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SUGMMARY

The reactions of amines, {in particular o-dialkyl-
aminoaniliines and p-substituted gnilines), with alloxan
have been examined under a variety' of conditions and the
formation of unusual products is raticnalised in terms of
the electrophilic and oxidative properties of alloxan as

well as its ability to ring-open.

Condensation of-alloxan and o-dimethylaminoaniline
yields 1,2,3,4—tetrahydroquinoxaliﬁe-Z—spiro—S—(hexahydro—
2,4,6-trioxopyrimidine) (41l) formed by participation of one
of the N—methyl'groups of the o-dimethylamino substituent
in a unique ring—closure37,. Similar structures are assigned
to compounds obtained from 6-methyl, 7-methyl, and 6,7-
'dimethylﬁg—dimethylaminoanilines36. These compound were
regarded as anils by Rudy and Cramer36. The élosely related
oxidation product of the spiran {41),-previously56 considered
to be a carbinciamine (42), is now shown to ke a dihydroquin-
oxalinium barbiturate (46; R=H) and similar betaine struct-
ures are alsé assigned to ths 6,7wdimethyl36 and 6,7-dichloro
37,58 analogues of the barbiturété (46; R=H). o-Diethyli-
aminoaniline, unlike the o-dimethylaminoanilines, forms a
benzimidazolium barbiturate (51; R=H) and a similar struct-

ure 1s proposed for the product cbtained from 4,5-dimethyl-



oh = Lo._ 36
2-dipropylaminoaniline .

Under acid conditions alloxan and p-substituted anil- .

ines cave dioxindole-carboxyureides (72}, although these were
f7 .

. : o . 2 Y T o SR | I e ol .

previously regarded as phenylaminodialuric acids {73j, and

alkaline nydrolysis of the dioxindole-carboxyureides (72)

. I . . 67 . .
gave oxindole-oxazolidine-2,4-diones (76) previously form-
ulated as tartronimides (71). Interaction of p-substituted
-anilines and alloxan monohydrate in aqueous ethancl gave
phenyluramils (83) and aniline salts of alloxanic acid and
phenylaminodialuric acids (114}, 5,5-diphenylamino barbituric

acids (105) and alloxan-anils (116) have also been obtained.

With piperidine and benzimidazoles in acetic acid
alloxan gave highly coloured, crystalline products which
are presumably anhydro salts of 5-hydroxyhydantoin and 5-
aminodialuric acids and with rs -naphthylamine in acetic
acid 5—(l—dibenzo—a,h—phenazinium) karbiturate (78) was .

obtained.

Several dihydrobenzimidazoles have been prepared and

their n.m.r. and light absorption spectra recorded.
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INTRODUCTION

Alloxan (1) was the first pyrimidine derivative isol-

ated when it was obtained by Brugnatelli in 1818 from the

oxidation of uric acidl. The original process was later

modified by W&hler ard Liebig2 and remains the basis of one

! ;
0
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modern method of prepa_ration3 4; others include oxidation

of barbituric5 acid and its 5-benzylidene derivative6 with
chromium trioxide.

The diabetogenic properties of alloxan were first des-
7

cribed by Dunn et al.’ in 1943 and since that time consider-
able interest has been shown in its effect on biological sys-

tems. The toxic effect of alloxan 1is believed to be due to

the in activation of certain essential sulphydryl enzymes in



the JB —-cells of the islets of Langerhans in the pancreas8.
Glutathione and cysteine were found to inactivate alloxan9
by reducing it to dialuric acid8 (8), 2 non-diabetogenic sub-
stance, and the selective sensitivity of the JB —cell; is be-
lieved to depend on their low protective glutathione content,

due to a high consumption for the synthesis of insulin~.

By comparison with the interest in the biological and
biochemical properties of alloxan comparitively little recent
work has been done on its compliex chemical behaviour. Alloxan
crystallizes from water as a tetrahydrate and can be readily

dried to a stable, colcurless monohydrate (2)10. The yellow

HO. _OH
2 0, _\f
o6 co C—
HN_ _NH 0C\ 0
0 H

anhydrous material (1) is obtained by subliming the mono-
hydrate at 150° in a high vacuumil. Oxidation with nitric

acid results in the liberation of carkon dioxide and the



formation of parabanic acid (3)12; mild alkaline hydrolysis

causes ring-contraction to salts of alloxanic acid (4)12”13’

14, and sodium alkoxideé in alcohols yield the sodium salts

of alloxanic .,acid esters (5)15. The-base—cataiysed ring-

contraction of alloxan to alloxanic acid has been examined

HN —CO Na N —Co
/ \
oc_ MNH oé-\ NH
/C\~ ./C\"
4y HO C02H HO CO,R

2 (5)

(6)

14 labelled alloxan16 and the mechanism involves nuc-

with C
leophilic attack at C-4 followed by migration of nitrogen
from C-4 to C-5 (6, arrows) and not the normal C —» C mig-.
ration found in rearrangements of the benzilic-aci& type.

Partial reduction of a;lo#an with hydrogen sulphide gives

alloxantin (7)4 which on further reduction with more hydro-

~gen sulphide o or with sodium‘amalgaml8 yields dialuric



‘acid (8). The process is readily reversed and aerial oxid-
ation of dialuric acid gives alloxantin19 which may be fur-

ther oxidized to alloxan by céntinuéd aeration20 or with

H
8 0
0c” " >co 0C” XCOH
| | | | (8)
HN . NH HN\C/'NH
0 rr 0
H.S air
HS\ \HNO, )
Q0 OH HO Q
- “NH
' ¢
oc\N/co oc\N/ 0
H H

(7)

hitric»acid3. Alloxantin may also be prepared by mixing
equimolar aqueous solutions of alloxan and dialuric acid (8)l

when the less soluble alloxantin crystallizes, and it has been

reported that aqueous solutions of alloxan gfadually decompose

especially on heating to alloxantin, parabanié¢ acid and carbon

diOxideZl. Despite a considerable amount of work22, the

structure of alloxantin remained uncertain for some time.

The two most likely structures were the pinacol form (7) and

the hemiacetal form (9)'and it is only comparatively recently

' N ' ' 23 . - S
that the pinacol structure has been accepted””. The earlier
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view that aqueous solutions of alloxantin were largely diss-
ociated into the component alloxan andldialuric acid24 is
not supported by a recént.polarographic stuayzo which sugg-
ests that, at least in the pH range 3.5 to 5.6, little or no
" dissociation occurs. Alloxantin (7) forms an acetylzsvand a
benzoy’i25 derivative and many alkylated homolpgues aré knéwn26.'
It.is decomposed by sulphuric acid at 120° into barbituric
acia and parabénic acid (3)27, and with ammoniﬁm Saltszs and
aliphatic priﬁary amine529 it giyes uramil (10; R=H)fand its
7;alkyl derivatives (10; R=alkyl). With ammonia it forms
murexide (28;'p.12). N

\

The products which have been obtained from reactions of
alloxan with organic bases are remarkably diverse. The orig-

inal structurés assigned to a number of these products have



been questioned and there are others reported in the literat-
ure which lack unequivocal structural evidence. As a conseq-
uence an over-all picture of the reactions of alloxan with

bases has not yet emerged. T

Alloxan and diprimary and primary-secondary o-phenylene-
diamines under acid conditions form alloxazines (1ll) and
isoalloxazines (12) respectively3l. In aquedﬁs—ethanol 1l,2-
-dihydro-2-oxoquinoxaline-3-carboxyureides (13) are formed and
these are readily éonverted to the isomeric gglggfhydahto;ns
(14)32.: Analogous 1,4,5f and l,4,6—£riazanapﬁthalenes (15
and 16) and spiro-hydantoins are obtained from 2,3~ and 3,4-
diaminopyridine réspectively33. Hinsbérg34'had originally
examined the reaction of alloxan Qith gfaminoaﬂilines in agqueous

—ethanol and he formulated the' yellow products as quinoxaline-

HNR 0
. cC._ .
ocf/%w | - Xy \TH
HN.  _NH o co
e | TSN TN
0 H
(10) | (11)
e ol
//’ r \\// _\%c) :
\\ N 8/NH .
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(13) (14)
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N N7 C 0-NH-CO-NH, NS N7 CO- NH-CO-NH,
(15) (16)

carboxyﬁreides (13), but later workers35 generally favoured
alloxan-anil structures (17) for these compounds. Rudy and
Cramer 36 attempted to differentiate between the alternative
structures (13 and. 17) by comparing the products formed from
o-aminoaniline or o-methylaminoaniline with that obtained
from‘QfdiméthYlaminoaniline (18) for which an anil structure
alone seemed possible. They rejected Hinsberg's quinoxaline-

carboxyureide structure (13), and based their conclusions on

the supposed authentic anil obtained from Qfdimethylaminoaniline



R
NH
H
CO—N\
N=— /CO
CO—N
H
(17)
37

(18) . King and Clark-Lewis later showed that the supposed

anil obtained by Rudy and Cramer from o-dimethylaminoaniline

Me Me

NMe N H
CO™N
o \CO
NH N
2 c0 -
: H
(18) (19)

and alloxan was the spiran (19), and they further showed, by



methylation studies and by synthesis of degradation products,

that Hinsberg's original structure was correct.

With alicyclic secondary amines (piperidine, morpholine,
etc.) in agueous-ethanol alloxan monohydrate gives amine salts

of alloxanic acid (20)38

and with anhydrous alloxan in anhy-
drous ethanol salts (21) of ethyl alloxanate are obtained38,

The former had originally].'5 been formulated as amide hydrates

+
N—cP BH -
4\ 7N
0C. . NH 0 H
Ho><cozt BH* Ho><c02Et
(20) . T (21)

of alloxanic acid and the latter had been considered to be

alcoholates of the amides38.

Alloxan and aromatic secondary and tertiary amines
yield S5-p-alkylamino- and 5-p-dialkylamino-aryldialuric acids

(22)39. Aromatic primary amines usually yield 5-p-aminoaryl-
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dialuric acids (22; R=H)39 although intensely coloured all-

oxan-anils (23) have been obtained in some cases where the
‘ 40,41

para position is substituted . Alkaline hydrolysis of
N
“">co
l OH
HN\C
R
H
2 co-N
NR2 N:< CO.
CO-N
H
(22) (23)

the dialuric acids (22) gives 2,4-oxazolidinediones (24)42

- although these wefe originally formulated as tartronimides
(25)39. Phenols and aryl-ethers react in a similar manner

to aromatic amines and form 5-aryldialuric écids43 which are
also converted into the corresponding oxazolidinediones (24)
by alkaline hydrolysis. Under suitable conditions alloxan can
be induced to react with un-activated aromatic compounds and
with benzene in sulphuric acid it yields 5,5-diphenylbarbit-

4

uric acid (26)4 , a compound which is difficult to obtain by

other means45. With acetophenone and certain of its homologue:
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0Cc—0 _
/ )<H HNTCO0 oy
AN 0C —
5 |
NR, NR,
(24) (25)

alloxan forms phenacyldialuric acids (e.g. 27)46.

DX @/‘w ,
- Of/(co

C7 |
HN\ /NH HN\ /NH
C C
0 | 0
(26) (27)

The reaction of alloxan with alcoholic—ammonia47 yiélds

an intensely coloured material, murexide (28), which is the



ammonium salt of an as yet unisolated acid, purpuric acid

>

30,48,49 . : a3 - .
(29)° 75477, Murexide can also be obtained by the diraect
condensation of alloxan with uramil (10; R=H) and by a var-

iety of other procedures apparently involving the formation

NH

. ’ :
. ; .

HlTl 7 NFT UNH HN ~NF N

7 )\

o/\}rj”“oo ﬁ/&o )\ Ao "N

(28) (29)

: : ; . _49
of alloxan, uramil and ammonia .

. . . 50 - i
Alloxan, like ninhydrin {30} , degrades &{—amino—
acids to carbon dioxide and aldehydes containing one less
) o 50—52 . 3 W 1 R B u
carbon atom . Murexide {28) and "Ruhemann's purple’ are

by-products in the respective degradations and the formation

of these highly ccloured materials has been used extensively
. s ne R - : ... 53 .
in the detection and identification O aminoacias . The

similarity in the systems alloxan-alloxantin-dialuric acid

and ninhydrin (30}, hydrindantin {31}, 2-hydroxyindandione (32)
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was first ncted by Ruhemann52 who was able to show that

"Ruhemann's purple" (33} was an analogue of murexide. The

(31}

mechanism by which aminoacids are degraded is still a matter
p _ . PR - 50
of controversy and a number of theories have been put forward™ .

This degradation is in fact a special case of the more general

;5

) . 5 . . - .
_Strecker reaction which refers to all degradations of
& -anino acids by carbonyl compounds to give aldehydes and
. N . . 1 o 32 50
ketones containing one less carbon atom. McCaldin has re-
viewed the evidence and the various mechanisms proposed for

the degradation of aminoacids by ninhydrin. He suggested

that degradation proceeds by a "concerted" decomposition of
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+

-1
0 O
(32)

the intermediate 2-hydroxyindandione (34, arrows) to the

0 _H 0
i

5 -
- | NH, + RCHO
/2h III” 2
NTR

0 ' OH
(34) C02 | (36)

0
+
N=CH
H R

o_

(35)

betaine (35) which is subsequently hydrolysed to the uramil
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analogue (36) and a carbonyl compound. The intermediate

(36) is then either hydrolysed further to 2-hydroxyindandione
(32) and ammonia or condenses with more ninhydrin to give
“Ruhemann’s purple” {33j. Althouch this mechanism explains
all the accumulated facts of the ninhydrin reaction the elect-
ronic shifts indicated in formula 34 do not lead to structure
35. This transformation (34 to 35) is best portrayed as éro—
ceeding via the anil (37) and then to the betaine (35) by a

concerted process involving decarboxylation. The analogous

reaction with alloxan presumably proceeds by a similar mech-

The carboxyl group of the o -aminocacids is not essent-
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degraded to carbonyl compounds and murexideSS. The degrad-
ation of primary amines may be considered as a spéCial.case
of the reaction with aminoacids,'and in this case tautomerism
of the anil (38) to an intermeaiate of type (35) is aided by

the six-membered transition state shown. McCaldin50 suggests

0 § P
N O-. .
Y , \_/T _,OH
: ~
NH
HN \N§CR2 !
i (/CHR
0 (O H
(38) (39).

that the reaction proceeds by the electronic changes shown

in formula 39.

Very little work has been done on the reactions of
alloxan with p-substituted anilines and, in view of £he
unusual behaviour of alloxan with o-dialkylaminoanilines
. (p.8) the reactions with aromatic amines were investig-,

ated in more detail. The results obtained are discussed

in the following section.



DISCUSSION

{In the discussion of nuclear magnetic resonance
spectra the chemical shifts will be given as 7 wvalues).

The compound originally obtained by Rudy and Cramer36

by condensation of o-aminodimethylaniline and alloxXan in
aqueous ethanol, and assigned an anil structure (40), was

later shown to be the spiran (41) 37.

Me Me
NMe N H
co—N | el
\ cO
N /0 N co—y
O_N H
H
(40) | (41)

The spiran is formed by an apparently unigque ring-
closure involving participation of one of the N-methyl groups,
and is accompanied by a second product which has a molecular
formula differing by one oxygen atom from that of the spiran.

The second product was formulated as a carbinolamine (42) by

King and Clark-Lewis>®.
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l\rﬂe OH r\[\/l|e
CO—NH
\ .
N /pO N CO
H  CO—NH | ;
CO——-NR

The ultraviolet light absorption (fig. 1) of the “carbinol-
amine" ﬁowever differs considerably from that of the closely
related spiran (fig. 1) and it was this difference and the
apparent lack of carbinolamine propertigs which prompted a

re—-examination of the carbinolamine structure.

Since mild oxidation®® readily converts.the spiran
to the "carbinolamine" the two compounds are presumably in
close structural relationship. In view of this a thorough
investigation of the spiran was considered necessary because
an unambiguous synthesis had not been achieved>’7 although

evidence for its structure seemed conclusive.

The evidence which led to the proposal of the spiran

37

structure includes : (a) degradation of the spiran with

30% aqueous sodium hydroxide to the hydantoin (43 ; R=H),



Fig.1
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30+
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1,2,3,4—Tetrahydro—4—methquuinoxal;ne—2-spiro—

§' - (hexahydro-2',4',6' ~trioxophrimidine) (#1Vin 95% ethanol.

------- l,2-Dihydro—4—methquuinoxalinium—Z-spiro—S'—
barbiturate (46; R=H) in 95% ethanol. ' _
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the structure of which was confifmed by syntheéis; (b) the
stability of the spiran to acid, which indicates that the
pyrimidihe'ring is intact; (c¢) N-methyl determination
(Herzig-Meyer) showed the presence of only one N-methyl
group, and (d) methylation of the spiran gave a dimethyl
derivative ( 44 ) which contained thrée y}methyl groups

and one active hydrogen (Zerewitinoff). The dimethylspiran

H CO-N
Me

(44) ' (45)

Me ' Me )
, N Me N Me
CO—N | CO—N
\
cO \CO
\ ; ' 0N
| NO _Me

(44.) formed an acetyl derivative with acetic anhydride.

The present work provides further evidence confirm-
ing the spiran structure. The nuclea; magnetic resonance
spectrum of the dimethylspiran ( 44 ) in deuterochloroférm
showed four aromatic protons which absorbed as a single
peak at 3.23, the N(4)Me groﬁp appeared as a three-proton
peak at 7.11, and a sik-proton peak at 6.68 was assigned

to the N(1')Me and N(3')Me groups. The methylene group
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absorbed as a single two-proton peak at 6.75. The position
of the carbonyl absorption in the infrared spectrum of the
dimethylspiran confirmed that the pyrimidine ring was iﬁtact
and an N-H stretching vibration present in this spectrum was
found to be absent from that of the N-nitroso derivative

( 45 ). The active hydrogen in the dimethylspiran was pos-
itively located on N(1) by mild alkaline hydrolysis when the
hydantoin (43 ; R=Me) was obtained and found to be identical
with that prepared by methylation of the hydantoin (43 ; R=H)
‘With-diazoméfhéﬁe37 . Nuclear magnetic resonance confirmed
the structure of the methylhydantoin (43 ; R=Me). The spect-
rum showed two three-proton peaks at 7.05 and 6.98 which have

been assigned to the N-methyl groups, and three quartets

centred at 6.98, 6.37 and 5.78 due to.the —CH2— CH= 'system.

The spiran structure is firmly established by the
above-mentioned evidence and\ghe 6-methyl, 7-methyl, and‘6,?
-dimethyl compounds obtained by Rudy and Cramer36 presumably

have analogous structures.

The sécond product previously56 considered to be a
carbinolamine ( 42 ) has now been shown to exist as the bet-
aine (46 ; R=H) hydrate. This structure overcomes the pro-
.blems associated with fhe carbinolamine formulation and is

supported by new experimental evidence. The change in ultra-

violet light absorption in going from the spiran to the
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Me
+ N _
N co—N

\
R 0
N
H CO—N/C
H

(46)

betaine is now understandable. Tﬁe ultraviolet spectrum of
the betaine resembles that of benzimidazolium salts (e.g. 50)

which possess a similar chromophore. The betaine ( 46; R=H)

crystallized from water as a dihydrate.(C12H10N403.2H29) and
1 i : 1
could Pe dried to a hemihydrate (C12H10N4O3.2H20 or.C24H22N807).
[
N Me  Me
N N
i T Pl
0? C[ZO oC CO
HN f\lt
- \C/NH HN\C/ H

(47)
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The retention of one molecule of.water for every two mol-
ecules of betaine was one factor which had previously hin-
dered elucidation of the structure. On the carbinolamine
structure two molecules must lose three molecules of water
to give the dimeric anhydride ( 47 ). The betaine struct-

ure offers a more reasonable explanation.

Although oxidation of the spiran to the betaine had

. been observed, attempted catalytic hydrogenation of the bet-
aine to the spiran had failed®® . It has noﬁ been found
that the betaine is reduced quantitatively to1the spiran by
sodium borohydride. This reduction confirms the belief that
the oxidation product and the spiran are very closely relat-
ed and also suggests that no reafrangement of the structural
skeleton has occurred. The 1',3'-dimethyl derivative ( 48 )

of thenbetéine was obtained by methylation of the betaine

Me
+
N\\ Me
CO—'N\ CO——
/X< Co E
N / /
- CO—N Me CO— N
Me ;

(48) (49)
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with diazomethane and found to be identical with the pro-
duct previously56 obtained by oxidation of the dimethyl-
spiran ( 44 ). Reduction of the l',3'—diméthylbetaine ( 48 )
with sodium borohydride gave the dimethylspiran (_44 ) once
more. These interconversions establish that the structure

of the dimethylbetaine ( 48 ) is as shown and not the isomeric
cqmpound ( 49 ). The nuclear magnetic resonance spectrum of
the dimethylbetaine ( 48 ) showed the 3-proton at very low
field (0.37) close to the absorption of the 2—pro£on (0.30)

inl, 3-dimethylbenzimidazolium iodide ( 50 ).

Me -

+

Me

(50)

Rudy and Cramer 36 obtained the 6,7-dimethyl analogue

of the betaine ( 46 ) and the 6,7-dichlorocompound is also

56, 58

known . The 7-bromo derivati&e ( 46; R=Br) has been

prepared and dehalogenation of the bromo and dichloro com-



pounds with'W—7_Raney,nickel confirmed their £elationship
tc the parent betaine. The 7-Bromo compound (46; R=Br)
was prepared from Z-amino-4-bromodimethylaniline and alloxan
in order to confirm its structure.by xX-ray difffaction stud-
ies but it has not been used for this purpose as it was found
to be less suitable than an apparently analogous but struct-
urally different compound (51; R=Br) discussed below. The
6,7-dichloro betaine was reduced with sbdium borohydride to
the previocusly unknown dichloro ana;oéue of the Séiran (413.
Its structure was confirmed by elemental analysis and ultra-
viclet light absorption.

The interaction of o-aminodiethylaniline with alloxan
was investigated59 in order to détermine the scope of these

unusual cyclisationsand a compound was obtained which was
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apparently an analogue of the betaine (46 .; R=H); no mat-
erial analogous to the spiran (41: ) was isolated. The
product has now been shown to be a benzimidazolium barbit-
urate (51 ; R=H). The 6'-bromo derivative (51 ; R=Br) of
the benzimidazolium barbiturate was prepared from 4-bromo-2-
aminodiethylaniline and alloxan and its structure was deter-
mined by x-ray diffraction®0 (fig. 2). Debromination to
the parent compound (51 ; R=H) was achieved with W-7 Rahey
nickel, so that its structure was also defined by.the’x—ray
work. The nuclear magnetic resonance spectrum of the benz-
imidazolium barbiturate (51 ; R=H) in trifluorocacetic acid
showed the triplet and quartet of the N-ethyl group at 8.29
and 5.44 and the 2'-methyl group appeared as a singlet at -
7.12. The 1,3-dimethyl derivative (52 ), obtained by meth-
ylation of the barbiturate (51 = R=H) with diazomethane,
showed n.m.r. absorption in deuterochloroform at 8.45 and .
5.67 (Triplet and.quarter due to the N-ethyl group): 7.29
(singlet due to the 2'-methyl group); and 6.64 a six proton
peak due to the 1,3-dimethyl groups). The‘ultraviolet light
absorption of the benzimidazolium bafbiturate (fig. 3) remain-
ed unchanged in water and in sulphuric acid concéntrations up
~to 50%. The specErum corresponded to the superposition of

the absorption of the barbiturate anion on that of simple

benzimidazolium salts 61 .
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The physical properties of the betaine ( 46 ; R=H)
and the benzimidazolium barbiturate (51 ; R=H) are extremely
similar. They exhibit high melting points and crystallise
from water in which they are sparingly soluble. They are
less soluble in methanol and ethanol and insoluble in aprotic
solvents. The most notable similarity is their ultraviolet
absorption spectra (fig. 3) which show an intense peak at
about 248 mi and two subsiaiary maxima near 270 and 275
mj, . Benzimidazole barbituric acids ( 53‘; R=H or Me)
prepared for comparison (see below) possessed similar absér—

ption except that the maxima at 248 m U were less intense.

