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Abstract of Thesis for Ph.D. in the University

of Durham, submitted by C.M. Atkinson, May 1948,

_Earlier work which has resulted in the synthesis of
cinnolines is reviewed. The strictly historical approach
~ has been modified to accommodate a classification based
upon the type of cinnoline involved.

Preparative routes to L4-chloro-2-amincacetophenone are

described. Regction between the acid chloride of L-chloro-2-
phthalimidobenzoic acid and diethyl sodiomalonate followed

by hydrolysis gives the pure amine via the acetamido-compound.

A second route which utilises 4-chloro-2-nitrobenzoyl chloride

and ethyl sodioacetoacetate leads to 4-chloro-2-nitroaceto-

phenone and thence to the amine.
Diazotisatioﬁ of ufchloro-2?aminoacetophenone and

subsequent ring closure produces 7-chloro-4-hydroxyeinnoline.

Nitration of L-chloro-2-acetamidoacetophenone has given

the 5-nitro-derivative with some of the 3-nitro-isomer.

Hydrolysis to the corresponding nitro-amines and diazotisation

of these in sulphuric acid yields 6-nitro-7-chloro- and

8-nitro-7-chloro~4-hydroxycinnoline. In hydrochloric acid,

however, the corresponding dichloro-L4-hydroxycinnolines are

formed, thé replacement (nitro-——)chloro) taking place before

" cyclisation to the cinnoline.




Attémpts to prepare L-chloro-2-sminopropiophenone are
described and work on the projected synthesis of 7-methoxy-4-
hydroxycinnoline is reported.

Widman's synthesis of L-methylcinnoline-7-carboxylic
acid has been répeated; in general, the original results
are confirmed but the acid is best purified via the ethyl
ester.

L-Methylcinnoline and the 6- and 7-chloro-compounds

have been prepared by ring closure of the diézotised

o-isopropenylanilines; these are formed by dehydration of

 the corresponding carbinols ﬁhich arise from the o-amino-
acetophenones or methyl anthranilates by a Grignard T E6C Ol ——
. The ujmethylcinnolines are characterised by their green
picrates and red ethiodides. |
The application of a wide variety of reactions to
~ estimate fhe reactivity of the methyl group in 4-methyl-
cinnoline has had little éuccess. Confirmation of enhanced
‘ reactivity and hence of the postulate that Nl is the basic
centre of the molecule is provided by the formation of

L-p-dimethylaminostyryl-l-ethylcinnolinium iodides.

Reduction of a number of cinnolines with sodium and

alcohol has been carried out.

Qualitative examination has shown partial conversion -to

the corresponding indoles of L-(4'-hydroxyphenyl)cinnoline, the



3-methyl compound and of 3-methyl-4-p-anisylcinnoline;

3—phehy1-u-p-anisylcinnoline and the demethylated compound
are virtually unchanged. 4-Methylcinnoline and its 6- and
7-chloro~derivatives all give 3-methylindole as the final
ﬁroduct but data on the intérmediate stages is incomplete.
Estimation of the ammbnia liberated in each case
confirms the above findings.
Attempts to repeat Stollé and Becker's synthesis of

3-phenylcinnoline-4-carboxylic acid are reported.
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 Summary,
Earlier work which has resulted in the synthesis of
- ¢innelines 1s reviewsd, The atriat1y>hzat¢rlc¢1 approash
hos been nodified to sesommodate a clsssification based upon
tho type of cinnoline involved, -

Preparative routes to u-ggggggyzcamina:snteghtaono ars
described, HResotion betwsen the acid ehleride of y~chlere~z-
nthalinidobenzeic seid and diethyl sediomslonats followsd by
hydrolysis gives the pﬁr«'gfihi v&:~%hc‘ﬁg:taa}de-cpmgaun .

A second route which utilises 4~ohlorTe~Z-nikrobensoyl chleride

and ethyl cediwaﬁe%aaeota@t leads tc'agggggggfz-n;trﬁasczo-
phenone and thence to the snine. |
ﬂicﬁ@tiaaﬁiﬁn sf k»ehlors-dnaminaaettophtaano and
subseyguent ring closure produces ?ggagggggk-gzdrgggg1nno;1nn.
Ri%rst;en{af'q-ahlpiofzcgeeﬁ;gigaapcigphgnapt has given

the S-nitro-derivative with so-s of the 3enitro-1somer,

Hydrolysis to the sorresponding nitro-smines and diasetisation
of tﬁaét in sulpburie acid yields é~plitro-7-shilcre- amd
8ggggggr7qggggggfgghzdrogza1nn@i§aog in hydrochloric acid,
however, the corresponding diohlcro-y-hydroxyeinnclines are
formed, tha'ripitecmtat {(nitre —chloro} taking plasce Lkefore

eycll mtion to the cianoline,




Attenpla te @régare gechloro-2-avinoproplophencne ars
'dcsariﬁaﬁ and aark.an the projté&eé synthesis of T-methoxy«t-
bydroxysinnoline is reported, | |

Fidman's synthesie of L-methylelinnolins-7-cartoxylie agid
hes been repeated; .in general, th§ original results sre

confirmed but the acid ie best purified via the ethyl ester.

Y-Zethyleinnoline and the é- and 7-ghlorc-compounds have .
been prepared by ?Ang closure of the diszotised ¢-isopropenyl-
aniilines; these are formed by dehydration of the corresponding
garbincls whieh arise from the c-smincsgetophenunes or methyl
snthragizaﬁss bty a Ertaahré reaction. The y-methyjcinnolinss
#re characterised by their green picrates snd red sthiodides,

The spplication of a wide varisty of reastions to estimate
the resctivity of the methyl group in 4-msthyleimnoline has had
1ittle succsss, Confirustion of enhaneced resctivity and hense
ef the pﬁ$§ﬁ1‘$ép* that Ri is the basic eﬁatéc of the muleeule
is yrovidgﬁ by the :ora&t;an ar u-p-diuctgglaaingstxgxl-l--

n%ﬁglaiqgg_;niaa ;odiacs.

Reduction of & aunber of ¢innolines with sodium and
-aleshol hae besn carried ont,

alitative exsmination has shown partisl conversion to
the asrraspanding indoles of 4-(4'-hydroxyphenyl)einnoline,the
Imnathyl caﬁgggnd and of 3-ue ﬁl-k-p~*ﬁ_gyleznna;1ns’ 3-phonyle~




i;«»ﬁ'-snuylcmnanm and the ﬁcsseﬁhyhiad conpound are
virtually snchanged. &-tethyleinnoline and its 6- and 7-
ehloro-derivatives all give Jensethylindcle as the final
product ut data on the intsrvediete steges is incomplate.

Estimetion of the smmonia Liberated in each case
confirns the above f_iaﬁmg&.

At‘t;mpm to repaat siaué and Becker's synthesi s of
S-pmmMim@lim-uaurbagync acid are repexted,
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The relstion of cinnoling to other lsc erte o putinis
wne stoted first by ¥iG an ia 1888 (1¥y) during auuabtempt
te rationallse the aomencisture of existing nitro.en
neterocycles, Hﬁvérapasaﬁ the gensral nsns “azine” for
eompounds consisting of a 9ix cenbered rin; for. ed from
carbon and nitrogen ata@a;l aceorain, to the nusler of the
latter, the subatances wnre'ﬁesigaatea 2% monossines, die
aziner, ate.

The «lezine group cle.rly sve riss to three possi-
Piiiilen Jegen:ing un the relstive positions (u, m, or p;
af the nitro,en ato .8 and Jld-an's no-enclature followed
easiiy from this. :

N Z N /N
o g Q
OIAZINE MIAZINE PIAZINE
It is interesting to note that the ‘accepted?! na es ({or

all were hﬁﬁ%h} npyriﬁazinn, pyri-idine and pyrazine -
iave survived Midesn's big f.ur refur: $u spite of the fact
that they have 4ittle clain to systenmatisation. in the
bsnzodiazine series the sane state Of affairs prevailed

arri with the preparstism of einnellse in 189? (34) al}




T

four possibilitiss wers xnown %o axiét {only hydro-

guinazolines wers known),

SOTNC TG o B¢ &

oA-PHENOIAZINE  4-PHENOIAZINE  PHENMIAZINE  PHENPIAZINE
CINNOLINE PHTHALAZINE ~ QUINAZOLINE  QUINOXALINE

Again the 'traditional' nases (cinnoline, etc.) have
survived but others have been assigned a fitting plegv in
obsourity (e.g., “dehydromethylenbenzylenamidin® for
quinagoiine!). Although this rtiatsan;hip has besn
repsatedly mnu.orfed (.3%@ it is untoi*tunau that no
detalled comparison has been made of compounds of each
type.

' The scareity of early work on cinnolines has deen
‘emphasised already Oaghé bt 1t is evident that such
complaint is justified only when more rcveuraklt-riclda
of work are taken as standsrd. Thus Nlexentowski and
Sucharda (/4 )} pointed out the aimcat»eaaplctc lack of
informstion on compounds in which each of two fused rings
contained one N-atom in comperison to the attention given
to cinnolines and aimiler compounds. The insccessibility
of intermediates for cinnoline syntheses has bacn.ducitzvo

in cousing the slow developuent of cinnoline chemistry,



B
whilet the sbsence of cinnolines in any natural products
eo far investigated iLeas bLeen recognised (/40 ) as a wn;
tributory factor. &ven the more readily available
- 3:y-benzocinnoline (usuelly referred to ua:"ph.nxzena5 in
conssguence of the undeveloped atate of cinnoline chsmistry)

- has been littie atudied.



The earliest attempt Lo prepare cinnoiine itself wea
made by von Riechter (/30 ) using distiliation of Lebydroxy-
einﬁelind*wi%h zine du;i, & process whigh, it was clatmed,
converisd eatbﬁaﬁyril_to quinsline. An alkeii-insslubdie
eil whisk ﬁ#ﬁtttﬁté the properiles of oxindole {pine
shaving ta8%) was ixelattd;glthaﬁgh aftes resoval of this
canponent a,ynilai flaceal&n§ platiniehioride tni prepared;

this ‘salt’ resinifisd en stteuptesd purification, Thas no
decision was reaeﬁaa and the conelusion of Richter's work
was nocesaiiated by ”tﬁ! btaginning of the vacation xnc
‘shortage of waterisl®., Busch and Rletdt (33 ) enrrxte out
Rishter's exparizent in s streex of hydrogen but deaspite
many experiments using other reducing sgents there was
ebtainsd only en ¢il having an {ntense “nitrilartig® smell;
ne grystalliine piatinichioride or hyﬁree&larias‘eeazd be
prepared. Tre detsction of awnonie during the distillation
indieatsd disrupiion of the cinnoline aaioeuio s® Lhis reute
was sbandensd in favowr of the praparation of soms derivatives
of yebydroxyeinnoline, I wes hoped that reduction of the
highly resctive chlero~derivative would yield cinneline but
farly expericents wers not snsouraging. However, Baesh and
Rast (34 ) schisved repid rcdnetian using iron and sulphurie

9€ﬁkt¢iaaﬁ by ﬁnearﬁexylatien ef”u-hyéraxye&naaiintsﬁac-rﬁnxylic
stid,
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acid, & nethod successfully employed by Kénige (98 ) in

his researches on the cinchona alkaloids. Not only was
the ohlerine atom removed but the heterv-ring was reduced
to s&vﬁ«é&hydrcalhnalian; this was stable towards other
reducing agents but was readily oxidised by mersurie exide
1o c¢innoline. The atability towards reduction and the easy

vz | ' '
N’ N N \if
, H (1)

oxldation to c¢innoline both provide evidence against
strueture (I) for the dihydrecimnvclins. A notable contrast
.betwesn esnaeiina.an& its dihydrg~derivative 1ies in the
basicity of each compound; the former is a strong bass and
forms stable salts with mineral acids, the latter is weakly
basio, its salte being readily hydrolysed by water. Apart
from these observations snd thﬁ'prnp:ratian of a few simple
derifati?cc, ¢.8. hydrochloride, picrate and methiodide, the
chenistry of cinnoline was not investigatad although mention
was mads of 1ts poiscnous nature, The instability of the
metiniodide tuwards alkali, es evissnced by the production of
a "magnifiocent deep blue colour® followed by separation of
 blue floceulent material, is wost 1hter¢n§ins.




wfm

-Hydroxye lanoline~3«carboxylic Agids.

| The simplest member of this series weas discoversd
accidentally by ven Riehﬁqr‘(lso) during an attemps ¢o
prepare o-hydroxyacetophenone from o-nitrophenylprepiolic
ecld and hence to synthesise o-cumaric acid. Indeed,
y-hydroxyeinnoline-3ecarboxylic soid wes the first known
cinnoline derivative although von Richter reccgnised
Fischer's (S ) 'internal anhydride' of o-hydrezinobensoic
acid ae a simllarly constituted compound.

The cinncline separated in glistening needles on
heating %o ?&P an acid solution of diazotised s-amino-~
phenylproplioliec aeié. The mechanism forwarded by von Riehter

_C=C.COH - CloH)=C.CO.H
GGH,*\ *H 0 —> ( H, / +HCL
N=N.C NN=N
was associated with the contemporary work of Baeyer and
Bloem ( /4 ), nanely, the conversion of o-sminophenylpropiolie

'acid derivatives to J’«aarbostyrila;
. escooH . » /C(X)\\;w
H, . + —_—
b )
4-\NH), ' ‘ 4\N = ¢(oH)

A lape® of sixty two years bdetween the investigation of

+ H,O

von Richter and the next coniribdution to compounds of this
group una«hfckon only by workers (333, whose smbBitions in
the cinnoline field were linited by, and often sudeidiary

to, other resserches. The rssults of a study of the Richter
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reaction have bsen published recently by Schofield and
Simpson (/4/) whowse original aims;

(1)"To establish reliable conditions for the
pregaratlan of u~hyérexyc1anaiinl-5~esrbaxylie atid,

(ii) To extend the scope of the syntheeis to
new examples® (/L0 py235), were fully naizsea. Zach of
the following stages of Richter's synthesis was examined
and much of the cursory detail given in the literature was
found unsatisfactory for preparstive purposes.

s
—_— . -_— C. CQzH
N OL ’ NO, Noz

(1) | ()

» 0 R J/ c
Q0™ IO — Qe
R‘)‘ ?‘/‘ R/L N&N NHL
(D & () (m)

Schofield (/40) has given a detailed aceount of these

@a/ = CH.COH CHBy. CHBy.COH

exupsriments: litersturs methiods for the brominstion of
o-nltrocinnamic acid were never explicitiy deserided and

one had %ahpfcaame that von Richter prepared e-nitrophenyle
proplolic seid via (I). Dehydrobromination of this suﬁstunec
according to Basyer ( /3 ) agein left much to the imagination
slthough the number of undesirable products observed surely
indicated the need for full instructions. Comparative
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quantitative experiments, based on determination of the
bromine liberated, mere used (/40 ,-pue 37) to estadlish

the optimum conditions for dehydrobromination.

CHBy. CHBv.COLM . N ,
(}( +204 @: e co +2H,0 +28;
NO;, ' NO,

Although reduction to the smino-acid was at first carried
eut using von Richter's method, itself a nodification of
that of Sasyer and Bloem ( /4 ), a procedure was svolved
(/1) by which the anfno-acld was disrotised wiehoﬁt baing
isolated or even sllowed L0 separate in acid solution. In
this way the formatlon of carbosiyril derivatives, previously
observed btoth in the redustion (/30) and 1n the attempted
diuselu&:eﬁ.of the anine prigr to diazotisation ( 33 ), was
svoided, |

Examination of the generality of the Richter resstion
(i1 abavc).wasvraatriataa to those propiclic acids arising
from the more readily sccessible o-nitrobenzeldehydes. The
cinnanic i@idn corresponding to 6-nitropiperonsl, 2-nitro-%-
utthexybﬂaégldeny&o, ané to 6-hitreveratraldthyét were
already known. By the route established for the unsub-
stituted eeid (above) there was obtained L-hydroxy=6:7-
wethylenedioxycinnoline-3-garboxylie acid (IU; R ® ,
Rlﬁz “ekcﬂz) and uwhy&roxyoé-mathoxyeiansl1mn-§-earbaxylie
acid (IV; R = Ry, 2 H, By = O¥e). Dehydrobrominstion ef-th?




nitroverstryleinnaric acid dibromide gave the corresponding
A~ (orB-)-bromoacrylic acid, probabdly the o(~derivative by
analogy with the dehydrobrominmtion of einnamie scid (/63),
-bydroxyeinnoline-3-garboxylic scid was unchanged by

nersal Fischer-Speler éaﬁeririeatien conditions but the
use ¢f diszomethane gave a small yield of an ;nttr¢ct&or
(IVor V; R= Mo, R, ® R, = W),

- Titration ¢f the Richter ecid with soedium hydroxide
regquired more lhan one equlvalent of the 1At$¢r for
neuﬁralasa%iam;_ the indicator used was phenolphthalein

but this was not wholly satisfaciory.
OH

0 ‘ |
Qo QO
+#9 - +N’ |

(%) - (E

The tgwitterion® structures (Ve and vb) augguhd wers
in accord with the known properties of the Riehter aezd
(high m,p., insolubility in hydrocarbon solvents) though
a more sirict representation involving a rescnance hydrid
" of the two canonical stetes was preferres,

Attenpts to acetylate the Richter acid by Schofield and
Simpson (/1) led to a series of unexpected rsactions whieh
formed the basis of an lavestigation (/43) notesorthy for its
praetical elsgance on the one hand end its ingenious
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interpretations on the other. [Referenes to the ehart
ard tables on page (Jof tbis thesis may prove hclpfal
throughout the following aacaunt]

The action of Soiling acetic nnhydriét on Yehydrexy-
cinnoline-J-carboxylic acid geve either unchanged material
or, by degarboxylatien, y-acetoxyeinnoline. %honic sixturs
uf the Richter. acid, pyridine and acetie anhydrids in the
proportions 2:9:13 respestively, was heated to 60° or
959, tﬁara was produced a highly reactive eompound,
,016911@3“ or C 1516e K (asan of three analyses), Attempts
to recrystallise this sabn&anec from alcohols gave a series
of different yraaucts.‘!hieh, lise their common pracursor,
shﬁnsﬁ:dlstinsi smphoteric propsriies in the cold but were
deconpossd by hot acids or alkalis. The analysis figures
of thess subatances indicated two possibie ssries depending

en which of the two formulae above was correct:

Compound 2. geriss A, geries B.
Initisl product kzrf’ | 0111050, Sty 0¥,
] -

; et %3 < ON c__H_0 H
;’iigi’six‘i?f | 1634 17155 s 22085y
initial material '

o
: - : B=-128,F €, .4, .0 X C..H _ON
:;:émxt:? 126-120.5"1 ©19%17%"% 23228 4
initial materisl
‘ : 131.° H ON
isopropanol sn
initial material
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geries i coeuld vlearly arise thus!
CoH N+ (CH.CO) G+C HON—>C_ H O N +K ¢ CO &
it T (Gl 229+ ColgOM 0 1103; Hzgfcﬁj ot
sherens seriss B might arise either Ly sondensation of a
einnclyl- with two pyridjlozraaps or bty fusion of two

cinnoliine wolecules. This quéstion was settled by the

‘results of resction *k* (page (7 ), but chiefly by substi-

tation of quinoline for pyridine {(reaetion "1") and treatment
of the resction product with ethancl; the sudstance
(n.p. 170°) obtained was distinet from that, m.p. 128°,

tabulated above, The selection of esaries A sas based

initially wpon the analysis of this nsw derivative bat the
support of iuz¢r analya¢a wax wslcome in view of the fact
thet oniy in one experiment c¢ould thas substance, =,p. 1709. be
isolated. Indication of the pomition of Attaehaant of the
pyridyl {(quinolyl) group to the cimnoline ring was afforded
by the absence of reaction on substitution of dl-plesline

{quineldine) for pyridine.

It 12 convenient, before presenting an interpretation
of the fects so far revealed, to consider the evidence for-
warded by Schofield and Simpaon for the belief that this
reactlon using pyridine anﬁ-uagtie anhydride is highly
spécific te Y=hydroxycinnoline-3-ourboxylic acide. Ueliydrexye
einnoline gave uaacotaxybﬁaneiine on treatznt with pyridine
and acetis anhydride or with the latter alons. It was




1l

apparent (page/i, sxperiment *b") that nirtraﬁjnsaney ef
hydroxyi groups was an Insufficient guslificatien for
reactivity, whilst this arrangsment in s heterecyclis
system (experiment®c*) conferred no prepsriy whieh would
challenge the above claim to specificity. A;nin)(oxpur1*
ment ”é“},cthyi'unhyérexyqnimalia&-jatnrbaxyX;tc with
pyriéiﬁs snd acitie anhydride ;av;vﬁhc hvacotoxy-derivative
’ ’”'_(LEO“_”;f& Repitition of the reection using 4-hydroxy-é«
.'mntﬁéx&iiﬁaéiin@»&»earhoxylie 4cid (experiment "e") provided
& striking contrast to the foregoing results. An obvious
. reactlion cesurred and the orwle preduct, on trestesat with
methanol and aieo with boiling pyridine (of. rasetion <g*),
gave two corpounds whoss analyses agreed well with caleulated
figurss, |

A working hypothesls to aexplain the abovs resulis was
| gradually crsated onrthﬁlbasxs of known analogies. The
chief of theass was Lhe foraation of covalent evapounds bdy
pyridiniam er quinolinium Kations and a weak anion, ample
- iliustration of this phenomencn being previded by the werk
of Decker { L. and Hantzsch and Keld (10a), A elosely
analogous reactien, firs? reported by Reilssert (/29.), was
sventually used as a model on which %o build the following
aschanism of the !pyridine-acetic anhydride' reastion.
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Relssert observed thet the rau@%io#‘hctuatn quinsline, benzoyl
chiari&c and alkali cyanide yitldcd‘N«bensay1~2~¢yano-l:2#
Gihydroguinoline; hils finding that acids attacked the leiter
substances (as shown bslow) has bnn'ade‘pt.od a8 3 gensral

nathod far»thu.pragaratxan of aromstic aldehydes (33).

CQ ©\/~j< mw—’ mc%

EoPh borh, - +PhCHO

Schofield and Simpson rtprastntod the reaction between

pyridine, acetisc anhydride and the Hishter wcid as follows:

*’.‘
COCH3

It was pointed out that the general properties (page (7) of

the iniltial resction produet and its remarkable rsactivity
towards sleohals were in greater accerd with its rcpratchtntlen
as sither of the cenonical states (VII; a - ¢) than as the
lactons (VII 4), ‘although the letter struftures was fully
considersd earlier (/,0).. ?ﬁo alcohol addition preducts were
represented as (VI or Via) but on statistical grounds the

forner was selected as the domznating specins; asush
reapresentation ok sther-asids was strengthened by the iselation

at'esuponnd~(x) on treatnent of (VII) with aniline,
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Further experilmental work upheld the zwitterion
structures (VIi; a - ¢) in prarsronet to the lactone (VII 4).
It waa found that a base 6155130é83 was preducdd by resstions
(*f, &, h", puge F?)'but that reactions {"i,j") gave no
definite subdstance. Using structure (VIII} for the new
bass, formed, presumably, by direet hydrekylie attack on the
speciss (VII a), a discussion of thie results cf reactions
("l « j") was offered, such consids¥ations as the relative
- proportions of acetlc anhydride and pyridine, ete., being
woven Into a convineing argument in favour of the ‘'acecepted!
structures. |

The anslogy with.*aeistcrt compounds” (page 15), and
bence the rcpr@;int&tion-d? this series of new sudstances as
L -pyridiniam (or o~dihydropyridyl) compounds,was more
firmly sstablished by the loss of the N-acetyl group as
follows, Thi compound (VI; R @ Me) on treatment with sither
methancl or ethancl and sulphuric acid gave the same produst
and the aubstance (VI; R = EY) behaved similariy. Clearly
esterification was not the case and the subdstances
(IX; R = e or Et respectively) wers recognissd as the
elmplest possibilities. Insolubility in alkelis (pege /9 )
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was acconnted for by ths reluted structures -

(;5”

.« and by the Knowa insoladility of, for sxasmple, diphenyl-ye-

acrylic actd ('73) in these reagents.

| Treatment of the sudstance (1X; Ei; ¥e) with hot aquecus
‘Asadium hydroxide ylsldesd a watsr soluble dass ¢o which only
tho'szruetar; (XIII) could be sssigned, bearing in mind the
constitution of esriler compounds and their degradatlon to
this same base (see pagel9 ). The substance (IX; R = E%)
‘appoareﬁ to be more stable under these cenditions. The
formula (XII1I, 2&2@) agreed itil with analysis figures of the
”b;aa,-bnt +he valldity of such represeatation vas geestioned
when 1% wes discovered that the base was readily oxidised $§
a snbzﬁaaec,'m.p. 1&69, by psrmanganate at recm temperaturs.
.Znﬁosd. were the formule of the base 51531§°é”3 instead of

515&9 50 2 2H 0, such a structure as (xxx or XiXs) weuld be

posaible. This poseibility (XIX) has been discussed by
© OH
N C.CH:CH.CHLCHO N:CH. CHy. CHH), CHy.CHO

G® -@mw

gchofield (/40, page 18y) and (XIXa) was put forward by msabders
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of the research staff of f.C.I; 1in fact, the problex was
solved by the preparation of niublc derivatives of the bass,
it being found that the picrate was anhydrous, i.e,
31339ﬂ55 56330583. .
The oxlidation product, m.p. 146 , referred to above

chowed marked amphoierie properties (page /7 ) considerations

'.er which, together with the analysis agrsement with a formula

ﬁlzﬂyezws. ledAto its repressentation Qs (X113, couparisop of
the deep colour of (XII) with that of near carbecylic
analoguss e.g. o(p?hany.ln S(?-m?.-mpnanyl)-vpenmdumic_wld
is yellow . {|2) and the ohservations of Cook et al (42) on
the baph@éhromis effect of certain scoumulations of nitrogen
atoms afford general support for the structurs (XI1)., This

oxidetion product gave a mixture of two cowmpounds on re-

- fluxing with 6N hydrochloric acid; the first of thess, n.p.

G , ‘ ~ .
195 , analyaed as e%zagchus or caﬂsgsﬂa, the former being
preferred becauue of the similarity in properties to (XII)

and the conseguent representation as {XVIZ). Such an enolie

structurs was more in Reeping with the e¢olour ¢f the substance
end its apparent stability fowards hot permanganate, than
would be the earrcaéondiag {41 )ketonic form. The socehd com-
pound, m.p. aﬁké. had similar prupert;ea te the first though

t0 a leossar extent and it diffared in its action on
permangenate. Agresment with anaiyses figures was not good
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$0 the representetion as (XVI) was regarded as "based
largely on speculation®,

The preparation of the compound (x;;!) in guantity by
the alkaline dagrdda%ien of (YFil) indlcated a number of
side reactions; thus from the alkalins sothsr liguor there
‘was obtainsd the sodium salt of = substanse, n.p. 187°,
claaga ﬂs or ngﬁlcﬁ ﬂs and an asid, 013&90éﬂ3 whieh de~ _
carboxylated quaa&iﬁativcxy o produce a weak baae, laa’t .
Taking £ 32ﬁ90_§3 a8 the correct rarmalt for the compound, m.p.
187%, a structure (XV) was provisienally saggested by the
investigators and the related acid was represénted as (XIV),
arising from the hypothetieal interasdiates (XI a or b).‘?ﬁo
wcnk-ba:s waa thue the compound (xvlii), l-methyle3;5:10-
triazaphenanthfena. Sapport for such a woehaa&sﬁ was based
ah the properties of the eampaumﬁ# and on the estimation of
scetic acid set free in tha‘££rst»szags’(VIII-—+XI); this
lose of mestic acid, ineidentally, provided a final ansiogy
with the “Reissert compounids” originally used as nedelis.

The leck of close anulaguys of the compounds discussed in
this papsr by SGchofield and Sispson was emphasised by them
in the cass of the aoapauaﬂ (XIZI). Oxidation results of this
subptance ware interprsted in a semewhat revolutionary menner
but a0 sxidation ééﬁa are availﬁ%lc for the clcsest analoguss,

viz, the 2- and y-lotidylquinelines (43 ). Tae reactions
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desoribed ahaweq fully the variance which exists between
cinnoline derivatives and their guinoline analogues and ;£
was peinted out that this might well be due %o "a econ« |
piderable initial polarication, resulting in a coneentration
of the attack of the oxidising égont solely on the pyridine
ring". |

The explanations offered throughout the paper and their
qualification with reference to a wide variety of known
phenomena are all the more commendable in view of the
scarcity of snalogies such as those detailled for the

oxidation of (XIII).




Experiments

which illustrate the spescificity of the
roxycinnoline~5-carboxylic acids.

gxpt.| Richter Fyridine | ac,C Expt. con~| Result
| Tacid 2 ditions
8. 2 paris g parts |13 parts |Heat at | VII
‘ 60° or 95
2 - 2«Hydroxy- | pressnt [pressnt . 2~Acetoxy-
3-naph-~ 4 5 -naph-
“tholic acid N ' thoic acid
fi ¢. | y~Hydroxy- " . No reastion
' quinoline- .
3-carboxy-
-31c acid
4, . Eﬁhyl ester * o , _ GeACBLOXY~
of "o® . derivative
e. G~ethoxy~ |7 parts |8 parte Hoat,at-95° Reaction
© | cnichter for 13 hours
acid*,l part ‘
Experiments (not charted) capable of explanation B
- the structures (ViI: a = d) shown.
g 1 part 3 parts |1l part Reflux for| VIII
8. Vil present | absent Reflux Vill
he VIiI - absent " Reflux aq.|7od. yleld
- - suspension| VIiIlI
i. -2 o 9 13 Heflux No xalline
S ' - : | predust
a0 e | win, 2 9 13 - "
S parts : :
' Other_relevant data. .
K. present pressnt PFropio- ' No xalline
: nic enhy-|’ , product
dride :
1. | 1 part “uinoline (12 parts Hesctiun
16 parts A
m. | present 7uinal~ [present ’ No reaction
: : dine or
~-picoline|
n.- present absent pfeséh& Reflux y~Acetoxy-
einnoline
o. " present |absent Unchanged -
: - - - Richter

acid.

| 1]







cem. Hﬂl.

Cpd. Sol. in acids. Sol, in alkelis. | Cther properties.
VI | S8ol., in dilute HCl | Sol. in dil. aq. Insol. in water,
A NasC0s. Sol. with

R=4Y8 Rz PFr,
Vi | B. sol. in med. £. sol. in cold Suspension in aq.

dioxane cone.
CH intense bdbius
purple solution,

{h. & ¢.). Fairly
e.8, in warm 6N.HCl,

Y_IH ‘Readily sol., in Insol. in aqg. Insol. in cold
2N.HC1. . | HaOH. water. :
| ¢ 1w oM 393 1n cong, HC1 ;.nso}.. in yn, 3p. s0l, in bouing 72"_
. m 3.880 Ny, ' '
j50l. in wa ;0 ,,
eq. NalH.
1X | Readily sol. in Insol. in cold Insol. in cold
‘mod. sonc. HC1. NaCii or Nnacc). water, apprese¢. sol.
- B . in hot.
X 81. sol. in cold - V. o. 8. in algo-
28.1C1. hol.
XI1 | Sol. in dil. HCL. |30l. in ag. 8p. sol. in cold,
XIII | Readily s0l. in - S8ol. in hot, sp. | :F
hot 2N.HCl HCle sol. in cold water.|
ide in cold, V.e.
hydrolysed by
water.
XIV | Sp. s0l. in 2N.HC1l.|Readily sol. in . |Insol. 1in water.
cold ag. Naiiccz’. :
&V | Readily sol, in Inscl. in cold ag. -
warm 2N,HCLl H3l-ide |NaHCO, disselves |
in cold. on adding Ni,TH.
XVI |[Sp. sol. in hot AqQ. zvzaucoé sp. soljAlmost insol. in
2N.HCl. Fairly sol. |Na salt, Yore €. |boliling water, Re-
in hot 6N, HCl, - |[sol. in NagGOg or [duces ag. KnQy.
XVII (301. in HCl erangs |E. ualo in aq. V. sp. 80l. ia hot
solution, Naﬂc, and gther |water. 3table to
: a3, alis hot aq. iw.no“.
arango solutions.
XVILI |3p. sol. in 2N,HC1 - Almost insol. in

hot water,
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sinnolins-J-scetic Acids.

During an unsuccessful atiempt by Koelsch ( 95) o
synthesiss (by Dieckmann ring closurs of IIi) a derivastive
_of the unknewn 1:3-dikydrobsnz (c.d) imdole (1), the first
g=hydroxycinnoline-3-acetic acid was.pioparnd. The 1&—
portance of (1) 1;? in 1ts relation to lysergie meid (II)
and in partienlar to the conversion of derivatives of the
C latter inte those of lso-~lyssrgic aeid. Xoelach intended
‘40 estadlish the arxcntaﬁien‘of the Fischer-cyclisation
products (III and IV) by degradation to the samino-ssters
(V end VI) and hence serabtaanc.Qaapla derivative of
phthalic and terephthelic asid. The anino~group eof
(v or V1), aztﬁaugn capsble of dlasotisation, could not be
replaced by hydrogen, usthoxyl or iodine treatment of the
diazo-coxpound of (V) with alcohol farnished thq.thnxy-‘
derivative (VII) dut in the sass of (Vi) "only the einnoline”
{Vill) weas formed.

NH |
o  (m
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colsc

EE0,C |
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EEO,C .
@COCHL.CF&. Ot ) (I COCH,. CHy. COEL
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@ - b ock. ch. CouEt
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R= H, MeO,orI.
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Rl "'CQzEé R‘ = H
Rzz H R2'=601Et
Etoe "

COCH), CHy- CO;LEU &0 ,@: m CH,.CO,EE
< R HoC ECO,C " ()




The naxt compounds of this group were prepared by
Schofield and Siapson (/,2) ss ea extension of ths preparstion
of 4-hydroxyeinnolines by "the diazotisation of o~aminoketonss
of the gensral formula RH .cén .GQGRAa . Thut. Yehydroxy=
6:7-dimethoxysinnoline-3-acetic acid,(IX; Re R E H) was
obtained by dlazotisation of either a suspension of
A=(b=aminoveratdryl Jpropionic acid or a solution of its ethyl
aster in 28 hyﬂrwanlarié acid; only s« small emount of the
cinnoline-ester was formed bty the latter method. Ressarches
into the methylation of this sinnoline agid ware carried out
by Simpson (/49 );. the main facts of the investigation are
as follows. 4

(a) The aetion of dimethyl sulphats and alkali on
uénydrnxy~6:7~41mithaxycinnnliut~3oaaitze scid gave a mixturs
©of two isonmeric ether-scids (IX; R ®# H, R* = de) whieh ceuld
only bt'whazly resclved as the methyl a:tnri (IX; Re R* & Me;
Xx; ﬁ ® Ne)athough & pure specimen of one acid, wm.p. 260°
{(decomp.) - designated as the xftaoat? - Was obtainadble by
fractionation of the erude reasstion product.

