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ABSTRACT. OF THESIS

A new synthesis of quinoline-2,3-dicarboxylic acid 1-N-oxides
_has been deyeloped, involving fhe‘base—catalysed cyclisation of
-nltrobenzylldene der 1vat1ves hav1ng an actlve methylene group in the .. .
side-chain. The hitherto inaccessible 2-n1trobenzy11dene derivatives =
were preparedvby'the.condensatieﬁ of é—nitfobenzaldehydes with the .-
triphenylphospheranes of elecfron—deficient olefines.
‘The novel base-catalysed cyclisation of 3—(2’-nifrobenzoyl)-
dpentane—2,4-dione‘as first described by Bayne (Ph.D. Thesis; Edinburgh
1975), has been extended to a variety of 2-n1trobenzoy1alkanones, to
give a convenient synthe31s of 2-acyl B-hydroxyqulnollnes Sultable
substrates-were prepared by the reactlon of 2—n1trobenzoy1 chlorides-
with the magnesium enelate of aetive methylene compeunds. However, only
purely ketonic substrates cyelised, amide,‘ester and sulphonyl substrates
failing to do so. Attempts to gain fuffher evidence in support of the ;
assigned structures as quinolines were largely unsuccessful In
Asupnort of a dianionic species as the reactlve 1ntermed1ate in these
cycllsatlons, sodium-amide in 11qu1d ammonla has been shown to catalyse
the formation of 2-acetJ1 3-hydroxy- 6-methquu1n011ne from 3= (5'-methyl- .
2'-n1trobenzoyl)pentane 2,4-dione.

The ac1d-caualysed reactlons of 2—acyl-3-(2'—nitrophenyl)-
oxiranes heve been further investigated. The reaction of 2,2-dibenzoyl-
3-(2'enitrophenyi)oxirane'wiéhxhydrogenVchloride in dioxan has'Been._ﬁ
imﬁroved upon by heating the oxirane-with eoncentratedvhydrochloric |
acid in acetic acid to give a near quantltatlve Jleld of ‘the product
6-chloro- l 3-dihydroxy-2 -phenquulnolln-4(lH)-one. However, those

oxiranes with a halogen substituent in the’ 5-position of the nltro-{



phenyl ring faied to yield-cyclised producté. Thé reaction of 2-acyl-
3-(2'—nitrophenyl)oxirane with acetyl chloride in acefic acid afforded
B-acetoxy—6—chloroquinolin-4(lH)—one derivatives by an unknown.mechaniém.
Also, in the presence of polyrhosphoric acid, vérious 2-acyl-3-(2'-nitro-
V phenyl)ox1ranes afforded N—glyoxyloylanthranlllc acid derivatives. -On
the other hand, substltuted 2,2- dlbenZOJl 3- (2‘-n1tropheny1)ox1ranes
afforded a new synthesis of 3—(phenylglyoxyloy1)-2,l-benz;soxazoles.-
The photochenical cyclisation ofAZ—amin§-2-nitr07gr(4'—nitro-
phenyl)styrene to give 3-(4'-nitrophenyl)cinnoline lﬁg-oxide was
reinvestigated and extended to the simple 6-bromo and 6-chloro-
.éinnolines. Attempts to rigorously prove the sfructure of thesevproducts
were unsuccessful. An interesting solvent dependancy was discovered.:
No cinnoline préduéts were isolated from soivents other than ethanol,
bﬁt‘in dioxan, acetonitrile or acetone, the products weré~2-(4';nitro-'
phenyl)lndolln-B one l-N-oxides. |
A new synthe51s of 3-aminocinnoline 1—N—ox1des has been
: develofed,'involving the photochemical cyclisation of 2-nitrophenyl-

acetamidine derivatives,
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Neighbouring Group Interactions in 2-Nitrobenzecne Derivatives

In aliphatic nifro compounds the -hitro.group may be considered as
a resonance hybrid of the canonical forms Bl) > (2& . However, when
the nitro grqu is direétly attached to a benzene ring, a third canonical
form (3) must beAconsideredl in which the ring bears a pbs;tive charge-
and the nitro group a net negative charge. The coﬁtribﬁﬁidn éflthis
third canonical form (3) iméiies that the nitro group has a tendency
to be coplanar with the ring ddevto the parfial doﬁble boﬁd character
imparted to the carbon-nitrogen bond. This effect will tend to place
the oxygen atoms of the nitro group in close steric proximity to an ortho-
substituent - on the benzene ring thus promoting one possible mode of intef—
action namely,that ip which the negafively charged oxygen afom»undergoes

electrophilic attack by the sidévchain B4) +-(5ﬂ .

(1 (@) (3)

oO—x<

C):::Z}

(4) (5)

Mode A
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Another possible mode of interaction would be that in which the nitro
group undergoes nucleophilic attack by the side-chain at the positively

" charged nitrogen atom B6) -> (7& or B8) *'(73 .

(6)

e o - MODE B

X ()

‘8’:_- S_f‘ -7 o -0

In practice both modes of inﬁeractign are observed. - The 1att¢r,
mode B, is the most easily demonstrated as, in mqst cases the product
is found to contain the N + X bond forméd in the ihiﬁial interactioh.
Mode A on the other hand is only observable indirectly siﬁce intérmediéfes:&'
pf the type (5) are not usually iéolatéa but tend to undergo.further cdmpiex'
transformations leading to the ultimafe products. That neither mode of
interaction is found to occur intermplecularly_except in a few isolated
casés,2 deménstxates the's£eric requirement for nitro grdup—éide—chain o
interaction.

The following thesis describes the results of invéstigatiohé‘intd
new examples of the nitro group-side-cﬁain interactions desc;ibed'above.
The presentatién and discussién of these reSulﬁs is preceded by a summary

of related reactions.already described in the literature,



N
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.In addition, the theéis also includes an’ account of'investigations

Anto the-photocheﬁical reactions of some ortho-nitrobenzene derivatives

and the digcussion and presentation of these results is again preceded

by a summary of related reactions already described in the literature.

A Summary of Reactions Involving NitroAGrouPQSide—Chain Interactions

in 2-Nitrobenzene Derivatives

A. Interaction between the Nitro Group and a Nucleophilic Carbanionic

Centre in the Side-Chain

The positively charged nitrogen atom, of the nitro group, is
susceptible to hucieophilic attack by carbanionic centres in ortho-
side-chains of 2-nitrobenzene derivatives in_reactions that are-analogousl
to aldol condensations in which the nitro group plays én equivalent réle
to the carbonyl ﬁoiety; Reactions of this type often lead to cyclisation
with formation of a carbon—nitrqgen double bond, the nitrogen atom of which
is oxygenated.' Hence the producté of such reactions will be heterocyclic
ﬁ—oxides or their N-hydroxy téutogers which,_in many cases, cannot be

synthesised by more conventional methods. -.

(i) Cyclisatidns,Leading to Five-Membered Heterbéycleé‘

| i—Hydroxyindoles (lla-d)"?'—6 are produced inAlérgelyvéoodlyiélds>
by the base-caté;ysed cyclisatién of 2-nitrobehéyl derivatives (9a-d).
The base-catalysed nature of these cyclisations and the reéuirement of
'at least one electron—withdrawihg group in'the B-position of the side-
chain demonstrates their'similarityvto aldol-type’coﬁdensatiohs.
Since the gg&gg:_nitrobenzyl cérbanions can tautomerise (sqhemekl)
to the égifnitro‘strucﬁures (10); this cyclisatioﬁ may involve ei£hér'
nucléophilic attack on the nitfo group [steb (Ai]' or on the modified
nitro group [step (B)] . However it is not possible, in this c;sé,'

to make a decision as to the actual mechanism operating.



(14)

Scheme 2
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Cyclisations -~ of a closely related type are involved in the

formation of l-hydroxyindoles by the reaction of 2-nitrobenzylidene

derivatives with cyanide ion [e}g. (12) » (13)] .

AN CozEt CN~ E ICN

NOCOEL ~OH ~NCOH
(12) ' _ (13) OH

An intere%ting‘exaﬁple of this type of cyclisation (Scheme 2) has -
been reportea by Dean et.al.;7 Thef have ;hown'that 5'-methyl-2"'~-
hydroxy—Z—nitrochaicone (14) uhdérgoes base-catalysed cyciiéétion via
the flavone (15), in high yield, to afford 10-hydroxy-2-methyl-1lH- [1]-
bgnzopyrano[ 3,2-b ]indol—il-one (16). This‘reactiop which is an;logous

to the cyanide ion-catalysed formation of N-hydroxyindoles from
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2-nitrobenzylidene derivatives, involves initially an intramolecular
Michael addition of the phenclate anion to the unsaturated side-chain
followed by an aldol-type condensation between the nitro group and the
értho acidic B—éentre producead.

The base—catalysed cyclisation8 of 2-nitrophenylthiocacetic esters
(17) to benzothiazole N-oxides (18) provides a straightforward example
of an aidol;type ortho-nitro group side-chain condensation leading to a
five-mémbexed heterocyclic N-oxide. éhese cyclisations are catalysed
by triethylamine and give high yields of the products (18) which are

not available by more orthodox synthetic methods such as peracid

-oxidatibn of the corresponding benzothiazoles.

NO, © NG
S S
| \(I:Hz | vET.3N p COQF\)Z
RNANOp CoR2 RSN

(17) , (18) O-

In contrast to the ready formation of beﬁzothiazole,ﬁfoxides
by the triethylamine—cétalysed cyclisation of 2-nitrophenylthioacetic

, 9 . .
esters (17), the similar substrate (19)~ under strongly basic .conditions

"affords a complex mikture from which the benzothiazoles (20); (21) and

(22) are isolated in low yields.



_ S -
@ > (20)
/ | N

e
NOZ COPh | | | ‘N/ (21
(19) s |

@: />COPh ;223

SN -

The autho:;9 has ehoﬁn thafjfhe proportiohACf benzethiazole kZO) :
increases as_the etrenéth of the base increases and that the ketone (22)
is efficiently converted into benzothiazole (20) by potassium tert.
butoxide;.in tert. butanol. However, the poiht at which the reduction
involved in this reaction occufs, is stiil'unclear.

" An important route to’benzimidazcle.N-oxides (24) involves the
'cycllsatlon by hydroxide ion of N-substltuted 2-n1troan111nes (23)

contalnlng an actlve methjlene group.lo-13 "The mechanism of these

_reactions would app'eér to ,be similar- to that Vinyo]‘.ved in the N-hydroxy-
indole synthesis described previously. IQ relation to the mechénistic
aspect of benzimidazole N-oxide formatien Smith et.al.14 compared the.
.base}catalyeed cyelisation of sﬁbetitutedAgfbenzyl¥2—nit;oaniline,
derivatives (25}a-d);, Whereas (255) fai1ed to.eyelise;_the'ggggj

nitrcbenzyl derivative (25d) did produce the ‘corresponding benzimidazole



(23)

'1L e

R2©[ } R

o .

N-oxide (28b) showing the necessity of an acidic methylene group.

However, both (25a) and (25c) did cyclise under.identical conditions..
to give the corresponding benzimidazole@féxides(285) and4(28b), respect—_"

iQely. A kinetic study showed that the gara—nitiobenZyl déiivative (25cfu

CH2©R2 T
aj; PhCO H

} 2

) [oF] PhCO N02

| OM@ | | . a; TS0, NO,,
' . ) A (T = para-tolyl)

RZ (28) R®
N A H o
’ N
‘ b 0,

-O
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Scheme 3
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cyclised prior to deacylation (i.e. Path A of Scheme 3). However, the
benzyl derivative (25a) would not be expected to cyclise since the
methylene group is tooc weakly acidic as indicated by fhe failure of
(25b) to undergq cyclisation. Deacylation of the éubstfate (25a)
would however prodﬁce E;benzyl—z—nitroaniline (26) which has been éhown
to cyclise to the benéimidazole-g;oxide (28a) (Path B-of Scheme 3).
This fact demonstrates the i@portance of thereAbeing a mobile benzylic
h;drogen i# such compounds which presumably allows formation of the
Egi—nitro-gautomer(27) containing a more acidic methylene group than
that of the nitro tautomer. |

 _The'$énzimidazole g;oxi@e (28a) may also.be'prepared gnder miider
Vcénditionsls by the-cyclisation of tﬁe anil (29) with methanolic potassium-
cyanide (Scheme 4). This t?anéformation cah be‘explained by the initial
formation of a hydrogeﬁ cyanide adduct (305 and itslaldol—typé cyclisation
to give the product (28a).

(ii) Cyclisations Leading to Six-Membered Heterocycles.

Aldol-type condensation involving carbanionic attack on the nitro ' ..
group to ultimately give six-membered heterocycles is illustratéd by the"

16,17

conversion of the keto-ester (31) in ethanolic sodiumiethoxiae into

the qﬁinolinelgjoxide (33). The acidic nature of the benzylic methine

H COgEt | - COH
0 P OH

| "OEt X
NG, CHPh

rlﬁ/ Ph
0

(33)

(31)



Scheme 5



Scheme 6

0N :

{\]’O COZET.
Co
+-F{&i
H

(36) OH |
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hydrogen éllows the possible implication of an aci-nitro tautomeric
form of the substrate (32) in the reactipn mechanism. (Scheme 5).
In'contra;t to their cyclisation in weakly basic media to l-hydroxy-
indoles (Ef. page 3) ortho-nitrobenzyl defivatives of the type (34) are
converted'by.treatmeﬁt with ethanolic éotassium-hydfokide into hydroxamic

. A 4 . ‘ ,
acids of the type (36) . - Reactions of this type can be explained in

CN | -' ~ CN
CO.Et o L COEt

(34) ’ - ~ OH e

terms of a course (Scheme 6) initiated by nucleophilic attack on the

; ggggg—nitrogroupby a carkanionic centre generated in the side-chain
followed by dehydration to give the nitroso intermediate (35). The
nitroso interﬁediaﬁé then requires to undergq reduction in the ethanoiic
aikéline ﬁedium to éccount.fdf'formation‘of‘the formal quinoline 1-N-oxide.
vwhich exists as fhé hydroxamié acid_(36).

8/19 ¢ 2-nitrobiphenyl derivatives (37) having an

1
The cyclisation
active methylene group in the 2'-position is catalysed by methanolic
sodium hydroxide and affords pﬁenanthridine‘gyoxides (38).
15
~The cyclisation of the am;de .[(37a) - (38aﬂ - proceeds less
readily than that of:the nitrile_y D37b) +(38bﬂ while the benzyl
‘derivative (37c) fails to'cy¢lise at all.  These éubstituent effects
on the ease of cyc¢lisation togethér with the general base~catalysis

observed, again demonstrates the aldol-type nature of these reactions.



(37)

a;

(5H

,d;

- 10_

(39)

SO,.Ph

"o
OH

The sulphonyl compound (37d) cyclises readily in the presence of -

ﬁethanolic sodium hydrokide to give, ﬁot»the expeéted sulphone (38d4)

but the hydroxamic acid (39) which presumably arises by nucleophilic

displacement of the sulphonyl group in the sulphone'(38d) b& hydroxide ion.
In many of the base-catalysed cyclisations alreédy discussed, both a

nitro and an gg}—nifro mechaﬁism have been.possible. Howeve;}_the,base-

catalysed éyclisationlreactions Qf;thitfobenéamidoacétonitfile derivatives .-

to give‘gfoxygenated’quinaZdlines'can only prodeed by interaction of the

- carbanionic centre in the side-chain with the intact ortho-nitro group and

éannot involve an gg}énitro tautomer;' ‘Thus, in ethanolic sodium ethoxide
the 2-nitrobénzamido—acetonitrile derivatives (40) gii!e,20 by direct aldol-
type condensation, the thydrququinazol;nediénés (42) preéumably via the
intermediacy of the quinaéoline §70xides:(41).. The §7hydr§#yquinézolines
(42a-d) are formed in high yiéid. On the other hand, (42a) is only férmedr
in low yield'when the amiae (40a) isbhéated under refiukﬂwith potassium
tert-butoxide in tert.butandi&j When the géme substraté is>ﬁéatéd.under

reflux with ethanolic sodium ethoxide the ether (43) is isolated, again



| (41) |
(40) R . -
aj; H
b; ¢H2‘
;- H_Ph
c C ot

A(4‘3)- ,' OH

oniy in low yield. This decreased efficiency of cyelisation is
attribﬁted to the weakly acidic amide nitrogen forming é‘coﬁpetitive '
nﬁcleophilic centre with the meth?lene group under ﬁﬂe strongly alkaline’
COnditiqns-of the reaction. | |

_ Thevintermediacy oquuinazoline gfoxides in_the_cycliéapipns_’
[ (40) é (42)]_is supported by the isolaticn.éfithe quinazoline E;ogidé '
,(46)21 in the cyclisatioh of the z;nitrobenzamide derivative<€44) t&.ﬁhe ;
quinézoline y;oxide (45) which undergoeé debenéqyiatidn at the 2—position' :

to give the final product (46).

(46)



L
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In the base-catalysed cyclisation of the amide derivative (47)21,

the‘isolated product is the quinazoline g;oxide (48) in contrast to the

NH -
| Ccn, Ee

No, CH_

(47)

O
NH

N

CH
| 3
(48)
-0
‘beee;éatalySed'reacfien of 'the acetonitfile derivatives (40a - d) pre—
sumably due to. the preferential extrusion of the elements of isocyanic
~acid over those of methanol.

The base~catalysed cyclisation oflggzhgfnitroacetanilide.derivatives
jpxovidee a good general sypthetic reﬁﬁe_to quinoxalin?2(lH)—oﬁe-4-§;pxides.
reThus,:3—cyanoquiho%alin~2(lHrone 4—§:oxides (50) are the products cof the

cyelisation éé g;cyano-Z—nitroacetenilides (49) under a variety of basic
cohditione.22 Tﬁe successful cyclisation of the aﬁides‘(49b) and (g9c)
supports a mechanism involving the intact nitro gioup and not its gg;-nitre'
_automer, in a direct aldol- tjpe condensatlon.
| —Alkquu1noxa11n—3(4H)-one l-N-ox1des (51) may be formed by a
proceas of deacylatlon23 durlng the base—caualysed cycllsatlon cf the ketcones
(gp-c)whlch cannot undergo a strict aldol-type condensatlon but retai# an

active methine centre. (Scheme 7).



-13-

(49) (50) O—
‘R ' ‘
ay  H
b; CH3
C3 CH2Ph

In the case of a-aryl-2-nitroacetanilides (52) the methylene group

is less active than that of the éyano-compounds (49) but nevertheless

24,25

good yields of 24arquuindxaline' N-oxides (53) are obtained by

warming the substrates (52) with aqueous alkali in pyridine,

R R
N\/I/O‘ EtOT N~0
hj()z,(:}42FDkl :"' | '. : fF/’

(52) . (53) O-

R = H,CH,

~Ph |

Pyridinium salts of the type (54)22'26

undergo base-catalysed
cyclisation in methanolic pipexidine to afford 3-aminoquinokalin—2(1H)-
one 4-N-oxides (56) which Are.presumably formed by the base—catalYSed

degradation of the pyridine ring in the initial product of cyclisation'

(55).
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R

Q - X
| CU

NO2 CHZ , I}LJ SNZ

o (55) O- N VI

(54)

Z0
S

R0
Y

Pd()z (:F42rQF42

\

NH,

o—=¢
! :

(57) ' - (56)

The importance of this reaction is that the product (56) cannot be
obtained by direct cyclisation of amides of the type"(57) due to the

deactivation of the methylene group by the amino group.

B. Interaction between the Nitro Group and a Nucleophilic Nitrogen

‘Centre in the Side-Chain.

Interacﬁion betweeﬁ'aisuitably situatedtnuclgopﬂiiic nitrogén:centre
in a side—éﬁain and an égghgfhitrO'group‘Will leaa, by ahélogy with‘ﬁhe
carbaniénic situatidn discﬁssed before, to a heterocyclic cémpound
éontaining a nitrogen—nitrogeh double bon@ which'is oxygenéted on the.
nitrogen that is directly attached to the benzene ring. (Scheme 8).
Often the heterocyclic §fo#idg§ formed in'these.reactiohs cannot be

synthesised by more orthodox methods.,



Scheme 9
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Scheme 8 .+;;£J
i
-0

i) Cyclisations Leading to Five-Membered Heterocycles., -

In éyclisaﬁioﬁs akinvtoAthe transformation oﬁ é-nitrobenzyliaene
derivatives into l-hydroxyindoles (see P. 3‘1, 2~nitrobenzylidene anils
~are converted into indazole §7ox;des'under basic conditiohs. Thus,
treatment of the'anil (58a) with aqueous potassium cyanide foilowed by
acetié acid affords, in good yield 3-cyano-2—phenylindazole 1-N-oxide
'(62)27'28. This transformation may be explained by the initial formation
of a hydrogen cyanide adduct BSQ);(Scheme 9&. Again there is the
possibility df both’a-ﬁitro and an aci-nitro meéhanism and it is ﬁot
possible ﬁo éay which in_fact,operates.‘ The neceésity fof base-catalysis
.may be attributable to the fact that an gg}—nitroAmeéhanismﬂis cperating . :
and. that the base is required to effect the:tautomerism of the nitro group
[Scheme 9; (59) +~(EO)]. Alternatively, the base may only be required
to effect the stabilisation of the cyclic intermediate (61) which is
produced bf a thermal cyélisation éf the hydrogen'cyanide adduct (59).
The intermediacy of such a hydrogen cyanide adduct is evidenced by thé

conVersion29 of the cyano compouﬁd (59} in hot sodium carbonate solution

into the indazole_gfdxide (62).



OH HQO
= \4 RZ OoN /R2
QT =2
1 |
R “NO, O,N ﬁ‘/o
(58) gl ‘ 72 (63) OD
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In contrast to its ready cyclisation in the presence of cyanide
ion, the anil (58a)} fails to cyclisé31 under the influence of hydroxide
ion by the possible route shown in Scheme 10. = However, tﬁe triniﬁro-
anil (58b) is readily converted by warming with ethanolic'sodium
carbonate into the indazole (65b).3o“32 This cyclisaticn can bg
eXplgined by thé-formation of a hyﬁrate (63) favoured by the enhanced
électron—deficiency §f the benzylidene double boﬁd,:due to the electron-
withdrawing power of'the ttinitrobenzene'ring, an effect less important in
the compound (58a). The hydrate (63), so formed can cyclise (Scheme 10)
in a similar fashion to the hydrogen cyénide adduct (59) described previously;
Again, there is the possibiliﬁy that cyclisaiion of the hydrate (63) occurs
directly or after isomerism to an ggi—nitro,tautémer. .

The.base;catalysed cyclisétion of.substitutéd.2—nitroéheny1hydra;
zines provides a general route > to'gfoxygénaied bénéotriazolés. Thus
Z;nitrophenylhydrazine.(66a)34 itself, under the influence of hydroxide
ioﬁ, affords l—hydroxflbenzotriazole (67a). ' Simiiarly, 2-nitrohydrazo-
36 '

benzene (68; Ar = phenyl)35'

‘affords ‘the 2-phenylbenzotriazole:

(66a)

lfu-oxide (69; Ar = phenyl). The successful base—cataiysea cycliéation37
of the N,N-disubstituted hydrazine (66b) to give the benzotriazole

(67b, Scheme 11) does not allow the possibility of an aci-nitro mechanism
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as there is no capacity for such tautomerism in this substrate (66b).
Consequeﬁtly, it might be inferred that a direct aldol-type condensation
is the mechanism of formation of the benéotriazéles.(Scheme 11). The
possibility of an aci-nitro mechanism canﬁot howe&er, be dismissed in
the formation of the triazo;e;‘(gg) and (67a).

ii) Cyclisations Leading to Six-Membered Heterocycles.

The base~-catalysed interaétion‘of.a weékly basic nitrdgen cehtre‘such
as that in 2—nitrophenylcyanoacetémide (70b) with the g££§éfnitrq group
provides a synthesis of 4—cyano-3—hydroxycinnoline-lfgfoxide (73b)33.
fhe amides‘(76) however, require to have armobile benzylic hydrogeh»in
‘order for cycliéation tb be successful. Thus, éénitrOPhenflacetamide 
(76a) fails39 to uhderéo_base—éatalysed cyclisatioﬁvtdvgive the cinnoline -
(73a). The necessity~forAa‘mébiie benzylié ﬁydrogen may indicate.that
" an gég—nitro tautomer (715 is involved in the méchénism (Scheme 12) and
thevpresence of hydroxide ion, therefore, is required to catalyse the
formation of this.ggi-nitré tautomer. fhe subsequent cyclisation

[(71)+ (73& may be assumed to bé'non;cétalysed, the,nucleophilicity.of
- the amide being,sufficiently great for's#CCessful intramdleculér.attack

oﬁ the aci-nitro group. Alterhatively,'the functién of the bése may be' "
to generate the resonance—stabilised anion‘(72) of the'amide;vwﬁich then
undetgqeé an intramolecular aldol—type:condéﬁsation to give the product.'
(73). Howevér, on this bésis, it is.difficult to explain satisfactorily
the non-reaction of the amide (70a) .
Fused cinnolines of the type‘(75).are also férmed.in high yields

by the cjclisation39_41 of 24aﬁino—2';nitrobipheﬁyl derivaﬁives (74 a»c)
undér strongly alkgline conditions (e.g. in methanolic sﬁdium methoxide) .
Whereas the aminobiphenyl (74c) is successfuily cyclised to the éorreé—

pondingvbenzocinnoliﬁe (75c) under the influence of benzyltrimethYlammdhiﬁm>“'
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S (73)
a; H 'H
b; Br Br
; N H
c; NO, 2
d; H NO,,

hfdrokide42 as the basic qatélyst,.the closely related iéomer (%@d) is
resistant to cyclisatiqn. Thi§ might'bé:ekpléinea by the g;eater.'

. cqmbined'—M'and -I effects that the 3~nitfo‘group'iﬁf:kj46),'c0mpaféd‘;
'with the same effects of the 5-nitro group in (74c), have téon the

nucleophilicity of the respective amide ions.. Thus, the amide ion (76)

 (_76_’)  82 _




1
Path A

(507 |

Path B 1R1—- H

-07(en)0
+H+l : . 1
| H ¥
| T ou
ZR +4N>£O E
| HOé .>O (8
by
ds

Scheme I3 °

N

l‘

+

1

O//

)

e .
Heta Ng e
R NO, 12 R M

2y |
-0
g’ R?
H H
H Cr
H H
CH3 H

O W o ol



~-19-~-
will be the least nucleophilic due to the stabilisation effect of the
resonance shown (76) < (77) . The dibromobiphenyl derivative (78)
is élso_resistant to cyclisation4o under a variety of basic conditioﬂs.,
This can be explalned in terms of a sterlc restrlctlon lmposed by the
bulky bromo- substltuents wheréby the nitro group and the nucleophlllc amlde
ion cenfre cannot approach close enough to each other for a successful aldol—_

type condensation to occur with formation of a planar product (79).

CHs

(78) R ~(79)

Benzo—l,2,4—triézine'gfoxidesiare formed in high'yieLd by the basé—:
catalysed_cyclisationlof gzgggjniﬁrépﬁenylﬁreas aﬁa feiatéd-dompoundé
despite thé rélativelyhlow nucleophilicity of the niﬁroéen Ceﬂﬁre in
‘thé.ggsggfsidé—éhain af éuch substra;es. Thus;'2—ni£r9phenylureas

(80 a and b) and-2~nitrophenyithiourea (80c) -are convérped iq warm

aqueous alkali into the céfrésponding benzotriazinone ;-g;oxides (82a ahd

b) andAthe'benzoﬁriazinethione 1-N-oxide (82c), respeétivély7(5cheme 13).
Substitution of the aniline hydrogen iﬁ the urea (80a) by a methyl gfoup :
makes the resulting'compound.(80d); resistant to cyclisationi43 This.
result.may implicéte an ggijnitfo mechanism in the successful cyclisa£i6ns
.of the compounds (86 a-c). (Path B; Scheme 13). vSimilariiy 2-nitrophenyl-

'guanidines (83a and b) readily cycl;sé44 in the preéencelof hydroxide ion

~
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to afford the 3-aminobenzo-1,2,4-triazine l-N-oxides (84a and b) in e

moderate to good yields.

N NHR N NHR
NOp NFp - l?l
' -0

(83) (84)

|

C. Interactions Involving Electrophilic Attack on the Nitro Group by the

Side-Chain

The electron rich oxygen atoms of the nitro grou§ in an QEEES-§Ubstituted
nitrobenzene derivative are electronically and hence sterically suited for
interaction with an electrophilic centre in the side-chain (cf. page 1 ).
“An interaction of this type corresponds to annintramplecula; nucleophi;icb
substitution in the side-chain by an‘bxygen atom of the nitro group. )
Consequently the interaction may_be considered as'eithef a concerted process
(Path A of Scheme 14) or as a étepwise procéss (Path B Qf Scheme-14);
Alternatively, where structurally pogsible, éléé£fophilic iﬁteraction may
ge preceded by rearrangement to an aci-nitro tautomer [(85)+—»-(86)]
which by path C (Scheme 14) effects displacement of the leaving group.
.All three possible pathwéys (A,B and C) can lead theoretically, to the
heterocyclic structure (87). |

However, with one possible exception (cf. page 27 ), direct evidence for
electrophilic attack by the side—chain on an g£§g§4nitro group as depictéd

in Scheme 14, is lacking.: Indirect evidence for such interaction is based
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on mechanistic interpretétions of various acid—catalfsed reactions of
QEEgg-nitrobenzené derivatives. - These reactions show net oxidation of
the side-chain and net reduction of the nitro group leading to heterocyclic
or non-cyclic prbdﬁcts.

i) Interactions between the Nitro Group and an Electrophilic Carbon

Centre in the ‘Side-Chain -

Nucleophilic participation by an ortho-nitro group is probably the
key step in the acid-catalysed reactions of benzhydrol intermediates (90)
formed by the addition of 2-nitrobenzaldehydes (88) to substituted

benzenes (89) under a variety of acidic ‘conditions to afford various

Rl _\CHO
2
R NO,

(88) R- r? &i
a; H H H
b; H H ' OH
c; H NO Br

2

3—aryl—2,l-benzisoxazoles (énthranils)as ultimate™ products.The course
(Scheme 15) of such reactiohs may involve a stepwise mechanism in which
the conjugate acid.(9l) of the benzhydrol intermediate (90) loses water
to form a discrete carbonium ion (92) which then undergoes nucieophilic
attack by the nitro group followed by rearrange@enp to give the nitrpsq—
‘ketbne (93). Alternatively, a concerted mechanigmiin which the éonjﬁgate -
acid (91) loses water with éoncomitant nucleophiiiC'atﬁack at the reaction

centre‘by the nitro group'tq give the same nitrosoketone (93), may operate.
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‘When the acid catalyst present is hydrogen chloride45'46

the nitroso-
ketone (93) is then reduced to the hydr;xylaminoketone.(94) with intro-
duction of a chlorine atom l}93) > (94ﬂ followed by cyclisation to give
the halogenated anthranil (95d). However, in the presence of hydrogen
bromide45 the 'same reduction step is effected without introduction of a .
bromine atom télgive an anth;gnilnpf_the fyéé (95a~c}. When a
2—nitrobeniaidehyde derivative is-reacted under the influence of hydrogen
chloride with quinol (96)45, again no halogen is introduced into the

product (97) since the reduction of the resulting nitrosoketone intermediate

is effected by quinol itself.

OH
CHO HCL
. vo, * —
| oH

(60a) e (97)

Anthranil formatioﬁ from2—nitrpbenzaldehydés an@simple behzene<dérivé£i§es'
under the.ihfluence'of concentrated sulphuric acid47_49 is/again
rationaliséd‘on the basis of initiai benzhydrol formation. (Schemenl6).

The reduction step in this instance is readily explained by reaction

of the nitrosoketone (10;) with unreacted benzhydrol (100) to give the
hydroxyléminoketone (102) thch cyclises‘ﬁo the proddct (104). The
isolation‘of 2~nifrobenz§phenone (103) as a,by—product lends weight tov-
this mechanism.

In further support of a benthdrdl intermediate in such reactions

is the conversion of the benzhydrol (105) under the influence of para-

. . .51 ‘
toluenesulphonyl chloride50 or concentrated sulphuric acid into

3-phenylanthranil (95a).
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(105) L  (95a)

52,53

The solvolysis of 2—nitrobenzhydryl bromide (106) in 96% aqueous
acetone at 450 affords 2-nitrosobenzophenone at a rate 83 times faster than
the correspoﬁding solvolysis of 4-nitrobenzhydryl bromide which affords
4-nitrobenzyl alcbholL This resuit is réadily explained by ngcleophilic
participation by an oxygen atom c: the ortho-nitro group in.the expuléion

of the bromide ion, a process which is not poésible in the caée of 4-nitro-
benzydryl bromidé. (Scheme 17). ~ When the éolvolysis is‘carried out in
acetic acid in the presence of hydrogen bromide, the rate of solvolysis5

of ggggg—nitrobenzhydIYI bromide is 1450 times fastér than the.corresponding:
solvolysis of ;he 4—nitrobeﬁzhydryi bromide whiéh may demqnstrate a significant
anchimeric assistance by the nucleopbilic oxygen atom of the gifgg-hitro .
group. Also, in contrast to the reaétions of 2-nitrobenzhydrol inter-
mediates in the preseﬁée of hydrogen brdmide45 discussed previously, the
isolatéd prdduct in'the latter reaction of 2-nitrobenzhydryl bromide (106)
is the brominated anthranil (110).  The iﬁcorporation of a bromine atom

in the product (110) is e'xplained52 by a solvent-cage effect in which
ionisation is immediately followed by ion-pair return to giye prodgét
[Scheme 17; (106) + (108) » (110)]. A mechanism involving the inter-
mediacy of the nitroso-=compound (107) followed‘by its reduction'to'a
hydroxylémind intermediate'(lo9) Eigg_incluSioﬁ of a bromihe étom would‘

. 4 '
not be expected from other related work & and this would suggest that in
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this case, the ion-pair return mechanism (Path A; Scheme 17) is operating.

Ortho-nitrobenzaldehyde (111) condenses with active methylene
eompounds (112) containing at least one acetyl group to give, in the case
of hydrogen chloride as catalyst, high yields of chlorinated N-hydroxy-
quinolinones (116)45'54- (Scheme 18). The benzylidene defivetives (ll3)v
formed in the initial step of.the reaction'ﬁave'been isolated and shown45’54
to be intermediates in the quineline formation. Consequently, the
mechanism of  the reaction can be explained (Scheme 18) by electrophilic
. attack by the protonated side-chain of the benzylidene intermediate (113)
on the ortho-nitro group to give the nitrosocketone intermediate (114)
reduction of which by hydrogen chloride affords the chlorinated hydroxyl—
amino intermediate (115) Subsequept cyclisation of the hydroxylamino
intermediate (115) then affords‘the hydroxyquinolinone (116). This
plausible mechanism however, fails to explain why apparently suitable
2-nitrobenzylidene derivatives (e.g. diethyl 2—nitrobenzylidenemalonate;
ethyl 2—nitrobenzylidehecyanoaeetate) do not afford the corresponding
E;hydroxyquinolinenes in the(ptesence,of hydregentchloride.

The interaction of an ortho-nitro group with an acetylenic bond:
ender ac1d-conditions is exemplified by the conversion of - ethyl 2-nitro-
phenylpropiolate (117) into 2- ethoxycarbonylisatogen (120) in the
presence of concentrated sulphuric aCid (Scheme 19). A possible
mechanism tor,this reaction (Scheme 19) is initiated by direct interaction
of the nitro grocup with the protonated side-chain, in a similar fashion to
that deecribed for the initial step of quinoline formation from benzylidene
precussors (see above ). - The'cyclic intermediate (118) " then undergoes
ring-opening to give the'nitfosoketone intermediate (119). ' Subsequent -

cyclisation of this intermediate (Scheme 19) affords the isatogen (120).
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An isatogen (125) is also the products6 in cyclisation.of 1,2-bis-
(2'-nitrophenyl)ethanol (121) with concentrated sulphuric acid in ethanol.
The mechanism of this reaction can be postulated to involve only the
nitro group in the l-phenyl ring, as the isomer (128) does not afford

cyclised products under the reaction conditions. Further, dehydration

NO, OH
(125) , _ (129)

) of.the alcohol (121) to give the stilbene (129) cannot be a step in the
mechanism as the compound (129) ha§ been shown to be inert under the
reaction conditions. Thus, a plausible mechanism for the reaction
{Scheme 20) involves initial intraﬁolecular-nucleqphilic attack by the_
nitro group at the benzylic carbon in £he protonated alcohol,,as>shown,

to give the nitfosoketone intermediate (122) which could then.serQé to
okidi;e the unreactéd alcohol (121) to the nitroketdne.(123) with con-
comitant reduction to the hydroxyléminoketone (124). The nitrokeﬁone
k123) could then undergo an aldol-type condensation to afford the isatogen

(125). The documented57’58

acid-catalysed conversion of isatogens into
aﬁthranils then accounts for the isolation of the 3-aroylanthranil (126),‘
However, this p?Oposed mechanism suffe;s.from_the'criticism that the
acid-catalysed conversion of ethyl 2—nitrobenzoylacetat¢ (130) into an
isatogeh (1205, namely 2-ethoxycarb6nylisatogen does not occur. Furthér(
no 3-(2'-nitrobenzyl)anthranil (127) derived by the éxpected cyclisation

of the proposed hydroxylaminoketone intermediate (124) was isolated from the

reaction mixture.
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Mild oxidation of 2-nitrobenzaldehyde arylhydrazones (131) provides
a synthesis59 of the structurally unusual benzo-1,2,3-triazinium betaines
(l36i. Thus, using bromine in the presence of sodium acetate as the
reagent, the mechanism of these cyclisations may be foimulated as in
Scheme 21. The initial bromination of the benzylic carbon is followed
by base-catalysed elimination of hydrogen bromide t§ afford the azomethine
ylide (133) which underéoes cyclisation by intramolecular nucleophilic
attack on the ylide side-chain by the ortho-nitro group. The cyclic:
intermediate (134) then ring-opeﬁs-to afford the nitrosodiazoketone (135)‘
cyclisation of which (Scheme 21) afférds the betaine (136). The initially
proposed structure59 (137) for this product and a second, re;ised st.ructure60
(138) were based only on spectral data and elemental analysis. Kerber
however, proposed the dipplar structure (136) which has since been proved
by ‘an unambiguous synthes_is62 of the product of its reduction (139) whose
X-ray analysis63 has been obtained.

The generation of a carbenium ion centre in a side-chain adjacentf
to a nitro group in ortho-nitro benzene derivatives affords a potential
electtéphilic interaction of the type being discussed. Thus, l-hydrquj

64,65 are the products of the decomposition of 2-nitrobenzoyl-

isatins (144)
diazomethanes (140). ~ The mechanism66 involved in these reactions may be

either a concerted process (Path A, Scheme 22) in which the expulsion
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of molecular nitrogen is synchronous with nucleophilic attack by an
oxygen atom of the nitro group, or it may be a stepwise process whereby
a discrete carbenium ion intermediate (141) is formed (Path B, Scheme 22).
Both mechanisms result in the cyclic intermediate (142) which rearranges
to give the nitroso—a—dicagbbnyl intermediate (143). Subsequent cyclisation
affords the N-hydroxyisatin (}44).

As would be imagined.moét cases of electrophilic attack on an ortho-
nitro group are perpetrated by electron deficient centres. -Howeyer,
a few examples are known in which interaction is base-catalysed and the
nitro group or more correctly, the aci-nitro group bears a negative charge.
Thus ﬁhe base—catalysed'cyclisation_of 24nitrobenzaldeﬂyde‘hydrazone (145)
to afford anthranil (149) may be rationalised (Scheme 23) by initial
solbolysis of the hydrazone (l45f.to produce the mesomeric 2-nitrobenzyl
anion [(146) “~> (147)]. Reacting in the form (l47),the aci-nitro anion
may then undergo intramolecular Michael-type additibn of an oxygen of the
aci-nitro group to the ortho-side-chain to give the cyclic intermediate .
(148) which aromatises as shown, to afford the anthranilA(l49).

'1i) Interactions between the Nitro Group and an Electrophilic Nitrogen

Centre in the Side~Chain.

Tﬁe therma; cénversion of 2—nitropﬂenylazides (150)68.into benéo-
fgro#ans‘(lSZ) exemplifies electrophilic attack on the nitro gfoup by a
nitrogen atom under essentially neutrai éonditions and is noteworthy in being
one of the few cases where the original nitro group to side-chain N-0O bond
is retained in thé producg (Scheme 24). The interaction between thé nitro-
group and side—chain-may occur as the initial step of this reaction, i.e.
the expulsion of nitrogeﬁ may be synchronous with formatiph of the N-O bond
(Path A, Scheme 24). 4Alte;natively; a‘discreet hitrene‘interﬁediate (151)

may be formed (Path B, Scheme 24) as the initial step followed by
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electrophilic attack of the nitrene centre on the ortho-nitro group.
The common intermediate of both paths is simply a mesoméric form of
the benzofuroxan (152).'

An alté?%ative route to benzfuroxans involves the hypochlorite

70,71

oxidation of ortho-nitroanilines (152) (Scheme 25). This method

can be rationalised72"73

by ﬁéstdigfing the initial formation of an
N-chloroamine (154) which undergoes intramolecular hﬁcleophiiic attack,
with expulsion of chloride ion, by an oxygen of the ortho-nitro group.

(Scheme 25) to give the product (155).

iii) Interactions between the Nitro Group and an Electrophilic Sulphur

Centre in the Side-Chain. -

4

Electrophilic attack by suipbur in an gzsgé-side-chain ét an oxygen
atom of é nitro group invariably leads to non-cyclicised producﬁs in
which the sulphur atom is oxidiéedrto the levelvof a sulphinic 6r sulphonic
acid. | |

A bésejcatalysed electrophilic interac;iqn between a sulphur‘side—
chain and_an gzghg—nitro group was observed by Hogg74.in stgdies‘concerned
with the kinetics of the base-catalysed solvolysi§ of bis—(2—nit;o-4-
trifluoromethylphenyl)disulphide (15€). Among the isolated products of
thié feéctioh was 2—amino—3—trifluoxoméfhylbenzenééuiphonicvacia-(162).
fhis product was explained by the productibn of 2-nitrobenzenesulphenate
ion (157) from solvolysis of the_disulphidé followed ﬁy a series of bimolecular
reactions involving only %he sulphurrside—chain. . The sulphenate ion (157)1.
is suggesﬁéd to ﬁnde;go intrémolecular electiophilic attack by'thg éleqtfon4A
deficient sulphur atom at an'éxygen atom of the nitro»gtoﬁp (Schemé 26) toAV
give a cyclic intermediate (158) in whiéh'the sulpﬁur étdm'hés.beén fqrmally
reduced. An electron rearrangement and‘ring—openind'then'éiveéﬁéﬁé

2-nitroso-3-trifluorcmethylbenzenesulphinate ion (159) which can further
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suffer addition of a thioclate ion present in the reaction mixture, to
afford a cyclic intermediate (160). Ring—openlng with concomitant
oxidation of sulphur followed by solvolysis of the sulphur-amino bond
by anotper’molecule_of the thiolate ion affords the aminosulphonic acid
(162) and a molecule of the disulphide (156).

Several equally complex:.acié:cecelysed'electrophilic interactions are
known. 'Thus, the 2-nitrobenzenesulphenyl derivatives75.(163a and bl
yield, in strongly acidic media (e.g; concentrated sulphuric acid), the
orthanilic acid (l67a) in low to moderate yields. The reaction may be
postulated to proceed by initial formation of a nitrophenylsulphenium
ion intermediate [Scheme 27;.(164ﬂ evidenced7§ by the red colour produced
in these reacticns. The-electrophilic sulphenium ion (164) then attacks
the nitro group with formaticn of the nitrososulphinic acid intermediate
(165) which undergoes a furcher oxidation~reduction by the formal donation-
of cwo electrons from the sulphur to the nitrogen to afford the 2-hydroxyl-
aﬁinoéulphonic ecid (166) . As the isolated product is the_aminosulphonic
acid (167), obviously an intermolecular reductlon must occur at some point
in the reaction.mechanism. AThis ma& in fact OCCpr as 'shown [Scheme 27,
(166) *‘(167)] since in the similar reaction of the sulphenYl chloride
(163¢c) in acetic acid77 the Qfacetyl derivacive of the hydroxylamino-
sclphonic acid (lé6c) can be isclated.. Orchanilic acid is also the

) , - .78
product of methanolysis of 2-nitrophenylsulphenyl chloride (163d) .
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D. Photochemically Induced Neighbouring Group Interactions in

2-Nitrobenzene Derivatives

For the purpose of rationalising the photochemical processes
involying a nitro group, it is convenient to postulate a triplet
(n > 7*) photo-excited state of the nitro group as the lowestflying
excited state and consequently thé?ﬂwhich reacts.79 This 3(n,n*)'

photo-excited state corresponds, in valence bond terms, to a resonance

hybrid of the structures (169) and (170).

(168) (169) : ' (170)

Structure(169) is analogous to Zimmerman's representation of the
3(n,1r*) state of a carbonyl group. Both stfuctures (169) éna (170)
imply considerable diradical chgracter in this excitea staﬁe. A
singlet (n + w*)excited state is considergd to be too short;liVed to
be important in the photochemical processeg‘undergone by nitro‘ébmppgnds.

| Several photochemical processes afe known for organic nitro ¢ompounds
which directly involve an excited state of the nitro group. In other
photochemical processes the nitro group simply Confefs reactivity on éther
functiénal groups in the molecule, itself remaining unchangedvin the
overall reaction. Such a reaction is‘exemplifiéd by the photo-cyclo-

additiongo.of trans-B-nitrostyrene (171) to cyclohexene to give the

cyclobutene derivative (172) .



o (I
X PJ()Z
(173) : (174)

O /O‘”"“‘iC/OH

| 4(176) F%() o - arn) ;
N/ N _,
(177) : (178) ()

Scheme 28



-31-

RN Pd()z hJ(?Z

‘ I////,/, Ph

(171) e e  ' (172)

However, processes of interest in photochemically induced nitro-
group side-chain interactions in aromatic gggggjniﬁro compounds are
generally of the former type in which the nitro group is modified in the
course of the photochemical reacfion. Such processes may be categorised79
by the ptimary photochemical process involved-namely, hydrogen.abstraction
or oxygen transfer. In some cases however, either hydiogen abstgaction
or oxygen transfer may be involved and it can then be¢ome difficult tb
identify the particular primary photochemical process by which a chemical
transformation is initiated. Thus, 6ne of earliest examples of a photo-
chemical reaction invelving an aromatic nitro compound—namely the con-
versioﬁ of 2-nitrobenzaldehyde (173) into'2—nitrosobenzoic acids} (178)'x'
may be rationalised82 (Scheme 28) in terms of a primary ph&tochemiééi
process involving hydrogen abstraction from the aldehyde group by the
3(n,m*) state of the nitro group [(174) + (175)]. The acyl radical
in (175) then pairs with'the nitrogen radical to afford the ggi—nitro
ketene intermediate (176) cyclisation of which giVes the unstable
yjhjdroxybenzisoxaloné (177). Réarrangement of the heterocycle (177)

then affords the 2-nitrosobenzoic acid (178).
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Alternativelylthe transformation [(l731'a-(178{]may be postulated
to involve oxygen éransfer as the primary photochemical process of the
photo-excited nitro compound (Scheme 29) whereby a new C-O bond is
formed [(174) -> (l79ﬂ .--lHydrogen ﬁransfer [(179) e—(l80i] followed
by_ring-opening of the hydroxybenzisoxazole4§;oxide (180) then accounts
for formation of 2-nitr050bé;zoicmécid (178}).