+Me
N N
> >
N N
OH 0 0=
| XX AN
HN NH HN NH
1 Y
0 0
(53) ,  (54)

Introduction of bromine into the 7-position of the betaine

( 46 ; R=Br) and into the 6'-position of the benzimidazolium

i
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barbiturate (51; R=Br) cause a similar bathochromic shift

in the position of the two subsidiary maxima (fig. 4). This
similarity in physical propertiés made it necessary to con-
sider a. benzimidazolium structure (54) for the dihydroquin—
oxalinium barbiturate (46; R=H). The alternative structure
appears to be eliminated by a comparison of the chemical
properties of the authentic benzimidazolium barbiturate

(51; R=H) with those of the dihydroquinoxalinium barbiturate
(46; R=H). The benzimidazolium barbiturate is reﬁarkably
stable to alkali59 and was recovered quantitatively from &
30% agueous potassium hydroxide solution after three days
at room temperature. It was also recovered from 5N sodium
hydroxide after being boiled for several hours. The extra-

ordinary stability of the barbiturate (51; R=H)

Me Me
= l N~ N ~co N .0
N : A N | —

N %/ N CO9H

(56) (55)
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towards alkali contrasts with the lability of the dihydro-
quinoxalinium barbiturate ( 46 ; R=H) which undergges mild
alkaline hydrolysis to 3,4-dihydro-4-methyl-3~oxoquinoxaline-
2-carboxylic acid { 55) and formic acid56 . The two com-
pounds behave differently when fused with a mixture of sod-

ium and potassium hydroxides.. The betaine (46 ; R=H) was

converted to 9-methyliso alloxazine ( 56 ) in good yield59

+ Me
Ty N~co NN
co | P CO
NH co |
N c~ NH
H 0 N ¢
H 0
(57) (58)

while the benzimidazolium barbiturate gave l-ethyl-2-methyl-
benzimidazole as the major product. The reaction pathway
involved in the formation of the isoalloxazine ( 56 ) may
be portrayed as an attack by the electrons on N(1') of the
pyrimidine ring on the electron deficient C(3) position

( 57 arrows) to give an intermediate ( 58 ) which then

undergoes oxidative decarbonylation. A similar transform-
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ation occurs with the 6,7-dichlorobetaine under less vig-

orous coﬁditionsS6. The quantitative reduction of the

Me
=" N H
QZ.NXH Vi H Me
o [ X

Me
- N 4
RN CH=
| H- ‘Me
HN _ NH
hd _
0
(59) (60)

betaine (46; R=H) to the spiran (41l) is best explained by

the dihydrogquinoxalinium structure. A benzimidazolium struct-
ure would need to undergo a ring expansion and although this

is not inconceivable it seems improbable particularly in

view of the behaviour of the authentic benzimidazolium bar-
biturate (51; R=H). The barbiturate was reduced slowly by
sodium borohydride, and the reduction could be followed by
observing the change in the ultraviolet light absorption of

the reaction mixture. After some time the ultfaviolet spectrum

resembled that of dihydrobenzimidazoles but acidification yieldec

only recovered benzimidazolium barbiturate. This behaviour

is characteristic of dihydrobenzimidazoles (see below) which
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were found to revert readily to benzimidazolium salts under

acid conditions.

The suggestion that the betaine ( 46 ; R=H) might be

a benzimidazolium barbiturate ( 54 ) made it necessary to
consider a benzimidazoline structure ( 59 ) for the spiran
( 41 ). Model compounds were required to test this possib--

ility. Very few simple benzimidazolines are known. Bohlmann62

Me
H H
o \/N\I/Me @N Me
XN J\cHMe2 N=
H _ Me
(61) (62)

reduced benzimidazole with lithium aluminium hydride undef
vigorous conditions and obtained the parent dihydrobenzimid-
azole as an unstable oil. Elderfield and McCarthy63 prepar-
ed several other benzimidazolines from ketones and o-pheny-
lenediamine. Most of these were also unstable oils which

decomposed into hydrocarbons and benzimidazeoles when pyrol-
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ysed. A solid, and relatively stable compound, supposedly
the benzimidazoline ( 60 ) was obtained from o-phenylene-
diamine and acetone or mesityl,oxideGj " ?his compound

had previously been obtained by Ekely and Wells®? and form-
ulated as a dihydroquinoxaline ( 61 ). The nuclear magnetic
resonance spectrum of the compound is incompatable with both

structures bBut supports a benzodiazepine structure ( 62).

" H n
N N Pr
(X
X N’ CH=C
H M

S

(63)

This benzodiazepine was prepared by Reid and Stahlhofen 65
but without reference to Elderfield and McCarthy 63 | Another
supposed dihydrobenzimidazole ( 63 ) obtained by Elderfield
and McCarthy from pentan-2-one and o-phenylenediamine is pre-
sumably also a benzodiazepine { 64 ). It Eas an unffaviolet
spectrum almost identical with that of the trimethyl-benzodia-

zepine ( 62 ) and differs considerably from the spectra of
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(64) | (65)

Me Me

NN | /\/N><H

= B Me ‘
l ! 1

(66) = (67)

authentic benzimidazolines.

& number of 1,3-disubstituted (e.g. 65 - 67) benzi-
midazolines have now been prepared by reduction of -the corr-
esponding benzimidazolium iodides with sodium borohydride.

The reductions proceeded rapidly at room temperature and
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gave good yields of product. The benzimidazolines prepared
in this manner were found to be unstable oils which could

be purified by distillation under reduced pressure but which
decomposed on exposure to air. A chloroform solution of 1,
3-dimethylbenzimidazoline deposited 1,3-dimethylbenzimidaz-
olium chloride on standing. Attempts to form picrates and
“hydrOCHiéfidéé fiom benzimidazolines resulted in the format-
ion of the corresponding benzimidazOlium'picrates and chlor-
ides. ’It therefore seems likely that the picrate obtained
by Bohlmann62 from benzimidazoline is benzimidazole picrate66
which has the same m.p. and for which Bohlmann's analftical

figures are in good agreement.

The instability of the model benzimidazolines, partic-
ularly in acid solution, appears to exclude the possibility
of a benzimidazoline structure (59) for the spiran (41).

The behaviour ‘of the benzimidazoline apparently formed on
reduction of the benzimidazolium barbiturate (51; R=H) is,
however, in agreement with the behaviour expected from a
study of the model compounds. The structures of 1,2,3-
trimethylbenzimidazoline (66) and 1,3-dimethylbenzimidaz-
oline (67) were confirmed by their nuclear magnetic reson-
ance spectra. The spectrum of the trimethyl—benzimidazoliné
showed the four aromatic protons as a multiplet, a quértet

at 6.0 due to the 2-proton, a six-proton peak at 7.38 which
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was assigned to the two N-methyl groups, and a three-proton
doublet at 8.54 due to the 2-methyl group. The spectrum
obtained from the dimethyl compound showed the two N-methyl
groups at 7.34, and the 2-methylene group absorbed as a sing-
let at 5.77. The position of the 2-methylene group absorpt-
ion decisively excludes a benzimidazoline structure (59) for
the spiran (41) which showed methylene group absorption at
much higher field (6.75) close to the methylene group absor-=

ption (7.12) of a reference tetrahydroquinoxaline’(68).

Me
N .
W Me
N/<
Me Me
(68)

It was thought that the mass spectra of the barbit-
urates might provide positive evidence for the proposed
structures. These spectra were determined by Dr. J.S. Shannon
and the discussion of the mass spectra that follows is based

largely on his interpretation of the results.
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N

The barbiturates gave good'mass spectra 5ut the
spectrum of the benzimidazolium barbiturate ( 51 ; R=H)

was SOmewhaf similar to that of the dihydroquinéxalinium
barbiturate ( 46 ; R=H) and no distinctive features indicat-
ive of different structures were observéd. The main evidence
provided by the mass spectra was the féct that the dimethyl
derivative ( 48 ) exhibited an M-28 peak attributed to the
loss of carbon monoxide. Carbon monoxide however was not
lost from the dimethyl derivative ( 52). A moleéule with
the structure (54 ) should not lose carbon ﬁonoxidg because
its analogue (52 ) does not. The loss of carbon monoxide
from a molecule with the betaine structure (48 ) is réadily

explained as follows =

= Sl e ‘ X Me
| SN =co N>c0
N / N N
*  CO—N ' C— "Me
Me 0 |

The benzimidazolium barbiturate ( 51 ; R=H) showed
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main peaks at m/e 286, 258, 172, 159, 141, and 131. The
m/e 159 peak was the most intense with the exception of
the moletular peak. Metastable peaks indicated the follow-

ing transitions:

286" —_— 158" + 28
+ L

258" _— 1727 + 86

1727 LR “1aaT + 28

1597 . 1317 + 28

Crystallization of the barbiturate ( 51 : R=H) from deuter-
ium oxide resulted in the ‘exchange of five ﬁydrogen atoms.
‘The hydrogéns which exchanged were the N(1)H and N{3)H atoms
and those of the 2'-methyl group. The mass spectral data
obtained from the undeuterated molecule combined with the
results from the déuterated compoundlcan be explained by

the ion reactions shown in figure 5. ' The results obtained
for the dimethyl derivative ( 52 ) are given in parentheses.
The ion b for the deuteréted molecule had lose 2-3 deuterium
atoms, while ion c¢ had retained all the deuterium and ions &

and e had koth lost two atoms.

The spectrum of the betaine ( 46 ; R=H) showed an in-
tense peak at m/e 241 as well as peaks at m/e 258, 198, and

172. Metastable peaks confirmed the following transitions:

IEET 2 et 241% + 17

241 S 1987 + 43
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The spectrum ‘of the deuterated betaine showed that the M-17
peak was due to CH and not NH 5 and the m/e 198 and 172 peaks
were shifted by one mass unit. These results can be explain-
ed by ion reactions shown in figure 6. The m/e values in
parentheses refer to the dimethyl derivative ( 48 ). The

ion m/e 172 may be formed by an alternative route as shown

in figure 7.

It was found that three hydrogen atoms in ﬁhe betaine
( 46 3 R=H) can be replaced by deuterium and this gives fur-
ther support to-the dihydroquinoxalinium barbiturate struct-
ure ( 46 ; R=H). The two N-hydrogen atoms would exchange in
both structures ( 46 and 54 ) but the exchange of the third

hydrogen atom is more easily understood on the quinoxalinium

structure.
[
+N H*_ * N H_
QL DL i N
{ B — | + Hy0
| COo-N CO—N
H* H* H

H*, exchangeable hydrogen atom
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The aniqnic charge on the isomeric bafbiturates
. (46; R=H) and (54) should be neutralized at different pH,
but the strengths. of the conjugate acids of the compounds

(46; R=H) and (51; R=H) could not be determined because

they proved too insoluble for electrometric titration.

Dur%ng preparation of 4-bromo—24nitrodiethylan;line
bf bromination of o-nitrodiethylaniline it was observed ‘
that the rgéction was accompéﬂied by de-ethylation which
resulted in the formation of'4fbromo—2—nitro—N-ethylaniline
as well as the required product. Chromatography on alumina

.or silica gel separated the two cﬁmpognds and the mono-ethyl
compound was reduced to the corresponding o-phenylenediamine
and condensed with alloxan in‘aqueous—ethanol, The quinoxal-
ine~carboxyureide formedrresembled’thé unbrominated ureide
in light absorption and other properties. '

The structures of the dihydroquinoxalinium barbitur-

‘ate (46; R=H) and the benzimidazolium barbiturate (515 R=H)
are established by the above evidence.and possible mechan-
isms to explain the formation of these compounds are dis-'

cussed in part 4.



Part 2.

It has been known for sometime that anilines which

are unsubstituted in the para position react with alloxan
39

to give 5-aryldialuric acids ( 69 ) . There are however
}ijl :
oc” o
| OH Me .
HN HO -
: X R o-N
> VR H
(69)

(70)

no authentic cases recorded in the literature where alloxan
has attacked the aromatic nucleus ortho to the amino group,
although there appears to be no reason for excluding‘ortho

substitution.

In order to investigate the formation of alloxan anils
Berezovskii, Rodionova and Gurko i attempted to prevent
attack by the alloxan molecule on the aromatic nucleus by
blocking the para position. They treated alloxan with 3,4-

dimethyl-aniline and 3,4-dimethylphenyl-D-ribitylamine and
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obtained compounds which they formulated as arylaminodialufic
acids (70). Analyses and absence of primary amino-group pro-
perties were quoted as evidence for the proposed structures.
The ultraviolet light absorption was. put forward as evidence
excluding ‘an anil structure, using as a reference compound

the incorrectly formulated anil obtained from 2-dimethyl-
‘amino-4,5-dimethylaniline and alloxan discussed earlier (p.23).
The compouhd obtained by mild alkaline hydrolysis of the supp-
osed arylaminodialuric acid (70; R=H) was formula£ed as a mal-

onimide (71) by analogy with supposed malonimide336 now known

OH
Me ) R | CO-NH-CO-NH,
HO G , o .
Me \ R
N/
0
(71) (72)

to be hydantoins37.

On re-investigation, the supposed arylaminodialuric acids

.were shown to be dioxindoles (72) formed by the previously
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unknown substitution of alloxan ortho to the amino group.

The formation of the dioxindoles can bé portrayed.as an
acid-catalysed cyclisation of thé phényldialuric acid ( 73,
arrows). An analogous reaction occurs with oxomalonic esters

which yield dioxindole carboxylic esters (74 ).

: :
/N\ ~N
oC Cco
HO ] | HO Je ?O
NH NH
— o .
7o D "
NH N \
R R H
(73)

The 5-methyl and 5,6-dimethyldioxindole-3-carboxy-
ureides have now been prepared from p-toluidine and 3,4-
dimethoxyaniline respectively. The ease of formation of
the dioxindoles was found to be very dependant on the act-
ivation of the ortho position. 3,4-Dimethoxyaniline formed
the dioxindole very rapidly and in high yield; 3,4-dimethyl-
aniline reacted léss readily and gave a lower yield, and p-

toluidine was the least reactive of the three anilines exam-

ined.
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(74)

The reaction appears to be fairly general for p-sub-
stituted anilines under acid conditions, and electron donat-
ing groups in the 3-position clearly facilitate dioxindole

formation.

The structure of the dioxindoles was established by a
study of their chemical properties, infrared spectra, and de-
gradation products. The dioxindoles were readily hydrolysed
by dilute mineral acids which suggests the presence of a
ureide side-chain in the molecule. Aeration of the basified
hydrolysis mixture and reacidification gave the corresponding
isatins ( 75 }. The infrared spectra of the dioxindoles ( 72 )
were similar, particularly in the -NH, -OH and carbonyl reg-
ions. The dioxindole carbonyl appeared at 5.75 JIRCE while
a broad absorptioh band at 5.9 to 5.95 [ is attributed to

the ureide carbonyls. Treatment of the dioxindoles with 50%
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N N 0
H H
(75) (76)

agqueous potassium hydroxide, under the conditions described
by Berezovski et al.,67 liberated ammonia and gave crystall-
ine potassium salts. Acidification of the latter gave the oxa-
zolidine-2,4-diones (76).. The product (CllH12N2O3) obtained
by the Russian Workers67 from the 5,6-dimethyldioxindole

(72; R=R'=Me) and formulated as a tartronimide (71) wés not
isolated. The structure of the oxazolidinediones was estab-
lished by analyses, infrared absorption, nuclear magnetic
resonance, and methylation studies. The infrared spectra all
showed an -NH band at 3.1 4 and three carbonyl peaks at 5.5,
5.7 and 5.8 I . The absorption at 5.5 and 5.7 ML is charact-

eristic of oxazolidine—2,4—diones70 and the bands are due to

urethane and amide carbonyls respectively. The 5.8 U absorpt-

ion is assigned to the oxindole carbonyl. The nuclear magnetic
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resonance spectrum of the dipotaésium salt of the 5,6-dimeth-
oxy-oxindole ( 76 ; R=R'=CMe) 'in deuterium oxide showed two
unsplit oné—proton peaks at 3.03 and 3.21 due to the C-4 and
C-7 aromatic protons and the 5,6-dimethoxy groups appeared

as two three-proton peaks at 6.07 and 6.17. Methylation of
the oxazolidinediones with methyliqdiae and potassium caxrbon-
ate in acetone gave the 1,3'-dimethyl derivatives ( 77 ). The
same compounds were obtained by methlation of the dioxindole-
ureides { 72 ) under the same gonditions. The dimethyl de-
rivatives ( 77 ) possessed infrared absorption almost ident-

ical with the unmethylated compounds except that the -NH

RN /NMe
] “
R ’
X g
Me
(77)

absorption was absent.

The reaction of ,@ -naphthylamine with alloxan in
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acetic ‘acid is unusual and results in the formation of dib-
enzo-a,h-phenazinium barbiturate ( 78 ) which cryétallizes
Ffrom the hot reaction mixture as the dihydrate in brown
prisms with a green metallic lustre. The colour and pro-

perties of the phenazinium barbiturate were similar to those

%
0 0
///, QT//QQQT/
HN NI
N

0

(78)

reported for dibenzo-a,h-phenazine methiodide i and like
the methiode it exhibited a brilliant cornflower blue colour
on treatment with concentrated sulphuric acid. The phena-
zinium barbiturate was converted into dibenzo-a,h-phenazine

by pyrolysis or by treatment with agueous alkali. The ultra-

violet light absorption of the barbiturate ( 78 ) and dibenzo-
a,h-phenazine were similar. The spectrum of the barbiturate
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exhibited a bathochromic shift of about 10 mu and showed

iess fine-structure.

The oxidative dimerisation of jg—naphthylamine to
dibenzo-a,h-vhenazine is well known and has been induced
by a variety of oxidising agents 72 . In view of this the
formation of the dibenzophenazine { 78. ) in.this reaction
is not unexpected and a poésible mechanism for its format-

73

-ion is shown in figure 8. Orr and Lagercrantz and Yhland

74 have récently reported the existance of the alloxan free
radical { 79 ) which may be involved in the initial oxidat-
ion of Jg —naphthylamine to the radical ( 80 ). The inter—
mediate anil ( 81 ) is analogous to aéo—compounds {e.g. 82 )
which are known to undergo ring-closure to phenazines under

acid conditions 75 .

(82)
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The major products isolated from the interaction of
alloxan and p-substituted anilines in acetic acid were the
dioxindoles (72) already discuésed. The course of the re-
action changed entirely when aqueous-ethanol was used as the
solvent. In this case, substituted 7-phenyluramils (83)

and aniline salts of alloxanic acid (84) were obtained.

The compound previously4l'isolated from the reaction
of'E:tOluidine with alloxan in aqueous-ethanol and given the
structure (85) has now been shown to be the p-toluidine salt
of 7-p-tolyluramil (86; R=Me, R'=H). Analogous uramil salts
were isolated from the reaction of p-anisidine and 3,4-
dimethylaniline. The uramil salts were all extremely in-
soluble and precipitated from the 5oiling reéction mixture.

. Their decomposition points were indistinct and appeared to
vary considerably according to the rate of héating. 'They
were difficult to purify as they tended to de%ompose in boil-
ing solvents, but a satisfactory analysis was obtained for
the p-toluidine compound (86; R=Me, RV=H). Treatment of

the salts with aqueous sodium hyd;oxide immediately precip-
itated the anilines and acidification of the basic solution
yielded tﬁe f—phényluramils (83). The 7—pheny1uramils‘were
also obtained directly by treatment of the salts with hydro-
chloric acid. They too were very insoluble but could be

purified by repeated precipitation from alkaline solution



48.

(85)
with acid, or by precipitation from dimethylformamide or
dimethylsulphoxide with water. They were soluble in concen-
tréted hydrochloric acid but were precipitated on dilution
of the acid solution with water. Methylation of 7-p-tolylur-
amil ( 83 ; R=Me, R'=H) gave a_tetramethyl derivative (87 )
and its structure was confirmed by nuclear magnetic reson-

ance. The nuclear magnetic resonance spectrum in carbon
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tetrachloride showed the four aromatic protons as two doublets
at 3.83, 3.68 and 3.24, 3.10; the aromatic methyl group absorb-

ed at 7.08 and the N-methyl group at 6.99. The 2-methoxy group

Meﬂ MeO Me =" MeQ_  Me
K\/I\ \ AN l "
Me ' Me
MeO 0 Me
(87) ' (88)

absorbed at 6.09 close to the absorption of the 4- and 6-
methoxy groups which appeared as a single six-proton peak at
6.14. Methylation on the pyrimidine nitroéens to give the
_lactam (88) is excluded by the position of the absorption of
the methoxy groups (N-Me groups in model compounds e.é. 44,
p.19 absorbed near 6.7). The infrared spectrum (Nujol) pro-
vided further support for the lactim.structure (87); the car-
bonyl region, 5.5 to 6.3 u , was devoid of absorption except
for a very weak band at 6.0 M . The infrared spectra (Nujol)
of the unmethylated uramils (83) however each showed absorpt-

ion at 6.0 and 6.2 j , identical with the carbonyl absorption
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of sodium dialurate (89),20 and an absorption band at 287 my

(89)

present in the ultraviolet light absorption of the tetramethyl
derivative (87) was absent irom the spectrum of the unmethyl-
ated compound (83; R=Me, R'=H). In view of this it would
appear that the lactam form (83) is the predominant tautomer
present in the case of the unmethylated phenyluramils (83),
although no definite conclusions can be drawn without refer-
ence to a compound permanently fixed in the lactam form {e.g.
88). The abscrption band at 6.0 1 , observed in the infrared.
spectra of the phenyluramils (83), is attributed to the -NH.
CO.NH- carbonyl while the more intense absorption at 6.2 U is
assigned to the o(, 18 -unsaturated ketone present in these
compounds. Tipson and Crether76 have proposed that the struct-

ure (90) represents crystaliine dialuric acid. They based
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theilr conclusions on the absence of infrared absorption
(Nujol) in the region 5.6 to SLé and they suggested that

the observed multiplicity of bands in the reéion 5.88 to

6.25 I was due to C=N and C=C stretching viﬁfations. In
view of the lack of absorption in this region (5.88 to 6.254)

in the spectrum of the tetramethyl compound (87). Tipson and

HO : | HO L '
N NN
HO / \>—OH HQ / >=O
=N ' _ N

HO

(90) (91)

Cretchers argument is no longer valid and it would appear

that the lactam form (91) is present to some extent at least.

The 7-p-tolyluramil (83; R=Me, R'=H) was synthesised
by sodium borohydfide reduction of R;toluidine—alloxan anil
(116, p.63 ) and also by condensation of diethyl-p-tolyl-
aminomalonate (92) and urea in methanol containing sodium

methoxide77. In the latter synthesis an alternative cyc-
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lisation to give the hydantoin { 93 ) was possible however

i H CO.Et
H | I
C_O2Et CO—. NH
(92) (93)

no material of this nature was isolated from the reaction
mixture. The phenyluramil ( 83 ; R=Me, R'=H) was further
synthesised from p-toluidine and dialuric acid in the pres-
ence of a catalytic amount of alloxan. .

The formatiocn of N-substituted uramils from amines

. ) = ' 29
and alloxantin is well known

and it seemed possible that
alioxantin was involved in the formation of the 7-phenylur-
ammils. It was found that when a solution of alloxan in
aqueous—ethancl was heated under reflux for several hours
reduction to alloxantin occurred. Biltz and Damn/® consid-
ered the mechanism of formation of uramils from alloxantin

and amines to involve dissociation of the alloxantin into

dialuric acid and alloxan and condensation of the resulting
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dialuric acid with the amine. The participation of dialuric
acid in the formation of the uramils ( 83 ) was excluded when
it was found that ;he reaction of dialuric acid with anilines
gave only the aniline salts of dialuric acid. Biltz, Mar-
witsky and Heyn.79 have also repqrted the formation of dia-
luric acid salts during attempts to prepare uramils from
dialuric acid and amines. Once salt formation occurs the
dialurate anion presumably repels any further attack of the
nucleophile. It was found that addition 6f a small quantity
of alloxan to the reactions involving dialuric acid resulted
in good yields of the phenyluramils. Davidson and Soloway80
have reported the catalytic effect of alloxan in the fdrmat—
ion of uramil from dialuric acid and ammonium salts, and they
suggested that the reaction proceeds by formation of alloxan-
imine ( 94 ) and reduction of this intermediate by dialuric
acid gives uramil and regenerates alloxan. A mechanism incor-
porating alloxantin is shown in figure 9. The oxidation-reduct
ion step was not defined in the mechanism proposed by Davidson
and Soloway. The present mechanism envisages this step as a
disproportionation involving alloxantin type intermediates

( 95 and 96 ) and the equilibrium reaction is made irrever-

sible by the insoluble nature of the phenyluramils formed on

hydrolysis of these intermediates.
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Aniline salts of alloxanic acid ( 84 ) were isol-
ated from the mother liquoxrs of the reactions carried out in
aqueous ethanol. They were readily identified by their in-
frared spectra which showed characteristic carbonyl absorpt-

38
n

io . . The assignment of structure was further supported by

the observation that they decarboxylated at their melting
. . . e s . . .. 38
points, which is characteristic of alloxanic acid salts™ ,
and confirmation was achieved by synthesis from alloxanic
acid and the anilines. The base-catalysed ring-contraction
[any s e wi : L) . ¢ y 38 'I
of alioxan to allioxanic acid salts is well known and in

view of this the formation of aniline salts in these react-

ions is not surprising.