(b} The '4'=sther-acid was sore basic than \he L-lsemsr
since hydrolysis of the J-sster with hydrochlerie aeid gave a
"well dsfined hydrochloride?, easily hydrolysed by hot water,
?h6<{~antur guve the ~ether-asid direetly using dilute hydro-

chloriec acid.
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(¢) The L-scid decartoxylated et the welting point
- 50 give & base (XI or XI1) - called the X-ether. The
ﬁwn@ié #as stable above itis Mising, point,

(8) Y-Hydroxy-617-dimethoxyeinnoline-S-acetic acid
4id not appear to dwirwxyimo when heated at the melting
point, alone or with quinoline and copper carbonate.

(&) The o(~ether formed a bydreohleride and appeared %o
l qnaip&rﬁiaclsiigmly with ethyl lodide. |

OR 0 ocH; 9
" Me0 @CWL& Mﬁ}cu, 0,k %ms m%
MeO N Me0 NN M S AN N
| | | , _ ,
' Cﬂg' ' CH3
(X) (x) (x1) (x1)

The non-basic nature (b) of the o-sther acid, when
related to the sbeence of basicity observed in the asid
'<1x; Re Rt = .H}., offered no svidence for an C-ether
“strusture for the former sinvs *yemethoxysinnoline is
dscidedly more basic then yehydroxyeinnoline”. Further the
- observations of (¢) and (&) gave suppert to the rapresentation
of the o~series as H-sthers. The ssse of éein:ylgtioa of
O«gthers compared with Raetheri suggeated an_att;upt to '
décide bstwean the structures of the o and [ ssries by Zeissl
deterainations; hosever, the | figures from a repreassntative .
conpoand of each series did not 'indma;ﬁ the presence of even
two methoxyl groups. Such stability of an alkexy group on
Gy of the cinnoline nucleus was in agresment with the

stability shown during hydrolysis of the ssters [ a striking
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eontrast Lo the reactivity of 1ike substituenis in the
gquinazoline ring (ugiiﬂ.A 3xp'riaémti designed to detect

“a resstive pethyl grovp (arising from structurs 2II) were
indecisive since only "visible év;dna&c of reasstion® was
noted in the phihalonation of the o-ether in the presense

of 2in¢ ohloride, there being no isoladle crystalline
praduct,. Yet another line ef attack based on the converelon
.ay a mixture of phosphorous pcntaehieridﬁ and oxyeckloride of
Henethyle o(‘»q;am@lanu in%o o[~chloregquinolines (1.5‘:?9’5?'3;1:

btnt little evidence; decomposition of the resction mixtare
with alkall yielded water soluble products tbough the bright
- coclour of the latter was reminiscent of the alkaline decompe~
uum' of certain y-sudatituteds Yecinnolinium salts (/5/a).
Thus, despite the distinot propertiss of the (- and -compounds
no definite structurs could be as3igned to either series.




nnﬂyaraxyazanwlanc»xtsilf was first prepered by ven
Richter (/30} ﬁy heating k-hydroxyeinnoline-3-cerboxylie
asid at its melting point; almost gquantitative de-
@nrhaxyléttwn ccgurred, Reference has plresdy bssn made
(page 4. ) to the use of this reaction during attempts te
prepare cinnoline itae%f'bnt generalisation of the method
was explored such later by zehofzoiénand 8inpson (/k2),
These workers discovered a novel decartoxylation procedurse
during "an attesptl to determine ths fine strueture of the
Richter aeid", the thecretical bases for such an investigation
being provided by Hammick snd co~-workers ( 9 ) who attriduted
the ready dacarhaxylagzon'af acids containing the sroaplng
N ?* -Eﬂéﬁ to the existence of a cyelie lon of the type
[8,='q]: Sueh an ion was usually identified by reactien
with hn aromatic sldehyde or ketone but the only product
ebtained on heating the Richter acid with benzophenone was
u~hydroxyeinneline *in yields more consistent than those
obtainable by other means”; this claim was equslly ap-
plicable to the G-methoxy- and 6:7-methylens-dioxy-ncids
(X?)f Ry = Ce, Rg,t H; Blaz * 68292, respectively). The
erratic nature of the decarboxylation whon no bensephsnons

was used was particulerly evident in the case of L-hydroxy-6.
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sethoxycinneline-3-cartexylic scid which yielded two produsts
besides the expected y«hydroxy-G-methoxyeinnoline.

Another route to Y=hydroxyecinnelines arose fros the same
study (/41) of the Riehter reacticn and was based on theo-
retical eanimwd.iom to be disecugsed later (page 746 ). Da-
carboxyleation of the ow-nitrophenyl propiolic acids (XIXY;

Ry = Ré = H; Rl Z (e, Rz 2 H) in bolling aguesus solution
followed by reduction end diszctisation yieldsd the cor-
responding k-hydraxyumeiims im; R. &R

_ 1 2
R, ® H); howsver, nc orystalline product could de isolated

:mnlzmn

from an attempt to étearbexylaf.e; 2-nitro=4:5-methylensdioxy-
phenylpropiolic setd (XI1I; Ry = R, = Giieﬁz).

| | oK
R, Neop — M N con ’“]::]:£W’“a”
Ry NO» ‘ Ry’ NH, Ry N’ﬁ
oo | (x7)

R, Qoy R::(IC*\CH . ,R’ i \N
Ry NO, R o
(x¥) | (x)

During researches on the ust of Benitro-2-4romoe
scstophenons as a aynthetie¢ intermediate Borsche and Herbdert
{ 27) prepared é-nitro-g~hydroxycinnsline (XX/I)by diazetisstion




of Senitroe-2-aminoscetophencne (XXI), the latter Dbeing
preparad from o~brome-benzonitrile, A repitition of this
work {/42) revealed some inconvenience in the sethod and
sonversion of 5;n1tr¢~2#hreaoacetephcnenﬁ inte S5-nitro«2-
anincacetophencne cculd not be achieved; however, the
constitutlion of Bbroeho's Senitro-2-broneacetophenons
(XXVi) was proved as indicated in the diagram (pege 29).

In view of iat observations of Borsches and Koelsch
( 85) it was suggested (/42) "that diasotisation of o-sminoe-
ketones . . . . . mpight offer a simple and generai route to
ehyd roxycinnolines®; although this was found $o be the
case the yield of each cinncline was fomnd to depend signi-
ficantly (see page 1§) on the nature of the substituent in
the smincketope, Stariing fremiaeetophcnonc, Schofield and
Simpson (l&lé-prcgnrcé by the routes nhoun.nntionly 6=nitroe
~u§hyéroxycznnox1as.33t also 6~ and B-chlores, 6~ and
B-brome~{XXIV and XXV; R ® €1 and Br), and 6ecyane-y-hydrexy~
cinnoline (XXIII). These were obtained in good yield dut
diazotisation of owaminocaseticphenone ltsalf gnvu only & poor
gield of tehydroxyclonoline (XX). Further, no cinnoline
rormation oscurred on diazotisation of 6~aminoacetoveratrons
of of 2:3-dlamine or 2-amino-3«nethoxyasstophenons. 6~-Bromo-
«ipehydroxycinneline (XgV; R = 8r) sas prab;biy'proycrcd
sariier by Gibson and Levin (é7) as the Byeprodust of a
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Bart reaction ugsing diasgtiqed S«braua-éosminancctoghcnone;
they formulated the arseaic-free coapound (m.p. 278°) ss
5&Eramaoibnitrétaaiaoaﬁatepﬁéngno or a% Sebromo-2e-amine-
oxininsacetephonons dut there is 1little doubt that the
sinnoline (m.p. 277°) was ohtained in spite of the poor
agroement with anslytiesl data. »

Further interest in ths dissotisation of o-sminnacete-
phenones was aroused by the work of de Diesbach end Klement
{47 ) who disxetised w-snilinc-o-amincscetophenons and
obtained a substance, aiuﬁilﬁ 33’ RePe 28§°, which Simpson
and Schofield (/¢2) regarded as 4~hydroxy-3-anilinocinnoline,
Preliminary resultis of an investigation inte the extension
of this reaction to “sther terainally subdstituted c-amine-
asstophenonss® have been described by Sehoxield {140).
a&t&mpta to repest the work of de Diesdash anﬁ Kiement were
discoursging; two substances, m.p. 95-1:)} snd 120°
.{hasording ta-ﬁha method of isolaetion employed) wers produced,
but no sompound melting at 285° Has ilvelsted. The diaze-
tisation of w~bronc-e-aminoacstophenons (XIX) furnished a
srystalline product, =m.p. 27?-27895 whieh, in the absence of
anu;ytreil data, was represented as 3-bromo-y-hydroxycinnoline
(however, see page [200f this thesis). Similar treatment of
wephthalinido-o-aminoacetophenone (XVIL) gave a highly
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Preparation of y-hydroxysimnolines frem scetophencns (/40).

.. @COCHLN co D @w(’HLN‘COQ @COCHLNH;

e " (xem) ¥ )
' @ COCH,}V__> @ Cocﬂzﬁy 4, H\(dvoxruma{mcs (7:[,., the obsence
NO, , NHy of analysis Ft’um,s) ‘

(2x)

<lI~0,, @ | _#N\@A&/MO

l NH _—) g}‘ Mﬁ%uo‘;L :tl:i

ON ﬂc___) N\@ Ao @:; R\@z;
(XZ) (Xx:) / " l y

Wy f1) N , RS
o w
(xxm) ) (=Y

ON Ae Ae CN
O O
(m) BY 37 ‘ 3Y

X o-Ritroscetophenone for this route prepared from
o-nitrobensoic¢ acid end acetoacetic ester ()13).
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erystalline solid, originally believed to be 3-phthalimide-
~hehydrozyeinnsline in spite of 1te insolubility in agueous
ecdiaunm hydroxide; subseguent analysis 4id not support such

& representation. lHydrolysis of the suppossd 3-phthalimido-
=ii=hydroxycinnoline to the S«amino-~tompsund was tried witheut
suscass whilst & proposed routs to 3~aubs$isntg4 60l bronij=
-hyﬁrexyzlanekiﬂts-lsﬁ to difficulties whitch were not resolved,
The diszolisation of o= wedlianinoacetophenone (XVIIL) gave no
ugefal produyect. | '

Another roule to a Y-hydroxyolnnoline was revealed by
Ffannstial and Janeeke (/20) when they prepared Sechloro~3-
phenyl-f~hydroxycimmeline (XXVII) by beiling Se~chlore-2-
hydraginobenzolce aeid with benzaldehyde; 1the yield was low
becanse of the concomitant roimatian of Y-chloroindagolone
(XXVIII)}. I% was stated that the &nphtsyaattd_clnnolzn' was

*not yet parified” but no further detalils were given .

m .
COH

¢
: : co&“ : C(,Hf CHO CoH ""
_ > — G Culls
N.LL | NH.-NH, . NH.N7
| b

e @Yo p
Qwt (X
(xxv) + (xxem) H

This discovery was insidentel to the maln werk, niaaly, the
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reduction of dlazotised anthranilie scids to the aorrespending .
o-hyémzimbcmme scids and gonversien of the latter to
irdazoles by boiling with very dilute hydroehleric asid, The

- resction with besnsaldehyde was abuermal only in the case of

the S«chloro-asid, other substituted o-hydrazinckensolis acide
giving the txgccﬁaéAb933glphtnyihgdrqnonms. |
ropertiss of uskydroxyeinnolines.

SQVtrni,prﬁpgrtias are common o the great majerity of
Genydroxycinneclines slthough spuecisl effeats are often
exerted by additional substituents, the nature of such effests
bcxag‘éfﬂan oharscteristic for subdstitution in s given pesition.
. Thus,

{a) &-Hyﬂrnxyeinaolinna‘genﬁruiiy navo'asltiag points
greater than 250° but the Bechloro- snd Senitro-derivatives
(for example) melt at 19&a and 18&0 respectively.

{b) Solubility in agueous alkelis i: a gensral featurse,
sometines even aqueoui smaonia or sodium carbonats deing
offective., Sparingly soluble alkail-selts have been
sncountsred and 6-nitrd-yohydroxyeinnolineis noteworthy for
$he deep yellow colour of its alkaline solutien. 3«PhenyleSe
chleteﬁéwhyafnxyc1aaﬁlintis intoluble in sguecus sodium

. bydroxide ( /207).
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(o) These compounds are often awphoteric; $his
property has been illustrated for G~hydroxyecimnoline itself
by the titration of the Richter acid (adove, page 7 ) aaé
also by the isolation of anhydraxyexmum hydraeshloride,
‘R_m latter is readily hydérolysed by water and is thus similar
to t«h& hyérwhler-idu {not ‘p’urificﬁ, ko) of Ge-methoxy~ and
6 : T-nethylensdioxy«=hydroxys 1.:m¢;1ian . | |

Sciudility in various soivents eq;mda‘ largely apon the
‘nature of the substitutien in the nucleus. In alechsl
~ moderats solubility 1s the gensral rule; é=chlore or é-cyano
groups have a solubllising effect whersas Senitroey<hydroxye
einnoline is only very sparingly soluble in alschol; the
éﬂmthmy«-siaﬂwtéu is more scluble whilst Pfannstial and
Jenecke's compound (XXVII) is *insoluble in all the usual
ivolvm@t“.’ In svery case the solukility in ssetie scid 1is
greater than that in aleshol. |

The chisf derivatives of Gehydroxyeinnolines, such as
metm;?- and emorcampwr:ﬁ;; are dealt with bdelow.

 Ritratien of &qhydmsycimxzm was carried out by
Scholisld and Simpson (llrl ) and is of great theeretical
intersst, Three 1somerie mononitro-derivatives were obtained,
the pre~déminant one dsing S-nitroeyehydroxyoinncline, identical
with that ducrimd bty Borsche and Herbdert (A7) 1t was
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observed that nitration of similar hyaruyakﬂoreayun, ..g.
carbmtyﬂz (Z'lf), 2-methyl and 2*3-&”%1&;&1&:011;& (23 )
and 2:y-diketctetrabydroguinazolons (24 ), Bave =2inly the
é«nitro«~gompounds, Howsver, since no search for other
isbuers was evident in these studies no attempt was made to
interpret the signifisance of the points of attack in the
cinneline ring. A second isowsr was unchanged after bolling
with a¢etic anhydride and on steric grounds was represented
a8 Sém%n’wehydmxyﬂmnnr; attagck on the 3-position
was excluded by analogy with Xenitro-2¢4-dihydroxyguineline
which exhibite o sterie hindrance ( 8 ). The $hird laomer
wes provisionally regarded as 8«(or 7-) nitro-yehydroxy-
sinnoline. .
ﬁtnpu to reducs 6-nitro-ye-hydroxyeinneline and
Genitrosy-agetoxyelnneline (detailed by Schofield,/i0) have
had 11%?539 UCeeNS, CAly & 'émli amgunt of 6-amimo~i-hydroxy~
einnoline deing isolated. | |
Some experimente on the reduction of y-hydrexysinnoline
have alrsady been dealt with (pages 4 and 5); further,
tetrahydro-i-bydroxycinnoline has besn prepared by Neber
and eo~workers (12 ) by seans of phosphorus and hydriodie -

agid, Treatment of 3-hydroxyeinnoline and its 1:2-dihydro-

deﬁvﬂ-.we ui&h the sase rt&nﬁn; ngmt- anin okimial_t this

X This emyenné has since been :twua (1552) to be the Benitro-
derivative,
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result confirming the strusture of the former compound
prepared by Bosssl (Inaug. Diss., Tubingen. Eey 192%).




In striking contrast to the ceuplex resction witnesssd
during attegpls to scetylats the Richter a¢id (pags 9)
yehydroxycinnoline gives a.ﬁléaiy.eryatallinc acotoxy~
&ﬂw&m by treatzent with asetie snhydride, alone or in
the presencs of pyridine (/43); e¢id hydrolysis regenerates
Gehydroxytinnoline, G-Nitro-yescetoxycinnoline is sisilarly
fom;i { Ilf-ll) vhilst referanse hu already baen made o the
stability éf tﬁe 8« (originslly presunsd 5«)nitro-y=hydroxy~
_emnénm towards bolling acetie anhydride.
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4~Chlerosinnolines.

| These compuunds sre preparsd by the action of a sixture
of phosphorus oxyshleride and phosphorus pentashleride on
zkn rn1evan$ Y-hydroxyeinnclines, & msthod first used in
this series by Busch and Klett (33 ) ter the prnparatitn of
&ﬁehlaracinanXins‘ This compound was at onge reeasntnea s
“a very reactive substance, capable of giving rise to a great
nunber of scinnoline derivatives®, & statesent based on the
~ observed spontansous desomposition to & black water-seluble
| mass and on the reaction of the ahléresznaalinc with aniline,
p~toluidine and sodius ethoxide. The reduction of y-chloree
einnelxna hau.alrza&y-&een dealt with (page 4). A more
detailed study of aﬁehloreeinanlkntlaur&parend by 8Schofield
(/40) who showsd that the spontensous Sscompositien of
'goehleracinaoiing {in a sorked tube) gave rise to y-hydrexy-
sinnoline hydrochloride Hut that storage in a desicecater
pravented decomposition. A series of ésnerei observetions
{tabulated) together with partictular experiments on the ease
of phenexylation of sore QéeniareainacISnaa led to their
greéahian in order of inereasing resctivity as follows (/40):

6 uec (663 <umu§suwua (6 n o,
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GENERAL OBSERVATIONS,

keChlero«f=

ssthoxyeinnoline

Spontenecus

Impure ciaen
gave dark mass en
atanding.

ncsoggopjtggs in

Unaffscted by shert
beiling or stending
&t R.T. for several
hours {w, 411,
nineral asid).

4:6-Dichlore-
sinnoline

Stabdle to atmo
spheric moisturs
when pure.

Wers 28-hydreshleric’
asid caused hydre-
lysis.

i=Chloro~
aiaanlinp

Deeomposed in one
or iwe days, more
slowly if in cerked
tube. Stabie in
desicaatar.

Gave hehydroxysinneline
on warsing with water;
accelersted by mineralX
asids. The hydrechleride
iadicated more
thua $alt forming halo-

gen (33 )

4+Chlorosbe
nisrecinneline

VYery r 161 Qe
czgoa:g 1ﬁ;§tue~
sphers. Yellow xals.
turned dull in a fevw
howrs. Dssosp. to

plete 1n one wonth,

“

hydroxyeinasline coa-

Similar to y~gchloree
‘1%11" « EBven
resrystallisation from
aleshol precipitated
the 4-hydroxy-compound,

Reference was made to the tﬁeor&£ic.1 suggestions of

Panks (/6 ) who sxplainsd the reactivity of certsin halegen

atons 1n hetergeyclic systems, e.g. by & tautomerie shift of

‘elcetrenavtowurﬁs the nitrogen stom,

It was aspparens that
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the X etoms of the claneline ring showed enhanced resstivity
in this respest and the order of increasing resetivity was
also sssociated (/40) with the same seguence obteined when
the G-substituents were arranged in -arétr of "decreasing
pover of slsctron roin.n", the é~nitro group being, by
virtue of its eleatrophilic character, the best stisaiant te
sstivity on cg.. The develepment of an integral positive

' chcrg& on the ¥ atom was suggested by Banks (/L ) te explain
t.m enhanesd reactivity of hnachnhﬂtarecyelies in acia

solution.
[ [t __ H" 0 ¥ gteser
e cLoC
c\ﬁ? Nx 51"lé \K
H

3uch & mechanism sxplained weil _‘thé reastions (X) tabulated

sbove. Comparisons were offered (/40) with the reastivity of

comparable compounds in the gulnoline and asridine seriss but
the lack of quantdtative data was stressed throughous.

{ther reastions (ko) of yechloreeinnoline iteelf inslude
tie sction of feetis anhydride, gix&n;‘tm asetoxy-compound; an
attempt to prepare a Grignard reaegent failed and yeghlore-
¢innoline could not be reacted with tensens in the pﬂnnu of
| aluminium ehloride, Trestment wttla ;:ahnim eyanide in
gct«bancl gave enly u«mtyoxyazmnm.



u alresdy nmuonsé (mgt 36). the rtaetivu.y of

&e-ahlerssmmum was guigkly exploited by Busch end Klets

{33‘) who prepared Leanllineeinnoline and 4-p-toluldinesimnoline
by dirnﬂ reaction of the eh;ereoeaméam with aniline and
ﬁw%hzmim respectively. This method of characterisstion

was adepted later (/i0) and the anilido-derivatives of
 6emethoxy~ and 6-nitro-yeshloro-cinnoline were prepared, the

. latter being notabile for its bright ermgt geleur, uttrl buud
to mc prcﬁeu:&mma of the fora (mx). Prelisinary attespts

' ,N-cc Hs ' HN”@
QN % o
N ' ,N
H .
(XX (XXX)
using tnt}xrmnm acid as the amine were begun with a view
to preparing (XxX) but little sucoess was sehileved (/40),
A scheme (A) for the preparation of y-aminosimneline from

NO
NHPh ‘ N-Plv HN NH;,

. NO
Q’“ 3 @ — Q0
N”
q-\vannmﬁe;xmaum has um r&,paﬂed (/h0) But preliminary
attanpls Lo earry out the first stage mi with no suscess.




Other attempts to preparae u-aminéq&mnolino also feiled: thus
.u-chlorgcinnoline did not react with liquid ammonia or with
9otassium>phthalia1de in the presence of potassium carbonate;
with aqueous alcoholic simonia at temperatures greater than

ieﬁo'u-chloroeinneline gave no useful pruduct.




waimums. |
Reference has slready besn mede (puge 36) to the

praparutxan of y-sthoxyeinnoline by Busch and Klnﬁs but no
further &a:apiea of Shis type of compound were pudlished
ansiz rccensiy. Thees exsmples, furnished by Sshofield and
51my&en (14[), Qre§¢ ¢nrxng & study of the reduetien of
&.;.m.u«mmmxmxm thbugh the bellief that the ampho-
%arze patars ez 6~amxa»ouanyaraxycinnclin: was purtly |
| rcapensiblc fer zht tailﬁrt to isolate appreciable aseunts of
the 1at%ur fres any of numerous exgarin&ntc. It was hoped
that methylation of 6-aitre-hehydroxycinnoline woald provide
material more smensdble to reduction and isclation. Trestment
with dimethyl sulphate and slkali gave “"extensive decompesition
and formation of & tar® unlaess the §nnn$3siea were so arranged
as to ensure an acid medium, Under these conditions thers wes
‘ahusin.d a high yisld of methylated products from whieh twe
" isomerie compeunds were isslated; the predominsat erange-
eolaafﬁd one, M.pP. 229°; was originslly regerded as f-nitro-l-
pothyl-fi~ginnoline (XAXI; R = xﬁz) and the pale ysllew con~
comitant substangs, m.p. 1637, a3 6enitre-iezethoxysinnoline
'(XXKKZ; R= HQ ). ,
oMe 0 0.0l oty N
b o8 b
, AN NAY

(z‘m) RO1 ) (xzm) (AT
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These structures were discountsd by the facts that -
{a) Hethylation of y-hydroxycinnoliine itself gave a

colourless derivative which must have been l-methyl-i-cinnolone

(XXXI; R & H) since it was difforent from authentic 4-methoxy-
cinnoline (¥XXII; R = H), prepared from Y~-ohlorecinnoline and
godium methoxide.

(b) y«Chlore-6-nitrocinnoline, on treatment with sodium
methoxide, gave a third ieogor, MePe 19&0, undoubtedly 6-n1tfo-
y-methoxycinnoline, Adoption of the methyl nitronate structure
(XX%XI11l) for the substance, m.p. 2290, and the cinnolone form
{XXXI; R = Nné) for the isomer, m.p. 1539.'cleaf1y solved this
investigation.

An interesting attempt to prepare a compound (XXXIV) of
this type by reaction of 4-chlorocinnoline with sodium
p-dlethylaminoethoxide has been reported (140) but "the
product was an uncrystallisable oll”,

Little is known of the properties of y-alkoxycinnelines
buﬁ Busch and Klett (35) obsmrved that bolling alcohol cone-

verted y-ethoxycinnoline inte the hydroxy-compound.




"“5‘

phenol on Geshlorecinnolines in the presence of potassiuam
hydroxide was not merely of value for synthetlc purposes
{sae étlov) hn;_yic:did useiul information on the raaotivity
of.u»e&laroeinnoliast (/40). The 1atﬁor'o§&1:¢tien.wat only -
spproximate sings the yiéxds of phenoxy-compounds wers not
acourately determined; e.g. the great reactivity of y-ehloro~
6enitrocinneline sxhidited itself by rapid dscempesitien te
the hydroxyeinnolins rather than by an enhansed yisld of
phenoxy~coupound; agsin, the G-methoxy~-derivative was only
obtained in poor yleld under compurative conditions bat longer
heating of the ecomponents gave a 707 yield.
y~Phemoxyeinnolines are genersily essily soluble in
elechol, mederstely soluble in ether, bdud only sparingly solubdle
in ligrein er water, Eartiai fizsion %o 4~hydrexycinnoline on
- refluxing in alechol has been observed (/(0), this behaviour
being corparable $o that of {-sthoxysinmaline, aAgein, treatasnt
of u-pnaaﬁxyclnneliné with boiling aﬁttze anhydride gavs the
acetoxy~coupound. Y-~Phenoxyeinnoline could be resovered
wnohangsd from its selutisn in dilute hydrechleris aoid snd an
attempt (//0) to prepars the hydrochloride in dry sthereal
polutien gave an indeterminate result since Ghs {supposed)
hydrochloride decomposed to Y~iydrexycinnolins on moderate

“heating,
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The most important applicetion ef k»phamxyesmnms
has been to the preparation of gomposnds of the type (XXXV)
which it was hoped might show antimalarisl propertiss. Sush
& typs provided einneline compounds related to the two mest
susgesaful uynﬂx;tie antinelarials knows at that tin*, 8-
pserins ﬂﬁmi)_ and plasmequine (XXXVII).

» o CHs Mﬁo N
NH-x-NEt, NHJH‘(C"J-)z.NEtL N
R N - MO :
(XY () (XXXVIT )

A%tem_ptl (/40) to resect L-chloreoeinnoline with Z=umino~f
asethylmmapm{me were unsuecesssful although direst
condensation of 3-diethylaminoethylamine with L~chloroeinnoline
gave s ressonsble yisld of ye(f-diethylaninosthylanino)einnoline
(XXXV; R» H, x S (CHy)n). The formation of "tars and un-
srystaliissble olis™ observed im the rirst sxample was
reminiscent of the resulte of Kermack and Goodsll ( S1) and
Wegidson and Grigorowsky ( 98 ) during similar experimente with
certain S-chioroacridines, The proeedurs sdopted (/40) was
based on the findings of both groups of werkers and consisted

*aetan the discovery of "pamaﬂm'.
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in heating the amine with either %ﬁa phanexyuéeapcuad or with
& mixture of shlorse-compound and phenol. In this wey
el =nothyl-f~diethylaninobutyianine)cinnoline and
‘k&(ﬁ?ﬁﬁt‘ﬁﬁ,l‘ﬂiﬁé'%ﬁ’lﬂﬂinﬂ)Qtﬂﬂﬁliﬂ. wsre prepared ind
sharaeterised as their dihydroshlorides,

It was sxpested thas avénmqﬁnoxyatroup would onhaéoo the
, antimalarial asetivity of the u~*hasle_iiﬁc ehain' ~sompounds
by analegy with the work of Ainley and King ( 3 IJihs, during
a satudy of synthetic gquinoline derivatives related ¢o gainine,
| abstvveé'tha& absense of & methoxyl greup was invariably
asnoviated with lack of antimalarial aetivity. Hewever,
6~m¢$haxy~u~(d»nothy1~S-di?tbylaalnobatylsmine)einn:liai,
prepared from ehe,ehlaréeeempaﬂnd in the pressnas of phenol,

gave éissppain&ing blological rtéults (sse %nﬁlc)(}cg)_

SOLPOUND (XXXY) - o /K8, AGTIVITY
Y, x ® SH) . R £ H. Sar
(). x cg(ﬁn){cﬂz)v, R2H §gg sggiig
(b3, x ﬁ‘Gﬁfuo){cﬁéja, R = (Me.| 60 None
{€). xxﬁ‘(sﬁz) . R®H, 200 ' Doubtful
"2 120 None
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Y=Alky)l end Aryl Cinnolines.
Following closely on the werk of Riehter (/30), am

tavestigation by Widean {(g5i5d of the 3-nitro- (and amine-)
dgrxvﬁtivss of umnydraxynprapylu and u%%reysnyzabtnzoic asids
led o the preparation of Y-methylcimnoline~T-¢arbexylic

seid {Ixt)?ﬁ Thie dissovery arose éaring the diazstisation of
3*&&1aeawég%epenyXBonzaie aecid (1I} lﬁé was unexpested sinse
similar treatment of Seamino-i-hydrexypropplbenzeis acid (I)
hed given the wsual phenolie produgt, Farther, it wes known
that c-~aminocinnamic aseid, "a sisilarly cenatitﬁ%-a compound®,

behaved normelly on dlasotisation and furnished o-cumaric acid

{58).
ch chy ch ch o
OGO o O
HO,C NHz Ho S NH,  HOE NZ"  Hog N7
(z) () m (I7)

A distinction betwsen the mods of formation of Richter's
aeié»ang that of hiz own eam§@and was drasn by Widmsan; he
' paiéasd oul that whereas Richter's compound could esnceivabdly
ﬁe fa:neﬂ by u&sr;tiaﬁ.az-tho hydrexyl greup of the diszotate « e

C=C. COH con)=c. coH
/ e
CGH$\N=N ok —_— C(,Hq.\Nztj

sethyleinnoline could only h formed by loss of & mcleculs of

X the y#&para%&sn ef this conpound and s study of some of its
reactions are detailed later (page /56),
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» '('/ﬂs ' ('/Hs
water, I
Ho,C. CLH ' HG C.C[,H3
* N N=N=OH; e \N=N

®idman could f£ind no experimental suppert for his tentative
suggestlon that a compound (IV) might figure as an inter-
| aediuie in the xarﬁaziaa a£ ths methyleinnolins.

Although Widuents aeid is the only L-slkylelanoline
available for revisw a considerable mmbar ef G-arylcinsolines
have been prepsred; the discovery at‘the sariy sembers
. iuppé?%a the generalisation that eiaaeiins.ehcniitry-%sgaa as
| @ meries of aﬁeiéaa&s. Thus hughanyieinnaiian (Vili; R, » 33 -
i) was obtalned by Stoerwer and Finoks (’5' §) sduring an
investigation of certain c-aminodiphenylethylenes soncerned
with the detection of stereolsomerism in the series®. Instead
- of ths sxpecied euhyﬁraxyucaaﬁauéd the ¢innoline was isolated
bn dilazotisation of the cempound (?IE. 33 ® H) and by
tie aaao progsdure 5~n0shgl«q~pn¢nglciaaslino (VIII; Ry = H,

8 % #e) end Y~p-tolyleinneline (VISI; Ry * Ne, Ry 2 H) were -
R,

E::] JQJQ%——) O —
N&L [::I:NH;L
(x) @)

'*?ﬁtco authore vwers tnaware of Widaent*s work and when ths latter

pgtnﬁta out their mistake ((?3) it was explained (/59) that

ﬁid;mar& works {(s.g. ann&hutz~5ehreﬁer) omitted any referenee to
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prepared,’ The raguisite sthylenss (VII)} were nade from the o«

amino~ketones (V) as shown, the latter being produced according .

to the instructions of Ulimann and Bleter (/4,). Evidence in
favour of the einnoline s#rn@&ara for the two gompounds (VIII;
By ® H, Ry ¥ He; and ""‘1 * B, ® H) was their degradation to
5~mathyl'k~ghanyza1nnaiinie aﬁi& (IX; R = Gﬁﬁ) and y-phenyli-
pyr&dazinﬁ {X) respeetively,

H;)LC | \' R« E O/\NZN/\Q
HO,C N’ '
(1) - ®

An alternative a%ruc&ura (XI) wan ra3aete& when its undoudted

instability towards oxidation was considersd; further, the
fact that diagotisation of tb§ tromo-sthylens (VII; R, = H,
33 S Br) gave only a poor yleld of &nphﬁnylcsnnelin. - &C~
compenied by loss of bromine and much resinification - was
inexplicable on the strueture (XI). |

The absence of cinnoline formation on diasotisation of
the carbinol (Vi; Ry = i, R, ® Ne) indicated the essential
neture of the ethylenic side chain for cinnoline syathesis
and this wae in accord with the known 5us¢cpt1§&11by of such
a group to undergo addition reasctions giving cyellc ebnpeunﬁc

(34).
s’
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Apart from the preparation of several salts, Stoermer
and Fincke ¢id not develop the synthetic chemistry of their
coupounds. The colour of several salts was noteworthy; two
hyériodides of y-phenylcinnoline were prepared, & ysliow
veriety (CyyHiyolia)p-HI and a rod one, Cy H N .HI, the latter
being formed spontaneously from the former. The colours of
solutions of the salis in various selvents varied widely, this
bashavicur being resiniseent of cinnoline methlodide,

The redusdion af'nnphcnylaianozinS'waa carried out by
Neber in 1929 (//2) and both the dihydro- and tetrahydro-
~ compounds were prepared. Reduction of the ¢innoline or its
dihydro=derivative #ith 2inc and asetic aeld furnished
_ 3-phenylindole in good yleld.

§=(p~Anisylleinnoline was desoribed in a later paper by
Stoermer end Gaus (/60) which wag amparmtlﬂtar two reasons.
(1) ?w' the first time a cinnoline derivative wae

degnaded to a known eompound {(page 50), and
| (2) Soms atitempt was made to sscount for the knewn
limitations of the r&wnqm

The degradation proved the assumption, made earlier in
gonnection with the degradation uf y-phenylcinnolins (page,s)
that the 2-carboxyl-group of L«phenylpyridazine~-2:3-dicarbexylic
- acid is nliminattd?&rsi during decarboxylation: ‘thﬁ proef




Wb+ HBy HBy |3
[ O0H ] OH OH
Hy0 LN

HO3O N HO.0NAN N
(), ! Y,
: N* . N? N*

COH

Ty louha H%

'N*N (-—UO. ,NéN

as (B.het),PEet, . | (K—Lr)

¥ Fyridazine was first preparsd by Taudber (/04) by exidation
degradation of phenasone (3:4~Benzocinneline):-

CO,H O, H

A
N ——> A v — ] — ﬂ
N7 oL N? NN N#

Howsuyr, the constitution of the acid (XII) was resily
proved by Cabriel (45 } whe obtained it from phthalazines.

OH OMe
AN S 2% P 2 PLAZYS
Ay — | — €< L !
~ LA HOLD U/ A UA
CQ/ .

