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A b s t r a c t o f T h e s i s f o r P h . D , i n t h e U n i v e r s i t y 

o f Durham, s u b m i t t e d by C M . A t k i n s o n . May 1W« 

E a r l i e r work w h i c h h a s r e s u l t e d i n t h e s y n t h e s i s o f 

c i n n o l i n e s i s r e v i e w e d . The s t r i c t l y h i s t o r i c a l a p p r o a c h 

h a s been m o d i f i e d t o accommodate a c l a s s i f i c a t i o n b a s e d 

upon t h e t y p e o f c i n n o l i n e i n v o l v e d . 

P r e p a r a t i v e r o u t e s t o 4 - c h l o r o - 2 - a m l n o a c e t o p h e n o n e a r e 

d e s c r i b e d . R e a c t i o n be tween t h e a c i d c h l o r i d e o f 4 - c h l o r o - 2 -

p h t h a l l m l d o b e n z o i c a c i d a n d d i e t h y l s o d i o r a a l o n a t e f o l l o w e d 

b y h y d r o l y s i s g i v e s t h e p u r e amine v i a t h e acetamido-compound. 

A s e c o n d r o u t e w h i c h u t i l i s e s i j . - c h l o r o - 2 - n i t r o b e n z o y l c h l o r l d ^ 

and e t h y l s o d i o a c e t o a c e t a t e l e a d s t o i 4 - - c h l o r o - 2 - n i t r o a c e t o -

phenone and t h e n c e t o t h e a m i n e . 

D i a z o t i s a t i o n o f i + - c h l o r o - 2 - a m i n o a c e t o p h e n o n e and 

s u b s e q u e n t r i n g c l o s u r e p r o d u c e s 7 - c h l o r o - U - h y d r o x y c i n n o l i n e . 

N i t r a t i o n o f l 4 - - c h l o r o - 2 - a c e t a m i d o a c e t o p h e n o n e h a s g i v e n 

t h e 5 - n i t r o - d e r l v a t l v e w i t h some o f t h e 3 - n i t r o - i 3 o m e r . 

H y d r o l y s i s t o t h e c o r r e s p o n d i n g n i t r o - a m i n e s and d i a z o t i s a t i o n 

o f t h e s e i n s u l p h u r i c a c i d y i e l d s 6 - n i t r o - 7 - c h l o r o - and 

8 - n i t r o - 7 - c h l o r o - U - h v d r o x y c i n n o l i n e . I n h y d r o c h l o r i c a c i d , 

h o w e v e r , t h e c o r r e s p o n d i n g d i c h l o r o - i 4 - - h y d r o x y c l n n o l l n e s a r e 

f o r m e d , t h e r e p l a c e m e n t ( n i t r o > c h l o r o ) t a k i n g p l a c e b e f o r e 

c y c l l s a t l o n t o t h e c i n n o l i n e . 



A t t e m p t s t o p r e p a r e i + - c h l o r o - 2 - a m i n o p r o p i o p h e n o n e a r e 

d e s c r i b e d and work on t h e p r o j e c t e d s y n t h e s i s o f 7-raethoxy-l4.-

h y d r o x y c i n n o l i n e i s r e p o r t e d . 

Widman's s y n t h e s i s o f i j . - n i e t h y l c i n n o l i n e - 7 - c a r h o x y l i c 

a c i d . h a s been r e p e a t e d ; i n g e n e r a l , t h e o r i g i n a l r e s u l t s 

a r e c o n f i r m e d b u t t h e a c i d i s b e s t p u r i f i e d v i a t h e e t h y l 

e s t e r . 

4 - M e t h y l c i n n o l i n e and t h e 6 - and 7 - c h l o r o - c c » n p o u n d s 

h a v e b e e n p r e p a r e d by r i n g c l o s u r e o f t h e d i a z o t i s e d 

o - i s o p r o p e n y l a n i l i n e s ; t h e s e a r e f o r m e d by d e h y d r a t i o n o f 

t h e c o r r e s p o n d i n g c a r b i n o l s w h i c h a r i s e f r o m t h e o - a m i n o -

a c e t o p h e n o n e s or m e t h y l a n t h r a n i l a t e s b y a G r i g n a r d r o a o t i o M . ^ 

The i 4 . - m e t h y l c i n n o l i n e s a r e c h a r a c t e r i s e d by t h e i r g r e e n 

p i c r a t e 3 and r e d e t h i o d l d e s . 

The a p p l i c a t i o n o f a wide v a r i e t y o f r e a c t i o n s t o 

e s t i m a t e t h e r e a c t i v i t y o f t h e m e t h y l group i n l+ -methy l -

c i n n o l i n e h a s h a d l i t t l e s u c c e s s . C o n f i r m a t i o n of enhanced 

r e a c t i v i t y and h e n c e o f t h e p o s t u l a t e t h a t i s t h e b a s i c 

c e n t r e o f t h e m o l e c u l e i s p r o v i d e d by t h e f o r m a t i o n o f 

i ^ - p - d i m e t h y l a m i n o s t y r y l - l - e t h y l c i n n o l i n i u m i o d i d e s . 

R e d u c t i o n o f a number o f c i n n o l i n e s w i t h sodium and 

a l c o h o l h a s been c a r r i e d o u t . 

Q u a l i t a t i v e e x a m i n a t i o n h a s shown p a r t i a l c o n v e r s i o n t o 

t h e c o r r e s p o n d i n g i n d o l e s o f U - ( U ' - h y d r o x y p h e n y l ) c i n n o l i n e , t h e 



3 - m e t h y l compound and o f 3 - n i e t h y l - U - p - a n i s y l c i n n o l i n e ; 

3 - p h e n y l - U - p - a n i s y l c i n n o l i n e and t h e d e m e t h y l a t e d compound 

a r e v i r t u a l l y u n c h a n g e d . U - M e t h y l c i n n o l i n e and i t s 6- and 

7 - c h l o r o - d e r i v a t i v e s a l l g i v e 3 - m e t h y l i n d o l e a s t h e f i n a l 

p r o d u c t b u t d a t a on t h e i n t e r m e d i a t e s t a g e s i s i n c o m p l e t e . 

E s t i m a t i o n o f t h e ammonia l i b e r a t e d i n e a c h c a s e 

c o n f i r m s t h e above f i n d i n g s . 

A t t e m p t s t o r e p e a t S t o l l e and B e c k e r ' s s y n t h e s i s o f 

3 - p h e n y l c i n n o l i n e - i 4 . - c a r b o x y l i c a c i d a r e r e p o r t e d . 
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D.Se« > lit $ei«iic« loilierA^eri* t of DOTILM 

edli«S»« l a tut Mv»riilt3r 9t Disthm Ufmmty IfMl 

to i)te«ffi1>«r th« Uv^rpooX Seltoel of 

tropioal tttdietn* C^«n««iy lfi0 to 19*̂ 6). 



fht ftttttsor 10 499plf oonolUo of tno 

ojpporttHt&tsr offordoa to tmsior 

J . C« i . Simpson mn& wiotioo to 03^ro»o 

oiiiooro tkoi^i for h i t gal^onoo onS 

9mm^ikgmMnt yirottgho^t t!tt iavootliotlon. 

Aoimowiodgomont io d«o to X , e , I , (l^ooteffo 

Mvioioii) for motoriia fiaoROiol. tt^pert 

of tisft {»ro4oo t^ 



%h9 %fp9 at ^ims^lim i f i v « 2 i r # i , 

ny^oXymtft pttr« « rim tMm ite»i*ta|de->90t»poimd. 

»a6i»5|«ftfit n a g 0loiHir4i piri»dac»» ^hydrcatya limoX I tm« 

t>f tli«(Si» In sulfrlturle acsid j l « l d « 6̂ ast. tre«7»ablorc» and 

S*fil^tre*7«»<>liloro^U«bydr&xyciai^ i a hydreehX@rie «e id , 

h&w«^«r* e 9 r r « a ^ » d i ^ dloliicr0»^*hydroxyatnnoHii» • art 

fomad, ttea rai>Xa««?a«st (nltro—^«^hl<»r©) taking pla^a bafora 

e y e l l T i t i a n %q %m eiwmXim^ 



i^ttofipts to ^r«f«M?« ^•eltloro»3-^at;iiioproptopl)oi)ono oro 

i#«orlteo4 m& mrk. oa tho pro^oote^ nyntliosls of 7-«otho^-.U« 

tSfeom'u ^ittltoois of if-^asotliyloifniollfto^T^oorboxyilo »©l<i 

hm» imm ropootodi l a gontrol.* ttio orlgtnol roonltti oro 

mniirma ftai tho aoiS lo t>ott purifiod nm %t» otlarl ootor. 

fe^HotfaylglimoXii^ oM tho 6- ond 7*cli|oro»oo«oota!Mio hovo . 

projporod 1̂  rifHit olosaro of 6ho i l i«eotioo4 o-ioooroponyl* 

yalHiMiyi tlt»«ei» <ir« for«o<5 By ^ohydrotion of ttoo oorrooponeHng 

oag'lil-aol.o- i^loll oritfo froR tbo o^omiiioototdphonunoo or iaotliyl 

oat^«?tl l«t*9 o ^Ignord rooetlon. Tlio u^moU^y^oinnollnoo 

oro ohorootortood tf ttioir groon piorotoo tmA rod otlilo4j.doo. 

1^ oppllootlon of m «ldo vorloty of rooetiono to oot l«oto 

tlio roootivlty of t£(0 wotHyl grotip m i^^atoUiyloimnoilno )i«o fto<3 

l i t t^o oisoeo«t« 0oi%flr!Stttion of oab«iioo4 roootivity oDd tioiMO 

o f tho pootalotie tfeot lo %tm h»ml& coatro of ti» »ul.«oiUo 

lo providoa ^ tho forootioft of u^«p<»dtiiOttiyloalnootyryi»l» 

otfeyAoji^itfiiliBs Aodi^oo. 

Ho^^tlon of o ^mWr of elftfiolinoo with oodium onS 

«^eol}ol Moo ^«f i oorrlod out* 

9^«| , i totl«o oiEiutilnotiotfi tioo fihomi portlol oonirorolon to 

tHo @orro«|jondiag li^oloa of %-( i*»-t i f4ro^phoi^l)o innoi ino, t^ 

3*-?sotliyl oof̂ ftoaî ^ em& of totfeyl-t^^pp^oaiioirleim^lIno; 5<«>pli0f̂ l« 



i<«p>«i}l«ylelJ»idllrMi and tha damathylatad einipotisd ara 

virimlLly ii^itm^ad. % ^ l l a ^ l f t m a l l ^ aisd %%m and 7-̂  

«l!ilor»«^arl¥«tiva« a l l giva 3*'^«thyllodel# aa iha finaX 

prodm#^ bai da^a tha intan^dlata s ^ « a i a li^a^npla^a. 

Satimatida of tHa a««oni« l iMratad in aaoH aata 

^mtlm» t l » *bov» fl i^iQga. 

Mtasipts to rapaat ftolJle and Saak«ir*a tynthattt of 

5-pti«i^ieimoli^ai-ii*eapboi?yll6 aeld ara rape«tad« 
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tntrodaifttt>>f>. 

ffeo r«Aotl.>a eimiQltm to othor l«ici one «o p*ia*wi» 

«»o atatoa f i rot fey on la mm iWk} iiMrim otte^.-'pt 

to rat2*^fiftil«o tfeo ao^oneittturo of oxlotinig «itro„oft 

notorofcyolos. m propooofl tiio gofiorai nisno »oKtno'* for 

eowpoaaslfi ootioiotiug o s ix mh^rmt r i n ^ for.o^fi from 

corboa m<i iiltrogoit &to-'-̂ «| m.mr%ii.i%, ta tho nmibor of tno 

l a t t o r , tl»o iiubj9tsiioo«« iwiro dootgi-iatea as rnonooBirMiff, d i» 

OSJlllOft, ©to. 

fh0 tiimlm graap ttio r̂Xy ^̂ ove rlso to three ponti-

feiil-iod Jopomrirjg an %tm roidtivo pooltlono (o, m, or p> 

of tlio nitrt>fc,oa oto anci nor onelaturo foXlooeo 

oooliy frori tlil#. 

• O 0 0 
0IA2/Nf nifiZlNE llfiZtHE 

I t in mtoreotliig to note thot tho 'ooooptoil* no oo itor 

mil mrB kmmn^j ^pyrlii&uimt pyrs^^icllno ond pyroslno -

liovo sunrlvoa Ai<fĉ #R»« bin f ^r r«ft>rt l a si^ite uf tfio fact 

that y>ey liave i i t t l o cloin to oystot^eitlsotioii. In the 

l>Ofi^o(li«i:i(io serloo the oetrno otato of afralrit prevoiJiod 

â ra wltli, tm j>ropar«tl.jn of olmaii^io in Mft (3̂ *) « i l 



tmr f@a«l&il lU«a wara known to •x iat {enly i^dro-

^ttioA««4la*« vara lensmi), . 

CO ozi CO a? 
oC-PH£N(?(fl2/r^E /S^PUNOmziHE rHEMMMZJNE PHtHPlAZlHE 

CimOLINL PHTHf\Ll\ZlNE QUlNrtZOA/NE (pUlNOXflMNe 

Again tM* »tr*dltla«ial» mesmit (eXnmlim, ate.) bava 

aurnvad lm% othara haira 1»a«n aaaignad a f i t t ing plaea In 

oi»«ei«rlty (a .g . , Mafeydrojsati^iestean^lanamidla* for 

^ttisazaUitai ) . Al^dtigh t i l ls ra iat i«aahip haa baan 

rapaatadly isantionad X9 ttofortttnata tiiat aa 
I f f . 

datailad cospariaQti ba«& aada of aatttpactnda of aaah 

typt, 

tm aaar^lty <if aariy m cinaoliaaa haa baan 

amfiiaaisad oUraady r̂ĵ /̂ d bttt I t i t avtdant ti^at 9mh 

ampXtklnt i « Jttaiif lad ealy a&ra favauralila f iaida 

df «ork ara takan a9 atandard. fhm lilaeantonaki and 

SsiQharda (//^ > p^lntad eat tba almost easiplata Xmk of 

intf^raatlon on e^fipoiiada in phiab aa@l̂  of two f«»ad ri»ga 

0#fit&inad ona H««t9!it in eampfiriaen to tha atttatlon givan 

%tt oinndilnaa and a io l l er ^mp&vttii9. fha inaaoaatibillty 

of Intamadiataa for e i jmol l»a ayntheaaa liaa baan daciaiva 

in asuaing ttia al$« davalopmant of einnoXina ahaaiatry, 



-5-

ohllot tilo «l>o«aoo of c ln»ol i»oo %i% ony notixrol proaiiets 

«o for liair«stigoto4 llooa roeogrtiood ( ) os a OOD-

tribtttory footor. Svon the isoro roodlly ovollol^lo 

5:ii*%oifisool£moXim (ooaolXy roforroa to oo *»pisofi«xof)0** in 

eofi90Q&oi»o# of tbo ixndewolopod ttoto of oi^!tollno eboniotry) 

hot IMBOD I t t t l o otmdioii. 



fit* • a r l i a a t attaint to prapara aiimolirta itsaXf a«a 

itada 1̂  von Hioi^tar C t^o > isaing dlat&Jllation of ^-^^rmty*-

eisnoilflo with Sino ^m%, a i^roooat «hiels» I t «as aXai«td« 

oonvartad aarboatyril to ^itinolina. m a lk«l i« inaaiabia 

pit mhi&ti po«a«aaad thm profart^a of ^indolo {pirn 

abating t«ot> «at iaoiated. altiioiftgli aftor raiioval of this 

oosi|»oiia3t a yalXow flooodXant f iatiniobiorida aaa pr«parod$ 

thi« *aalt* r««i&i | lad an attatiftad p»ri f ioat ion. Thaa no 

dooiaion »«a raaonad and tha oonoloaion of Rlafetar^a aork 

«aa nooaaoitatod ^ ^tba baginning of t^a iraoation and 

oitortago ^f « a t a r i « l ^ . Suaoh and Klott {33 ) oarriad oat 

Eloiitar^t ojfpartBant i n a a t r o ^ of hyilrogati btst daaf i ta 

mmt^ â EpM r̂isiOnta ^aing otiitr radioing aganta tisara «aa 

obtainad only an o i l toai^ing an Intona* **nitrll«rtlg|* a « a l i ; 

no eryatalXina piatinioltlorida or Itydroo^iorida ooaid ba 

pra^^ad. tm datootion of an^nia d«trii% tha d iat l l la t ion 

indlofttad diarmption of %m oitmolina noiaoiiXa ao th i t rattta 

««a al>ando^d In favour of %h9 fraparation of aema dariirativaa 

of %«i^droaQroi3^oiiiii* t% mm hojpod t£iat rad«otion of tlia 

hi^3,y roaotitfo ei»Xoro*dariv«tSv« mmX& y ia ld oinnolina b«t 

aariy axparliNmta ««ra not anoouraging. itd»avar« Sttaoh and 

Slaot < 34- ) aehiotad rapid radnetlon ttaing iron and aitlpiiarie 

9 f C ^ i j ^ ^ doaar^itylstion of f*-l3ydro«y«is^Xiiia*j*o«'fe03»^iiO 
«»i4# 



•5-

«el^^ • nothoil ouoooosfitlly o«ployod isy Kdnlgo {98 ) in 

bis rosoorol^ot m tho oli^honlk oUcololds. Hot only ««• 

t M Ghloriao otost ro®ovoa hnt tno hotoro-rloc woo rmdm*^ 
to glvo dlliyclroolfusoll^; tfoio «A» otablo towordo othor 

rod«ioiiig ftgotito bot von rooSily oxidlood %y uror^erio oxido 

to olfinollno. tim otoMllty tottordo rodttotion ond tho oooy 

^ C0«-^ CO CO 
( I ) 

ostdotiOfi to oinm^lne both provide ovidotieo ogolzitt 

ftr^oturo ( I ) for tho dihydrooianoitno. A aotoWo oontrmot 

bot«o#f} cififioitfto oAd I t s dihydro-doriviittvo lioo in tho 

i»ttoteity of oaoh eo«potindi tfeo forwor i « a e t r o ^ baeo aisd 

fomo stable oolts oitfet sslaeral aeido, tho latter io ooaiay 

l»aolo, i to oalto Iboiisg readily hydrolysod by oater. Apart 

fro» thooo oboervationo and the preparation of a f e « aiaplo 

derltrotivofl, o.g. l^drooiilorido, piorato «nd oothlodldo, the 

ohomlotry of oinntolifio was not i«i?o«tlgat«d althoogh aention 

ttae mode of ito poleeaoo« nature. Tho ineta^llity of the 

Mothlodido towardo alitoliV aviiasiood l»y tho produetioh of 

a **8Mi£»lfioti%t doop &l«o eoiour* follovod by aoparation of 

htm fIo«ottIei$t aotoriol , io mot intorootiitg. 



t i l * 8i(t |^l#«t »t{»btr &t t h i s • • r l « » » « • dl«eov*r«d 

fteeld«ntaJLlj ^ von Hief)t«r ii3o) during an att«ii$>t to 

pr«p«r» e^i^dr^^tteciophetion* from 0'>nltroph«i^lprepieXl€ 

eeld and fe«ne« i d syntlwftlst cO-^o«ii«rie « e l d , Xitd«*d, 

t^*Ii3raro3gr«lanolia«-3*c«rboxylic a©ld «&« tfe» f i r » t known 

ainnol ine dtr lvAt iv* ftXthoagh von Ble l i t«r roGOgnlft«d 

F i s e ^ r * * (-^1) Untfirfittl anJaydrtdfi' of «»*lt3rdr«2lnotMinsoio 

AO i d «8 « s i m i l a r l y const itvited ooetpovind. 

fh* e t n n o l i n « *8jpftr«t«d i n gXltionlng n««dl«» on 
o 

haatlng to 70 m aoid •oXation of d iA2ot i«*4 o~«aino> 

phoi^lpropiollo mid, fh» mthmnit>m fortrardod by von Hlehtor 

mm aatoelatod witi} th» oontosiporary work of Baoyor and 

Blmm ( /4 ) , namaXyt tha convoraloa of o*a« i i iophanylpropio l i c 

ac id dar lvat lvaa to <K•poarboatyrlla. 

A l i ^ s t of a lxty two y a « r s b«t»«an tha invaai igat lon of 

"̂ on Bielitar and tba naxt eontrlbution to coapounda of t l i la 

groap was brokan only fey workera whoaa eiiMttona i n 

tha eiio^Xinft f l a i d wara l l ia l tad by, and o f t « n «u1»aldlary 

to , othar raaaarohofl. fha r a a a l t a of a ata4y of tlia Richtar 



( | ) « f 0 •«^at»ll0h r« l ia%l« eoailitiona for th« 

( S i ) fo «ici«n<S tf!« set>pt ef th« a y s t ^ a i s to 

tb« fdllowlng H a s « « &f Bl@ht9r*9 «yntH««l« was axawiisad 

an^ ai^b of ih« otiraorjr a a i a l l glvayi l a tha l i t a r a i u r a waa 

lottfid i3j»aattafaetory f o r praparai lvt purpoaaa. 

NO, 

( X ) 

Cm) 
Sehofi^id haa glvan a ^atal lad aceoimt of thaaa 

axparii?«ii%ai l itaratittra aathodo for %\a Wenlnatian of 

&^nitro6ifiiia»i© a^idl *ara aavar ajqpliGltly daaarl^ad and 

m» hsM to praatieia tliat iron E l^htar praparad e-nitrapliaayl* 

pr@pioiie aeld v i a ( I K Bal^drotrostnatlea of th la aubatanaa 

aeeordlas to Saayar ( /3 ) again l a f t m&h. to tba laaglnatlon 

a l t h o i t ^ tifoa mmtsar of u i^aalrabla prodaeta oi^anrad a t ra ly 

lndl$ata4 thB naad for f u l l instrDotlona. Comparatlva 
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quaiatltatlya axpftrl«iania, baaed on datartnlnation of t ^ 
lbroiniia» ID^aratad, vara aaad {li-O i-^^ 3^) to astaHltfo 

tm opitsMii eoaditletia f o r dal^droltroiiftlnatioii. 

^ 2 OH , r y ^^C.CO^ ^ZH^O f^g.' 
NO;, ^ ^ N O i 

^tl ioUiit rad^etioD to tiia aisl!v>-acid «ra« at f l r a t earr iad 

o » t mini, von lll&lit«r*a mathod, i t a a l f a m » d i f l a a t l o i i of 

tb&t of Saayar and Blom ( /4- >« a proead«ira waa avolvad 

(/4-<} ^ whlth tha a«^lno«acid «aa dlasotiaad withoat baieg 

ia&laiad or avan alloinad to aaparata I n aeld aolut lon. I n 

t h i s way the fomat ion of e a r b o a i y r l l darlvat ivaat pravlooaiy 

obaarvad botla Im %h<$ radaetlon ( /3o) and in tba attaitptad 

d laac iu t loe of tha aalna pr ior to dla&otlaatlon ( 33 ) , aaa 

ayoidad. 

EHarainatlon of tlia ganaral i ty of tha atelitar raaet lon 

( I I abova) waa raatr lo tad to thoaa preplo l l c aelda ar ia lng 

f r o s ttia laora raadlXy aaaaaalbia 0<^»ltrs»ban3aldalgrdaa. Tha 

ttliMiamle aeida eorraapofidlng to ^^MtropiparanaX, 2« f i l t ro -5 -

« a t h e j c y ^ a ^ « l d « ^ d a « and to 6-iiltrovaratraldahyda aara 

alraady Imoan. % tha roata aatabllahad f o r tha anaub* 

a t i t a t a d aeid (absva) thara aaa obtalnad ^-hydraxy-^;?-

«athyXanadi03{y<siimoliiia*3*a«rbo3«yli« aeid ( I V | B •» « , 

BjJ^2 * if*hydro:gr->'6-math0?^eiaiioliaia^5«earboxyXlc 

aeld ( i ^ j R p Rg » H, * Ota) , UefcydrobroBslnatlon ©f tha 



nltroveratrylatnnasnle aoid d i & r ^ l d a gava tha eorraapondlf^ 

oL^ (©r/4-)*br©JB©acryile aold, probably tfea c^^darlvatltra by 

analogy wli i i t ^ dahydrobromtnation of alnnattla acid ( /43 ) , 

ti*ii^droxyoinnoilna«5-^oarbo3jylie aold waa unahangad by 

n^mal f laobar-Spalar a a t a r i f l o a t i o n aoadlttoaa but tha 

tica of diaseisathana gava a a a a l l y l a l d of an aatar*atbar 

CiV or V; H * ^ a , a • M). 

t i t r a t i o n of tha Blohtar aold v i l l i aodium hydroxida 

raqatrad «ora than on* aqulvalont of tha l a t t a r for 

nautra l l s^t lonj tr^a i i » i l c a t o r uaad waa phanolphthalain 

but thta «raa not wholly aatiafaotory* 
0 

c 

( S j (3ZE) 
fha *'s«i t tarion'* atrt^turaa (?a and Vb) aiaggaatad wara 

i n aecord with tha Icaown propartlaa of tha B&entar aeld 

( h l ^ nt.p., inaol t tb i i i ty I n hydrooarbon aolvanta) t&oi3gh 

a mora a t r i o t rapraaantatlon involving a raaonanea t^brld 

o f tha two eanoalcal atataa waa prafarrad, 

AttO)»pta to aaatylata tha Blah tor aold Sobafiald and 

SImpaon (/4' ) Xad to a aariaa of unaxpaotad raaetiona whieh 

for®ad tha baaia of an invaatigat lon ( / p ) notaworthy for i t a 

praotl#aX alaganaa on tha oiia hand and i t a inganioma 
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intorpratat iana on tha othar. fBafaranaa to tha ahart 

a»d tablaa on paga |<7of t h i a thaaia may prova ba lpfu l 

throiiglioat tha fo l l^vlng aeeount]]. 

Tha act ion of bo i l ing aoatio at^ydrida on t(*t^4raxy-

o|nnoiina-3*<^«rboxyli« aeld gavo a i thar linahangad A a t a r i a l 

or4 by daoarboxylatian^ H-aoatos^elimolina. Whan a Mixtttra 

of %1m Blah tar aold* {^rldtna a i ^ aaatia anhydrlda i n tha 

proportiona S;9: l? raapaativaly* waa haatod to ar 

thart waa prodnoad a highly raaotiva aompound, 

^14%3L^^5 or ^2l^Xit%\ C***®^' thraa amlyaaa)* Attaapta 

to r a o r y a t a l l l a a ^ l a atsbatanoa from aleohola gava a aariaa 

af d i f f a r a n t prodtiota, whlah* liis^a tha ir aemaion praearaor, 

ahiomid d i a t i e ^ t aatphot«ria propartioa i n tha cold but wara 

daaompoaad % hot aoida or a l k a l i a . Tha « ^ l y a i a figttraa 

of thou* aubatanoaa Indiaatod two poaaibla aar iaa dapanding 

an whiabt af tlM two forffulaa abova waa eorraot: 

ôtRpd.tmd Soriot A* Sar iaa B. 

I n i t i a l proditet o 
ai7 

Frodtiat froflt 
aiattatol on 
i n i t i a l » a t w r i a l 

Frodiitt f r o * 
i^thasiol on 
I n i t i a l saatarial 

iaS-128,5* 

f^adaet f r a « 
iaopropanol an 
i n i t i a l matar ia l 

150-131** C H 0 Jt 



S a n a a 4 aatild o l a « r l y a r i a a ttiuaj 

wfearaaa #ar laa B nigHt a r i a a a l t h a r by aondafiaation of a 

alDnoIyl'^ with two pyr idy l^roupa or 1^ fttalori of two 

aliimoltiia Molaettlaa. 7hia qtiaatlon waa aatt lad by iha 

raaMlt* r t a a t l o n ^'U* (paga/^ } , hu% a h l a f l y by a«batl«-

t a t i o n of qalnollfta tor K f r i d l n t (raaatlon "l") atid iraati iant 

of i n a raaatlon prodaat with attiamoXi tha aabatama 

im^p. It©®) obtainad waa d l a t i a a t fro* tha t , « . p . 128**, 

iabttlatad abova, T M aalaat lon of earlaa A waa baaad 

i n i t i a l l y «pon tha analyaia of t h l a naw darliratlva btit tha 

««tpport af l a t a r ana^aaa waa waleoisa Iti vlaw af tha faat 

t h a i only in o»a a^^arlmant aoald tha attbatanaa^ s . p , 170̂ » ba 

l e a l a t a d « Ind laa t loa of tha poaitiofi of aitaahaant of tha 

pyri^^^l Cqtalnoiyl) group to tHa eliinolifia r ing waa affordad 

by tha abaaiiaa at react ion on awbatltatloa of o6*plaallna 

(qnlnaldina) for p y r l d i a a . 

2t l a aonnnislaiitt bafora praaantlng an Intarpratat lod 

»f tha fa^ta ao f a r ravaalad, to eonaldar l&a avldanea for* 

wardad Sehaf la ld and i l9ip«»n for tha ba l la f that t h l a 

raaotlofi paling pyrldina and aaai le imhydrlda l a highly 

a p * $ i f l « t « ^-hydroxye4njEtoiin»-5-0arb^»xyiic aelda. i f l ^ d r a x y » 

ai imollnb gava tf*acato^eiimollna on traatmint with pyridlaa 

a ^ aeat ia a n h y ^ d a or with tha l a t t a r alaiw> I t waa 
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apparaat (p«g«f?« axpari«afi% **b'') that « a r a adjaaanay of 

l^droiQrl gro«tpa waa m. inatt f f ia iant < |«u i l i f iaa t i en for 

raaot lv i tyy whi lat th ia arrangasiant i n a hataraayel ia 

ayatam (axparlsiant^o**) aonfarrad no praparty whiaii watad 

o h a l l o i ^ tha ab^v* elaiai to a p a a i f i a i t y . Ai«iA^Co3i^ri-

» a n t atiqrl ii*l^rdro3Qrqeta!Oll^*5*aai*bo3grXata with 

pyridina and aftatia anhydrtda gava ^ a i»*aeataxy«darivat iva 

* ^ !• R a p l t i t l o n of tha ra i^t ion uaing ^-iqr&*oxy*4» 

ffiathea^eixmolin«4-5<^arboxyli« aaid (axparfw«at *a«) previdad 

a atr l is ing oontraat to th* fortgotug raa«tlta* An obviaaa 

raaet lon oaaiii'rtd %m ornto pradttot, on t r a a t « a n t with 

•atiianoX and alao with boi l ing pyrldino ( a f . raaation "g"), 

gava two aonpaisnda whoaa analyaaa agraad wal l with ealaalatad 

ftgaraa* 

A iRorlcIng hypothaaia to axpla in tho abevb raaa l ta waa 

gradually araatad on tha baaia of icnown anaXegiaa. Tha 

ahiaf of tlN âaa waa tha formation of a^valant aoapoanda lay 

pyridlnittm or qttinoXini8» Katioaa and a waak ^ o i » » aapla 

i l X a a t r a t i o f i of t h l a phanosianon baing pr*vidad ^ t ^ work 

of Oaolsar ( ^ U « ^ Hi^taaeh and ^ X b {10<x.y, a e laaaly 

aiialogom« raae t lan , f i r a t r«portad by Baibtart {11141 

•vanti tal ly iiaad aa a modal on whiah to be i ld tho following 

ttielumiaii of tha <pyridlna«>aaatio anhydridw* raaat ion. 



•15-

a a l a t a r t obaanrad that tha raaotion batwaan qainol lna, baaaeyl 
^hiorlda aî d a l k a l i eyt^lda y la ldad N«btasoy l»2«$yano« l :2 -
dlhydroqaii iol ln*! h l a f inding that aoIda attaelwd tha l a t t a r 
•tibatandaa (aa ahow^ balow) has baan adoptad aa a ganaral 
«iathod f^r tha praparatlon of aromatle aldahydaa {3^). 

COPk COpiu +P}vCHO 

tahdf l a i d and Sisipaon rapraaantad tha raaotlon balwaan 

pyr ld ina , aeaMa ai^ydrlda and th« B i t h t a r aeid aa fo l lewa: 

OH 

0 ^ Oi^''''^*^(fYV«'i ^md^^c) 

t% waa polatad ©at thAt tha ganaral propartiaa (paga 1*̂ ) of 

tha i n i t i a l r^aet l©n product and i t a raaarieabla raaat i ir l ty 

tcwarda &l,a<>hola wara in graater aceard with I t a rapraaantatlon 

aa a i t h a r of tha eanonieal atataa ( V I I ; a * a ) than aa tha 

laetont (¥11 d ) , alt2»96gh tha l a t t a r a t n t f t s r a waa f u l l y 

eanaldarad a a r l l a r ilUD),. fha aleohol addition produata wara 

rapraaantad aa ( ? { or ? ! a ) but on a t a t l a t i a a l grocmda tha 

farmer waa aalaatad aa tha doialnatlng tpaaiaai amah 

rapraaantat ien a ihar«Aaida waa atrangttianid by tha l a a l a t l a n 

of aoifipoitfid (IC) an traat in«at of ( V I I ) with a a l l i i i a . 



*llt* 

Fitrthar axparlaantal work uphald tha xwittarion 

atruatttraa ( V I I { a - c ) m prafaranea to tha laetoni (VII d ) . 

I t waa foand that a basa ^X5^%5^2^5 proditeod by raaationa 

(*f, g, h'», paga /<? ) but that raactiono (n^J**) gava no 

d a f l n i t a aubatanoa. Uaing atructure ( ? I I Z ) for tha naw 

baaa, foraad, praauaabiy, by d i rae t hydroxylie attaok on tha 

apaeioa ( V I I a ) , a diaouaalon of tha raaa l ta of raaatiena 

("f - j " ) waa of f arad , aaeh oonaldaratlona aa tlia r a l a t i v a 

proportiona of aeat ia arihydrlda and pyr id ina , a t e , , balng 

wovan into a convinolng argomant I n favour of tba *aaaaptad' 

a t r a e t a r a a . 

Tha analogy with "Baiaaart eompoanda** Cpagt 13), and 

hinca tha rapraaantation of thib aar iaa of naw aabatanaaa aa 

(H'-pyriMnimm (or o6-dihydropyridyX) oo»pottndfi,waa wara 

f i r w l y aatabliahad by tha loat of tha It<*a6«tyl grottp aa 

fol lowa. Tha ooatpoond iVX; H « Ma) on trastsant with a j thar 

ssathanol or athanol and auipharic aeld gava tha aama pradoat 

and tha anbatanea (VI | R « S t ) bahavad a i in i l ar ly . C laar ly 

aatwrifl igation was not tha caaa and tha astbatanaaa 

ilX't B » l̂ a or S t raspaot iva ly) wara raoogniiad aa tha 

alMplaat pobaib i l i t iaw. I n a o l u b i l i t y i n ^ I k a l i a (paga i<f ) 
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waa aseomntad for tha r a l a l a d a^niistaraa • 

2ZW (bf fc) 
• ain^ by tha knom^ i n s o l u b i l i t y of , for axaapla, diphai^loil-

a e r y l l o aeid (73) I n thaaa raagants. 

fraatiTient of tha atabatanoa ( I X j H <• Ha) with hot aqaaoua 

sodlUi» i^droicida y la ldad a watar aolubla baaa t « which only 

tha struatura ( X I I I ) eould ba aaalgnwd, baaring i n wind tha 

aonat l tut lon of a a r l l a r eompoenda and ^ a l r dagradatlon to 

t h l a aaaa baaa (aaa paga/I ) . thw aubata^a (IX; R • S t ) 

appaared to be mrm a iabla undar thaaa aandltlona. Tha 

foramla ( O i l . 2i^0) agraad wai l with anaiyaia f lguraa of tha 

baae, bat tha v a l i d i t y of auch rapraaantation waa quaationad 

whan I t waa dlaoovared that tha baaa waa raad l ]^ exldlaad to 

a subatanaa. &.p. by parsianganAta a t raoa taaparatara. 

Indaad, wara tha formula of the baaa Cx3^13^2^5 Inataad af 

Cj^jS^K^.aHgO, au@h a a troo t i ra aa (XIX or XlXa) would ba 

poaalbla . f h l a poaa ib i l l t y (XXX) has baan dlaeuaaad ^ 
• OH 

3ahof ia ld (/4^, page ISU) end (XlXa) waa put forward by nawbara 
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of the raaaareh a t a f f of I . C I ; i n f a c t , tha problats waa 

aolvad ^ tha praparation of a iapla dar ivat lvaa of tha baaa. 

I t balng found that tha p i cra ta waa anhydrous, i . a . 

Tha oxidation produat, la^p, lii6 , ra farrad to abova 

ahoned narlcad amphotario propartiaa (paga ) aonaidarationa 

of which, togathar with tha analyala agraa^ant with a forisala 

Gj^II^O^Kj, lad to i t a raprosantatioa as ( X I I ) , Cowpariion of 

tha d«<^p oolour of ( X I I ) with that of naar oarboeylic 

analoguoa Oig; o<rphanyl*5(3«<-nitroph9i^l)*pantadianoio aoid 

l a yaXlow ( u ) and tha obaarvationa of (Jools »t. S i . (^2) 

tha bathoohromla a f faot of oarta in aeoaaulatlona of nitrogan 

atoisa af ford genaral aopf-ort for tha atrnatara ( X I I ) . Thia 

oxidation prodact gaya a wlxttjira of two catipoanda on r a -

fXaxing with hydroohloric aoldj tha f i r a t of thaaa, « . p . 

X95®, analyoad aa Q^^n^O^H^ or *3gH 0̂ĵ M ,̂ the forwar being 

prafarrad baeattsa of th« a i a i l a r t t y i n propartiaa to ( X U ) 

and tha oonaaquant rapraiantat ion as (XVix) . Such «n anol ia 

atruotnra waa f»ora i n kaapin^ with tha aoXoar of tha eubstanaa 

and i t s apparent a t a b i l i t y towarda hot parmanganata, than 

would be tha eorraaponding (di)katonio forn^ The aaoond oom« 
0 

pound, m.p. 3 ^ • had a i t i l l a r propartiaa to tha f i r a t though 
to a l e s s e r extant and i t d i f fdrad i n i t a aotion on 
pariaanganaia. Agraaaant with analyaaa f i a ^ a a waa not good 
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aa tha rapraaantatl^n aa ( X f l ) waa ragardad at ^'baaad 
largely on apaeulatien*. 

7ha praparatlon of tha oosipound ( X I I I ) i n quantity 1^ 

the aiknUiae dagradatlon o f i'itll) indleatad a nu«bar of 

aide reai^tlonai thue froi!i tha eilk&Xirm tt^thar li<|tter thara 

waa obtelfMd the aedluai a&lt of a aubatamay u.p. I t ? ^ , 

Gĵ gM^O »^ or ^5 end an eeld,Cj^H^O^il^, i ^ l c h da-

oarb®%ylatad ^uanti tat i irej^ to produae a weak baaa, ^i^^^y 

faking '^i^^^^ ̂  «8 eurreet foraiula f o r tha eeapound, » . p . 

Wt^i a a t r u e t m (XV) w»» prov is iona l ly auggaatad by tfea 

in^eatigatora imd the relnted aoid waa rapraaantad ae (XIV)* 

ar swing f r o » the hjrp^thatieal intermedia tea (Xi a ©r b ) . fha 

« e « ^ baae waa thue the aespound ( X V l l l ) , l « « e t i ^ l * 5 i ^ : l O > 

triius^phenanthref^. Support f o r tuoh a inaohanieiR waa baaad 

dn tha propertiae of the eoepounda and on the eatiftatlon of 

ace t i e aeid aat free i n the f t r a t atage ( V l i l — ^ X I ) ; th la 

loaa of aeet ie a«sid» ine idanta l iy , provideii a f i n a l asMlegy 

With t\m « l*etsaert ooaspeunSii*' e r i g l a a l l y aaad aa medali. 

leak of @loae an«loguee of the eoispou£»&a diaoHaaed i n 

t h i e paper by Seh^f l a i d and 3l@paon waa eephaslaed 1^ thee 

in. the of the oowpound ( X I I I ) . Oxidation reeulte of th ia 

aubstanes mm i a i e r p « i t e d i n a a^siewhat ravoltttionary itaiinar 

but no o3(idation data are avai lable for the olosaat analoguea* 

v i s . the and ti^lutidtylquinelsnaa (4.3 ) . The reaotiona 
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daaeribed showed IfuXXy the varianoe which axiata between 
einnoXine der ivat ives and t h a i r qulnoXine anaXoguae and i t 
waa pointed out that t h i s might waXX be due to *a oon*> 
eidarabXa l a i t l a X p o l a r i s a t i o n , rasuXtlng i n a eoneentration 
of the attaok of the oxldialng agent aoXely on the pyridine 
r l n g ^ . 

Tha axpXimationa offered throughout the paper and tha ir 

quaXif ioat ion with rafaranoe to a wide var ie ty of known 

phanotaana are aXX the mare oosimandable i n view of tha 

aGaroity of anaXogiaa auoh aa thoae detai led for the 

oxidation of ( X I I I ) . 