The benzoxazone { 99 ) was oktained from the react-

ion of anhydrous alloxan with anthranilic acid in acetic acid.
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Its formation may be portrayed as an acid-catalysed cyclis-

ation of the intermediate anil (100 , arrows). Similar acid

(99) (100)

catalysed cyclisations of anthiranilic acid aniis are well
known 81 . The infrared spectrum of the benzoxazone shéwed
a band at 5.6}, which has been assigned to the 4-carbonyl
group by analogy with the position of the carbonyl absorpt-

ion in isocoumarin derivatives 82.

Anthranilic acid and alloxan in agueous ethanol

. 4l . .
are reported to give (101). This compound ‘has now been shown
to be the o-carboxyphenyluramil (102 ). The analytical £ig-
ures are in better agreement with the new structure which
is also supported by its infrared spectrum and by its synthesis
by reduction of the benzoxazone ( 29 ) with sodium borohy-

dride ( 103, arrows)
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The filtrate from the reaction of anthranilic acid
and alloxan monohydrate in aqueous ethanol contained a com-

pound C 1I—I O,.N., presumed to be the dialuric acid (104).

11797673

Prolonged reactions of alloxan monohydrate with p-
substituted anilines in boiling agueous ethanol ga&e phenyl-
uramils ({83) and salts of alloxanic acid (84) but these were
not the initial products of the reactions. When the reactions
were carried out at room temperature, and the solutions dilut-
ed with water 5,5-di{phenylamino} barbituric-acids {(105) were
obtained and these were readily converted into the uramils

and alloxanic acid salts by boiling with agueous ethanol,
whereas treatment with 5% agqueous sodiumhydroxide gave the

corresponding anilines and sodium alloxanate. Similarly
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(103)

(104)
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(105) - (106)

'5,5-di (piperidino)barbituric acid (L06) was obtained from
piperidine and anhydrous alloxan in diglyme or tetrahydro-
furan and it was hydrolysed to piperidine and sodium allox-
anate by dilute alkali or converted ipto the piperidine salt

of alloxanic acid by boiling agueous-ethanol.

The compounds (107; R=Me), and (108), analogous to
the products (105) and (106) were obtained from the react-
ion of p-toluidine and o-dimethylamino-aniline with the
hydrate (109) of ethyl oxomalonate in aqueous-ethanol. 'In
the latter reaction cyclisation to the tetrahydroquinoxaline
(110), analogous to the spiran (41 p.17), did not occur nor
did cyclisation occur with ninhydrin and o-dimethylamino-

aniline. In this case a dark blue compound was obtained
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and the absence of -NH absorption in the infrared spectrum
and the ease of hydrolysis by dilute mineral acids suggested

that it was an anil (111). The nuclear magnetic resonance

Me
= h N\\L/COZEt = i
i | '
X N
Tl

(110) (111)
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spectrum of the o-dimethylaminoanilino-malonate (108) in
deuterochloroform/10% carbontetrachloride showed the four
eguivalent N methyl groups as a 12-proton peak at 7.29;

the triplet and quartet of the two ethyl groups appeared
at 9.0 and 5.93 , and. the aromatic and =NH protons occ-

urred as a l0-proton multiplet centred at 3.09.

Curtiss et al. 83 examined the reactions of anhydrous
oxomalonic esters with primary aromatic amines in dry ether
and obtained phenylaminotartronic esters (112). Dehydrat-
ion of ethyl anilinotartronate (112; R=H) to the anil (113)
was achieved only under vigorous conditions and the C=N
bond formed was found to be extremely reactive and reminis-
cent of that found in phenylisocyanate. It reacted vigor-
cusly with alcohols, dry ammonia, dry hydrogen chloride,

amines and acids with loss of colour and formation of sub-

N HO  co,yEt = s CO,Et
T LA o L/
e N X ==\

CO,Et COLEt
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stituted phenylaminomalonates. Treatment of ethyl anili-
notartronate (112; R=H) or the anil (113} with water gave
a mixture of ethyl dianilinomalonate (107; R=H) and ethyl
oxomalonate hydrate (109) and the apparent stability of

diphenylaninomalonic esters (107) under agqueous conditions

is therefore in agreement with the isolation in the present

work of the compounds {105), (107; R=Me or OMe) and (108).

It was of interest to prepare 5—arylaminodialuric
acids {114} since one such compound (114; R=R'=Me) had supp;
osedly been obtained67 from 3,4-dimethylaniline and alloxan
monochydrate although the product has now been shown to have
a different structure (see p.40). The authentic S5-arylamino-
dialuric acid (114; R=R'=Me) was obtained from the rgaction

of anhydrous alloxan with 3,4-dimethylaniline in cold, dry

1l _ H

. Il HOL co—N

R . \/ \_
H N O

CO—N
H

'_J
‘_.J
>
S~
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diglyme, and it was identified by elemental analysis and
degradation. It was difficult to recrystallize and turned
red even in slightly warm solutions (presumably due to dehy-
dration to the anil), but an analytical sampie was obtained
directly from the reaction mixture after taking suitable
precautions. It was hydrolysed by dilute sodium hydroxide
to 3,4-dimethylaniline and sodiuﬁ.alloxanate; in boiling
agueous-ethanol it turned a deep red initially and was
eventually converted into the 3,4-dimethylaniliné salt of

alloxanic acid (84: R=R'=Me) and the salt of the uramil

(86; R=R'=Me).

An attempt to obtain the p-toluidine analogue (114;

R=Me, R'=H) yielded a highly crystalline compound presumed

Li' | (115)
N
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to have the structure (115). This compound also was diff-
icult to purify and analytical data on a sample taken dir-
ectly from the reaction mixture and driéd at room temperat-
ure and 0.1 mm were unsatisfactory and indicated that the
sample was contaminated with diglyme. When dried at 120°
and 0.2 mm for 3 hours the compound (115) turned a reddish-
purple colour and gave analytical figures in good agreement
with an equimoclar mixture of alloxan monchydrate aﬁd P-
toluidine-alloxan anil’(ll6). Réduction of. the ﬁixture
with sodium borohydride gave 7-p-tolyluramil (83; R=Me,
R'=H) and sodium dialurate and the infrared and ultraviolet
light absorption spectra of the mixture were identical with
the spectra of an artificial mixture of the two components.
The compound {115) was readily hydrolysed to p-toluidine
and sodium alloxanate by dilute sodium hydroxide and when
heated under reflux in aqueous-ethanol it was converted
into the p-toluidine salt of alloxanic acid (84; R=Me,R'=H)

and the salt of the uramil (86; R=Me, R'=H).

The deep red p-toluidine-alloxan anil (116) was ob-
tained from p-toluidine and anhydrous alloxan in acetic
acid. It was very soluble in water and was readily decol-
ourized by warming the solution. When kept in acetic acid
it was slowly converted into 5-methyldioxindole-3-carboxyur-

eide (72; R=Me, R'=H) and when reduced with sodium boro-
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(116)

hydride it gave 7-p-tolyluramil (83; R=Me, R

L=y
L

) -
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x¥an monohydrate in agueous

. . . . o . . .38
ethanol to give the piperidine salt of alloxanic acid™ ~, but

O

Piveridine reacts with all

with anhydrous alloxan in diglyme or tetrahydrofuran 5,5-
dipiperidinobarbituric acid (106) was obtained. The react-
ion has now been carried out in acetic acid with anhydrous

the product is thought to be the salt (117) on

(o))

alloxan an
the basis of analytical data, physical and chemical proper-

ties, and hydrolysis products. The vigorous exothermic

H X e

% : l 8]

EI / \\f/hl\ ‘ X \“7’/N\
Py . fo Holl co
ofe ch \O/\NH oic o \g~n/
| ‘ l
HN_ NH HN NH

C/ \C/

O C

(117) (118)

reaction was accompanied by the evolution oi carbon dioxide

and after 5 to 10 minutes the highly crystalline proauct was
precipitated in reddish-brown plates with a green lustre.

It was slightly soluble in water and alcohol but completely

insoluble in a wide variety of other organic solvents. Benz-

imidazole and 2-methylbenzimidazole behaved similarly to



piperidine and the analogous products {(118; R=Me or H) were

[

obtained. A possible route to these compounds is illustrated

Hh
O
[
el
},_l
el
0]

ridine in figure 10. The initial step is envisaged
as formation of the 5-{l1'-piperidino} dialuric acid (119) -
which causes ring-contraction of a second alloxan molecule
by the concerted process shown and subsequent decarboxylat-—.
ion of the ailloxanate anion formed yields the £final product.

The proposed mechanism involves known reactions of alloxan

and the final decarboxylation is not unexpected since decar-

.l

poxylation of alloxanic acid to 5-hydroxyhydantoin occurs

s : . . 8
readily under mild conditions ~.

>

Alkaline hydrolysis of the salts (117) and (118) re-
sulted in an initial deep blue colour which disappeared when
the solution was Dboiled and eventually gave a yellow solut-

on. The final products of the hydrolyses were the amines

}.J.

(benzimidazole,. 2-methylbenzimidazole, or piperidine) and
the transient blue colour was thought to be associated with
paraguincnoid structures (e.g. 120). Alkaline hydrolysis
might be expected to proceed by attack of hydroxyl ions on
the cation (121, arrows) to give the dialuric acid inter-

.

mediate (122) which would then be hydrolysed to the amine

and alloxan. Acid hydrolysis of the salts {117) and (118;

[o]]

occurred readily and alloxantin was obtained from the hydro-

lysis mixture while basification of the acid solutions gave
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the amines (piperidine, benzimidazole, or 2-methylbenzimid-
azole). The compounds {(117) and (llé) were slowly decolour-
ized by hot water and gave 5-piperidinobarbituric acid (123)
and benzimidazolylbarbituric acids {124; R=H or Me) respect-

ively as well as extremely insoluble, colourless compounds
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which have not been identified. The structures of the bar-
bituric aéids (123 and 124) were established by analyses,
nuclear magnetic resonance, and ultraviolet light spectra.
The nuclear magnetic resonance spectrum of 5(1'—benzimidazélyl}
barbituric acid (124; R=H) in deuterium oxide ccntaining sod-
ium deuteroxide showed the 2'-proton as a single l-proton
peak at 2.28 while the aromatic protons absorbed as two 2=~
proton multiplets centred at 2.65 and 3.18. The spectrum

of 5-piperidincbarbituric acid (123) in deuteriuﬁ oxide con-
taining sodium deuteroxide showed a 4-proton multiplet at_
7.30 and a 6-proton multiplet at 8.81 due to the 2',6' and

to the 3', 4', 5' protons of piperidine respectively.

Aqueous and acidic solutions of the salts (117) and .
(118) exhibited reducing properties indicated by the isol-
ation of the barbituric acids (123 and 124), and alloxantin
from the respective solutions. The reduging character of
these compounds (117 and 118) is presumably associated with
the 5-hydroxyhydantoin anion (125), which is analogous to
known reducing agents, e.g..reductic acid (126) and reduct-

one585 (e.g. 127).
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Part 4.

Although a number of reacﬁions involviné alloxan

are readily explained by its electrophilic character there
are others which undoubtably involve free radicals. The
electrophilic character of alloxan is associated with the
5-carbon atom which because of its sitﬁation between two
electron-withdrawing amide functions, is deficient in elect-
rons and it is here that alloxan undergoes reaction with
nucleophiles, e.g. with water to form a stable monohydrate.
With anilines the initial products are 5-phenylaﬁinodialuric
acids {114), 5,5-diphenylaminobarbituric acids (105), and
"alloxan-anils (e.g. 116), but these compounds areyeé;ily
hydrolysed in aqueous solutions and are only isolated under
suitable conditions. Compounds formed by irreversible pro-
cesses are those ﬁormally obtained, é.g. dioxindole - car-
boxyureides (72) and 5-phenyldialuric acids (83) which are
formed by electrophilic attack by alloxan on the aromatic

ring either ortho or para to the -amino group. In suitable

cases further reaction of the initial anils (or 5-phenyl-
aminodialuric acids) may occur, as in the formation of the
benzoxazone (99) from anthranilic acid. The reaction of
diéprimary and primary-secondary o-phenylenediamines presum-
ably involves initial formation of the alloxan anil, follow-
ed by nucleophilic attack of the o-amino group on the 4-car-

bonyl of the alloxan ring, and subsequent ring-opening or
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dehydration gives either the quinoxaline-carboxyureides (13)
or the alloxazines {11) and isocalloxazines (12). Alloxanic
acid salts (84} are also obtained by the irreversible base-

catalysed ring-contraction of alloxan.

During the course of this investigation it became
apparent that oxidation and reduction reactions were occurr-

73,74 existance of an alloxan

ing and the recently reported
free radical provided evidence for the suspected particip-
ation of one-electron processes. The presence of alloxan-
tin in these reactions was indicated by the isolation of 7-
phenyluramils (83), and the formation of alloxantin presum-

ably involves dimerisation of alloxan radicals formed from

alloxan by oxidation of the anilines or solvent ethanol.

The reaction of alloxan with o-dimethylaminoaniline
to giﬁe the spiran {(41) and the formation of the benzimid-
azolium barbiturates (e.g. 51) from other o-dialkylamino-
anilines are unusual and the mechanisms involved in the two
alternative cyclisations have not yet been clarified. The
acid-catalysed cyclisation of the anil (128, arrows) appears
to be unlikely and moreover, it does not provide an explan-
ation for the observed difference in the reaction of o-dim-
ethylamino- and other o-dialkylaminoanilines. The partic-

ipation of free radicals in this reaction has gained support
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i ] 86 : .
from the demonstration by e.s.r. that free radicals are
present in the reaction mixture. A mechanism with some
experimental support involves cyclisation of an intermediate

(130, arrows) formed by oxidation of the phenyluramil (129)
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(2 similar ring-closure has recently been reported for
alkaloid biosynthesis87). The formation of the uramil (129)
would not be unexpected because analogous 7-phenyluramils
have beeﬁ isolated from similar reactions (see p.47), . and
the oxidation (129 to 130) is analogous to the known oxid-
ation of the spiran (41) to the betaine (46). The oxidat-
ion of dihydrobenzimidazoles (e.g. 67) to benzimidazolium'
salts is also somewhat similar. The oxidation of dialkyl-
anilines by benzoyl peroxide has been studied exténsively
by Horner et al88., and Walling89 but this reaction is not
fully understood. Free fadicals are involved and these
appear to arise from the breakdown of an initial unstable
polar addition product (131). Thefe is extensive evidence
_for the formation of (131) but subsequent steps are not so
well substantiated. Walling89 suggested that the reaction
may proceed by hydrogen abstraction from the dminium radical
(132) or by loss of a proton from the quarternary hydroxyl-
amine (133) (the latter reaction may’be aided by £he six-
membered transition state shown). Walling89 gives aé evid-
ence supporting a non-radical path‘(l33) the low efficiency

of the system as a polymerisation initiator.

By analogy'with the above oxidation alloxan may well
be involved in the oxidation of the uramil (129)to the inter-

mediate (130) via the dquarternary uramil (134) . Breakdown
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~

of this product ({134) by a process analogous to reactions
132 or 133 would give the intermediate (130) and either

dialuric acid or alloxan radicals. The difference in the

Lo &7 o
S NH

fgfh\r/ﬁﬁffﬁxxlf/ :
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,//ﬁ\\v;t?‘ ? ///“\\V/,%f\\
l/ T OSeHLen Z CH=CH,

th/)LfNHQ X NH,

(135) (136)

behaviour of o-dimethylaminoaniline and o-diethylaminoaniline
results from the ability of the intermediate {135}, formed
from the latter compound, to lose a proton. The intermediate
(135) is in fact the conjugate acid of the corresponding

. S T - B Ay
enamine (136). Walling and Indictor isolated the unstakle
enamine (137) from the reaction of triethylamine with benzoyl

=

peroxide. Cyclisation of (138) and (139), obtained from the
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+
(C2H5)3N——v (C2H5)2:N:CHCH3 _ (62H5)2:N—CH=C H2

(137}

enamine (136), would yield the benzimidazolium barbiturate.

2An alternative mechanism for thé formation 6f the
spiran (41) involves abstraction of a hydrogen atom from
the vrimary amino group of the o-dimethylaminoaniline to
give the radical (140) followed by intramolecular abstract-
iocn of a hydrogen atom from the suitably placed N-methyl
group to give a radical (14i). Combination of this with an
alloxan radical would give the dialuric acid (142) which
could then cyclise to the spiran. The intermediate radical
{143), obtained from o-diethylamincaniline, may undergo
hydrogen abstraction or disproporticn ation to give the
enamine {136) which may cyclise to the benzimidazolium bar-

biturate via intermediates (138) and {(139( as before.
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The diverse products obtained from reactions involv-
ing alloxan result from the variety of reactions in which it
can participate.  The apparent ease with which the initial
products react further also accounts for the complexity of

products isolated from these reactions.



EXPERIMENTAL

Nuclear magnetic resonance spectra were determined
with a Varian DP60 spectrometer and calibrated with side
bands generated by a Muirhead-Wigan decade oscillator
(D890A) from the signal of tetramethylsilane used as an
internal standard. Chemical shifts are given in T values
Infrared spectra were recorded with an.Infracord, and ultra
viclet light absorption measurements were made with Optica
and Unicam SP700 recording spectrophotomefers and with a

Hilger Uvispek. Melting points are uncorrected.

1,2,3,4-Tetrahydro-4-methylguinoxaline-2-spiro~-5"'-~(hexadro-

2',4',6'-trioxopyrimidine) (41} and its 1',63'-Dimethvyl

Derivative (44)

(a) The spiran was prepared (19%) according to King

and Clark-Lewis 37

and was crystallized from aqueous pyrid-
ine in small yellow plates, m.p.250O (decomp.). The infrar-
ed spectrum showed carbonyl absorption near 5.72, 5.80, and
5.95 W and N-H stretching absorption near 3.06 and 3.11 [L
(Nujol). The 1',3'-dimethyl derivative was prepared by
methylation of the spiran (suspended in methanol), with
diazomethane. It crystallized from ethanol in pale yellow

prisms, m.p.l94o and its infrared spectrum showed carbonyl

absorption near 5.95 W (with a weak band at 5.75 L ), and
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N-H stretching absorption near 2.95 [ (CHC13). The n.m.r.
showed four sharp peaks at 3.23 (four aromatic protons),
6.68 (six protons of 1',3'-dimethyl groups), 6.75 (two
protons of the 3 methylene group) and 7.11 (three protons .

of the 4-methyl group).

(b) 1,2-Dihydro-4-methylgquinoxalinium-2-spiro-5°-
barbiturate (lg) in water (20ml) was. treated with an excess
of sodium borohydride (0.5g), in small portions, over a
period of 30 min.  During this time the quinoxalinium bar-
Ibiturate dissoclved and acidification with acetic acid pre-
cipitated the spiran (0.87g, 98%) in small yellow plates
m.p. 250° (decomp.) alone and when mixed with that described
under (a). Reduction of 1,2-dihydro-4-methylquinoxaline-
2-spiro-5"'-(hexahydro-1',3"',-dimethyl-2*',4"',6"' trioxo pyrim-
idine) Betaine (0.1lg) during a period of 2 hours with sodium
borchydride gave the dimethyl spiran. It crystallized from
ethanol in pale yellow prisms {(0.05g, 53%), m.p. 194° unde-
pressed by admixture with a sample prepared as described

under (a).

1,2,3,4-Tetrahydro-4-methyl-l-nitroso cuincxaline-2-spiro-

5! - (hexahvdro-2',4"',6' —trioxopyrimidine) (45).

The nitroso-derivative was prepared by adding sodium

nitrite (0.17g) in water (2ml) dropwise to the dimethyl
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spiran (0.65g) dissolved in acetic acid (6ml). The product

crystailized in golden yellow needles'(0.6g, 85%) from the

deep yvellow solution after chilling. 1,2,3,4-Tetrahydro-4-

methyl-l-nitroso-2-spiro-5'-(hexahydro-2"',4"',6'-trioxo-1"',

3'-dimethvl pvrimidine) crystallized from ethanol in needles,

. ' o o
m.p. 176~ (Found : C, 53.4; H,5.1; N, 22.3%1 CiaH5N:0,
requires C,53.0; H, 4.8; N, 22.1%). Carbonyl absorption
occurred near 5.95}¢ (with a weak band at 5.75 W ) and the

spectrum was devoid of absorption in the region 2.5—3)1}*

(CHCl3).

1,2,3,4,2"',4"'-Hexahydro-2",4"'-dioxo-4,3'-dimethyl glyoxalino

{(1'5':1,2) gquinoxaline ( 43 ).

Methylamine was evolved and potassium carbonate pre-
cipitated when 1,2,3,4-tetrahydro-4-methylquinoxaline-2-spiro-
5'-(hexahydro-1',3'-dimethyl-2*,4"',6"'~trioxo pyrimidine (1lg)
was boiled with 5% alcoholic - potassium hydroxide (20 ml).
The solution was acidified with dilute hydrochloric acid
after 3-5 mins., and extracted with chloroform. 1,2,3,4,2',
4'-Hexahydro-2',4'-dioxo-4,3'-dimethylglyoxalino (1',5':z1,2)
quinoxaline (0.5g, 62%) was obtained on evaporation of the
extract. It crystallized from ethanol in prisms, m.p. 154°
alone and when mixed with a synthetic sample. 37 ~ The ident-

ical infrared spectra (Nujol) of the two samples showed
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carbonyl absorption near 5.70 and 5.88 L . The n.m.r.
spectrum (CCl4 with c. lé% CDCl3) revealed the 8 proton

as a doublet with secondary splitting at Qery low field
(centre 2.11) due to deshielding by the 2'-carbonyl group.
The remaining three aromatic protons formed a multiplet
which was not analysed; the 2H-quartet was centred at 5;78,
one of the quartet due to the 3-methylene protons at 6.37,
and only the outside peaks of the remaining quartet (centre

6.97) were visible owing to overlap w1th absorptlons by the

two N- methyl groups (6.98 and 7.05).

1,2~-Dihvdro-4-methyvloguinoxalinium-2-spiro-=5'-barbiturate ( 46)

(a) This was obtained from O-dimethylamino aniline
and alloxan, or from 1,2,3,4-tetrahydro-4-methylgquinoxaline-
2-spiro-5'-(hexahydro~2"',4"',6"'-trioxopyrimidine) by the method
described by King and Clark-Lewis 56 for 1,2,3,4-tetrahydro-
3—hydroxy—47methquuinoxaline—2—spiroéS'—(hexahydro—é',4‘,6'
~trioxopyrimidine). It crystallized from water as colourless
prisms m.p. 370—37_5O (decomp.). Light absorption in ethanal
(95%) = max. 248 (€ 18,700), 268 ( € 7,400), and 275 mjL
( € 5,900); min. 228 (€ 7,300), 266 ( € 7,200), and 272

mi { € 5,800).

(b) The 7-Bromo-1,2-dihydro-4-methylguinoxalinium

-2-spiro-5'-barbiturate (see below) (0.lg) was warmed for
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2 hours with an agueous suspension of W7 Raney nickel. The
solution was then filtered, acidified with acetic acid,
evaporatéd; and the residue crystallized from water. The
debrominated barbiturate (0.05g, 60%) crystallized in prisms
m.p. 370-375° (decomp.) and was found to be identical (mixed
m.p. and ultra violet light absorption)7with that described

under (a).