2~Z
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rested on the identity of the product (XII) with euthentic
prridazine §:5-dioarboxylic asid,

| y~Anisylelnnoline formed brightly coloursd salis

siuilar to those of Lephenylolinnuline, and iike the latter

gave &ﬂe.éitzbfeaﬁ gold double~salts, B.HCL. Au 613 and
(ﬁ¢ﬁ€x)2 Au Gly. The sotion of bolling Soncentrated hydro-
bromic acid on u~{p-anisyl)cimncline furnished y-(p-hydroxy~
phenyl)ecinnoline (XI1I); 4:ds also gave highly celoured
»salﬁg and é deep yellow solution in agueous sedium &ydroxidb.
Ths‘genfitaétian of Flschert's (5§ ) result on the diazotisation
of owaminocinnamic acid indieﬁ%&é the adverse srffect of a
negative group on %h#p-cwatag but the assertion of Stoeramer

aﬁﬁ Gaus thet the opposite ‘groupe-effest’ relationship operated
in the case of the(-Cwatow was withoul experimental support.

~ The poesibility that the Widman-Stoermer rcaation would

prove to be of wide spplleability was strengthened by Simpson
~and Stephsnson®s preparation of thrse mew L-aryicinnolines
{152}, The o-smincethylenss required were proparié by the
é«ngral method of Stoermer and Go-workers; Shus the anhattns;
(XIV) arose frem Sebromc-2-sminoscetophenons by s Grignard
reaction and subssguant deaydration of the carbdinol. Diaso~
 tisation of the ethylene-sulphate in diiute sulphuric acid
furnished 6-bromo-y~phenyleinnoline (XV) in almost quentitative
yisid, |




Synthesis of thi- cwaninoketones (XVI and XVI1) was
achisved using the methed of Zincke and Siebert (/9/) although
~ reduction of the anthroxans to the ketones with iron and acetie
40id was more sﬁiaﬁa&@ry than the originsl methed uasing $in
and :ayd?as&zlade agid. The action of meshylmsgnesism lodide
on compound (XVI) gave a resin froa which the o-aminosthylens
(XVIIi1) was eveniually obtained pure via the hydrechloride.
Diazetisation of the latter yielded G-ohloro-ie(2'~hydroxy-5'-
methylphenyl)einnoline (XIX). The oarbdinel from the ueé@ﬂd
aminoketone (XV1l) wae spontansously dehydrated to the oihylcm
{xx’), Shi@h.gi. on diazotisation in hydroghleric acid. gave a 707
yield of G«chlorosy-{4*-hydroiyphenyl)oinnoline (XXI); diago-
tisation in dilate sulphurie ssid gave only a 507 yield of the
einnoline, | |

It was clear that proof of the structure of these sinnolines
depsnded on the correctness of the orisntation of the inters
nedidtes. Simpson and Stephenson followsd up the deamination ef
{XV11), previously effected by Zinocke and Siedert, by oxidation
te a-chlorcbengolec anid, 3Since this rsmiﬁ could have arisen
from the 3echlorg-Z-amincketons, the substance (XVII) was —
cenvertsd by a Jandmeyer reaction and subseguent exidatisn inte
2:5«dichlerobenzeic acid: this raa:éle vas: also obtained using
the kestone (X¥i), thus ﬂx_tng the positions of the amino~ and
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Routes to thres new yearyleinnolines (/52).
31@60m Y s a&\@q\%——? (C
o
| NHy. NHy N

" @ @

¥ OH
CHy @ @
c&@c\\% @ COH cg@c;g&ls
N, (fee) @ | NH
l(x T l
OH OH




chloro~groups, Aan unsucesssful attenpt to confirm the pesition
of the hydroxyl groups in sach of the aminockeiones was also
reporsed, -

The attail of the abdove inves%igazieu, with partieuiar
refsrence ¢ the ﬁmzaarntim of the internediate s-aminobengo-
phenones, has been reported by 3tephenson (/57). A nuaber of
unsuccessful stieumpts to prepare cinnollines by new routes was

also dassribed;-

R , R /‘COCH3 R A
I @ CH.COEE . .
L oter |, AN
(&)
0 | R J,

1 CH

M@Ow Q/\}cua JOO %

Y HaN No, N.OH 0N N?
- No(gm) (A |

Hydrolysis of the ketone (XXIZ; R ® H) ¢ould not be achlieyed

- meing boiling dilute sulphuric aeid - ring elosure appeared %o

oseur giving (XXIII). | | '

_ | 2m»ﬁiﬂ.niﬁraphmyiwewnc wae prepared by the hydrolysis

of (RXII; R = H), the method used by Borsehe {26)., After

raduction 1a @iﬂ solution had failed careful redustion of the

exime of the pheanylacetons geve & monoamine tentatively

represented as (XXIV). Diazotisstion of (XXV) foilewed by




B
| VE::ITCHO CHyOH [::IC&QH [::(C&0H<mw (::Ii\j
2, NO, NO, Nu,, NHNHy,
reduction gcvt & highly ceoloured anarph&au product which

would not react ﬁsﬁh Ketones; 1% was presumed to be the

‘;nﬁasala

| olu iy o
NHNHL A “ 'N“

V% (e - N (Z&&’.L)
" Again the hydrasime (XXVI) yielded enly the indazele (XXVII).

. @cuzcumou ___) o .-
Ko NO, NHLRJ.OH _-) , N,N
(o) ' A

Attemptad reduction of {XXVIIi) gave only tarry matsrial.

Although soze attsapt %o nginin tht affe0t of side
shain substituents on the eyclisation of o-sminophenylethylenes
was made by Stoermer and Gaus (page %1) nc ssrious study of
this aspsct of cinnoline chemistry was roparted antil 19u3. 1In
this year Simpson {/50) presented a review of the dlazsiisation
of sou@ o-amino-ethylenes Logether with sore new exampies of
yearyleinnslines, the preparation of which waes highly relevant
%o the &rgﬁguﬁin propesed, Since the actual review 1s largely
of theorstical imporsence it will be dealt with later (page ¥4 )
and the smore factual sentents are reported utlow.
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0 —Ph
\
C-?b R
e el Q0 ‘S
Nf
XXX |

(XYIX) (X311
The ethylene (XXIX) was isolated in both geomstrical forms
and diazotisation of sach of these gavs 3 :y-diphenyleinnelins
(XXXI; R = Ph) in high yield, Both forws of the sthylene

. wers stable te hot alcoholi¢ hydrochlorie seid,

Two sterecisomers of the compound (xxx}. were isolated
bnb’aviaglie the gtability of Gﬂ§ of thess towards both
diasotisption and acetylation the extent $o whigh ¢innoline
formation depends on spatial eénfiguratién ¢ould not be
esbtimated in this case. The diazotisable ethylene gave
u~phaay1*§-€1°-nnphﬁhy1)¢innoline (XXR1; R s xX-naphthyl) to-
gether with a hydrocarbon 923316, believed to be 2-phenyl-
ehrysans (XXXII). In contrast to the diphenylwethylene
(BXIX) the unreactive lsomer could be converted to the
diazotisable typs, the ‘gis' configuration of which was
evident from i1ta ability to glve the Pschorr produet (XXX11),
(132, see page 53y, |

4-~Pheny l-3-benzylcinnolins (XXKL; R = Sﬂzﬂélis) was
prepared by didzotisation of the eorresponding ethylens, as
in the two previous examples, the cyclisation was not
spontaneous and the congentration of the acid medium wao

suspected as being responsible £or this resuls,
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Attempts to prepare the butadiene (XXXIII) were
unsuccessful since the requisite carbinol resinified when
‘treated with hot dilute suiphurie acid. The carbinol
ylelded some normal acetamido-derivative on acetylation
but the chief product was a basic substance which underwent
rearrangement in hot dilute sulphuric acid; theée results

are represented as follows.

P OH | | Ph _OH
(:(“wmwmm, _ R Q:[&WMWm& +
NH;‘ NHAO
| Ph.  CHy, CH:CHa P o%ﬂ ”
. Uy
SONENL I @ &
?v . ‘ NH ‘ NH 3
@C*w.cuza(,, [ HaS% o
NHL ? CH:CH.CH; . P
( ) =0 - OR | CH
NH NH 3

Synthesis of some 2-aminostilbenes with varying B-carbon-
atom substituents was élso cénsidered. Using the method which
~was generalised by Pfeiffer ( (/) 2:4-dinitrotoluene was
condensed with furfural and the product rédnced to yield the

isomeric amines: $;
. o CH:CH.CLH;0 %
QG et L, Qs
- ON N, HaN NO,, NH,,
| (7o)

Since neither isomer gave any crystalline material on
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diazotisation, other ;cndcnantlon products, prepared by the
use. of vanillin or piperonal instead of furfural, wers not
studied, |

~Althcugh the 1§heraturo snrvéy, ihleh was reported by
Simpson along with this work, has been left over $o a later
section 1% is emphasised that both contributions are essential
+0 the conclusion reached.:“that»tho formation of einnaiines
from ethylense of the by?' (XXXXv) does not oceur whers Rz is
aryl or another negative group and Ry 18 either hydrogen or
carboxyl®. ‘

Hentlon may here be maﬁ# of an invesatigation by Zerner
(190) who, by boiling the phenylhydrazone of diphenylhydroxye
acetédahyde (XXXV) with aulpburlc'ueié, obtained a red crystsl-
line solid which he represented as a dihydrocinnoline (XXXV):

1’,"\ Ph - Ph Ph P Ph

: ge
N‘N

on CH > I
N N
NH” (XY N
The deep colour of this compound and ite lack of basicity, in

I8

(%xRT)

contrast to the properties (page §) of cinnoline and 1:2-8i-
hydrocinnoline, were both attriduted to the phenyl greups
attached to the heterocyeclic ring.
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N-Substituted Cinnolines.

" The earliest member ﬁ:n_éhis geries, prepared by Fischer
and Kuzel ( L0), w;as' referred to by Widman ( /82) as ths only
einnghm derivative, other then the Richter scid, whieh
was reported prior to Y-methylcinnoline-T-carboxylic .asid.
an attempt (J58) to ring-close the G-nitrogen atom of
c~hydraginocinnemic soid with the carboxyl group sross from
t.fm‘ earlier observation of Fischer (57 ) that reduction of
the diszonium nitrate of c-aminocinnamic acid ylelded
ﬂmminwz-qu&mlanﬁ Careful reduction of o-nitrosoethylaminoe
cinnamic acid with 2inc and scetic acid geve an acid (instead

of the expected hydrazine) which was reedily decarboxylated to

a base cmﬂm'ﬁz.

OH=CH. COH CH=CH.COMH
@N HEE @f'q -NO > Go H“ Nx COH —> C,o H(LN,L

Et
The following structures were suggested for the base, "ethyl-

chinezole”, but these cinnoline-type possibilities wers later

O QO O Qo
N/ c NI N/ N/

Et £ Et Et

discaerded { 6/ ) in favour of the "“isindazele™ strueture (I).
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The evidence for thzs'ﬁtcisian was -

(a). The oxidation of monobromoc-*ethylshinazole
earboxylic écid' (xi) to an aldehyds and thence to an acid
which decarboxylated to a compound ugﬁ N.Br.

f : :N/

(11) Et , E b
(t). The synthesis of 'athylchinazola' (idantical with

tﬁe-ar&gina; preparation) by an unanbiguous route from o~aninoe

acetophenone,

QG — ¢ ©< (*
—
NH, NHEE N o NN

(@) g
The prgparaﬁion of another compound of this group vas
claimed by Tichwinski (/470 ) during his study of the reaction
between zinc dlethyl and benzene diazonium chloride; he
| isolated from the llguid product mono- and di-etiylphenyle
hydrazine and a feebly basio swcatAsmellgng oil, ﬁlcﬁlkNZ‘
This compound was prasumed to be Neethylel:2-dihydrocinnoline
(111} formed thus:= .
C,HsN (=N ~ — € HsN(GHs) =N
CaHy by ZuEty tH0

mH < C(,H5NCQH5NHC;1H5

(@ ")

Later, Tichwinski (/7( ) prepared the same substance by the
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action of zinc disthyl on phenylazoethane,

In 1911, Ullwann snd Schalk (%) used snthraguincne
o/~carboxylic acid to synthesise two new derivatives,
*pyridazone-anthrones®, which can be considered to be

N-derivatives of dibenzo [do,h ]éxnnnnm-j,‘?e-diom (1v).

An abttempt (54 ) to assign correct structural formulas

to the three possible hydroxynaphthelene-l,fi-dicarboxylic
acida usilng the known directional tendencies of coupling
in X~ and S-naphthols led %o the discovery of an anomalous
coupling reaction. Whereas 3-hydroxynaphthalens~l,8~di-
~ carboxylic ascid gave the expected szo-compound the 2- and
-isomers gave alkali scluble products which were converted

tc alkali insoluble substances on heating with scid or
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m&;aiy an organic solvén&,'this result hcing»rcvirscd by

hot alkslis.
' Ph

OH R & pp—

This cyclisation of the 2-naphthol probably takes place

through the quinonoid form (V); the y~hydroxy-compound
 gives rise to (VI).

Hoe N-NHPH 0= Ny

Q0 Q0
@) » () ©°

Particular intersst attaches to the next N-substituted
einnolins in view of the noval method of preparstion. Aan
1gvcs%igation into the course of the “azo-ester reastion*
led Diels and Alder (50) to the prcpaﬁatien of tetrahydro-
pyridazine derivatives from certain unssturated hydrocarbons;
these synthesss strengthensd their belief that toe much stress
had been made previously on the role of substitusnts. The
1&%&3& had mersly confused the fundamental requirements,

namely, en ethylenic system to which l:y-addition might take

plece. Styrens reacted with two molecules of the ester



(curiously only when R # He and nyt when R = £t), The

éubsganca (VIi) was unattacked Ly bromine, oZonolysis was

RO~ N. NH.COR
CHy : N
XcH, N. CoR 4 >
+ S L VP g -

ineffective and ﬁyﬁrogenatian produced no positive result,
gltnengh stable to concentrated aguecus hydrochloric acid
and concentrated asmonia the substance (fii) on treatment
with 337 agueoudn pcsﬁtslumihy&rexide gave rise to (IX),
obtained via the potassium sald (VIII) by the action of 5C..

agusous acetic agid,

CH30,C —N.NH.COK CH;QLc.N~EJg

NH AN ‘
W () v (1)
Puring researches on tetrahydroindazoles .iuwers ( /0)
deternined the structure of benzoylated hydroxymethylene

cyclohexanone by cyclisation of the phenylhydrazone

LCH.0Bz CH:N.NH.Ph
oL s
SN.NH.PW - 08z

to the indazole and conparison of the spectrochemiceal constants
of the latter with those of authentic l- and 2ephenylei:5:;6:7=

tetrahydroindazoles (X and XI respectively).
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by

, CO. COLEE CONDENSATION __—=<':.co;H + ' C.COH
HYDROLY SIS ? QN,N.PK NN

SO W NNHPA |
Ph
MeOH -0y,
H ¢
OH A
—_— ) EMMYL
S NP " Ta00 7 (U Nph  nckanseD Esren "

(L) (x1) (x) o
- The mixed etﬁyi-aasers foramed by the original
condensation were accompanied 'by the cinnoline-derivative -
{X1I), which, like the phenyl~aethyl-bydraxjpyr;dazgnc of
ach ( | ), possessed both acidic and basic properties and
gave a characteristic colour with ferric chloride. The
isclation of (XI) from the clnnoline (XII) is analogous
to the preparation df Ach of a pyrazole fram'hia pyridazone.
Yot anothei cxémpln of t.ne. preparation of a cinnoline
during ftqcarahgs on entirely differsnt compounds is apparent
in the preparation bf Ebel, Huber and Brunner {55) of the
einneline {XIV) from acetonylcyclohexenone (XIlI), the latter

being prepsred during e study of Bz-tetrahydrocsoumarones (XV).




| O’w }
il
' X0 C-OH
. \CH3

C 1 oaH < e (I—ICQLE" O/w “eo PhNH.NH (}(\'%
o cHy KoK 07 Chls o e
(x0) - () (xw)
It is nobeworthy that tha'aame mathod has bsen applied
by Hale ( 70) to the preparation of several pyridazine derivatives
from l:i-diketones.

Wittig and Stichnoth (/33), during work on the con-

flgurations of phenanthrenes and phenazonas (page 89 ), found

with two atome of lithium, scdium, or potagssium [}zobonxnn&

adds on only one atom/mol. §l39)]. Treatment of the lithium

" adduct with methyl sulphate gave":5:9:10=-tetramethylphenazone®

{(XVII). The structure of (XVII) ugs‘pravgd by reductive fission
followed by resction with toluene-p-sulphochloride, the product

being identicel with that obtained when "o:o'ediaminoditolyl® is

|
that "4:5~dimethylpiienazons® (XVI) formed addition products
‘tosylated’ and then methylsted.



¢, Ch, oy o
Li R
() " (xem) J, 1
I R REDuCTION
| +TOLUENE- b~
- CH CHy Do ;‘ 4 : ~SULPHONCHLORIDE
‘TOSYLATE ' e |
NH, NHy CHy™N - N~Chs
Tosyl Tosyl

?ﬁ@fcinnblins (XVI1) {and its o-bronocamphors T-sulphonate)
weré alowly decompesed to “4:5-dimethylphenazone” in acld
solution with the development of a blue colour. That this
decosposition was caused by atmospheric oxifation was evidant
when %hé.aama result was reagched using mild oxidising agents

ané the f@llowlng scheme was propaeed.

Chy O
2 G ——s (5 @ O
CH;“N‘N"CH3 '
H™ x )l( H CH.3 CH3

The 1§,10'-dliydro-compound was prepared and isciated as the
sulpiiate but attempts to regenerate the fresbase gave only
ﬂu,sna'iméthylphanazéneﬁ". The difficulties encountered in the
phenazone seriss in conjunction with the known futile attempte
of 3ako {see below), led to concentration of the rescarsh on

the phenanthrene fileld,
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Exploitation of 4:6-dinitro-1:3-dichlorobanzens as a
source of benzodipyrroles by ‘;‘;uggn and Straub (/33) gave
rias to the compiicated cinncline (XVIII). The following

scheme, one of many carried out, indicates the route to the

¢inncline derivative. '
EE0,C, . COEt EbQG  COfb
| ¢ tH0¢” U\w% —> Yh=C >
ON NGOy, 0N NO, (#5€0.0 N NG 00“':,‘%
HYDROLY SIS
| NG Hs 5‘,-%“5
cu3coo COCOCH,3 ,C °‘cocu3 _ %w%m%w%
ONNNo,  Teon- "13"4 No,  GlisNO  oN NO,,

VIA olat'- CoMPouN)

0 0
~HNOD, CHy A ! CH; CHzc0 COCH;
éé'-lwnewwr)uvwe——% Nl k N’ N
¥ L0 1
I ‘ o
Ph Pu(xvm) P Ph (xx)

This was shown %o be distinct fron the substance (XIX)
obtained by similar treatusnt of thex«'-diphenyliydrazone..
Various uxides of cinncline derigatives can be considered
in this group. The first cinnoline oxide was obtained by
Tauber (/65) as a concomitant of “diphenylenazon" - a. coupennd

consisting of “a new N-containing closed ring system”, Uoderate
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treatment of e~dinitreodiphenyl with zinc and alcoholie
potassium hydroxide gave a monoxide (XX) and a dioxide
[pessibly XXx (a), (b), or (s¢)].

PGP

:’-‘Z ®) R
' ,z, a b
( ) - ( ) (XZI) ¢

The monoxide alone was obtained when the calcalctuﬂ guantity
of sodlun malsm wae used as the reducing agent. Both oxides
gave phenazone by further rsduction with ecdiam amalgam and

the dioxide was reduced by 2zinc and hydrochloric acid to the
diphenyl-hydrazone., The moncxide showed wesk basic properties
and the dloxide was even less powerful in this respect. Ullmann
and Dieterle (/75) prepared the pure monoxide {they quostion‘d
the putity.ot Tanberts oxide} from o-dinitrodiphenyl and sodium
sulphide end reduced it further to phenazons either with
stannous chloride an&lhydroehlaric éeid, n‘praccas later used
.by puval (53), or by an electrolytic method. Similar treat-
ment of the fequiaite dinitrodiphenyls with sodium sulphide
turniéhnd‘mhe monoxiées of(SfShdxmethyla and 3:8«tstra-
mabhyiaminﬁ-pncﬁazeﬂa[(XXII} and’ (XXI1I) respectively]and

the latter gave the corresponding phenazone on further '
‘redueﬁian:v the oxides were recovered aachanged on dilution

of the solution in concentrated acida{
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CH; Chs

&& | o,

“ CHB QH3 50
0 - Na-.S 9H,0
(ot R=Chy )
.  No, NGy \
[ XXIT; 8- N(cﬂg,)J PN oy G
| | | \ N=N
i
o (Xxv)

A mixture of the monoxide and dioxids of the isomeric

"tolagone® was obtalned by treating “2,2'o$£n1£rad1toly1“
} with éinc‘an@ potassium hydroxide but only the dioxide was

isoiaﬁed.(lo7). '

—-—>

No, NO,
0 60

In connectiocn with an unsuccessful attenpt to resolve
éuqatro-é'«acetamiaaoéiphenic acid,$ako ( /135) found that the
requisite intermediate Was formed by reduction of 2:2'-di-
meihyi-G:é'adxnitrédiphenyi with alcohollic sodium sulphide
at 50°; at 10@“. however, there vwas formed “L:f-dimethyle-

phenazone oxide® (XXI'v).
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The Nitration of 3:4-Benzocinnoline-N-oxide (83 ).

—>NHAc

| ) ) NHAe,“

NH, NHy

NH
(Rxvim)

Q7 M

(3XxvIT)
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In 1955 Hata and co-workers ( %/ ) prepared“2,7-
dlmethoxyphenazone” wonoxide (X{V) from the 2,2'-dianisidine
and hence by the action of hydriodic acid the corresponding
dihydroxy~-compound; this-uaa’iéontieal with that obtained

from resorginol.

w300w3 __}%ooca, _HT HOOH
Ni, NH, | $=N (X7 ‘ $=N
. A _ 0 0
The absorption spectra of the oxides of “phenazone"
were measured in 1936 (/28) and the close simllarity to the
spectrum of benzo[c]cinnoline was noticed, this being in .
striking econtrast to the effact of 'oxygenating' the nitrogen
atons é! azobahzenﬁ. '
liore recently the usze of the phenazone (b&nzacinnelinc)_
nucleus as a basia for potential chemotherapeutic agents has
stimulated nww interest in thie serises, and 5:y~benzo-
¢innoline-N-~oxide figures largely in this development., It
has been found (83 ) that Ullwann and Eietaéle's method for
preparing the N-oxlide presupposes the existence of free
alkall in the sodium sulphide used but that under such
¢onditions the yleld of oxide is quantitative. Nitration of

- (XXVT)
this oxide gave mainly 2-nitrobenzocinnoline-bé-cxide/together

with a emall amount of the 3-nitro-compound, this selective
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attack on the aromatic ring distant from the N—>0 group
being fully expected. Reduction of these nitro-compounds
with stannous chloride fﬁrnished the corresponding amino-
benzocinnolines, the orientations of thess being proved by
reduction over Raney nickel and heating under pressure with
hydroehlcric acid (see chart). The amiﬁdcarbazolos

(XXVII and XXVIII) compared favourably in m.p. ete., with

authentic specimens desoribed in the literature.

The reduction of 2-nitronaphthalene with sodium

stannlite yielded a curious clinnoline monoxide the structure _

of which is given later (page(ol),
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Theoretical Considerations.

In spite of the small amount of experimental evidence
available to aarly workers in the cinnoline field several
attempts to explain the nechanism resultiﬁg in cinnoline
formation were made and comparisons between cinnoline.
éyntheaes and thosé of other heterocyelic compounds were
often stressed. Reference has already been made (page 6)
to Richter's efforts 1n'this dirsction, e.g. the formation
of u-hydroxye1nnolina~3-earboxy11q.acid from diszotised
e-aminophenylpropiolic acid by‘simultanedus addition of

the elements of water and expulsion of hydrogen chloride, and

T 9" 7 o
< ' (2
Qreawn — | Qo — QO
NH,. NN N’
- -

Widman's cemparison of his synthesis with Richter's has also
been dealt with (page 4b6). 3Stoermer and Fincke (/58)
recognised the essential role of the ethylenic rather than
the aeetyienig side chain, the successful preparation of
,u-phenylcinnelinp and later (/60) l-anisylcinnolinebeing "
carried out to suppert this belief, The latier communication
(of Stoermer and Gaus) endeavoured to relate the ease of

cinnoline formation to electrical character of the ethylenic
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side chaln; thus the hindering effect of a negative group
on the w-C-atom was noted, Fiécher's ( 58) preparation of
o=coumario #cia by diazotisation of o-aminocinnamic acid
‘being repeated by Sﬁeermar and Fincke. However, no evidence
was produced in defenee'of the claim that a simllar group
on the o=~C-atom favoured cyclisation to the cinnoline,

A valuable classification of c-amino-ethylanes of the
type (xé) with particular reference to thé results of
diazet&sation‘was publisﬁcd by Siﬁpson in 1943; the close
in&egration of original work with this review has alre#dy
been stressed (page 58). The following groups were
considergd:

(a). Those éthylenas having no hydrogen atom on the

.3=Barbon atom of the side chain and hence unable to undergo

cyclisation to a cinnoline, e.g. GJum:gln@%H
N,
, C.CoH
NH,,

5"‘ “ T Xk
m @m (@)

(b). Compounds having the necessary hydrogen atom for
ainnolina formatlon to occur but which, in fact, gave the

“Pschorrascyclisation product on diazotisation, e.g. the
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substances (V and VI) investigated by Hayer and Balle (/o/).

COLH 9@ﬂ
RS SN
Nﬂy/ , N&ti:L
N | (/H34

(¥) (V1) |
This behaviour was attributed to either one or both of the

subgtituents on ima o/~ and /s-earbon at.amé.

€is and trans 2-aminostilbenes were included in this

group since neither isomer gives rise to & cinnoline. The
glg_form‘generally glves sorme Pschorr cyclisation product

but the trang isqmer undergoes decomposition; thus Ruggli
and Steub (/32) showed that dlazotised cis 2~aminostilbene
gave a good yleld éf phenanthrene whilst the ggggg isonmer
gave either irans stilbene (627 yield) or trans 2-hydroxy- -
atilbene and a little benzeldehyde. This decomposition of
3£§gg-darivatives has also bsen noted in the case of
y-cyanc- and y-nitro-2-aminostilbens (/Y(and/[34respsctively).
In view of these results, so unfavourable from the standpoint
‘of cinnoline syntheses, it is astonishing that in all but one
of the dlazotised ethylenés studied by Simpson (zee page 56)
cinnolines were the only isolable products. This contrast
¢learly indicates the powerful effect of a phenyl group on

the o«/~carbon aton in'pramebing cinnoline formation, especially
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since s!milar/i«substituents have already been shown to
ellmlnute cinnoline closure in diazotzsed gtilbenes. In
connection with the latter clause, the pos2ible significancs
of the low yiel& of phenanthrene acid from (V) compared
with the usual high yields of such processes was pointed out

by Simpson, although Mayer and Balle (/0] ) did not mention

any einnoline formation.

. (e) . o-Aminocinnamic acid end its derivatives; additional
(tggncarning the diezotisation of the former was
presented as well as the successful preparation of o-tyanc-
éinnamic'eeter by a Sandmeyer feaqtion on diazotised v-amino-
cinnamic ester by Linstead and Noble (9% ).

This correlation between the type of substituent on the
o«- andf} -carbon atoms of the ethylenic side chain and cinnoline
formation was extended to the nghter synthesis by 3chofield
ané Si@pson (/42 ). In the cyclisation of diazotised o~-amino-
phenylpropioiie acid there was sugaested the following mechanisnm

invokving an intermediate chloro-compound (see, however, page 34 ).

' : ol
C§5W Xy o Y- (0, H
@ \°‘°01H Em— lN¢N M lN’N 4

Since the preparation of L-hydroxyquinoline~3-carboxylie¢

aéid from o-formamidophenylprapiblic acid might be explained by
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by a similer initial polarisation it appeared that the
terminal carboxyl group was wholly responsible for the
electromeric shift; on this basis the diazotisation of
o-aninophenylacetylene would yield 1ndaz;le-5~a1dehyde
(VII).V Howe&er; the fact that phenyl- and o-aminophenyl-

| cl'\:) 4 - CHo
Ko — QL™ 12> XX
aagtylene yield the corresponding acetoghenongs on.hyggflion
( 63/D)together with the known behaviour ('4) of acetylenss
of the type CH,.Ar.CiC.Ar* on hydration (glving Ch,. AT .CH,.
CO.4Ar'). led Schofield and Simpson to predict the cyclisation

of diazotised o-aminophenylacetylene to the einnoline:

. @ OH

N’

@ §CH’ ; ‘ \N ( \N
N{ () N? N¢

.Thls anticipation was Juatified,.u-hydroxyeinnoline and its
6-methoxy-analogus being prepared by this method in good yisld
(page 28). |

In a consecutive paper, the seme authors described the
pneparation of several cinnolines (/41) and worked out a
comprehenslive mechanism for cinnoline syntheses. From their
own wide experience in the preparation of hydroxycinnolines

it was evident that weakness in the basic strength of the




aminoketone favoﬁred cyclisation (compare the ready solublility
&n aei&s of 2-n@ino-S-methexyaeetophenane and 6-aminoaceto-
veratrone, neither of which form cinnolines (page 27), with
the weak ﬁaaiéity'of 5-n1troezcahinéaéetbphehone). Ready
enolisation of the ketonic side chain was recognised as another
essential, although this would obviously be more important in
: a digcuss:on involving p-substitaen&s, Any mochanism involving
the operation of such enolisation was considered desirable
"since the Boréche typepof‘eyciisation could then be correlated
with the syntheses of Richter and Stoermer.

Birect hydration of ﬁhe acetylenic bond in the Richter
reaction was dismissed when the usual conditions (75 ) of
such hydrations were consiaered. Again, the 1de§ of an
 intermediate chloro-compound was not consistent with the facts,
(a) that o-am;ne§henylprepislic,acid could be successfully
diazaﬁised end cyclised in sulphuric acid, and (b) that the
ready hyﬁfolysis of such an intermediate iz not feasible in
view of the known stability of (e.g,) 4-chloro-6-methoxyeinnoline
(page %37). An acceppable solution to this problem was reached
by preposing'in%ramolecular coérdinatlon (of the anlonoid
carbon atom of the side chain with the diazonium kation) as the

essential electronic requirement; subésquent_hydroxyloion




attack occurring thus:

oH
: : . - L HY OH
R@,:C*‘c. oy .k if_c.cogu AN Ny o
NH, Ny X" : N*

| (Vi) |
From this base was bullt the whole argument of the thesis -

that the.three chief cinnoline eyntheses were "essentially
manifestations of the same fundemental process" (/421),
Complete hjdrntien (by coordinatien of a proton with anionocid
carbon) was rejected as an intermediste in the above mechanisnm
for two reasocns:

(a) o-Aminobenzoylacetic acié, the intermediate of the
hydration hypotheslis, shows a marked tendency to form quinoline
deriva;ives. none of which were observed by Schefiéld and
Simpson; - also (b) the process of hydration must outpace that
- of dliazotisation (an unllkely probability), the alternative
being the mechenism shown shove via the electromer (VIII).

Moreover, on the hydration theory it was impossidle
to reconcile the facte that diazotisation of certain o-amino-
phenylacetylenes gave good yields of cinnolines whilst related
o-am1néaaetophenones, which ex hypothesi are intermediate in
these cyclisations, gave little or no cinnoline on similar

treatment.
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In diazotised o-aminoacetophenones the increased kationoid
activity produced by nuclear substituents (R = CN, N°2' halogen)
led to a general shift to the right terminating in the hydroxy-
cinﬁolxne. A similar polarisation explained the Widman-Stoermer

o R o

R C~ C\ﬁP

CH3.___\ -—>@\__)
N X- ’ N’
reaction, the anionold nature of the terminal carbon atom belng
induced by an aryl o-substituent. The explanation of "ir-

regularities” such as the formation of 2-phenylchrysene (IX)
" E::]+ ﬂ'ii
Q4 S
(VY H .
@ CHR, ———> R — ,\ R

+ - 2 N

as well as uvphenyl-S-0x~naphthy1)cinnolige (page 56) did not

require any addlttona;»assumptions, the reason being the

increased ‘ability of the X-naphthyl nucleus to act as a "sink"

for the électron drive from the o(-phenyl group. This process

Q¢ o
%‘“‘* T — X

(IX)

reduces the anion®ic charge on 95 with conseguent reduction in
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the yleld of cinnoline. The abzence of phenanthrene formation
noted when the Cj substituént was phenyl (page 56) is not
surprising in view of the smaller elqetron capacity of the
single aromatic ring. | ‘

It was of interest to note the different sources of the
proton which is eliminated as HX; in the Widman-Stoermer
reaction it is eliminated from the Cs position, in diazotised
o-aminoacstophenones the hydrogen atom of the C enolic group
isAclearly involved, whilst the Richter synthesis atilizes
the solvent as a proton source.

A drief critical examination was g&vén of An apparently
formai analogy of cinnoline syntheses, namely, the preparation
of benztriaéoles by dlazotisation of substituted amides of
anthranilic acid ( 56). One point of possible significance
was the production of methylanthranil (X) instead of the
unknown oximéno~dihydro~cinnoline (XI) ﬁy diazotisation of

o~aminecacetophenone oxime (I/, 104,). -

oy @(*z»o N S [e @\N
NHa, N? : N N?

@) @)
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Benzocinnolines.

Compounds of this type are generally more acoossible
than slmple cinnolins derivatives and for this reason have
been studied more fully by early workers. Derivativca of
benzocinnolines have been prepared by a variety of routes
which ere described by Leonard ( 93 ) as “special methods" in
contrast to the thrae general ones involving diazotisation of
o~amino-ketones, -ethylenes or acetylenes.

Considerable confusion exists over the ncmenclﬁturo of
anﬁstgnges of this.group; thus 5gu-benzbcinnoilne or
-benz§[b]c1nnoline (i) has been called phenazone and diphenyiene~
azone (both namee are 1isted as "objectionable® by"rhe Ring
Index") whilst other names not based on cinnelins are in common
use, e.g. dibenzopyridazine and 2,2'-azod1phenyl. Further
eo@plicaticns are.introﬁqéed into such indiscriminate nomen-
clature by the aﬁpptiqn of différeht systems of numbering by

different workers.

CINNOLINE (@
The order of numbering (1) is now generally accepted but

system (I1) hes been frequently employed (11,135,188 12). Even in
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receh& literature this trouble'is perpetuated: King and
King (83) state "the 2-sulphonic acid*énd the corresponding
phenol are the only monosubstituted benzocinnolines hitherto
prépafed“, but do not point out that the paren£ document (/92)
of this work uses the system of numbering (1I), this omission
being more serious in view of the fact that they use the
correct system (I) in reference tb other benzocinnolines.
| Iﬁ‘the foliowing account the 'historigal! nomenclature

wi;l{usua;ly e mentioned once and thereafter only the
recognised éystem employed. I‘

Benzq[éjcinnoling was first prepared byATauber (165) by
th§ reduction of 2,2'~dinitrodiphenyl, a compound which he
had prepared earlier and used in a-synthesis of carbazole,
The'new gomppund‘“Diphengienazon", was formed by prolonged
boiling ﬁith zinc and alcoholic pgtassium hydroxide or by
tregt@ent'with excess 37 sodium amalgam, milder treatment
giving only the 6xides (page 68). Application of the same
tgchnique to "m-dinitrobenzidine® furnished 3,8-diaminobenzo

[}]cinnol;ne but in this case no oxides were isolated. Later

*‘King.and<King also refer to a disulphonic acid and continue

"as in the analogous case of azobenzene mono- and di-substitution
would appear to occur simultaneously" - such comparison is hardly -
warranted since the patent describes the introduction of the mono
and disulphonic acid groups before reduction of the dinitrodiphenyl
to the benzocinnoline,
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( /bt ) whilst investigating the possibility that formation of
carbazole (from tetrazotised 2,2'-didminodiphenyl and
stannous chloride) proceeded via the dihydrazine, Tauber
carried out a'general study of the latter ebmpound. The action
of aquécus hydrochloric acid at 150° yieldea 3,4~-benzocinnoline
ﬁhich'was also produced on merely heating to 240° the diacetyl
derivative of the hydrazine.