IxperlBieata which l l l u a t r a t e tha apeo i f l c i ty of tha 

gJtpt. 

a* 

a i c h t e r l ^ r i d i n a 

13 parta 

Sxpt. eon* Beault gJtpt. 

a* 
keld 

2 parta 9 parte 13 parta 
d l t lona 

V I I 

gJtpt. 

a* 
keld 

2 parta 9 parte 13 parta Boat at o 
60* or 95 

V I I 

b. 2*Hydro35y« 
3»tiaph-
thole acid 

preaant preeent 2«^Aaetoxy> 
5-naph­
thoic aeid 

e. t*-i^droxy-
quinoline* 
5»carbo)^* 
l i e ac id 

« 
0 

No raaetlon 

d. E t h y l eatar 
of «o * 

({.•Aeatoxy-
darlvat lva 

e. 6 - f ie tho3^-
"Bichtar 
a c i d « , l part 

7 parte 8 parta Haat at 95** 
for l i houri 

Raaetlon 
1 

ExDarinenta (not charj ted) ©ajsable of explanation by 
• 

• the atraoturaa tvil: a • d) ahawn. 
VI n 

%"6(7)V 
f . 1 p a r t 5 parta 1 part Reflux for 

» hour 
VI n 

%"6(7)V 
g. V I I praaent abaant Beflux V I I I 

h# V I I • absent » Heflux aq. 
auapanalon 

r.?od. y i e l d 
V I I I 

i . 2 9 15 aaf lux He x a l l i n a 
product 

V I I , 2 . 
parta 

9 15 M 

Othar relevant data. 
• 

Ho x a l l i n a 
product 

preeent preaent Propio* 
nlo «Uiy-
dride 

• 
Ho x a l l i n a 
product 

1. I part Quinollna 
l6 parta 

12 parte HaactIan 

preeant I t t lna l -
dine or 

-picoTlna 

presant No raaotlon 

n . preaent abaent present HeflQX tf-Acatoxy-
einnollxMi 

o. preaent abaant Unchanged 
Rlchter 
aeid. 



(VOL) 

A(k<v|, 

OH 

OH lUMe. Hot NaOHonHa 



spd. 

VI 

3oX. i n ae lda . 

SoX. i n d i lute HCX 

SoX. i n aXkaUa. 

SoX, i n diX. aq. 
Ha2C;%. SoX* with 
R « l!» B a Pr . 

Other presort lee . 

InaoX. i n water. 

V I I E . aoX. i n nod. 
Oone. HdX. 

£ . aoX» i n ooXd 
aq. KagCO^, 

Suapaneion i n aq. 
dioxana eone. 
m^m intense blue 
purpXe aoXution. 

V I I I BaadiXy aoX. i n 
gS.H(5X. 

InaoX* i n aq. 
JIaOH. 

InsbX. i n eeXd 
water. 

30X. i n o o m « HOX InaoX. i n i^^. 
ap. aoX. 

ln^O.B80 
3oX. I n want Xo;' 
aq. "mm. 

3p. aoX. i n bolXing 
water. 

IX RaadlXy aoX, i n 
mod. oons. H&X. 

InaoX. i n eoXd 
Naai or UagCC^. 

InsoX. i n eoXd 
water, appraa. aoX. 
i n hot. 

X SX. aoX. i n ooXd 
ai.iicx. 

V. a . a . i n aXeo-
hoX. 

X I I SoX. i n d iX . 1101. ^oX. i n aq. 
NaliOC^. 

Sp. eoX. i n eoXd, 
soX. i n hot water. 

X I I I BaadlXy aoX. i n 
hot an. HOX mx* 
Ida i n ooXd, V . a . 
hydroXyaad by 
water. 

SoX* i n hot, ap. 
soX. i n eoXd water. 

XIV Sp. a o l . i n 2 H . l ^ l . HeadiXy aoX. i n 
ooXd aq. NalK;^^. 

Ix»oX. i n water. 

XV EaadiXy aoX. i n 
warn m,m\ HdX»lda 
I n cold* 

InaoX. i n eoXd eq. 
HaliCC^ diaaoXvaa 
on aduing HM|̂ €H. . 

3p. aoX* i n hot 
m.mx, FalrXy soX. 
i n hot 6M.HCX. 

Aq. HaHCCV ep. aoX* 
Ma aaXt. i o r * e. 
aoX* i n Na2C03 or 
NaOtt ( a q . ) . 

Aliieat insoX. i n 
bolXing water. Be-
dswaa aq. X^n(^. 

XVII 3©X, i n HCX orange 
soXution. 

S« aoXo i n aq. 
tlaUPCk and other 
aq. alkaXia 
o^ranga aoXutiona. 

V. sp . soX. l a hot 
water. Stable to 
hot aq. Kl.inOĵ . 

X V I I I 3p» aox* i n m.mx 
( h . & a . ) . ra i rXy 
a . a . i n waria 6lil.HCX. 

Almoat insoX. i n 
hot water. 



^string an atiitta&«««ltil « t t t » p t ^ So«l«9h (9S^ ) %9 

&fm&im&t9m mmUmmm r i n g of i l l ) a 4«riy«%lir« 

( i « » t ^ r e 9 ^ e l i ^ l i » « * 5 « « e « t l e moid was prftp«r«d. Tl)* im-

pQtttm* Qf ( I ) l a y im i%» r « l « t i d f i t»e Xjrs t rgU ( IZ) 

« M i n p«r i t« i» l«r t o t lw «9iiv«rsioii ^ r i i ^ a t i v c s tti« 

l a t t e r i f i t e %ho9« o f i so^Xyt t rg ie i®i4 . K«tladh In^aiiatd 

i o «3t«l»iiai3 %ha o r i an taUon of t t i * r i t«b«r-eye3Li«ft i toa 

^rodset t ( I I I im^ l ? ) ^ dagrmdatlon th» a « i ^ - i i « t # r « 

(? as(3 V I ) atid mmm t o ot>tain « aor ivat i i r* of 

pht^iaO-io mrv& t»r«p}}tii«ll« a^id . anlno-g^oup of 

4V or Vt)p although eopa^lo o f dlaaotlst t t ion^ cmlA m% bo 

r«]^ioeo€t ^^ tiydrogon, laothoiiyX ©r l o d i D t i t r « o t » « s t of tho 

«llo*o-co3!poaad of (V> » i t h olcohoi fmriUlohod t h t otfeoaQr* 

dor ivo t lvo i n i ) bat tho oooo o f in) «only tfoo •laAolino** 

( f i l l ) woo f o r « o S . 

( r ) 

HftC 

( I ) 



• • * . • ^ IndieAi#« iiitta«l«4 r«*ctioi3«. 

CO^Et 
I 

NW 

( IT) 

( r ) 

( - ) ft) 

EfcOtC-^^^Wi ( H ) 

OH 



fm mM% 9mp9m^9 Qt t h i s sroo|» pr«pttr#d by 

&t t t t t g « ^ r « i f o f t t ^ i * m^,OAi .C(^H n**. Tint*, u-^i)ir^ro)Qr* 

/3->'i6*tm%m'99rik^^fyl)pr&p%m%fi oelS a « o l u t i e ^ of l i s c t l ^ l 

ttsi«r l a an hydroonl^rle ae ld | only « ««ftix aiBpunt o f %h% 

e i i m o l i n # < ^ t t « r wat f9r«w4 ^ thd l « t i « r ««thoS» f t t toareHtt 

i M d MOil^srlation o f t h i t o ln f i ^ l t i u i a$id « m oar r lo^ out 

Sispton ) ; ttio Main faeta of i b i inir«»tlg«iiofi a r t 

a« f o i l o » » . 

(a) f ha aettos of 4i@i«tlgrl auXp^ata a ^ i ^ k a l l on 

i»-^]^£ire3i^<to4:t*^ttt«tkoiQr«t]»i9Zln>«»^««ettie eeidi gava a n ix t t i ra 

of i w m t r i c • t t » r -6e l« ia <1X| ft » « , «• « «• ) i&ioh oeald 

omly 1» «iidi:iy raaolvad aa tha istUisrl ootara (XX; R s R* s ltO{ 

| [ | R • ]l*)altiioti#i * pmra apaolesoti o f aoi4« n .p . Sio® 

<dfaoatp.} « daa t i^a t td at tha (Krlaoiiiar * Has oHaliaabia by 

I r a o t l o A a t l o n of tna eriida roaot loa pro4aot« 

Cb) f t i a ^-oiiiar^aeid «a« ftora baalt tban %m oUU^mr 

ainea j ^^d r^ lya l* o f tl io /?*a»tar i ^ r o e l t U r i a aeid gava a 

^iraXl d i f t n o d bydr^ehlorida**^ aa j i l ly taydrolystd by iiot water, 

f h o oC*«»t«r gavo tl io ^^fr'O^har^aeld d l r aeUy u t iag d t l i i t a bydro-

o l i l o r i e ao id . 



- t 5 » 

<e^ tho oC^mlA ^ o o « r ^ x y l a t o 4 ot tito i i o l t i i ^ point 

t o gliro a baso {M or I I I ) * oal lod ti io oC-«t&«r« t J » 

^*aoi<a woo otafelo abovo i t » esoitl^ig po in t . 

{&) i |*%(iroj«y-4i?*4imotho3^0ianoila»'-5-ao«tto aoid 

4Sd » o t «^poar t o dooarboxylato lioat«4 at tho M i t t a g 

p o i n t , oXo^o or QBiinoiino and eoppor earbonato. 

<«) ffeo oC-otftor fo r»o4 a ^ t f r © o h i ^ i 4 o a*^ appoarod to 

o l i g n t i y 9i%h o t i i y i iod ido . 
oiC 0 0% 0 

I I 

( s ) ( x ) ' " ' ( n ) (M)'"' 
Tfeo tion-baoio nature (b) of t l io oC-^tfeor aoid, mmn 

ra la tod t o t i io abe«t^oo o f baoio i ty obtorvod i n ttio aoid 

( i l l B * « o f f o r o d a© OTidoneo f o r on O ^ t k o r 

s t raoturo f o r tho foretor ainoo **(^#»ot^o9cyoiflnolino i o 

dooidodXy moro basio than U^l^drosqreinnollno'*. f ^ t h o r tho 

eboar^ations o f (o) and (d) gavo aupport t o roprooontation 

o f tho cO^t9T%09 ao H»othora. t l io oaao of dta i icyia t ion o f 

Oothoro ooatparod w i t h H^othefo «»gg«»t«d an a t tospt t o 

d ie ido httwoon tho otr^otaroo of tfio oCand ^ aorioo ^ Zoiaol 

d o t o m i nations I homoyor, tho f iguroo f r o * a roprooantat i to 

oo«>po!gund o f oash oorioo d i d not indioato tho proaonot of ovon 

two {ftot i ioi^i g r o ^ . 3aoh o t a h i i i t y o f auo aikoxy group on 

of tho o innol ino nticioua vao i n agrooaont t r l t h tho 

a t a b i i i t y ahown daring hydroxy* io of tb* ao tor t [ a s t r i k i n g 



ooi!i%ra»i t o t ^ t r a a o t l T i i y of I l k a aubaiitaojsU I n %h» 

i^mxm&^Xim r i n g (zi '^li)]. I x p o r i a ^ i a dasigsied dotaot 

a raao t lvo na thy l srmp ( a r ia lug f r o « atruetttra SXI) « t r a 

i f idaoiai i^* oaiy **iri»ibl« #iridamo« o f r«ao%i«»* Hat 

notod l a UiO plittialo^ailiOA of tho o6»o%b«r I n tb« praaafieo 

o f ^tim oUXorida, thara balng tie laolabXo eryatalXStii 

prodm@t̂  tm% m&%imr lim o f batad on aonvoroloa 

^ a (sixttyr^a o f phoapborosa pamiaehiorido 9M oxyobXorida of 

M^mBttsyl^ oC»^\i%mX0m9 i n i o oC^-ft^Xoroqainolinoa ( gavo 

bt i i U t % l a avldtjaoo^ daeottpeattld:^ of th6 r a « o t i o n nlxlviira 

w l i l i aXIcall y ia idod iraiar aolabU prodaeta tboctgh tha brigibi 

oolour o f tho l a t t a r was rasninta^ani of tito a l k a l i s da«o«po* 

a l ^ i o n of oa r t s i a ^ •a i i^%l t i t t ad« )f»9imelXmim ba i t s {i^io^. 

thua , daapi^a iho d i s i i n o i propfi r t las o f %ha ô - azul /3*ea«po«!td$ 

no d o f l i i l t o biroetaro ooitld ba a tb ig i i id %& al tbar borlaa. 



%«i^dro3aroinnoXinoa. 

t»»i^drojqr«iiinoXino i tooXf waa f i r o t proparod by tren 
a ichtor {ISO) by hooting t»»hydroxyoinnoXino*3<-6arbo9qrXio 
aoid a t i t o mol t ing p o i n t j aXtsoat quant i ta t ivo do» 
oarbo?^X«ition ooonrrod* Hoforonoo ha* aXroady boon aado 
(pago j ^ ) t o tho uao of t h i * roaotlon doring attoapt* to 
proparo oinnoXino i taeXf bat gonoraXioatton of tho aothod 
was oxpXorod aaeh Xator igr Sohofiold and Siapaon ( / ^ i ) . 
Thoto norfeor* dioeovorod a no vol doearfcoxylation prooodoro 
during *ae a t to i ip t t o determine tho f i n e » t r « e t u r o of the 
f t ioh tor oo id" , the theorotioaX baats f o r saeh an inves t iga t ion 
being proiridod HasmioK and Qo->worHere i 1 ) who a t t r iba tod 
the ready decarbo)QrX&tion of aeids containing the grouping 

» Q*' •cOgH t o the ex t« tene* of a oyoXio i o n of tho type 
I^II * o j r Bmh an ion eae osttaXXy i d e n t i f i e d ^ reaction 

mi th on arooatio aldehyde or ketone but the only prodoet 
obtaisuid on heating the Riobter aold v i t h beni^ophonone «ao 
t^-bydro^oinnoXino "^in y ie lds ttore ooasistont than thooe 
obtainabie by other aieane"| t h i s oXai» was equally ap> 
pXloabXo to the 6'^ethoxy'*' end ^:7«cietl^Ieno*dioxy'^aeids 
(3tV), * Ole, Kg « Hi a^ftg » rospeet iveiy; . The 

• r r a t i o natsre of tho deoarboxylation ohon no ben«oph*i»»n* 

nao usod was partiouXarXy evident i n the ease of i(«hydroxy*6« 
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«athoj t ;^ izmoliaa«5-e«jrboxyi lo aeld «hieli y la ldad t«o predaaia 
baaldaa tba a3$paa%ad t^liydroxy*4«itatbo3^alaAoXlfib. 

A j ^ i l i a r roitto t o ( f« t ^ roxyo i fmo l lna» aroaa f roa tho ao«o 

atttdy i/W o f tba Riobtor r a«9 t lo i i a ^ vaa baaad om tboo^ 

ratioaX oonaldaratloiw to ba diaanaaad l a to r (p«ga ) • Da* 

o a r b o i ^ l f t t l o n of Urn o»Mtropte«nyX pi^ploXle aelda ( X I 2 t | 

H ^ \ ^ ^* \ ^ ^2 ^ boUing a^nooita aolt t t loa 

foXloifOd ^ radaotloA amd d laso t laa t lon yia ldad tba ear* 

raapofidlDg if-bydroxyalnnolliioa i X f l j » R^ » K; R̂^ s Ctft, 

R^ * H ) i tiowavar, no o rya t a i l i no prodaot oouXd bo laolatad 

from an a t t o i ^ t to doaarbosQrXate 2»nltro«ii:§-aattiyXaiiadloxy-

ptoi^XpropioXie «btd (%Uti Rĵ  « Rg « 
OH 

R^AANO^ RA^NHX R̂̂ VAN=̂  
(znr to) 

y OH 

RiV^NCi, W^ink f.iy^f'* 
m 
B ^ l B g rbtaarofaoa on tbo &m of ^nitro*2«br»$io«> 

aeotopbanona aa a byntbatlo in tomodia tb aoraeho and Harbtrt 

( A 7 ) praparad ^nltro^ti^^bydroj^oinnoXina (XXlOby d l a « o t i a a t l o n 



of §»iiitro«^t»aninoaootophenone (IC^I), the Xatter being 

prepared f r o « o-broso-bensonitriia, A r o p i t i t l o n o f t h i s 

*orle i reveoXed s o ^ ineontenleaoe i n the nethod and 

oonveroion o f 5*Bitro*3-fbrosoeoet©ph*aone in to 5 » n i t r o - 2 -

aKiinoaeetophenoiie eo»Xd not be aohieved; hoeover, ths 

o o n e t l t u t i o n of Borsoho** 5*nltro*2-troaioaeetopheaone 

imm) »as proYOd as indioat«d I n the diagraii (page s.'f). 

I n trie* of the obaervationo o f Boreohe and SoeXsoh 

C ?5') i t «aa suggested (Vfa.) " that d l a a o t l i a t i o n of o«anino* 

ketonee • . . . , s i gh t ^ f f e r a sinple and general route to 

i4»hydro3^oii^olinos^l although t h i s was found to be the 

oase ^ 0 y i e l d o f eaoh o i n n o l i ^ was found to depsnd s i g n i -

f i o a n t l y (see page I f ) on the nature of the subst i tusnt i n 

the aiftinokotoiMi. S t a r t i ng from aoetophenone, Schofield and 

Sijspson ( p r e p a r e d 1^ the mutes shoiiin not only 6 - n i t r o -

^ii '^hydroj^olanollne but also 6* and 8 -eh lb ro» , d» and 

&*bro i io^(m? and aOĈ i ]S * Gl and B r ) , a ^ ^^yano«^hrdroKy« 

o i n n o l i M (lUCflX). those i«ere obtained i n good y i e l d but 

d i a t o t i s a t i o n o f o^^inoaoetophenone i t s e l f gave only a poor 

y i e l d of t««hydroj^oinnoline ( M ) , Ftyrther* no einnoline 

forgtation ooourred on d iaso t i sa t lon of ^^aatinoaeetoveratrons 

or of Zt^^^^lmtm o r 2»a9ino«5^*^ho3tyaeetophenone. ^-dronoo 

-I#«»hydro3^oiiuiolino (XXVj n • Br) »a* probsbly prepared 

e a r l i e r by @ibson and t # v i n ( 6 7 ) « • the %y*produot of a 



Bart ranotio^n « s i i ^ dlasot laod ^^bromo-a-aiBiaoaoatopbonoaa; 

tJiay forttuXatad t i jb a r a a n i c » f r # a eoapottnd (ai.p* 27t*) aa 

$*fcro«o^2-aitroaa«lno«aet©phonono or ao 5»bromo»a«-aiiiin«-> 

oxltRinoeoatopbonono bat tbora l a Xlt tXo doubt tba t tDo 

einnaXino im,p, 27?^) obtalnad i n s p i t * of tho poor 

agra«m*fit with anaXytloaX data« 

r t r t b e r In to ron t i n tb« d la i to t l sa t lon @f o»a»lnoaoote« 

pl^anonos iraa arcmaad by tha mtk of do Dloabaeh and KXamant 

( ) nfeo dianotlsed w-«nlXia0*o-a«ino«eotophanono and 
0 

obtalnod a asbotaiieOj ^ » » ^ ^ ^ ^ Slwpaon 

and SehofiaXd rogardod aa tj-hydrojsy-5*»aiiiXino«i«noXlna. 

$^Xl«lniai*y raaaXta of tai invaatia^^tlon In to tho axtanalon 

o f t i l l s raaot lon to ' 'othar t«ratln«Xly a«ibs t l ta tad o-aelno-

dootopbononat" bava baan doaoribod by SeWfloXd </^o) . 

Attftaspta t o r tpoa t tba work; o f da Dioabikoh and XXaitant wars 

dlaeoarx^ing; two aabatanooa, m,p, 95*X0f;̂ ^ and X20^ 

(aoGordlng to tba aiatbod of i s o l a t i o n owpXoyad) wara predasad, 

but no ooepoisond aoXtlng a t ZQ3^ ^ftS laoXatad* Tha diaao* 

t l s a t l o i f i o f L>*>broejo*o«aMli&oaaatophonena {XIX) famlabad a 

orystbXXino prodaet, a .p. Zn^ZtB^i wbibb, I n tbo abaanea of 

anbXytleaX data, wa« r tpraatntod m 3«bro«o«»u-hydro3jyoinnoXino 

(towevar, sea paga /^of t h l a thos la ) . 01«iXar treatmant of 

^«phthaXi8ildo*o«ftffilnooeetopbenont (X?XX) gavo a highly 



f r o f i a r a t i o n of ti*iiydro3ereinnoligwis froat Aoetophenene (/<.o). 

OH 

OH 

- a : 

ft 1 

3 r 

OH OH 

^o*^itroacetophenone f o r t h i * route prepared from 
o-nitrobensolo «oid end aoetoaoetio ester (1/3 )* 



orysta lXine solids o r i g i n a l l y feeXleved to be 5-phthaXluldo-

• t f -hydro^e innol ino in spi te o f i t s insoXubi l i ty i n a^ueoue 

sodiusi hydroxide! subsei^uent analysis did not support suoh 

a representation* Hydrolysis of the supposed 3«phthail8ildo-

^•hydroxyoif lmol ine to the ^-A^^^'^i^t^op^und eae t r i e d without 

sueosss w h i l s t a proposed route to 5»subs t i tu t«d 6 - n i t r o ^ » 

hydrosgptlnj^llnes led to d t f f l e u l i l e s if l i iol i wers not rosolved. 

fhe d i a so t i sa t lon of o-w*dlaaino«0*tophenoas (JT/III) gave no 

u s e f u l produet. 

Another route to a t^-^droKyolnnoline was rsvealed by 

Ff ana*tift4 and JaaeeiE« (/AO ) mnm they prepared 5»ehloro-3* 

phen^l*%*hydro5^6li»^l lne (XXVII) by boiling 5»ehX©r©«2* 

hydrasinobensoio aeid with bons^ldehyde; the y ie ld was low 

beoause of the oonoosiiteat foraatlon of l>*ohlorolada«olons 

(xar / IXI) . I t was stated tha t t}%9 unphe^lated einnolins was 

*not yet p u r i f i e d * bat no further de ta i l s were given . 

a ce ct 

f f n 

imm.) H ( m i ) K 

f h i s disoovei^ s^s inoidenta l t o the wain work* iia»ely» the 

v 



rodtt^t lon of dlasotisad anthranlXXs aolda t o tbo oorraspomdlng 

o*bydrbiil«fcObaiisole aolda and ooavoralon of tho Xattsr to 

tiidSKoXos by b o i l i n g w i t h vory dlXmis hydrooliXorle aold, Tha 

r s i ^ t l o n with banxaXdsbyda was abneriaaX otiXy I n tibo esao o f 

tho $<*e1%Xoro*abld» otbor smbstttatad o « ^ r a s i n o b s n s o l a aolds 

g l i r l ng tho o j ^ e t a d boi^aXphoiiyX^drasoiisa. 

iowa proport lso o f ft>l^drojty<iiBaoXlnos» 

SbvsraX pr^port las sra eomson to ths graat » a j o r i t y of 

{^•hydroigr^lnnoXlnss aX though spseltX of fas to sro of ton 

asEsrttd 13̂  add i t ion*! avbstltusnts^ tha naturs of snob s f f s s t s 

bal8g o f t o n oharaots r l s t lo f o r s u b s t i t u t i o n i n a glvon pos i t ion , 

th t i s , 

(«) i^^iiydro^oinnoXlnos gonsrsXly hsvs noXtlag polnta 

groator th«^ t^O^ bat t h» i*ohioro* sad $ « » l t r o « 4 o r l v a t l v o s 
o o 

( f t J ^ U B p X s ) «sXt « t X f i snd X ^ roapstt l tr tXy. 

(b) SoXttblXlty i n a^asoits aXIcaXls I s « gansraX f a a t i r a , 

S0m»ti«os siran a^uaons aMikonls or sodHam oarbenato bsing 

af faot l i ro* %arlngXy soXmbXo aX)»kXl*>saXts bava baan 

anooiaitsrsd «nd 6*nltro*i|-*bydr©i{yeinnoXinols notoworthy f o r 

t i M dssp yoXXow eoXonr o f I t s aXkaXlna soXation. ^^ftmf^l*^ 

ehXoro<^if*hydrojsyelnc}bXlnsis InsoXtitbXs I n a(|uao&s aodius 

feydroxlds (130'), 



(o) fhes f expounds are o f t « n auphoterio; t h i s 

property hae been i i l u e t r a ^ d f o r i**J^r©jiyoinnoline iteiO-f 

^ the t i t r a t i o n of the i l iohter «#id (above, page "7 ) and 

also ^ %m I s o l a t i o n of ^«hydro3^oiiuioline ^droehlor ide* 

1^0 l a t t e r i s r e a d i l y hydrolysed water and i s thus s i a i l a r 

to the hydroohlerides (not p u r i f l ed , lif^o ) o f 6«>meUio3Qr» end 

6 i7*psetliyX«isidloiiy*%»hydre»y<»lnnolines • 

S o l u b i l i t y i n various solvenls d e ^ ^ s largely cqpon the 

nature of the subs t i t u t i on i n the nuoleus* I n altotu»l 

AOderate e o l m b i l i t y i s the general r u l e i 6->ohloro or ^eyase 

groups he i^ a soXubil is ing e f f e o t whereas 6«^oitro«tf•hydroxy* 

Oinnolino i s only very sparingly soluble i n a l e ^ o l i the 

&^»eth03^*derivat ive l e nore soluble wh i l s t Pfannst ia l and 

^aneo^e** oospound ( W X X ) i s ^'insoluble i n a l l th* usual 

solvents^. I n every oase the s o l u b i l i t y i n asst is aoid i s 

greatsr than ^ a t i n aloohol, 

Tbs ohief der iva t ives of u^hydroxyetnnolines, sueh as 

aeetoj^o m&. ohloro^ooiKpounds, are deal t w i th below* 

i r i t r a t i o n of {j,«hydro;syoint»>line was oar r i sd out by 

Sohofield end Sitipson ( / f / ) amd i s of great thec^et ioal 

i n t e r e s t . Three isosterie «onenitro«>derivat ives were obtained, 

the pr t*d#«ln*nt es* being $-nitro-i**hydr©3«yoinnollne, iden t i sa l 

With t h « i deseribed by Sorseh* and Herbert ixi)* It was 



obssrvtd t h s t n i t r a t i o n o f s i « l X a r l^droaigr^MtsrosysXss, s .g , 

oa rbo« ly r iX ( t i / ) ^ 2*iiotbyX m d 20*dl t t s^Xqi i l a ssoXl iM ) 

at*̂  tiiMlicstet«tra&ydro<n4inasioXons C-X.4) » gsvs^- i f tXy ths 

^••»nltro**eoap©imds« 8owavor« slnos no ssaroh f o r othsr 

isb^sra wfts svldsnt I n thsss stttdiss no « t t s i i p t was «ada to 

I n t o r p r s t tho « l | ^ l f loanoa of tho polit ts of s t t « « k I n ^ a 

olnnoXlxio r i n g , A SSOOM Isomor was anohaiigsd a f t a r ba i l i ng 

w i t h a i s t i o a i^ydrlda and on s to r lo grounds was raprssontad 

m 5*111 tro«{f4>hydrojEy«innoXlnof a t t ^ k on tho 5*psslt lon 

was ajieXttdsd ^ analogy w i t h 3»nltr0*2«if«dl^4roicy%«liioXlns 

whieh t i ^ l b i t s m s t t r l o hli^Srsnos i s ) • tha t h i r d isomtr 

i*as provislonaXXy rsgardsd os 8* (or nitro*i|*hydrony-

oln»i»Xino« 

AttSftpts to radttos 4«»nltr#*t|«^ydro9^«li!»ioXlno and 

4*iiitr^*t**aestoa?y©innoXln# (dotsiXbd S e b o f l o X d , ) havo 

had Xl t tXo t)aoo#sSt ^T^T « snaXX ai&oant of i^aalno-^Hiydrojgr* 

olnn^Xlnt baliig lsoXatod« 

Bmm os^or i i^n t s on tho rodaotlen of t|*hydraxyain&eXino 

hafo aXraady boon doal t with (pegss l» ax^ 5> | f t t r ths r« 

t*tr#feydro«M^-bydr©i^«innoXino hat boon prtparad by Habar 

and t o * t o r k t r t C ) W »^» i s ^f ph«^aphor«is imd ^ d r i ^ d l t 

a t t d , f r t a t a o n t of S*^ydro3i5y@lniaoXlns md i t s X?2-dihydro-

d t r i t t t l v t with t h t s«^s r td t t t l ng agtnt govt oxindoXt^ t h i a 

^ t h l t o^Bpoand hat t t n o t btan sl^wn iffSo.) to bs t ^ 0 - a l t r o -
d t r i i r a t l v t . 



r e su l t o<»3ij^iBing the s t rueture of the former ^onpound 

prepared b f Bossel (Xnaug. Dtse«^ fubingen* Kiy l ^ $ ) . 



Aoetoa^ inaolines^ 

I n s t r i l s ing contrast to the ooispXeji re so t i on witneessd 

dur ing attesipts t o aoetylate the Hiehter aoid (page ^ ) 

%«>t^ro9^oinnoXine givee a hi#iXy e rys ta l l ine seetojQr* 

de r ive t iye hf t r s f t i s e i i t w i t h aoetio anhydride, alone or i n 

the presenee of {^ r id ine (/4-3)j sold i ^d ro lys i s regeneratss 

i j -hydroxyb ia i^ l ln* , d-Sltro'.^-aostojQfOlanolins is s i w i l a r l y 

i&rmd C / f / ) w h i l s t re fe re i^e has a ^ e a ^ buen uade to the 

s t a b i l i t y of the 8* ( o r i g i n a l l y presu»e4 ^)nitro-i*'^ydroJQr* 

e innol ine towards b o i l i n g aoetio a n ^ d r i d e . 



fct«eiii®r©«ims>i4n». ^ i * WA« A% ©net r««otai««4 *• 

8«9s ani m %k9 rmmtlon &t Q^k^rmimHltnii with anlXii^^ 

I • 
e l n m l i n * h«« A9ml% with (ff tg* i^). A osf t 

$lfifi£>l.lae h^€rm^l&r%^«^ %tim% ttorag* in a dvaleeater 

of ^ f £f-efei<»re«ln^lin«« i t d i© tfet i r 

4 lli©<^^0X <(aiMiufeiUttt%«4<^6 S Og. 



*3> 

mm&mm. 

S«ir# d«rk da 

mtmitrml M i d ) . 

M i d eamtA ^ f i t r t * 

I f i n #9rici4 
%a^. tt«%X« In 

Gav* i»*l)9Nlreiiy«iiia9lla« 
on versing wl i i i »»t#r2 
« e « # U r « M 1^ «iiiftrftl:j^ 
Mids . Ti»9 lijiSr»ei}X«rid« 
-N f̂lfOk indieaitd 
^ifts f e m i i m Hale* 
i«n (33 ) . 

nittminmlim 
ifiiry r i g i d l y 4#« 
e«iR|ei>««tf l i i 

%mm^ 4^tX i n m f«ir 

plm%% %m iB^m months 

SiMiiar ie tf->ahl4M'a« 
«ii»M^iini« tvan 
raarjpatalliaatioa rr«« 
al«9i&»a, pr*el#i i«t#4 

ftaiik* ( /^ ) •npXmlmd ttw raaetivity of aartain halagaa 

A%m* in k»ur«^9fel%e airitaffla, a.g. by a tantefsaria s h i f t of 

•iaetrona i«iiarcl» %he nitrogam mtem$ I t iiaa afiparani that 



%bB H ^tmum &f %tm 9im»lim r ing »mmd •nhm&b^A r«««t lv l ty 

i l l m%B T%9p99% and tH* er^ar of ineraaaing r t a a i i v i t y ««» 

%h* 6»9\k^%%%mn%n mw arrangviS ixi ordar of i^^aaraaaiag 

p0«ar af aiaatfon raiaaaa"^ tha 4»]»itra graa^ ^t lag, ^ 

vtrtaa of l i a alaatropliSUa «t^araatar, iha l»aat atiaalaAt i a 

aa t i i r l iy am Ĉ^ . TiMi ^ v a l a ^ a n i af ao intagral ^aa i t lira 

ahamg* <»n tlia H atofs waa a«Higaataa %f Bmak^ ( ) ta ai^Xaia 

tha aahanaaS raaail ir l ty af haiogaaa^ltataraayaXlaa i n aald 

aaXmtioii. 

H 
Sueb a »aei»mlaa axplaiaaid mil tlia raaaiiana lta1»aXatad 

al»af«» Oa«|My?iaaita vara affara4 {i^o) with t^a raat^ ivi ty of 

eesj^araMa eanj^anaa I n %k* qmtmltm aiid aarldiist aariat hnt 

tha Xaek of qaatitilatlva data aaa airaaaad tliravtgiiaai. 

Othar raaet»iatia iiit-o} 9t t^-»«hXeraalimaiajna itaaXf tnaiada 

tiia aatlaz^ af ^aatla a ^ d r l d a » glvls i i iha aaata^^aaapoaivS} an 

attaiipt ta jprafiara a Qrignard raagant fa t lad and i^iaora«> 

alimalina eoiiid m% ba raaaiad a l t l i batutana i n ilia praaaaoa af 

aXmaiaiam ahXarida. Traatmaitt mi%k pn%Mnlm ay«rtida In 

iiatttaaoX ŝ ava only ^^aatliaxyaifmaUis*. 



ii*ja>i|^aaiia!iBliii<^^^ ^aad attaapta to pri|>ara tfmlm^lmu^Ufm), 

Aa a^raa^ly Ka^tia^a^ (|»«£a 56)» t)ia r a a d t i v i t j ef 

t^^ehl&reainpolln* wan ^aii^kly axpleltad Sttteh at«$ Kla t t 

(33) fi^o i^rai^araii ti-^a^ilimmiimolifia and {»->^'^tolai€iAa«i»^liiia 

^ diraot ra«9ti@i» of t to eiaar9<»«offipoiiisi «itia an i l i i t f aad 

p^t&lti idio* r«a]»«0tif«1^. fisia srathod «f aiiaraetariaatien 

•aa «d«>^t«4 latar (/*.o) and ilia «filiidd*dariirativaa of 

^«Katho^«^ and ^«^%ro«M.«6j3Jloro<«<&lm9Xii!Mi urara jpra|»arad» tHa 

l a t t f t r ^ i D g oeta^X* f o r i t a m g t i t ora»ga oaXeiar, attrlbiitad 

to tha ^rodoDii^anaa of tba foriii {MIX}* ffUminvj atta«|^ta 

( S J I ) " ^ ) 
tiaing aa t^an t i i e aeid a« tha a»i»a ««r» bagim wttli a yi«« 

to t r o f f t r i i i g (IXK) ^ t l i t t l o a^QOas vaa aohlavad (/vo ) . 

A aohoKO (A) fo r tha ^ra^aration of iH^aaiaoaiitaoXtna froa 

i**anilid©elftaeliiio iaa teaan rofortad (/A.o) iHit i^raUalnary 

attagipts t6 aafiir oat ttta f i r a t atOia »at with m a^aoaaa. 



Othar attaropts to prepara i^-aminoq^itooliiaa alao fa l l ad : tbua 

(f-ohlorociimoline did not r tac t with l iqa id amfflonia or with 

potasaium phthalimida i n tha proaanca of potaeaium earbonata; 

with aqaeoaa aicoholic aitmonia at temparatures graatar than 
o 

100 if-chlorooinnolina gava no ttsafol pradact. 



%*jai£a3areii»aliBaa. 

liafaranaa laaa alraady baa^ aada (paga ^6) ta iha 

prtpafatl©** 9t i*-atti©5Qfai^i0XlT» by Baacfe aad Kla t t littt na 

tm%h»r ami^laa of t i t ta typa af aampaatid aara pal^iahad 

m%%l raaaatXy* l^aaa axaa^iaa, farnial^d by SabafiaU and 

$%3$^mn C /4I>» araaa during a atia<^ af tha radtiatian af 

i»iiltro»ii«^lNiroigraii!mallaa l l i&ai^ tlm baiiaf tha acq l̂ia* 

Wr ia oatttra af 4««stli3a«t^*&ydrai^aiimaliiia aaa part ly 

raapanelMa f a r tiia f a l lu ra i a laaXata i^praaiabXa aita^ta af 

tha l a t t e r fr©?s a i^ af ntaaaraaa axparittanta, %% ««« haped 

that «at l^Xatian af 6*ftitra-^«nydrd3^1iinaXlna aaaXd pravlda 

aat«rlaX siora atnafiabXa ta radtietlon atid iaaX^tlan. Traataaat 

«l t! i d l ^a t^X attXphsta and aXkaXl ga^a **«xianalYa daaaapaaiitan 

and formatiafi af a tar* aiiXaaa %m ^liantitlaa vara aa arraiigad 

a« ta atiamra aa aald ^ d l a i i . tender lliaaa aaadltiana tiiara vaa 

abtaiaad a t i i ^ yiaXd af watiiylatad praduata fraa whUh taa 

laamaria aa»pa«»}da mrm iaaXa%ad| tha pradoatnaat araAga*̂  

aaXaarad ana, «.p, 229®, *»• arsglftaXly ragardad aa 4*aitra-X« 

Batl^X-»ti-©lns5aX4aa (XIKZi R • HQ^} «ad tiia pala yalXaa eaa-

aaaitant auba%anea, m,p. XS^^t aa ^Mtra«^*«a^iio3^aiiii!)9Xlna 

'Op. Xf^ ""-co Cf> 
) ( M H ) Cum) (xxxiv) 



-1*2-

fhosa ^troeturoa ware discounted by tha facts that -

(a) Methylation of i*-hydroxycinnoXine i t e a l f gava a 

coiottrlaas derivativo which mciat hava been i-mathyi-^-cinnolona 

(XKXIi H » H) since i t waa d i f fe ren t from authanti© if-matho;Qr-

clnjnoilne ( IXXII ; R *H)» prepared from tf-ohlorooinnoline and 

aodium methoxide. 

(b) tt-Chioro-^-nitrocinnollne, on treatment with sodium 

fflethoxide^ gave a t h i rd ieosier, ra.p, l?^**, undoubtedly 6-ni t ro-

U-methoxycinnoline. Moptlon of the methyl nitronate atruoture 
o 

(XXXZI2) for the substance^ m.p. 229 * end the cinnolone form 
o 

B ^ NOg) fo r the isomer, n».p. 183 . clearly aolved thia 
investigation. 

m interesting attempt to prepare a oompound (XXXIV) of 

th is type by reaction of «4-chlorooinnoline with aodiuffi 

/3-dlethylamlnoethoKide has been reported (lifO) but "the 

product was an uncrystalliaable oil*^. 

L i t t l e i s Ummn of the properties of 4*-alkoxycinnolinea 

but Buech and Kle t t (^5) observed that boilirtg alcohol eon-

verted t*-ethoxycinnoitne into the hydrojQr-oompoond. 



|̂ »FhanoJcyo,liMaoX^̂  raia« 

fhe preparation of t^eae o^poanda tqr the aetion of 

phenol on {»*ahlorooinnolinee i n tha prasenoa of potass ivin 

hydroxida «as not «arely of valtto fo r i ^ t h s t i o parposss 

(see bslov) but yieldsd ussfal inforsiation on the rsas t iv i ty 

of tf««hIoroeinnoUj:ias ( / / f ^ ) . tim l a t t s r astipation was only 

approxiHtate aSiisa tha yields of pheno3Qr«ooffipoiiads vera not 

ikOo^ataXy datsriKiAedj •»g, th« great raaet ivi ty of u«ohloro* 

^«>nitrooiiinoli&o ojuhlbited i t s e l f by rapid deeeaipositiem to 

t^» i^<^o^oirmol l r» rather than by an snhanssd y ie ld of 

pheno9^«^0ttpoimdi again* %3m d'*!9Stho3^<*dariTativs was only 

obtainsd i n poor y i e id binder ootsp«rativs sonditiona bat loagor 

haatir^ of tl»a eoiiponents gAve a yieXd* 

U^Phsnoxyeinnolir^s aro generally easily soXttbXs i n 

ftioohoX, sioderats^ soXubXa i n ether, bwi only sparingly selHbXs 

i n l l g r o l n or water. Par t ia l f i s s i on to i^^ydroxyoinnolins on 

rorXuMlas i n aXeohoX has been observed {l/fO), this bsHaviour 

being GoeiparabXe to that of tf-ethosiyoinnoXins* Again, treatttsnt 

of t«<»phono^oinaoline with boi l ing a«etio anhydride gave the 

aesto3^«>ooffipound. i^^HionoxyoinnoXine eouXd be resovered 

iinohanged from i t s solation i n diXttte hydroehXorio sold and an 

attenpt ( / f ) to prepars the J^droctiXorlds i n dry sthsrsaX 

solut ion govs an i i ^ t e r » i n a t e result sln^e the (sappossd) 

hydroohXorids dseo^osed to ti^^ydroaqreixmoXins on vodsrats 

heating. 



