcpyridoquinoxalinone
skeleton, this aspect of the work therefore commenced with a
study of the reactions of the title compound with electrophilic
reagents. It was anticipated that the aromatic ring would be
susceptible to such reagents just like the parent quinoxaline and
the analogous pyrrolo{l,2,—a]quinoxa1;nes.

The heterotricycle however remained unreactive to sulphuric
acid even on heating. This is in complete contrast to the
pyrroloquinoxalines which aré highly reactive towards sulphuric
acid giving the corresponding sulphonic acids in good yield at
room temperature.

Bromination of the heterocycle was examined under four
different conditions viz:

(1) With bromine in water,

(2) With bromine in acetic acid,

(3) With N-bromosuccinimide in 587 sulphuric acid and,
(iv}) With bromine in boiling concentrated hydrobromic acid.

The rationale for the choice of reactién conditions has been
discussed 1in the introduction.

With one mole equivalent bromine in water, over 80% of the
starting material was recovered after two days of stirring at room

temperature. In addition, a green microcrystalline solid, m.p >
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o
PR I@@ C , which was insoluble even in hot ethanol, was isolated

from the reaction. The structure of this compound has not been
elucidated yet, but the IR spectrum (Fig XXV} suggests that
cleavage of the tricyclic ring occurred to give a carboxylic
acid. Thus the D-H and C=0 stretching vibrations of a carboxylic

* acid are present at 3400 and 17@chh1 respectively. ﬁbsorptioii
due to the aromatic ring are still present at 1685 and 15@5cm
indicating that the aromatic ring remained intact.

Elemental analysisrof the solid gave values for carbon,
hydrogen and nitrogen of 46.31% 3.66%, ‘and 3.99% respectively,
suggesting the presence of more than one bromine atom in the
compound in addition to the carbaxylic acid group. Owing to the
insolubility of this product in NMR.sblvents, the p.m.r
spectrum gave very broad signals and so no useful information as
to the structure of the compound could be derived from it.

Bromination of the heterocycle however occurred smoothly at

room temperature with one male equivalent bromine in acetic acid,

giving a monobromo derivative which was unambliguously ngfntified

as the 3-broma compound from.the n.0.e experiments discussed in

cection 2.2.2. The equation for this reaction is represented

AN Br
1. Bro /AcCH _ ( 1{
2. NH3 N
169:
v

1 below.
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Halogenation involving molecular bromine is .a bimolecular

process in polar solvents (ACOH,MeNO etc )} and the mechanism of
2

reaction is represented below.

fast

The reaction was however found to go through a suspected
mixture of the 3-bromgo compound (18?) and its hydrobromide salt
{181). The free base of the latter compound'was liberated on
addition of ammonia. The equation of reacticn could therefore be

represented as:

(152}
NH=
e}

(18
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'r Evidence for this mode of reaction was obtained from the

p.m.r. spectrum of the initial product of reaction of bromine in
Is)

acetic acid, a grey microcrystalline solid, m.p.175-176 C. The
p.m.r spectrum (Fig XXVI) shows in addition to the expected
signals in the aliphatic and aromatic regions of the spectrum,
h, two N-H peaks at 1B8.40 and 18.53, On addition of ammonia to
this grey solid, a red brick crystalline solid, the 3-bromo
derivative was obtained, m.p 225—2?600. The Q.m.r. spectrum of
this latter compound (Fig XLII) {see section 2.2.2) shows a sharp
Signall at 18.51 due to the N - H:grduping i.e one af the N-H
signals collapsed on addition of ammonia. The product thus
obtained, after recrystallization from agueous ethanol was
analytically pure. The signals in the p.m.r spectrum aof the
initial product (Fig XX¥I) could not be fully assigned since, as
menticned above, it is the spectrum of a3 mixture of compounds.
Bromination of tne analogous pyrrolofl,Z2-ajguinoxaline
according to the same procedure was reportedlq'as going through
an isolable hydrobromide. The free base was similarly released
on treatment with ammonia.
7,8,9,18-Tetrahydro-3-bromopyride[1,2-alquinoxalin-4-one
¥ (180) was thus obtained on reaction of the parent heterocycle
with one mole equivalent bromine i% acetic acid, followed by
treatment with ammonia. This new compound, a red-brick
crystalline solid had m.p.225—2260C.
The IR zpectrum (Fig XXVII) shows the expected N-H and

-1
C=0 stretching vibrations of the lactam at 3288 and 168@0cm
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respectively The skeletal stretch of the aromatic ring was
-1 -1
present at 15@@cm whilst the bande at 870 and 790cm are

consistent with the 1,2,4-trisubstituted benzene 5Eructure.
The assignment of signals in the p.m.r. spectrum of this new

heterotricycle is discussed fully in section 2.2.2. The compound

analyzed for C H BrN 0O thus confirming the monobromo '
12 13 2 '

structure.

Reaction of the parent pyridoguinoxalinone with excess bromine

in refluxing acetic acid according to the procedure described by
ie :
NMagarajan et al for the bromination of pytvrolo(l,Z2-al 'Ye“hu\“b

quinoxalines did not give the expected dibromo derivative.

Elemental analysis of the crystalline product of this

!
J
)

reaction gave values for carbon, hydrogen, and nitrogen which
were in close agreement with the calculated /theoretical values
for C H BrN O and therefore suggested a moncbromo stricture Lﬁ
12 13 2 '
for the product, which differed from that obtained by bromination
with one mole equivalent bromine in acetic ac%d.
The p.m.r. spectrum of this pfoduct (FigXXIX) however sgLﬁﬁg
indicates the preseﬁce of a mixture of compounds deduced from the
two N-H peaks at 1@.45 and 18.78 respectively. This mixture
could not be properly separated by the usual laboratory techniques
owing to the insolubility of the product in most organic solvents
It is however suggested that from the evidence of elemental
analysis and the p.m.r., the product was a mixture of isomeric

monobromo derivatives. Since they could not be separated, the

p.m.r spectrum could not be adequately interpreted and the n.0.e
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experiment could not be performed to determine the orientation of
bromine in the heterotricyclic products. It is however pertinent
to note the presence of an olefinic proton in one of the
compounds as seen from a prominent triplet at 5.66. The most
plausible explanation for this signal is that deprotonation

pccurs following quaternization of the base by HBr-:

. -
B, + HDAC _ v BrDAc 4 H Br

One of the H-1@ protons is thereby lost and the signal due

to the second proton is shifted to the olefinic region of the

spectrum.
The IR spectrum ( Fig XXVIII1) further corroborates this

iminium salt postulate with the appearance of a sharp band at
leScm_l attributed to the C=N stretching vibration. The N-H
absorption as well as the C=0 stretch were still present at 3100 i
and lbqwcm—l respectively. The skeletal stretching vibration of
the aromatic ring was present at 15@5cm—1 . The C-H (out of plane)
deformation bands present at 875 and 795cm-1 indicate a 1,2,4-

trisubstituted benzene and so at least one of the constituents of
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the mixture bas bromine in the aromatic ring either at the Z- or
3- position.

Similarly, reaction of the parent heterocycle with N-
bromosuccinimide in 5@% v/v agueous sulphuric acid gave a mixture
af three mono—-bromo derivatives as evidenced: from elemental
analysis and N.M.R, One of these compoundec wn? cuccesafully
separated from the mixture on trit@ration of éhe reaction
product with ethanol. This compouﬁd had identical m.p. and IR
and p.m.r spectra as the product of the reaction of the parent
heterocycle with one mole equivalent bromine in acetic acid and
50 was identified as the 3I-bromo compound.

The remaining mixture could not be separated and had
identical IR (Fig XXX) and p.m.r. spectrum (Fig XXXI) as the
mixture of products obtained with excess bromine in acetic acid
described above.

High temperature bromination of the parent heterotricycle
with excess bromipe in boiling hydrobromic =scid did not give the;
expected dibromo derivative but rather gave a yet unidentified
monobromo comé@nd which 1is suspectgd te be a 2-bromo derivative
on the basis of its IR spectrum. : |

The product was obtained as a'brown crystalline solid m.p

o
2768-280 C.

The IR. spectrum (Fig XXXII) shows the expected N-H and
C=0 stretching vibrations of the lactam as bands at 3050 and 1625
-1 -1

cm respectively . The sharp absorption band at 16Z5cm is

attributed to a C=N stretch and suggests that the usual
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deprotonation discussed earlier occurred at p?sition 18 of the
heterocycle under th% conditions of the reaction. The skeletal
vibration of the aromatic ring appears at lSB@cm—l. Dthér prominent
absorptions are the C-H (out of plane) deformation bands at 878

-1
and 79@cm which indicate a 1,2,4-trisubstituted benzene and

suggests that bromination had occurred at either the 2- or 3-
position of the heterotricycle.

Insolubﬁity of the products in the usual n.m.r sclvents did
not allow us to obtain an n.m.r spectrum. However, the IR
spectrum of this compound (Fig XXXII) as well as other physical
characteristics (m.p. and appearance ) differed from that of the
3-bromo derivative {IR spectrum, Fig XXVII) obtained *rom reaction
with bromine in acetic acid, and so it was assumed that substit-
ution took place at the Z-position.

This postulate tis in accordance with the proposition made
in the introduction that under strdng acid conditions, the amine
nitrogen is fully protonated and the amide directs substitution
to the 2- or 4- position. In this case quarternization of the
amine nitrogen also leads to deprotonation of one of the H-1@
praotons thus giving rise to the prominent absorption at le‘:;25<:m“1
attributed to the C=N stretch resulting from such a deprotonation

The mass spectrum of this new compound (Fig XXXIII) further
confirms the presence of bromine as well as the loss of two
protons from the parent heterocycle. The spectra of chlorides and

bromides are notable for their very characteristic isotope

cluster and so the M and M+2 peaks at m/z 27% and mrs/z 281 with

]
1



AL T

1

CRON:

Ml

i
303 2500

CVAVENUMBIY i

430 9L

e
fowa

H

o WAVENUNBER (Ta"
. 'STaN SPEED_ U OPERaTOR_
;

jSevENT
CONCENTRATION ) -
U PATH . - !

4'.5':/"6"

15T fDaTT

FORIGIN AEFEREN T - P | i
— . CE T s ____"‘————I No 457~ 5001 IR-F' Ne i ]
T R — ‘ — - g
- - e T B T s T m e e e e e s i e e o e e e e o - | Vo
. LT T T . t i \
“n - [
s -
. :
. .
.
.



g » D ol .

MASS SPECTRLIM DATA: OCRS #1688 BASE M-Z: 279
1171287 8:45:00 + 3:09 CALI: CALSJUN #3 RIC: acize,

SAMPLE: MOL. WTS. CI CH4
COMDS.: LC BELT
ENHAHCED (& 15B 2N @T)

100, 6 - 2ra - 14044,
| FIGURE XXXTIT
¢
| Product of w'm of 718,910 = et 0
pordo T2 ) gpinoxalin I8 .
4 r
bvemmucl W Concadvated Lﬁ&bﬂbt’m acd .
zai
- + [y
Ny R
173 :
96,8 - -
-
!
) : |
IEI?-: | !! . - 257
s ‘Az . B 2ic = i - e 293 ! T
"..“l-'l s ij’?:): :':i'. IEI-% : 1| Lr4=:T: i} ;I;IT " i‘i{[.l s lll'iilﬂl:l-‘ T"“, ;x‘?: '“E"" N ll ‘[ji;_' l l Vl{ .
T ' 1 T T T Pyt ! ! T - ; T T i !

M2 150 208 | 250 Qo



164

the expected intensity ratio of approximately 1:1 is diagnostic

for a.bromide. The peak at m/z 279 is also the base peak. The

parent heterocycle has its moleculsar ion at m/z 202 and 50 &—
this peak at m/z 27% represents a molecule i1in which one bromine

atom has been added to the parent heterocycle whilst two protons
have been lost. 1If a simple electrophilic susstitution of

bromine into the aromatic ring had occcurred, t;e molecular 1on

would have appeared at m/z 280 Qith an M+2 peak at msz 282.

A definite structure for thic new compound is however vyet to
be assigned and will require further investigation.

A1l attempts at nitration of the title &Dmpound with
concentrated nitric acid, concentrated, nitric acid in acetic
acid, or concentrated nitric acid in nitrous acid (from sodium
nitrite in dilute nitric acid) gave ring opened products as
evidenced from their IR spectra (Figs. XXXIV-XXXV¥I1). The shift

-1 -1
in the carbonyl absorption from 1673cm to ca 17@0@cm was

characteristic.

This study has therefore shown that 7,8,9,1@0-tetrahydropyrido
[1,2-alguinoxalin—-6-one 1is readily cleaved Dyfcuncentrated nitric
acid.

Similarly, attempts at nitrosation with sodium nitrite 1in
dilute hydrochloric acid gave @ carboxylic acid resulting from
cleavage of the tricyclic ring struture (IR spectrum of product,
Fig XXXxvIii).

The presence of a nitro group in all the products was

however evident from elemental analysis which gave higher
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nitrogen content than the starting material. The products were
not characterized in this study.

Nitration of the heterotricycle was however achieved using
pétassium nitrate in cold concentrated sulphuric acid, giving a
monanitrao derivative which affer recrystallization was
unambiguously identified as the 2-nitro derivative (182) from the
n.0.e studies in section 2.2.2. The equation for this reaction

is depicted below.
NOo

-(: MNH [: .H
( (

{152) (182)

o
The product, a brown crystalline solid, m.p 212-214 C, was

cbtained in &1% yield after recrystallization fram ethanol.
The mechanism of reaction is represented below:

] @ o

KNOz +  HgS0, == NDp" + Hg0  + Hso49

,—

(\-. ( )
= C X - E»\

NGz
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Thus, under the strong acid conditions of the reaction, the
amine nitrogen is protonated and the combined effect of the
amide and the quartehary nitrogen atom directs substitution to
the Z2-position, whicﬁ is meta to the deactivating protonated
amine nitrogen and para to the amide groupiqg.

Deprotonation of one of the H-18 protons also occurs to
some extent as can be seen from the presence of a small triplet
appearing as an impurity in the olefinic region of the p.m.r
spectrum (Fig XLIII) . L

The full proton spectral assignment is given in section
2.2.2. rThe IR spectrum of this new heterocycle (Fig XXXVIII)
shows the expected N-H and C=0 stretches st 3858 and 168@cm_1
respectively whilst the nitro group absorbed at 1Slﬂcm_l.

The structure of the compound was further confirmed from
elemental analysis which gave values for carbon, hydrogen and
nitrogen that were aﬁclose fit to the theoretical/calculated
values, : ; f

Vilsmeier formylation was attempted in a bid to introduce
the formyl group into the aromatic ring. Mixtures of phosphoryl
chloride in dimethylformamide in varying proprotions were used.
all attempts, intractable mixtures, giving 7-1@ spots on t.l.c
were obtained.

Although there have been several reports on Vilsmeier
formylation of aromatic heterocycles with bridgehead nitrogen

atoms, none of these have saturated rings as part of their

structure.

’

In
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2.2.2 Muclear Overhauser Enhancement studies.

As noted in the introduction, the nuclear Overhauser effect
provides a valuable method for interrelating contiguous proton597.
Its use in heterocyclic systems i1s however limited to date. Never
theless, an n.0.e from an, N-H has been used:in several instances
in amides and.peptides for assigning resonances. For example it
has been wused to assign the amide proton resonances of
nicotinamide adenine dinucleotiae (NQD)QQB. We conjectured
therefore that the n.0.e must have considerable potential. in
heteroaromatic chemistry where a cyclic NH can be identified,
especially as such an NH will often exchange relatively slowly on
an NMR time scafe in solvents such as dimethylsulphoxide, and so
in such instances,should be useful as an n.O.e probe .

A Successful assignment of the aromatic proton signals of
the parent heterocycle was clearly recognised as a pre-requisite
for the use of the n.0.e in the determination of arientation of
aromatic electrophilic substitution in this compound. In additibn,
the validity of the méthod had to be established using at least
two other derivatives of the quinoxalinone before it could be
applied t5 the products of reaction of the parent héterocycle
with electrophilicg reagents. The 3-methyl and Z2-fluore
derivatives of the heterotricycle, prepared by direct synthesis as
described in section 1.0 were used.for this purpose.

In the tetrahydropyridoquinoxalinones under study, the N-H

is adjacent ta H-4 of the aromatic ring and so an n.0.e enchancement

was e#pected from N-H to H-4. The position of a substituent X on
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the aromatic ring could then be determined using a combination of
the coupling pattern and this n.0.e effect (see scheme 16 )

An n.0.e enhancement was also expected from -N-CH to H-1. This
strategy was therefore applied to the determinatizn of the sites

of electrophilic aramatic substitutién of 7,8,9,1@0-tetrahydropyrido
{1,2,~alguinoxalin-&-one.