(c) ‘6,7—Dichloro—l,2—dihydro—4—methquuin9xalinium
—2—spiro—5'fparbiturate (0.4g) was warmed with a suspension
of W7 Raney ﬁickel in water (20 ml) for 3-4 hours. Filtrat-
ion of the solution, evaporation of the filtrate aﬁd crysﬁall—
ization of the residue from water gave the dechlorinated

barbiturate {0.12g, 35%) identical with that described under

(a).

6,7-Dichloro-1,2,3,4-tetrahydro-4-methylgquinoxaline—-2-spiro-

5'— (hexahvdro-2',4"',6"'-trioxopyrimidine).

6,7-Dichloro-1,2-dihydro-4-methylguinoxalinium-2-
spiro-5'-barbiturate {previously described : as a 6,7-
dichloro-3-hydroxyquinoxaline} (0.3g) in water (20 ml) was
treated with an excess of sodium borohydride. The starting
material dissolved during a period of 3 hours and after acid-
ification of the solution with acetic acid it was stored at

4° overnight. The precipitated 6,7-Dichloro-1,2,3,4-tetra—
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hvdro-4-methvlcuinoxaline-2-spiro-5'-(hexahvdro-2"',4"',6"'-

trioxopvrimidine) (0.28g, 98%) was collected by filtration

and Washed'with ethanol. Recrystallization from aqueous
pyridine gave small, pale yellow plates, m.p. 238° (Found:

C, 44_.4; H, 3.3: Cl, 20.9; N, 17.1%. 012H10C12N4O3 requires
c, 43.8; H, 3.1; Ci, 21.5; N, 17.0%). Ultra violet light
absorption in 95% ethanol: max. 236 ( € 21,600) and 312

{ € 4,200), and a shoulder at 260 m (4 ( é 5,500); min.

295miL ( € '1,900).

1,2-Dihvdro-4-methvlguinoxaline-2—-spiro-5"'-(hexahydro-1',3'~-

dimethyl-2',4"',6'-trioxopvrimidine) Betaine ( 48 )

A suspension of l,2-Dihydfo—4—methquuihoxalinium-
2-spiro~5'-barbiturate (lg) in methanol (100 ml) at 0° was
treated with a large excess of diazomethane. After storage
at 0° overnight the unreacted starting material (0.7g) was
filtered off and the filtrate evaporated. Crystallization

of the residue from methanol gave 1,2-dihvdro-4-methylguin-

oxaline-2-spiro=5'—{hexahvdro-1"',3'-dimethvl-2"',4"',6"'-tri-

oxooyrimidine) Betaine {0.lg) in needles, m.p. 331-333°

undepressed when mixed with a sample previously prepared 56
by oxidation of 1,2,3,4-tetrahydro- 4—methquu1noxallne -2-
spiro-5'-{(hexahydro-1',3'~dimethyl-2',4",6"' —trloxopyrlmldlne)

(Found: C, 55.2; H, 5.4; N, 18.5%. 14 14 4.3.H20 requires
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C, 55.2; H, 5.3; N, 18.4%). The infrared spectrum (nujol)
showed carbonyl absorption at 6.0 L and in the n.m.r.

(dimethylsulphoxide) the 2-proton absorbed at 0.37.

7-Bromo-1,2-dihvdro—-4-methvliguinoxalinium-2-spiro-5"-barbit-

urate Hvdrate (46 )

4-Bromo-2-nitrodimethylaniline, m.p. 680, was obtained
by bromination of 2-nitrodimethylaniline in acetic acidloo .
It was reduced by tin and hydrochloric acid to 2-amino-4-
bromodimethylaniline, b.p. c.l70°/25m.m., acetyl derivative,

101 4 p. 165°/23mm., deriv. m.p. 111°). The

m.p. 111° (lit.
diamine {(5g) in ethancl (25 ml) was added to alloxan mono-—
hydrate (5g) dissolved in water (10 ml) containing concen-
trated hydrochloric acid (3 drops). The solution deposited
solid after 15 hours at room temperature and the product (4g)
was collected after 3 days. It was extracted with boiling -
water and with pyridine. Crystallization of the water sol-

uble pyridine insoluble fractions from water (charcoal) gave

7—Bromo—l,2—dihvdro—4—methquuinoxalipium—2—spiro—S'—barbit-

urate Hvdrate (l.4g, 19%), in long needles, m.p. 360-365°

(decomp.), d 1.752 (Found: C, 40.7; H, 3.2; N, 15.2; 0, 18.4%.
C12H9BrN4O3.HZO requires C, 40.6; H, 3.1; N, 15.8; 0, 18.0%).
Light absorption in 95% ethanol: max. at 210 ( € 29,100),

247 ( € 21,000), 278 ( € 8,000), and 286 m ( € 7,100);
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min., at 231 ( € 12,000), 267 { € 6,000), and 282 miL
{ € 7,000). The dimensions of the unit cell of the tri-

clinic cryétals were found60 to be a 7.23; b 9.08; ¢ 12.07

A; « 63.50;,)6 106°; Y 99.5°. The molecular distribution

was possibly non-centric.

5-(3'-Ethvl-2'-methyvlbenzimidazolium) barbiturate Trihvdrate

(51 ) >°

Q;Nitrodiethylanilinelog'was obtained as a red oil,
b.p. 114-116°/1m.m. (bath temp. 150°) without decomposition,
and gave a picrate, m.p. 122° (lit.loz m.p. l22—l23of;‘ The
diamine (17.0g, 81 %) Db.p. 130-131°/30m.m. (bath temp. 170%)
(lit}oz b.p. 127/25m.m.) was obtained by hydrogenation over
Raney nickel. 'ngﬁinodiethylaniline (10g} in ethanol (70ml)
containing hydrochloric acid (10 drops) was mixed with alloxan
monohydrate {15g) in water (40ml). The product precipitated
over a period of 4 days at room temperature and was collected
by filtration and washed with ethanol. Crystallization £from
(5

water cave the barbiturate trihvdrate {5.2g, 25%) in large
-t . —-— -

C, 45.2; B, 5.9; N,

L1

o)
prisms, m.p. ¢.39 {decomp.; {(Found

16.5; 0, 28.9%. CqaH; 4N 0 0 requires C, 49.4; H, 5.9;

1 & 3'“‘2
N, 16.5; 0, 28.2%). Light absorption in water: max. at 247
{ € 22,100}, 270 (€ 9,500), and 276 m L { € 8,90C); min. at

228 ( € 8.700), 266 ( € 8,500}, and 273 ( € 6,700}. When
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dried over phosphoric oxide it gave a hemihydrate, m.p.

c. 396° (decomp.) (Found: C, 56.6; H, 5.1; N, 19.0; 0,
19.0%. ‘Cl4H14N4O3.;H20 required C, 56.9; H, 5.1; N, 19.0;
0, 18.9%). The n.m.r. spectrum of the betaine in trifluoro-
acetic acid showed four aromatic protons as a multiplet cen-—
tred at 2.28, the methylene and methyl'protons of the ethyl
group at 5.44 and 8.29, and a single peak at 7.12 due to the
2' methyl group. The barbiturate was recovered (65%) after
being boiled with 20% aqueous sodium hydroxide far 3% hours,
and it was recovered quantitatively from a soluticn in 30%
aqueous sodium hydroxide which had been stored at room tem-
perature for 3 days. It was also recovered_after being
heated in concentrated sulphuric acid. Reduction of the
betaine with sodium borohydride occurred slowly and after 12
hours the ultra vioclet light absorption of the solution corr-
esponded to that of a benzimidazoline, but acidification

yvielded the original benzimidazolium barbiturate.

Alkali fusion of 5-{3'-Ethy)}-2'-methyvlbenzimidazolium)

barbiturate.

The betaine (2g) was fused with a 1l:1 mixture of pot-
assium and sodium hydroxides {2g) for several minutes. The

residue was dissolved in water (25 ml) and extracted several

times with ether. Evaporation of the dried (Na2804) extract



87.

and distillation of the residue under reduced pressure gave
a pale yellow viscous oil (0.2g, 21%) with light absorption
typical of benzimidazoles. The hydrochloride crystallized
from methanol-ether in prisms, m.p. 191° not depressed by
admixtureawitﬁ the hydrochloride (m.p. 193—1940) preéared
from authentic l-ethyl-2-methylbenzimidazole (see below).

5-{3'~Bthyl-2'-methylbenzimidazolium)-1,3-dimethylbarbiturate

(52 ).

5-(3'ethyl-2'-methylbenzimidazolium) barbiturate (0.99g)
was suspended in methanol (100 ml) at 0O and treated with a
large excess of ethereal diazomethane. After 15 hours the
' unreacted material (0.6g) was removed by filtration and
,evaporati§n of the filtrate afforded the dimethylbarbiturate
(0.2g, 23%) which crystallized from acetone in large prisms,
m.p. 285-286° (Found: C, 60.8; H, 6.2%. C; H, N, 0,.H,0
required C, 60.7; H, 6.4%). The n.m.r. spectrum in CD.Cl3
showed a single peak at 2.5 due to four arcomatic protons,
the N-ethyl quartet at 5.67 and triplet at 8.45, a six pro-

ton peak at 6.64 (1,3-dimethyl groups) and a three proton

peak at 7.29 (2'-methyl group).
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4-Bromo-2-nitro-diethyvianiline and 4-Bromo-2-nitro-N-

ethvlaniline

Bromine (5.2g) in acetic acid (10 ml) was added to
o-nitrodiethylaniline (6g) in acetic acid (20 ml) during 45
min., and the mixture was stirred at 60O for 12 hours. Thin-
fiim chromatography on silica gel plates developed with
benzene-hexane (1:9) mixture indicated the presence of two
products. The mixture was separated by chromatography on
an alumina column with hexane as eluent 4-Bromo-2-nitro-N-
ethylaniline}03 (1.99, 25%) crystallized from ethanol or.
hexane in crange-red prisms m.p. 91° (Found: C, -39.4; H, 4.0;

Br, 31.1%. C.H.BrN,O, requires C, 39.2; H, 3.7; Br, 32.6%).

879 272
4-Bromo-2-nitro diethylaniline (4.1lg, 49%) was obtained as
an orange red oil b.p. 129.130°/0.7 mm, n°’ 1.5943 (Found:
C, 44.1; H, 4.8; Br, 29.1%. C10H13BrN202 requires C, 44.0;

H, 4.8; Br, 29.3%). Reduction of 4-Bromo-2-nitrodiethylanil-

ine with tin and hydgochloric acid gave 2-amino-4-bromodie-

26

thyianiline (82%) as a colouless oil, b.p. 150°/2 . 5mm, n'y

1.5810 (Found: C, 49.2; H, 6.0; Br. 33.0%. CiOHlSBrN2

requires C, 49.4; H, 6.2; Br, 32.9%).
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5-{6"'-Bromo-3'-ethyl-2'-methylbenzimidazolium) barbiturate

Br)

L

51; ®

Alloxan hydrate {l2g) in water (40 ml) was added to
a mixture of 2-amino-4-bromocdiethylaniline (10g), ethanol
(70 ml), and hydrochloric acid (5 drops). After standing
for three days at room temperature the precipitated 5-(6'- -

bromo-3'-ethyl-2"'-methylbenzimidazolium) barbiturate (l.2g,

- 8.0%) was collected and crystallized from water (charcoal)
in large prisms, m.p. C. 400° (decomp.), & 1.652 (Found:

A " N - 1 . " % : :
C, 44.0; H, 3.8; Br, 21.4; N, 14.1; 0, 17.2%. C, H, BrN;O,.

O requires C, 43.9; H, 3.9; Br, 20.9; N, 14.6; ), 16.7%).

Hy
Light absorption in ¢5% ethanocl: max. at 209 ( € 40,300),
247 (€ 23,700}, 279 ( € 10,000), and 287 mL ( €} 9,200) ;
min. at 233 ( € 13,300), 266 ( € 6,600), and 284 m |

{ € 8,100). The unit cell of the monoclinic prisms (space.

60

group le/n) was found to contain eight molecules and to

have dimensions a 8.687 + 0.004, b 14.995 F 0.003, c 23.730

+ 0.004 A, and ?95o 5.3 % 1.5'. The bromo-compound (0.05g)
was warmed for 1% hours with an agueous suspension of W7
Raney nickel. . The catalyst was filtered off and the filtrate
acidified with acetic acid and stored at 2+3°. 5-(3'-Ethyl-

2°'-methylbenzimidazoliium) barbiturate (0.02g, 45%) crystalli-

zed in prisms, m.p. ¢.396° {decomp.) identical (m.p., infrared
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and ultraviolet spectra; with the material already described.

5,7,7-Trimethvi-2,3-benzo-1,4-diazepine { 62 )

This compound was prepared according to Elderfield

- and McCaxthy63 (compare ref.64 and it crystallized from
light petroleum, b.p. 40-60, in large prisms, m.p. 125° (Lit-.
63, 65 m.p. 1250).- The benzodiazepine struéture was con-
firmed by the n.m.r. spectrum (CDC13) which showed four aro-
matic protons in a multiplet, a single proton peak at 7.08
(NH), a three proton peak at 7.63 {5 methyl gréup), and a
six proton peak at 8.66 (7,7—dimethyl group) -

-

1,2,3-Trimethvlbenzimidazocline { 66 )

l,2,3—Trime_thylbenzimidazolium,iodidelo4 crystallized
from ethanol in plates, m.p. 256° . An aqueous solution
(25 ml) of the iodide (2g)} was treated during 45 min. with
excess sodium borchydride. The reaction mixture was ex-
tracted within ether, and.evapération of the dried (MgSO4)
extract left a residue which on distillation gave 1,2,3-
‘“trimethylbenzimidazoline (l.6g, 90%) as an oil, b.p. 110°/

Smm, n27 1.5710, unstable on exposure to air (Found: C, 74.0:

D

H, 8.8%. C10H14N2_requires C, 74.0; H, 8.7%). Light absorpt-

ion in 95% ethanol: max 218 { € 33,100), 266 ( € 5,700),
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and 310 { € 5,700); min. 243 ( € 4,200) and 286 m L

( € 3,100). The n.m.r. spectrum of the compound (in CCl4)
showed a four proton multiplet (aromatic protons), a quartet
at 6.0 due to the 2-H, a six proton peak at 7.38 (N-methyl-
groups), and a three proton doublet (5 c¢/s splitting) at 8.54
(C—meéhyl group). Addition of dry hydrogen chloride to an
ethereal solution of the benzimidazoline gave 1,2,3-trimethyl-
benzimidazolium chloride, which crystallized from ethanocl-
ether as a dihydrate in prisms m.p. 2217 (lit.105‘nnp; 225-
'2300) (Found: C, 51.7; H, 7.9; N, 11.8%. Calc. for C, . H,.CIN..

10713 2

28,0: C, 51.6, H, 7.4; N, 12.0%).

1,3-Diethvl-2-methyvlbenzimidazoline ( 65 )

1-Ethyl-2-methylbenzimidazole hydrochloride, m.p. 193-
1940, was converted into 1,3-diethyl-2-methylbenzimidazolium
iodide}06 which crystallized from ethanol in prisms m.p. 200°,
and reduction of this compound with sodium borohydride as

described for the trimethylanalogue gave 1,3-diethyl-2-methyl-

benzimidazoline as a colourless oil, b.p. 74-75°/0.5 mm, ﬁif
1.6376 (Pound: C, 75.9; H, 9.4%. C.,H, N, requires C, 75.7:

127182
H, 9.5%). Light absorption in 95% ethanol: max. at 220

( € 26,400), 268 ( € 5,000), and 315 mL ( € 4,600); min,

at 242 (¢ 3,700), and 292 m o8 (e 2,800).
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1,3-Dimethvibenzimidazoline ( 67 ) -

1,3-Dimethylbenzimidazolium icdide was prepared acc-
ording to Fischer and Fussengge%ognd crystallization from
methanol yielded colourless prisms, m.p. 200-201° (1it.108
m.p. 200—2010). The 2-proton absorbed as a singlet at 0.30
(dimethyl sulphoxide solution). Reduction with sodium boro-

hydride gave 1,3-dimethylbenzimidazoline (81%) as a colour-

27
D

8.0%. 09H12N2 requires C, 72.9; H, 8.2%). The n.m.r. spect-

less oil, 5.p. 86°/1.5 mm, n 1.5850 {Found: C,’72.7; H,
rum (CClé) showed four aromatic protons in a multiplet, a
two-proton peak (5.77) due to the methylene group and a six-
proton peak (7.34) due to the N-methyl groups. Light absorpt-
ion in 95% ethanol: max. 217 ( € 36,900), 265 ( € 5,700},
and 310 m [L (5,700); min. at 241 ( € 3,400) and 286 m L

( € 3,100). On treatment with ethanolic picric acid the
benzimidazoline yielded 1,3-dimethylbenzimidazolium picrafe,
which crystallized from ethancl in needles, m.p. 195-196°
alone and when mixed with an authentic specimen. The light
absorption of the picrate in 95% ethanol showed the sharp

maxima at 270 and 278 miL typical of benzimidazolium salts.

1-Methyl-3-(2-oxopropyvl) benzimidazolium Todide and l-Methvl-

3—(2ehvdroxyprbnvl) enzimidazoline

A mixture of benzimidazole {3g), chlorocacetone (5ml),
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anhydrous potassium carbonate (5g), and acetone (250 ml)
was stirred under reflux for 19 hr. and then filtered.
Evaporation of the filtrate left an oil, which solidified
(2g, 45%), and recrystallization from ethylacetate gave .

1-{2-oxopropyl) benzimidazole in needles m.p. 131° (Found:

C, 69.1; H, 5.8; N, 15.8%. O requires C, 69.0; H,

C10f12N2
5.8; N, 16.1%). The methiodide crystallized from ethanol

in plates, m.p. 196° (Found: C, 42.4, H, 4.5; N, 8.4%).

S L =)

" of the methiodide {(0.5g) with sodium borohydride gave 1-

IN,O requires C, 41.8; H, 4.1; N, 8.9%). Reduction

methyvl-3-{2-hydroxypropyl} benzimidazoline (0.45g) as a

26
D

0 requires C, 68.7; H, 8.4; N,

colourless oil, b.p. 1560/0.3 mm, n 1.5758 (qund: C, 67.9;

H, 8.3; N, 14.8%. cllHl6N2
14.6%). Light absorption in 95% ethanol: max. at 220 ( €
23,000), 269 ( € 4,900}, and 315 m L ( € 4,500); min. at

242 ( € 3,000) and 292 m L ( € 2,800).

7-Bromo—-4—ethyvl-3,4-dihvdro-3-oxocuinoxaline-2-carboxXvureide.

The 4-bromo-2-nitro-N ethylaniline already described
was hydrogenated over Raney nickel, and the diamine (1.7g)
in ethanol (25 ml) was mixed with alloxan monchydrate (1.3g)
in water (10 ml), and the mixture was heated under reflux

for 5 min. The 7-Bromo-4-ethvl-3,4-dihvdro-3-oxocuinoxaline—

2-carboxyureide (L.6g, 47%) was collected and crystallized
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from ethanol as yellow needles, m.p. 230—232o (Found: C,
42.9; H, 3.6%. CleilBrN4Q3 requires C, 42.5; H, 3.3%).
Light absorption in 95% ethanol: max. at 245 { € 28,900),
312 { € 6,900), and 395 miL ( € 4,500); min. at 227

( € 13,000), 275 ( € 3,300), and 340 m L ( € 2,200).



o
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5,6-Dimethvidioxindole-3-carboxvureide (72; R=R'=Me}

This material was prepared by the method previously
described by Berezovski, Rodionova and Gurko67 for 54(324'—
dimethylphenylamino) dialuric acid. It was also prepared

by gently warming a solution of 3,4-xylidene (1.21g) and

W

nhydrous alloxan (1.43g) in acetic acid (10 ml) until the

initial red colour had disappeared and then precipitation

of the product with water. The 5,6-dimethvidioxindole-3-

carboxyureide (72; R=R'=Me) (1.8 g, 68%) was washed with

ethanol and ether and it crystallized from a large volume

of ethanol or water as colourless needles or plates, m.p.

e}

204° {(Found: C 54.7; H, 5.1; N, 15.6%. C.,H,,0,N, requires

127137473

C, 54.7; H, 5.0; N, 16.0%). Carbonyl absorption (Nujol)
occurred near 5.75 and 5.90 U while -NH and -OH absorption
was observed at 2.95 and 3.00 i .

5,6-Dimethoxydioxindole-3-carboxvureide (72: R=R'=0OMe).

109

3,4-Dimethoxynitrobenzene, m.p. 98° (1it. m.p. 969)

was prepared by nitration of l,2—dimethoxybenzenello. Reduct-

11l gave 3,4-dimethoxyaniline m.p.

2

ion with sodium sulphide

11
88°, b.p. 180°/25 mm (lit. "

m.p. 87.5-88°%, b.p. 174-176°/
22 mm). 3,4-Dimethoxyaniline (1.53g) and alloxan monohydrate

(1.6g) were dissolved in 50% aqueous acetic acid (25 ml) and
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heated under reflux. The reaction mixture rapidly changed
.colour from red to yellcw and the reaction was completed
after 5 minutes. The solvent was removed under reduced

pressure and the product washed with ethanol. 5,6-Dimeth-

oxvdioxindocle~-3-carboxvureide (72; R=R'=0Me) (2.8g, 95%)

crystailized from ethanol or water as colourless needles,
m.p. 198° (Found: C, 44.8; H, 5.0; O, 32.6; N, 13.9%.

Y
ALl e S

The above reaction was also carried out in aqueous-ethanol

requires C, 48.8; H, 4.4; O, 32.5; N, 14.2%).

and in this case the yield was only slightly less. The in-
frared spectrum showed carbonyl absorption near 5.75 and

5.95 4 while -NH, -0H bands occurred'near 2.90 and 3.05 L .

5-Methyvldioxindole-3-carboxvureide (72; R=Me, R'=H).

A solution of anhydrous alloxan (1.43g) and p-toluidine
{(1.07g) in acetic acid (20 ml) was allowed to stand (with
occasional warminé to dissolve any precipitated anil)_ior
three days. The colour of the reaction changed from red to
yvellow during this period and the colourless product precip-

itated. It was collected by filtration and washed free of

contaminating anil with water. 5-Methyldioxindole-3-carboxy-

ureide (0.8g, 31%) crystallized from water as colourless

needles, m.p. 200° (Found: C, 51.7; H, 4.5; N, 16.0%.'Cll 11

O4N3.%H20 requires C, 51.2; H, 4.7; N, 16.3%). Carbonyl
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absorptions occurred near 5.75 and 5.95 |l while -NH and

-OH stretching absorptions appeared at 2.95, 3.0 and 3.10 .

5,6-Dimethoxvisatin {75; R=R'=0Me).

5,6—Dimethoxydioxindole—3—carboxyureide {(72; R=R'=0Me)
(2.95g) was heated under reflux with 5% aqueous hydrochloric
acid (20 ml) for 1 hour. The reaction mixture at this staée
contained a brown suspension and evapouration to dryness
under reduced pressure gave a brown oily solid. This solid
was dissolved in 10% agueous potassium hydroxide (10 ml) and
the resulﬁiné yellow solution was filtered from a small quant-
ity of undissolved.material and then aerated for 1 hour. The
-solution was finally acidified with concentrated hydrochloric
acid (10 mi) and allowed to stand at 2 to 3° for 10 hours.

The precipitated, deep red 5,6+dimethoxyisatin (1.1lg, 53%)

was filtered and washed with water. It crystallised from

o 113

aqueous-ethanol in deep-red needles m.p. 254 (1lit. 2540)

(Found: C, 57.44; H, 4.27; N, 6.93. Calc. for ClOH9O4N:

C, 57.97; H, 4.38; N, 6.76%). Light absorption in 95% eth-
anol: max. at 269 ( € 22,000), 320 {( € 7,500), and 470 m u
(€ 1,400); min. at 290 (€ 2,000), and 372 m i ( € 400).

