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ABSTRACT

Sodium dithionite has been used in neutral media for the reduction
of quinoxaline-di-N-oxides to the corresponding quinoxalines. A poasible
mechanism is presented. The reduction of benzil te benzoin by sodium dithionite,
and the elimination of acetoxy and hydroxy functions of some quinoxaline-di-N-
oxides during dithionite reductions are conslstent with the nroposed mechaniam,
Phosphorus trichloride has been found to be less efficacious than sodium

dithionite for the deoxyzenation of quinoxalins-di-N-oxides.
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17 TRODUCTION

Amine-N~oxides are either aliphatic or aromatic. Deoxygenation of
aromatic amine-N-oxides is rather difficult compared with that of the
aliphatic analogues. The latter are reduced by mild reducing agents such as

sulfurous acid.l
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The aliphatic L“llf!‘-o—bond is essentially single® while the aromatic
Sf-omhas a partial double bond character due to the overlap of the lone
pair of electrons of the oxygen atom with the YU ~electrons of the aromatic
ring(s). This rescnance contribution 1 increases the stability of aromatic

B-Ifloﬁsyat.ems compared with aliphatic ones.
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Deoxygenation of aromatic-N-oxides has been accomplished by the use
of a wide variety of methods*s® such as dissolving metals, metel hydrides,
phosphorous compounds, carbenes, mercaptans, amines, sulfur compounds,
alkyl halides, dialkyl sulfates, cataiytic hydrogenation and deoxygenations

of various types (photochenical, thermal, oxidative).
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Deoxygenation of aromatic amine-l-oxides with phosphorus tri-
chloride is accomplished in dry, freshly distilled, aprotic solvents such as
chloroform, ethyl acetate, and dioxane; the substrate may be either in
golution or in suspension, T. Emerson and C, Rees? found that the rate of
deoxygenation is decreased by age of solvent and traces of hydrochloric acid,
2,6=Lutidine added to neutralize the hydrochleric acid forned by the
hydrolysis of phosphorps tricliloride increased the rate. Certain groups
with active hydrogens, such as amino and hydroxyl groups, retard the reaction
and must be acetylated prior to deoxygenation.

A. Katritsky® supgrested that deoxygenation with nhosphorus tri-

chloride involves the nucleophilic sttack of phosphorus on oxide-oxygen.
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This mechanism, however, is inconsistent with the decrease in
deoxygenation ability of phosphorus trichloride as chloxrine is replaced by

electron releasing groups. 7The order of ease of deoxygenation is found to

9 @ th@ (Pho} (Ew)3>>@39m2?m

Moreover, the mechanism is inconsistent with the observed

be3.

decrease in reaction rate when electron withdrawing groups are attached



to the N-oxide ring or when the N-oxide is protonated.
A more acceptablels3 mechanism postulates nucleophilic attack of

the oxide~-oxygen on phosphorus.
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Very few examples®? are found in litersture of deoxygenation of
quinoxaline-di-N~oxides with phosphorus trichloride., In 1950 M, Habib and

C. Rees’showed that steric effects are important factors in deoxygenation

of quinoxaline~di-N-oxidess
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Deoxygenation of aromatic-N-oxides with sodium dithionite is
accomplished in acidic, basic, or neutral solution or suspension. 4 wide
variety of experimental techniques are cited in the literature for deoxy-
genation of quinoxaline~di-i-oxides, Usually methanol, ethanol or thcaoe

golvents in admixture with witor are used as sclvents:




In some cases the deoxygenated product is further reduced to the
dihydro'l or polyhydro derivative.
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No satigfactory mechanism is known to date for deoxygenation of
aromatic amiﬁe-N-o:c:i.des wits: sodium dithionite, Extensive studies have
been carried out on reduction of salts such as 3a . In the course of their
gtudies Wallenfels and Schully*?® were able to isclate intermediate ,3b from
reduction of ,3a in basic dithionite:
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The decorposition of intermediates b and Lb is suggested to

follow the known pattern of decomposition of P ¢ -insaturated acids.

H-o N, ~ %C—HH
o Cd H
H—C C“@H 53 \H 5t

Purpose of the work: The purpose of the work was to study the

reduction of some quinoxaline-di-N-oxides with phosphorus trichloride and

sodium dithionite and to establish the generality of these reductions.



DISCUSSIGH_AND RESULTS

The quinoxaline~di-if-oxides, required in this investigation were
prepared by the reaction of benzofvrazan oxide with enamines,*? phenolate

anions,'® or 1,3-diketones®® in diethylamine*® (Beirut reaction).