As mentioned above, the wvalidity of +this method was
established using the unsubstitﬁted heterocycle (132) its 3-
methyl (176) and 2-fluoro (177) derivatives. The spectra of
these cqmpounds were simplified by runfing the samples at a higher

magnetic field; 3&@ . MHz, and also by selective decoupling of the

N-H from the aromatic protons.
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7
o
PHRENT HETEROCYCLE Substitution at positicn -1
¥ H-4 double-doublet
H.\ ,Lx H ortho + meta coupling)
( IL nLhe. enhaincemnent
e o )
[ R H
N ‘\/ o H.. ,-'-’l\ X
| I

T
Substitution at position 2 - ‘a.ﬂ,/
H-4 —doublet (rtho-coupling)
nfe enbancament

' P
i
. C\‘v -

Substitution at position 3
H-4 = doublet {(small J,

H )
H.. ,l H mata-coupling)
o \\'-f' nO.e enharncement
L LT
. -~

Substitution at position 4
No H-4 to show n.0.e. enhancemant

nOe enhancemant from
N=CHz to H-1

SCHEME 1&
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The aromatic proton signals of the parent compound (152)
2

.determined in [ H ] dimethylsulphoxide at 36BMHz (Fig XXXIX )

b
comprised a triplet of doublets at &6.72 [J,7.3Hz(t) and 1.9Hz

(d)] a double-doublet at 6.80 [J,?.S_and 1.5Hz] overlapping

with a second broadened doublet at 6.82 (J,7.5Hz) and a further
triplet of doublets at 6.8% [J,7.5Hz{t) and 1.5Hz(d)]. These )
protons were not distinguishable on the basis of their cnupliﬁg
constant values as the magnitude of the vicinal coupling constants
was the same. However the relative intensities of the individual
lines showed that therdoublet &.80 and'triplet &.72,. arose from
adjacent hydrogen atoms whilst the doublet 6.82 and triplet

6.89 represented the other contiguous pretons. Irradiation of

the N-H singlet (18.37) produced a 134 n.0.e enchancement at

6.88 thus establishing that this signal was due to H-4 hence

the tfipiet at 6.72 was assigned to H-3. Irradiation of the
NCH(H) signal (Hegq,1@-H) at 3.72 on the other hand, produced a
16% enhancement at 6.82 thus establishing that this signal was
due to H-1 the triplet at 6.8% was therefore assigned to H-2.
The n.0.e effects observed from N-H to H-4 and from N-CH(H) to
H-1 thus allowed the assignment of the aromatic proton resonances
as seen in Table 5. It is pertinent to note that the

n.0.e observed from N-CH{H) to H-1 makes the assignment of

the signal at 3.72 to one of the H-1@ protons {Heg) unambiguous.
In earlier work from this 1a$oratory, 33,34 H-1@ was reported as a
two-protan multiplet at 3.7 followed by a one-proton multipiet

ascribed to the 7a p}oton. The n.0O.e experiments have therefore

i
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assisted to unequivocally establish that the signal ocCcurring
lowest downfield in the aliphatic region of the spectrum is due
toc one of the H-1@ protons (H eq). As noted in section 1.8, The
H-1@ protons are non-equivalent due to restricted rotation

about the C-N bond. The 7—a proton is expeét;d to be deshielded
by the anisofropic effect of the carbonyl group amd so the one-
proton multiplet at 3.42 was assigned to this proton whilst the
signal at 2.62 was assigned to the second H-18 proton.

The remaining six protons due to.7—H, 8-H and 9-H could not
be unambiguously ‘“assigned at this stage (The full assignments
ware made by 13C:lH correlation experiments in section 2.5) The
signals comprise a 3—-proton multiplet at 1.43 followed by
three l-proton signals at 1.66, 1.82 and 2.00 respectively.

In +fully assigrning &he proton signals of the analogues of
the heterotricycle, similar n.0.e experiments as above had to be

carried out. The p.m.r. spectrum of the 3-methyl derivative of

the heterocycle determined at 368MHz is shown in Figure XL.

n0.e observad from H-4

»
( n/hH ol to NH and firom H-1 to

NCH(H).
0

The aromatic proton signals of this compound comprise a one
—-proton singlet at 6.61 and a two-proton singlet at 6.6%9 (cf. a
three-proton doublet in the spectrum at 88 MHz, section 1.28.

Fig XVII). Irradiation at &6.61 produced a 3.3% n.0.e effect at
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10.32 (N-H)} thus establishing that this signal is due to H-4.
Irradiation at 6.6%7 on the other hand produced a 18@0% n.Q.e
enhancement at 3.67 {H-1@} and therefore this 6.69 signal is
assigned to protons H-1 and H-Z2. Here again, the lowfield signal
in the aliphatic region of the spectrum (3.67) is unambiguous}y
assigned toc one of the H-18 protons (Heg). Conclusive evidence for
this assignment was obtained from the collapse of the mult;plet at
3.67 on irradiation of the signal-at 2.58. The signal at 3.33

was therefore assigned to the 7-a proton.

This pattern in which the signal due to the 7-a proton
occurs 1in between the two multiplets of the H-10 protons was
cbserved in all the tricyclic quinoxalinones investigated in
this study. This is in contrast with what obtains in the N-{2 -
nitrophenyl]piperidine—?—carboxylic acids in which the base
proton of the carboxylic acid group i.e H-2 expectedly gives a
tripiet downfield from all the other signals in the aliphatic
region of the spectrum {see Tables 3 and 5 }.

The ArMe grouping of the 3I-methyl derivative of the
tetrahydropyridoquinoxalinone gives rise to the characteristic 3~
proton singlet at 2.1&6. The remaning four signals assigned to
the 7-H, B8-H and 9-H protons comprise a 3-proton multiplet at 1.472
followed by three l-proton signals at 1.64, 1.80 and 1.99
respectively .

A full assignment was similarly made of the signals in the

spectrum of the 2- fluoro derivative of the heterotricycle.



n.0.e observed from H-4
to NH and from H-4 to
H-3

The p.m.r. spectrum determined at SéBMAzZiQ shown 1in Figure
XLI. The aromatic signals of this compound were rather mare
complex because of coupling to the qu. Three sets of signals
could however be distinguished (see expansion, inset of Fig XLI):
a triplet of doublets at 6.51 followeq by & double-doublet at &.68
and a further triplet at 6.75. Irradiation at 6.73 produced a
16% n.0.e enhancement at 6.3%51 and a 6% n.0.e enhancement on the
N-H signal (1@8.4@). The triplet at 6.75 is therefore unambiguously
assigned to H~4 whilst the other triplet at 6.31 represents the
adjacent proton i.e H-3 The doub}et at &.68 theréfore belongs to
H-1. A full assignment of the aro;atic protons was therefore done
without the observation of an n.0.e from NCH(H) to H—l; it was nat
necessary to perform this second n.0O.e experiment since irradistion
af H-4 provided the information needed for a complete assignment
of the three aromatic proton signals. The signals at 2.66 and 3.72
were as usual assigned to the two H-1@ protons following the
pattern already observed in the parent heterocycle and its methyl
derivative. Similarly the one-proton multiplet at 3.5¥ was assigned

to the 7-a proton. Again the other signals in the aliphatic region

of the spectrum could not be completely assigned; protons 7-H, 8-H
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and 9-H give rise to the multiplets at 1.48 and 2.86.

This strategy was then employed to fully characterize two of
the products of aromatic electrophilic substitution described
above viz:

(i) The product of bromination of the parent heterocycle with
one mole equivalent bromine in acetic acid and,

(ii} The product of nitration of the heterotricycle with
potassium nitrate in cold CDncentFated sulphuric acid.

The spectrum of the monobroﬁo compound obtained from the
bromination reaction is shown in Figure XLII. The aromatic
signals comprised a doublet at 6.76 (J,B.5Hz)} another doublet at
6.93 (J,2.2 Hz) followed by a multiplet at 7.82. The 2.2Hz
coupling constant of the signal at &.93 indicates that it
belongs to a proton that is meta-coupled. This provides evidence
of substitition either at position Z2- or 3- of the heterocycle in
the same way as the IR spectrum (Fig XXVII) which indicates a
1,2,4-trisubstituted benzene. However dn irradiation of this
meta—-coupled doubliet, a 4% n.0.e effect was produced at 10.51
{NH) indicating that this signal is due toc H—-4 and therefore

substitution must have occured at the 3-position.

o /B

nO.e, eﬁhancemem of NH on
H irradiation of H-4 (doublet,
2.2 Hz, meta-coupled)
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The }Dw field multiplet at 7.82 was assigned to H-2 which is
expected to be deshielded by the ;djacent electronegative bromo-
substituent and thé multiplicity ﬁs due to extensive ortho- and
meta-coupling. The high field doublet at 6.76 is only ortho-
coupled (J,8.5Hz2) and was assigned to H-1. |

The signals in the aliphatic region of the spectrum were
assigned in a similar manner to those of the derivatives already
described. Thus the H-18 protons appeared as usual as two sets of
multiplets at 2.64 and 3.70 respectivg]y. The one -proton
multiplet at 3.48 was assigned to the 7-a proton whilst the
remaining sets of multiplets at 1.43, 1.82 and 2.88 account for
the other six piperidipe ring protons i.e 7-H 8-H and 9-H. Thus,
full assignments of thelaromaPic signals of the bromination
product allowed unambiguous identification of this new compound as
7,8,9,1@—tetrahydro—3—bromopyrid061,2,—a]quin0xalin~6—one.

Difficulties were initialiy experienced in carrying out the
n.0.e experiment on the mononitro compound obtained from reaction
of the heterocycle with potassium nitrate in cold concentrated
sulphuric acid. This problem was however eventually solved by
complete degassing of the n.m.r experiment solution with argon
in order to remove gaseous paramagnetic impurities. fhe spectrum
1s shown in Figure XLIII.

The aromatic signals in this case comprised two sets of
multiplets at 7.51 and 7.65 and a doublet (J,8.5Hz) at 6:92.

The coupliing constant indicates that this proton is ortho-coupled

and 5o substitution again has occurred either at position 2 or

L Tt it Y g Ay e
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3. However, irradiation of the N-H signal at 10.40 produced a
13% n.0.e enchancement on this doublet thus confirming that the
signal is due to H-4, and hence substition has occurred at

position 2.

( - nOe enhancement of H-4
//J\\ H A (doublet, ortho coupled) on
: ’2' irradiation of N-H

o

This experiment therefore proved that this nitro compound
which differed from the 3-nitro compound obtained previously by
ring synthesis (section 1.2) is 7,8,9,10~terabydro-2-nitropyrido
[1,Z2-alguinoxalin-—-é6-gne.

The aliphatic proton signals were assigned in a similar
manner to those previously described for the other derivatives of
the heterotricycle. Thus, the signals at 2.75 and 3.78 were
assigned to the H-10 protons whilst the 7-a proton appeared at
3.42. |

The remaining six piperidine ring protons of 7-H, 8-H and 9-H
appeared as multiplets at 1.43, 1.68, 1.84 and 2.00 respectively.

The proton spectral assignments of the parent hetrocycle, its
3-methyl-3; 2-fluoro-3; 3-bromo-; and Z2-nitro- derivatives are
given in Table 3.

In conclusion, the original proposition that electrophilic
aromatic substitution of the ring system under study may occur

either at C-2 or C-4 if the.piperidine nitrogen is protonated and
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the amide directs substitution or at C-1 or C-3 if sufficient non
~protonated material is present, has been substantiated by the
results obtained. Hence, under the less strongly acidic conditions
of the bromination in acetic acid, the piperidine nitrogen
dominates aromatic substitution, whilst under the more strongly

acidic conditions in sulphuric acid, this nitrogen atom is protonated

‘@rid the amide directs substitution. A similar dichotomy has

previously been observed by Cheeseman in the nitration of
quinoxalin—?—uqu. This further confirme the "hypothesis that the
tetrahydropyrido{l,2~a Jquinoxalin—-4-cne resembles the parent
guinoxaline more closely than the anaiogous pyrrolofl,2-a]
quinoxaliines in its reactions. From the review of pyrrolo{l,2-a}l
quinoxaline chemistry in the introduction, it is cilear that the
chemistry of these heterofricycles is dominated by the chemistry
of the pyrrole ring. This explains the greater reactivity of the
pyrrologuinoxalines towards electrophilic reagents as compared to
the pyrido[(l,2-ajquinoxalines and in pafticular, the tetrahydro
derivative under study. The effect of the non-aromatic rings is
expectedly to reduce the reactivity of the heterocycle and also
to increase the possiblity of ring cleavage owing to ring strain.
Furthermore, lH-N.m.r nuclear Overhauser enhancement studies
involving the amide;N—H of 7,8,%,10-tetrahydropyridoll,2~al
quinoxalin—-&é-ones have been used to identify the aromati? proton
resonances of the quinoxalin—-4-ones and the applicability of the
n.0.e. to the determination of the sites of electrophilic aromatic

substitution in hetercaromatic compounds possessing such N-H

groups has been demonstrated.
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2.3.@ ALKYLATIDN REACTIONS

One of the major problems encountered in the course of this
study was the insolubility aof the tetrahydropyridoquinaxélines. All

1 ]
the compounds prepared by direct synthesis as well as the

reaction products obtained vide {(section 2.2) were &
insoluble in most organic solvents and thi prevented their

easy purification by the usual methods of column chromatpgraphy

or preparative t.l.c. As a result, in cases where two or more
reaction products were obtained, they could not be adequately
separated for unequivocal identification. It was conjectured that
these insolubility problems arose fram intermolecular hydrogen
bonding aﬁd could therefore be solved by N-alkylation of the
heterocycle. This assumption has now been circumstantiated in this
work.

As was highlighted in the review of pyrrolo(l,2-a]
quinoxaline chemistry, these heéerocycles are known to react
readily with various alkylating agénts either‘in ﬁimethylformamide
Qith sodium hydride as base or in methanolic sodium methoxide to
give the N-alkyl derivatives in good yields. It was therefore
envisaged that the pyridoquinoxalinones under study would react in
a similar manner. Working on this presumption, we anticipated
obtaining the N-methyl derivat%ve of the parent heterocycle, which
would be more soluble, and examining the electrophilic substitution
:éactions on this compound. In addition to remqving the hydrogen
bonding that contributes to the relative insolubility of these

guinoxalinones, it was also anticipated that the results of these

reactions could then be contrasted with the N-methylation products
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of compounds derived from direct substition in order to examine
the possibility of contributions from N-haloamide rearrangements.
Furthermore, the presence of an N-methyl group was expected to
afford a very useful 1H*NMR standard which could be used, not
only to assess purity but also as é probe for nuclear Overhauser
enhancement studies. Preparafion of this N-methyl compound however

proved more difficult than initially expected.

Z2.3.1 N-Alkylation with ethyl iodide using “aged’_sodium hydride

’

in dimethylformamide.

The first attempt to obtain the N-alkyl derivative of the
parenf pyridoguinoxalinone using ethyl io’dide in dimethyl formamide C;—
in the presence of an old stock of sodium hydride was successful.
T.l.c; of the reaction product showed one major component and
some impurities including unreacted starting material . This new
compound 7,8,9y10-tetrahydro-5-ethylpyride{l,2-a Jquinoxalin—-é-one,
was expectedly soluble in almost all crganic soclvents and so
purification was easily done by preparative t.l.c using ethyl
acetate/petroleum ether mixtures.

Evidence that alkylation had occured was obtained from the
p.m.r. spectrum (Fig XLIV) which showed the characteristic two
proton quartet and three proton-multiplet due to the ethyl group.
This was further corroborated by the absence of a signal due to
N-H. All other signals were consistent with the pyridoguinoxaline
structure indicating that the tricyclic ring was intact.