The haét—mathed for the preparation of 5.u-Scnzoc1nnoline
is due tevﬁbhlfahrt(le7) who subjected 2,2'-dinitrodiphenyl to
electrolytic reduction thus secéring & 9577 yleld of the cinnoline.
| In 1984, Ullmann and Dieterle prepared se?urtl “phenazones®
by a variéty‘of methods; their preparation of benzo[c]cinncline-6-
oxlde and the 3,8-dimethyl~ and 5,B-tetrametbyldiamzno-der1vativéa
(ueing'aédium shlphide) has alread& been mentioned (page 68)
together with the reduction of the first and last of these to tha
“phenézone". In addition, electrolytic reduction of the
corresponding 2,2'~dinitrodiphenyl ylelded 3,8-dlamino-, 38-
dig@lno~2.9~dimethoxy~ and 3,8-tqtfamothyl (or ethyl) diamino-
benzo[b]cihnoline, although it was pointed out that the success
of this method depended upon the solubility of the nitro-compound
in the c&thcde-soiuﬁion (alcohol),

| A novel methed for preparing “phenazones®, described in a

Germen Patent (193), requires fusion of azobenzene and aluminium




Bart reaction on tetrazotised 2,2'-diaminocdiphenyl, Sandin and
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chloride in the presence of a flux (e.g. sodium chloride) or
a diluent (e.g. pyridine), the temperature being capable of
wide variation. Thus "in a suitable melt ’'phenazone‘' formation

was observed at 60°" but fuslon with salt at 120° gave the best

yileld, (60,) of 3.u;benzocinnelins; the 5,8~dimethyl- and

3,8«tetramethyldiamino-derivatives ﬁere prepared thus in yields
of 25ﬁ.an& 40, respectively. -The suocess of these syntheses
was unexpected in view of the work of Pummerer and Binapfle
(/a5) on the rearrangements of azobenzene in the presence of
aluminium chloride and aromatic hydrocarbons.

During an attempt to prepare 2,2'-diarsonodiphenyl by a

Cairns (/36) 1solated “considerable amounts of phenazone*; the
authors believed that this was a general reaction, the arsenite
:unatieninglas a reducing agent. 3,8-Dimethylbenzo[c]cinnoline
was prepared by the same procedure.

Since each éf the above groups of workers prepared benzo ¢
cinnoline itself 1t is convenient to correlate their impressions
of i%é'préperties bafore proceédding with other derivatives, Al-
though Tauber (/65) sﬁated benzo [¢c]cinnoline to be a strong
base (in contrast %o aZobesnzene) his contradictory observation of
the stablility of the salts ("only in solution") was uncorreeted
until a later date (jav). - The bdbehaviour towards reducing agents

was described by Tauber as ireegular, acid reduction yielding the
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dihyﬁfazine whilst alkaline reductién left the nucleus
unaffected; the latter finding was later challenged by Duval
(53 ) who prepared the dlhydrézins in an alkaline medium. Early
attempts (/6Y7) to oxidise 3,y-benzocinnoline wefe unsuccessful
but'later (/6h) 1t was found that the finely powdered compound
- was gnoothly oxldised by permmanganats to the labile pyridazine
tetracarboxylic acid (degradation of this to pyridazino has
already been described; page50). 1In a comparison of
‘"phenazone" with phenazins (/47) the #ifficulty in subliming
benzo[c]cinnoline was noted as well as its non-volatility 1nv
steam; it iesembled phenazine 1n'1ts reaction wilth bromine,
givingja red crystalline precipitate which changed to yellow
on drying without loss of bromine. The action of dimethyl
sulphate on benze[c]cinnoline yielded to Wohlfahrt (/89) an
hygroascopic compound which was estimated as the pletinum salt

and analysis indicated a formula

r
v,
3 =l .

L

i Gk ]
Tha'methiodide fas prepared from the methyl‘methosalphate and
potassium icdide but the ethicdide by direct reaction between
benzo [cJeinnoline and ethyl iodide, Ullmann and Lieterle's

(175 ) speclimen of benzo[c]cinnoline Bad the properties descoribed
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by Tauber'(e.g; the pure yelldw selution in concentrated acids)
“and the decomposition of "phenazonium"salts by ammonia was
noted, the only lsolable product being "phenazone®.

~ The absorption spestira of “phenaaéns“ in the visible and
ultra violet regions were measured by Ramart-Lucas and Biguerd
(128); comparison with those of azobenzene indicated that
‘eyclisation' of the latter moleeule_ﬁo benzo[c]cinnoline was
acécmpanied by a hypsochromic effect and diminished sensitivity
(1ntensity of absorptidn). This result was in striking contrast
to other *cyclisations', thus the data for diphenylmethene aﬁd
fluorene showed a bathochromic effect and Increased senaitivity
'in the latter compound, these results being the same when only
one Ne-atom separated the rings,'i.e. for diphenylamine and
carbazole. |

Two years after Tauber's preparation of *phenazone"

reduction of 2,2'~d1n1trcditolyl by L. Heyer (jun.) (10°7)
furnished "tolazone® or a mixture of the monoxide and dioxide,
depsnding on the conditions used. Oxidation of the 2,9~di=-
methylbenzo[c]cinnoline with chiromic acid did not give the
expected dicarboxylic acid but J-meihylbenzo[c]cinnoline~2-
carboxylic acid, 5,8~Diamino-2,9~dimethylbenza[c]cinnoline
was also prepered and hence the 2,9-dibenzylidene~diamino-

compound by reaction with benzaldehyde.
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The next paper to mention benzo[c]cinnolines (other
than the parent compound) was published in 1932 by Schiemann
and Boselius (/138). During a study of fluorinated diphenyl
eompouhds u.u'-difluoro-s,3;d1toly1 wag nitrated toc give a
mixture of two dinitro gompounds, one of which furnished
3,8-difluoro~2,9~dimethylbenzo[c]cinnoline on reduction with
.uﬁ‘sodium amalgam. |

in 1952 and the following year a commercilal intsrest in
benzo[g]cinnollnes.asserted itself in the form ot'two patents.
The flrstA((74) described the production of "valuablé vab
dyes" by condensatien of certain aminoanthraguinones with
acid chlorides having such nuclel as fluorene, phenanthrens,
cérbazole; 8tC., « & . . "besides the known diphenylene
2,2'-azondicarboxylic acid®, which, it was cdaimed, could
be prepared by "nitration of diphenyl-y,4'-dicarboxylic acid
andAsuﬁsequsnt reduction of the nitro body with ammonia and
ginc dust or with the calculated quantity of hydrosulphite
and sodium hydroxide”. It was claimed that "diphenylenoxide-
dicarboxylic acid® could bs prepargd by condensation of
“diphenylenoxide" with acetyl chloride and oxidation of the
acetyl Sroup to the acid. The second patent (/72) described
the preparation of "2-hydroxy- and 2,7-dihyd:roxy~phenazone"
(system II, page 821) by alkaline fusion of the corresponding
sulphonic acids, whilst milder conditions yielded 3-hydroxybenzo
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[¢]cinnoline~8-sulphonic acid (system I), ' These compounds
were said to be useful as intermediates for dyestuffs and
madicinals; It nay be pointed out that Tauber (/t4) reported
the failure of attempts to'prepare “symmetrical dinydroxy-
phenazone" during'his search for an easily oxidisable derivative
of the parent cbmpound. |

A group of Japanese workers (*/ ) isolated (in 1935 ) a
sample of 3,3~dimethoxybenzo[c]cinnoline from the steam
volatile material resulting ffomé synthesis which confirmed
the éanstitution of the “hydroxydiphenylene oxide obtained
from resorcinol® (page 7/ ). Referenée has already been made
(page 65) to the preparation of *4,5-dimethylphenazone® in
the same year by Wittig and 3tichnoth, although a somewhat
less pure form of the same 1,lebdimethylbenzo[QJGinnolinjﬁwas
prepareé in 1921 by Kenner and Stubbings ( §0 ).

The 2- and 3-aminobanzé[c Jcinnolines, already referred to
(page 10 ), were prepared by reduction of the corrésponding
nitrdbenzo[b]cinnoline-G-oxides with stannous chloride ( 83).
Further experiments were performed on the predominant 2-amino-
derivative (IIX; R = H); it could not be condensed with

: /3-chlorcethyldiethylamlne“under normal conditions® and heating

XThe earlier (1934) work of Sako (page (67) did not, as stated
by Leonard ( 93 ), include the preparation of 1,lé-dimethyl-
benze[c]cinnoline.




3%
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Two other benzucinnolines are worthy of note. Tre first of
these, "S~phenylsl,2-dlazasnthrone® (1V; was cescribed bty
Boreche and flein (28 ; in a paper on the “reparation of
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~The properties of benzocinnolines, other than physical
constants and solubilities, have not been investigated; most
examples resemble the parent'coépeund (benzo[c]cinnoline) in
giving vellow solutions in concenirated acids but the sffects
of dilution are often striking, e.g. 3,8-tetramethyl(ethyl)
diaminobenzo[c]cinnoline give.. a deep blue solution on dilution

with water (IM5).

CH; CH, . | ' Uiy CH, |
=N N=N . N=N

an) () (vir)

The "tolazone" prepared by 'ieyer (/0’]) was represented as
(v1) although the melting point of this product differs only
by one degree from that of 3,8—dimethy15enzo[b]cinnoline (ViI).
Thelatter w#s described by Ullmaﬁn and Dieterle (/'1S) as being
?who;ly}identléal in all 1ts properties with the substance |
prepared by L.‘%eyer?. However, Schiemann and Roselius (/38),
in referaence to their synthesis of 3,8-difluoro-2,9~dimethylbenzo-
[c]cinnoline (VIII) say it "corresponds fully to the tolazone
frém"6,6'-dinitrs-§,3'~dipoly1 prépared by L. Meyer; a position
isomer (not the same) as the compound of Ullmann and Dieterle".
Inspection of the descriptions glven by L. ’feyer and Ullmann
{and D.) %o their respecti%e products has revealed only one

important differsnce, the former is "very easily soluble® in

benzene whilst the latter is recrystallised from the same solvent.
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Dibenzocinnolines,
‘ The earliest dibenzocinnoline on record is that

prepared by Helduschka and Ehudadad (Y/e) by condensation

|

of "reloxylenacetoacetic estcs with hydrazins,

3 Byl 3,5-dimethyl-
~11-isopropyldibenzo[f,h]
cinnoline~i~carboxylate

CHy CHy :
The gynthesis of two cinnolines of this group, useful az dye

intermediates, was described in Swiss patents ([99, and 19§
respectively); 8-chloro- and 8-amino-3-phenyldibenzo[de,h]
cinnoline-7-one (IX; R = Cl and NH2 respectively) were
prepared by reaction between the cgrrespondlng bsnzoyl

anthraguinone and hydrazine,

8 Ol
s> QU
0 ko (B)

- A sipilaer type of compound (X) was prepared a few years
~ later by Vialdman and Oblath (/§0a) using the following route,
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- NeZabstituted compounds having this type of structure

have alrecady been referred to on paga 6/ .
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Polynuclear cznhclinea.

any compounds of this type have already been reviewsd
~ by Leonard ( 93) although one is led to believe, as elsewhere
* in the same publication, that a large number. of workers were
»eoncerne& wholly with the chemistry of cinnolimes. The
majority ofAthe following clnnolines were obtainsd by the action
of hydrazine on a 1l,y-diketone and their isolation served only
to confirm the structure of eoue polycyclic aromatic system.
In order to illustrate this éoint, the work of each group
of investigators is more fully dealt with than their contri-
bution to cinneline chemistiry really desserves,

The work of 3Scholl and collaborators provides several
examplaé of this type of compound: the earliest paper (/i4)
desoribes the azine (II), prepared to cénfirm the angular

structure of (I):-

- such confirmation was necessary in view of the fact that

the following analogous cyeclisation did not occur as shown,




Iin 1928, Scholl and Meyer (/45) found that isoviol-
anthrone was oxidised to the compound (11I), which, because
of the two 1,y-diketoc groups, "was considered well adapted
for synthetic pufposes“. The formation of a hydro-derivative
of the azine (IV) was quoted as an example of such synthetic

possibilities.

a similaer series of reactions wes: carried out on

3,9-dibvenzoylperylene (V) by Benndorf and Sorns (18) and
isolation of the dicinnoline type of compound (VI) was
- elaimed ih apite of the taiiufe to prepare en anslytically

pure sample,
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Confirmation of the synthesis of angul. 1,2-rhthaloyle
anthraguinone-f-carboxylic acid (VII) by 3ehell, wornuff

und leyer (/46 ) was sssured by the formation of the azine

Five examples of this kind are due to Clar end

collaborators: in 1929 the azine (XI) was described in a
_.paper on naphthophenanthrenesAand their quxnahes ( 35).
Formation of the cinnoline proved the structure of the
compound (i) and hence of (IX). This tendency of aronatic

| ketones having a methyl group ortho to the ¢carbonyl group to
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Clar, Jobn and Avenarius { 36 ) obtalned four hydro-
carbong by pyrolysis of the ketones (XVI} and (LVIiI); two
of these (yelluw) were shon to be ldentical mnd on oxication
and then treatnent with hydrazine gave the cinnoline
gerivative (XVIII). The other pair (red} were alsu consilered

to be the sane substance (XiXx).

Lo, ee e_—\

@ 0o e

The Jerivative (LX) arovse fro: a synthesia carcied vut

0 as3ens the ef!ect of a single fused benzenc ring on the
absorption specirus of the “pentazhens™ nucleus (this nane
wes proposad in tae a‘ incent paper of the 'lerichte'),
"ention may here. be rade of two simllar cospounds
prepared by Ullmann (/79 end [M13). The firast (IXI) =as
derived from sn anthraguluone-acridone (preparec for testing

a8 & dyestuff) and served to confirm the angular structure
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of the preduct (—>) us against the linear pouesibility ().

The sulphur analogue (.IXII) was prepared by a simiiar route

The polymerisation of 1,4~naphthajuinone £o triphthaloyle
benzens (AX{II) was studied in 1939 (/16) and the polymer was
characterised as the bis-azine (XXIV).

3chonberg and [iosenthal (/47) proposed a cinnoline-like
structure (iXVII) for phenanthraguinone imide anhydride, a

conpound prepared by Zinclke (190d by treatins the imide (AxV)
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with asid anhydrides, The oxyjen-{ree oémponnﬁ obtained by
heating the anhydride %0 a high tenperature was Cifferent
fron the knoﬁn diphenghﬁhrylepazotide (XXVY; ant was
reyrageﬁtod as (LXVIIZ)., additive réactiona of the inmicde
anhydride were gieérly in ageorc with the proposed atruéture:
the elenents of éns.moleauie urAwﬁter, nethanol, ethanul,
propansl, hyéraénloric avid or acetic acid were readiiy
accormmodated by the general structure (XXiX). The poasibility
that such additicn occurreud at a double boud was eliminated by
the negative action of bronine in ¢hlioroicrn. ﬁeaqneration of
the imide anhydride froﬁ such derivatives was readi.y ertacﬂe@

by wari acetic anhydride or merely by meiting. The resistance

O Ol
ok X

) ()

X Ho

CraHg Gty €11 Hg \_O / Ciabhg C/LHSI. 0‘/@2 Hg
N=N N N= N=N
(=R) - (%) (Xxm)

cf the imide anhydride to ruduction indicated the impossidility

of an azoxy-link sﬁilot the structures(XxXX and XXXi), advanced

by CGraebe and Uehme respectively, did nut explain satisfactorily



the propertiss of the addition compounds,

Another exanple of a pblynuslear cinnoline formed without
thc.usu of hydrazine is 1,1l '-dinaphthyl-2,2'-p-diazine"
(XXXII) formed. as one component of & mixture by reduction of

2-nitronaphthalene with sodium hydroxide and sinc dust( /03 ).

Nfz ( Xxxi )

The cinnoline was not further reduced by zine and alkali or
by stanncus chloride but long boiling with Zinc and scetio
aeid gaie 2,2'~diasino-1,1'~G1lnaphthyl. Reference has slresady
been nade (page?72) to the cinnoline oxide (XXXIII) prepsred

bty the action of sodiun stannite on 2-nitronaphthalens.



Uther Sinnolines,

| Jubstances @tvthis group do not fall 1nto any of the
§éeviaus categories. .in interestin: series of compounds arose
fron the researches of :ngelico on diazopyrroles. it was found
{ 4 ) that the diazotriphenylpyrrole (11} was convsrted by long
bolling with dilute sulphurie écid iato an isoreric cospound,
tentatively represented as {II1}. Uvidence for Luls structure
Ban the oxifatlon tuv a Hiketone (Vi) which goulld be relucsl o
a “furane~-1iie” conpound (VII). The conversio. (5,6 of the
latier into the original substanee (IJ1) by neuns of alcohalle

-gmonia furiher strengthened the earlier clioice hetwe:n this

and the possibllity (I},

NH
l kI_INNou &
) XY Ph l ]
[::ﬂ:tj;lil) - PW Ph -_—_{:;k NH ;}——9

()

IfMOa NHy
COPW
COPN
N Zn ;

The diketone (Vi) readily yielded tie cinnoline {iV) on treate
ment with hyirazine { 4 ) wiilst the sction of sociun sulphide

' gave a small amount of the thioshene derivative (V).
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| In 1924, 3-phenylcinnoline-f-carboxylic acid IX) was
prezared fru: l-benzylideneamino-isatin (ViIl) Guring an
unsucceasful attempt %0 prepare ﬁ«aminoiaatin.' Jtolle and
Becker (/62) noted the 3inilar euse of decarbixylstion between

their conpuund and Lichter's acid (page 25 although no
€O, H

\ N/CO » . ) N/,
| (ViT) l*llz'.CH.'Ph (K)

attenpt was wmade to isolate the decarboxylation product. an

h 4

atte:pt to repeat thls wurk is descridbed later, pagelol. .

baring an attempt to increase the basicity of compounds
, destined‘rcr antinalarial teazxng.ﬁrahlar and surger { %7)
investigatel the nitraetion and subsejuent reduction of 2~¢chloro-
iepidine. The first process gave a mixture of G-nltro-2-chlorc-
lopiﬁin§ and & new mononitro-derivative, which, on the bLasis
of simblé replaceent resctions and co:parison with known
- coupounds, was represented &s Senitro-2-chiorolepidine (X3.
~ »lazotisation of Snumlne~2-hy&foxyiop1dia¢ ylelded a substance

whose data agreed with the structure (XI).

QX \ (I /lo
N’L @ 'N oH OH

_ N=N

In the follosing year ( 70 ) new evidonse reveales that the
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structures of certain *kKnown eoﬁpoundt' was incorrsct and
it was proved that the 8-nitro-derivative had besen obtainsd;
the cinnoline structure (XI) was thas amended to the diazo-
imide (XII).
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The Freperation of yY-Hydroxycinnolines from y-Chloro-2-aminc-

acetophenones.
o In its preliminary stages this investigation
was concerned with the brpa@tr‘quostion of Y~-substituted-2«
aminoacetophsnones and the corresponding 7-substituted-i-
nyﬁrax&clnnalincs. Theoretical and praetié;l intsrest in
this problem arose from the following considerastions.
' (a)., No inforemation rcgarding the ease of formation of
Te-substituted cinnolines was avalilable apart from the single
examples of Koelseh ( $5) and Yidman (/82). The synthesis of
6= and'B-aubstituttd-g-nyaroxyc1nnalin&n from diazotisad
e anﬁ 5-sunatitutedozsaaine#aetophaaonsa, respectively, hae
been shown (/42) to de dependent on the kationic activity of
the diazonium group, this being determined by the nature of
the substituents. It was expected that the formation of
T=substituted-y-hydroxycinnolines from the corresponding
diazatise&.o~aminaae'tophenonss would be almost tholly’e
‘éepenﬁonﬁ on electromeric shifts affecting the kaetionic side
| chain, |
‘ (b). The evaluation of some cinnoline derivatives as
aatimilarial agents has already bteen mentioned (page /. 5;,the
efféct of a 6-methoxyggroup on the gctivlty of a ¢innoline

% The weak inductive efteét~(ti) exsrted by the L-subdbstituent
on the Z-diazonium group can probably be neglected here although
exam§let of such an effect between "m-substituents" are known
{51 ). .
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derivative bdeing in striking contrast to the effect prodused
in the guinoline series ( 3 ). It is evident from a
consideration of the structure of atebrin (I)that antimelsrial
‘aatsvity might b- correlated with each "half® (II and 1IX) of

‘the molecule. Until very roccatlj*thc only published svidence
CHy-OH. (Ch)y N(Cal), NHR

e

S NHR .
A8 NH _ 7 OCHy

u@ | °°"s, Q@T

-~ (m) @WNNNT (1) ()
to strengthen thie hyp@thneis.was contained in & patent
(/396 ) in which 7-chloro-3-methylqiinolinss having e basic
~#ide chain on 64 were described ae "effective against blood
parasites, particularly plasmodia®, [t was of interest to
d&ieavar whethsr the above contrast betwsen cinnoline and
quinoline snalogues was reflected in the 7-substituted
derivatives, | o

{(¢). The possibility of synthesising y-methyleinnoline-7-

carboxyllic a@td.(W1dm5n's acid) by e method independent of
cuminal (sqe page /5 ) was attrastive in vxci of the inacces-

sibility of the lstter material. The prsparation of 7-cyeno-i-

" methyleinnoline either directly or via the 7-halogenc-compound

% Zontributions to current (1yy6) issues of the J.A.C.S. have
exploited fully the possibility that 7-substituted-guinolines
{122), =-quinazolines (]23) and -phthalazines ( 52) might show
antimalarial activity. Some duplication of the present work
hag occurred (94 ,95) and will be dealt with later.
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"oifcrcd such aﬁ alternative route %o Widman's ecid.
" Possible rﬁnton %o u~sub§tituz-ﬂczonninoaentepncaenos

. which appoafpd 10 be most direct gave discoursging results.
R /@F’c @) > @ﬂc‘ « AcNHﬁﬁo :

CHN NO, X NO, X NX""NO,

| ,l\ : sz N | [\

A -:::,Rc i) . J:::rAc» RcNTI::)/Ac

N : X X

| l ‘ lxs-uuor.k

O s S e, Qo
AcNH: | ‘ X ' Ac NO, Ac NH,

‘Thus (route 1) nitration of p-aminocacetophenons in the

'pécsenne of & large excess of sulphuric acid gave a resinous
product, eompietely solubdle in alkali. A prclisin#ry attempt
(roﬁtg i1) to nitrate p-cysncacetophenons, obtained from the
anine by e sdndnoyyr reaction, was unsuccessful, The
substance did not appsar to underge nitration at -10° and on
stahﬁlng at room temperaturg a vigorous reaction devaloped;
‘the only 1salab1§ product was a low melting solid which was

' not purified, The third route (1115 was sore attractive since
-p=acetamidoacetophenone hed been described by Raadsveld (/27)
and the subseguent nitration by Gibson and Levin (67 ).
Further, y-chloro-3-nitroacetophencns and §-bromo-3~-amino-
acetophenons were known (/02 and 67 x}upcetivuly) whilst

reference to other relevant work (route iv) was available (/02).
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Uh practice, Haadeveld's conditions for the acetylation of
p-aminoacetophenone proved unsatisfactory and the use of
pyridine as catalyst iastead of nulphurié acic was adopled.
Nitration of the scetamido-compound by the published method
(é7 ) revealed the critical nature of the reection tsaperaturs;
s 63, yiald of pure §-nitrﬁ-u-ae¢%am1deueet9?hensna was
cbtained from en experiment at G but at -5° both yield and
purity ware inferior, ‘Hydrolysit to the amine was effected by
the method of either Readsveld (/27 ) or Gibson snd Levin ( 47).
4 temporary shortege of maﬁcrial led io the developrent of
al&ernaﬁivc reutes and the success of these resulted in the
gonclusion of the #bavo—liﬂos of #utaek.

 The first alternative route to a y-substituted-2-amine-
acetophenons arose from the findings of Gabriel and Lowenberg
{66 ), ?h-st workers prepared oéamlnbaeetophcaanc by
condensation of o-phthelimido~benzoyl chloride with dimethyl

scdiomalonete and asubseguent hydrolysis with hydriodie acid,
— COJ-Me COJ.MC

CiNo COCH
@: N Me @ NeMe  HI @ Cochs
ne) > N T S

L=Chloreoanthraniliic asid, the essential starting asﬁnrlal.

for the synthesis of uaehlers-z-am1naaeatnphonona, was

initielly prepered from p-toluidine as follows:




Me 4./ Me . M
/[::]’ 83% J:::[ L J::]: e
HyN “HN NO, ee NO,

()
238 1qp,
COH oo Qw}u . @Ma - ﬁt"le
. L — < oy
wQNH; % 8[,‘/,_ e “NiAe %131 ¢g NHA. % 8I% NH,. Hee
| (E)lm | | | (@)
CopH | ¢ocH i
4 CocH
€O : Q:N L @ ’
e NS (e <§1:] 7} NH,
(vz) - - (V)

{ X Indicates yields using the technigue of I1.C.I.)

b=Chlore-2-nitrotoluens (IV) was reduced with stannous
ehloride, the reeulling amine acetylated and the acetamido-
derivetive oxidised with neutral potassium psrmanganate to
yield u-chlerauz-acetcm;dobenzaie acid  40); hydrolysis
with sulphuric acid ylelded y«chlorganthranilic astid (V).
This was later obtained from y~chloro-2-toluidine hydro-
chloride (¥YI), which, together with dedtails of the process,
was supplied by I1.C.1. (Dyestuffs Division)., Phthalonation
of yw-chloroanthranilic acid by fusion of the dry components
(the method of Gabriel and Lowenberg) gave variable yields
of L-chloro-Z-phthalimidobenzoic acid (?Ii) and the use of

A=~chloronaphthalene as a diluent was only successful on the
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small scale, Refluxing the eompon;nts in acetic acid, a
prodedure which has veen successfully empioyed with a wide
varisty of anlnca‘(lxo), was eventually chosen for preparative
purpcses; although the reaction procesded slowly, this method
guave practically purs y-chloro-2«phthalimidobenzoic acid in
69, yisld. Condensation of the acid shloride (of the latter
 coxpound) with diethyl sodiomalonate and hydrolysis of the oily
product yislded crude L-chloro-2eaminoacetophenons (VIII), bdast
isolated as the acetamido-derivative. A study of various
conditions of cendensati#n and hydrolysis furnished data which
are detailed in the table below.

The chief dif ferences betwsen the condensation conditions
“a*.shﬁ,ﬁsﬂ ware three in number; no mechanisal stirring was
empl@go&eip *A®, rigorous cars in the preparation of diethyl
soéia&&lanaté {186 ; was only adopted in "B" and lastly the
protection of the acid chloride from molsture was only
developed in the latﬁer’ox§erxmanta. Although no wide
varai§inns. edhior than those -tabulated, were allowed, the ylelds
varied considerably. This state of affairs makes any attempt
- ab generallsation hazardous but some conclusions are net-werthy;
On the small scale (at leeest) the hydrolytic conditions appear
to be fairly reproducible (note the differense of only 1.4~

batween “La* and *4oe*) and the treatment selected for
preparative purposes is undoubtedly the most efficlent. The




g | e
1 6
a 7
2b 7
c 7
- 7
3b 7
¢ T
. 7
ub 7
e 7
5 21
6 21
7 y2
8 42
9 42
10 | e
| il 84
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Conden=
sation F
conditions

uan
L]
"
@
"
)

)

NB!’

HI (0 = 1.7) for 45 mins,

BI (1.7) T T
HBr (1.45) * 40 °
HI (1.5)  * 30 =

ﬁzseh(lzliv/v) for 2 hrs,
H Br (1.45) " 3 hrs.
H Br (1.45) ¥ 40 mins.
H 8 (1.45) . * 9 hrs,
H Br,acOH (1:1) * 9 hrs,

H Br (1.45) * 9 hrs.

2 Yield §

15.9
17.3
18.3
15.3
21.4
2.4
4.3
38.3
24.4
56.9
27.2
40,0
26.6
32.4
33.4
35.6
4.2

-xangnt of lechloro~2«phthalimidobenzoic aclid taken.

#nan and "B are fully described on page/¥,

ijIOIG of 4~chloro-2-acetamidoacetophenons.
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behaviour of the condensation was more capricious, a i
difference in yicid being noted in experimenta (“2b* and "3e»)
in which ‘*identlcel’ conditions were used; on the larger
scale (expts. 5-11) the fluctuations were even grester. The
preparative yield of 30-40 of Qhehlora-2~aso%anldeaectaphenono‘
(based on u-chléro~2-9hthallmIdobeazo1@ acid) repressnts an
average yield of 74-80" for esch of the four stages involved,
Hention may here be made af an attempt to cendense
~chloro«2-phthalimidobenzoyl chiloride with ethyi sodio-
acetoacetate. Treatnent of the highly erystalline intermediats
~ compound, ethyl(u~ehloro-z-ghthalimidabcnszl)uﬁetoacetazb, with
hydriodic acld did not give the desired result, y-chloro-
an%hraniiie ecid being tﬁe only isolable product. The use of
alcoholic sulphuric ecld in the hydrolysis ( 8/ ) yislded no
ageful result. |
Another gynthesls of y=chloro-Z-aminoscetophenone wes
based on the preparation of o-aminoacetophenone from ethyl
e¢n1trabenzoylaeetoacatute (X; R = ) by Needham and Perkin
(13 ). The tellauang schemes were exawmined:
My QC&H @E%
@Nf’z @No& NO, ce NO,
@) xE) Lm (i)

/@ N Hz, &@ N 0‘2 ’@N O.L l

~ (vm)
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Preliminary attempts to prepare the requisite o-nitrobenzeie
acid (IX) by oxidation ot u-oh1cre-2-n1tfeto1uono (IV, pagel0?)
1n¢iea§cd the unsuitadility of the method for preparative
purpeses. A poar~yicld of the acid togesther with some
upchanged materisl resulted :rom treatnent with alkaline
potassium permanganate., The use or-aquuous pyridine with this
'r&agent,'whilst'eftteting homogensity and hence more rapid
" reaction, gave as the sole 1solable crystalline product a
sanbancu which ylelded unsatisfactory analytical data. Pre-
lininary.braainazlon of the methyl group, a measure used
successfully in the oxideticn of 2,6-dichlorctoluene (//5),
was ineffeetive; -thq consumption of permanganate by the crude
_bromination preduct was most rapid dut only unchanged 4-chloro-
-Zanibregaln-n: was isolated and this in moderate yjield, The
nitrotoluene was also wholly unchanged after refiuxing for one
day with eguel parts of consentrated and dilute nitrie aeid(e£69>
In view of these results, sffort was concentrated on the
route. from 4-chloro«2-nitraniline (XI), initially prepared by
‘literaturs methods (/%%, 2/ ) but later made availsble by I.C.I.
Freparation of the nitriie (XII) was never wholly satisfactory.
appligation~of the preeeiare'arvﬁgllor (72 ) inveriably led to
incomplete ds:xo%:gatlcn in spite of the use of & well stirred,
finely divided suspension of the amine hydrochloride, Further,
redustion of tha ecidity ét the dimzotised aelnticn;as
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recommended by Meller, gave a highly colscured ispurity, possibly
& dlazoamino-compound,

A’'second technique (forwarded by I.C.I.) was reported to
give a 507 y;old of anitrcau-methoxybeazonitrlla from the
nitro-anisidine, !?his praccdnro'etfeetod enly slight improve-
ment in the case under consideration, diazotisation being stili
incomplete and the praéuét discoloured.

At this stage attention became focussad on & statement by
Hunn ("4 ) claiming the preparation nfi(XIi) in 757 yield. An
attémpt tu reproducs Hunn's resull was unsuccessful but the
use of his method with modification in the ieolation stage gave
consistent yields (53 } of the pure nitrile.

" Several methods were tested in the purification of the
erude nitrile which was always highly c¢oloured and of low
welting point. Heller's method (extraction with hot water) did
not sppear ndaptaﬁls for preparative purposes; distillation in
ggggg gave a clean product of somewhat low melting point. Naterial
obtained by the *I.C.I. technique” was resdily puiiried by steam
distiliation but an attempt to isolate (by this means) clean
material direct from the resactiocn mixture falled. The mé;t
affective method of purification was found to conalst of
chromatographic adsorption on activated alumina,

The yisld and.pﬁrtty of L-¢hloro-2-nijrobenzoic acid (IX),
obteined by hydrolysis of the nitrllc,'appeared to be greatly
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affected by slight changes in the concentration of the
nulyhntle acid used, Heller's method gave excellent resuilts
initially bdut later the use ér sulphurie acid from a different
sowee led to inferiority in both yiedd and purity. Re-
producible conditions were eveniuelly established using a
slight varistion of those of Heller.

4~Chloro-2-nitrebenzoic aclid reacted spontaneously with
phosphorus pentachloride and the acld chloride so formed was
treated with ethyl sodioacetoacetats aecorﬁlné to the method
of Needham and Perkin (//3). iydrolysis of the crude Y-chloroe
~2=nitrobenzoylacetoacetate (X) §1th aleoheiie sulphuric acld
furnished y~chloro-2Z~nitroacetophenone in good yleld and
reduction teo the amine (VIII) was egually successful,

- The only reference to the latier compound in the literature
is a note by Roberts and Turner (/3/) on unsuccessful attempts
to prepare i-chloro-2-amincacetophenons for use in the synthesis
of 7=-chloro-2,4-dinethylquinoline. The following routes were
examinad by these workers:

(a) treatment of 2.u«diehloraaeetopnenonc‘witn
alcohollc ammonia at 180° for 6 houﬁs .

(b) interaction detween p-chloroacetophencne and '
acetic énhyaridﬁ in the preseace of zinc chloride,
| (c) conversion of Z,Q-dlnitroethylcbenzeno to the

acetophenone oxime by amyl nitrite and plperidine.
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The failure of these methods was unexpected since
subsatitution of aniline for the p;ehlora-dorivatzvo in (b)
afforded p~aminoacetophenone { 84 ) and the use of sodium
‘sthoxide instead of piperidine in (¢) was known to give
& snall yield of the desired oxime (/27).