The infrared spectrum (CHClB) showed absorption at 5.70 and

5.80 M .
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5.6-Dimethviisatin {(75:; R=R'=Me).

Hydrolysis of 5,6-dimethyldioxindole-3-carboxyureide
(72; R=R'=Me) with 5% agueous hydrochloric acid for 2 hours
and then basification and aeration’ followed by re-acidific-
ation, as described above for £he 5,6-dimethoxy- compound,
gave 5,6-dimethylisatin (37%) as orange-red needles, m.p.

1i4

214° (lit. ™ 2140). The infrared spectrum (CHCl3) showed

carbonyl absorption at 5.70 and 5.80 AL .

,6-Dimethoxvoxindole-3-spiro-1°%—-(oxazolidine-2',4'-dione)

n

{75; R=R'=0Me) and its potassium salt.

5,6-dimethoxydioxindole~3-carboxyureide (72; R=R'=0Me)
(1.5g) was treated with 50% aqueous potassium hydroxide (10 ml).
Zmmonia was liberated immediately and the dioxindole diss-

olved on stirring. The dipotassium salt of 5,6-dimethoxv-

oxindole-3-spiro-1'-(oxazolidine-2'-4'-dione) (1.8g, 92%)

and crystallized from water/ethanol as colourless needles,
m.p.c. 330-335° (decomp.) {(Found: C, 33.9; H, 3.1; N, 7.4%
., HgN,O K, .2H,0 requires C, 33.8; H, 3.1; N, 7.2%) . The
nuclear magnetic resonance spectrum in deuterium oxide showed
the two aromatic protons as unsplit one-proton peaks at 3.03

and 3.21 and the two methoxy groups appeared as two three-

proton peaks at 6.07 and 6.17. Acidification of an aqueous
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solution of the salt (1.0g) with dilute sulphuric acid gave

6-dimethoxvoxindole—3-spiro-1 -(oxazolldlne 2',4'-diocne)

(0.79,92 %) which crystallized from water as colourless
prisms m.p. 195-196° (Found: C, 48.1; H, 4.5; N, 9.4%.
C12H1006N2. H20 requires C, 48.6; H, 4.1; N, 9.5%). Carbonyl

absorption (Nujol) occurred near 5.5, 5.7 and 5.8 i1 while

-NH absorption appeared at 2.75 and 3.1 4 .

5,6-dimethvloxindole-3-sniro-1'—-(oxazolidine-2"',4"'-diocnse

(76; R=R'=Me}.

Treatment of 5,6-dimethyldioxindole~-3-carboxyureide
(72; R=R'=Me) (1.3g) with 50% agueous potassium hydroxide
(7 ml) yielded the dipotassium salt of 5,6-dimethyloxindole-
3-spiro-1l'-(oxazolidine-2"',4'-dione (1.4g, 87%). Acidific—

ation of an aqueous solution of the potassium salt (1.4qg)

with diiute sulphuric acid gave 5,6-dimethyvloxindole-3-spiro—~

1'-{oxazolidine-2"',4'-dione) (1.0g, 92%) as a colourless

solid which crystallized from water in prisms, m.p. 99-100°
(Found: C, 57.9; H, 4.2; N, 11.2%. 12 10N> 4.{;I—Izo reguires
C, 57.5; H, 4.2; N, 11.2%). Carbonyl absorption (Nujol)
appeared near 5.5, 5.7 and 5.8 U and an -NH stretching ab-

sorption cccurred near 3.1 L .
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5-Methvloxindole-3-sniro-1'—-{oxazolidine-2',4'=dicne)
4

{76; R=Me, R'=H).

Treatment of 5-methyldioxindole-3-carboxyureide (72;
R=Me, R'=H) (1.3g) with 50% aqueous potassium hydroxide
(10 ml) iiberated ammonia and gave the éotassium salt of 5-
methyloxindole—3—spiro—l'—(oxazoiidine—Z'—4’—dione) whica
precipitated as colourless plates. Acidification of an ag-

ueous solution of the potassium salt gave S5-methyloxindole-—

3-spiro-1'-(oxazolidine-2"',4'-dione) (0.9g, 77%) which cry-

stallized from water as colourless needles, m.p. 287 (Found:

C, 57.3; H, 3.6; N, 12.1%. CllH804N requires C, 56.9; H,

2
3.5; N, 12.1%). Infrared absorption (Nujol) occurred near

5.5, 5.65, and 5.85 & (carbonyl) and 3.1 M (-NH).

5,6-Dimethoxy-1,3'-dimethvloxindole-3-spiro-1'-{oxazolidine-

2t 47T ~dione) (77; R=R'=QMe). .

{a) A mixture of 5,6-dimethoxydioxindole-3-carboxy-

ureide {72; R=R'=CMe)} (lg}, anhydrous potassium carbonate
(5g) and methyl iodide ({5g) in acetone (100 ml) was stirred
continucusly and heated under reflux for 18 hours. The acet-
cne solution was separated from the suspended solid and on

‘evapouration yielded 5,6-dimethoxy-1,3'-dimethyloxindole-3-

spiro—l'—{dxazolidine—2',4'—dion@l,(0.85g, 82%) which cry-
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stallized from ethancol as éolourless prisms, m.p. 250° (Found-:
& A. T 4 Q- o . .

C, 55.4; H, 4.8; N, 9.3%. C14Hl4O6N2 requires C, 54.9; H,

4.6; N, 9.2%). Carbonyl absorption (Nujol) occurred at 5.50,

5.70 and 5.80 A .

() Methylation of 5,6-dimethoxyoxindole-3-spiro-1'-
(oxazolidine-2"',4"'~dione) (76; R=R'=OMe) under conditions
similar to those described in above gave the dimethylderivat-

ive {86%) in colourless prisms m.p. 250° alone and when mixed

with that described under (a).

l,5,6—Trimethvloxindole—3f§piro—l'—{3'jmethyloxazolidine—2'J

4'-dione) (77; R=R'=Me}.

{a) 5,6-Dimethyoxindole-3-spiro-1'-(oxazolidine-2"',4"'~
dione) (76: R=R'=Me) ({lg), anhydrous potassium carbonate (5g);
methyl iodide (5¢g)} and acetone (100 ml) were heated under re-
flux with constant stirring for 15 hours. After filtration
and evapouration of the filtrate the residue was crystallized

from ethanol. 1,5,6-Trimethvloxindole-3-spiro-1'—-(3"'-methvl-

oxazolidine-2',4'-dione} {(0.95g, 94%) was obtained as colour-

less prisms, m.p. 219° (Found: C, 61.4; H, 5.2; N, 10.3%.
C14H1404N2 requires C, 61.3; H, 5.2; N, 10.2%). Carbonyl
absorption (Nujol)} occurred near 5.55, 5.70 and 5.85 U but

no absorption was found in the -NH region (2.5-3.1 W ).
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7—{p-tolvliuramil (83; R=Me, R'=H) and its p—-toluidine salt

(856; R=Me,R'=H).

{(2) p-Toluidine {1l.1g) in ethanol (40ml) was added
to a solution of alloxan monohydrate (1l.6g) in water (20ml)
and the mixture was heated under reflux until the initial
red colour of the solution had'éhanged to a.greenish-yellow

(c. 2 hours). The p-toluidine salt of 7-p-tolyluramil (0.5g,

-15%) which had precipitated as fine colourless needles, m.p.
c. 230° (decomp.), was collected by filtration (Found: C,
63.0; H, 5.9; N, 16.2%. CygH,403N, requires C, 63.5; H, 5.9;
N, 16.5%). Carbonyl absorption (Nujol) occurred near 5.95 AL
The salt was dissolved in concentratea hydrochloric acid aﬁd
on dilution with water an almost quantitative yield of 7-p-

tolviuramil was obtained. It was purified by repeated pre-

cipitation from 5% aqueous sodium hydroxide with dilute hydro-
chloric acid and by precipitation from dimethylsulphoxide or
Gimethyiformamide with water. The colourless powder had m.p.
230° (decomp.) (Found: C, 55.9; H, 5.1; N, 17.4; O, 21.1%.
Cy;H;;05N; . 5H,0 requires C, 55.6; H, 4.9; N, 17.7; O, 21.9%).
Carbonyl absorption {Nujol) occurred near 6.00 and 6.20 AL

and a sharp -NH or -OH absorption occurred near 3.15 M .

Ultraviolet light absorption in 95% ethanol: max. at 250 m U

{ ¢ 18,000); min. 229 { € 11,000).
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{b} A solution of p-toluidine (0.5g} in 5% hydro-
chloric acid (15ml) was mixed with a solution of dialuric
acid {0.7g) in water (300ml): alloxan.monohydrate (0.0SOg)‘
was added and the solution was heated under reflux. The
product (0.7g, 60%) was collected after 3 hours and found
to be identical {(mixed m.p., and infrared and ultravioclet
licht absorption) with the material described under (a).

2 crystallized

(c) Diethyl-p-toluidinomalonate (92)ll
from agqueous—-ethanol as colourless prisms b.p.154o/0.8 mm.
The diethylm;lonate (1.33g) was added to a solution of sod-
ium methoxidé (containing 0.46g of sodium) in methanol {15ml)
and the mixture was heated under reflux on a water-bath for
15 hours. After removal of the solvent at lOOO, the residue
was dissolved in water and filtered. Acidificatioﬁ of the
filtrate yielded 7-(p-tolyl)uramil (lg, 83%) identical in

all respects with the compound already described.

(@) 5-(p-tolylimino)barbituric aci@ (115) (0.5g) was
added to a solution of sodium borohydride (0.5g) in water
(15 ml) at room temperature. The colourless solution obtain-
ed was acidified with dilute hydrochloric acid and the pre-
cipitated 7-(p-tolyljuramil {0.5g, 98%5 was collected by

filtration.
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7-{4°'-methoxyvohenvl)uramil (83; R=0OMe, R'=H) and its p-

,anisidine salt (86; R=Cme, R'=H).

p-anisidine (1.23g) in ethanol (40 ml)ﬂwas heated
under refliux with a solution of alloxan monohfdrate (1L.69)
in water (20 ml) until the initially red solution had
changed to a yellow colour (c. 3 hours). The precipitated

p-anisidine salt of 7-Y4'-methoxyphenvyl)uramil was dissolv-

ed in concentrated hydrochloric acid and the solution was

diluted with water. The 7-(4'-methoxvyphenvl)uramil (0.2g,

8%) which precipitated crystallized from dimethylformamide-
water, m.p. c.180° (decomp.) (Found: C, 52.1; H, 4.7; N,

16.5%. %HZO requires C, 52.1; H, 4.6; N, 16.6%.)

C11H11N5% -
Carbonyl absorption (Nujol) occurred near 6.00 and 6.20 XL

and a sharp band occurred at 3.15 KX .

7-{3'~4'-dimethvlphenvl)uramil (83; R=R'‘=Me).

This compound (8%) was prepared from 3,4-dimethylanil-
ine and alloxan monohydrate in agqueous ethanol by a procedure
similar to that described for the 7-phenyluramils above. It

was purified by the usual method, m.p. 235°-240° (decomp.)

5-{(methvl-p-tolylamino)-2,4,6-trimethoxypvrimidine (87).

2 suspension of 7-p-tolyluramil (83, R=Me,R'=H) (1l.0g)
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in methanol (75 ml) was treated with an excess of ethereal
diazomethane and the mixture kept at 0° overnicht. Filtrat—
ion and evapouration of the filtrate yielded 5 {(methyl-p-
tolylamino)-2,4,6-trimethoxypyrimidine (O.4g, 32%) which
crystallized from ethanol as cologrless prisms, m.p. 98-99°

(Found: C, 62.7; H, 6.9; N, 14.6%. H, .O05;N, requires C,

C15M1993N3

62.3; H, 6.6; N, 14.5%). The nuclear magnetic resonance
spectrum in carbon tetrachloride showed the\four aromatic
protons as two doublets at 3.83, 3.68 aﬁd 3.24, 3.10; the
aromatic metﬂyl group absorbed at 7.08 and the N-methyl
group at 6.99. The 2-methoxy group absorbed at 6.09 close
to the absorption of the 4- and 6- methoxy groups which
appeared as a single 6-proton peak at 6.14. The carbonyl
region in the infrared spectrum (5.5 to 6.3 U ) was devoid
of absorption except for a weak band at 6.0 ML . Ultraviolet
light absorption in 95% ethanol: max. at 249 ( & 19,000),
and 285m U ( € 8,000); min. at 229 ( € 12,000) and 272 mu

( € 7,200).

The p-toluidine salt of alloxanic acid (84; R=Me, R'=H).

(2) Alloxan monchydrate (1.6g) in water (20 ml) and
p-toluidine {1l.lg) in ethanol {40 ml) were heated under re-

filux until the initial red colour of the reaction mixture had

changed to yellow. After filtering the precipitated uramil



salt the filtrate was evapourated to dryness under reduced

pressure: and the oily residue was treated with a small

guantity of ethanol and induced to crystallize. The p-

toluidine salt of alloxanic acid (1.5g, 60%) was collected

and washed with a small quantity of cold ethancl. It cry-

stallized from ethanol in colourless prisms, m.p. 148~

x (de-

carboxylation) (Found: C, 49.4; H, 5.1; N, 15.2; 0, 30.3%.

117137573

C,,H,,0:N, requires C, 49.4; H, 4.9; N, 15.7; O, 29.9%).

Infrared absorption occurred near 5.65, 5.70, 5.85, 6.00

— =
ana

6.20 4 and at 2.90 and 3.15 1 .

{b) Alloxanic acid (0.8g) in ethanol (4 ml) was

treated with p-toluidine (0.54g) in ethanol (4ml) and the

solution kept at 2 to 3© overnight. The precipitated p-

toluidine salt of alloxanic acid {l.2g, 90%) was collected

and

Tt was found to be identical (mixed m.p. and infrared ab-

crystallized from ethanol, m.p. 1489 (decarboxylation) .

sorption)with the material obtained as described under (a).

3,4-dimethyvlaniline salt of allioxanic acid (84, R=R‘=Me).

(a) Alloxan monohydrate {1.6g) and 3,4-dimethylanil-
(1.21g) were heated under reflux in 80% aqueous ethancl un-
the solution had acquired a yellow colour (C. 2% hours).

precipitated amine salt of 7 (3',4'-dimethylphenyi) uramil
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was filitered off and evapo .ration of the filtrate under
-reduced pressure yielded an oil which eventually solidified

and was crystallized from ethancl. The 3,4-dimethvlianiline

salt of zlloxanic acid (l.4g, 52%; was obtained as colourless

prisms, m.p. 148° (decarboxylation) (Found: C, 51.5; H, 5.4;

M, 14.9%). D i ) s 2Fa [EY, A N, 14.9%).

N, 14.9%) C12H157\13O5 requires C, 51.2; H, 5 N, 14.9%)

Infra red absorption cccurred near 5.65, 5.80, 6.00 and 6.154 .
(v) The 3,4-dimethylaniline sait of alloxanic acid

was further prepared (85%) by neutralization of an ethanolic

solution of alloxanic acid with 3,4-~dimethylaniline and found

to be identical in all respects with the material described

under {a).

The p-anisidine salt of alloxanic acid (84, R=CMe, R'=H).

{2} A mixture of p-anisidine (1.2g) and alloxan mono-

hydrate (l1.6g}) in 50% aqueous ethanol was heated under reflux

for 3/4 hour and after filtration of the precipitated uramil
salt the reaction mixture was worked up as described for the
salts above. The p-anisidine salt of alloxanic acid (1.0g,
38%) was obtained as colourless prisms from ethancl, m.p.

o) : . a L n .
1487 (decarboxylation). Infrared absorption was cbserved

near 2.95, 5.65, 5.75, 5.85, 6.00 and 6.15-L .

(b) It was also obtained from p -anisidine and allox-
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anic acid in ethanol and it crystallized from ethanol in
colourless prisms m.p. 148° (decarboxylation) alone and

when mixed with that described under (a).

Diethyvl-bis{p-methvlaminophenyl)malonate (106, R=Me).

A solution of p-toluidine (1.07g) and diethyloxomal-

a

onate (1.78g) in 75% aqueous ethanol (20ml) was allowed to

stand at room temperature for four days. Diethyli-bis-{p-

methylaminophenvyl)malonate (0.6g, 16%) precipitated during

this period and was collected an& grystallizederom aqueous
ethanol as colourless needles, m.p. 94o (Found: C, 68.1; H,
7.1; N, 7.5% C21H26O4N2 requires C, 68.1; H, 7.1; N, 7.6%).

Carbonyl absorption occurred near 5.8 1 and -NH absorption

was observed near 2.95 n.

Diethyl-bis (o-dimethylaminoanilino)malonate {107}.

o-Dimethylaminoaniline (l.4g) in ethanol (5ml) was
treated with a solution of diethyloxomalonate {1.78g) in
ethanol (10ml) and the mixture was allowed to stand at room

temperature for two days. Diethyl-bisf{o-dimethylaminoanil-

ino)malonate (0.6g) which had precipitated was collected and

a further gquantity {0.75g) was isolated from the reaction -

mixture two days later. The product {(1.35g,64%) crystallized

‘ g O] pr=y g
from ethanol as large rectangular plates, m.p. 118" ({(Found:
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C, 64.3; H{ 7.4; N, 12.9%. C23H32N4_O4 requires C, 64.5; H,
7.5; N, 13.1%). The nuclear magnetic resonance spectrum in
deuterochloroform/10% carbontetrachloride showed the four
equivalent N-methyl groups as a 12-proton peak at 7.29; the
triplet and quartet of the two ethyl groups appeared at 9.01%
and 5.93, the aromatic and -NH protons formed a lO0-proton

multiplet centred at 3.09 which was not analysed. Carbonyl

absorption occurred near 5.8 ju and -NH absorption at 3.00 p.

o-Dimethvlaminoaniline and Ninhvdrin.

o-Dimethylaminoaniline {1.36g} and ninhydrin (1.78g)
in 80% aqueous ethanol (20ml) were heated under reflux for
half and hour. The solution was cooled to room temperature
and the dark blue product {2.2g)}, possibly the anil {110},
was collected and washed well with ethanol and ether. Car-
bonyl absorption {(Nujol) occurred near 5.85 n and the -NH
.region 2.5 to 3.3 n was devoid of absorption. The compound
was readily decolourised on treatment with warm dilute min-

“

eral acid.

5,5-bis (p-methyivhenvlaminc)barbituric acid {104; R=Me} hvdrate.

A cold solution of alloxan monohydrate {(l1.6g) in meth-

anol (10ml) was added to a cold solution of p-toluidine (2.14gj
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in methalon {15ml)} and the mixture was diluted with water
(15mi). After cooling at 2° to 3° for 10 hours the precip-

S
itated 5,5-bis{p-methylvhenylamino)barbituric acid {3.lqg,

87%) was collected by filtration. It crystallized from
aquecus methanol as colourless plates which readily turned

o

red, m.p. c. 256° (decomp.) (Found: C, 60.3; H, 5.6; N,

15.7%. -H,0 requires C, 60.7; H, 5.7; N, 15.7%) «

C18M18%3M
Hydrolysis with 5% aqueous sodium hydroxide gave p-toluidine,
which was identified by its m.p. and by it mixed ﬁ.p. with

an authentic sample, as well as by its infrared absorption
spectrum. Treatment of the hydrolysis solution with 10%
agueous barium hydroxide immediately precipitated the allox-
anate anion as its-barium salt, and this was identified by
comparison- of its infrared spectrum with that of an authentic
sample. On boiling under reflux with aqueous ethanol the
solution initially turned red and the 5,5-bis{p-methylphenyl-
amino)barbituric acid was eventually {(c. 2 hr.} converted
into the p-toluidine salt of 7-{p-tolyl)uramii (86; R=Me,
R'=H) and the p-toluidine salt of alloxanic acid (84; R=Me,
R'=H) . |

E

5,5-bis (p-methoxypohenyiamino}barbituric _acid {104; R=Ome} -

Hydrate.

A cold solution of p-anisidine (2.46g) in methanol



(10ml) was added to a cold solution of alloxan monohydrate
1.6g) in methanol (5ml). The mixture was treated with
- L, e} B,
water {15ml}, and allowed to stand at 2-3° overnight. The
)

- = 3 o = = 4= -’y = " - L a2 i
precipitated 5,5-bis(p-methoxyvhenyliamino)barbituric acid

(3.0g, 77%) crystallized from aqueous meéthanol as colourless
plates m.p. C. 140° (decomp.) (Found: C, 55.4; H, 4.7; N,
.2%. C 8“1805V4 H O reguires C, 55.7; H, 5.2; N, ;4.4%).

Boiling aqueous ethanol converted the product into the p-
anisidine salt of the uramil {85; R=0OMe, R'=H) an& the salt
of alloxanic acid_(84; R=0Me, R'=Hj, while 5% agqueous sod- .,
iuym hydroxide gave p-anisidine and the alloxanate anion.

The latter was identified as its insocluble barium salt by
comparison of its infrared spectrum with that of an auth-

entic sample of the salt.

_- . s f J SN 2. R S PR
'5,5-pnis{piveridinc)baroity

i

o
@]
o
[oN]
(ﬂ-\
O
w

ic

A cold sclution of piperidine (0.85g) in diglyme,
{tetrahydrofuran or acetone) {20ml) was added dropwise to

(tetra-

I TP - S O = = 3 Y o
. Tev 2% omeke-Teoung alloxan (1.4g) in diglyme,
2 o m s by EeEAARELRTed L
iately from <ne piak solution and was coiliected Dy Ifiitrat-

ion and washed well with dry ethanol and ether; m.p. c¢.142

(decomp.) (Found: C, 52.8, 51.8; H, 7.7, 7.5; N, 17.4, 17.4,
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1 -
1555

2

Tt was extremely insoluble and readily decomposed during

17.6%. C., E,,N,O O requires C, 52.3; H, 7.8; N, 17.4%) .

attempted recrystallization to give deep red solutions.

e

Alkaline hyvdrclysis afforded

o]

eridine and the alloxanate
anion {identified as its barium salt) and on boiling in
water it was converted into the piperidine salt of alloxanic
acid m.p. 152° undepressed by admixture with an authentic
sample. Infrared absorption (Nujol) occurred near 3.15,
5.85, 6.00 and 6.15 . A similar compound was obfained

from morgholine and anhydrous alloxan.

7-{o—carboxyphenvliuramil {102).
{2} A mixture of anthranilic acid {(1.4g) and alloxan

monohydrate {1.6g) in 70% agueous ethan nol was heated under

reflux for 3 hours. The crystalline pr oduct was filtered

and washed with ethanol and ether. 7-lo—-card xvn*eﬁv 3

& from dimethylformamide/

[w
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—~ - == S "o -
water as fine colourless neeties, m.p. 290-295° (decomp.)

{fFound:z C, 50.2; E, 3.9; N, 26 .2%. C. ,HgN0g reqguires C,
-

¢

50.29 H, 3.5; N, 16.0%).  Carbonyl 2bsorption {Nujol) occ-

Tvapouration of the above aduecus soluticn gave &

colourless compound {1.1g,39 %), possibly 5-{3*-carboxy—-4" -

minovhenyl) disluric acid, whica crystallized from water,
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m.p. ¢. 2507 ‘(decomp.) (Found: C, 47.4; B, 3.6; N, 14.7%.

{b} The benzoxazone {99} (1.3g) was added gradually
to a solution of sodium borohydride {lg)} in water (20mi).

=

After the reaction had subsided the solution was filtered
and the filtrate was acidified with dilute hydrochloric
acid {6%). The product {(1.0g, 77%) precipitated from the

acid solution and was found to be identical (m.p., mixed

m.p. and infrared spectrum) with the compound described

in {(aj.
5-{3',4'-dimethylphenvlamincidiaiuric acid. {114.; R=R'=Me).

Annhydrous alloxan (1.4g) in diglyme {i0ml) at room

temperature was added to a solution of 3,4~dimethylaniline

: . -0
{1.21g) in diglyme {(5ml) and the mixture was kept at 2-3

5,

lialuric acid (2.0g,

)

i amtr T oA
cogeny._aililn

O
c

overnight. 5-{(3',4'-Dimethv

O ) ; . - .
76 %), m.p. 226 {decomp.}, crystallized as colourless

i
prisms and it was collected by £filtration and washed free
of diglyme with dry ether, {(Found: C, 54.4; H, 4.9; N, 15.8%.
C; oH; 4N50 requires C, 54.7; H, 5.0; N, 16.0%). Infrared

absorption was observed near 3.10, 5.80 and 5.95 n {(with a

-

weak band at 5.70 u}. COn boiling with agueous ethanol the

dialuric acid was converted into the 3,4-dimethylaniline
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salit of 7-{3,4-dimethylphenvl) uramil {86; R=R'=Me} and the
3,4-dimethylaniline salt of alloxanic acid (84; R=R'=Me),
6/ aguecus barium hydroxide gave

whereas treatment with 10

3,4-dimethyianiiine and barium alloxanate.