The equation for this reaction is given below



PR, = e T iy .. TR

PP AP B o S T ril

CHIAT $-60T

HADE N VkiA. ' . el -~ —
| 1 ] I L] | L] ‘ L . L] ] L] L] L] a1 LJ L1 L] L l L} ) ] | ) | l L] L] Ll L) L] L] l T L] ¥ ) L]
l E 0 L] | T ] l . ¥ - . l r .' 1 ] 0 - ¥ N L4 i L ) 1 v l 1 3 T ' 'l' I l I- * ] .. v
500 400 F BRI og . . 200 i 100 : o Wr
: { i -
R S D a0 . lca‘E - XLIV . 100 e s
t . - S 1 i t IHY>
15 L . 2 40 20 3
. : i { H i
. 13 Rt IR 20+ - - i = 2
H i § i t
v 10 5 c
' 1 i -
; ral
! ;

LY

- | : ‘ ..... ‘ -
I U N i , 3 . l } g ! y | ) P A ) ' ST Y ) . l N 4 | f L
L 1 'l l A 'l L l 'l L L L I A L L 'l i i Iy A l [l i A ' ] 'l L A i l L i 1 L I L 'l 1 L 3
8.0 7.0 8.0 5.0 mlaj( 3 4.0 1.0 2.0 1.0 °
' MANUAL ) Foauto L sAMPE ~de ledoun . REMPRKS,
SWEEP OFFSET (Mx): . -_./_' . SWEEP TIME (SEC): ' (as0) =) Rth ~ lh}' | ’*“'L‘\Oﬂ"
erecraum ameuruoe: _ 10| SWEEP WIDTH (Mz): / EIEIIIEEEE b (so0) ! c &l RF& b
iNteGaaL ameutuoe: __ T FILTER: CLEDETTETe] (2 pepl-re.
srning mate (ers): . FQ. wr rower weve: ... 0:08 . L (.05) 1 SOLVENT: C/bd}
varian 40 MHz NMR
@ anatyticsl sstrument division DATE:. .- \B\,@ lﬁ]p - OPERATON: . . ___ ... PSK_':\? _________________ SPECTRUM NO. . - o _ o oo mmmmmeceamm



! | 197

I
( J " I
( NaH /DMF (EYI
| AP
. g - #
| (152) . (183) )
¥ The sodium hydride used in this reaction had been stored for
0 long time and consequentiy converted to sodium hydroxide on
\ prolonged exposure to air and moisture.
The signals in the aliphatic region of the proton magnetic
resonance spectrum (Fig XLIV) comprised a broad, four proton
multiplet at 1.2-1.5. assigned to B-H and 9-H followed by a three
proton multiplet at 1.7 assigned to 7-H and one of the 10-H
protons. The two further one proton multiplets at 2.0 and 2.5 were
assigned to 7a-H and the second 18-H proton respectively. The
‘ '
remaining two signals in this region were unequivocally assigned
» to the ethyl group and comprised a three proton multiplet at 3.5
and a two-proton guartet at 4.08.
The aromatic signals comprised a three proton multiplet at
6.9 followed by a one proton singlet at 7.15, accounting for the
four aromatic protons. ' ' . l,ﬂz,(¥
As all attempts to repeat N-alkylation with fresh sodium
hydride failed, the success of the reaction was later deduced to ,qﬁﬂﬁ,g
T
be due to the presence of sodium hydroxide (from hydrolysis of l e

sodium hydride on long standing).

[ 2.3.2 Attempted N-Alkylation Reactions

Spurred on by the result obtained above several attempts
! were made to obtain 'the N-methyl derivative of 7,8,9,10-

tetrahydropyridofl,2,-alqguinoxalin-6-one by reacting the
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heterocycle with methyl iodide in dry dimethylformamide or
tetrahydrofuran in the presence of sodium hydride (this time a;
fresh bottle of an 80X dispersion in cil). In all cases an oily
product was obtained which would not crystallize out. The proton
magnetic resonance spectrum of this Dil did not show the usual

set of multiplets expected for the piperidine ring protons and the
IR spectrum showed no carbonyl absorptions. This suggested

that cleavage of the tricyclic ring had occurred.

In further attempts to obtain the N-methy! derivative, the
pyridoguinoxalinone was reacted with dimethylsulphate in
methanolic sodium methoxide according to the procedure described
by Cheeseman and Tuck18 for the methylation of 4-oxopyrrolo
[1,2-alquinoxaline. A brown crystalline solid was obtained which
showed no aromatic protons and no carbonyl absorption in the
NMR and IR spectra respectively.

The same product was obtained on heating the heterotricycle
with wmethyl iodide in methanolic sodium methoxide. Taylor and
Cheesemanz6 had used this method to methylate a 1,5-dihydro-1-oxo
derivative of pyrrolo{l,2,-alquinoxaline,

The NMR data on the products of these reactions suggest that
a rupture of the tricyclic ring structure occurred to give either
a substituted benzene Df an aliphatic compaound. The absence of a
carbonyl absorption in the IR spectrum is significant * and
suggests that the cleavage of the ring occurred on either side of
the carbonyl group.

The most plausible explanation for these obsefvations is
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that deprotonation of both the lactam nitrogen and the 7a-carbon

i

is achieved by the strong base used (scdium hydride or sodium

methoxide.)

A dianion such as (184) is then'obtained which leads to two
possibie attacking atoms aside from the possibility of attack by
oxygen. Attack on the alkyl halide by the 7-a carbon anion
would be expected to result in cleavage of the already strained
pyrido ring. The heterocycle may be comparedl with 1,3-dicarbonyls
which may be deprogonated, if treated with two moles of strong

1 .
enough base, to give dianions such as:

2 moles
CH -CO-CH -CO ———?E?E———__—> CH -CO-CH-CO- &
3 2 ' 2

Such dianion synthons (called ambident nucleophiles) may
attack in two or more different ways to give different products.

Usually, ambident nucleophiles with two potentially attacking
atoms can attack with either of them depending on conditions, and
mixtures of products are often obtained.

A useful general principle first reported by Hauser and

100
Harris has been applied successfully several times to obtain the
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¥ desired product in such reactions. According to this principle,

whenever we desire to remove a proton at a given position for use

as a nucleophile but there is a stronger acidic group in the

. molecule, it may be possible to take off both protons; if it is,

then attack is always by the desired position‘since it is the ion
of the weaker acid, On the other hand, if it is desired to attack
with the more acidic position, all that is necessary is to remove
Just one proton . | -
Applying this principle to the quinoxalinone, the N-H group
is more acidic than the 7-a C-H group and so on removal of both

ions by the strong hydride or methoxide ions, attack on the alkyl

halide is by the 7a-carbon anion rather than the N-anion since it

P
r

is the ion of the weaker acid. This invariably leads to a
cleavage of the tricyclic ring rather than the desired N-alkylation.
Thus the rationale for the successful N-alkylation of the heterolactam
wheg aged sodium hydride was used, is based on the extensive

conversion of the sodium hydride to sodium hydroxide.This weaker

base only mono-deprotonated i.e abstracted only one proton,

that of the stronger acid (N-H ) thereby leading to smooth
N—-alkylation.

Subsequently the work was directed towards methods of N-
alkylation in which a mild base wéuld be used. Two methods %?re
investigated. (1) N-alkylation with methyl iodide’ in the
presence of potassium hydroxide in dimethylsulphoxide. This method

had been used for -the successful  N-alkylation of  indole and
101

pyrrole as weli as N- and O- alkylation of phenols, alcohols,
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102
amides and acids . {2} Phase transfer catalysis, which has been

discussed in the introduction.

Both methods were primarily devised in a bid to ensure a
homogeneous reaction mixture. In nucleophilic substitions, the
organic substrate is usually insoluble in water and other polar
solvents, while the nucleophile is often an anion, which is only
soluble in water. Consequently , a dipolar aprotic solvent such as
dimethylsulphoxide may serve toldissolve both species or phase
transfer catalysis may be employed.

The reaction of the guinoxalindne with methyl iodide 1in

dimethylsulphoxide with potassium hydroxide as base did not give

the desired N-alkyl product. The procedure employed as reported
192

by R.A.W. Johnstone et al for the N-alkylation of phenols,

alcohnls, amides and acids involved the simple addition of . the

¥
heterocycle, followed immediately by the alkyl halide, toc a

mixture of powdered potassium hydroxide in dimethylsulphoxide.

The mixture was kept stirring at room temperature and
constantly monitored by t.l.c. T.1l.c. Qf the reaction mixture
after two hours showed no appreciable formation of product. In
gearlier published work, alkylations were achieved in high vyields
after 1@0-3@ minutes. Q

In the synthesis of N-n—-alkylindoles and pyrroles by Heaney
and Lt=.~ylm1 using by this method the reaction was said to proceed
via the formation of the potassium salts of indole and pyrrole

respectively after interaction with powdered potassium hydroxide

in dimethylsulphoxide. Alkylation was then achieved without the
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isolation of the potassium salts by addition of an excess of the
appropriate n-alkyl halide.

It may be suggested here tﬁat the potassium salt of our
heterolactam is relatively not easily formed under the conditions
of the reaction. This reaction will }equire-fu}ther investigation
to determine if the potassium salt could be formed on prolonged
contact with the base i.e aliowing-for more time to generate the
N-anion before addition of the alﬁyl halide to the reaction
mixture,.

2.3.3 Phase Transfer Catalyzed N- Alkylations

The N-alkylations of the pyridoquinoxalinones were finally
achieved by phase transfer catalysis (P.T.C.). As noted in the
introduction, P.T.C. is one of the most important recent
methodologies developed in organic synthesis which is rapidly
gaining popularity in heterocylic chemistry where a wide range of
synthetic applications have been reportedez. Although P.T.C.
conditions have been applied to the N-alkylation of some simple

123,104
lactams y there is no report of phase transfer catalyzed
reactions on any skeleton similar to the one under study. This report
on the phase transfer catalyzed N-alkylation of pyridol1,2-a]
quinoxalin—b—ones is therefore a significant addition to the
increasing application of phase transfer catalysis in heterocyclic
chemistry.

This study has show that N-alkylation of pyridofl,2Z2-a]
quinoxalin-6-ones can be accomplished conveniently in a solid-

liquid two phase system consisting of powdered sodium hydroxide/

#
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potassium carbonate suspended in benzene in the presence of a
catalytic (about 1@ mol-%) amount of tetra-n-butylammonium hydrogen
sulphate. The reactions proceeded smoothly at reflux temperature
to afford the corresponding N-alkyl chpnunds in reasonably
good yields. |

Thus reaction of 7,8,9,10-tetrahydro-3-methylpyrido[l,2-a]
quinoxalin-6-one wit% benzyl bromide under these conditions
gave 7,8,9,10*tetrahydro~3-methyf—5~benzylpyrido[l,2—a]
quinoxalin—é-one (185) in 57% yield. The equation for this

reaction is given below.

M
p . © CHgBr
| |
. NaOH/KaC03/ChH,, %

. | 10Mol/ (n-CoHornhsor ( :LN/

H N : : NN
0 : |
{175) e

This new compoynd, a greeniéh brown cr}stalline selid had
m.p 14@-14200. The i% (Fig XLV) showed the expected C=0 stretch
of the lactam carbonyl at 1&75cm-1. Abso?ption due to the benzene
ring were present at 16@5cm-1 andei5@55m-1.ln addition, the
strong absorptions at 73@cm_1 and '72@(:m—1 are attributed to the

C-H out of plane deformation bands of the monosubstituted benzyl

substituent. The absence of an N-H stretch which was present at
3260cm in the starting material suggested that N-alkylation
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had occurred.
The p.m.r Spectrum (Fig XLVI) gave corroborative evidence

for the structure of the product. The signals in the aliphatic

2.82 followed by a three-proton sinélet at 2.15 and two further
multiplets at 2.52 and 3.61 which integrated for one and two
protons respectively. g4 two-proton doublet appeared at 5.15
(J=5.@Hz). This signal has spinniﬁg side bands located at

equal distances (12.0H2) on eithér side of the doublet,

Thg aromatic signals comprise a'three~proton doublet at
6.74 and 3 five-proton singlet at 7.24. The absence of an N-H
signal is significant.

The aliphatic-region of the spectrum was expectedly similar
to that of 7,8,?,lﬂhtetrahydro—S—mefhylpyrido[l,2~a]quinoxalin—
6-one. The multiplet at 1.42 jo attributed tg Protons H-7, H~8,
and H-9? of the pPiperidine ring. The ctharacteristic three-proton
singlet at 2,15 jig due to the Ar-Me group. The multiplet at 2.52
is assigned to one of the H-1Q protons whilst the second H-19
Proton and the base proton [CH(N)CO] account for the two~-proton
multiplet at 3.41.

The doublet at S5.i5 (J=5Hz2) is characteristic for this
series of compounds and is due to the -N-CH -Ar grouping..The
doublet indicates that the two protons are fhemically non-equivalent
presumably due to restricted rotatibn about nitrogen. Consequent
upon rescnance invoalving the non-bonding electrons on nitrogen,

there exists some partial double bond character in the C—N bond
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resulting in an increase in the energy barrier to rotation and
hence on the rate of rotation. This rate of rotation is
sufficiently slow for two different chemical shift signals to
arise from the chemically non-equivalent protons.

The three-proton doublet at 6;74 is assigned to the aryl
protons of the pyridoquinoxaline skeleton whilst the five-proton
singlet at 7.24 is due to the new benzyl substituent.

The structure of this new héterocyclic compound was further
confirmed from elemental analysis which gave values for carbon,
hydrogen and nitrogen that were in close agreement with the
calculated/theoretical values.

Similarl?, reaction of ?,8,9,1ﬂ—tetrahydro—3—methylpyrido
[1,2-alquinoxalin-&6-one with 2-chlorobenzylchloride gave the
expected N-2-chlorobenzyl! derivative of the heterotricycle (1B84&) in

very good yields. The equation of reaction is

i
%

Me

CHoCL
1 NaOH/K 2C03/CeHg

* : -

; 10Mol, (- r

\ ol (M=CaHg)NHeD;

H S/ R

0
(176)

o
The product, a light yellow crystalline solid m.p.116~118 c,

was obtained 'in B5% yield . .

The IR spectrum (Fig XLVII) showed the expected carbonyl
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-1 .
absorption at 1470cm . The benzene ring absorptions appeared
-1 -1 -1
at 1618cm and 1510cm . Other intense absorptions at 8@5cm

-1
and 755cm were attributed to the C-H out of plane deformation

bands of the 1,2,4-trisubstituted and 1,2—disubstitﬁted benzene
rings respectively.

The p.m.r. spectrum (Fig XLVIII) further corroborated the
structure of this new compound . The ;haracteristic doublet due
to the N-CH -Ar grouping appeared.as a two proton singlet with
spinning sige bands at this field s%rength (6@ MHz).

This is comparable to the situation already encountered in
which the aromatic protons of 7,8,9,18-tetrahydro-3-methyl
pyridoll,2-alquinoxalin-6~one appear, as a doublet in the spectra
at 68,80 and 78MHz whereas at the higher field strength of 360MHz
it was seen to be two singlets.

The signals in the aliphatic region of the_spectrum were in
accordance with the proposed structure and comprised a six-
proton multipiet at 1.6-2.0, a three proton singlet at 2.15 a one
—-proton multiplet at 2.5 a‘two-proton multiplet at 3.6 and a two-
proton singlet at 5.2. |

The six—-proton multiplet was assigned to protons H-7,H-8
and H-% of the piperidine ring. The singlet at 2.15 is characte-
ristic of the Ar-Me group. The one-proton multiplet at 2.5 was
assigned to one of the H-18 protons whilst fhé two-proton multiplet
at 3.6 was ascribed to the second H-1@ proton and the 7—-a proton.
The two-proton singlet at 5.2 was assigned to the N-CH -Ar

2 .
grouping as indicated above .
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The signals in the aromatic region further confirmed that N-
alkylation had océurred as two sets of aryl protons were evident;
a three-proton doublet at 4.6 and a four-proton multiplet at
7.0-7.5 due to the aromatic protons of the pyridoquinoxaline and
the N-benzyl substituent respectively. The absence of an N-H
signal was significant as it indicated that N-alkylation and not
O~alkylation had occurred .

Reaction of 7,8,9,10—tetrahydro-3—methy1pyrido[l,2—a]
quinoxalin-6-pne with 3-bromobenzylbromide similarly gave the N-

(bromobenzyl) derivative of the heterocycle (1B7}. The equation for

this reaction is represented below.

NabH/KaC03/ChHe

10Mal, (n-CqHouNHSOF
|

The product was obtained in S50% vield as a dark green
: o
crystalline solid m.p.124-125 C. The structure of this new

compound was confirmed from the p.m.r spectrum {Fig XLILX)

The aliphatic proton signals comprised a six—proton multiplet
at 1.6~1.9; a three proton singlet at 2.153 a one-proton

multiplet at 2.5; a two-proton multiplet at 3.7 and finally a
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two proton singlet at 5.2.

’ The six~proton multiplet is attributed to the six piperidine
ring protons H-7, H-8 and H~9? whilst the two multiplets at 2.5
and 3.3 account for the remaining three piperidine ring protons

i.e H-1@ and H-7a The singlet at 2.15 is characteristic for the

N—-CH -Ar grouping.
2 .
The aromatic signals comprise a two proton doublet (J=8Hz)

’ Ar-Me group. The signal at 5.2 confirms the presence of the

at 6.8 and a four-proton multiplet at 7.35 confirming the presence
of two sets of aryl protons in thé compound. The protons of the
bromobenzyl substituent expectedly occur lower down field to the
doublet of the aryl ring of the pyridoquinoxaline skeleton.
748,9,10-Tetrahydro-2-fluoropyridoli,2-alquinoxalin-6-
’ one was also alkylated under the same conditi_ons with benzyl

bromide. The equation of this reaction is given below.

CHgBr
A NaOH/KaCO3/CoHy
+ \/l 18Mo)/ (~CaHolNHSD;

i This new heterocycle, 7,8,9,10-tetrahydro-2-fluoro-5-benzyl
pyridoll,2-alquinoxalin-é6-one (188) was obtained in 50% vyield
o
as a light yellow crystalline solid m.p. 1@7-1@8 C. .

The IR spectrum (Fig L) showed the expected carbonyl absorption
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at 166@0cm . Absorptions due to the aromatic rings appeared at
1619 and 1510cm_1. The C-H (out of plane} deformation
vibrations of the 1,2,4-trisubstituted and the monosubstituted
benzene rings were present at 83@ and 7'IZ|5|:rn‘1 respectively.