Man? other 2-nitrobenzene derivatives which have a'benzylic hydrogen,
but lack a carbonyl group, give products derived by intramolecular-
oxidation-reduction akin to that described for 2-nitrobenzaldehyde. These-
reacélons lend some weight to hydrogen abstraction being the primary
photochemleai process in the 2-n1trobenzaldehyde phot01somerlsétlon.‘
Berson and Brown83 proposed such_a mechanism (Scheme 30) to aécount for

the photochemical transformation of the l,4—dihydropyridine derivative

(181) into the 4-nitrosophenylpyridine derivative (186). Obviously,

the alternative mechanisa (Scheme 29) involviné primary formation‘of é
carb;n—oxygen bond is not feasible for structural reasons in the
substrate (181). Consequently, the only mechanism open involves
primary hydrogen abstraction [(182)'+'(1834 . Electron-pairing then
gi?esvan aci-nitro iﬁtermediafé (184) ‘which may ﬁndergo cyclisation

[(184) - (185)] foilowed by ring-opening and dehydration of the
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resulting nitroso-alcohol (187) to give the product (186). A more
direct route to the product however would be a dehydration as shown
B184) > (186ﬂ without oxygen transfer occurring.

Tanasescu84 has shown that intramolecular photochemical oxidation
of a tertiary benzylic carbon by an ortho-nitro group can also occur as
in the pﬁotochemiéal formation of the”2-nitrosocarbin§l (193) from the
nitro precursor[(lSS);‘Scheme 3lﬂ. '~ The abstraction of theimethine
hydrogen by the 3(n,'n) state of the n;tro group [(189) + (190)] is
favoured by the formation of a stable triphenylmethyl radical (190{.
Electron—pairing then gives the aci-nitro intermediate (191) which can
then cyclise by a two—electién process to give the cyclic intermediate.
Ring;opening of the latter then explains the formation of the 2-nitroso-
carbinol (193).

From the examples of photochemical reactions of 2—nitrobenzene
. derivatives described above, it can.be seen that in all cases where
hydrogen abstraction is postulated as the primary photochemical
process, the £ole of the photo-excitation is fo.catélyse the formation
of an aci-nitro tautomer of the subsfrate, The quéstion thus arises as
to the nature of the subsequent reéctions of this ggi—hitrd tautomer.:
A photochemical reaction of this aci-nitro tautomer héwever, need not
be consiaéréd as, by analogy with certain chemically-catalysed reaétions
(;f; page 15) of 2-nitrobenzene derivatives which aré postulated to
;eact via their aci-nitro tautomers, a dark :eaction oﬁ the said tautomér:
is sufficient to explain the formationlof_2-nitrosobenzehe derivatives.

The formation of 2-nitrosobenzene derivatives in these intramolecular
vphotochemical oxidation-reduction processes can, by further reactidn,
(either dark or photochemical) lead to the formation of heterocyclic
compounds. Thus, Joshua and Ramda585 havg,shown that the products of
photolysis of 2,2'~dinitrodiphenylmethane (194) in ethanol are the

diazepine (204) and to a lesser extent the acridone (205) (Scheme 32).

’
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However, in the presence of a catalytic amount of concentrated sulphuric
acid the major product is the 3—(2'—nitrophen§l)anthranil (199) .-
The formation of all these products can be explained (Scheme 32) by an
initial hydrogen abstraction from the benzylic carbon by the 3(n,n*)
excited state of the nitfo groﬁp followéd bY rédical—coupling tq give
the aci-nitro tautomer Bl94f‘+‘(i§7a .which then cyclises to give the
‘cyclic intermediate (198) . P?otonation of the g;hydfoxy group of this
intermediate followed by loss of water and deprotohation (full arrows)
readily explains the fo:matidn of the anthranil (199) in the presence -
of an acid-catalyst. Alternatively rin essentially neutral media, the
same intermediate (198) can ring-open to give the nitroso-alcohol
[broken arrows, (198) +-(200)]; A repetition of the the photochemical
process involving the reduction of the remaining nitro Qroup in (200)
with concomitant oxidation of the élcohol group to a ketone affords
the dinitrosoketone (201). Disproporticnation between (201) and
unrgacted nitrosoalcohol (200) provides the necessary reduction requirgd:
to produce the intermediate (202) which can condense Qith loss Qf water,
to afford thé diazepine N-oxide (204). Thé formatign.of'the nitroso-
ketoﬁe (263) is suggested to exblain; by a-cyélisatidn involving'a photo—
redugtiqn, the production of the acridone (205) . |
VAnalogous to the photochemical oxidation-reduction processes
described for 2-nitrobenzaldehyde ére the photochemical transformations
undergone by'2-nitrobenzylidene‘derivatives. Van AlléﬁSG observed the’
formation of tﬁebspiro—pyranoindolinones(2ll) (Scheme 33 and 34) by the
photolysis in hethylene chlofide.of the 4-(2'-nitrobenzylidene)pyrans
(206a and b).at room temperature and by the photolysis of the

4~ (2'-nitrobenzylidene)pyran (206c) at -60° in toluene. A mechanism
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(Scheme 33) based on addition of the oxygen atom-in the 3(n,n*) excited
state of ghe nitro group to the benzylidene side-chain [(207) -+ (208)]
followed by radical-coupling to give the bridged bicyclic intermediate
(209) and subsequent ring-opening BZOQ) *‘(210)] explains the formation
of the spiro-product (211).

Alternatively, a primaryvproqess"ih;;iQing é hydrogen abstraction
(Scheme 34) leading to.the gg;-nitro allene [(206)V+ (213)] which is
analogous to the ketene intefmediate in the mechanism postulated for
the photoisomerisation of Z—nitrobenzaldehyde (Scheme.28, page 31}, -
may . be invoked. Cyclisation of the gg}fnitfo tautomer'(213) followed
by ring%opening affords the: nitroso-enol (215) which may tautomérise fo
_the ketone (216) or cyclise by'nucleophilic attack on the nitro group
to give the spiro—gfhydroxyspixo—éyranoindolinone (211).

An interesting photochemical-generation 6f benéyne from the
photolysis of 2—ni£robenzylidene hydrazones (217) (Scheme 35) has been
reported by Maki et a187. This :eaction can be rationalised by
poétulating the intermediate formation of.2—nitros§bénzhydrazide
. derivatives (218) by a photochemical intfamoleculat oxidation-redgctionl
process between the nitro group énd the gide-chain‘whiqh agaih‘may'oécur
by a primary proéess'involving’hydrogen abstractidn. Alternatively, é
mechanism involving oxygen-transfer could acéount for fhe forﬁation'of'

. the N-hydroxyindazolones (219) directly. (Scheme 35). These mechahisms
are directly analogous télthose postuiated for the formation of the
pyranbindolinones discussed above (cf. page 34). Ring-opening - -
[(219) ->(2mﬁ] and subsequent fragmen;ation éxplain the formation of
benzyne.i -

In those reactions discussed alreédy, hydrogen abétractién hés
always occurred from the benzylic position but examples are_known where
hydrogen abstraction‘may occur from other positions on the ortﬁo side-

. ‘ 8 A _ .
chain. Thus Gunn and Stevens 8 postulate hydrogen abstraction from

the beniamide}nitrogen as the,primary~step‘in the photochemical con-
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version (Scheme 36) of 2—nitr$benzanilide (221) into the hydroxyazo-
benzene carboxylic acid (226)}. The resulting biradical (223) can then
undergo radical ooupling to give the cyclic intermediate (224) followed'

by nucleophilic attack_of hydroxide at the carbonyl group with concomittant
ring-opening to afford the'azoky-carboxylic acid (225). A photochemiéal
rearrangement of this azoxy—Eéid”(225)'then accounts for formation of ﬁhe
product (226). | |

However, a mechanism involving oxygen transfer, akin to that postulated
forrthe 2-nitrobenzaldehyde rearrangement (Scheme 29), may be proposed
(Scheme 37). Again, formation of a bridged biqyclic intermediate
B222) > (229)] by radical coupling as postulated for the simiiar reactions_'
of the benzylideﬁepYrans'[(206};- Scheme 33] or of the hydrazonesv[(2;7,

. Scheme 35] can explain the”formation of the azéxy-carboxylic acid (225)
and thué of the hydroxy—azocarboxyiic acid (226)._

The primary photochemical process of oxygen transfer from an aromatic
nit:p group to an ortho-side-chain may occur not only with the formation
of one carbon-oxygen single bond as dgsqribed in Scheme 29,_but also_by a
l,2—photo¢ycloaddition-proce5589 to give an,intefmeaiateAhaving two new
carbon-~oxygen sihgle bonds (230). fﬁis-process may only be'conéertea if a
singlet éxcited state of the nitro group l(n,ﬂ*) is involved"(Scheme 38)1
However, it is likely that a 3(n,ﬂ*) species is involved79'90 gnd conse-
quently tﬁe cycloaddition must be a stepwise process involving a spin-
inversion (Scheme 39) in ‘the biradical intermediate (231).

An intermolécular photocycloaddition of this.type has been propbsed_
(Scheme 40) to explain the oxidative cledvage products i;olated from thé
reaction of nitrobenzene withvalkenes such as 2-methylbut—2;eﬁe Oi-f'
cyclohexene L252). In the latter case tne formatibn of.adipéldeh?de;

7 .
(235) and azobenzene (237) can be rationalised 9 by the formation of the
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cycloadduct (233) thch breaks down as shown (Scheme 40) with the
formation of the aldehyde (235} and'phenyl nitrene (236). The
azobenzene (237) is suggested to be formed by reaction of the phenyl
nitrene witﬁné-molecule_of (234).

A'nuﬁber of:the l,3,2-dioxazolidine adducts formed in such photo-
chemical reactions have beeﬁmisoiéééd.go Thus, the adduét (233)
produced by irradiating a mixture of cyclohexene énd nitroﬁenzene at
-709, can be isolated as a crystalline solid. at —80o and was‘charactefised

by catalytic reduction to aniline and the gi§—cyclohexane'diol (238)

NH,
(I @ RO
o/ |

((233) : (238)

The possibility of an intramolecular cycloadduct (239) thus arises,
as depicted in a general way in Scheme 41, Thus a bicyclic 1,3,2-

. . . . 9
dioxazolidine intermediate has been invoked by Splltter and Calv1n.l

LG - O
' hJ()z FQ ‘ Pd_—'()

~Scheme 41
to rationalise the photochemlcal conversion of the 2- nitrostllbene (240) .
into the 2—phenyllsatogen (249). Smaller amounts of the indoxyl (251),:
para-N,N-dimethylaminobenzaldehyde (244) and.the anthranil (243) were also

isolated.‘ The formation of the aldehyde (244) and the anthranil (243)

is readily explained79 (Scheme 42) by direct decomposition of the
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cycloadduct (242). The formation of the iﬁtermediate (247) derived
from the cycloadduct (242) as shown in Scheme 43, gives rise by hydration -
to the hydroxylamino-keto-alcohol (248). Intermolecular oxidation-
reduction between (247) and (248) then produces the isatogen (249) and
the aminoketone (250}, respectively. Cyclisation of the aminoketone
(250) then accoun£s for the fOrmétion#of the indoxyl (251). |
More recently, Jacquier92 hés invoked intraﬁolecularl,4—photocyclo—
addition of a nitro group acroséia diene framework to explain the
photoformation of benzotriazole_gfoxides (256) from 1-(2'-nitrophenyl)-
pyrazoles (252) (Scheme 44). The addition of the 3(n,TT*) exeited state
of the nitro group to the azadiene system (cf. 253) produces the bridged
polycyclic intermediate (254) which can break down by a two-electron
process to afford the nitrosophen&lazo derivative (255). An electro-
cyclisation of this azo derivative (255) then accounts for the férmation
of the product (256). An anélogous mechanism is also invoked93 to
account for the formation cf a variety of benzimidazole products
B258)-(261ﬂi by irradiation of l—(Z,é—dinitrophenyl)imidazoles:
B257 a-c), (Scheme 45&.

- Photocycloaddition of a nitro group to a carbonyl grcup hés been.
proposed by Maki94 to explain the formation of phenazine g;oxides (270)
on irradiation of ﬁfacyl—2—nitrodiphenylamine$ (262) (Scheme 46). The
necessity for the N-acyl substituent in (262)Ais shown by the fact that
when it is replaced by hydrogen oxr an alkyl group, ho.reaction occurs.
The absence of a substituent at”R2 in (262) leads to over-reaction and
reduced yields of the phenazine-N-oxides. in‘these transformations.
it is sﬁggestgd that the 3(n,1r*), 1,3-diradical form of the'nitro grdup
adds across the carbonyl group giving a l,2,4,3—trioxézdiidine inter-

mediate (264). This would be expected to be less stable than the
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aforementioned dioxazolidine analogues and so decomposes readily to
give a mesomeric Aitroxide radical (266} and a carboxylate radical by
way of initial ring-opening to give the peroxide (265). The mesomeric
nitroxide radical may then undergo intramolecular raaical addition to
give the'hydroxylamino rédical 0267).# (268ﬂ . A process of electron;
demotion to give the charge-éépaiaféd fadical'(269) followed by hydrdQen
abstraction, possibly by the 5} radical, then'affoidé the phenazine"

N-oxide (270).



CHAPTER TWO

The Base—-Catalysed Cyclisation Reactions

of Some 2-Nitrobenzylidene Derivatives:

A New Synthesis of Quinoline l-Oxides -
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Certain 2-nitrobenzene derivatives (cf. Intioduction) can undergo
basefcatalysed cYclisation involving an aldol-type condensation between'
an active methylene group in the side chain and the QEEggjhitro group
to give six-membered heterocyclic N-oxides (cf. p. li). One such
reaction is the base-catalysed cyclisation of 2-nitrovefatrylidéhe—
succinic acid (2%4)95 to the‘quinoliﬁe'l—oxide (275) in aqueous ethanolic

sodium hydroxide. This reaction however is not a general one. The

CH50 Xt cHy0 X CO,H

—

CHy0 NO, LHaLOH C_H3O _‘ [i\Y

(274) | | - (275) O-

potential of this reaction as a general route to quinoline l-oxides (and
the quinolines derived by sﬁbsequent redUc;ion) which'are_not réadily

available by other means, suffers from the lack of a good_general-methgd
for the synthesis of the benzylidene precﬁrsgrs.v Thus the synthesis of
the benzylidene défivative (274) involves the'diffiqult, low yiéld Stébbe

26,97 of 3,4-dimethoxybenzaldehyde (271) with dimethyl

condensation
succinaﬁé (272) followed by nitration of the diacid (273) obtaihed.
(Scheme 47).

It was therefore decided in the present work to devise';n alternative
synthetic route to 2-nitrobenzylidene derivatives of the type (274) and
hence to investigate the scope and synthetic ugility of cyclisations of
the type [(2745 > (275)], ‘ | |

The formation of carbon-carbon double bonds by the condensatiops

of various aldehydes and ketones with triphenylphosphoranes (the Wittig

reactiongs) is well documented and among the many examples is the
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99
condensation of para-nitrobenzaldehyde (276) with para-methoxybenzyl-

idenetriphenylphosphorane (277) to give 4-methoxy-4'~nitrostilbene (278).

CHO

()Zpd~\\\ l (276) o :
" -PhyPO-

\\\F3F3f13
C H3O (277)
Thus the condensation of 2-n1trobenzaldehydes (279)(Scheme 48) with
’ phosphoranes of the type (280) where R2 is electron—withdrawing, offers
an alternative route to the 2—nitrobenzylidene derivatives (28l) having
an active methylene group suitably placed for cyclisations of the type
[(274) > (275)]. The particular phosphoranes (280) required for such
Wittig condensations are readily available by the reaction of triphenyl-

phosphine (282) with electron deficient'olefinés (283).

PPhy + R/%/R ——»Ph P:<

(262) (283) ‘ (280) CH2R

R
.a.; Coph ..
b; -COzEt

.As an initial approach to this study it was decided to atteﬁpt the
Wittig condensation of 2- nltrobenzaldehyde (279a) with 1,2- dlbenzoyl—-
ethylldenetrlphenylphosphorane (280a) . too The phosphorane (280a) was"
prepared by the method of Ramirez et.al} by stirring triphenylphosphine.

(282) and trans-dibenzoylethylene (283a) in dimethoxyethane over a period
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of 12 h. quever, it was also foﬁnd tﬁat if a mixture of triphenyl-
phosphonium bromide and 1,2-dibenzoylethylene (283a) were heated under'
reflug in acetonitrile for only 15 minutes a comparable yield of the.
phosphorané (280a) could be obtainea.. This'latter méthod is based

on the.reacﬁion conditions used by Eyjolszon;OIIin thelacid—catalysed
formation of othe? triphenylphosphoraﬁés discussed later. Attémpts to
condense the phosphorane'(280a)‘with 2-nitrobenzaldeh§de proved |
unsuccessful. Thus, réfluxing‘the phosphorane (280a) with 2-nitro-
benzaldehyde (279a) in benzene for 22 h o? stirring the.two reactants"

at room ﬁemperature in benzene for 72 h yielded only dibenzoyietﬁylene

and mixtures of triphenylphosphine, aibenzoylethylene, pnreacted

phosphorane (2806)Aand 2—nitrobenzaldehyde. The failure of the

phosphorane (280a) to condense may be attributed in part to its 1nstab111ty
with respect to trlphenylphosphlne and dlbenzoylethylene.loO Ramlrezl
attributes this lnstablllty of the phosphorane (280a) tc steric repulsion
within the molecule and the weakly nucleophilic nature of triphenylphosphine..
Thé reactivity of the phosphorane (280&) in the Wittig“condensatién is:glso |
dependant upon the éhérge at the g;carbon. 'Since the phosphorane:(280a)A. :
is best representedloO by the pﬁosphobetaine struéiure (284) there is

little ﬁet negative charge at the'g;cérbon,.vi.e., the ylide structure-

O _Ph | .O Ph

/,

PhyP~"“CH,COPh  PhyP? CH2
(280a) COPh

(284)

(285)
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(285) contributes very little to the overall electronic condition of
the phosphorane (280a) , thus providing a further reason for lack of
reactivity in the Wittig condensation. Hence,by changing the olefin
it should be”possible to obtain a phosphorane with e.sufficiently-nucleo;
philic g;carboh-to react with 2-nitrobenzaldehyde in a Wrttig condensation.
Such an olefin was found'to be diethyi fumarate (283b).which is reportedlgl
to react with triphenylphosphihe (282) to give l,2,—bds(ethoxycarbonyl)
ethylidenetriphenylphosphorane (280b) . This phosphorane. (280b) was
successfully condensed with 2enitrohenzaldehyde, usihg the conditions
'deSCribed by Eyjohlfsson,lol to afford the'2,3~bis(ethoxycarbonyl)fl—
(2'-nitrophenyl)propene (281b) in excellent-Yield;. Thevproblem often'
assoc1ated w1th W1ttlg condensatlons of this type, namely contamination
of the product with trlphenylphosphlne, ‘'was readily overcome by recrystal-
lrsrng the crude product from 60% v/v agqueous ethanol.‘ The structure of
the hitherto unknown 2—nitroben2ylidene derivetive {(281b) is assigned'on
the ba51s of its elemental analy51s and mass spectrum which showed a parent-
~ion. (M ’ 307) CODSlStent with that expected of the product (281b) | The p
i.r. spectrum of the product (281b) showed two carbonyl baﬁds. ) The beud S
.»at 1720 cn =1 is assigned to the carbonyl stretchlng frequency of the ' ,.‘
3-ethoxycarbonyl group. The sllghtly lower frequency band, at 1710 cm—l,
. is assigned to'the 2-ethoxycarbonyl group which is conjugated with the
olefinic bond. The lH n.m;r. spectrum is also in-accord with the
2—nitrobenzy;idene derivative (281b) structure._ AThe signal‘at rhl.86 .
is a doublet and'is assigned to the H-(3) of the henzene ring; The
singlet at 1t 1.98 is assicned to the olefinic hydrogen (see p. '56).
vAiThehvery low field resonance of this olefihic proton.is attributed to
- the electron-Qithdrawing.effectfof the 2-nitrophenyl and ethoxycerbohyl‘
substituents. Thepcomplex multipiet ih thelrahge T.2.30-2.59 iS~assigned

to the remaining three aromatic protons. The two overlapping quartets
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cat'T 5.76 and 5.90 and the two overlapping triplets at t 8.67 and 8.77
are aséigned.to the methy;ene and methyl groups, respectively, of the
ester sub#tituents‘ The synthesis of the 2-nitrobenzylidene derivative
" (281b) was readily extended to the syntheéis_of.the bromo-derivative
(281c) and the chloro-derivative -('281d) .

The benzylidene derivative (281b) was refluxed inlethandlic sédium
ethoxide in an attempt to efféct its>base-catalysed cyclisation to the
quinoline l-oxide (286a). Sodium ethoxide was chosen as the basic
catélyst in the attemp;ed cyclisation, in'thebhopélthét further hyérolysis
of any 2,3-bis(ethoxycarbOnyl)quinoline l-oxide (2865)'produced, would be

avoided. In practice however, no neutral product was obtained but '

AN ¢02C2H5 | OEt_‘  \ R!
"NO, CH,COCoHs P R?
| | N

0-

1 2

(281b) (286) ROR
a; COtht ‘ COZEt-‘

b; COH  COEt

: E CO H

e} CO2 t 2H

d; COH . COoH



acidification of the mixture afforded a compound, in low yield (10%),
which gave analytical and spectral data consistent with an ethoxycarbonyl-
quinoline-qarboxylic>acid l-oxide. In particular its mass spectrum
showed a_parent ion (m/e,  261l) and a major fragment ion at m/e 245

(i.e. M+—l6),Atypical of a heterocyclic _Ig_-—oxide.lo2 Also, tﬁe i.r.
spectrum.of the éroduct showed the characteristic bands (2720 énd

2620 Cm—l) of a carbéxylic acid OH stretching mode. . The bresence of

a high carbonyl band (1740 cm_l) is attributed to an ester group and

the carbbnyl band of_the acid carﬁonyl stretching frequency is seen at
1700 cm_l. The formulation of the product as 2—ethoxycarbonquuinolineﬁ
3- carboxylic acid l-oxide (286b)“is based on its stabiiity to thermal '
decarboxylafion. The alternaﬁive strﬁcture, 3—ethoxycarbonyiquinoline—2—
vcarboxflic acid (286c¢) would be éxpected to undefgo fapile thefmal
deéarboxylation by anélogy with the knownlo3 quinoline;é,3—dicarboxylic
»-acid which readily undergoes thermal decarboxylation at the 2-position.

On standing, the acidic aqueous phase deposited a solid whose i.r.
spectrum and high melting point indicated itlto be a salt.' Tréatmen; of-
this salt with concéntrated hydroéhloric acid afforded é:solid whosg i.r.
spectruﬁ showed a~hydrogen;b§nded hydroxyl band at 2450 cm_,1 and bapds af
1760 andAl735 cm-l attributable to two distinct carbonyl groups.' Bands
éttribu£able to a nitro group were absent. These features are consistent
with the formulation of this product as quinoline-2,3-dicarboxylic acid :
Eﬁo#ide (286d).  However, the actual valuesof the carbonyl bands in the
proposed 2,3-dicérboxylic acid N-oxide are high for hydrogen-bonded éarboxyl
groups. Thus, in 2,3-pyridinic acid (287) the Cafbony; stretching f;equéncy.
is found at 1600 cm-l'due to hydrogeﬁ bondiﬁé. This would»éuggést thét‘ ‘
the isolated product (286d) could ih fact be ‘the hyéroéﬁloride‘defivéfivé

(288). - The presence of a positive charge on the quinoline nucleus would
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thus counter the effect of the hydrogen bonding which would tend to
lowei the carbonyl-stretching frequency. The mass spectrum of the
Qupposed dicarboxylic acid N-oxide (286d) did not show a paren£ ion of
m/e 233, but showed a peak at m/e 189 (i.e. m+-44);~resulting from-.
decarboxylation, presumably at tﬁe 2—position.. The lH n.@.r; spectrum
of the 2,3-dicarboxylic acid (286d5 showed a doublet a£ T 1.3 att?ibuted
toAthe H-(8) proton and a singlet at T 1.53 due to the H-(4) proton.
Three other aromatic protons were also present. vThe 2,3-dicarboxylic
acid (286d) underwent thermal decarboxylation in the solid state at
130o without melting. This.- is analogous to the known behaviour'of

03 which undefgoes thermal

guinoline-2,3-dicarboxylic acid (289)l
decarbbxylation at 1050.

In an effort to rigdrously establish the structufe of the_quinoline;
l-oxide (286d), attempts were made to reduce it to the known compound;
quinoline-2,3-dicarboxylic acid (acridinic acid) (289). Thus the
quinoiine l—oxidé (286d) was subjeéted to catalytic hydrqgenation.‘
Thezi.t. spectrum of the resulting product-differéd .from £hat of thel'
starting material (286d) in that the h?droxyl band éppeared at a highe;
frequency and only a single darbonyl'band'(l740 cm-l) was présentl-‘

The mass spectrum of the crude product indicated the presence of

103 -
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quinoline-2,3-dicarboxylic acid (289) at m/e 217 and quinoline-3-carboxylic
acid l-oxide (290a), at m/e 189, the latter probably arising by decarboxyl-
ation o6f the starting material (see later). , However, crystallisation
afforded.a‘pfoduct which was shown to be identical to thét obtained in an
attempt to prepare the quipoline—Z,3—dicarboxylic acid l—oxiae (286d) for
elemental-ﬁnalysié. ‘This-produét wa;A;hown to be the hitherto unknown
quinoline-3-carboxylic acid l-oxide (290a) on the basis of its elemenﬁal
analysis and its mass spectrum which showed a parent ion at m/e 189 ahd
a peak at m/é 173 (i.e. M+;'l6), consistent with the known mode of
breakdown of N-oxides on electron impact;.102 Attempts were Qadg to
establish the structure of the quinoline-3-carboxylic acid l—oxidg‘
(290a) by way'éf its reauction té the known compoundlo4 quinoline-3-
carboxylic acia (291). An initial attempt using dithionite to briﬁg
about the reduction was unsuccessful. ‘However, using triethyl phospite
the required deoxygenation was readily achieved. The m.p. (2750) of the
product (291) was identical to that reportedlo4 for quinoline-3-carboxylic
acid (291) and concordant analytical and spectral data were also oﬁtained.
Reduction to the known acid (291) thus. rigorously proves tﬁe struq£ﬁre‘.
of the decarboxylation product, as quinoliﬁé—3—éarb6xylic acid l;oxide
(227a) and provides further support for the formulation‘of the preduct
of cycliéation of the bénzylidene derivative (281b) as quinoline—2,3—
‘dicarboxylic acid l-oxide (286d).

Since quinoline—Z;3—dicarboxy1ic acid l-oxide (286d) could not be
obtained invan analytically pure state. due to its‘facile thermal
decarboxylation, the presence of ﬁhe 2,3-dicarboxyl function was
vestéblished by estérification with diazoﬁethane to afford the thermally
stable 2,3—bis(methoxycarbonyl)quinoline l-oxide (292a), which gave

analytical and spectral data consistent with its formulation.
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The cyclisation of the 2,3-bis(ethoxycarbonyl)-1-~(2'-nitrophenyl)

propene derivatives (281 b-d) was also effected by heating them with -

dilute aqueous alkali but in this case the exclusive products, in high )

yields, were the corresponding quinolire-2,3~dicarboxylic acid l-oxides

R ~CO0CHs R

NOz CHCO,CoHs

(281) R
b; H
C; Br

XCOH [H] R
N'/ | R=H
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| e; Br
N ' Cl
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N~ (290 r
a; H.
()-. b; - Br.
‘ ' c; Cl"

'(286d—f). The structures assigned tb these products are based'on,their

Cdi.r. spectra which lacked adsorption due to a nitro group but contained

bands attributable to two carboxyl groups.

As in the case of the parent
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compound (286d), the chlorxo- and bromo- compound (286 e and f) underwent
facile decarboxylation at the 2-position upon crystaliisation, to

afford the corresponding quinoline—3-carboxylic acid l-oxides

(290 b and c) which were characterisea‘by their elemental anelysis and
their i.r. and mass spectre;f';The bfemo—diacid (286e) was also character- '
ised as its dimethyl ester'(2925);7”

The foregoing resuifs demonserate that ;he 2-nitrobenzylidene
derivatives, (281 b-d) readily undergo base-catalysed cyclisation on
heating Qith aqueous alkali, to afford high yields of the.corresponding
quinoline-2,3-dicarboxylic acid l-oxides (286 d-f) which are relatively
s;able as thelr alkali metal salts but readlly decarboxyLate in warm
solvents to afford quantltatlve ylelds of the monocarboxyllc acids (290 a-c).
'In contrast, the use of ethanolic sodium ethoxide as the catalyst in the
cyclisation of the 2-nitrobenzylidene derivative (281b) gives, in addition<
to the diacid (286d), the corresponding 2—ethoxycarbohquuinoline—3—

" carboxylic acid l-exidev(286b). o )
Thesevcyclisation‘reactions‘are readily explained by a mechanism
{(Scheme 49) involvihg the direct aldolfeype condensatien of the reaCtiQe
.methy1ene groﬁé in (281) with the gggggfnitro Jgroup. Subsequent
hydrblysis of the diester (293) in the alkaline medium, theﬁ accounts

Hydrolysis of the

~—

tion of the diacid products (286 4d-f).
esters prior to cyclisation.could also eccur but this seems unlikely '
since the half-ester (286b) is isolated in the ethoxide—eatalysed.
condensation. |

Attempts to effect the base;eatalysed cyelisatiOn of 2,3;bis-
(ethocharbonyl)—l-(2—nitrophenyl)prdpeneA(281b)‘using other.ﬁasic
catalySts was investigatea in an attempt to isolate the quindlinee
diester (286a). Thus, heating the 2—n1trobenzy11dene derlvatlve

(281b) with: trlethyLamlne for 0.5 h or 5 h, gave only unreacted starting
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material and intractable mixtures. The use of piperidine in acetic
acid as the catalyst again resulted, largely, in the isolation of
starting material. However, treatment of the benzylidene derivative
(281b) with ethanolic ammonia for 24 h was successful. A solid was
isblated, in low yield, whose i.r. spectrum lacked bands due tb a nitro
group but showed the presence of N-H stretching bands at 3430, 3300 and
3180 cm_l and two bands at 1740 and 1680 cm-l, attributable to two
distinct carbonyl groups. The mass spectrum of this solid showed a
base peak at m/e 232 from which a molecular fqrmula of CllH9N3O3 can
be inferred. These data allow the structure, quinoline-2,3-dicarboxamide .
l—ogide (295) to be tentatively aSsigned to this product. Formation of

the dicarboxamide (295) from the nitro‘compound (281b) may either be the

NH3 Xy CONH»
EtOH K,/ CONH,

-’////)/”’ ' | | (5.. (295)

CONHy

(281b)

NO, CH2CONH,

(294)

result of prior ammonolysis of thg ester groups1in (281b) to give the
diamide (294) follo&ed by cyclisation or éf subsequent ammonolysis of
the diegter Er°xide (286a), prgdgced by'di¥ect éyclisétion of (281b).

As the cyclisatioh of the 2—nitr05enzyiiden§ derivatives (281 b-4d)
was successful, it may be inferred that the Wittig condenSation98 of the’
- 2-nitrobenzaldehydes (279 a-c) with the bis-ethoxycarbonylethylidene-

phosphorane (280bh produced only one of the two possible isomers,
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namely the E-isomer (298) which is structurally suited to cyclisation.

The Z-isomer (299) is not structurally suited for successful cyclisation.

OCoHg |
o X CH2C02C2H5:

COCoHg O~ >0 CoHg |
(298) -(E)-isomer (599) (Z)—isomer

The mechanism of thé Wittig condensation allows forAthe formation of .
both isomers. Thus, if tﬁe initial step of the Witfig condensation_-
is nucleophilic attack by the g-carbon of the phosphorane 6h the
2-nitrobenzaldehyde carbonyl (Scheme 50), then the_twb eﬁantioﬁéric_
intermediates (296) and (297) wi}l be formed. In consequeﬁce, the
preferential syn elimination of triphenylphosphine oxide undergone in
non-solvolytic apolar media 105-107 by these enantiomeric_intermediates,
one (296) will g;ve rise to the E—isomer (298) and the other (297) will
give rise to the. Z-isomer (299). The selective formation ofAtgé
E-isomerx (298) can then be explainedlos—107 by éostulating thé reveréiblé
formation of the enantiomers (296) and (297); This willfresdi£ in the
mofe rapid formation of the olefin whose enantiomeric precursor can
attain a more stable syn conformaéion'for the elimination of triphenyl-
phosphine oxide. | Thus, the syn enaﬁtiomer, (296) suffers less steric-
repulsion befween the aryl ring and the methylene group thaﬁ-the EX&,.
enantiomer, (297) suffers between fhe aryl gfoup and the ethoxycarﬁonyl
group. Therefore, the enantiomér (296) would be éxpected’to be tﬁeﬁ

predominant intermediate. Further, extrusion of triphenylphosphine

oxide from the enantiomer (296) will lead to the more stable benzylidene
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isomer (298). Due to the steric repulsion between the vinylic ethoxy-
carbonyl group and the benzene ring in the Z-isomer (299), there would

be loss of conjugational stabilisation in this benzylidene derivative

as a coplanar relationship between the nitrophenyl and vinylethoxy-
carbonyl moieties would not be favoured. This is not the case with

the E-isomer (298) which suffers much less steric repulsion between the
methylene group (the ethoxycarbonyl group attached can be held awvay from
the ring) and the benzene ring. Thus, the 25225_benzyiidene-ethoxycarbonyl
moiety can assume a conjugation-stabilised coplanar relationship. However,
the possibility does exist that the presence of a basic catalyst in the‘
reaction medium may equilibrate the E- and Z-isomers by prototropic
'tautomerismlos.in whic£ case the foregoing argument for the selecti&e
fo;mation of the E~isomer, in the Wittig condensation, would be superfluous
as reacﬁion would cccur whichever isomer was formed. But, as the proto-
tropic tautomerism must occur over a carbon triad, which is energetically

unfavourable,108

it is unlikely to be of significance.

In view of the success of the Wittig condensation as a route to
diethyl 2-nitrobenzylidenesuccinates (281 b-d) and thgir subsequent
.cyclisation to quinoline l-oxide derivatives, fﬁrther investigation of _'
the scope of such synthetically useful cyclisations was undertaken.
In<particular, the synthesis.and attempted cyclisation of 2,3-dicyano-
l—(2'-nitrophenyl)propene .(301) seemed worthy of investigation since
the substrate, (30l) would have a very reactive methylene centre in
the ortho-side-chain and hence should undergo facile base-catélysed
' cyclisation to the unknown 2,3—di§yanoquinoline l-oxide (302).

The phosphorane precursor (300) of the benzylidene compound (301)
was unknown but was readily prepared by the reaction of triphenylphosphine

with fumaronitrile in acetic acid which performed the dual role of solvent

and acid catalyst. The structure of the phosphorane (300) is supported
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by its elemental analysis which is consistent with‘its molecular

CN- g X CN

NO, CH,CN. ,}rj/ CN
0O- |

R

(301) (302)

formula of C22H15N2P1 The mass spectrum however, did not show‘a
parent ioﬁ and the base peak was attributable to triphenylphosphine
oxide (m/e 278). This is in keeping with the beﬁaviouf of bthérv
aﬁthentic':'phosphoraneslo9 which also show no parent ion'and ha;e a"

base peak corresponding to triphenylphosphine oxidé. The i.r.‘spectrum
of the phospho;ane (300) showed two bands attributable to a cyanb
stretching mode. Thus, - the higher band at 2240 cm—l is weak as expected
for a cyano group attached to a saturated carbon. The second band,
however,ﬂét‘214o cm_l, is ;OWered,duevtﬁ coﬁjugation tedqcing ﬁhé triple
bond character of the cyané group. This lower band>at 2140 émilxis |
~also the more intense and reflecté the increase in'dipoie moment of

the cyano group due to the contribution of a phosphobetaine structure

(300b) to the overall electrcnic conditicn of the phosphorane {300).

N-
CN - -~
/7 v £
Ph‘3P=C\ = PhyP |
CH2CN CH,CN
(a) - ‘(b)‘A

’ (300)
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The reaction of the phosphorane (300) with 2—nitrobenéaldehyde (279a)

in refluxing benzene for 24 h, gave a moderate yield (54%) of 2,3-dicyano-
-1-(2'-nitrophenyl)propene (30la) (m.p; 1260). The structure of this
benzylidene derivative is based on its elemental analysis and mass
spectrum‘which has a parent ion atim/e 231. The i.r. spectrum of the
dicyano compound.(3dla) shows a weak adsorption at 2250 cm—l due to the
non-conjugéted 3-cyano group and the stronget band of 2200 ;m_l, is
assigned to the conjugateé 2~-cyano group. Bands due to a nitro group
and to a C=C were also present. However, when the same experiment was
carried out af a temperature of'SOOC for 48 h in attempt to imprbve the
yield, the pxoduct that was isolated in 47% yield had a melting poin; of
80°C and was.more scluble than the dicyano éroduct (301a)%; The'ele&énta1 
anélysis however, was consistent with a molecular formula C11H7N30£'
isomeric with the dicyano compouﬁd (301a). The i.r. spectrum of this
isomerié material showed a weak cyano peak at 2265 cm-.l and a stronger
band at 2115 cm_l. The bands at 1525 and l345}cm-l are indicative of
theupresence of a nitro group. Hehce; it was conéluded that the iso-
meric material (30lb) was simply a geometric,isomér of the dicyano

. product (30la). Since'conjugatibn is more étfongly transmitted along

N . CHyCN

NO, CH2CN NO,CN

(301b) , (30la)

a trans'framework,llo the iscomer of the'dicyano compound having the
vinylic cyano group trans to the 2-nitrophenyl group will show a lower

vinylic cyano group stretching frequency. Thus, the lower melting
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isomer must have the configuration (cf. 301b) of an E-isomer.

The attempte& base—éatalysed cyclisation of the two isomers
(30la) and (301b) proved unsuccessﬁul; Thus, when the Z-isomer (30la)
was heated with ethanolic sodium hydroxide, the only isolated product
was ‘an amorphous solid which could not be fully characterised but whose
i.r. spectrum showed the presénce of a nitro group. Since there is
hindered rofation'abouﬁ the carbon—éarbon douSle bond, the Z-isomer
(30la) is not structurally suited for nucleophilic interaction between
the active methylene groﬁp and the ortho-nitro group due to the Egégg
relationship b¢£ween.£he cyancmethyl and. the nitiobeniene ring.
However, despite ﬁhe more favourable éﬁerié si£pation in the E-isomer
(301b),'when it was'heatéd with alkali the p;oduct wés again an intract-
able solid whose i.r.'spectrum showed the presence of a nitro group;
indicating that the desired cyclisation had. not occurred to any significant

extent.

(302)

In a further study of the scope of the Wittig condensation in

thié area, the reaction of the known gfphenyl-triphenylphosphoranylf

11 with‘2~nitrobenzaldehyde in benzene under

-

reflux for 24 h, gave 3-(2'-nitrobenzylidene)-l-phenylsuccinimide. (303)

‘1
idenesuccinimide (302)

in good yield. The latter product gave analytical and spectral data
consistent with its formulation. In particular, its mass spectrum

showed a parent ion at m/e 308 and its i.r. spectrum showed a strong
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carbonyl band at 1715 cm_l and a weak carbonyl band at 1775 cm—l. The

band at 1600 cm—l is assigned to the C=C bond. The bands at 1530 and
1350 cm-l are attributed to the nitro group stretching modes. The lH
n.m.rf of the benzyiidéne derivative (303) was also consistent with the
assighéd structure. Thus the doublet ét T 1.87 is assigned t§ thé
. H-(3') proton of the nitrobenzene ring which suffers deshielding by the
2'-nitro grbup. The triplet-aﬁ T 1.98 is ‘assigned to the'vinyl hyarogen
which is coupled to the methylene group. This was confirmed by a
decoupling experiment in which the methylene group, a doublet at T 6.41,
was jirradiated and collapse of the triplet at T'l;98AtO a sinélet;xwas
obéervéd. The signals in the region 1 2.20-2.68 ére assigned>tb thejl
remaining éight arqmatic hydrogens. |

The feacfion of 3—(2'-nitrobenzylideﬁe)-l-phenylsucciﬁimidé“(303)
with aqueous ethanolic sodium hydroxide afforded an acidic solid whose
i.r. spectrum showed ah NH stretch at 3320 cm_l, an acidic OH stretch .
. at 2600 cm‘_l and a broad carbonyl'stretching‘mode at 1680 cm—l. This"
solid is tentatively assigned the strﬁcture_Qf‘3-(§:phenyl¢arbam§yl)
quinoline—2-carboxylic-acid l-oxide (306), (Séheﬁe 51). As with the ..
dicarboxylic acid analogues (286 b-d) it underwent decafboxYlation onilf
attempted recrystallisation from ethanol4acéti§ acid to afford avsolid
which is assigned the struciure of quinoline—3—k§;phenylcarboxamide)
l-oxide (307) on the basis of its elemental analysis and its mass spectrum -
which showed a parent ién at m/e 264, in accord with a_molecula;‘formu;a
of C._ H _N_O .V Its i.r. spectrum showéd'bandsvdue to an amide NH at  .

1612272 ,
3250 and 3200vcm-l and a band at 1680 cm—l'due to a carbonyl stretchiné

mode.
. The mechanism of the cyclisation of the benzylidenesuccinimide =~

derivative (303) to'the_quinolihe amide-carboxylic acid (306) may involve

direct aidol-type condensation of the methylene group in the side-chain
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with the ortho-nitro group (Path A; Scheme 51) to give the tricyclic
intermediate (305) which undergoes subsequent hydrolysis to affor& the
quinoline 1l-oxide (306). An alternative route (Path B; Schemg 51)
involving prior hydrolysis of the imide ring to give the éarbo#ylic

acid (304) seems unlikely. As the final product.(306) has the carboxylié
acid group on the 2—§osition of the quinoline nucleus, the mode of cleavage
of the imide ring must occur as shown [(303) -+ (304); Scheme 51] and not
by nucleophilic attack by hydroxide ion at the alternative amide carbonyl
group which would result in a quinolire~3-carboxylic acid l-oxide
-derivative on subsequént cyclisation. Thus, if the mechgnism occurred
as repiesented in path B (Scheme 51), the intermed;ate (304) woqld bear
an ionised carboxylate group in the alkaline reaction medium and the
presence of this negative charge would aeactivate the methylene éroup
making cyciisation unlikely.

An attempt to effect the base-catalysed cyclisatioﬁ of- the
2—nitrobenzylidenesuccinimide derivative (303) using ethanolic sodium
ethoxide resulted only in the formatidn of intractablé solids. With
triethy;amine as basic catalyst however, a small amount (10%) 6f a soiid
was isolated and identified as 2,3—dihydro-2-phenyl—lH-py{:o;b[3,4-§]f )
quiholine41,3—dione (305) from its eleméﬁtal analysisland ité mass
spectrum.which showed a parent ion ;t.m/e 290, consistent with av
molecular formula of C17H10N203. Its i.xr. spectrum lacked bands due to
nitro group absorptionsvbut did show two ca;bpnyl stretching modes at
1780 and 1720 ém_l which is éons;stent with the‘chafacﬁeristic high
ffequency of five~membered cyclic iﬁides, The isolation of this
’tricyclic N-oxide (305) is consistent with direct aldol-type condensation
between the nitro group and the acidicAﬁethyiene group in the side—chéin
and hence supports the mechanism postulated (Path A; Scheme 51) for the

formation of the quinoline amide-acid l-oxide (306) from the same

benzylidene precursor (303).
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(303) ' (305)

In similar fashion to the condensation of 2-nitrobenzaldehyde with
the,phosphorane derivgd from N-phenylsuccinimide, its condensation.wiﬁh
the known 3-(triphenylphosphoranylidene)succinimidél}l4(308) gave
3—(2'—nitrobenzylidene)succinimide (369) in géod yieid (72%) . The
benéylidene derivative (309) gave analytical and spectrél data coﬁsisﬁént
with its formulation;v In paiticular, itsvmass spectruﬁ showed a base-
peak at m/e 186 which corresponds to the loss of the elements éf nitrogen

112 .

dioxide from the benzylidene parent ion, a known fragmentation for

some 2-nitrophenyl derivatives on electron impact.

O .
‘CHO PhsR, -
NH —
PJ()Z o '
| 0

' (308) (309)

Heating the benzylidene derivative (309) with ethaﬁplic efho#ide'
afforded an unidentified solid in low yield (10%).whose elemental analysis
and mass spectrun (m/e 261)Aare.in accord with a molecular forﬁﬁla of
Cl6H11N3O The i.r. spectrum of this éolid showed absorption bands at»

3340 and 3160 cm_l which are attributed to NH stretching modes and the

band at 1650 cm.-l indicates the presence of a carbonyl group. Bands
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attribgtable to nitro group absorptions were absent. However, lack of
material precluded further investigation of this solid. The use éf
triethylamine as the basic catalyét in.the attempted cyclisation of
(309) likevwise gave a low yield (10%) of an unidentified ;olid,

The possibility of synthesising the benzylidene'precursor (311) with
a view to effecting its base-catalysed cyclisation to a 4-substituted
quinoline ;jgyoxide was envisaged. This extension to the quinéliné 1-
oxide synthesis was thwarted however, by the failure of 2-nitroaceto-

. phenone (310) to react with the phosphorane (280b) under the conditions

COCH; - FOE
- T+ PhgP —x
“NO2

CH,COoEL |

(310) (280Db)

used for the successful 2-nitrobenzaldehyde condensations. The failure
of the reaction between the.ketone (310) énd thé phosphorane (280b) is
éxplained by steric effects -and the feduced electrophiliéity.ofrthe;
" ketonic carbonyl gioup (due to the inductive effect of the methyl group),
in éompafison.to an aldehyde group. |

The synthesis of othe; 2-nitrobenzylidene derivatives which contain
an active methylene group suitablé for nucleophilic interaction with an
gzzggjnifro group on a benzene ring was also investigated. ‘ Tﬂus,
3-(triphenylphosphoranyiidene)succinic anhydride113 (312) was chosen -as
its successful condensation with 2-nitrobenzaldehyde would afford the
benzylidene derivative (313) which would have an acidic methylene group
capable of undergoing base-catalysed cyclisation to give a quinoline

N-oxide. However, the attempted Wittig condensation of the phosphorane

(312) with 2-nitrobenzaldehyde gave, as the only identified product,

triphenylphosphine.
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CHO Ph3p\\¢30 |
NOj - N
Nz T

(312)

When 2-nitr05enzaldehyde was heated under reflux with l-ethoxycarbonyl-
"ethylidenetriphenylphosphorane—2—carboxylate113 (314), only a mixture of
the starting méterials was obtained. The failure of the reactian in this
case.may‘be attributed to the Qeakly nucleophilic néture of the a~-carbon

in the phosphoréne (314),Awhich is-best represented'by‘thé phosphonium

structure (3l4b).113

Ph3r§[/cozcsz | Ph3F-5\'/COZC2H5»

- HC
. Z\COE'

@ O ®

(314)

‘The attempted extension oﬁ the scope of thé Wittig‘condénsation v
reéction of 2—nitrobenzaldéhyde to the_interesting possibility of
v'syntheéising a benéo—ac£idinéquinone (317) was-pndertaken by aﬁtempting_
to céndense'the:known phpsphofénell4 (3i5) with the aldehyde (27§a) to \
obtain the 2—hitrobenzylidene-naphtﬁalene derivativé (316) which would
be expécted to have an active héthylene group. However, the only
isolated material from the atﬁémpted Wittig condenééﬁién [(279a) + (315ﬂ

was a high return of unreacted phosphorane (315).
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‘CHO Ph3R
N0,

(315)

(317)

In one case, the pioposed synthesis of the benzylidene'derivatiﬁé
(320) was thwarted by the failure to obtain the phdsphorahe derivative.
Thus triphenylphosphine failed to form an adduct (319) with ethyl .

cinnamate (318) and the subsequent cyclisation reaction could not be studied.