Reductions with sodium dithionj.jog

Reductions with sodium dithionite were carried out in 60% ethanolic
solutions » The choice of solvent was based on the observation that both the
substrate and the sodium dithionite were in solution when 60% ethanol was
used, whereas only Ithe substrate dissolved in absolute ethancl, and only
sodium dithionite dissolved in water., The effect of the solvent is illus-
trated by the reduction of 1,2,3,L~tetrahydrophenazine-di--oxide (1._)_4-) which
could be reduced selectively to give either 1,2,3,L-tetrahydrophenazine (15)

or 1,2,3,4-tetrahydrophenazine-5~oxide (22) depending on the medium.

@
"+
'\ NG
-
NG
lho O"

Lt
N\ / 60 % Ef.OH/ 2‘2 or EtDH /\[/k
2

-

e a ma -

*7,8-Dichloro-~1,2, 3, i-tetrahydroshenazine~-di-N-oxide (18) was reduced in 60%
ethanolic suspension.



The reductions were carried out at reflux temperature for a period
of 3-4 hours. Shorter reflux periods yielded mixtures of products. For
example, after a short reflux period,l,2,3,L~tetrahydrophenasine~-di-N-oxide
(14) gave a mixture, one component of which was 1,2,3,L-tetrahydrophenazine-
S-oxide (22) isolated by colum chrometography on alumina .

The choice of a neutral medium for reductions was based on the
observation that in basic 60% cthanol decomposition occurred with quinoxaline-
di-N-oxides possessing a metlyl substituent at position 2, suwch as 2-methyl-3-
acetylquinoxaline-di-l-oxide (10) and 2-methyl-3-carboethoxyquinoxaline-di-N-

oxide (12).
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Moreover, reduction of 3~bengyl-2-phenylquinoxaline-di-i-oxide (§) to a
polyhydroderivative,and cleavage of 2-phenyl-3-benzoylquinexaline-di-N-oxide
(8) {@8s judged from the disappearance of an IR absorption band at 1670 cm 1)

occurred in basic 60% ethanocl.

S

*;lumina used for colum chromatography was neutral, Grade 1L "Woelm",
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W.J. Lem and IM.J, Vaymann®® reported that sodium dithionite in

acidic media decomposes rapidly to give s variety of species:

-+ ~ -
5204+ H H5204

HS)04 +HyO ——> HSO, +HSOz+H'
H3Q, +HSO;  ——>S,03+HS03 + H

Tn the light of this report, acidic media were avoided in the reductions

desgcribed here.
To prove the generality of the reduction, seversl quinoxaline-di-

N~oxides with substituents at positions 2,3,7 and 8 were reduced (Tables
1, 2). Optimum yields (60~-95%) were obtained when ) moles of sodium
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dithionite were used for each mole of the quinoxaline~di-N-oxide, The

identity of the products was confirmed by IR*, mm*, elemental a.nalysis* , &nd

comparison with authentic samales,

Spectacular colour changes were observed

upon addition of aqueous sodium dithionite to qQuinoxsline-di-i-oxides in &0%

ethanol (Tables 1, 2).

Table 1
- X1
AN Ry R
>
: N/ Ko Rz
A2
. Reactants B H»; Products B
Ho Ry R, Xy ¥ Ref | Ho Ry R; __ of iﬁ%ﬁﬁm Yield M.P. Ref
30 CHj Ph 0 0 16 |31 CH, Pn Yellow 73 53=54 15
10 cH, COCH; O O 16 |11 CH; COCHy Dark red 78 85-86 15
12 CHg CO.Et O O 26 |13 CHy  COgEt Dark red 69 T72-73 15
& CHyPh Ph 0 0 1h 7 CHyPh Ph Golden yellow 95 96~97 15
8 Ph COPh O O 16 9 Ph COPh  Dark violet 93 150 27
25 CH(CAc)Ph Ph - 0 1} 7 CH,Ph Ph Dark yellow 50 96-~97 15
Ph - 0 14 7 CH,Ph Ph Dark brown 55 95-96 15

26 CH(CH)Ph

et

. o we -

*IR spectra were taken in KBr using a Perkin-Elmer Model 257.
NMR spectra were run indeuterated chloroform on a Varian 4A-60D spectrometer.