^*Dla|KyXaiii|iiBally XaaliteainiiaXliaaa, 

fha «oat lapartaat ai^Xiaatlait af ii^phanasgreinmXlnaa 

haa baa«i ta %ha praparatian of oaaptsnda af tiia t j ^ a (XSX¥} 

mtiinii i t aaa tiopad alg^t aMaa antlaaXartaX prapartiaa. ittate 

a typa proTidad aimaXifM aaapoiands raXatad ta th* t«a aaat 

auaaatafaX ayattiatio antittaXariaXs knom a t i i ia t t l a * , M * 

paariaa CKXX?1) a*̂  pXaaiia^iiii%» tXKJCVII)* 

(xxxy) (mn) (imn) 

Attamptt (/^0> ta raaet li'^tiXaraaitmoXloa mxtk 2*m%fm^^ 

diathyXaaiinapaKitana wara matiaaaaafuX aXtliofigh diraat 

aondanaatian af/^^diatliyXanlnaatliyXaniiia with tfoafeiXoroainisaXina 

gava a raaaofialiXa y&aXd of ti^<y5«d&atlfrXaaiifiaat}iyXa»ina)ainiioXiaa 

{Kmfi n • a, x « i^n^}^)* fariMtlais of nar* and an-

aryataXXi«abXa a l ia* el»aarirad i n tha f i r a t aaiaapXa waa 

rai8i«tiaaa»t af t ^ raatitXta af Kamaak uid aoadaXX ( i^) cRd 

Ifagida^n and Srlgorawtlgp C ) dar&i^ al«iXar aKparinanta aitb 

eartain 5-ehX©roaeridi«aa, fha praaadara adaptad waa 

Isaaad an tiia f i ^ n g a af bati^ grappa of aaySkara and aaimiitad 

^Safara %m dxaeairary of *pal<idritia(. 



ta haatiiig ttia tmlm wiih aXtliar tha ph4ffiiaxy<*ao»pa«ad or witu 

a atiJittura of abXara*aa«q»oaiid and plia^X* I n tl»la way 

tf'*(oC*»«ti^l<>^^«4iatliyX«»inabtityXamiita)elitnaXi(t« and 

^•«( j3 #diatltyXaainaatbyXa«ina)alnnaXina vara praparad aod 

aharaatarlaad aa t i ta i r dlliydraaliXor&daa« 

Xt ««a axpaatad t^at a ^«i!iati)oxy«gra«^ aaitXd a i ^ i ^ a tha 

A^tiiiaXarlaX a a t l r l t y of tiia tf«>*tasia aida abaln*«aaepaanda 

by «»iaX0gy witb t&a mark of Ainl^ aad King (3 )^«^» daring 

a atady af aynthatia qainaXina darivativaa raXatad ta ifainina, 

obaarvad tHat abaanaa of a »atlio3^X graap waa invar lab Xy 

aa»aalat*d witti Xaeic af antistaXariaX aat iv t ty . Ha»a«ar« 

6»®atb03^'»t*^(oU»atbyX«^-diatfeyXa«lnabtttyXa«iaa)«iiinoXl«i, 

praparad front tHa a^Xora^aoapoand i n tiia praaviw* of phaaaX, 

gaira diaappointing biaXogiaaX raaaXta (aaa tabXa)(/r4.^. 

1 ACTirm 
(a ) . X m CH(Ma)(eiiJ . B s 250 
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î »AlS^X and jMryl Simollnes. 

Folloiiing olossXy m the work of Biofeter (/3o), m 

isivestigation by 9Mmm OP5;/SO of the f *nltro» (and aalno-) 

dori vatiYss of VJ5ydro?iy»propyX* and i^rops^yX-bsnsssts as ids 

led to tlia preparation of ^-«sthyl«ln^Xias*7-«arbo3grXte 

aoid (111)5' t h i s dissovery arose during the diasotiaation of 
Mo 

5*amin0wif^^opoiiyX^n2oio acid ill) aad was ^nsitpssted sines 

s i « i l a r traatnsnt of 5-a«ino*i^-hydr<!^ypr#^Xbsnfloi« as id ( I ) 

had flv«»n tho wsitai phenoli© product. ?<iurthsr, i t was known 

that o«a»iAociii!iaiiio asid, "a stsilarXy eonstitilted oo«po«tid*, 

behaved norenalXy on diasotisation and famished o«eiMarie as id 

A d i s tmot ion between the mode of fomation of ftiohter'e 

aoid ai%d that of his otm ooaipound was drawn by Vidaaia; he 

pi^inted out that whereas aiohter*s eospofoid eo«ld oetieeivabXy 

fee formed by « i ^ a t i o n of the hydroaorX group of the disjiotats * ^ 

sa t^ lo t imol ine eomXd only b« fornsd by loss of a aoXeeuXe of 

praparatlon of this oospound and a stsdy of soas of i U 
reaetloss are do ta i led l a te r (pago/i-^)* 



watar, i 

tidtsan 0a«iXd f i n d na aicpariaantaX aapport f o r l^a tantativa 

a i a ^ ^ t l o n t^at a ^^potmd (XV) m%^% f iptra aa an intar<-

a«dia ta i n tua formation of tha ^tinyXainnoXina. 

AXtiiatigh Widtt«it«a aatd li> t i ^ o^l^ ^<>aX^rXal^oXlaa 

a^alXa^Xa f a r ratXaa • aonaidarabXa nuabar af t|*aryXaing^Xlnaa 

tiava baan praparadi tlia diaaoirai^ af tba aarXy «aabara 

aapporta t ^ ganaraXiaatlan t^at ainnolin* abvaiatry bagan at 

a aartaa of aaaidanta, fhm i**pbitnyXainrioXii» (Vl^Ilj Rĵ  • • 

11) waa obtalnt^ by $toamar and f i n o k a ^ C ) "daring an 

i w ^ s t i g a t l a n af aartain a««eii^diphat^XathyXanaa aanaaniad 

Hi t i l %h» dataatian of ataraolaaisariaii i n ^ « aariaa". Inataad 

of tha as^aatad @«>ii^ra9^«eo»poitnd tba oinnoXina waa iaoXatad 

bn dfaaotiaation of tha aaifq^ottnd (OTj ^ * ^ • ^5 « ^ **y 

tna m^m proaadara J-KathyX^tf-phangrXaianolina^ R̂^ * rt, 

8 j * «a) and tf*p-taXyX4innaXina ( V l l t f % » ila, « H) wara 

IT 

•^tfeaat a«tiJora wara un^rara of !lidaim*a war* and whan t ^ Xattar 
flil^ffvi®f^J***l*^ «i«taka (in) i t waa aiepXaiaad { i f i } that 
w i S T *»»®*^8^-^e^ratar) ©aittad a i^ rafaranea to 



prepirad, The roq^tisito ati^lsnss <?XI) wars sade fro» the o-

a»lno*l£ston.es (t) os shown* the l a t t e r being predaood aeeording 

to t l ^ inotr^otlone of 0lXmann m^. SXoler ( / ' r f )* indexes i n 

favour of the oinnolins struotttrs fo r the two oompooads (^XX; 

1 | » «i % « Ms| aaid • » ») was ths i r dsgradatioa to 

5-potl5yl*te*phsByl«ian©Xin4e HKi ft • CB^) and i*»phsnyl* 

pyrldttsino (Jt) roapeotitrely. 

0 0 
V 1 1 M CHx 

(X) . (s) 
a l t o r n f i t l ^ struotwro (Xl) wa« rojsoted when i t s imdoubtsd 

I f ^ t a b i l i t y tovards oxidation was ooi^idsredi fur ther , the 

faet that diasotlsstiOB of tbo br©mo»etl^lene ( f l l j « K, 

* gave oidty a poor y ie ld of %-phea^lsisnoline • ae-

ooiapaniod by lose of brooiine and mmh res in i f ioatlon - was 

insxpXioabXo on tho strmstiiro ( X I ) . 

fhs absenos of oia^Xins formation on diasotisaiion of 

tho oarbinol « U, ^ • lie) indioated the essential 

nature of the ethylsnio s|ds oh&ih fo r otfuiolins ss^thssis 

titd th is «as i n aooord with tlHi kmm susoeptibiXity of sueh 

s grovip to imdergo addition reaottons giving oyoXie eospounds 

iir 



Apart frasi t ^ praparation of aavaraX iaXtai staaraar 

aiid f iseka did not davaXop tha aynthatia ahasiatnr «f thair 

aa^p@^nd9« ^ a aoXatir af aavaraX aaXta waa notawartl^l tva 

hydriodidaa ©f u^-phanyXaiimaXlna wara praparad, a yaXXow 

i r ^ i a t y (%^Hio% â*̂  ^ * **̂ * Hk\o%*^^ X^ ta r 
baing forbad apontantanaXy fraai th* fo i^ar . fha ealaars of 

aaXatXafHi af tha aaXta i n tariona aaXvanta rariad vidaXy, thta 

baha^loiir baing ragsiniaaant of aisnoXin* «iathiadida. 

fha radnatian of %*pfeai:^X«i«nailn* waa ©arriad oat by 

Habar i n i f t ^ C//^) «Bd bath tha dlfeydro* «id tatral^dro* 

aaspoimda wara praparad* Radeetioti of tha ainnoXina or i t a 

dXhydra*4arlvati¥a a i t h stm •M aaatia aaSd famiahad 

5«»p^i^XXndaX« I n ylaXd«. 

{^«Cp*AniayX)alnnaXi!ia waa daaarlbad i n a Xatar p i ^ r ^ 

S taar^r and Q&m (fl>o) whteh «aa iispartant fo r two raatona. 

(X) ror tha f i r at t l »a a alnneXina darivativa waa 

dageitdad to a ^nam aampa^nd Cp̂ ga fO) , and 

(2) Saaa attafBpt waa »ada to aeaamt for tha knaiwi 

Xlaitationa of tha raaation« 

l^a dagradatian provad th« aaa^nptian, aada aarXlar i n 

aannadtion with tha dagradatl4>n of %*phanyXainf»»Xina (paga^f) 

th« t tha 2»aarbouyX*graup of %<^pMnyXpyridajEina*a:5»dxaarba3QrXid 

acid la aXimlnatad f i r s t d u r i ^ daearboxyXationi thia proaf 



^^radat lon of ^*p^Aiiisyioinnollns C/tg). 

•HiO ^ 

H6r 

HO^t 

1X0' 

H3y 

0 ^ -
^ i^rldastiae was f i r s t prepared fcy Tattbor < ) by oxidation 
degradation of phonasone C5?ti*^fU£ooimioXino):* 

^ w o v f r , ths ooiist i tut ion of the aoid i%Zl) was realXy 
proved by i a ^ i o l (l^S > ^ obtained i t froA phthaXasinss. 

O H 0M& 



ra«i«d an th* idant i ty of tha prad^at imi) « i th ma^thtntia 

pyrida^lna i^i^iaarbojgrXio aaid. 

^i^iayXainnoXina forgtad Isr i^tXy aaXosrad aaXta 

aiseiXar to thaaa af l|^phai^XainnoXina» Xika tha Xattar 

gfttra tao d i f f a r an t goM do«ibXa«aaXta» m CX̂  and 

(9#HSi>g 0X^» fha aotion of boi l ing eonaftttratad hydro-

broisia aoid on it-tp-^aaiayDaianoXtna fsrnlahad tf-(p-hydrexy«» 

phan^DoinnoXina {MlZ)i t^^ia aXao gava highly ooXaurad 

aaXta and a daap yaXXan aoX^tian i n aqî aoaa aadiua ^droxida. 

Tha a®af i r»a t ion of >iaehar«a iSS } raanXt «n tha diaxotiaation 

of aMaainoaianaaie aaid Indiaatad tha advaraa af fae t of a 

nagatiira groap on tha/^-C-ataai bat tha aaa#rtion of 9toaraar 

anS aaaa that tha oppoaita *gr0iip*af faat* raXationahip oparatad 

i n tha a^e« of tha^-C*atosi «aa witho«it axpariaantaX capport, 

fha poaaibiXity that tha tidaan^Stoarsar raaation wottXd 

prova to ba of «ida appXiaabiXlty was atrangthanad by dlapson 

and Staphanaon^a praparatio^ of thraa nav t^'^ai^lairmoXinaa 

(/5"i). Tim o*aaiinoet}^X«nas raqairad wara praparad by the 

ganaraX itathod of StaariMir and aO'̂ ^woricara; ttsia tha aabatanaa 

(MV) aroaa frai i ^brosi^S^asiinoaeataphanona by a erignard 

raaction and a^baa^^i^ daiiydratidn of th« earbinoX. Siaao"̂  

t l aa t ia t i of tha atliyXaaa-^aitlphata i n diXata aaXpharia aaid 

f i t rniaMd 6*bra«o^t^*pba£^XainnoXina W ) i n aXmo»t qaantitativa 

ylaXd, 



AeM«v«il mim ^ 9 S « i ^ ^ Q # Ztmh'^ Sl«l>«ri ( r i O •ithoagh 

r f t 4 ^ t l i » B # f %^ m^r^^^m lh» ^•t@is»$ witb i ron «aS a e « t l « 

t i«a%lon i n d i l a i * «u lptmrl« mi^ S«v« only a 50^ y l * l d of th« 

t% msm alttmt tfy^t proof %M stractt ir* of t b f « « 9 i n n o l l i i t « 

(l»pfo4«d on iti* e<»rr«Qtii««t of tb* 9 r i « n i f t t i e i i of iha t i t t«r* 

iiii>S^i%#s. Stmpsoa and Std^«fi.s®@ f 9 l l o « « S ap tb<i deiminfttien « f 

i m i ) ^ pr#»l©tt»l3r « f f t « t e d isy ZXmk^ 9kM 8 l » b t r t , by o x l d « t l o n 

2i3*0itchl^mh9mt»%t Adids t h i s f * t u l t « M obt« in«d u«ii i2 

t l i i iWl}^ flMlAg tb« posi t ions of tbs ss ino* lemA 
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• 5 ^ 

&$ tit* ^4r&3SfX girmp^ i n mm^ e f ^ « a« ias lc*t0»t« « A « 

t l i« of tte» Invest t g « t t o n , wi^^ l^artleitlftr 

^ a r d a y « i « o f tfc* ict^nft (XXXIj it « A) $0014 not ^ Aebl«jr«d 

d06)ar g i v l ^ ( m i l ) . 

; ; i i^'^lmitrof^9fl(^l^«t®iit |^r«|^ar«S ^ the ^fdrolyals 

of (XXII $ B » H) # t J » ^tliott s t td Bor«eh« C ^ ^ ) . Af t«r 

mim^- » f the | > ^ ® y l a e « t e t » gaw « ©orioa«io« t« i i t« t i i r« ly 



r « d a e t i o n giivs s b i ^ X y eoioursd seorphoits prodaet sbieh 

woaid not r««&t witb k s t o ^ s i l% was prssassd to bo ths 

q ^ M y ^ C Q ^ Q , y N ^ c o , H ^ Q t i y s A 

Agnid tho bydrtislfti imm) yl^Msfd only tb« i sdsso ls ( X X V I I ) . 

Atteaiptsd r t d » e t i # » o f {MVllt) gairt only t s i r y » s t « r l s l . 

Altbottgh *dm aitsmpt to sxp l s in tbt t f f s o t of s i d t 

ohain BQbstitttsats on ibe oye l i sa t ion of o«>a{iinopbs^lstl:^lsBSS 

was ffiade i t o s m ^ r asid <l«itts (pags 3 1 ) no ssrioos Miudy of 

tb l s aspsot of oicmoXins obsnistry « a s rsportod o n t l l i9U5. l a 

t b l s y sar Biwpson ifS'O) pr«s# i i t s4 a rsvlow of tbt d s a « o t l s a t l o n 

of i&mm o*aiBino«9tby]L»nts togotbor «tltb soma mm sxaaplss of 

%-ai*yle|naoliaaa,. tba preparation of tfttisb was bigbly r s l svant 

to tbs argiHs«]%ta propossd, S l n c « tbs aotoal rsv lov i s i a r g s l y 

of t b t o r a t i e a i Importanoa i t w i l l bs dsaXt witb l a t s r (pagsV4-) 

tba « a r f faot^aX oont^nts ar# raportoA Wlam, 



(si) (M) 
an« ai»S5©ti»iit49ii taiete th#«« gave 5 ;iiHiipi3tJiyl©lnn0iia» 

(XXKIi II • Ph) tu higti yieia. Both f©r«i» « f th« tthyltfl* 

fno «ter«9t&@f3ftrft of tha eestpotmd (JCXH), M r e lao lat td 

l»ot « » « i ^ t9 th» 9 t a t s i l i i y of am of thtiia tomrdt both 

4 | « £ o t i s a % i o a aftd a toty la t ion tuo OKtuat to nMoit c lnnol lnt 

forswtion on spot lo i eonfIguretion ooul^ not bo 

ostisiated I n tb l s oaoo. ?h« diagotloablo ott^leBO gavo 

i*»jjh<iR7i^5«(l*-ii«phtbyl)oinm>llno (:XXXI| H »(jC»n«phthyl) to-

gethar a Jjty<3rooaPboii ^2^^^^^* belioirad to be 2 - p h e n y | « 

©liryaene (^DiXII), I n coa^aat to %tm dij^enyi-etl iylene 

(JCXrx) tba aareaetlve laosser oouia be cooverted to the 

dia;sotiaabi«t t y ^ r *oie* ooaflgaration of wMoh waa 

evidei^ fro® I t t a b i l i t y to gtvo the Paeherr prodoet ( X X X I I ) , 

C iOe page 75*). 

tf*l*fe6?^l«5-»bei«Byiclnnoiine <XXKI; R # *̂*2̂ 6̂ %^ 

prepared 1̂  dlAsotleatioQ of eorreeponding ethylene^ ae 

i n tl}e two pr^irlo«e exaiipleft, tHe ^yoXisation oae fko% 

epontaoeoae ai»i t l ^ oonoetitration of the aoid aediua «ae 

easpeot^d at beiag respoaelbI$ for th ie r o s a i t . 
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Attetapts to prepare tbe butadiene (XXXIII) were 

unsuccessful since tbe requis i te oarbinol r e s i n i f i e d wben 

treated with bot d i lu te sulpburic sold. The carbinol 

y ie lded some normal acetamido-derivatlve on acetylat ion 

but the ch ie f product was a basic substance which underwent 

rearrangement in bot d i lute sulphuric ac id; these resu l t s 

are represented as fol lows. 

Plv̂  OH 

OH 

( m e i ) 
OH 

Plv D» 

Synthesis of sooe 2-anilno8tilbenes with varying ^-carbon-

atom substituents was also considered. Using the method which 

was generalised by P f e i f f e r ( W'/) 2;U-dinitrotoluene was 

condensed with f u r f u r a l and the product reduced to y i e l d tbe 

Isoraerio amines: ^ 

0^ 

CH'CH.C/^HsO 

Since nei ther Isomer gave any c r y s t a l l i n e material on ( m y ) 
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dia^ot i sa t ion , other condensation products, prsparsd by tbe 
use of v a n i l l i n or piperonal instead of f u r f u r a l w e r e not 
s tudied, 

Altbougb tbe l i t e r a t u r e survey^ wbleh was reported by 

0i»ipson along w i ^ t h i s work, has been l e f t over to a l a t e r 

sec t ion i t i s etapbasised that both oontrilwtlons are e s s s n t i a l 

to the conclusion reached, "that the formation of cinnolines 

fro® et l^lenes of t|re type (XKXIV) does not occur where Rg i s 

a i y i or a n o t ^ r negative group and i s e i ther hydrogen or 

oarbossyl*. 

Seat ion way here be aiade of an invest igat ion *y 2erner 

(l*iO) who, fcy bo i l ing tbe phenylhydrazone of diphenylhydroj^y* 

aoetddehyde ( S S ) « l t b sulpburlc a c i d , obtained a red e r y s t s l -

l i n e s o l i d which be represented as a dihydrocinnol im 

^ e deep colour of t h i s eompound and i t s l ack of b a s i c i t y , i n 

contrast to tbt properties (page g) of c lnnol lne and l ; 2 - d i -

t^droeinnoline, were both at tr ibuted to tbe phenyl groups 

attaobed to the heteroeycl lc r i n g . 
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IToSabgti farted OinnoiiQee > 

The earXles t member l a tftle eer iee , prepared by Fleeher 

and Kmml ( 6 0 ) * eae referred to ^ Wldsan ( a t the oaly 

eifinoiifte d e r i v a t i v e , o^her then the fliehter aeld, whieh 

vm reported p r i o r to if-aetJgrloinftoline-T-oarbojQ^Xie ae id . 

m attespt to rtng^oioee the /d»nitrogezi atoa of 

e-i^drftgiaoclJmaiaie aeld with the earboj^l group aroee from 

the eari ier 'ofeaervat ioa of Fieeher i S I ) that redwetion of 

the dlaeonlaii n i t r a t e of o*aifiliK}oinnaeilo aeid yielded 

H«*amiiio»2-i3ttinoi0ne. Care fu l redciction of o-nltrotoethyXamlno-

eliinastio aeid mlUi zim and aoetio aeid gave an aeld (Inetaad 

of the expected hydraglne) which « a i readi ly deearboxylated to 

ft baee O^^^^U^, 

I 
Et 

The fol lowing etmoturee were euggested for the baee, "ethyl-

ehinfteole**t hut these olnriuaXlne-type poeelbtXltlee ware Xater 

0?. 0 0 OC" o^z 
It EC E t Et 

diecerded C6/ ) i n favour of the * i e l n d a * e l e « etrmetare ( I ) , 
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the evidenoe for t h i s decis ion was -

(a) . The oxidation of aonobrorao-*ethylohin«zole 

carboxyl ic acid* ( i l ) to an aldehyde and theme to an acid 

i^ ieh decarboxylated to a cosipound S^l^fJ^Br. 

I < I I 
(IT) a . ffc Et a 

(b) , the ayntbesis of » e t i ^ l c h i n a a o l e ' ( ident ica l with 

the o r i g i n a l preparation) by an iinambiguous route from o-asino-

aoetophenone, 

—' OCit—' OCL ' Oy""' 
Et ( l ) Eb 

the preparation of another compound of th i s group î as 

claimed by Tich^s^ifiski {110 ) durifig i»ie study of tbe react ion 

bet<3een z inc cliethyl ani bensene dia^onio:^ enlorlde; he 

i so la ted frota the l i q u i d product moiKi- and dl -e t ty lphenyl -

hydraMne and a feebly basic swwt ss ie l l in^ o i l , î;i* îî ^^2» 

This compound was presufsed to be H - e t t ^ l « l : 2 « d i t ^ d r o c i n n o l i n e 

( I I I ) fornisd tfeuai* 

CO 
Cm) • 

L a t e r , Ticbwinski (/Y( ) prepared the same substance by the 
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aotlon of £ l n e diet l^X on phenyXazoathane. 

I n 19X1, Ullnann and SehaXk ( (1?) mmd anthraquinena 

o6-earb09^Xie aeld to eyntheelee two mw der lvat ivee , 

**pyrldasene*aathronee*», which can be conaldered to be 

i r«der lva t lvee of dibenaio [de .h Jclnnoilne-3,7-di0ne ( I V ) , 

0 W 

m attenpt ( ^ f } to aeeign cor root etruetaraX formuXae 

to the three poeelbXe hydrojgmaphthaXeiie«X,8-dlearboxyXle 

aeida ueing the known direetlanaX tendeneiee of coopXlng 

i n ^ and/S-naphthoXe Xed to ttm diaeovery of an anoesaXoue 

ooapXlng reaet lon . Whereae 5-l^dro3QrnaphthaXene-X,8-dl-

oarboiQrXie eold gave the expeoted aao-oompound the 2- and 

i^-ieoaers gave a l k a l i eoXubXe produete whleh were converted 

to aXkaXi inaelttble eubetaneee on heating with aeid or 
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s s r e l y an organio solvent , t h i s resu l t being reversed by 

hot a l l ea l i s . 

HOiC N:N.PK/ 

t h i s c y c l i s a t i o n of tbt 2-napbtbol probably takes place 

tbrou^i the quinonoid forisi ( V ) ; tbe i^-hydroxy-coiapound 

g ives r i s e to ( V l ) . 

,=0 

( x ) i n ) ' 

P a r t i c u l a r i n t e r s s t attaches to the next N-substituted 

o i n n o l i i » i n view of tbe novel method of preparation* An 

inves t igat ion into tbe course of tbe "aso-ester reaction** 

led D i a l s and Alder ( f o ) to tbe preparation of t t trshydro-

pyridasiint der ivat ives frois c e r t a i n unsaturated bydrocarbons; 

tbess syntbssss etrtngtbsnsd t h e i r be l i e f that toe «ucb s t r s s s 

bad been »adt previously on tbe r o l t of substituents . Tbe 

l a t t s r had merely confused the fundeaental requireaents, 

n a a t l y , an etbylanio system to which l:tf-addition Might taKe 

p lace . Styrens reacted with two aolecules of ths s s t e r 
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(curioaeXy only when B * l?e and n*jt when B « S t ) . The 
Ottbetanoe (VXD ttnattacked by br<%nlne, osonoXyela wae 

i n e f f e e t l v e and liydrogenation produoed no poeltlve reeuXt. 

Al thot i^ etabXe to eoncentrated aqueiius bydrochXorlc acid 

and coneentrated aamonia the substanee (cXI) on treatment 

with 3 5 f aqueous poitiealua hydroxide gave r l a e to ilK), 

obtained v i a the potasaiu-n eaXt ( V I Z I ) by the uotlon of ^o, 

aqueous acetio aoid* 

Baring reeearches on tetrahyc^roinda^olee r.uwere i lo ) 

deterE3lned the etrttctum of benzoyXated hydroxy?aethyiene 

eycXohexani>ne by oyoXlaation of the pheEerXhydrazona 

a 
to the in<la20Xe and oof^parison of the epeetrocheffiioaX eonstanta 

of the Xatter ®l th those of adihentle X- and 2»phenyl-t*:5;6:7-

tetrahydroindasoXee (X and M reepectlveXy). 



a ^ HoN.NHPIv 

CON3>ENS/tr(0N 

OH 

I 

-CO;, 

N 

(a) (x) 
The mixed e thy l -es ters foriBSd ^ the or ig ina l 

condensation were acooiRpanied by tbe c innol ine-der ivat ive 

( X X I ) , wbiob, l l l i e the pbenyl'^aathyl-bydro^pyridasone of 

AQh ( / >, poesessed both a c i d i c and basic properties and 

gave a c h a r a c t e r i s t i c colour with f e r r i c chlor ide . Tbe 

i s o l a t i o n of ( X I ) from the cinnoline ( X I I ) i s analogous 

to the preparation bf mh of a pyrasole f r o » b i s pyridasone. 

Tet aru>tber example of the preparation of a cinnoline 

during researches on e n t i r e l y d i f f erent ooapounds is apparent 

i n the preparation ^ Sbe l , Iftiber and Brunner ( S'S') of the 

Cinnoline <XIV) from acetonylcyclobexanone ( X I I I ) , tbe l a t t e r 

being prepared during a study of Bs-tetrabydrocouMarones (XV). 



^0 0 0 C-OH 

3 

ca,Et 

((( 
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I t i s no^ewortl:^ that the eane taethod has been appXled 

by Hale ( *yO) %Q the preparation of eeveraX pyridazlne derlvatlvne 

from X:t*-dlketonee. 

Wlt t ig and Stiohnoth ( / H S ) , daring work on the con-

f igurat lone of pfeenanthrenes and phenazonae (page J? ) , found 

that *»Ui5-dl?»ethylpitenaEone« CXVI) formed addition products 

with two atoms of l i th ium, eodiQ«, or potaeelutt [aeebensene 

adds on only one atoa/iBoX* (z^*?)]* f raatsent of t^e Xlthlam 

adduet with raethyX soXphate gave«if;5;9:XO-tetraB!ethyXphena«one* 

iWtX). the etn2Ctare of iWtt) was proved by redaetlve f i s s i o n 

followed by react ion with toXaene-p-sQlphoehXorlde» the produet 

being i d e n t i c a l with that obtained when "oio'-dlaminoditoXyX* i s 

' toeylatad' and then raetl^Xated. 



Li 

'TOSHATE ' -HLtî  
c«3 CH, 

R E J U C T I O N 

C//3-N N-C«3 

TcVfl Toiyi 

tat o i n i ^ l l n e (^C?II) (and i t s oC-broriocaBipbor-TT'-sulphonate) 

were slowly deoooposed to :5-4lm«thylt>bena2sone« i n acid 

so lut ion with the ievelopment of a blue colour, that th i s 

deooaposition was caused by atmospherls oxidation was evldant 

when the same r e s u l t was reached using a i l d oxidising agents 

and tbe following sclieae was proposed; 

IHK ^ ^ (M)^qHp N=N 

Tbe »f , l O » - d l i i y ^ r o - o ^ p o u n 4 was prepared s i ^ isolated as the 

sulpbato but attosipts to re^^ntrate the freebase gave only 

«i^,5-diBethylpbeaa2one". Tiio d i f f i c u l t i e s encountered i n tbe 

pbenasone ser i e s i n conjunction ^itb tbe known f u t i l e attempts 

of iako (see below), led to concentration of tbe research on 

tbe phenantbrene f i e l d . 



BxpXoltatlon of ^;6-dinltro-X:3-dlchloroben2ene as a 

source of benzodipyrroXes by KuggXl and 5'ftraub ( / 3 3 ) gave 

r i s e to the co-npiicated cinnoXine ( X y i X l ) . The foXXo^lng 

scheme, one of many c a r r i e d out, indlcatee the route to the 

Glnnoilne der iva t ive . 
CO^t 

Vifl otoc'-coriPDmifj 

0 
II 

PK fiv(Y7nr) 
I I 

Thle was shown to be d l a t l n c t froo the attbetame (XIX) 

obtained ^ elmlXar treatment of theoCoc^-diphenyXi^drazone. 

Various oxides of ctnnoXlne derlgat ives can be considered 

i n t h i s firs'tiP' ^̂ he f i r s t clmioXlne oxide was obtained by 

Tauber (,I&S') as a concosiltant of "dlphar^Xenazon'* - a coLipwand 

coneis t ing of *'a new H-contalnlna closed r ing aystea". liodorate 



t r t a t e i i i a t of d*dliilî @(llph«î l «itii sine imd alcoholle 
p©t«selaii kj^aroKide g*v« a ffl©ii©xld« (XX) aiid « dloxldt 
[ p o d t i M y XXI ( a ) , ih), or ( e ) ] . 

^ f - \ _ / V j T V V/~>^ 
N-N N-N N-N N=N 

the iBonoxldd «lom was obtained mhm tha ca^ealatad quantity 
of sodiiim aaeaigaii «aa uaad as t t i t radueing agant. Both oxidaa 
gava phaaaaoiraa by forthar reduction with aodiam amalgaa and 
tha dtoxlda waa raduead by nim and hydrochloric acid to tha 
diphan^I-l^draasona. Tha »onoxida ahowad wek baaie proptrtiaa 
and tha dioxida was avan lans powarfai i n t h i s raapact. Ullaann 
and DiatarXa i / f S ) praparad tha pura aionoxida (thay qaaationad 
tha p u r i t y of Tattbar»» oxida) from o-dinitrodiphanyl and aodiua 
eulphida and radaaad i t f u r t h a r to phanasona aithar with 
atannoua ehlorida and fcgrdroehlorie aeid, a procaaa latar mad 

Stt^al ( 5 3 ) , or ̂  on a l a o t r o l y t i c mathod. SietiXar t r a a t -
mant of tha raqaiaite dinitrodiphanyla n i t b aodiuii aulphida 
furnlahad tha monoxtdas of 3:8-di«8atligrX- and 3:8-tatra« 
mathylsi»ina-phatiasena[(XXlI) and (XJtlll) raapaetivalyjand 
tha l a t t a r gava t ^ eorrasponding phanasone on furthar 
radaatiani tha oxSdaa wara raoovarad uaahangad on d i l u t i o n 

of the solution i n aonoantratad acids. 



(xxi(3/l=CH3) 

A mlxtar© of the aorioxl^e m& tlioxlde of tha i«oB»rlc 
"tolaison©*' waa obtalnea by t r e a t i n g " a t S ' ^ ^ l n i t r o d i t o l y l " 
with sine and potass lam b^ytlroxide bat only the dioxide vvas 
isQlatea (107). 

In oonneotle»n with an unsuccessful attempt to resolve 
6»nitro^6'*acetamiii0»£ilphenic aoii^^ako ( l3Sr) founcl that the 
r e ^ t t i s l t e mteraeaiate ms foraea by reduction of 2:2*'^Hl^ 
aetbyl*$:6»*4initrodlphenyi tsith alcoholic sodiara sulphide 
at 30^i at 1^**, however, there ©as fenaed "lji5-dl!aethyl«. 
phenazone oxide" (SXltf), 
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The n i t r a t i o n of 3:>̂ *Ben2eclnaoline*H«oxi<le ( 83 ), 

^' {ML) 

NHAc 

0 

(xxvi/i) 
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I n 1555 Hata and ea»iiorkara ( V/ ) praparad^'Z,?" 
diaathoxyphanazona* aonoxida (XKV) f r o * tha 2,2«-dtani8idina 
and hanoa fey tha aetion of hydriodia aeid tha corraaponding 
dibydroxy-caiBpound; t h i s was idantiaal with that obtainad 
fros raaorainol. 

0 0 

fha abaorption apactra of tha oxldas of «phana2ona*» 
wara laaaaurad i n 1536 iUi) and tha cloaa aif»llarity to tha 
speotrura of banaofcjeinnoiina was notiead, t h i a balng i n 
fitril£ing aontrast to tha a f f a c t of *o^£enating' t ^ nitrogan 
atoms Qt azobanzans. 

More racantly tha uaa of tha phanazona (banzocinnolina) 
nuclaue aa a b&aia f o r p o t e n t i a l ohsaotharapautie aganta haa 
atimulatad nww intarent i n t h i a aariaa, and 5:U-banao-
cinn&lina«N«oxida figuraa largely i n thia davalopsent. I t 
haa baan found < S3 ) that Ullaann and Dieterla's aathod f o r 
praparing tha H-oxida preauppoaaa tha axiatanaa of free 
a l k a l i i n tha aodiuu aalpblda used but that under auch 
oonditiona tha y i e l d of oxide l a quantitative. N i t r a t i o n of 

(XXVI) 
t h i s oxide gave mainly 2*nitroban2ooinnoline'-6-oxide/togethar 
With a email amount of tha 3-nitro-eompound, t h i a aeleotive 
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attack on the aromatic r i n g distant fro® the group 
being f u l l y expected. Beduotion of these nitro-compounde 
with stannous chloride furnished the corresponding amlno-
benzoclnnollnes, the orientations of these being proved by 
reduction over Raney nickel and heating under pressure with 
hydrochloric acid (see c h a r t ) . The asslnocarbaaoles 
(XXVXI and KKVlll) compared favourably I n m.p. etc., with 
authentic specimens described i n the l i t e r a t u r e . 

The reduction of 2-nltroQaphthalene with sodium 
stannlte yielded a curious clnnollne monoxide the structure 
of which i s given l a t e r (pagefo/). 
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Theoretlcal Considerations. 
I n spite of the small amount of experimental evidence 

available to early workers i n the clnnollne f i e l d several 
attempts to explain the mechanism re s u l t i n g In clnnollne 
formation were made and comparisons between cinnollne 
syntheses and those of other heterocyclic compounds were 
often stressed. Heference has already been made (page 6) 
t© Rlchter's e f f o r t s i n t h i s d i r e c t i o n , e.g. the formation 
of U-hydroxycinnoline*5-GarboxyXlo acid frm diazotlsed 
©-.aminophenylproplollc acid by simultaneous addition of 
the elements of water and expulsion of hydrogen chloride, and 

OH OH 

Wldroan'B comparison of hie synthesis with Richter»9 has also 
been dealt with (page u6). Stoermer and FincKe (/r?) 
recognised the essential role of the ethylenlc rather than 
the aeetylenlc side chain, the successful preparation of 
,U-phenylcinnollne and l a t e r (/̂ O) t^-anlsylclnnollnebelng 
carried out to support t h i s b e l i e f . The l a t t e r conminlcatlon 
(of Stoernier and Gaus) endeavoured to relate the ease of 
clnnollne forraatlon to e l e c t r i c a l character of the ethylenlo 
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side chain; thus the hindering effaot of a negative group 
on the <o-C-atom was noted, Fischer's i f g ) preparation of 
o-ooumaric acid by dlaaotisation of o-arainocinnamic acid 
being repeated by Stoermer and Fineka. However, no evidence 
was produced i n defence of the claim that a similar group 
on the oC-C-atom favoured c y c l i a a t l o n to the cinnoline. 

A valuable c l a s s i f i c a t i o n of o-amino-athylenes of the 
type (IV) with p a r t i c u l a r reference t o the results of 
dla z o t l s a t i o n was published by Simpson i n 191̂ 3; the close 
i n t e g r a t i o n of o r i g i n a l work with this review has already 
been stressed (page 58). The following groups were 
considered: 

(a) . Those ethylenes having no hydrogen atom on the 
/^•Oarbon atom of the side chain and hence unable to undergo 
c y c l i s a t l o n to a cinnoline, e.g.(<fO'oô '̂ -̂z«-)io 

« (I) (ffi) (S) 
(b) . Compounds having the necessary hydrogen atom fo r 

Cinnoline formation to occur but which, i n f a c t , gave the 
Pschorr-eyclisation product on diazotisatlon, e.g. the 
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aubstances (V and VI) investigated by Hayer and ^ l l e (/oj). 

^ 6 ^<x. 
(E) ' (W) 

This behaviour was a t t r i b u t e d to either one or both of the 
substituents on the 06- and jH-o&rhon atoms. 

CIS and trane 2>afl)inostilbenes were Included I n t h i s 
group since neither isomer gives r i s e to a cinnollne. The 
c i s form generally gives sorae Paehorr cy c l i s a t l o n product 
but the trans isomer undergoes decomposition; thus Ruggll 
and Staub (/3;t) showed that dlazotleed c i s g^amlnostllbene 
gave a good y i e l d of phenanthrene w h i l t t the trane isomer 
gave ei t h e r trans stllbene (62>t y i e l d ) or tr&n^ g^l^drojqr- • 
stilbene and a l i t t l e benzaldehyde. This decomposition of 
trane "•derivatives has also been noted i n the case of 
M.-cyano- and l|.-nitr0-.2»aB»lnostilbene (/y4and/34^re8pectively). 
I n view of theae r e s u l t s , so unfavourable from the standpoint 
of clnnollne syntheses, i t i s astonishing that In e l l but one 
of the diazotlsed ethylenes studied by Simpson (see page 56) 
olnnolines were the only Isolable products. This contrast 
c l e a r l y indicates the powerful e f f e c t of a phenyl group on 
the fl6-carbon atom i n promoting clnnollne forraation, especially 
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since similaryd-substituents have already been shown to 
eliminate elnnoline closure i n diazotlsed stllbenes. I n 
Connection with the l a t t e r clause, the possible significance 
of the low y i e l d of phenanthrene acid from (V), compared 
with the usual high y i e l d s of such processes was pointed out 
by aimpson, although Mayer and Balle ilOl ) did not mention 

« 

any cinnoline formation. 
(a) o-^Aminoeinnaniic acid and i t s derivatives; additional 

evidence^concerning the diazotlsatlon of the foreier was 
presented as well as the successful preparation of o-cyano-
cinnamic ester by a Sandmeyer reaction on diazotlsed o-a«lno-
cinnamie eater by Linstead and Noble { % ). 

This c o r r e l a t i o n between the type of substituent on the 
0̂ - and/5 -carbon atoms of the ethylenlc side chain and clnnollne 
formation was extended t o the Richter synthesis by Schofield 
and Slfiipson (/-fa ). I n the c y c l l s a t l o n of diazotlsed o-amlno-
phenylpropiollc acid there was suggested the following mechanism 
invotving an intermediate chloro-compound (see, however, page 37 ) 

OH 

a: 
Since the preparation of i4-hydro3Qrqttinoline-5-carboxylic 

acid from o-for«iamldophenylproplollo acid might be explained by 
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by a si m i l a r i n i t i a l polarisation i t appeared that the 
terminal carboxyl group was wholly iresponelble for the 
electromeric s h i f t ; on t h i s basis the dlazotisation of 
o-aalnophenylaeetylene would y i e l d lnda2ole-5-aldehyde 
( V I I ) . However, the fa c t that phenyl- and o-amlnophenyl-

O r , . 
HxO 

acetylene y i e l d the corresponding acetophenones on hydration 
( 63,/}f^together with the known behaviour ( ) of acetylenes 
of the type GHg.Ar.ClC.Ar' on hydration (giving CHg.Ar.CH^. 
CO.Ar') led Schofield and Simpson to predict the cyc l l s a t l o n 
of dlazotised o*amlnophenylacetylene to the elnnollne: 

This a n t i c i p a t i o n was J u s t i f i e d , U-hydro^cinnollne and i t s 
6«metho3Qr-analogue being prepared by this method i n good y i e l d 
(page 2%), 

I n a consecutive paper, the same authors described the 
preparation of several clnnollnes iik-X) and worked out a 
comprehensive mechanism f o r cinnoline syntheses. From t h e i r 
own wide experience i n the preparation of hydroxycinnolines 
i t was evifilent that weakness i n the basic strength of the 
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acilnoketone favoured c y c l l s a t l o n (compare the ready s o l u b i l i t y 
i n acids of 2-amino-3-t&ethoxyacetophenone and 6-aminoaceto-
veratrone, neither of which form cinnolines (page 27), with 
the weak basicity of 5-nitro-2-€unlnoacetophehone). Ready 
enolisatlon of the ketonlc side chain was recognised as another 
essential, although t h i s would obviously be more important i n 
a discussion involving p-substituents. Any mechanism involving 
the operation of such enollsation was considered desirable 
since the Borsche type of c y c i l s a t i o n could then be correlated 
with the syntheses of Richter and Stoermer. 

d i r e c t hydration of the acetylenic bond i n the Blchter 
reaction was dismissed when the usual conditions (7^ ) of 
such hydrations were considered. Again, the idea of an 
intermediate chloro-compound was not consistent with the facts, 
(a) that o-amlnophenylpropiolic acid could be successfully 
diazotlsed and cycllsed i n sulphuric acid, and (b) that the 
ready hydrolysis of such an intermediate i s not feasible i n 
view of the known s t a b i l i t y of (e.g.) J*-cjjloro-6-«ethoxyelnnollne 
(page 37)* An aceel^^able solution to t h i s problem was reached 
by proposing intramolecular coordination (of the anlonold 
carbon atom of the side chain with the diazonlum kation) as the 
essential electronic requirement; subsequent l^rdro^^l-ion 
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attack occurring thas; 

0« 
OH 

(M) 
From t h i s base was b u i l t the whole argument of the thesis -
that the three chief cinnollne syntheses were *e8sentlally 

manifestations of the same fundamental process" (/4A). 
Complete hydration (by coordination of a proton with anlonold 
carbon) was rejected as an Intermediate i n the above mechanism 
fo r two reasons; 

(a) o*AmlnobenzdylacetlG acid, the intenaediate of the 
hydration l ^ o t h e s l s , shows a marked tendency to form qulnoline 
derivatives, none of which were observed by Sohofleld and 
Simpson; also (b) the process of hydration muet outpace that 
of dlazetisation (an unlikely p r o b a b i l i t y ) , the alternative 
being the mechanism shown Uiove via the electromer ( V I I I ) . 