The p.m.r. spectrum (Fig LI) shéwed the- usual sets of
multiplets accounting for the nine piperidine ring protons in the
aliphatic region. These signals are a broad six-proton multiplet
at 1.25-1.57 attributed to H-7, H;B and H-7 of the piperidine
ring followed by a one—-proton multiplet at 2.8 and a two-proton
multiplgt at 3.68 assigned to the H—lm‘ﬁrotons and the 7-a proton.
The characteristic two-proton doublet (J=2Hz) due toc the N-CH -Ar
grouping was present at 5.16. ?

The presence of two sets of aryl protons in the compound is
evident from the aromatic region of the spectrum.The aromatic
signals comprised a complex three-proton multiplet 6.3-6.8,
attributed to the aryl protons of the pyridoquinoxaline skeleton
followed by a five proton singlet (broad at base) at 7.25 due to
the protons of the benzyl substituent.

- Further evidence for the structure of this compound was
obtained from elemental analysis, the values for carbon, hydrogen
and nitrogen being in accordance with the proposed structure.

All the N-alkyl derivatives thus prepared were expectedly
soluble in most organic solvents and purification (wheré necessary)
was done by column chromatography or preparative t.l.c.

All reactions were carried out in boiling benzene for 4hrs,

No efforts were made toc optimize yields. This could therefore be
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a subject for further study.

The use of benzyl bromides and substituted benzylchlorides
as éubstrates was because previous workers had fshz::wnlm5 that alkyl
bromides and allyl type chlorides are the best alkylating agents
in similar exploratory N-alkylation Feaction; :

The use of alkyl icdides is not recommended because the
reaction rate is markedly reduced due to the poisoning effect of
iodide ion in P,.T.C. systems.

In conclusion this work has shown that 7,8,9,10,~
tetrayhdropyrido{l,2~a Jquinoxalin-&-ones are not alkylated
by the éonventional methods with alkyl halides in the presence of
sodium hydride or sodium methoxide as bases. N-alkylation is
however achieved under P.T.C. conditions. Focusing our attention
on possible synthetic applications of phase transfer catalysis in
heterocyclic chemistry, we have found that effective N-alkylation
of the pyridoquinaxalinones under study is achieved under P.T.C.
conditions. This method has several advantages viz: (1) The
procedure is mild and convenient giving good yields of product.
(1i) The entire operation is simple and requires relatively
little time. (iii) The use of inflammable and air-sensitive
reagents such as sodium metal (for preparation of sodium

methoxide), or sodium hydride, is avoided.
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2.4.Q ATTEMPTED &6~CHLORINATION AND OXIDATION REACTIONS

2.4.1 Attempted Nucleophilic substitution of t b~oxo group

with chlorine

Investigations also commenced on selective substitution of
the carbonyl oxygen in the title compound with.chlorine in order
to obtain the é6-chloro derivative of the heterotricycle, which was
expected to be amenable to nucieophilic substitution reactions as
previously described for pyrroln{i,2-a]quinoxalines.

Several attempts at reaction of the heterocycle with either
phosphoryl chloride or with mixtures of phosphoryl chloride.;;?dxe(
pyridine, did not give the desired 6-chloro compound. In all
cases, deep purple-black crystalline needles were obtained on
work—up after only 1@ minutes reaction time. This compound, m.p >
3@@00 gave inky solutions in water, ethanol, or c¢hloroform.

The IR spectrum (Fig. LII)vindicated that the the carbonyl oxygen
had been replaced by chlorine as evidenced from the absence of
the characteristic carbony! absorption at 1&85cm_l. The p.m.r
spectrum (Fig.LIII) showed very broad absorptions and so could
not provide useful information for structural elucidation.

Elemental analysis of this compound however suggested that
polychlorination had occurred as the values obtained for
carbon, hydrogen and nitrogen were 39.3%, 3.6% and 7.4%
respectively (cf. starting material: C,71.29%; H,6.93 and N,
13.86%). The presence of aromatic protons in the pPp.Mm.r spectrum
suggests that chlorination occurred in the piperidine ring.

*

Although the structure of this compound was not elucidated
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in this study, such a polychlorinated product could hardly be
used for the type of halogen substitution reactions initially
envisaged.

2.4.2 Oxidation Reactions

The heterotricycle, ?,8,9,1@-tetrahydr0py;ido[l,2~a]
quinoxalin-4-one was also treated with the oxidizing agents,
alkaline.potassium ferricyanide and manganese dioxide. Although
the products cbtained were not fuily characterized in this study,
preliminary analysis shows that whilst the tricyclic ring skeleton
remained intact on treatment with manganese dioxide, the reaction
with potassium ferricyanide gave a ring opened product.

Reaction of the heterolactam with ‘aged’ manganese dioxide
initially gave an o0il which crystallized from ethylacetate/
petroleum ether mixtures to give a light brown crystalline solid,
Mm.p. iB5—187DC. This compound was soluble in
solvents such as chloroform, methanol etc. {(cf.insolubility of
starting material in these solvents). The p.m.r spectrum of this
product (Fig.LV) showed absorptions in the aliphatic and
aromatic regions of the spectrum due to the piperidine ring and
aromatic protons respectively.

The IR spectrum (Fig.LIV) confirmed that the tricyclic
structure was intact from the presence of the N-H and C=0
absorptions of the lactam which occurred at 3150 and lech—l
respectively.

Reaction of the heterotricycle with alkaline potassium

»

ferricyanide according to the procedure describedfby Taylor and
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24 .
Hand , gave over 6B% of the unreacted starting material. A

dichloromethane soluble product was however obtained. Evaporation
of solvent gave a brown oil. The IR spectrum of this product (Fig
LVI) clearly indicates a carboxylic acid from the prominent C=0
stretch as well as the 0O-H stretch 0% a Carboxylic aclid at 1730
and 34@@cm_l respectively. The skeletal wvibrations of the

-1

aromatic ring was present at 160@0cm . This compound could not

be ful%jcharacterized in this study.
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2.5.0 CARBON-13 N M R STUDIES.

A pre-requisite to this study was a secure assignment of the
13
C-NMR signals of the parent heterocycle; 7,8,9,10-
tetrahydropyrido(l,2-alquinoxalin-&-cne sy which as far as we are

aware has never been done before. This could-tﬁen be followed by
assignments of the signals of the available derivatives viz the
Z2-fluoro-; 3I-methyl-; and 3-bromo compounds.

Figure LVIIB is the broad baﬁd proton decoupled spectrum of
the parent heterocycle. Maximum simplification of carbon-13 spectra
is usually achieved by simultaneously decoupling all of the
protons from all of their coupling carbon partners. To do this
requires a decoupling sigral which contains all of the appropriate
proton frequencies. The clarity of single line spectra resulting
from this decoupling procedure leads to easier analysis. Also the
additional factor of greater chemical shift range further enhances
the}ﬂgge of the carbon-13 spectrum. In addition such proton- é&:_
noise decoupled spectra usually exhibit line intensities which
are very uneven and this is used to advantage in signal
assignment. Thus, with the parent heterocycle, the twelve non-
equivalent carbon atoms in the molecule give a twelve line 130—

NMR spectrum (Fig LVII). As expected, there were five lines
(signals) in the alipbhatic region; at 23.91, 23.23, 26.58, 44.10
and 3%.05, representing the five piperidine ring carbons. {The
multiplet at 32.5 is due to the solvent, dimethylsulphoxide d_ ).

=)
The aromatic carbon signals comprise single lines at 112.14,

»

114.97 ,119.82, 123.28, 127.09 and 135.44. The signals at
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127.99 and 135.44 are of much lower intensity and repreéent
carbons bearing groups other than.hydrogen i.e carbons 4a and 4b
although it was not clear at this stage which resonance was due
to 4a or to 4b.

The signal ét 168.83 was unambiguouslyvaésigned to the
carbonyl carbon (i.e C-6 } The ability to observe directly the
NMR characteristics of carbonyl carbons is a major strength of
carbon—13 NMR in chemistry, especially as the carbonyl resonance
is usually at a very high frequency , so that it is well
separatgd from interferences and confusion. The ultimate merit
lies in the narrow ranges within which different classes appear
50 that quite fine distinction can be made, in the krnowledge that
the influence of unaccounted factors will be mininal. Thus, the
carbonyl carbon of all amides including lactams absorb ih the
range 1462-184.

The proton decoupled spectrum therefore not only confirms
thé number of carbon atoms present but also indentifies the
carbonyl carbon as well as the non-proton bearing carbons 4a and
4b which give lines of lower intensities.

A %ull assignment of the carbon-13 rescnances of the
heterotricycle was however achieved by a careful assignment of
the lH—NP’IR signals by n.0.e experiments as discussed in 2.2.2,,
followed by the use of two-dimensional one-bond and iong range
130: H chemical shift correlations.

The use of two-dimensional NMR fof correlating spectra of

186 ’
coupled heteronuclei was first proposed in 1977 « Since then,
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a considerable number of papers have appeared describing different
techniques for heteronuclear corelation. Whilst broad band
decoupled carbon-13 NMR spectra bring the advantage of clarification
to the spectroscopist, all of the valuable coupling information
is lost., The presentation of data in.two dimensions on the other
hand allows much more information to be assembled and correlated
than would be conceivable in a normal one-dimensional plot.

The mechanism of chemical sﬁift correlation experiments has

106-1@8

been extensively discussed in the literature and will not
be described here. The most widely used methodlme produces a two-
dimensional spectrum in which one signal appears for each
directly bonded carbon-hydrogen pair in a molecule. This
experiment establishes which protons couple with which carbons
and so provides information which completely unambiguously
establishes the coupling relationships between carbons and protons.

Using this technique of 2D one-bond and long range 13C:lH
chemical shift correlations, the carbon-13 resonances of the
parent heterocycle were assigned. All experiments and data
#cquisition were performed on Fourier transform computers.

The aromatic proton resonances of the parent heterocycle

were assigned by n.0.e experiments. Thus irradiation of the amide

proton resonance (10.37) led to a 15% enhancement af the H-4
resonance (6.8B0 ) whilst irradiation of the N-CH(H) signal
(3.72) brought about a 1&% =nch.r-emePat of the H-1 signal({6.82).
l These resonances showed vicinal couplings (J,7.5Hz) to the

*

H-3 (6.72) and H-2 (4.8%9) signals. The aliphatic proton
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resonances of the piperidine ring were assigned by a COSY
experiment and are shown in Table & together with the p.m.r.
assignments.,

The proton-hearing carbon-13 resonances were then assigned
13 1 .
by a one-bond C: H chemical shift correlation as mentioned
108
above, using the standard seguence . The aromatic region was

assigned in a separate experiment in order to obtain the best
resolution. The important C-4a and C-4b signals (non-proton
bearing) were assigned by a2 long-range 13C:lH chemical shift
correlation in which the delay times were set to establish
relationships to the meta-oriented proton signalsl®7. This
correlation also served to confirm the assignments made from the
one-bond 13C: 1H correlation. The results are tabulated.

The assignments were then made for the 2-fluoro—-; 3-methyl-; and
S~bromo- derivatives of the heterotricycle. The assignments for
the fluoro compound were consistent with the magnitude of the

13 1%
c F coupling constants. The spectra are shown in Figures

LVITI-LX.
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TABLE &

NMR ASSIGNMENTE OF 7,8 #1@-TETRAHYDROPYRIDLOL,2-a]0UINDXAL IN-6-ONES

Rl
. R 152:R = RE = H
10 ( ' 176; Al = H, RZ = Me
a N5 77:Rl=F ,RE = H
g NH 18e; R =H ,RE =Br
58
;7
]
ATOM NUMBER {152) {17°7) {176} (180}
14 13z 2¢ JZBC. 19 e 12
i E.22 112.14 99.65 278 112.01 113.73
2 g.29 | 123.23 159.03 2353 12340 125.23
3 §.72 | 119.00 104,24 22.8 127.83 108 g2
4 6.80 | 11447 115.34 .04 115 43 116.58
43 127.909 123.3% 126 A5 128.58
&b £35 .44 135.84 10.8 133.1¢8 134.60
) 10.37
& 183.03 167.33 163.03 157.62
Za 342 59.05 58.73 59.12 S8.54
7 tMfm), | 26.58 28.62 26.34 2642
147
g 18Cm], | 23.23 z3.19 23.08 2z 85
1.82
? 1.6Iml}.} =23.0% 22.85 2293 zz .68
140m]
10 245, Y6.10 45.16 45.15 45.99
372
*
fAr—ie . 20.05
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Z2.5.1 Studies on The Magnitude of Deuterium Isptope

Effects on Carbon-13 Resonances in 7,8,9,10-

Tetrahydropyridol{l,2,alquinoxalin-é-ones:=-

The replacement of hydrogen with deuterium has been known
for many years to produce shifts in the position of the
neighbouring carbon-13 NMR signalslm7.ﬁecently the magnitude
of these effects has been shown to possess a stereocchemical

187,110
dependance . The tetrahydropyridoquinoxalin—&—cne ing
system possesses an amide nitrogen which i1s of defined geometry
relative to the aromatic portion of the molecule. This amide N-H
exchanges relatively slowly in DMSO d with deuterium. It is
possible therefore to observe the carggn—l3 NMR signals from
both deuteriated and unlabelled species and thus to measure the
intrinsic isotope shifts quite accurately. Similar isotope shifts
have been observedlll in the carbon-13 NMR spectra of aromatic
amines and correlated with the intramolecular hydrogen bonding.

In this study it has been shown that there is a dependance
of the isotope shifts on the geometrical relationship of the
carbon concerned to the nitrogen of the amide. .

An initial requirement for this study was a secure assig-
nment of the 13C—NMR signals of the parent compound as
discussed above. As spon as this was achieved, then attention was
directed towards measuring the extents of the shifts 5+ signals
of the -carbon atoms upon exchange of the amide N-H with deuterium.

The exchange experiment was carried out by adding one drop of

deuterium oxide to the DMS0 d solutions of the compounds.
—&
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Figures LXI - LXIV are spectra showing the deuterium isotopelshift
experiments on the parent compound, its 2-fluoro-; 3-methyl-; and
3~-bromo- derivatives respectively. The coupling of the relevant
carbons (4,4a,4b and &) to deuterium can be seen from the

spectra. The magnitudes of the shifts are set out in Table 7.

Table 7

Deuterium Isotope Shifts of Carbon-13 Resonances.

(in ppm x 109 )

COMPOUND
ATOM NUMBER © (152) & (177)  : (17en) ¢ (s@r
""""" st e 4 e 4 e 4 es
4 a ; 11.8 ; 12.2 ; 11.8 ; 12.7
4 b 2.7 2.8 ;2.1 2.1
& ; 7.8 ; 7.9 ; 7.7 ; 7.8
The magnitude of the deuterium isotope effects observed, as

shown above, is found to be dependant on the relative orientation
of the /@ - carbon atom to the amide N-H. In the group of compounds
of differing substitution pattern studied, there 1s a

consistently greater isotope effect on C-4a compared to that

on C—4b_ which may be related to the geometry of the amide. It
will  however need a much wider study in order to establish any
effects which may arise from substituents and other potential
variables such as the nature of the heterocylic ring.

F

In g¢conclusion, the carbon~1i3 NMR resonances of 7,8,9,10-
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tetrahydropyridofl,2-alguinoxalin-é-one, its 2—f1uoro~;3-meth§1—;
and 3-bromo- derivatives have been securely assigned in this
study. In addition, we have presented evidence to show

that the magnitudes of deuterium isotope shifts on the carbon-13

resonances of the —carbon atoms is dependant én the geometrical é&—
relationship of the carbons - concerned to the amide.
13
Prigr to this work, there has been no report on C-NMR

of such compounds and so the results of this study are an
important contribution to the ever growing utility of carbon-13

NMR spectroscopy in organic chemistry.
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2.6.0 BIOLOGICAL SCREENING:

As noted in the introduction, there is no information on the
biological properties of the tetrahydropyridoguinoxalinones under
study.

This paucity of information prompted a'biﬁlogical assay of
the heterotricycles and their precursors, as regards their possible
use .for example in agriculture. The following compounds
synthesized in this study were sent for biological screening at
the Shell Research Centre, Sittingbourne, Kent, U.K. They were
screened.  for antibacterial and antifungal activity in plants
and also for possible use as plant growth requlators:-

(1) N-[2 —-nitrophenyl]piperidine-2-carboxylic acid (14%9}.

(1i)N-[2’,4’-dinitrophenyllpiperidine-2-carboxylic acid (169).

{(1ii)IN-4'- methyl-2'nitrophenyllpiperidine-2-carboxylic écid (167).

{iv) N-[5" -Ffluoro-2-nitrophenyllpiperidine-2-carboxylic acid {1&8).

{v) 7,8,7,1@8-Tetrahydropyridoll!l,Z2-alquinoxalin-6-one (152).