(321) - . ‘ S (320)
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In al; the successful syntheses of 2'—nitrobénzylidene derivatives
so far reported in the present work, the common substrate has been a
2-nitrobenzaldehyde derivative which has been reacted with a phosphorane’
deriygd from an electrog—defigient oigfin. However, an alternative
method of performiné the ﬁittig re;?tiod Qas envisaged in which the known
phosphoranells-'116 (324) derived.from Z;nitfobenzyl chlofide (322) could
be condensed with diethyl oxaloacetate (325) to again'give the bénzylidené
derivative (28lb). . However, in practice, although the phosphorane (324)

could be readily obtained, its reaction with the ester (325) proved . -

unsuccessful, none of the benzylidene derivative (28lb) being isolated

CHoCL  _~_CH,PPh
NO, N,

(322)
CO2CoHs

(328) [
0 C OzCsz |

(281b)

from the reaction mixture,.although the purple colour qf the phosphorane
(324) disappeared readily. .. In the reaction of the phosphorane (324)

116 took the disappearance of the

with formalin solutions, Butcher et,al.
colour of the phosphofane as indicative of ccmplete reaction. With the

case in hand however, t.l.c. of the colourless reaction mixture showed
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a mixture gf starting materials to be present and'the mixture was therefore
heated under reflux for é4 h. Triphenylphosphine oxide was then isolated
and this may be indicative of reaction. Nonetheless, it is apparent that.
the attempted Wittig condensation of the phosphorane (324} with diethyl
oxaloacetate (325) does not provide an efficient, alternative route to the
benzylidene derivative (281Db)..

EXPERIMENTAL

l,2—Dibenzoylethylidenetriphenylphosphoraneloo(280a).

'a) The phosphorane (280a) was prepared. by the method of Ramirez et. a1.1°9

100 4429,

(20%), m.p. 117° (lit.,
. . .4 117 )

b) Triphenylphosphine hydrobromide (1.40 g) and dibenzoylethylene

(0.94 g, 0.004 mol) were heated under reflux in acetonitrile (25.0 ml)

for 15 min. The solution was treated with water (6.0 ml) and washed

with ether (2 x 5.0 ml) and the aqueoﬁs phase was basified with dilute

aqueous sodium hydroxide (4.0 ml) to give the insoluble phosphorane

100

(280a) (0.76 g; 38%), m.p. llSo (lit., 1220), identical (i.r. spectrum)

with a sample prepared as in (a).
101

1,2—Bis(ethoxycarbonyl)éthylidenetriphenYlphoéphoréhé (280b)

The phosphorane'(280b)iwas preparelel;by the;reaction of diethyl-

fumarate with triphenylphosphine hydrobromide (83%) m.p. 104o (lit.,1Ol

106°) .

, _ _ 1
3-Triphenylphosphoranylidenesuccinic Anhydridel 3 (312)
The phosphorane (312) was prepared by the reaction of maleic
. . 113
anhydride with triphenylphosphine (71%), m.p. 174o (decomp.) (lit.,

174%). L
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1—Pheny1—3—triphenylphosphoranylidenesuccinimidelll (302)

The phosphorane (302) was prepared by the method of Hedayalll with

the modification that the acetic acid reaction mixture was evaporated and

the residue was triturated with acetone to give the phosphorane (302)

111

(63%), m.p. 172° (lit., 178°%) .

113

l—Ethoxycarbonylethylidenetriphénylphosbhorane;2?CafBGXylate ‘(314)

The phosphorane (314) was prepared113 by ethanolysis of the

113

corresponding anhydride (312) (76%), m.p. 131o (1it., 1270).

114

2—Phosphoranylidene-l,2,3,4—tetrahyaronaphthalene—l,4—dione (315)

The phosphorane (315) was prepared by the method of M.A.A. Begl;4

114

(42%) m.p. 162° (1lit., 163°) .

3—Triphénylphosphorahyliden‘esuccinimidelll (308)

The phosphorane (308) was prepared by the method of Hedayall; (70%),

m.p. 270° (it., ' 220, v__ 2740 (NH) and 1740 and 1640 br(CO)em ©, '

l,2—Dicy5noethylidenetriphenylphbsphdrahé,(BOb)

A mixtﬁre'of'triphenylphOSphiné:(16.5 g, 0.04 mol) aﬁd fﬁmafonitrile-

(3.2 g, OL04 mol) in glaciai acetic acid (13C ml) was stirred and heated

‘on a steam bath at 100° for.1l h. The mixture was cooled and the solid
was collected to give the phospho;ane (300) (5.9 g; 43%), ﬁ.p. 146o

(from ethyl acetatej, Voax

.

2240 w and 2140 (CN).
. v
Found: €, 77.9; H, 5.1; N, 8.4%; M , 278 (Ph3PO).
C22H17N2P requirgs: C’,77f7; .H, S,O; N, 8.2%; M, 340.
Evaporation of the acetic acid filtrate afforded an oil (7.0 g)

whose t.l.c. in ethyl acetate over silica showed it to contain three

components one of which was the phosphorane (300). Dry column
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chromatography of the oil (7.0 g) in ethyl acetate over silica afforded
a further quantity of the phosphorane (0.2 g), identical (i.r. spectrum)
with the previous crop. The attempted extraqtion of the more polar
component ﬁrom the silica using ethyl acetate aﬁd methanol afférded'only
an intractable black tar (0.8 g).

2'—Nitrobénzyltriphenylphdsphonium Chloride115 (323)

The phosphonium salt (323) was prepared by the method of Kr'c;hnkellS

with the modification that the filtrate from the first crop of - product
was evaporated and the residual gum was triturated with acetone to give

" a second crop of product (total 47%), m.p. 249° (1it.,115 23001..

2'—Nltrophenylmethylenetrlphg*ylphosphorane (324)115 116

The phosphonlum salt (323) (10.0 g) was stirred in 10% w/v aqueous
sodium carbonate solution (300 ml) for 3 h at room temperature to give

the deep purple ylide (324) (7.0 g; 80%), m.p. 163°, . S

The Attempted Synthesis of Ethyl 3-Phenyl-3- (trlphenylphosphoranylldene)

propionate (319)

A mlxture of triphenylphosphine ﬁydrobromlde (1.4 g, 0.004 mol) and
ethyl c1nnamate (0.71 g, O. 004 mol) in analar acetonltrlle (25.0 ml) was
heated under reflux for 25 min. The mixture was cooled and pouredwintd
water (15.0 ml) and then washed with ether (3 x 5.0 ml). The aqueous
phase was treated with dilute aqueous sodium.hyd:oxide solution (3.6 mi)
and then-washed with ether (3 x 5.0 ml) to give én §i1 which was triturated.
with light petfqleum to give triphenylphosphiné (0.51 g),-identical
(m.p. and i.r. spectrum)aﬁith an auﬁhentic sample. The light petroleum
filtrate was evaporated to leaQe an oil whose £.l.c. in ether over silica

showed it to contain triphenylphosphine and ethyl cinnamate.
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Evaporation of the original ether washings afforded an oil (0.29 qg)
whose t.l.c. in ether over silica showed it to contain ethyl cinnamate

and one other minoxr component which was not identified.

Syntheses of 2-Nitrobenzylidene Derivatives

The Attempted Synthesis of 2,3—Dibéhzoyl-1—(2'-nitropheﬁYl)ﬁropeﬁe (281a) -

a) A suspension of 1,2-dibenzoylethylidenetriphenylphosphorane (280a)
(1.3 g, 0.0025 mol) in dry benzene (30.0 ml) was added dropwise to a
stirred solution of 2~nit£obenzaldehyde (0.38 g; 0.0025 mol} in dry
benzene 25.0 ml). The mixture WAS then refluxed for 22 h; The resulting ‘
red solution was.evaporatedAand the ?esidue was extracted with hot light
petroleum. The insoluble residﬁe wés recrystallised from ethanol to giVeA

100 111°) identical

l{2—dibenzoyiethyleneloo (0.2 g; 34%) m.p. 1090'(lit.,
(m.p. and i.r. spectrum)'wifh an authentic sample. Evaporation of the
ethanol mother liquors gave a gum (0.07 g) whose t.l.c. in ether over
silica showed it té contain é—nitrobenzaldehyge and the phosphorane (280a).

Evaporation of the ligh£ pefroleum extfactland tri;uration of_the-
residue with ethyl acetate affordéa:a‘éolid (0.42 g}, m.p. liso whoée
t.l.c. in ether over silica showed it to contéin fhe phoéphoraﬁel(280a)
andAdibenzoylethylene. Evéporation of the ethyl acetate mother liquors
left an oil (0;6 g) whose t.l.c. in ether over silica showed it to contain
2-nitrobenzaldehyde, dibenzoylethylene and th¢ phosphorane (280a).
b)'Z—Nitrébenzaldehyde‘(0.19 g,'O.l3 leB'in dry benzene (5.0 ml).wés
added dropwise to the phosphorane (280&)‘(0;5 g) in dry benzene (25.0 ml).
and the mixture was siirred at rooﬁ témperature for 72 h. The.reéulting
yelldw solution was evapofatéd_and the residuerwés tfiturated with ethér
to give a solid (0.11 g), m.p. 1060, whose t.l.c. in ether over silica

showed it to.éontain only dibenzoylethylene and the unreacted phosphorane

(280a) .
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Evaporation of the ether mother liquors left an oily solid (0.7 g}
whose t.l.c. in ether over silica showed it to contain a mixture of

debenzoylethylene, the phosphorane (280a) and 2-nitrobenzaldehyde.

2,3-Bis (ethoxycarbonyl)~1-(2'~nitrophenyl)propene ..(281b)

a) A solution of 1,2—bis(ethoxycarbonyl)efhylidenetriphenylphosphoranelol
(280b) (8.6 g, 0.02 mol) in dry benzene (60.0 ml) was added dropﬁise over
a period of 15 min to a solution of 2-nitrobenzaldehyde (3.0 g, 0.02 mol)
in benzene (15.0 ml) under an atmosphere of nitrogen. The mixture was
hegted under reflux for 24 h and then cooled and evaporated. The residge
was extracted with ether and the inscluble triphenylphosphine oxidg was
coilected (3.3 g; 68%) m.p. 1570, identical (i.r. spectrum) with anAauthéptié"
sample.‘ |

The ether ex£ract was evaporatéd and the residue (7.3 g) was'recrystal—
lised from 60% v/v ethanol-water to give the.2—ni£robenzylidene.de:ivative
(281b) as long colourless needles (5.5 g; 90%), m.p. 7l°, vmax. 1720 and
1710 (CO) and 1520 énd 1340.(N02) cmfl,,r(CCl4) 1.86 (1H, 4 J 9Hz, ArH),
1.98 (1H, s, CH), 2.30-2.59 (3H, m, ArH) 5.76 (2H, q J 8Hz, CHZ),A5.9O
(2H, q J 8Hz, CH,), 6.86 (2E, s, CH,), 8.67 (3H, t J 8Hz, CH,), and
8.77 (3H, t J 8Hz, CH3), o

Found: C, 58.8; H, 5.5; N, 4.5%; M, 307.

ClSHl7N06 requires: q, 58.6; H, 5.6; N, 4.6%; M, 307.
b) 2';Nitrophenylmethylenetriphenylphosphoranells(324) (0.79 g, 0.002 mol)
in dry bénzene (30.0 ml) was added dropwise over a period of 0.5 h with
occasional mixing, to a solution of diethyl oxaloacetate (0.37 g) under
an atﬁdsphere of nitrogen. . The purple colour of the phosphorane was
discharged immediately. T;l.c. of the reaction mixture in ether over'

silica showed it to contain four components one of which was unreacted

diethyl oxaloacetate.  The solution was heated under reflux for 24 h
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and then evaporated to leave an oil which was triturated with ether to give
triphenylphosphine oxide (0.2 g) identical (i.r. spectrum) with an authentic
sample. The filtrate was evaporated to give an oil (0.63 g), which was ’
chromatographed over alumina. Elutlon w1th ether gave an unldentlfled oil -
(0.1 qg), Vhax. 1750 (CO) and 1530 and 1350 (NO ) cm l. Further elutlon
with ethyl acetate afforded qnly triphenylphosphine oxide (0.24 q) identical

(i.r. spectrum) with an authentic sample.

2,3—Bis(ethoxycarbonyl)—l-(5'-bromo-2'—nitrophenyl)propene (281c)

The nltrophenylpropene (281c) was prepared as in (a) above by the
reaction of 5- ~bromo-2-nitrobenzaldehyde with 1, 2-bls(ethoxycarbonyl)
ethyl1denetrlphenylphosphoranelOl (280b) as colourless needles (70%) ,

m.p, 85o (from 60% v/v ethanol-water), vmax. 1715 (CO), and 1515 and

1340 (NOZ) cm_l, T(CDC13; 60MHz) 2.06 (1H, d J3’4 8Hz ArH), 2.16 (1H, s, CH),

2.32-2.60 (2H, M, ArH), 5.66-6.18 (4H, m, CHZ), and 8.68-9.00 (6H, m, CH3).
Found: C, 46.4; H, 4.1; N, 3.4%; u'387/385

Cl5H16BrNO6 requires: C, 46.6; H, 4.2; N, 3.6%; .M,386.

Further work up yielded no more product.

2,3-Bis(ethoxycarbonyl)—l—(SiécnloroF2'~nitrqphényl)pfdpene (2814)

The 2—nitrophenylpropene derivative (281d) was prepared as in (a)
above by the reaction of 5—chloro—2—nitrobenzaldehydé with.the phosphorane101
(2804) . It formed colonrless needles (62%) m.p. 62° (from 60% v/v ethanol-
water), v max. 1720 and 1710 (CO), and 1515 and 1340 (NO ) cm l, I(CDCl )
1.86 (1H, 4 g 9Hz, ArH), 1.95 (1H, s, CH), 2.20-2.54 (2H, m, arH), 5 60-
5.94 (4H, m, CH2), 6.72 (2H, S, CH2) and 8.58-8.80 (6H, m, CH3).

Found: C,~52.7; H, 4.7; ﬁ, 4.1%; M+343/341
C, g, CINO, requires: C, 52.7; H, 4.7; N, 4.1%; M,341.5.

Further work up yielded no more product.
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3-(2'~Nitrobenzylidene)-l~phenylsuccinimide (303)

2-Nitrobenzaldehyde was reacted with the phosphoranelll

(302) in
benzene as desqribed for 1,2-bis(ethoxycarbonyl)ethylidenetriphenylphos-
phorane before. Evapdration of the reaction mixture gave a éolid.residue>‘
which was extracted with hot 50% v/v ethanol-waté£ éﬁd~hotffiltered._ |
Recrystallisation of the insolﬁble solid from ethy1>éceta€e afforaedbthe‘“
colourless 2-nitrobenzylidehe dérivative (303) as a éowder‘(73%),'m.p; 183°,

vmax 1775w, 1715 and 1680w (CO), and 1530 and 1350 (Noz)_cm?l;

T CDC1,-(CD,) ;SO 9.87 (1H, d J 9Hz, ArH), 9.98 (IH, t J 3Hz, ArH), 8.20-
8.68 (88, m, ArH), 6.41 (28, d J 3Hz, CH,).
Found: C, 66.1; H, 3.9; N, 8.8%; M 308.
C17H12N204 requires: C, 66.2; H, 3.9; N,v9.1§;_ M,308. | |
Work up of the aqueous—ethanol mother liquors afforded only triphenylphosphine °

oxiée (86%) identical (i.r. spectrum) with an authentic éémple. 

3-(2'~Nitrobenzylidene)succinimide (309)

v2—Nitrobenzaldehyde was reacted wiih the phosphor_amelll (308) in
_acetonitrile as described for.l,Z—bis(eﬁhékycarbonyi)ethy;idénetripheny;f‘
phosphorane beforé. The réactioﬁ mixtureiWas eVaéératéd and the2ré§iéué‘y
was extracted with hot 50%_v/v ethanol;ﬁatef. vThe‘insoluble séiid w;é
collected and recrystélliSéd ffém ethanol-water to givé the pure 2-nitro-
benzylidene.derivative (309) as colpﬁrless plates (72%), m.p. 1720, Ymax.
3190br (NH), 1775, 1715 andilGSS (CO) and 1525 and 1355 (N02) cm-l.
T (¢b3)2so -1.46 (lH, br s, NH), 1.90f2.52 (5, m, ArH, Cﬁ) and 6.52
(24, 4 3 3Hz, CuH,). | | | o

Found: C, 56.7; H, 3.4; N, 12.0%; p'186 (Mf—noz)

’ . 3 - . . - %. . '.
C11H8N204 requires: C, 56.9; H, 3.5; N, 12.1%; M,232v
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2,3~Dicyano-1-(2"'-nitrophenyl)propene (30la and b)
a) 2-Nitrobenzaldehyde (0.002 mol) wasjreacted4with the phosphorane (300)
(0.002 mol) in benzene (15.0 ml) as described for 1,2;bis(ethoxycarbonyl)-
ethy1idenetriphenflphosphorane above. The reaction mixture was evaporated
to give a gummy residue which was extraéted with ether. Evaporation of the
gther extract and trituration~of the gummy residue with ethyl acetate gave
triphenylphosphine oxide (0.47 g) identical (i.r. spectrum) with an authentic
sample. | |

Evaporation of the ethyl acetate mother liquor§ and retrituration with
methanol afforded the 2-nitrobenzylidene deri&ative (30la) (54%), m.p.i26o
(from ethanol-water), vmax. 2250w and 2200 (CN), 1570 (C = C), and.;525
and 1345 (No,) cm . |

| Found: C, 61.9; H, 3.4; N, 19.2%; M'213.

c, ;H,N,0, requiré;: c, 62.0; H, 3.3; N, 19'.7%'; M,213.
b) A solufion of the phosphorane (300) (1.7 g, 0.005 mol) and 2—§itfo_
benzéldehyde (0.76 g, 0.005 mol)<in dry benzene (100 ml) was heated at
50-o for 48 h. The solution was evaporated and the rgsidﬁé was dissolyed
in chloroform and washed with saturated aqueous éodium hydrogén sulphite
solution (2 x 5.0 ml) followed by dilute aqueous hydr§chloric acid (5.0 ml).’
The chloroform layer was evaporated and the fesidue'was-triturated with
ether-ethyl acetate to give‘triphenylphosphine oxide (0.44 gi identical
(i.r. speétrum) with an authentic sémple. The ether-ethyl acetate mother
liquors were evaporated and the residue was triturated with ether-ethanol
to give the 2-nitrobenzylidene derivative (BOlb) (0.5 g. 47%),.m.p.>800_
(from light petroleum—ethyl acetate), vmax. 2265w and 2115 (CN), and 1525 and
1345 (NO,) an T

Found: C, 61.8; H, 3.4; N, 19.8%; M 213
CllH7N302 requires: C, 62.0; H, 3.3; N, 19.7%; M,213

The ether-ethanol mother liquors were evaporated to leave a gum (1.0 g)-

from which no further identifiable material could be isolated.
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The Attempted Synthesis of 1,2-Bis(ethoxycarbonyl}=-3-(2'-nitrophenyl)but-

2-ene (311)

2—Nitro;ce;oph§none (0.7 g, 0.004 mol) was reacted with the phosphor-
anelo1 (280b) --(1.8 g, 0.004 mol) in dry benzene (15;0,m1) as described
bgfore. Evaporation of the reaction mixture left an oil which was
triturated with eﬁher to afford the unreacted phbsphorane (280b) (0.54 g),
identical fm.p. and i.r. spectrum) with an authentic sample. The ether
mother liquors were evaporatedand the residual oil (1.65 g) was chromato-
graphed over alumina. Elution with light petroleum afforded triphenyl-
phosphine oxide (0.2l g) identical (m.p. and i.r. spectrum) with an

.

authentic.sample. .
Elution with éther afforded unreacted 2-ﬁi£roacetophenone (0.67 q),
identical (i.r. spectrum) with an authentic samplé,
- Further elution wiﬁh ether afforded more unreacted phosph'oranelOl

(280b) (0.49 g) identical (i.r. spectrum) with an authentic sample.

Finally, elution with methanol afforded no further material.

The Attempted Synthesis of 3-(2'-Nitrobenzylidene)succinic Anhydride (313)
a) 2-Nitrobenzaldehyde (0.75 g; 0.005 mol) was reacted with'triphenylphésphorl

anylidene succinic anhydridell3

(312) (1,74 g, 0.005 hol) in benzene (40.0 ml)
as described before. After 24 h the reaction mixtgreAcontained an insoluble
gum. The supernatant liquid was decanted, evaporated and the resulting
residue was triturated with methanol to afford triphenylphosphine (0.24 g);
m.p. 78° klit., 820), identicai (i.r. speétrum) with an authentic sample.
T.l.c. ovef silica in ethyl acetate of thé insoluble gﬁm and of the methéndl

mother liquors showed them to consist of unresolvable multicomponent mixtures

containing triphenylphosphine.
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b) The reaction (a) above was repeated at room temperature'for 48 h to give
a dark solution whose t.l.c. in chloroform over silica showed it to contain
largely,2—nitrobenzaldehyde and the phosphorane (312) plus a small amount

of a. highly coloured componéﬁt.' The mixture was not further investigated.

Thé Atteﬁpted anthesis Qf'3-Etﬁokycé¥50ny144—k2'—nitro?henyl)but—3—enoiciAéid
2-Nitrobenzaldehyde waé reacted Witﬁ £he.phosphorane113'(3i4).aé

described for the phosphorane (280b), before. Evaporation of the reaction

mixture left an oily ;esidue whose t.l.cf in chloroform overvsi;ica showed

it to contain largely a mixture of the starting materials and ﬁwo other

minor components. The mixture was . not further investigated.

The Attempted Synthesié of 2—(2'—NitrbbenzYlidehe)—l,é,3,4—tetréﬁydro—._,

naphthalene-1l,4-dione (316)

2—Nitrobenzaldehyde,was reacted with fhé pﬁosphorane114 (315) as.
described for the phosphorane_(ZBOb). Hot filtration of the reaction
mixture gave the unreacted phosphoranell4 (315)»é.second crop of.ﬁﬁich
was obtained by evaporating the fil;?&te qu‘tfiturating the residue with
ethér—ethanol (total 77%) i&éﬁtical (m.p. énd i.rf speétrum) With.an‘
éuthentic saméie. T.l.c. of thé residue frdm'fhe<ether-éthén61'mothgf

3 s Y 3 . T + IS | ~1 49 JUNPUAPLEY °§ Lo, -
liquors in ether over silica showed it to contain largely 2-nitrobenzalde-

hyde and several other minor components. .

The Base-Catalysed Cyclisations of 2-Nitrobenzylidene Derivatives

The Base—Cataleed Cyclisations of 2,3-Bis(ethoxycarbonyl)-1-(2'-nitro- .

phenyl) propefie: (281b)

a) Using Ethanolic Sodium Ethoxide

The benzylidene derivative (281b) (0.6 g, O,QOZ mol) in absolute

ethanol (5.0 ml) was tréated‘with_a solution of sodium (0.18 g, 0.008 mol)
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in absolute ethanol (10.0 ml) and the resulting sélution was heated under
reflux for 0.75 h during which time a solid precipitéted. ' The mixture

was evaporated, treated with water,(lo.o'ml) and extracted with chloroform.
Evapqration oflthe chlorofprm extréct gave no material. The aqueous phase
'was.acidified with diiufe aqueous_splphgriqugid §ﬁ§;extra¢ted-w;thicﬁlordform;

to give 2—ethoxycarbthlqﬁiholine¥3%carboxyiic*acid'l-OXide=(286b) (0.05 g;

10%), m.—p,'200o (from ethanol-water), vmax - 2720br and 2620br (OH), and 1740 an

1700br (CO) cm T.

Found: C, 59.9; H, 4.4; N, 5.4%; M 26l.
ClSHlsNOS requires: C,.59.8; H, 4.2; N, 5.4%; M,261. '
The aqueous filtrate on standing precipitated the monosodium salt
of qﬁinoline—2,3—dicarboxylic acid 1—oxide (0.2 g), vmax .3500br, 2500br

'(OH) and 1713 (CO) cm—l, converted by stirring with concentratea.aqueous

hydrochloric acid for 20 min into quinolihe-Z,3—dicarbdxylic acid

1-oxide (286d) (0.15 g, 32%) which decarboxylates at 130° and finally
melts at 2700, vmax 2450br (OH) and 1760 and 1635 (CO) cm—l, p+ 189

(M+—44). The dicarboxylic acidv(286d) decarboxylated on recrystallisation

from water to glve qulnollne—3 carboxyllc acid l-oxide (290a), m.p. 278 ’

v 2580br (OH) and l720br (CO) cm 1,.A ) 215, 237, 247 and 330 nm
m - max. max. ‘

(log . 3.67, 4.10, 3.97 and 3.38).

_ max .
Found: C, 63.0; H, 3.8; N, 7.4%; M'189.
lo 7NO requires: C, 63.5; H, 3.7; N, 7.4%; M,189.

'b) Using Aqueous Ethanolic Sodium Hydroxide

The beﬁzylidehe deriQative‘(281b)r(i,2ag; 0.004 mol) in ethénol
(20;0 ml) Qgs tréatea with 10%.w/v:aqueousxsqd;um hYd?°*id¢=(lo-ofm1}":
and the-épiution was heated uhderjieflux‘fdf 45 min during which time -
a solid precipitated. = The mixturerwas'evaéofaﬁed and the solid residué
was treated with water (570 mls énd acidified with concentrated aqueous

hydrochloric acid. The resulting precipitate (1.0 g) was collected and
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acidified with concentrated aqueous hydrochloric acid to give the dicarboxylic
acid (286d) (0.82 g; 89%) which decarboxylates at l3OO and finally melts at

2700, vmax 2450br (OH) and 1760 and 1735 (co) cm-l, identical (m.p. and'’

i.r. spectrum) with a sample prepared as in (a), before.

Extraction of the aquedus acidic mother liquors with chloroform gave

\
.

"no further material.

(c) Using Triethylamine

i) The benzylidene derivative (381b) (0.61 g, 0.002 ﬁol) in absolute ethanol
(10.0 ml) was treated with triethylamine (0.3 ml) and the mixture was heated
unde:.reflﬁx for 0.5 h. The solution was then evaporated'and the residual
oil was triturated with a litﬁle.methanol to give the starting material
(281b) (0.2 g), m.p. 690, identical (m.p. and i.r. spectrum)'&ith an authentic 
-sample. The methanol mother liquors were evaporated to give an oil (0.3 g)
whose t.l.c. in ether over alumina showed it to contain two éomponents one
of which was the starting material. The oil was not further investigated,_
ii) The ieaction described in {i) was repeated with heating under reflux for
5 h. The solutiop was tﬁen evaporated to yield a gum k0.65 g) whose t.l.c.
in ether over alumina showed it té be a multicomponént-mixture containing
the stérting matérial, from which no identifiable material éould be
obtained.

d) Using Ethanolic Ammonia -

The benzylidene derivative (281b) (1.23 g, 0.004 mol) was added to a '
saturated ethanolic solution of ammonia (10.0 ml) at Oo and the Securély
stoppered reaction vessel was left at.room temperature for 24 h. _ The
resulting red solution was évaporated to 1ea§e a gﬁm which was triturated
with ether-ethanol to‘give a solid. -Treatment of thé solid with dilute
aqueous hydrochloric acid géve quinoliné-é,3—dicarboxémide l—okide_(295)"v
(0.07 g), m.p. 250o (decomp.)(from ethanolmdimethylformamiae), Voax 3430, 

-— + .
3300 and 3180 (NH2), and 1740 and 1680 (CO) cm l, M 232, C,.H N requires

“11H9M3°3
M, 232.
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The ether-ethanol mother liquors were evaporated and the residue
(0.9 g) was dissolved in chloroform (10.0 ml) and washed with water
(é X 4.0 ml). The red aqueous phase was acidified with dilute aqueous
hydrochloric acid and was extracted with chloroform which on evaporation
gave no material.

The original chloroform phase was evaporated to leave a gum (0.85 é)
whose t.l.c. in ether over silica showed it to be a multicomponent

mixture from which no identifiable material could be obtained.

(e) Using Piperidine in Acetic Acid

The benzylidene derivative (218b) (0.92 g, 0.003 mol) was dissolved
in glacial acetic écid (7.0 m1) and tréatéd with piperidine (2.0 ml1).
The reaction was stirred at 60° for 24 h and then cooled and poufed into
water (50.0 ml) to give the starting material (0.7 g), identical (m.p.
and i.r. spectrum) with an authentic sample. Extraction of the aqueous

filtrate with chloroform gave only a negligible amount of a brown oil.

6-Bromogquinoline-2,3-dicarboxylic Acid 1-Oxide (286e) ard

6—Bromgguinolinef3-carboxylic Acid 1-Oxide (290Db)

The benzylidene derivative (218b) (0.77 g, 6.002'mol) in ethanol
(10.0 ml) was treated with 10% w/v aqueous sodium hydroxide (5.0 ml)
and the sélution was heated under reflux for 45 min and then cooled
and evaporated. The residue was treated with water (5.0 ml) and
extracted with chloroform. Evaporation of the chloroform extraction
gave only a negligible amount of material. The aqueous phase was
acidified'with'concentrated aqueous hydrochloric acid and the preéipitate
was collected and left in contact with concentrated équeous hydrochloric
acid for 15 min to afford the free dicarboxylic acid (286e) (0.5 g; 80%)
which underwent decarboxylation without melting and finally melted at

283°, v__.  2480br (OH) and 1760 and 1730 (CO) em L,
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The attempted crystallisation of the diacid (286e) from ethanol-

water resulted in its decarboxylation to give 6-bromoquinoline-3-carboxylic

-1

acid l-oxide (290b) m.p. 2840, vmax 2710br (OH) and 1710br (CO) cm
A 241, 253sh, 275sh and 335 nm (log ¢ 4.56, 4.63, 3.50 and 3.84).
max. ; X max.
Found: C, 44.2; H, 2.3; N, 5.0%; M'269 and 267.
ClOHGBrNOB requires: C, 44.5; H, 2.2; N, 5.2%; M,268.

6-Chloroquinoline-2,3-dicarboxylic Acid 1-Oxide (286f) and

6-Chloroquinoline-3-carboxylic Acid 1-Oxide (290c)

The benzylidene dérivative~(281b) (0.68 g, 0.002 mol) in ethanél
(10.0 ml) was treated with 10% w/v sodium hydroxide (5 (0] ml) and the -
solutlon was heated under reflux for 45 min durlng which time a SOlld |
precipitated. The mixture was evaporated, treated with water (5.0 ml)
and washed with chloroform. Evaporation of the chloroform extract .
gave no material. The aqueous phase was acidified with concenﬁrated
aqueous' hydrochloric acid. The solid obtained was collected and left
in contéct with concentrated aqueous hydrochloric acid for 20 min to
give the dicarboxylic acid (286f) (0.37 g; 70%) which'decarbox}lated at
140o without melting and finally melted at 2770, Vnax. é400br (OH) and
1730 and 1700 (CO) cm I.

The aiaéid (286f) underwent decérboxylation on.attempted crystai-
lisation from ethanol-water, to give 6-chlofoquinoline~3-carboxylic acid

-1

) ) ’ o
l-oxide (290c), m.p. 287 ’ vmax. 2570w (OH) and 1710Pr_(¢0).cm "Amax.

216, 233, 250 and 339 nm (log emax' 4.31, 4.61, 4.28, 3.77), 1 (CD3)2SO

1.29 (1H, 4 J 2Hz, ArH), 1.40-1.62 (3H, m, ArH) and 2.10 (1H, dd J 9Hz

J 2Hz, ArH).

Found: C, 53.8; H, 2.7; N, 6.3%; M 225/223.

ClOH'GClNO3 rgquires: c, 53.9; H, 2.7; N, 6.2%; M,223.5.
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Dimethyl Qﬁinoline—Z,3—dicarboxylate 1-Oxide (292a)

A suspension of the dicarboxylic acid (286d) (0.096 g) in acetonitrile
(10.0 ml) was stirred and treated in one portion with a 1% w/v ethereal |
solutioﬁ of diazomethane (8.0 ml, 0.002 mol). The solid dissolved after
ca. 2 min and nitrogen was evolved. After the nitrogen evolution»had
sdbsiaed a few drops of acetic acid wére added to decompose the excess
of diazomethane and the solution was evaporated. The residue was tri-
turated with ethyl acetate to give the diester (292a) (0.09 g, 82%), m.p.

180° (from ethyl acetate), v__ 1750 and 1728 (CO) em T, T(cocl,) 1.28

(1H, 4 J 9Hz, ArH), 1.59 (1H, s, ArH), 1.98-2.27 (3#, m, ArH), 5.91

(34, s, CH3), and 6.04 (3H, s, CH3)'<Amax. 247, 257, and 340 nm, (log €,

4.23,4.12, and 3.51).
Found: C, 59:8; H, 4.4; N, 5.4%; M 26l-

C13H11N05 requires: C, 59.8; H, 4.2; N, 5.4%; M,26l1.

Dimethyl 6—Bromoquinoline-2,3—dicarboxylatevl-b#ide (292b)

A suspension of the quinoline dicarboxflic écid’k286e)f(0.23 g,
'0.008 mol) in acetonitrile (1o;o‘m1y was stirréd and tréated in 6ﬁe'po;§ion
with a 2% w/v_ethereal solution of diazomethane (i0.0 ml). Stirfing wag';
continued fof 5 min and then giacial acetic acid Gaéxéadéd‘drOPWiseAﬁhtiiﬂ
effervescence ceased. The - solution was evéporatéd and.thé'xesiaué was

crystallised from ethyl acetate to give the diester (292b) (0.l16 g, 63%),

9Hz,

m.p. 175°%, v 1755 and 1730 (CO) cm ©, T(CDCl.) 1.42 (1H, 4 J
max ) : 3

8,7

2Hz, ArH), 2.08 (1lH, dd J

‘ArH), 1.71 (1H, s, ArH), 1.89 (1H, 4 J 7.8
7,

5,7
2Bz, ArH), 5.92 (3H, S, CH3), and 6.04 (3H, s, CHj), Amax 247,

%Hz I, o

257 sh, 284 sh, and 338 nm, (log € nax 4.63, 4.45, 3.92, and 3.8l).

. ’ . + .
Found: C, 46.0; H, 3.0; N, 4.1%; M 341 and 339.

i : . } .8; .1%; -340.
C13H10BrN05 requires C, 45.5; H, 2.8 N, 4.1% M,
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The Thermal Decarboxylation of Quinoline-z,3—dicarboxy1ic Acid l1-0Oxide (286&)

to Give Quinoline-3-carboxylic Acid 1-Oxide (290a)

The quinoline dicarboxylic acid l-oxide (286d) (0.46 g, 0.002 mol) was
heated under reflux in 20% v/v aqueocus ethanol (5.0 ml) for 0.5 h. The

- solid was collected from the cooled solution to give quinoline—3-carboxylic’r

acid l-oxide (0.22 g; 57%), m.p. 280° (dec.), identical (m.p. and i.r. -

spectrum) with a sample prepared before. Evaporation of the filtrate gave

only a negligible amount of a brown solid.

The Reduction of Quinoline-3-carboxylic Acid 1-Oxide (290a) by Triethyl-

phosphite to Give Quinoline-3-carboxylic Acidlo4 (291)

Quinoline-3-carboxylic acid l-oxide (290a) (0.2 g) was treated with
triethylphosphite (1.0 m1) and heated ﬁnder reflux fof'l‘h. The excess
of triethylphosphite was distilled off under reduced pressure and the
residual gum was treated with saturated aq@eous sodium hydrogen carbonate
solution. No ‘effervescence occurred and the oil remainedJinsoluble.
The aquéous phase was decanted and dilute agueous sodium hydroxide
(2.0 ml) was added to the residual gum wﬁich slowly dissolved. Acidific%ﬂ‘

ation of the alkaline solution with dilute aqueous hydrochloridﬁacidjgave

, .. 104 o S :
quinoline-3-carboxylic acid (291) (0.1 g) m.p. 275 (dec.) (from
ethanocl~water) llt.,lO4 275o (decomp.) , v éSOObr (OH) and 1705br

max.

(o), Ao 214, 237 and 280 nm, -(log e . 4.43, 4.67, and 3.73).
+
Found: C, 68.8; H, 4.0; N, 8.0%; M 173.

Calc. for C NO.: C, 69.4; H, 4.1; N, 8.1%; M,173,

100789,
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The Attempted Catalytic Reduction of Quinoline-2,3-dicarboxylic Acid 1-Oxide

(286d)

The dicarboxylic acid (2866) (O.Z.g) in ethanol (50.0 ml) was
hydrogenated at atmoépheric préssure over 10% palladium-~-charcoal. 36 ml
of hydrogen were taken up and the heterogéneous mixturé was filte?ed and
evapqraﬁed. The gummy residue was.triturated with methgnol to give a

solid (0.16 g), m.p. 260° (decomp.), Voay, 2570br (OH) and 1740 (CO) cm_l,

+ .
M, 217 and 189, which recrystallised from ethanol-water with concomitant

decarboxylation to give quinoline-3-carboxylic acid l-oxide (290a), m.p.

278° (decomp.), v ., 2600br (CH) and 1730br .(CO).

Found: C, 63.5; H, 3.9; N, 7.4%; M 189
ClOH7N03 requires: C, 63.5; H, 3.7; N, 7.4s; M,189f

identical (m.p. and i.r. spectrum) with a samplé prepared before.

The Attempted Reduction of Quinoline-3-carboxylic 1l-Oxide (290a) Acid

Using Sodium Dithionite

The quinoiine;l—oxide (290a)_(o.l9 g, 0.001 mol) in 70% v/v aqueous
ethanol (5.0 ml) was treated with sodiuﬁ dithionite (5.19 g)and.heated _ﬁ; :
under refiux for 1 h. More sodium dithionite:(o;19-g) was added'and |
heating under reflux was conﬁinued for a further 1 h aftéf'which time
the mixture was hot filﬁered. The filtrate was evaporated and tﬁe
residﬁe was treated with water (2.0 ml) and made acidic with dilute
aqueous sulphuric acid to giye the starting material,f0.14 g), m.pi 253°,‘,
v___  2600br (OH) and 1740br(cqj, M," 189, c, H_NO reqﬁires M, 189,

max. 1077 73

identical (i;r.‘spectrum)'with a sample prepared before.

The AttemptedJBase¢Catalyééd~CycIiSaﬁioh of 2,3-Dicyano-1-(2'-nitrophenyl) .

propene (30la and b)

' a) Using Ethanolic Sodium Ethcxide

Thé benzylidene dérivatiﬁe (30la) - (0.11 g, 0.0005 mol) was treated
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Qith a solution of sodium (C.01 g) in absolute ethanol (5.0 ml).and the
mix;ure was heated under reflux for 0.5 h. The solvent was evaporated
and the residue was treated with water (5.0 ml) and extracted with -
chloroform to give a gum, (0.05 g) from which no iden£ifiable mate;iél
could be obtained.

The aqueous phase was acidified with dilute aqueous hydrochloric acid
and extracted with chloroform to give a b;own amorphous solid (0.04 qg),
vmax. 2240 (CN), 1650 (CO) and 1530 and 1350 (N02)'cm;l, which could not

be characterised.

No further material was isolated from the reaction.

b) Using Aqueous Ethanolic Sodium Hydroxide

The benéylidene derivative (30lb) (0.23 g, 0.001 mol) in ethanol
(3.0 ml) was treated with 10% w/v aqueous sodium hydroxide (2.0 ml) and
the solﬁtion was heated under reflux for 0.5 h. Evaporatidn of ﬁhe |
solution left a dark residue which was treated with water (5.0 ml)iand
washed with chloroform. Evaporation of the chloroform extract gave
only a negligible amount of material.

The aquéous phase was adidifiéd with dilute aqueous hydrothoric-acid.

to give an intractable brown solid (0.11 g), m.p. 215o (dec.)'vmax ZZOObr”

(CN), 1625br (CO) and 1520 and 1340 (N02)'cm_l, which ébuld not be
characterised. Egtraction_of the aqueous‘acidic mother liquor with

chloroform gave no material.

The Base-Catalysed Cyclisation of 3-(2'-Nitrobenzylidene)-l-phenylsuccin-

imide (303)

a) Using Aqueous Ethanolic Sodium Hydroxide

The benzylidene derivative (303) (0.6 g, 0.002 mol) in ethanol’
(10.0 ml) was treated with 10% w/v aqueous sodilum hydroxide (5.0 ml) and the

solution was heated under reflux for 35 min. The mixture was then
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evaporated and the residue was treated with water (10.0 ml) to give on

acidification with dilute aquecus sulphuric acid, 3-(N-phenylcarbamoyl)

guinoline-2-carboxylic acid l-oxide (306) (0.4 g; 65%), m;p. 220° (decomp.)

Vhax 3320br (NH), 2600br (OH) and 1680br (CO) cm_l, which dissolved slowly

in sodium hydrogen carbonate solution and on attempted crystallisation from

ethanol-dimethylformamide or ethanol-acetic acid gave quinoline-3-(N-

phenylcarboxémide) l-oxide (307), m.p. 2670, vmax 3250 and 3200 (NHi, and
-1
1680 (CO) cm '-Ama 212, 238, 254, and 315 nm (log emax

4.29, 4.54, 4.40,

and 4.10), 1 (cD;)SO -0.85 (1H, br s, NH), 1.04 (1H, d J 3Hz, Arh), 1.55
(l1H, 4 J 3Hz, AxH) and 1.77-2.90 (9H, m, ArH).
Found: C, 73.0; H, 4.6; N, 10.3%; M 264.
cl6H12N202 requires: C, 72.7; H, 4.6; N, 10.6%; M,264.
b) Using Ethanolic Sodium Ethoxide

" The benzylidene derivative (303) (0.61] g, 0.002 mol) in absélute
ethanol (5.0 ml) was treated with a solution of sodium (0.18 g) in ;bsolute
ethanol (10.0 ml) and heated under reflux for 20 min. The mixture was
cooled to give a solid which was collected énd treated with dilute-aquebus
hYdrqchloricvacidL The tesﬁlting solid was combined with a second crop
obtained by washing the filtrate with chidrofbrm and then ééidifyinévtﬁé
aqﬁeous phase with dilute aqﬁeous hydrochloriévacid fé givg an.intractéble )
product (total 0.15 g), m.p. 255  (dec.), v . 3360br (OH) and 1640br (CO)
which could not be characterised. Extraction of the aqueous phase with
chlo:oform gave only a neglibible amouﬁt of gum.

The original chloroform layer was evaporated to give a gum which was

triturated with ether to afford a brown intractable solid (0.25 q),

m.p. 160o (dec.), Vma 3300br’(OH) and 1650br (CO) cm-;.



c) Using Triethylamine

The benzylidene derivative (303) (0.6l g, 0.002 mol) in ethanol
(10.0 ml) was treated with triethylamiﬁe (0.3 mi) and the solution was
heated under réflux for 5 h. The solution was evaporated and the
residue was treated with water (10.0 ml) and extracted with chlofoform.
The insoluble solid (0.06 g) was collected and crystallised to give-
2,3~dihydro-2-phenyl- lH—pyrrolo[B 4-é]qu1nollne -1,3-dione (305) m.p. 320o

-1

(from dlmethylsulphox1de), Vnax 1780w and 1720 (CO) cm .

Found: C, 70.4; H, 3.6; N, 9.7%; M'29.
C17Hlo 2O3 requlres. ¢, 70.3; H, 3.5; N, 9.7%; M,290.
The chloroform layer was evaporated to leave a brown foam (0.55 qg)

whose t.l.c. in ethyl acetate over silica showed it to be a multicomponent -’

mixture from whiéh no identifiable material could be isolated.

The Attempted Base-Catalysed Cyclisation of 3-(2'-Nitrobenzylidene)

succinimide (309)

a) Usingquueous Ethanolic Sodium Hydroxide

The bénzylidene derivative (309) (0.7 g, 0.003 mol) in ethanql (10.0 ml)
was treated with 10% w/v aqueous sodium hydroxide (5.0 ml) and the solution:
was héated'under reflux for 0.5 h. Tﬁe solution was théh evaporatéd and
the residue was treatéd with water (5.0 ml) and washed with chloroform.

An unidentified insoluble solid (0.03 g) was gollected, m.p. 342° (from’
Watgrjdimethylformamide), Voax. 3340 and 3160 (NHZ)’ and 1650 (CO) cm—l.

Found: C, 73.0; H, 4.3; N, 16.2%; M'26l
16 11 3O requires: C, 72.6; H, 4.2; N, 16.1%; M,261,
Evaporation of the chloroform extract gave no materigl.

The aqueous phase was acidified with dilute aqueous hydrochloric

- acid to give an intractable solid (0.1 g), m.p. 175° (dec.), Vm;; 3300br
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and 3095br (NH) and 1715br and 1660bxr (CO) cm_l, whose t.l.c. in ethyl
acetate over silica showed it to be a mixture of several close-running
componenits which was.not further investigated.

On standing, an.unidentified solid (0.03 g) precipitated from the

aqueous acidic mother liquqrs, m.p. 2350, Vax 3420 and 3300 (NHZ)' and

- l .
1735 and 1675 (CO) cm . Attempts to purify this solid for further
investigation were unsuccessful. Neutralisation of the aqueoﬁs écidic
phase with solid sodium acetate and extraction with chloroform gave no

further material.

b) Using Triethylamine

Thé'benzylidene derivative (309) (0.32 g, 0.002 mol) in absolute
ethanol (10.0 ml) was treated with triethylamine (0.3 ml) and the soiution
was_heated'undex reflux for 1 h. The resulting red solution wasithen
évaporated and the residual gum was triturated wiﬁh methanol -to give 'an
unidentified yellow solia (0.03 qg), m.p.-270o (decomp.) vmax. 3180br (NH),
and 1750w and 1700 (CO) cm-l. The methanol mother liquors were evaporated _

to give an intractable foam (0.2 g) which decomposed to a tar on attempted

purification.



Chapter 3

Extensions of the Base- Catalysed Cycllsatlon

of 3- (2'—N1trobenzqyl)pentane 2 4-dione to”

Q-Acetyl-3—hydroxyquinoline; -

A Novel Variant of the Smiles Rearrangement




-(326)

Scheme 52 - A ©EL>O

(328) H
NOZ00CH; > \COCH3
(3292) . CL) -
-=AcOH COCH3

COCH, =
7 . COCH; -

+
“l'
0- Ho> >0-

(327)

Scheme 53



" | (331) IC
| 331
(332) : v | OH
Y COCH3'
Bw)

(335) | _ (336)

Scheme 54




-84~

2-Nitrobenzoylacetone (326) has been shown118 to undergo‘base-
catalysed cyclisation to isatin [(BZQB(Scheme 52ﬂ in a process.which
is readily expiained118 by the intermediate formation of 2—acetylisatogeh
- (327). In a subsequent study designed to aevelop this type of cyclis-
ation into a new sYnthesis of isatogens, Baynellg synthesised 3-(2'-
nitrobenonl)pentane-2,4—dione (329a). and studied its base—catalised
cyclisation in the hope that thé acidic ﬁethiﬁe qentré.pfesent in the
side-chain would permit the cyclisation to be carfied out using mildlyA
basic‘conditions undgr which the sensitive isatogen [(327); Schéme‘53]
cOuld be isolated. Iﬁ practice however, Bayne119 foﬁnd that the. 
triketone (3295) was converted, not into the isaﬁogen'k327), bqt into
a product which he subsequgntly identified as.2-acetyl~3—hydroxyquiholihe

(330a) on the basis of the following evidence (Scheme 54).

0o o
OY Yo O
NOZCOCH3 o

(329a) o . (330a) -

(a) The product of the base-catalysed cyclisation of the trikétone (329a)
gave analytical, i.r., u.v., 1H n.m.r., and mass spectral data consiétgnt
with the structure (330a)’ ’
(b) Its acidity and,formation of an acetoxy-derivative were copsisteht
with the presence of the 3—hydroxyi group.

(c) Its forﬁation of '‘a hydrazone deriVaéive and its reduction to an

ethanol derivative (331) were consistent with the presence of an acetyl

group.



CHy TH
NO,COCHy ~ ~H™

) Scheme 55
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(d) Its oxidation to 2,3-dihydroxyquinoline (332i established the presence
of the quinoline nucleus.

(e) On methylation, a mixture of a moﬁo—methoxy derivative (333) and é
methoxy-N-methylquinolinium methosulphate (334) was obtained. The
latter underwent ring-opening to the diketone (335) which was character-

" ised as the quinoxaline derivative (336).