Moreover, on the t ^ d r a t l o n theory i t wae Impossible 
to reconcile the facts that dlazotlsatlon of certain o«amlno-
phenylacetylenes gave good yields of clnnollnes w h i l s t related 
o-amlnoacetophenones, which ex hypothesi are Intermediate i n 
these cyellsations, gave l i t t l e or no clnnollne on similar 
treatment. 
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I n diazotlsed o-amlnoacetophenones the Increased katlonold 
a c t i v i t y produced by nuclear substltuents (R = GN, NOg, halogen) 
led to a general s h i f t to the r i g h t terminating I n the hydroxy-
cinnoline. A similar p olarisation explained the Wldman-Stoermer 

SI - I I 

L 1 ^3 - " 

reaction, the anlonoid nature of the terminal carbon atom being 
induced by an a r y l oC-substituent. The explanation of " i r ­
r e g u l a r i t i e s " such as the formation of 2-phenylchrysene (IX) 

ma 

as well as i^-phenyl-5-.(oC-naphthyl)cinnoline (page 56) did not 
require an^ additional assumptions, the reason being the 
increased a b i l i t y of the <?C-naphthyl nucleus to act as a "sink" 
for the electron drive from the o^-phenyl group. Thia process 

0. 
1/ -fHX 

reduces the anionaic charge on with consequent reduction i n 
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the y i e l d of cinnoline. The absence of phenanthrene formation 
noted when the C^ substituent was phenyl (page 3^) is not 
surprising i n view ©f the smaller electron capacity of the 
single aromatic r i n g . 

I t was of interest to note the d i f f e r e n t sources of the 
proton which is eliminated as HX; I n the Wldman-Stoermer 
reaction I t Is eliminated from the Ĉ  position, i n dlazotised 
o-aminoacetophenones the hydrogen atom of the QoO enolic group 
is c l e a r l y involved, whilst the Hichter synthesis U t i l i z e s 
the solvent as a proton source. 

A bBlef c r i t i c a l examination was given of an apparently 
formal analogy of cinnollne syntheses^ namely, the preparation 
of bensstrlasoles by dlazotisation of substituted amides of 
ant h r a n l l l c acid ( 5"̂  ). One point of possible significance 
was the production of methylanthranll (X) instead of the 
unknown oxl»4no-dihydro-clnnollne (XI) by dlazotlsatlon of 
o-amlnoacetophenone oxlme(^//, /04-X 

C«3 7 Fi.OH 
U N.OH U ^0$" CO 
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BenzocInnoline s. 
Compounds of t h i s type are generally more accessible 

than simple cinnoilne derivatives and f o r t h i s reason have 
been studied more f u l l y by early workers. Derivatives of 
benzocinnolines have been prepared by a variety of routes 
whldh are described by Leonard ( *}3 ) as '•special methods" I n 
contrast to the three general ones Involving dlazotlsatlon of 
o-amino-ketones, -ethylenes or acetylei^s. 

Considerable confusion exists over the nomenclature of 
substances of this-group; thus 3,{+-benz6cinnoline or 
benzoic]cinnoline ( I ) has been called phenazone and dlphenylene* 
azone (both names are l i s t e d as "objectionable" by"The Ring 
Index") w h i l s t other names not based on cinnoline are i n common 
use, e.g. dibenzopyrldazine and 2,2'-azodlpher^l, Further 
complications are introduced int o such indiscriminate nomen­
clature by the adoption of d i f f e r e n t systems of numbering by 
d i f f e r e n t workers. 

S I 
ClNNOL\U£ 

The order of numbering ( I ) i s now generally accepted but 
system ( I I ) has been frequently employed (I/^BS;;??/'}*). Even i n 
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recent l i t e r a t u r e t h i s trouble I s perpetuated: King and 
King ( S3 ) state "the 2-sulphGnlc acid and the corresponding 
phenol are the only monosubstltuted benzocinnolines hitherto 
prepared", but do not point out that the parent document (/7A) 
of t h i s work uses the system of numbering ( I I ) , t h i s omission 
being more serious i n view of the fact that they use the 
correct system ( I ) i n reference to other benzoclnnolinea. 

I n the following account the • h i s t o r i c a l * nomenclature 
w i l l usually be mentioned once and thereafter only the 
recognised system employed. 

Benzojcjcinnoline was f i r s t prepared by Tauber ilk^) by 
the reduction of 2,2•-dinitrodiphenyl, a compound which he 
had prepared e a r l i e r and used i n a synthesis of carbazole. 
The new compound "Diphenylenazon", was formed by prolonged 
b o i l i n g w i t h zinc and alcoholic potassium hydroxide or by 
treatment with excess 5?̂  sodium amalgam, milder treatment 
giving only the oxides (page 68). Application of the same 
technique to "m-dinitrobenzldine" furnished 5,8-diaminoben2o 
[c]cinnoline but i n t h i s case no oxides were isolated. Later 

^ King and King also refer to a dlsulphonlc acid and continue 
"as i n the analogous case of azobenzene mono- and di - s u b s t l t u t l o n 
would appear to occur simultaneously" - such comparison i s hardly 
warranted since the patent describes the introduction of the mono 
and dlsulphonic acid groups before reduction of the dlnltrodlphenyl 
to the benzocinnollne. 



( ) w h i l s t invest igat ing the p o s s i b i l i t y that foriaation of 

carbazole (from te trazot l sed 2,2*-dlaininodiphenjyl and 

stannous ch lor ide ) proceeded v i a the dihydrazine, Tauber 

carr i e ( | out a general study at the l a t t e r oompound. The act ion 

of aqueiaus hydrochloric acid at 150** y ie lded 5jif-benzocinnoline 

which was also produced on merely heating to 2U0° the d iace ty l 

der ivat ive of the hydrazine. 

The beat method for the preparation of 3,t*-ben20Ginnoline 

i s due t© i iol i l fahrt( /?? ) who subjected 2 , 2 » - d i n i t r o d i p h e n y l to 

e l e c t r o l y t i o reduction thus securing a 955! y i e l d of the cinnol ine. 

I n Ullraann and Dieter le prepared several **phenazone8 

by a v a r i e t y of method3j the i r preparation of benzofeJcinnoline-S-

oxide and the 5,8^dit(jethyl* and JjB-tetrainethyldiamino-derivatives 

(using sodium sulphide) has already been mentioned (page >̂5) 

together vlth the reduction of the f i r s t and l a s t of these to the 

«ph©nazone«. I n addit ion, e l e c t r o l y t i c reduction of the 

corresponding 2 , 2 » » d l n i t r o d i p h e r y l yielded 3,8-dlafflino-, 58-

diafflino«2,9'-'diinetho^^* and 3,8-tt traraet l^l (or e thy l ) diamlno-

benzofc J c innol ine , although i t was pointed out that the success 

of t h i s method dej^ended upon thd s o l u b i l i t y of the nitroocompound 

i n the cathode-solution (a lcohol ) . 

A novel Bjethod for preparing "phenazones", described i n a 

Geman Patent (l?3)» requires fusion of azobenzene and aluminium 
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chloride m the presume of a f̂ -ux (e.g. aodiuro ehlorido) or 
a d i luent (e .g . p y r i d i n e ) , th© temperature being capable of 
wide v a r i a t i o n . Thus ^in a suitable melt *phenazone* formation 
waa observed at $0°" but fus ion with s a l t at 120° gave the best 
y i e l d , (60,!) of 5,t+-ben2ooinn0line; the 5 ,8-diaethyl - and 
5,8»tetra®ethyldiamlnO'«'derlvatives were prepared thus i n y i e lds 
of 23% &M UQ,i respect ive ly . The sueeess of these syntheses 
was unexpected i n view of the work of Puwmerer and Binapfle 
( /A?) on the rearrai^ement© of aaobengene i n the presence of 
aluminiuro chloride and aromatic hydrocarbons. 

During an attempt to prepare 2|2'"diarsonodiphenyl liy a 

Bart reac t ion on tetrazot i sed 2 ,2»-diaminodiphenyl , Sandln and 

Cairns (/36 ) Isolated **considerable ataounts of phenazone"! the 

authors believed that t h i s was a general react ion , the arsenlte 

functioning as a reducing agent. 3,8-Difflethylben2ore]]Ginnollne 

was prepared by the saae procedure. 

Since each of the above groups of workers prepared benzo c 

c innol ine i t s e l f i t is convenient to correlate the ir impressions 

of i t s properties before proceeding with other der ivat ives . A l ­

though Tauber (Z&S') stated b e n z o £ c ] o i n n o l i n e to be a strong 

base ( i n contrast to azobenzene) h i s contradictory observation of 

the s t a b i l i t y of the s a l t s (*only I n solution") was uncorrected 

u n t i l a l a t e r date ilU^), The behaviour towards reducing agents 

was described by Tauber as i reegular , acid reduction y ie lding the 
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dlhydrazine whi l s t a lka l ine reduction l e f t the nucleus 
unaffectedj the l a t t e r f inding was l a t e r challenged by Duval 
(5'3 ) who prepared the dihydrazine in an alkal ine medium. Ear ly 
attempts (/t*/) to oxidise 3,i4-ben2ocinnoline were unsuccessful 
but l a t e r ( / H ) i t was found that the f i n e l y powdered compound 
was snoothly oxidised by pefiiaanganate to the l a b i l e pyridazine 
te trecarboxyl lc acid (degradation of th i s to pyridazine has 
already been describedi page 5"̂  ) . I n a comparison of 
'•phenazone" with phenazine (/£>7) the d i f f i c u l t y i n subliming 
benzoC<3jcinnolin6 was noted as wel l as i t s non-vo la t i l i ty i n 
steaffii i t resembled phenazine i n i t s react ion with bromine, 
giving a red c r y s t a l l i n e prec ip i tate which changed to yellow 
on drying without loss of bromine. The act ion of dimethyl 
sulphate on benzojcjcinnoline yielded to Wohlfahrt ( /J9) aru 
bygroscopio cotnpound which was estimated as the platinum s a l t 
and ana lys i s Indicated a formula 

I 

The methlodide tas prepared from the methyl raethosulphate and 

potassium iodide but the ethlodide by d irec t react ion between 

b e n z o £ o ] e i n n o l i n e and ethyl iodide. Ullmann and i ; i e t e r l e » s 

i l l s ) specimen of benzo(]cJcinnoline had the properties described 
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by Tauber (e .g . the pure yellow solution I n concentrated acids) 
and the decoiopositlon of "phenaEoniuffl^salts by amaonia was 
notedj the only i so lable product being "phenazone". 

The absorption spectra of "phenaaone" i n the v i s i b l e and 

u l t r a v i o l e t regions were measured by Raaart-Lucas and Biquard 

{IZ8)t comparison with those of azobenzene indicated that 

• c y c l i s a t i o n ' of the l a t t e r molecule to benzoicjcinnoline was 

accompanied by a hypsoehroraic e f f ec t and diminished s e n s i t i v i t y 

( In tens i ty of absorption). This r e s u l t was in s t r i k i n g contrast 

to other * c y c l i s a t l o n 8 % thus the data for dlphenylmethane and 

fluorene showed a bathochromic e f f e c t ard Increased s e n s i t i v i t y 

In the l a t t e r compound, these re su l t s being the same when only 

one N-atoo separated the r i n g s , i . e . for diphenylamine and 

oarbazole^ 

Two years a f t e r Tauber's preparation of "phenazone"^ 

reduction of 2 , 2 » - d l n l t r o d l t o l y l by L . Meyer ( j u n . ) (/07) 

furnished "tolazone** or a mixture of the monoxide and dioxide, 

depending on the conditions used, oxidation of the 2,9<'dl-

raethylbenzo{^c]clnnoline with chromic acid did not give the 

expected d learboj^l ie acid but 9-»raethylfeenzofc3cinnoline-2-

carboxyl ic a c i d . 3,8-Dia?nlno-2,9«dimethylbenZ0£cJcinnoline 

was also prepared and hence the 2,9-dlbenzylldene-diamino-

compound by react ion with benzaldehyde. 
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The next paper to mention benzo[cJcinnolines (other 
than the parent compound) was published in 1932 by Schieraann 
and Rosel ius ilzS). During a study of f luorlnated diphenyl 
compounds it,^'-difluoro-5,3'»'ditolyl was n i trated to give a 
mixture of two d i n i t r o gompounds, one of which furnished 
5,8-dlfluoro-2,9-dlmethylbenzo['ojGinnoline on reduction with 
M>>c sodium amalgam. 

I n 1952 and the following year a commercial Interest I n 

b e n z o £ c J c l n n o l l n e s asserted i t s e l f in the form of two patents. 

The f i r s t ( 1%) described the production of "valuable vat 

dyes" by condensation of cer ta in arainoanthraqulnones with 

acid ch lor ides having such nucle i as f luorene, phenanthrene, 

carbazole , e t c . , ^ , . , "besides the known diphenylene 

2,2'-azondlcarboxyllc acid", which. I t was cialmcd, could 

be prepared by "nitrat ion of dipher]yl-t4. , i f«-dicarboxylic acid 

and subsequent reduction of the nitro body with ammonia and 

z inc dust or with the calculated quantity of hydrosulphlte 

and sodium hydroxide". I t was claimed that "dlphenylenoxide-

dlcarboxyl lc acid*' could bo prepared by condensation of 

«dipherQ?lenoxide" with acety l chloride and oxidation of the 

ace ty l group to the ac id . The second patent {lISL) described 

the preparation of "2-hydroKy- and 2,7-dihydroxy-phenazone" 

(system I I , page ZX) by a lkal ine fusion of the corresponding 

sulphonlc ac ids , whi l s t milder conditions yielded 3-hydroxybenzo 
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{cjc lnnol lne-d-sulphonic acid (system I ) . These compounds 
were sa id to be usefu l as Intermediates for dyestuffs and 
medlcinals . I t aay be pointed out that Tauber (/fe4) reported 
the f a i l u r e of attempts to prepare •'symmetrical dlnydroxy-
phenazone" during h i s search for an e a s i l y oxldlsable derivat ive 
of the parent coiapound. 

A group of Japanese workers ("7/ ) i solated ( i n 1955 ) a 

sample of 3 , 3 - d l a e t h o x y b e n z o £ c J c i n n o l i n e from the steam 

v o l a t i l e Biaterial r e su l t ing froma synthesis which confirmed 

tne const i tut ion of the "hydroxydlphenylene oxide obtained 

from resorc lno l" (page 7/ ) . Reference has already been made 

(page loS) to the preparation of *»4,5-dlmethylphenazone» In 

the same year by Wltt lg and Stichnoth, although a somewhat 

less pure fiorm of the same l,19-dimethylben2o£ojclnnolin«?^was 

prepared i n I92I by Kenner and Stubblngs ( Sf> ) . 

The 2- and J-aralnobenzoJ^cJclnnolines, already referred to 

(page7^'), were prepared by reduction of the corresponding 

nitrobenzo jc]clnnollne-6-oxldes with stannous chloride ( 8 3 ) . 

Further experiments were performed on the predominant 2-amlno-

der lvat lve ( I l i j R « H)j I t could not be condensed with 

/3-chioroethyIdlathylamine"under normal conditions" and heating 

•^Ihe e a r l i e r (195t*) work of Sako (page LI) did not, as stated 
by Leonard ( f3 ) , Include the preparation of l i l f l -d imethyl -
benzofcj c lnnol lne . 



mltti m&^mld9 i n boi l ing toluene was uasttccesafui. The 

l » -ac« ty i der ivat iv* was no nore react ive but the p-toluene-

aulphonamlde (sofii«tt s a l t ) reswted with the amine and with 

the hlj^her ftqnolague 

I 0 
(I 

IT J 

?iie Bulplionacildes were hydrolysed by cold sulphuric a c i ^ to the 

amines ( I l l i H » OU^ti^lBt.^ ^mn m Qti^OU^Cii^M%^ respect ive ly ) 

wliicfi were characterised as the dihyarocfolorlues. 

other benSQslnnallnes are wortl^ of note* Tf.e f i r s t of 

tliese, «3-phenyl-l ,2-dla2aanthrone« CIV) was descrifced by 

Sorsche ana K l e i n C-^^ ) i a a paper an the preparation of 

pyrldasine der iva t ives . T«comUy,the following stuay of the 

e y c l i s a t l a n of pJiei^lteeniT/l^i^atartaric aoid led fjarsbhe and 

3lnii (-2,7) to the preparation of the benzofhjcinnollne C V ) : -

PluQtCH Ph g^lladtaad . rh .C r i . 3H , ! -h Isophengrl . . tartaric acid 
chareoal I 

I 2 AO 0,Ac2Ka 
2 > 

.Anhydrid« q 

*>1SI, 

^Anhydride ^ 
m.p, 13;-13U^ 

Ethereal solut ion 
cold conc.MgSCt^ 

al31. 

t r r ' ^ o a \ ) 
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The properties of benzoolnnollnes, other than physical 
constants and s o l u b i l i t i e s , have not been Investigated; most 
examples resemble the parent compound (benzofcjclnnollne) i n 
giving yellow solutions in concentrated acids but the e f f ec t s 
of d i l u t i o n are often s t r i k i n g , e.g. 3 , 8 « t e t r a i i i e t h y l ( e t h y l ) 
dlaminobenzo[c]clnnollne glve^ a deep blue solution on d i lu t i on 
with water ( I f i r ) . 

Cn) (w 
The "tolazone" prepared by ^^eyer (/07) was represented as 

( V I ) althougli the melting point of th i s product d i f f e r s only 

by one degree from that of 3,8-dlmethylbenzo{cJclnnollne ( V I I ) . 

Thelat ter was described by Ullmann and Dleterle {HS) as being 

••wholly I d e n t i c a l in a l l i t s properties with the substance 

prepared by L . ieyer'*. However, Schlemann and Rosellus ( /38) , 

i n reference to the ir synthesis of 3,B-difluoro-2,9-dl^i^ethylbenzo• 

[c]c lnnol lne ( V I I I ) say I t "corresponds f u l l y to the tolazone 

from 6 , 6 * - d l n l t r o - 5 , 3 « - d l t o l y l prepared l>y L . l ayer ; a posit ion 

Isomer (not the same) as the compound of Ullmann and Dleter le" . 

inspection of the descriptions given L . ^^eyer and Ullraann 

(and D. ) to the ir respect ive products has revealed only one 

Important d i f f erence , the foraer i s "very e a s i l y soluble" i n 

benzene whi l s t the l a t t e r i s r e c r y s t a l l l s e d from the same solvent. 
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01 benzoe Inno l ine s . 

The e a r l i e s t dlbenzocinnoline on record is that 

prepared by Helduschka and Ehu4adad (*//<̂ ) by condensation 

of "retoxylenacetoacetlG ester With hydrazine. 

% E t h y l 3,5-dlraethyl-
f^<^^ - l l - i sopropyldlbenzoff ,h ] 

clnnoline-i*-carboxylate 

The synthesis of two clnnol lnes of th i s group, useful aa dye 

intermediates, was described i n Swiss patents ((97» and \H8 

r e s p e c t i v e l y ) ; 8-ehloro- and 8-amlno-3-phenyldlbenzo[de,h" 

clnnollne-7-one ( IX; R = CI and NHg respect ive ly) were 

prepared by react ion between the corresponding benzoyl 

anthraqulnone and hydrazine. 

I Ma. 

m 
A s l g l l a r type of compound (X) was prepared a few years 

l a t e r by V;aldraan and Oblath U^Oo^ using the following route. 
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COHH 

(5) 

0 C^Ft 

fj-3ub9tituted compoundo havinj;̂  this type of structure 

havG alroa^y been referred to on pag§ ^/ . 



-91*-

Polynuclear Cinnol ines , 

^a.ny oompounds of th i s type have already been revieweil 

by Leonard ( 9 3 ) although one i s led to bel ieve, as elsewhere 

i n the same publ icat ion, that a large number of workers were 

eoneerned wholly with the chemistry of e innol in»8. The 

majority of the following c innol ines wars obtained by the action 

of hydrazine on a l , i f -dikstone and the ir i so la t ion served only 

to confirm the s tructure of sosne polycycl io aromatic system. 

I n order to i l l u s t r a t e t h i s point, the work of each group 

of invest igators i s more f u l l y dea l t with than t h e i r c o n t r i ­

bution to cinnoline chemistry r e a l l y deserves. 

The work of Scho l l and col laborators provides several 

examples of t h i s type of compound; the e a r l i e s t paper (/4^) 

describes the azlne ( I I ) , prepared to confirm the euigular 

s tructure of ( I ) : -

0 
VIA :bi't>- V 
CifUINOHE ^ 

- such confirmation was necessary i n view of the fac t that 

the following analogous c y c l l s a t i o n did not occur as shown. 
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I n 1928, SchoU and Meyer (/^s^) found that l a o v l o l -

anthrone was oxidised to the compound ( I I I ) , which, because 

of the two l,M.-dlkftto groups, "was considered wel l adapted 

for synthet ic purposes". The formation of a hydro-derivative 

of the azlne (IV) was quoted as an example of such synthetic 

p o s s i b i l i t i e s . 

A S i m i l a r ser ies of reactions wa$. carr i ed out on 

3,9-dibenzoylperylene (V) by Bsnndorf and Sorns ( 1 8 ) and 

i s o l a t i o n of the dlc lnnol ine type of compound (VI) was 

claimed i n sp i te of the f a i l u r e to prepare an a n a l y t i c a l l y 

pure s ^ p l e . 
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0 colt 

TlcCo 0 

Confirmation of the synthesis of an^ul. 1 ,2-rhthaloyl . 

anthraqainone-6-carboxyllc aclt2 ( V I I ) by nchol l , aornuff 

unci iiByer (/^^) ivas Kssured the formation of the azlne 

( i r i i i ) . i " ' ' ^ 

Five examples of t h i s kind are due to Clar and 

collaboratrors; i n I929 the azlne (XI) was described i n a 

paper on naphthophenanthrenea and their quinones ( SS"). 

Formation of the oinnoline proved the structure of the 

compound 00 and hence of (ZX) . This tendency of aroaatic 

ketones havlnij a methyl group ortho to the carbonyl group to 



« ( a ) 

ii*-at®r ami ^im pjljmmle^r ayJrctcarborts %m expivxtiia 

(37 ) -jsifig as-*a*'tolyl bensjsnes. The itagalar straciurf 

tli® rtsyitln^ ni^hUmm%tir^%r» pr»v»t; i»o i t t t i . ;n yf 

rurther^ tî e .»,f^«»liiv"-sr a^vc r.'»€ to asln* 

t-^'is Q^sin % clear ln^ticst!i,ri t?^ ai^ular dtracture 



C l a r , John and Avenarlus (34 ) obtained four hydro­

carbons by pyrolyais of the ketones (j£Vl) and (:C¥Il)i two 

of these (yellow) sere BhQ n to be i d e n t i c a i mmi on oxidation 

mwX tlien treatment with hyaraaisw gave the cinnoline 

aer lva t ive ( X V I I I ) , Tlie other pa ir (red) were also considered 

to be the saci« aubstatwe {KIK), 

The v ! © r i v a t i v e (SK) arose f r o - a synthesis carr ied out 

tQ mmB'YJ the e f f e c t of *i sltiule fused benseno rinsj on the 

absorption sijeetrufn of the ^'peatapiiene * aucleus ( t h i s name 

wes propasea i n tne a(y;*cent pai^r of the •'ierichte * ) , 

Mention laay here be ria^e of two s i m i l a r co ip-unils 

prepared by Ull'^iann {111 ana 113), The f i r s t ( M l ) '.'?ss 

derives^ from an anthra^uijione-acrldone (prepared f o r test ing 

as a 4 y e s t u f f ) and servers to confirm the ai^ular s tructure 
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#f tlie product ( — » aa against the l i n e a r p o s s i b i l i t y ( - >), 

T\m sulphur analogue {Mil) was prepared fey a s i m i l a r route 

0 0 cô  

0 0 0 
fror3 ^-shloroanthraf|ulnong and s a l i c y l i c ac id . 

(Mr) 0 (m 
The polymerisation of l,J*-naphthaquln0ne «o tr lphthaloyl ' 

benzene ( M i l l ) was studiea in 1939 ilxO und the polymer ^as 

character ised as the h l « - a s l n e ( m v ) . 

(MIX) 
Schonhere ana Soseathal (/4.7) proposed a c lnno l lne - l lke 

s t r a e t « r « (XXVII) for phenantfiragulnone l-aide anhydride, a 

ooapottn^ prepared by Zimke { no^ by treating the Irnlde (XKV) 



with a9l<J «,nt^dri<i«s. The 03^«5«n«free ooifipound obt«ineci by 

heating tb» aehydrii3« to a high t«')p«ratur« was d i f f9t*«nt 

f roa th» kno?ai dipiaeniihthrylonaaotide (HX*/!) atyd was 

r«pre'3entea as (XJCVXH), M d l t l v o reactions Qt th« Imic* 

ainhydridt fr«re c l « a r i y i n a^aprcl with the proposed etructare: 

the e lesents of one ;;)oXeeule of water, methanol, ethanul, 

propanol, hysiroohlonc ac id or aoetic acid were readi ly 

accoomofiateci Dy the ger«iral s tructure ( H XaX ) . the poae ib l l i ty 

ti .at auch addition oecurrey a t a double bund was eliminated by 

the negative act ion of bro'sine i n ohlorororta. Heseneration of 

the io ide anhyMde froa moh der ivat ives me reaclliy ef fected 

by viarn acetio anhydride or r^erely nielting. The recis tance 

(Xxix) ( p X ) (Xffi) 

of the iraide anhydride to r«3euctisn indicated the itaposslbil ity 

of an a203^«l lnk ishi let the e true tares (XXX and XXXI) , aavanceti 

by uraebe and Qehae respect ive l^ , ^idl nut expiaizi s a t i s f a c t o r i l y 



t>h« propttrtivs &t t h « Addition eompooivls. 

another #ji«spitt of a pl»l.ynu$l««r e innol in* termad wiUioat 

the as« of hydraztn* I t " i^ i ' -d inaphthyX-g^a' -o -d ias lW 

(XXXII) foraiad. a t on« ©©ssfjontnt of a mlxtert by rtdaetion of 

2*nitronapht}ial.ei$« with ttiidiun I^drexidt and tine datt( 103 ). 

Nv'f (.msL) 

Tht c i n n o l l n t wat rK>t f a r t h t r rtda^ed by s ine ^nd a l k a l i ur 

by ttaimout ehlor ldt but long boi l ing with zlm and ae t t i c 

aeid gava 2 ,2*-dia!a lno- l , l* -d inapht i^ l . Rtfartnca hat alraady 

bean saada (paga yjz) to th« ? i n n o l l n « oxlda ( X K X I I I ) praparad 

the aet ion %»f todlmn t tannl ta on 2-»nitronaph thai ana. 
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Oth»r Qlnnollnea, 

l u b » t a » c e 3 of th i s group do m% f a i l Into any of the 

prevlausi catei^orlaa. ,m Intereatlnj; s e r i e s of ooeapomida arote 

fro=3 the rssearehea of angelica on dla^opyrrolet. it was found 

C If ) that the aiaaotrlpheii^lpyrroie (£1) aas converted tjy loOii 

boi l ing '.-sith dl luto aulphurlo acid i;ito an lao-erlo coipound, 

t en ta t ive ly represented as ( S I X ) . Evidence far tide structttre 

oxt-iatlon ta a 8i*tetons iT£) whloh qqhM be reim^:! to 

a «fiarane«lil:e** co.ipountl {Til), The conversion ( 5 ) a f the 

l a t t e r into the o r i i i l n a l subatane© \ l t l ) by neans of aloohollo 

s'^iisonla fur ther strengthened the e a r l i e r cliolce between t h i s 

and the poes lb l l t ty ( I ) . 

fhe dllittone (VI) read i ly yielded ttM einnoline ( IV) on t r e a t -

fssnt with hydrazine i If, } wl. i let the action of eocJium salphide 

gave a s a a l l aaount of the thiophofie der ivat ive ( V ) , 



I n l<^2lf, 3 « p h e n y l c i n n o l l n e - l 4 * e a r b o x y l l e acici U X ) «ae 

pregjare^ fra:s Meni^yl ideneas lno- ieat in "(^211) aurlng an 

uns^coeesftti attempt to prepare l l«amlnoiaatin» ^tol le ana 

Dicker {1^^) tiotec* tho -BiraiXiT ease of decarboxylation between 

t i i e l r oo*.ipuuna anil f a o h t e r » e acid ip^e^f'^ althoui^h m 

atterapt lias faade to ieolate the «ieoarboj«ylation product. An 

attO'^ pt to ref^eat t h i s mrk i s described l a t e r , pageJ*??.. 

During an a t t « g p t to increase the bas ic i ty of coiipounds 

aestined f o r a a t i n a l a r i a l test ing Krahler and Burger < ) 

invest igates the n i t r a t i o n a i ^ eubeeguent reduction of 2»chloro-

l ep l^ ine . fhe f i r s t preeesa save a f i x t u r e of 6-nltro-2-chloro-

lepldine and a ne« isononitro-derivative, xihich, on the basis 

of simple replaeeiient reaotiot^ coiiparison « i t h known 

coapounde, was represented aa 5*hltro-2-chiorolepldlne ( X ) . 

^ iazot ieat ion of 5**<^ l̂"<>* '̂'̂ '̂'<»^yi*P^<^m* yielded a substance 

whose data agreed with the structure C X I ) . 

OH 

( X ) 

I n the f o l i o s l n s year ( ?o ) iievt evidence revealed that the 
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atraetmres of eer ta in *knoiin eompoundt** wat Ineorreot and 

i t wae proved that the 8 « n i t r o - d e r l v a t i v e had been obtained; 

the e innol ine t trueture ( X I ) wae thu* acended to the diaso-

iBilda ( X I I ) . 
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the ^ a g a r a t i o n of tt-Hydroxyclnnoliaea frea t»-ehloro-2»iuiino» 

acetopheiK>net. 

I n i t t preliminary etagee th i s invett igat ion 

wae eonoemed with the broader quettion of £»*iubttitated*2« 

aminoiKJetophenohits the corretpondlng 7*subttituted«u* 

hydrojgrclnaollnee. Theoret ica l and p r a c t i c a l in teres t i n 

th i e problea arote from the following cont idtrat iont . 

(a) . Ho in fomat ion regarding the ease of fornation of 

7-8ttbstituted Glnnolinee was avai lable apart free the t ingle 

examples of Koelaeh ( ? r ) and ^lidaan (isx)* The synthetit of 

6- fl^d &<-8abetitttted*tf-hydro3Qrcinnollnet from diasot i ted 

^» and 5-tubttitttted-2*asinoaGetophenonet, reepeetively, hae 

bean shown (/v;^) to be depandent on the kat ionie a e t l v l t y of 

the d i a s o n i a » group, t h l t being deterftined by the nature of 

the ettt^tltuentt. I t was expected that the formation of 

7*subttltttted«u«>hydro9(yolnnollnee from the eorretpondlng 

diassotised o«>aminoaeeto|ihenonee would be almott wholly^ 

dependent on eleetromerio t h i f t t a f fec t ing the kattonie t ide 

chain. 

(b) . Thw evaluation of tost c innoline der ivat ives at 

ant ia ia lar la l agents has already been mentioned (page j^5),the 

e f f # c t of a 6-raethoxytgfoup on the a c t i v i t y of a c innol ine 

^ The weak Inductive e f f e c t ( t | ) exerted by the t4*tubstituent 
on the 2-diatoniuia! group can probably be neglected here although 
examplet of such an e f f e c t between "m-tubetituentt** are known 
( 5-/ ) . 
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der ivat ive being i n e t r l k i n g contraet t© th* e f f e c t produced 

i n t l ^ ^uinol i f^ s e r i e s ( 3 ) . I t i s evident fros a 

conelderation of %tm etrueture of atebrin ( I ) t h a t a n t i i i a l a r i a l 

a c t i v i t y s ight be correlated with each -hal f* (11 and I I I ) of 

the aoleeule . TTntll very receatly^tbe only published evidsace 

NH 

(1 ) a ^ H ^ ( j : ) 

to strengthen t h i s hypothesis «ae contained i n a patent 

(1% ) I n ehieh 7->chloro»5-iaethylq$ilnolinie having a basie 

t ide chain on were deeeribed as "effect ive against blood 

p a r a s i t e s , p a r t i c u l a r l y piasiaodia*, i t was of interes t to 

discover whether the above contrast between cihinoline and 

q u i n o l i i ^ analoguee «ae re f l ec t ed i n the 7«sub8t i tu ted 

d e r i v a t i v e s , 

( e ) . The p o e s i b i l i t y of •yntheeis isg {^•methyleinnoline*7« 

carboKyllc aeid (Widmaa*9 acid) by a nethod Independent of 

euninal (see page /r6) «ae e t traet lve i n view of the inaceee-

e l ta i l i ty of the l a t t e r asaterlal. The preparation of 7-cyano-w-

aethylc lnnol ine e i ther d i r e c t l y or v i a the 7-halogeBo*coap©und 

eontributions to current (19^6) issues of the J . A . C . s . heve 
exploited f u l l y the p o s s i b i l i t y that 7^ubstitttted*quinolines 
( / a i ) , -qalnaaolinee ( ia3 ) and -phthalaalnes (52. ) wight ehoe 
a n t i m a l a r i a l a c t i v i t y . Sotse dupl icat ion of the present eork 
ha* occurred and w i l l be dealt with l a t e r . 
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of fered tueh an a l ternat ive route to i i ^ a i i * t aeid. 

Fot t lb le routea to U-tubttltuted-2*anineaeetophenonet 

which appeared to be » o t t d i r e c t gave diteouraging r e t u l t t . 

V 

L II r. . u II ' v f 
hem-

Thus (route i ) n i t r a t i o n of p-amlnoacetephenene i n the 

pretence of a large excese of sulphuric acid gave a retinout 

product, eofitpletely soluble i n a l k a l i . A prel iwinary attempt 

(route 11) to n i t r a t e ]»-eyanoacetephenone, obtained from the 

tffllne by a Sandweyer reactiont wat untuecett ful . The 

eubttanoe did not appear to undergo n i t r a t i o n at «10® and on 

ttan^ing a t room temperature a vigorous reaction developed; 

the only i to lab le product wat a low melting so l id «mich wat 

not p u r i f i e d . The t h i r d route ( i l l ) was sore a t t rac t ive eince 

p->aceta»ldoacetophenone had been deter ibed by Reads veld (/A7) 

|ind the tubsequent n i t r a t i o n by aibton and tev ln ( ) . 

l a t h e r » ji4*ehloro«3-nitroacetophenom and i^«broiio*5*ealno* 

aeetophenone were known (/o^and i^etpectively) whi l t t 

reference to other re levant work (route i v ) wat aval labia ( lOX), 
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irih praet l ee , Baadeveld*s conditions for the acetylat ion of 
p^aiBlnoaoetophej^ne proved unsat isfactory and the use of 
pyridine as c a t a l y s t instead of sulphuric acid wes adopted. 
N i t ra t ion of the aeeta»ido*eompound by the published Method 
( 6 Y ) revealed the c r i t l o a l nature of the react ion temperature; 
a 6 5 / y l i l d of pure 3«ni tro*u-aee tamidoacetephenone was 
obtained froei an experiment at 0^ but a t both y i e l d and 
puri ty were i n f e r i o r . Hydrolysie to the asine was affected by 
the eiethod of e i ther Baadsveld ( U Y ) or Oibson and l e v i n ( 6 7 ) . 
A teaporary ehortage of material led to the develops^ent of 
a l t erna t ive routes and the succeee ot these resulted i a the 
conclusion of the above l i i ^ s of at tack. 

The f i r s t a l ternat ive route to a ^<-substltated*2*aslno» 

acetophenone arose from the f indings of Gabf^iel and Lc^nberg 

) . These workers prepared o<>^a9lnoaeetophenone })f 

condensation of o«>phth8li«ido»bensoyl chloride with dimett^l 

sodiomalonate and subsequent hydrolysis with hjrdrlodie ac id , 

i^oChloroanthranilio ae id , the e s s e n t i a l s t a r t i n g material 

for the eyntheeie of t|»chloro«2-aminoaeetophenone, wae 

i n i t i a l l y prepared froia p*toluidine as fol lows: 
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^ ^ ^ ^ ft A . r ' ^ ^ ^ 

NO, 

'iv 

( ^ Indicates y i e l d s uting the technique of I . O . I . ) 

L _ fr^^^^^ 137. r ^ M e / V M e 

(4-0hloro*2-nitrotoluene iVi) wat reduced with ttannout 

c h l o r i d e , the reeu l t ing aiRlnt acetylated and the acetaaido-

d e r i v a t i v e oxidised with neutral potatt lua pennanganate to 

y i e l d ii^-chloro-a-acetaaidobsnzolc acid (40 ) ; hydrolyt l t 

with sulphuric ac id y i s lded i f - c h l o r © a n t h r « i i l i c acid ( V ) . 

This wae l a t e r obtained f ros if-chloro«»2*toluldine t^dro-

chloride ( f l ) , which, together with d e t a l l t of the procett , 

wat supplied by I . e . I . ({)yettuffe D i v i s i o n ) , Fhthalonation 

of i 4 « c h l o r o a n t h r a n l l i e ac id f usion of the dry coaponente 

(the method of Gabrie l and Lowenberg) gave variable y i e l d s 

©f t^-©hloro-2«phthalialdoben2oic acid ( V I I ) and the use of 

^-chloronaphthalene as a di luent was only tuecessful on the 
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s i i a l l s c a l e . Refluxing the components i n ace t i c ac id , a 

prodedure which has been s u c c s s s f u l l y e«ployed with a wide 

v a r i e t y of anlnee ( / F O ) , was eventually chosen for preparative 

purposea; a l t h o u ^ the react ion proceeded slowly, t h i s method 

gave p r a c t i c a l l y pure if-ehloro»2-phthallaidoben»oi© acid i n 

y i « l d . Condensation of tb» ac id chloride (of the l a t t e r 

co«iipound) with d i e thy l eodionalonate and hydrolysis of the o i l y 

product y ie lded crude t|-.cfeloro-2*«3lnoa©etophenone ( V I I I ) , bast 

ieolated as the acetamido-derivative. A study of various 

condit ions of condensation a » i hydrolys i s furnished data which 

are deta i led i n the table below. 