It is apparent4$hat some duplication of the work of
the present investigation has been effected by Leonard and
Boyd whose papers (7. ,95) aeppearad after the completion of
the hisdoricsl introduntien of this thesis., 3ince the
American work consists largely of a belaied presentation of
results whicn have already bsen ﬁealﬁ with in the introduction,
only materlal relevent to this chapter will be discussed.

The égrlisr work of Roberts and Turner (/3/ ) was over-
looked by Leonard and Boyd in spite of the fact that they had
.aeeasxan to refer to the publication of the former workers in
connection with the nitration of 3,4~dichloroacetophenone.
u-chlorcez-amlncasstophcnéne was prepared in low yield by the
ammonelysis Qf'2,u~dichleroaeatophcneno ueing a modifieation
of the method described (/95) for the corresponding benzoie acid.
A more aétisfnetory procedure was based on L-chloro-2-nitro~
benzoic acid (prepared by permanganate oxidation of y-chloro-2-
nitrotoluene in aquecus pyridine, cf. pagelﬁi),tnc nethod being
essentially that descrlbeé above (page//2), except for the

reductlon in which the Americans employed catalytie hydrogenation.
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Leonard and Boyd (95 ) carried out the diazotisation of
g-chloreo-Z2-aninoacetophenone in glaciel acetic ecid using
nitrosylsulphuric aéid and cyclisation to 7-chloro-i~hydroxy-
cinnoline was allowed ta:praaesd during 28 day:§ even after
this time it was necessary to heai to 70~8é9 to complete the
reaetion;'

In the present investigatlon a preliminery small scale
diazotisation of a suspsnsion of 4~chloro=2-aminoacetophenone
in hydroehloric scid (6N) yielded a trace of solid sogethof
with a relatively large amount of a sweet smelling oil. A
larger experirent gave a better yielé. supericr to that of
yehydroxycinnclineitself but less than the corresponding
6~substituted darzvatlvc#, this correlation boiwaen yield and

substituent being fully expected on the theory of Schofield

and 3inpson (page 78 ). The féllonins.t.able shows the ylelds .
obtained in the syntheslis cf'7~ohlafo-u-nydraxyeinnollne.

(Tihle over)

% The yileld in this experirent was 81, but a cyclisation
sffected overnight at room temperature and then at 60-70° for
5 hours gave an 0.7 yleld of pure material; ihe ecncentration
of the acld in the latter cyclisation was not clearly specified,
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. YeChloro-2-nitro-
}%ﬁar.igﬁ : Y~Chloro-
- Heteri benso~ benzoic aceto- 2-amino- |Cinnoline
) ’ nitrile geid phenene | aceto-
: phenone
4=Chloro~ |- ' $
2=nitro- B0=585 80 T4 85 39.5
aniline
L=Chiloro- . :f"
2-nitro- > 41
toluens
. Leonard L 12 % 61 6y.2 81 .
et al.” |

Figures reprssent b yield besed on the preceding intermediate.
F Based on unrecovered starting materlal;

X »

£ L]
4 This yield has since been raised to §5

L4

k]

.P
2

v -

22, based on total

starting material.

uafu ]

(155).

L4

~ In view of the dubious yield of 7-chloro-i-hydroxycinnoline

fraa the emall scsle experiment, sn atttépt wae made $0 increase

the extent of cinnoline formation by introducing a nitro-group

(ef.p27) intc the nucleus.

Hitration of li=chloroe-2-acestamido-

acetophenone was carried out in the belief that the powsrful

p-directive sffect of the acetamido-group would assert itself.

In fact, G-chloro=5-nitro-2-acstamidoaceatoghenone (XIII) was

formed in 777 yield whilst the agueous nitration mother ligquor

yielded 47 of s more basic isomer,

Each of these compounds
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yielded tLhe corresponding nitrc<amine on hydrolysis, Evidence
proving the structure of the mejer product‘is presented later;
the idehtity of the aecen& isomer as the J-nitro-derivativae
(XIV) rests on its cenvirsian to n-chloru~2,3adiaa1noacetaph.nono
and hence to a phenazine idcntiéal with an authentic sample
- previously prepsred in this laboratory by ¥r. J. R, Keneford.
Gonvafsion uf the corresponding c¢hloro-nitro-sminoaceto-

pnznpnés to hydroxycinnnlines deQalopod into a mosd interesting
problen. Both the 5~ and 3-nitro«derivstives appeared to
behave normally on diazotlisation in hydroshlorie seld since
thezse separated from the ¢lear diazonium colation on heating to
709 A 8011d wiich possassed properties typlical of a y~hydroxy-
einnoline. Thus the 5—n1tro~dor1vat1v¢ yielded a subhstance
-aoluble in dilute alkalis {reprecipitated by acids), the sodium
sx=lt being precipitated from more concentrated solutions which,
howavar, were not so dteply coloured (yellow) as was expected
by analogy with 6-nltro-y-hydroxycinnoline (/i2)., Analyticsl
data indicated that the prodﬁct was not the sxpectsd 7-ehloro-9-
-nitro=-y-hydroxycinnoline and a simlilar conecluelon was reached
regarding the product from diaSotisgd 4=chloro=35-nitro-2-amino-
aéotophennao; in this case the usual propsrties w»eres again
svident {(the -scdium salt was much maro'selubla). In order to
provide extra‘unslytieal dats tho y-chloro- and y-phenoxy-

derivatives of both *cinnclines’ were prepared; it was noted at
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this stage that the melting point of the substance obtained

ffam l=chlore-S=nitro-2-~aminocsce tophencne ués xdinsieal with

that of 6.7-dichler9~a-hydroxyeinnaline*(xv. pege/ls) and this

relgpiauship extended to other derivatives. This identity of

the two series of compounds was confirmed by mixsd melting point
- determinations and fully supported by analytical data; proparatxah

of tnn\u*acutaxy~d¢rivativ3*ar the cinnoline from each source did
 not reverse the above decision. IV was clear from the analysis
flgures that the cyclisation product of diazotissd Yechloro-§-
~nitro-2-anincacetophenone was isomérie,with 6,7-dichloro«y-
~hydroxycinnoline and 1% was regardeé as T,8«dichloro-y~-hydroxy-
cinnoline (XVI); the yechloroe and L4~phenoxy-derivatives yielded
confirmatory anslytical date, | 1

It was believed that the replacement of the nitro- by the

ehloro«group took place directly elthough it was not knewa whether
such replacesent occurred before or after cyclisation to the
cinnoline. This point was settled by deamination of zni 4~chloro=

w'X'enitro=2-aminoacetophencne; diazotisation of the S-nitro

XThis compound and its h-chloro~ and Y-phenoxy-derivatives were
prepared earlier in this laboratory (Liverpool) by ¥r.J.R. Keneford
and such identity confirms the orientation of the nitro-group in
the major nitration produet of y~chloro-2-acetamidoacetophenons

(page i1 ).

FBy treatment with boiling acetic anhydride; treatment with the
hot reagent and s five-fold emount of pyridine was ineffective
whilst 8 four-fold guantity of acetic anhydride (relative to
pyridine) gave almost totel scetylation - this bshaviour is
similar to thet observed (/57 ) with ethyl é-methoxy~4-hydroxy-
quineline-3.carboxylate.
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isomer §n hydroéhlurie acid nnd’aﬁditicn of the cold diszonium
solution to‘éeiﬂfﬁypéphosphoreus.acld yielded a mixture fronm
'nbich puPnfﬁ-eh1efa;§;nitroaeetophcnoat'was isolated., However,
 uhen the dlazotised solution was‘wérmed until a feint turdbidity
appeared and then added to cold hyﬁophesphcrcus acid, the
: product was practxéaily pure 3,4-dichloroacetophencne. Similar
manipnlation of g-chlora-;-nitro~£—aminoaco%ephenono Fielded
b u-alahlaraacetepnenane and 1dentifieation.ct the alkali-uolublo
cinneliae (responsible for the turbidity in tne warm soiution)
as thn T, auéichlern»dorsvativc sugﬁested that roplaeemon& of
the ﬁittﬁ-group occarred wholly befure cyclisation to the

olnnoline.

"élthéngh the cause of the curious resulte obtained on
diazotisation wad unsxpected a 11t£rat§re curviy disclosed a
nunbsr of similar examples which were egually explicabie by
the ﬁir?ut\raplaeement hypothesis mentioned above. Thus
#eldole ([0S ) observed the same replacenent reaction in certain

-élni&roa&iﬁidinna, the stage ot which replacemsnt occurred being

decided by isoletion ot an azo-dyc, e.8. ]
| NO)‘ < bllz;OTlse.b SOLN, ’ OJ, D'AIOT’SE_D IN HL > @Nol .
e ) +A CoHyOH NO, " BoiL WiTH EtOH e

NJ.‘ C/oH(,,OH (ﬂ) N HJ. .
#ore recently, Keilen and Cass ( 79 ) obtained 8-chloroisoguinoline

by diazotisation of EB-nltiro-S-aminoisoguincline and subsejuent




=121~

deamination. Both groups of workers notiged the pressnce of

NH,, A
XNy R AN
@ N 4 N

excese nitrous acid, even when a theoretically insufficient
~amount of nitrite was used. Similar replacements are more
common in the naphthalene seriss; Clemo and coworkers (39)
found that diaze%;sa%ian of K-~nitro~ 3 enaphthylamine in
hydrochlorie scid and treatment with cuprous chloride gave
the compound (XIX; R » R' = C1) inetead of (XIX; R = C1,

R e.xsey. Liazotisation in sulphuric acid followed by the
apﬁrapriato Sandmeyer reaction gave 1,2-dibromo- (XIX; R = R*
% Br) and 1,2-dijodo-nephthalens (XIX; R = R -I).

NO, R o &
) - (®)
An enomalous rasult was obtained on dlaezotising in hydrechlorie
acid end adding the diazotissd solution to cuprous bromide

(in hydrochlaric acid) the product being 2-chloro-l-bromo=
naphthalene (XIX; RA3161, Rt 3 Br). During work on the
influence of éubstituehts on the formation of dlazcamines and
amino-azo compounds, Zorgan (/// ) found thnzvrcﬁction of
diazotised (1a hydrochloric acid) dpnitro~/3-naphthylamini with
a solution of lechloro-2-naphthylemine gave 2-diaxosmino-le
c¢hloronaphthalene (XX) &nste@d of the expected *mixed:'
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diazoamino compound. The yleld of the preduct excluded its
derivation whodly from the added chloro~-base and this clearly
constitutes added proof to cne of the above exanplei. lorgan's
study is of added intérest since he noted that the replacessnt
resction was not instantansous, a point which is evident from
the isolation of u«chlare~5-n1troacetephanons from the 'ecold
ﬁeamlnatlen experiment (pege/i5).

‘ In 1954, #illsteedt and 3cheiber ([§7) failed to reduce
2efluoro-l-nitronsphthalens, prepared by borofluoride ireatment
of dlazotised L-nitro- S-naphthylamine (in hydrochloric acid);
repstition of this work by 3Jchlemann and Ley (/37) was prompted
by their success in reducing E-rlaoré-l-nitronaphthalcne from
s different source and it was proved that the product from the

boroflucride route was netualiy 1-ehlore-2-rlnoron-phthalono:-

NHl “Nl& ler,r o e F

A similar d:azeﬁisatiaa of L-nitro- Jenaphthylamine and
subsequent tresatment with potassium 1odide ylelded to Itallan
workers { 99 ) a snbstance presumed to be l-chloro-2-iodo-

naphthalene, Fermatlion of this conmpound was explained dy the
| @

Insor. surpuate +KI : .

sttack of “nascent chlorine” (from iodine monoehleride) on the

nitro-group, ozptelélly susceptible in view of the "mobility”
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of substituents in the naphthalens ssries as compared with
ths'Bsnzene seriss. In the latter it is evident that the
*mebility® depends upon substitution although some anomslies
eppear when the type of substituent is considersd. Meldola
and Hay (/0L ) sunmarissd the conditions for elimination
(replacement) of a group (nitro, methoxyl): |

(a) the group must bs ortho or para to a diszo-group,and

(b) the group mnet have a nitre-group in an ortho position

to act a3 an *Imactivator!, for example;

OMe ‘ 0Me *0Me . *Ome,
. Q/ NHJ. @ OLNQ NOL /@/ NO,
. QL NoX N
Hy NH,

6¥Indxsata$ %ht,gpnap replnccd on ézugotisatian).
In cohtrast to these examples, in which activation is produced
by & powerfully electrophilic group, the remctivity of nitro-
groups (ortho or para.tc & dlszonium cation) im the present
inva:tigntian'appcars to be enhanced by a sudbstituent (Cl)
whose norina_l tautomeric (+7) effect is reinforced by a

p-cardonyl group.
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Diazotisation of Yeghlore~S-nitro~ and Y-chloro-3-nitro-2-
~amincacetophsnones in sulphuric scid ylelded 7~ehloro-6-nitr6-
and 7-ehlero~8~nitro-y-hydroxycinnolines (XVII and xvxtf)
respectively. |

Since this 1aViatigat1oh was not cencerned with the
' auiaal preparation of compounds for antimelarial testing it
was decided to extend the scope of the present study to the
synthesis of T~-chloro~3-methyl-i-hydroxycinnolines. Interest
in such compounds lay in their function as intermediates for
potentiel antimalarisls whilat a study of the reactivity of
the J-methyl group appeared particularly atiractive in view of
the paralliel work on ye-methylcinnolines (page/t7).

. Bagh of the routes developed for the ﬁrcparntion of u-ehlofoo

~2etminoacetophenone wag utilliaed in sttempts to prepare the

correaponding prapiaphcnenc,
/wb

CoH COCHy.CH
U oo, —2 I e — ’
@ N<m© N (o) C, b, & NHy

__ CoCH;

(b) aaﬂ COC~£H COCH,. Chy
QL s QT —,
@ NOy @ N N0,y (NH)

Yethylmalonic ester, required for methed (a), was prepered
by & method (!I7) which is essentially that of Lucas and Yeung
(9% ). Condensation with the acid chloride was carried out
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y-Hydroxye 1nnol$nca from 4-~Chloro-2-aminoacetophenonss.

&

o
0N NHAe

) /@HG
e Ny

(vim)
Ly
[Diarme ] l \L . IN,/N
Ac
(2 Nl Ae ﬂ NHAc
"o (X) (Xm)

Ac
45 NH,,
No,v
DiAZOTISATIO AND
ETC. IN HOZ IN

Di1AZOTISATIONS
- CYCI4SATIONS _
' H150, + A0l

oH oH OH
QI\“ 0N
' N
WA AN S 4
@ No,

OJ,NOA&
NH,

DAZOTISATION
ETC. IN HC

OH

(x1) (XVJE)- (Xvm) (XV)
iJsAm:%la’;m . rﬁ(‘ﬁ:gﬁm T'(%auf,b) L

) Q/Ao &:‘/ﬁo

Ae
e
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using these conditions (page/// ) which geve an optimum yield
of ubehlare-zaanzneaéotophenano‘(an the N-acetyl derivative), l
but the product after hydrolysis and aeetjlatian contained
spprecisdble quantities of L-chloro-2-acetamidoscetophenone.
A repetition of this experiment using methylmalonic ester,
‘ purified by a methed kindly supplied by Dr. F. H. 3. Curd, gave
the following results. The xnibiai olly condensation produet
was accompanied by a small amount of a orystalline compound,
m.p. 270° (decomp.), distinct from Le-chloro-2-phthalididobenszoic
acid (m.p. 27003; Treatment of the oil with boiling hydrobromic
| acid furnished a second crystalline substance, =.p. 123.5-125°,
again accompanied by auch oily material. In two experiments
the small amount of the substance, m.p. 2709, was not isolated
and sfter treatment with hydrobrdmic acld the olly product was
sombined with material from other runs. None of the compound,
BaPo 125.5—125°; was isolated but a third substance, m.p. 152-
1530, was oh%aiaté. The bulk of the final material, however,
was still a dark 011l and an attenmpt to prepare a crystalline
&et%yl derivative was unsuccessful. On the basis of melting
painta'anly the substance, m.p. 123.5~125°, ¢ould dbe the
desired aminopropiophenone but this was excluded by the
ralléuing results. The compound resisted the treatment of
acetic anhydride at 9c° and was sparingly soluble in hot dilute

or concentrated hydrochloric acid; the suspension obtained on
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¢ooling a bailiﬁg solution in mixed hydrochlaric and acetie

sclds could not be diagotised,

Farther examination of the

substance showed no nitrosation and no picrate formation.

Structures consistent with analytical data and experimental

eénélsi0n3~aeﬁlé not be aseignad to any of theae products. The

o _ _
substance, mn.p.27C , is tentatively represented as (XXII) since

the latter can only arise from urmethylatsd maleonlo ester and

the opsration of a remarkable series of reactions under the

" conditions of the experiment;

e ' o'H/ Co,Et] OH
QU Sengil —— (LYo
/' N{ @ _ N.(co),C H e N? >OH
' '\CO ' JC& 4 S
- J (M)

. Analytical Data :
Gubstance ound Required
mep. 325° |€,62.15; H,3.7; N,5.1; C1,10.87, -
mep. 153° | €,59.85; H,4.65; K,3.5; €1,8.55;. -

C,_H _OFCL |C,55.45 H5.7; §,5.75; ©1,13.537. €,55.8; H,3.8;

12 10 &3 . N,5.2; €1,13.37.

For reute {b), ethyl methylacetcacstate was prepared by

methylation of acetoacetic ester with mothylriodido.

Since this

method gives mainly the monomethyl derivative and oniy about

47 of the dimethyl compound ( 7 )} the procedure of ¥ichael ((03)

was adopted, purification involving enly the removal of

unchanged acetoacelic ester.

Condensation with y=-chloreo-2-nitro-

benzoyl chloride and subseguent hydrolysis with alooholic
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sulphuric acid (cf. pege/io) yielded a pale yeliow oil, B.p.
167~17ﬂ°/1u wm, Reductlion of the latter ga&e an oily amine,
the cryatalline acetyl~derivative of which was identified
(enalysis) as ethyl y=-ghloro-2-acetamidobenzoate, An attempt
' to condense the material, b,p.dl6?-17oa/1u nm,., with benzaldehyde
in the presence o: pctgssiam hydroxide furnished only a specimen
of potassium Y-chloro-2-nitrobsnzoete,

The probability that the establishment of conditions for
the synthesis of lechloro-Z-aminopropiophenone would require
" as much effort as that expended oh'the'darrahponding aceto~
phcnonn; combined with priority of other schemes, led to the
econclueion of this work.,

Hention may here be made of a related project on whieh
only prelininary wérk was carrisd out, namely, the investigation
of possible routes to 7-methoxy-li~hydroxycinnolines. The effect
of the methoxyl group on the extent of cinnoline formation mas
~of obvious interest whiist the possibility of similar replace-
mend reactions to those observed above (page/25) was an sdded
stimulus, ﬁn%imglariala derived from thés compound would not

only provide further comparative deta on the relation between
substitution and activity in einnolines but would offer another
means of comparing the contribution of various heterocyclis

nucliei to antimalarial activity.




The following scheme to 1nt¢rmad1atos was envisaged.

Qs —s @ s O
Meo , ) Med Y NG
(M ) (T
)@CN ' HNO; T Qﬁc
MeO NHy, . ,MCO , NHy

o (%) |
Arho aa@pound (xxvx) has been obteined ( 8 ) in satisfaetory

yield frow (XX¥) (pregared»by nitration of p-tolyl carbonate

or from 2-nitro-p-tolyl-methyl ether). Since (XXIII) and a
preparstive rou£§ tov§3x17) were aupbli;ﬁ by 1.C.I. the abov§
routea'were,1nvest&gateé. Hyérolyais of (KXIV) to (XXV) was
not oftaétoq on any nsafallnealo; the use of sulphuric acld
'(ISN, 24N, or 85 v/v) at 909 gave only low melting materisl
whilst boiling 18N-2cid resulted in e poor yield of the

desired acid (XXV), much decarboxylation boiﬁg observed as soon
as the scid was formed. Treatment of the nitrile with alkaline
hydroéen pcrexléc (cf.46) also gave only low melting material.
Attenpts to procesd via the amin: (XXVII). prepared according to
Cook st 8i.( 44), were equally disappointing. The subseguent
Grignard reaction on (XXVI1) gave no useful product; refluxing
in diethyl ether gave only unehangcdjmutorlal (a» the acetyl-devw
m.p. 158+-159%) whilst the use of iscamyl ether at 10¢° furnished




a small émount of'nnehaﬁgcé material together with much oil

which resisted acetylation,
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EXPERIMENTAL,

(Melting points are uncorrected).

@hchlgrquphranliie acid, - Route (1),
| (8) 2-Nitro-i=toluidins.

A well stirred solution of p-tolutdine (100 g.) in
concentrated sulpﬁnric ecid (2000 g.) at -10° was treated with
a mﬁxtuﬁa:af'nairic acid (Dv= 1.48, 75 g.) and eoncentrated
- galphurie acid (30¢ g.), the eempefazuro being kept below 5°
throughout the addition. The cooling mixturs was removed,
stirring meintained for another hour (final temperature 10°)
and the reaction mixture poured into iceﬁ water (ca. 6 1.).

2-N1tro»u-teluiainn sulphate thus formed was drained well and
the free amine libsrated with aguecus slcohollc ammonia and
recrystallised in one cperation; the pure compound, m.p. 77-
790, formed orange coloured leaflets. A farther guantity of
product was obtaxnid by basification of the original mother
liguors (diluted to 15 1.) and recrystallisation of the second
- crop using the aleoﬁallc mothér'liqaors from the main crop. The
total yleld was 118 g. (837).

- {b) y-Chioro-2~-nitrotoluene.
A boiling solution of 2~n1sro-u-£aluldins (50 g.) in

hydrochlorie acid (500 c.c. of 2N and 50 c.c. of 12N) was

cooled and the suspended hydrochloride diazotised at -5° with
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sodinm nitrite4(11§ c.c. of 207 solution)., The clear
d¢ilazotised solution was added during 15 mihutos to one of
cuprous ehlof&ée in conccatratéd hydrechloric acid (200 c.c.)
prap;red'froa copper sulphate {1C5 g.), sodlium chloride (27 g.)
in water (320 c¢.6.) end sodium bianlpbihe (22 g.), sodium

hydroxide (14.5 g.) in water (150 ¢.c.): Cluring the addition
| the temperature was kept bLelow 20° and after standing for one
hour the mixture was heated to 669 tor ; hour. Two batches
carrisé out aa abuve were conbined, extracted with ether, and
the extract washed with successivoly less cenccntratad hydro=-
ehlaric acid solutions then with sodium hydroxide and wctor.
Eveporation of the athoreal extract ylelded a rapidly

erystallzsing oil {92 g.) which gave pale yollow material
(80 g, L), bup. 122°/14 mm.

(e) g~ch1are-2~acstamidetolucno.

solution ot u-chloranz-aizrotolutnp {30 g.) in acetic
acid (5C e¢.e.) was sdded to one of stannaus chloride (157 g.)
in hydrochlerie ;eld (200 c.c. concentratsd and 3C c.c. fuming)
and shaken well. Wnch the reactlion was essentially complete
the mi#&ure {including separata& stannichloride) was heated on
e steam bath for haur, cooled and basified with pobassium
hydrexide solution. Two bahches prepared ae above werse

conbined, extracted with ether and the extract washed and dried.
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Eveporation to dryness yielded a pale yellow o1l (u7.§ g.)
which was acetylated with acetic anhydride (10U c.c.) and the
crystalliine derfvative isolated by dilution with water. The
total yield, a.p. ca. 126°, was 58.3 z. (91~ based on y-chloroe
-2-nitrotolusne). Beilstelin, XII, 835 gives m.p. 130-151° .
| (d) y~Chloro-2-scetamidobenzoiec acid.

. 4=Chiloro=2-acetamidotoluene (50 s;) and crystallins'
. magnesiun aulphate (U0 g.) were stirred nzth water (1, 1.) and
treated at 65-70 with & mixture of pe&asninn,permanganate
(120 g.) and magneainm-sulphats (40 g.) added during 5 hours.
Excoss permaﬁganatc‘was degtroyed, the hot resction mixture
>f11tered and the sludge of manganese dioxide washed once with
hot water. The combined filltrate was acidified (eaggo red) and
- the white needle mass filitered cold and oven-dried, (42.5 g.,
75/), m.p. 208-210° Beilstsin, XIV, 365 gives m.p. 214°

(8) L4-Chloroanthranilic #e:d.

Tho above éeetaaado«dcriva£ive (32 g.) wae refluxed for
one hour with sulphur:a acid (18N, §ac.e.) cocled and the
,susgenﬁed amine sulphate carefully neutralised with ammonia
{D = C.880). The mixture was dtranttely¢aeid to congo red when
maximum precipitation of the anthranilic acid was noted., It was

. filtered and dried (18.6 g., 72.) and melted at 218° (Lit. B.pP.
255"256 ).
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y-Chloroanthrenilic scid (Metiod supplied by I.C.I.):

4-Chloro-2-toluidine hydrochloride (178 g.) and fused

- sedium ugétaae (164 g.) were mixed in & flask fitted with en
air condenser, stirrer, tap-funnel and thermometer. Acetic
anhydrién (204 g.) was added and stirring begun. An ‘equal
amound waé added during 1 hour 80 that the temperature did not
rise above 70° and the reaction completed by heating on the
steann bath for 1 lNoar, The reaction mixture was pohrcd into
water (3 1.), the flask washed with water (1 1.) and the liquors
allowed to stand overnight. The product was filtered, ground
‘with wateér (1 1.) at 50-60° and again filtered and washed with
water (1 1.); afﬁer'drying at~65-656 it had n.p.'15§° (133 g.,
72.5.7).

A S 1. flask was chergod with hot water (3 1.), the
scetamido-compound (1U5.5 g.)'and magnesium sulphate (360 g.) and
stirring Segan,- The tempsrature was raissd @o BGQ md potassiur
psrmangenate (560 g.) added over a period of 3 houre at 90~95°.
Stirring was maintained for ancther 2 hours and the sixture made
alkaline to brilliasnt yellow w1§h sodium carbonate and filtered
‘hot. The residus was washed thrice with hot water (900 c.c. in
ali) and the combined riitrate acidified with hydrochloric acid,
sllowed t6 cool and filtered. .The.grude acid was washed with
a little cold water end purified by reprecipitation from a
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a selgtién of sodium carbenate (60 g. in 1 1. of water) at 6C°.
After washing and drying y-chloro-2-scetamidobensele acid §1% g.,
72:)) hed m.p. 222°, | |
| This acid (107 g.) was warmed with concentrated hydro-
chioric asid (LOU c.c.) in e 2 1. flask until frothing mederated.
Hydrochloric acid (100 e.c.) was added and the mixture refluxed
gently for 3 hours, coocled and the white solid filtered cold.
Aftar thorough washing with water, Lechloroanthranilie acid was
_dried and melted at 22u° (T4 g., 86.57).
u»ahiera~2fghthalggidebcnseie’aeia.e 4~Chloroanthranilic atid

end phthaiie annydride {300 g. of each) were ground togethsr

and the mixtare raflaxs&-zn acetic ne;d (65C0 c}e.) for 7 hours,
(31ight fuming at this stage was dus to the presence of a little
hydroshleric scid in the anthranilic scid; neo advantege attended
the uss of whodly purified y~chlorosnthranilic eeid), 3sall

- golourless priams'scptratcd fra& the boiling solution which was
sllowad to c¢ocol overnight and the pure phthalimido-asid, m.p.
269-270°, filtered.off (122 g., 69.)) (Feund: C,59.65; H,2.55.
”1§58°h“ Cl raquires C,59.7; 1,2.657).

y-Chloro-2.scetamidoscetophenons.- Frocedure "A".
" The above phthglim;do-acid (6 g.) was refluxed with

phosphorus pentachloride (4.5 g.) in dry benzene (50 c.e¢.) for
one hbnr and the clear solution evaporated to dryness under

reduced pressure Lo rémovo phosphorus oxychloride. The sclid
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residue was redissclved in benzens (4G c.e.) and added in one
portion io e suspension of ethyl scdiomalonate prepared the
proﬁiong dey frem powdered sodium (.92 g.), aiethyl malonate
(7.6 c.c.) and benzene (4O 's.c.). After standing overnight
at room temperature the mixture was decomposed by shaking with
- dilute hydrochlorie aéld (20 c.c.) and the benzene layer
separated. Thia #gs combined with an ethereal extract of the
agueous 1gy§r; washed, dried and eehcth&rn&éd{ The residual 611
;aa hydrolysed by gentle rorluxing with the resgzeat (50 c.c., s.c.
pege /| ) and crude Lechloro-2-aminoacetophenons isolated by ether
extraction of the cold reaction mixture after dasification with
sodiun ocarbonste. Acstylation of the amine was effected by heating
on a steem bath for 14 hours with scetie anhydride (2 perts).
Crystels of the acetamido-derivative separated from the celd reaction
mixture and were filtered snd washed with ether. Pare y-chloro-2-
acetamidoacetophenone erystsllised from ethanol in fine celourless
neecdles, m.p. 18-149° (Found: C,56.55; H,4.8. C10H10% ¥ o1
reguires C,56.7; H,4.77).

_Proeedar‘s o

A solution of diethyl melonate (108 c.c.) in dry benzens
(16C c.c.) was added with high speed stirring to a suspension of
powdered sodium (12.8 g.) in beﬁzéno (500 0.6.) and the mixture
rc_ﬂaxed for § hours then alliowed to stand overnight. The well
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stirred sludge of the sodio-derivative was treated with a
solution of the acid chloride in benzene (%00 c.e¢.) prepared
as in YA® from y-c¢hloro-2-phthslimidobenzolic acid (84 g.),.
phosphorus pentachloride (G4 g.) and benzens (25v e.c.).

In concentrating to dryness under reduced pressure to remove
phosphorus axychloriéi_thé sntering stream of air was dried
by phosphorus pentechloride; further evaporation of an added
volumeof benzcn; (100 c.c.) ensured complete removal of
oxychloride . - The reaction mixturs was stirred for g further
7 hours, allowed to stand overnight and decomposed with
hydrochlorile aci& (300 c¢.c.) as sbove, Hydrolysis of the
c¢ondensation product was achieved by refluxing with hydrobreaic
| scid (D = 1.8, 6UC e.c.) fer 9 hours; the cold reaction
- mixture was basified with ammonia (1 part of eoncentruiod 1 1-]

5 parts of water) and worked up as in "aA*,

yoChloro-2-aminoscetophtnons.- The above acetamido-sompound
(1.5 g.) was refliuxed for 15 minutes with hydroehloric asid
(63, 2y ¢.06,), cooled and basified Pith ammonia. The fres
anine, m.p. 91-95°(1.15 g.),formed a mixture of solidified o1l
drops and colourlese needles; pure y-chloro~2-aminoeestcphenone,
f.p. 52.9g°, erysthlliied fron aqueous alcohol in colourless
nesdles (Found: €,56.2; k,4.55. CglaC N Gl requires €,56.6;
HobeT, ) |
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u-chlara~2-ghthalim1debcnzeglaeetoaeutato.a A mixture of

ethyl ecetoscetate (3 g.) and sodium ethoxide, prepared from
sodlum (1 g.) and ethanol (absclute, 1B c.c.), was cooled to
5°_and &re&ted with a solutlon of y=-chloro-2-phthalimidobenzoyl
chloride prepared from the acic (6 &.) and phosphorus penta-
~ chloride (L.5 g.) as above. The pule yellow solution was
allowed to atand overnight, shakea with hydrechloric acid and
tihie benzene layer rsmoved; this was combined with an ethereal
sxtract of the agueous layer, washed and dried. Concentration
yielded glistening needles (3.6 g.), m.p. 102-104°, which yielded
coloorless leaflets of the purs condensation product, m.p.Alou°.
.(?ounﬂ: €,60.6; H,u.5; N,4.0, 321”16038 Cl reguires €,62.9;
H,3.9; §,3.4.). |

A portion (1.5 g.) of this product was refluxed with hydri-
-odie aoid (4.5 c.c.) for § hour and worked up aes ueual (page 3 ).
A dark coloured crystallising oil (C.14 g.) which did not melt
en the steam bath end had/ggéracteristic smell wes 1solated.
Tn? alkaline aother liguor was acidified and yielded By ether
extrac;loﬁ a white solid (C.54 g.) which after several recrystal-
lzsation§ from aleohél haé M Po 237° (decomp.) (4~chloroanthre-
nilic acid has m.p. 236°) (Found: G,48.85; H,3.3; Cl, 20.5.
Cle. for CqHeON Cl: C,u8.9; H,3.5; €1,20.7.).
~-CQliloro~-2-nitrobenzeonitrile.~ In the following experiments the
oruﬁa 5itri1c was always isclated by extraction of the resaction

mixture with othor: the extract was washed with water, scodium
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hydroxide solution and again with water, dried and evaporated.

(a) An experiment (using C.2 gm. mol., 34.5 g. of amine)
employing Hellerts (12 ) cendit:ans indiceted his use of an
txceptiannlly large excess of acdlum acetato cver that required
.te buffer the diuzeticec soclution: {with rtspact to congo red);
s second oxpcrlmant reqaired rouzhly 1/5 the gquantity of sodiua
scotete. The yields were eombiued and furnished on distiiletion
a pale ysllow product (22.6 g.), b.p. 228-2#0 /12 ma,, which on
,recryatallicuticn fran ether gave pure 4echloro-2-nitrobenzo-
nitrile (18 g., 25 ), e P 98~99 .

(b) Yethod of 1.0.1.

4-Chloro-2-nitraniline (34.5 g.; 0.é mol.) was converted
into hydrochleride with the minimum of bolliﬁg concentrated
hydroshloric acid and the dark red prismstic nesdles filtsred
ééld'and drained. The hydrochloride %as added during 2 hours at
5% to o® to s weli stirred mixturs of sodium nitrite (16 g. in
40 c.c. of water), concentrated hydrochloric acid (42 ¢.c.) and
xca'(zao g8.). Unchanged hydrochloride (lj.g g.; ®.p. and mixed
e Do 115-116a) was filtered off nﬁd,oxncso nitrite in the
filtrate was deetroycd with urea. The clear solution was added
to the SJandmeyer solution prepared from coppsr sulphate (56 g.)
and “double salt® (60 g.) in weter (280 c.c.) , the temperature
being kept haléa»ch @nd the mixture wes heated to 60° the next
'd@y.. The yleld of crude nitrile, m.p. ?5»92°. was 135.3 g. (36.).
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A portion (5 g.) was partially purified by steam distillation
to yield pale yellow material (4 g.), m.p. 80-900.

An attempt to steam distil the basified reactlon mixturs
yielded no nitrile; some crystalline material, m.p. 172° and
at 250@ (decomp.), probably impure amide, was formed in the
distiliation flask but this did not yield any acid on further
hydralyéia with 507 v/v sulphuric aecid.