Elemental analyses were perforied by F. Pascher, Mikroanalytisches Laboratorium,

53 Bonn, Buschstrasse 54, West Germany.
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_‘I‘able 2
(A
+
RZ CH Z
. N N R
P CHY— CH)
1 _ n R N2
M3 eewy” R ~_ m
_ X2
Reactants T ) Produ;;s
T Colour

No Ry R Rsa % X, n_Ref [No B, Ry m of soluvion Yield M.P. Ref
o H H H 0 0 1 17 {2 H H 3 Red 80 28 30
i H H H O 0 2 17 {15 H H L Red Al 92-93 18
18 H €1 ¢1 o0 0 2 17 |19 €1 <c1 4 Brown 86 185-186 28
16 H CHy CHy O © 2 17 |17 CHy CHy L Red 9k 1h5-146 - .
23 0OAc H H - 0 2 22 15 H H I Red L2 92-93 18
2y Qic H H - - 2 23 {15 H H I Red 50 90~91 18
33 H H H 0 0 3 17 34 H H 5 Brown 8% 84-85 25
35 H B H O 0 L 17 |36 H H 6 Pink 90  120-121 25
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Of the di-Neoxides in the phenazine series, only benzoﬁ{_l phenazine-
di-N-oxide (20) was reduced

A plausmble mechanisn for the reduction of quinomla.ne-dl-l\l -oxides

with sodium dithionite is oublined in scheme I:
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._ ﬁ -— Q}H
| R1O A
@ O % A
Prot from ™ Ny
/ Rz I‘{s:)ci!.c':rlez:cb Lot > s - “‘R%O Q_—“ﬁ\*
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_O (Step «) O_ (Step B)

L2a L2b
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i2e (Step C) L2d (Step D 120 (Step E)
R »
5’?“9.
R - Ry
O@ (Sten F) Scheme T
log 12

Step (4) involves nuclecphilic attack by sodium dithionite on position
2 (or 3) of the quinoxaline~di-N-oxide UL2a , the driving force being provided
by the abllity of the ‘:N—O function to accomicdate & pair of electrons.

Step (B) involves loss of sulfur dioxide from UZb to give a
sulfinate anion }2¢ which decomposes (loss of sulfur dioxide and hydroxide
ion-step C) to give quinoxaline-mono-N-oxide L42d . Steps Dy E and F are
enalogons to steps 4, B and C,

The following observations may be cited in support of the proposed

mechanism.
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(1) The nucleophilicity of sodium dithionite is demonstrated by the

ease with which it effects reduction of benzil (27) to benzoin

(28)
29 ek
Ph-C-¢-P}, > Ph-CC-Ph
H
27 28

Benzophenone and benzoin (28) fail to wndergo this reduction
presumably owing to the decreased electrophilieity of their
carbonyl functions. 4 plausible mechanism for the reduction of
benzil is outlined in scheme II:

!
CEI . Ho 9
- (N= on O .
Ph~C~C-Ph 1 > Ph-CC-ph
8 | -S>
i O ‘-(70_..
0
H(f .C,) " Proton from _ HC‘) V
> Ph 'C§' Ph solvent < Ph _(::'- C-Ph
: H

£
0 19-‘

Scheme II
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(11) Of the two possible positions (2 and 3)in quinoxaline~di-N-oxides,
sodium dithionite initially attacks the more electrophilic centre.
For example, reduction of Z2-methyl-3-trifluoromsthylquinoxaline-
di-N-oxide (L5) (suspended in water) has been reported®? 4o yiald
2-methyl-3~trifluoromethylquinoxaline-l-oxide (47) by attack at the

more electrophilic position 3

—

| o
yCF+ CF;
3 5 3
N CH e CH3
O O

L L7

(111) Intermedistes 3b and kb, analogous to l2c and .L2f, have
been isolated during the reduction of pyridinium compoundst?,12

with sodium dithionite.

o
2 Y 05, M
NI I 75 NH, CNH;
WA .
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Unlike the stable intermediates 3b and Lt , intermediates
W2c¢ and U42f readily undergo decomposition (loss of sulfur
dioxide and hydroxide ion) to fully aromatic products.

(iv) In certain cases, sodium dithionite effects elimination of

acetoxy or hydroxy functions ag illustrated by the transformations

23>, 24 +1y, 257 and 267 :

1)
%
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These eliminations are consistent with the mechanism postulated
for dithionite reductions, and can be rationalized as outlined
in scheme III,

+0-5-5-0

™~ Proton from

solven

\
\4
\
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In an attempt to isalate & sulfinate intermediate, 3-benzyl-2-
phenylquinoxaline~di-N-oxide (§) was reduced with sodium dithionite in basic
0% ethanol. The product was a bright yellow substance wiich showed a sharp
absorption band at 3380 em * (iI-H stretching) and gave an elomental analysis
compatible with C,1Higif,e Although this product has not yet been identified,
it is believed to be a mixture of the dihydroquinoxalines 29, 32 and 43 .