The c h i e f d i f ferences between the condensation conditions 

"A" and "B* were three i n i^aHer; no aechanloal s t i r r i n g wee 

eaiployed i n * A * , rigorous care i n the preparation of d i e t J ^ l 

sodioaalonate (/^^) wae only adopted I n "B" and l a e t l y the 

protect ion of the acid chloride froie aoieture wee only 

developed i n the l a t t e r e^q^erlments* Although no wide 

v a r i a t i o n s , ether than those tabulated, were allowed, the y i e lds 

var ied considerably. Th i s s tate of a f f a i r e wekee a i ^ atteapt 

at genera l i sa t ion hasardoue but soae conclusions are noteworthy. 

on the s f i a l l scale (at l e a s t ) the hydrolyt ic conditions appeer 

to be f a i r l y reproducible (note the <ifference of only l . i * 

between ^i^* and ^i^c*) and the treatment selected for 

preparative purposes i s undoubtedly the eost e f f i c i e n t . The 
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Sxpt. Scale ^ Conden­ Hydrolysis conditions t Y i e l d f Sxpt. 
(grins.) sa t ion ^ (gentle r e f l u x i m ) 

Sxpt. 

conditions 

1 •A" HI ( » s 1.7) f o r U5 «»l««. 15.9 

a 7 H HI (1.7) « 50 * 17.5 

2b 7 »t H Br (1.U5) « «*0 * 18.3 

7 >• MI (1.5) • 30 - 15.5 

a 7 W H ao ( l : l , v / v ) for 2 h r s . 
2 U 

21.U 

7 H Sr (I.U5) *• 9 h r s . 2U.I* 

© f ti H Br (l . t*5) HO n i n s . H*.3 

a' 7 H Sr Cl.t*5) " 9 l»re. 58.5 

i^b 7 H ar,Ac<Si (1:1) « 9 h r s . 2if.(» 

e 7 H Br (1.1*5) * 9 h r s . 56.9 

5 21 M 27.2 

$ 21 » « 

1 U2 M M 26.6 

8 t̂ 2 O 52.U 

9 t|2 R H 55.t* 

10 6U « II 55.6 

11 8t̂  m.2 

1^Weight of t^*chlor©-2-phthalimidoben2oic acid taken, 

f *»A» and » B » are f u l l y described on page 

/ f i a i d of i*-ehloro-2-acetafsld©aeetophenone. 
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behaviour of the condensation was more oapriciout^ a î ; 
d i f ferenee i n y i e l d being noted i n experisentt Ĉ ab** and '•Jc.**) 
i n which * ident ica l* conditlone vera uttd; on the larger 
sca le (exptt . ^-11) the f luctuat lone ware even greater. The 
preparative y i e l d of 30-^0, of 4^-ehlor@-2->^acetaiiidoaeetophenone 
(bated on i4-chloro«'2-phthaliii}ldoben2oie acid) repretente an 
average y i e l d of 7^-80' for each of the four etaget involved. 

Mention may here be made of an attempt to condente 

if-shloro-2-phtnalimld0ben2oyl chloride with e thyl todio-

acetoacetate. Treatment of the highly c r y e t a l l i n e interwediate 

compound, ethyl(tf-chloro-2-phthallffiidobenxoyl)aeetoaeetate, with 

hydrlodie aeid did not give tht desired r e s u l t , u-chloro-

a n t h r a n l l l c ac id belnjj; the only i to lable product. The utt of 

a lcohol ic sulphuric ac id i n the hydrolytie ( ) yielded no 

use fu l resu l t* 

Another synthesis of i^«chloro-2-aailnoaeetophenene wae 

based on the preparation of o-aminoaeetophenone f r o « e t l ^ l 

o-nltrobentoylacetoacetate (X; R « H) Keedhaa and Parkin 

i 113 ) . The following soheaes wart exaiRined: 

I ) ( M ) 

a ' ^ ^ ^ N H j . c e T ^ N O j R T ^ ^ N O i J 

( M ) ( K ) 
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PrellRtinary etteiapts to prepare the requ i s i t e o-nitrobensoie 
acid ( I X ) ^ oxidation of if-ohloro-2-nitrotoluene ( IV , page/^?) 
Indicated the u n s u i t a b i l i t y of the mtethod for preparative 
purposes. A poor y i e l d of the acid together with eoae 
ui^hanged mater ia l resu l ted f r o » treatsent wlie^ e lkal ine 
pota8Siu« per«!«Biganate, The use of aqueous pyridine with thie 
reagent, whi l s t e f fec t ing hossogeirMity and hence »are rapid 
reac t ion , gave as the sole i so lable orys ta l l i tw product a 
substance which yie lded unsatisfactory ana ly t i ca l data. Pre­
l iminary br©«iination of the methyl group, a measure used 
s u c c e s s f u l l y I n the oxidation of 2,6-dichlorotolttene ( / / 5 ) , 
was I n e f f e e t l v e i the eonsusption of permanganate by the crude 
broplnation product was laost rapid but only anchaiHted t*-chloro-
-2 ' -ni tret©luene was i so la ted and th i s i n moderate y i e l d , the 
nltrotoluene was a lso wholly unchanged a f t e r re f luxing for one 
dey with equal parts of concentrated and d i lute n l t r i e ac id f t f 6*?) 

I n view of these r e s u l t s , e f f o r t was ooneentrated on the 

route from l«-ehloro*2-nl tranl l lne ( X I ) , i n i t i a l l y prepared by 

l i t e r a t u r e sethods ( /VY,5 . / ) but l a t e r aade evai lsble by I . C . I . 

Preparation of the n i t r i i e ( X I I ) wee never wholly s a t i s f a c t o r y . 

Appl icat ion of the procedure of Hel ler (7A.) Invariably led to 

incomplete d ia so t i sa t i on i n spite of the use of a we l l s t i r r e d , 

f i n e l y divided euepeneion of the a« ine hydrochloride. Further, 

reduction of the a c i d i t y of the dlagotised so lut ion ,as 
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recoieiRended by Mel ler , gave a highly eoleured letpurity, poesibly 

a dIazoaiRlno-coBpeund. 

A second technique (forwarded by I . C . l . ) was reported to 

give a 5©/! y i e l d of 2 - n l t r o * ^ - a e t h o x y b t n t © n l t r i l e froai the 
8 

n i t r o - a n i s l d l n e . T h l t procedure effected only s l ight laprovt-

i»ent i n the oate under considerat ion, d la to t i ta t lon be l i^ t t l l l 

Imofflplete and ^ e product ditcoloured. 

At t h i s stage attent ion beeaae feeusted on a etatement 1^ 

mm (74- ) c l a i e i n g the preparation of ( X I I ) i n 75/ y i e ld* An 

attempt to reproduce itunn*s r e t u l t wat untuccetsful but the 

use of hie aiethod w i ^ ntcdlfioation i n the i s o l a t i o n stage gave 

coneletent y i e l d s (55 ) the pure n l t r i l e * 

Several nethode were tested i n the p u r i f i c a t i o n of the 

crude nit r i l e which was always hlf^ly coloured and of low 

Sieltlng point . H e l l e r ' s {Method (extract ion with hot water) did 

not appear adaptable for preparative purposes; d i s t i l l a t i o n %n 

vacuo gave a c lean product of eoaewhat low melting points Material 

obtained the " I . C . I - ^ technique*' was readi ly puri f ied by etesai 

d i s t i l l a t i o n but an attempt to i so late (by thie eeane) c lean 

materia l d i r e c t from the reac t ion nlxtta^e fa i led* The aost 

e f f e c t i v e method of p u r i f i c a t i o n wat found to consist of 

chroaatographlo adsorption on aetivated alumina* 

The y i e l d and pur i ty of i^-chlero^a-nltrobenaoic aeld ( I X ) , 

obtained by hydrolyait of the n i U * i l e , appeared to be greatly 
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affeoted by s l i g h t changes i n the concentration of the 

sulphuric ac id used. H e l l e r ' a method gave excel lent resu l t s 

i n i t i a l l y but l a t e r the uss of sulphuric acid from a d i f f erent 

sovrce led to i n f e r i o r i t y i n both yleSM and puri ty . Re* 

producible conditions were eventually established using a 

s l i g h t v a r i a t i o n of those of He l l er . 

i*-Chloro-2-nltrobens:oic acid reacted spontaneously with 

phosphorus pentachloride and the acid chloride «o fonsed was 

treated with ethyl sodioacetoacetate aceording to the Method 

of Needhaa and Parkin iii3). Hydrolysis of the crude i*-chloro-

-2-nltrobensoylacetoacetate (X) with alcoholio culphuric aeid 

furnished tf-ehloro-2-nitroacetophenoae i n good y i e l d and 

reduotlon to the aaine ( V I I I ) was equally successful . 

The only reference to the l a t t e r compound m the l i t e r a t u r e 

I s a note by Boberts and Turner ( I 3 i ) on uneuecessful attenpte 

to prepare t^-chloro«2-aminoaGetophenone for use i n the eyntheeie 

of 7-chloro-2,tf-dlgiethylquinoline. The following routes were 

exasiinad Igr these workers: 

(a ) treatsient of 2,U-dlehloroacetophenofte with 

a lcohol ic amvonla at 180^ for 6 hours 

(b) Interact ion between p-chloroaeetophenone snd 

ace t i c anhydride in the preeeace of z inc chloride. 

(e) conversion of 2,U-dlnitroethylebenaeiie to the 

acetophenone oxleie by aayl n i t r i t e and plperidine. 



Th« fftlXmre of thtt« aittho^s vm an9xp»ct«d sifiet 
s u b s t i t u t i o n of anlllnft f o r th« p«Ghloro-d«rlvativ# i n (b) 
afforded p-aislnoaeetophanon* ( Sif. ) and tlitt iia« of sodiasi 
©thexlde instead of plpartdln© i n (e) •«» known to g l v * 
« a n a l i y l a l d of th« da«lred oxi»« ( U f ) , 

I t 18 app«r«nt that aoma dapllcation of tha work of 
%m prasant Invaatlgatlon has baan a f f t a t a d by Laonard and 
8oyd wftoaa papers {%fls) appearad a f t a r tha eoraplation of 
tha h i s t o r i c a l Introduotion of t h i s thaais. Sinea tha 
Amariean n^rk consists largaly of a balatad prasantation of 
r a s i i l t s wbicrj hava airaady baen daait with i n tha introduction, 
only e a t a r i a l ralayant to t h i s chaptar w i l l ba diaeuasad. 

Tha a a r l i a r work of Bobarts and Turnar (f3l ) waa ovar-
lookad by taonard and Boyd I n spita of tha f a c t that thay had 
occasion t o risfar to tha pablication of tha fomar workars i n 
connaction with tha n i t r a t i o n of 5,»4.-dlehloroacetophanona. 
U-Chlora<'2-afiinoacatophanQna waa praparad i n low y i a l d by tha 
affioonolyaia o f 2,U*dlohl0roae9tophanona iialng a i t o d i f i e a t i o n 
of tba isathod daaerlbed {ffS) for tha eorraspondir^ banzoio acid. 
A siora satisfactory proeadara was baaad on u-chloro*2-ni t«*o« 
benzoic acid (prapared by pannanganata oxidation of H-chloro*2-
nitrotoluana i n aqaaoua pyriSina, c f . page (/3 ),tha tiathod baing 
assa n t i a l l y that dascribad abova (paga//2)f axcapt f o r tha 
radaction i n whieh tha Ainerlcana amployad aat a l y t i a hydroganation. 



L«dnar<S and Boy& i f S ) curried out th t d l t a o t i s a t i o n of 
if«cli3.orii«2*fli»inoac«tophenooe I n g l a e l a i «@*tle eeid using 
ni^rosylauipharic sold «nd cy c l i i m t i o n to 7-chloro<»2̂ »bydro3̂ -
einpollna *as allowed to proeaed d u r l i ^ 28 daya; a van a f t a r 

o 
t l i i a tl@e 1% was naeaaaai^ to haat to 70-8O to complata tha 
raactioiu 

I n tha present Invaatlgatlon a preliminary anall aoala 
d i a z o t i s a t l o n of a aaapansion oi i^^chXore-SKafflinoacatophanona 
I n ftiydrQehlorlc acid C6N) yielded a t r a c t of aolid together 
with a r a i a t i v a l y large amount of a sweet swelllrig a l l . A 
larger experlrsent gave a l>etter y i e l d , superior to that of 
%«hydroKyclnnollneItself but less than the corresponding 
6»substituted derivatlvea, t^4s correlation between y i e l d and 
aufestltuent being f u l l y expected on the theory of Schofleld 
and Sl^^ipson (page *f8 }, the following table shows the ylelde 
obtained i n the synthesis of 7«chloro-i4*hydro^elnnollne, 

(table over) 

^ the y i e l d m t h i s experlnsent was 81,: but a eyollsatlon 
effected overnight at rom temperature and then at 60-70 f o r 
^ hours gave an 60;! y i e l d of pore material; the eoneentratlon 
of the acid i n the l a t t e r cyellsatlon was not elearly specified. 



a t a r t l i m 
M a i a r i a i 

{,l>*^loro-
a*nttro» 
anili n a 
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tĵ *Ghloro>2'»nl t r o -
banaio» 
a U r O ^ 

50-55 80 

lf*Chloro-
aeaio»' 

85 

CinnoliQa 

59.5 

i*-Chloro-
S-^nltre-
tolas na 

^ ax 

Jbaonard 72 61 6t*.2 81 
at a l . 

Flgorae rapraaant y l a l d baaad on tha pracading lntar«adlata. 
fBssad on unracovarad s t a r t i n g waterlal; 22/ basad on t o t a l 

s t a r t i n g matarlal. 
» » » *» « . uS/* * « « 

-fTh|s y l a l d has sinea baan raised to 95/ (155'), 

I n vlaw of the dtibioua y i e l d of 7-ehloro»U-hydroxycinnolins 
from tha s n a i l seals axparleiant, an attaept was aada to inaraaaa 
tha extant of cinnoline formation introdaclng a nltro*group 
( c f . j j . i f ) I n t o tha nucleus. N i t r a t i o n of i**ehloro-2»acataaiido-
acatophanona was earriad out I n tha bel i e f that the powsrfal 
podlra^tlva a f f e c t of ths acatatRldo-group would assert i t s e l f . 
I n f a c t , t^-chloro-5-'nltro*2-acet^ldoacetophanone <XIII) was 
fonsad i n 77/ y l a l d w h i l s t the aqueous n i t r a t i o n mother liquor 
yielded ti^f of a »dra basic isomer. Saeh of these compounds 
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yielded the correepondli^ nitro<»a9ilne on hydrolysis, Svldsnee 
proving the structure of the major product la presented l a t e r ; 
the I d e n t i t y of the secor^ isomer as the 3-nltro-»derlvatlva 
(XtV) rests on i t s conversion to ̂ •chlQre«^3,3*^^*Blnoaeetophenone 
and hence t o a phenasine i d e n t i c a l with an euthentle eanple 
prevlouoiy prepered I n t h i s laboratory Igr ?lr<» J. R» Keneford. 

Conversion of the corresponding ohloro-nltro-^aalnoaceto-
phenones to hydroig^elnnnilnes developed i n t o a aost interesting 
problea. Botli the 5» and 5-nltro*darlvatlves appeared t o 
behave normally on diaaotlRation i n hydrosblorie acid sines 
these separated fren the clear diasonliut s o l ^ t l o n on heating to 
70° a s o l i d wiileh possessed properties t y p i c a l of a U-hydroj^y-
slnnoline. thus the 5-nitro-derlvatlve yielded a sa>stance 
soluble i n d i l u t e a l k a l i s (reprecipltated by acids), ths sodlu« 
M-^l% being precipitated from more concentrated solutions which, 
however, were not ao deeply coloured (yellow) as was expected 
by analogy witft <S-nitro«i**hydroxyclnnollne ift-X), Analytical 
data indicated that the product was not the expected 7«ehlero«^-
-nltro-ij^-hydrexyclnnollne and a si?8llar conclusion was rsaohed 
regarding the product froa diaaotlsed u-chloro«5-nitro-2-a»ino-
acetophenone; i n t h i s ease the usual properties were again 
evident (the sodiua s a l t was much nore soluble). I n order to 
provide extr<* ana l y t i c a l data the i|-ohloro* and i^-pheaoxy-
derivatives of both •cinnollnes' were prepared; I t was noted at 
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t ^ s atage t h a t tha tsaltlng point of tha substance obtained 
fro» c^*chloro*5*hltro-2-Miinoaeatophenone waa ide n t i c a l with 
t h a t of 6»7*^lchl©ro-^t^-hydroKyclnnoline (XV, page/ZS") and t h i s 
r a l a t l c n a l i l p extended to other d a r i v a t l f e s . Thla i d e n t i t y of 
the two aarles of compounds was confirnad by nixed neltlng point 
datarailnaticna and f u l l y supported ^ analytical data; preparatlen 
of tha U'»aeatoxy<̂ darivativa'̂ of the cinnoline from each source did 
not revarsa the above decision. I t was clear from the analysla 
figures t h a t the Gycllsatlon product of diazotised {^•chloro>9> 
«nitro*2««^lnoacetophanoi»i was Isomeric with 6,7-<Jie*^lb''o-H-' 
-hydfojQrclnnoline and I t was regarded as 7»8-dlchloro<>i4-hydroxy-
cinnoline (3CVI)| tha i**chloro« and i*-phenexy»derlvatlves yielded 
confiraiatory a n a l y t i c a l data. 

I t was believed th a t tha replacement of the n l t r o * by the 
chlof*0*group took place d i r e c t l y altl.ough i t was not known whether 
such replaceoent ecotirred before or aft e r cyellsation to the 
cinnoline. Thla point was s e t t l e d by dearalnatlon of the U-chloro-
**x*^nltro»2-a)Blnoacatophancna; dlasotlaatlon of tha 5-nltro 

^This compound and i t s i**chloro- and U-phenoxy-derlvatlves were 
prepared e a r l i e r I n t h i s laboratory (Liverpool) by Mr.J.R. Keneford 
and such I d e n t i t y confirms the orientation of the nltro-group i n 
the s a ^ r n i t r a t i o n product of ifochloro-2*aeet«8ldoaeatephenene 
(pagein ). . 

f % treatment with b o i l i n g acetic anhydride; treatment with the 
hot reagent and a f i v e - f o l d asount of pyridine was ineffective 
w h i l s t a f o u r - f o l d quantity of acetic anl^drlde ( r e l a t i v e to 
pyridine) gave almost t o t a l acetylation - t h i s bshavlomr la 
slssilar to that observed (/57 ) with ethyl 6-«ethoxy-'i*-hydroxy-
qalnollne -3-oarboaylate. 



isomer I n hydrochlorie acid and addition of the cold diajsoniuiB 
s o l u t i o n t o celd hypophosphorous acid yielded a slxture froa 
which pure (#-chloro-5'-i^itroaeetophenone was isolated. However, 
when the dlasotised s o l u t i o n was warmed u n t i l a f a i n t t u r b i d i t y 
appeared and then added to cold hypophoephorous acid, ths 
product was p r a c t i c a l l y pure 5*U*dlohloreaeetophenone. S l a l l a r 
manipulation of J*^^-chloro-5-nitro-2-aRlnoacet©phenone g e l d e d 
^tU^dlchloroaeetophenone and l i l e n t i f i o a t l o n of the allcaXi«soluble 
cinnoline (responsible f o r the t u r b i d i t y In the warm solution) 
as the 7>8«dlehloro«derivatlve si^^gested that replaceaent of 
the nitro-group occurred wholly before cyellsatlon to trie 
cinnoline* 

Although the causa of ,the ctarlous results obtained on 
di a s a t i s a t l o n maA unexpected a l i t e r a t u r e survey disclosed a 
number of slKtilar examples which «ere equally explicable by 
the d i r e c t replacetnent Hypothesis mentionsd above. Thus 
Ifeldola (foi*) observed the same replacement reaction i n certain 
d l n i t r o a n i a i d i n s s , the e t i ^ e at which replaceisent occurred being 
decided lay i s o l a t i o n of an a«o-dye, e.g. 

0C«3 OCH3 f 

^^X ,3MZOTIS£3 souy. (iT^^^ 3>iflxPr/sE.b >N HO- v [T'̂ ^̂  
^ -t-fSCi^H^OH ~ Y ^ N O j ^ ^^'^ ^^^^ ^V^C£. 

More recently, Kellen and CasB ( 7? ) obtainsd 8-*chloroisoquinollne 
by d l a s o t i s a t l o n of 8«*nitro*5*aaiaô ,spQUinQllne and subsequent 
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deasiination. Both groups of workers noticed tha presence of 

.N > 

excess nitrous aeld^ even when a th e o r e t i c a l l y i n s u f f i c i e n t 
a»ount of n i t r i t e was used. Siisilar raplaeaments are «ore 
coafifflcn i n tha naphthalene series; Cle»o and coworkere (3*? ) 
fsund t h a t d l a s o t i s a t l o n of oC-nttr0-/3-naphthyla«ine i n 
hydrochlorle acid and traataent with cuprous chloride gave 
the eo»pound (XIK; a • R* s 01) Inataad ©f (XIX; R « CI, 
n* ^ HOg). Dlazotlsation I n sulphuric acid followed 1^ the 
apprcpriate Sandaeyar reaction gave l,2-dl^o«o- (XIX; B s R» 
« Br) and l,2-dllodo-naptithalen» (XIX; R » H» • I ) . 

I " " - ^ >. I II I " 1 ^ 
m-H-H 

( m ) (m) 
An anomalous r e s u l t was obtained on dlasotising i n hydroehlorla 
acid and adding tha dla^otlasd solution t o cuprous broalde 
( i n hydrochloric acid) the product belr^ 2»ehloro-l-broflio-
naphthalane (XIX; a » CI, R» » Br). Enuring work on the 
Influence of substltuents on the formation of diasoasinea and 
amlnc-aac compounds» Uorgan (/// ) found that reaction of 
dlazotised ( i n i^drochlorlc acid) oC-nltro- /3-naphthylamine with 
a s o l u t i o n of l-chloro-2-naphthylcunine gave 2-dlaso«Blno-l-
chloronaphthalane (XX) Instead of the expected *mlxed' 
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diazoamlno compound. The y i e l d of the product excluded I t a 
de r i v a t i o n who&ly frem the added chlore-base and t h i s c learly 
constitutes added proof to one of the abova exa«ples. Mergence 
atudy l a of added Interest since he noted that the replacement 
reaction was not instantaaaoua, a point which l a evident frea 
the i s o l a t i o n of U-»ohloro-3l-nltroacetophenone froa the *cold 
deamlnatlon experlisent (page/;i5). 

I n 1951*, Wilistaedt and 3cheiber ilil) f a i l e d to reduce 
2»flaero-l-nitronaphthalene, prepared by borofluorlde treat«ent 
of dla^otlsed <^*nltro*/3-naphthyls^lne ( I n hydrachloric acid); 
r e p e t i t i o n of t h i s woric by 3chiemann and Ley (/37) waa prciiptad 
by t h e i r success I n reducing Z-fluoro-l-nltronaphthalene froa 
a d i f f e r e n t source and i t was proved that the product fro« the 
borofluorlde route was actually l-chlorc-2-flooronaphthalene;-

NOi. Ct CJi C£ 

A a l i s l l a r dlaaetlsatlon of oC-nltro-/3-naphtbyl8«lns and 
«ubseqiuent treatment with potassium iodide yielded to I t a l i a n 
workars ( ) a substance prasuaed to be l-chloro -2-iodo-
naphthalene. Fornatlon of t h i s cooipound was explained by the 

attack of ••nascent chlorine* (from iodine wonoehlorlde) on the 
nltro-group, especially susceptible i n view of the " a a b t l i t y * 



•1?5* 
of substitusnts i n ths naphthalene series as compared, with 
the benzene series. I n the l a t t e r i t i s evident that the 
Usability'* depende upon su b s t i t u t i o n although some anosalies 
appear when the type of substltuent i s considered. Meldola 
and Hay (/06>) sumstarised the condltione f o r e l l s l n a t l e n 
(replacecsent) of a group ( n l t r o , methoxy/): 

(a) the group tstiust be ertbo or para to a diase*greup,and 
(b) the group muat have a nitre-group i n an ortho position 

to act as an • ^ a c t i v a t o r * , f o r example; 
one. one. ^OHe. 

HHx N//a 
C^^lndieates the geoup replaced on diasotisation). 

t n cohtraet t o these examples, i n which a c t i v a t i o n l a produced 
by a powerfully e l e e t r o p h l l l o group, the r e a c t i v i t y of n i t r o -
groups (ortho or para to a dlasonlus cation) i s the present 
investigation appears to be enhanced by a substitusnt (CI) 
whose noresal taute^eric i + T) e f f e c t la reinforced by a 
p-carbonyl group. 



Dlasotisatlon of u-chl©r®-!̂ -nltro-. and i^-chloro-3-nltro-2-
-attinoaeetephsnones i n sulphuric acid yielded 7-chloro-6-nitro-
and ?-©hl®ro-.S-nitr0»tf-hydroxycinnoHnes (XVII and XVIII) 
respectively. 

Since t h i s investigation was net eeficerned with the 
actual preparation of eonpounds f o r antimalarial testing i t 
was decided t o extend the scope of the present study to the 
synthesis of 7*ehlero-3-«»tl^i*i**hydroxyeifJnellnes. Interest 
i n such co«pounds lay i n t h s l r f a c t i o n as interaedlates for 
p o t e n t i a l a n t i a a l a r l a i s w h i l s t a study of ths r e a c t i v i t y of 
tiai 3 - i i e t J ^ l group appeared p a r t i c u l a r l y a t t r a c t i v e i n view of 
the p a r a l l e l work on u**ttethylGlnnolinas (page/ui). 

Sach of the routes developed f o r the preparation of tf*chloro-
«>2«*aainoacetophenone was u t i l i s s d i n attenpte to prepare the 
eorreapendlng propiophendne: 

Q Q / ^ ^ H O ^ C l i T V ^ N O i C J T ^ i ^ m j , C ^ h ) 

Me«iyl«alonic ester, required f o r method (a ) , wae prepared 
by a iitethod ( I f f ) tthieh i s essentially that of Lucas and Young 
(1*7 )• Condensation with the acid chloride waa carried out 
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U^lferdro^einnollnes frottt tt-ChlorQ-2*aiiInoacetophenones. 
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using these conditions (page/// ) which gave an optlaun y i e l d 
of t*i-chloro-2-aalnoacetophenane (as the H-acetyl derivative), 
but tba product a f t e r hydrolyais and acetylation contained 
appreciable quantities of U-chloro-2-ac6ta«ldoaeetophenone. 
A r e p e t i t i o n of t h i s experlsient using oethylitalonic ester, 
p u r i f i e d by a method kindly eupplled by i ) r . r. H. a. Curd, gave 
the following r e s u l t s . The i n i t i a l o i l y condensation product 
was acecKBpanled ^ a sn a i l amount of a o r ^ s t a l l i n s cooipound, 
rn.p* 270® (dacoap.), d i s t i n c t from !4-chloro-2-phthallflildobena0lc 
a d d («.p. 270°), Treatment of the o i l with b o i l i n g hydrobroaic 
acid furnished a second c r y s t a l l i n e substance, si.p. 125.5-125®, 

again accompanied by laueh o i l y material. I n two e^^erlraents 
the small aaount of the substance, ra.p. 270 .̂ wa« not isolated 
and af t e r traatiaent with hydrobromlc acid the o i l y product was 
eonbined with n a t e r l a l from other runs. None of the compound, 
«i.p» 125.5-125°, was isolated but a t h i r d substance, a.p. 152-

l ^ ^ f obtained. Tha bulk of the f i n a l s a t e r i a l , however, 
was s t i l l a dark o i l and an attasiipt to prepare a er y a t a l l l n e 
acetyl derivative was unsuccsssful. the basis of mslting 
points only the substance, m.p. I25.5-125**» could be the 
desired asilnopropiophenone but t h i s was sxcludsd by the 
following r e s u l t s . Ths coapound reslstsd the treatment of 
acetic anhydride at $0° arui was sparingly soluble i n hot d i l u t e 
or concentrated hydrochloric acid; the suspension obtained on 
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cooling a b o i l i n g solution i n mixed hydrochlcric and acetic 
acids could not be diasotised, Further examination of the 
euhstanee showed no nlt r o e a t i o n ar^ no picrate fermation. 
Structures consistent with a n a l y t i c a l data and experimental 
conditions c««jld net be aaelgned to any ©f these producte. the 
substance, ia.p.270 , i s t e n t a t i v e l y represented ae (XXII) since 
the l a t t e r can only arise frois uhmethylsted malonlo eeter and 
the operation of a remarkable series of reactions under the 
conditions of the experiment; 

"CO 

Oh 

Substance 
fa. p. 123^ 

ten) 
12 10 

Analytical Oata 
Found 

S , i 2 . l5 i M,3.7; H ,5.l; ei,10.5;f, 

€,59.85; B,u.63i H,3.5; ci . 8 .35 . 

S,53.«*; 14,3.7; H.5.75; Cl,13.3.t. 

(XxTi) 

Required 

C,55.8; H,3.8; 
11,5.2; Cl,13.3/. 

For route ( b ) , ethyl methylacetoacetate was prepared by 
methylation of acetoacetic ester with methyl iodide. Since t h i s 
method gives etainly the monemethyl derivative and only about 
t^Z of the dissethyl compound ( 7 ) the procedure of aichael {(OS) 
mm adopted, p u r i f i c a t i o n involving only the removal of 
unchanged acetoacetic ester. Condensation with U-chloro-2-nltro-
ben^oyl chloride and 8ub9e%uent t ^ d r o l y s i s with aloohollc 
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sulphurlc acid ( c f . page/y4.(u) yielded a pale yellow o i l , *.p. 
l67-l7C^Aif «9ii!. Reduction of the l a t t e r gave an o i l y aaine, 
the c r y A t a l l i n a acetyl-derivatlva of which was I d s n t i f l e d 
(analysis) as s t h y l 4-chloro-2-acetaiiidoben3oate, An attaspt 
to condenae the material, b.p. ,167-170°/1U ma., with benaaldehyde 
I n the prassncs of potasslusn hydroxide f u r n l i ^ e d only a spsclmsn 
of potassius if-chloro-2-nltroben!3oate. 

The p r o b a b i l i t y that the establishment of conditions f o r 
the synthesis of u-ohloro-S-a-nlnoproplophenone would require 
as meh e f f o r t a» that expended oh the Correapondlng aceto-
phenone, costbincd with p r i o r i t y of other schemes, Isd to ths 
conclusion of Uils work. 

filentlon may here be made of a related project on which 
only preliminary work w«s carried out, namely, the Investigation 
of possible routes t o 7*sethoxy-lf-hydro}grelnnolines. Ths s f f s e t 
of tha {nethojQrl group on the extent of cinnoline fonsation waa 
of obvious Interest whilst the p o e s l b i l i t y of similar replace­

ment reactions to those observed above (page/:i5) was an added 
stimulus. Antlrsalariala derived free t h i s conpound would not 
only provide further eoaparative data on the r e l a t i o n between 

su b s t i t u t i o n and a c t i v i t y i n clnnolincs but would o f f e r anothsr 
©eans of comparing ttie c o n t r l t e i t lon of various hsterocyelic 
nuclei t o antimalarial a c t i v i t y . 
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the following scheme to Intsrmedlates was envisaged. 

(HUT) (Be9 (ST) f (xxw) 

( M M ) 
the compound (XXVI) has been obtained ( 8 ) i n satisfactory 
y i e l d from (XXf) (prepared by n i t r a t i o n of p - t o l y l carbonate 
or from 2 - h l t r o - p ~ t o l y l - m e t l ^ l ether). Since (XXIXI) and a 
preparative route to (XXIV) were supplied by I.C.I, the above 
routes were investigated. Hydrolysis of (XXIV) to (XXV) was 
not effected on any useful scale; the uss of sulphuric acid 
(18N, 2Un, or 85.: v/v) at 90** gave only low melting material 
w h i l s t b o i l i n g l8H-acld resulted i n a poor y i e l d of the 
desired acid (XXV), much decarboxylation being obssrved as soon 
as the acid waa formed, treatment of the n i t r i l e with alkaline 
hydrogen peroxide (cf . ^ ) also gave only low melting material. 
Attempts to proceed v i a the amine (XXVII), prepared according t c 
Cook at a l . ( 4-i>. were equally disappointing, the subsequent 
drignard reaction on (XXVII) ̂ ave no useful product; r s f l u x l n g 
i n d l s t h y l ether gave only unchanged material (aa the acetyl-o U v i v . 

m.p. 1^-159*') w h i l s t the use of isoamvl ether at 100® furnished 
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a small aaount of unchanged a a t e r l a l together with much o i l 
Which resisted acetylation. 
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(M«lti23g points ars uneorreeted). 

»*Gfal&roanthrfeullie mcia,^ Route ( 1 ) . 

Ca) Z^mtro*t4«'teluldlm» 

A w e l l t t i r r « d so lut ion of p » i o l a i d i n « (100 g . ) In 

®&iioentrAt«4 salpharlo cold {2000 g .) at • lO^ wss t r sa t sd vltH 

a itlstture of r d t r i o aoid it} - 1«43» 73 ft*) and eonesntratsd 

SQlpHurie ac id (300 g . ) , tha taiBperatttra being kapt balov 

tturooghottt the a M i t l o n . The oooling nixture fras removed, 

s t i r r i n g fsalntaii^d for another hour ( f i n a l tenperatare 10^) 

and the reaet ion mixture poured into iced eater (oa. 6 1. ) . 

S-Nitro-i^-tolaidlae atilphate thus f©r«ed was drained wal l and_ 

the free a » i n e l iberated with aqueous aleoholie amaonia and 

recr^retal l ised i n one operationi the pure coapound, n.p, 77-
o 

79 , formed orange coloured l e a f l e t s , A further quantity of 

product was obtained by b a s l f i c a t i o n of the o r i g i n a l mother 

l iq i»ors (d i luted to 1^ 1.) and r e o r y s t a l l i a a t i o n of the seeend 

crop using the aloohoiic nother l iquors from the main crop. The 

t o t a l y i e l d was 118 g. iB3f). 

U^Chloro-aonitrotoluene. 

A bo i l ing solut ion of 2 » n i t r o - t f - t © l u l d i n e (50 g . ) i n 

hydroehlorle aeid (5OC c , c . of 2fJ and 50 0 , 0 . of 12N) was 

cooled and the suspended hydrochloride dlasotieed at 0-5® with 
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•odiQBt n i t r i t e (115 e . c . of 20f so lut ion) , Th* € l « « r 
S iazot i se^ so lut ion »«& addfd during 15 minates to ont of 
euprous eblorl«i« in conetntratdd bydroehiorie acid (200 e . c . ) 
prepared from copper suilpbete (105 g . ) , eodi^m chloride (27 g . ) 
i n « a t e r (320 c . e . ) end eodiuta biestlphite (22 g . ) , eodittii 
hydroxide ( l i f .5 g.) i n water CI50 e .e , )^ louring the addition 
the teaperetore was kept toelov 20^ and a f t e r standing f o r one 
hour tiie mix tare »ae heated to $0^ for 4 hour, T»o hatches 
c a r r i e d o « t se abuve were combined, extracted with ether, and 
the ex trac t washed with euocesslvely l ess concentrated hydro* 
c h l o r i c ac id solutions then with eodium hydroxide and water. 
Evaporatioin of the e thereal extract y ie lded a rapidly 
c r y s t e l l i e l t ^ o i l (92 g . ) which gave pale yellow n a t e r i a l 
(00 g. , t lr ) , b.p, 122Vli* it!iB. 

(©) lj.«'Chloro-2'»acetaaidotolttene. 

A so lut ion of i*-Ghioro -2»nitrotoluene (JO g.) i n acet ic 

aeld (50 c . e . ) was added to one of etannous chloride ( I57 g .) 

i n hydrochloric acid (200 c . c . concentrated and 50 c . c . ftiaing) 

and ahalcen w e l l ^ When the react ion was e s s imt ia l l y eonplete 

the mixture ( including separated atannlchlorlde) was heated on 

a steam hath for 4 hoar, cooled and baeif led wiUi pota«siOQi 

hydroxide eol i i t ion. Two batches prepared ae above were 

eetabined, extracted with ether and the extract woehed and dried. 
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Svapora t ion t o dryness y i e l d e d a pale ye l low o i l (U7.t* g . ) 
which was ace ty l a t ed w i t h a c e t i c an i^dr ide (100 c . c ) end the 
c r y e t a l l l n e d e r i v a t i v e i s o l a t e d by d i l u t i o n w i t h water . The 
t o t a l y i e l d , gj.p, c a . 126^, was 58.3 g . (91 . based on u - o h l o r o -
• 2 » n l t r o t o l t t e n e ) , B e i l s t e l n , Kll, 835 g ives m.p. i j c - l j l ^ . 

(d ) { |^ .Chloro»2-acetaRidoben2oic a c i d . 

i^*0hloro-2*acetatt ldotoluene (50 g . ) and c r y s t a l l i n e 

magneeitvs ealphate (i^O g . ) were s t i r r e d w i t h water ( l i 1 . ) and 
o 

t r e a t e d a t 65<*'70 w i t h a i s ix ta re o f po ta s s i an permanganate 

(120 g . ) and tsagnesiuta sulphate (t^O g . ) added du r ing 5 hours . 

I xcos s permanganate w«s dest royed, the ho t r e a c t i o n mix ture 

f i l t e r e d and the sludge o f sanganese d iox ide washed once w i t h 

h o t wate r . The combined f i l t r a t e was a c i d i f i e d (eongo red ) and 

the whi te needle mass f i l t e r e d c o l d and oven-dr ied , (J*2.5 g . , 

73 / ' ) , ra.p. 208-210** B e i l s t e l n , XXV, 5^5 g ives m.p. 2m** . 
(e) U « S h l e r o a n t h r a n l l i o a o l d . 

The above a e ^ t a s l d o - d e r i v a t i v e (32 g . ) wee r e f l u x e d f o r 

one hour with s u lphu r i c ac id ( ISN, 5 e c . c . ) , cooled and the 

suspended aislne sulphate c a r e f u l l y n e u t r a l i s e d w i t h amtsonia 

(D » 0 . 8 8 0 ) . The l a lx tu re was d e f i n i t e l y ac id t o congo red when 

maximum p r e c i p i t a t i o n o f the a n t h r a n l l i c a c i d wae no ted . I t was 

f i l t e r e d and d r i e d (18.6 g . , 72 ) and Belted a t 218® ( L i t . » . p . 

235-236^) . 



t#«»Ghloroanthrftnilie aoid (Ifethod supplied hy I . C . I . ) ; 

( | - 0 h l o r o » 2 - t o l u i d i n e hydrochloride (I78 g . ) and fused 

sediua aoetats (l6i« g . ) were Mixed i n a f l a s k f i t t e d with an 

a i r condenser, s t i r r e r , t ap» funne l and thersioaeter. Aeetie 

anl^dride (20^ g^) was added and s t i r r i n g begun. An equal 

asount was added during 1 hour so that the tewperature did not 

r i s e ^bove 70^ and the reaetion eompleted by heating on the 

steatt bath for 1 hour. The reaotion f i x t u r e was poured into 

water 0 1 . ) , the f l a s k washed with water {1 I . ) and the l iquors 

allowed to stand overnight. tt» product was f i l t e r e d , ground 

with water (1 1 . ) at and again f i l t e r e d and washed with 

water (1 l , ) i a f t e r drying at 60-65^ i t had « . p . 136^ (153 g . . 

7 2 . 5 / ) . 

A. 5 1. f l a s k was charged with hot water (3 1. ) , the 

aoetaisido-eoiapound (1U3*5 3*) end magnesium sulphate (36D g.) and 

s t i r r i n g began. • fhe tewperature was ra i sed to 80** and potassiua 
o 

permanganate (360 g . ) added over a period of 3 houre at 9<5*95 • 

S t i r r i n g was aalntained for another 2 hours and the nixture nade 

a lka l ine to b r i l l i a n t yellow with eodiua oarbonate and f i l t e r e d 

hot. The reeidue was washed thr ice with hot water (900 c . c . i n 

a l l ) and the oo«blned f i l t r a t e a c i d i f i e d with iiydroehloric ac id , 

allowed td cool and f i l t e r e d , fhe crude acid was washed with 

a l i t t l e Cold water and p u r i f i e d by repree ipi tat ion from a 
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a so lu t ion of sodium carbonate (60 g. i n 1 1. of water) at 6o^. 
Af ter washing and drying {(•chloro<*2<*acetafaidobens@le ac id 1^1% g . , 
72;̂ ) had gt.p. 212°. 

T h i s aeid (107 S . ) warmed with concentrated hydro-' 

eh ior ie aeid (MQO C , G » ) i n a 2 1. f laek u n t i l frothing noderated, 

i^drochlorio ac id (100 c . c * ) wat added sad the alxture ref iuxed 

geri^ly for 3 hours, cooled and the white s o l i d f i l t e r e d cold. 

Af ter thorough washing with water, if*ehloroanthranllie acid wae 

dr ied and nelted a t 22i*^ (7*̂  g . , 86 .5A) . 

^.^hloro.^2»^hthaliatidobenaeic a®id.» l^»Ohloroanthranll lc a i i d 

and p h t h a l l © anl^drlde (100 g, of each) were ground together 

tind the (nixture r « f l u ; ^ d i n ace t i c acid (500 o . c . ) for 7 hours. 

( S l i g h t futtisig a t t h i s stage was due to the presence of a l i t t l e 

hydrochloric ac id i n the a n t h r e n i l i c ac id; no advantage attended 

the use of wholly p u r i f i e d l#-p«chloroanthranilic ae id) , 3 « a l l 

co lour less prisiss separated fro® the boi l ing solution sfeich was 

allowed to cool overnight and the pure phthalinido^aeid, « , p . 

»270®, f i l t e r e d o f f (122 g . , 6%0 (Found: C,59.65i M,2.55. 

^15%%*^ C i requires 0,59.71 ii,2,65;^). 