{¢c) Procedure aceording toAHunn (7 ):= .4=Chloro-2enitr-
sniline (34.5 g.) yiéldnd only 10 g. (287) of the nitrile, m.p.
'.9u-966;

{(d) y-Chloro~2-nitraniline (138 g., 0.8 mol.) was

- dlazotiged according to the directions of Hunn and the clear
solution halved. One half wes mede neutral to congo red with
sodium acetate.selutlon and this eolution again halved; each
portion was aﬂdedvto an aliquot of the Sandmeyer solution at
730 (a) and at room tempsrature (b). The other part of the |
untreated diazctised solution was similarly divided and added
to the Sandmeyer solution a£~709 (¢} and at room tempsrature
{(d). The Sandmeyer soluticn was prepared exactly as in (b) .
The yields of crude nitrile obtalned from (a), (b), (e) and
{Q) were 3l.5 8 51.# g+, 30.1 g., and 29.5% g. respectively.
{2) and (¢) were cembined, dissolved in benzene (i 1.) and
allowed to percolate ahrough a column of "Herck!'s” alumina

(65 x 2 ¢m.); elution with benzens, svaporation of the eluates
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and digestion with ether (150 c.6.) furnished pure 4-chlore-2-
nitrobenzonitrile (40.5 g., 55.57), na.p. 9?-959. as ﬁdﬂi-h
yellow ncudlis, Similarly, (b) and (d) yielacd 36.65g., B,
a.p. 93-101°.

4-Chlore-2-nitrobenzoic scid,-

(a) By hydrolysis of the above nitrile.

The nitrile {10 g.) was heated on a steam bath for 1, hours
with sulphuric acid (8C c.c. of 80, v/v). Tater (48 c.c.) was
added with cooling and the mixture {50 ' sulphuric acid now
prasent) refluxed. gently for 1i hours, cocled and diluted with
water (138 c.c.). The dark coloured érystalzino material was
filtered and purified by reprecipitation by aeid from its
solution in equeocus sodium carbonate, yield (8.8 g., 80C;), m.p.
141-143°,

(b) By oxidation ef u;chloro-2~nitrctoluinn.

(1) The nitrotoluene (10 g.) was rorléxnd with weter
(250 e.c.) and potassium permanganate (20 g.) added during 24
hours, volatile material bsing occasionally melted from the
condenser. The c¢old reaction mixture was filtered and the
filtrate acidified to give h-chloro-2Z-nitrobensoic acid (2.6 g.),
f.pP. 1aéwlu1°. The dried sludge from the oxidation yielded
Gechloré-2-nitrotolusne (4.6 g.) by ithsr extraction. {The yleld
of acic was thus only 22 unlsss based on the nitrotoluene

consumed when 1t was 417},
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(2). A solution of L-chloro-2-nitrotoluene (10 g.) in
pyridine and water (60 c.c. of each) was refluxed and treated
portibnriso with permanganate (30 g3.). Pyridins was removed
by stean distillation, thc-manganos¢_dxox1de filtered off and
the solution ecidified; colcurless leaflets, n.p. 1259'(dccomp.)
| wore obtained and after recrystallisation from 957 ethanol
meited atb 185~200°. Anslysis of this material gave unsatis-
fectory results, viz.-

(3). bBremine (9.4 g.) was added dropwise during one heur
0 L-chloro-2-nitrotoluene (10 g.),maihtained at 160-17¢° in
a bath of ligquid paraffin,and illuminated by s 200 watt lsmp.
Jome crystalline material separated after ; hour and at the
end of the reaction the mixture was complstely solid at 8o°.
This product was oxidised in sodium hydroxide solution (3 g. in
25C c.c. of water) and permanganate (20 g.) iddea to the bolling
golution. .The usual method of working up yielded a yelliow
powder (C.9 g.), m.p. 155—136“, and sone of the nitrotoluens

~i&;1 Bele

qgg§;9r0-2~n;trcaeetqphqnone.- -Chloro-2-nitrobenzoic acia

{24 g.) and phosphorus pantachloride (27 3.) ware mixed together
and the vigoroue spontaneous resctlion was coupleted by heating
on a steam bath for 1y hours. Fhosphorus oxyshloride was
rcﬁévcd undsr reduced pronsure} Fhis process being completed

by two additions of dry benzene and subsequent evaporation

under reduced pressure. The oily product was dissolved in dry
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benzens (5¢ ¢.c.). . .

A solution of sodium (6.15 g.) in ethanol (BC g., purified
via diethyl phthalate) was prepared and halved. Cne half was
treated with acetoacetic ester (17.U% g.) in the cold and to
this stirred mixture was added at ﬁg the rest of the sodium
sthoxide and the agid chloride éclution, these additions S.lng
made simdltanobusly_at approximately equel fatos; The tomporutur§
tended to rise but was kepi delow 5° throughout the reaction, to-
wards.the_ond of which some separatlon of sqlid oceurred. The
mixiure was stirred for 3 hours, allowed to stand evernight,
decomposed with iced hydrochloric acid and extracted with sther.
The extruct was washed with sodium bléarbanatc‘sclution and then
with water, dried ané'evnporated'to yield a red mobiie oil (35 g.).
This was hydrolysed in {50 equal parts with alecoholic sulphuric
acid (15 parts, 187 »/w of concentrated sn;phhric acid) by the
metneu'9f~ﬁermaak and 3alth {E== ) and ylelded a eridly
erystallising oil; this s&parated from its solution in etier=
ligfoin as long soft needles (17.6 .., Th. based on the acid).

A pura sampls, m.p. 55~56°, crystallised from ligroin (b.p. 6~
- 82°) in long, colourless brittle needles., (Found: C,u8.25; H,%.06,

caaéa%s Cl requires C,48.1; H,53.0/).

- 4=Chloro~-2-aminoasetophenone.~ The above nitro-cempound (6.5 g.)

was dissolved in acetic acid (5C c.c.; and treated on a steam
bath with iren filings (13 g.) added curing j hour. ‘Jater
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(25 c.c.) was added after 15Aminutes and egain when all the
iron had been added, The mixture was heated for another
§ hour, cocled, extracted with ether and the extract washed
with aguecus sodlum ¢arbdonate and then with water. The extract
was dried and yieided on evaporation & reedily crystallising
oil; pure u»enlorv—éwaétneaeetaphenane (4.7 g., 857), m.p.
and mixed m.p.'?i*93°,.aas obtained by reerys%&llisa%ion from .

ligroin (b,p. 60-8&6).

7-Chloro-ii-hydroxycinnoline.~ 4-Chloro-2-aminoasetophenone

(3 g.) was belled with hydrochloric acid (60 c.C,, 6N) and the
finely divided suspension cooled toAgg,se.' This was diagotised
uu&h sodium nitrite (1.5 g. in 1C ¢.c. of water), mechanical
‘stirring being maintained throughout the diazotisatlon (1 hour)
and then left for a further hoM at room temperature. Thb'cloir
solution was heated on a steam bath until all cocupling hed
Gisappeared (1 hour et 70%) and the precipitate filtered eold.
Puarification was effected hy rapracsﬁitation with weld from a
solution of the cinnoline in sodium hydroxide (the sodium salt
of the cinnciine appearsd torbe'sparingly soluble) and the
filtered product wag freed from sonme iweot smelling o6il by
washing with ether. Recrystallisation from absolute aleoholA
furnished pure 7Qchloro~q-hydraxye1nn011nc {1.1 g., %54 ), m.p.
27&-275°, as soft bronge colaubad needles (Found: C,52.9; H,2.75;
N,15.25. CgHgO NpCl reguiree C,52.2; H,2.8; N,15.5 ).
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Nitration of y-chloro~2-acetamidoacetophenone.~ The acetamide-

‘eompound (10 g.) was added with stirring, during 35 minutes, to
a mixture of nitric acid (I = 1.48) and concentrated suiphuric
aeid (60 e.e. of 5:2 by volune] the tsmperature being kept bdelow
-10° throughout the reaction, The added solid soon dissclved

with slight evolution of heat. after stirring rar'zé-minutoa
. A

the solution was pourad gg‘crugbgq*}ge (gg; 250 c.c.) and the

11 with watkr, Recrystallisation

solid filtersd and washeu j

from sthanol yielded slender yelYow blades of y-ghloro-5-nitro-

2«asntamldanscioghgnonn, m.pﬁ-iééoléﬂo (9.37 8.4 77°) (Found:
C,46.5; H,3.5. cmn?%xgéz requires C,u6.8; H,3.5.).

The agquecus nitration liguor was basified with sodium
carbonate, extracted with ether and the extract washed and dried.
Concentration Qt the ¢thareal solution to small volume yielded
alnost colourless needles (0.5 g.) which furnished on recrystal-

lisation from ligroin (d.p. 65-80%) pure -gchloro-3-nitro-2-

ascetemidoacetophenone, m.p. 1&3-1&u° (Pound: C,47.1%; H,3.45.
-cma?auﬁzci requires C,46.8; H,3.5 ). Helting point depressions
were obtained on admixture with the starting material, m.p. 148~
_15&9 end with the main product, m.p. 166-168°.

In expsriments where the latter isomer was contaminated
with the former, purification was best effected by recrystallisation

from benzens in which the B-nitro-dcrivative is very easily

soluble.



ull‘éa

=Chloro~-5-nltro-2-aminoscetophenone.- The above acetanide-

derivative (4 g., m.p. 166-16803 was refluxed with a'mixtnro

of equal volumes of alcohol, concentrated hydrochloric acid

and water (120 c.¢. in all). The free ﬂnlns; which acparatnd
from the beiling Bolution after about 5 minutes, was re-
dissolved by addition of more ethanol amd refluxing sontinued
férz&nbthnr 10 minutes. The alcohol was boiled off, the mlxturse
cooled and basified, and the amine (3.2 g.), m.p. 176~177°,
‘filtered off and dried; the m.p. was ﬁncbanged after reorystal-
lisation from aleobol (Found: C,45.2; H,3.2; %,15.05. CgHy058, 01
requires C,44.8; H,3.3; N,13.05:7).

y-Chloro-3-nitro-2-sminoscetophenons.- A mixture of the
acetamido~derivative (2.4 g., “~.p. luioiuﬁo) and hydrochlerie
acid (1C c.c., 2N). was refluxed for a short time (after one
~minute the free anine separated from the cleer solution), cooled
and then basified. The cruds product (2.3 g.), m.p. 148-150°,
was unchanged by recrystsllisation from alcohol from which the
emine separated in characteristic golden yellow phates (Found:
C,L4.5; 1,3.2. CgH,0sN 01 requires C,uk.8; H,3.3.). |

This compound (0.2 g.) was raduced to the diamine by iron-
riiings and acetic acid and was then condensed with phenanthra-
quinons to yield an esine, m.p. 287-288°%, identical with material

prepared by “r, J. R, Keneford,
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Diazetisatien of 4~ghloro~-S-nitre-2-smincacetophenons in
hydrochlerie acid, ;

A suspension of the anine (5 g.) in 6N nydroehlorie acid
(6C c.¢.) was cooled to 5°~and trsated with 10 aguecus lodiﬁn
nitrite (20 c.c.). After standing overnight in a refrigerator
some 30l1d remained but this graduaslly dissalvnd‘at room
temperature. The eclear solution was heated on a water bath
until a sample gave no further coupling (with en slkaline
solution of B -naphthol) and the solid which separated was
filtgrad cold. The moist product was dissolved in warm dilute
‘sodium hydroxide, filtered and the filtrate acidified with
hydrochlorie acid. The precipitated einnoline (4.6 g., m.p.
320°, decomp,) was dried and on recrystallisation fros bolling
acetic acid yielded pure 6,7-dichloro-4-hydroxycinnoline (3 g.,
57:)s B.p. 327° (decomp.), as small brown erystals(Found:C,ut.8;
Hy,2.4; N,13.3%; C1,32.5. Cale. for CghH,0 N,Cl,: C,uk.7; H,1.9;
N,13.0; €1,33.07). _

This method was identical with an authentic sample prepared

2’

by ¥%r. J. R. Xeneford and the following derivatives were

pfcpered.

6,7~Dishloro-4~scetoxycinnoline.- The above cinnoline

(0.3 g.) was refiluxed with acetic anhydride (0.5 ¢.q.) for

1 hour and ¢ooled; thtré_separated from the red solution almost

colourless needles (0.25 g.), MeP. 1&7-1u9°, alone and when




-} QB-
mixed with a sample (a.p.‘1u8-1509) eimilarly prepared from
suthentic 6,7-dichloro~y-hydroxycinnoline (Found: N,11.15;
€1,27.5." CqoHc0 N Ok, requires C,10.9; i,27.6,).

4,6,7-Trichlorocinnoline.~ an intimete mixture of the

hydroxyeinnoline (0.5 g.) with phosphorus pentachloride (0.5 g.)
and phespneras_exyohléridc (1.6 c.c.} was heated on a stesm bath
for 1 hour. Xxcess oxychloride was removed under reduced

pressure and the dry solid digested repeatedly with ligroin

'(60&8&97; the ligreoin solution (ghareaa;) yislded on con~

centretion 4,6,7-trichlorocinnoline (0.35 Be)s m.p.*lul.s-luz.so,
alone and when nixed with en authentic sample (Found: C,Ll.5;

H,1.8; N,12.65; C1,44.7. Cale., for ol N.Cl,: C,41.1; H,1.3;
873727 "3

" ®,12.0; C1,45.6.).

6,7=Lichloro=i-phenoxyeinnoling .« The foregoing chloro-
compound (0.2 g.) was heated in a solution of potassium
hydroxide (&.qs g.) with phenol (C.6 g.) for one hour. The
mixturs was cooled, basified with dilute sodium hydroxide and
extracted with ether, After washing with uatef, svaporation
furnishad tiny eoléur&oss nesdles, m.p. 162--165o (after recrystal-
lisation from absolute alcohol). -Aﬁmixturé Qith authentic
material produced no dqpression 15 melting point (?oﬁnd: £,57.6;
H,2.75; 4,9.8; C1,24.7. Calc. for CpyHgONaCL :  C,57.7; H,2.8;
N,9.6; C1,24.4, ).



Diazotisation of QQgggarQq)-nitrooz-anineaeotoghonnnn in

hydroehlorie scid.

Aﬁsaéptniion 9f the amlne~(Q.67 5.5 in 6N hydrochloric acid

' (30 c.c.) was diazotised at room temperature with solid sodium

nitrite (C.2% g.). ?ht anine only reacted slowly and atinr
several hours the last traces of solid dissclved on warming.
Prolonged heating on a steam bath enu-o& separation of colourless
needles, m.p. 220*225°. After reprecipitation fronm alkdii as
above the cinnoline was rcéryatallilcd rroﬁ uleénol, from which it
separated in colourisess nesdies, m.p. 2#2-2“50 (élew deconp.).

Pure 7,8-dichlore-i-hydroxyeinnoline had m.p. 255-254° (Found:

| CouB.1; H,2.2; N,13.2; €1,33.1. Gaﬂucﬂzﬂlz~roqair¢- C,u4.7; H,1.9;

N,13.0; €1,33.C.).

The. following derivatives were prepered exactly as above.

ﬁ.?.BF?blehlérac1hnol:no.» From petroleum ether (60-80°) in
calaurleés needles, m.p. 217-218° (Found: C,4l.1; H,1.5; 3.12.65;_

€1,45.5. CgHyN,Cly requires G,ul.l; 9.1.3;»u,12.o; C1,45.6.7).

7,8-Cighlero-y~phenoxyecinnoline.- This compound was much
less soluble in ether and alcohol than the other isower (sbove)
and separated from ethyl acetate in célon?loss blades, m.p. 21&.50.
(Found: C,57.6; H,2.75; €1,24.6. Cy, HgONC1, requires C,57.7;
H,2.8; %,9.6; Cl,2u.4. ).

Rixed melting pointe of these compounds with authentic
7,8-dichloro-derivatives {prepared later by %r, J. R. Kensford)

showed no depressions,
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Deamination of y-chiere-H-nitro-2-sminoacetophencne.
(a) A well stirred suspension of the amine (0.5 g.) in

hydrochloric scid (6 e.c., 6N) was diasotised wizh~10f'aqaoeus
sodiue nitrite (2 ¢.e.). Some unchanged aninﬁ (9.2 g.) was
£1ltered off and the filtrate added at O° %o stirred hypo-
phosphoroua acid (10 e.e.. X0. ), Aftor 4 hours at o® , there
paratod a small amount. of aolid, m.p. (82) 8&-87 , depressed
by %,4~dichlorcacetophenons in spite of the similarity in smell.
. Reerystallisation from absclute alcohol yielded almest pure
y-ehloro-S-nitroagetopnsnone, m.p. and mixed m,.p. 9?.5-99".'
(b) The amine (5 g.) was diazotiscd a§ abovcband thc
.filtratn (unchnngcd material, 1.5 g.) heated on & steam bath
| untll a slight snrbidizy was n@ted, cooled and nddld at 0 to
hypaphosphcrous acid (60 €.Ge)e An obvious reaction aeeurrod
and the solid was étgcstcd with dilute sodium hydraazdi and
'filtcrod, washed and dri@d.(é.éé ey M.Pe ?1«730). Subli-~
mation at 50-60 0°/0.05 mm. yislded pure 3,u-dichloraucctaphnnnnc,

a.p. 76=77°, as tiny colourless aeedles.

Despination of u~shlérau5-n1%rs-2~gglnana¢tsgpongﬂq.
The amine (1 g.) was suspended in 6N hydrochleric acid

(44 ¢.¢.) and diagotised with solid sodium nitrite (0.4 g.).
| After standing overnight at room temperature, unchanged
material (0.5 g.) was filtered off and the filtrate treated
ss in (b) with hypophospherous acid (2C e¢.c¢.). The crude
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3,a-daehleresegtqpp¢nons (C.25 g.), m.p. 75-769. was Dest
purified as.ia (b); from the alkaline éigc@%ioq there was
isolated T7,8-dlechloro-4-hydroxyscinnoiine, m.p. and mixed m.p.
253254

7=Chloro-6-nitro=y~hydroxycinnoline,~ A solution of

bechloro=-5-nitro~-2-aminoacstophencne (CLE.g.) in a mixture of
scetic acid (7.5 ¢.c.), eoncentrated sulphuriec qcid (2 0.0.)
and wat@r'(ggk “.5 c.c.) was treated at §~5° with solid sodium
nitrite (C.18 g..)! added during 15 minutes with hand stirring.
The somswhat turbid solution was heated on a steam bath to 85°
until no further diminuti@n'yag apparent 1in the éonpl!ns power
of the clear red solution (ga, 1 hour). addition of water
(360 e.e.) to the cold galu@ian gave a dark red solid which was
purified by precipitation from its solution in N/§ sodium
‘hydroxide; thie soli@ (0.3 g.), m.p. 2y6-248°, crystallised
from acetic acid and furnished the pure cinnoline, =.p. 252¢25u°
(slow decomp.), in clusters of stout bronze needles (Found:
C,42.7; H,2,05; N,18,55, saﬂup_,’sscx requires C,42.6; H,1.8;
¥,18.67). The cinnolins was soluble in dilute alkelis and
moderately easily soluble in sodium blearbonate; from its
warm solution in 2N sodium hydroxide slender yellow needles of

the socdium salt cubaratcd on cooling.
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T-Chlors-8~-nitro-y~hydroxycinncline.- This was prepared
exactly as for the 6-nitro-isomer from h=chloroe3-nitro-2-amino-
acato?henenz (0.5 g.).. Final purifieation of the product (0.5 g.),
m.p. 254-255° (decomp.), was achieved by reerystallisation from
alcohol from which the pure cinnoline, m.p.(262-26u° (decenmp. ),
-éeparated in yoilat Jn5g0§ needles (FPound: C,u2.8; B,2.1; N,15.9;

€1,16.0.. caﬁk03§301 requires C,42.6; H,1.8; ¥,18.6; C1,15.7.).

Resction between y-ghlore-2-phthalimjdebenzois aeid snd methyl-

aglehié ester. o

| Plethyl maahylmulénﬁze; ﬁr;pércd acsording to Organie
Synthesss (/7 ), was shaken in sthereal solution with three
portions of ammonium hydroxide (d ®= C.880), washed with 5
sulphuric agid and then with igter; The ester hed b.p. 90°%/12mm.
A well atirred solution of ¢iethyl methylsodiomalonate prcparod
from powécrcd:§odium (1.6 8.), ester (lh;s ¢.c.) and benzene
(140 c.c.} was treated during 20 minutes with s soluticn of
4echloro-2-phthalimidobenzoyl chloride from the acid (1C g.)
and phosphorous pantﬁehiéride {8 g.) . After stirring for
% hours at raam'tcmynratnrc the mixture was allowed to stand
overnight, docemposéd with dilute hydroshloric acid and extracted
with ether-benzens, The extract was drisd end on svaporation
. yielded, from large volume, fine yellow needles (0.6 g.) whieh
‘erystellised from ecetic acid in soft, colourless needles, m.p.

2709 (deeomp.iitﬁ‘tubhid orange melt); mixsd m.p. with
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y-chloro-2-phthalimidebenzoic acid, 235-2u5° (decomp.)
(Found: C,55.4; H,3.7; N,5.75; 31,15.5. clzﬁlacux €l requires
¢,53.8; H,3.8; N,5.2; C1,13.3.). Further cencentration yielded
an oil (23 g;) shich was refluxsd with hydrobromic acid
(70 c.c., d  1,45) for 8 hours. The sold sclution was ba;ittcd
with smmonia and yielded by ether extraction 5.1 g. of an oil
togethar with crystuiiian material (1.15 g.), m.p. 108-117°.
After two recrystallisations from alcohol (6 c¢.c.) small colour-
less nesdles, m.p. 125.5-125°, were obtained. Froa other runs
(4O g. of seid) no iselation of the substance, m.p. 27C°, was
andertaken and treatuent with hydrobromic acid gave 18,5 g. of
an oil from which there separated crystalline material (1.5 g.). -
‘aucrystgllisatinn from alechol furnished brittle colourless
needles, m.p. 152~15§& (this gave a positive Beilstein test). The
‘,raﬁaiains eil {17 g.) was heated with acetic anhydride (34 e.c.)

ah a‘itaam bsth but no erystaliiﬂc product wes obdtalned,

Attempted egaddnaabion.of y-gchlore-2-nitrobensoic asid with ethyl

methylacetoacetate.

The cenditions wers as for the acetophencne preparation
(page/s3 ) using 13.4 g, of the benzoi§ aeid with roughly
propertionate qunn%xtics of other reagents, Hydrolysis of the
oily §rodﬁ6%'(18 g2.) was sffected with 15 parts (u/w).ef-aléoholie
salphuric acid as defore, ethyl acetate heing detected in the
.diatillaté along with methylethyl ketons (2,y-dinitrophenyl-
hydrazone, m.p. 111-113°). I1stillation of the oil from the
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hydrolysis gave 8.65 g. of a mobile yellew oil, b.p. 167-17C°/1¥ln.
' This material (0.5 g.) wam refluxed for l; hours with benzaldekyde
(G.3 g.) in 2 c.c. of alcohol conteining 5 drops of 30 ajueous
potassium hydroxide; the derivative (70 ng.), presumed to be a

chalkone, érystnllistd from aleohol in fine colourless nsedles,

B.P. 2926. analysis indicated this to be potassium l-ghloro-2-

nitrobenzoate (Found: €,35.0; H,1.5; €1,14.5; Ash,zsi.

G,H;0,N C1 ¥ requires C,35.1; H,1.25; C1,14.5; K5C0,, 28.8.).
Reduction of the presumed niiraprapiuphenont (167-17c°/1umn.>
(6.6 g.) in acetic asid (50 g,c.) was ofteeied on a steam bdath
ualné iren ti;lng; {12 g.), added during 4% minutes. Jater
(30 ¢.c.) was added during the reaction and the oily amine
(5.8 g.) isolated by ether extraction. ‘-' o
The amino-compsund (J.5 g.) was heated with acetié anhy-
" dride (1 ¢.0.) on & stean bath for 30 minutes ani,on cooling,
colourless crystals (0,27 g{), B.P. 77-79°, ssparated. Recrystal-
lisation from ligroin (b.p. us-6@°) furnished tiny jagged
needles, m.p. 80-81", which analysis indicated as sthyl Y-ghloro-
~2-acetamidobenzoate (Found: C,B5U.7; H,5.25; N,6.%; Cl,i4.4.

cxx“xzqsﬁ él'raéairin é,5§.6;Aﬁ;5-3; N,%.8; C1,14.7.0).
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~ Zhe preparation aad properties of soms i-Neihylsisnelimes.

The aims of this section of the investigation were twofold;
(1) to sonfirm Widmen's synthesis of y-methyloimasline-7-
earboxylic acid, end |
(2) to sxtend his sethod to %ﬁt preparation of osher
y-usthyleinnolines. Each of these aims was realised.

Refersnss has besn made esrlier (psge 48) o the historical
aspsets of %1daen's discovery. In the pressnt study his slear
oxprc;aion of practicel confitions together with some asstct;ont
of alisraative methods was of vslut in the ttlcction of &
praparative routs to tht.clnnalann; a ¢hart of Tidean's work
ADpeATS On page /57 . Nitration of eumipal (I) gave consistent
yields (967) of the pure mitro-sompound (II) slthough later runs
(asing c¢ominal and ecids from different seurees) provided
varistle (aversge 56.) yields of pure nitrocuminal tegether with
an 511 which resistsd nitration under the stsndard senditions.
Oxidation of nikrocuminal with wars perssnganate yielded mainly
nit rocuminie eeid (I1I) which, &s noted by Widman (/95), was
cnapérat:vety resistant to further oxidetion; the hydrexyle
propylienzoie aoid (IV) was oltained only by refluxing sitroe

cuminal with s large excess of permsnganate for 10-12 hours.
Denhydration to (V) with concentrated sulphuric asid at roem

$euperaiure was attiiflcﬁary but Tidman's procedare for the

reduction 0 (VI) gave variable resulis, Reversal of tbe erder
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uebers fndlcste the yields oblained Ly l.uan, wiere these
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of aduiition (thms addition of an a-uoniacal tblntian~of the nitro.
atid to ferrous hydroxids) in& isolation of the amine hycrochloride
{instead of 'dnan's tedious sxtrastion of the base) cave
sonslstently good ylelds., The sriginal methed of dilazotisation
using an ajusous sviution of tim hydrochloride proved uholxy
sucesasful, slthough prelizinary experisents wsre carrisc out using
excess hydroshloric asid; in the latter proscedars isolation was
«ftected by addition of sxcess suuin: phosphate. Murification
of the Sruds cinnoline via the ethyl ester (Vii, X = 5t} was found
4o bs most adaptable Lo preparative work.

The first successful sxtension of Tidnan's synthesis("2" adove)
was reached in the prepsration of Ge~chloro-h-methyleinnoline.
5-chlcrv~2«aﬂ1nanattaphenaﬁn (?zIZ), prepared by the ~ethod siready

| s s
¢/ e=o 3
S L SR
(m) (X (x1)

desoribed (/53 ), was canftrtéu by a Grignarc resstion into a soild
- which ﬂas'rtﬁevorté fron traatnent with hot ﬁﬁ salphuric acid.
Analysis indisated that this corpound was the cardinol (IX) sithough
the anusnel stabillity towarcs siiphuric aeid caused 1% Lo be
regarded initislly as the sthylsne: produced by spontansous
dehydration of the Grignard produst. Thie stabilily towards

X riazotiestion ut»th. "ethylens® wes carrisd out before the rsceipt
of aaalyaia figures but the non-phenciiae fraotion was only subjncgyxo
prelisinary tests.
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suiphuric acif is interssting in view of the. sass of dehydrasiea

of sarbinols te give other s-solmosthylenss (¢.g. XII; Ry T Ry = My;
R, = M, R, = CHyPh) using even less drastis cenditiems {/50,/52 ).
Horsovar, the cempound (XIII) heas been obtseined (/7 ) siaply ¥y

- _ CRJ H} Hl(/\\c/w3 C;"_;
0 c MeD, C-CH,. CH,. CH
S, gyl
(1) () T ()

beiling the sorresponding sar®inol with sleeholiis pleris seid, whilst
dehydretion of (XIV) to the ethylens was assvaplished (2 ) by
distillation under redused pressure with *a few drops of 207 sulpharis
#cid9, An stteapt to delydrsts dioethyl (S-sbloro-Z-asinepbsayl)
sarsinel (XX) using eoncentrated sulphuris scid &t roomw Gsmpesraturs

- Tesulted in proacunced sulphonation but delydration wish only slight

sulphonation was schisved using hot 8% swipburie asid; preparstion

_of F-bsnsoyl derivatives sanfirwed the suceess of this dehydratioa.

piasotisstion of the sthyienms (X) in hydroehiorie seld (astually a
suspension ei"A the hydrechloride) snd subseqwent maraing of the
diasotised solution yielded é-ghloro-i.gethyleinnelias (XI) teogether
with purpls tarry saterisl. The latter, Best remeved dy ohremato-
graphie adsorption on alumine, Was not further exasined.

the routé Lo Y-sethyldolnnoline (AVIII; R = H) 1s exasily
analogous to that ussd for the G-chiero-derivailve. Ths earbinsl
{XVii R = }) nas mwadimtuizy fron o-salnoncetophences, itself
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obtained from lﬁﬁiﬁph&ﬁﬁﬁ!:(’533, bat the ssme result could be mere
sasily reached nsing asthyl anthranilate (XV; R « H). The sarly
work on this eynthesis was conducted alongside that on S-chlore-4-

% CH
&aMe Cfﬁ? c§a4 s N
ﬂ 2
R NH, _ NH, ’ | R NH,, R 'N’N
(Xv) (__L) ~(xmn) (xvi)

, aethyleianalins and the same aistaken assumption was made resgarding
the esse of dehydration of tht gsrbinel (XVi; R = H) using het 57
suiphuric acid, MNorecver, this cardinol was unehanged by het 18BN
salpburic acid (of. page/59) and proncunced sulphonstion attended
the use cithgr of concentrated asid at room tesperatars or of 27X
asid qt,9a*. In the searsh for alleraative metheds of dshydrasion
various high tempsratare technigues (45 ) were rejected in view of
the §aan1b£lity sf polymsrisation (ef,, /7 ). Treatasmt with
 phesphonus pentoxide in bolling zenzene, s medification of the well
known nethoed of ring closure (at laﬂc) i1uvelving loss of water,
furnished the rsgquired ethylens (XVII; R s H), After removsl of &
small ameunt of seld-inscludie ofl from the ¢rude ethylens it was
diszetised; on warsing ths diszctised solution sone »right green
oily materiai and & snall phenolisc fraction &3 well as & moderass
yield of yemethyicinnoline was produced. Chromategraphy on alanina
" 414 not 1mpr¢vo'ﬂks eolour of the producs whilst distilletion under

reduced pressure did not appesr applicable to preparative work,
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¥hile dshydration conditions for the éarbinol (XVIj R = H) wers

being svught,an attempt wes made to facilitate dehydration by
rendering the nucleus less susceptible to sulphomation. Nitratiom of
dinsthyl-{c-acetanidophenyl)eartinol gave as scle isoladle preduet a
mona~nitro-derivative of the corresponding ethylene but astempts to
reprodacs ‘%I:_it resuit on a lgrger seah‘ were unsuesessful.

| Since the coupletion of this work on §-setbyicinnoline pablieation
of an ururcatina swtly of yesubstituted-cinnelines by mrum
workers { 15) has besn neted, This investigation, based upon
biochemical observations, iLs summerissd by reprodustion of & shart
(page /02 ). Fehydration of the cerbinci was effseted by reflaxing ina
toluens with a trace of 1edin® and the Athylens was purified by
distillation. After dissotising iIn mipnn‘rie s¢id cyclisasion (ab

room tempsraturs) $o the cimncline was carried out at great dilation

. and in the dark. The erude cimncline wss obtained in 89-90f yield

{basged en .thel sthylene) by esatinucus extraetion of the bdasified
sclution with benzens, ‘

The use of tLhe asthyl anthranilate as starting saterial instesd
ef the wzmaenaphnom waAS cxumaé to the Y=chlero~dsrivative
in the preparttmn of 7-chioro-ijenethylcinnoline. ‘fethyl Leshloro~
anthranilate (XV; R = Cl) was prepared from the seid by an improved
modification of Hunn's methed ( 74 ) and was thus much mers ascesaidle

| than the a»&ﬁznoaeeteyhmom {page 110). The eurdinel (XVI; R = (1),

obtained by & Orignard rea¢tion, was amooihly dehydratsed by pheephorus
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u-Subspitﬁtéd Cinnoline Derivatives (Jacobs et al.).
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pentoxide and the succesz of this process was confirmed by

the preparation of ézstxasi N-asetyl derivatives of the ¢ardinel
snd ethylene. S-Chloro-2-isgpropenylaniline (XV1I; R = Cl)
formed s orystslilne hydroshloride with dilnte Rydroshlorte
aaid and diexotisation furnished 7echlore-y-asthyleinnoline
(XVill; B = Cl) 1in good yisld; & small smount of a gresn
inpurity was also formed. #

The synthesis of {enmethyli-S-phenyleinncline, intereating
én ascoant of poosible eteric effects on ibe resstivity of the
meihyl group and also as a routs (by exidation) %o Z-phenyl-
'cinnniinsagnegrboxyliz acid (ses pagel0v), was not cauflotal.
T™os carbinel from the resstion betwesn bensylasagnesium
shioride and o-sminoasstophensne was ﬁanianacd Y 57
saiphuric asid.

In the foregoing routas to uwasthylsxénelxact referenss
to yields has besn smitied since the Jatter wers cemplicated
by warietions whigh depentied upon the seale of each shags.
This iIs illustirated by the following typical rmw,

{Tadle overieaf).




usthyl | ¥p;a : of
§§§§§§} Carbinol Ethylens un¥c§g§;o .| sinnoline d
Blistie ginnuling | on ester.

v Lk * ” . :

Y=Clilor - ‘ | =% Qe '

detiv. S| danss

12 g. .78, 1C 8. 9.1 a. 5.4 g 73

32 g 3% 8. 265 Go 20 3. | 3.7 8. . Sls

“ .

X ners two figures are ¢atsrel in ons column the first refers to
the ylalc fron $he pregeding colusn and the ssgond inlicaten the
Fuantity subdbjsetel to the next atage.

This irrsgularisy in the extent of oinnoline foraation s
:iniy.ap;z&ran% alnee 1% must be renscberes that meituaer the
eartinols or the Sorrssponiing ethylenss wvers pzéxricd. Thas
the prassnce of umissirable bye-products from the Grignard
reaction ss wall a3 1n06:-plete dshiydrstion {dus %0 the
heterogensous character of the progsiure) ssre btolh intensified
on the large scale and oanly silsternadle atv the cxnnalan ata e
in the {orm of a lower yleld. A consideration of the s.lubiliseds
of the nethrleinnolines in water anc ether respectively (ses
later] combined with the tenceney t¢ use grcpnrtioh;tcly iess

sther for large souls ektractzﬁnaA:s anothar fsetour whish
probably contridvatel to thie recuced ylields. 1t is noy surprising
that wide divergencies in yisil wers abzent in the cans of
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éechloroy-meshylelnneline sinae the carbinol was parified snd
the deliydration sixture was cempletely homegenscus. The high
yisld of y-methyleinnoline obteined by anerissn werkers

{page /62 ) is elserly 5@12«&: in viex of ihe sontribatery
faotors wentioned sbove; 1o satinale san be zade of ihe
sffect exerisd vy their medbed of cyslisation.