A mixture of anhydrous alloxan {0.40g} and p-toluidine
{6.26g) in acetic acid {10ml) was heated under refiux for 10
min. The anil (0.30g, 46%) was rapidly depocsited as dark
red prisms from the deep red sclution. It cr;stallized from
7 as almost black prisms,
m.p. 25 {(Found: C, 57.4; #, 4.0; N, 18.6%. C11H9N303

requires C, 57.1: E, 3.9; N, 18.2%;. Carbonyl absorption

occcurred at 5.70, 5.85 and 5.90 p and ebsorption also occurred

1.2-dinv@ro-3,1,4H-henzoxaz~4—-ocne—-2-spiro—-5°—(hexahydro-2"',

- [ 4 % Y,
A‘:,'Cf) J.,,--,,-\ C-O‘~,--s-ﬁn—g:1—,-ﬁe (9/;‘

- Coe LXK A e

A mixture of anthraniiic acid (2.8g)  and anhydrous
alloxan {2.8g) in acetic acid {20ml) was heated under reflux

E0T min. During this time a highly crystalline, colour-

iess compound precipitated and after the reaction mixture



.
[
n

had coolied the benzoxazone (3.1g, 60%) was collected by

filtration. It crystallized from acetic acid or ethanol/
light petroleum (b.p. 40—600) as colourless prisms, m.p.
241° (Found: C, 50.8; H, 3.0%. C;;H,0.N, requires C, 50.6;
H, 2.7%). Carbonyl absorpticn (Nujol) occurred near 5.65
and 5.8 u. The benzoxazone was readily redqced to the

corresponding phenyluramil-{lo2)'by sodium borohydride.

5-{1'-dibenzo-a ,h~phenaziniun)barbiturate (78) dihvdrate.

f3 -naphthylamine (l.4g) in ethanol (5ml) was treated
with a solution of alloxan monohydrate (l.6g) in 50% adqueous
acetic acid {20ml) and the mixture waé heated under reflux.
The highly crystalline product began to precipitate from the
boiling: soluticn after c. 3 min. and heating was continued

for a further 10 min. After cooling the 5-(1'-dikenzo-a,h-

chenazinium)barbiturate (0.3g, 14%) was obtained as brown

prisms with a green metallic lustre which decomposed slowly
o) = . = . I N _ .
above c. 200 {Found: C, 65.7; H, 4.2; N, 12.3%. C24hl403
N4.2H20 regquires C, 65.2; H, 4.1; N, 12.7%). When dried
over phosphoric oxide at 100° and 0.lmm pressure for 24 hr.
it gave a hemihydrate {(Found: C, 69.7; H, 3.5; 0, 13.1l; N,

13.5%. C,, H,,0.N

os 4.%H20 reguires C, 69.4; H, 3.6; 0O, 13.5;

N, 13.5%). Carbonyl absorption (Nujol) occurred near 5.90 u.

When the barbiturate (0.44g) was treated with 10% aqgueous
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potassium hydroxide and the mixture warmed, ammonia was
evolved and the precipitated yellow solid was isolated by

filtration. Dibenzo-a,h-phenazine (0.21g, 75%) crystallized

e} 116

from acetone as lemon-yellow needles, m.p. 286 (1it. 2860)
undepressed by admixture with an authentic sample. (Found:

c, 85.4; H, 4.2; N, 10.l%. requires C, 85.7; H,

Coot12M2
4.3; N, 9.9%). Dibenzo-a,h-phenazine was also obtained by
heating the barbiturate (78) at c. 230°% and 0.lmm pressure
when the phenazine sublimed as yellow needles identical in

all respects, {(m.p., mixed m.p. and ultraviolet and infrared

absorption) with an authentic sample.



Part 3.

The anhvdro salt of S5-hvdroxvhvdantoin and 5-(1'-piperidyl)

dialuric acid (117).

A solution of anhydrous alloxan (8.4g) and piperidine

{5.2g) in acetic acid (30ml} was heated under reflux. After

-

4]
o'
'}

short time a vigcrous reaction ensured and carbon dioxide
(detected as barium carbonate) was evolved. Heating was dis-
continued until the reaction had subsided and then continued
for a further 10 min. The highly coloured, crystalline salt
{(2.6g, 2S%) was collected by filtration from the still warm,
purple reaction mixture and washed with acetic acid (20ml),
m.p. 345-350° {decomp.) (Found: C, 44.1, 44.1; H, 4.5, 4.9;
N, 21.6%. C12&150 N requires C, 44.3; H, 4.7; N, 21.5%).
Infrared absorption (Nujol) occurred at 5.8, 5.95, 6.05 and
6.15 ;. Alkaline hydrolysis with 5% agquecus sodium hydroxide
caused an initial deep blue colour and was accompanied by
liberation of ammcnia. The hydrolysis mixture eventually
turned yellow and extraction with ethef afforded piperidine.
Addition of barium hydroxide to the hydrolysis mixture pre-
‘cipitated barium alloxanate which was identified by its infra
red spectrum. Treatment of the salt (117) with warm, dilute
hydrochloric acid caused loss of colour and after standing

overnicht the precipitated alloxantin was collected and cry-

stallized from water as colourless prisms m.p. 234-6° (decomp.)
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{1it. m.p. 235° (decomp.}} {Found:z C, 30.0; H, 3.4; N,
17.3%. Calc. for C8H6 4 8.2520 C, 29.8; H, 3.1; N, 17.4%).
The infrared azbsorpticn spectrum and géheral physical pro-
perties were identical to those reported by Tipson and
Cretcher’®. The ultraviolet 1i ght absorption of alloxantin
initially showed a maximum at 260 m u but this rapidiy dis-

appeared {(c.5 min.) on allowing the solution to remain in

the light path.

5—{1'-niperidinolbarbituric acid {123},

The salt (117) (2.6g) was heated under reflux with
water (50ml) until the initial purple solution became colour-

less {c. 3-4 hr.}. The insoluble material was filtered off

and on cooling the filtrate the product (0.10g) precipitated

as colourless plates. The insoluble material (which appear-

ed to be easily oxidized back to a red colour) was warmed
with water for a further 4 hrs. and filtered. On coocling
s f*ll

the filtrate deposited a further 0.4g of product. 5-{1'-

niperidino)barbituric acid {0.5g, 2%%) crystallized from

water {charcoal} as colourless plates, m.p. 345-350° (decomp.)
{Found: C, 51.5; H, ©€.3; N, 1S.8%. C_H O3NQ reguires C,

51.2; E, 6.2; N, 19.%%). The barbituric acid was stable
towards agueous alkali and formed alkali metal salts. The

nuclear magnetic resonance spectrum in deuterium oxide con-



-
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taining sodium deuteroxide showed a 4-proton multiplet at
7.30 and a 6-proton multiplet at 8.81 due to the 2',6' and
to the 3',4',5' protons respectively.

’ v

The anhydro salt of 5-hydroxvhvda nL01n and 5- ~benzimidaz-

Benzimidazole (1.2¢) and anhydrous alloxan (1.4g) in
acetic acid {15ml} were warmed until the purple reaction
mixture began to evolve carbon dioxide (detected as barium
carbonate). After the evolution of carbon dioxide had mod-
‘erated the reaction mixture was heated for 10 min. and the

-
H

bluish-purple crystalline salt {(lg, 5%%) was collected by

-

filtration from the warm solution and washed well with acetic
acid, m.p. 284° (decomp.) ({(Found: C, 46.7; H, 3.2; N, 23.0%.
requires C, 46.9; H, 2.8; N, 23.5%). Alkaline

is of the salt (5g; with 10% aqueous potassium hyd-
roxide {(20ml) resulted in a transient deep blue colour which
hr.) and benzimidazole (1.3g)
crystallized on ccoling the yellow sclution. Acidification
of the hyvdérolysis mixture (hydrochloric acid) precipitated

a colourless, unidentified compound (O;7g} which was readily
soluble in alkaline solution but reprecipitated on the addit-

icn of acid. It formed a crystalline hydrochloride in con-

centrated hydrochloric acid but this decomposed on dilution
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of the acid sclution with water. The salt (118; R=H). was
decolourized by dilute hydrochloric acid and after standing
overnight the precipitated solid was isolated, crystallized
from water and identified as alloxantin by its infrared

-

76
spectrum and characteristic proper ties’ ".

5-{1%-benzimidazolvlibarbituric acid (124; R=H) Hvdrate.

The above salt (5g) was heated under reflux with
water {30 ml) until the purple colour. had disappeared. The

insoluble material ({identical with the material obtained

=

above on acidification of the alkaline hydrolysis mixture)

was filtered from the boiling solution and on cooling the

b J d=in 3 =

filtrated yiel

ded 5-{1‘-penzimidazolyl)barbituric aciddihvdrate

(0.6g, 15%) which crystallized from water (charcecal) as colour-

T il H = b o = =i
less plates or needles, m.p. 295-300" ({decomp.) (Found: C,

O

P Lo o=l "
47.2: B, 4.5; N, 2

.2%. Cﬁj{ N 3.2T-I2O rethres c, 47.1; H,
RERE i

4.3; N, 20.0%y. When dried over phosphoric acid at 0.lmm

and 10 for 24 hrs. it retained %HZO {Found: C, 52.9; H,

3.7; N, 22.5%. C,,E. N, 0,.%,0 requires C, 53.1; H, 3.47 N,

ear magnetic resonance spectrum in deuterium oxide con-

taining sodium deuteroxide showed the 2'-proton as a single
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l-proton peak at 2.28 while the aromatic protons absorbed

as two 2-proton multiplets centred at 2.65 and 3.18.
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765. Ring Contractions of Alloxan with Alicyclic Secondary
Amines: Formation of Amine Salts of Alloxanic Acid.

By J. W. CLarRk-LEwis and J. A. EDGAR.

The so-called alloxanic acid amide hydrates formed from alloxan and
secondary amines are shown to be amine salts of alloxanic acid. The adducts
formed from anhydrous alloxan and morpholine or piperidine in ethanol are
shown to be salts of the amine with the acidic imide group of ethyl alloxanate.

FisHER and DAy * reported that alloxan reacts with secondary amines (morpholine, piper-
idine, pyrrolidine, and dimethylamine) to give amides of alloxanic acid, and that the same
products were formed from ethyl alloxanate and the secondary amines in aqueous solution.
The “ amides ” all retained an additional molecule of water and the obvious inference
that the compounds are salts (I; B = base) and not amides has now been confirmed by
preparation of morpholine and piperidine alloxanate by neutralising the acid with the
amines. The products were identical with those prepared by Fisher and Day’s methods,
as judged by general physical properties, infrared spectra, and mixed melting-point deter-
minations, and piperidine alloxanate in water showed the high equivalent conductance
(A = 51) expected for suchasalt. Thereported ! thermal decomposition of the morpholine
compound into 5-hydroxyhydantoin, carbon dioxide, and morpholine is no longer surprising
with the revised constitution, and both the morpholine and the piperidine salt gave an
immediate and quantitative precipitate of barium alloxanate on addition of aqueous barium
hydroxide.

HO\ /OEt
?O"NH\ CO{ BH + cl:o_NH\CrCOzEt (i‘,O—NH \C/C\NHMQ
NH-CO” o BH" "N —CO” " ™OH NH-CO” "oy
M (m (m)

When piperidine was added to a solution of anhydrous alloxan in dry ethanol a com-
pound C,;,H,,N;O; was obtained which formally is an adduct of alloxan, piperidine, and
ethanol, and the same product was obtained from ethyl alloxanate and piperidine in dry
ethanol (or dry acetone). Morpholine gave a similar product and these compounds we
formulate as salts (II) of ethyl alloxanate. The equivalent conductance of the piperidine
compound (II) in methanol was high (A = 26) as expected for a salt. A compound obtained
from ethyl alloxanate and methylamine is evidently an analogous salt (although it was
described by Biltz and Lachmann ? as an ** ethanolate ” (III) of the methylamide. The
structures (II) were established by warming the piperidine salt with water on a steam-
bath for 15 minutes, which converted it into piperidine alloxanate (I; B = piperidine),
and by precipitating the sodium salt of ethyl alloxanate from the piperidine salt with
methanolic sodium methoxide and then liberating the ethyl ester from the precipitate
with dry hydrogen chloride in tetrahydrofuran. Infrared measurements support the
assigned structures as the salts (II; B = piperidine, morpholine) retained a band at 5-7
(ester-carbonyl) but lacked the absorption at 5-6—5-65 u typical of the un-ionised alloxanate
ring, and showed one instead of two peaks in the N-H stretching region. It was stated 2
that the methylamine salt of ethyl alloxanate (II; B = NH,Me) (Biltz and Lachmann’s
“ ethanolate,” III), when warmed with water, yielded the hydrated amide which, like
Fisher and Day’s compounds, could not be dehydrated without decomposition, so that
this ““ amide " is clearly the methylamine analogue (II; B = NHMe,) of the piperidine
and morpholine salts.



The revised constitution of the products from alloxan and secondary amines necessitates
modification of the mechanism proposed by Fisher and Day for the ring contraction.
Nucleophilic attack by solvent anions, or by solvent molecules followed by proton transfer
to the amine, would give the intermediate (IV; R = H or Et) from which the products
(V; R = H or Et) would arise by migration of nitrogen from C-4 to C-5. This migration
is in agreement with radiotracer studies, which established that formation of alloxanic
acid from alloxan does not occur by C—»C migration, as in rearrangements of the

OC,NH—CD\CCOH \H-COc OH
e CO—NH” " CO,R
To V)
Q) ro” T

benzilic acid type. Ring contraction of alloxan under the influence of hydroxyl ions or
amines (morpholine, piperidine, pyrrolidine, methylamine, and dimethylamine) in aqueous
solution thus leads to the alloxanate anion. Alkoxides in dry alcohols give rise to the metal
salts of alloxanate esters (¢.g., salt of V; R = Me),! and the amines in dry ethanol yield
corresponding amine salts (II).

EXPERIMENTAL

Infrared spectra (2—15 w) of Nujol mulls were recorded on an Infracord spectrometer, and
positions of absorption in the region 5-5—6-5 . were accurately measured (by Dr. R. A. Jones)
with a Grubb—Parsons S4 spectrometer (calcium fluoride prism).

Ethyl alloxanate 2 gave carbonyl absorption bands at 5-55, 5-68, 5-76, and 5-82 p.

Morpholine Alloxanate (1; B = CHNO).—(a) Morpholine (1-1 g.) was added to a solution
of alloxanic acid (2 g.) in dry methanol (7 c.c.), and ether was added to produce a faint turbidity.
After storage at 0° the morpholine alloxanate (2-8 g., 909,) was collected; it crystallised from
aqueous ethanol (addition of ethanol to an aqueous solution) in prisms, m. p. 120° (lit.,* 119-8—
120-8°) (Found: C, 36-4; H, 5-9; N, 15-8. CyH,N,0,H,0Orequires C, 36-2; H, 5:7; N, 15-8%),
Vmax, 966, 5-77, 6-07, and 6-23 .

(b) A solution of alloxan monohydrate (2 g.) and morpholine (1-1 g.) in water (15 c.c.) was
boiled under reflux until it became yellow (5 min.). Ethanol (220 c.c.) was added and, after
storage at 0° overnight, the salt (1-9 g., 62%) was collected. It crystallised from aqueous
ethanol in prisms, m. p. 120° alone and when mixed with that described under (a).

(¢) A solution of morpholine (1-1 g.) and ethyl alloxanate (23 g.) in water (15 c.c.) was
heated on a steam-bath for 15 min. before addition of ethanol (220 c.c.) and cooling to 0°.
Next day the salt (2-7 g., 909,) was collected; it crystallised from aqueous ethanol in prisms,
m. p. and mixed m. p. 120°.

Piperidine Alloxanate (I; B = CyH,,N).—The salt was prepared in the same way as the
morpholine analogue by methods (a) (90%), (b) (68%), and (c) (86%,) with piperidine in place
of morpholine. It crystallised from aqueous ethanol in prisms, m. p. 153° (lit.;* 133°) (Found:
C, 43-9; H, 6:4; N, 17:3. C,H,,O,N, requires C, 44-1; H, 6-2; N, 17-1%), Ymax 562, 5-67,
5-78, 6-09, and 6-27 .

Morpholine Salt of Ethyl Alloxanate (I1II; B = C,H,NO).—(a) Morpholine (1-1 g.) was added
to a solution of anhydrous alloxan {1-7 g.) in dry ethanol (10 c.c.), and the resulting suspension
was cooled for 2 hr. The morpholine salt of ethyl alloxanate (1-9 g., 589%,) was collected; it
crystallised from ethanol in prisms, m. p. 126° (Found: C, 43-2; H, 6-1; N, 15-5. C;,H;,N;O;
requires C, 43-6; H, 6-2; N, 15-39%,), vy 5°77, 6-14, and 6-29 p.

(b) Morpholine (1-1 g.) was added to a solution of ethyl alloxanate (2:3 g.) in dry ethanol
(10 c.c.). The mixture was stored at 0° for 1 hr. and filtration then gave the morpholine salt
(24 g., 71%). The salt was obtained almost quantitatively from ethyl alloxanate and
morpholine in dry acetone.

Piperidine Salt of Ethyl Alloxanate (11; B = C;H,;N).—(a) Piperidine (1-06 g.) was added
to a solution of alloxan monohydrate (1:7 g.) in dry ethanol (10 c.c.), and the resulting suspension
was cooled for 2 hr. before collection of the piperidine salt of ethyl alloxanate (2-1 g., 72%),
which crystallised from dry ethanol in needles, m. p. 125—126° (Found: C, 48-3; H, 7-0; N,
15-4. C,,H,,N,O; requires C, 48-3; H, 7-0; N, 15-4%), vpay 5-75s, 594w, 6-14, and 6-32 p.



(b) Piperidine (1:06 g.) was added to a solution of ethyl alloxanate (2-3 g.) in dry ethanol
(10 c.c.), and the solution was stored at 0° for 1 hr. before collection of the salt (2-7 g., 80%),
which crystallised from ethanol in needles, m. p. and mixed m. p. 125—126°. A solution of
the salt (2-7 g.) in water (5 c.c.) was heated on a steam-bath for 15 min. and then diluted with
ethanol (75 c.c.) and stored at 0°. Next day piperidine alloxanate (1-4 g., 58%), m. p. and
mixed m. p. 153°, was collected; its infrared absorption was indistinguishable from that of the
sample described above

Liberation of Ethyl Alloxanate from its Piperidine Salt.—Sodium methoxide (0-54 g.) in
methanol was added to a solution of the piperidine salt (2-7 g.) in the minimum of dry methanol.
The immediate gelatinous precipitate of the sodium salt of ethyl alloxanate was collected and
dried (2-0 g., 969%,); its infrared absorption was indistinguishable from that of the sodium salt
prepared from ethyl alloxanate and sodium ethoxide (absorption at 5-83 and 6-18 ). The
sodium salt was suspended in dry tetrahydrofuran in a flask protected from moisture, dry
hydrogen chloride was passed in for 30 sec., and the mixture was shaken for 1} hr. before
filtration from sodium chloride. The filtrate was evaporated under reduced pressure, and
re-evaporated after the addition of dry methanol. The residue was dissolved in a little warm,
dry acetone, and the solution was diluted to incipient turbidity with dry chloroform. Ethyl
alloxanate (1-4 g., 75%,) crystallised in long plates pointed at both ends, m. p. 115—116° alone
and when mixed with an authentic specimen.?

Electvical Conductivities—0-1M-Solutions of the salts were measured at 20° with a Philips
conductivity bridge, model GM 4249, and a dipping-electrode conductivity cell. We thank
Dr. B. J. Steel for these measurements.

Microanalyses were performed under the supervision of Dr. W. Zimmermann, C.S.I.R.O.
Microanalytical Laboratory, Melbourne. We thank Dr. R. A. Jones for infrared measurements.
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QUINOXALINE DERIVATIVES

VIIL.¥ BETAINE STRUCTURES OF DIHYDROQUINOXALINIUM AND RENZIMIDAZOLIUM
BARBITURATES FORMED FROM O-DIALKYLAMINOANILINES AND ALLOXAN

By J. W. Crark-LEwis,t J. A. Epcar,t J. S. SHANNON,] and M. J. THOMPSON §
[Manuscript recetved March 4, 1964]

Summary

Condensation of alloxan and o-dimethylaminoaniline gives 1,2,3,4-tetrahydro-
4-methylquinoxaline-2-spiro-5-(hexahydro-2,4,6-trioxopyrimidine) (I) formed as a
result of a unique ring-closure involving a methyl group of the ¢-dimethylamino
substituent.! The structure of the closely related compound previously? formulated
as its 3-hydroxy derivative (a carbinolamine) (IT) is now revised to the corresponding
betaine, a dihydroquinoxalinium barbiturate (III; R = H). The 6-methyl, 7-methyl,
and 6,7-dimethyl analogues? of the spiran (I), like the parent compound,? were
regarded as anils by Rudy and Cramer.3:4¢ Betaine structures (cf. III) may be
assigned to the 6,7-dimethyl> and 6,7-dichloro?6 analogue of the barbiturate
(III; R = H). o-Diethylaminoaniline reacts differently from o-dimethylaminoaniline
with alloxan in giving a benzimidazolium barbiturate (VIII; R = H). We propose
a similar benzimidazolium barbiturate structure for the analogous product’ from
4,5-dimethyl-2-dipropylaminoaniline. Mass spectra of the lowly volatile betaines
and some of their deuterated derivatives were obtained and rationalized in terms
of the assigned structures. Several dihydrobenzimidazoles have been prepared,
and their n.m.r. and light absorption spectra recorded.

Condensation of o-aminodimethylaniline with alloxan in aqueous ethanol at
room temperature gives the spiran (I) formed by participation of the N-methyl
group in a unique ring-closure.l The spiran is accorpanied by a second product (B)
represented? as the carbinolamine (II), although its spectral properties and high
melting point indicate that it exists as a hydrate of the betaine form (III; R = H),
and this is confirmed below.

The present investigation was undertaken to clarify the structure of the
product B, but we first consider the structure of the spiran (I) because merely aerating
a hot aqueous solution of this compound gave B,2 so that the two products are
presumably closely related in structure. The spiran is stable to acid, which indicates

* Part VII, J. Chem. Soc., 1962, 3162.

t Department of Organic Chemistry, University of Adelaide.

1 Division of Coal Research, CSIRO, Chatswood, N.S.W.

§ Department of Organic Chemistry, University of Adelaide. Present address: Department
of Chemistry, University of Queensland.