U'>ghloro-'2*aeetaatidoace topheqone.» Proctdure "A*. 

the above p h t h a l i » i d o » a c i d (6 g . ) was refiuxed with 

phosphorus pentachloride (tj,.5 g . ) i n dry benzene (50 c c ) for 

one hour « i d the c l e a r so lut ion evaporated to dryneee under 

reduced p r » s » i r e to romove pbosphoruB osgrchloride. The so l id 
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residue was redissolved i n benzene (M.0 o .e . ) and added i n one 

port ion to a sttepension of e thy l eodlentalonate prepared the 

previous day from powdered sodium (0.92 g . ) , diethyl sialonate 

(7,6 o . e . ) end bensene (t^d c c . ) . After standing overnight 

a t room temperature the nixture was deeonposed by ehaklng with 

d i l u t e hydroehiorle ac id (20 c . c . ) and the benzene layer 

separated. T h i s was coabiaed with an ethereal extract of the 

aqueous lay i i r , washed, dried and oenc^en^ated. The reeidual o i l 

wae l^drolysed by gentle ref l i ix lng with the reagent (50 c . c , sse 

pege /// ) mi crude tf«ehloro.2'-aminoaeetophenoiM» ieolate<l by ether 

ex trac t ion of the cold react ion nixture a f t e r bae l f ieat lon with 

sodiufs oarbonate. Acetylat lon of the amine wae effected by heating 

on a steam bath for 1| hours with acetle ar^ydrlde (2 parts)> 

C r y s t a l s of the a c e t a « l d o * d e r i v a t i v e separated froa the eeld reaction 

» i x t u r e and were f i l t e r e d end washed with ether. Fvtre ^.chloro.2 . 

acet f t» idoacetophenone c r y s t a l l i s e d from ethanol i n f ine colourless 

needles, m.p, ll^8-m9® (Foiind: 0,56.55; tt,4.8. ^i(fy^Q<^2 ** 

requires 0,56.7? K,i | ,7f) . 

Procedure '"S*. 

A so lut ion of d ie thy l aelonate (108 c . e . ) i n dry benzene 

(16Q c . c . ) was added with high epeed s t i r r i n g to a suspension of 

powdered sodiua (12.8 g , ) I n benzene (500 o . e . ) and the isixtare 

ref luxed for 5 hours then allowed to stand overnight. The wel l 
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s t i r r e d sludge of the sodio-derlyatlve was treated with a 
aolut ion of ^ e acid chloride i n benzene (500 c . e . ) prepared 
as i n "A* f roa i*-chloro»2-phthal l»idobenaolc acid (ew g. 
phosphorus pentachloride {6U. g . ) and benzene (25^ c . c ) . 

I n concentrating to dryness under reduced preesure to renove 

phosphorus osQrchlorlde the entering streaei of a i r was drisd 

fey phosphorus pentachlorlde; further evaporation of an added 

volumeof bensene (1CK3 c . c . ) ensured ceaiplete removal of 

o>^chlorlde , The react ion mixture was s t i r r e d for a further 

7 hours, allowed to etand overnight and decomposed with 

hi^roehlorie acid (300 e . c ) as above, l^dro lys l s of the 

condensation product was achieved by refluxi it^ with hydrobroaic 

ac id (D • 1.5, 600 e . c . ) for 9 hours; the cold react ion 

mixture was bas i f i ed with a^irania (1 part of concentrated to 

3 parts of water) and worked up as i n *A*. 

t»<»Ghloro'>2*aminoaeetophenens." The above aeetawido-eoaipottnd 

( I . 5 g , ) was ref iuxed f o r I 5 aiinutee with hydroehloric aeid 

iCUf 2U G . c ) , cooled and bas i f i ed fl%h amnonla. The free 

amine, tn.p. 91*93 (̂1.15 g . ) » fon i i ed a a ixture of e o l i d l f l e d o i l 

drops and colourlese needles; pure t^-shloro'.2-aj8inoaeetophem>ney 

fld.p, c r y s t a l l i s e d f r « ^ aqueous alcohol i n colourless 

needles (Found: 0,56,2| h,U.65. CgMgO K C I requires C,56.6; 

H,U.7. ) . 
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t» .Shloro->2 .phthal i« idebengoylaeetoacetate . - A nixture of 
e t i ^ l acetoacetate (5 g . ) and sodium ethoxlde, prepared frois 
sodium ( 1 g . ) and ethanol (absolute, 18 c . c ) , was cooled to 
5® and treated with a solut ion of U.ohloro-2-phthalliiiidobenaoyl 
ch lor ide prepared from the sat i f . (6 g . ) and phos|^orus pent a* 
ch lor ide ( t f .5 g . ) as above. The pale yellow eolutlon was 
«llo«Mid to stand overnight, shaken with I^drechlor lc aeld and 
the bengene l a y e r reraovedj t h i s was conblned with an ethereal 
ex trac t of the aqueous l a y e r , washed and dr ied . Concentration 
y ie lded g l i s t en ing needles (5 .6 g . ) , w .p . IQS.lOtf®, which yielded 
oo losr lese l e a f l e t s of the pure condensation product, m.p, lOi*®. 
(Foundj 0,60.6; H,U .5{ U,H,Q, ^2l^i^'^^^ requires C,6u\9; 
H»5 .9 ; 

A port ion (1 .5 g . ) of t h i s product was refluxed with hydrl* 

odlc aold (U ,5 c . c . ) for | hour and worked up ae usual (pege/3^>). 

A dark coloured o r y s t a l l l s i n g o i l (Q.m g . ) which did not ne l t 
no 

on the s teaa b«th and had/character i s t i c emell was i so lated . 

The a l k a l i n e mother l iquor was a c i d i f i e d and yielded by ether 

ex tract ion a white ao l id (O.gtf g . ) which a f t e r several r e c r y s t a l * 

l l s a t l o n s from alcohol had at.p. 237° (decosp.) (U-chloroanthra* 

n l i l c aeid has m.p. 236®) (Foohd: C,ue.85l H,3.5» G l , 20.5. 

C a l c . f o r C^H^OgN C I : C ,U8 .9 ; H , 5 .5 ; 01 ,20 .7;:). 

t i*Glllore«2>nitrobenzonitrl ie. . I n the following experlnsnts ths 

crude n l t r i l e was always Iso lated by extract ion of the react ion 

siixture With e ther | the ex tract wae waehed with water, scdium 
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hydroxide so lut ion and again with water, dr ied and evaporated. 

(a) An experiment (using 0.2 gm. s o l . , 3U .̂5 g. of aaine) 

enploying i ie l ler*8 ila } conditions indicated h i s use of an 

except ional ly large excess of sodiun acetate over that required 

to buffer the diazotised Sj&lutloh (witii respect to eongo red) ; 

a secoz^ experiment required roughly 1/3 the quantity of sodiuti 

acetate . The y i e l d s were contblned and furnished on d i s t i l l a t i o n 

a pale yellow product (22,6 g . ) , b.p. 228»2l»0*/12 « a . , which on 

r e c r y s t a l l i c a t i o n f r o « ether gave pure ^-chloro-2-nltrobeiU5o-

n i t r l l e (18 g . , 25.-), m.p, 98*99®. 

(b) Kethod of I . C . I . 

U~Chloro-2*nitrani l ine (3U.5 g.» ^.2 s o l . ) was converted 

into i^drochleride witii the miniii«u» of boi l ing concentrated 

l^droehldrie acid and the dark red pr i saa t i e nsedles f i l t e r e d 

cold and drained. The hydrochloride was added during 2 hours at 

•5«> to 0^ to a wa l l s t i r r e d nixturo of sodium n i t r i t e ( I 6 g. In 

tfO o .c . of water) , concentrated hydrochloric acid (t̂ Q c . c . ) and 

ice (2Q0 g . ) , Unchanged hydrochloride ( I 5 . l 1 g . , at.p. and mixed 

m,p, 113-116®) was f i i t s r e d o f f and exceee n i t r i t e I n the 

f i l i a t e was destroyed with urea. The c l e a r solution was added 

to the 3andeeyer solut ion prepared froe copper sulphate (56 g , ) 

and ^double sa l t^ (60 g . ) i n i^ater (280 c . c . ) , the teiaperature 

being kept below 20^ and the Mixture was heated to 6o^ the next 

day. The y i e l d of crude n i t r i l e , ai.p, 75*92**, was 13.5 g. (36 ) , 
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A portion (5 g . ) was p a r t i a l l y pur i f i ed by steam d i s t i l l a t i o n 

0 

to y i e l d pale yellow material g.)> a .p . 80*90 . 

An attenpt to steaoi d i s t i l ths bas l f l sd react ion mixture 

y ie lded no n l t r i l e ; some c r y e t a l l i n e a a t e r l a l , w.p. 172® and 
o 

at 230 ( d e e e « p . ) , probably Inpmre aMlde, was fomed i n the 

d i s t i l l a t i o n f l a s k but t h i s did not y i e l d any acid on further 

hydro lye i s with 50^ v/v sulphur io ae id . 

( c ) Procedure aceerdlng to ttunn (74 . ) : . ^•Chloro -2«nl tr -

an lUne (3U.5 g . ) yielded only 10 g. (28,f) of the n l t r l l e , a .p . 

9H-96 . 

(d) l ( .Chloro«2 .n i tranl l ine (138 g , , 0.8 tsol.) was 

d lasot i sed according to the d irect ions of Hunn and the c l e a r 

so lut ion halved. One ha l f was made neutral to cengo red with 

sodluaa acetate eolutlon and t h i s so lut ion again halved; each 

portion viae added to an al iquot of the Sandneyer solut ion at 

70® (a) and at rooa tessperature ( b ) . The other part of the 

untre<%ted dlazot ised solut ion was e l a l l a r l y divided and added 

to the Sandaeyer solutlioii at 70® (e) and at rooo temperature 

( d ) . The Sandaeyer eolutlon was prepared exactly as i n (b) . 

The y i e l d s of crude n i t r l l e obtalnisd froa ( a ) , (b ) , ( c ) and 

(d) were 5 1 . 5 g . , 51.i4 g . , 30.1 g . , and 29.55 g. reepeetlvfily. 

(a ) and (e) were cwiblned, dissolved In bensene (1 1.) and 

allowed to percolate diirotagh a colann of "Merck's^ aluaina 

(65 X 2 O n . ) ; e lu t ion with bensene, evaporation of the eluatee 



and digest ion with ether (150 c . c ) furnlehed pure ^>chlore*2* 
o 

n i t robenzon i tr i l e (UO.5 g . , 55.5-) , « . p , 97-98 , ae reddleh 

yellow needles, S i o i l a r l y , (b) and (d) yielded 56.65g., 50 

« . p . 99-101^. 

i» -Chlore-2-n i trobengoi c acId • -

(a) Hty hydrolys i s of ths above n l t r l l e . 

fhe n i t r i l e (10 g . ) was heated on a steam bath for 1|| hours 

with sulphuric aeid (8C c . c . of 60, v / v ) . Water (u8 c . c . ) wao 

added with cooling and the salxtuiHt (50, sulpburic acid now 

present) r e f l u x « d « g e n t l y f o r 1^ hours, cooled and diluted with 

water (158 c . c . ) . The dark coloured c r y a t a l l l n e material was 

f i l t e r e d and pur i f i ed by r tpreo ip l ta t lon ^ aeid from i t s 

so lut ion I n aqueoue sodium carbonate, y i e l d (8,8 g . , BO/j, m.p. 

lt*l-lt^5°. 

(b) ^ oxidation of ij.-ehloro-2-nitrotoluene. 

(1) The nitrotoluene (10 g . ) wae ref iuxed with water 

(250 c . c , ) and potassium permanganate (20 g . ) added during 214. 

hours, vo l i i t i l e mater ia l being occasional ly eielted from the 

condeneer. The cold reac t ion mixture was f i l t e r e d and the 

f i l t r a t e a c i d i f i e d to give tf-chloro-2-nitroben2oic acid (2.6 g . ) , 

Bi,p, 140*im**. The dried sludge from the oxidation yielded 

t » » e h l o r 6 - 2 - n i t r o t o l u e n e (14.6 g . ) by ether extract ion. (Tlie y i e l d 

of aeid %as thus only 22 unlees based on the nitrotoluene 

conoumed when i t was l i l ' ) . 
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(2) . A solut ion of W.chloro.2.nltrotoluene (10 g.) In 

pyridine and water (6o e . c . of each) wae refluxed and treated 

portionwise with permanganate (JO g . ) . Pyridine was reaoved 

by steas d i s t i l l a t i o n , the tnanganese dioxide f i l t e r e d of f and 

the eolut lon a c i d i f i e d ; colourless l e a f l e t s , a ,p . 125® (decoap.) 

wore o b t a l i » d and a f t e r r e c r y e t a l l l s a t l o n froa 95/̂  ethanol 

ae l ted at 185-200®. Analys is of th is a a t e r i a l gave unsat i s -

Ifectory r e s u l t s , v i « . -

0 ) . Broaine (9.1* g . ) w«» added dropwlse during one hour 

to tf-chloro-2-nitrotoluene (10 g. ).raaibtalned at 160-170® In 

a bath of l i q u i d paraf f in ,and i l lua ina ted by a 200 watt Isap. 

Sorse c r y s t a l l i n e material separated a f t e r § ^̂ our and at the 

end of the react ion the e ixture was eospletely so l id at 80®. 

This product was oxidised I n sodiua hydmxlde eolutlon (^ g. I n 

250 c . e . of water) and permanganate (20 g . ) added to the boi l ing 

so lu t ion . The usual method of working up yie lded a yellow 
o 

powder (C.9 g . ) , ra.p. 135-136 , and some of the nitrotolaene 
(i^al g . ) . 

U.Chloro.2.nitroacetophenone.^ i i - C h l o r o - 2 . n l t r o b e n « o i c acid 

(2^ g . ) and phosphorus pentachlorlde (27 g.) were alxed together 

and the vigorous spontaneous reaction was cerapleted by heating 

on a steam bath for 1̂  hourn. Phosphorus o;Qrohlorlde wae 

removed under reduced pressure , th i s process bsing completed 

by two addit ions of dry benzene and subsequent evaporation 

under reduced pressure. The o i l y product wae dissolvsd In dry 



.lt^5-

benzens (5$ o , e . ) . 

A so lut ion of sodiuw (6.15 g>) i n ethanol v80 g . , pur i f i ed 

v i a d ie thy l phthalate) was prepared and halved. Cue half was 

treated ^Itb aceto&cetle ester (17.b5 g.) I n tt)c cold and to 
0 

t h i s s t i r r e d mixture was added at 0 the r e s t of the sodium 

sthoxide aivi the ac id chloride so lut ion, these additions bslng 

made simultaneously a t approximately equal ra te s . The temperature 

tended to r i s e but was kept below 5^ throughout the react ion, to­

wards the end of which some eeparatlon of so l id occurred. The 

mixture was s t i r r e d for 5 hours, allowed to stand overnight, 

decomposed with iced hydrochloric acid and extracted with ether. 

The ex trac t was washed with eodlum bicarbonate solution and than 

With water, dried and evaporated to y i e l d a red mobile o i l (55 g.). 
This was hydrolysed i n two equal parts with a lcohol ic eulphurie 

ac id (15 p a r t s , 10;- »/w of concentrated sulphvwic acid) by the 

method of Kermack and 3mlth (x'^':^ ) yielded a rapidly 

c r y s t a l l i s i n g o i l ; th i s separated from I t s solutltm i n ettier-

l l g f o i n as long s o f t needles (17«6 , Ik^i based on the a c i d ) , 

A pure sample, m.p, 55-56^i c r y s t a l l l e e d from l l g r o l n (b,p. 60-

80* )̂ i n long, co lourless b r i t t l e needlee. (Found: C,if8,25i h,5.05« 
CgH^O^JJ C I requires C , i * a . i j 11,3.0 ), 

U-Chlor6-2-aminoaeetQphenone.- The above nitro-eempound (6.5 g.) 
was dissolved i n acet ic acid (50 c c . ) and treated on a stsem 

bath with iron f i l i n g s (13 g.) added during | hour. .?ater 
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(25 e . c . ) was added a f t e r 15 minutes and a^ain when a l l the 

iron had been added. The Mixture was heated for another 

I hour, cooled, extracted with ether and the extract waehed 

with aqueous sodium carbonate and t ^ n with water. The extract 

was dr ied and yielded on evaporation a r e a d i l y c r y e t a l l l e l n g 

o i l ; pure u«ehloro.2<'aalnoacetophenone (1 .̂7 g . , 85/0, « . p . 

and alxed a .p . 9i .93*» was obtalnsd by r e c r y s t a l l l s a t l o n froa 

i i g r o i n (b .p . 60-80®). 

7 .ChlQro-t» .hydroxycinnel lne . - t^-Chloro-2-aBlnoaeetophenone 

(3 g . ) wa» boiled with hydrochlorie acid (60 e . c . » 6K) and the 

f i n e l y divided auapenslon cooled to • t i l l s was d lasot l ssd 

wilfeh sodiua n i t r i t e (1.3 g. i n 10 e . c . of water) , neehanlcal 

s t i r r i n g being aaintalned throughout the d iaso t i sa t lon (1 hour) 

and then l e f t for a further hoir at rooa teaperature. The c l ear 

eolutlon wae heated on a steam bath u n t i l a l l coupling htA 

disappeared (1 hour at 70®) and the prec ipi tate f i l t e r e d so ld . 

P u r i f i c a t i o n was ef fected by reprec lp i ta t lon with aeid froa a 

solut ion of the oinnoline i n sodiua hydroxide (the sodiua s a l t 

of the c innol lne appeared to be sparingly soluble) and the 

f i l t e r e d product wae freed from some sweet smelling o i l by 

washing with ether, l i e c r y s t a l i i s a t l o n froa absolute alcohol 

furnished pure 7.ehloro-lf.hydroxyclnnollne (1.1 g . , 5tf ) , a .p . 

27if-275®, ae so f t bronee coloured needles (Found: C,52.9; H,2.75; 

,15.25. Cg^O M2CI requires 0,52.2; H,2.6; !i,15.5 >< 
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Nltra t ion of i^-chloro-2-acetamidoacetopheQor^. - The aeetamido-^ 

cojapound (10 g . ) wae added with s t i r r i n g , during 35 minuUs, to 

a mixture of n i t r i c aeid (D » l.u8) and concentrated sulphuric 

aeid (60 c . e . of 5;2 ^ volume) the temperature being kept below 

-10^ throuj^out the react ion . The added eol id soon dissolved 

with s l i g h t evolution of heat. After s t i r r i n g for 20 mlnutee 

the eolutlon was poured^nto crushed ice ( ca . 250 c . c . ) and the 

s o l i d f i l t e r e d and wash^i well' wl^th ^ I r , R e c r y s t a l l l s a t i o n 

from etbanol yielded slemler yelliow blades of U -chloro-6-nitro-

2^aoetamldoacetophenone, m.p. 166-168** (9,37 «• 1 77 ) (Found: 

C,it6.5; H , 3 .5 . ho^fW^ requiree G,^6.8; M,3.5/) . 

The aqueous n i t r a t i o n l iquor was gas i f i ed with sodium 

carbonate, extracted with ether and the extract washsd and dried. 

Concentration of the ethereal solution to small volums yielded 

aliiost co lour less needles (0.5 § . ) which fumlshsd on r s c r y s t a l -

l i s a t i o n frots l i g r o l n (b.p. 60-8O**) purs t^-chloro-5-nltro'.2-

aeetaaidoacetophenone. m.p. lt|.3-H*u'* (Found: C,U7.15; H,5.tf5. 

CjQH^O^NgCl requires C,tf6.8; H,3.5 ) . i^^eltlng point deprassions 

were obtained on admixture with the s tar t ing material , m.p. I t ^ -
o o l%0 and with the main product, m.p. I66-I68 . 

I n experiments where the l a t t e r ieoiner was c o n t « i l n a t e d 

with the former, p u r i f i c a t i o n was beet effected by r e c r y s t a l l l s a t l o n 

from bensene i n which the 3*nitro-derivat lve I s vsry e a s i l y 

so luble . 
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i|»C3ilor9-5-nltro-2-aalnoacetophenone. - ^ e above aceteraldo-
o 

der ivat ive (t̂  g , , a . p . 166-163 ) was reflu3»d with a aixture 

of equal volumes of a lcohol , concentrated Isydrochlorie acid 

and water (120 c . c . i n a l l ) , "^e free aalne, which separated 

from the bo i l ing aolutton a f t e r about 5 a lnutes , WAS r e -

disso lved by addition of aore ethanol and ref luxlng continued 

for another 10 alnutee. The alcohol was boiled o f f , the aixture 

cooled and b a s l f l e d , arw3 the aalne (5.2 g . ) , a .p . 176-177®, 

f i l t e r e d o f f and dr ied; the a . p . wae unchanged a f ter r e c r y s t a l ­

l l s a t l o n f r o a alcohol (Found; C,tj5.2j H ,5.2; K,15.05. C^H^O^n^Cl 

requires C,t*u.8; H,3.3; ^,13.05^:). 

U.Ghloro*.3.ai t r o-2.aaino ace to phenone. - A a ixture of the 

aeetamido-derlvatlve (2.t* g . , * . p . Iu2.1l*5*) end hydroehlorle 

aold (10 C O . , 2H) was ref luxed f o r a ehort t lae (a f t er one 

alnute the f ree e»ilne separated froa the c l ear eolut lon) , cooled 

and then b a s i f l e d . The crude product (2.3 g.)» a .p . 11*8-150®, 

was unchanged r s c r y s t a l l l s a t l o n froa alcohol froa whlcb the 

amine separated i n oheracter i s t t c golden yellow piatee (Found: 

C,tft*.5; a ,3 .2 , CgH^OjHgOl requires C,t*l#.8j H,3.3 ) . 

This compound (0.2 g . ) was reduced to the diaalne by iron 

f i l i n g s and acet ic ac id and was then condensed with i^enanthra-

qminone to y i e l d an as lne , a . p . 287-288®, i dent i ca l with a a t e r i a l 

prepared by i3r. J . R. Keneford. 
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faydroehlorie »c id . 

A 9usp«fisi&n o f t b» mint (9 g*) i n 6N liydrocli lorie aeid 

(60 o.G.) »&8 eoai«4 to and tr9»t«<l « l t h XOf aqutoiia tedi iM 

n i t r i t s (20 6 , 0 . ) . A f t t r standing ovt rn ight i n • r a f r i g a r a t o r 

«oma s o l i d ramainad but t h i a gradaally diasolvad at raom 

tafflparature. 7ha alaar so lu t ion ««a haatad on a vatar bath 

u n t i l a BMipla gava no f t j r t l i a r eoapling (wiUi an a lka l ina 

so l t t t ion o f /3ona]^ tho l ) and ttia s o l i d nhiah saparatad was 

f i l t s r a d o@ld. 7ha mo%9% produot was diasolvtd i n aariii d i l u t a 

sodlttst hydroxida, f i l t s r a d and tha f i a t r a t a a e i d i f i a d with 

hydrochloria aoid. Tha preoipi ta tad ainnolina (if.6 g . , n .p . 

320^t daeoflip,) was dr iad and on r a c r y s t a l l i a a t i o n f r o * b o l l i i ^ 

aoatie aoid yiaidad para 6,7-dichloro-u*hydro)^oinnoUfia (5 g . , 

57,'), 83,p. 527** (daeomp.), as 8«al l brown cryatals(roand;C,ifi*.8; 

M,2.i*I Cl,32.5. Cale. f o r CgH^O NgCl^: C,i*i*.7j I4»1.9i 

If,15.0; C135.O/). 

This sathod was i dan t i ca l w i t h an aathantie aampla praparad 

l>y Mr. Kanaford and tha f o l l c w i n g darivativaa wars 

praparad, 

6.7^9ishlorQ*U*a<iatoxyeinnolina.* Tha abova einnolina 

(0.3 g.) was r a f l i u a d w i t h aeatie anhydrida (0.5 e .o . ) f o r 

1 hour and coolad| thara separatad from tha rad aoliation almoat 

eolourlaas nasdlas (0.25 ^•P' W-lt#9**» «l«na and whan 



.11^8* 

m%x9d fFlth & 0aifipl« ( « , p . l t |d*15D^> a i t t i l a r l y pr#p«r«d from 

suihcnt lo 6,7~4ichloro*4-hydroxyoinnoXliM (Fotand: N , 1 1 . 1 5 ; 

C X , 2 7 , 5 . ^ i # 6 ^ 2 ^ 2 ^ ^ 2 '"•^J^*^** ^.iO«9J H , 2 7 . 6 . ) . 

1^*6.7«Trlchloroeinnol l r»»- An tn t lm«t« « ix t i i r« of the 

hy<iroxyoinnolln« (0.3 g . ) mim phosphorus pont«ohIorid« (C.^ g . } 

md phoophorut osqrohXorldo o , c . ) »«• hoatod on a «t«Mi bath 

f o r 1 hour. Sxoosa o^ehXorido was ronovod andor rodiaeod 

prossuro and %ha dry s o l i d d i g t a t t d r tp ta t ad ly wi th ISgroln 

( 6 0 ^ 8 0 ^ ) ; t iht l l g r o i n so lu t ion (charcoal) y l s l d t d on coiv^ 

oantra t lon u,6,T''*>fi«*i3Loro©lnnoXlna ( 0 . 5 5 g . ) , m . p . H * ! . 5 - 1 ^ 2 . 5 ^ , 

aXons and «han f!^ix«d wi th an authentte saispXa (found: Q,m,3; 
M,X.8; N , X 2 . 6 5 L Cl,m,7- Oale. f o r CgH^KgCX :̂ C.W.X; H , X . 3 I 

M,U,0; CX,U5.6 ) . 

6,?«>PiehXoro»u«»phsnoxyetnnoXIoa»* fhs forsgoing chXoro-

eompound < 0 . 2 g . ) livas haatad I n a aoXution of potassium 

iQrdroxida (C.C?J g.) w i t h phenol ( 0 . 6 g,) f o r ona hour. Tha 

stlxtora was eooXad, baa i f lad « l t h d i l u t a sodium hydroxida and 

extraotad w i t h athar. A f t a r washing wi th water, evaporation 

furnished t l « ^ colourlass needles, ra.p. 162»1$5** ( a f t e r reorystaX' 

Xisa t ion from absolute aXeohoX). Adnixtura wi th au^en t io 

materiaX produced no dapression i n ae l t l ng point (Found: 0 , 5 7 . 6 ; 

li»2.75l CX,2IF.7. CaXc. f o r C^^HgONjClg: 0 , 5 7 - 7 ; H , 2 . 8 ; 

N ,9»6; Cl,Zif,U. ). 
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Dlagot i sa t lon of t^»ehXero*t*nltro»2-aatlnoaeetophenene i n 

hydreohXorle acid. 

A suspansion o f the aisine (O.67 g r ) I n 6N l i^rochXoria aald 

(50 G.e.) was diaeotlsed a t roost temperature wi th s o l i d sodiua 

n i t r i t e (0.25 S*). The asms only reacted slowly and a f t e r 

several hours the Xaet traces o f soXld dlssoXvsd on war*»lng, 

ProXor^ed heating on a steam bath eaused separation of eoXourless 

needles, ti.p. 220-225°. Af t e r r ap rec ip i t a t i on from a l k a l i as 

aboire the oinnol ina was rae rys ta l l i sed f r o n aleohoX, froai which i t 
o 

saparated i n coXourXass needles, %,p. 2i»2«2if5 (sXow dscoiap.)* 

Pure 7.8»dlohXorQ«»it'-hydro3eyoinnoXlne had a .p. 2S5*25i»® (round: 

G, i*5.Xi H,2.2; ll,X5.2i CX,55.1. CgM^C^CX^ requires G,tfi#.7; H,X.9; 

H, X5.0; 0X,55.o ) . 

The f o l l o w i n g der ivat ives were prepared exaetXy as above. 

U.7 .8*YriebXorocInnol ina .» f r o a petroXeuiii ether (6o-8o'^) i n 

colourXesa needles, ai.p. 217'^2X8^ (Found: C , t ^ l . l ; H,1.5; N,12.65; 

Cl,i*5.5. %*%**2̂ 5̂ '••^»^*"«» 0,1*1.1; H , l . 5 ; N , i 2 . o ; Cl,i*5.6/). 
7#8<*PlQhXero*tt*pfaenoxyeinnoXlne.* This compound was much 

Xass soXubXa i n e t ^ r and aXcohoX than the other isomsr (above) 

and separated fres; ethyX acetate i n coXourXees bladea, a.p. 21i«.5^. 

(Found: 0,57.6; H,2.75; Cl,2i*.6. Cĵ ^HgONgClg requires C.57.7; 

H,2.85 M,§.6; C l ,2 t t . t t ; ) . 

{fixed melting points of these compounds w i t h authentic 

7 , 8 - d l o h l o r o * d a r i v a t l ¥ a s (prepared l a te r by Mr, J . R. Kenaford) 

showed no depressions. 
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Daa»in» t ioa a f tf-ehlofa*5Hfii tro«>2-»aaiaoaeatophanona. 

(a) A w a l l s t i r r a d saspansion of ths aiiina (0.5 g . ) i n 

hydrochloric aeid (6 e . e . « 6H) waa diasotiaad wi th 10/ aqoaous 

sodiust n i t r l t a (2 o . s . ) . Soaia tmohangad aaina (^,2 g . ) waa 
• a 

f l l t a r a d o f f and tha f i l t r a t a addad a t 0 to a t i r ra t f hypo-

phosphoroua aoid (10 a .e . , 50. ) • A f t a r i^ hours at 0̂ > thars 

saparatad a SAall aaount o f s o l i d , oi.p. (82) 8(^*87^, dapraaaad 

^ 5 ,U«dichloroaeatophajions i n spi ts of ths s i m i l a r i t y i n sa is l l . 

Hse rys t a l l i s a t i on f r o n absoluta alcohol y ia ldad almost para 

tl*ehloro-*^5->nitroa^top^anona, a,p. and wiJEad a.p, 97*5*99^* 

(b) Tha anina (3 g . ) waa diasotisad as abova and tha 

f i l t r a t a (unehangad » a t a r i a l , I . 5 g . ) hsatad on a staa* bath 

u n t i l a s l i g h t t u r b i d i t y waa notsd» eoolad and addad at 0̂  to 

hypophosphorouft aeid (60 c . o . ) . An obvious raaetion oeaurrad 

and tha s o l i d was digastad wi th d i l u t a aodium t^drodida and 

f i l t a r a d , waahad and dr lad (0.66 g . . «»p. 71-73°). Sub l i -

na t ion a t 50.>6oVo.05 « « . yialdad pura 3,^-dlohloraaaatophanona, 

a .p , 76-77^1 as t i i ^ eelourlsss nssdlas. 

Dsaginatlon o f i^-ahlQre-3-nitro-2~afl>inoacsto&hanona. 

ThS anina (1 g , ) waa suspandad i n 6N hydroehloric aeid 

(i4ti e .e . ) mi diasotisad wi th aol id sodiua n i t r i t s (O.tf g . ) . 

A f t a r standing ovarnight a t room tsnparatura, unohangad 

isa tar ia l (0.5 g . ) was f i l t a r a d o f f and ths f i l t r a t s traatad 

as i n (b) w i t h ^pophofphorous aeid (20 e . e . ) . Tha entda 
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3,tf-.dlcbXoroaestophenona (D.25 g.) , m.p. 75-76 , was best 

p u r i f i e d as m ( b ) ; f ro f t the aXkaXlne digest ion there waa 

isola ted 7,8.*diehXoro-i«*h3rdroxyoltmoXlne, si.p. and mixed m.p. 
255-29*^. 

7»ehXoro'*6.'nltro^u-^lardroxyolnnoX i n e . - a soXutlon of 

t*«chXor6-5-nltro-2-aalnoacatophenone (0.5 g . ) i n a mixture of 

acetic acid (7.5 c . c ) , concentrated suXpharlo acid (2 o . c . ) 

and water (ca. 0.5 e .e . ) was treated at 0*5̂  wi th aoXld sodiam 

n i t r i t e (0 .X8 g. ) , added during 15 minutes wi th hand a t i r r l n g . 

fhe «02f0What t u rb id aoXutlon was heated on a steam bath to 85® 

untlX no f u r t h e r d iminut ion was apparent i n the coupXlng power 

of ^ e cXear red so lu t ion (ca. X hour) . Addit ion of water 

(100 C O . ) t o the cold soXution gave a dark red soXid which was 

p u r i f i e d by p r e c i p i t a t i o n from i t s soXutlon i n NA sodium 

hydroxide; t h i s soXld (0.5 g . ) , m»p, ZHS^^'dkB^, crystaXXlssd 

from acet ic acid ^nd furnished the pure c lnnol lne , ai.p. 252-25(*** 
(sXow decoap.). I n c lus ters of stout bronse needles (Found: 

0,tf2.7; H.2.d5} N,X8.55- CgJî Ô̂ N̂ CX requires C,i42.6; H,X.8; 

H,X8.6,^). The clnnollne was soXubXe i n d i l u t e aXkaXis and 

BoderateXy easiXy soluble I n sodium bicarbonate; from i t s 

warm s o l u t i o n I n 2H sodium hydroxide sXsndsr yalXow nesdXss of 

the sodlu«n s a l t saparated on eooXlng. 
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7-Gh3loro»8-nitr i>-u*hydroxyeinnolina.- This was prsparsd 

axaetly aa f o r tha 6-nitro-i8omar frois t f -ehloro-3-ni tro-2-a«ino-

acatophanone (o«5 g . ) , F ina l p u r i f i a a t i o n o f ths product (0.3 g . ) , 

ra,p, 25i*-255® (d«©o<i!p.), waa aehiavad by r ae rys t a l l l a a t i on fr©« 
o 

aleohol f r o s whieh tha pura c inno l ina , a.p, 262>26^ (daeasp.), 

saparatad i n yallow ^aggad neadlas (Founds C , i ^ , 8 ; K,2.1; 11,15.9; 

01,16.0. CgHj^O^HjCl raquiras 0,1*2.6; H,1.8| H,18,6; 01,15.7 ) . 

Baastion bstwaan (»«ehloro-2*phthaliaiidebansoie aeid and aa thy l -

»Blenic as tar . 

L^ia thf l mathylmslonata, praparad aeaording to Qrganle 

Synthaaas ( / / 7 ) , was shalean i n atharaal so lu t ion wi th thraa 

port ions of asiaontum hydroxids (d * C.880), washad wi th 5/ 

sulpharie aaid and ihsn w i t h water. Tha astar had b.p. ^ V l 2 M i . 

A w a l l s t i r r a d so lu t ion o f d i e t h y l i8athylsodio«alonata praparad 

from powdered aodiui» (1.6 g . ) , ester (li^.5 o . c . ) and bensene 

(liiiO 0.0.) was treated during 20 minutes wi th a so lu t ion of 

i»-ohloro-2-phthalimidobans;uyl chloride from the acid (10 g . ) 

atvi phosphorous paQtaellloride (3 g . ) . A f t e r s t i r r i n g f o r 

3 hours a t rooa temperature the mixture waa allowed to etand 

overnight , deooispoaed wi th d i l u t e hydroehlerie aeid and extraeted 

w i t h ether-ben%ane« The extraet was dried and on evc^»oratlon 

y i e lded , from large volume, f i n e yellow needles (0.6 g . ) whieh 

e t ^ s t a l l i s a d froas aoetio acid i n s o f t , eelourlass needles, a.p. 

270^ (deeoop . f i th t u r b i d orange a e l t ) ; mixed a.p. w i t h 
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(l*chXoro»2*phthallmidobensoic ac id , 255»2lt5® (decomp.) 

(Found: 0.55.**; a,5.7i 1»»5.75J 01,15-5. C^gi^xoV ' • • ' i o ^ ' ' " 

0 ,55.8; M,5.8i H ,5.2; 01,15.3; ) . Further cencentratIon yielded 

an o i l (25 g . ) which was r s f l u j i t d w i t h ^drobromlc acid 

(70 C O . , d a 1.U5) f o r 8 hours, fhe coXd aoXutlon was bas l f iad 

w l ^ ammonia and yieXded by ether ex t rac t ion 5.1 g . of an o i l 

together w i t h c rys ta iUne a a t e r i a l ( I . 15 g . ) , » . p . IO8-II7®. 

A f t e r two racrystaXllsat lons from alcohol (6 c . c . ) small colour-

leas aeedXaa, a.p. 125,5-125^, were obtained. Froa other runs 

mo g . of aald) no i s o l a t i o n of the substance, is.p. 270°, was 

undertakeh and treatineiit w i t h hydrobromic aoid gave Xd.5 g . of 

an o i l from which there separated crystaXXiae aaterlaX (X.5 g . ) . 

^ecryataXllaat lon from aXcohoX furnished b r l t tXe coXourXess 

needXas, m.p. 152-X55^ ( t h i s gave a pos i t ive BelXstsln t a s t ) . The 

raifialnlng eiX (X7 g . ) ««s heated w i ^ acetic anhydride (5U c .e . ) 

on a steam bath but no crystalXlne product was obtained. 

Attempted cendaiisatlon of i^»chlore-2*nltrobenselc as Id wi th e thy l 

mc thy lace to scat at a. 

f h e conditions were as f o r the acetophanone preparation 

(page/^3 ) uelng 15.U g. of the benzole acid wi th roughly 

proportionate quantl t iee of other reagents, i ^dro lys l s of the 

o i l y product (18 g . ) was a f f ec t ed wi th X5 parts (w/w) of aXcohoXle 

sulphuric acid as before, e thy l acetate .^alng detected I n the 

d l s t i l X a t e along wi th methylethyl ketone (2,u-dlQltrophenyl-

l^drasona, m.p. XXX-1X5°). t l s t l X l a t i o n of the olX from the 
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hydrolysis gave 8.65 g, of a mobile yellow o i l , b .p . 167-17CVHMWI. 
This mater ia l (0.3 g.) «s« re f luxad f o r 1^ hours wi th benzaldehyde 
(0.5 g.) i n 2 o .c . of alcohol containing 3 drops of 30 â ûeoue 
potassiui^ hydroxide; the der iva t ive (70 mg.) , preaoaed to be a 
ohalkona, c r y s t a l l i s e d from alcohol i n f i n e oolourlees nesdlss, 
m.p, 292®» analysis indicated t h i s to be yotassiua U.«.chloro-2-
nitPQbenzoate (Found: 0,35.0; H , l . 5 ; 01 ,m,5 ; Aeh,28;;, 
C^H^O^n GIK requires 0,55.1; a,1,25; Ci, l t*.3; K^CO^, 28.8 ) . 

Reduction of the presumed nltroproplophenone (I67-I7C /lHvm,) 

(6.6 g.) i n aeetie said (50 c . c . ) was sf feeted on a stsaa bath 

using i r o n f i l i n g s (12 g , ) , addad during U5 minutee. .later 

(30 c . e . ) was added during the react ion and the o i l y amine 

(5.8 g .) i sola ted by ether ex t rac t ion . 

The amino-co!»paur^ (0.5 g*) heated wi th a c e t i f anhy­

dride (1 e .o . ) on & steam bath f o r 30 minutes an:I,on cool ing, 

eoliourless eryetals (0.27 g-)» e.p* 77*79 t̂ separated. Beerystal-

l i s a t i o n from l i g r o l n (b .p . i(0«60°) furnished t i n y ^aggsd 
o 

needles, a.p, 80-81 , which analysis indicatsd as s t h y l U-chloro-

-2-aoetamidobengoate (Found; 0,51 .̂7; H,5.25; K,4.5; Cl,H*.t*. 

^ U % 2 V ^•9*.6; H,5.0; N,5,8; C l , l t f . 7 . ' ) . 
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f^O graparatloB said ^ o ^ r t l a a o f a ^ ^-#0thyXajgwiallaas. 

"^a aimii o f t h i a aaoMoft of %im i f tvast lgat lom wsra iwofoXd; 

HI t o a ^ l r m s t ^ i ^ * a syatiMsla o f tf^mat^XaimaaXliia-?* 

awrbo i^ l io ac id , aitd 

(2) t o miU&i h ia matl»»d t o ttia praparatlon o f other 

l*«mat l^ lo iB^XiM«. Mmh o f thest ataa was raaXlaad. 

^afarafiaa has baan made a a r l l a r (page %6) t o the h l s t o r i e a l 

aapao;ts o f Wldman's dlseovai^. I n the praaamt s t t ^ h i s elaar 

axpraasioR o f p r a c t l o i ^ eemditiona t ^ a t h a r w%Ui soma aasaasmaet 

o f a l t a m a t l v a methoda vaa of vaXua i n the salaat lou of a 

praparatlva routa to tha a i i i a o l i ^ ; a chart of ^dman*a work 

appaara oh page jFr , m t r a t i o a o f e ^ i f » l ( I ) gava aomaisteist 

y i a l t a (96^) of tha pmra iiitt^o.^ompou{id ( I I ) al^bough l a t e r rmaa 

( m a l ^ cumlaaX and aeids from d i f f a r a a t aimraas) provided 

var iable (averai^ 56 ) y i a lda o f pure a^roaumlnaX t i ^ a M r wi th 

an a l l 1^1 oh raaiatad u l t r a t i o f t mdar the a t«adard aamdltlMsa. 

Ontldatlon o f a l*reouml»al w i th warm paiisaiigi»»it* ylaXded maiaXy 

tikitrootwlnlo aald ( i l l ) which, aa meted widman C'?^)* « s s 

aomperatlvaly^ raalatami to f u r t h e r ax lda t ion i the hfdrojqr l^ 

proi^lbaf ixeia aold (IV> waa obtained on:^ by rafluadog a l t r o * 

cumi^al w i t h a large axaaaa o f parmmngaiiata f o r 10*12 houra. 