The mechanism proposed119 for the transformation of 3-(2'-nitro-
benzoyl)pentane-2,4-dione (329a) into 2~acetyl—3—hydroxyquinoling (330a)
is shown in Scheme 55. The enolatevanion (337) is initiélly formed but '
nucleophilic attack én the nitro group does not occur because the anion
is too stable to react, being delocalised throughout the tricarbonyl
system. However, undgr the strongly basic conditions present, formation
of the dianionic intermediate (338) is postulated. At£ack at the nitro
group by the more loéalised enolate anionic centre in (338) is not stericaliy
favourable as this would involve the formation of a seven-membered cyclic
intermediate. Consequéntly, alternative nucleophilic attack at the C-(1)
position of the fing occurs to give the spiro inﬁermediate (339) in an
analogous fashion to the well knowﬁ Smiles rearrgngement.lzo Herver,
unlike the ﬁéual intermediate in a Smilé5-reérrahgemént,120 the spifo
‘intermediate (339) has no suitable leaviné group avai;able to allow
reafomatisation with retention of the intact nitfo group. Conséquently;
nucleophilic attack by hydroxide ion at the benzoyl carbonyl group occurs
o Qitﬁ subsequent ring-opening and concomitant reduction of fhe nitro group
to hitroso [Scheme 55; (339)'+ (340). > (34iJJ to give the carboxylate
intermediate (342). ‘This then undergoes decarboxylation and cycliﬁation
to afford the quinoline (330a).

The conversion of the'Fricarbon&l compound (329a) in high yield,

into the quinoline (330a) represents a new and potentially general route
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to otherwise inaccessible 3;hydroxyquinoline derivatives121 as well as
an entirely new and interesting mechanistic variant of the Smiles
rearrangenent. Consequently, iﬁlwasAof interest to investigate further,
the scope of such cyclisations and to seek evidence for their detailed
mechanism,

The synthesis of the Z—Aitrobenzoylacetone derivatives (329 a, b
and d) was initialiy approached using the methéd of Louden and Wellings.122
However; the present author found this method - (involving the sodium
ethoxide~catalysed condensation of 2-nitrobenzoyl chloride with B-dicarbonyl
compounds) - unsatisfactory due tq)ethanolysig of the acid chlorides with
consequent low yields of the de;ired products. In contrast to the result
reported by ﬁayne,llg>a reinvestigation of the method of Reynolas and
Hauser123 proved it readily applicable to the synﬁhesis of a variety of _
Z-ﬁitrophenyl—tricarbonyl compounds. This.me£hod was found to bg more
convenient than the Loudon—Welliﬁgs metl;xod122 giving coﬁparatively better
yields of the tricarbonyl derivatives which were obtained directly from
the reaction mixtures, in a pure crystalline state. - The reducediformafion
of undésirable estexr dérivatives in these magnesium enolate regctions
adapted from the method of Reynolds and Hauser,123 is in bart due to the
- smaller quantiﬁies of ethanol, in proportion to acid chléride, present
in the mixtures. Thus the 2'—nitrobeﬁzoylacetone derivatives (329a-f)
and (343)-(345) (Scheme 56) were obtained in moderate to good yield using

123 The magnesium enolate of heptane-3,5-

the magnesium enolate method.
diope-was also condensed‘with 2-nitrobenzoyl chloride to givé 4-(2'-
nifrobenzoyl)heptane—B,S—dione (329g) in moderate yield.

Although the syhthesié of 3-(2',4'-dinitrobenzoyl)pentane—Z,44dione
(343) was successful using the magnesium enolate method,123 the cyclisation
of this cohpound could not be.studied as it was found to undergo facile

solvolysis of an acetyl gfoup on attempted recrystallisation to afford

2,4-dinitrobenzoylacetone (346).
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] 124 . . . . .
Characteristically, the B,B'-tricarbonyl derivatives in question

and the benzenesulphgnyldicarbonYl derivative (344) showed a very lo&
field resonanée in their lH n.m.r. spectra (ca t-7.5; § 17.5), attributeav
to the formal methine protoh; This would ipdicaﬁe that, in solution at
least, the tricarbon?l derivatives (329)'and thé_benzenesulphonyl deriQative
(344) exist in one or more of the Six possible tautomeric, hydrogen-bonded,
enolic forms (Séheme 57). Thus, the low chemical shift of the methine
_proton reflects to some extent, its acidity. VThis observation supports -
the hypothesis that the ani6n>(337) of the tricarbonyl derivative (329a)
wouid not be very nucleophilic as'it would be greatly stabilised by
‘delocalisation throughout the tricarbony; system (Scheme 58). ﬁowever,
3—(2'—nitrobeﬁzoyl?pentane~2,44diohe (329a) did'show é'degree of nucleo-
philicity at the tertiary.éarbon atom towards méthyl iédide in the
»presence of carkonate ion énd afforded 3—methyl-3—(2'—nitrobenzoyl)y
pentane-2,4-dione (347) in high yield (83%). The lH n.m.r. spectrug'of
the methyléted derivative (347) showed a high field methyl resonance a

T 8.35 which excludes the possibility @f methylation havingvoccurréd

at oxygen as the signal is higher tﬁan the typical values for a methoxyl

resonance.
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The base-catalysed formation of 2—aéyl-3—hydroxyqﬁinolines-was
initially exténded to the cyclisation of the 2'-nitrobenzoylpentane-
dione (329) to 2-acetyl-3-hydroxy-6-methylquinoline [Scheme 59; (336bﬂ:
and the cyclisation of the 2-nitrobenzoylpentanedione (329a) £o,2;acetyl—_
3—hydroxyquinoiine (330a) was also reinvestigated. The éfeéent author
found that upon acidification of the reaction mixtures, effervescéhce
of carbon dioxide occurred and the quinolines (330 a and b) were obtained
as amorphous solids which contained inorganic material and froﬁ thch the
.quiﬁolines were obtained in good yields, and in a relatively pure form,
by virtue of their solubility in light petroleum. The 6-methquﬁinoline
derivative (330b) gave elemental and spectral data in accord with the
assigned structure. In particular its,lH n.m.r. spectrum showed a
phenolic bYdroxyl resonance at 1-1.00. The signal at t 2.15 whiéh_
shows ortho coupling (J 7H2) is assignéd to the H-(8) érotons énd the .
ﬁultiplet centred at v 2.62 is assigned to the remaining three aromatic
protons. Two resonances at t 7.16 and 1 7.15 are assigned to .the
4 acetyl and aromatic methyl groups respectively.

Analogous to the reactions of 2—acetyl—3—h§dn3xyquinoline (330a)
described by Bayne,l18 2—acetyl—3-hydroxy—6-hethquuinoline (330b)
underwent; (i) - monoacetylation in acetic anhydride to give 3-acetoxy-
2-acetyl-6-methylquinoline (348), (ii) - reduction by sodium dithionite

to afford 3-hydroxy-2-(a-hydroxyethyl)-6-methylquinoline (349), and
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(iii)—methylation in the presence of dimethyl suiphate to give 1,6-dimethyi-
3-methoxyquinolinium methosulphate (350) (cf; Scheme 60). The deri?ative§
(348)-(350) gave analytical and speqtfal data consis;ent with their
assigned structures. |

The degradation of the methosulphate salt (350) by cold aqueous alkali
afforded a foam which is assigned the a-dicarbonyl structure (351) on thé
basis of its i.r. spectrum. Whefeaé Bayne119 reported the g-diketone
derivative (335)119 to show a-lH n.m.r. spectrum consistent with its
assigned structure, that of the g;diketoné derivative (351) showed an
ambiguous lH n.m.r. épectrum frqm which no specific sﬁructural inferences
could be made. Since the structures of these gjdike;bnés_(3§5) and
(351) are important in relation to providing further ;upéort f§r the
structures of the 2—acyl—3—hydroxyquinolines (33da'5na 57} it'ﬁas
decided to seek chemical evidence.for their constitution. An attempt
to acétylate the N-methylamino function of the a-dicarbonyl derivative
(335) proved unsuccessful and the reaction of both (335) and (351)'with '
aQueous'acids failed to produce any cﬁaractérisable material.which
might have been expected from cleavage of the enol-ether funcfion Qf
these a-dicarbonyl compounds. However, the g;diéarbonyl compound (351)
- was chaiacterised by its reaction with 9££§97phenylenediamine to.give
ﬁhe quinoxaline'de;ivati?e'(352). As in the éase of the quinéxéline
derivative (336) obtained from the a-diketone derivative (335) by
Bayne119 and the present author,lthe lH'n.m.r. spectrhm of the quinqxaline
derivative (352) showed it to be a mixture of two isomers. AThis isomerism
was attributed, by Baynellg to the existencé of two conformers resulting
from stefic.crowding within the molequle. " However, variable temperature
lH n.m.r. spectroécopy of the-quinoxéline derivatiye (336) showed a change.

in the ratio of isomers ffom 2:1 at 25o to 5:1 at 60o in favour of the

conformer having the methyl signals at T6.147.22and7.48. No changes in the
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chemiéal shifts of the iqdividual methyl signals were observed on heating
from 25o to 600. This absence of any céalescence or broadening of the
methyl signals on heéting from 25o £0:60°, is inconsistent with a simple
conformational change. On cooling the solution at 60° to 25°‘the isomer
ratio of 2:1 was restored showing that no chemical chahge had occurred on
heating the quinoxéline derivative (336).

In accord with the presenée of é methylamino function, both quinoxaline
derivatives (336) and (352) underwent reaction with acetic anhydride to give

the mono-acetylated quinoxaline derxivatives (353 a and b), respectively.

oA

(336) AC20 | S N N
—

(352) - N( CH3’_' /N
| (353) R CH3 COCH3 -
a; H -
b; CH3 b

These products gave analytical and mass spectral data in accord with their .
aésigned formulae..‘ The i.r. spectra of the acetylated quinokéiine
deriVétives (353) showed an abseﬁce of bands'atfributable to NH.stretching
- modes but did show bands attributable to amide carbonyl absorptions.

In contrast to the lH n.m.r., spectrum of the~quin6xaline.derivafives
(336)‘and (352) that of the acetylated quinoxaline derivatives (353a)

and (353b) showed only the presence of a single isomer having four methyl
group singlet resonances at v 6.11,6.70,7.33, and 8.06 and five methyl
signals at 1 6.15, 6.85) 7.40, 8.16 and 8.23, rgspectively. This would.
suggest that in the non-acety}ated quinoxaliné derivatives (336) and

(352) .. intramolecular hydrogen—bondihg between the amine and methoxy
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groups, contributes to the stabilisation of a single conformer existing
Ain equilibrium with other conformers which are not hydrogen-bonded and can
thus exhibit free rotation about the bonds indicated in Scheme 61. Since
the'capacity for hydrogen-bonding is removed upon acetylaticn of the amine
functions, the acetylated quinoxaline derivatives (353a-and b) exist in
‘any number of conformers prodﬁced by free rotation about the C-C and C-N
singleAbondé in the molecule and thus, only ohe averaged structure is
observed in their lH n.m.r. spectra.

In an attempt to furtﬁer establish the structures of the quinoxaline
derivativés (330) and (352), it was decided initially, to inveétigate
their acia—catalysed degradation. Thué, in hot 20% w/vAaqueous sulphuric'.
acid both quinoxaline derivatives (336) and (352) unexpectedly affordeﬂ the'
same product which gave analytical and‘mass_speétral data and showed
préperties consistent with the known compound125 2-methylbenzimidazolé
(361). The benzimidazole (361) must arise by a ring—coﬁtraction of the
quinoxaline moiety of the quinoxaline derivatives (336) and (352). Although
ring—contfactions of quinoxalines to benzimidazoles are rare, a few\example%26
are known. Thus, -(Scheme 62) tﬁe quinoxaline derivative (354) is converted,
in ethanolic hydrogen chloride solution into i,2—diphehylbénzimidazole

(35_6).127 A similar transformation (Scheme 63) may be envisaged for the

Cl |

+ | | A
feeENews
02N Ph EtOH O,N N7
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Ph | "IPh
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conversion of the quinoxaline derivatives (336) and (352) into 2-methyl-
benzimidazole (361). Initial hydration of the C=N in the quinoxaline
ring tc give the intermediate (357), followed by fing con;raction would
affora the dihydroben;imidazole derivative (358). Loss of the ~side-
chain by solvolysis (akin to the loss of the benzoyl group as ethyl
benzoate in the analogous case depicted in Scheme 63) followed by
oxidation, either aerially or perhaps by sulphate ién; quldAafford :
2-methylbenzimidazole (361). However, the other fragment (362) produced .
in this process, could not be isolated. An attempt to effect the
degradation of the qﬁinoxaline (336) in a mixture of acetyl chioride and
acetic acid and hence to trap any fragment of the tyée (362) by'acetylatioh.
failed, only intractable gums being isolated. The attemptea degradation
of_the quinoxaline derivative (336)Iusing aqueous hydrochloric acid gave
only unreacted starting matefial.

In an attempt to simulate the acid-catalysed riné contraction of
the quinoxalines (336) and (352) to 2-—methylbenzimidazole125 (361) , the
effect of hot aqueous acid on the known-compound128 2faéetyl-3-methyl-
quinoxaline (363) was investigated. This substrate was chosen as a
model because of its formal structurai simiiarity tp the more qpmplex
quinoxalines (336) and (352). In practiCe how;vef, the model'quinoxalinev»

(363) was unaffected by heating with 20% w/v aqueous sulphuric acid.

Ns~COCH3

s

“NZ"CHjs

(363)
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In a further attempt to degrade the complex quinoxaline derivative
(352) into a simpler quinoxaline, its .behaviour towards 6xidation-was
studied. However, the attempted chrémic acid or peracid oxidation of
(352) led to ill~-defined solids which could not be characterised:

As alreédy discussed, the mechanism (Scheme 55) proposed for the
bése—cataleed cyclisation of the 3—(2'—nitrobenzoyl)pentane—é,é—dione
derivatives (329a and b) involves the geﬁeration of a dianion'k338) as the
reactive intermediate; Consequently, it was decided to investigate
the use of sodamide as the basic catalyst. Since it is known129 that
sodamide deprofonateé acetylacetone to give the corresponding dianion
it was reasonable to expect that sodamide wouldlgenefate thé dianion
of the more écidic trica;bonyl system in (329b) and hence allow subsequenﬁt
. cyclisation (Scheme 64) thus supporting the proposai that a dianiénié
speéies is involved in the mechanism. In practice, when 3—(5'¥methyl—2'—
nitrobenzoyl)pentane-2,4-dione (329b) was treated with sodamide in liquid
ammonia at -78°'to form the dianionic salt whiph was then heafed undex
reflux in tetrahyqrofuran for i h, a 35% yield of the qu;noline (330b)>:,,
was obtained. The reduced yield under these conditions Eompéred with
the hydroxide-catalysed process, may be éttributed'to thebfacé that,'being
a more potent nucleophile, amide ion Will‘be less selective in its attack
on the spiro intermediate [Scheme 64; (364)]_and so will produce sidé;
reactions with consequent lowering of the yield of quinoline; . Loss of
the acetyl group in placg of the carbamoyl éroup from the expected
intermediate [(366); Scheme 64] would be expected to produée 2—carbamoyl—

3—hydroxyqﬁinoline4(367). However, none of this product was isolated from.

the reaction mixture.
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By way of further probing the mechanism of the base-catalysed
cyclisation of the 2—nitrobenzo¥1pentane-2,4-diones (329a and b), it was
decided by using the 4-nitrobenzoyl derivative (?45)130 to attempt to
demonstrate the rearrangement of the side—chain (Scheme 65) withoﬁt the
possibility of cyclisation onto a ﬂitro group, thus permitting the -
isolation of a nitroso specieé derived from_;he intermediate (370)
(Scheme 65). However, thg only identified product of the base-catalysed
reaction of 3-(4'-nitrobenzoyl)pentane-2,4-dione (345 was a low yield
of p-aminoacetophenone. The origin of this product is not clear but
it may érise'by solvdlysislgo of the substrate (345 to para-nitroaceto-
phenone followed by reductioﬁ in the-aqueous ethaﬁolic alkaline meaium;

In another attempt to gain information about the mechanism of the basé-
catalysed cyclisation of the 2-nitrobenzdylpéntanediohe'derivativegi
(329a and b), the reaction of 3—methyl;3(2'-nitrobenzoyl)pentane—2,4-
dione (347) with aqueous ethanolic alkali was investigated. - The .
presence of‘tﬁe 3—methy1 group will 'not allow formation of a mono-anion
of the type (337) (cf. Scheme.55) but abstraction of a hydrogen atom from
an acetyl group to give an enolate ion of the type [(371)— Scheme 66]
can still occur and cénsquently cyclisation (cf. Scheme 66) is possible -
to give an'inﬁerﬁediate of the type (372) whi;h would be expected to
aromatise by loss of the elements of acetic acid, as shown, to give ;s
the predicted product, 3~hydroxy—2—methyl§uinoline (373). However, in
practicé the substrage (337) when treated wifh hot aqueous ethanolic
alkali, produced only intractable gums.

It was also thought that if 2—nitrobenzoy1acgt¢ne (326) could be
induced to form a dianionlby‘its,tféatment with strong aqueous ethanoiic
alkali, then cyclisatioﬁ akin to that foﬁnd.in the tricarbonyl cases,

" might occur. However, in-préctice onlylisatin (328) was formed.
The formation of this product (328) by the base—catélyéed cyclisation of

' ; 118
2-nitrobenzoylacetone (326) has been reported in the literature and need

only involve a mono-anion intermediate (see Scheme 52).
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The chloroguinoline [ 330c); Scheme 59] was formed in good.yield
by the cyclisation of the triketone (329c) in aqueous ethanolic aikali.

'In accord with its assigned structure-its lH n.m.r. spectrum showed a
hydroxyl group resonance at T 1.20 while the ortho coupled doublet at

T .2.07 is assigned to-the H-(B) nucleus which is deshielded due to the
electron-withdrawing effect of the quinoline nitrogen-atom. The signal at
T 2.39 is éssignable either to the H-(4) nucleus or the H-(5) nucleus as
it shows only meta coupling. However, it can be positively'assigned to
the H-(4) atom on the basis that the combined deshielding effect of the
hydroxyl apd acetyl éubstituentS‘and the ni;rogen atom in the pyridine ring
will have a greater effect on the H-(4) nucleus thanlthe,chloro substituent
will have on the H-(5) nucleus.

In an attempt to extend the scope of the base-catalysed formation of
2;§cyl—3—hydroxyquinolines to systems other than 3—(2'—ni;robehzoyl)pentane-
2,4~diones already discussed, the c&élisation of 2~(2'—nitrobenzofl)—l;
phenyibutane—l,B—dione [(329d); Scheme 59] was investigated. This
substrate showed less reacﬁivity towaxrds cyclisation in aquéous gthanolic
alkali thaﬂ the pentane-2,4-dione derivatives (329a-c). Only'ailow yiéld.
(12.5%) of 2-benzoyl-3-hydroxquinoline (330d) was obtained and;étagting
matériél was recovered. Thiglredﬁced yield may be attributable to the
: electroﬁ—releasiné property of the phenyl group which will inhibit the
stabilising effect of the_tricarbchyl system thus making formation of
-the dianionic intermediate}necessa;y'for cyclisatidn, difficult.

Further, the reauced yield may be due to the difficulty the substrate
has in assuming the planar cénfiguration implicit in charge stabilisation
by delocalisation due to the steric compression suffered by the acetyl
group which would be constrained to lie between the two benzene rings.

As a further exteﬁsion of the 3-hydroxyquinoline synthesis it was

deciaed‘to attempt the base-catalysed cfclisatioﬁ of 4-(2'4nitrobenzoyl)

heptane-3,5-aione'(329g)L The -expected product of this cyclisation is
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3-hydroxy-4-methyl-2-propionylquinoline (374). In practice, the yellow
product, formed in good yield, géve the required eiemental and mass
spectral data (m/e 2155 for the expected product (374). Its i;f.
spectfum showed a single carbonyl absorption at 1670 cm-l and its lﬂ
n.m.x. speCtrum:showed a signal attributable to a phenolic>hydrogen at -
rv—l.45. The four aromatic protons appeared as a multiplet in the
- range T 2JX}2.55. The methyléne group of tﬁe ethyl mbiety appeared
as a quartet (J 8 Hz) at t 6.55 and the methyl grodp of the ethyl moiety
appeared.as a triplet (J 8 Hz) at t 8.76. - The singlet at t 7.53, due
to thrée protons; is assiéned to the methyl group inlfhe 4—position of
the quinoline ring. | | , |
CHy
_OH

ANOZ COC2H5 A N COCZHS N

(529g)" B (374)_

vTHe possible extension of the base-cétalyéed cyclisatiop‘of_the
3—(2'-nitrobenzoprehtane—2,4-&iones to other substrates which were not
purely ketonic, was also sﬁudied. ‘Thus the behaviour bf ﬁhe diketo-
ester (329f) towards hot aquedus ethéﬁolic alkali was investigated in
the hope that the expected product 3—hYdroxyquinoline-2-carboxylic acid
(375) would be isolated. In practiée'héwever, the reaétion yielded»on;y
intractable tars. ‘The failure'of the ester (329f) to cyclise in a |
similar manner to the triketones (329a—d and g) may be attribﬁted‘to‘iﬁs
ease of hydrolysis and hence to tﬁe ready degrédation'of the side-chain

before cyclisation can occur.
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N> CO,H

(375)

In contrast to the ready decomposition of £he ester (329f) by
alkali, the anilide derivative (329e) proved to be stable to heating in
20% or 40% agqueous potassium hYdroxide‘and was recovered unchangedlin
high yield, by acidification of the reaction mixture. bThé‘resistance
of the anilide (329e) to cyclisation may be attribﬁted to préferenﬁial
délqcalisation of its mono-anion towards the acetyl group due to the
destabilisation of the enolate structure (377) becausé of the eléctron-
releaéing capacity of the amidé nitrogen, Thus abstraction of asecond
h&drogen.from the acetyl methyl group in'(?76).will be hindered by ﬁhe

more localised negative charge already present in the molecule and
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consequently, cyclisation cannot broceed. This effect is similar to
that proposed to explain resistance of the benzoyl deriQative (3294}
to cyclisation. In order to gain sqﬁe support for these suggestions,
the base-catalysed cyclisation of the benzenesulphonyl diketone (344)
was investigated._ It was hoped that in this molecule, preferential‘
delocalisation of the anion would be towards the. benzenesulphonyl group
[cf. (379); Schene 67)] rather than towards the acetyl group; thus
allowing deprotonation of the acetyl group to give the anionié inter-
mediate (380) which could then undergo cyclisation to 2-benzenesulphonyl-
3-hydroxyquinoline (381) or (by subséquent reaction with hydroxide ion) |
3-hydroxyquinoline-2(1H) -one (382). Howéver, trea£ﬁenp of the benzene-
sulphonyl derivative (344) with hot aqueous alkali gave only intractable
tars. | |

In summary it has been shown thaﬁ the novel base—catalyséd formation
of 2-acyl-3-hydroxyquinolines from 2-nitrobenzoylalkanone is a fairly
general process but appears to be restricted to purely ketonic substrates."'
The initial formation of a dianionic intermediate in suéh reactions is
tentatively supported by the ability of_sédamide to catalyse gyc}isation.
Howevér, further extensive studies are required in oraér'to'proddce moré

conclusive evidence for the actual mechanism involved in these cyclisations.
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EXPERIMENTAL

1.

, o1
4-Nitrobenzoyl chloride 31 was prepared (83%) by the standard reaction132

of 4-nitrobenzoic acid with phosphorus pentachloride, b.p. 88-94o at

0.5 mm.

5—Chlorc—2—nitrobenzoyl.chloride was prepared132 (81%) by -the standard

reaction of 5-chloro-2-nitrobenzoic acid with phosphorus pentachloride,

v 1790(CO) and 1540 and 1350 (NO.) cm T.
max. 2 .
' 2,4-Dinitrobenzoyl chloride was prepared (96%) by the standard reaction132

of 2,4-dinitrobenzoic acid with phosphorus pentachloride, m.p. 42° (lit.,133

450), v__- 1790 (CO) and 1550 and 1350 (NO,) ém_l.
max. : . 2

S;Methyl+2—nitrobenzoyl chloride was prepared (88%) by the standard reactiéx%33

of 5-methyl-2-nitrobenzoic acid with phosphorus pentachloride, m.p. 38o

aie., 2 46

2-Nitrobenzoyl chloride was prepared132 (85%) by the standard reaction of

2-nitrobenzoic acid with thionyl chloride.

2. The Preparation of 5-Chloro-2-nitrobenzoic Acid was carried out by

the method of Hollemann 135 (yield 70%), m.p. 134°(from benzene~-.

135

light petroleum) (lit., 138%).

3. The Condensation of Nitrobenzoyl Chlorides with Acetylacetone in the

Presence of Sodium Ethoxide.

General Method:

.

A mixture of_acetyla;etone (15.0 g, 14.6 ml, 0.15 mol) and 62.5 ml
of a solution of sodiuﬁ (7.79 g) in absolute ethanol (125 ml) was cooled
to Oo (ice-salt bath) and treated in portioﬁs with stirring, with tﬁe
acid chloride (0.075 mol). .After stirring at o° for 0.5 h, further

sodium ethoxide solution (31.5 ml) was added followed in portions with N
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stirring by further acid chloride (0.033 mol). The mixture was again
stirred at O° fbr 0.5 h and the rémaﬁning ethoxide solution was then
added followed by the acid chloride (0.032 mol).as before. The reaction
mixture was ;tirred overnight in the melting ice-bath and then»filtered to
give the salt of the prodnct and an organic{filﬁ;até4nhich'were worked up

as described for the individual reactions below.

130
a) 3-(4'-Nitrobenzoyl)pentane-2,4-dione (345)
The reaction of acetylacetone and 4-nitrobenzoyl chlori&gl as

described above gave a salt which was acidified with dilute aqueous

sulphuric acid to afford 4-Nitrobenzoic acid m.p. 239° (from ethanol-

1 o » )
water) (lit., 36 241°%), Voay. 2660, 2550 (OH), 1700 (CO) and 1530 and

1350 (NO,) em L.

‘The ethanolic organic filtraté was‘concéntrated to Eg,-one third
of its original volume and the solid was nollected and dissolved in
water. The aqueous solution was acidified with concentrated aqueous

hydrochloric acid, while cooling ice, and was then extracted with

chloroform (2 x 75.0 ml) to give a brown oil which was triturated with

light petroleum to afford the 2-nitrobenzoyl derivative (345) (13.5%),
- . - . 130 o

m.p. 113~ (from 1:1 ethanol-light petroleum) (Lit., . 103"), Vhax 1670

and 1600br ' (CO); and 1530 and 1350 (NO,) em L.

b) 3-(5'-Methyl-2'-nitrobenzoyl)pentane-2,4-dione (329b)

The reaction of acetylacetone with 5'—methyl—Z'—nitrobenzoyl chloride
as described in the general method gave a salt which was combined with a
second crop obtained by concentrating the ethanol filtrate to one-third
of its'original volume (total 31.8 g). This salt was dissolved in
water (350 ml) and washed with chloroform to iemove an unidentified
oil (2.4 gqg). Acidification of thé'aquéous solution Qith dilute agueous
sulphuric acid and extraction with chloroform gave an unidentified oil

(8.69).
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The original ethanolic mother liquor was evaporated and the residue
was treated with water (50.0 ml). The aqueous phase was decanted from
an insoluble oil, acidified with dilute aqueous sulphuric.acid and
extracted with chloroform to give an oil which was triturated with

light petroleum to yield the 2-nitrobenzoyl derivative (329b) (0.52 g;

o
1%) m.p. 1187, vmax

1670 (CO) and 1527 and 1360 (NO,) cm L, identical
(i.r. spectrum) with a sample prepared later. The insoluble oil was
dissolved in chlétoform and washed with saturated aqueous sodium hydro-
gen'carbonate solution. Evaporation of the chloréform layer gave ethyl

5—methyl—2—nitrobenzdate as a crYstalline solid (17.5 g; 56%),

T(CDC13)(60 MHz) 2.15 (1H, 4 J 8Hz, ArH), 2.55 (1H, s, ArH), 2.64

(18, 4 J 8Hz, ArH), 5.62 (2, q J 6Hz, CH)) 7.54 (3, s{‘CH3) and

8.64 (3H, t J 6Hz, CH3). ’

Acidification of the aqueous sodium hydrogen carbonate extract and

extraction with chloroform gave only a negligible amount of dark oil.

4. The Condensation of Nitrobenzoyl Chlorides with Active Methyléne‘,
Compounds in the Presence of Magnesium Ethoxide

General Method:123

Magnesium turnings (0.1l mol), absolute ethanol (2.5 ml) and carboﬁ
tetrachloride (0.25 ml) were mixed and after the initial vigbroué reaction-
had subsided, the mixture yas treated cautiously with dry ether (75.0 ml).
The mixtﬁre was then mechanically stirred and treated dropwise with a
solﬁtion of the B-dicarbonyl compound (0.1l molx in dry ether (12.5 ml)
and absolﬁte ethanol (10.0 ml) at such a rate that refluxing was maintained.
When all of the magnesium was consumed (4-7.5 h), the stirred magnesiﬁm
enolate solution was treated with the résﬁective acid chloride (0.11 m§lf

in ether (25.0-40.0 ml) and the mixture was stirred_until it solidfied

,
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(ca. 10 min). Dilute aqueous .sulphuric acid (100 ml) was theﬁ added
to decompose the magnesium complex and the various reaction mixtures
were then worked up as described below 4(a)-4(j) -

(a) 3—(2'—ﬁifrobenzoyl)pentane—2,4—dione (329a)119

The ethereal phase of the reaqtion mixture from the condensation of
2—nitrobenzoyl chloride and acetylacétone was washed with water and

evaporated to leave an oil which was triturated with a little éther to’

afford 3#(2'—nitrobenzdyl)pentane-Z,4hdione (329a) (62%) as a crystalline

solid, m.p. 72o (lit.,119 720). Evaporation of the ether mother liqﬁors

=

gave a heavy oil from which no identifiable material could be obtained.

(b) 3-(5'-Methyl-2'-nitrobenzoyl)pentane-2,4~-dione (329b)

The reaction mixture from thercondensation of’5—methyl—2—nitrobenzoyl
chloride and acetylacetone was filtered .and the salt obtained was acidifed
with dilute aqueous sulphuric aéid. The resulting solid was combined
witﬁ a second crop obtained by evaporating the ethereal phasé of:the-
filtrate and triturating the residpe with a little ether to give

3-(5'-methyl-2'—-nitrobenzoyl)pentane-2,4-dione (329b) (69%) as a crystal-

line solid; m.p; 98° (from ethanol), Vnax 1660 and 1600br (CO);~and

1530 and 1350 (N02) cm-l, T(CDC13) 2.12 (1H, 4 J 8Hz, ArH), 2.60-2.75
(28, m, ArH), 7.54 (3H, s, CH;) and 7.85 (6H, s, CH)).
Found: C, 59.0; H, 5.0; N, 5.2%; p', 217(M+—N02)
C13H13N05 requires: C, 59.3; H, 5.0; N, 5.3%; M, 263.
(c) 3—(5'—Chloro-2'—nitrobenzqyl)gentane—Z,4-dione (329c)

The reaction mixture from the condensation of 5'-chloro-2'-nitro-
benzoyl chloride and acetylacetone was filtered to give a solid which
was combined with a second crop obtained by evaporating the ether layer

and triturating the oily residue with ether to give

3-(5'-chloro-2'-nitrobenzoyl)pentane~2,4-dione (329c) (47%) as a colourless
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crystalline solid, vmax 1675 and 1600br (CO), and 1540 and 1350 (Noz)

cm_l, T(CDC13)—7.OO (l1H, s, OH), 2.07 (1H, d J 12Hz, ArH), 2.45 (1H, 4 J
12Hz, ArH), 2.54 (1H, s, ArH) and 7.80 (6H, s, CH3).
Found: C, 50.7; H,-3.6; N, 5.0%; p', 239/7(M4'-NO.)
C12H10C1N05 requires: ¢, 50.7; H, 3.7; N, 4.7%; M, 283.5.
(d) 3-(2',4'-Dinitrobenzoyl)pentane-2,4-dione (343)

The condensation of acetylacetone and 2,4—dinitrobenzoyl_chloride
(which‘was added as a slurry in'éther)'gave an insoluble solid'which_
was collected and combined with a second crop obtained by evaporating
the ether layer and triturating the‘residugl oil with ethér to give

3—(234‘—dihitrobenzoyl)pentane—2,4-dione (343) (71%) m.p. ll5°, as a

colourless solid. A sample prepared for elemental.analysis had.mﬂp; l4lo

1

(from ethanol), v . 1650 (CO), and 1535br and 1350 (Noz) em T(CDc13)-'

8.30 (14, s, OH), 1.20 (1H, 4 J 3Hz; ArH), 1.48 (1H, 4 J 9Hz, ArH),
2.30 (1H, 4 J 9Hz, ArH), and 7.78 (6H, s, CH3).
Found: C, 48.9; H, 3.4; N, 9.3%; M, 294,
C12H10N207 requlre;:- C,.43.0;. H, 3.4; N, 9.5%; M, 294.
Attempted recrystallisation df the bulk of the triketone (343) .

(7.17g) from ethanol with prolonged heating under reflux fesulted‘in1

its deacetylation to give 2,4—dinitroben2091&éetohé\(540 g) as yellow

needles, m.p. 78° + Vo, 1610br (CO), and 1530 and 1350 (NO,)

3Hz, ArH), 1.50 (1H, dd J 8Hz J

_l .
cm ©, t(CDCl,) 1.26 (1H, & J 5,6 5,3

3,5

2Hz, ArH), 2.26 (1H, d J SHZ, ArH), 4.18 (1H, s, CH) and 7.82

6',5

(34, s, CH3). o '
Found: C, 48.2; H, 3.3; N, 10.8%: M', 252.

'Calculated_for C o HgN0p: Cs 47.6; H, 3.2; N, 1l.1%; M, 252.

(e) 3-(4'-Nitrobenzoyl)pentane-2,4-dione (345)

The reaction mixture from the condensation of acetylacetone and
4-nitrobenzoyl chloride was filtered and the solid was combined with

a second crop obtained by evaporéting the ether layer and‘triturating
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the residual oil with ether to give 3-(4'-nitrobenzoyl)pentane-2,4-

dione (345) (82%) m.p. 78° (from ethanol) (lit., >

O
103°), v 1670
max.
and 1600br (CO), and 1530 and 1350 (NO,) em 1, T(CDCL,) (60 MHz) 1.72
(2, d J 9Hz, ArH), 2.04 (2H, 4 J 9Hz, ArH), and 7.88 and 8.00 (6H, s,
(:EI3)-
Found: C, 57.8; H, 4.3; N, 6.1%; M', 249.

Calculated for C  H NO: C, 57.8; H, 4.5; N, 5.6%; M, 249.

(£) 2-(2'-Nitrobenzoyl)-l-phenylbutane-1,3-dione (3294d)

The reaction mixture from the condensation of benzoyacétone and
2-nitrobenzoyl chloride was filtered and the solid was combined with
a second crop obtained by evaporating the ether phase and triturating

the residual o0il with methanol to give 2-(2'-nitrobenzoyl)-l-phenylbutane

’

-1,3~-dione (329d4) (72%) m.p. lO4°A(from ethanol),
1

1650 and 1600br

(CO), and 1533 and 1350 (NO,) cm (CDC1,)-6.65 (1H, br s, OH), 2.00-

3.10 (9H, m, ArH) and 7.74 (3H, s, CH3).

Found: C, 65.6; H, 4.1; N, 4.9%; p', 265 (M*—Noz).
C17H13NO5 requires: C, 65.7; H, 4.2; N{ 4.5%; M, 311..
(g) 4-(2'-Nitrobenzoyl)heptan-3,5-dione (329g)

The reaction mixture from the condensation of 2-nitrobenz6yl chloride
and heptane-3,5-dione was separated and the ether layer was evaporated to .
leave an oil which crystallised on standing. The resulting solid was

collected and washed with ether to give 4-(2'-nitrobenzoyl)heptane-3,5-

dione (329 g) (32%) m.p. 54° (from benzene-light petfoleum), max 1640 (CO)

and 1540 and 1320 (NO,) cm L, (cDC1,)-8.03 (1H, s, OH), 1.80-2.40 (4H, m,
ArH), 7.54 (4H, m, CH,) and 8.95 (6H, m, CH,),

: + +
Found: C, 60.3; H, 5.4; N, 5.1%; p , 248 (M -CH CH2).

3

C14H15N05 requires: ‘C,.60.6; H, 5.5; N, 5.1%; M, 277.
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(h) 2-Benzenesulphonyl-1-(2'-nitrophenyl)butane-1,3-dione (344)

The condensation of benzenesulphonylacetong with 2-nitrobenzoyl
chloride was qarried out gs describedAin the general method above, With.
the exception that the formation of thg magnesium enolate solution required
18 h at room témperature. The resulting reaction Mixturg, (afﬁer work—up 
as described in the general method) was separéted and the ether layer was
left ig coﬁtact with.éétUrated aqueéus'sodiumshydrogen carbonate sélution
for 5 h. The ether layer was then evapo:ated to give an oil from which
benzenesulphonylacetone (15%) separated, identical (m.p. and i.r. spectrum)
with an authentic saﬁple, The remaining oil Qas a mixture of unreacted
acid chlqride and benzénesulphonylaceténe as shown by its i.r. spectrunm.

The saturated équeous sodium hydrogen.carbonate extract_was acidified

with dilute aqueous sulphuric acid to give 2-benzenesulphonyl-1-(2'-nitro-

phenyl)buﬁane—l,3—dione (344) (18%), m.p. 123° (from ethanol), Yooy, 1680
(CO) and 1540 and 1350 (NO,)) em 1, T(CDC1,)~7.75 (1H, s, OH), 1.8-2.9
(9H, m, ArH) and 7.43 (3H, s, CH,) . | |

Found: C, 55.0; H, 3.7; N, 4.08; p’, 301 (M'-NO,)
S requires: C, 55.3; H, 3.7; N,'4.2%; M, 347.

€16%13%%

(i) 2—(N—Phenylcarb$moy1)—l—(2'—nitrdphenylibutéhe~i;3—dione (329e).

The condénsation of 2—nitf§benzoyl chloride and acetoacetanolidewas
cafried out as described in the general method with the exception that
the acetoacetanilide was dissolved in tetrahydrofu;an and thé mixture
Qas stirred overnighf to allow formétion Qfvthe.magnesium,enolate.

The resulting reaction @ixture, after_the condehsatiqn»was complete, was
sepafatéd and the organic layef was;evapérated ana tﬁé resiaﬁg‘was.fri—_-

turated with ether to give 2-(N-phenylcarbamoyl)-l-(2'-nitrophenyl)-"

‘butane—1,3-dione -(329e) *(42%), m.p. 122° from ethanol), v 1630 br

-1
(CO), and 1540 and 1360 (N02) cm , T(CDCl3)(60 MHz)-8.73 (1H, s, OH),
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-1.6(1H, br s, NH), 1.90-3.00 (9H, m, ArH) and 8.2 (3H, s, CH3)
Found: C, 62.9; H, 4.5; N, 8.6%; M', 326.

Cl7l_il4N205 requires: Cc, 62.6; H, 4.3; N, 8.6%; M, 326.

(3j) 2-Ethoxycarbonyl-1-(2'-nitrophenyl)butane-1,3-dione (329f)

The reaction mixture from the condensation of ethfl'acetoacetate
with 2-nitrobenzoyl chloride was separatéd and the ether iayer was
evaporated to leave an oil which was distilled under reduced pressure
to givé two vola;ile fracfions; namely, etﬁyl acetoacetate (21%);

b.p. 34°% at 0.1 mm, identical (i.r. spectrum) with an authentic sample,
.and ethyl,2—nitrobenéoate (19%), b.p. lZOo_at 0.2 mm, identical (i.r.
.spectrum) Qith an authentic sémple, T(CDC13)(6O MHz) 2.22 (QH, m, ArHS,
5.46 (2H, q J 8Hz, CH2) and~8.68A(3H, t J 8HzZ, CH3). |

The non-volatile residué was dissolved in ether and washed with
dilute aqueous sodium hydroxide (2 x 20 ml). The aqueous gbdium.’

hydroxide extract was then acidified with dilute aqueous sulphuric acid

and extracted with ether tb'give-2—ethoxyparbonyl-l—(2':nitropﬁeny1)butahe-

1,3-dione (329f)137

(49%) as a dark oil, T(CCl,) (60 MHz) 2.02 (1H, dd J
8Hz J 3Hz, ArH), 2.40-3.00 (3H, m, ArH), 6.22 and 6.70 (2H, q J 8Hz, CH,),—

7.66 and 8.02 (3H, s, CH3) and 8.98 and 9.42 (3H, t J 8Hz, CH3).

5. 3-Methy1;3—(2'—nitrobenzoyl)pentane-2,4—didne. (345)‘

| A mixture of_3—(2'-n;trobenzoyl)pentane—2,4-dione (329a) (3.0 g,
0.012 mol), methyl iodide (3.6 g, 0.024 mol), analar acetone (60.0 ml),
and‘aﬁhydrous potassium carbonate (6.0 g) was heated undervrefluglfor

8 h. Tﬁe mixture was hot filtered to remove.inorganic material and
_evapora;ed. The resulting residue was dissolved in chloroform and
washed with water. Evaporation of thelorganic phase afforded 3—methzl—‘

3-(2'-nitrobenzoyl) pentane-2,4-dione (347) (2.6g; 83%), m.p. 95o (from

-1
ethanol), vmax 1720 and 1695 (CO) and 1535 and 1350 (N02) cm , T(CDC13)
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1.88 (1H, m, ArH), 2.35 (2H, m, ArH), 2.63 (1H, m, ArH), 7.68 (6H, s, CH3)

~and 8.35 (3H, s, CH3).

Found: C, 59.5; H, 5.0; N, 5.3%; p', 178!

C,4H,,NO requires: C, 59.3; H, 5.0; N, 5.3%; M, 263.

6. Cyclisation Reactions of 2-Nitrobenzoyl Derivatives (329 a-d and g)

to 2-Acyl-3-hydroxyquinolines (330 a-d and 374) in the Presence -

of Aqueocus Ethanolic Potassium Hydroxide.

" General Method:'

A solution of tﬁe 2—nitrobehzoyl derivative (0.0l1l) in ethanol
(30.0 ml) was treated with 20% w/v aqueou§ potassium'hydroxide.(15}6 ﬁi)
and the mixture was heated under refiux for 0.5 h. The mixture was
evaporated, treated with water ‘and washed with chloroform. . In_ali
casés 6a-d below , evaporation of the chloroform extréét gave either
.a negligible amount of matérial or no materiél. . The aqueous phase
was then cooled in.iceband acidified with dilute aqueous sulphuric
acid, and effervesceﬁce qf a gas (presumably carbon dioxide) Was:pbserved,
The acidified aqueous_phase was-then worked up as described'fér‘tﬁe

individual reactions below.
9

(a) '2--Acety1—-3—hydroxyquinolir\e,‘(33Oa)'ll
The acidified aqueous phase from tﬁe ieaction of 3-(2'-nitrobenzoyl)
. pentane-2,4-dione (329a) with potassium hydroxide, was filtered to give
a brown #olid which was subjected to Soxhlet extfactionvusing light
petroleum (b.p. 80-100°) . ‘'The insoluble fraction wa; an intractable
brown soiid. - Evaporation of the petroleum extract gave 2—acetyl—3—‘

119

hydroxyquinoline (330a) (73%), m.p. 100° (from ethanol) (lit., - 118°),

Vax 1660 (CO) cm_l, identical (i.r.spectrum) with an. authentic sample.
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'(b) 2-Acetyl-3-hydroxy-6-methylquinoline (330b)
The acidified aqueous phase from the reaction of 3-(5'-methyl-2'-
nitrobenzoyl)pentane-2,4-dione (329b) with potassium hydroxide was

filtered to.give a brown solid which was subjected to Soxhlet extraction

using light petroleum (b.p. 80-1000) to yield 2—acetylv3—hydroxy—67%”_
methylquinoline (330b) (59%), m.p. 126o (from ethanol), vmax 1665 (C0) cm_l,

T(CC14)—1.OO (1, s, OH), 2.15 (1H, 4 J 7Hz, ArH), 2.62 (3H, m, ArH),

8'7
7.16 (3H, s, CH3) and 7.50 (3H, s, CH3)L Amax '~ 216, 246, 261 sh, 319 and

359 nm, (log € nax 4.21, 4.53, 4.24, 3.99 and 3.29).

Found : C, 71.6; H, 5.5; N, 7.0%; M', 201l.

C12H11N02 requires: C, 71.6; H, 5.5; N, 6.9%; M, 201.

(c) 2-Acetyl-6-chloro-3-hydroxyquinoline (330c)
The acidified aqueous phase from the reaction of 3-(5'—chloro~2'f
nitrobenzoyl)pentane-2,4-dione (329c¢c) with potassium hydroxide was filtered

and the brown solid was subjected to Soxhlet extraction using light

éetroleum to give 2-acetyl-6-chloro-3~hydroxyquinoline (330c) (65%),

m.p. 149° (from ethanol), v 1665 (CO) e L, T(CDC1,)~1.20 (1H, s, OH),

ax.

2.07 (1H, 4 J 10Hz, ArH) 2.39 (1H, 4 J 3Hz, ArH), 2.56 (2H, m, ArH)

8,7
and 7.15 (3H, s, CH3), A

5,7
219, 245, 311 and 382 nm, (log ¢ 4.26,

4.60, 3.92 and 3.51).
| Found: C, 59.6; H, 3.7; N, 6.3%; M, 22;/3}
c'llaecmo2 requires: C, 59.6; H, 3.6; N, 6.3%; M, 221.5.
The material,‘insolubie in light petroleum was an intractable brown

solid.

(d) 2—Benzoyl—3—hydroxyquinoline (3304)

The acidic aqueoué phase from the reaction of 2-(2'-nitrobenzoyl)-.
l-phenylbutane-1,3-dione (329d) with potassium hydroxide for 2 h, as
described in the general method, was extraéted with chloroform to afford

an oil which was extracted with light petroleum to give the crude product.
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Crystallisation gave the pure 2-benzoyl-3-hydroxyquinoline (3304d) (12.5%)

m.p. 95° (from ethanol), v . 1640 (CO) cm"l,.r(cnc13)—1.2s (1H, s, OH),

1.67 (2H, m, ArH), 1.99 (1H, m, ArH), 2.32 (1H, s, ArH) and 2.46 (6H, m,

ArxH), A 217, 248 and 319 nm, (log ¢ 4.49, 4.38 and 3.80).
max. max. .

Found: C, 76.8; H, 4.5; N, 5.5%; M', 249.

C16H11N02 requires: C, 77.1; .H; 4.5; N, 5.6%; M, 249,
Evapofation 6f the ethanol_rec?ystéllisation mother.liquors left a éolid
(0.6 g), m.é. 51-80°, vma;. ;690 and 1640 (CO) cm t.  Attempts to purify
this solid for furthgr investigation were unsuccessful. |

The petroleum ;nsoluble residue was triéurated with methanol to
afford a solid (15%) identical (m.p. and_i.r. spectrum) with the starting
material. Evaporation of the methanol mother liquors left a gum (37.5%

by weight) whose t.l.c. in ether over silica showed it to be a multicomponent

mixture.

(e) 3—Hydroxy—4-methyl—2—propionquuinoline (374)

| The acidified agueous phase from the reaction of 4—(2'-nitrobenzoyl)
heptane-3,5-dione (329g) with potassium hydroxide was filtered and the
solid.dissolved in chloroform and filtered to remove inoréanic.material.

Evaporation of the chloroform extract afforded the crude product which-

was crystallised from ethanol to give the pure 3-hydréky—4—methyl¥2—pr6pioﬁyl—

quinoline (374) (84%), m.p. 820, vmay 1670 (CO) cm_l,.A 219, 245, 311

and 382 nm, (log ema# 4.26, 4.60, 3.92 and 3.51), T(CDC13)-1.45 (14, s, OH),

2.00-2.55 (4, m, ArH), 6.55 (2H, q J Hz, CH,), 7.53 (3H, s, CH,) and
8.76 (3H, t, CH).
. Found: C, 72.1; H, 6.1; N, 6.5%; M, 215.

Cl3Hl3N02 requires: C, 72.5; H, 6.1; N, 6.5%; M, 215,
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7. The Cyclisation Reaction of ‘3-(5'-Methyli-2'-nitrobenzoyl)pentane-2-

4-dione (329b) with Sodamide in Liquid Ammonia.