The relation betwesn suclser sutstltuants and the sass
of sysllsation of o-iserropeayianilines cannot e defimd o
the basis of s above rﬁun}i bus formsation of y~usibyleinnolines ‘
is definllaly nush more rapid tben that of demimolim.
This constitaies siriking svidence of the pewsrful Rypere
sonjugstion (4'7) exertsd vy ihe methyl group of the
diasotised stiylenss sines 1t is Sals effect nhieh oreates am
sssgntial for simmeline ramsnan,' ¥iZ,, anlondld sharactey in
4he terainal carton atem of the diasesised entline,

The sapseted simlilaritiea in the progerti§s of Y-mothyl~
sionclines are Fully reslised only 1f the sariiest example
{Bidnsan's asid) ls sensidersed ssparately; ladsed, e wide
gariatlon o0 seus prepesriies ie surprising. ¥-7Yethyleinnoline«7-
gardoxylic asid is praotiealiy inscluble in zalsr but can de

nary‘ainnu«{ fron alsscbol in wshich 1t is sgaevhat issse
l‘aﬂuu@ than in seetie eald, In contraat, y-sethyleiancliine is
very sasily sclabtis in celd water or alechol amd the 6~ and
Feechioro~derivetives ars progressiveiy (though only siightiy)
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hﬂ soludis; theae wmﬁetmolzm ean all e resrystal-
11esd from ligroin (3.p. 65-80°) and ere only sederately
spiable In ether, iltheugh isssluble in waler, Widsen's asid
d;i,s:é&%u sasily $n -dilute hydroehlorie seld but & perallsl
1928 eEing Y-metlylcinmolios 1s 1sss inetrmetive in view ef
tha great matsr-salubilisy of this ceapsand. The shiere-
asthyleinnelines appear Lo dissslve only in distiwetly seid
soiations (pH ca. 5), Both L-nsthyleinnoline and the ohlsre-
iscaers gave chavactsristic bright gresn pierates siilsi red
{or srange~rad) sthiedides mure foarued by thees cimnslimes as
well o2 by the ethyl ester of Widman's »eid. Even under tiwe
miid cenditiens of refluxing slcchel esnversion %o the
stviriodide appeared 4o b conplete sinee (in the case of
;Wtizxylsimzmﬂ ne unchanged materisl could be detecisd,
These sthiedidax saffersc irrevsrsible desscuposition by even
the saalliesrt asounis ol slkaell; Lkis ehangs was asctupeaied bWy
siriking selour chengess wian piperidine or diethylamine nas
used (sss pags 530




Altheugh the predesiasnse sf G~substituied s1nmeiinee
arises mataly from 5 ssssniial reguiressnis tor oinmeline
forsation {page T5) Who greald resetivity of sesy of thess
substonses (8.5., page 58) cen oniy be sonsidered as &
properyy af the sianclise nucisus. It 1s balieved tiat this
properiy arises Irém the faol thak K, (s W25 Reslie cenirs of
the melecnls and olMer resuiis sre suggsstive of whe sams
state of effairs. Thae Y-aryl wid ~4lByl ciraalines sre
auﬁy gasternised with uﬂiw aleshelts iyl jodide
whilse &a-ﬁgﬁrﬂy&mxat exi3%ing, prevusasbly, s the

1lipdibgdrocinnolones, are ansifesisd Wy this trastaent.
Fariber, verisue Jii-Sivabstituted sloanslioss yield aencxides
(page 194 ) whilat S:-bunmosinnolines cen Jers disxides
ipags 68); olearly, in the 1atter examples both nitcegen
atens loes he individuality wnieh Shey possess im She former.
The sanspiional resstivisy of ge-chlerocimmeliots (abeve)
is undosbiedly 126 mest powerful argessat for %, basieliy sad
seas resiisetion of %«uuiwiiz in sAber groups appearsd to
of for (i sest direst suppord for ie Xypeibesiz. ™he ehwies

of y-meilrlsionolines for Shis PRIPOesS sas onsidersd apprepriate

beguans of the wide varisty of resctions My which psesidle
reattivity sight do sested siilst the prastiosl valus of cny
products fermed wenld mob be insonsidershla. IV wes alse of
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interest $o canfirm !ar' cinnolinte ihs genersl relasionship
baswsan the resetivity of shlore- and gethyl-sudstitusnts firet
nentioned By Bills {/09).

tns Lype of resstion whioh hae bhean used widely with
reattive eyl groups in buterpeycliis selscules 1s twWie
condesention of Lhe reastive componnd wilh an arssatic aldehyds.
in sonmsstion with meczventional prossdarss™ applisd teo the
preparation of i‘is*rﬁpyprminn and guinolines .mluu and
Kernae { (8 ) refsrred to Kaplan and Lisdwsll (75) and to
3hew and Aagstaff (/473. The latier workers brought about
condensstion Betwasn 2-plecline and nromesis sldehydes by
refloxing in asstic anbycdride, a technijue used earlier by
Bessett and Prety (/9 }; purer produsis in higher yis d were
gislwnd by Shaw and Jagetsfl bdut appliéatian of this sothsd
%o he preparstion of 2({p-dialkylaminesiyryl)quinclines by
Tipson { /11) 'gwa inferior yislds., In s present Sovestigetion
emetiyloinnglinesf«earbexyliec acid was réssted with o-nlire-
bensualdedyde in acetic asid st 120° wish amhydreus sine
shloride as *cetalyst', e modification of 4be msthed of
Raplan and lLindwall, The predust gave analysis figerss in
rossonakblie agrseasnt with those aaleslated for y={ov-mltrostyryl)
cinnoling-Tecarboxylio asid.slthough 1t was insolsdle in
sodiny carbonatls or hydroxide selutions; po sagresnsnt esuld be
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reached using any figsres based upon ¢ desariboxylaied meleculs.
A proliminary run yislded s trass of alkali-ssiudle saterial
shich nee not further lavestigated. Treateent of h-sethyl-
élanoline with p.uéiuwkbyzmimbmml&tm; st 1‘0’ in asetils
sohydride furaished s sesll swsant of a solid, x.p. 130-156°,
ﬁh;m was nol purifisd; ne rsactiop oscurred on serely fusing
ths two esuponents at 1007 1n tbe prosemes of & Vrase of
- piperidins. That ae s3riking evidemss*of resstivity was seted
was mo% surprisinsg in view of the varisty 2f tschalgees mhieh
night bs tried and the possidilities of mixtures deing tom.

The generalisstbion that the resstivity of s m LUyl greup
situsted « or ¥ with raapect $0 & oyelic nitregen stom is
enbenesd by qamlernisation of Whe latter was fully wpheld ia
the present study., 1% res descnatrated for d-picolins and
quineldine { /07) By tiw action of p-nitroscdizethylsmilime
which reseied only with the guelorasry salts of thess eompounds;
the finding that. thls eahancemsnt of setivity was net bestowsd
wpok & methyl mag originnlly dsvpid of estivily was nned b
suppari bhe theery that resciiviiy depends om the possidle
forustion ef & resciive nethylsus dase by nigrstion eof an
nydrogan ates fras methyl 4o nt tmﬁn. Tais hypsiheris was
extonded later {//0) %o quaternissd derivatives and ihe nﬁmin
sf sasalysis by bases, & davios uasd by Rdaigs (37}, was

* Sush evidencs mas sbialeed i»y Anarican werkers (ses pagelt2 )
by She preperation of G-styryloinnoline la theeretisal yisld,
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disvusend., This use of n trace of Ppyridim, gijcﬂiia, diw
sethylesing or trissilylssins elther ia equecus alcohol or
20%tic ashydride has besn shown $o bs whelly detrisensal in
the gnit of sinnoline etbiodides in viem of the descapesition
which tbsy undsrgo in the pressnse sf alkaiie (page [95).
Hovever, rescticn of ibe eibledides of yenethyleinasliss and
188 Geabloroe, T=0plores, and 7-carbethexy-derivetives with
pedfeesiylaninohensallenyse took plase im beiling sestic
anbydride in the absense of any sdded sataiyst. The yislde
of styryl einnolinion composunds vers low Wat atiempts (wish
Genttlylictinnoline sthisdide) to inpreve e yisld using desie
satalyets gave low nelting matarisl, The sost striking resulte
ware obtained using sbasluts alcehol as soivent and me added
catalysd; sa intense Bius golissr developad on warwing for &
few nioutes and on hesting for sone tiss e sipryl-derivative
(idenvieal with tiat from seeSic antydride and ia goed yisld)
soparsted in lustrons gresn-~bine assdiss. The fact that eneh
& siaple procsdure yielded the svidenss necessary 40 premounse
the sethyl group on ﬁg as definitely reagtlive is »miu7tim
the vast literstare of cranine dyes snd slsplsr esloursd
sonpounds of the type naw irvestigetion acolalns sany sxamples
of the usse of serigas sspiricel nothods to aahieve a cerisin
ressiion. The aynthesie of a sariss of syasnine dyes from
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t-pethylciansline ﬂhimﬂxdw and subsequent study of iheir
spastra sould provéde 1mrutm W‘un dats; for
sxenple, the raistive dasisitiss of czmnnt and related
sterosycles might de detaraimmd (ef, 30 and 20,

The praperation of phihelsnes from other hetsrocyelle
compounds bBaving & resst ve aetibyl group is wall xnown,
Qeinoliine~-yeliow dyes being preparsd frem quinaldines and
phthelie anhydride by heating with or without a condensing
sgent, Bogert and Heldelbderger (22 ) deseride a sigilar
reaction with Mw&rﬁv@imzaiam snd refer to pasrallel
sxanples in the pyridine, henzinidascls ma% phihalssine
fieids., Diztinet eigns of a #ta@#iea were noted betwesn
Pidzan's aald and phibslic ashydride in the pressnss of
ushydrws sine shleride dut no product could de lselated,
Using Gemethyloinnsline, with or-without sine chlorise, oaly
anchanged material (in 37 and 107 yield respsctively) conld
be isolated. 7This failure ic recover unchanged nmsterial
i1n substantial yield constitutes svidence,alibough Regative
in gharscter, of the reagtivity of she meshyl group. The ase
of & dilusnt in such reactions has airndﬁr had success {/9,)
and 18 an ohviocus choelge for further work in this dirsetion.

A ettespt to oxidise the methyl group of Widsan's soid
by weans of freshly gragpaﬂé {77} sslentum dicx-tétv in agueocus
dioxans gave no crysialiins aauri&l alinough this was not
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surprising in view of the eepriclous atm et *:.ma‘ resgent
(€8x 3% 5 7/ }» Uetethyleinnoline was repidly exidissd st
25° by squeces perasnganste But the caly incladle preduet,
éimr shat suohanged starding uﬁnﬂ.u; was abtainsd as Ahe
pierats, n.p. ;;@z” {decoup.}); this dacemposed violently on
soabustion and gave no wseful amalytiesl dsia. The redushion
of Gemsthyloinaelines ie deals with lster (page /9 ).

A aingle MME&{B& of W%&&;miia‘ﬁﬁ dlasotised
aniline {cf, 86 ) gave o low zmalilsg purpls ssiid whieh sonid
fe% be parified) ottsapts o prepare a miwnu Bydrechlerite
sere unsucoswelal.

& prelinisary atismpi S0 earry ont & ¥analek resetion (/%)
setvann edhyl u~-wethyleinnoline-T-cardexyiate, disthylsains sng
forzaldenyds gsva a $raee of & crystalline pisrate, s.p. ﬁ?-lse';
ether sonditicns were met iavestigsted.

A more geaeral atwndy of Ge-usthyleinnsiiaes vas smvisaged;
resofion with & slixture of aitris snd um“ie‘. selda led %0
a peor yield of & sabkstance, B.Ds ;}1453’ {deeonp.), frem the
Basifisd nitration molther ligquer. Ten altric »61¢ alons v
used iﬁeﬂ was oblained & curious predust, w.p. 124-128%, shiek
aissclved in sodius carbenste salution wiih transsent fermation
of & vioiet coloursd otdy 1% appearsd ¢ fore o Mygresseple
Bydrete, w.p. 131-13%°, oo resrysteilisstion frem sischol but
mixed meliing point determinations with shs formsr prednet
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{insoluble in sodlam carbtonate) were inconslusive. A complets
stady of the nitration of Lesethyleinnoline would be aest
interesting, the prodles of orientstion being attacked by
| synthesis (from pliro-ssstsmide-stihylenes of, pege /6/), by
sonversich to myalladle sethylcinnciines and by degradatios
(e.3. to indoles). |

& survey of the literature sssofisted with ihs ebeve
selsetion of resctions Bas indiceted a dlatines lack of relisble
. ¢omparative data Desween reiated bensediasinss, 1% is delieved
thet suphasis on conparative experinents wili (far s given
reactisn) eontiridute sors to the chsmistry of eseh group of
dlesines than will bs the casd 1f development follows Its

prasent sourse,

< out."’.‘ -.‘». L

yoltathyl- T ‘
einnoline Ligroin (d,p. 60+8¢%). Siender
golden noedles,

f=Chlero= ‘35’2’ : Ligrein., Fine colourliess nesiles.
7eChloro-  1lg=120® Ligroin, Pale yslice nesdiss or

leafliets.,
othoxy~ nye Ether, Pale yellow plates.
~Teo8rb= 6 ... , '
vxylic 2350 Acetic seid. 3wall colouriess nesdlss,

serivatives of Gesethydoinnolinss (e.g.pierats, ethlodide,
Gedimethylawinostyryl) ars not listed hore sincs they are
presented 15 dempast fore in the sxpsrimental ssotion (page/fis).
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RAPRAIMENT AL,
g&:l%m peints ere anseTrected),
loinaoline-T-garboxylis esid.~ Cusinal (50 g.) wee
added dropwise duriag 40 sinatss to a well stirrsd sixturs of
nitric acid €2§5 Gats, G F 1.52%) and concentrated suiphurie
acie (260 o.¢.). 'The restiion temperaturs was asistained at
5% but was allowsd to rise %o 10° after the addision of
cuninai. The sisar soluticn was poured on ie¢ and the ysliow

granalar selid fiitered, washed mith sodive certonate solution
ant ﬁmizy nth muh The yields of purs seterial, w.p. 5u R
wors varishle {nmm 867},

Risroouminal (20 §.) was reflzxed with 57 pstassiua
perasnganate solution (2.2 1) until an exsess of ke latter
persisted (10 heurs). Excess parpangsnste uas dsstreysd and
tha hot sixture fiiterad; acidificeation of Liw filirate
furnialed eclouriess nesdles, m.p. 1653877, of S-niiro-§e
bydroxypropylbenscie eesd (11.é 5., 500). The pure compound,
P, l&h&??ﬁf, was aud;m Wy réecrystailisation fr%n benssna
{(Found: C,55.5; H,%5.0. Cale, for ﬁ‘mgusﬁsz C,53.5; B, 4.950).
Dehydration of this hydroxypropylbenrele ascid (20 s‘.')‘ was
ashieved by diesolving in camt«ntﬁ salphuris asid {100 ¢.e.)
" at room teapsrature and allowing 3o stand fer 1 howr. The elear
 red solntion wae poured 1atc lesd wader and She presipiiated
solid fiitered and purified dy rsprecipitetion fream its sclutionm
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sodiue hydrexide, The corude matarial (17.2 g.) was recrystallised
frem aquecus elcohel and bad w.p. 153-15%° (15.2 g., 82.57). For
reduction 5—&&%115@:‘”01}:1%»&:9&; agid (5 g.) was diesolved
in saascit ﬁmg {2 $.8., U » 0. 0880; 14 ¢.£. water) and
adand, cxth mzm, daring 10 msnntn, te » laaymun of ferrous
hyaraxxéc preparsd fru’&gy 'ﬂ?hlu (50 g+) in water {100 ¢.90.)
am soncentrated asmonle iis c.u). A 41stinet rise in tesperature
wan hoted and the mtim n.t wsxyhud by Beating oR & stesa deth
for 50 sinutes. The hed ﬁu&u wss Tiltersd, washed well with
water end the comdined filfrste conscmirated ander reduced prassurs
te g_g.'zﬁé‘é S.0. Addition ist byﬁ{eﬂmaﬁe acid (12, 153 6.8.)
precipitated the hydrochloride of S’mxm&-si.umpmylhmau
aeid, W.p. 23&»2&&’ (decomp.), as eeias:r;us nesdles (3.5 g., 687),

For diasotisation, the srule mrechicrwg (% g.) was
ﬁiawxwﬁ in water (50 0.9,.) sad wutaé et o° mta 10{ agueoss
_sedlam nitrits (18 c.e.); an immediste precipitats was foraed
and the esupling poser gquickly faded, belng negligible after
“several hours st rocm tempersture. The orude sethyleinmeline
(4e2 Bl Bope 238-241° (decomp.) was purified either (a) by
repested digsstion with belling water mﬂ recrystallisstion of the
insoluble portion frow aleolol, (b) by direct resrystallisatien
from aselic acid, ér praferably (s) vis the ethyl ester.

Bidaen's xoid (9.1 g.) 7as suspended ia 10 parte of absslute
sisohol and the aisxture ssturated at o with dry hpdcegen shleride.
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attar refiuxing fer § beur, the pixturs wes agalin saturated,
tonesntroted ecomswhat, epoled and poured into an excess of
spdiue carbonate selution, Extirastiion with sther yislded
m -adthyleinns m«?W {7 &)y mepo Il.énn‘?‘;
& pure spsciamen eryetaliiesd from ether in pals yellew piates,
w.p. 1270 (Found: G,66.5; N,5.u3 N,13.15. Cpgfy 0,8, requires

Cob6.7; By5.6; ¥,13.07). The estar (5 g.) was hydrolyssd ¥y
refluxing for 3 hours with 107 agusons petassiwm hydroxide

(60 c.c.) snd the fres s0ld (4.2 &.), n.p. W5-250° (desemp.),
isclated by pourirg iaté 507 agusous mﬁ&‘mid {40 0.0.).

Pare Wthﬁcmum’z«nwwmh seid, W.p. z;&nmeso‘.. wan
obtained by resrystellisation frow eesile asid (Fewnd: G,63.5;
B3 H,15.25. Ceale. for OyoHgO My ©,63.8; Huu.35 N, 18970,

phenone; A solution ¢f o-sminsacatophenons (5 g.) in sther

(50 ¢.8.) wab sdded during 1% sinutes to & Irigoard solution
prepared from magoasium (% g.), asthyl 1edide (27 g.) and ether
{100 ¢.0.). The gresn sclutien, forped after teapersry separaiion
of & red solid, was refiwmd for If hours and then desomposed
with an ise-ammonis-smmonius ¢hlorids aixture, Ether axtrastion
and sabssquent svaporation of the washed and 4risd exirmt
yislded » rod o3l (6.3 &.)u
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(») Trom meblyl ut!mihu; A seluticon of esthyl
sathranilate (50 g. in 50 @.0. a:t &ry sther) was added drepvnu
0 & well atirred Origaard selution preparsd from ssgnesiue
0 g.), methyl 1sdide (240 g.) sat eidsr {750 €482} - A yeilew
- #6138 appeared angd redissolved to g&w & green solutlisn mxcla
was refluxed for ¢a, % hour. The derk coluvred sospisd was
sdded 8o los {gm,.) sad tiw stharesl sztraet -‘“, washed, 4aried
and evaporatsd to give 5.4 g. of an oil.

Aeetylation of & poriion with ae-ii sostic snhydride
(2 wts} and mryﬁﬂiiu’kicn of the solid predust frem
bensens gave ths purs N-sgetyl derivative, w.p. 145-16°,
sdentieal i th ammu uhr;al preparsd froe {(a) (Tound:
€, 68.0; H,T.65; N,7.2. 5&331_532" roquires 0,68.4; X, 71.8;
CB,7.2573.

Jespropenyianiline .~ A sclutien of the sbeve sariinel

- (30 g.) in Wenzens (500 c.¢.) was refluxad with phesplores
pentexide (60 g.) for 3 hours., The £5ld mixture was trested
tiw auacmiw gaantitiss of 1«4 mwonien hydroxide and vhe
wikalins soluticn extrasted with ether, Fvaporation of \he
wished and drisd extrsst yislded ga, 50 g. of & moblle ¢ll;
this was distinet from the carkincl sinee irestaent with sold
 agstic sahydride gave no sign of & resction and ac srystellise
woM was oblained, '
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sthylainncllne.~ Ths sbove ethylens (12 g.) was

dissclved inm bydrashlorie acid {80 ¢.¢. of 20 snd 20 ¢.s. of
12%) and & trece of insolublie ol remeved with ether. The
sguscus layer was fresd from sther and the cisar yollow saludion
conled e 5' when fins isalleds of Lhe anine hydrochisride
separated. This suspsosion mas diazotissd with sodiue nitsrite
(5.1 Ge) to yiold a clear green solution (positive sewpling)
_ *hieh shanged to red on hesting te 60° (no coupling). Basi-
fisntion with sodive mhu solation gevs an o1lly predust which
was oxtrsoted with sther and the extract washed with sodius

hydroxide solutian then with water, dried, and evaporasted, The
 resultant green sil (8.5 g.) whish erystailiest readily e

" standing waw digested with boiling ligroim (b.p. 60-80°) ent
concentretion of the solution S0 farwsd fumnished \he eimmeline
{6 &-; 4673, BePe ?3*?5’: Fure ~gathyleipnsling, ®.p. 76:-?"[',
separsted frow the ssse solvmt in sisnder goldsa neediss
{(Found: C,74.9; H,5.35; N,20.0. ﬁgaafe requires C,75.03

5,63 H,19.457). The cinncline wes mederataly sslubls in sther
bat very essily soludls in weter; the sclution in hydreehlerie
asid ves red in sclour,

scetantdo-derivative (0.5 g.) wes addnd during 15 ainutas to &
sixtare {(8:2, 3 s.£.) of altric seid (4 » 1.487) and sulphuris
actd {4 = 1.04) at 15°. The mixture was allewsd te sfand st
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the same temporature fer sasother 15 sinuies, added o ioe ené

e clnt- solution basified with sumonia. After coe erystale

iisetion froe aguecus aleodol, the produet (0.3 g.), w.p. 87-88°,

san resyystallised from iigroln fres whieh it separated sither in

smail yellow plates or as heavy colouriess prisas, m.p. &-—8,’

(Poand; €,60.2; H,5.6; -s.x;.os. Cy38; 9% N, requires €,80.0;
5.5,, a,xz.f,{), $.8, dehydretion ad nons-niiratien have cscarred.

ﬁwehlaro«zomimﬂemmm 656 z.} (/5’3} in dry ether (40D e.0.)

- wee addsd during ga, 1 hour $o & well stirrsd soludioa preparsd
from sagnesiom (20 g.), welihyl ieﬂiéu ’a'za 2.) snd sthar (900 s.8.).
A tesporary red prasipitete disscived o stirring snd Ae wixtare
wss refluxed for o furﬁmr' 30 minntas then pmmd o te & mixturs
of 1ce and asmeniessl aswonius shioride. The wesbed and dried
etherssl sxirsct wos avapersted to ssall voluns and ligresa

{Bep. 40-60°) added to gilvs the earbinel (29.5 g.), w.P: ao—au’.
The pure sarblas), m.p. 83-84", sepsrated from ether-ligrein ia
aluce § colourlsss needles (Found: C,58.5; 4,6.5%; ¥,8.65.

9 1271 requires €,58.2; H,6.5; ¥,7.51)., Trsawens of a portien
with cold ssetis smhydride (3 paris) and reorystallisation of the
produst f{*m ventens-digrotn (B.p. 40-60") furnished the
. Reagetyls {vat ¥8, ®.p. 136=337° (Yomnd: C,%8.6%5; 2,6.2.
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838y, 0,401 reguires £,58.C; H,6.157). The Nebsaseylderivative,
propared in pyridine veing densoyl ehleride at &8, 9&". forssd
Ltiny glistening priexs, =.p. 1&8455', froe aqusous sleshel
(Pound: ©,66.3; H,5.5; K,5.2. O (H, (0,461 requirss C,66.3;
H,5.6; H,4.8).

s=Chlors 2- propenylaniiiag .- awww; of She above
carbinel (12 g.) wan effssted by (rsatamt o i sulphurie asid
(166 6.0, of 507, v/¥) for ens hour st 98° (stess Bath), tus
cardined being sdded gradually o '%h_c ﬁﬁ &t first,  The selution
was sooled, diluted sonswhat, Basifisd with asmonia dnd sxirseted
with sther; she extirast yieldsd an il whieh erystallised parily
on standinmg. A portion was converisd ts dhe Nedepgeyi-darivative
{of Mmm-mmwmmnmf a8 above, this cespound
separating from agueous sloohol in siusters of fine needlss, m.p.
126~127° cepressed to 106-309° by the H«Mﬁtﬁ sarsinel,
(Found: C,7L.4; By547 ¥,5.65. Cygh, OKCL requires 0,70.7; H,5.2;
%,5.1558) . |

S-thleres-gessthvicinneline.« A soletion of the forsgeling

sthylenes (12 g.) in w&aﬁ‘%@ﬁe— s018 (S0 c.c.§d) was cooled e
g=5" and she sespended Bydrochlorids trested with 10 ssdium
nitrite solution (Y8 e.s..}.{ The clser solation (streng coupling)
was heatsd to “;w" on & stesm bath (vhea a desp purple soloar was
noted sfter & transisnt tarbidity] snd after 10 uiautes st this
'm@ra%w: the coupling resction was practically negative. Sous
tarry matorial whish ssparated wes .tittm off {(more was
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‘deposited in the fiitrate if allowed to stand overnight), wasbed
with .as» 1itsle hydroshlerie asid and the sonbinsd flitrate
basified with sodium agetats solutlon. The mixture was extrasied
with ether and the sxtract washed successively with sodium
hydroxids selution and water; the étm extrast fwm'x_au 5,7_ 8
ef & s0lld, =.p. m«;ﬁt This naterial (10.2 g.) was Clenvlved
in benssne and allowed to pergolate through a calums of aetivated
alomine (%0 g. '“gtnis*};. . syapsretion ef ths sizates yielded
fractions of w.p, 128° e 1}6# whish were purified (6.5 g., %P
135-136") By reprscipitation from hydroshleric scid (with sslliaa
‘avetate), sxiraction with sther, and final erystellisation frem
11groin (b.p. 60-8¢"), Pure -shlers-y-gethylsisselise, m.p.
157%, orystellised from ligroin in fine, slsost selowrless
needles (Pound: C,60.05 ,5.85; %,16.43 C1,19.68. Sol iyl
requires C,60.%5; H,5.9; %315.7: C1, 19.97). The sinncline was
enly soderataly soludle in gold mater but mere ssluble in hot
water; it dissolved im Dydreshlaric acid (at pH adout 3) snd was
preaipidstsd by sodium hydrexide solution,

Hethyl heohloroanthranilate.~ A suspsnsion of Yecbleroe
anthranilie seid {102 g.) in sethanol (1 1., 987) was satursted
at 0° with dry hydrogen ohloride, ibe sixture refizxsd for am
hour ang the sataration repeatsd. The solution was ¢ansentrated
sntil almost whelly solld, addsd with stirring to leed water
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and the resuitent suspension of selié miﬁié with asmonis and
filtered, Thes well draissd selid was bBesd dried by diseslviag in
ether apd sdding snhydrous sodium salphate; rasrystallisatien of
the &ry ester from ligreinm (B.p. §0-80%) furnished soft |
aolouriess ssedles (75 ., 697). B.p, 69 (iman, 1og. €48, gives

' the atove ester (30 g.} ia :iry sther 2509 e.cs} was sddad éduring
$ hour o o woll ﬁtrﬂﬁ prigoard solution prapared fron
negnesiis (20 g.), methyl lodide (115 g.) end ether (50C e, )0
A Gark oil mepsrated rrm tha grun solaum {romé after s
wmum yel 101 gmigziau} mﬁ L mmn wes rofluxed for
% wminutes; ﬂ:a sruda nr’&imz {30 g+ of an a1l) wes iscleted

as in 3he prwﬂim of &emmyzemum {mc 179}« The
yi~doriy tive, i.pi §1~1§3 " wmmul ﬁstu »1& asetls

gmyﬁriée {3 paris), ary&uﬁifﬁ from bansene in short seloure
1sss prisss (Found: C,58.1%; H,6.1. cnﬂm AC1 reguires
€,58.9; H,6.27).
SeOhlero-2~130pre
{page 1'1) using the forsgoing Sarvinel {28 s.) and yieldsd an
eily sthylens (26 g.). The N-sesiyl-darivative, ®.p. 68»'}6 4
'e@am not de prepared sel ag 8614 sestie anhydride (2 parss) but
wes ieolated as & readlly orystallising ol from a resstlos em

a.« This wus prepared as sbeve

the steas batb; %he pure cuapound ssparated from ligrain
o/ ’ .

(
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{b.p. 40=60") m tioy solourless pelyhedrs (Foumd: C,63.0;
B,%.35. Gu 120801 raguires C,83.0; H,5.87°).

7L 10K @eiel isianoline.~ The foregeing sthyisns
£20 g.) remé & tpar;nglr splnbls eryateiline hydroshleride
- with hydroshisrie seid {160 o0.0., 2H), mueuuum of this
swp&m&nﬁ WAk soding mitrite (6.2 g.) 8&‘!‘(‘ slear solmtion
(streng ooupling) frem whish e solid (preswmably the einseline
bydroshiorids) separsied tewerde the end of nitrite sddition
(conpling faded at this stage and Aisappearsd emtirely om

ﬁgﬂkiﬁa}; The purs sinnoline wos $isolatad sa for the
unsubstltuted conpound (pege/7f) and seperatsd from ligroin

(b.p. 60-80) 1n pals-yellow nsedies or leafiets, m.p. 119-320°,
(12,7 €., 55 bassd on metlhyl y-shioresathraniiase) (Found:
C.60.15 H4.0; N,15.35. %.ﬁf‘ ,C1 reguires 6,60.%; 4,3.9; ¥,1%.75).
The simnolins was modersisly speringly soladle 1n gold water and
souid b8 reerystailised ﬁ*aﬁ. siis solvend; & 6518 suapedeion in
sater only dieselved ihn Ake solution woe mads distinstly asid
with hydroedioris asid and eddltion of sodine hydrexide selwtisn
precipitatsd the cinnelins.

| A selusion of aéaiaémﬁﬁxmtm (% g.) in dry stiher
{40 ©.0.) was added drepwiss to s Orignard solatlion preparsd
fros sagrmsiue (2.8 g.), densyl shiorids (34 ¢.8,) and etdhar
(40 CeCs)e 4 suspenplon of an anerphess nnd am dlasslved

to give & alear selutisn from ﬂsxeh & orysiallioe somplex




«184- o

separated, The sixturs was refiuxsd for ons h;w?,, degouposed in
the asasl way, and the prodest iw}.@m ty esidar sxtrastion; sfter
conceantration of the extract to ga. 10C° 1t wes washed »ith
portions of N hyfrochleris seld (90 c.e. in all) and these
washinge basifisd and again extracted. The ¢rade sarbinol was
180lated as &n 911 (8.15 g.). Treatsent of the gardinel (2 g.)
with 57 sulpharie asid &% g8, 9@’ for sn hour sffeuted ne
dehydration, ths resuliant sily produed yislding ; sryatalline
substense on tﬂ&f&tn% with cold soveiis m@m: seihyie(ow
stetenidophenyl )-bensyloarbinod, s.p. 126-127°, srystallised from
b!aum-kh;min (Bap. 4096C7Y in colourless lesflete {Found:

,7’.5, HeTele erf’& x nqnim: Cu78.8; H,7.47).

iarates of

The te&%au_& pieratas wers preparsd in alzodol and were
resrystallised from the saxe solvent 10 give Beantiful gresa
needlss. y-Nethyl ine pisrats, w.p. 179-180° (Found:

2 reguires $,48.25; H,5.C1) (see

' f:igu.Ai; plerats, m.p. 1S5y<i56°
{deconp.) {(Found: ﬁ, 17.5. Q’wﬁwaya raguires ¥,17.27).
hyieinngl piarste, u.p; 38?4}9 (deaomp. ),

m mlynxs}.




Ethiedides of Lemsilyleinne 8 _
Thess wers prapared by reflaxing an mahens nlatim of

the s&amum with excess etlhyl iodide for 2 howrs ad all
formed soft red (or orangs-red) nesdles from an slechol-ather
Aui.a;%um;.

{ﬁwmp. {rnnﬁ G.uﬁé. E4.5. emn,ﬂazn I requires C,45.1%5;
Hyt.6.7).

setbylsinnolin itodide, m.p. 200-202" (dewenp.)
{(Yound: C,43.25; ﬁ,} 9. 3 3 99 n}&g CiyaH 00 T requires
;;ﬁ-tf}i ih{i-cég &) X;I 48.65),

C+59.45; ii,}.ésﬁ Euﬁlz%i Gl I requires C,39.5; H,5.67).

byleinn . pdide,®.p. 152-154° (Yeund: C,45.8;
Hole By annl‘,’x I ns;aint Tl 0 HylebZ)e Evaporstion of the
aleshiolis sother ligucrs to dryness and digestion of the residus
wish Migroim (B.p. §0-80°) yielded no unchanget k~-msihyloinsoline.
an sguesous sslution of m sthlodide wes dasonponed Wy sodium
~ hydroxide with the jamediasie foraatien of & flosselmnt preei-
ﬁtﬁs, tnttmai of the solutien with piperidins or 4lsthyl-
. asine led %o a esries of striking colour changes which varisd
with the i;%i%g of base present snd vhich wers aot reversad

on 8034l f’ ing.




A mixture of M«ammam {1.5 £:), Widunun's actid
(2.5 8.), snhydrsus siss ehloride (1.% g., erushed) and ssetie
scid (6 s.0.) m heated in a flesk fittad with an alr eondemser
and saleiue chioride sude. The tempsratura (bath) sae graduslly
raised to 120° (15 minates) snd msintaised thers for ans howr
{s ﬁsm Browm ﬁﬂiﬂt&lﬁ pese wan fotmed ~ at a0 Line was
ceayxiu scluticn obesrved). The amixters wae allowsd %o senl
overpight sad was then Mamé wish h;'dreealérie asid (25 e.¢,,2W),
soolsd and !‘i!uﬂ& m green preeipiiate (1.15 §.), G.p. 285~

2&5 {dacomp.) was dimt&c mpuudxy with pertions of Meiling
saetie w&d and m clear sclution yielded almest eslouriees
neecles on cealing. Peerystallisstion from seatic seid furnieded
%ﬁa*emsmmﬁmmﬁm?mrwat se?ié, m.P. 285’ {dooomp. )
(Found: £,61.5 ,3.9; ¥,12.85. czﬁx%“g k1,0 requires C,61.3;
Heds ?; W,i2. ?f). This :m%mu was imssluble in hot or esld
soditm carbenste or hydroxide svlutions.