^ i ^ r a t i o o t o <V) wi th ooaaefitratad a u X j ^ n o mold at room 

tamperatura waa aa t iafaa tory but ^idmiuii*a proaadure f o r tha 

radttotlon to ( i n ) gava vn^iabla raaa l ta . KavaraaX of tha order 
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Tt ,̂ •f̂ tttta-. i»-rytliyloirai0lifi»-7'»^ar|a;i^iia .mlA^ ̂ C;<;i'iaan). 

OHC ^ 

• CH-

(I) ( I ) 

a-oH CM 

(M) CiO-SO'L) 

NO;. NW4.OH 

( E ) 

C-OH 

A Ia4S,«iit»» th» raate eS-iosea far |5r«p^fcrative purpssas in tfis 

?M)0rs if*aie#t# ttift o^a^iasil tjy -a^Jaaa, Afters these 
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o f «dcilit#a CtlnM add i t i on of m mmmlmtiX S 9 l u t i ^ of the a i t r o -

mUk td ferrottft i^droi i td#) ma^ isolation o f ttie asiins i^droehlorids 

(iAStsad o f mdasi i«s tedious ex t rae t ian o f U» bass) g«v« 

donsi t teat l f^ g»od j r U l d s , ths # r i s l<Mi o f d lase t i sa t lon 

t ising m -m^mism so lu t i on o f ths hy4roehlori4j^ proved wholly^ 

siklMasssf^l, i i l thoiigh prel iminary experiments were oarr ie i : out osiog 

•xmm fey^roohim^ a » i d | in l a t t e r pro»ed«tr» t so l e t i on was 

e f f ec t ed ^ ad t l i t ion exoe^s sou i n ; |»hosphate» r u r i f i d a t i o n 

of %m o l tmol loe i f i a t i » e t h y l ester mi^ B a s t ) was found 

to h* f ^ s t g^aptable s e p a r a t i v e mvU* 
"m* f i r s t ene^eesfal eiiteitssdii 9 f Wi^as^s syntl)eeisC'*2<* above) 

was reaohea i n the preparetlon o f 6-$hlor«-i#««tettQrleinnoline. 

5*Chl6r0*2*av}ino»«*t©phen©ne Villi)^ prepared hf the r̂̂ ethod a l r « « ^ 

(Mi) * (S) (S) (H) 
deseribea i/53 )« «oo fe r t «d by a ^ I g n a r a remotion in to a eeXid 

whieh was 'rmotwme irm t re&tc^nt w i t h hot ^ sulphuric aeid. 

^na i3^ l« i fMi«a ted ^ t t h i s #o^^pound was the earbinol ( IX) althoitgii 

%\m ^msuel s t m b i i i t y tsmards si^tlph^ie aeid caused i t t o be 

re^ardtd l a l i l & l l y a t Vm etiiy]ftiie> prodoeed by spantaneous 

dehydration o f the C^ignar^ prauu^t. 71 i s s t a b i l i t y towards 

^ : ia£oi ls«%l&n at ths **ettQ îeiie*^ was earned ost before ttm reeetpt 
o f ««talysis f i b r e s but t l is non-p^ienolie f r « e t t d f t was only sub jeo^ to 
pre l l f s l i i a ry t e s t s . 
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amliMMrie a o i i l a i » t « r a a t i f i « i n v lav o f turn aaaa o f da l^ t raUas 

of a a r b i ^ l a t a giva miliar m^st^siiioai^lamaa (a»g . JtXIi m 1̂  * M i l 

m m mim imaa draat ia aaaditiaaa {iso^ts-z 

i»ramvar» t i ^ aa«|KHtmiS ixni) haa baan obtalmad {il ) alafXy iqr 

CM, 

(M) (M) (ID 
h a i l & i ^ ^ a m o r r a a p ^ i f i g amrbinol w i t h a l t ^ l i a p l a n a maid* mbilat 

<fab!rdr«tioa o f ( X l f ) t o ^ ath^lans waa aaaampllaU^ ( ; t ) b|r 

d i a ^ i l X a i l e ® t»s«ar radoaad i ^ s i n i r a mi t l i *a f a v dropa o f 2 0 ^ amX^isrta 

motdn All aitamp^ t o dal^ii^aia d i m a t ^ l (5-«hXoro*2-.amlasptMm3rl) 

aarfeitiol ( f X ) mai&g aoaaatuM'atad a i i l ^ m r l a meld at room t M ^ r a t m r a 

raaisa^tad i n pronoamsa^ amlphoiiation but dahfdratiom wi th oml^ a l i i ^ t 

a m l f ^ ^ i a t l ^ warn aohiava^ ftaiiig hat 18S amli^iiHria maid; i^aparatloo 

• f H^tiasiaoyl dar lva t ivaa m i f i r m a d tha amaaaaa «f th ia gahf dratlom« 

M a ^ t i a a t l o i t o f tha a ^ i a i i a i t ) l a l^ rdroah l#n« aald (aatmaXly a 

ai^paiialoici o f tiaa h^rdraohlarlda) moUk a ta^qmia t warmlmg o f tha 

diamatisad toXttt ioa y i a l t ^ i..ahlor«M^«ts«Eqrlai«ciaXlma (3tl) tagmthsr 

w i t h p« rp l« t a r r r s w t e r i a l . 1^ l a t t e r , bast ramavad altramato<.̂  

g r a ^ i m a d a o r p t l ^ oik aX^iaa* was not fmrthar axasiliiad. 

f ha tmm t o i i ^ m a t ^ l a i i i i t o l l m (X?Xlls B • l a ammatXy 

analoioua to ^ a t uaad f o r tha 6»«iaoro^dar i i ra t iva . fha aarbin>}X 

( m i ^ • was praparad l ^ m a l l y from o^^amlnsaaataptoemaos, I t a a l f 
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obUlaa4 from aeataphajaoae ('5:3), bat the same re su l t oauld be mara 

aaai ly r a a d ^ i»l i ig ^at l^X amthraftlXata (XV$ H « n). tha a^rXy 

work ©a t h i s ayi^thaaia waa aondmetad aloagaida tha t on 6»chi©ra-<i-

CM3 

(^) (m) im) Cm) 
^a t l^Xai fo io l ina and the same mis t i^an aasmmptlon waa ma;da regarding 

the aaaa o f daii^dratlon o f %m oarbi»oX ( i m It 9 a) uaimg hat 5̂  

amlphurla aald* Koraovart t h i a earbinoX was unahaagad by hot X8H 

amXphmrlo acid ( o f . pt^^/Sl) and pronouhoad auXphomatioa attaada^ 

tha uaa a i ^ r of aoaoaiitratad aald at room tamparatira or o f 2711 

aald a t $0^, In tha aaarah f o r a l ta raa t lva mathada of dahydratioii 

varloua h i ^ tamparatstra taahaiqi^a i/i-S' ) ware rajaatad l a view of 

tha p o a a i b U l t y o f po l jwa r i s a t i o i i ( e f , , /7 ) • Treatmaat with 

phoaphomua pa» tox ida l a b o i l i n g baasaaa, a madlfiaatiom o f tha wa l l 

kaowa mm^ed of r i n g aloamra (a t 1^^) iBfOlv iag loaa of water, 

furaiahad the raqmiratf atK^laaa iXtlli R * H ) . Af t e r removal of a 

small utauat o f aaid^iiiaolubXa o i l from tha anada ati^Xane i t waa 

diaaot iaad; oa wi rs iag tl ia diasotisad aolu t ioa ao^a br igh t graaa 

o i l y mater ia l aad a amaU phaaolla f r a o t i o a aa wal l aa a modarata 

y i e l d o f i^«wathyloianollfta waa produead. Chr^atograpl^ on alamiaa 

d i d not Improvo tha colour of tha product w h i l s t d i a t i l l a t i o a under 

raditoad praasura d id s^t appear appXloabla to praparativa work^ 
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f h i l e dehydration eondit i o i» f o r the earbiiaol (XVI; R » M) were 

being s^ught^afi at teapt was aads t o f a e i l i t a t e d e l ^ r a t i o n ^ 

rendering the ^ e l e a s lese sftseepiible to eulphomatien. S i t r a t i o a ef 

diaat l^ l^t^-aeetas i idephei^DearMndl gave ae s@le ieelable pt^duet a 

ae i i e - i i i t roHler iva t ive @f the eorreaponding ethylene bot a i t i a p t e te 

reprodue* t h i a r e s u l t m a larger seals wsrs assueeessfal, 

Si»6e the eeaplet loi i o f t h i s work on i»-aethyleinnolif ia pabl ieat ioa 

ef m ih teremting study o f (^-au^stituted-einsielines Aaerieaa 

workers ( 75*) has ^ e t i ^ t e d * This invest igat ien^ based upon 

bleeheaiesl observations, i s swMiarised by re^roduetieo ef a chart 

(page/6;2), i e l ^ r a t i o i t o f the « e r b i i i o l w«s ef fee ted 1^ r e f l a x i n g i n 

toluene w i t h a ^aee e f iediae and %t» 4thyleiie was pwri f i sd 1^ 

d i s t i l l a t i # f w A f t e r d i e se i i s ing i i ^ solphurie aeid eyel iea t ion ( a t 

reoa teaperatorc) t e the eiaool ine was earned out a t gfmi d i l u t i o a 

and In the d«riL, 1%e ermde einnol lne was obtained I n Qf*90t y i * l d 

(based en the ethylene) by eontlrmoa* ex t ras t ion of the bael f ied 

s o l u t i o n id. t h bensene, 

Tha use a f the diethyl a a ^ a n i l a t e as s t a r t i n g aa ts f ' i a l instssd 

o f the o-aminb«eetophenene was extended t o tise t |-ehlere*derivative 

i n the preparat loi i o f 7*e&loro- i^-»e t l^ lo innol l i ie . ' ^ e t l ^ l i#-ehlore-

anthrani la te (m; H « 01) wae prepared f r e a the aeid ^ an iapreved 

modif l o t i o n o f HiximU aethed ( 7 f ) and wss thus ameh aore aecsssibls 

than the o-a^inoaeeti^he&one (page 110>. The earbiael (XV2; R « C I ) , 

obtained by a Origaard reaetion^ was saoothly dehydrated by j^eepherue 



-162-

t f-Substl tuted Clnnollne Derlvatiyea (Jacobs et a l . ) 

CO 

83% i n 

m a 

-> Indicates attempted react ions. 



*145-

peiiteiilde mA %M sueeeaa o f t h i s preeeas was cenf iraed by 
the p rap i^a t ion of d l s t i f i e t x-aeetyl darivat ivee ef the e i ^b i i i e l 
m$ a t l ^ l e » e , §*Chla r^2 - i | e | ^ rope ia r l a i i i l i ne (inrxi; R • CI) 
f emed a o rys t aUine t^dreel i lor ids wi th d i l u t e l^ r^eehlor ie 
ac id 1 ^ d i a x o i i s a t i o i i furniehed 7-ehlers-»t(-aethyleifi i iolif te 
i l t?f l l l R • 01) i n goed y i e l d ; a s aa l l eaount of a green 
t i spar i ty waa also feraed* 

The synt lwsis l^-aethrl-S^piioayleliinelliie^ in teres t ing 

txt aeeoimt of poesible e t e r i e e f f ec t s on the r e a e t i v i t y of the 

a e t i ^ l gromp aad also as * route (by exidat ioa) to ^^P^^l^" 

oinnol ine- i4-e*rbo^l le sold (see page:207)» «*e net eottpleted. 

The ear^ iae l f ro t t the reaetion botween besk^laagsesiiiai 

ehlor ide and o«»«Bindaeeto^fiene was !»ieh«i%ed by 5.f 

s i t lphi i r io « e i d . 

In. the f o r e g e i i ^ routes t o i ^ * « e ^ l o i a a e l i a e e referease 

to y l e l d e hoe been emitted sines ^ e l a t ^ r were eeiqplieated 

by variatsone whieh depesded upon ths eeale o f eaeh stage. 

This i s i l l u s t r a t e d by the f o l l o w i f i g t y p i c a l ruoe. 

(Toble o v e r l e a f ) . 



4 ^ * 

Ifltld / of 

H l f ^ . • 

2^ 

lit Iw S* 
30 a; 

0 
U.7 

tilt fraa pr#«#aing coiusjii «sci itJt stcoad inUeat«« ib« 

liii«r) eoi»faln«4 mim t«na«n&7 to at* rropertioaat̂ X r̂ 
%%imr for «cttit «3rw*»cticns i« »ootlj»r fsetvr «til«b 
prol}«l»2,y <>ontribit%«d to t̂ i« r«t̂ Q*£l i t is m% ^ixrpHning 

tisat mid* 4i^r^9mm^ tn y i t l i l mm «bsent in the <s«ts# of 



1 ^ Tm%m%lQn %0%mmn isQ6l««r cn^UtiiftaM «R4 

i« 4*f l«»jkt •IjT istt̂ ll %QTm rftpid tifciŝ  of i«>«^4roiQr4if8ioliii»«, 

%miin%%mX mttmixm fomfttidn, vis*, «fti^^i^ «li«r«6%4ir !« 

^fmtf m^mllf miil%h%% in ml^ ««it«r «r Aldi^dl tbt 4» «iKt 



l*m *0Xmimi tl3»it» f»<H»«y l̂el£milfMMi can «IX It* rmrf%ml^ 

iiî JUft$idiK» (pJI eft. 5/, m%h k^U^X9%m»Ufm and 

• t r t k l i ^ »#X9»r liSAii pl|«r|d|ji» «r dittl)grl«ii«M ««« 
iw^ p0m 3}* 



|ir4^«rii' #|iM«.|tat I t l« l^u«fMf lluit t u « 
frjei#i% « r t m fr«!i ^ im% %^ km .^ MaiAr* ^ f 
t^- neliHmX* liS^ r»««!tli» «f« mtgtMt&vt ^ tiM •••• 

9mUw wummm^^ «itii i i ^mi^ «^««ifc«lt« • t i i f i 

tiif^t^lf^Fmtm^mm-.^ m mmMimt^ tir tr^t«««l-* 

i f flit M ) | el»«rlrt la t^ ' i«^t«r •mapXtt iMstii mW9§mt 

m%mm Imm im %Mn.^U^ mi^in ia tlk» ^ir«*r.. 

mm r#i^.i»^i#A «f l^'kf^iMrtiiritf in «tli^ «r«i^ 4̂ l»««r«d %9 

mi ^^m^im%m0^%mm f#r tl^« p»r^i*i mm ^mm^mi tm^ewf^M 

h%mmm- t t tii* imrictar t f r»«s^i9iit pMi^U 
f»»§'tlvlt3r Ht %t«l«4 i ^ l l t t HI* ^p^f^^fti mite «f «iv 
f r « » ^ ^ fiMiit€ mmM m% ^ iift66i!Miî r4t%3*» I t ««• «f 



^ 1 ^ 9f r«*8tl«a m%m MM bMa EMMHI «lteXy villi 

«»i w«gsiaff (/̂ s*), Ih« Xaltftr vorktr* l>ro«t̂ % a^ttt 

a»j^^t Had IVftif C /9 {»t̂ «r pr94«fttft in l i i i ^ r jmiA wrm 

tX*iiM4 %f mmm mod l ^ f t ^ f f m *9i»ll««%4«e df 

iHB«»tl̂ Xeijiii#Xiii»«*f»«flrV*î U# mid mtm r«««i«d villi o^^if** 

«ta«rl^ m *e*tia^«t», « ««KUfie«tldfi »f it» nvtii^d of 
aiKl USi$it«tlI« tli* 9r»a«6% gav* Aniilyclt f liifr«t in 

#l«moUsift*7^ArlK»^ll« ««l«S,»ltls9«i|̂  I t i»t» lai«l«%l« la 
mi»0tXm «6rl»9ii*i« iî rdr̂ Kia* «9l«tie<k«i m $^nt990tkt #«ald IM 



rttimli*^ mim *W f i i^»« npm « S*«ftr̂ «tiqfl««»i »»X»tt«lt. 
A frelijiili%«t*r j r i ty i t i • tra«« «liMU««9lti%l« »ftt«riai 
• K i ^ î fi« aot rtiftlitr iai^»«tiiftt*i. tr««t»«iit of tf->ai*tfef 
^lisai&li^ With p'^%9iB%lit^lm^m^9mml4L9ii^ «t lio^ in iutnti* 
m ^ m ^ t fttTnl^^ ft iMMiXI aŝ &mt 9f ft m p̂, l*$ĉ i5̂ *« 
imieli w«» m% pm%f%94i m rw%%m «#s«rrft4 fttrftlj fi»ii« 

tilt #«9ifoiiftmt« ftt 10^ id t ^ smm^m* 9i « t r m #f 
FifMiriilDik* Yiiftt sid «lril(liiiS fty!il«ii»»^»f r»ft«tlvlir M <wt«« 
m i!i#t ttmprMm^ %B ef t ^ vf t r i t^ #f tft«li»JiQfKNi 

tiig^t t r i f t i tad t%« i^fisll^SltUftt 9i ftixt«rft« fftrsml. 
|i*fa«rftllft«ti9» tfeftt t ^ r«i»tintr « i » t ^ l #*ftay 

8ltiiftt«^ «r y i»it̂ ^ r»«f««t ts ft »f«lrlc i i l^^f ta t* 
Iqr ^ftfttti^lftfttiim <»f ttift i f t t t i r m fnXlj s t ^ u i» 

ilM^ prtfttmt 9^^*. t% e!«iianatrftt*# for oC«-î £«ftUai 

^im r»ft{it»d îâ r wit^ ttm q^xermrt ftaXt* ef tlii»« 
t ^ ritidiiMî  mftt t^ i t *iib«i&»««ft»t «f ftttrntK^ wftK ̂ t w«t««ft4 

ft ftftl^l prtgtmXlf 4ft¥»St ftf efttlYl^ mm ftMtf W 
mpp9r% tlift tl»t«rj tliftt rftftfttlf l . ^ ^pmai^» tlift j^ftstltft 
f^rtiifttliiiK ftf « rfti^tiiift ftfttl^ar^^ W Kisrfttioft ef m 
i^4r#g«ii fttft« trm m9%^X t» ftitr^es*!^* ̂ « i^rpftt]^«lft «•» 
ftii;tft^4 Ifttftr iiio} %ft )̂M^%ftr6ift«4 dftrivfttl'tft* ftnd tiit m^mAm 

#f «fttftl^l9 li^ %i»ftftt ft dftiri^ ma % i ««• 

- ^ i i t ^ ftirtdftsieft «ft« ftitfttiMM 1̂  M r l f t i i i wftrlwrft <«»• pm^lU} 
If* i»r«»ferftti#^ of i(«»^yl«iimoii»t ut t^*«r«tiftftl. |ri*l4i# 



^«cf«r, r«î Mi»3s «r til* «f ^«<ift^l«ijiaiiiii» 

%«^i||i^|c|fi»9U@« #tliii^4«> ^ i i ^ v * «^ yt«ii «»li9« 

%iAii3ir»i« ju»«F ^ x t | j $ «ai»rifta* tt^ «tmiAg F»«ttit« 
«F»f« m§tti$. «i»i«xiit» *x««^l «« MiiiNMtt «e4 fl» «tfi«4 

iimmttmi wxm t ^ i t^m im%%9 im^i^: ma^ In f i M ) 

ft»9ir*t«4 %ik nMKU#«» fht fm% tiMt tttsU 
n •|j!Bfl# pmm^mrik TfUX&m4 %m Mmvm mwtwf prmomu^ 

^ > ii«^X ^ \ M 0mt%mii»i^ mm%Xm i» •trtHii^^Aim 

m^m^% ^ ^ ty i^ im#tr i{HW«%iifttl«ii ^n^k»xm suor « I IMI^#« 



i|*8itt£^I#t^iiii» itliift4i4ftft m$ ftuNiftqtaftiit ftlMN^ 9f tlwir 
»fftfttrft m^M iTdVt^ inttrftfttias ft^i^fttifft 4fttft; f t r 
%nm^^t %im mlm%iim im9t9i%lmm ftf ftSm^lDt « ^ r«'iftt*iS 

^r^ftrftti>0» ftf j^tHftlftmft frfift ft^r jNt«r&«^lift 
e««tpp»i»ift Hftftui « r f ftstt ' ^ i 8Mit^l $T&s^ is mix kimit 

pmkmttm ft8^4ri49 ^ ttftfttliii «fi^ #r « i t ^ t * «ei»tenftifif 
• i^^ t , Ms0F% moM m%^0%^r^r {jm) ^tmi^m ft fttfiiftr 
r f t M t l ^ mim S^^W^X*^^mmm3,0m m& r tfftr tft p»wiux 

ftXftH^Xtft id t ^ ^j^mtm^ imm%n$49ml9 -sM pMlml§MiJtm 

iMm* l^ifttli^t Htm* ftf ft rftftitifta iMirft aftt«4 iMtvMii 
iMm^^ft ml4 mA ^iitftftlift m^^t49 %m me pfmtmmm ef 
9m^0mm iiu^t $&iftrl^ teit 110 ^ft^^^t ft^^ 1^ t9«lftt«^» 
Hftlfit l|«»aift^ift$iifii»l.|^t or fttt^t »tm ft^ftr|4»« ftiily 
laMfti^d ftftl«r&ftl itu M- X^ 3n«li r««j^tlviljr) ««ftU 
^ tft^lfttftS* fMft t9%\m* t@ r«$ftv<ir ftus^sgft^ nftttrifti 
fn milN^tmtlftl ?iftM ftftiiftti^tftft « ir i4^f ie«»9i^»«^ Jift8fttl«ft 
im fttoftdtftrt of ^ rsftttiiritjr 9f thft «»ti^l gr«ttp. tut 
#f ft #iXiftiil la fti;^^ r»ftftti,#ftft ftlr#«i(!|r bftd (/U> 
i f i i ift m 9^%mM mimim f#r f ^ & t r mwh in tM» airtetion. 

ftttftftpt t# ftsd^iift* t ^ fttturl gr^i^ 1^ HK^m^t ftoid 
l»f w»mm 0r frftftlijl^ l>r«pkr«4 C 77 > ««l«ati» ttloxi^lft l i i «^ftft» 
m&mmm 110 ^f^fttftlXiat nfttftri ftX ftl^iiftisiii tliift m% 



^xm ^ «t ^ fNi^&l«» «f titl« mtfmt 

9 

^mm mm wmtmrnf^ 9%mt%im ti*tAn«i» ««• ^HAIIMHI tn* 

mm'^%%m ^ «««f«i»l^t l«f t l fti» r«4«t%i«» 

mlUm i&t* U ) mm m ml%%m- piarfXm «ottl4 

MtmmH m^X ii^^^X^l^mlim^^mr^mf-ltkXMt ^ni^lMiia* and 

« pe&r yltlS df n m,p* l^X^t$3^ <4»«nq»* )» f i ^ tl» 
^%tS0^ nifrtttietk »»liliftr Xi^sir« i^tta m$XM lO ê* 



»%«td̂  ftf tli« alt^Tfttl^ ̂ f %4̂ fttlqri«l»@0llBft «9ftl4 ̂  ftftftt 
|stftrft»%iiis» ̂  pt9%l<m ftf m%m%m%t&& ftttftekftd tjr 
Ji^tiiftftift CfTiSft fĵ ^ '̂fttfttftSil̂ ftAftt̂ lftiMfttftf* f«tft/6/)f ^ 
m^m^rnXm ftirftilft^lft Mt^Iftl^i^il^M* mMi fef dft4^ft^fttl«ft 
Cft»§*. t& ift̂ «̂ lftft),. 

ik mm^vf »f t&ft litftTfttî ft iMiftftilfttftS ftitii tUtt ft%ftf« 
ftftMtiisi» at r«fteti^iw iMift l^itfttftd ft difttlnct ln^U ftf rftiiftUt 
fti9»f«rfttltft afttft lMi«ftfti» r«I«tftS Inmsftilftsiiitftr 1% in 

t i f t t ftiifiiftftlft eî  «ftiifftr»tlir» ftrnfftrjittta^ will it^ * tivftn 
rft«^ti#ii) ftftntril^tft ft^ft t# til* &iiift^^ €f grea? ftf 

4&ftfti9ft« ti$ft̂  n i l i tl>ft ftftii If iftyftidfftffit fftllftft* ttft 

7«^ftrft« 

@l̂ Mft 
ftfti#. 

iip^xm .ft 

,for f̂tgrftt|tXi,lfft̂ gft,ft̂ l??Mr 

Ugrftiti (Kp. 4o#«0*)« nftsatr 
iftldftfi Aftft4lft». 

Llgrftla* fim e#lftftrlft«« aftftillftft* 
t i ^ l i u Mm f9ll&m iwft^ft ftP 

Iftftflftt*. 
tthftr* mm fMU&m |»Xfttft»« 

Aftfttift ft«i«. iftftXi ftftXftftntftft iitftdiftft. 

^ I f f t t i m #f ^«^^fi«lim$ll«tft (•*i»fiftrfttft, fttklftdUt» 
#*dS»»tiff̂ lfti»iisft»%fylL) ftTft aftt Ufttfti fetri 9itm t*i»y «rt 
l̂ f̂tftitfta io #«iiĵ fts% f ^ m ̂  ftji^riftftatftl fttftUfts ipt^ifi-s)* 



imx%xm$ p»%gm mm mm^irfmt^y* 

«̂ i<t j | ^ X«P5> e«»eî %ir«M •«if<NB*i« 
te-id tfe* 'ro«ttl9i» t«ii|^ro^r« M iMintftliM^ «% 

l i ^ 9«» «XX««*i to rim U XQ^ «rt«r 1 ^ i ^ t t o « of 
«̂ iiiil@iil* tlfO ilMT ooXittloii mm fonrod 911 tc^ o^ tHi foiXen 
tr«ii)»X'̂  •#114 Hlmm^:^ î :hoS «xtii ««r%oiioto oolmtlon 
tm itmtXf w i ^ «»tor* ^ rl«l4» of |»ro sMtonol, m«f • 3(î « 

ifo.r# vorii*lo i o ^ o p i ^.t>, 
llî >o«nKlmia (20 ) mw rofXiusM wit^ j^toooiini 

pitmmmKm%M mXm%%m (t»a X> ̂ t l X m osiooao of tlM lottor 

porolsto^ (10 toi9^>« smoooo ^n»oii80iMto noo litotr^rod luKl 
m ii#t mimw* filtoro4| mxmn^txm of ite fUtroto 
furatols^ ooXotiriooo ^MidSiio* «»f • 3j^XS?^« of 5«altro-i|» 
liyar#]î îro]̂ ll»Oii»@l« ooi^ iXl*$ ^O )̂,̂  ^ o poro o«iî o«@4« 

•0- • • . • 
• * f I $ 1 * X ^ f ^%Xm%m& ^ rooryotaiUoottoa fro« ^mmm 

(mm^i et^#Ss f^r c.^.5j 
m^mm%i9m of tlilo t^<lf^3^ropyX^oiyioio ooid (20 f#> V M 

i^ftio«o4 I f dioooXfl^ 1^ oi3ao«Bitrot«d ft«i|aittri# ool^ M̂a0 4t#«») 
ot r e^ %o^riiit«ro «»t oXX#»iî  to otiniDi for t J ^ M ' ^ flio oloor 

r%4 oo^tioft woo f9i»^o4 %^ xm^ votor on̂  tito prooifitoto4 
mxm f i i ^ M ^ ^ mm putUM ^ ro^rooi^itotioti rron tto ooX«tioiiii 



»Q^m ]ftir^^3il#i, «nNl» ftfttftriftl ( I f^ t rfter7ftt«lit«ft4 
f r ^ ft^mftft^ ftXftftHfti tm iNii m*p* i^^^i^* iX'^>2 §.» i2.*^ )̂« r^r 

ft^ftftftftft mmoMm i t ««6*« D • O.SSOl ft*f* iiftt«r) ftai 
iH^A, mm ftifcii^Siii, durifti to mim%99, tft ft ftiHi^t»Xftft ftf fftrroms 
hf^mxm p»mpm^4 f r« f t^« |^ f t •vX^Mfttft in wfttftr Cloc ««ft.) 
m«t ftQUftftii'^fttfti mmmtm Ci$ ft»ft»)« " A 4ifttlmt ritft in tMipftrfttor* 

lifts ^fttft^ W6» r f t ^ t t ^ mm ftft^ftftt«4 ̂  ^f t t l s t « fttftMi ̂ tH 
f ftr 50 ftimtftft* hm% ftl^i* ftftft f iltftTft^^ ftftftli«4 w l l vitu 
ftfttcr «a0 titft ftftft^i^^ f IXi^fttc fteiKiifitrfttft^ i«(«4«r r«dft«t4 prftftturft 
tft Afiaitioa ttf lgr<3» f̂tHl̂ tft I50 •*«.) 
]pr«fti|pltftt»<l t ^ {^dr^blftrldft ftf $*«illift<4i«lft9prftpfti^lk«issftt« 
•ftid^ if*^, ^0**^^ i<memp*'>^ «« eeXftftrlft** ^•41ftft (5*3 i*« ^^}« 

fftr 4lftiifttlftfttift»f tl» l^^rftfMeridft (5 §•> ««• 
iSii«»lY«i %m vfttftr > ^Vfttft^ t t mi%h lOjT ftijoftoft* 
ftftSlnm i^trstft im t*«.^)| ft£i nimft̂ lfttft .^rftfti^tfttt wtm t^rM 
1 ^ titft ft^^XlHi ^ t t i r ^ikl^lsr MmS^f imim ^citgi^Xt ftft«r 
ftftvftrftl ho^t «t rftfts t«ttpftrftti»"ft* mm drtitft «i tl^ltiaisftllftft 
<t*.2 Ĵ i-SÎ X* <««ftft»^») ftft» partfift^ ftitli«r <ft) *ar 
r*?«ftt«4 4|gftfttifta ftlt^ )»ftiiiAS »ftt«r fta4 r«ftr|F«t«Ul«fttlftf» ftf Hit 
xnioXmblft fftrtiftfi frfttt ftXft9iiftl» W ^ 4tP»ftt r»ftrjFstftiXi«fttifttt 
fraat ftftfttle «et4, ®r ^rftf#rfti>iy (e) «lft ti» fttliyi ••tftr* 

m^«s*ft ftfti4 i t * l wftt MU9p0n4it4 ta 10 î «rtft ftf ftHftiftt* 
«,lftfti>ftX ftsi %m »liitiirft «fttar«t«d ftt if m%%M l̂ f̂ lstgfta ftiilftrKS*. 



^ ^ . r miXmAm tor | lMHtr« tsm « ix tm M t^in oottnroto t̂ 
#oiiooiitr»toft ooeoit̂ ot̂  oeolod f^rod tiailo oa omoo of 
o#ii«tî  oorioiuito oolntloa* ^ii^o$tlo» vitu ot^r j r U i M 

(T B*h 
It fitro o^oiiioii offotolXiooiS l^o« o^or xm ^olo |#llo« 

• . f . u f ifmmi %u^3i % » i t ^ A 

f^fXtiel«« f ^ 3 kOttTO «t.t^ X ^ « ^ 0 « 0 potOOOilM 

tm ona tto f o o l t ma a>5-*2̂ * (<i<>*«»p*)» 
tooiuitoi 1^ fmtXm ^ «qa»oiM mm%%9 mi^ ik^ o«o*). 
Mro %«<ioili3rX#tsî Uao«̂ tHi«̂ li03Q|*tl« m%M^ m*pt ooo 

o%tolaft4: ^ roftiTOtoXiioAtloB froii ofotio oo&il (roiefti C«l$*5i 

,^lJi^t^3^«#*^lipo^^X. :»:iy»|iiol** C«> rro» o««RiiiOftOOto* 

j^^iofsoi A ool^tli^a «f »»«ili»#ii^to$^^miio {$ t») la otitor 
( ^ w«» ollSo# ^«rte$ X3 a ^ ^ o to « ^i^sioH! ooXsrtioa 
pt%pwM4. frott Ki^oltto (§ e«)t aotlirX loStOo (2? t») i«A otfoor 
iXm #»o«>« jgroos ̂ ^ tso^i fmod «rtor to«#orof|F ooforotloa 
of 0 f o i ooXM t rofXmii for i l iMivrt oat t^oa l̂ o»i>oood 

01% i#o««miimlo*»«i8iioiitaB oftX^tio a^taro. Bttior oxtrootioa 
m$ »w^%im^ oiN^erotioii of «»oM mA « r M osaroot 
ftoX^tf a r t t o i l 



C%) frmi «fttfefl ftat^Tftftilfttfti A «ftlfttl«» ftf i t f t t^ l 
f^ttin^iXft^ i l l $0 w€ ^ 4 ^ r ) ^Fmpmim 

tft ft ftftXi fttirrftdl 9rlitutp# ftftXnttid^ l^fMrft4 fr«Ht »«ifM«iii» 
ĈO itft^l li^lift C^O e*> <?|d A ymllmm 
m&im ft^ftftTftd ftail r«4iftcft |^ t9 glipft ft grfttft ftoltttiMft «lilftii 

«*» r»fXii3f«d f 1^ ^ i iiftsfr* €crii m^Xwmi mmtpM mmm 

m^m %9 Ift* C«^« ) cii4 t ^ ftti^rfti^ ftaitrtftt ««• 4ri«4 
ftNi ftiriiq^ftt«4 tft glT* ^«t| f*. ftf 401 ftil.,. 

A«^tfXftti9ii ftf ft ^ t l f t n ftXtli smXii ftftfttlft ii&lif4ri4ft 
<t l ^ t f t ) mm fftftf^fttftXXi«fttlft« ftf titft ftftllil frm6m% frmm 

iHmsftftft tl» f»rft iMiftft^l a»r̂ yft̂ »»>> X%î XO#̂ » 
X<l«»tl«ftX m tH «iitli«^tift lifttftrlftX trip«rft4 frMi <ft) (r^»i4s 
Sft€8wO| M,T*̂ Sl H*t»t. S j i ^ ^ i i f^tttlTftft s#T*$l 

ft^Ii^tiWgfB8yXl^-^Xig».»^* A ftftXntl^ ftf H M ftiftVft ftft'Hiftiiil 
00 4*> Xfi liftimM 006 ft#ft«) M mftmmA mtm flMftfli«rtti 
i^e^«iil4ft C$6 i » | f«r 3 HftftTft* tlift «#Xt ftXJitftrft «•« ^«ftt«« 
ftll^ mmmmttlm ^tsftf^ltlftft #f «wioiil«9i l!§f̂ dr«icl4t tt»t 
i ^ i ^ l n i ftftXfttlftn ftntrftctftS ftlt^ fttlMr. istft^orftti^ mt tUft 
ftftfthfti drifts ftiitr««t fXftX4«4 30 of m nft^lXft ftXXi 
' ^ I f t mm tfifttiiAst frftft %m ft«rt»4iiftX vlftftft trftftttt«iit vitii ftftXtf 
ftlMtlft a^H^lM $ftv« m i l i U ftf * rft«eti9a aft ftrjrfttftXXiftft 

ftftft «)itftl^« 



%«.i|̂ |lif̂ AiaBB |̂.-|̂ .»-*- ot^loao ilM f..) «oo 
t̂sooXvod ia ^^moiaorio mi€ 0Q O^O« of » aad o . » . of 

mn) a Iraoo of laaoXa l̂o o i l fmm^ mxm otisor. t l ^ 
ti^mmm la{r*r frood froa othor osi oXtor 7 0 I I 0 V ooXatioa 
iiool.o4 to $̂  i ^ a f i ^ XoofXoto of tUt aaliio ^^oo^oriAo 
«»f«ratij#, f&la anô oeoioa mm 4S«mioo4 »lth oodtaa a l l ^ i ^ 

B^} to ^ o l ^ a o^tar gr»*» oelatloa (i^oitlfo avi^xtag) 
mxm mmi^ to rod m ^%xm (<»» o«3piiai>. eaoi* 
fio»tio« aitli ooiiaa aootato taxation govt on olXjr tro^^V oiaoli 
aao O9itratto4 ostfo o ^ r aad t ^ o^troot oitu oodiw 
I f t r ^ ^ o ooXtttloa tl»i^ ootor*: iSrioli» -aai «V4iferato4» 
mmt%m% #r««ii.otX tS«0 S*) orjFotolXioo^ rooAii^ oa ^ 
ota«^|i^ mm iliOiitoS aitii ^ l l l f i i XI«roia ( .̂p* 40*8<̂ ) oai 
ooaooalratioa of tuo ooXatloii 00 foro^ j^omioM Hit oiaaoilao 
( i "^B** ^ro ^»aitterlalBito1|li». a.p. T^IT** 
wi^atod froa t ^ ooao «»iiNa t ia oloaAor goldoa aoo4|oa 
mmii. 0»W.fi M f̂•551 »#t0*o* rofairoo e»t5.0| 
It '^^ii »»Xf«%5C>» fi» ^%wmx%m voo tM^lorataly ool»iiio la otiMir 

tm% mtf oaoiXir oolaltlo la «otor| tuo oolatioa ia iQfitro îiXono 
«oi4 wm roi ia m^ma^* 

ttl#ta«t|da<*^rivatlva C0«$ i« ) « M aditd diirlst •liMitoo to a 
»s^«8^ C§itg $ of «ltri© 0014 ^ • 1.1187) oâ Mwrxo 
oold (4* t4^0l|) at t^o alntaro aoo olUaod to otaatt « t 



t i t ftftKMk Wftj^ft^Hpft f»r ftftfttiwr X§ iiii^tcft^ «44i4 tft iftft ftftft 
^ f t ftlMtr ftftXtttifN!! %ft»Xf 1 ^ mim i»9ftftlft» Aftftr mm ftf7*t«X« 
XXftftttftn if mm m^^* ftXftftfeftX, t ^ p^e^aftt 10*5% •T-W** 
ftftii r««iiy t̂ftlXift.ftS irm %%s^mi» frmm mmi^ I t cft^ftt«4 ft&ti^r m 

ft«ftXX irftXift* fXfttftft ftr M ^i i i i r ftftXft«rii«t f r i m n »«f * I8<*8f* 

(F««»Mii M^is*m* %«it%*2 «#^»oi 
Sf 5-it tt^Xt«7f>t X«ft« 4^^r4rfttX^ ftui iiftaft*i9^^«tx«6 li«r« eftftftrrt4« 

iM^»g|rC5^l t f l^^g*^ AftftXftUtaftf 
f«9 îftrftî »ftBliiftttftfttft|St«{ioi}ft 00 i / r j> Ift Sry fttl»r (%Q0 9*«») 
«Aft iii4ft4 dwlftg j|§^ X l̂ ftttr tft ft iiftXX m%%nma ftftXfttiftft {ir«^rft4 
frftft ̂ ftĝ ftftiift Câ  S*>t ft«^X &ftSi4ft ato t«) *t%»r C900 

%fti^r«rf |»r«ftXfitfttft' <ii»ftftX.iws m st^rtftg fti^ tiM ftXxtiir* 
itftft rfttXftUft^ fftr ft fftrtt^ftr 50 ftiiaitftii tii«ft ĵ ^STtil ftn tft ft vixtftr* 
ftf^ Iftft ^ •«fiM>fMl,tt#ftX. ftstftdtiM 9hlmrt4m* *^m4 ft»d 4rifti 

ftt^ftTftftX ftiEtTftftt ftftft' mmt^rm%m4 tft WiftXX irftXftMft «IKS X i ^ i m 
Ĉ »p* %d.icP) ft44«4 td ftXiNi tUft ftftrMft»X <l̂ «> ft«p« 80«̂ l»̂ « 
f t« ftprtoftS^.* ft.«f« $5^ii^,- ftt^ftM fr^ft ftt^r^Xisrftlii lit 
ftXumt eftXft«rltift uMaXt* CF»e^J %i»55l i | t»65* 
^ f ^ X t ^ ^ ri^xriHi ttii^ai «*7*9^). l^ftt»w»t ftf « iwrtiftii 
m%m mM ttftfttxft «aî in#ft i$ pm%»> ftui f̂ ftiipfttftXXiit«tXftii ftf ni* 

IMM^t»^^» |̂ytiij^iir|t^ X54*X51** iF«ift4i e,58U55 



r«^ii»» «,SS*os s,4%W)* s*»f»war^^#riir»%lf». 

irmims 0^aj^Ojg»©i jrt^sm 

i l S #!« •rf»#lli4 % %t^ftlttiil% 11%^ •QiflMurU M i d 

Clio #r iE/*> t«p «B» ^9«r i t t M s Mn)* M» 

CmiaSj ^fU^m ^w3*H Sj,^^€Siei i ^ t t t l r M e*tô *ti lt,5*t} 



cr$«M î ^^m^^ «t5«0$i <;i>i$ti$* 

i m M i «|is#«t wmi^lf #9||4« 114̂ 4 s t i r r i i S %m na^^r 



I itdttT %9 « « t i r r « € d r i f n i r i ptmpmm^ ir^ 

mmii^nim CtO iwittiarl tedi^t* g . ) t t i ^ r (500 

A 011. M]H^«i«a f r a i l %h* ^ t « » «oXii%i^ <fof^4 « f ^ r « 

13 mm^m^ %t9 ftrs^ #«r%l»9l • ! «ik u«l«%«g 

|rifi«»» <ro«iiai c*59*i^i r*q«ir«« 

< f ! i ^ ii*r) vmli^ ^ f ^ r » g « i ^ g«) mi ft^liM m 

/ • 

/ 



t^j^^2^m$l r«<plr»« t»45*-0|. M ^ . i ; ! - . 

l ^ e ^ e r i * i i^O ©,6*, tH) , 0(fts#U««U««i «f ifel* 

( ^ ^ l i f ^ f « M a% m t *sd mmmpp*mt94. m^lmlj em 

wmm^%%\m%m ^mp^mei ipi^m) ••?«r*%«i Ires 

a^ii.O| «tl5*39* r e f« l r»» ll»5.9} »»i5^7/)-

%• w^ffttmlltm^ ttm •#if«a%$ « mmp*m%m i n 

put 4ttt^it# %9 « dns^ iNI wimt l^f t ^fftr«4 



«*frli%i)g« %s«lft«^ «g«l!t cx%rft$%«4S, 1^ «raa« ««rl»lo9l * « • 

i««i4i%«a «t «» #11 (SaS g . )« t l ' t f t i ^ a t «»f iib* ««r%llwl (2 g . ) 

mtth 5:̂  u t i i * i ft* 9̂ * *® « f f « « ^ 4 m 



ismm i t trft f r«#f t r* t ^ r«fim3itti$g m •^9lieU& iNil«liwi $f 

Ct«««iip>) iJr«tmt? 0*<*5*3; ^^^fV' i^ r « f » i f » i C,i*5»X5} 

«a.4!5. 0i|^M^0i I r « ^ i r t » C»3^5i 

f l t « | » * fr«ft%a*a% @f to i t i i l t t a ^ l ^ r i ^ l f s i or H^ctiliarX* 



i%*3 g» ) f <l»5 g. , « r « « ^ ) mi afrvtlt 

• d l i « i# ^«%«d m I I ilmsM f l t M *o Air co^rilMiMr 

m»(NI Ito^ (If ftiai%*«> 9m4 m%n%*1^m4 t&r «»• h(swr 

^ds i f^ lAi* «eX«AI^ #^%«»r»«4)* ! ^ 8i$i{%«r« «lXe«l4 %9 $mX 

i«9X«4 ff«g fiXf«r«<l| H H I grmm p r t t i ^ l i c l t (X«Xf g , ) , s.p. 