Liquid ammonia (ca. 30 ml) was céoled to - 768 (acetone-solid CO2
bath)‘and the flask was flushed with nitrogen. Sodium metal (0.23 q, 0.0l
mol) was added- and tﬁe mixture was stirred until the blue colour was dis- .
chargead. The 2-nitrobenzoyl derivative (329b) (1.32 g, 0.005 mol) in

dry ﬁétrahyarofuran (10.0 ml) was then added to the stiried sodamide.
solutioﬁ at —78o and the cooling bath was then removed and the reaction
mixture allowed to warm up to room temperature. Further dry tetrahydro-
furan (15.0 ml) was fhen added and the mixture was stirred and heated
under reflux for 1 h. The'mixture was then evapérated and the solid
residue was dissolved in water (20.0 ml) and was extraéted'with'ghlofoform'
to remove an unidéntifiedlérange.solid (0.09 qg). The aqueous phase>was
acidified with dilute aqueous sulpﬁuric acid and was then extracted with
chloroform. The chloroform layer was washed with.sa£ﬁréted aqueous

sodium hydrogen carbonate solution and was evaporated to give a gummy

résidue (1.0 g) which was extracted with hot light petroleum to affora

2-acetyl-3-hydroxy-6-methylquinoline (330b) (0.35 g, 35%), m.p. 126o

(from ethanol) identical (m.p. and i.r. spectrum) with a sémple prepared
before. The petrol insoluble residue (0.23 g) was a taf whose t.l.c. in
eth&l aéetate over silica showed it té be a multicomponent mixture.
“The aqueous sodium hydrogén carbonate extract was acidified with
silute aqueous sulphuric acid to give an unidentified solid (0.15 g),
' -1

vmax 2660w (OH) and 1690 (CO) cm . Attempts to purify the solid for.

further investigation were unsuccessful.

8. Z;Acetyl—3—acetoxy—6—methquuinoliné (348)

The quinoline (330b) (0.40 g) in acetic anhydride (2.0 ml) was

heated under reflux for 2h. The solution was evaporated and the residue
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was triturated with water to give 3-acetoxy-2-acetyvl-6-methylquinoline

1755 and 1690 (CO)

(348) (0.23 g), m.p. 63° (from light petroleum), v__

cm-l,,X 217, 247 and 304 nm (log €
ma : : max

4.36, 4.57 and 3.83) T(CDC13;

. 60 MHz), 1.88-2.69(4H, m, ArH), 7.19 (3H, s, ArCOMe), 7.48 (3H, s, ArMe)

and 7.60 (3H, s, CH3)
Found: C, 68.9; H, 5.7; N, 5.6%; M , 243.
C14H13NO3 requires: C, 69.2; H, 5.4; N, 5.8%; M, 243.

9. 3-HydroXy—2-(a—hydréxyethyl)—6—methquuinoline (349)

The quinoline (330b) (0.40 g) was heated under reflux with sodium
dithionite (0.8 g) (added in two portions, the second;after 0.5 h) in

70% v/v aqueous ethanol (25.0 ml) for 1 h. Thé_mixture‘Was evaporatedf

and the residue treated with water to give 3—hydroxy~2-(a—hydroxyethyl)4

6—ﬁethquuinoline (349) (0.35 g, 88%), m.p. 169° (from ethanol-water),

v 3300br (OH) cm L, A 219, 238, 262 sh, 320 and 331 nm (log
max . max .

€max, 4-48: 4.46, 3.84, 3.78 and 3.81), r[cpc13-(cn3)2so] 2.18 (18, & J
9Hz, ArH), 2.63 (3H, m, ArH), 4.76 (l1H, q J 7Hz, CH), 7.55 (3H, s, CH;)
and 8.43 (3H, 4 J 7Hz, CH3).

Found: C, 70.0; H, 6.4; N, 6.7%; M', 203.

012H13N02 requires: C, 70.9; H, 6.5; N, 6.9%; M, 203.

10. The Methylation of the Quinolines (330a and b) Using Dimethyl

Sulphate in the Presence of Potassium Carbonate

- 2-Acetyl-3-methoxy-1l,6-dimethylquinolinium Methosulphate_(BSO)

The quinoline (330b) (10.0 g,.0.05 mol)vand dimethyl sulphate
(30.0 ml) were heated under reflux in analar acetone in the presence of
anhydrous potassium carbonaté (52.5 g), for 5 h and the mixture was
filtered and evaporated. The residﬁe from evaporation of the filtrate

was left in contact with water (35.0 ml) for 0.5 h and then extracted with
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chloroform to give 2-acetyl-3-methoxy-1,6-dimethylquinolinium methosulphate

(350) as a pale yellow solid (8.7 g; - 51%), m.p. 235O (from ethanol),vmax

1720 (CO) cm , T(D,0) 1.43 (1H, s, ArH), 1.80 (1H, 4 J 10Hz, ArH), 2.03

(14, s, ArH), 2.08 (1H, 4 J 1OHz, ArH), 5.60 (3H, s, CH3), 5.83 (3H, s,

CHj), 6.28 (3H, s, CHj), 7.12 (3H, s, CH,) and 7.38 (3H, s, CH,).
Found: C, 52.7; H, 5.7; N, 4.1%; M', 230.

HgNO

CIS 6s requires: C, 52.7; H, 5.6; - N, 4.1%; M (cation), 230.

2-Acetyl-3-methoxy-l-methylquinolinium Methosulphate (334).

The methosulphate (334) was prepared as described by Baynellg (59%),
m.p. 217° (from ethanol) identical (i.r. spectrum) with an authentic

. 119
.sample.

11. l-Methoxy—2—(5'—methyl~2'—methylaminéphegyl)—l—pyrquylethYIene

(351) and 2-[a-(S'—methoxy—S'—methyl—Z'¥methylaminostyry1)]—3-

methylquinoxaline (352)

The methosulphate salt (350) (1.03 g, 0.003 mol) was stirred for
20 min. in dilute aqueous sodium hydroxide (10.0 ml) and was then

extracted with chloroform to give the a-dicarbonyl defivative (351)

as a foam (0.51 g), Vmax 3400w (NH) and 1720 and 1670 (CO) cm-l.

The a-dicarbonyl derivative was characterised as the quinoxaline deriv-

ative (352) prepared by heating a mixture of the a-dicarbonyl derivative

(351) (0.25 g) and ortho-phenylenediamine (0.12 g) in ethanol (10.0 ml),
under reflux for 2 h. The solution was cooled to gi&e the quinoxaline
derivative c352) (0.22 g, 69%) as a yellow crystalline solid, m.p. ll8o

(from benzene), vmax 3210 and 1650w (NH),{Am 237, 252 inf., 279 and

330 nm (log € nax 4.65, 4.47, 4.09 and 3.76), t(CDCl "60 MHz) 1.98-2.50

37

(44, m, ArxH), 3.00-3.80 (4H, m, ArH), 4.10 and 4.30 (1H, s, CH), 6.03
and 6.32 (3H, s and s, OMe) and 7.20, 7.26, 7.43, 7.72, 7.80 and 8.15

(94, s,'CH3).
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Found: C, 75.2; H, 6.6; N, 13.1%; M', 319.
C22H23N3O2 requires: C, 75.2; H, 6.7; N, 12.5%; M, 319.

l—Methoxy—2—(2'-methylaminophenyl)—l-byruvoylethylene (335) and .

2—[a—(B'—methoxy;z'—methylaminostyryl)]43—methquuinoxaline (336)

The a-dicarbonyl derivative (335) was prepared by'tﬁelﬁéfhod”

described by Bayne,119 as a foam (95%), Vnax 3410 (NH), 1720 and 1660

(co) em L.

The quinoxaline derivative (336) was prepared by the method described

by Baynellg (36%), m.p. 1760, identical m.p. and i.r. spectrum) with an

authentic sample.

The Attempted Acetylation of the a—Diéarbonyl Derivative $335)

The a-diketone (335) (0.44 g, 0.002 mol) was heated unde?.réflux-iﬁ
acetic anhydride (1.0 ml) for 10 min. The mixﬁure was thenlcooléd éﬁd
evaporated to give an intractable tar whoﬁe t.l.c. in ethyl acetaté over
silica showed it to be a multicomponent mixture,containiﬁg startihg

~

material.

12. The Acetylation of the Quinoxaline Derivatives (336 and 352)

* The -quinoxaline derivative (336) (0.60 g, 0.002 mol) was heated
uhder reflux in acetic anhydride (2.0 ml) for 0.5 h. Evaporatidn of

the solution gave a gum which was triturated under methanol-water to

~give the acetyl derivative of the quinoxaline (353a) (0.53 g; 77%), m.p.

129o (from benzene-light petroleum), vmax

1660 (CO) cm T, A
) max

256, and 325 nm (log € nax 4,52, 4.55, 4.19 and 3.83), T(CDC13) 2.05

(2H, m, ArH), 2.30 (2H, m, ArH), 2.90 (2H, m, ArH), 3.20 (lH, m, ArH),
3.50 (1H, 4 J 8Hz, ArH), 4.03 (l1H, s, CH), 6.11 (3H, s, CH3), 6.70

(38, s, CHj), 7.33 (3H, s, CHy) and 8.06 (3H, s, c,) .

211, 239, .
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Found: C, 72.7; H, 6.1; N, 12.1%; ', 347.

C,,H, N.O requires: ¢, 72.6; H, 6.1; N, 12.1%; M, 347.

217217372
The quinoxaline derivative (352) (0.4 g) was heated under reflux
in acetic anhydride (1.5 ml) for 0.5 h. The solution was evaporated

and the residue was triturated with aqueous methanol to give the -

acetylated quinoxaline derivative (353b) (0.37 g, 82%), m.p; 135°

(from ethanol-light petroleum); vmax 1640 (co) cm-l r(CDC13; 60 MHz)

1.90-2.52 (4H, m, ArH), 2.28 (2H, m, ArH), 3.70 (1H, s, ArH), 4.90
(1H, s, CH), 6.15 (3H, s, OCH;), 6.85 (3H, s, CH,), 7.40 (3H, s, cu3),
8.16 (3H, s, CH;) and 8.23 (3H, s, CH,).
Found: C, 72.5; H, 6.5; N, 11.4; M', 36l.
,vc22H23N302 requires: C, 73.1; H, 6.4; N, 11.6; M, 361.

13. The Attempted Acid-Catalysed Degradation of the a-Diketone -

Derivatives (335 and 351)

(a) The gfdiketone derivative (335) (0.44 g) was stirred with dilute
aqueous hydrochloric acid (10.0 ml) at room.temperature for 2‘h, thxoughQut
which time, a guﬁ remained ihsoluble in the‘acid. The miXture was then
extracted with éhloroform’to éive on evaporation, a gum (0;69 g) whose
t.l.c. in chloroform ovef silica showed it to be a multicomponent mixtufé;
"The aqueous phase was basified by the dropwise aaditioh of ailute aqueoﬁs
sodium hydroxide solution and then extracted with chloroform. vaaporaﬁion
of the chloroform extract gave a gum which was triturated with ether-ethyl
- acetate to afford an unidentified yellow solid (0.02 g); Evaporation of .
the ether—éthyl acetate mother liquors gave a'gum (0.22 g) whose t.l.c. in
chloroform over silica showed it to be a mul ticomponent mixture containing :

starting material.
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(b) The a-diketone derivativé-(351)(o.§ g) was dissolved in dilute aqueous
sﬁlphuric acid (15.0 ml) and the solution was heated under reflux for 1 h,
cdoled, and then extracted with‘chlorbform to give a gum (0.27 g) whose
t.l.c. in ether or chloroform over silica showed:it_ﬁo be a multi-
component mixture. The aqueous phase was neutralised with SOlia'sodiuﬁ
_hydrogen carbonate and extracted with,chlorofotm to give a light brown‘

solid (0.2 g) which decomposed on standing to give an intractable tar;.

14. The Acid-Catalysed Degradation of the Quinoxaline Derivatives (336

and 352)
‘a) . Using Aqueous Sulphuric Acid
i) ‘A solution of the quinoxaline derivative (336) (0.6 g;}0.002~mol)‘

'in 20% w/v aqueous sulphuric acid was heated under reflux for 0.5 h, hot
filtered to remove a negligible amount of solid and then neutralised with

solid sodium hydrogen carbonate to give a precipitate of 2-methylbenzimidazole

(361) (0.21 g; 80%), m.p. 176° (from benzene) (1it.,'2%176%),
| Found: €, 72.6; H, 6.1; ‘N, 21.0%; u*, 132.

.Calc'ulate‘d for CgH.N,: C, 72.7; H, 6.1; N, 21.2%; M, 132,
which was converted in ethanolic picric acid into:the picrate, m.p. 210°
kfrom ethanol); (lit.%23080). |

" The neutral -agueous filﬁrate was-concentrated and extracted with
chloroférm to give a gum (0.18 g) whose t.l.c. in éthyi acetate over
silica showed it ;o be a.multicbmponentvmixture from whiqh no identifiable
materialtcould be ob;ained. |
i)) A solgtion of the quindxaline derivative (352) (0.4 g) in 20% w/v .
aqueous sulphuric acié (6.0 ml) was heated under reflux fof 0.5 h and
thep filtéred to remove a negligible amounﬁ of materiai.. Tﬁe solid
. that precipitated>on coo;ing was dissolved in watér aﬁd the aqueoué
solution adjusted to pH7-8 by the addition of solid sodium hydrogen

carbonate. Extraction of the neutral aqueous phase gave nc material.
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The original acidic aqueous mother liquor was neutralised with

" s0lid sodium acetate and extracted with chloroform to give 2;methzl—

benzimidazole (361) - (0.08 g; .50%), iaentical (m.p. and i.r. spectrum)
with a sample obtained before.

b) Using Aqueous Hydrochloric Acid

i) The quinoxaline derivqtive (336)(0.35 g; 0.001 moi) étirred in
dilute aqueous hydrochloric acid@ (4.0 ml) for 1 h at room temperature.-
The solution was then made alkaline by~the dropwise addition of diiute
aqueéus sddium hydroxide ‘solution to give a solid (quantitative)
identical (m.p. and i.rf spectrum) with the starting material.
ii) Reaction (i) Qas repeated at 60° for O;S.h and the'résulting-red
solution was extracted with chloroform to give a gum which was tritﬁréted
with ether toAyield an unidentifiedvsolid (0.05 qg), m.é. 1560, vmax.
3330br (OH).

The aqueous'mother liquor was basified by the drquise addition
of dilute aqueous sodium hydroxide solution. . Extraction with chloroforh'
gave a guﬁ (0.2 g) which was triturated with ether-ethyl acetate to‘give
the-starting'material more of which was obtained by evaporating the
trituration mo;her liquor and retriturating the residue with methanol

(total 0.06 g), identical (m.p. and i.r. spectrum) with an authentic

sample.

c). Using Acétyl Chlofide in Acétic Acid

| The quinoxaline derivative (336) (0.31 g, 0.00l mol) was dissolved -
in acetic_acid (2f0 ml) and acetyl chloride (3.0 ml) was added and tﬂe
solution was heated under reflux for 1 ﬁ. The mixture wés evaéorated,_h
treated with chloroform, and washed with saturated aqueous sodium
hydrogen carbsnate solution (2 x 5.0 ml). Evaporation Qf the chlo;pform~
extract afforded an intractabie gum-(0.26 g) whose t.l.c. in ethyl ace;ate
over silica showed it to contain several close-running components one of.

which was the starting material.
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The Attempted Acid-Catalysed Rearrangement of 2-Acetyl-3-methylquin-

oxaline (363).

A solution of the quinoxaline (363) (0.75 g, 4 mM) in 20% w/v
aqueous sulphuric acid (12.6 ml) was heafed under reflux for 0.5 h.
. The green‘soiution was cooled and neutralised with solid sodium‘hYdfééen“ :
carbonate to give a éo;id (0.6§ g; 91%) identical (m.p. and i.r.

spectrum) with the starting material (363).

15 The Attempted Oxidative Degradation of the Quinoxaline Derivatives

(336 and 352)

a) - Using Chromium(VI)Trioxide

A Qolution of the quinoxaliﬁé (336;(0.6 g)‘in 70% v/v aqueous
acetic‘acid‘(lo.o ml) was treatéd-with chrqmium (VI) oxide (0.64g) And
" the mixture was heatédlunder rgflux for ; h. The solution waé evaporated-
to leave a dark oil whiqh.was dissqlved‘in chloroform-and-water (l0.0 ml).
-The chloroform layer Qas evaporated and the residue was triturated with,
methanol to give an intractable dark'brown solid, iAttémpts tovéryé£allise
fhis solid for further investigation were unsuccessfui. The methanoll |
:mofher liquors wére'evaporafed'to leave anothef amounﬁ of én intractable
solid (0.22 g) which could not be characterised.

b) Using Hydrogen Peroxide in Acetic Acid

A‘sglution of the quinoxaline (352).(0.54 g) in glacial acetic
acid kl0.0 ml) was tfeated with 30% v/Q aqueous hydioéen»peroxide (4.5 ml)
aﬁé stirred at 50o for 17 h.. The mixﬁure‘was dilﬁﬁed‘with watér‘(iS.O ml)
and extracted.with chlo;oform{ The organic layer was washed with’séturatea
‘ agueous sédium hydroéen carboﬁéfe soiuéion (2 x 15.0 ﬁl) ana evaporated |
to give a:gum (6.21 g) wHoSe t.l.c; in gthyl acetate over silica showed
it to be a multicomponent mixture. Acidification of the soaium hydrogen

carbonate washings with dilute aqueous sulphuric acid and extraqtion with

chloroform afforded an intractable gummy solid (0.06 g).
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16. 'The Attempted Cyclisation Reactions of the 2-Nitrobenzoyl Derivatives

(329 e,f,344 and 347) in the Presence of Potassium Hydroxide

The 2—nitrobenzoyl‘derivatives Qere‘heatedvunder reflux with 20%7
w/v aqueous potassium hydroxide as described in:the General Method
described before for -the successful cyclisationg'of the 24nitrobén20yi:'.
derivatives. .The_acidified aqueous phase was then-WOrked up as described
for the individuai feactioné below.

a) The Attempted Cyclisation of 2-Ethoxycarbonyl-1-(2'-nitrobenzoyl)

butane~1,3-dione (329f)

The acidified équeous phaée was extrac;ed with -chloroform and washed
with saturated aqUebus sédiﬁﬁ hydroéén caiboﬁate solution (2. x 10;0 ml).
Evaporation of the chloroform layer gave an 0il (49% by weight of starting
material) whose t.l.c. in éthyl acetate over siiica showed it to be a
mixture'containing several close-running components erm which ﬁo identié'
fiable material could be obtained. ' The sodium hydrogen carbonate washings
were acidified with dilute équeous sulphuric acid,ana extracted with
.ch;orqform to give é dark oil (20% by weight.of starting material) whose

. t.l.c. in chloroform over silica showed it to be a multicomponent mixture.

b) The Attémpted Cyclisation of 3—Methyl-3-(2'—nitrobenzdyi)pentane—2,

4-dione (347)

‘Tﬁé acidified aqueous prhase was extracted with chloroform. The
chlorOfoim phase was then washed with saturated aqueous sédium hydrogen
carﬁonate solution (2 x425.0 ml) and evépofated tblgive gn'intractable

blaék ta; (20% by weight of starting material). Thé sodium hydrogen‘
lcarbonate washings were acidified with dilute aqueouslsulphuric,aCid
and ext;acted with chlorofprm to give a further intractaﬁle black tar (62% by

weight of starting material) .
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c) The Attempted Cyclisation'of‘l—(2'—Nitrobenzoyl)42—(N—phenylcarbamoy1)

butane-1, 3~-dione (329e)

.i) The acidified agueous phase was.filtered to give a solid (94%)
identical, (m.p; and i.r.cspectrum) with the starting material.

ii) . The experiment (i) above was repeated u51ng 40% w/v aqueous. potaSSLum
‘hydrox1de instead of-20% w/v aqueous éota551um hydroxide as described in o
‘the General‘Method. Again the ac1dified aqueous phase was filtered to
give a SOlld (quantitative) identical (m.p. and i.r. spectrum) with the

starting material

d) The Attempted Cyclisation of 2- Benzenesulphonyl 1- (2'—nitrobenzoyl)

butane l 3- dione (344)

The acidified aqueous phase was extracted with chloroform and the
organic layer Qas washed with saturated aqueous sodium hydrogen sulphate
solution (2 X 10 ml). The chloroform lafer was then evaporated to give
an intractable.blaCk tar (55% by-weight of ‘starting material) whose t.1l.c.
in chloroform over alumina Showed it to be a multicomponent mixture.
‘Ac1dification of the sodium hydrogen carbonate extract and extraction with
chloroform afforded only a negligible amount . of material

The Attempted Reaction of 3= (4'—Nitrobenzoyl)pentane 2, 4 dione (345)

in the Presence of Potassium. HydrOXide

'The 4—nitrobenzoyl derivative (345) (5.0 g) in ethanol (50.0 ml)
;was'heated under reflux with 20% w/v aqueous potassium hydroxide (25.0 ml)
for 0.5 h. The mixture wasaevaporated,ltreated witn water (30.0 ml) and
the resulting solution was washed with chloroform.to give, on evaporation‘%rv
of the organic:layer,:p—aminoacetophenone (0. 09‘9), m. p. lOéo (from water)v

(lit., 1060); vmax 3400w,.334O and 3220 (NH ), and 1650 (CO) cm l,

(coel ) (60 MHz) 2.34 (2H, d J.9Hz, ArH), 3.50 (26, d J 9Hz, ArH),

5.87 (2H, br s, NH,) and 7.60 (3H, s;-cu3).
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The aqueous mother liquor was acidified with dilute aqueous
sulphuric acid to give an intractable semi-solid from which no identifiable

material could be obtained.

-~

17. The Attempted Cyclisation Reaction of the 2—Nitrobenzoylacetonel}?_

(326) in the Presence of Potassium Hydroxide

2—Ni;robenzoylacetohe118 (2 g, 0.01 mél) in ethanol (30.0 ml) was
treated with 20% w/v aqueous potassium hydroxide (15.0 ml) and the mixture
‘was heated under reflux for 0.5 h and evaporated and treated with water
(20.0 ml).: The aquéous phase was extracted with chloroform evaporation
of ﬁhich, gave no material.  The aquedus phase was.aqidified with.dilute;
aduéous sﬁlphuric acid ahd.was extracted with chlorofofm. . The orgaﬁic
layer was washed with saturated aqueous sodium hydrogen carbonate solution
(2 x 20.0 ml) and then evaporated to give isatin (328) (0.23 g) m.p. 203°
(llt}, 203° )V ax.3,2OOw (NH), and 1740 (CO) cm-l,'idgntical (m.p. and i.r.
spectrum) with an authentic sample. The sodium hydrogen carbonate extract
was acidified with-dilute'aqdepus sulphuric acid and extracﬁed with chloro-
form to give a'gum~(0.22 g) from which no identif;&ble maﬁerial could be
isolated. The aCidifiéa sodium hydrogeh'éa%pohéte.extract was neutralised
: with_anhydrous solid sodium acetate and extracted with chloroform to give a
red solid (0.1 g) whose t.l.c. in chloroform over silica showed to to be a
mixture of three close-ruqning components,
The original agidic aqueous phase was evaporated and the ;esidue
extracted with ethanol to'givé a gum (0,12 g) Vh;ch was triturated with

ethanol-light petroleum to give an unidentified solid (0.04 g).



Chagter 4

"The Acid?Catalysed'Transformations of Some"

2-Acyl-3_ (2'-nitrophenyl)oxiranes"




Scheme .68 ..
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Scheme 69
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As discussed previously (see Intrcduction) it has been shown that
the ortho-nitro group can anchimericélly assist the solvolysis of
2-nitrobenzyl bromides. Participation by the ortho-nitro group is
also proposed to account for the facile ring-opening reactions of
certain 2'-nitrophenyloxirane derivatives. One of the earlié;t,examplesAx
of such an interaction beﬁwéeh a nitro group and a neighbquring epéxidé‘
‘substituent is that which is involveaAin the conVersion138 of ortho-
1nitropheﬁylglycidic.acid (383) iﬁ hot glacial acetic écid or water, into
a mixture of anthranil (390) and anthranil-3-carboxaldehyde (388).
This transformation can be explained by intramolecular nucleophilic
attack on the brotonated epoxide [Scheme 68; (384)] (presumably in
- water the glycidic acid acts as its own écid éatalyst) by an oxyéen
atom of the ortho-nitro g?ouﬁ to give the cyclic intermediate (385} 
thch then rearranges to fhe nitrosoketone (386); Decarboxylatidn of
the latter and internal oxidatioﬁ-reduction then gives the hydrox&lamine
derivative (387), cyclisation of which affords the aldehyde (388).' The
formétion of the anthranil (390) can then be accounted fo by oxidationl38'“
of the aldeh?de (388) to anthroxanic acid (389) with subséquent decarb-
oxylation.139 Evidence for_a nitroso intermediate inlthe acid—catalyséd
interaction between ortho-nitro groups and epoxide side—chains.is
prox}ided140 by the isolation of the nitrosoketone (392) from the reactién:,
of 2-nitrophenyloxirane (391) with formic acid (Scheme 69). This reaction
can bé explainéd by a simiiar course to that proposed for 2-nitrophenyl-
glycidic acid (383) previouély discussed gnd indeed,theinitroso inter-
mediateA(392) reacts_further, under acid conditions to afford the
benzisoxazole (393).

More recently,l4l’119 the reactions of the oxiranes (594 a-e) with .

hydrogen chloride in ether ha&e been shown to afford the 6-chloro-N-

hydroxyquinolones (398 a and b: Scheme 70) in varying yields.
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Whereas the 35325 oxiraneé (394a and b) afford only low yields of the
N-hydroxyquinolones (398 a and b) respectively, accompanied in one case
by the chlorohydrin adduct (399), the cis oxirane (394d) and the trisub-
stituted oxirane (394 c, e and f) afford high yields of the‘corresponding
6-chloro-N-hydroxyquinolones (398 a and b). This variation in yield of

the E}hydroxyquinolone'product between the cis and trans isomers is

41

attributedl to the steric effect of the acyl substituents. In the

cis oxirane the nitro group is presumed to be constrained by a buttressing
effect of the acyl substituents, to a favourable position for nucleophilic
attack upon the éonjugate acia (395) of the oxirane (cf. Scheme 71). The
absence of any chlorohydrin products from the reaction'of the nitrophenyl—'
oxiranes (394 c—f) implies that the nitro group.participaﬁeé in the ac;ﬁal
ring-opening of the oxirane thus blocking compefitive nucleophilic attack
on the oxirane ring by chloride ion since the approach of the nucleophile
must be colinear with the bond being broken. This line of approach is

» ndt blocked in the trans oxiranes and consequently,in the presence of a ‘
high concentration of hydrogen-thoridé, the competitive nﬁcleophiiic"
attack by chloride ion on the conjﬁgate acid of the oxirape, prevéi1s.

The initial stages of the mechanism141 proposed for tﬁe'fotmation of

the chloroquinolones (Scheme 71) are analoéous to those invoked to
accountAfor the formatién bf anthranil-3-carboxaldehyde (388) and 2-
nitrosophenylmethanol (392) from other 2'-nitrophenyloxirane derivatives -
discussed before. However, in.the presence of hydrogen~chloride the
nitroso intermediaté [(396); Scheme 71] can undergo réduction to a -
hydroxylamino intermediate k397) with simultaneous introducticn of a
chlorine atom at the S5-position of the benzene ring. Cyclisation of the

hydroxylamino intermediate (397) then yields the chlorinated N-hydroxy-

quinoloné product (398). The dehalogenated quinolones (400 a and b)
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may be formed by the additioﬂ of hydroquinone in the hydrogen chloride
catalysed reaction or by the use of hYdrogen bromide as an alternative
catalyst in which cases the reduction step , involving conversion of the .
nitibso intermediate (3%26) into a hydroxYlamino intermediate‘ in the
proposed reaction pathway, i§~efféctédlwithout introduction of a halogen
atom at the 5-position of thé benzene ring.

It was thought that by)chénging the n;ture of thé_atidic_catalys£
and examining the scope of the reactions of 3-acyl—2—(2'-nitropheny1)
oxiranes that additional information about the mechanism of thesg reactions
could be obtained. It was also.héped'to demonsttaﬁe-ghe synthe;ic value
of such reactions. The 2—acyl—3—(2'—nitrpphenyl)oxirahes (394 a aﬁd |
401 a-d) required fOr study were preparéd by Darzens éondenéationl42 6f
2fnitrobenzéldehydes with a-halocarbonyiACompbuhds,'in moderate to
excellent yields. The 2,2—diacyl—3-(2'—pitrophenyl)oxiranes [(403 a-c);
Schene 72] were prepared in excellent Yield by the oxidation of the corres-

ponding benzylidene derivatives (402 a-c) using aqueous sodium hypochlorite
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in pyridine, a method developed b& Bayne.119 However, this method
failed to epoxidise the benzylidine derivative (402d) and the sulphone
derivative (404). A similar attempt to epoxidise the known 2,2'-dinitro-
styrene (406) resulted in its decomposition, the only product isélated
being 2-nitrobenzaldehyde. The.2-nitrobenzflidene Aerivétives (402 é-d{
required for epoxidation, were reédily obtained in high yield'by a modifi-
cation of the method of Loudon'and Sword,l43 namely condensation of
2-nitrobenzaldehydes with suitable B—diﬁarbonyl compounds in the presence
of‘piperidine acetate.as catalyst at a temperature ofA60o for 24 h as
opposed té the conditions recommended,l43 namely, room temperature for
4 days. The benzénesulphonyl dérivatiVe (404) was obtained by the éon-‘
densation of benzenesulphonylacétone with 2—nitrobenzaldehydé ih the
presence of piperidinium toluéne—gfsulphbnate as catalyst.

It has been proposed, in the ﬁechanism of quinolone formation from
2-acetyl-3-(2'-nitrophenyl)oxirane derivatives (cf. Scheme 71) that
reduction of the nitroso intefmediate is effected'bY'hydrogen chloride‘
with the introduction of chloride ioniinto the ring. The guestion
therefore arose as to what would happen if ﬁhe_s;position in the nitroso-
phenyl ring was klocked thus preventing chloride ion ihtroduction at this
position. If the assumption that reduction is aqhieved:by nuclééphilic
attack,ﬁy chloride ion on ﬁhe nitrosoéhenyl ring is correct then it may
be predicted,in this. case,that the reduction stép could still be effecfed
by entry of chloiide ion at the 3-position. (Scheme 73). The ébservation
of such alternaﬁive substitution would provide some indirect evidence for
the mechanism préposed for N-hydroxyquinolone formation. Conversely,
if it was observed that blocking chloride entry at the 5-position preventéd
formation of gfhydroxyquiholine; then this would be positi?e evidence that

reduction is affected by hydrogen chloride and not by any other means.
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In practice treatment of 3—(5'—bromo—Z'—nitrophepyl)—é,z—dibenzbyloxiréne
(403b)_with hydrogen chloride in either acetic aéidiér-dioxan at rooﬁ
tempe:ature,i the conditions under which ﬁ:hydroxyquinolone formation

from the parént.éxirane (394f) was sucéeésful119 . affofded only"é high
return of unreacted starting material. Thus it is not unexpected that

the 3';5'—dichloro-2'—nitrophenyloxirane (403c) when treated with‘hydrogen
chloride in dioxan at room tempe;atpre for 48 h, élso afforded only a high
return of the unreécted starting material. The'féilure of both qxiraneé
(403 b and c) to react at all to any great e#tent,'even to the extent of
yieldihg the cgrresponding;chlorohydrins,is surprising aithough the

parent oxirane (394f) is itself slow to react,-some starting material
 being recovered after even 80 h. The inertness of thése dibenzoyl-
-oxiranes (394f) and (403b and ¢) may be attributed to the electron-defié;eqcy '
" of the oxirane ring due to the electron-withdrawing groups attaéhed‘ .
inhibitiﬁg-protonation of the oxygen atom andiconsequehtiy-inhiﬁiting
ring-opening. Thevfailure of chloroﬁydrin'formétioh w@uld tﬁus arise
from thé reduced efficiency éf acid-catalysis and from a steric blocking
.effect on chloride ion atta;k.akinvto ﬁhat describedlip thé quinolinone

formation from the cis-disubstituted oxirane (394d) earlier.
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In an attempt to force the bromonitrophenyloxirane (403b) to
undergo acid—catalysed rearrangement,_it was heated under reflux for
3 h with hydrogen chloride in acetic acid. Despite these forcing con-
ditions the.oxirane (403b) was recovered unchanged in 45% yield.
However, a solid whose properties are'censisteﬁt'with.it being 4,4'-
dibtomoazobenzene—Z,2'-dicarboxylic acid (413) was isoiated. In
particular, it was acidic¢ and its i.r. spectrum showed acidic hydrb#yl
bands at 2650 and 2550 cm—l and-a carbonyl band at 1695 cm—l. Its
mass spectrum showed a parent ion in 1:2:1 isotope ratio, consistent
with the inclusion of two brominelatoms in the molecule. When 2,2-
dibenzo?l—3—(2'-nitrophenyl)oxirane(394f) was subjected to heating with
hydrogen chloride in glacial acetic acid the onlyﬂidentified product;
obtained in low yieid was benzoic aeid. Since it appears that hydroéen“
chloride cannot effect reduction of a nitroso intefmeaiate without the
incorporation of chlorine into the nitrosophenyl ring, and since no
chlorine was incorporated into the azobenzene product (413), the mechanism
proposed (Scheme 74) for the formation of the azo compound (413) involves
only internal_oxidatioﬁ—;eduction processes. Thus, acid-catalysed fing—
openiné'of the oxirane (403b) with participation of the nitro group, gives
rise to the nitroso intermediate (407) as in the mechanism‘proposedlﬁor
quinolone forﬁation.. Solvolytic cleavage of side-chain of the nitroso-
phenyl ring then produces the 2-nitrosobenzoic acid derivative (408).
Alternatively, the nitrosoéhenyl intermediate (407) can rearrange to the.
hydroxylaminotriketone intermediate (410)-by an inteinal oxidation-
'reduetion with solVolysis of a benzoyl group.: This intermediate (410)
may then undergo further intefnel o#idatiqn-reduction, again with
solvolytie cleavage of the remaiﬁing benzoyi group,jto give the -
anthranilic acid derivative (412),'eondeqsation of which with the
nitrosobenzoic acid intermediate (408) explains the formation of the

dibromoazobenzene derivative (413).
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In a further attempt to effect the acid-catalysed rearrangement of
2,2—diacyl—3—(2'—nitrophenyl)qxiranes to chlorinated N-hydroxyquinolcnes
under condigions which might be applicable to apparently unreactiveA
substrates such as 2,2—dibenzo§l-3—(S';bromo~2'—nitrophenyl)oxirane
(403b), the use of concentrated aqueous hydfochloric acid as the
catalyst in such transformations was investigated. - Thﬁs, heating tﬁe
parent dibenzoyloxirane (394f) under reflux %ith conceﬁtrated agueous
hydrochloric acid in glacial acetic acid for only 1 h, gave a 91% yield
of the N-hydroxyquinolone (398 a), a marked improvement on the room
temperature hydrogen chloride catalysed cyclisation.119 Benzoic acid
(50%) was also isolated. ‘Despite ihe success of this method, the
attempted rearrangement of tﬁe 5-chloro-substituted oxirané (403 a)'i
using hot concentrated aqueous hydréchlbric acid in glacial acetic aeid,
gdve a 47% recovery of starting material. Benzoic acid (50%) was
however, élso isolatied. -

In an attemét to further probe the mechanism.of'the hydrogen éhloride
catalysed reactions of 2-acyl-3-(2'-nitrophenyl)oxiranes, their reactions.
in a hot mixture of acetyl chloride and acetic acid were investigated.
This medium was chosen in the expectation thatlit would provide both the
_necessary hydrogen chloride catalyst and an acetylating reagent‘which
might permit the trapping pf'one or more of the reactive iﬁtermediatesv
[e.g. the hydroxylamino intermediate (397) ; (Scheme 7l)] as their acetyl
derivatives. Thus,.heating trans 2-benzoyl-3-(2'-nitrophenyl)oxirane
(394a) in a mixture of acetyl chidride and écetic acid afforded two products.
in low yield. These were subseqﬁently idenpified as the acetylated |
chlorohydrin (414) and 3—acetoxy—6-chloro-2—phenquuinoliﬁ?4(lH)-one (415) ..
The structure of the acetylated chlorohydrin (414) is based on its
elemental analysis énd its i;r; spectrum which showea bands attributab;e

. 1 ’ . .
to nitro group absorptions. Its "H n.m.r. spectrum showed nine aromatic
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protons and two mutually coupled (J 9Hz) signals at <3.26 and ©3.80 which
are assigned to the two methine hydrogen atoms. The peak due to three
‘protons at 8.12 is assigned to the acetoxy methyl group. Its mass
spectrum did not show a parent ion and the base peak appeared at m/e 204.
The quinolone (415i showed an identicalii.r. séeétrum of én'éuthe;tic o
sample.141 The struéturebof the‘éuinolone (415) was further established
by its hydrolysis to the'kAnown141 éompdund,'6-¢hloro—3-hydroxy;2—phenyl-
quinolin-4(1H)~-one (416) which gave identicéi spectral data to that of
an authentic sample._ Its elemental apalysis, however, showed it to be
a mono4hydra£e.

The attempted reaction of the bromo-ﬁitrophenyloxixane (40lb) with

hot acetyl chloride in acetic acid, gave' largely starting material,

0 0 |
Cl OH | OH

N7 FDfIT | SNTNPR
H S - H

(416) (417)

The.inertness of the brdmo Compound-(4blb), even td chlorohydrin‘formation
again shows.that an eléciron;Qithdrawing substituent on_tﬁe nitrophenyl
ring has a marked effect géon the ability of the oxirane to uﬁdergo ring-
opening. Thus, it is possible that the additional electron-withdrawing
éffect of #he bromo substituent inhibits formation of the conjugate acid
of the type (395) (cf. Séheme‘7l), hence inhibiting acid-catalysis of

the ring-opening reaction. - Altefnatively, ﬁhe effect of the electron-
Qithdfawing substituent may be to decrease the nucleophilicity of the
nitro group thus removing the-participatioﬁ of the nitro group in the
ring-opening of a conjugate acid of the type (395). . This implies

however, that it is necessary for the nitro group to interact with the
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oxirane for ring-opening to occur at all and that chloride ion cannot
effect ring-opening of a conjugate acid of the typé (395’ gince no
chlorohydrin was formed in the reaction of the bromo-oxirane deriQative
(401b) with hot acetyl chloride-acetic acid, oxr with hydrogen chloride
in-acetic acid. However, it is difficult to reconcile this implicatidn
with the‘reason proposed for the variation in the yields of product

from cis and trans isomers of the disubstituted oxiranes (cf. Scheme 70).

When the benonloxiraﬁe (394a) was heated in a mixture of acetyl bromide
and glacial acetic acid, the isolated product formed in moderate yieid,
was the 3-hydroxy-2-phenylquinolin-4(1H)-one (417) which was identical

to anAauthentic sample. 41

This was the expected product by analbgy
~with the acetyl chloride-acetic acid feaction but iﬁ this case ﬁhe
redpction of the nitrosoc intermediaﬁe [(396); Scheme 71] is effected
by hydrogen bromide without.incorporation of bromine into the product.
The attempted reactions of other 2—acyl—3(2'fnitrophenyljoxiranes
with hot écetyl’chloride in acetic acid wére largely unsuccessful.
Thus,»the acetyl—o#iranev(4old) and the ester (40le) gave intractable
products from which no identifiable matgrial could be obtaingd. On
the éther hand, similar. treatment of thé dibehzoylfoxifaée (394f) gave
a highvréturn of the starting material.
The fesults obtained from the reactions of the-oxiranes (40lc—e
and 394f) with acetyl chloride or acétyl bromide are difficult to explain
in Vie& of those obtained in the hfdrogen chloride catalysed reactions
of the same oxiraﬁes (401 c—-e and 394f) since the acefyl halide réactions
give prbduc£s that are reduced with respect to the 1,3—dihydroxyquinolin—
ones-k398 a and b) obtained from the hydrogeﬂ halide reactions. Howéve;,
it waé shown that the l,3—dihydroxyquinoi;none (398a) could be converted
under the acetyl chloride;acetic acid conditions, into the 3-acetoxy-

quinolone (415). The mechanism of this reaction is not clear but

obviously a reduction is involved at some stage.
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Attention was next turned to the study of the acid—cetalysed_reactioﬁs
of 2—acyl—3-(2'—nitrcpheny1)oxirane_derivativee using acidic cetalysts
which cannot effect reduction in the hopeythet fhe.acid-catalysed-rearracge-c
ment wqulé be halted at the nitroso stece, thereby providing iﬁ%ormation‘x
about the ‘overall mechanism of the QEEgg;nitro group~side;chain rearrange-
ment. Concentrated sulphuric acid has been used as the catalyst.in
transformétions»of‘2—nitrobenzylidene derivativee-(cf. Introduction)
but in the present studies, this reagent was considered"tc-be too severe
and the mllder polyphosphorlc acid was chosen lnstead |

Thus, stirring 2-benzoyl-3- (2'—n1trophenyl)ox1rane (40lc) with
polyphosphoric acid at room temperature or at 80 afforded moderate
yields of a product ldentlcal in all respects tolan authentlc144 sample
of N—(phenylglyoxyloyl)anthranlllc acid [(421a); Scheme 75] he
structure of the anthranilic acid derivative (42la) was further
established by its reaction with acetic anhydride to afford 2-benzoyl-
4H-3,1-benzoxazin-4-one (422) which was identical to en authentic

sample144 and on hydrolysis was reconverted into the anthranilic

COpH -HgO,
NHCOCOPh

(421a) - , ' (422)
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acid derivative (42l1a). 2-Ethoxycarbony1—3-(2';nitropheny1)oxirane
(40le) reacted similarly with polyphosphoric acid to afford a highv

yield (75%) of the known145 §7ethoxa1§lanthranilic acid (421b). When tﬁe
carbamoyl-oxirane (40la) was tfeated witﬁ polyphosphoric écid at 800,
however, a vigorous reaction ensued and a low yield of N-oxalylanthranilic
acid (421&) was isolated. This product, which~§as identicél to thé
acidic pfoduct from the solQolysis of the ester (42lb)‘obtained before,
was identified by comparison with an authentic sample.144 In contrast,
treatment of the carbamoyl-oxirane (40la) withApolyphosphofic acid at
room temperature, afforded fhé.expected N-oxamoylanthranilic acid
(42Ld)144 in near quantitative yield. .

The acid-catalysed reactions of 2,2—di£enzoyl-3—(2'—nitrophenyl)—
oxiranes (394f and 403a-c) with polyéhosphoric-acia were also}investigated;
Thﬁs; heatiﬁg the parént 2,2—dibenzoyl—3—(2'—nitrophényl)oxiraﬁé (394f)"v
with polyphosphoric éqid’at Boo:afforded a neutral yellow solid, in contrast
to the_coiourless acidic products obtained from the disubstituted
oxiranes (491) aiscussed before; Its eleméntal and mass specf?&l
VH NO and its i.r. spectrgm

159 73

lacked bands. due to nitrovgroup absorption but contained carbonyl

(m/e 251) data suggested a molecular formula C

absofptioﬁ ;t 1665 cm_l. The loss of a seven-carbon fragmeanfiqm‘thé;
startihg oxirane (394f£) ﬁo_give a fifteen’carbonAcomééund wasrfurthér'
indicated by the isolation'df benzoic acid in high yield (83%) as a
by-product éf the reaction; The structure of the yellow product was
firmly established as the 2,l-benzisoxazole (anthranil) (426a) derivative
on the basis of its reaction with ortho-phenylenediamine (OPDA) to give the
quinoxaliné derivative (427) (Scheme 76) . Its reduction by dithionite
to afford a compound identical in all'reépects with an;authentic saﬁplel4l
of,3—hyaroxy—2—phenyiquinoliﬁ;4(lﬂj;one.(417) further supports the

structure (426a) of the product. This reduction product may be
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rationalised (Scheme 76) on fhé basis of redﬁctive ring-opening of the
anthranil derivative (426a) to the amine (428) followed by ring-closure
to the guinolinone (417).' The presence'of the anthranil nucleus in
the yellow éfbduct was established by its oxidation with potassium
dichromate to give anthranil—3-carboxy;ic acid (429) identical in all
respects with an authentic141 sample. Benzoic acid (430) was aléo
isolated from the oxidation qf fhe vellow product (426a).

Anthranil formation was also obse;ved wifh the chlorinated and
brominated dibenzoyloxiranes (403 b and c) when they were réaéted with
hoﬁ‘polyphosphoric acid. Benzoic acid was also ‘isolated as a by—product
in these reactions and in one case, that of the chlorinated derivative
(403a),va small amounﬁ.of an acidic solid whose elemental analysis was

consistent with the anthranilic acid derivative (431) was isolated.

Cl COoH
NHCOCOPh
(431) t
Its i.r. spectrum showed a 5and at 3190 cm_l attributable to an amide
NH étretch éndvcarbonyl‘adsorptionvat 1695 and i660 ch_l were also
present.

However, as already observed in the hydrogen chloride catalysed
processes, the presence of the halogen substituents imparted a degree -
of inertness in the case of the conversions of the'halogenated—Z,Z-
dibenzoyloxiranes (403 a and b) into the anthranils (426 b and c) as
compared with the formation of the anthranil (426a) from the parent
oxirane (394f). Thus, thé latter‘transf;rmatién was complete within

3 h at 80o but the bromo-oxirane (403b) requiréd 6 h at 80° and the
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1
chloro-oxirane (403a) required 20 h at 80o for completé reactions.
This inertness'again may be attributed to the effect of the electron-
withdrawing effect of the halogen—subétitdent reducing the basiéity of
the oxirane ring towards protonation and perhaps to the decreased nucleo-
philiéity-of the nitro group, thus inhibiting the éciq-catalysed ring-
opening reaction. This efféct was even mofe appareﬂt with tﬁe diéhidro-
oxirane (403c) which was recbvered essentially unchanged after heating
at 100° for 6 h.

The course of tﬁe polyphosphoric aéid catalysed reactions of the
2-acyl-3-(2'-nitrophenyl)oxiranes (401 a,c and e) and of the 2,2-dibenzoyl--
3-(2'-nitrophenyl)oxiranes (394f and 403 a>and b) can be postglafed to have
a common course as far as formation of the respective nitroso intermediates
[(418) and (423) ;. Schemes‘75 and 77]. The differerice then betweén‘ﬁhesé‘
two ‘intermediates, is the presence of an aéidic methiné.proton in the
nitroso intermediate (418) derived from the disubstituted 6xiraqes (461).
Thus, the nitfoso intermediate [(418);A Scheme 75] may be postuléted té{
suffer intramolecular.nucleophilic attack at fhe'ﬁi;roso group to give
the cyclic intermediéte (419) which is presumably stable until aqueous’
work-up cauSes ring opening as shown [(419) > (420{] ‘to give»fhe N-acyl-
anthranilic acid derivativeé (421-a—d). Howevef, the nitfos§ intgfﬁédiate
(423) derived from the 2,2—dibenioyl;3—(2'-nitrophenyl)oxifangs (394 f"l
and 403) does not possess such an acidic methine proton and alternative
nucleophilic attack on the nitroso group by the acid hydroxyl group
occurs to give tﬁe cyclic intermediate (424) which‘cén loose benzoic
acid to afford the l,2;3—tricarbonyl—hydroxYlamino aerivative~(425).
This-theh cyclises in a faéhion gnalogous to that proposéd for the
' hydroxylamino derivative [(387); Scheme~68] in the final step of
fbrﬁation of anthranil-3-carboxaldehyde [(388); Scheme“68]. The

high yields of cyclised products obtained from nitro group side chain
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interactions in the case of the trans 2—acyl—3—(2'—nitrophenylioxiranes
(401) in the polyphosphoric acid-ca;alysed reactions is attributéble to
the absence of any competing nucleopnile (i.e. chloride ion) as is the
'cése wiﬁh thé hydrogen chloride-catalysed reactions.

. In an.attempt7t9 extend the polyphosphoric agid—éatalysed cyclisation
of ﬁrisubstituﬁed oxirapes‘to 2,1-benzisoxazole dérivatives, 2-ben20ylr2?
ethoxycarbonyi—34(2'-nitrophenyi)oxirane (4525 was treated with polfphqs—'
phoric acid at 50o fo; 3 h. On work-up however, no.iaentifiable products

vere .obtained.