1 King, F. E., and Clark-Lewis, J. W., J. Chem. Soc., 1951, 3080.

2 King, F. E., and Clark-Lewis, J. W., J. Chem. Soc., 1953, 172.

3 Rudy, H., and Cramer, K. E., Ber. dt. chem. Ges., 1939, 72, 227.

4 Rudy, H., and Cramer, K. E., Ber. dt. chem. Ges., 1938, 71, 1234.

5 Rudy, H., and Cramer, K. E., Ber. dt. chem. Ges., 1939, 72, 728.

6 Barlow, R. B., J. Chem. Soc., 1951, 2225; Barlow, R. B., Ing, H. R., and Lewis, I. M.,

J. Chem. Soc., 1951, 3242.

Aust. J. Chem., 1964, 17, 877-93
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that the pyrimidine ring is intact, but boiling 30%, aqueous sodium hydroxide con-
verted it into the hydantoin (IV; R = H), the structure of which was confirmed by
synthesis.! The spiran possessed one N-methyl group, and with diazomethane it
gave a dimethyl derivative (V) which contained three N-methyl groups (Herzig-Meyer)
and one active hydrogen (Zerewitinoff), and yielded an acetyl derivative with acetic
anhydride. This evidence led to proposall of the accepted structures for the spiran
(I) and its dimethyl derivative (V) which are now confirmed by infrared and nuclear
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magnetic resonance spectroscopy, and by a new degradation. The infrared spectrum
of the dimethylspiran (V) confirmed that the carbonyl groups are located in amide
functions in a six-membered ring and showed the presence of an NH group which
was absent from the N-nitroso derivative of the spiran (V). The nuclear magnetic
resonance spectrum of the dimethylspiran (V) in deuterochloroform showed four
aromatic protons (single peak 7 3-23), a three-proton peak due to the N(4)Me group
at 77-11, and a six-proton peak due to the N(1')Me and N(3')Me groups at ~ 6-68.
The methylene group absorbed as a single two-proton peak at = 6-75, which decisively
excludes a benzimidazoline formulation (VI) in which methylene absorption would
be expected at lower field (r ¢. 5-7; see below for models).” Mild alkaline degradation
of the dimethylspiran (V) gave the hydantoin (IV; R = Me), identical with that
prepared from the hydantoin (IV; R = H) by methylation with diazomethane, and

|
?Volpp, G., Chem. Ber., 1962, 95, 1493.
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its formation from the spiran positively locates the active hydrogen on N(1) of the
dimethylspiran (V). The nuclear magnetic resonance spectrum of the hydantoin
(IV; R = Me) in carbon tetrachloride showed two peaks due to the N -methyl
groups (7 7-05, 6-98) and three quartets (r 6-98, 6-37, 5-78) due to the -CH,-CH=
system. The structure (I) for the spiran is therefore firmly established, although syn-
thesis has not been achieved.8 This yellow spiran was first obtained by Rudy and
Cramert who regarded it as an anil, and proposed anil structures for analogues?
which should now be regarded as the 6-methyl, 7-methyl, and 6,7-dimethyl derivatives
of the spiran (I).

Formation of the product B, C12H 204Ny, can be understood as an oxidation
by alloxan (or by air) of the spiran (I), C12H1203N4, and although the oxidation
product B is resistant to catalytic hydrogenation? it is quantitatively reduced to the
spiran (I) once more by sodium borohydride. This reduction confirms that the
oxidation product B is closely related to the spiran (I), and suggests that no rearrange-
ment of the structural skeleton has occurred. The high melting point and absence?
of carbinolamine properties favour formulation of B as a betaine (III; R = H)
rather than as a carbinolamine (IT), and its ultraviolet light absorption differs signifi-
cantly from that of the spiran (I), but resembles that of benzimidazolium salts.
The product B crystallizes with water of crystallization as C12H14N40s5, and can be
dried to C12H3oN403.3H20 (or Ca4H22N5O7), which is more easily understood on
the betaine structure (III; R = H) as the dihydrate can lose 1} molecules of water
of crystallization, whereas on the carbinolamine formulation (II) two molecules must
lose three molecules of water with formation of an anhydride.2 We therefore regard
the crystalline product B as a dihydrate of the betaine (III; R = H); it was first
obtained by Rudy and Cramer’ and we propose a similar structure for their
6,7-dimethyl analogue® from 2-dimethylamino-4,5-dimethylaniline, for the 6,7-
dichloro compound,26 and for the 7-bromo derivative (III; R = Br) formed from
2-amino-4-bromodimethylaniline. In the case of the chloro- and bromo-compounds
this has been confirmed by dehalogenation with Raney nickel to the parent betaine.
The bromobetaine (IIT; R = Br) was prepared in the hope that its structure could
be confirmed by X-ray diffraction studies, but it was not used as it appeared less
suitable for this purpose than an apparently analogous but structurally different
compound (VIII; R = Br) discussed below.

Methylation of the betaine (III; R = H) with diazomethane gave the 1',3'-
dimethyl derivative (VII), also prepared by oxidation of the dimethylspiran (V),
and reduction of the betaine (VII) with sodium borohydride gave the dimethylspiran
(V) once more. The 3-proton in the betaine (VII) absorbed at very low field (7 0-37),
close to the absorption of the 2-proton (r0-30) in 1,3-dimethylbenzimidazolium
iodide (IX).

Use of o-diethylaminoaniline to investigate the scope of these interesting
cyclizations, and to assist in clarifying the structures already discussed, disclosed
that the reactions of o-dimethylaminoanilines are not general for o-dialkylamino-
anilines but that alternative cyclizations occur. o-Diethylaminoaniline and alloxan
did not yield an analogue of the spiran (I) but gave a product (VIII; R = H) with

8 Clark-Lewis, J. W., and Thompson, M. J., J. Chem. Soc., 1959, 2401.
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physical properties closely resembling those of the betaine (IIT; R = H). The
benzimidazolium barbiturate (VIII; R = H), m.p. ¢. 400° (decomp.), crystallized well
from water although it was sparingly soluble, and it was less soluble in alcohols and
in aprotic solvents. Its ultraviolet light absorption in dilute sulphuric acid was
similar to that in water and remained unchanged in sulphuric acid concentrations up
t0 50%,. The nuclear magnetic resonance spectrum of the barbiturate in trifluoroacetic
acid showed peaks at 7 8-29 and 7 5-44 (triplet and quartet due to the N-ethyl group)
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and a singlet at = 7-12 due to the 2’-methyl group. Methylation of the betaine
(VIII; R = H) with diazomethane gave the 1,3-dimethyl derivative (X), and the
n.m.r. spectrum of this compound dissolved in deuterochloroform showed peaks at
78-45 and 7 5-67 (triplet and quartet due to the N-ethyl group), a singlet at = 7-29
due to the 2’-methyl group, and a six-proton peak at 7 6-64 (1,3-dimethyl groups).

The betaine (VIII; R = H) was remarkably stable to both acid and alkali,
and was recovered after being heated in concentrated sulphuric acid. It was also
recovered after being boiled for several hours with 58 sodium hydroxide, and was
recovered quantitatively from a solution in 309, aqueous sodium hydroxide after
3 days at room temperature. The surprising stability of the benzimidazolium barbi-
turate (VIII; R = H) towards alkali contrasts with the lability of the dihydro-
quinoxalinium barbiturate (IIL; R = H), which undergoes mild alkaline hydrolysis
to 3,4-dihydro-4-methyl-3-oxoquinoxaline-2-carboxylic acid and formic acid.2 This
difference in chemical behaviour indicated that the two betaines possess different
structures despite close similarity in physical properties. The structure of the
6’-bromobetaine (VIII; R = Br), obtained from 4-bromo-2-aminodiethylaniline and
alloxan, was established by X-ray diffraction,® and debromination of the bromo-
compound (VIII; R = Br) with Raney nickel gave the parent compound, so that
its structure (VIII; R = H) is also defined by the X-ray work.

The ultraviolet light absorption of the benzimidazolium barbiturate (VIII;
R = H) corresponds to superposition of the absorption of the barbiturate anion on
that of simple benzimidazolium salts (e.g. IX).10 The dihydroquinoxalinium barbi-
turate (IIT; R = H) has remarkably similar ultraviolet light absorption to that of
the benzimidazolium barbiturate (VIII; R = H) and, moreover, introduction of
bromine into the 7-position in the betaine (III; R = Br) caused a precisely similar

9 Mathews, B. W., Ph.D. Thesis, Adelaide 1963; Acta Crystallogr. (in press).
10 Maroni-Barnaud, Y., Wahl, H., and Maroni, P., Bull. Soc. Chim. Fr., 1961, 1740, 1747.



QUINOXALINE DERIVATIVES. VIII 881

bathochromic shift in the position of two subsidiary maxima as did indirect bromina-
tion of the barbiturate (VIII; R = H) to the 6’-bromo-compound (VIII; R = Br).
The chromophores in the molecules (III) and (VIII) are evidently similar, but the
very close correspondence in ultraviolet-light absorption of the two compounds
necessitated further consideration of an alternative representation (XI) for the
dihydroquinoxalinium barbiturate (III; R = H). This benzimidazolium structure
(XI) appears to be eliminated by: (a) the difference between the barbiturates
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(III; R = H) and (VIII; R = H) in their behaviour towards aqueous alkali; (b)
the results of sodium borohydride reductions; (c) the effects of alkali fusions; and
(d) the behaviour of the compounds (IIT; R = H), (VII), (VIII; R = H), and (X)
in the mass spectrometer. The first of these has already been mentioned and we
now discuss the remainder. Reduction of the barbiturate (IIT; R = H) with sodium
borohydride gave the spiran (I) quantitatively, and although it is conceivable that
a benzimidazolium compound (XI) could undergo ring expansion, the behaviour of
the barbiturate (VIII; R = H) makes this improbable. The benzimidazolium
barbiturate (VIIT; R = H) was slowly reduced by sodium borohydride, but when
reduction appeared from light-absorption changes to be complete, acidification
yielded only recovered barbiturate (VIII; R = H). Model dihydrobenzimidazoles
(see below) also proved unstable, and in acid solution they readily reverted to benzi-
midazolium salts. Fusion of the dihydroquinoxalinium barbiturate (ILI; R = H)
with a mixture of sodium and potassium hydroxides gave 9-methylisoalloxazine
(XII) in good yield, possibly by oxidative decarbonylation of an intermediate (XILI)
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or its equivalent. Transformation of the 6,7-dichloro derivative of the betaine (ILI)
into 6,7-dichloro-9-methylisoalloxazine occurs under milder conditions,? and the
revised formulation of the starting material makes this transformation more com-
prehensible. Alkali fusion of the benzimidazolium barbiturate (VIII; R = H)
yielded mainly 1-ethyl-2-methylbenzimidazole and only traces of fluorescent material.
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Despite their extremely low volatility, these barbiturates gave good mass
spectra when they were introduced directly into the ion source and heated on the
fringe of the ionizing electron beam. The chief difference noted in the mass spectral
behaviour of these compounds was that the spectrum of the dimethyl derivative
(VII) possessed an M —28 peak, attributed to loss of carbon monoxide, which was
absent from the spectrum of the dimethyl derivative (X) of the barbiturate (VIII;
R = H). A molecule with the structure (XI) would not be expected to lose carbon
monoxide because its analogue (X) does not, but on the basis of the structure (VII)
loss of carbon monoxide may be explained by the following transformation :

\f
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0
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The parent benzimidazolium barbiturate (VIII; R = H) showed main peaks
at mfe 286, 258, 172, 159 (most intense except for the molecular peak), 144, and 131.
Metastable peaks confirmed the following transitions:

286+ —> 258+ 28
258+ > 172+4-86
172+ —> 144++428
159+ —> 131++28.

These results, combined with those obtained for the deuterated molecule (see Experi-
mental), can be explained by ion reactions shown in Figure 1, where m/e values in
parentheses are those from the spectrum of the dimethyl derivative (X). In the
mass spectrum of the deuterated betaine (VIII; with H= D and R = H), ion b
had lost two to three deuterium atoms, ion ¢ retained all denterium, and ions d and
e had both lost two atoms.

The mass spectrum of the betaine (III; R = H) was generally similar to that
of the compound (VIII; R = H) except for a much more intense peak at m/e 241
(i.e. M—17)and a peak at m/e 198. Metastable peaks indicated the following transitions:

258+ — 241+4-17
241+ — 198+4-43

and from the spectrum of the deuterated betaine (III; R = H) (see below) it follows
that the neutral fragment of mass 17 is OH and not NHs. Possible ion reactions to
account for these transformations are shown in Figure 2, where m/e values in paren-
theses are those from the spectrum of the dimethyl derivative (VII). The ion
(mfe 172) in Figure 2 may arise from b via g, and the same ion is formed less directly
from o via ions ¢ and d (m/e 241) and e (m/e 198).
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An alternative route to an ion m/e 172 is shown in Figure 3, and is consistent
with the observation that peaks with m/e 198 and 172 are shifted by one mass unit.
in the spectrum of the deuterated molecule.
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Hydrogen exchange provided further evidence that the betaine is better
formulated as (III; R = H) than as (XI): after recrystallization from deuterium
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oxide the betaine was admitted into the mass spectrometer, together with a stream
of deuterium oxide, and the resulting spectrum disclosed that three hydrogen atoms
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had been replaced by deuterium. Exchange of the two N-hydrogen atoms would be
expected on both formulae (IIT and XT), but the exchange of a third atom is more
eagily understood on the basis of structure (III; R = H), e.g. as shown below.
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H*, exchangeable hydrogen atom.
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Neutralization of the anionic charge in the isomeric barbiturates (III; R = H)
and (XI) would be expected at different pH, but the compounds (III; R = H) and
(VIII; R = H) proved too sparingly soluble for electrometric titration, so that the
strengths of the conjugate acids could not be determined.
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Benzimidazolines and a tetrahydroquinoxaline were required as models for the
putative dihydrobenzimidazole structure (VI) for the spiran (I). Very few benzimida-
zolines are known, but Bohlmannl! obtained the parent compound as an unstable
oil by vigorous reduction of benzimidazole with lithium aluminium hydride. Elderfield
and McCarthy!2 prepared several compounds from ketones and o-phenylenediamines,
and most of these were unstable oils which decomposed into hydrocarbons and

11 Bohlmann, F., Chem. Ber., 1952, 85, 390.
12 Hlderfield, R. C., and McCarthy, J. R., J. Amer. Chem. Soc., 1951, 73, 975; see also
Elderfield, R. C., and Kreysa, F. J., J. Amer. Chem. Soc., 1948, 70, 44.
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benzimidazoles when heated. One of these, which appeared to be a stable benzimida-
zoline (XIV), was obtained from o-phenylenediamine and acetone or mesityl oxide,
and had previously been formulated as a dihydroquinoxaline (XV).13 Its nuclear
magnetic resonance spectrum showed, however, that the product must be regarded
as the benzodiazepine (XVI) because absorptions characteristic of the isopropyl
group and of vinyl protons were absent. It therefore seems likely that another
supposed dihydrobenzimidazole (XVII)!2 obtained from pentan-2-one and o-phenyl-
enediamine is also a benzodiazepine (XVIII). The trimethylbenzodiazepine (XVI)
was prepared by Ried and Stahlhofenl4 but without reference to Elderfield and
McCarthy.12
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It has now been found that 1,3-disubstituted benzimidazolines (e.g. XIX-XXI)
are readily obtained in good yields by reducing the appropriate alkiodide with sodium
borohydride at room temperature. The products were purified by distillation under
reduced pressure and obtained as colourless oils, which decomposed when exposed
to air. A chloroform solution of 1,3-dimethylbenzimidazoline deposited 1-methyl-
benzimidazole methochloride on standing, and attempts to prepare picrates and
hydrochlorides from benzimidazolines led to formation of the benzimidazolium
picrates and chlorides. The picrate prepared by Bohlmann!! from benzimidazoline is
therefore probably benzimidazole picratel® which has the same m.p., and for which
Bohlmann’s analytical figures are in good agreement.

13 Ekeley, J. B., and Wells, R. J., Ber. dt. chem. Ges., 1905, 38, 2259; cf. Ekeley, J. B.,
Ber. dt. chem. Ges., 1906, 39, 1646.

14 Ried, W., and Stahlhofen, P., Chem. Ber., 1957, 90, 815.

15 Skraup, 8., Liebigs Ann., 1918, 419, 70.
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The absorption of the 2-proton in the n.m.r. spectrum of 1,2,3-trimethylbenzi-
midazoline (XIX) occurred as a quartet centred at  6-0, and the 2-methylene group
in 1,3-dimethylbenzimidazoline (XXI) absorbed as a singlet at =5-77. The
3-methylene group of the spiran (I) absorbed at higher field (r6-75), and the
methylene group of the reference tetrahydroquinoxaline (XXTII) absorbed at + 7-12.
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During preparation of the bromo-o-phenylenediamines it was observed that
bromination of o-nitrodiethylaniline to the oily 4-bromo-derivative was accompanied
by de-ethylation and formation of crystalline 4-bromo-2-nitro-N-ethylaniline.
Reduction of the latter gave 2-amino-4-bromo-N-ethylaniline which reacted with
alloxan to give a quinoxaline-carboxyureide resembling the unbrominated ureide in
light absorption and other properties. This formation of ureides by reaction with
alloxan in neutral solution is typical of primary-secondary o-phenylenediamines, 16
but the closure of the tetrahydroquinoxaline ring in the spiran (I) through participa-
tion of the N-methyl group appears to be unique. This closure can be portrayed as
an acid-catalysed cyclization of the anil (XXIII, arrows), or as cyclization of an
intermediate (XXIV, arrows) derived from the anil by hydride shift. A similar
ring-closure has recently been proposed for alkaloid biosynthesis.17?

EXPERIMENTAL

Mass spectra were recorded with an Atlas CH4 mass spectrometer and the solid samples
were introduced directly into the ion source. Deuterated derivatives were prepared by recrystal-
lization of the samples from deuterium oxide and then introduced into the mass spectrometer
together with a stream of deuterium oxide. Nuclear magnetic resonance spectra were determined
with a Varian DP60 spectrometer and calibrated with side-bands generated by a Muirhead—Wigan
decade oscillator (D890A) from the signal of tetramethylsilane used as an internal standard.
Chernical shifts are given as 7 values. Routine infrared spectra were recorded with an Infracord,
and ultraviolet light absorption measurements were made with Optica and Unicam SP700 recording
spectrophotometers and with s Hilger Uvispek.

1 ,2,3,4-Tetmhydro-4-methquuinoxaline-2-s;m'ro-5’-(hexahyd/ro-2’,4’,6’-trioxopy¢'£midine) (I) and 4ts
1,3’ -Dimethyl Derivative (V)

(a) The spiran was obtained (19%) as previously described?! and it crystallized from aqueous
pyridine in small yellow plates, m.p. 250° (decomp.). Carbonyl absorption occurred near 5-72,
5-80, and 5-95 u, and N-H stretching absorption near 3- 06 and 3-11 p (Nujol). The 1’,3’-dimethyl
derivative! (V) crystallized from ethanol in pale yellow prisms, m.p. 194°, and its n.m.r. spectrum
(CDClg) showed four sharp peaks at 3-23 (four aromatic protons), 668 (six protons of 1’,3"-methyl

16 King, F. E., and Clark-Lewis, J. W.,J. Chem. Soc., 1951, 3379; Clark-Lewis, J. W., and
Thompson, M. J., J. Chem. Soc., 1957, 430.

17 Barton, D. H. R., Hesse, R. H., and Kirby, G. W., Proc. Chem. Soc., 1963, 267; Battersby,
A. R., Proc. Chem. Soc., 1963, 189; Barton, D. H. R., Proc. Chem. Soc., 1963, 293.
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groups), 6:75 (two protons of the 3-methylene group) and 7-11 (three protons of the 4-methyl
group). Carbonyl absorption occurred near 5-95 u (with a weak band at 5-75 u), and N-H
stretching absorption near 2-95 u (CHCl3).

(b) An excess of sodium borohydride (0-5 g) was added in small portions, with shaking,
to a suspension of the gquinoxalinium barbiturate (III; R = H) (1 g) in water (20 ml), and the
solid dissolved during 30 min. Acidification with acetic acid precipitated the spiran (0-87 g,
989%) in small yellow plates, m.p. 250° (decomp.) alone and when mixed with that described
under (). The dimethyl derivative was similarly obtained by reduction of the dimethylbarbiturate
(VII) (0-1 g) during c. 2 hr with sodium borohydride, and the product crystallized from ethanol
in pale yellow prisms (0-05 g, 58%), m.p. 194° alone and when mixed with that described under (a).

The nitroso-derivative was prepared by adding sodium nitrite (0-17 g) in water (2 ml),
dropwise to the dimethylspiran (0-65 g) dissolved in acetic acid (6 ml). The product crystallized
in golden yellow needles (0-6 g, 859) from the deep yellow solution, after chilling, and recrystal-
lization from ethanol gave 1,2,3,4-tetrahydro-4-methyl-1-nitroso-2-spiro-5'-(hexahydro-2’,4',6'-
triozo-1',3'-dimethylpyrimidine) in needles, m.p. 176° (Found: C,53-4; H,5-1; N, 22 -39,
C14H15N504 requires C, 53-0; H, 4-8; N, 22-19,). The infrared spectrum (CHCl3) was devoid
of absorption in the region 2:5-3-1 u; carbonyl absorption occurred near 5-95 u (with a weak
band at 5-75 p).

1,2,3,4,2',4’-Hexahydro-2',4'-dioxo-4,3'-dimethylglyoxalino(1,5" : 1,2)quinozaline (IV; R = Me)

Methylamine was evolved and potassium carbonate precipitated almost immediately when
the dimethylspiran (V) (1 g) was boiled with 5%, alcoholic potassium hydroxide (20 ml). The
solution was acidified after 3-5 min with dilute hydrochloric acid before extraction with chloroform,
and evaporation of the extract left a residue of the hydantoin (0-5 g, 629), which crystallized
from ethanol in prisms, m.p. 154° alone and when mixed with a synthetic! sample. The infrared
spectra of the two samples (in Nujol) were indistinguishable (carbonyl absorption near 5-70 and
5-88 u). The n.m.r. spectrum (CClq with ¢. 109, CDCls) revealed the 8-proton as a doublet with
secondary splitting at very low field (centre 2-11) due to deshielding by the 2’-carbonyl group.
The remaining three aromatic protons formed a multiplet which was not analysed; the 2H-quartet
was centred at 5-78, one of the quartets due to the 3-methylene protons at 6-37, and only the
outside peaks of the remaining quartet (centre 6 - 97) were visible owing to overlap with absorptions
by the two N-methyl groups (6-98 and 7-05).

1,2-Dihydro-4-methylquinoxalinium-2-spiro-5’-barbiturate (I1I; R = H) Dihydrate

(@) This was obtained from alloxan and o-dimethylaminoaniline, or from the spiran (I), as
previously recorded? for the product described as the 3-hydroxyspiran (IT). It crystallized from
water in prisms, m.p. 370~375° (decomp.). Light absorption in ethanol (95%): max. 248 (e 18,700),
268 (e 7400), and 275 mu (e 5900); min. 228 (¢ 7300), 266 (e 7200), and 272 my (e 5800).

(b) The 7-bromoquinoxalinium barbiturate (see below) (0-1 g) was warmed for 2 hr with an
aqueous suspension of W7 Raney nickel and after filtration the solution was acidified with acetic
acid (2 drops) and evaporated. Recrystallization from water gave the debrominated barbiturate
(0-05 g, 609%,) identical (mixed m.p. and ultraviolet light absorption) with that described under ().

(¢) The 6,7-dichloroguinoxalinium betaine (0-4 g) was warmed with a suspension of W7
Raney nickel in water (20 ml) for 3—4 hr. Evaporation of the filtrate from the catalyst and
erystallization of the residue from water yielded the betaine (IIT) dihydrate (0-12 g, 359,) identical
(mixed m.p. and light absorption) with that described under (a).

9-Methylisoalloxazine

The barbiturate (III; R = H) (0-5 g) was fused with a 1 : 1 mixture of sodium hydroxide
and potassium hydroxide for a few minutes. Acidification of an aqueous solution of the residue
with phosphoric acid precipitated 9-methylisoalloxazine (0-35 g), m.p. above 300° (decomp.),
with light absorption in 959, ethanol identical with that of an authentic specimen:1® max. at

18 Kuhn, R., and Weygand, F., Ber. dt. chem. Ges., 1934, 67, 1409.
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266 (¢ 26,250), 333-336 (¢ 5300), and 434436 my (e 7600); min. at 234 (e 5500), 295 (¢ 1550), and
372 mp (e 2200).

6,7-Dichloro-1,2,3,4-tetrahydro-4-methylquinoxaline-2-spiro-5’-(hexahydro-2’,4',6’-trioxopyrimidine)

An excess of sodium borohydride was added to a suspension of the dichlorobetaine
(previously described? as a 6,7-dichloro-3-hydroxyquinoxaline) (300 mg) in water (20 ml). After
3 hr the starting material had dissolved, and the solution was then acidified and stored at 4°.
Next day the precipitated dicklorospiran (0-28 g, 989%) was collected by filtration and washed
with ethanol; it crystallized from aqueous pyridine in small, pale yellow plates, m.p. 238° (Found:
C,44-4; H,3-3; C,20:9; N,17-19,. C12H10CleN4O3 requires C, 43-8; H, 3-1; Cl, 21-5;
N, 17-09%,). Light absorption in 959% ethanol: max. 230 (e 21,600) and 312 (e 4200), and shoulder
at 260 mu (e 5300); min. 295 myu (e 1900).