'nM*i asid {{3:.5 8+) was saspended in dilate Bydroshloris
ecid {1 drop of ZF in 2 e.6, of water), disthylesine (0.3 0.0.)
added, and the wars solutlon (et seid to songo-red) Srested
with formaldeyde (0.1 g.; .25 c.6. of 407 aqueous solution).
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The sixture was warasd on the water bath for 2 hours snd wes
 frequently shakes; & drop of oll appeared towards e end of
the reattion and Shis vas ;x&rmhﬁ with siher (25 e.¢.), the
ssnersal solution being washed with water and tben dried. Tbe
\ns;s;%uﬁ- oil, obiained on sveperation, showesd no tendeney to
erystaliiss end en trestment ®ith pierle seid yielded sa oil,
sasoluble in dengens and sleshol, Shus meking remeval of exsess
pi:e‘ric. snid ym-zbh..‘ ™e resides dieseived in hebd seeile asid
end additton of water gave Dlask nesdles(D.05 g.), m.p. 127-130°.

(1) 4 selation of Vhe einmoline (1 g.) in s0ld sonsentrated
- tﬁpmia mu (1.5 s.8.) vas treatsd st .5’ during 3C niamutes
with & mixtwre of sulphurie acld and nitrie s2id, 4 1.439
{2 sec, of L:1, W), he trillisnd green gelour In uw:e
2314 was jmmediately dissherged and the mntm of she
ieﬁ;ﬁim ns 'ai}laua 10 ries slowly (2 hours) o . The resa
" solation was poured on 9 1se, basifisd and tas Sarry prodest
recrystallised from aleohel {eharsoal) te give only 0.2 g. of
daric coloursd srystale, m.p. 151-133° (eseomp.).

{2) Ledethylslinnaling (C.5 g.) wes added during 20 minmies
e nisrie aeld (2 ¢.0., 4 1.&33 &% ﬁrr"‘, & transiant red golowr
being anted on euch addition, sfter shandling for ic ninstes (~13%)
the mixtlure was ;:una a5 o ice and she yullew solid (0.28 g.)
filtered, mh-é ad ovan éﬂw&. $Bis malerisl gxmm
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conpiotely in aguecus sedinm carbenate with \ransienmt forsmation
of & viclet eoloured oil, Resrystallisation of the dulk furaished
& uleroerystsliine selié (0.13% g.), shiek after sven drying Bad
®.p. 131-338" (decenp. ),

A welil stirred soluiion of the #imua- (1 g.) in water
(2C s.8., oasily scluble &5 1.5 6.c.) wen treated at 28° with
- RY persangenats., Consugption of the leiter was repid amisl
80 6.0, wore added (derisg 4O minates); a further 5 e.e. of
parsanganads wers added and the mixture stirred for e short tise,
Excess permenganats wes destroyed, ihe mixturs filvered and the
fuv@u c:%riﬂtﬁ with sther to ylield & rapidly erystaliine
gresn oil (0.57 8.); digsation with ligrein (b.p. $0-85")
?wm.—mﬂ pare Yenethyleinuoline (0.2 £.), R.p. and wixed u.p.
Tua75", | |

The aguecus slkaline layer gave no presipitats en

ssidification, sven afisr congentration 4o szall wolume, A smsll
portion, on evaperstion $s dryness, gave & sirong positive
gealitative K test. The Wlk wes made nsutral with sodiom acstate
and m&ﬁﬁ at %ﬁ" with sxesse picris esid, allowed 30 svol overs
pight, filtered and the precipitets reerystaliissd (sharsosl) frem
het water to givs siender '.ynios nesdles, n.p. ,':&f (decomp.),
nixed s.p. with sodium piorats wes 235«260° {Found: C,27.3; H,1.6;
K,15.6; # prelininary combnetion exploded v:azmm.),
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The resovorsd y-asibylsinnoiine gave & g

, g53 solation inm
hydreshisrie agid dut analysis figures ;nm no ingr@u@t sver
thoss of the original material; & ssmpls of ﬂeaﬁrﬁ;& aaterial

" was used o prepare ﬁm-piarau {pagelsql.

& a&%’_;_mi of Yomsthyleinncline with dissstised aniline,
| Bedsthyleinnoling (1 g.) was added %o dimetdyl sulphete
(C.9 g.) and the parple 20lid, Tormed with great svoluilon of

hest, was dissplved in water (8 ¢.¢.). Thia selutlon was added
to one of benzens dissonium chloride prepared Irom eniline
(C.65 €.) in hydrochioric ssid (1.7 ¢.s., 326 and 10 ¢.8. of
water) ®ith sodium nidrits (0.5 g.), The miwsd solution wes
added & 1ittle at a ime, with stirring snd ite cocling, s water
] a.rs.‘}»; the &a&he& being kept Jjust slkeline ¥y fraquent
sﬁé&mﬁ of sodiam hydroxide solation (6 6.6.; 28, 2.5 H). After
the addition {3 hour) the dark éalauraé. salid (1.2 g., m.p. ga.
11190} was filtersd, washed with weter and dried in an evasuated
- éttiéﬁl’bﬁr@ This produset sould neot be purified by 'marytul-
}.&u.éiaa from =othancl and no crystalline bydrochioride was forwed
in asetic asid #elatiaa tith d1luata hydroechlerie aeid.

Copdensation of Leseil i};aimgzgm athiodids with psﬁium;qigo-

The shuanelins 4thisdide (0.5 g,) wes aixed with the aldehyde
{0.22 g.) ond refluxed in sthahol (5 S.0.) for 2 hours. In all
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the follemwing exssplos sn intense blus soluticn was torsed frem
shich (boiling) the produst separated in bdesatiful diue nesdies
Baving a .grua lustrs when dry. The follewing I-sthyloye{yrdinotyle

1 yllainnelinine 3&61&» .nnf prepared;: 7-gardethoxy-

| ég;ézvgt;iﬂ {Guls 835 Mapo 252“ (decoup.}. (Found: 2,55.0; KH,5.35;
B,yB el ﬁgﬁﬁf;}éﬂgi requires €,54.5; 4,5.2; N,8.55°); 6-ebjoro-~
(0435 g.)s Dop. 2u3=250" (deeomp.). (Pound: C,50.1; H,4.T; N,8.0,
%@%ﬁ%ﬁ‘ﬁ* Pequires ©,51.5; H,U.55; X,9.07; 7Teghlerc~ (0.2 g.),
#.p. 2u6° (decewp.) (Foumd: C,%1.6; H,4.8; ¥,8,6, C. H NI CL

*

- | oy
requirss 0,50.5; Hy4.55; K,9.07); 1-gthyl-ke(4'~diseshylaninostyryl)

einnolinium isdide, m.2, g&. 245° (Pound: €,%5.95; K,5.1; ¥,9.8.
Caohaa¥sls £455.655 H,5.155 H,9.70.
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The mﬁc_t;aa of Jows Cianaiine lerivatives.

Little attentlon hae been glven to the r&ﬁua%&#n of
miméin ¢innolines, HAsfersnce bas been made sarliesr
ipage §) to the attemptled synibesis of einnolius by
raduction of the G-hydroxy desrivatives and Lo the suecess~

‘.£§§Wf§§g§tiaa of Y-shiorscinnoline %o the parent compound,

| The reduetion of benzotinnoiine bas besn dealt with

| ;{y«g& 85) whilst ths syatheais éf other zanbers of this

;f;triat frem the éérrgagnﬁétag 2:2%=dinitrodiphenyls

. (page 53) provides lsplicit evidencs of the stability of

" the produets towards redusing sgents; im partisular the

pehavionr of bensccinnoiine H-exidss towards furtber

recuetion is contained in an esriier ssction (page 87).
8rief refersncs has been made ipage 4Y) to the work of

Rover, Kndller, ierbet and Trissler (/2 ) who found that

‘certain oxiuino-phenylhydraseses cyclised :az roos tempersturs

in scetls acid seiutlon” to give iaﬁalsc.xn:tacd of the

expsoted triazoles, The suthors sdvaneced the fellowing

sechanisa of inCols synihesis in plaes of that which

postuiates 2 selestive c-bensidens change. 3Suppert for

this theory was afforded by results whish have been

ﬂ;ﬁf#‘t&ﬁ sarlier; thus L-phenylcinnoline and ite
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.1;2-ﬁiny¢ra»ﬁtri§§tivl were both redaded in asld solution
19 Sechenylindole and I-hydroxycinneline (ané the 1:2«
ﬁthy#ra«c@agﬁané} gave ocxindoie on redustion (page 35}.
_Howsver, the mild conditions (above) employsd by Neber
and the stebility of tetrahydro-y-hydroxyeinnoline, forasd
by reduction with phesphoras #ﬂﬁ boiling hydricdic seid,
41d not prosete confidense in the new proposal; siallarly,
tetrahydro-i-phenyloinnciine (obisined by catalytis
hydrogenation of the dihydro-soupound} ius unehanged by

" boiling Mydrochlorie asid. 'Stﬁtral atteaxpls to cbtain
deoisive data for the choies betwsen this hypothssis éaé
the sariier theory wers inconclusive and the suthors were
obliged te:enpiuza %hi»greﬁu&&%an of >-phenylindele from
%nyh!aflcinaﬁlina by & s;gpia ring fiasion in which a

@(:: | @\/D‘ U @\WL @—jwv

tetrahydro-derivative plays no pars,

. The prtstn$.inxcsidgntzea.&rot&.fren the obseryation
6f or. 4. C. 5. Simpson Lheat reduction of 3-nethyl-y~phenyl-
einnoline with sodium an alcohol yielded & mixture of
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2«mothyl-3-phenylindole and ancther cempeunt which was
¥gr¢sa§oﬁ te be the dihydrecinncline. (4 sppesred of intsrest
o carry out & suries of reductisns on sizple 3:h-die
substitutsd-cinnolines, to exasine the preducis and to
estisetes juentitatively e extsnt of indele formstien gi
(m#annrcm«az of the sswonla #velved; this plan was extended
ta4sﬂ@1a§t ﬁﬁutﬁhyieiaﬁalindsg

?F!?ﬂ?%%i?ﬁ work for tkia project atilised exieting
| atacks of 15&&?&083:%9: a8 far as possible. The synthesis
~ of Gepesnleyleinusline by Stesrmer snd Gaus has been reportsd
aarliar'ipasa'aﬁ} tut these workers gave no yield and the
posr properiises of ihe crude sabatence wers not aentliored,
The avsilable erude material was purifisd by shrosstogrephy
in bensene on astivated slumine and thence through the
erystalline hydrochloride. 4-{u'-Hydroxyphenyl)einnoline,
prepared dy irsatoent of th&‘a&ﬁhexy-ea&gcand~uith boiling
hydrobromic seid, was é&r:f;aﬁ through the crystalline
sesloxy~derivative. the syntheses f S‘nﬁﬁﬁric and 5oghtngf5
n~§~aaisyieiaﬁaiiuas wars achioved using standard praecdnrcs
based upsn 2-sainank*anethaxgbtaiéyh:naan dahydrasion
af the carbinols to oily sthylemss was offectsd with diluts
sulpburie aoid and disvotisaticn wss garridd omt in

X preparsd sariter by Ir. J. G. B. Simpson.
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hydrashlorie ssid, The Gorresponding hydroxy-senpound
(3-mathyl and 3-phenyl”) wers obtained es for the snmube
ittwm anisyleimmoline but purification via the 482 LOXY~
derivative was unnecessary in these cases, Hefsremce has
been mades slready to the reduction of sinnuline Neaxides

- and the preparation of the womexides of Jesethyl and 3-phanyi-

4ep-anisyleinnolines was carried ost with a visw to thelr

use in the present study; $hie project c.uid mod de

further pursued, The stabilisjing effeot (towerds redwetion)
of methyl groups on She nitrogen atess of ibs sinmeline ring
was of particuiar isterest in view of Xeber's attemps (/2 )
to synthesiss o siwiler derivative. It was hoped $o ubilise

& Teaction Detwsen methylasgrmesius lodide and the methiodide
of the hetsrocyclis dass (whiéh is known &o apply o
quinolines, (1) but ebly 7-chlore-i-ssthyisinnoling methisdide
“Wes preparsd befsrs this ilnvestigstion was diseontinced,

In the present study the sinnolines wers redmed ander .
standerd sonditions veing scdiun and a’is'b%mx. Selethylolope
anisyleinnoline gaye the coerrosponding indole which was
izoleted and characterissd ss ite picrale. The 5-9?:";31
d&rivgtﬁ ve yislded » resinons mxiar-t which was eniy
inperfesily resolved whilst ﬁasa-aaz-tylainmhm furnished
oniy oily waterial whieh could not de converisd to s
orystalline hydrochloride or picrate. In the demethylated




compountd y=-(4§*~bydroxyphenyllcinneline furnished the
&érreayéﬁding 1aﬁala-to¢¢t§tr‘w1t§ anchangsd matorial and
& sivllar resull was abisingsd from the 3-methyl darivative;
only unchanged material was identified from sxperimsats
using 3<phenyl-f-(4*-hydroxyphenyl)cinnaline the minute
indole frection bdeing beld; presusadly, in the residual oily
pordion, | g

That thess results are in general agreesent with the
estinstions based upen ai;aﬁ&a svolved is shom iy'zha
following tadls. XNo s;upzi relationship is apparent detween

=peliydrox -
~éinneline
Uanale .5 14,5 | Unsubstituded
stituted :
Z-Hethyl- 60 56 Z-Fothyl-
XePhonyl~ 3 3 S=Phenyle-

the nsture of & sudstituent and its effect upen the extent

of indole formation; thus ihe distined inoresss in the
indole figure on passiag from L-p-anisyloimnoline to the
demethylated compound i not reflested ia either the S-methyl-
oFr J-phenyi-snalogues, In i1he cass of ths latter sempounde s

steric factor appears to be decisive, the sonversioen of ihs
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Sephenyl derivatives to indolss ’u:a sxpettadly less Aien
_for the ¢orresponding methy) compounds,

Reduction of soms Lempethyleinnolinss gave most zﬁunaum
results, The identifiestion of unchenged materisl as weil as
 the expeeted S-methylindole from redustion of h-methyleinnoline
s@ surprising ia viesw af the abnnéa of steris hindranee.
Zven nore resarkeadls results wers provided by the ehloro-
methyleinnclines, The ?-»ehiere-ﬁiﬂut&vt act onli suffered
reduciive Tission but the chloro-growp was alec sliminated
thus giﬂxig 3«»&5&1}?32&&&0; this ramﬁs & red pierate, m.p.
177-178°, whieh gradually changsd sclowr on standing and
aftsr thres days the yellow prodact hed m,p. 2282307, a
suspension of L-zethyleinnoline pisrais was isslated from the
orade rewstion mixiure. 6-$fﬁsm-&-attwgﬁémnm geve a
simiisr resnit i¢ that é:ing the J-ahloro«isemer, both skatole
and it» red pierats (Lurning yellow on standing) being
isgisted., Howevsr, & sscond plerate, =,.p. 157-1913“. was
cbiained which was differsnt fror thatl of Leasthylieinnolinme
{mixed nelting point); She prexinmity of the mélting point
to that of T-chlors-yessthyleinnoline plerats was not
significant end the poseibilily of the prodwet being derived
frox unchangsd starting meteriasl was precluded by the widely
giftfsrent nelting point of b-ehlore-ye-methyleinneline pierats,
Tre iadols sonversion figures for ye-sethyleinnolines {f.L.)
are significant only in their idemiity, within the liisits of
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experinental error. The guslitetive resalts outliasd below

sugpast thet the redustion of ?—ehlsrmthﬁeimnni

y~Hethylcianoline : \65 L -

T~Chioro~derivative | 53 6

S«Chloro=deri vatl v 55 . 53

- takes place via y-methyloinnoline (*A®) abilet, in the
. sbhsenss of analyticsl dats, the éa@hh&-éniutiu sppears
to proceed vis the chioro-indole {*5*). In either case ¥ 19

o B
@(*\W/@w

uniikely that éthgiegimsisn mﬁ riag fission Sake place

aids by side since Lhis would lead o the siaultansous
producsion of hydragen chloride and samonis with conssguent
wide variation in the estizalsd convereion to indole; in
fact She v.rintiemt noted wers no greatsr than for sansscutive

rans of S-sethylei«subatitated-cinnolines {page /95).
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in visw of the freguent recovery of unchangsd saterial

fron the above ixporimnts the presuved 3J-methylelephenylel:2-
dihydreainnoline pierates (see page /93) was exasinsd and shown
%o bs 1dentical with 5«@“&3?1-%;&1}0;:}133&9115! pierate, The
interest aroused by this single sxperizent was fully justified
bty the adove ‘ﬂstﬂ‘tt although the investigation had to bhe
terminated in an ebviously incospleis stats, |
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BIPRRIMERTAL.

- Heiting poianls ars unsorrested,
Prt,aratitnusark. |

._jgz;ph~pe___§y1ataaaita:.— A soiution of
fepethoxy-2-sainohonzophinons (5 g.) in esther (82 ¢.e.) was

- added ﬁrep:i#c durliag iﬁ<aiaaﬁsu o a ﬁrisnirﬂ raagsnt
prepared fron sagnesiue (5.2 g£.}, sthyl jodide (20.8 g.) snd
:%hcr (300 ¢.0.3. A transisnt red gfuaipitatt was forued

‘ and af%cr refluxing for one heur the oaapi;x was éscompused
with jce-sesonis-awuening chloride. Extraction with ether

- wielded & ysilow oil {5.5 g.). 7This eruds carbinel was
‘déhyﬁ?£$§é with sulpherie asid (1 gtfg of sonssndrated asid
4o 6 parts of w&%ﬁ?; 100 ¢.c.) on the steam Bath aad the

" eily ethylens iiait%cﬁ by ether extraction of the basifted
{amnonia) resstion mixture. A solauiion of the sihiyiene in
dilate bydrochloric aeid (170 2.c. soniaining & little asstis
s0id) was diazotised et 5-10° with 10y aqueons sodium mitrite;
eyelisation was rapid and dasificstlen (ammonis) tu;aithaé
sesll flakes (5,5 g.), ®.p. g8, 125°. The pure oinnoiine
crystaliieed froe agueous alechol in yellow leaflets, a.p.
133-254° (Found: C,77.15; 8,5.45; W,11.95. Cych ON, requirss
©,76.8; H,5.6; X, 11.27).
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Graxyphenylicinnolint.« The foregeing

Seothyley (4’ ~b

anisylelnnoline {5 g.) waa refluxed mith hydrobdromis acid

{& & 1,5; 37 e.c.) Tor one hour ant the crystalliine
suspension obtained on ecoling was basified with anmonis .
(diluted with an egual volune of water), The gransiar selid
was separated from the suparnstast liguid by decantation
and was dissolved by repsated trestvest with sodism hydroxide
(4), the slksline liguors még sudsesuently seidified with
‘stetic aeld. Reerystaliieation of tie ¢rude prodet frem
ai¢ohol (twice) twrnum Liny yellow prisas of the pure
compound, m.p. 3-242° (Found: C,75.1; u,5.2; ¥,12.2.
giﬁﬁzewz. requires 5,76.25; a._gs.;.; ¥,311.3. ).  The pure
substanes dissplved in warm 2N sodium hydroxids and on
ccoling gave pale yellow silky nasdles of the sodiam salt.
J-gethvi-i~-p-anisyicinnol ins--oxids. .« The sinnoline
(266 mg.) was d1ssolved in acetic seld (2 o.¢.) and the
dark rsd solution heated with bydregen psrexide (1.6 s.e.,
CACC vols,) for 2 howrs on & 'stﬂm Beth. 7The reastion sixturs
wse poured into water (10 s.c.) asnd she ysllow 2011d cbilained
on ﬁ%&iﬁa was recrystallised several tizes from very diiute
sastic «cld, The pure derivativs, m.p. 163?, ssparated from
this solvent in osolouriess jagged blades (Found: €,71.9;
ii,,-s-.é.-- ﬂ;}éﬁmizzxz reguires s,?z.:; 8,5.3.;{}.
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5+Phenyi-y~p=anisyloinncline=Heaxide .~ This was preparsd

as above dul slight reduction of the aeidity of the squeons
sixtors (sith iadzta%‘yéraﬂ&i} vzs necessary o ‘?i;ﬂipltttl
‘the sclld derivetive, The purs compound, w.p. 176-177°, femmdé
11ght brown blades from aqusscus aloehol {(Fowund: C,77.1; H,h.85.
gﬁiﬁ;sgzge m&}m €,76.8; N, 4.90).
7=Chlarowy~gethyicinneline methiodide.- This was
prepared ss for the sthiocdide {(page (35} frosz the simnoline
£{0.2 g.) snd methyl ledtds (3 e.é,}; the purs seapound, =.p.
" 202° (cecowp.), orystallised froz etherssl methanol in red
“nesdles, (No analyeis carried out.)

Reduction of clanoiine atrinzi_w;, with sodius and aleehol.
Apparates. This consisted of & 500 e.¢. R.B. boltenecked flask

fitted nith a rabber Wng cerrying a wi‘ticil gordenser and a
trap for adeitting scdims without loss of the gases being
svolvad; the latier wmers led o the hydrechleric atid traps .
{two 175 c.£. conisal flswks) via the reflux condenwsr, Using
this z:@muné spparatus 90,7 of the sewmvnia contained in a

teat solution of msmonlus hydroxide was secounted for on belling.

- Proosdure, 4 solutlon of the einneline (1/100 wmel.) in

abaplete alcohol {180 c.c.) was refluxed snd tresisd with sollua
(10 g., g8, 20 pieses) added during § hour. The gasss evolved
wers passed through twe portions of hydrochlierie seid {eseh

75 t.¢. approx. N/5) and when all the sodiam had dissolved ths

flask was swepl cut during & hour with o stresm of nitrogen.



The hydrechlorie ecid used was atandsrdissd vie
potassives hydroxide solution and swecinic esid {stsndard),
Exosas hydrochleric wm. {:fur‘ahaarp&ma of wmmonis) was
sstinated 2y dDack-tiiration ﬂ&h ;aiansu hy&rezida &uu
mothyl red as indicetor.

Isoistisn. This wes &tfn;&d bymuu the resgtion mixtars,
pourisg iato water {400 €.¢.), and extresiing with sther; ihe
| washed snd dried ethersal exirast was then svapersted te
dryness. In reattions with e&mouaﬂ sentalning & hydroxyl
group the aqueons laysr Irom sueh sxtrastion was asidified to
pH 8 with aé-etm scid and extrasied again; the pmm from
his ia nﬁrﬁ& to Sae pH 8 frastion”. The predasts frem

the following cinnclines wers jaclated ss detailed Belaw,

© Begethyleb-(4* ~nothoxvphenyl Jelnnel i
sxtract yielded a readidy srystallising eil (2.6 g. w.p. 114-
112%) wnieh aftsr recrystallisatisn from beasess-ligrein
{b.p. z;s-sa‘} snd then rr.ei aguscue slechol kad ccastent
RePo ‘izi?-ms”zsamm C,80.8; u,6.25, 1516111593 requires
C,81.0; 8,6.31). The pisrsts, m.p. 128-130%, erystailised
trom M‘aﬂm in shining Blesk nsedies {¥Femnd: C,56.8%; H,3.9%;
¥,12.3, 62331 s requires 0,56,.6%; H,3.86; %,12.07).

}’M&w‘{&‘eutm_ enyl jeianeline The produst,
afteor resoval of a trage of alcohol in vasuo, mum ef

fhe sthereal

snsil britile crystais{b.% g, from two rums), m.p. 47-7¢°.
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Ligestion wisih sther ylelded o less ssluble frastien
(1.95 8.3, ®.p. 132-145°, which uslted ab 135-145° atter
recrysteliisation frem aleehol; 1% was sot further purified,

G (4t~ thoxypiveny) e.mwzzm.a- The sole product was

a giﬂuy il (8.1 g.’ which vorlé not be. im!uetﬁ " 3

m&&:n;n from aquesus slcohol, benssne-ligroin (d.p. 40-60°)
or fros ligroin (60807} alone. ¥o erystalline piirats was |
formod in aleoholis selution and dilute Bydrechleric asid

(hot or ¢eld) yielded no srystalline hydreenloride.

‘ iplins.- Golsuriess leaflets

(0.6 Ze)s BDe §2+94", saparasted frem the sikaiine selution
(friom one ma} obtained on pouring the ruetiaas nixture inte
‘aa%,tr, Boeryztaliiuﬁm af this pmdms twice froxz ligrein
gave solourless um neadlee, u.p. 98, 5 , of 3~avihylindels
{Found: €,82.0; #,7.5; &,lﬁ.&. Cale. tor ngg ¢ £,82.%;
#,6.9; ¥,16.72). Rvaporation of the firet moiber-liguer
gave » solld (6.3§ 8.} shizsh was éziulnﬂ in benzens (2 ¢.6.)
and warsed sith ihiiar solution of pieric soid (5 .0, of
a 57 salation}. ' on sooeling, soft red pesdles of skatols .
pierate (O.4 g.)y BB 1‘??-1?8“ {anchanged by sryghlnuua
fros algchel), were obteined (Found: ::,-5;;.0; i;,s.a; Holh.5.
Uslc. for ‘*’15“1’3%%‘ £,50.0; H,3.4; ¥,18.8575. Thie
specinen turned yellew on standing ia the aiir sed atiar 3
days welted at 225-230°.



-2y
in s ssgond run, sther-axtiraction of the filtrate
from the precipitated J-metbylindole yleldsd an clly
product whish was trsatsd with pleric acid as abdove and
gave matorial (0.3 g.), m.p. I§5~1§5’. This was 4digested
with hot alcohel (15 e.c.) and gave small gresn erystals
{Q01 Bedy m.P- z?@_i7jc'~ not depressss on adaizture with
Lemethylelnnoline plereate (m.p. 1?;-153°}.
. é=Unloro-y-methyloinnel ine
frox the alxaline sclution wes noted and the geseral

+= Ro separation of selid

progedars yieldsd %.2 g, {from zsg rans) of oily srystsls.
By digestion with bolling 1lgroin the dark clil was largely
eliminated and & specimen of S~methyiindols, n.p. 96-97°
AR itﬁia@té. "Evaporstion eof the c#iourlca: ligroin
aother liguors snd §;er§%iaa,;n bengens a8 above yisided
red needles sf skatole plerate, a.p. 172»11§° - Dot
depreassed on admixture with She speciwnen already deseribed,
Toe il from the 1israia'd£§esazen was treated with
pieriﬁ-asid sz usual snd the crude derivative digested with
abdsolute sicohol and r:z&Qrgd hot; & grccnuiryutgilin-
solid {T.2 g.), B 185@18?°. was obtained but distinst
a.p. depreseions were odtained niﬁh skatole picrate, and
Le-nsthyleinnoline picrate. The plerats of 6echlore~y-
'aﬁﬁﬁyie&uaniiae has M.p. 15%*25&9 {éseanp.§ « The produst

wan not parifisd for snslysia.




thyleiancline.~ The crude produst frem sne run, a

wixturs of pli and srystals, was recrystallised 5 times from
iigroin (b.p. #a-éaﬁ} end gave pare S-ssthyiindele, m.p.
?é.ﬁn??.§°. Evaperation of the ligroin mothsr 1liquors gave
0.6 g. of an nii whieh was warsed with an equel weight of
pieric sgid in dentene and on cooling gave r#a crysials
{CT B s u;g. 137-Ik9°;' Repested recrystallisetion frem
‘aléaaal gave Gark grasa prismatic nesdles of héuttkglo
cinneiine plerats, w.p. and sixed m.p. 177-178°.
Jelethyl-t=(4*~h _ 1)
slkaline solution (after sther sxtrastion) despesited fine

soidea‘aandxssczk?’a.} whigh 4id noet melt bclnu?3§€°
{presumably s sodium sall), The combinsd ethereal extirsots
{0.8 £. 0oily wmeterial) yislded on repsated recrystaliisatien
fros benzens alsost ecelouriess prises, m.p, 135-156°, of
’.2*snzﬁyi»5-(u*-hyﬁraxyyhanyl}zaﬁaxa, (Found: é,ao.z; Hs 5B}
N,7:0. CygH, ;0N reguires C,80.7; K,5.9; N,6.57). This

' compound was scluble In 2N sodium hydroxide solutlon bat

not in sedlus carboaate or emmonia. '

The pi 8 fraction (3 g.) consisted of unchanged
ﬁiﬁtfiil and so%e o1l, & pure speeinzen ¢f the fermer, w.p.
and mixed a.p. zss-zux°, being eb@ain@# %y recrystallisation
from alechol.




the alkeline solution with other yiﬂ.&sé o8, 1 g. of 1l
and orystals snd the pH § fraction sonsistad of a solid
{2,5.5,3. . 19N 53?'253? with some decompositiion st 140°.
Zsch of the fractiscce, aftsr rserystallisation from aleetol,
| gave unshanged matertal, m.p. end nixed m.p. 233-256°, as
the only smsglnm pmatwt.

Y= {4 -Hydroxyphonyl ginnoline.« The slkali-insolubdle
fraotion (0.8 g. frem 2 runa) was a resdily erystallising

oil; several recrystaliisstiens from benzene giyi puars
54€&?«ﬁyﬁrcxy§h¢ﬂyi)iﬁﬁ@l&, L 252-15&9, 43 small golden
prismatic neadlse. The soludility of this compomnd in
alkalis u&s comparadle »ith that of the 2-nethyl analogus
{above). | A
The p 8 fraction (gs. 4§ g.), consieting of a mixture
af o1l and erystalline satsrial, the lstler Being the
unehanged cinnoline, m.p. and wixed m.p. 25k4-255°,
3-Zathyl-y-phonyleinnoline pierate.~ This wes prepsred
frox an sleohulic solution of the einnslins (u.ﬁ g. in
10 ¢c.c. ) and u/i;iatien of pieric asid in alechol (l0.u4 e¢.e.).

It separated from benmene in yellow m‘imssie nesdles, =.p.
180-181" slone and when sixed with the substance, @.p. 179-181°,
previousiy obtained (by Dr. J. €. E. $impsvn) by treatment of
‘the cinnoline with sodium and aleohol.




Abteupts te repest
The nsure;;n uﬂmy dascrided were 5ncum by a

gre,;aet which alm& at the preparation of S-phenyleinneline-
u-earhaxyiie asid by t.m route of Ssolle and Backer (/c2)
mﬁ the subseguent gensralisation of the method, Neither eof
.tzacn sime was rasilieed anidl in view of mie devalepnant »f
wers sucesssfal lines of work the schese was a&&ha&.

o ;méa.g reference has bHeen uade ssrlier (page 103) to
the discovery »er- Stolle snd Pecker wihish erose from atisupls
to prepars a@imuatm from bensilidensmino-isatin (11).
The letter conpound u& oitained '*urﬂy by hesting*

F-mlaﬁxuﬁ%wmérﬁim~ﬁw~oxﬁyl ehi&riu (1},
was readily oxidised to the correuponding hydrasimubencois
acid derivative(lIl); treatuent with hydrochleriec or
agetic acids furniehed im%nau-s}-mrhazyna asid {(1v), pre-
- gumadly via the uaiu Kmim—iu&m. Stolle and Pecker

c'ow Co éo,H
F B W
\N'-CH. C‘H_f v N\N CH QH; NHNCHQ 5

| o \\ Cou

CoH ¢ eo @S’m
e N, «—

~—\ K — SR —

(lV ) : X)) NH,, ()
claized that Dot alkalis rescied with ths bdensylidenanine~
isatin (IX) %0 give I-phenyicinncline~ij-carboxylile acié (VI).
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In the prasent investigation the oxalyl ehleride
requived for she firatl stags was prepared sseording to
'ﬁiag dirsetions of Siandinger (/5¢) from snhydrons cxalis
aeid { 14) and phosphorus pentashlorids, The pressngs of
wé oompound (I) in the resetion sixture was provea by
| the T‘pnwaum of tbe cerystalline anilide end e sthyl
sster. A single sxperissnt yielded a trace of red
mﬁarial which was preasused to be the c¢ompound {II) but
" no furthes progreass sttended variations on the literatare
‘.ilthﬂé, Although the derivatives preparsd by Stolle and
mmr'nrc saply described there was sa uafortunate

mk of detairl in #an sxperisental aonﬁze-iéu; this, com-
| bined with the inexperienss of the suthor at mit tine, was
decisive in the adeption of & probiem bBased upon were
rellable sriginal work, |
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neliing peints sre uacorrseted.

. Abtewpis %o prepara N-bepzilidenanmd

peinatin.
{1} A eolution of cxsiyl chleride (6.3 g. in 25 a.e.

of dry sther) was added dropsise te & refiuxing solution
of banseldehyis~phanyihydrasone (10 g.) in ethar (26C s.¢.)
_aﬁ¢ the mixture @asa&&;ﬁr& thus for % hours, Evaperstion
of the solvent yislded e red viesous oil shich was heated
1o an el bn%ﬁ nnttl.hydraehiﬂrxs-ssiﬁ gas vas evolved
(156°).  after 2 hours at this tewperaturs s sssple 3

.- ef the product could nod de oblainmed in erystalline foras

and enly 107 wes soluble 1n sguecus sedium Rydroxide.
Hsating (in » stream of dry nitregen) wes continwad fer
6 heurs ilﬁ&~l§é°} szd the mass digested slth bensens and
fiitered; free evaperation of the dentems gave only a
trace of red a&o&l&; - presusably the acsirid produst,
(Z)-A soiution of oxalyl shieride in ether (6.5 §. in
2§«ﬁ.e.3 wea added 4o one of denssldehyds-phsnylhydrssens
LA g; in 250 e.0.) and the sliature fitluxnd in & current
of dry nitrogen until evalution of hydroehlorie scid ceassd.
‘Refluxing a portion (10 e.e.} of this mixture with en
) cﬁnoréal aolution of anilins (0.2 g.) fef'iﬁkutautas

farnisled the anilide; recrystellisation from ajuscus
Y.
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iiﬁ@ﬂ-g‘tﬂ the pure derivative, m.p. l??»i?}a (Liﬁ&n%un
m.p. 20C07) (Found: C,75.3; H,4.6. Cale. for G110, %y
Ce?3.5; H,%.07). The remainder of she etherssl solution
was concsntrated to drynsss mcii e resinous preodest treated
- ia Mt’imm garbeon disulphide {100 ¢,¢.) with alwminium
ehloride (6,7 g.), added with stirring wsm 1% ninutes,
‘Hen s deeresase in the svelatisn of dydrogen shlerids was
observed -m§ raagtien sixtars iras decomposes ®ith an

3 ';ﬁamnyﬁmmmmc azid mixture, ftiﬁnﬁ,; and the sarbon
disulphide layer Oried and evaporaisd; an oll, whieh did
aot erystallise on stending, was edtained,

{3}, a solution of benzsldehyde.phenylhydrastone in
s&rbon disuiphide (8 g. in 206 £.¢.) %as afided with stirring
during 20 winutes to ene of oxalyl ehleride (3.2 g. in
25 ¢.8.). The red solution ses refiuxad for 1§ heurs and
sliowsd Lo ecol; aim;{nﬁm chloride (3.5 g.) was added
portioneiss and refluxing resusmed for 1 heur, The prodwed
wat isocleted 48 in (2) and aftor four recrystaliisations
from aleshol She ethvi Mi wed obtained es white flakes,
BoPe %2;15«12@-{:‘ {Found: C,68.7; H,%.6. el?”l.é%ga requires
2.68.9; H,5.47%.
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