The same product was also obtained by dithionite reduction of 3-~benzyl-2-phenyl-
quinoxeline (7) in basic 60% ethancl.

o-
M+
LHPh CHoPh
<~ Ph Ph
O N /
& R 7
1 :
~ CHzph - | | CHoPh 2™ *jCHzF’h
+ + ’
Ph N Ph N NPh
f-u m
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Reductions with phogphorus trichloride

Reductions with phosphorus trichloride were carried out in dry

chlorofarm s Several quinoxeline-di-N-oxides with substituents at positions

2 and 3 were reduced (Tables 3, 4). Yields ranged from 20 to 90%.

Table 3
X1
~
-~
| Rz 2
1
X2
Reactants . Products
e
Mo Ry R, X X Refi{No N R X; Yieldd PCl,(ml)  wmin. M.P. BRef
6 CH,Ph Phn 0 O 14 | 7 CH,Ph Ph - 89 2,2 & 96-97 15
10 COCH; CH; 0 O 16 |11 COCH, CHp - 29 8.8 90 87-88 15
12 COEt CH; O O 26 |13 COEt CH; -~ 37 Lk 0 73 15
12 COBt CE; 0 O 26 [37a GOt CHy O 22 2,0 60 7576 =

*The chloroform was dried over caleium chloride for 48 hours and distilled.

amount used for the reduchtion of the corresponding quinaxaline-di-l~oxide.



Table 4

e rt—_——

n Reactants Products o -
e e e OB . SN
o Bef 1Mo i0la(ml) _ min,  Yield ILP, Ref.
5 |33 17 3k 60 50 85-86 25
6 |35 17 3% hob 60 82 119-120 25
I

Depending on the exuerimental conditions (Tatlo ,’;-‘.)_, 2emethivl -3 -
carboethoxyquincraline~di-=-oxride (_Z[._g) s could be reduced cither te +he fudly
deoxygenated 2-mz2thyl-3-carboethozyquinoxaline (1_3) or to a product having
the composition of a mono~li~orride (Cq:H1.Nz05). This procduct is tentatively
formlated as 2-methyl-3-carboethonyquinoxaline~l-oxide (3_'?’_@._) on the basis

of the following evidennc!
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37

(i) Reduction of the product with sodium dithionite gave 2-methyl-3-

| carboethoxyquinoxaline (13).

(ii) The product was recovered unchanged after treatment with acetic
anhydride / acetic acid for 48 hours,2? This bchaviour, while
consistent with gtructure 32, rules out the isomeric structure

37b which is expected to give L9

0 0
NG OEY NSOt
—>
& CHs 7 CHy OAC
O
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(1ii) The reduction of 12 to 37a is analogous to the reduction
of 2a to 2b reported by M. Habib and C, Rees,” These
authors attributed the formation of 2b to steric and
electronic factors.

In genersl although reductions with phogphorus trichloride are less

time consuming than with sodium dithionite, the yields with the latter are

higher (Table 5).

Table §
No Quinoxaline~di-N-oxide Quinoxaline No
% Yield(FCl,) % Yield(NapS5,0,)

6 2-phenyl-3-benzyl 89 95 7
12 2-methyl-3-carboethoxy 37 69 13
10 2-methyl-3-acetyl 29 78 11
35 6,7,8,9,10-Hexahydrocycloocts b B2 90 36
33 7,8,9,10-Tetrahydro-6H~cyclohepta 50 89 34

NMR Spectra
In the NMR spectra a downfield shift (in ODCl;) was observed for the

methyl group upon reduction to the corresponding quinoxzaline of 2-methyl~
3-acetylquinoxaline~di--oxide (10), 3-methyl-2-~phenylquinoxaline~di-N-oxide
(30) and 2-methyl-3-carboethoxyquinoxaline-di-N-oxide (12), This shift
corroborates a similar shift described recently for 2-methyl-3~triflucro-

methylquinoxaline-di-N~oxide (45). The results are surmarized in Table 6.
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Teble 6

9,
L R
@igf CH3 N/ CH3

N

R Tau(Quinoxaline di-N-oxide) Tau{Quinoxrling)
for methyl group for methyl group

COCH, 7a51 7.08

CO.Et Toli5 7ell

Ph 7455 7429

CF, 7.28 7410

A small downfield shift was observed for the methylenec protons of
2-phenyl-3-— bengylquinoxaline~di-N~oxide (6) (tau 5.74) wupon reduction to
2~phenyl-3-benzylquinexaline (7) (tau 5.68) . No such shift was cbserved
upon reduction of 1,2,3,L-tctrahydrophenazine-di-N-oxide (tau 6.96) to