1,2-Dihydro-4-methyl-2-spiro-5'-(hexahydro-1',3’-dimethyl-2',4',6’-trioxopyrimidine) Betaine (V.II)

A large excess of ethereal diazomethane was added to a suspension of the barbiturate
(IIT; R = H) (1 g) in methanol (100 ml) and kept at 0°. Next day the suspension was filtered
from unreacted material (0-7 g) and the filtrate was evaporated. Crystallization of the residue
from methanol gave the betaine (VII) in needles (0-1 g), m.p. 331-333°, alone and when mixed
with a sample previously prepared? by oxidation of the dimethylspiran (Found: 55-2; H, 5-4;
N, 18-5%. C14H14N403.H20 requires C, 55-2; H, 5-3; N, 18-4%). Recrystallization of the
earlier preparation, m.p.2 306-307°, from methanol raised its m.p. to 331-333°, and the two
samples of higher m.p. gave identical infrared spectra (Nujol; carbonyl absorption at 6-0 u).
The 2-proton absorbed at = 0-37 (dimethylsulphoxide solution).

7-Bromo-1,2-dihydro-4-methylquinoxalinium-2-spiro-5'-barbiturate Hydrate (I11; R = Br)

Brominationl? of 2-nitrodimethylaniline in acetic acid gave 4-bromo-2-nitrodimethylaniline,
m.p. 68°, which was reduced by tin and hydrochloric acid to 2-amino-4-bromodimethylaniline,
b.p. ¢. 170°/25 ram, acetyl derivative, m.p. 111° (1it.2° b.p. 165°/23 mm, deriv. m.p. 111°). The
amine (5 g) in ethanol (25 ml) was added to alloxan monohydrate (5 g) dissolved in water (10 ml)
containing concentrated hydrochloric acid (3 drops). The solution deposited solid after 15 hr
and the product (4 g) was collected after 3 days. It was extracted with boiling water and with
pyridine, and crystallization of the water-soluble, pyridine-insoluble fractions from water (char-
coal) gave the barbiturate hydrate (1-4 g, 199%), in long needles, m.p. 360-365° (decomp.), d 1-752
(Found: C,40-7; H,3-2; N, 15-2; O, 18-49%,. C12HoBrN4O3.H»0 requires C, 40-6; I, 3-1;
N, 15-8; O, 18:0%,). Light absorption in 959 ethanol: max. at 210 (e 29,100), 247 (e 21,000),
278 (e 8000), and 286 mu (e 7100); min. at 231 (e 12,000), 267 (¢ 6000), and 282 myu (e 7000).
The dimensions of the unit cell of the triclinic crystals were found® to be a 7-23; b9-08; ¢12-07 A;
« 63-5°; B106°; » 99-5°. The molecular distribution was possibly non-centric.

5-(3’-Bthyl-2'-methylbenzimidazolium)barbiturate (VIII; B = H) Trikydrate
o-Nitrodiethylaniline20.21 distilled as a red oil, b.p. 114-116°/1 mm (bath temp. 150°) with-
out decomposition, and gave a picrate, m.p. 122° (lit.2! m.p. 122-123°). Hydrogenation of the
nitro-compound (24-8 g) over palladized calcium carbonate gave the diamine (17-0g, 81%),
b.p. 130-131°/30 mm (bath temp. 170°) (lit.21 b.p. 127°/25 mm), which gave a picrate,?l m.p.
162°; the reported dipicrate20 could not be obtained. Alloxan monohydrate (15 g) in water
(40 ml) was added to a solution of o-aminodiethylaniline (10 g) in ethanol (70 ml) containing
hydrochlorie acid (10 drops). After 4 days at room temperature the sparingly soluble product
was collected by filtration, and washed with ethanol. Crystallization from water gave the barbi-
turate trihydrate (5-2 g, 25%,) in large prisms, m.p. ¢. 396° (decomp.) (Found: C, 49-2; H, 5-9;
N, 16-5; O, 28:99%. C14H14N403.3H:0 requires C, 49-4; H, 5-9; N, 16-5; O, 28-2%). Light
absorption in water: max. at 247 (e 22,100), 270 (e 9500), and 276 my (e 8900); min. at 228

19 Ajtken, F., and Reade, T. H., J. Chem. Soc., 1926, 1896.
20 Weissenberger, G., Mh. Chem., 1912, 33, 821.
21 Hall, D. M., and Turner, E. E., J. Chem. Soc., 1945, 694.
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(e 8700), 266 (¢ 8500), and 273 mu (e 6700). When dried over phosphoric oxide it gave a hemihydrate,
m.p. c. 396° (decomp.) (Found: C,56-6; H,5-1; N, 19-0; O,19:09%,. C14H14N403.4H0
requires C, 56-9; H,5-1; N, 19-0; O, 18-99%). The n.m.r. spectrum of the barbiturate in
trifluoroacetic acid showed four aromatic protons as a multiplet centred at 2-28, the methylene
and methyl protons of the ethyl group at 5-44 and 8-29, and a single peak at 7-12 due to the
2’-methyl group. The betaine was recovered (659} after being boiled with 209 agqueous sodium
hydroxide for 3% hr, and it was recovered quantitatively from a solution in 309, aqueous sodium
hydroxide which had been stored at room temperature for 3 days. The betaine was also recovered
after it had been heated in concentrated sulphuric acid. Reduction of the betaine with sodium
borohydride occurred slowly and after 12 hr the ultraviolet light absorption of the solution
corresponded to that of a benzimidazoline, but acidification yielded the original benzimidazolium

betaine.

Alkali Fusion of 5-(3"-Ethyl-2’-methylbenzimidazolium)barbiturate

The barbiturate trihydrate (2 g) was fused with a 1 : 1 mixture of sodium and potassium
hydroxides (2 g) for several minutes. The residue was dissolved in water (25 ml) and extracted
several times with ether. The dried (NasSO4) extract was evaporated and distillation of the
residue under reduced pressure gave a pale yellow viscous oil (0-2 g, 21%,) with light absorption
typical of benzimidazoles. The hydrochloride crystallized from methanol-ether mixture in
prisms; m.p. 191° not depressed when mixed with the hydrochloride (m.p. 193-194°) prepared
from authentic 1-ethyl-2-methylbenzimidazole (see below).

5-(3-Bthyl-2’-methylbenzimidazolium)-1,3-dimethylbarbiturate (X)

A large excess of ethereal diazomethane was added to the foregoing betaine (0-9 g) sus-
pended in methanol (100 ml), and the mixture was stirred at 0°. Next day unreacted material
(0-6 g) was removed by filtration and the filtrate was evaporated. The dimethylbarbiturate (0-2 g,
289,) crystallized from acetone in prisms, m.p. 285-286° (Found: C, 60-8; H,6-29,.
C16H18N103.H 0 requires C, 60-7; H, 6-4%). The dimethylbarbiturate in CDCl3 gave an n.m.r.
spectrum with a peak at 2 -5 (single peak due to four aromatic protons), the N-ethyl group quartet
at 5-67 and triplet at 8-45, a six-proton peak at 6-64 (1,3-dimethyl groups) and a three-proton
peak at 7-29 (2’-methyl group).

4-Bromo-2-nitrodiethylaniline and 4-Bromo-2-nitro-N -ethylaniline

Bromine (5-2 g) in acetic acid (10 ml) was added during 45 min to o-nitrodiethylaniline
(6 g) in acetic acid (20 ml), and the mixture was stirred at 60° for 12 hr. Thin-film chromatography
on silica gel plates developed with benzene—hexane (1 : 9) mixture indicated the presence of two
products, and the mixture was then separated by chromatography on an alumina column with
hexane as eluent. 4-Bromo-2-nitro-N-ethylaniline?2 (1-9 g, 259,) crystallized from hexane or
ethanol in orange-red prisms, m.p. 91° (Found: C, 39-4; H,4-0; Br,31-19%. Cale. for
CgHyBrN:Os: C,39-2; H, 3:7; Br, 32-6%). 4-Bromo-2-nitrodiethylaniline (4-1 g, 49%) was
obtained as an orange-red oil, b.p. 129-130°/0-7 mm, n2° 1-5943 (Found: C, 44-1; H, 4-8;
Br, 29:19,. C10H13BrN3O2 requires C, 44-0; H, 4-8; Br, 29-39%). Reduction of the nitro-com-
pound with tin and hydrochloric acid gave 2-amino-4-bromodiethylaniline (82%) as a colourless
oil, b.p. 150°/2-5 mm, n%“ 1-5810 (Found: C, 49-2; H, 6-0; Br, 33-09,. Ci10H15BrN2 requires
C, 49-4; H, 6-2; Br, 32-9%),).

3-(6"-Bromo-3’-ethyl- 2’ -methylbenzimidazolium)barbiturate (VIII: R = Br) Hydrate

Alloxan hydrate (12 g) in water (40 ml) was added to a mixture of 2-amino-4-bromodi-
ethylaniline (10 g), ethanol (70 ml), and hydrochloric acid (5 drops), and the solution was kept
at room temperature. Filtration after three days yielded 5-(6"-bromo-3"-ethyl-2’-methylbenzimida-
zoltum)barbiturate (1-2 g, 8%) which crystallized from water (charcoal) in large prisms, m.p.

22 Blanksma, J. J., Rec. Trav. Chim. Pays-Bas, 1902, 21, 273; Feitelson, B. N., Mamalis,
P., Moualim, R. J., Petrow, V., Stephenson, O., and Sturgeon, B.,J. Chem. Soc., 1952,
2389.
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about 400° (decomp.), & 1:652 (Found: C, 44-0; H,3-8; Br,21-4; N,14-1; O, 17-29%.
C14H;3BrN403.H20 requires C, 43-9; H, 3-9; Br, 20-9; N, 14-6; O, 16-7%). Light absorption
in 959 ethanol: max. at 209 (e 40,300), 247 (e 23,700), 279 (e 10,000), and 287 mp (e 9200);
min. at 233 (¢ 13,300), 266 (¢ 6600), and 284 my (e 8100). The unit cell of the monoclinic prisms
(space group P2,/n) was found® to contain eight molecules and to have the dimensions a 8-687+
0-004, b 14-995-+-0-003, ¢ 23-730-0-004 A, and § 95° 5-3+1-5". The bromo-compound (0-05 g)
was warmed for 1} hr with an aqueous suspension of W7 Raney nickel, and the filtrate from the
catalyst was acidified with acetic acid and stored at 2-3°. 5-(3"-Ethyl-2"-methylbenzimidazolium)
barbiturate (0:02 g, 459%,) crystallized in prisms, m.p. c. 396° (decomp.) identical (m.p., infrared
and ultraviolet spectra) with the material already described.

5,7,7-Trimethyl-2,3-benzo-1,4-diazepine (X VI)

This compound was prepared according to Elderfield and MeCarthy!? (compare ref.13)
and it crystallized from light petroleum, b.p. 40-60°, in large prisms, m.p. 125° (1it.12,14 m.p. 125°).
The benzodiazepine structure was confirmed by the n.m.r. spectrum (CDCls) which showed four
aromatic protons in a multiplet, a single proton peak at 7-08 (NH), a three-proton peak at 7-63
(5-methyl group), a two-proton peak at 7-76 (6-methylene group), and a six-proton peak at
8-66 (7,7-dimethyl group).

1,2,3-Trimethylbenzimidazoline (XI1X)

1,2,3-Trimethylbenzimidazolium iodide2? crystallized from ethanol in plates, m.p. 256°.
An excess of sodium borohydride was added during 45 min to an aqueous solution (¢. 25 ml) of
the iodide (2 g). The reaction mixture was extracted with ether, and evaporation of the dried
(MgS0y4) extract left a residue which on distillation gave 1,2,3-trimethylbenzimidazoline (1-6g, 90%)
as an oil, b.p. 110°/3 mm, nZ’ 1-5710, unstable on exposure to air (Found: C, 74-0; H, 8-8%,
C10H14N> requires C, 74-0; H, 8-7%,). Light absorption in 959%, ethanol: max. 218 (e 33,100),
266 (e 5700), and 310 (¢ 5700); min. 243 (e 4200) and 286 my (e 3100). The n.m.r. spectrum of
the compound (in CCls) showed a four-proton multiplet (aromatic protons), a quartet at 6:0 due
to the 2-H, a six-proton peak at 788 (N-methyl groups), and a three-proton doublet (5 c/s splitting)
at 8-54 (C-methyl group). Addition of dry hydrogen chloride to an ethereal solution of the
benzimidazoline gave 1,2,3-trimethylbenzimidazolium chloride, which crystallized from ethanol—
ether as a dihydrate in prisms, m.p. 227° (lit.24 m.p. 225-230°) (Found: C,51-7; H,7-9;
N, 11-89,. Calec. for C;oH3CIN2.2H20: C, 51-6; H, 7-4; N, 12-0%).

1,3-Diethyl-2-methylbenzimidazoline (X X)

1-Ethyl-2-methylbenzimidazole hydrochloride,2> m.p. 193-194°, was converted into
1,3-diethyl-2-methylbenzimidazolium iodide26 which crystallized from ethanol in prisms, m.p.
200°, and reduction of this compound with sodium borohydride as described for the trimethyl
analogue gave 1I,3-diethyl-2-methylbenzimidazoline as a colourless oil, b.p. 74-75°/0-5 mm, nZf
1-6376 (Found: C, 75-9; H, 9-49%. C12H1gN? requires C, 75-7; H, 9-59). Light absorption
in 959, ethanol: max. at 220 (¢ 26,400), 268 (e 5000), and 315 mu (¢ 4600); min. at 242 (e 3700)
and 292 myu (e 2800).

1,3-Dimethylbenzimidazoline (XX1)

1,3-Dimethylbenzimidazolium iodide (IX) prepared according to Fischer and Fussenegger2?
crystallized from methanol in colourless prisms, m.p. 200-201° (1it.28 m.p. 200-201°). The 2-proton

23 Shriner, R. L., and Boermans, P. G., J. Amer. Chem. Soc., 1944, 66, 1810.

24 Pinnow, J., and S&mann, C., Ber. dt. chem. Ges., 1899, 32, 2181.

25 Weidenhagen, R., and Train, G., Ber. dt. chem. Ges., 1942, 75, 1942.

26 Brooker, L. G. 8., Sklar, A. L., Cressman, H. W. J., Keyes, G. H., Smith, L. A., Sprague,
R. H., Van Lare, E., Van Zandt, G., White, F. L., and Williams, W. W., J. Amer.
Chem. Soc., 1945, 67, 1875.

27 Fischer; O., and Fussenegger, E., Ber. dt. chem. Ges., 1901, 34, 936,

28 Breslow, R., J. Amer. Chem. Soc., 1958, 80, 3725.
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absorbed as a singlet at +0-30 (dimethylsulphoxide solution). Reduction with sodium boro-
hydride gave I1,3-dimethylbenzimidazoline (81%) as a colourless oil, b.p. 86°/1-5 mm, nZ’ 1-5850
(Found: C,72-7; H, 8:0%. CoH;sN2 requires C, 72-9; H, 8-29%). The n.m.r. spectrum (CCly)
showed four aromatic protons in a multiplet, a two-proton peak (5-77) due to the methylene group,
and a six-proton peak (7-34) due to the N-methyl groups. Light absorption in 959%, ethanol:
max. 217 (e 36,900), 265 (¢ 5700); min. at 241 (e 3400) and 286 mu (e 3100). The benzimidazoline
and ethanolic picric acid yielded 1,3-dimethylbenzimidazolium picrate, which crystallized from
ethanol in needles, m.p. 195-196°, alone and when mixed with an authentic specimen. The light
absorption of the picrate in 959, ethanol showed the sharp maxima at 270 and 278 mu typical
of benzimidazolium salts.

1-Methyl-3-(2-oxopropyl)benzimidazolium Iodide and 1-Methyl-3-(2-hydrozypropyl)benzimidazoline

A mixture of benzimidazole (3 g), chloroacetone (5 ml), anhydrous potassium carbonate
(5 g), and acetone (250 ml) was stirred under reflux for 19 hr and then filtered. Evaporation of
the filtrate left an oil, which solidified (2 g, 45%,), and recrystallization from ethyl acetate gave
1-(2-oxopropyl)benzimidazole in needles, m.p. 131° (Found: C,69-1; H,5-8; N, 15-89%.
C10H12N20 requires C, 69-0; H, 5-8; N, 16-1%). The methiodide crystallized from ethanol in
plates, m.p. 196° (Found: C, 42-4; H, 4-5; N, 8-49,. C11H;3IN20 requires C, 41-8; H, 4-1;
N, 8-99%). When reduced with sodium borohydride the methiodide (0-5g) gave I-methyl-3-
(2-hydroxypropyl)benzimidazoline (0-45 g) as a viscous, colourless oil, b.p. 156°/0-3 mm, nZP
1-5758 (Found: C, 67-9; H, 8-3; N, 14-89%,. C1:H;N20 requires C, 68-7; H, 8-4; N, 14-69,).
Light absorption in 959, ethanol: max. at 220 (e 23,000), 269 (e 4900), and 315 mpu (e 4500);
min. at 242 (e 3600) and 292 myu (e 2800).

1,2,3,4-Tetrahydro-2,2,4-trimethyl-3-oxoquinoxvaline and 1,2,3,4-Tetrahydro-1,2,2,4-tetramethyl-3-
oxogquinoxaline

1,2,3,4-Tetrahydro-2,2-dimethyl-3-oxoquinoxaline (4-6 g, 589%,), prepared from methyl
a-bromoisobutyrate and o-phenylenediamine, crystallized from benzene in plates, m.p. 175-176°
(lit.2% m.p. 175-176° and 177°) (Found: C, 68-3; H, 6-7; N, 16-19,. Calc. for C1oH12N0:
C,68-2; H,6-9; N,15-99). Light absorption in 95%, ethanol: max. at 223-224 (e 38,500),
263-266 (e 2800), and 306 mp (e 4400); min. at 251 (e 2400) and 281-282 my (e 2200). The
quinoxaline (3:7 g) was methylated with methyl iodide—potassium carbonate—acetone at the
b.p. for 19 hr and gave 1,2,3,4-tetrahydro-2,2,4-trimethyl-3-oxoquinozaline (1-38 g, 359%,), which
crystallized from hexane in plates, m.p. 113-114° (Found: C, 69-4; H,7-1; N, 15-0; NMe,
5-49. C11H14N20 requires C, 69-5; H, 7-4; N, 14-7; NMe, 7-99,). Light absorption in 959,
ethanol: max. at 2256-226 (¢ 36,600), 270-272 (e 3200), and 307 mu (e 4300); min. at 252 (¢ 2100)
and 287 myu (e 2800). The hexane mother liquors were chromatographed with hexane on alumina,
and evaporation of the eluate (600 ml) left a residue of I1,2,3,4-tetrahydro-1,2,2,4-tetramethyl-3-
oxogquinoxaline which distilled as an oil (1-8 g, 42%,), b.p. 114°/0-05 mm, ¥ 1-5771 (Found:
C,70-5; H,7-9; N, 13-79,. C12H16N20 requires C, 70-6; H, 7-9; N, 13-79,). The compound
dissolved in dilute acid but was sparingly soluble in water. Light absorption in 959, ethanol:
max. at 225 (e 37,100), 264-266 (e 3400), and 307 my (e 4200); min. at 253-254 (e 2950) and
284 mp (e 2100). The tetramethylquinoxalone (2-6 g, 509%,) was also obtained as an oil, b.p.
132°/0-7 mm, n# 1-5769, from methyl a-bromoisobutyrate (4 -6 g) and NN’-dimethyl-o-phenylene-
diamine®0 (7-5 g) at 150° for 3 hr (Found: N, 14-29,). The ultraviolet light and infrared spectra
of samples prepared by the two methods were indistinguishable.

1,2,3,4-Tetrahydro-1,2,2,4-tetramethylquinozaline (XX11I)

The tetramethylquinoxalone (1:0 g) in anhydrous ether (20 ml) was added dropwise to a
stirred suspension of lithium aluminium hydride (0-4 g) in ether (15 ml) and the mixture was
then boiled for 2 hr. The excess of hydride was decomposed with water and the precipitated
hydroxide was removed by filtration. The filtrate was dried (MgSO4) and evaporation left
1,2,3,4-tetrahydro-1,2,2,4-tetramethylquinozaline which distilled as an oil (0-76g, 809%), b.p.

29 Banti, G., Gazz. Chim. Ital., 1929, 59, 819 (Chem. Abstr., 1930, 24, 1632).
30 Cheeseman, G. W. H., J. Chem. Soc., 1955, 3308; Stetter, H., Chem. Ber., 1953, 86, 161.
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156°/16 mm, nZ 1-5791 (Found: ¢, 75-7; H,9-4%. Ci12Hi1gN» requires C, 75-7; H, 9-59%,).
The n.m.r. spectrum of the compound (in CCly) showed a multiplet centred at 3-57 (four aromatic
protons), a two-proton peak at 7-12 (3-methylene group), three-proton peaks at 7-19 and 7-31
(N-methyl groups), and a six-proton peak at 8-87 (C-methyl groups). Light absorption in 95%
ethanol: max. at 227 (e 31,600), 270 (e 6400), and 313 mp (e 5200); min. at 247 (e 3500) and
293294 (e 3700). The compound reduced ammoniacal silver nitrate rapidly. The picrate crystal-
lized from ethanol in needles, m.p. 152° (Found: C,51-6; H,5-29%. CisH21Ns07 requires
C, 51-6; H, 5-1%).

4—E’thyl-3,4-dihydro—3-oxoquinoxaline-2-carboacyureide and -2-carboxylic Acid

Catalytic hydrogenation of o-pitro-N -ethylaniline,2s b.p. 122-124°/0-8 mm, n¥’ 1-6768,
gave N-ethyl-o-phenylenediamine.®t The diamine (10 g) in ethanol (50 ml) was added to alloxan
hydrate (10 g) in water (25 ml), and the wreide (13+8 g, 729%) was collected after 3 hr; it erystallized
from acetic acid in yellow needles, m.p. 235° (Found: C,55:3; H,4:5; N, 21-39,. C12H1aN4O3
requires C, 55-4; H,4-7; N, 21 -59,). Hydrolysis of the ureide (1 g) with boiling 25 hydrochlorie
acid for 30 min gave 4-ethyl—3,4—dihydro—3-oxoquinoxal'me—2-carboxyl'£c acid, which crystallized
from the cold solution in yellow plates (0-6 g, 71%), m.p. 175° (decomp.) raised to m.p. 177°
(decomp.) by recrystallization from water (Found: N, 12-99%. C11H;N20s requires N, 12-89%,).

7»Bromo-4—ethyl-3,4-dihydro-3-ozoquinoxal'ine-2—carbomyureide

The 4-bromo-2-nitro-N-ethylaniline already described was hydrogenated over Raney
nickel, and the diamine (1-7 g) in ethanol (25 ml) was mixed with alloxan monohydrate (1-3g)
in water (10 ml), and the mixture was heated under reflux for 5 min. The ureide (1-6 g, 47%) was
collected ; it erystallized from ethanolin yellow needles, m.p. 230-232° (Found: C, 42-9; H, 3-6%.
C12H11BrN4O3 requires C, 42-5; H, 3-39%). Light absorption in 959%, ethanol: max. at 245
(e 28,900), 312 (e 6900), and 395 mp (e 4500); min. at 227 (e 13,000), 275 (e 3300), and 340 mp
(e 2200).

Deutertum Exchange

When deuterium oxide was admitted to the ion source of the mass spectrometer the
betaines exchanged extremely slowly, and the deuterated betaines were therefore obtained by
crystallizations from deuterium oxide prior to introduction into the mass spectrometer. When
crystallized from deuterium oxide the spiran (I) and the betaine (LLI) each quickly exchanged
three atoms and the dimethyl derivative (VII) exchanged one hydrogen atom; the betaine
(VIII; R = H) exchanged five hydrogen atoms and its dimethyl derivative did not undergo
exchange. The dimethylbarbiturate (VII) very slowly acquired 5-7 deuterium atoms and the
dimethylbarbiturate (IX) three deuterium atoms by exchange.
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