(vi} 7,8,9,10-Tetrahydro-3-methylpyridoll,2~alquinoxalin-&6-
one(l174). |

(vii) 7,8,9,1@0~-Tetrahydro-2-fluoropyridoll,2-ajquinoxalin-&6-one

(177).

(viii) 7,8,%,10-Tetrahydro-3-methyl-3-benzylpyridol[l,Z~-a ]
guinoxalin-é-one (180)
(ix)'7,8,9,1®—tetrahydro—3—methy1—5~benzy1pyrido[1,2—a]quinoxalin

-6—-one {183)

(x) 7,8,9,10,- Tetrahydro-2-fluoro-5-benzylpyridofl,2-alquinoxalin-

4-one(188)
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(xi)  7,8,9,18-Tetrahydro-3-methyl-5-(2'-chlorobenzyl)pyrido
[1,2-alquinoxalin-4-one (186)

0f these eleven compounds sent for the biological assay
fungicide activity was recorded in seven samples. These are the
substituted N—[Z‘-nitrophenyl3piperidine—2—carbbxylic acids
[compounds (167),(168) and (169)3, the 3-methyl-derivative of
the quinoxalinone (176} and the N-benzyl derivatives of the
methyl- and fluoro- pyridoquinoxélinones;[campounds (183)
and (188)1].

These compounds showed activity as' a protectant for Vine

cowny mildew ( Plasmopora Viticola). In addition, the N-2'-

chlorobenzyl derivative of 7,8,9,108,-tetrahydro-3-methylpyrido
£1,2~-alquinoxalin-4-one (186) showed activity as an antisporulant for

Plasmopora Viticola as well as against Pyricularia Oryzae (Rice

Blast ).

No insecticidal or herbicidal activity was detected in any
of the compounds.

These initial results suggest that the N-benzyl derivatives
of the heterotricycles (especially its methyl derivative ) may be
useful in agriculture as fungicides. Further investigations
however'still need to be carried out in this direction.
Substitution of the 3-methyl derivative of the tetrahydropyrido
quinoxalinone with various substituted benzyl groups and subsequent
biological screening of these compounds should provide the

appropriate candidates for such future research.
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3.0 EXPERIMENTAL

3.1.0 GENERAL EXPERIMENTAL DETAILS

Melting points were determined on a "Kofler hot stage"
apparatus and are uncorrected. Infrared spectra were measured for
Nujol mulls with a Perkin-Elmer 597 sﬁectrophotbmeter lH—NMR
spectra were determined in the indicated solvent with
tetramethylsilane (TMS) as the internal standard reference (0.88)
at &40MHz with a varian T6@ or Perkin—Elmer R12; at B@MHz with &
Bruker WPBQ; at P@MHz with a Perkin-Elmer R32 and at I6@MHz with
a BrukerIWM36@ spectrnmeter.lsc—NMR spettra were measured with
Bruker WMZ60 spectrometer. Mass spectra were measured with a
Kratos MSjES mass gspectrometer. Column chromatography was performed
as described by W.C. Still (J. Org. Chem; 1978, 43 2923).

Reactions were followed by thin layer chromatography (t.l.c),

carried out on plastic sheets of silica gel 40 F Merck Art. 5735,
' 254
and developed in a solvent system consisting of ethyl acetate in
o

petroleum ether 66-80 . Sclvents for chromatography and
crystallization were dried and purified prior to use as described
by D.D. Perrin, W.L.F. Armarego and D.R. Perrin in "Purification
of Laboratory Chemicals” Fergamon Press, 1988. Evaporation of
organic extracts in vacuo was done on a Buchi rotary evaporator

after drying as specified in each case.
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3.2.0 GENERAL PROCEDURE FOR PREPARATION OF N"[Z'—NITRDPHENYL]
PIPERIDINE-Z-CARBOXYLIC ACIDS

These compounds were obtained by refluxing equimolar amounts
of the appropriate halonitrobenzene and pipecolinic acid in
ethanol made alkaline with 18% sodium hydrogen .carbonate
solution, for 5 hrs. The basic solution in egch tase was allowed
to cool and washed by extraction with ether. The aqueous lavyer
was acidified {(2ZM HCL) and the resulting oil was taken up in
chloroform and dried (anhydrous Na SO ).Organic solvents were
removed iIn vacuo, leaving a residug ii.each case.

3.2.1. N=[{2 -NITROPHENYL JPIPERIDINE-2~CARBOXYLIC ACID

Preparation Method A:

A mixture of 1-fluoro-2-nitrobenzene (7.855g; @.05
moles) in ethanol (210ml) and pipecolinic acid (&.5g, 0.05
moles) in sodium hydrogen carbonate solution was heated under

reflux for Shrs. The reaction was carried out and worked up as

described in the general procedure. The residue obtained after
]

removal of chloroferm crystallized from petroleum ether 40-&3 .
Recrystallization from ethyl acetate/pentane gave 7.84q (66.4%)

N=-{2’'-nitrophenyllpiperidine-2-carboxylic acid as bright yellow
o 34 o
prisms. m.p. 79-80@ . Lit. m.p. 78-80 C
-1
IR: 3900 (0H}),171@ (C=0),1600,1520 (NO )750(s) cm (Fig.I)
: 2

p.m.r (CDCL ): 1.47 (4H, piperidine,m), 2.07 {Z2H;m,~CH CH(N)
3 2
& 3.46 (2H, m,—CH =N-) 4.88 (1H,t,-CH(N)-CO }, 7.8@5

2 2 2
& 7.2% (aromatic 2H,m), 7.48 (ArH,m), 7.78 (ArH) 18.14, {1H, s,

.

co ), 3.05

broad, exchangeable with D Q,-COGH). (Fig II)
p
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Anal.Calcd.for © H N O @ C,57.860; H,5.6@; N,11.20,
12 14 2 4

Found: C, 57.86; H,5.76; N,11.10.

Method B:

A mixture of 1-fluoro-2-nitrobenzene (5.0g, B.235 moles),
pipecolinic acid (4.,57g, ©.035 moles), trietgylaﬁine {éml) in
dimethylsulphoxide (45ml) was heated under reflux with stirring
for 18hrs. The resulting mixture was diluted with cold water
(15@m1) and washed by extraction with ether. The aqueous layer
was acidified to pH3 with conc. HCL anq extracted repeatedly with
dichloromethane. The combined organic extract was dried (Na SO )
and concentrated in vacuo. The resulting ocily product was firtﬁer
purified by taking it up into dichloromethane and extracting with
sodium hydrogen carbonate. The agqueous layer was collected and
the acid product recovered by re-acidifying the extract and
further extraction with dichloromethane. Evaporation of solvent
in vacuo left an oily product which crystallized from petroleum
ether (4@~6@O) to give 3.7g (42%) of N-[2 -nitrophenyl]
piperidine~-2-carboxylic acid. m.p.?B—BEDC.

All spectral data of this compound were identical with those

obtained for the product obtained by Method A.

3.2.2. N-[4"'METHYL-2 ' -NITROPHENYL ]-PIPERIDINE-2~CARBOXYLIC
ACID: )

4-Fluoro-3-nitrotoluene (4.6ml, 5.88g, 3I7.5mmoles)
in ethanol (128ml1) was refluxed with pipecolinic acid (4.85qg,

L

37.5mmoles) in sodium hydrogen carbonate solution for Shrs. The
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reaction was worked up as described in the general proceduré.

After removal of chloroform, an oily product was obtained which

later solidified giving a deep yellow crystalline solid, 0.9g (90%).
f ' m.p. 88“890C

1 IR: 2800 (OH),1485 (C=0),152@ (NO i,825 (s} dm-l (Fig III}

pP.m.r (CDCLT): 1.6 (piperidine iH,mJ, 2.83 (2H,m,-CH ~CH{N}~

cao ), 2.32 (EH, S, ArMe}, 2.97 & 3.37 (2H,m,~-CH —N*),24.@4
(lg,t,-CH(N)—CDZJ 7.23 (aromatié 2H,m}, 7.54 (Ara,s), ?.9 (iH,s,

broad, exchangeable with D O, -COCH) (Fig IV)
2
Anal.Calcd.for C H N O : C,59.09; H,6.06; N,10.60.
' 13 16 2 4
Found: C, 59.06; H,6.31; N,18.63.

3.2.3. N-{5 " -FLUORO-2-NITROPHENYL JPIPERIDINE-2-CARBOXYLIC
ACID

Z2,4-Difluoronitrobenzene (5.96g, 37.5mmoles) in
ethanol (120ml) was reacted with pipecolinic acid (4.85g,
37.5mmoles) according to the general procedure. After removal of
chioroform, a product which crystallized from n-pentane as yellow

crystals, was obtained; 7.55g (75%)
| M.pP. 97—9800
IR: 280@ (COH),171@ (C=0},1618@,1518(NC },84Q@ (s) t:m_1 (Fig V)
" p.m.r (CDCL ): 1.7 (piperidine 4H, m)? 2.17 (2H,m,-CH —-CH{N}-
co ), '3.1@3& 3.63 (Z2H,m,-CH -N-}, 4.07 (lH,t,—CH(N)—gO Y, 6.95 &
6.56 (aromatic 2H,m), 7.%0 (ng, m), 92.45 (1H,s,broad, §

exchangeable with D 0,-COC0H), (Fig VI).
2
Anal .Calcd. for C H N FO : C, 33.73; H,4.85; N,18.43,
12 13 2 4 .
Found: €,53.72; H,4.96; Ni1@.39.
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3.2.4 N-{2°,4'-DINITROPHENYL JPIPERIDINE-2-CARBOXYLIC ACID:
2,4-Dinitrofluorobenzene (6.98g, 37.5 mmoles) in ethanol

(21@m}) was reacted with pipecolinic acid (4,85g, 37.5mmoles) in

sodium hydrogen carbonate solution according to the general

procedure described. After remowval o% chlorofo}m, a product which
crystallized from petroleum ether (4@—6@0) as yellow prisms was
obtained (8.33g, 75.3%) m.p. 134—13508. Lit.dd m.p. 13@—1310C

IR: 171@ (C=0),1610 (s),1530, 151@ (NO ), 1468, 750 (3) cm_-1
{Fig VII) ;

pP.m.r. FCDCL }: 1.880 (piperidine 4H, m), 2.21 (2H,m-CH -CH(N)-
Co ), 3.48 (gH,m,—CH =N-), 4.15 (1H,t,-CH(N)-CO -), 7.?8 (aromatic
1H? d, broad at base? J=%Hz), 8.25 (ArH, dd, J=§Hz), B.&8
(ArH,d,J=2H2), 8.84 (1H,s, broad, exchangeable with D 0O,- COOH).

=

=

(Fig VIII}.
3.2.5 N —(6'-CHLORO-2 " ~NITROPHENYL] PIPERIDINE-Z2-CARBOXYLIC
ACID.

2,3-Dichloronitrobenzene (4.8g, 25mmoles) in ethamol (15@ml)
was reacted with pipecolinic acid (3.23g, 259mmoles) in sodium
hydrogen carboriate solution according to the general procedure
described. After removal of chloroform, 954 of unreacted 2,3-
dichloronitrobenzene was recovered.

The reaction was repeated; the mixture was kept under reflux
for 5 days and ctonstantly monitored by t.l.c, @.071g (1%) of N-
[6"-Chloro—-2 —-nitrophenyllpiperidine-2-carboxylic acid was
obtained on work—up whilst 3.34g (70%) 2,3-dichloronitrobenzene

o
was recovered. m.p. of product = 165-166 C.
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IR: 1715 (C=0), 154@ (NO ), 1370, 945, 810 (s) ém—l (Fig XI)
P.M.t (CDCLK): 1.57—1.872(piperidine 6H,m), 3.15 (2H,m,-CH -N-),
4,02 (1H, m: broad), 7.10,(aromatic 1H,m), 7.38 & 7.4 §
{aromatic 2H, m}, {(Fig XII).
Anal.Calcd.for C H N CLO : C, 5@.7@; H,4.58;'N,?.85.

12 13 2 4
Found: C, 5@.76; H,4.48; N,9.84
B. A mixture of 2,3-dichloronitrobenzene (4,8g, 2Smmoles),
pipecolinic acid (3.17g, 2Z5mmoles), triethylamine (& ml), in
dimethylsuphoxide (45ml1) was heated under reflux with stirring
for 1Bhrs. The resulting mixture was diluted with cold water
(150ml) and washed by extraction with ether. The aguecus layer
was acidified to pH3 with conc.HCL and extracted with dichloro-
methane. The combined organic extract was dried (Na SO ) and
concentrated Iin vacuo. The resulting oily product wzs iurther
purified by taking it up into dichloromethane and extracting with
sodium hydrogen carbonate. The aqueous layer was collected, and
the acid product recovered by re-acidifying and extracting the
aqueous extract with dichloromethane. On evaporation of solvent,
an olly product was obtained which crystallized from petroleum
ether (4@—&@D) to give 0.07g (1%) of N-[é6 -chloro-2 -nitrophenyl}
piperidine-Z2-carboxylic acid as yellow crystals. All spectral

data of this compound were identical with those of the product of

condensation in dilute bicarbonate solution.
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3.2.6 ATTEMPTED PREPARATION OF N-[3'-CARBOMETHOXY-2' -
NITROPHENYL JPIPERIDINE-2-CARBOXYLIC ACID:
(i) 3-Chloro-2-nitrobenzoic acid (5g,25mmoles) was
added to anhydrous methanol (258ml) containing concentrated
sulphuric acid (4ml). The mixture was kept refluxing overnight.
Metbhanol was then completely removed in vaguo leaving a white
crystalline solid. This product was taken up into chloroform and
the organic extract successively washed with sodium hydrogen
carbonate solution, dilute HCL and water; After drying (Na S0 ),
~

2 4
the solvent was completely removed in vacuo leaving a white

crystalline solid, 3-chloro-2-nitrobenzoic acid methyl ester,
o0
(4.58g, B854}, m.p. 98-100 C.
-1
IR: 173@ (C=0), 1540 (NG ), 1460, 1375, 1288, 720 cm {(Fig X).
2
(ii) | 3-Chloro-2-nitrobenzoic acid methyl ester (2.15g, immole) in

ethanol (125ml)} was mixed with pipecolinc acid (1.93g, 15 mmoles)

in sodium hydrogen carbonate solution. The reaction was kept
under reflux for 3 days and constantly monitoreg by t.l.c. After

3 days, no significant reaction had occurred.

3.3.1 7,8,9,18~-TETRAHYDROPYRIDO[1,2-aJOUINCXAL IN-4~-0ONE

A. Preparation Method A.

(i) N-[2'-nitrophenyl]piperidine-2-carboxylic acid (10.Qg,
D.04moles) was refluxed with anhydrous methanol (4@0B@ml) containing
concentrated sulphuric acid (é6m}l) for Shrs. The mixturé was
allowed to cool and excess methancl removed in vacuo. The
resulting mixture was extracted with chloroform (3x1@0ml). The

organic extract was washed successively with sodium hydrogen
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carbonate, dilute HCL and water . After drying (Na SO ), and
2 4
evaporation of solvents, the product Methyl N-[2'-nitrophenyl]

piperidine-2-carbaxylate, was obtained as a thick transparent

yellow oil (1@g, 95%).

IR: 295@ (CH ), 1740 (C=0), 1600 (s), 1520 (NO ); 134@(C-0),
-1 3 2
750 cm . (Fig XIIID)

p.m.r. (CDCL }: 1.7 (piperidine 4H,m), 2.10 (2H,m,— CH CH (N)~-
o ), 3.01 &33.6@ {2H,m,-CH -N),3.60 (3H,S5, OMe), 4.@2? (1H, t,
—Cﬁ—CO Y, 7.02 & 7.29 (aromgtic 2H, m}, 7.47, (ArH, m) 7.72
(QrH,dg,'J=7.5 Hz and 1.5 Hz). (Fig XIQ )

(ii) To methyl N-[2'-nitrophenyllpiperidine-Z-carboxylate
(8.09,0.83 moles) was added dry, freshly redistilled cyclohexene
(16ml) and 5% palladium on charcpal (5g), with absolute ethanol
(200m1). The mixture was heated under reflux for 2 hrs. The
resulting dark mixture was filtered through Celite, after which
the solvenis were complete}y removed leaving a dark gum. The

gum crystallized from ethanol/diethyl ether mixtures and
recrystallization from agueous ethanol gave 3.5g (3B%L} of
7,8,%,10-tetrahydropyrido{l,2-alquinoxalin-é-one as a grey

o 34 o

microcrystalline solid m.p 188-1980 C. Lit. mp=148-149 C
-1 A
IR: 3400 (N-H), 1673 (lactam C=0),1285 (s),750 cm (Fig XV )

p.m.r. (DMSO d- ): 1.43, 1.65, 1.82 & 2.00 (piperidine &H, m),
6
2.62 & 3.72 (2H, m,-CH -N) 3.42 (1H,t,-NCH - C=0), &.72 [aromatic
2
1H,t of d's; J=7.5Hz (t),and 1.5Hz (d)3,6.8@ (ArH dd,J=7.5Hz &
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1.5 Hz), 6.82 (ArH,d,J=7.5 Hz),6.89 [ArH,t of d’'s; J=7.5Hz (t),
and 1.5Hz (d)], 10.37 (1H, broad, exchangeable with

D O, N-H). (Figs XVI and XXXIX )

Agal.Calcd.for C H NO: C,71.29; H,6.93; N,13.86.