1,2,3,U~tetrahydrophenazine (15) (tau 6.98),



EXPERIMENTAL

1. Reduction with sodium dithionite.
i, General procedure
To a refluxing sclution of the quinexaline-di-ii-oxide

(0.005 moles) in 60% ethanol contained in a 3-necked round bottom flask
equipped with a condenser, & stirrer, and a separatory fimnel was added
dropwise hot aqueocus sodiwm dithionite (0.02 moles) over a mweriod of 20
minutes., The solution was refluxed for 3-l hours, diluted with cold water
and extracted with ether., Uvaporation of the ether {after drying) wmder
reduced pressure yielded the corresponding quinoxaline, which was recrystal-
lized from methanol or methanol-water (charcoal treatment).

B. Regultis

J-Benzyl-2-phenylquinozaline

H2Ph

\

Ph

- 27 -
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3-Benzyl-2-phenylquinoxaline-di-N-oxide™ (6, 1.6l g) gave the title
compound {7, 1.4 g, 95% yield),

M,P,: 96-97 (1it,15 97)

Infrared: 1493, 1L52, 1360, 1335, 1010, 770, 760, 735 and 700 cm *

N.M,R.: multiplet at 1,98 (28}, multiplet at 2.70 (121), and singlet

at 5.68 (21},
Elemental anslysis: Caled. for CoiHigNot C 85,11, H 5.Lh4, N 9.45
Found : C 85,00, H 5,34, N 9.26

2-~Phenyl ~3-benzoylquinoxaline

O_
L+

7P

O-

8 2

2-Phenyl -3-benzoylquinozaline~di-N-oxide'® (8, 1,70 g) gave the title
compound (9, 1.55 g, 93% yield)

M,Pe: 150-151 (1it.27 150)

Infrared: 1675, 1450, 1240, 1165, 1015, 925, 885, 790, 775, 7L5,

720, 705.and 695 em *.
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The product was identical with an authentic saiple (mixture MyP.,
IR).
2-Methyl~3-acetylquinoxaline

O
e /&‘CHL}}
> || h_
CH3
10 a

2-Methyl-3-acetylquinoxaline-di-N-oxide® (10, 1.1 g) gave the title
compound (11, 0.72 g, 78% yield).

M.P.: 85-86 (1lit.rs 87-88)

Infrared: 1690, 1560, 1360, 1345, 1190, 1120, 1060, 940, 775 and

650 e *
NuMoRe: miltiplet at 2,17 (LH), singlet at 7.08 (3H), and singlet at
7.08 (3H), and singlet at 7.21 (3H)
Elemental analysis: Caled. for C; H;Np0: C 70+95, H 5.41, N 15.05
Found ¢t C 70,81, H 5,51, N 15,11



2=Methyl-3-carboethoxyquinoxaline

t

(\@m — L=
CTHy

12 13

2-Methyl-3-carboethoxyquinoxaline-di-N-oxide®® (12, 0.62 g) gave the
title compound (13, 0,39, 69% yield).

M.P.t 72-73 (1it.15 73, 74)

Infrared: 1715, 1370, 1315, 1270, 1235, 1195, 1lL0, 1125, 1080, 852,
780 and 770 cm *

N.M.R,: miltiplet at 2,15 (lH), quartet at 5.52 (2H), singlet at

7oll (311 and triplet at 8.58 (3H)
Elerental anslysis: Caled, for C, H,.N,0,: C 66,65, II 5,59, N 12,96
Found : C 66,79, B 5.63, N 12.93.

1,2,3,4-Tetrahydrophenagzine

0;
™~ .
Q

1 15
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1,2,3,L-Tetrahydrophenazine~di-N-oxide'” (1L, 1.08 g) gave the title
compound (15, O.8L, 91% yield),

MJPot 92-93 (1it,28 92,5)

Infrared: 1480, 1428, 1348, 1338, 1210, 1160, 1120, 800 and 765 cm *.

The product was identical with an authentic sample (mixture M.P., IR).

7,8-Dimethyl-1,2, 3, h-tetrahydrophenazine

758-Dimethyl-1,2, 3, ~tetrahydrophenazine~di-N-oxidel? (16, 0.61 g)
gave the title compound (17, 0.5 g, 9% yield).