COPh

N0, CO2CoHs

(432) S .

In summary it has been_dembnstrated that the capécity of fhe 2-écyl-
oxiranes (401) and the 2,2fdibenzoyloxixan;s (403) to form qqinolinone
derivatives requires the presencé of an.added3reducing agent.. »In‘thé
absence‘of any»éuch reducing agent‘the 2;2—dibenzéyldxirahes (463) ami
the 2—acyloxi£ane.(4ol)vgiQe different types of products but fhese can
both be rationalised in terms of initial formatiqn of a nitroso inter-
mgdiate.arisiné from.nitrofgfoup¥éidefchain interaétion.A Iﬁ waé also.
shéwn £hat in general, the reactivity ofAthe 6xiranes (401 and 403 eté.)
waé very seﬁsiti?e-to the presence of'electron—withdrawiné substituentS"f
in fhe‘nitrophenyl.ring, but it is iargely'uhcléaf how fhis'effeCt
operétés'iﬁ‘thedetaiied'mecﬁéhism'of the ;e;ctiénsvdéscribéa;'ﬂ
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EXPERIMENTAL

The Condensation of 2-Nitrobenzaldehydes with Active Methylene Compounds

in the Presence of Piperidine in Acetic Acid.

1. General Method:

A mixture cf the aldehyde (0.02 mol) and dibenzoylmethane (0.025 mol)
in glacial acetic acid (40.0 ml) was treated with piperidine (10.0 ml) and
the mixture was sfirréd at éoo.for 48 h except in case (a):where the duration
of stirring and heating was 24 h. The mixtures were then cooled and the
insoluble solid was collected and washed with water and ethanol to give the
benz&lidene derivatives as described below
| | 143

(a) 1,1-Dibenzoyl-2-(2'-nitrophenyl)ethylene (394f) was prepared by
Y

Athe_feaction of 2—nitrobenzaldehyde'wifh dibenzoylmethane as colourless

143 1379, 1685 and 1640 (CO) cm T.
max

needles (63%), m.p. 136° (lit.,
‘Evaporation of the combined filtrate and washings afforded only a
mixture of unreacted starting métérials.

(b) l,l—Dibenzoyl—Z—(5'—chloro-2'—nitrophenyl)ethyiene (402a) was

prepared by the reaction of 5-chloro-2-nitrobenzaldehyde with dibenzoyl-

methané as colourless needles. (90%), m.p. 124o (fromﬂethanol), Y)

1670 and 1630 (CO) and 1530 and 1340 (NO,) e L,

. Found: C, 67.4; H, 3.6; N, 3.4; p', 392/391 (4 -u)
C22H14C1N04 requlres:. c, 67.4; H, 3.6; N, 3.6; 'M, 39?;5.
(c) 1l,l-Dibenzoyl-2-(5'-bromo-2'-nitrophenyl)ethylene (402b) was

prepared by the reaction of 5-bromo-2-nitrobenzaldehyde with dibenzoyl-
methane'as colourless needles (65%), m.p. 147° (from ethanol-dimethyl-

formamide), v, 1680 and 1645 (CO) and 1530 and 1350 (NO,) cm ©

. s '
Found: C, 60.8; H, 3.3; N, 3.1%; M , 437/435.

C22Hl4BrNO4,requ1res: C, 60.6; H, 3.2; N, 3.2%; M, 436,

Further work-up of fhe fiitrate and washings gavé no more éroduct;.
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(d) 1,l-bibenzoyl-2-(3',5'-dichloro-2'-nitrobenzoyl)ethylene (402c) was

prepared by the reaction of 3,5-dichloro-2-nitrobenzaldehyde with

dibenzoylmeth;ne but the reaction was prolonged for a further 20 h.

The 2-nitrobeﬁzoylethyléne derivative (402c) (53%) formed colourless

needlés, n.p. 99o (from ethanol),vmax. 1665 and 1647 (CO)‘and 1525

and 1355 (NO,) em T. |
Found: C, 62.2; H, 3.1; N, 3.2%; p', 381/379(M -NO,)

C22ﬁ13ClNO4 requires: C, 62;0; H, 3.1; N,;3.3%; M( 426.

The filtrate and washings were diluted with water (20;0 ml) and
éxtracted with chloroform. - The chloroform phase,was washed with saturated
aqueous sodium hydrogen carbona;e solution (2 X 20.0 ml) and evaporated to
give an.oil (1.5 g) which.was redissolved iﬁ ether and washed with saturated
aquebus sodium hydrogen sulphiﬁe solutioﬁ (é x 10.0 ml). Evapdrating'fhe
'ether pﬁase and triturating the residue'with a little ether afforaed an
unidentified colourless solid (O.;l g), m.p. 1420,‘vma# 11660 and 1530 and‘

1360 (NO,) cm L.

The trituration mother liquor was evapprated to give an oil (1.2 g)
whose t.l.c. in chloroform‘6ver silica showed it tQ'be a multicomponeqt
mixturé'containing.none of the desiréd prodﬁct,

Acidifiéation_of_the sodium hfdrogen gﬁlpﬁite extract with dilﬁte

aqueous sulphuric acid, and extraction with chloroform gave no material.

(e) 1l-Benzoyl-l-carbamoyl-2-(2'-nitrophenyl)ethylene (402d) was prepared
by the reaction of 2-nitrobenzaldehyde with benzoylacetamide147 as described
for dibenzoylmethane before. The amide (402d) formed colourless needles

(78¢) m.p. 181° (from ethanol), v__ 3410, 3390 and 3160 (NH,), 1680 and

1

1640 (CO), and 1520 and 1345 (NO,) cm

. ) +
Found: C, 65.4; H, 4.1; N, 9.5%; M 296.

C, N0, requires: C, 64.9; H, 4.1; N, 9.5%; M, 296.
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2. l1-Acetyl-l-benzenesulphonyl-2-(2'-nitrophenvl)ethylene (404)

A mixture of benzenesulphonylacetoné (4.0 g, 0.02 mol) and
2-nitrobenzaldehyde (3.0 g, 0.62 mol) in dry dimethylformémide (10.0 ml)
and dry benzene {20.0 ml)'was treated with piperidine (0.2 ml) followed
by a little toluene-p-sulphonic acid and was heated under reflux for 3h.
with provisidn for thevazeotiopic distillation of water formed in the
reaction (Dean and Stark apparatus). The mixture was evaporated under
reduced pressure and the resultingvblack solid was successively triturated
with methahol to give the olefin (404) (total 4.6 g, 70%), m.p. 117o
(from eﬁhanol),

1150 (SO) em t.

1700 (Cco), 1570 (Cc=C), 1525 and 1350 (N02), and

Found: C, 58.0; H, 4.0; N, 3.9%; p', 285 (M'-NO,)

C16H13NOSS requires: C, 58.0; H, 3.9; N, 4.2%; M, 331.

3. l—Nitro—2—(2'—riitrophenyl)ett3ylene148

The'2—nitrophenylalkene (406) was prepafed by the method of

Fieser et.al.148 as an orange solid (42%) m.p. 105o (from ‘ethanol)

(1it., 48 108%).

4. The Epoxidatibn of the 2-Nitrophenylethylene Derivatives (402 a-c)

to Give the 2—Nitrophenyloxiranes (394 £ and 403 a-c) Using Agqueous

Sodium Hypochlorite in Pyridine

General Method;

The 2-nitrophenylethylene derivative (0.005 mol) in pyridine (7.5 ml)
was stirred and treéted in one porﬁion with 8% aqueous éodiuﬁ-hyéochlorité
solution’(li.o ml). After 10-15 min the.mixture wa; poured into Wéter

(ca.'20.0 ml) to QiVe the 2-nitrophenyloxirane derivative.
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a) 2,2—Dibenzoyl-3-(5'—chloro-2'—nitrophenyl)oxirane_(403a) was prepared

from the corresponding olefin (402a) by the method described above as

colourless needles (92%), m.p. 184°(from dioxan-ethanol), Vhax 1690 (CO)

and 1530 and 1350 (NO,) emt, 1 (CD,) ,SO 1.71-2.58 (13H, m, ArH) and
4.50 (1H, s, CH).
Found: C, 64.8; H, 3.5; N, 3.5%; p 304/302(M —COPh)"
C22H14C1NO5 requires: C, 64.8; H, 3.4; N, 3.4%; M, 408.5.
(b) 2,2-Dibenzoyl-3-(5'-bromo-2'-nitrophenyl)oxirane (403b) was obtained

"from the cortesponding olefin (402b) by the method described above, as

colourless needles (95%), m.p.’199° (from ethanol;dimethylformamide),

v 1690 (CO) and 1530 and 1350 (NO.) cm I.
max ; 2

Found: C, 58.2; H, 3.2; N, 3.3%; M'453/451.

C22H14BrNO5 requires: C, 58.4;' H, 3.1; N, 3.1%; M, 452.

(c) 2,2-Dibenzoyl-3-(3',5'-dichloro-2-nitrophenyl)oxiranes (403c) was
obtained from the corresponding olefin (402c) as colourless needles (92%)

m.p. 170° (from ethanol-dimethylformamide), v__. 1680 (CO) and 1530

and 1360 (N02) cm_l.
Found: C, 59.8; H, 3.0; N, 3.3%; p' 203/291
(M-O-NO,C H .CO)

C22H13C12No5 requires: C, 59.7; H, 2.9; N, 3.2%; M 442,

(d).'Thé Attempted Synthesis of 2-Benzoyl—27carbamoyl—3—(2'¥nitrophenyl)
oxirane. (4034d) |

A solution of the olefin.(402 d) (0.6 g, 0.002 mol) in pyridine
(2.0 ml) was treated with 8% aque§us sodium hypochlorite solution (3.0 ml)
and stirred for 5 min and then poured into water (20.0 ml). The aqueous"
solution was subjected to constant chloroform extraétion.' The chlorofofm'
layer was then washed with dilute aqueoué hydrochloric acid (2 x 5.0 ml)
and was evaporated to givé an intractable yellow gum (0.54 g). T.l.c.
of the gum.in ethyl acetate over silica showed it to be a multicomponent

mixture.
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(e) The Attempted Synthesis of 2-Nitro-3-(2'-nitrophenyl)oxirane

| A solution of 2,2';dinitrostyrene148 (406) (0.48 g, 0.0025 mol) in
pyridine (3.0 ml) was treated in one éortion with 8% aqueous sodium
hypochlorite.solution (4.0 ﬁl) and the mixture was stirred for 2 min
and then poured into wate; (5.0 ml). © The mixture was extracted with
chloroform (2 x 10.0 ml) io give a éum which was extracted with hét
light petroléum to yield 2-nitrobenzaldehyde f0.2 g, 56%), m;p. 42°
(from light petroleum, b.p. 40—600), identical (m.p. and itr. spectrum)

with an authentic sample.

(E) The Attempted Epoxidation of l-Acetyl-l-benzenesulphonyl-2-(2'-

nitrophenyl)efhyiene;(404)

Thé élefin (404) (0.66 g; 0.002 nol) in pyridine (270 ml) was
treated with 8% aqueous éodium(hypoéhlorite solution (4.0 ml) and‘the
mixture was stirred for 16 min and then poured into water (10.0 ml).
The gum "that seéarated solidifiéd on standing to give an unidentified

1

solid (0.12 qg), vmax 1530 and }350 (N02) cm .

memmwsmmaimmrmswUWmdmmCMMdummdme
chloroform layer was washed with dilute aqueouslsulphuric acid and then
evaporated to give only a négligible amount of gum. The aqueous mother °

liquor was neutralised with solid sodium acetate and extracted with

chloroform to give only a negligible amount of gum.

5(a)l 2-Benzoyl-2-ethoxycarbonyl-3-(2'-nitrophenyl)oxirane (432);
was obtained as an oil by ﬁﬂe h?pochiorite oxidation of l—benZoy;—l-
ethoxycarbonyl42—(2'—nitropbenyl)ethylene in pyridine as - described by
Bayne}ll9 It was used directly without furthér purificétion.

(b) 2-Benzoyl-2-cyano-3-(2'-nitrophenyl)oxirane (432) was prepared

from 1—benzoyl—l—cyano—2—(2'--nitrophenyl)ethylene119 as described by

119

Bayne™™° (32%), m.p. 86° (Lit., 2 919), v___ 2220w (CN), 1690 (CO) and

1530 and 1355 (NOZ)"cm-l,
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(¢} Trans 2-carbamoyl-3-(2'-nitrophenyl)oxirane (40la)

A solution of 2—nitrobenzaldehyde (3.0 g, 0.02 mol) and chloro-
acetamlde (1. 9 g) in absolute ethanol (20.0 ml) was cooled to 0 and
treated dropw15e with a solution of sodium (0 46 g, 0.02 mol) in absolute
ethanol (20.0 ml). ' The mixture was stirred at room temperature_fqr 24 h
and then acidified to pHO6 with glecial acetic acid. The precipitated
solid Was eollected, washed With water (10.0 ﬁl) and crystallised to
yield the product (l.7g, 41%), m.p. 221° (from ethanol—dimethylformamide),
-1 ’

vmax 3360 and 3180 (NH2),V166O (CO) and 1525 and 1340 (NO2) cm

Found: C, 51.9; H, 3.9; N, 13.4%; p+,-164 (M+-CONH2)

C9H8N204 requires: C, 51.9; H, 3.9; N, 13.5%; M, 208.

The filtrate was evaporated, treated with water (10.0 ml) and
extracted with chloroform to give a heavy black oil (1.7 g) from whlch

no identifiable material could be obtalned.

(d) 'Trans 2—Benzgyl—3—(5'—bromo—2'—nrtrophehyl)oxirane.(40lb)

A solutionvef»5—bromo-2-nitrobenzaldehyde (11.5qg, 0.0S mol) and éhenacyl
bromide (0.05 mol, 10.0 g) in methanol (20 ml) was cooled tovoo, srirred and
‘then treated dropwise with a solution of sodium_(i.é,g, 0.05 mol) in methanol
(20;0>ml); The mixture wasvtheh stirred at room.temperature for 3 h and
acidified'to pPH6 by the dropwise addition of élacial acetie acid.  'The
precipitate wesveollected,'washed with water and recyrstallised ﬁo yield
the product (11.1 g, 63%) m.p. 152° (from ethanol-acetic acid), Vmax.
1700 (cO) and 1540 and 1350 (NO,) em L.

o Found: N, 4.3%; p', 303 and 30l (M+—N62)

ClSHlOBr N O4 requires: N, 4.0%; M, 348.

(e) Trans 2 —-Benzoyl- -3- (2'—n1trophenyl)ox1rane (40lc) was prepared by -

- the method of Bodforss149 (Yleld,.glﬁ) m.p. 108 (llt.,l49 113 ) Vm

1690 (CO) and 1530 and 1350 (N0, — -
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(f) Trans 2-acetyl-3-(2'-nitrophenyl)oxirane (401d) was prepared by the

method described by Spence and Tennant141 (Yield 25%), m.p. 61° (from

. . 141 o
light petroleum) (llt.{ 617), Vnax

-1
cm .

1690 (CO) and 1540 and 1350 (NOZ)

.

(g) Trans 2-ethoxycarbonyl-3-(2"-nitrophenyl)oxirane (40le) was prepared

by Darzens condensationl 2 of 2-nitrobenzaldehyde with ethyl chloroacetate

as a colouflesé'soiid (30%), m.p. 610 (lii_:.,119 630), vmax 1745 (CO) and

1530 and 1345 (NO,) cm T,

6. The Attempted Reaction of 2,2-Dibenzoy143—(5'-bromo—2'—nitrophenyl)

Voxirane.(403b)vﬁi£h Hya;$§én Cﬁlbride.
(a) In Dioxan ' | = ; '

The oxirane (403b) j6.94 g, 0.002 mblj was dissolved in dry dioxan
(15.0 ml), cooléd in ice and saturated with dry hydrOgen‘chloride;
Thé stoppered reaction vessel was kept at rooﬁ temperature for 48 h.
The mixtﬁre was then filtered»tolgive the sta;ting material a second
crop of which was obfaiﬁed by évaporating thé dioxan filtrate and tri-
truating the residue with ether (total oﬁs g),vm.g._lng (£rom ethanol-
dimethylformamide) identidal,.(m.p. andvi,r. spectrum) with an authentic -
sample;'

The ether mother liqﬁor was evaporated and the residue Qas t?iturated
with methanol'to give'a further quantity of starting'material (0.03 q)
identical (i.r. spectxﬁm) withban authentic sample. Evaporatiog of the
methanol mother liéuqrs gayé évhegligibie ambunt‘of gﬁm.

(b)) In Acetic Acid

The oxirane (403b) (O,94jg,_0,002'mol) was suspended in glacial
acetic acid (50.0 ml) ‘and the mixture was saturated with hydrogén'éhloridel-’

and the stoppered reaction flask was kept at room temperature for 48 h.

The mixture was filtered to give the starting material a second crop of
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.which was obtained by evaporating the acetic acid filtrate and triturating
"the residue with ether (total 0.83 g) identical (m.p. and i.r. spectrum)
with an authentic sample. . |
Evaporatiné tﬁe mothef liquors gave further starting material (0.1 g),

identical (i.r. spectrum) with an authentic sample.

7. The Reaction of f,2—Dibenzoyl—34(5'¥bromd;2'—nitrophegyl)oxiréné:

(403b) with Hydrogen Chloride in Glacial Acetic Acid Under Reflux.

The oxirane (403b) (0.94 g, 0.002 mol) was suspended in glacial
acetic acid (50.0 ml)iand the mixture was saturated with dry hYdrogen»
chloride. The flowvof-gasvwas interrupted and the suspension was

heated under reflux for 2 h. The resulting orange-red solution was

cooled to give the yellow 4}4‘-dibromoazobenzéne;2,2'-diéarboxYlic acid
(413) (0.1 g; 24%5 which was purified by recrystallisation from dimethyl-
formamide—water and melted at 280o with subsequent resolidification and
no further melting below 3400, vma#. 2650 and 2550 (OH) and 1695 (CO) cm-l,'
| Found: C, 39.3; H, 2.0; N, 6.6%; M, 428.

C, JHgBL N0, requires: C, 39.3; H, 1.9; N, 6.5%; M, 428.

"The filtrate was evaporéted and the residual gua‘waé triﬁuratéd
witﬁ a.liﬁtlé methanol to give dnreaéééd starting~material‘(403b)

(0.43 g; 45%) identical (m.p. and i.r. spectrum) with an aufhentic

sample.

8. The Attempted Reactioﬁ of 2,2-Dibenzoyl-3-(2'-nitrophenyl)oxirane

(394f) with Hydrogen'chloridé'ih'Aéetic'AcidAUnder Reflux

The oxirane (394f) (1.1 g, 0.003 mol) was dissolved in glacial
acetic acid (50.0 ml) and the solution was saturated with dry hydrogenf

chloride. The flow of gas was interrupted'aﬁd the solution was hea;ed

under reflux for 3 h and then evaporated. The resulting red gum was
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dissolved in chloroform and washed Qith saturated aqﬁeous sodium hydrogen
carbonate solution (3 x 5.0 ml) and the aquecus sodium hydrogen carbonate
washings were acidified with dilute aépeous sulphuricacid and extracted.

with chloroform to give a gum (0.36 g) which was triturated with benzene

to afford benzoic acid (0.05 g), m.p. ;200 (from water), (lit., 1210),
Vnax, 2660 and 2550-(93) and 1690 (CO) cm ©, identical (m.p. and i.r.
spectrum) with an authentic sample.

The original chloroform extract was evaporated to give a gum (0.63 g)
whose t.l.c. in chloroform over alumina showedfih.to contain thrée com-

ponents. Chromatography of the gum over alumina, eluting with chloroform,

followed by methanol afforded only small amounts of unidentified gums.

9(a) The Reaction of 2,2-Dibenzoyl-3-(2'~nitrophenyl)oxirane (394f)

with Concentrated BAqueous Hydrochloric Acid in Acetic Acid.

The oxirane (394f) (0.75 g, 0.002 mol) in glacial acetic acid (10.0 ml)
was treated with concentrated aqueous hydrochloric acid (2.0 ml)' and the
solution was heated on a_éteam bath for 1 h and then cooled to afford

6—chloro~l,3—dihydfoxy—2—phenquuinolin—4(lH)-one (398) (0.5 g, 91%),
150 '

m.p. 265o (decomp.) (from glacial acetic acid) (lit., 2649), vmax

3400 (NH), 2350 Br (OH) and 1660w . (CO) cm—l, identical (m.p., mixed m.p.

and i.r. spectrum) with an authentic sample.

The acetic acid reaction mother liquor was concentrated to give

- benzoic acid (0.15 g), m.p. 120o (lit., 1210) identical (m.p. and i.r.
spectrum).with an authentic sample. Complete evaporation of the acetic

acid reaction mother liquor gave only ah,unidentified gum. (0.1 g).

(b) The Attempted Reaction of 2,2-Dibenzoyl-3-(5'-chloro-2"'-nitrophenyl)

oxirane (403a) with Conceritrated: Aquedus Hydrochlori¢ Acid in Acetié¢ Acid

The oxirane (403a) (0.41 g, 0.00l mol) was-dissolved in glacial
acetic écid_(8.0 ml) and treated with concentrated aqueous hydrochloric

acid (1.0 ml)Aandgthe~solu;iQn»was heatéd on a steam bath forglh.
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The reaction mixture was cooled to give the starﬁing material which was
combined with.a second crop obtained by concentrating the filtrate to
approximately one third of its'originél volume and addinglwater (1.0 mlj
(total 0.17 g; 41%), m.p. 1810, identical (m.p. and i.r. spectrum) with
an authentic sample.

Evaporation of the filtrate and trituration of the residue with etﬁyl

acetate afforded an unidentified solid (0.07 q), m.p; 1580, vmax 2700 br

1

(OH) and 1675 (CO) cm
The ethyl acetate mother liquor was again evaporated and the résidue
was dissolved in chlofoform and washed with saturated aqueous sodium
hydrogen.carbonate solution. Acidification of the saturated aqueous
sodium hydrogen carbonate washings and extréction with chloroform gave
benzoic acid (6.06 g), m.p. 121° (from water) identical (m.p. and i.r.
spectrum) with an authentic sample. The original chloroform layer gave

only a negligible amount of gum.

10, The Reaction of Substiﬁuted 2-Nitrophenyloxiranes with'Acetyl

Chloride in Glacial Acetic Acid.

(a) 3-Acetoxy-6-Chloro-2-phenylquinolin-4 (1H)-one (415)
Trans 2-benzoyl-3-(2'-nitrophenyl)oxirane (40lc) (0.54 g; 0.002 mol)
was heated under reflux for 1 h in an equimolar mixture of acetyl

chloride- (3.5 ml) and glacial acetic acid (2.5 ml). The solution was

cooled to give 3-acetoxy-6—chloro-2—phenquuinolin—4(lH)—one (415)

141

(0.21 g; 32%), m.p. 281° (from glacial acetic acid) .(lit., 267°),

vmax 2700 br (OH) and 1770 and 1640w (CO) cm-l, which gave a green colour °
with iron (III) chloride in ethanol.

The acetic acid-acetyl chloride filtrate waS'evéporated and the

residue was triturated with ether to give the acetylated chlorohydrin

- (414) (0.07 g; 10%), m.p. 143o (from ethanol), vmax 1770 and 1700 (CO)
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and 1530 and 1350 (NO,) cm L, r[(CO3)ZSO; GOMHz} 1.86-2.68 (9H, m, ArH), .
3.26 (1H, 4 J 9Hz, CH) and 3.80 (1H, d J 9Hz, CH) and 8.12 (3H, s, cHy) .
Found: C, 58.1; H, 3.9; N, 3.7%; M, 201 (M'-X).
C,_H, CINO_ requires: C, 58.5; H, 4.1; N, 4.1%; M, 347.5.

17714° 5 ]
(b) The Attempted Reaction of 2-Benzoyl-3-(5'-bromo-2'-nitrophenyl)

oxirane with Acetyl Chloride in Acetic Acid

The oxirane.(4olb) (1.0 g, 0.003 mol) was tfeated with an equimolar:
mixture of acetyl chloride (5.3 ml) and glacial acetic acid (3.8 ml)
and the mixture was heated undef reflux for 1 h. The solution was
cooled.to give the strating material a sééond crop éf which was obtainéd
by evapq;ating tﬁe filt;ate and triturating the residue with methanol
(total 0;73 g) m.p.7155° (from ethano;—acétic acid) identical (ﬁ.p. and
Ci.r. spectrum) with an authentic sample.

The methanol moﬁher liqdor was evaporated_énd the solid residue was
crystallised from ethanol witﬁ hot filtration to remove a further crop
of "starting material (0.1 qg) identiqal (m.p. and i.r. spectrum) with an
-authentic sample.

| EQaporaﬁion of the ethanol :ecrystallisation mother liquorvaffordgd

a negligible amount of»gum.

(c) The Attempted Reaction of 2—Ace£y1+3—(2};nitrophenyl)oxirane (4014)

With Acetyl Chloride in Acetic Acid.

~The oxirane (401d) (0.45 g, 0.002 mol) was heated under reflux in an
eqﬁimolar mixture of acetyl chloride (3.5 ml) apd glacial acetic.aqid
(2.5 ml) for 1.5 h. The solution Qas then evapor;ﬁedland the“residual
gum was triturated with ether to give an unidentified solid (0.1l g),-
Am.p. 220° (from ethanol) Voax '

-1
cm .

1770 and 1740 (CO) and 1530 and 1315 kNoz)

Found: C, 54.1; H, 4.0; N, 4.3%;

The ether mother liquors were evaporated to give a gum (0.27 g)
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from which no identifiable material was obtained.

(d) The Attempted Reaction of 2-Carbamoyl-3-(2'-nitrophenyl)oxirane

(40la) with Acetyl Chloride in Acetic Acid
The oxiéaﬂe (401a) k0.4l g, 0.002 mol) was heated under reflux for

1 hin an equimélar mixture of acetyl chloride k3.5‘mli and acetic acid -
(2.5 ml). The red solutioﬁ was evaporated and thg residual oil was
dissolved in chloroform and waéhed with dilute aqueous sodium hydrOxidé>
solution (2 x 5.0 ml). The alkaline phasé was acidified with dilute
aqueous sulphuric acid and was extracted with‘chloroform to give a gum
(0.1 g). whose t.l.c. in ether over alumina showed it to be an unresolvable
mixture.

| The original chlorofofm extract was evaporated to give a gum (O.i4 g)’
whoée t;l.c.fin ether'ovér alumina showea‘itvto be an unresolvable multi-
component mixture.

(e) The Attempted Reaction of 2-Ethoxycarbonyl-3-(2'-nitrophenyl)oxirane

' (40le) with Acetyl Chloride in Acetic Acid

'The oxirane (40lé) (0.47 g, 0.002 mol) was heaﬁed under reflug in
an equimol;r mixture of acetyl chlqride.(3.5 ml) and acetic gcid (2.5 ml)
for 1 h. The solutioﬁ was.evaporatéd to leave a gum which was extracted:
with hot light petfoleum”to afford an amber oil (0.42 gi, Vmax. 1750 and
1700 (CO) and 1530 and 1350 (N02) cm_l. The petrol insoluble material.
was an inﬁractable black tar (0.1l g).

T.l.c. of the amber oil in ether over alumina showed it to contain -
starting-matefial and two‘other components. Dry-column chromatograbhy A

of the oil in ether over silica gave only an oil (0.3 g) whose t.l.c.

showed it to contain two components one of which was starting material.
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(£f) The Attempted Reaction of 2,2-Dibenzoyl-3-(2'-nitrophenyl)oxirane

(394f) with Acetyl Chloride in Acetic Acid.

The oxiréne (394f) (0.75 g, 0.002 mol) was heated under reflux with
an equimolar mixture of acetyl c¢hloride (3.5 ml) -and acetic acid (2.5 ml)
for 1 h. The reéctlon mlxtnre was co&led to glvé the starting materlal
another crop of which was obtained by evaporating the filtrate and
triturating thé residue with ether'(total 0.53 g), identical (m.p. and
i.r. spect:um) with an authentic sample;

fhé ether mother liquor was evaporated to leave a gum.(0.24 g)
whose t.l.c. in ethyl aceﬁate over silica showed ii to be a mixture
containing largely sfarting material. ,’The gum was not furthér:

investigated.

11. 6—Chloro—3—hydroxy-2—phenquuinoline—4(lH)—one (416)‘

(a) The acetoxy qompound (415) (0.33 g, 0.001 mol) was dissolvéd in

dilute aqueous sodium hfdroxide (S;O.ml) at room temperaturg to give

an orange—red‘solutién which Qas fiitered to remove a negligible amount of '

material and then acidified with dilute aqueous sulphuric acid to givevthe

cfu&e.6—chloro—3—Hydroquuindliﬁeé4(1H)-one (416) (0.15, 56%), m.p. |
141

2870‘(from ethanol) (llt., 2900), vma .3150 br (OE, NH) and 1660w

fCO) cm_l which with iron (III) chloride in ethanol gave an inky-blue

colour,

Found: C, 62.5; H, 4.0; N, 4.6%; M, 271/273.

alculated for ClSHlOClNOZ H20. c, 62.8; H, 4.1; ﬁ, 4.8%; M, 271.5.
(b) The acetoxy-quinolone (415) (0.33 g, 0.001 mol) was heated under
reflux for 20 min in ethanol (15.0 ml) an@ cooled to give the 3—hydroxy—f
quinolone (416) which was'combined with & second crop obtained by

. evaporating the filtrate and.recrystallising tpe solid residue f?om

| . 141 (e}
ethanol to give pale yellow needles (93%) m.p. 285o (1it., 2907),



-148-

- Vpax. 3150br (OH, NH) and 1660w (CO) cm—l, identical (m.p. and i.r.

spectrum) with an authentic sample.

12. The Reaction of Authentic 6-Chloro-1,3-dihydroxy-2-phenylquinolin-4(1H)-

one (398a) with Acetyl Chloride in Acetic Acid

The N-hydroxyquinolone (398a) (0.35 g, 0.00l1 mol) was heated unde;
reflux in an equimolar mixture of acetyl chloride (3.5 ml) and aéetic-acid ‘

(2.5 ml) for 1 h. The solution was evaporated and the residue was

triturated with ether to givé 3—acetoxy;6-chloro-prheqxiquinoline—4(lH)—one
(415) whigh was combined with a second crop obtained by evqporatipg the
etber:mother liquor and retriturating the residue with methanol étotél_
0.22 g), m.p. 281° (from ethanol), vma*. 2780bxr (OH) and 1770 and 1640:

(Co) cm-l, identical (m.p. and i.r. spectrum) with the sample prepafedx

before.

13. The Reaction of 2-Benzoyl-3-(2'-nitrophenyl)oxirane (401lc) with

AcetyliBromide in Glacial Acetic Acid

The oxirane (40lc) (0.54 g, 0.002 mol) was treated with an
equimolar mixture of_acetyl bromide (4.0 ml) and glacial acepic_qéidu
(2.0 ml) and the sqlution.ﬁas heatéd under reflux for l h. Thefdatk 
solution was evapofated énd_the.gummy residue was. triturated withxethyl

acetate to give 3—hydroxy—2—phenquuinolin-4(lﬁ)—on£4l(4l7) (0.26 g; 52%),
141 '

m.p. 260° (from ethanol) (lit.,

and 1635w (CO) cm_;.

269°%), v 3400br and 2700br (NH, OH)
! “max o B

A 4 .
Found: C, 75.2; H, 4.7; N, 5.7%; M , 237.
calculated for.C. H..NO.: C, 75.9; - H, 4.6; N, 5.9%; M, 237

15711 72° .
which gave a blue-green colour with iron (III) chloride in ethanol
.The ethyl acetate mother liquor was eﬁaporated to give a gum

(0.41 g) whose t.l.c. in chloroform over alumina showed it to contain

an unresolvable mixture of ca. four components.
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14. The Conversion of Substituted 2'-Nitrophenyloxiranes into

N—Acylanthranilic Acids in the Presence of Polyphosphoric Acid

General Method:

(i) The 6xirane (0.602 moi) was treated with polyphosphoric acid (2.5 ml).
and mechanically stirrédlét“Soovféf 3 h. The mixtﬁré was thén cooled -
in ice, treated wiﬁh.wéter (10.0 ml)'énd then worked~up as described for
the individual reactionsbbelow; |

(a) N-(Phenylglyoxyloyl)anthranilic Acid (42la)

_The aqueous reaction mixture from 2—benzqy1-3—(2'—nit;ophenyl)
oxirane (4olé)lwas filte;ed to give a brown éolié'(o.72 g), m.p. 115—1250,
Qmax. 1695 and 1665'(CO)'Cm-l;>which‘wgs‘cryétaliiséd from.ethanol—water
to give the gjacylanthranilic'acidv(421a) (0.46 g; 43%), m.p. 199° |

(it., 1% 1029, v__,. 3220 (H), 2710 and 2650 (OH) , and 1695 and

1660 (CO) cm *.
Found: C, 66.4; H, 4.0; N, 5.1%; M, 269.

.calcuLated_for C15H11N04: 'C, 66.9; H, 4.1; N, 5.2%; M, 269.

The filtered équeous mother liquor was extracted with chloroform

to give benzoic.écid-(OLOS:g), m.p. 1-21o (from_water), identical (m.p.
and i.r. spectrum with an'authent;c_saﬁplé.

(b) EfEthoxalylanthranilic AciAdA(421b)145

The agueous reaction mixture from 2—ethoxycarbonyl—3—(2'-nitrophenyl)

oxirane (40le)_wés filtered to give the crude N-ethoxalylanthranilic acid

(0.47 g), m.p. l70°'which was crystallised from benzene with hot filtration

to give the pure N-ethoxalylanthranilic acidn(42lb)'(0.35 g; 75%), m.p.
_ Las —_— E— - —

181°° (lit.,

181%), v 3380 (NH), 2720 and 2640 (OH) and 1735, 1720

and 1675 (CO) cm T, T(CDCl,)-2.35 (1H, br s, OH), 1.14 (1H, dd J; . 9Hz,
- . : ?

J_ 1Hz, ArH), 1.83 (lH, dd J 10Hz,

64
10Hz,

3,4 J3,5 2dz,;ArH), 2.33 (lH,'td J4,3

J4’5 9Hz and J4,6 l1Hz, ArH), 2.29 (lg, ;d J5,6 J5,4

2Hz, ArH), 4.00 (1H, br s, NH), 5.55 (2H, q J 7Hz, CHZ) and 8.55 (3H, t

9Hz, 9Hz, J

5,3

J 7Hz, CH3)
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Found: C, 55.9; H, 4.7; N, 5.8%; M',237.

Calculated for C ,H  NO_: C, 55.7; H, 4.7; N, 5.9%; M,237.

(c) N-Oxalylanthranilic Acid (421c)

The amide (461a)4was treated as described in the general method
but a vigorous reaction followed thé'ﬁéétihg of the reaction mixture to 80°.
The aqueous reaction mixture gave a tar (0.5-g) which wés treated with
dilute aqueous sodium hydroxidé solution (iO.b ml) énd filtered to remove
a negligible amount of insoluble material. Acidification of the alklaine
filtrate with dilute aqueous sulphuric.écid gave a tar which was extracted

with methanol to give N-oxalylanthranilic acid (0.04 g), m.p. 2060 (from
' 1

water) (lit., %0 2299, Vi, 3400 br (NH,OH) and 1690 and 1655 (CO) cm ",
M+, 2092, C9H7NO5 requires M, 209, identical (i;r. spectrum) with an authentic
144

sample.
(ii) The oxiranes (401 a and c) were treated as described in the General
Method (a) above with the modification that the experiments were carried -
out at room temperature.

(a) §f(Phenylgiyoxyloyl)anthranilic Acid (421a).

The aqueous reaction mixture from the}oxirane (4019) was_filte:ed
to give the N-acylanthranilic acid‘(421a) a.second crop of which was obtained
by extracting the aqueoﬁs ﬁother,liquor with chloroform and successively'a
triturating ﬁhe resulting residue with methylene chloride (totai 0.19 g;
22%), m.p. l92o (from e;hanol—water) identical (i.r. spectrum) with a
sample prepared in (a) above.

(b) N-Oxamoylanthranilic Acid (421d)

The aqueous reaction mixture from.the'oxiranef(4ola) was filtered

to.give the gfacylahthranilic acid derivative (421d) (0.39 g; 93%), m.p.

265o (from ethanol—water)'(li_t.,144 2660), vmax 3400, 3230 and 3180 (NH), 26]
and 2470 (OH) and 1725 and 1680 (CO) cm T. . -
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Found: C, 51.4; H, 4.0; N, 13.1%; M', 208.

Calculated for C9H8N204 C, 51.9; H, 3.9; N, 13.5%; M,208.

15. The At*e@pted Reaction:of 1- Acetyl -2- (2'—n1trophenyl)ox1rane

(401d) with Polyphosphorlc Acid

The aqueous reaction mixture from the oxirane (401d) Qas extracted
‘'with chloroform (2 x 30.0 ml).' Evaporation of the chloroform layer géve a
black tar (0.24 g) whose t.l.c. in ether over silica showed it to contain
three resolvable components. Dry-column chromatography of the tar in
ether over siliég yielded onl& small amounts of gums whoselt.l.c. in ether -

over silica showed them to contain several ill-resolved components.

16. 2-Benzoyl-4H-3,l-benzoxazin-4-one -(422)

N- (Phenylglyoxyloyl)anthranilic acid (42la) (0.53 g, 0.002 mol)
was heated under reflux in acetic anhydride (2.0 ml) for 0.5 h. The sol-

ution was evaporated and the residue was triturated with ether to give the

' benzoxazinone (422) (0.48 g; 94%), m.p. 129°, v__. 1770 and 1680 (cO) o L,

T[CDC13—‘CD3)Sb]; 6oMHz  1.7-2.0 (2H, m, ArH) and 2.1-2.26 (7H, m, ArH),
identicél (i.r. spectrﬁm)_with an authentic Sample.144 .

The benzoxazihone (422) (0.13 g) was heated in 60% v/v aqueous ethanol
(15.0 ml) under reflux for'O;S h. The solution Qas concentréted to
approximately one fifth of its original volume to give the N-acylanthranilic

acid (42la) (quantitative), identical (m.p. and i.r. spectrum) with an

authentic sample.

17. The Hydrolysis of N-Ethoxalylanthranilic Acid . (421b) to N-Oxalyl-

anthranilic Acid (42lc)

The ester (421b) (0.18 g) was heated in ethanol (4.0 ml) and 0.5 M

aqueous sodium carbonate solution (2.5 ml) under reflux for 0.5 h.
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The mixture was cooled in ice and acidified with dilute aqueous sulphuric
acid to give initially a monocarboxylate salt which was acidified again

with further dilute agqueous sulphuric acid to afford the diacid (421lc)

(0.1 g; 63%), m.p. 210° (Cecomp..) (from water) (lit.,146 2290), ”Aax

3550 and 3450 (NH), 2650 and 2450 (OH) and 1700 (CO) cm-l, M+, 209, -

9 NO requires M, 209, identical (m.p. and i.r. spectrum) with an

authentic sample.

18. = The Conversion of Substituted 2'—Nitrophenyloxiranes into 2,1-

Ben21soxazoles in the Presence of Polyphosphorlc Acid.

(a) 3- (Phenylg;yoxyloyl) -2, l—ben21soxazole (426a)

2, 2—D1benzoyl—3-(2'—n1tropheny1)ox1rane (394f) (2.84 g, O. 008‘
mol) was treated with polyphosphorlc acid (10.0 ml) and the mlxture was
stirred mechanically at 80 for 3 h after which time the dark reaction
mixture was treated with water (20.0 ml). Tﬁe mixture_lighteﬁed to a
vellow colour and was extrected with chloroform. The chloroform layer
was washed with saturated aqueous sodium hydroéen carbonate solution and;.:'

evaporated to give a tacky solid which was extracted with hot iight

petroleum. Evaporation of the petroleum extract gave the 2,1-benzisoxazole

(426a) (0.9 gi -45%), m.p. 67° (from methanol-water) , v__ = 1665 (co) em T,

A 209,250,300,314 and 352 nmm (log € 4,29,4.15,3.77,3.77 and 3.83)
max. max. _ v
Found: C, 71.4; H, 3.5; N, 5.7%; M 251.
C15H9NO3 reguires:xlc, 71.7; H, 3.6; N, ?.6%;_ M,251f
The petrol insoluble residue was a red gum (0.4 g) whose t.l.c.
in ether over silica ehowed it to be a multicomponent mixture conteining

none of the 2,l-benzisoxazole (426a).

Acidification of the sodium hydrogen carbonate extract with dilute

aqueeus sulphuric acid afforded benzoic acid (0.8 g; 83%), m.p. 121O (from

water) identical (m.p. and i.r. spectrum) with an authentic sample.
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(b) 5-Bromo-3-{phenylglyoxyloyl)-2,l-benzisoxazole (436c)

2,2-Dibenzoyl-3- (5'-bromo-2'-nitrophenyl)oxirane (403b)
(0.45 g, 0.001 mol) was treated with éolyphosphoric acid (1.5 ml) and
the mixture was stirred mechanically and Aeated at 80o for 6 h after
which time the mixture was cooled in ice, treated with water (5.0 ml)
and extracted with chloroform. The chloroform extract was washed witﬁ
saﬁurated agueous sodiumzhydrogen carbonate solufion (2 x 3.0 ml1) and

evéporated to give a tacky solid which was extracted with hot light.

petroleum to give the yellow bromo-2,l-benzisoxazole (426c) (0.21 g;

63%), m.p. 130o (from ethanol-water), Qméx 1675 and 1665 (CO) cm—l,

A 211, 252 and 348 mm (log ¢
max _ max

4.46, 4.13 and 3.85), T(CDC13;

60 MHz) 1.72 (lH, d J 2Hz, ArH), 1.95(2H, dd J 8Hz J 3Hz, ArH) and

2.22-2.62 (5H, m, ArH).
Found: c, 54.4; H, 2.5; N, 4.4%; M',331/329.
C, HgBrNO, requires: C,54.5; 'H, 2.4; N, 4.2%; M, 330.

The sodium hydrogen carbonate extract was acidified with dilute

aqueous sulphuric acid to afford benzoic acid (0.12 g; quant.) m.p. 1219
(from water) identical (m.p. and i.r. spectrum)'with an authentic sample.

(c) 5—Chloro—3—(phenylglyoxyloyl)—2,l—benzisoxazoié (426b)

The oxirane (403a) (0.82 g, 0.092 mol) was treated.with
phosphoric acid and the ﬁiktﬁre was stirred mechanically at 80o for
20 h after which time the mixture was cooled, treated with watér
(20.0 ml) and extracted with chloroform (3 x 15.0 ml). The_chloroform
extract was washed with saturated sodium hydrogen carbonate solution
(2 x 10.0 ml). The insoluble,solid was co;lected and acidified with"

dilute aqueous sulphuric acid to give 5—chloro—§f(phenylglyoxyioyl)—

anthranilic acid (431) (0.06 g; - 10%), m.p. 241° (decomp.) (from ethanol-
1

water), v__ 3190 br (NH) and 1695 and 1660 (CO) cm
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Found: C, 58.6; H, 3.2; N, 4.8%; M' -
C,cH) CINO, requires: C, 59.3; H, 3.3; N, 4.6%; M, 305.5

-Evaporation of the chloroform extract gave a gum which was triturated

with ether-light petroleum to give the 2,l-benzisoxazole (426b). This

was combined with a second crop obtained by evaporating the echer-light
petroleum mother liquor-and retriturating the}residue with methanol (totai
0.2 g,'35%), m.p. 102o (from ethanol-watér)} Vhax. 1775 and 1765 (CO) cm-l
Found: C, 62.6; H, 2.7; N, 4.9%; M', 287/285:
C,HgCINO, requires: C, 63.0; H, 2.9; N, a.9%; M, 285.5.
Evaporation of the methanol mother liquor gave a gum (0.18 g) whose
t.l.c. in ethyl acetate over silica showed it to be an unresolvabie

nmulticomponent mixture.

Acidification of the sodium hydrogen carbonate extract with dilute

aqueous sulphuric acid afforded benzoic acid (0.22 g, 91%), m.p. 121°

. (from water) identical (m.p. and i.r. spectrum) with an authentic sample.

19(a)‘ The Attempted Reaction df.2,2-Dibenzoyl-3—(3',5'4dichloro—2—

nitrophenyl)oxirane (403c) with Polyphosphorié Acid

The Qxirane (403c)}(0.44 g, 0.001 mol)'was trea£ed wigh poly-
phosphoric acid (2.5 ml) and the miﬁture was stirxed mechénically for
6 h at lOOO. The mixgure-was cooled in ice, treated with water (5.0 ml)
and extracted with chloroform. The chloroférm phase was washed with
saturated aqueoué sodium hydrogen carbonate solution (2 x 4.0 ml) and
© evaporated to leavé a gum. The gum was extracted with iight petroleum

to afford the crude starting matetial (0.29 g) which was crystallised

-

from ethanol to give the pure material (0.2 g), m.p. 170° identical

(m.p. and i.r. spectrum)with-ah authentic sample.’
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_The petrol insoluble material was an unidentified solid (0.02 g).

Acidification of the sodium hydrogen carbonate extract yielded only
a-negligible amount of gum.

(b) The Attempted Reaction of '2-Benzoyl-2-<ethoxycarbonyl=3=(2'~nitrophenyl)

oxirané“(432)'with Polyphnosphoric Acid
The oxirane (432) (1.36 g, 0;004 moi).was treated with polyphos-
phoric acid (10.0 ml) and the mixture was stirred mechanically at SOo-for
3 h. Water (15.0 ml) was addéd and the mixturé was éxtracted with chloro-
form. The chloroform extract was washed with saturated aqueous sodium
hydrogen carbonate solution (15.0 ml) and evaporated to give a gum which
was triturated with methgnolvto yield an unidentified solid (0.05 g). -

The sodium hydrogen carbonate extract was acidified with dilute aqueous
sulphuric acid and ektraéted with chloroform to_givé a téf k0.24 g) froﬁ
which no identifiable material could be obtained.

Neutralisation of the original aqueous phasé with solid ;odium acetate

and extraction with chloroform afforded an intractable red gum (0.08 g).-:

20.  3-(2'-Phenylquinoxalin-3'-yl)-2,1l-benzisoxazole (427)

A solution of the 2,l-benzisoxazole (426a) (0.25 g, 0.001 mol)
and o-phenylenediamine (0.1l g) in ethanol (5.0 ml) was heated under-
reflux for 0.5 h. A yellow precipitate formed and was collected to

give the quinoxalinyl deri&ative (427) (0.25 g; 82%), m.p. 196o (from

ethanol), v 1600w (C=C),
max

Found: ¢, 78.0; H, 4.0; N, 13.1%; M , 323,
C21H13N3O requires: C, 78.0; H, 4.1; N, 13.0%; M, 323,

21. The Reductive Conversion of 3-(Phenylglyoxyl)-=2,l-benzisoxazole

(426a) into 3-Hydroxy-2-phenylquinolin-4 (1H)-one (417)

The 2,l~benzisoxazole (426a) (0.25 g, 0.001 mol) was heated

in 70% v/v aqueous ethancl (7.0 ml) under reflux in the presence of
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sodium dithionite (0.5 g) for i h.” A second portion of sodium dithionité
(0.5 g) was added and heating under reflux was continued for 1 h. The
solution was then evaporated and trea£ed with water (5.0 ml) to give the

quinolin-4(iﬁ)fone (417) more of which was obtained by extracting the

aqueous filtrate with chloroform (2 x 5.0 ml), evaporating'the chloroform

and triturating theiresidue with methanol (total 0.09 g; 38%), m;p; 274°

141

(from acetic acid) (lit., 270°), v__. 3200 br (OH) and 1660 (CO) cm T

identical (m.p. and i.r. spectrum) with an authentic sample. -
'Evaporatidn of the methanol mother liquor gave only a small amount

of gum (<0.05 g).