12 14 2
Found: C,70.12; H,6.78; N,13.72.

Method B:
N*{Z'—nitrophenyl]piperidine—z—carboxylic acid (2.3ég,

1@mmoles) was dissolved in water (8@ml) and the pH adjusted to 97
10 with 5@% sodium hydroxide solution.” To this stirred solution
was added sodium dithionite (7.@g) in small portions. The pH was
monitored during the addition and readjusted to pH 9 when
necessary. The reaction mixture Qas kept stirring for 1.53hrs,
cooled, and acidified with conc.HCL to pHZ. The separatéd white
solid was filtered, washed with water and dried.
Recrystallization from aqueous ethanol gave 1.5g (5?.22)* of a
dirty white microcrystalline solid. m.p. 19@-19100.

The spectral data of this cyclized compound were identical in

all respects with those of the product obtained by Method A.

¥ pH sensitive reaction ! Yield varies from 33-58%

C. Method C.

N—[2'—ni£ropheny1]piperidine~2—carboxylic acid (2.34g,
i@mmoles) was dissolved in absolute ethanol (&8ml) containing
conc.HCL {14ml). Tin granules (3.6g) were added and the mixture

heated under reflux for 3hrs. Excess ethanol was rempved in’ vacuo
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and the residue basified (58% NaOH) and extracted repeatedly with
chloroform. The combined chloroform extract was washed with
water, dried (Na 50 ) and the solvent removed in vacuo leaving a
greenish brown iiciocrystalline spolid. Recrystallization from
aqueous ethancol gave @.3%3g (17%) of 7,8,9,10-tetrahydropyrido
(1,Z2-alquinoxalin~&6~one. m.p. 188—19600.

The IR spectrum of this compound was identical to that of

products obtained by Methods A and B.

Method D:
To a stirred solution of N-[{2 -nitrophenyl]lpiperidine-

2—-carboxylic acid (2.360,1@mmoles}) in glacial acetic acid (25ml1)

was added 1.2g iron powder over a period of 15mins. The
temperature of the reaction was raised to BBOC and then the
reaction mixture was allowed to stir at é@—bSOC for 3hrs. The
mixture was cooled and filtered and the acetic acid was

evaporated iIn vacuo. The remaining slurry was extracted with

dichloromethane (3x380ml). The dichloromethane extracts were

cooled, dried (Na 50 ) and evaporated in vacuo leaving a black

crystalline solid.2 Tie product was purified by boiling with

Norite in ethanol for 30 mins., After filtering, excess ethanol

was removed in vacuo leaving a greenish brown crystalline solid
o

(@.48Bq, 23.7%) m.p. 188-19@ C.

The infrared spectrum of this compound was identical with

the spectra of the products obtained by Methods A-C.
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3.3.2 7,8,9,1B—TETRQHYDRO*E—METHYLPVRIDU[1,2—A]GUINDX9LiN—6"
ONE :

N—[4'—methyl—2'~nitropheny1]piperidine~2-carboxy1ic acid
{(2.@0g, 7.0mmoles) was dissolved in water (8@ml) and the pH

adjusted to 9-10 with 5@% NaOH solution. To this stirred solution

was added sodium dithionite (7g), in small portions. The pH was

monitored during the addition and readjusted to pH? when necessary.

The reaction mixture was kept stirring at room temperature for
4

1.5hrs, then cooled and acidified with conc. HCL to pHZ. The
separated white solid was collected, washed with water and

dried. Recrystallization from aqueous ethanol gave 1.81g (62%

of 7,8,9,18-tetrahydro-3-methylpyridoll,2-alquinoxalin-é4-one
o
as a pinkish-white crystalline solid m.p. 148-150 C
-1
IR: 3260 (N-H), 14680 (C=0), 14468, 792 (s) cm (Fig XVII}

p.m.r. (DMSO d- }: 1.42, 1.&4, 1.80, & 1.99 (piperidine 6H,m).
2.16 (3H,5,ArMe)? 2.98 & 3.67 (2H,m-CH -N), 3.33 (1H, t, -N-CH-
C=0), 6.61 (ArH, s), 6.69 (aromatic 2H?m), 18.32 (1H,s,
exchangeable with DZG, N-H)]. (Fig XVIIl & XL)

Anal.Caled.for € H N 0. 0.5H4 O: C,59.33; H,71; N,12.44.

13 16 2 2
Found: C, &69.34; H,6.76; N,12.20.

3.3.3. 7,8,9,18~-TETRAHYDRO-2~FLUOROPYRIDO[ 1,2-AJGUINDOXAL IN-
6-0NE:

N-[5 fluoro-2'-nitrophenyl]lpiperidine-2-carboxylic
acid (2g, 7.46 mmoles) was dissolved in water (88ml1} and the pH
adjusted to 9-12 with 5@% NaOH solution. To this stirred solution
was added sodium dithionite, (7.8g) in small portions. The -+

experiment was carried out and worked up as described for
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7,8,7,10-tetrahydro-3-methylpyridol{1,2-alquinoxalin-&-one. Thé

product, a grey microcrystalline solid (1.13g, 69%) was

0
recrystallized from aqueous ethanol, m.p. 195-19&6 C.
-1
IR: 318@ (N-H), 1688 (C=0), 1518, 1460, 820 (s) cm (Fig XIX)
p.m.r (DMS0Q d- ): 1.48 & 2.00 (piperidine 6H,h) 2.66 & 3.72
&

(ZH,m, - CH -N}, 3.5@ (iH,t, -N-CH-C=0), 6.51 (1H, m, ArH},
b d

6.68 & 6.75 (aromatic 2H,m}, 10.4@ (N-H). (Figs. XX & XLI}

Anal.Calcd. for C H N OF: C,65.45; H,5.90; N,12.72.

12 13 2
Found: C, 65.37; H.5.58; N,12.47.

3.3.4. ~ ATTEMRTED PREPARATION OF 7,8,%2,10-TETRAHYDRO-3~
NITROPYRIDO[1,2-AJOQUINOXALIN-6-0ONE BY THE SODIUM
DITHIONITE REDUCTIVE CYCLIZATION METHOD:

N=-[2",4'~dinitrophenyllpiperidine-2-carboxylic
4 acid (1.48g,5mmoles) was dissolved in water (4@ml) and the pH
adjusted to 9-10 with 5@% NaOH. To this stirred solution was
added sodium dithionite (3.35g) in small portions. The pH was
monitored during the addition and readjusted to pH? when
necessary. The reaction mixture was stirred for 1.5hrs then cooled,
acidified with conc. HCL to a pH of 2. The separated black solid

was filtered, washed with water and dried. The infrared of the solid

product showed no carbonyl absorption and the p.m.r. spectrum

showed no aromatic protons. The reaction was repeated and the

same resultis obtained.
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3.3.5. 7,8,9,10-TETRAHYDRO~-3-NITROPYRIDO[ 1,2-alBUINOXAL IN~4-
ONE :
(i) N-{2',4"'-dinitrophenyl]piperidine-2-carboxylic acid

(29, &.8mmoles}) was added to anhydrous methanol (108ml)

containing concentrated sulphuric acid (1.5m1): The mixture was

made to reflux for éhrs. It was then allowed to cool and excess

methanol removed in vacuo. The residual mixture was extracted

with chloroform (3x188ml1)., The arganic layer was successively

washed with sodium hydrogen carbonate, dilute HCL and water, then
dried (Na §0 ). After removal of chloroform, the product, Methyl-

2 4

N-{2,4~dinitrophenyl lpiperidine~2-carboxylate, was obtained as an

0il which later solidified. The yellow crystalline splid (2.8g,

@]

F5%4) was recrystallized from petroleum ether (6@8-88 )/diethyl

a} 33 o
ether m.p. 86-87 C Lit m.p. B6-87

2 -1
IR: 174® {(C=0), 14688 (s), 1538, 1510 (NOQ ), 838, 800 cm (Fig
XXI}
p.m.r. (CDCL ): 1.77 (piperidine 4H, m), 2.20 (2H, m), 3.37 (2H,
3
my,-CH -N), 3.72 (3H,s, OMe) 4.13 (1H, t, H-C~CO - R} 7.1 (aromatic
z2 2

iH, d, J=BHz), 8.3 (ArH, dd,J=12Hz & 2Hz), 8.68 (ArH,d,

J=2Hz), (Fig XXII).

(i1} To methyl N-[2'4'—dinitrophenyl]piperidine—Z—carbeylate
{1.59),4.85mmoles) was added dried, freshly redistilled
cyclobexene (8ml, @0.08 moles}, 5% palladium on charcoal {(Zq) and
absolute ethanol {75ml). The mixture was heated under reflux for

»

2 thrs. The resulting dark mixture was filtered through Celite
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after which solvents were completely removed leaving a gum which
crystallized from diethyl ether to give a dark brown
crystalline splid. Trituration with hot ethanol gave two
products :— an ethanol insoluble product,(@.2@g) and an ethanol
soluble product (@.48qg}). |

The ethanol insoluble product {(product I) was a dark brown
solid with a melting point of 29@0dec (Lit33 m.p. of 7,8,2,18-
tetrahydro—S—nitropyrido[1,2—a]qﬁinoxalin-6—one = 29@0 dec). The

IR spectrum af this product showed no carbonyl absorption and

the p.m.r.spectrum showed no aromatic protons.

Product II, a bright yellow crystalline solid had a m.p. of 188—19@DC.

IR: 315@ (N-H),167@ (C=0),1400,1520 (Naql,lsws,lssa, 745cm—l(Fig

XXIII). )

p.m.r. (CDCL ): 1.2-2.8,{(piperidine éH,m); 2.50 & 4.8 (2H, m,

- CH -N), 3?@ (1H, m, -N-CH-C=0}, 7.@, (ArH, d, J=10Hz) 7.8

(aroiatic 2H, m), 11.@ (i1H, s, -N-H), (Fig XXIV).

Anal.Calcd.for € H N O : C,58.30; H,5.26; N,17.01. ( ¢ } },“{5’
1213 3 3

Found: C,54.45; H,4.8; N,15.3.
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3.4.0 REACTIONS OF 7,8,9,1@—TETRAHYDRDPYRIDU[1,2-a]GUINUXA
L IN-6—0ONE WITH ELECTROPHILIC REAGENTS

3.4.1. REACTION WITH SULPHURIC ACID
7,8,9,IB—Tetrahydropyridotl,2—a]quinoxalin—6—one
{@.20g,lmmole) was dissolved in conc. sulphuric acid (Sml) and the
mixture set aside at room temperature overniéht. The solution was
poured onto ice (cal@g) and left for 30 mins. Over B8@% of the
starting material was collected.
The reaction was repeated in refluxing conc. sulphuric acid

for 3@mines . The same results were obtained.

%.4.2. REACTION W1TH BROMINE IN WATER.

A mixture of ?,8,9,1B—tetrahydropyrid0[1,2~a]quinoxalin—6*
one {@.2g,1lmmole} and bromine (@.05ml,lmmole) in water (1@ml )
was kept stirring at room temperature for 2 days. The resulting
dark green mixture was filtered and a dark green solid collected.
On trituration with hot ethanol, over 807 of the starting
material was recovered. In addition, ©0.83g of a dark green

o
microcrystalline solid, m.p >3@0 C was isolated. This solid was

insoluble even in hot ethanol.

-1
IR: 34@@ (OH), 1708 (C=0),1685,1585cm ,(Fig XXVY.

3.4.3 REACTION WITH ONE MOLE EQUIVALENT BROMINE IN ACETIC ACID

7,8,%,1@8- Tetrahydropyridotl,2—a]quinoxalin—6—one (B.29,
1mmole) was dissolved in acetic acid (1@ml) and cooled in }ce.

To this stirred solution was added bromine (.85 ml,lmmole) in
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acetic acid (2ml ) dropwise. The mixture was kept stirrinﬁ at
room temperature for lhr., after which the precipitate formed
was Tfiltered and washed with water to give a grey
microcrystalline solid (mixture of 3-bromo compound and its
hydrobromide salt ?) m.p. 175—17606; ngunvﬂ”.

The. p.m.r. spectrum (Fig XXVI)A'indicates mixture of
products as evidenced from the two N-H peaks at 1.4 and
1@.53. |

The free base, a red brick microcrystalline solid was
liberated with conc. ammonia and recrystallized from aqueous
ethanol to give ©.20g (71.4%) of 7,8,9,180-tetrahydro-3-bromopyrido

D
{l1,Z2-alguinoxalin-6-one m.p. 225-2246 C.

IR: 320@ (N-H),14688 {(€=0),1500,1460,870,790, Cm—l (Fig XXVII}).

p.m.r. (DM50d- ) 1.43,1.64,1.82 & 2.08 (&4H,m, piperidine),

2.64 & 3.70 (23,— CH -N}) 3.48 (lH,m CH-C=0 )}, &.76

(aromatic lH, d, J=8.§ Hz), 6.93 (ArH,d,J=2.2Hz ), 7.02 (ArH,

dd, J=2Hz and 8Hz ), 18.51 (N-H), (Fig XLII).

Anal.Calcd,.for C H GN 0Br: C.51.26; H,4.63; N,9.97. C;"“
12 137 2

Found: C,51.463 H,4.78; N,9.65.

3.4.4. REACTION WITH EXCESS BROMINE IN ACETIC ACID:.
7,8,92,180-Tetrahydropyridoll,2-alguinoxalin-6-one (Q@.2g,
lmmole ) was dissolved in acetic acid (1@ ml} and coo}ed in ice.

To this stirred solution was added bromine (8.15ml,3mmples) in
the same solvent (Zml), dropwise. The mixture was kept stirring
at room temperature for 1@8mins. The bright yellow precipitate

formed was filtered, washed with ether, suspended in ethanol
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(20ml) and heated under reflux for 15mins. The mixture waé
cooled and excess aqueous ammonia was then added. The product was
collected as a dark brown microcrystalline solid, 8.20g9., m.p 240-
24200.

. _ -1
IR: 3108 (N-H ), 1490 (C=0), 1635 (C=N ), 1585, 873, 795cm (Fig
XXVIII),
Anal.Calcd. for ClZHli::5NZDBr: €,51.26; H,4.63; N,?.97. <:;-
Found : C, 58.9 ; H,4.0 ; N 1@.2.
p.m.r spectrum (Fig XXIX) indicated a mixture of products as
evidenced from two N-H peaks at 18.45 & 1@.78. This mixture
could nat be separated by the usual laboratory techniques of

column chromatography or preparative t.l.c owing to its

insolubility in most arganic solvents.

3.4.5 REACTION WITH N-BROMOSUCCINIMIDE IN SULPHURIC ACID;
N-Bromosuccinimide {(0.99, 5 mmoles) was added to a
stirred solution of 7,8,Q,IB-tetrahydropyridD[l,2,—a]quinoxalin—6—one
(18g, 5 mmoles) in agueous sulphuric acid (s@% vivy, 30m!l ) and
the mixture stirred until the NBS, had dissolved completely.
The reaction mixture was kept stirring at room temperature
overnight, then it was poured onto ice and made alkaline with
excess conc., ammonia solution. The precipitated grey solid
(1.2g ) was colle;ted, washed with water and dried. On trituration
with ethanol, the 3-bromo derivative of the heterotricycle,
7,8,9,1@—tetrahydro—3~bromopyrido[1,2—a]quinoxa1in—6—one {B.5qg,
35.7 Z ) was separated as the ethanol soluble portion (identical

m.p, 1.r and n.m.r as product of reaction of the heterolactam
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with equimolar Br /écoH ). The ethanol insoluble porticn‘ was
collected, washedzwith water and dried to give 8.6g (42.85%)

of the mixture of monobromo derivatives obtained from reaction of
the heterocycle with excess Br / AcoH: identical m.p, i.r (Fig
XXX), p.m.r { Fig XXXI) and analitiéal data, The mixture proved

inseparable by the usual laboratory techniques.

3.4.6 REACTION WITH BROMINE IN CbNCENTRATED HYDROBROMIC ACID:

7,8,%,10-Tetrahydropyridoll,2-alguinoxalin-6-one (©.20g,
lmmole ) was added to a solution of bromine (@.15 ml, JImmoles )
in conc. hydrobromic acid (4 ml ). The mixture was heated under
reflux for 3Bmins, cooled and poured onto ice. A slight excess
of ammonia was added and the product crystallized out as a dark
brown solid which was collected and washed with water.
Recrystallization from aqueous ethanol afforded @.28q9 (71.4%) of
an unidentified mono bromoderivative m.p. 278-280vc.
IR: 3050 (N-H), 1675 (C=0), 1625 (C=N), 1508,87@, 790 cm_1 (Fig.
XXXII).