M.Pos 2U5-1L6

Infrared: 183, 1422, 1335, 1308, 1205, 1150, 1000 and 830 cm *

N M.R.: singlet at 2,40 (2H), miltiplet at 6,92 (lH), singlet at

7.60 (6H) and mltiplet at 8.0 (LH)

Flemental analysist Calcd. for Ci HigNo: © 79,21, H 7.60, N 13,20
Found : C 79.13, H 7.61, N 13.36.
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7,8-Dichloro-1,2, 3, i~tetralydrophenazine

Q_

Sl XN LN | CIM.

7,8-Dichloro-1,2, 3, i~tetrahydrophenazine~di-N-oxidel? (18, 0.80 g)
in 60% ethanol suspension (180 ml) gave the title compownd (13, 0.58, 86%
yield),

M,P.: 185-186 (1it,® 183,5)

Infrared: 1450, 115, 1330, 1305, 1180, 1152, 1100, 960, 850, 870

and 825 em *
H.M.R.: singlet at 2,04 (2H), mdtiplet at 7,98 (L) and multiplet
at 6,98 (1H)
Elemental analysis: Caled. for Cj H,NpCl,: C 56,95, H 3.96, ¥ 11.07,
ci 28,02
Found : C 56,91, H 18, ¥ IL.Ch,

Cl 27.83.
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Benzol %] phenazine

-
g
=

Benzo[ %] phenagine~di-N~oxide® (20, 1.31 g) gave the title compound
(21, 0.90 g, 782 yield).

M.Pas L1102 (1it.2° 1iR2)

Infrared: 1450, 1355, 1010, 960, 880, 840, 760, 755 and 700 cm *.

The product was identical with an aunthentic sample (mixture M.P., IR).

1,2, 3, i-Tetrahydrophensizine~5-~oxide

Q-r

—>|| o )
P - )
o O

)
=

™
I
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1,2,3, k-Tetralydrophenazine-di-N-oxide®? (1, 1.08 g) suspended in
water (50 nl) gave the title compound (22, 0.3 g, 30% yicld) when treated
with hot, aqueous sodium dithionite (3.4 g) and the solution heated to

boiling for 5 minutes. The product was chromatographed on alwmina,

M,P.: 89-92 (Lit.21 95)
Infrared: 32803400, 1578, 1350, 1330, 1125, 1105, 1050, 980, 94O,
875 and 765 cm *,
The product was identical with an authentic sample (mixture M.P., IR).
Product (22) was also obtained by reduction of (1L) in accordance
with procedure (1-A) using absolute ethanol instead of 60% cthanol as a
solvent,

3-Methyl-2-phenylquinoxaline
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3-Methyl-2-phenylquinoxaline-di-N-oxide®® (30, 0.65 g) gave the title
compound (31, 0.40, 73% yicld),
M.P,: 53-5L (1it,%® 57-58)
Infrered: 1480, 1440, 1395, 1340, 1005, 820, 760 and 700 cm %
¥.M.R,t miltiplet at 1.95 (2H), multiplet at 2.40 (7H) and singlet
at 7.29 (31).
Reduction of l-acetoxy-1,2,3,li~tetrahydrophenazine-5-oxide

NS
N

15

The title compound®® (23, 0.65 g) gave 1,2,3,l~tetralydrophenazine
(15, 0.20 g, W27 yield) upon treatment with sodium dithionite in accordance
with procedure (1-4).

M.P.: 92-93 (1it,*® 92,5).

The product was identical with an authentic semple (mixture M,P.,
IR). '
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Reduction of l-acetoxy~l,2,3,L~tetrahydrophenazine

OAC

T)—CX
G NN
2L

15

The title compound®® (2l, 0,25 g) gave 1,2,3,li~tetrahydrophenagine
(;é, 0.15 g, 50% yield) won treatment with sodiwm dithionite in accordance
with procedure (1-a).

M.Po: 90-91 (lit.2® 92,5).

The product was identical with an authentic sample (mixture M.P.,IR).

Reduction of 3-(d-acetoxybensyl)-2-phenylquinoxaline~l-oxide

[ QL\C

Sy CHPR HoPH
— 2

& Ph Ph

i +

O-
25

|3



- 37 =~

The title compound®® (25, 0.95 g) gave 3-benzyl-2-phenylquinoxaline
(7, 0.4k g, 50% yield) upon treatment with sodium dithionite (1,80 g) in
accordance with procedure (lei).

MiPoz 96-97 (Litl15 97).

The product was identical with an authentic samle (mixture M.P,, IR).