\

,22, The Oxidation,bf‘3;(Phenylglyoxyl)—2,1-beh2isoxazolé (426a) to

2,l-Behzisoxazole—3-carboxylic Acid and Benzoic Acid

The 2,1l-benzisoxazole derivative (426a) (0.25 g, 0.00L mol)
in 70% v/v agqueous acetic acid was heated to 100° and treated in portiohs
with potassium (VI) dichromate (0.5 g). The mixture was heated fpr.
15 min ét 100° and then evaporated and treated with water (5.0 ml).

The insoluble salt was collected, washed with water (5.0 ml) and

acidified with dilute aqueous sulphuric acid to give benzoic aéia mote
of which wés obtained by extractiﬁg the acidic mother liquor with
chloroform (totél 0.12 g; Quant.), m.p. 121o (from water), identical
(i.r. and m;p,) with an authentic samplé.

Acidification of the original aqueous phase and washings afforded
2;l—benzisoxazolé—3fcafboxylic acid (429) (0.06 g, 37%), m.é. 192°

(Lit., T4t 1929, V__. 2660w and 2500 (OH) and 1735 (co)" em™ T, identical

141

(m.p. and i.r. spectrum)with an authentic sample.

-
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Part I
Apart from the processes of oxygen transfer, (cf. Introduction)
photophemicalrtransformations of 2fnitrobenzene derivatives may also
proce§d>by hfdﬁogenrabstraction, not with subsequent oxygen transfer,
but with the generation of radical centres which can couple to form a‘
cyclic pféduct. The.proceés‘is depicted, ih a general form, in -
Schéme 78. 'Thus, the 3(n,n*) photo-excited étate of the nitro group .
(434) may abstract a hydrogen atom from the side-chain} generéting ﬁhé
triplet dixadicalf(435) which must suffer spin—inversiqn of‘er of thé
lone electrons before it can.undergo intramolecular qoupling to produce
a éyclic intermediate of the type (436). This cYéliclihtermediate'may
then regcﬁ further, ﬁhermally, to produce the ultimate pxoducts,of the
photochemical reaction. Aﬁ example151 6f this tyée of photochemical-'
trdnsfofmation is provided by the éonversion of ﬁhe 2—nitroFtert—butYI¥
,beﬁzene.aerivatives [(437); .Scheme‘79] into the nitrones>(438).
Kr_ohnkels2 has reportgd that the irradiati&n of éfaminOvZ-ﬁitro—ﬁf'

(4'-nitrophehyl)styrene (442a).in ethanol,Aby sﬁnlight, leads to a higﬁ
yield of 3—(4'-ﬁitrophenyl)cinnoline 1-N-oxide (446a,. Thié ieaétion may-'
be rationalised ag;in in terms of a process of hydrbgéh‘abstréC£i;n;
followed by radical coupling and dehydfation to éivé the dinnoline
l—gfdﬁide [(446a); Scheme 80]. This reacﬁioﬁ:iS‘interesting_asﬁiﬁ is;
to the present author's‘knqwledge, the .only example of a photochemical
,synthesis of‘a cinnoline E}oxide. Tﬁe high yield of cignoline §;o#ide
(446a?, obtained in this reaction, éqggested that this area éf the
photoéhemistfy qf 2-nitrobenzéné derivatives was worthy 9£ further
investigation as i; pfoffers a potenfialvsynthesis'of cinnoline
§;okide§.ﬁhich are nqt readiiy available by the airect N-oxidation of

the cinnoline precursor.
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Since the structure of the prod&ct from irradiation of the
styrvlamiﬁe (442a)152 had not .been rlgorously establlshed by Krohnk152
as 3-(4'—nltrophenyl)CLnnollne 1-N-oxide (446a), it was lnltlally
decided to relnvestlgate thls cyclisation and to firmly establish the
nature of the product Also,Athe ecope of the reaction with respect to
-Athe 51mple halogenated styrylamines (442 b and c) was 1nvest1gated
The styrylamines (442 a-c) required for investigation were prepared
. by first condensing the aldehydes (439 a-c) with 1-(2'-nitrophenyl)pyridinium
Bromide (440) and then degrading the l—[2'-nitro—g;(4'-nit£ephenyl)s;yryq
‘pyridinium bromide derivatives (441 é-q) obtained, with piperidine..

The step involving degradation of the pyridinium moiety in (441 a-c)

©0Ho
'NO,

(439')'

R
a-; H
b; Cl1
c; Br

with piperidine was effected by using a method adapted from the original
procedure descrlbed by - KrohnkeJ:52 Thus, it was found that, bj usxng
methanol as a co-solvent, hlgher yields of the styrylamines (442 a-c)
were obﬁained.

The phoﬁolysis of the ‘styrylamine (442&) was carried out using a
ganovie meaiuﬁ—preesure photochemical reactor fitted with either a
quertz'or pyrex filfer, in noﬂ—degassed ethanol solutions,.under an

atmosphere of nitrogen and after ‘ca. 2 min, a yellow solid began to

separate from the solution. . After 24 h irradiation was discontinued
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and a good yield {67%) cf the presumed cinnoline E;éxide (446a) was
obtained. This product gave elemental analysis and mass ;pectral data (m/e
- 267) in accor&'with a molecular formuia of C14H9N3O3 and‘hence,.with the
cinnéline 1-N-oxide structure (446a). Its formulatibn aé an N-oxide was
further sgpported by the présence'of a frégment‘ion‘at m/e‘251 in its mass
spec;rum, iﬁdicating the loss of an oxygen atom which is characteristic

of the known112 behaviour ofvheterocyclic Efoxides upon electron impact.

The i.r. spectrum bf’this product lacked bands attributablelto amino group‘
absorptions but contained bands due ﬁo the presence of the 4'-nitrophenyl
substituent. Its lH n.m.r. spectrum yielded no useful information excepﬁA
to show the absence of protons other than aromafic. Irradiation of the
chlofostYrylamine (442b) in ethanol,ithrough a quartz filter for 24 h,

also affordedla compound ih‘high yield‘(77%); whose properﬂieé'were fully
consiétent with its formulation a 6-chloro-3-(4'—nitrophenyl)cinnoliﬂé
1-N-oxide (446b). Simiiarly, the bromostyrylamine (442c) afforded the
preéumed 6-broﬁo—3—(4'*nitrophenyl)cinnoline 1-N-oxide (446c) but in lowe:
yield (59%). |

In ordet to rigorously ptove the structure of the cinnoline 1-N-oxide

(446a)_énd hence by analogy, the structures of both the bromocinnoline
aerivativev(446c) and the chlorocinnoline dérivative‘(446b), it Qas propbsed
. to reduce the 3—(4'—nitropbenyl)cinnoline 1-N-oxide (446a)Ato_the
3-(4'-~aminophenyl)cinnoline (447) and then deaminate this amine (447)

‘to give the known153 3—phehylcinnoline (448). However, catalytic réductioh
of the cinﬁoline l—gjoxide-(446a) proved ineffective, no‘rgduction occﬁrring.
Sodium dithionite reduction was also attempfed and initially, appeared to
Agive-éncouraging_résults as'tﬁe i.r. spectrum oflﬁhe cruée reaction product
'showéd absorption bands due to a primary amino g;odp. Furthermore, no
bands attributable to a nitro group were present: HoWever, this solid

proved to be intractable and all attempts to purify it were unsucceséful.
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H]

(446a) -

(448)

The mass spectrum of this crude reduction product showed a peak at
m/e 223 which corresponds to two maee uuits more’thah the desired‘
aminophenylcinnoline (447). | ThlS may 1nd1cate that the crude reaction
mixture contains a dlhydroc1nnollne species, Although the attempt to
convert the c1nnollne N—ox1de (446a) 1nto the am1noc1nnollne (447) and
_thence by deamination to the phenylcinnoline (448) was unsucceseful, the
spectroscopic properties of the compound (446a) and its halogenated
derivatives (446b) and (446¢) are in accord with the cinnoline i—g;oxide
structure orlglnally proposed by Krohnke 152

The mechanism of the photochemical formation of the cinnoline{l
1-N-oxide (446a).has been formuiated‘ae shown rh Scheme 80;‘ Thus, in
order to try andvestab;ish some experimehtal'evidence for this mechanism,'
the styrylamine (446a) was photolysed in ethanol with added acetone to |
observe any triplet sensitisation of the reaction. It was reallsed that
the hlgh conversion of the amine (442a) to product (446a) mlght make it
dlfflcult to detect any increase in yield. However, with 0.5% added"
acetone,dno significant'increaee in yield was observed.‘. The photolyeis
of the etyrylamine was then carried out in:acetone alone. In thls case,

the product obtained was red and had a dlfferent meltlng—p01nt to the

yellow cinnoline 1-N-oxide (446a). Elemental analysis of this red product
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‘indicated a molecular formula of C14H8N204, consistent with the loss

of the elements of ammonia from the s;arting material (442a). The

mass spectrum of the red solid was also in accord with this molecular
formula showing a parent ion at m/e 268. Its i.r. spectrum showed

the presence of a carbonyl band aﬁ 1710 cm-land absorption bands due

to a nitro group were also presént. Onlfhe basis'of thesé data, the

red compound was assigned the structure, 2 -(4'-nitrophenyl)-3H-indolin-3-

one 1l-N-oxide (452a), a known compound.154 In accord with fhis structure,

the melting point of the red product corresponded to that quoted154 in

the literature for the isatogen (452a).

The apparent clear-cut dichotomy in the photochemical behayiour of
-the amine (442a) on simply chaqging the solven£ qsed from ethéhol to acetoné
is sfriking.' In an attempt to show competition between the two modés of
reaction observed,>the styrylamine (442a) was irradiated through quartz
in a 3:1 acebone-ethanol solution. The major product in this case was
the isatogen (452a) albeit in reduced yield. However, no cinnoline
l—gfoxide (446a) could be isolated from the reaction-mixture. |

'Iﬁ order to determine whether the solvent effect upon the mode of
the phétochemical reaction of the styrylamine (442a) was a sensitisation
effect or not, its photochemica; behaviour through quartz in both dioxan
and acetonitrile, was investiéated. In both cases the only product

isolated was a good yield (ca. 64%) of the isatogen (452a). Thus it is



(446)

Scheme . 81: e
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apparent, éince dioxan and acetonitrile do not posses strong photo-
sensitising properties, that isatogen formaticn is not due to photo-
sensitisation; Further, as ethanol does not possess any strong quenching
properties, it would appear that (assuming the nitro group is the chromophore
which induces photochemical reaction) it is the same photo-excited state of tﬁ
nitro group that reacts £o give the two different products, depending upon thé
solvent. Coﬁsequenply, the 3(n, m*) excited state of the nitro gfoup is
sugggsted to be iévolved, by analqu with the known photochemical‘behaviour
' of the nitro group, (cf. Introduction).

The most obvious difference between the solvent systems used in the
photqchemical studies being discussed, appeared to be the avéiiability of._
abstractable hydrogens in the solvent molecules, Thus, when no readily:
abstractable protoﬁ is present as is the case with dioxan,acetone and
acetonitrile, the pfoduct is the isatogen (452a). When an abstractable
hydrogén is present, as is the case with the hydroxyl gtoup in etﬁanol, the
cinnoline 1l-N-oxide (446a) is the product. The apparént requirément for
cinnoline formation of a solQent w;th a readily abstractaﬁle hydrogen implies
that the mechanism (Séheme 80) proposed earlier, in thch,hydrogén abétraction
occurs inﬁramolecularly from the amino group, i; not correct. Consequently {
a revised mechanism for cinnoline l-g;oxidé formation is'propésed (Scheme'sl)
in which the 3(n,n*).excite_d state of the nitro group (443). abstracts a
bhydrogeﬁ frcm the solvent to give the radical (444). This radical (444)
then undergoes elimination'of water by an enamine mechanism to give the
imine (445) which cyclises by an electfocyciic process followed by loss
of a hydrogen atom to afford the cinnoline 1l-N-oxide (44§a).

in the cases where the solvent does not have a readily abstractable.
proton and ﬁhe product is the isatogen (452a), the observed oxidation of
the'side—chain impiies.that pﬁotdchemical intramolecular oxygen—-transfer

from the nitro groupAto the side-chain, has occurred (see Introduction)



. Yield _

a; - 64%
. b; CI 489

¢y Br , 33%
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Any mechanism for isa;ogen formation must also account for the loss
of the amino group. It is possiblgvthat this occurs'as a primary
photochemical process of the enamine (442a) to give 2,4'-dinitrotolan
:(453) which could readily photochemically rearrange to the isatogen
(452a) by anal_ogy154 with the known photochemical reaction of 2~nitro-
tolan (454) in pyridine to 2;phenylisatogen (455). Alternatively

(Scheme 82), a mechanism involving attack on the double bond by-the"

’NO,

(454)

(455)

3(n,n*) excited state of the nitro-group to give ‘the cyciic intermediate
(4495.which contains a stabilised benzyl radical, may‘be invoked. Thus..
formed, the intermediate (449) can.undérgo radica; coupling-to_give the. -
-bridged cyclic intermediate (450) followed by intr%moleéular abstréction
of the benzyliC‘hydrogen atom by the.amind gro@p, with concoﬁitant ring-
opening,. to afford the betaine intermédiaté (451):which then loses .
ammpni;'fo give the isatogen (452a). The chlorogﬁfrylaﬁine (442b)
similarly afforded the correspénding isatogen (452b) on irradiation in
acetone. The bromostyrylamine (442c) also pr&duced.the corresponding
isatogen (452c) upon irradiation in‘acetpne but in lowervyigld;

On the basis of the mechanism (Scheme 82) proposed for the photo-
chemical formation of the isatogens (452 a-c), it was envisaged that
the'8'—nitronapﬁthylstyrylamine derivativé (456) would undergd éﬂ
similar reaction té afford beﬁzo[d,e]quinolinoge gfogide derivative

(457) . _However,'thé study of the photochemical reaction of the amine
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(456) was preéludedlby the -failure of 8-nitronaphthaldehyde to condense

with 1-(4'-nitrophenyl)pyridinium bromide.

(457)

The interesting.possibility of photolysihg the 2,2‘-dinitrophenyistyryl~
amiﬁé'(458f was also thwaitéd by the failﬁre of 2—nitrobenzaldehyaeito |
COndense-Qith»i—(2'—nitfobenzyl)pyridinium chloride, in contrastiwith ieady
condensation of 2—nitrobenzaldehyde with l—(4'?nitrébenzyl)pyridinium
bromide (440) .. The successful synthésis ofAthé 2,2'—dinitrostyryi§miné 

(458) wouid have allowed the investigation of the competitive photochemical

RN
NO, NH,

(458)

NO2

reaction between the side-chain 'and the two nitro groups present.
.

As a possible extention of theiphotochemical cyclisation of

2-nitrobenzene derivatives having g-aminated side-~chains, the photo-

chemical behaviour of 2-nitrophenylguanidine. (459) was investigated.
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However, irradiation of the guanidine (459) in ethanol gave only

. @ quantitative return of starting material. Oon the assumbtion that
the nitro éroup in the guanidine (459) can abstract a hydrogen atom
from the solvent (ethanol), as aépears to be the case with the

) styrylaminesAk4425, then photochemical réaction of thevguanidine (459)
must be inhibited by the weakly nuéleophilic‘naturé of the amino groups
iﬁ the guanidino.moiety. The alternative mode of reaction, namely,

oxygen-gransfer to the side-chain, is not feasible in this case due to

~COH

NO,NHCOPh

- (463)
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the presence of a nitrogen atom in the benzylic position.. The attempted
phétochemical‘cyclisation of the 5-amino-l-(2'-nitrophenyl)triazole (461;
and of‘2'—nié;ophenylthiohydan;&in (462) were also unsuccessful. The
attempted cyclisation of 2-benzamido-2'-nitrocinnamic acid (463) resulted .
only in the formation of intractaﬁle gums from whiéh no identifiable
material was obtained.

'~ The mechanism (Scheme 82) proposed for the photochemical transformatibn
éf the 2-nitrostyrylamines (442 a-c) into isatogens (452 a;c) involves the
ultimate eliminétion of the amino group as amméﬁ;a and SO'implies that aﬁy
analogous 2-nitrostyryl derivative containing é gobd leaving group in the
g;poéition,of the side-chain, should undergo photochemical cyclisation to
an isatogen derivative. - In an attemét to substantiate this contéﬁtion
aﬁd alsolto ex£end the scope of the photochemical synthesis of isétogens;
the'photolysis of 2'—nitro—2-phenyl¢inham6nitrile (464) in acetone, was

investigated. However, the nitrile (464) was completely inert to

NO,CN N
(464) . | o (l)-

(455)

proloﬁged irradiation in acetone. . This inertness is surprising in
view of the marked photochemical reactivity of 2'-nitrostilbene derivatives
: .91 '
reported by Splitter and .Calvin.-
. . 151 : ‘ . e

As discussed earlier, Doppe has reported the photochemical cyclisation
of 2-nitro-tert-butylbenzene (437) to give the nitrone (438). This reaction
is postulated to prbceed by hyd:ogen abstraction as the primary photochemical

event. It seemed reasonable to expect, therefore, that Z;methyl-Z'-

nitrostilbene (465) which has features both of the 2'-nitrostYrylamines
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(442) and 2-nitro-tert-butylbenzene (437), might undergo photochemical

cyclisation leading ultimately to 34phenquuinolin¢ 1-N-oxide (466).

N02CH3

(465)

(466)

However, irradiation of the stilbene (465) in acetone or ethanol,
resulted in a moderate return of starting material together with complex -

mixtures of starting material and unidentified products.
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Part II

Despiﬁe the failure of 2-nitrophenylguanidine  (459) to undergo
photochemicai'cyclisation as discussed before, it was decided to investi-
gate the.photochemical cycl;sations of the structufally similar 2-nitro-
phenylacetamidines (469 a-=g). If successful, the;e cyclisations would
provide a new synthesis of 3-aminocinnoline 1-N-oxides which are not
readily available by more orthodox methods (é.g. peracid oxidati&n of the .
corresponding 3-aminocinnoliﬁes). The amidines (469 a-g) required for
study were readily prepared by reaction of ethyl 2—nitrophénylacetimidéte'
hydrochldride (467) with the corresponding amines (Scheme 83)‘to give the
'amidine hyafochlorides (468 a-g), fdllowed by treatment with dilute alkali.
The majority of the hydrochloride derivatives failed to give analytical .
daﬁa_consistent with their formulation and the mass speétra showed pérent
iions corresponding to the free amidine bases. The majority of the
‘ hifherto unknown amidines»were however, characterised Sy their elemental
analysis, mass spectra, and i.r. spectraf However, the amidine (469é)
and'469£), derived from piperidine and pyrrolidine ;espectively, wére
oils whichIWere shown to be pure by t.i.c. and by tﬁeir 1H n.m.r,
spectra. The lH n.m.r. spectra of the amidines (469 e and f) showed
a sharp ginglet due to two protons at ca. T 5;9'indiéating the presence
of a methylene group and a'broad singlet at T 5.73,-due to one proton
is assigned to a single NH group. These features indicate that the o
amidines (469 a-g) exist in the imine form rather than in the enaming
form of the type (474). The diethyl—substitutgd amidine (469g) was
also an oil and could not be characterised due to lack pf material.

Irradiation of 2-nitrophenylacetamidine (469a) in ethanol for
48 h resulted in the initia;ly colourles; solution becoming a strong

yvellow colour and on work—up; a yellow solid was isolated in low yield.
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NR'R2
NO2NH;

(474)

This solid gave an elemental analysis and mass spectrum. (m/e 161)
consistent w1th a molecular formula of C8H7N3O, and with the loss of.

the elements of water from the amldlne (469a). The i.r. spectrum of

the yellow solid showed bands at 3390 and 3300 cm l, attributable'to

a primary ‘amino group. Bands attributable to'a nitro group were absehe;
The band at 1615 cm_1 is assigned to the NH deformaﬁien. These properties
are fully consistent with the yellow product being the cinnoline 1-N-oxide
[(473a), Scheme 84] This structure was aiso supported by the 1H n.m.r.
spectrum of the yellow product. Thus, a low field resonance at .t 1.66
showed ortho~coupling and is aSSLgned to H-(8) of ‘the c1nn011ne nucleus
which is deshielded due to the anlsotroplc effect of the N~oxide functlon.
The multiplet in the range T 2.45-2.82 is assianed to the remaining three
benzo-hydrogens. The singlet at 1 3.35 is assigned to H-(4) which is
shielded by the +M effect of the amino group. The latter(appears'in the
lH n.m.r. spectrum as a broadened singlet at T 4.86.

In.contrast to the low yield of the cinnoline l—g}oxide (473a)
obtained from the photolysis of'2—nitrephenylacetamidine (469a); the
aﬁidines'(469 bfg) derived from primary{or secondary amines, afforded.
moderate to good yields of the corresponaing cinnoliee 1-§foxides
[(473 b-g); Scheme 84] on ir;adiation in~ethanol. Satisfactory

elemental analyses and mass spectral data were -obtained for all of the
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hitherto unknéwn’éinnoiine l—ﬁfp#idéé'(473 a-g)l. The lH n.m.r. spectra
of these cinnoline l—E;oxides»(473 b-e and g), like that .of 3-amino- ‘
cinnoline l—gfoxide (473a) showed a iow field doublet at'ca. t 1.65
attributed to the H-(8) nucleus in each case. This value is in accord
with the chemical shifts155 of H-(8) in other cinnoline 1-N-oxides.. .
The lH n.m.r. spectra of the cinnoline 1-N-oxides (473 a-e and g) also
showed,iin general, a single; at ca.t 3.5 a;tributable to the‘H—(4) of
the cinnoline hucleus; These values are higher than typical values
quoted155 for H-(4) in other cinholine 1-N-oxides. However, the values
for H-(4) resonances in the 3—aminocinnoline 1-N-oxides (473 )

> for the H-(4) nucleus in

are in keepipg witﬁ the value (Tt 3.08)15
3—methoxycinnoline 1-N-oxide. The upfield shift observed in the H-(4)
resonance in the cinnoline l—§foxides (473 5 is tﬁerefore,.attributable
to the +M effect of the C-(3) amino substituenté‘which will shield the
H-(4) nucleus in each case. Typically, the H-(4) resonance is higher in
the cinnoline l—E;oxidés (473 c-e ana g) which have a tertiary amino
substituént than in the cinnoline 1l-N-oxides (473 a and'b),having se;ondary
or primary amino substituents.; | |

The ﬁ.v. spectra of the 3-aminoéinnolines (473 a-g) were obtained in
E ethénol and were qualitétiveiy identical ‘in the shapéiof thevabsorptibn
envelope. All showed a weak abéorptibn in‘the visible regibn.(gé. 450_nm).’
The remaining u.v. data however, could not be usefully éomparea to the u.v.
spectra of other_cinnolin; l-E_—oxides,l55 probably due to the perturbation
of the "typical" cinnoline l-N-oxide ;béorption spectra by the amino
substiﬁuénts in the cinnoline l-ﬂ;oxides‘f473 a-g).

An unambiguous prdof,ofvthe étructure of 3—aminociﬁnoline 1-N-oxide

(473a) and hence by analogy of the cinnoline 1-N-oxides (473 b-g) would

have been achieved by the reduction of the cinnoline l-N-oxide (473a)
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156 . ‘
to the known 3-aminocinnoline. However, lack of material thwarted

this approach.‘ In order to establish the presence cf an ﬁfoxide

function in tﬁe cinnolines (472 a-g), an attempt was made to reduce
3—(E,E;dimetbylamino)cinnoline 1-N-oxide (473g). AHowever, although
reduction did occur, tne product was a multicompdnent gum, Treatment

of an ethanolic solution of this gum with a hot saéurated solﬁtioh of |
;odium picrate afforded a red solid, however, whose elemental analysis wasi
consistent with that expected for 3—(§!§fdimethylamin§)cinnoline picrate

(475) . Also its mass spectrum showed a parent ion (m/e 173) due to

+ - NO2

N%N OZN\“ NOy-

(475)

3—(E,gfdimethylamino)cinnolinef No peak was present at m/e 189 which
eliminates the presence of 3-(§D§;dimethylamino)cinnéline l-E:oXidé
(4739)vwhich'cduld also form a picrate.
,The irradiation of 2;nitrophenylacetamidiné (469a) ana g,gfdimethyl—2¥A

.nitrophenylacetamidine (469b) in acetone did not result in the isalation of
any cinnoline l-N-oxide derivatives. Therefore, by analogy with the
photolysis of the 2—nitros£yrylamines (442) in ethanol, it is proposed
that the mechanism of the formation of the 3-aminocinnolines (473 a-g)
proceeds by initial hydrogen ébstraction (Scheme 84) frop the ethahol
so;vent by the 3(n,n*) excited state of the nitro group to give the
radical [(471) ; Scheme 84]; Nucleophilic.attack by the imine nitrogen
bthen gives the cyclised interﬁediate (4725 containing an oxonium ion

centre. This mode of attack will be favoured when R is a secondary .or
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tertiary amine sincé these will stabi;ise the positive charge pfoduced.
Further, there is no possibility of tautomerism between the amidine
nitrogen atomg when one of the amine grbups is tertiary. This will fix
the imine group and hence remove the possibility of competitive nucleo-
. philic attack by both nitrogen atoms in the amidine moiety. When a
secondary amine is present ip'the émidine, the existence of tautome;ic
forms (469c) will allow two modes of attack ;esulting in cyclisation
(Schene 85); These effects of ion stabilisation and of the number of
possible modes of nucleophi;ic attack in the cyclisation stép.are fairly
reﬁlected in the observed yields of products (cf. Scheme 84).

.The mechaﬁism postulated for the.photochemical fofmation of the
ciﬁnoline_ﬁ;oxides (473 a-g) involves a step (472) - (473;‘ wﬁich might
be susceptiﬁle to base-catalysis. To examine the possibility of base-
catalysis augmenting the efficiency of this dark reaétion k472 -+ (473) in the
photochemically induced transformation of 2-nitrophenylacetamidiné (469a) |
into 3-ami£qcinnoline 1—§joxide (473a), thé reaction was carried out in
ethanol with added triethylaminef However, no increase in yield was
- observed.

The possibility that photochemical cyclisation might be‘inhibited by
acid was also investigated by irradiating 2—nitrophenylacetamiaine hydro- .
chloride (468a) in ethanol.. After 24 h, almost 70% of ﬁhe sfarting
material was recovered and no cinnoline N-oxide was isolated from the
acqompahying gum, This résult indicates that inhibitioﬁ of the reaction
. occurs if the amidine group is protonated.. It can therefore, be inferréd
that the mechanism for the formation of the cinnoline 1-N-oxides (473 a—éf:
cannot involve hydrogen abstraction from the benzylic positipn (écheme 86’
since it is not envisaged that any inhibition shouid occur as.this purely

.radical cyclisation should be insensitive to charge effects. However,
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~NH
NO, W H2 CU

(468a)

in the propesed mechanismv(SCheme 84) the presence of a positive charge
on the amidine group would inhibit the'react;on as the nuclgophilic
capacity of the amidine will have been lost due to protohation and
consequently, the cyclisation stép (471) > (472) wiil be inhibited.-
The  attempted phoﬁochemical cyclisation of H,gf~diméthylamino—2—~f

nitrophenylacetimidate (476) resulted only in the formation of intractable

gums.
NCH3
NO, NHCH3

(476)

As an extention to the photochemical synthesis of substitutea
cinnoline l-N-oxides, the photochemicalvreéctiqn of thé amidbximé
(477) was investigated. The hitherto unknown amidoxime (477) was
readily prepared by the reaction of hydroxylamine with 2;nitrobenzyl—

cyanide and was characterised by its elemental analysis, mass spectrum

and i.r. spectrum and by the formation of a hydrochloride derivative (478).



Scheme 87 -
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NHp NH;CL

No,NOH NO,NOH

(477) ' (478)

The 1H n.m.r. spectrum of the free amidoxime (477) contained a. sharp

singlet due to two prqtons at T 6.27 which is attributed to the methylene

group. A broad signal at.T 4;78 due to two protons, is attribuﬁedAfo

the amino group. It also contained a broadened singlet at t O.9é, due to -

" one proton which is assigned to the profon of the hydroxyl group. These |
features demonstrate‘that the amidoxime (477) exists (in chloroform

" solution at least) in the oxime form (477) and not in the enamine form'
(482). However, in contrast to the ready cycliéation of the 2—nitrophényl-

acetamidines (469 a-g) in ethanol, irradiation of the amidoxime (477) in

o NH

_NOQ NHOH

(482)

ethanol for 24 h resulted in its being recovered, largely unchanged.
Also, its irradiation in acetone for 65 h resulted in the majority of the
amidoxime (477) being recovered unchanged and no identifiable product was

isolated. The inertness of thHe amidoxime to irradiation with u.v., light

-may be due to. the formation of an'excimer'[(481); Scheme 87]. This may
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arise by hydrogen-ebsrraction from rhe oxime hydroxyl group by the
3(n,n*) excited-state of the'nitro group, followed by electron-transfer
from the negatively charged oxygen'atou to nitroxide radical of the
oxime group. This excimer (481),'unstaole in the ground state, can
then revert to the starring material (477). Such one-electron transfers
are postuleted157 to occur in the photoreduction of carbonyl compounds
facilitated by the presence of amines.

As the imidate (482) is structuréliy’analogous to the amidines
(469) its behaviour on irradiation Qas also investigated in an attempt to
synthesise 3-methoxycinnoline l-N-oxide. The imidate (%82) was prepared
as an oil, by neutrelisation of its hydrochloride derivative (467a)‘with"
diethylaﬁine. On its irradiation in ethanol( a colourless_solid was

isolated whose elemental analysis was consistent with the empirical

formula,’ N20 which corresponds to the structure, 3- hydroxycxnnollne'

8 6 2
1-N-oxide (483). However, the i.r. spectrum of the product suggested the

(482) o . (483) B

presence of a nitro group.j No‘other functionalAgroups were indicated
(e.g. OH) by the i.r. spectrum of the colourless SOlld The precise
nature of thlS product remains to be establlshed since its mass spectrum

did not give a m/e value which was consistent with its empirical formula,

obtained from its elemental analysis.

-

3-Hydroxycinnoline 1-N-oxide (483) might be expected to be the product

of the photochemical cyclisation of 2-nitropheuylacetamide. However,

irradiation of this amide in ethanol, resulted only in a quantitative
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return of the starting material, .This resdlt ié not surprising as the
vamide nitfogen in 2-nitrophenylécetam;de.is only weakly nucleophilic
and hénce, miéht not be expected to be able to'effect a cyclisation step
of the type [ (471) + (472); Scheme 84].

In conclusion, it has been shown tha£ btherwise inaccessible
3-aminocinnoline 1-N-oxides ére readily available, in good yields, by
the'pho£ochemical cyclisation of 2—nitfophehylacetamidine substrates in

ethanol.
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Experimental (Part I)

1. The Synthesis .of l—[2!—Nitro-gf(4'—nitrophenyl)styryl]pyridinium

Bromide Derivatives

a) l~g7[2'fNitro—a~(4'—nitrophenyl)styryl]pyridinium Bromidelsg (441)
The pyridinium salt (441l) was prepared by the method of Krohnke152
(84%), m.p. 311° (decomp.) (lit., > 312° )

b) _l—gf[S'-Chloro-2'—nitro-gf(4f—nitrophenyl)styryl]pyridinium Bromide (44lb)

A solution of 1-(4'-nitrobenzyl)pyridinium bromide (440) (4.0 g; C€.0l6 mol)
and 5-chloro-2-nitrobenzaldehyde (4395)(3.85 g, 0.021 mol) in acetic anhydride
(40.0‘ml) was treated with glacial acetic acid (2.0 ml) and anhydrous-pbt-_;‘
assium acetg;e (0.8 g) and the mixturé was stirred at 75° for 48 h.. ‘TheA
mixture was then evaporéfed and thé residue was treated wiﬁh wétef (50.0 ml)
and washed with chloroform. The.aqdeous phase was treated with 50% w/v
aqueous hydrobromic acid (20.0 ml) and then concentrated to give a green
0il which was triturated with a little water td afford_thé pyridinium

salt (441b) (3.2 g; 50%), m.p. 283o (from ethanol), vmax

1515 and 1340 (NO,) m ™t

1650 (C=C) and

Found: C, 48.6; H, 2.8; N, 8.7%; p 304/302(M ~pyridine)

C19H13BrC1N304 rqulres: Cf 49.3; H, 2.8; N, 9.1%; M, 382ﬁ5 (cation).

c) 1—2;[5'—Bromo—2'—nitrb—gj(4'—nitrophenyl)styryl]pyridinium Bromide (441lc)

A solution of l—(4'—nitrobenzyl)éyridinium bromide (440) (2.0 g,
0.008 mol) and 5-bromo-2-nitrobenzaldehyde (439c)(2.3_g;,Q.Ol'mol)-was treated
with glacial acetic acid (1.0 ml) and anhydroug potassium acetate £0.4 g)
and the mixture was stirred at 75o for 48 h. The cooleé mixture was
filtered to remove inorganic material and the filtrate was treated with’
ether (40.0 mi) and washed with.water (40.0 ml). The aqueéus phase was

separated, treated with 50% w/v. aqueous hydrobremic acid (10.0 ml), and
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then concentrated. The resulting oil was triturated with water to

~give the pyridinium salt (44lc)which was combined with a second crop

obtained by evaporating the ether layer and treating the residue with
water (100 ml) and chloroform and then treating the aqueous phase with
50% w/v aqueous hydrobromic acid (10.0 ml) as before (total 2.8 g, 81%),

1630 (C=C) and 1515 and 1350

m.p. ?95o (decompﬂ)(from gcetic acid), vmax

-1
(NOZ) cm .

Found: C, 44.6; H, 2.6; N, 8.0%; p , 348/346 (M -pyridine)
C19Hl3Br2N204 requires: Cf 44,9; H, 2.6; N, 8.3%; M, 427 (cation).
d) The Attempted Preparation of l—§j[4'—Nitro—g;(8'—nitronaphth—1-yl)styryﬂ—

pyridinium Bromide

The attempted reaction of 8—nitro—l-naphthaldehyde with 1—(4'—nitrobenzyl)

pyridiniunm bromide (440) was carried out as described in (b) and (c) aboﬁe:

The cooled reactidn'mixture-precipitatéd-unreacted 1-(4'-nitrobenzyl)

pyridinium bromide (25%)152 identical (m.p. and i.r. spectrum) with an

authentic sample. The filtrate was concentrated, treatgd with water
(30.0 ml) and washed with chloroform. The aqueous phase was separated,'
clarified with animal charcoald and  then treated with 50% w/v agueous
hydrobromic acid (10.0 ml). Evaporation of'the aqueous solution gave a
gummy residue from which no identifiable material could be obtained.
Evaporation of the ch;oroform layer gave a dark gummy residue which

‘was triturated with methanol to afford unreacted 8-nitro-l-naphthaldehyde

158

(85%), m.p. 120o (lit., 11240), identical (i.r. spectrum) with an
authentic sample.

e) The Attempted Preparation of l—gf[z'—Nitro—g;(2"—nitrophenyl)styryl]-

pyridinium Bromide

The attempted reaction of 2-nitrobenzaldehyde (43%9a) with 1-(2'-nitro- -

benzyl)pyridinium chloride was carried out as described in (b) and (c)

above. The reaction mixture was cooled and concentrated to approximately
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one-third of its original volume then treated with water (30.0 ml} and
washed with ether (2 x 25.0 ml). The aqueous pﬁase was separated andv
treated with 50% w/v aqueous hydrobromic acid (10.0 ml) and then conden-;
trated to give é gum which was triturated'witﬁ watei to give 1-(2'-nitro-
benzyl)pyridinium bromide (O,Gg) m7p.;2OO?;:A )
Evaporation of the ether léyér afforded unreacfed'2-nitrobénéaldé4

hyde (80%), m.p. 43° (1it.,1>2 449).

2. The Formation of the 2-Nitrostyrylamines (442 a-c)

a) §7Amin0e2—nitro—§f(4'—nitrophenyl)styrepelsg (442a)

(1) Thé.pyridinium-salt'(44lé)"(0.005 mol) was suspended in methanol (15.0 ml)
and treatéd with pipeiidine (10.0 ml) to give a solution that was heated . |
under refiux for.l h. The solutionvwas then concentrated to approximately
one half of its original volume, warmed and‘ﬁreated with water (10.0 ml) to

give the enaminelszl(442 a) (quantitative) on cooling as a red powaer,

m.p. 136° (it., 2% 133%).

152

(ii) The enamine (442a) wasﬁprepafed by the method of Krohnke (76%)

152

m.p. 132° (from benzene) (lit., - 133°) t(CDCl,; 6OMHz) 1.72-2.72 (8H, m,

ArH), 4.00° (1H, s, CH) and 6.00 (2H, br s, NH,) .

b) §7Amino—5—bromo—2—nitrb-§j(4'-nitrophenyl)styrene'(442c)

The enamine (442c¢c) was prepared as described for the enamine (442a) in

(i) above, as a red powder (80%), m.p. 148o (from benzene), v 3480 and

3380 (NH,), 1620 (C=C), and 1525 and 1340 (NO,) i

Found: C,_46.3; H, 2.7; N, 11.2%; M, 365/363,_;_
C14H10BrN3O4 requires: -C, 46.2; ’H,-2;8;. N, 11,5%{ M, 364.
(c) EfAminQ—Sfchloroé2—nitr6—§;(4T—nitrd§héﬁy1)$tYrene‘(4425f

The enamine (441b) was prepared as described for the enamine (442b) in

(i) above, as a red powder (85%), m.p. 1310'(from benzene) , Vax 3500 and

3400 (nH,) and 1530 and 1350 (NO,) cm L.
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Found: C, 52.8; H, 3.1; N, 13.0%; M, 321/319.

14 10C1N304 requlres._ c, 52.8;- H, 3.1; N, 13.2%; M, 319.5.

3. The Photochemical Formation of 3-Arylcinnoline l-Oxides

Note: All photochemical experiments were carried out using a medium
" pressure Hanovia photochemical reactor. All solutions were irradiated
under nitrogen.

- a) 3—(4'—Nitrophenyl)cinnoline jl—gijide (446a)152

"(i) The enamine (442a) (2.0g) was dissolved in ethanol (1000 ml) and
__irraaia;ed'through either a quartz or.pyrex filter for 24 h. . The solid
thch sepa;ated Qas collected and combiﬁed with a secbnd crop obtained by
evapotafing the filtrate and triturating the residuevwiﬁh-methanol to

give the cinnoline 1-N-oxide (446a) (1.25 g; 67%)as yellow needles,

‘m.p. 273° (from ethanol dimethylformamide) (lit., 2 268°), v 1515 and -

1350 (NO )_cm—l, A - 207 sh, 237, 271, 285, and 344 nm, (log ¢ 4,17,
2 C max

4.43, 4.25, 4.28 and 4.19).

Found: C, 62.9; . H, 3.4; N, 15.6%; M, 267

Calculated for C14H9N3O3 C, 62.9; H, 3.4; N, 15.7%;__M, 267.
Evaporation of the methanol mother liquors gave a gum (0.7 g) whose
t.l,é. in ethyl aCétate over silica showed it to be a mixture containing‘
starting material and from which no identifiable material could kbe
isolated.
ii) A solution of the enamine (442a) (0.4 g) in ethanol (200 ml) with
the addition of acetone (0.l ml)_was irradiated through a quaitz filter
for 24 h. The reaction mixturé was filtered and the sclid that was
collected was combined with. another crop obtained by evaporating the
filtrate and triturating the residue with methanol to give the cinnoline-
. : fe] . 152 o, . s
N-oxide (446a) (total 0.27 g; 73%), m.p. 272" (lit., 2687) identical

(m.p. and i.r. spectrum) with a sample prepared before.
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The methanol mother.liquors-were evaporated to give a gum (0.16 gq)

whose t.l.c. in methanol over silica showed it to be a multicomponent

mixture.

b) 6-Chloro-3-(4'-nitrophenyl)cinnoline 1-N-Oxide (446b)
‘A solution of the enamine (442b) (0.62 g, 0.002 mol) in ethanol (200 ml)
was irradiated through a quartz filter for 42 h to give the insoluble

cinnolihe 1-N-oxide (446b) which was combined with a second crop obtained

by evaporating the ethanol filtrate and triturating the residue with

methanol (total 0.46 g; - 77%), m.p. 280°~(from glacial acetic acid),

v 1520 and 1350 (NO.) cm -.
max. : -2

Found: C, 55.4; H, 2.6; N, 13.5%; M', 303/30L.
C14H8C1N303 requlres' C, 55.7; N, 2.7; N, 13.9%; M, 30l1.5.

‘The methanol mother llquors were evaporated to leave a gum (O 12 g)
"whose t.l.c. in methanol over alumlna showed it to be a mixture from

which no identifiable material could be obtained.

<) 6—Bromo—34(4'—nitrophenyl)cinnoline lFEfOkide (446c)

A solution of the:enamihe (442 c) (0.58 g, 0.0016 mol) in ethanoi
(zoovml)'was“irradiated through quartz for 24 h to give the insoluble

cinnoline 1-N-oxide (446c¢) (0.28 g) which was combined with a second

Ccrop obtained by‘irradiating'the filtrate (whose t.l.c. in ethyl acetate
over:alumina shoWed»it'to‘contain stéiting matérial) for a fgrtﬁér 42 h
'(total_O'.32'A'g; 59%) . ‘vThe cinnoline 1l-N-oxide fqrmed yvellow plates
'm.§. 2950 (from.dimethylformamide), vma*' lsiS'and 1348 (N02) cm-;.v

Found: C, 48.3; H, 2.3; N, 11.8%; M', 347/345.
C14H8Br\1303 requires: Q; 48.6; H, 2.3;: N, 12.1%; M, 346.
The ethanoli¢ filtrate was evaporated to give a gum (0;24 g) whose

t.l.c. in ethyl acetate over aluminé showed it to contain four ill-

resolved components which were not further investigated.
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4. The Attempted Reduction of 3-(4'-Nitrophenyl)cinnoline 1-N-Oxide

a) Using'Hydrogeniover Palladium Charcoal

A solution of the cinnoline l-g_—oxidels2 (446a)(0.23 g) ;n glacial
acetic acid (100 ml) containing'conéentrated aqueous hydrochloric acid
(10.0 nl) was hydrogenated over 10% palladium-charcoal at atmospheric
pressure until the uptake of hydrogén had ceased. The filtered mixture
was evaporated to-give the unreacted N-oxide (446a) (0.2 g) m.p. 269o

152

(lit., 2730) identical (i.r. spéctrum) with an authentic sample.

b) Using Sodium Dithionite

The cinnoline }~§70xide152 (446a) (1.07 g, 0.004 mol) in glacial
acetic acid (60.0 ml) was hgated uhder reflux in the presence of sodium
'dithionite (2.0'g). A secondAaiiquot of scdium dithionite was added
* and heating ﬁnder reflux for a further 1 h. The solution was hot
fiitered to remove inorganic material and the filtrate was evaporated
to give aAcrude solid whidﬁ was washed with water (10.0 ml) and collected
kl.36 g). The crude solid was recrystallised twice from ethanql with
charcoaling to give an unidentified produgt, m.p. 1960,

Found: C, 57.8; N, 4.8; N, 11.7%; M’ 223.

5.  The Photochemical Formation of 2-(4'-Nitrophenyl)-3H-indolin-3-one

1-N-oxides (452 a-c)

a) 2-(4'-Nitrophenyl)-3H-indolin-3-one l—y:oxide154 (452a)

(i) a soluﬁion of the enamine (442a) (0.57 g, 0.002 mol) in acetonitrile
(200 ml) was irradiated.ﬁhrough a quaftz filter for 24 h. - Evaporation-of
the~pﬁotolysaﬁe gave a red solid (Qﬂ54 g) which recrystallised'from
ethanol—dimethylformamide to give the isatogen (452a) (0.27 g; 51%) as

15

an orange amorphous solid, ﬁ.p. 2560, (1it., 4'25401, vmax 1710 (CO) and

1510 and 1350 (NO,) en T,



_ Found: ¢, 63‘.-1;. H, 2.9; N, 10.5%; M', 268.

Calculated for C HoN,O,: C, 62.8; H, 3.0; N, 10.5%; M, 268.
The ethanol- dlmethylformamlde mother llquors,Were evaporated toAgive a
V gum (0.17 qg) whoce t. l c. in methanol over silica showed mainly one

omponent corresponding to the startlng material from whlch however, no
identifiable material could be lsolated.
(ii) A solution of the enamine (442a) (0.57 g, 0.002 mol) in acetone was"
irradiated either through a quartz or a pyrex filter for 24eh and then
the‘solution was evaporated. The.red semi~solid residue was triturated'
with,methanoltto,afford the:isatogen154 (4§2a) (0.34 g; 64%), m.p. 256o
_ (from ethanol—dimetﬁylformamiae) identical (m.p. and i.r. spectrum) with
a sample prepared before..

-The ‘methanol mother llquors were evaporated to leave a gum (0.3 g)
whosé‘t.l.c..ih methanol over silica showed it to contain two or three
close running components. The.mixture was not further investigated.
(iii) A solution of the enamine (442a) (0-57,9; 6.002 mol) in redistilled =

dioxan (20C ml) was irradiated for 24 h through a quartz fiiter and then

evaporated. The .residue was triturated with methanol to afford the
isatogenls4 (452a) another crop of which was obtained by evaporating

_theymethanol mother'liquors and crystallising the tacky solidlresidue
from etﬁahol—dimethylformamide,(total 0.33 g; 64%), m.p. 2560,'ideotical
‘(m.p. and i.r. spectrum) with a sample prepared before. |

(lV) A solution of the enamine (442a) (0.57 g, 0.002 mol) in a mixture
tof acetone (150 ml) and ethanol (50 O ml) was 1rrad1ated tbrough quartz
‘forv24 h. The solutlon was evaporated and the residue was trlturated
'_with methanol to afford'the isatogen154 (452a) (0.48 g; 58%); ‘M. p. 256
(from ethanol—dimethylformamide) identical (m;p. and i.r. spectrum) w1th

a sample prepared before.
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The methanol mother liquor was evaporated to yield a’gum which was
triturated with ether to afford a tacky solid (0.16 g). This was

recrystallised from ethanol-dimethylformamide to afford more of the
154 . | - . '
~isatogen (452a) (0.07 g; 14%), m.p. 256 identical (m.p. and i.r.
‘spectrum) with a sample prepared before.
Evaporation of the ether mother liquor gave a gum (0.34 g) whose
t.l.c. in methanol over silica showed it to be a multicomponent mixture

‘erm which no idenfifiable material could be obtained.

(b) 5-Chloro-2-(4-nitrophenyl)-3H-indolin-3-one i-N-Oxide (452b)

: A solution of the enamine (442b) (0.22 g; 0.0007 mol) in acetone
© (200 ml) was irradiated for 24 h through a quartz filter. The solution A

was évaporated and the residue was triturated with methanol to give the

' chloro-isatogen (452b) (O.l g, 48%), as an orange solid m.p. 2690 (from

ethanol-dimethylformamide), v__ 1710 (CO) and 1515 and 1350 (NO,) cm T,

. ' +
Found: €, 55.9; H, 2.3; N, 9.2%; M , 304/302.
C14H7C1N204 requires: C, 55.6; H, 2.3; N, 9.3%; M, 302.5.
The methanol mother liquor was evaporated to leave a éum (0.08 g) whose
t.l.c. in ether over silica'showed it to be a multicomponent mixture from

Which no identifiable material could bé obtained.

(c) 5-Bromo-2-(4-nitrophenyl)-3H-indolin-3-one l1-N-Oxide (452c¢)

A sblution of the enamine (442c). (0;54 g, 0.0015 mol) in acetone
(200 ml) was irradiated through a quartz filter for 32 n. The solution
was evaporated to yield a gum (0.61 g) whose t.l.c. in ether or ethyl
écetate over alumina showed it to contain two, ill—resolved components.
The gum was triturated with ethér benzene to afford the isatégen (452c)
(0.16 g; 33%) m.p. 266o (from'ethanol-dimethylformamide), Vax

and 1510 and'13so'(N02) em L.

1710 (CO) -
Found: C, 47.9; H, 2.0; N, 7.8%; M' 348/346.

C14H7BrN204 requires: C, 48.4; H, 2.0; N, 8.3%; M, 347.
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The ether-benzene mother liquor was evaporated to leave a tacky
solid (0.31 g) whose t.l.c. in ether over silica showed it to contain two ill- "

resolved components one of which corresponded to starting material Attempts

to purify this solid for- further inves;iéation were unsuccessful.