+

The mass spectrum had ions at m/z 281 (M+2,98.7%),279 (M ,10@0%),2@1
(64.9%),200 (47.77%4),199 (17.19%}),174 (7.@%4), 173 (5@.954),
158 (5.7%).
drnal.Calcd.for C H N OBr: C,91.461; H,4.30; N,10.020.

12 12 2
Found: C,53.37; H,4.9; N,7.93.

1y
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3.4.7 REACTION WITH NITRIC ACID

Concentrated nitric acid (2ml) was added to a suspension of
7,8,9,10-tetrahydropyridoll,2-alguinoxalin-é-one (@.4g,2mmoles)
in water(4ml}. A dark brown precipitate was immediately formed.
The mixture was kept stirring at room temperathre for a further
1@min., It was then neutralized (ammonia solution) and the
precipitate collected, washed and dried to give B.23g of a brown
trystalline solid m.p.> 35@00 dec.
IR: 3400@ br, (0OH), 1700 (C=0), 1380 cm_1 » (Fig XXXIV).

Analytical; found: C,52.5, H, 4.8, N 15.7.
3.4.8 REACTION WITH CONCENTRATED NITRIC ACID IN ACETIC ACID:

(1} Fuming nitric acid (@.1lml, Zmmoles) in acetic acid
(1.8ml )} wa's added dropwise to a stirred solution of
7,8,9,10-tetrahydropyridofl,?2,-alquinoxalin-é—one {@.4g,2mmoles)
in acetic acid {18ml) at 18—2@DC. The mixture was kept stirring
at room temperature overnight , then poured onto ice-cold
water. The resulting dark green precipitate was collected, washed

with water and dried. @.35g (B7.5 %) of the starting material

was recovered on trituration with ethanol,

{i1i) 7,8,92,10-Tetrahydropyrido{l,2-alguinoxalin-6-one
{D.4q, 2mmcles) was dissolved in acetic acid (1@ml) and
concentrated nitric acid (1.0 ml ) was added drepwise. The
mixture was kept stirring at room temperature for lhr. then

poured onto ice. The precipitate formed was collected , washed
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with water and dried to give @.3g of a brown crystalline
solid, m. p. 258—26@DC.

IR: 17@5 (C=0), 1538 (NGO ), 13808, 1340 cm“l (Fig XXXV).
Analytical ; Found: G, 43.2; H, 4.1; N, 13.3. -

3.4.9 REACTION WITH NITROUS ACID IN DILUTE NITRIC ACID
7,8,9,1@8-Tetrahydrapyridoll,Z2-alquinoxalin-6-one (@.20g,

immole) was dissolved in dilute nitric acid (Sml), cooled to

o)
@-5 C in an ice -salt bath and then a splution of seodium nitrite

+

(@.14g,_2mm01e5) in water (2ml) was added. The mixture was
allowed to stir at room temperature for lhr. The resulting
precipitate was filtered, washed with water and dried.
Recrystallization from aqueous ethanol gave 0.@%9g of a brown
microcrystalline solid m.p. > 3@@0C dec.

IR: 34@8, br,(0C-H), 1700 (C=0), 153@ (NO ), 1380 cm_l (Fig

2
XXXVI).

3.4.10 REACTION WITH SODIUM NITRITE IN DILUTE HYDROCHLORIC ACID;

7,8,9,10-Tetrahydropyridoll,2-alguinoxalin-~é-one (&.4g,
2mmoles) dissolved in a mixture of concentrated hydrochloric
acid (0.8 ml) and ice water (0.6 ml), was treated dropwise, at

u]
@ C with sodium nitrite (@2.45g in 3ml water). The temperature was

o
maintained at ®-5 C during the addition, by external .cooling.
When evolution of nitrous oxide had subsided, the mixture was

allowed to stand at room temperature for a further lhr. The

resulting dark brown precipitate was filtered, washed and dried.
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Yield = 8.33g. m.p > 308 C dec
-1
IR: 340@ br, (0-H), 1700 (C=0), 1610, 1375, 80Bcm

(Fig XXXVII).

J3.4.11 REACTION WITH POTASSIUM NITRATE/ CONC. SULPHURIC ACID.
An  intimately ground mixture of 7,8,9,10-tetrahydropyrido

{1,2-alguinoxalin-é-one (0.40g,2mmoles) and potassium nitrate

(6.20g, 2Z2mmoles) was added, over a 18min. period, to ice-cold,
stirred concentrated sulphuric acid (20ml ). The reaction
mixture was kept stirring at room temperature for 48min. then

poured "onto ice and the aqueous mixture made alkaline with
concentrated ammonia solution., The dark brown precipitate formed
was filtered, washed with water and dried. Recrystallization from
agueous ethanol gave @.3@ g (61%4}) of 7,8,9,10~tetrahydro-2-

[w]
nitropyridol(l,2-alquincxalin—-&é-one, m.p 212-214 C

IR: 36580 (N-H), 16888 (C=0), 1518 (NGO ) ,1460, 1325, 748 (:m-1
{Fig XXXVIII}. g

p.m.r. (DMS0d- ): 1.43, 1.48, 1.84, and 2.00 (piperidine &H, m )
2.75 & 3.70 (23, m, CH -N), 3.42 (1H, m,CH-C=0),6.92 (ArH,

m, H-4 ), 7.51 (ArH, m? H-1), 7.65 (ArH, m, H=3),(Fig XLIII).

Anal. Calcd. for C12H12N303: C,58.30; H,5.26; N,17.006.

Found: C, 58.10; H, 5.84; N, 16.87.
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3.5.8 N-ALKYLATION REACTIONS

3.5.1 7,8,9,18-TETRAHYDRO-5-ETHYLPYRIDO(1,2-a JQUINDXALIN-4-0ONE
x¥Sodium hydride {(@.4g) was washed thoroughly with
petroleum ether (5x2@ml) and then DMF (Z20ml) was added. 7,8,9,10-
Tetrahydropyridol(l,2-alguinoxralin—-é-one (@.4g, 2 mmoles) was
added to this suspension. The mixture was kept stirring at room
temperaturg for 1hr. and ethyl iodide (1ml) was added drapwise
The mixture was kept stirring at room temperature far 24hrs,
after which it was poured onto ice. The light brown precipitate:

formed was collegcted, washed with water and dried. The major

product was separated from impurities, including unreacted starting

material, by prep. t.l.c. @.129, (26%4) of 7,8,9,10-tetrahydro-
S—ethylpyridoll,2-alquinoxaline—-4-one was obtained as a light
brown crystalline solid.

p.m.r (CDCL ): 1.2-1.5% (4H,M piperidine), 1.7 (3H,m), 2.8 (iH,m),

3
2.5 (iH, m), 3.5 (3H, my, CH -CH -N), 4.@ (2H, g.NCH -CH ),
3 2 2 3
5.9 (aromatic 3H,m} 7.15 (Ard, s}, (Fig XLIV).

¥ 0ld stock of sodium hydride used which had been extensively
converted to sodium hydroxide on prolonged exposure to air and

molisture.

3.5.2 ATTEMPTED N-ALKYLATION WITH METHYL IODIDE IN THE
PRESENCE OF SODIUM HYDRIDE:

Sodium hydride (@.5g, 20mmoles of an BBY dispersion in
gil) was washed thoroughly with petroleum ether and then dry THF

(40 ml) was added. 7,8,9,10-tetahydropyridofl,2-ajgquinoxalin-6-
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one was added to this mixture which was kept .stirring for 3@mins
and then methyl iodide (1.8ml ,3mmoles) was added. The reaction
mixture was kept stirring for 12hours s constantly monitored by
t.l.c, after which it was poured onto ice. No precipitate was
formed, so the reaction mixture was éxtractqd repeatedly with
chloroform. The combined chloroform extracts was concentrated in
vacuo to give a light brown oil.

The infra-red spectrum of this product showed no carbonyl
absorptions.

The reaction was repeated using dry DMF as saolvent; the same
results.were obtained.
3.5.3 ATTEMPTED N-ALKYLATION WITH DIMETHYLSULPHATE

OR METHYL IODIDE IN METHANOLIC SODIUM METHOXIDE:
Freshly distilled dimethylsulphate (5ml} was added

dropwise to a suspensjon of 7,8,%,1@0-tetrahydropyridoll,2-a)
quinoxalin—-é-one (B.40g Zmmoles) in methanolic sodium methoxide
(from @.5g sodium and 25ml1 methancol ). The mixture was heated
under reflux for 6 hrs and then excess methanol evaporated in
vacuo. A& light brown crystalline residue was obtained. After
attempts to take this residue up into chloroform had failed, the
product was recrystallized from ethanol/ diethyl ether mixtures to
give a.light brown crystalline solid.

The IR spectrum of the prcduct showed no carbonyl absorption
and the p.m.r spectrum showed no aromatic protons.

The reaction was repeated using methyl iodide ir place of

»

dimethylsulphate; the same results were obtained
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3.5.4 ATTEMPTED N-ALKYLATION WITH METHYL IODIDE IN

DIMETHYLSULPHOXIDE IN THE PRESENCE OF POTASSIUM HYDROXIDE

To dimethylsuphoxide (3ml)was added powdered potassium

hydroxide (@.23g, 4mmoles} After stirring for 5 wminutes,
7,8,9,1@-tetrahydropyrido[l,2—a3quin0xalin—é—one (6.289, lmmole)
was added, followed immediately by methyl iodide (@.13ml,
2mmoles). Stirring was continued at room temperature and the
reaction was constantly monitored by t.l.c. After Zhrs, there

was no appreciable formation of product as evidenced from t.l.c.

of the reaction mixture.

GENERAL. PROCEDURE FOR PHASE TRANSFER CATALYZED
N-ALKYLATION OF 7,8,9,10-TETRAHYDROPYRIDO[ 1,2-a]
GQUINOXAL IN-6-0NES.

A solution of the alkyl halide (3 mmoles) in benzene
(8.5 ml) is added dropwise with efficient stirring to the
refluxing mixture of the pyridoguinoxalinone (2 mmoles), finely
powdered sodium hydroxide (@.28g ), potassium carbonate (B8.36q),
tetra-n-butyl ammonium hydrogen sulphate (0.868g,2.2 mmoles ) and
benzene (10®ml). Stirring in each case is continued for 4hrs. at
reflux temperature. The resultant mixture is cooled to room
temperature, diluted with benzene (18ml) and treated with water
{28ml} . The organic phase is separated, washed with water,

dried over anhydrous sodium sulphate and evaporated in wvacuo.
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3.5.95 7,8,9,10-TETRAHYDRO~3~ME THYL-S-BENZYLPYRIDO
{1,2-a]QUINOXALIN-6-0NE.
7,8,9,10-tetrahydro-3-methylpyridofl,2-alquinoxalin-
6-one (@.43g,2mmoles) was reacted with benzylbromide (@.36ml,
3mmoles) in the manner described. On evaporation of solvents,

an oily residue was cbtained which crystallized from petroleum

o o
ether (6@ -80 ). Recrystallization from ethyl acetate/petroleum
ether gave a greenish brown crystalline solid, .35g, 57% ; m.p.
o
140-142 C.

IR: 1675 (C=0), 1685,1505,1380, 8080, 730, 720 (s) cm-1 (Fig.XLV)
p.m.r (CDC13) 1.4-2.8 (6H, piperidine m) 2.15 (3H,s,ArMe),
2.92 (1H, m},3.61 (ZH,m} 5.15 (2H,d,J=SHz) N-CH -Ar),6.74
(aromatic 3H,d) , 7.24, (SH, s,ArH ), (Fig.XLVI) ‘
Ansl. calcd. for C H N O:,78.43, H, 7.18, N, Z.15
20 22 2
Found : C, 78.97. H,6.9@, N,8.89.
3.3.6 7,8,9,10-TETRAHYDRO-3-METHYL-5-(2 ' ~CHLOROBENZYL)
PYRIDO{1,2-a]JQUINOGXAL IN-6-0NE.
7,8,9,lm—Tetrahydro-S—methylpyrido[l,2—a]qui0xalinf
b-one (B.43g,Z2mmoles) was reacted with o-chlorobenzylchloride
(.4 ml, 3 mmoles) according to the general procedure described.
On  removal of solvents a light yellow crystalline solid was
immediately obtained. Recrystallization from ethyl acetate
/petroleum ether mixtures gave @.58g (85% ) of the praduct as é
light vellaw crystalline soild m.p.llé—llBOC
IR: 1670 (C=0),161@, 1510, 805, 7335 (s) cm {Fig.XLVII). .

p.m.vr. (CDCL3}: 1.6-2.0 (&H,piperidine,m} 2.15 (3H,S5,ArMe},
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2.9 (IH, m) 3.6 (2H,m) 5.2 (2H, N-CH -Ar) 6.6 (aromatic 3H, d)
2
7.0-7.3 (aromatic 4H,m) (Fig.XLVIII).

3.5.7 7,8,9, 10-TETRAHYDRO-3~METHYL~5— (3 -~BROMOBENZ YL )
PYRIDO([1,2-alQUINOXAL IN-6-0NE ; ~
7,8,9,10-Tetrahydro-3-methylpyridofl,2-alquinoxalin-6—

one @.43g, 2 mmoles) was reacted with m-bromobenzylbromide (@.75g

Immoles) in the manner previously described. On evaporation of
solvent, an oily residue was obtained. T.l.c¢c showed one major
product and some impurities. The product was purified by passing

through a short column of silica and eluting with ethyl acetate

/petroleum ether mixtures, ©.38g, (50%) of the product was
o
obtained as a green crystalline solid. m.p. 124-125 C.

p.m.r. (CDCL ): 1.6-1.9 (6H, m, piperidine), 2.15 (3H,s,ArMe},

3 .
2.5 (1H,m )}, 3.7 (2H,m), 5.2 (2H,5,N-CH -Ar), 6.8 (aromatic 3H,
2
d), 7.35 (4H,m,ArH}, (Fig XLIX).
3.5.8 7,8,9,1l0-TETRAHYDRO-2-FLUORO-5-BENZYLPYRIDO

[1,2-a]OUINDXALIN-6-0ONE.
7,8,7,10-Tetrahydro-2-fluoropyrido(i,2-alquinoxalin-
6-one (8.44g, 2mmoles) was reacted with benzyl bromide (@.36ml,
3mmoles) according to the general procedure described. The
0lly residue obtained after work-up crystallized from n-pentane
and was recrystallized from ethyl acetate/pentane mixtures to

give a light yellow crystalline solid as product (@.31g, 50%)

Mup. 1@7—1@808

IR: 1660 (C=07, 1610,151@,1455,830,705 cm—l (Fig L).

p.m.r.(CDCL ): 1.25-2.57 (piperidine &H, m, br), 2.18 (iH ;m 1,
3
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3.6@,(2H,m ), ©5.16 (ZH,d,I=2Hz, =N-CH -Ar), 6.3-6.8 (aromatic
2
SHym), 7.25 (SH,br,aromatic H)}, (Fig LI).

Anal.Calcd.far C H N OF: C, 73.55; H,6.10; N,9.0.
19 19 2
Found: C,73.464; 5.99; N, 8.92.
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3.6.@ ATTEMPTED 4-CHLORINATION AND OXIDATION REACTIONS

3.6.1 'ATTEMPTED 6-CHLORINATION :- REACTION WITH PHOSPHORYL
CHLORIDE

(i) A mixture of 7,8,9,1@-tetrahydrppyrido[l,2—a]quin0xalin—6*
one and POCL (1@ml) was heated under reflux. Qithin 5-18 mins.
of reaction,zthe mixture had turned black. It was however kept
under reflux for 1 hr., after whiFh the dark mixture was
extracted repeatedly with dichloromethane. After evaporation of
solvent, a product crystallized from ethanol/diethyl ether
mixtures as deep purple/black needles h.p. > 3@@08 dec. Yield =
@.153qg.

-1
IR: 16@5, 1558, 1375, 74@, 725 cm (Fig LII).
p.m.r spectrum (Fig LIII) showed broad, unresolved, multiplets in
both the aliphatic and aromatic regions.
Analytical; Found: C, 36.3%9; H, 3.925 N, 6.85,
(1i) POC1 (Sml) was added to a solution of 7,8,9,18-tetrahydro
pyrido[l,;-a]quinoxalin-é—one (0.2g, immole) in pyridine (1@ml)}.
The mixture was kept under reflux for 1% mins., then cooled,:\
poured onto ice and neutralized with 50% NaOH solution. The inky

solution was extracted with dichloromethane. The same results

were obtained as in (i) above.

3.6.2 REACTICGN WITH MANGANESE DIOXIDE
Manganese dioxide (1.0g) was added to a suspension of
7,8,9,10-tetgahydropyridoll,2,-alquinoxalin-4~one (0.2g9, 1lmmole)

in benzene (20ml). The mixture was heated under reflux with
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y stirring for 24hr. and then filtered and the solvent removed in
vacuo leaving an oily residue which crystallized from ethyl
[ acetate/petroleum ether mixtures as light brown crystals.