Reduction of 3-(¥-hydroxybenzyl)-2~phenylquinoxaline~l-oxide

OH

V

P P

o]
o~
|

The title compound'* (26, 0.82 g) gave 2-phenyl-3-benzylquinoxaline
(7, 0.40 g, 55% yield) wpon treatment with sodium dithionite (1.74 g) in
accordance with procedure {(1~i).

M.P.t 95-96 (1it. 25 97).

The product was identical with an authentic sample (mixture M,P.,

IR).
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Reduction of benzil

PR 2 or
Ph—C-CPh > Ph-*C'—g—Ph
27 28

The title corpound {27, 2.1 g} gave benzoin (28, 1,95 g, 93% yield)
upon treatment with sodium dithionite (6.8 g) in accordance with procedure
(1-A). The product was recrystallized from ethanol,
M.Po: 137 (Li4.24, 137).
Infrared: 33h5-3120, 1680, 1450, 1265, 1205, 1095, 1070, 980, 758,
708 and 698 cm L.
The product was identical with an authentic sample {mixture IVI.P;,l IR).

Reduction of 3-benzyl-2-phenylquinoxaline~di-N-oxide in basic medium

H

o L H
@’\j*‘z% HPH
= + 32+£¢3
N Ph ' Ph T
o

6 29
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To a refluxing solution of the title compound® (6, 1.6k g) in 150 ml
of basic 60% ethanol (7.5 g of potassium hydroxide in 150 ml of 60% ethancl)
was added sodium dithionite and the resulting solution was refluxed for 6
hours. The usual work-up (as in procedure l-A) gave 1.30 g of bright yellow
crystals (recrystalliszation from methanol).

M,P.: 112-1)6

Infrared: 3380, 1605, 1485, 1455, 1LL5, 1360, 1345, 1310, 1110, 770,

755, 740 and 695 cm *
N.M.R.: multiplet at 1.99, multiplet at 2.7k, mliiplet at 3.Lk,
quartet at 5.35, miltiplet at 6.30 and quartet at 7.38.
Elemental analysis: Caled. for C,iH1oNos € 8Le53, H 6,08, N 9,39
Found : C 84,13, H 5.94, N 9,09

Reduction of 3-benzyl-2-shenylquinoxaline in bagic medium

H
|
- H |
HoPr NCHZPR
g > - + _3_2_ + Z_ﬁ
W Ph Ph
29

& 29




To a refluxing sclution of the title compound (7, 0.30 g) in 100 ml
of basic 60% sthanol (5,0 g of potassium hydroxide in 100 ml of 60% ethanol)
was added sodium dithionite (0.5 g) and the usual work-up (as in procedure
L-A) gave 0,25 g of bright yellow crystals.

M.P,: 139142

The product was identical with the product of the previous experiment

(mxture M.P., IR).

2+ Reduction with phoasphorus trichlorids

A solution of 0,005 moles of the quinoxaline-di-N~oxide in dry
chloroform, contained in a . 3-necked, 200 ml round bottom flask equipped
with a dropping funnel (with pressure equaliging side arm), a magnetic
gtirrer, and a condenser with calcium chloride drying tube was refluxed in
a water bath kept at 70-80°C., The phosphorugs trichloride in dry chloroform
was added dropwise over a period of 10 minutes, The solution was refluxed
for a specific period of time, cooled in an ice bath, and diluted with ice~
cold water. The chloroform layer was separated and the agueous layer was
bagified with aqueous potassium hydroxide and extracted with chloroform.
The combined chloroform extracts were dried over calcium chloride, filtered
and evaporated to dryness wnder reduced pressure {(preferably without use of

heat). The product was recrystallized from methanocl or methanol-water.



B, Results
3-Benzyl -2 ~phenylquinoxaline
' o
b > 7

3-Benzyl-2-phenylquinoxaline-di-N-oxidel4 (4, 0.82 g) gave the title
compound (7, 0.65 g, 89% yield) upon reflux with phosphorus trichloride
(2,2 ml} for 1 hour.

M.P.: 96-97 (1it.*5 97)

The product was identical with an aubhentic sample (mixture M.P., IR).

7,8,9, 10-Tetrahyd.r0-6I—I-c;:c_3:_gilepta_ﬁﬁlquinomline

_Q;
O—onC
| —_—
Q:;J 1

32 2k

748,9,10-Tetrahydro-tH-cyelohepta [b] quinoxaline~di~N=oxidel?
(33, 1.15 g) gave the title compound (3L, 0.5 g, 50% yield) upon reflux with
phosphorus trichloride (L.l ml) for 1 hour.
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M.P,: 85-86 (1it.25 83-85)

Infrared: 1L85, 1440, 1398, 1380, 1335, 1190, 1122, 955, 935, 928
and 760 cm %,

The product was identical with an authentic sample (mixture M.P.,IR).