6. 2-Nitrophenylguanidine ®® (459)

2-Nitroaniline (5.0 g) and cyanamide (6.0 g) were melted together
on.a steam bath and then immersed in a Water bath at room temperatﬁre.
anéentrated aqueous hydrochloric acid (15.0 ml) was added to the melt
and the mixture was left at room temperéture for 15 min by which time
_a-sample gave no precipitate with water. The miiture was then-cooled in
picé and_neutralised by the dropwise addition of dilute aqueous sodium
| hydroxiae solgtion to give unfeécﬁed 2-nitroaniline, a second crop of which
Qas obtﬁined by gxtracting the aquecus mother liquor with chlorof&rm(
(total 1.39 g) m.p. 67° (1it., % 71°), identical (i.r. spectrum) with
an authentic sample. |

The a@ueous phase was then madé alkaliné (pH 12) by the further
droPQise'addition of dilute agqueous sodium hYdroxide to give 2-nitrophenyl-
-guénidine‘(459) (2.7 g- 49 %), m.p. 139°i(fr§h éthanoi—ligﬁtApetroleum)

ie., 01—, Voax. 3490, 3410 and 3370 (NH,) and 1650-1550 br (NH

| 5 -1 2 (n. ad 7. -
def., N02) and 1350 (NOZ) cm . T CDCl3 (CD3)ZSO 2.32 (1H, dad J3’4 78z,

'2Hz, ArH), 2.64 (1H, dt J 7Hz J 7Hz J 2Hz, ArH), 2.83-2.96

U3,5 5,6 5,4
(2H, m, ArH) and 5.18 (4H, br s, NHZ)'

5,3

Found: C, 46.7; H, 4.5; N, 31.2%; M', 180.
Calculated for C.HN,0,: C, 46.7; H, 4.5; N, 31.1%; M, 180.
2-Nitrophenylguanidine (459) (0.18 g; 0.001 mol) as pfepéfed'above,

was dissolved in hot wéter (2.0 ml) and treated with dilﬁte aqueous

. sodium hydroxide (1.0 ml). - The mixture was heated under reflux for

' : .. 162
1 min and then cooled to give 3-aminobenzo-1l,2,4-triazine 1l-N-oxide 6

«
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162

(460) as a yellow solid (quantitative), m.p. 275° (1it., 2750),

v 3240 and 3140 (NH,) and 1650 (NH def.).

7. The Attempted Photochemical Cvclisation of 2-Nitrophenylguanidine (459)

2-Nitrophenylguanidine (459) (0.72 g, 0.004 mol) in ethanol {200 ml)
was irradiéted through quartz for 48 h. Evaporation of the solution
gave the unreacted starting material (0.71 qg), m;p. 135° identical (i.r.

-

spectrum) with an authentic sample.

8. . The Attempted Photocyclisation of 5-Amino-1-(2'-nitrophenyl)-1,2,3-triazole

163 4e61)

4—-carboxamide

163

‘A solution of. the triazole (461) (0.49 g, 0.002 mol) in ethanol

(206 ml) was irradiated through quartz for 24 h. The solution was
. _evaporated to give the starting material (46l1) (0.49 g, quantitaiive),

m.p. 2700, identical (m.p. and i.r. spectrum) with an authentic sample.163

9. The Attempted Photochemical Cyclisation of 5-(2'-Nitrobenzylidene)

164 (462)

The thiohydantoin164 (462) (0.5 g; 0.002 mol) in acetone (200 ml)

_ thiohydantoin

was irradiated through quartz for 6.5 h. The solution was evaporated to
give the starting material (462) (0.48 g),'m.p. 2450, identical (i.r.

spectrum) with an authentic sample.

'10._ 2'-Nitrobenzylidene azlactone (483)

The azlactone (483) was pfepared'by the method of Burton165 (Yield 63%),

165

m.p. - 122° Qit., 124%).

Ethyl 2—Benzamido—2'—nitrocinnamate (484)

A solution of the azlactone (483) (0.88 g, 0.003 mol) in ethanol

(5.0 ml) was treated with 5% w/v aqueous potassium cyanide solution (1.2 ml)
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and the mixture was heated on a steam bath for 1 h. The solutioh'was
‘'cooled and treated with watér (3.0 ml) to afford a gum which solidified
.on scratching to give a yellow:solidf(o.67 g).v This solid was recrystallised
from ethanol to yield the amide-ester (484) as a colourless solid (0.6 g),
m.p. 1700,»\)max 3210 (NH), 1730 and 1720 (CO), 1630 (NH def.) and 1520
and 1350 (NO,) cm .

Found: C, 62.9; H, 4.8; N, 8.1%; p+267(Mj-C02Et)
Calculated fog C gt gNo0s¢ c, 63.5; H, 4.7; N, 8.2%; 4M, 340.

. 2-Benzamido-2'-nitrocinnamic Acid (463)

_‘JThe amidé;esﬁér'(4é4)b(ol68 g, 0.002 mol) wasvheated under reflux in
diiuée.aqﬁéous_goaiﬁﬁ.hydroxide (2.5 ml) forVS min by which time a ged
“ébiuﬁion.haa forméd; Tﬁe.solutiOA was cooled in ice aﬁd ééidified by the
 aropwise addition of dilute adueous sulphuric acid giving‘a‘gummy solid
which completely solidified on écratching to give the acid (463) (0.6 g,

166

92¢), m.p. 192° (lit., °0 195%), v__ 3380 (NH), 2600 br (OH), 1695 and

1640 (CO), 1630 (NH def.) and 1520 and 1350 (NO,) cm—l,'p+>294‘(Mf-H20),

,¢16H12N205 requires M, 312.

11,' The Attempted'éhotocﬂémical Cyclisation of 2—Ben2amiéo—23-nitrécinnamic.

 acid 166 (463 o ' y

The acid (463)v(0;6.g;' 0.002 mol) in.ethanol'(ZOO ml) was i?radiatéd

'lghrough quartz for_48 h. The sblution_was evaporated and the gummy residue
was.dissoived iﬁ chloroforﬁ and waéhed witﬁ saturéted aquéous‘sodium hydrogan
carbonate solution. 'ﬁvaporation of the chloroform layég_gave?g?gum (0.31 g)
whose.é;l.c; in ethe? or ethyl acetate ovef éiiica showed iﬁ to bé a mﬁi£iéom—
ponént ﬁixture from which hd'identifiable material could'bétgbtaiﬁed. |

| fhevaqueous phase was acidified with dilute agueous hydfochloric

acid and extracted with'chloroform to give an'unidentified gum (0.1 g).



-188-

l12. The Aﬁtempted PhotochemicalﬂCyclisation of'2'-Nitré;z;phenylcinnamo_

nitrile (464)

. ) ., 167 ' .

A solution of the nitrile (0.5 g, 0.002 mol) in acetone (200 ml).
was irradiated through quartz for 24 h. Thevsolution was evaporated to
give the starting material (0.49 g, quantitative), m.p. lOOo, identical
(m.p. and i.r. spectrum) with an authentic sample.

13. 2-Methyl-2'-nitrostilbene (465) %8

The stilbene (465) was prepared by the method of Dombrovski et al.

(vield 51%), m.p. 71° (from ethanol (lit.,'®® 71°).

14. The Attempted Photochemical Cyclisation of 2—Methyl—2'—nitrostilbenel68

(465) .
A solution of the stilbene (465) (0.5 g, 0.002 mol) in ethanoi (200 ml)
was irradiated through quartz for 20 h. The solution was evaporated to

give a dark gum which was triturated with methanol to affbrd-the starting

168

material (0.19 g, 38%), m.p. 69° (lit., 71°). identical (m.p,_aﬁd i.r.
.spectrum).with an authentic sample.

- The methanol mother‘liquor was evaporated to give‘é gum (0.23 g) whose-~
'f.l.c. in chloroform over alumina or silica showed it to be é multicomp;nent
mixture éontaining startin§ material. The gum was not further inveétigated.
(b) A solution of the stilbene168 (465) (0.5 .g, 0.002 mol) in acetone
(200 ml) was ifradiated through quar;z for 15 h. The solution was
 gvaporéted.and'the residue was triturated with methanoi to give the
: stafting material (0.22 g; 44%) iden£ica1 »(m.p. and i.r. spectrum) with -
an autﬁentic sémple. |

~ The methanol mother liéﬁor was evaporated to give a éum (0.3 g) whose
t.1l.c. ih chloroform over alumina showed it to contain four élosé—running

coﬁponents, one of which was starting material. No identifiable material

could be isolated from the mixture.
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Experimental:Part II

-

1. “The Photochemical Formation of 3-Aminocinnoline -1-N-Oxides

(a) 2-Nitrophenylacetiﬁ1date Hydrochloride (467)

A solution>of,2—nitrobenzyl cyanide (32.0 g, 0.2 mol) in absolute
' ethanol (20.0 ml) and anhydrous ether (60.0 ml) was cooled to OOC and
saturated with hydrogen chloride. Thé reactiop flask-was stoppered
‘and shaken_éi room tempefature for 2 h and kept at o° for 16 h. -The

solvent was evaporated and the residue was washed with acetone to give

the imidate hydrochloride (467) (16.0 g, 25%) , m.p. 124° (1it., 69124,

., The acetone filtrate was évapbrated to give unreacted 2-nitrobenzyl

1

: cyanide (20.3.9), m.p. 84o (1it., 70 840).identica1, (m.p. and i.r. speétrum)

with an authentic sample.

'2(a) 2-Nitrophenylacetamidine Hydrochlcride (468a)

The imidate hydrochloride (467) (8.0 g, 0.035 mol) was added to
freshly prepared 5 M'éthanblic ammonia (7;0 ml). The rea¢tion flask was
‘stqpperea.and shakeh at ambient temperatures for 22h and then‘képt atvOQ
for 16 h. The soiution was then eyapbrated’and the residue Qés washed-
‘with ether to give the amidine hfdrochloride (468a) (6.5 Q; f86%),‘m.p.
211° (1it., % 2139).

The etheréal'washings were evaporated to give unreacted 2-nitro-

170‘840) identical (m.p. and i.rx.

vbgnzylvcyanide (0.8 g), nm.p. 84o (lit.,
spéctrum) with an authentic samplé.

(b) §,§fDimethyl—2—nitrophenylacetamidine Hydrochloride (468b)

The imidate hydrochloride (467) (9.9 g, 0.04 mol) was added ﬁo;
33% w/w ethanolic dimethylamine (5.1 g, 5.0 ml) and the stéppered solution
was shaken at room temperature for 2 h and kept at Oo for 16 h. The

solvent was evaporated and the residue was triturated with acetcne to



give the amidine hydrochloride (468b) (3.3 g, 37%), m.p. 220° (from

ethanol), vmax 3200 br (NH), 1675 (NH def.) 1615 (C=C) and 1515 and

1345 (NO,) a L,

: +
Found: £, 46.7; H, 5.8; N, 16.2%; M , 208.
C10H14C1N302 requ;;gs: C, 49.3; H, 5.8; N, 17.3%; M, 298 (cation).
' The acetone filtrate was eQaporated to give 2-nitrobenzyl cyanide

(6.0 g), m.p. 80° (1it., 840) identical (i.r. spectium) with an authentic

sample.

(c) EfMethyl—2—nitrophenyla¢étaﬁidine ﬁydro&hloride (468cj

’ Thé imidate hydrochloridé (467)A(4.8 g, 0.02 mol) was reacted with
a 5 M_ethapolic solution of methylamine (4.5 ml) as described for dimethyl- '
am;nq_pompound=(468a)_before. “;The;solvent was theén evaporated and thé‘
'rééidﬁe Was'ﬁriturateaﬂwitﬁ etheﬁ to give-the'amidine hyd%ochloride
A‘(468c) (4.1 5;91 lﬁj, m,p. 200° (from.éthanol—light'éetroleum), Qmax.’
3210 br apd 3170 (NH), 1675 (Nﬁ'def.) and 1520 and 1345‘(N02) cm-l. : -
| | Found: C, 44.4; H, 5.4; N, 18.7%; p', 193 (M -H)

- CgH,; ,CINJO, requires: c, 47.1; H, 5.2; N, 18.3%; M, 194 (cation).
The eﬁhervmother liQuor‘was_evaporafed to give 2-nitrobenzyl

- cyanide (O.B.g) identical (m.p. and i.r. spectrum) with an authentic sample;

' '(d)j,4-[2—(2V;nitropheny1)aéétimidOyl]moxpholine Hydrochloride (468d)
The imidate hydrochloride (467) (2.4 g, 0.0l mol) was added to a

- solution of morpholine (1.0 g, 0.0ll mol) in absolute ethanol (2.0 ml)

at Oo. The stoppered reaction flask Was shaken at room temperature and .

._kept at 0? for 16 h.. The solvent'was evaporated and the residﬁe was

“tritu:ated with ether to give the amidiﬁe hyérochl§ride (468d) (2.4 g{>84%),
m.p. 238° (from ethanol), v . 3200 br (NH), 1670 (NH def.) and 1520 and
1360 (NO,) < . | |

’

o : - R
Found: C, 50.3; H, 5.5; N, 14.6%; p., 249(M -H)

012H6C1N303Vrequires: Cc, 50.4; H, 5.6; N, 14.7%; M, 250 (cation).
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(e) 1—[2—(2'ehitropheny1)acetimidoyl]éiperidine Hydrochloride (468e)

The imidate hydrochloride (467) (2.4 g; 0.0l mol] was reacted with
piperidine (0.93 g; 0.0ll mol) infethanol t2.0 mi)as described for -
-dimethylamiae before. &he eolveﬁt was evaporated and the resrdue vas
triturated»with acetone to give.the-amidine hyd:ochioride (468e) (2.5 g;
88%) , m.é. 254o (from abeolute ethanol), vmax; 3200 br (NH), 167@ (NH def.)
and 1515 and 1340 (NO,) em L. | | |

Found: C, 55.3; H, 6.3; N, 14.6%; p', 247 (M -H).
€ 3H, gCIN;0, requires: C, 55.0; H, 6.4; N, 14.8%; M, 248 (cation).
(f) l—[2 (2'—n1trophenyl)acetlmldoyl]pyrrolldlne Hyorochlorlde (468f)

The 1m1date hydrochlorlde (467) (2.4 g, 0.01 mol) added to a solution
of pyrrolldlne (0.78 g, 0 011 mol) in ethanol (2. o ml) and was ‘shaken at
.‘room temperature for 2 h and then kept at O for 3 h. The solvent was
(2 evaporated and the reSLdue was trlturated w;th acetonevto give. the amidine
hydrochloride (468f) (2.2’§; 82%), m.p. 231° (from ethanol-light petroleun),
Viox. 3360 w and 3180 br (NH) , 1680.(Nﬁ def.) and 1510 and 1345-1N92) em t.

. Found: ¢, 54.0; H, 5.9; N, 15.5%; p', 233.(M -H)
12 16c1N3o requires: C, 53.5; H, 5.9; N, 15.6%; M, 234.'
(g) N,N-Diethyl-2-nitrophenylacetamidine Hydrochloride (468gj

The imidate hydrochloride (467) (2 4 g, 0. 01 mol) was reacted with

<

dlethylamlne (0.8 g, O. Oll mol) in ethanol (2.0 ml) as descrlbea for
morphollne-before.- - The solvent was evaporated and the.gummy,solld
-reSLdue was triturated w1th acetone to give the amldlne hydrochlorlde

(4689) ‘contaminated w1th dlethylamlne hydrochlorlde, m.p. 125 ’ vmax

3180 br'(NH), 2480 and 2380-(NH), 1673 (NH def.) and 1520 and 1340 (NO ),

cm_l. . All attempts to further purlfy the product failed.

" The acetone mother liquor was evaporated and the residue was
triturated with ether to give 2~nitroben2yl'cyanide_(0.42 g), m.p. 830

(lit.,170 840) identical. (i.r. spectrum) with an authentic sample.
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g!gf—Dimethyl-2—nitrophenylacetamidine Hydrochloride

The imidate hyﬁroﬁﬁloride (467) (2.4 g, 0.0l mol) was added to a
three-fold excess of methylamine (0.93 g) in ethanol (5.0 ml). The
stoppered reaction flask.Qas-shaken at room temperature for 2 h and kept
at Oo for_5~days. Evaporation of the solvent and trituration of the
residue with ether afforded the amiéine hydrochloride (2f1'g; 86%),

m.p. 272° (decomp.) (from absolute ethanol), Voax

(NH def.) and 1535 and 1360 (NO,) ——

~ 3200 br (NH), 1675
' + +
Found: C, 48.9; H, 5.6; N, 17,2; p , 207 {M-H ).

C10H14C1N302 requires: C, 49.4; H, 6.0; N, 18.0; M, 208 (cation).

3. . The Conversioh of the Amidine Hydrochlorides (468 a-g) into the

" " Free Amidines (469 a-q)

Thé~amidine hYdrochloride.(468) was dissolved in a minimum volume
qf water and aﬁ equal volume 6f.chloroform was added. The two‘pha§e
mixture was treated dropwise with dilute agqueous sodium hydroxide
sol@tidn'with Qécasignal agitétioh until no more turbidity résulted
.(aqueous phase pH 8—10). The;cﬁloroform layer was separated gnd
evaporated to yiela an inky blue oil WBich solidified on trituration
Jwith efher to give. the amidipes (469) as.colourless sblids.”

(a)w 2-Nitrophenylacetamidine (469a) was obtained from its hydrochloride

(468a) ‘as colourless needles (63%) m.p. 132° (from benzene), vmax'3430,

3210 w and 3070 br (NH), 1650 (NH def.) and 1530 and 1335 (NO,) em .

Found: C, 53.4; H, 5.0; N, 23.3%; M, 179.
C8H9N302 requires: C, 53.6; H, 5.1; N, 23.5%; M, l79f
(b) g,ngimethyl-2-nitrophenylacetamidine (469b) was obtained from its

hydrochioride (468b) as colourless needles (62%) m.p. 60o (from benzene)

Vo 3280 br (NH), 1600 (NH def.) and 1520 and 134QH(N02) cm_l,

T(CDCl 4 3,4

NH), 5.90 (2H, s, CHé)'ahd 6.98 (6H, s, CHy).

:60MHz) 1.90(1lH, d J, , 8Hz, ArH), 2.30-2.70 (3H, m, ArH),5.73 (1H, br s



-193-
Found: C, 54.7; H, 6.4; N, 19.5%; M, 207.

C10H13N302 requires: ¢C, 58.0; H, 6.3; N, 20.3%; M, 207.

(c) N-Methyl-2-nitrophenylacetamidine (469c)was obtained from its

'hydrochloride (468c) as a colourless needle (64%), m.p. 86o (from benzere),

vmax 3320 w, 3200 and 3170 (NH), 1610 (NH def.) and 1520 and 1345 (NOZ)

-1
cm .
Found: C, 55.4; H, 5.7; N, 21.4%; M', 194.

C9H11N302 requires: C, 55.9; H, 5.7; ‘N, 21.8%; M, 194.

(a) 4—[2—(2‘—Nitrophenyl)acetimidoyl]morpholine (4693) was obtained from

;tslhydrochloride (468d) as colourless needles (80%) m.p.'86° (from benzene-

1600 (NH def.) and 1510 and 1350 (NO,) .

light petroleum), Viax
Found: - C, 57.6; H, 5.9; N, 16.7%; M', 249.

C12815N3O3 requires: C, 57.8; H, 6.1; N, 16.9%; M, 249.

(e) 'l—[2—(2'—NitrophenyDacetimiquﬂpiperidine (469e) was obtained from

its hydrochloride (468e) as a blue oil {(94%) which was -shown to be pure

by t.l.c. in ether over alumina, Vnax 3510 br (NH);.159O (NH def.) 1520

and 1350 (NOZ)-cm-l, T (CDCL 60MHz) 1.90(1H, d J 8Hz, ArH), 2.28-

37 3,4
.2.65 (3H, m, AfH), 4.53 (1H, s br, NH), 5.93 (2H, s, CH?), 6.50 (4H, n, CHZ)
. and 8.36 (6H, m, CH,).

’(f)‘ 1—[2—(2“—Nitropﬁenyl)acetimidoyl]pyrrolidine (469f) was obtained from

its hydrochloride (468f) as a blue oil (94%) which was shown to be pure by

t.l.c. in ether over alumina, vmax 3300 br (NH), 1595 (NH def.) and

1520 and 1350 (NO,), T(CDCly, 60 MHz) 1.90 (1H, d J 7Hz, ArH), 2.30-2.65

3
(34, m,ArH), 4.40 (1H, s, NH), 6.00 (2h, s, CH)), 6.54 (4H, m, CH,) and
°8.04 (4H, m, CH,).

(g) N,N-Diethyl-2-nitrophenylacetamidine (469g) was obtained from ité

hydrochloride as a blue oil (28%) which was shown tohﬂe pure by t.l.c.
in ether over silica. Spectral data was not obtained due to lack of

material.
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-4. N,N'-Dimethyl-2-nitrophenylacetamidine (476) was obtained from its

hydrochloride as colourless needles (80%), m.p. 113° (From ethyl acetate-

light petroleum), Vnax

1365 (N02.) cm’"l, .

3240 and 3180 (NH), 1640 (NH def.) and 1520 and

Found: C, 57.5; H, 6.0; N, 20.2%; M, 207

ClOHl3N302 requires: C, 58.0; H, 6.3; N, 20.3%; M, 207.

5. '2-Nitrophenylacetamidoxime (477)

(a) A solution of 2-nitrobenzyl cyanidé (6.5 g, 0.04 mol) in ethanol
(250 ml) was treated with a solution of hydroxylaminé hydrochloride
(2.8 g) in a solution of hydroxYlamine hydrochloriae (2.8 g) in waterx
(6.6:m1),‘followed by sodium carbonate (2.2 g; 0.02 mgl) and the mi#ture
was lefﬁ at room temperétuxe for 48 h. The mixture was then filtered to
-remove inorganic material, evaporated, and treated withvethgr (250 ml).
The ether 1aye£‘phase was separated and saturated with hydrogen chloride
to afford the amidoxime hydrochlpride (478) (3.7 g; 40%), m.p. 166o (from
éthanol-light petroleum), “an. 3450 and 3420 (NH), 3180 br (NH, OH),
1685 (NH def.) and 1520-and 1340 (NO,) em T,
Found: C, 41.5; H, 4.3; N, 18.0%; M', 195 (M'-H)
, C8H10C1N303 requires: C, 41.4; H, 4.3; N, 18.1%; M, 196 (cation).
The amidine hydrochloride (478) (2.8 g) was dissolved in water
(lo.o'ml) and neutralised with solid sodium acetate to give the free
~amidoxime (477) (1.0 g), m.p. 135° (from benzene ), Vo ax. 3440, 3300 and

3150 br (NH, OH) and 1680 (NH def.) and 1530 and 1350 (Noé) o ¥,

T _(cn3)2co ©0.98 (1H, br s, OH), 2.11 (1H, A& J 8Hz, 1Hz, ArH),

3,4 I3,5
2.52 (3H, m, ArB), 4.78 (2H, br s, NH2) and 6.27 (2H, s, CHZ)'

: S+
Found: C, 49.4; H, 4.8; N, 21.5%; M, 195.

C8H9N3O3 requires: C, 49.2; H, 4.7; N, 21.5%; M, 195.
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The ethe;imother liquor wészevaboraﬁed and the residue was triturated-
with ether to give 2-nitrobenzyl cyanide (2.8 g), m.p.A83o (iit.,l7o 840)
identical (i.r. sﬁecérum) with én authentic sample.
b) 2-Nitrobénzyl cyanide (5.5 g, O-.03‘5 mol) was &eated with a solution
of hydroxylamine (0.042 mol) in butanol (25;0 ml) and the mixthre‘was
stirred ét 40° for 48 h. The cooled mixture deposited the crude product
which was recrystallised from ethyl acetate to afford the»amidéxime‘(476)‘
(2.8 g, 42%) m.p. 135°, Vpay. 3340, 3300 and 3150 br (NH,OH), 1680 (NH def.)
and 1530 and 1345 (N02) cm—l, identicai (m.p. and i.;. spéctrum) with a
sample prepared before. The initial bﬁtanol filtrate and the ethyl acetafe
mother liqﬁor were combined«aﬁd eyaporated to affogd.ﬁﬁ;eacted‘2_nitrobenzy1

17

cyahide:(2.7 g,-4§%), m.p. 849 (lit., ° 840) identical " (m.p.-and i.r.

spectrum with an authentic sample.

6.. The Photochemical Cyclisation of the Amidines (469 a-g) to the Cinnoline

1-N-Oxides (473 a-g).

_ Solutionsbof_the amidines (469 a;g) (0.002—0.004 mol) in ethanol were
lifradiated through a qﬁértz filte: ih a Hanovia medium:pressﬁre'photo-
chemical'réactor'forn24 h except-in the‘éase (i)a of the amidine (469a)

, »Qhere the duration of irradiaﬁion was 48 h. The resulping'yellow photo-

lysates were then'workedfup as described for the individual reactions below.

(i) 3-Aminocinnoline l—N—Oxide (473a)

a) fhe photoiysate from 2—nitrophenylacétamidine (469a) was evaporated and
 the xésulting_gum was extracted with warm ether (2 x 40.0 ml). Trituration
of_éhe residﬁe with methénol;gave 3-aminocinnoline l-E;Oxidet(473a)(0.08 g,

26%), which formed yellow needles; m.p. 2ZQ° (from ethahoi),:QmaQr 3390 and

3300 (NH_.) and 1615 (NH def.), A 219, 248, 297, and 440 nm (log €
2 - maxX. - ‘) s “max

4.16, 4.51, 3.78, and 3.69), T(CDCl,; 60 MHz) 1.67 (1H, & J 8Hz, ArH),

2.44-2.65 (3H, m, ArH), 3.37 (lH, s, ArH) and 4.86 (2H, br s, NH,) .
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Found: C, 59.6; H, 4.4; N, 25.8%, M, 16l.
C8H7N3O requires: C, 59.6; H, 4.4; N, 26.0%, M, 1l6l.

The ether washings and methanol mother'liqﬁor were combined, evaporated
and the residue was dissolved in chioroform and washedeith»diiute agqueous
hydrochloric acid (2 x 2.0 ml). Basification with dilufe agueous sodiﬁm
hydroxide solution gave the unreacted amidine (46%a) (0.06 g), m.p. 115o
identigal (i.r. spectrum) with a sample prepared before.

| Extraction of the aqueous alkaline mother liquor with chlorofqrm gave
2-nitrobeniyl cyanide (O.OlAg) identicél (i.r. spectrum) Qith an authentic
sample._

(b) The irradiation of 2—nitropheﬁylacetamidine (469a)‘described in (a)
_wasliepeated in the presence of triethylamine (L‘moi equivalent). The
photolyéate was eﬁaporated and gummy residue was'tritﬁrated Qith methanol
to give thevéinnoline 1-N-oxide (473a) (0.08 g; 25%), m.p.‘219o identical
(i.r. spectrum) with a sample prepared before.

Evaporation of the methanol mother liquor left a gum (0.41 g) from

which no identifiable material could be obtained.

ii) 3—(N,N?Dimethylamino)éinnoline'l-yfoxide (473 g)

The photolysate from N,N-dimethyl-2-nitrophenylacetamidine (469b) was
evapbrated and the orange-brown tacky solid xesiduetwas‘tritugated with
ether to give the cinnoline 1l-N-oxide (473 g) a seéond crop of which was
obtained by applying tbe ether mother liﬁuors to a preparative silica
t;i.c. plate and developing with.ethef},coliecting the major orange band
ané extracting it with chloroform. " (total 0.32 g, 87%), m.p. 121° (from

water),.)\max 219, 256{ 279 sh, 306f'and 4SQ nm (log emax 4.15, 4.55, 4.09, .

4.06 and 3.63), T(CDCl,) 1.64 (1H, 4 J 8 Hz, ArH), 2.54 (2H, m, ArH),

8,7
2.67-2.86 (1H, m, ArH), 3.54 (1H, s, ArH) and 6.90 (6H, s, CH,).

. ’ +
Found: C, 63.1; H, 5.8; N, 22.4; M, 189

s . " N - . - - o 1
ClOHllNBO requires: C, 63.5; H, 5.8; N, 22.2; M, 189.



iii)_3—(ngethylamino)cinnoline‘Irgijide'(473b)

The photolysate from N-methyl-2-nitrophenylacetamidine (469c) was

evaporated and the yellow solid obtained was triturated with methano1 to
give the cinnoline l-N"Qkide (473b) (O;ll g, 31%), m.p. 175° (from water)

v 3280 (NH), A 219, 251, 275 sh, 303 and 440 nm (log € nax

4.11,
max. max. :

4.51, 4.09, 3.90 and 3.63), T CDCl;-(CD,),SO 1.70 (1H, 4 J . 9Hz, ArH),

8,7
2.48-2.83 (3H, m, ArH), 3.52 (1H, s, ArH), 3.88 (1H, br q, NH) and 7.08
(35, d'J S5Hz, CHj). |

Found: C, 61.3; H, 5.1; N, 24.2%; M' 175.
CyHgN,O requires: C, 61.7; H, 5.2; ﬁ; 24.0%; M, 175.
| * The methahol mother liquor was evaporated to afford a dark gum
(0.14 g) whose t.l.c. in ethyi acetate over silic; showed it to be a
multiCOmponent mixture from whicﬁ no identifiable materiai‘could be
_Obtéined;

iv) 3-Morpholinocinnoline l-N-oxide (473e)

The photolysate from the amidine (469d) was evaporated and the
residue was triturated with methanol to.give the cinnoline l-g:oxide

(473e) (0.29 g, 65%), m.p. 185° (from water), A 219, 256, 276 sh, 306

and 432 nm (log € nax 4.19, 4.51, 4.12, 4.03 and 3.57), T(CDClB)'1.63

(18, & Jg . 9Hz, ArH), 8.46-8.76 (3H, m, ArH), 3.40 (1H, s, ArH),
’ . . . .

4.10-4.22 (4H, m, CH,) and 4.40-4.52 (4#, m, CH,).

Found: C, 51.5; H, 5.6; N, 18.2%; M, 231
v'c12H13N3Q2 :équires: C, §2.3; H, 5.7; N, 18.2%;, M, 231.
- The_methanol mothér liqubr was evaporated to yield a gum (0.13 g)
whose t.l.c; in ethyl acetate over silica showed it to,belgn ungesqlvable.
mixture of:three cémponéhts f?oﬁ'which'no further identifiabié ﬁateriai

could be obtained.
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. 3-Piperidinocinnoline l-N-oxide (473d)

(v)

The photolysate from the amidine (469e) was evaporated and the
residue was subjected to dry column chromatography in ether over silica.

The major orange band was extracted with chloroform to give the cinnoline

219,

1-N-oxide (473d) (0.26 g, 57%), m.p. 105° (from ethanol—water),_)\max

310 and 444 (log € nax 4,17, 4.52, 4.12, 4.10 and 3.53),'f(CDCl3)

258, 280,
‘'1.64 (1H, JIg,7 9Hz, ArH), 2.52-2.93 (3H, m, ArH), 3.44 (1H, s, ArH),
6.46 (4H, m,'cnz) and 8.34 (6H,. m, CHz)

Found: C, 67.9; H, 6.5; N, 18.4%; M', 229.
C13315N30 requires: C, 68.1; H, 6.6; N, 18.3%; M, 229.

No further material was isolated

(vi) 3-Pyrrolidinocinnoline_l-ngxide

The photolysate from the amidine
was triturated with ether to give the

49%), m.p. 2039 (from ethanol-water),

455 nm (log €__  4.12, 4.55, 4.08, 4.

(1H, 4 J8 , BHz, ArH), 2.57- 2.90 (3H,

(4H, mn, CHZ) and 8.0 (4H, m, CH2).

. Found: C, 66.5; H, 6.0;

0 requlres' c, 66.9; H,

12 13

6.1;

from the dry column.

(473c)
(469f) was evaporated and the residue

cinnoline 1-N-oxide (473c) (0.26 g,

A 219, 258, 283 sh, 310, 325 sh

08, 3.80 and 3.60), T(CDCl,) 1.65

m, ArH), 3.74 (lH, s, ArH), 6 56

N, 19.7%; M, 215.

N, 19.5%; M, 215.

The ether mother liquor was evaporated to give a gum (0.16 g) whose

t.l.c. in ether over alumina showed it to be a multicomponent mixture.

(vii) 3- (N N-Dlethylamlno)c1nnollne 1-

N-oxide (473f)

B The photolysate from N,N-diethyl- 2-nitrophenylacetamidine (469g)

‘was evaporated and the residue was triturated with ether-ethanol to give

~ the cinnoline 1-N-oxide (473f), a second crop of which was isolated by

preparative t.l.c. in ether over silica of the ether-—ethanol mother

liquor and extracting the majdr orange band with chloroform. (total 0.27 g,

62%), m.p. 87°

(from ethyl acetate-liight petroleum} b.p. 40—600),
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. Amax. 219, 258, 283 sh, 309, 326 and 458 nm (log emax 4.22, 4.55, 4.15,

4.12, 3.84.and 3.70),
Found: C, 66.3; H, 6.9; N, 19.5%; M', 217.
C12H15N30>xequ1res: ‘C, 6§,3; H, 7.0; N, 19.3%; M, 217.

7. ' 3-(N,N-Dimethylamino)cinnoline Picrate (475)

A solution of the cinnoline 1-N-oxide (473 g)'(0.19 g, 0.001 mol)
in ethanol (46.0 ml) was hydrogenated over 10% palladiﬁm—charcoai (0.02 q).
Evaporation of the filtered mixture gave a dark gum (0.18 g) whose t.l.c.
in éthyi acetate over silica shpwed'ig to contain four‘cioﬁe—running
:components.'vaﬁe gum_wés aissolVed:invethanol-and treéted with a hot
satdratedvetﬁanolic-solution of-picric ac?d to affofd 3-(§!§fdimethylamino)—
" cinnoline éicraté (475) as an insoluble red solid, ﬁ.p. 180° (decomp.) |
"_(ffom ethanol) .
- Found: C, 47.9; H, 3.6; N, 20.5%; M, 173

'C16H14N6o7 requires: C, 47.8; H, 3.5; N, 20.9%; ‘M, 174 (catlon).

8. 'The Atteg?ted Photochémiéal Cyclisation'of 2-Nitrophenylacetamidoximej:,
@ | | |

.a) AA solution of-tﬁe amidoxime (477) (1.17 g, 0.006 g) iﬁ éﬁhanolA(ZOO ml)

wasfirrédiated for 24 h £hrough a quartz filterias'desc;ibed'before. The

mixture was evapdraﬁed and thé résidug was triturated with methanol to give

unreacted amidoxime (0.8 g) m.p. 1650, identical (m.p,Aand i;r._spectrum)

'with'aﬁ authenﬁic saméle. The méthanol mother liquor WAsAevapcrated and

_'trituratedHWith methanol to give an unidentified solid (Q_Ql 9,1 m.p. 2320,

M 268. |

b) - Thg‘émido#ime (4775 was ‘irridiated in ethanol‘as in-taj bﬁt for al

periqd of 65 h. The ethanolic solution was evaporated and the residue
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was triturated with methanol to yield the unchanged amidoxime- (477)

(0.64 g), m.p. 1660,.identical (m.p. and i.r. spectrum) with an authentic
sample. The metﬁan&l'motheriliqgor was evaporated to give a gum (0.51 g)
whose t.l.c. in ethgx,oyer silica showed it to be a multicomponent mixture

from which no identifiable material could be obtained.

9. The Attempted Photochemical Cyclisation of 2—Nitrqphenylacetamidine

(469a) in Acetone Solution

The amidine (469a) (0.54 g, 0.003.mol) was irradiated in acetone
(200 ml)'for 48 h aﬁd then the solution was evaporated to leave a gum
(0.51 g) whose t.l.c. in ether over silica showed to be;a multicomponent
mixture containing at least 7 coméonents. The gum was diésolved ih
chloroform and washed with dilute aqueous hydfochloric acid (3.0 ml).
The-aéidic aﬁuedus phase was éeparated and baéified with dilute agueous
sodiﬁm hydrokide solution and was then extracted with chloroform to give
only an intractable gum (0.08 g). |

The oxiginal chloroform layer was evapofated to 1eav¢ é gum (0.37 g)
. which was-triturated with methanol to give only an unidentified brown
solid (0.029), m.p. 202°.

No further identifiable material was isolated.

10. The Attempted Photochemical Cyclisation of N,N-Dimethyl-2-nitro-

phenylacetamidine (469b) in Acetone Solution

A solution of the‘dimethylamidine (4695)'(0.4 g, 0.002 mol) in
_ acetoné (200 ml) was irradiated for 24 £ through a quartz filter aé.
described before.' The solution was evaporated ahd the gun (0.39 g)
obtained was subjected to wet column chromatographyfover silica.

Elution with gther, ethyl acetate ahd then ethyl acétate;méthanol afforded :

only small amounts of multicomponent gums (total 0.31lg).
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11. Tﬁe Aftempted Phogochemical1Cy¢lisation ;f N,N'—Diﬁethyl—Zhnitrophenyl-
acetamidine (476) |
.The émidine (476) (0.88 g, 0.004 mol) was irradiated in ethanol (200 ml)
for 24 n through a quartzvfiltér as described before. The solution was
evaporated to give a gum (0.85 g) whose t.l.c. in ether éver alﬁmina.shdwed
it to be a mixture containing several components. - The gum was subjec;ed to
wét column chromatography over alumina. Elution with beﬁzené gave an oil
(0.23 qg) Qhose t.l.c. in ether over alumina showed it to contain three
qomponenﬁs. Furtherlelufion with eth&l acetate afforded a black tar
(0.56 g) whose t.l.c. ;ikewise.showed'it to consist of three components.
No‘identifiable materiallWas obt;inedvfxom thesg two chromatogréphic

. fractions.

12. The Attempted Phétochemical?Cyclisation of'2—Nitrgphenylacetamidine

Hydrochloride (468a)

The amidine hydrochloride (468&) (0.65.g, 0.003 mdl) was dissolved. in
:%bsolute gthanol (200.0 ml) and.irradiated for 48 h, through quartz. The
golution was_evapérated and the residﬁe was triturated witﬁ acetore to givé:
é'soiid (0.45 q), m;é. 211° identical; (m.p. and i.r. spectrum) with the
ﬁstaftihg material. .

EVaéoiation'of'the écétone mother liquor afforded a gum (O.OSZQ) from -

which no identifiable material cduld be obtained.

13. 2—Nitrophénylacét#midateb(482)
a)  The-imidaté hydroéhloride (467) (4.7 g; 0.02 ﬁol) in Qater (16.0 mi)
was”tfeated-with 40% w/v'équeous'SOdium hydroxide solution t2fl mlf énd
then with»solid potassium carbonate ﬁhtil.the solution was séturated.

The mixture was filfered-to remove undissolved potassium éa?bénéte and

was then washed with ether. Evaporation of the ethereal washings gave



--202-

a colourless solid (3.6 g) whosé t.l.c. in ether over silica showed it

to be a mixture o€ three components. The solid was extracted with hot
light petroleum (2.50 ml) to give the free imidate (482) (3.2 g}, m.p.

- 43° (from light petrolehm), vmax;3320 w (NH), 16501(NH_def.) aﬁd 1530 and

1350 (NO,) em L, t(cpCl.; 60 MHz) 2.1 (1H, d J 8Hz, ArH), 2.40-2.75 (3H,

37
m, ArH), 5.28 (2H, q J 8H, CH,), 6.11 (2H, s, CH2) and 8.73 (3H, t J 8Hz,
ms) . ‘

: ’ + S+
Found: C, 57.6; H, 5.7; N, 12.4%; p , 162 (M ~N02)
ClOH12N203 requires: C, 57,6; H, 5.8; N, 13i5%; M, 208.

b)  The imidate hydrochloride (467) (1.2 g, 0.005 mol) was added to
a solution of diethylamine (0.4 g, 0.0052 mol) in ethanol (1.0 ml) and-
reaction flask was stoppered ahd shaken at rbom'témperature for 2 h.
After being kept at'Oo for 16 h the mixture was evaporated and the
‘residue was‘triturated with ether to give diethylamine hydrochloride,
m.p.b221° (from absolute ethanol) (lit., 2230); v 2470 and 2380

(NE) cm L.

The ether mother liquor was evapoiated to give the imidate (482)

3320 (NH), 1650 (NH def.) and 1520

. as a colourless cil (0.84 g), v
it : max
and 1350 (no,)) cm_l, identical (i.r. spectrum and 60 MHz 'Y nomor.

:'spéctrum) with a sample prepared before. "

 v14. -The Attempted Photocyclisation of 2-Nitropheqylace£imidate (482)
Z,.The imidate - (482) (0.64 g, 0.003 mol) in absolute ethanol was
,i;radiated for 36 h.thrdugh a quaitz fiiter. The mixture was evgporated
to give an oil‘(0.6 g), whose t.l.c. in‘ethér over silica ;howed-it té
<contéin three ill-resolved components. A The oil4ﬁas triturated wifh eﬁheré
ethanol éo.afford‘an unidentified solid a second crop of which was
obtained by evaporating thg ether-ethanol ﬁdther liquor and retriturating

the residue with methanol (total 0.15 g), m.p. 136° (from ethanol-
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dimethylformamide), vmax_‘lszo and 1350 (Noé) cm—l,

Found: C, 58.8; H, 3.7; N, 17.3%; M, 44o.

: C8H6N202 requlres. Cc, 59.3; H, ;.7; N, l7.3%; M, lo62.

The methanol mother liquor was evaporated to give a dark gum (0.4 g)
from which no identifiable material could be obtained.

15. 2—1\1:5.trophenylacetami'c’ie]'.Zl

2-Nitrobenzyl cyanide (3.2 g, 0.02 mol) was treated with polyphosphorié
acid (25.0 g) and the mixture was stirred at 80° for 3 h. Ice (80 g) was the
ﬂ.added to the dark mixture to give the crude product (2 5 g) (m.p. 1360) which

was recyrstalllsed from ethanol (w1th hot flltratlon to remove a small amount

‘of tar) to afford the pure amide (1 5 g, 42%), m.p. 159 (llt.,17 161 ),

v 3390 and 3180 (NH ), 1660 (CO) 1640 (NH def. ) ‘and 1520 and 1340 (NO Y

' -1
Cm -

Evaporetion'of the ethanol_mother liquors gave a gum (0;4 g) from
which no further identifiable material could'be'obtained.
- 1l6. . The Attempted Photochemlcal Cycllsatﬂon of 2 Nltrophenylacetamldel7;e

-A solutlon of °—n1trophenylacetam1del71 (0.20 g) in ethanol (200 ml)

‘was 1rrad1ated for 24 h- through quartz. The solutlon was’ evaporated to
give the startlng materlal (0.20 g), m.p. 159 y 1dent1ca1 (m p. and i.r.

spectrum) with an authentic sample.
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Aggendix

Experimental Details -~

Infra-red Spectra of compounds were obtained either -as nujol mulls of

--

solids or thin films of liquids between sodium chloride discs using a

Unicam S.?. 200 or a Perkin Elmer G157 Spectrometer.

. _ L 1 o '
Proton Magnetic Resonance Spectra ('H n.m.r.) were obtained at 100 MHz
on a Varian HAlOO Spectrometer or at 60 MHz on a Varian EM360 Spectrometer,

using tetramethylsilane as internal standard.

Ultra-vViolet Spectra (u.v.) were obtained on'a.UniCam_S.P. 800A

Spectiophotqmeter.

' Mass Spectra were obtained on a MS902 High Resolution Mass Spectrometer.

Melting Points were obtained using a Kofler hot-stage microscope and

are uncorrected.

" Solvents: Absolute'ethanol was Fsupér-dried"using-thé méghesium?iodine
method. Light petroleum had a boiling range of 60-80°, unless otherwvise
stated. All organic solvent extracts were dried over anhydrous magnesiﬁm

sulphate, prior to evaporation.

_Chromatograghy: Dry-column chromatography was carried out using activity ITI
silica or alumina containing a fluorescent marker and preparedlfroﬁ the
Commercial adsorbants.v_'Thin layer chrométography was carried out using

silica Gel GF,., (Merck]l or Aluminium Okide GF,,, (Merck).

254
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Synthesis of 2-Acyl-3-hydroxyquinolines Embodying a Novel Variant
of the Smiles Rearrangement

By Davip W. BAYNE, ALAN J. NicoL, and GEORGE TENNANT®
(Depastment of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH® 3] ])

Summary.  2-(2’-Nitrobenzoyl) derivatives of certain
1,3-diketones undergo base-catalysed cyclisation to
hitherto inaccessible 2-acyl-3-hydroxyquinolines by a
process explicable in terms of a new version of the
Smiles rearrangement.

Two modes of base-catalysed nitro-group side-chain inter-
action! in 2’-nitrobenzoyl derivatives have been reported
previously. These involve direct aldol-type condensation?
between the nitro-group and the side chain and the side-

chain displacement?.? of the nitro-group respectively. We
now report a third mode of interaction which involves 2
novel variant of the Smiles rearrangement, and provides
a potentially general route to otherwise inaccessible
2-acyl-3-hydroxyquinolines.
3-(2’-Nitrobenzoyl)pentane-2,4-dione (1; R! = R3 = H,
R3 = Me) heated under reflux (0-5 h) with 209% w/v aq.,
KOH afforded as the major product a yellow acidic solid,
C;HpNO;, vmpx 1660 (CO) cm™1; 7 (CDCly) — 1-16 (1H, s
OH), 1-90—2-56 (56H, m, ArH), and 7-09 (3H, s, Me), which
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formed an acetate and a hydrazone and is identified as the
hitherto unknown 2-acetyl-3-hydroxyquinoline (7a) on the
basis of the following evidence. Catalytic (H,, 109 Pd-C)
or dithionite reduction of the yellow acidic product afforded

(7) R! R? R? Yield/ ¥ M.p./°C

a; H H Me 83 118

b; Me H Me . 71 126

C; Cl H Me 55 149

d; 'H H Ph 15 86

e; H Me Et 82 82
SCHEME

a secondary alcohol (8) (70-809%,), which gave a diacetate.
The presence of the quinoline nucleus was established by
oxidation with peracid (309 aq. H,0O,-glacial AcOH;
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m-chloroperbenzoic acid) to give the acetoxyquinolin-2(1H)-
one (9) of established structure.® Since the yellow acidic
product is not identical with the known? 3-acetylquinolin-
2(1H)-one [the rational precursor of (9)], it can only have
the structure (7a) and is converted into (9) by Baeyer—
Villiger rearrangement (with preferential migration of the
heterocyclic nucleusf) followed by acetyl migration. In
further support of the structure (7a), exhaustive methyla-
tion gave the methoxy N-methylquinolinium methosulphate
(10) (869%), which underwent ring-opening in cold dilute
aq. NaOH to yield the methylaminodiketone (11) as a gum
(quantitative yield), characterised as the quinoxaline
derivative.

Cyclisations of the type [(1; R! = R? = H, R3 = Me) —
(7a)] are readily applicable to the synthesis of other 2-acyl-
3-hydroxyquinolines (7b—e) (Scheme).t

YOH XJ)0Ac

- H ‘
N OH_ ° o)

Me w pV H

(8) (7a) (9

MeO
€ l 0 OH™ OMe
—

Me COMe
NHMe Me Meso;

(11) (10)

The unprecedented cyclisations [(1) — (7)] are readily
explained in terms of a mechanism (Scheme) which involves
a new variant of the Smiles rearrangement. Thus, intra-
molecular nucleophilic attack at C-1’ in the dicarbanion (2)
affords the spiro-intermediate (3) which, unlike the corre-
sponding species fe.g. (3), SO, replaces CO] in the Smiles
rearrangement of analogous sulphonyl derivatives,® cannot
achieve stabilisation in the usual way (i.e. by ejection of
the C-1’ sulphonyl leaving group). Consequently an
alternative pathway [(3) — (4) — (5)], involving nucleo-
philic attack by hydroxide ion at the carbonyl group with
ring scission and concomitant reduction of the nitro-group
to nitroso, is followed. Subsequent cyclisation of the
nitroso-intermediate [(5) — (6) — (7)] then affords the
2-acyl-3-hydroxyquinoline product.
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t Satisfactory analyses and spectral data were obtained for all new compounds.
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