QO
m.p. 185-187 C. -
l IR: 3050 (N-H), 1680 (C=0), i61@, 15908, 1588, 790, 775, &5¢ cm

(Fig LVI).
p.m.r (CD OD): 1.2-2.2, 3.4, 4.0 & 4.7(multiplets,piperidine
ring protgnsl, &.7 (ArH, m}, 7.4 (ArH?, s) (Fig. LV).
' 3.6.3 REACTION WITH ALKALINE POTASSIUM FERRICYANIDE
An agqueous solution of potassium ferricyanide (4.%g, 15
mmoles, in 9@ml water) was added slowly with stirring to a
suspension of 7,8,%,1@8-tetrabydropyridoll,2-alquinoxalin-6-one
(1.0g, Smmoles) in 15% potassium hydroxide solution (5@ml). The
mixture was kept stirring at room temperature overnight. 1t was
then filtered and B.64g (64%) of the starting material was
recovered. The filtrate was treated with dilute sulphuric acid to
: pH 1.0, then the mixture was extracted repeatedly with
dichloromethane. The organic extract was washed with water,
dried, (Na SO ) and solvent removed in vacuo leaving a ligﬁa
brown oil.2 !

-1
> IR: 34@@, br, (0-H), 173@ (C=0), 138@, 74@ cm  (Fig LVI).
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Use of the Nuclear Overhauser Effect in the Determination of the Orientation
of Aromatic Substitution in Tricyclic Quinoxalinones

-+

Babajide |. Alo,* Anthony G. Avent, James R. Hanson,* and Alexandra E. Ode
Chemistry Department, University of Lagos, Lagos, Nigeria and The School of Molecular Sciences,

University of Sussex, Brighton, Sussex, BNT 9QJ

'H N.m.r. nuclear Overhauser enhancement studies involving the amide NH of 7,8,9,10-tetrahydro-
pyrido{1,2-alquinoxalin-6-ones have been used to identify the aromatic proton signals of the
quinoxalin-6-ones and to show that bromination with bromine in glacial acetic acid takes place at C-3
whilst nitration with potassium nitrate—concentrated sulphuric acid takes place at C-2.

Classical methods for the orientation of groups which have been
introduced by substitution onto an aromatic or heteroaromatic
ring have often involved lengthy unambiguous syntheses. More
recent n.m.r, spectroscopic methods involve chemical-shift and
coupling-constant arguments. The nuclear Qverhauser effect
provides a valuable method for interrelating contiguous
protons.! Ann.Q.e. from an NH has been observed on a number
of occasions with amides and peptides having been used, for
cxample,? to assign the amide proton resonances of NAD. It has
considerable potential in heteroaromatic chemistry where a
cyclic NH can be identified particularly as an NH will often
exchange relatively. slowly on an n.m.r. time-scale in solvents
such as dimethyl sulphoxide. In this paper we describe the
application of this strategy to the determination of the sites of
electrophilic aromatic substitution of tetrahydropyrido[1,2-
a]quinoxalin-6-ones (1).3+*

Electrophilic aromatic substitution of this ring system may
occur either at C-2 or C-4 il the piperidine nitrogen is

R'l
2 g2
1
10
9 N7
8l 7 GSNH
(o]
(1R R*eH

{2)R'z H,R: Me
(31R's F,R%:H
{4)R' s H,R2:Br
‘SIRISNOZ.RZ:H
61R': H,R2=N02

H
X H X
H H
N H =9
NH‘/ SN H
0 \‘ /NH‘/
4-H = double dfoublet 4.H = doublet

{ortho coupling)
n.O.e. enhancement.

{ortho + mera coupling)
n.O.e. enhancement

protonated and the amide directs substitution or at C-3 if
sufficient non-protonated material is present. The position of a
substituent X may then be determined using a combination of
the coupling pattern and n.Q.e. effect from the NH to 4-H (see
Scheme). An n.Q.e. enhancement will also be observed from the
NCH, to I-H.

The wvalidity of the method was establishcd using the
unsubstituted  7,8,9,10-tetrahydropyrido[ 1,2-a]quinoxalin-§-
one (1) and its 3-methyl (2) and 2-Avoro (3) derivatives which
were prepared by reductive cyclization®* of the nitro acids (7)—
{9} (see Experimental section). The aromatic proton signals of
the parent compound (I) determined in [*H,]dimethyl
sulphoxide at 360 MHz comprised: a triptet of doublets at § 6.72
[/ 7.5 (t) and 1.5 Hz (d)], a double doublet, at § 6.80 [/ 7.5 and
1.5 Hz] overlapping with a second broadened doublet, at &
6.82 (J 7.5 Hz), and a further triplet of doublets at & 6.89 [/
7.5 Hz (t) and 1.5 Hz (d)]. Although the magnitude of the
vicinal coupling constants was the same, the relative

Rl
Rz

N
NO2
COH

(MR H
(8)Rz H,R2: Me
{9)R's F,R%: H '\

B H
=

l NH ‘) ~NH
-

4-H = doublet No 4-H to show
(small J, meta coupling) n.O.e. enhancement
n.O.e. enhancement "

Scheme,
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imtensitics of the individual lines showed that the doublet &
6.80 and triplet & 6.72 arose from adjacent hydrogen atoms
whilst the doublet § 6.82 and the triplet, 8 6.89 represented
the other contiguous protons. Irradiation of the NH singlet
(6 10.37) produced a 15% n.0.e. enhancement at § 6.80
whilst irradiation of the NCH(H) signal (10-H) produced a
16%, enhancement at § 6.82, thus allowing the assignment of
the aromatic proton resonances (see Table 1). The aromatic
proton signals of the 3-methyl compound (2) comprised a 1
H singlet (& 6.61) and a 2 H singlet (6 6.69). Irradiation at &
6.61 produced a 3.3% n.O.e. effect at 8 10.32 (NH) whilst
irradiation at 6.69 produced a 10%, n.QC.c. enhancement at &
3.67 (10-H). The aromatic signals of the 2-fluoro compound
(3) were rather more complex because of coupling to the
'°F. However irradiation at & 6.75 preduced a 16% n.Oe.
enhancement at § 6.51 and a 6% n.O.. enhancement on the
NH signal {8 10.40) again allowing & full assignment.

The monobromo (4) and mononitro (5) compounds were
oblained by bromination in acetic acid and nitration with
potassium nitrate—concentrated sulphuric acid respectively. In
the case of the bromo compound irradiation of the signal at §

6.93 (d, 2.2 Hz, meta coupling) produced a 49, n.Oc. effcct at §

Table 1. 'H N.m.r. spectra of 7,8,9,10-tetrahydropyrido[ t,2-a]quinoxa-
lin-6-ones [determined in (CDy),SO at 360 MHz]

Compound
g - A BRI

Protan m @ k)] @ (5
1-H 6.82 6.69 6.68 6.76 1.51
2-H 6.89 6.69 7.02
3-H 6.72 6.51 7.65
4-H 6.80 6.61 6.75 693 6,92
5¢( 10.37 10.32 10.40 10.51 10.40 -
7a-H 342 13 3.50 3.48 342
7H 1.43 1.42 1.43 1.43
61 165 164 {1.48 1.64 168
9.H 1.82 1.80 2.00 1.82 1.84

2.00 1.99 2.00 2.00
10-H 2.62 2.58 2.66 2.64 275

in 367 in 370 1710
ArMe 2.16
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10.51 (NH). Hence substitution has taken place at the 3-
positien, On the other hand irradiation of the NH in the nitro
compound, produced a 139, n.0.e. enhancement on a doublet (J
8.5 Hz) at & 6.92. Hence this nitro compound, which differed
from the product (6) obtained previously by ring synthesis,? is
the 2-nitro compound. The full proton spectral assignments are
givenin Table 1. Hence under the less strongly acidic conditions
of the bromination, the pipetidine nitrogen dominates aromatic
substitution, whilst under the more strongly acidic conditions in
sulphuric acid, this nitrogen atom is protonated and the amide
directs substitution. A similar dichotomy has previousty been
observed® in the nitration of quinoxalin-2-ol.

Experimental

'H N.m.r. spectra were determined on Bruker WP 80 and WH
360 spectrometers and are tabulated. Lr. spectra were
determined as Nujol mulls.

Preparation  of  (2-Nitrophenyl)piperidine-2-carboxylic
Acids—A solution of 1-fluoro-2-nitrobenzene (7.06 g) and
piperidine-2-carboxylic acid (9.7 g) in ethanol (210 ml)
containing aqueous sodium hydrogen carbonate (100 ml) was
heated under reflux for 4 h and then cooled and washed with
ether. It was acidified with dilute hydrochloric acid and
extracted with chloroform. The cxtract was dried (Na,50,) and
evaporated to give 1-(2-nitrophenyl) piperidine-2-catboxylic
acid (8.4 g) which crystallized from ethyl acetate-light
petroleum as bright yetlow needles, m.p. 79—80 °C (lit.,>* 79—
80 °C) (Found: C, 57.9; H, 5.8; N, 11.1. Cale. for C,;H, ,;N,0,:
C,576,H,56, N, 11.2%); v, 3000 br, 1 700, 1 610, and 1 520
cm-!. Under similar conditions 4-fluero-3-nitrotoluene (5.8 g)
and piperidine-2-carboxylic acid {4.85 g) gave N-(4-methyi-2-
nitrophenyl)piperidine-2-carboxylic acid (8) (5.5 g), m.p. 85—
86 °C (Found: C, 59.1; H, 6.3; N, 10.6. C,3;H (N, requires C,
S9.1; H, 6.1; N, 10.620); v, 3 000, 1 700, 1 620, and 1 525 cm™*.
2,4-Difluoronitrobenzene (5.96 g) and piperidine-2-carboxylic
acid (4.85 g) similarly gave 1-(5-fluoro-2-nitrophenyl)piperidine-
2-carboxylic acid (9) (7.55 g), m.p. 97—98 °C (Found: C, 53.7; H,
50N, 104.C,,H,,FN,0, requires C, 53.7; H,4.85; N, 10.45%);
Veanx. 3 000, 1 715, 1 620, and 1 520 cm™".

Table 2. 'H Num.r. spectra of 1-phenylpiperidine-2-carboxylic acids and esters (determined in CDC, at 80 MHz)

Proton R'—R*=H
¥-H 7.78
4-H 7.05
SH 748
6’-H 724
2H 408
3H . 207
4-H
5_H} 1.67
6-H 3.05
3.46
OMé
OH 10.16
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2,4-Dinitroflucrobenzene (6.98) and piperidine-2-carboxylic
acid (4.85 g) gave 1-(2,4-dinitrophenyl)piperidine-2-carboxylic
acid (8.3 g), m.p. 134—135°C (lir,* 130—131 °C) (Found: C,
49.2: H, 4.6, N, 14.0. Calc. for C;H;N,0,: C, 48.3; H, 4.4, N,
E4.29); Vyoue. | 710, 1 610, 1 530, 1 460, and 750 cm™".

Methylation—1-(2-Nitropheny!)piperidine-2-carboxylic acid
(10 g) was heated under reflux in anhydrous methanol (400 ml)
containing concentrated sulphuric acid (6 ml) for 5 h. The

-solution was concentrated, taken up in chloroform (300 ml), and
washed with aqueous sodium hydrogen carbonate, dilute
hydrochloric acid, and water, dried (Na,SO,) and evaporated
1o give the ester (10 g} as a thick oil, vy, 1740, 1610, 1520,
1 350, and 750 cm'. Under similar conditions 1-(2,4-dinitro-
phenyl)piperidine-2-carboxylic acid (2 g) gave its methyl ester
(2 ), m.p. 86—87 °C (lit.,* 86—87 °C); v, 1 740, 1 600, 1 530,
{ 500, and 830 cm™!,

Cyclization Reactions—Method A. A solution of methyl 1-(2-
nitrophenyl)piperidine-2-carboxylate (8.0 g) in ethano! (200
ml) containing freshly redistilled cyclohexene (16 ml) and 5%
palladium on charcoal (5 g) was heated under reflux for 2 h. The
resulting mixture was filtered through Celite and the filtrate
evaporated to give a gum which was recrystallized from
ethanol-diethyl ether and agueous cthanol to afford 7,8,9,10-
tetrahydropyrido{ 1,2-a]quinoxalin-6-one (1) (3.5 g) as a grey
solid, m.p. 189—190°C (lit,,* m.p. 189—190 °C). i

Methed B 1-(2-Nitrophenyl)piperidine-2-carboxylic acid
{2.36 g) was dissolved in water (80 ml) and the pH was adjusted
to 9—10 with 50% aqueous sodium hydroxide. Sodium
dithionite (7.0 g) was added in small portions and the pH was
maintained at ca. 9 by the addition of alkali. After a further 1.5 h,
the solution was cooled and acidified to pH 2. The product (1.13
) was filtered off, washed with water, dried, and recrystallized
from aqueous ethanol, m.p. 190—191 °C; it was identical (i.r.)
with the previously described material.

Using method B 1-(4-methyl-2-nitrophenyl)piperidine-2-
carboxylic acid (2.0 g) gave 7,8.9,10-terrahydro-3-methylpyrido-
[1,2-a]quinoxalin-6-one (2) (0.99 g), m.p. 148—150 °C (Found:
C.69.3; H, 6.8; N, 12.45; C,,H, ;N,0-1H,0 requires C, 69.3; H,
7.0 N, 12.4%), v, 3 260, 1 680, 1 460, and 790 ¢cm ™",

Similarly 1-(5-fluoro-2-nitrophenyl)piperidine-2-carboxylic
acid (2 g) gave 2-flucro-17,89,10-tetrahydropyrido[1,2-aJquinoxa-
line-6-one (3) (1.13 g), m.p. 195—196 °C (Found: C, 65.4; H, 5.9;
N, 12.5, C,;H,3;FN,0 requires C, 6545, H, 5.9; N, 12.7%); Vs,

13100, 1 680, 1 510, 1 460, and 820 cm™*.
. Using method A, methyl 1-(2,4-dinitrophenyl)piperidine-2-
carboxylate (1.5 g) gave 7,8,9,10-rerrahydro-3-nitropyrido(1,2-
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alquinoxalin-6-one (6) (0.58 g) which crystallized from aqueous
ethanol, m.p. 188—190 °C (Found: C, 5445; H, 4.8; N, 153
C,;H,3N;04H,0 requires C, 54.3; H, 5.7; N, 159%); Voux
3200, 1 660, 1 600, t 510, and 880 ¢cm™'.

Bromination of 78.9,10-Tetrahydropyridol1,2-alquinoxulin-
6-one.—The quinoxalin-6-one (1) (0.2 g) in glacial acetic acid
(10 ml) was cooled in ice and bromine (0.05 ml) n acetic acid (2
ml) was added dropwise. The solution was stirred at room
temperature for 1 h after which the product was filtered oflf and
washed thoroughly with water. The free base was liberated with
concentrated ammonia and recrystallized from aqueous ethanol
to afford 3-bromo-738.9,10-tetrahydropyrido[ 1,2-a)quinoxalin-6-
one (0.2 g) as a red solid, m.p. 225—226 °C (Found: C, 51.7; H,
4.8; N, 9.6. C,,;H,,BrN,O requires C,'51.3; H, 4.6; N, 10.0%);
V.., 3200, 1 680, 1 500, 1 460, 870, and 790 cm™*.

Nitration of 7.89,10-Tetrahydropyrido[1,2-a)quinoxalin-6- -
one—~-The quinoxalin-6-one (1) {0.4 g) and potassivm nitrate
(0.2 g) were intimately ground and added over 10 min to ice-
cold concentrated sulphuric acid {20 mt). The mixture was then
stirred for 40 min after which it was poured onto ice and made
alkaline with concentrated ammonia. The product was collected
and crystallized from aqueous ethanol to afford 7.89,10-
tetrahydro-2-nitropyridol 1,2-a]quinoxalin-6-one {5) (0.3 g) as a
brown solid, m.p. 212—214 °C (Found: C, 58.1; H, 5.0; N, 16.9.
C,;H,3N;0, requires C, 58.3; H, 3.3 N, 17.0%); v,y 1680,
1 510, 1 460, and 740 cm™'.

Acknowledgements
We thank British Caledonian Airways for the award of a Sir
Adam Thomson scholarship to A. E. O.

References

1J). K. M. Sanders and J. D. Mersh, Prog. Nucl. Magn. Reson.
Spectrosc., 1982, 15, 353. .

2 A. G. Redfield and 8. Waelder, J. Am. Chem. Soc., 1979, 101, 6151.

3 E. A. Adegoke, B. 1. Alo, and F. O. Ogunsulire, J. Heterocycl. Chem,,
1982, 19, 1168.

4 E. A. Adegoke and B. L. Alo, J. Heterocycl. Chem., 1983, 20, 1509.

5 M. Abou-Gharbia, M. E. Freed, R. J. McCaully, P. J. Silver,and R. L.
Wendt, J. Med. Chem., 1984, 27, 1743,

6 G. H. W, Cheeseman, J. Chem. Soc., 1961, 1246,

Received 8th September 1987, Paper 71631
! \