6,75049,10 Jll-Hemhydrocyclooctaib}qLuinoxaline

s
—>
L \
0

2 36

6,7,8,9,10,11~Hexahydrocycloocta [blquinoxaline~di~i-oxidel”?
(35, 1.2l g) gave the title compound (36, 0.86 g, 82% yield) wpon reflux
with phosphorus trichloride (h.) ml) for 1 hour.
M,P.: 119-120 (1it.25 120,2-120,7)
Infrared:s 1490, 1465, 1395, 1365, 1305, 1168, 1143, 1120, 1020, 915
and 780 cm *,

The product was jidentical with an authentic sample (mixture M.P. ,IR).
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Zoethyl -3~carbosthoxyquino:aline

\4
W

12

2-Methyl-3-carboethoxyquinoxaline~di-N-oxide® (12,062 g) gave the
title compound (13, 0,20 g, 37% yield) upon reflux with phosphorus trichloride
(L4 ML) for 2.5 hours.

M.Pa: 73 (14%.%8 73, 7h4).

The product was identical with an authentic sample (mizcture if.P.,IR),
2-Mothyl-3-carboethoxyquinoxal ine-li-oxide

o
b+

1
-OE1 ~ C-OEt

12 378

2-Methyl-3-carboethoxyquinoxhline~di-N -oxide'® (12, 0.62 g) gave the
title compound (37a,0,13 g, 22% yield) upon reflux with phosphorus tri-

chloride (2.0 ml) for 1 hour.



M.P.: 75-76
Infrared: 1735, 1485, 1413, 1360, 1300, 1228, 1170, 1110, 1080, 1018,
and 765 cm *
N.M.R.: miltiplet at 1,54 (1H), multiplet at 2.20 (3H), quartet at
5.42 (2H), singlet at 7.35 (3H) and triplet at 8,52 (3H).
Elemental analysis: Calcd. for C;,HyNn.04: C 62,06, H 5,21, N 12,06
Found :+ ¢ 61,80, H 5.42, N 11.98

Reduction of 2-methyl-3-carboethoxyquinoxaline-l-oxide

Q. 0 0
ﬁf@a GOt

318 13

The title compound (3_'?’5;_, 0.58 g) gave 2-methyl-3-carboethoxyquinoxaline
(13, 0.40 g, 75% yield) woon trcatment with sodium dithionite (procedure l-i).

M.Po: 72-7h (14,35 73, 7U).

The product was identical with an authentic sample (mixture M,P.,

IR).
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2=lethyl=-3-acetylquinoxnline

o
o ral
CHy | CH

L | 1

2-Methyl-3-acetylquinoxaline~-di-N-oxide®® (10, 1.1 g) gave the
title compound (11, 0,030, 29% yicld)upon reflux with phosphorus tri-
chloride (8.8 ml) for 1.5 hours.

M.P. 87-88 (1it,15 87-88)

The product was identical with an authentic sample {mixture M.P.,

IR).
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3+ Reactions with unidentifled products

Reduction of 2-phenyl-3-bengoyl-di-N-oxide

v
()

The title compound 8, (1.1 g} gave 38, (0.6 g) upon reflux with
phosphorus trichloride (L.l il) for 1 hour.
M.P.: 1LO-1i1
Infrared: 1675, 1480, 1450, 1355, 1238, 920, 770, 705, 695 and
670 cn *
Elemental analysis: Caled. for CaiHyNo0.: C 77.28, H h.32, N 8,58
Found : C 764,23, H 436, N 8,76.

Treatment of 38 with sodium dithionite (procedure 1-i) gave
2-phenyl-3-benzoylquinoxaline (9). The product was identical with an

authentic sample (mixture M.P., IR).
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Reduction of 2-methyl-3-acetylquinoxaline-di-N~oxide

e 2
CH,

CH3

v
ke

O-
8
The title compownd 10, (0.80 g) gave 39, (0.18 g) upon reflux with
phosphorus trichloride (3.5 mL) for 30 minutes.
M,P,t 134-135
Inmrédz 1692, 1520, 1478, 1400, 1360, 13L2, 1052, 760, 690 and
668 em ™t
N.MR.: mltiplet at 1.50 (1H), multiplet at 2,08 (3H), singlet at
5.22 (2H) and singlet at 7.25 (3H)
Elemsntal analysis:s Caleds for Ci HigNz02: C 65,33, K .98, N 13.86
Found : C 55,68, H 3480, N 11.69.
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