C^$«^(i«) iMft ^l.|^%«d r*pt«i«dX7 m%m p&rUm* «f Mi l l ing 

«$#%X« «a(d ^ eUft r «eXit̂ i<H» ^x«Xg»g «Xii««^ ««X4M^iM« 

«i*C2»-'M%r««^rr3rX3#t«i^XI«t«'t*«#r>«i^Xi# mt&t i<tmm9,) 

irnmnii »»i2«65* h^l%^*^^ tm^0kf C,4X»tj 

it,t5»1l I f ^ x t . t ^ } . Mti*t«ii«i« mm tmmlmH* In M or «o |g 

M%^bam*i$ m$%^ (0.3 g , ) 9am wmpmsiM im dlXtii* l^f<^^iiX«ri4 

mU it d r ^ of m %n a of « « ^ ) » glo%^X««l»o (0,5 ••«*) 
«nidt «dXitti<m ( i ^ % M i d io #eiHi»«>ro4) tiNMtiog 

« t | h fdi*»sXiSi%4^ C0*% g* i «»f ioXsttXofk)* 



tmm^^W « ^mp «f 9 i l 4^^«r«4 i«««NHi %im mm& mi 

rmm%%%m m& %him ««• •«%rM%«4 mi^ m^r (25 M 

•%ii«r«£ii «#X«tioa «Mht^ mi%n mmtmr mod driMt, ?!it 

r # « i a ^ oMftlisft^ on 9irmpmrm%%mt thmim4. m %mtams»f %» 

mrjmmlltmm- m&ti mn ̂ %rmm%mmm ifiWi pimrlm « i t4 fimlM «« mil^ 

immlniikkm i& ^mmm mS. mimmhmtp %imm mmtm rmmmvml mf mmmmm 

m& Mi%imn mt m^r gmm (w«ai»»<o*t^ m.p* xat'^ijo®. 

Ci) A mi %hm mlmmlim il i«> %n mml4 mmimtL%rm%mA 

mutl^^mnm «eiit iU^ «ftt ^r«ftt«4 «1 ^ ^ f i r i n i 50 

« s l i ^ i r * mt mtp^m-im ml4 m€ ni%r%m c t i s , j | Ul^f 

Villi lmim4i*%mlf ^tmmhmtm^ ^ «f %b» 

r«ef|r#%«||,l««4 ttm tammtmt im^ml'i %9 §^mm a^jr 0.2 g» «f 

U mi^im i t 4 l#to?> a% *iT*» » %r«»«l»fti rm4 

«MMi pmmtt^ m %^ imm ^ fmllmm mmUA {Q*^ «*) 

ilimpm^^ mmm^ mxi4 mw^ 4 r i « i | mxm mfwiml 4lmmmXm»^ 



m^mpX9%9Xf in m^mmm mt^im mmr^im%m mi%k %tmm%mek% t&tmm%%mm 

mt ft i r t^ l f t t «ftlft«rftd miU Bftftrys^ftll lftftiUit 9f M l c f«rmi^ift4 

It t i i f t i ^ f ^ f t t f t U i a f t mmM <0.I$ g<)» ftl&iftii ftfttr m^mm hmA 

m*p, i5l-]t55* Cdft««tp. >, 

A mmll m%trrm4 m0lm%im» ot mimmlinm iX g*> i n mm%mr 

iZC ftftftil^ ftoUlrlft i n ft*e») t r f t f t M « i 28^ n i t i i 

j^aifti^^ftOftlft* t^MMi^tKHs #f %^ l-m%%mt mm rt^it a n i i l 

%Q ft.«« mmrm »44ftd caturiai i|0 •lfitt%ft9)| « f«riJiftr $ of 

pftr»ft^«aftift nftTft ft4it4 ftad «i3it«trft ft^irr«4 f o r ft t ^ r t 

lacsftftft pftnti«jiifti3fti« ,«ftft dftft%rftyft4{» «iia^«r» f i l t f t r f t d ftiKl 

f l l t r f t t f t ft)itrft9t«4 mi%k mt^r %^ ftmia m f ^ l # l ^ fti7fti«]^Uaft 

f i^ t t i t l} f t4 f^o^ ^*i^$i^X«ific&»3 |̂{}» CO. 2 g»>t |}«p, ftisd »l»t4 ft. p. 

fUft «ip»@«ft ftUtftUiift Iftarft^ ftftvft CO pr t f t t^ lViW •« 

«i l^f ie f t%ioi i i ftvtiat ftfiftr <«xiftftn%rftiiot> %m ft^ftii A 

^»rt ton» mta mumpmrmtlm %m ^rymmm^ gftfft m m%rmt^ pmmiXi^m 

qmml%%mt%im ir %mm%* Wt M k w » eftdt n f t s^ f t l m i l l ftftdiiM 

ms^ trftftt«dl fti txftftftft pimrlm mm%d^ mllmmm4 %m mmml ov«iw 

m$i3^t fil^rm4 mA %hm pTmmipi%m%m rftftr3r»%«Hi«ft4 <tiiftrftOft2.) tvmm 

hm% « « t t r tm 0,¥ft ft|^t«id|ftr jrftlioft »ft«<tXftft9 e.p# C^ftftp*}« 

mimd m^^p, mim mo^im piorftift mma 25^*2^^ ifm^i t;,27«5l i i f l * 4 ; 



•XSf* 

fk* mmmt^ ^«(i«^X«ifiiioXiei» gftirt « OjO^tiirlto^ ooXsUe^ i n 

^ ^ i ^ l i l @ r l # mftid M% ^«X|r»i» flgiiro» iî @»cg m %mprm*m^^t ovor 

t ^«o m% mw%$tm% mft%«riaX| m 9implM of rooovortd ooiorXftX 

•itm tttod lo i^i^oro i^lor^tto (pti«/^4)« 

l^.p0%m.fi ^^%^p^l^mmtim_ with .€X»oo%x»o# milim'* 
u*m^%%mm%im (x g»> dtnotnyx oaxpnoto 

CO*f g*J «a<s ^ 0mpi!$ mim, fof%«<i wi t^ gPoo% •YoX«iioB o f 

»s» axoooXfoi i l l ««%or (a «»#•)« ^ 4 s ooxiiiioii oido* 
%@ ^ of ^ f i«o i» 4Xigioiiltas oltX#rli« p r i f « r « i f o a l l i e o 

(€•^5 i * ) i s hy^ooHiene mU (X«1 o»#,« l t « mi XO o.o* of 

««%or) wim mMm mi%r%^ (0*^ g« >« 1 ^ iiXiitg »oX«iioa ««• 

nilSoi « XItux* m%- ft %lmo«' m%%h m%imp%m ^ooXt^t oft%or 
(§ o.«»)# roftotioii mim ftXicftXIao Igr fro^itoft^ 

«ii4|%Xi90 of so^Xisft bjr^imidc ooXtitiOft H o«o.» ^ a»§ K) . Aflor 
oi«!X%to^ ( I ^o«r} ^mtk ooXourod toXld (1*2 g«» t i . p , 

XXO }̂ «ft» flX{»«ro4» HftOliftg n i l b v f t t o r ftsid drio4l i n ovft«tt«%o4 

^Oftloofttor* ?l»lo proiuot oomXd not tio ^lurxfiog 1^ rftor^ftVoX* 

Xiftfttlon froi» so%^ft^X mi ao or^«t«lXii» ^rtlroo^iiXerlgo luui fomo^ 

i n ftooii^ ftold ooXttiiom m t l i 4lXiit« IgritroofeXorXo «oid, 

mmii)»mm%im of i i ^ t ^ y l t l t B ^ X X m o #tiilo4t4o yltfe g*d l»^ I^Xf t i i ^* 

im • ^ y i f t l X ^ #t^io4i4o (€^.f §•) mm m%m4 mx^ iho ftigo]N|r<^ 

C0»^ g . ) ft^ rofXiiJit^ t«i o^ i^eX C5 «•«• ) t bo«r»» I s ftXX 



^ tQ%Xmmin$ mmplmm m %m%msm Ha* ftolfttt^ mm fftiisftd frm 

Vsmllim) ^ « prod^si ftftpnTfttftd in lemmtlM H«M »ttdlftft 
JMi^ij^ ft gr t f t i i lmm%rm mhmm t h * f Ql.Xft«ii^ 3L»Higri«*^*CU**'d4fif tterX*̂  

i^liioftl.yryl^^4iiaftXtaiagi ift<Si4ift mmrm prmpmrmMi t'>^t^im%bmM^^ 

f^ r i»aUy> CO.î  g*)^ I8.|>. (dft tf tmp,.) . (Foitjsa; S ,^ .0 | H,5.55; 

%^3^^t^3^ m « t r M C^%.n H,^.55 ' ) i ^•»#»lftr»> 
(0,15 K 2î *t50^ C ^ f t e w p * ) . C ? « M ^ : Q*50.1| a,li^.7j lff>8.0» 

* ^ t D % y r « i p i » f t t , 5 i . 5 i 8»t*.55; H,^.oje)i 7-s^si:a* <o,2 

ft.p, (««f t f t ! ip . ) {Ptm^s C,5X.6| 0̂ Ĥ̂ ,5»* I 01 

rft^mtf^ft «*^ .5 l «#i*.55i »»f .0 1̂ t>#%i^i*^>{%'^4ia»|ferlftftii»»%yrir^ 



- X f i * . 

^ l^<l«oitoo #f ae*ft jgiiiiioXiiio Doritfttliyoo^ 

MttXo ftti«£i%io{t itfto gltm to i}io fod^otlois of 

oleil̂ Xo oimisoXl^o. aoforoiioo hm h»m oarXior 

Cfi^ft ^ ) %o t i o ftti%o«]»to<l ofnihtf t i f t of otsiioXiftt ^ 

Fo^tie^ion of %k% fi«lijraroi^ ^ r i v f t t i v o mi %Q tlic ofto«ftoo« 

f r t 4 i t o t l o » of i|««^orool&rioXli» %o tlio poroftt ee«^ottag. 

fko roSiie%ioi3r of ^oiisooteoXiM ttfto M i i o l t l i 

i f i ^ o S^} nJiiXot OjTiitlsottlo «rf othor soafcoro of t l i i o 

ftorioft f r o « tho oorroopo^lng ai^'^aiaitrodipbongrXo 

(fftgo SJ) i>i»ott^ft ofXifaeo %m sUMXii j r of 

%h* pr^m^ to^ordo rodaoiiig ftgoa^o; %n |»ftrUooX«r i]|o 

iNiUftirlosir of ^onseotfinoXlfio 1i->oitiilo« toooi'dt f t t r^Mr 

ro^noiion l« oonlftlsttt i n im ourXlor ooo^ioii (p*g« $^}» 

Srif t f rofor««ioo teoo (pogo io ooric of 

EniXXor^ ^ r ^ % f rio*X«r inx } «He t<mmi %h%t 

oortoiit o3fi^i80«^h*{^XI^slr«4£Ofi«o ojeXiood *ftt rooft t^oaporottiro 

l a oeotio mc%& mltiUon* i o gi»o H^oXoo iuoto*d of Uio 

o%j^*otod %ri«soXo«« ttw oit^oro t^^tum^^ tho fol iooing 

gioo^ftnlftft of itidoio o y n ^ o l f t %n plmit of t i iot mhith 

p&mmim%%9 $, nolootxvo o^^isstdono Q^mg*. mgppto'l fo r 

^ i f t l i i t o r f w*» ftffordod rooaxtii o&iofe tinvo ijoon 

ro|>ortoa ftorXiori t^no l^p^fiyXeuwioXXfto i%u 



i a L 

liM»M%Mf^m*'$mriifM%lmm ««r« hm%^ rtt^li^ft^ in mi^ *@|ttii«fi 

%m 3*pM«tl lMolf t aeil 3*fe3Nlr02^#lfist©ltsft (aoS iHtft l :2« 

Slh3r^«^ft̂ l>4^Q%!Hl) £ftiF« eiii8^9tft «>«t rfti)s»%ld«i Cpftgft 55)* 

levft<^r» fUft a l i i ^ A i l t l o f i s im^mmm) mmplfsf^ fey Utbtr 

m& tisft »l«l*i3.i%y ©f ift^ftb3r<lr?t-i|«tijr^«a^«liK»liiift, fftrftft4 

rft4aeti#^ ^eftpli^rsft ^eiliiaiS ĵr4rio4t0 fteld« 

dild 11^% proii»%ft ^^ftfldtftm* %m Hi* mm pmpmikmli mimllmtlf t 

li»t*ri^^««%»Hl^«^l«iaa3|ljfi» C#M«ssft4 eatfti^tie 

6y4rei«^%i@«i mt ^ f t ili^iir0<-#0ripo8fts> mm* vmhmgii^ ^ 

^ i l l i i i g ^^mmimrim ft#ld* Sftwrftl ftHt»pt« to o^tftia 

^•olf t lvf t d«tft f e r %bm ̂ ^ i ^ t ^ft tf if t t^ %Hlm ^pmt^min mmd 

%m mmstXimr %m^rf ^rm immmlmt'^m «s4 m%hor9 mmrm 

o & l i i t d %m m^^lmim mm pT9§m%imu 3^pii9s^li^mim trm 

i$mp^ts^l9iwm.l%m « ftlir^plft r ing f i f t f t ion In "*ii«h « 

?k/ Tlv ?L 

t«%rft^<lro^«rlvft%lvt m pmrt^ 

ti» pwmmmt iwrm9%igm%%m mtmm trmm ^ Qtwftrir*%iftQ 

oiimoiitift Willi ftodiaft mmi mlmehQl fiml(3m& « ailJstiB** of 



t'i«ato%%X^|«fiio^XtiiioXo mm m&%%*r ^tmpmM mhi^tM ««« 

pfm9m»^ l o feo W0 m^Wm^^m^Um^ i% ft^ooro^ ©f ia%«ro«& 

0mTf •* mrHiM- of r«i-«o%i*a» oa «i®^x« 

im%o%t^%oS*oii^li3io«t ^ o i ^ i i l i ^ t^o ^rodooto «id %o 

o«4iii«^%« ^ f t m M ^ M ^ X ? ' ^ « ox%«x&i Of iJ^oXo f o m f t i i ^ 

{iO««ii^oiiO»% of ft^iioiiift oiroX¥«i| ' plm ««• oxt^god 

to ie^Xiido ^«ftftili^X«ii^Xi«it»# 

^PtporftUvo mrk. f o r l ^ i * f f o j o ^ t niiXiood oacioiii^ 

«iii&)6ft of M f t i ^ d i f t t o o m f a r m i^oooi^Xo* tina wfn%i»9i9 

of i»<^p««iii«fXftltii%£»Xiiio 1^ Sioonetr oad Hmn feioo Ittoii ro|»or^4 

oarXior Cffti^ Uf} W% i ^ o o voritoro g«iro m f loXd ô d t l io 

p^mr- f ro forMoo of t^o omio oQ^tofwo wir* u s t sontiooog* 

^ 0 ft^ftiXftfeXt fnad* ftfttoriftX p i r t f t o d ^ olirott«%ogro^l^ 

l a iiOiKiiioî  oa iit-%it^i#d ftXimliio tllmnm tferonsli tbo 

offftiftXXiiio %<lroolt|9r|d#* %*(^**^rojgfi^^3^X)oliia0Xiiso, 

IpiTOf&rô  ^ iroftttaost o f ^ »o%l^3^<t«o«f4^xiS boiXliig 

{syir^fero^io o«id,> jpupifiod ti3*̂ Tagfê  ttoo or^rotoXXlzto 

iso«to^«4ortt«^iiro« tiso tynt^ooi i of 3-«*^yX- «6c$ 5 « ^ o i ^ i ^ 

i^»|»«i^ft3rXoim^Xi»o« «i»ro ftoiiioirod ^ « | ^ otftetdord ^rootdoro* 

%a«od i^on t*i^ltio^*«iio%l}09^l^i^ofto02^n» ; dohfdr«iloii 

of ilso €«r%tiioXo to ©iXy •tfeqrXonio o*» o f f to tod » j t 6 diXato 

o«^i3^Xo ftoid ttckd diftfto^lciitioa INI* $ » r r l ^ oni i s 

^WempmrM onrXior W S^* ^» ^* ^» SSâ ooa* 



l i f ^ r o f t ^ o r i f t ft^id, fiao «orr««l«sdlfsg i&jrdro3^*««t^pa^ 

i S - ^ ^ ^ ^ f l ftn^ ^^p^iayl ) m9r9 ft^iftiooa m f o r ilte i m f t ^ 

9tl%ii%«d mimylmt&mlim %iat ^ttrifiootioia mm ^ ftftoioxf* 

.«lftrl«ft%ii'ft mmmmmmrf im mmm tftooo*. a«fftrfta«« ^m 

ftXrofttfjr to « ^ roSiibiion «)f ftirmoliiM ii*ft3U<ii« 

%«p«ft»i i^ l«i3i io l l i^9 wft» #«rrl«<l otii « l i b m Ylftft to IHftir 

is«ft iti %m prmmmn^ «tiK!3r# pro^«#% Ousld «ot b» 

f i i r t i fo r s i«i r«^^ t i * «%«l>4lt«|ag o f f«o i (tooor^ft rod[ii«ito») 

o f i i f t t ^ l . gro^pft m %hm m.%rmgmm m%mm9 o f «|iiaoXl»» r ing 

mm of p«rii@iKl:^ ia tor tu t I n vioiv of l i t ^ ' f t o t t o i ^ {n^ } 

to ft^tHftftlftft ft ftiitliftr ^r i i rf tUi^ft .^ St «ftft hopod %o s t t l i f t o 

ft rftftft t ion Miftftftn ttftt^lftftgxtftftlaft i o ^ i ^ ^ ftfttttiodigft 

of %m iJttftroeyoXlft fe««ft {mhtmh^ tm knoim to «ppXjr to 

qfSi^mXtmmB: (»2> > ^ t o^lr ?««|}loro«^«ttftl^loiimoiiiift ftoUiio4|do 

mm prmpm^ ^mrm t m » iitivottlgfttioa mm 4i*«o»tifitto(t. 

%m | ^««e^t ftt^ tlift o l t m o l i i ^ utrft rftdaiftd tmiSftr 

ftlttf^ftrd «ti»4ltionji lifting m^im mM rnXmrntrnX* 5«4Cftt)igri»tf«P« 

ftiiiftfioiiis^l,lfift gftfft oerroftpomting i t ^ o l * mhX9% mm 

ImmXmm^ ft^ e 1 ^ * o t f t r i f t ^ «« i t f t piorfttft . t i t t 

dftr i trotiv* y|ftlilft4 » roiinooft »i3it«r« ^ i o l i mm oaiy 

i i i for f^&tXy rft«eXtft^ «MI.#t ti^-p^ftalftyioiniHiiinft twnAmi»A 

OBly o i l y sif t t f tr if t l mMmh mmX% m% ^m mmm9r%m& to ft 

o ^ f t t f t U i i : ^ ligrSroolsXoriaft or piorftto. tVk %tsm 4»9iftti3yl«tft<S 



mmpms^ *«l^dro3QrN!^i^l)6i^®iiM fttrmio^od tJao 

oorroofoMiag i^aXo togotHor t^stoJteo^d ««torloX ftiiid 

ft oittlXftT r«««txt «*o o ^ i f t i i ^ i f ros tl^o ^ H i O t ^ X dorivftUvo; 

etilf ^(lelaftiigoa «ftt«rl«X wfto i d o » i | f i « d from ox^oriiioiiift 

indoXo f r o e i i i m ^ i u g hoXd, proonfto^Xjr^ i t i ^tio rooidooX oiXjr 

j^or%ioR. 

f h f t t roiiitXU i n g«iior«X ftgrooftont milk um 

oatiiifttlomr bitood oaMo^o o^oXvod i o Btmm ^ t l » 

foXXoviag tftbXo» Ho «i«]>Xo roXoiioiao^t^ So «IPf»«roii% Dotoooa 

3*m»^X* 

.0 

Bam X.- liaii a* 

ii**5 X%.5 

60 
3 

56 
3 

^i&f>oXi^ . 

iN^o«^iit»tod 

5-iio«!^i. 

i X 

»« two of « ftttlmtltiioat «Qd i t A of foot @poit tbo oxioat 

o f iisdoXo fontf t t toa; timo tibo dloi ieot ^̂ uNroooo i f t tho 

iisdoXo f ig«ro o» fOiM»|jig froe t»»^-«Ai^Xolix8oXlm to tDo 

ioaioi^Xftted mmpem^ lo sot rofXootod ta olt l ior tuo 3«»otS^X* 

or ^«|iio«igfX*«$iftXog«ioo, I n t ^ Oftt* of tfoo Xottor oo^^otuago « 

t l o r i e f « o t ^ ftppooro to dooioitro^ tlio oo^orftlon of tlM 



<l«rl«fttiv*ft %0 ixuidi«» Mint •a^ttt«dly teta 

m4k» mrpritim «^««ne« of t i trs* |iia<Sriuif«. 

s*t^i#l»ii6liis«t« tilt l^««lii«r«*itriif«Uvt iwt only «ff#rt<s 

r«dtt«Uirft f i « t i l ^ bat %im ehX^r&^iftG^ w«« •l lstMWS 

Qt it»m%ib^l9tmolim pitrtAm «iit i«»X«Ud from V%» 

« ^ l%» r*d px$r«i» (inrslfig ;jf«ll»« «si «i«>9^1i^) ^t&^ 

<«il%ia ,^ltlng peio^)f %&• iir#ii|isi%y ^lUf)g p^lnt 

t t ^ i f mm ^ p0*9l%\li^ »f its* dvrlYtd 

fr0^ «B«$%«fig«a tl.«rtli3« ^^«ri* | . ^ %im «l««ly 

«siff«f^i^ ii»li|i$S fillet #f #^M9r»«>%»««iliyl€i»ii!»iia« pi«r«t«» 



a f t -

55 0^ 

?H3 

3̂  

+MH3" 

1̂  fttase % |̂« claslfemo^i* 

'srKitt vATlittioii m M%i9£iit«d ec»iiir«r«ion to Indole; i» 





fj^«ptr«s frem tti«ii««iittt (5«t |t. )«̂^ fttl^l l9dldt (to«$ g« ) «ad 

^IMi le«*iM«B9filft»««iii«iil«s &htm%^%* m%r^ti^ with t%li»r 

ro«o^isn nixt^o. A tolaiion «f tb« •UijrX«A« in 

i l i l^ l* ^^^oHXerte #«^« •^%«ifilfig * U%%U • • • t ic 

fteia) mmm iiftSoii«»4 «t f»iO^ «ltli 4%a«ofi« sodltts nitrite I 

mikll mmm (5»§ ULf t̂ s* «iia»llif» 

&tf%ikllitm4 irm m%mmm ^mlmX in jrtl^on ]L«ftf^«tSt m^p* 

m^m^ (f^&it C,7?a§* « t U . 9 5 . r«««tr»» 



mi9fH^lmx>%im C9 S*> rmtlmmi mt%h 1^4ro^^l4 Mi l l 

( 1 5 t f«r mm few tt» «ry«%*Uia» 

'" •5 . . ' -

mrnp^md, m»p» 2 I ( ^ ^ ^ Cr^nf^; C>?5»i3 

% S ^ ^ 2 r»qi*ir«« e,t6»a5; ) . tM p«0r# 

s«tNiti»ii«« <fi»i$l̂ r«<{ in «arat £H soft!an l^r^Kldt «adi 911 

i2m ««« 4l«tteii^«l In m»U {2 s.tf.) mad t£Mi 

««« f6iar«4 Into ir«i«r <I0 ftsS %l» y*llo» 

•m rm%ls|j^ ««• rteryttiillittd «#y«rftl fro* v«ry a^ioift 

ft««tia ^ par* ^«rl««ilv*^ «.|^. i4l*t ww*^*^ tr^m 

ib i* s^lir^iit lis «oX0ari«»t (resiKt^ C»7X«9; 



aft ft^9ft ftXiUltt r«4«k«tl3D &f 4i«idltf &t Ui§ m^mmm 

sixtitr* («itl» toditai^Srojfia*) vmt tMi«ft«««rf to ^r*«ipii«t« 

iig&i U««o» irm ii%it«o«» a l o ^ l (Poî ^$ S*?7.1s H,ii.&5« 

m« ^ W l C^74*8f 

7*41%f^^t l i^ l i i ia ia» l tg# thi« INMI 

^r«piir«4 iui for iiit otHts^i^o i^fts#i?^> fross ilio siismoliao 

CO«S g») uttt îrl. iodiSo 0 o*o«>l psro «»tt̂ e«iiid« « .p. 

i499mp*)t <M*y«t«Ilijto4 trm ot^roni aoth^aoi in 

AOttSloiî . ttei»l^«io eftrrifi4 o«rt.) 

li»^o|4eeL of o i^ i t jao 4 o r i v ^ v a iHt^ »o<ila» tai it̂ o l̂ioi* 

^^orot«^.. $hl» oonolotod of a 500 e.o. Il«8« Wit*A0«l^«4 flotk 

flttoil miVd « r%]^r liai^ o c r r y i ^ o irortio*}. ooiidosoor oad « 

trop for a ^ l t t l f i £ «oii»3i «ittto&t loot of tli* gooos boiag 

•ifoitro^i tfeo Xottor wort to ifao ^^roohlorio «eld trops 

i t i ^ 175 ooitiool flotko) t ^ roflsx oonSosoor. m%ng 

tlilo |!?^roiriotcl o p i ^ a i ^ 90̂ " of miiiofiiii oootoli)«4 i» o 

toot ool)ttlo» of ontnontoef birdroxt^ ««» ««oo«iisto4 fer 00 boiUnc. 

ft^mpmm* a oolattioa of tfeo «i»««iitii» (lAoo «oi») i« 

«&Kol»to oJLootioi Ci50 o«^o«) tio« rofif^oit ond troototf witii •o4i«tt 

<10 g*j o|̂ . 20 î ioooo) o<l4«4 4^riDtS | lso«tr. t̂ o goooo oiroltro<! 

«»r* pmmnm& t^o^igli too ^ortiofit of l^roo^orio oold voooli 

75 o«o. «|»|>rox* ^/5} fti^ 'i^*^ oU tlio ooditai <lia«olv«4 tfio 

flooK woo ooo t̂ out ^rtug i wit& o otrooii of nitroi^s* 



p9%9m%m hf^tmsA^ mXtt%im mi& sutsime <tt«ws«.r<l)« 

sr^ii^ %m mqiimm9 l.«y»r trm nmh m%r^%i^n wm miA%f%»4, %« 

pu i mX4 %nwm%9^ t^Xn^ %m fro4«6t fr«it 

JUUr̂ ) i^itt^ «fiftr r««f^«ittXlls*%l«n fre* 1i^Sfisi*Xltr^ltt 

%0^Q*) find %lic& fr»» «!|tit$«ji h»A «efi«%«s^ 

i^-lLt&*Cfe«tBils €«SO*i| Et$,2§, Ŝ m̂̂ Ôlf riifiiitir«ft 

f r ^ l a mmmim s#t4i«« if&m&i 0,56.69$ )83.?5» 

Itlt,3» ^2t^s%\ rufttlrwi C,56,65l a*3.ti| S, l2,0f) . 



Mgm%i9n mi%k otiior yi«14«$ « Itot ooloHo frootioa 

ium » I3t»l%5^» ^iel» mlU4 «t i5§-i%5® »fi«r 

rotrirotoUitftttoa frotc oloolioli i t 9m m% ftsrti^r parifio^. 

*^^^oa^i»a»i^^^ |e^imoIint* T&o oelo ^rod«6t mo 

O gtOSOjr OlX (5,1 g.) ll^lOh 00«X€ not H Ifl8!t|>60« to 

oryotoiXloo freai a^otio oloo^t^ l»om«io»lt|^otii (^.p. {̂ 9*40̂ ) 

or frost lli^oiii C^O^̂ O Ĵ olono. Ho orrotolUtio fUrmtm voo 

for^d im oloo^lio oration « ^ diltito Igrdrooldorio ooid 

(tsot or mW y i o l M no orfotoXliao i^droo]iiof-itfo« 

7»0ia<»ro*4^^o|3arXo|g8iol,̂ ia»« eoiowrlooo loofioto 

g.)t $S^*^^-$ ooforotod fro«i t!io olicolliM ooliBtioo 

( I r ^ Qtm mtO o^toltio4 m pemrim ^ roootioa aiJttciro into 

»ator» Roory«talistotton of tfeio p r o ^ t toloo trm ligroia 

ôifo ooioarloot olHtf 0»odio«» f8,5®, of >«tti^lia(tolo 

(Foa^f €,02.0; M,t#5l %i0.6. OoXo. for C^^Ui S»82.ii; 

H4«9} H»l#.7^t). tvoporotion of tho fsrt t 8iotlior«U^«or 

gftvo o iio|.td (0.55 g.) tcltio^ ofto diooolvoa in %«»OOAO C2 O . O * ) 

oivl «or»o^ oltM o oiaiiior ooXutloni of piorio coi4 i$ o»e. of 

o 5^ ooltttlom>» S» oooliisg, ooft rod aooiSloo of tieotolo 

pioroto (©,1^ «.^» 177*̂ 78* i«iioiMMa«o4 ^ eryotoliiootioot 

trm oioofeol), »oro o0tolfto4 (Fooadj C#5<J«̂ Ji Ht5*«*| it»l*#.5. 

csio^ for C x ^ t ^ \ ' c,50.0f 3f,i5.55i:>. 

ofoolaoei toriift^ |ro|Xo» m &%miSim ^ of tor 5 

d^o »oltod ot 235*^0*. 



in m o«#Ofii fm» 9%lMir*«iitmti«ii of Hei filtr^io 

froit tHo pfNiol|»lt«t«4 5»B»lliylliniiol« yioidoi «ii oily 

pr&^m% olilo^ mm* wt%h j^torio ooid «o olkoiro o^ 

^ l o r i o l (0*5 ft.p, l$5*158*» Tills ««« digooUd 

it t l l tm^i oleoliol Ci5 o««*) got* omoll groon oryotolo 
o 

Ce»l t » l t XtO«175 • ^ia*«oo»« ©u «eiatlJtittro mxm 

^mrnxmpmi^u^m^^XfimmX^m;» * M »«{»or«t»i'0« of solid 

f mlkmXim m&Xu%%m ««• m%%4^ «sd tb* gim»rmX 

prooo^aro yioidoa ifrm im rmao) of oliy oryotolo* 

^ Slfoolloii HiXXm XXW^^Xn aorit o i l «o« lorgoly 

oil^limtod Ofti m o^olaon of j^^nottiyliii^lft* ^*p. $^f7^ 

W i»ol.ot*t» Efmpô TAtioa of tij* ooloiirXoto IIgroin 

itoi^or l l f ^ r o ptomtloa In ^{i«ox» oo o^vo yloldod 

rod i^dloo of tig«tolo îorotro^ m^p^ 172*1711̂  * not 

aoj^ooood on «ittiie%mro mliM ^o tpooloon olro^y dooorltutd, 

Wti o i l fren %1M llgroln difostlon no* liTooM oliit 

piorio ooid M @OII«1 O ^ %h9 oritdo dorlvotiyo digooiod oitti 

olnrolttto olool^l and flltorod tio$| « grooa ory»%oUln« 

ooUd «o,t g,>, « XB5^lBl^t **» ©%iislati ^% M%Xm% 

mmp». doprooolofift !*oro oHolno4 wXik oltotolo ^lorAit, ood 

%*«i»t^yiiiiiaB0llJio ^lemto. tfeo picroto of •̂ofeaoro-i*^ 

fsoinyloiaitoitdo hm m.p* l^* l§6* <doeo»p«) . Tfai ^rod«ot 

*op not imrif l«d for oi:^Xy«io« 



*205-
^^ot»ymigatt>i | f>oTHo ortaiio prodoot froo Ofio rtm, o 

KlKtiiro of oil or|rttoX«» ««« rooi^otoliiood 5 tioot froo 
il£roti% V»»p* t^-4ti^} m& goifo faro 5<»ftotl^li£iiS«lo« m*p. 
f4.§»S7.5*» Sir»i>«r«ti©is of tiio Ugroln « o t ^ r lift^ro govo 
0.4 of «m oil ontoh OHO norooa oith on o^ooi ooigitt of 
pi trie ooitf tii hmmm m& m oooiing goiro rod 01*3̂0 toXo 
iO»7 g*)« ii,p. 157-*Xi»0̂ > ilopootoci roorjrttolXiootloo froo 
olo^ol fovo dork $ipmm priMiotio î odloo of t»»iiot^X-
oiiemiifM jplorotOt « .^ . oad mlmA «.p» X77*178*, 

t»I^X«iĵ Ok* '4ssf^pm9h%miy^%m»X%ti;9^ * tbo «i«ooii« 

oXMifio oointion Coftor o t^r oxtrootioi^) dopooitod fiao 

$oXdo^ iioodlooCO,7 * . ) «felOb did i» t ooXt ^l.o« JJC* 

(pro9«ti80 l̂y o oodiUM ooXt). ^ oo«i>laod otl^rooX oxtrooto 

C0»8 t* oilf isotorioi) yioldod #a ropootod rooryotolliootioa 

fro«i ̂ fksoeo oltftoot ooXofirlooo priooOy m»p^ X55*'X5̂ t̂ *t 

2-aiot^l»5*Ci>»-toy^o3iypIsonyl>lf«S©lo, (Posiidi 2,00.2} i»*5»aj 

^,7.0, ê îl̂ ^Cil ro^^lroo 0,80.71 Ut% ft »#4.5X). Tfeio 

oeaponftd soltiiteXo lis 2lt oodSoai l^droxldo oolatio» bat 

»ot in oeditui oorliocuito or onMnofiio. 

flio pi 9 :lh^«etio» (5 g.) oonoiotod of eneluusgod 

^•toriol Ofid 00̂ 0 o i l , « poro tpoo|{»ofi of %h* fofiMr, o.p. 

MtvS nixod «.p« 23S*2^^» ^Itig elitolsMkI 1̂  rooryotoliiootioft 

fro» oXoO'hol. 



S*ffeog l̂'»it*i<t'«**g^da^^ Ixtroetlon of 

m9 ftHtollao ool«%ion «ltii olhcr yloldod o||* 1 g. of oi l 

0 ^ oi^«l^#l« oni i^o p» 8 frotl^loi) oonolotod of « oolld 

Ct.5 i* )* is,^, «ll> 250^ o i ^ ooiBO dooottpooliioA «t i^o^« 

looli of tlio ^ooiloaot *ft«r rotry»t«lil»«*toa fro» olootoi, 

g«?o im^oi^od mm^liily n*f • «nd «sl;fiftd m.p* S85*286^» oo 

^ omly OfT*%«lUno pro4tiet« 

^Cii * *l^dr^g^iBrl^oljiaol. , iao^olkoli^imoloii lo 

fraoMofi g. fro» t miio) »«• o roodily oryttolllolt^ 

o i l ; «»««r«l rooryotolllootlom fro« t̂ osxono govo pw* 
o 

5*|%»«aydrojQfphOfgrl)ti5iolO| mmp* X^»X^ , «» oooll goldoo 

pri«s«t |o modloo. tlio ooIiitMlliy of t i iU nmp^mnd in 

olkolit 900 ooitj^oHo t^#t of %h9 t*aotliyl i^ologot 

Iftfeovo)* 

^ 1^ 8 f roo t l e <oiu g . )» ooiwioVIng of • olxtsro 

o i l mud oi^oiiillifio »«%«rl*l» %li* iottor %o|Qg iiio 

Ofioi»kî od olimollnoy m,p* «nd tilj^d m.p* 25%«3'35̂ « 

5-*totliyl«»t^«^8arloiaftollBO storo^o.» Tliio woo j^porod 

Mrtm mt oloo^llo ool^tlois of tuo oiemllao ic,3 g, la 
m 

to o.o«) «kd «/«ol«itioi% of plorlo oold In oleeiiol (lo.u o.o.)» 
I t oep^«l«d from tioaMi^ in yolloo prio^ifo noodloo* »t*P* 

o o 
|$0»1$1 olono m$. Oho a iiiUtod mth iiio oit̂ otoneô  17$̂ »181 , 
pr«rflottOly oMolnod (by Dr. S. ilapoun) ^ Irootstoî t of 

tlio oliuwiS?i« Witts oodlim omJ oioo*iol. 



.jftttoa|»tp rogoot t|i» ttoXXo*i»ti£or .i»f<^t^o% 

ffeo î oooroKoo «^roo% # i o o r i M «oro proeoo^ iagr o 

projoot i^ioh oliitd ot tlio proparatioi^ of 3^p&ODyXoiiiiiojLlao* 

%»oor&oiiyl£o ooiS tlio romto of ttoUo «iid iooacor 

imd tho om ôô oont g«^r«Xio«tioii of ^o mo^od, ioitnor of 

tbooo ftliio ooo rooXiood onS in t ioo of t)io doipolofsf»$t of 

ooro otiooooofol tlm^ of work tHo OOI^IH^ mam o^oa^ood. 

INriof roforoitoo Isfto modo oor i io r Cpogo 10} to 

i io di«oo»»ry of stoXJ î oad ioekor wliisis oroo* froti ottMipto 

to proporo il*Ni3!if)0*iiotiii fro* %o^iiid#iM»iiio*i»otii» ( I t ) , 

f^o Sot tor ooiip<^£it oo» o^oinid >̂ oroi3r ^ liootlf<«* 

8^*lso^ol*»<x^*^oi^llgrdr«iliso*»o^»ox^yl ohlorido ( I ) , ond 

mm rmm&ilf oxidiood to oorroopoodij^ tiydroxiiiolMiieoie 

oojd d » r i ¥ a t l ¥ 0 ( i l f ) | ti^otaoat witli iijrdroofelori© or 

itootie ooido f^i i iobod i^«aelo*>*o«rlwsi!f Uo ooid ( iy ) , pro-

nmm^lf wim %M l«%iio ir-.€»siio-io«%iia, stoXlo ond Hooicor 

> 
Cr) ( I ) OK) 

Cw)" 

to 

(J ) 
eX«tmod IMt lnot o^koXis rooetod with tiso I^OjiiyrXidofMiiioo* 

iootiB (£1) to givo 3*pii^loifiaoXi{}o*i»«>oftr^iQrXio ooid (yi) . 



Im proo*ii% ii»irooiig*iioii i t » i»^lyl o^orido 

ro^ml̂ od for %im f i r o i oiogo «o> proporod oooordli^ to 

• tfeo dlrooliei^ of f t«a i i l^or iis-L} frm onlgrdroiio fi^olio 

«s |d l / /g) ph&9pi»fm ^mtmiilmriiSm* prooonoo of 

l&o ®mpmM Cl> l » ^ roootloa uls^sro ooo provon Dy 

tKc proforotioii of tiM eryotolllxiio onilldo o|jiyi 

oo%or« ^ ol#|lo Oi^orioo^ yioldod o troeo of rod 

iBotortftl mmm 9*0 >ro«m«od to ̂  tlio oo»p^ied Cll) M 

no forlfeor progroo* oiiondod ««rioiloi^ m l i lorotaro 

mm%h6€, jai^oikgb tiso doriirotivoo propirod ^ tloUo ^ 

Sosl£or ««ro «ttply doocrl^od t^oro mv$ m uafortfu&oto 

XmU of dotoil im %l» mq^rtmnt)^ ooaditiono; tiil*» eo«-̂  

binod oltli tM» %ms^ri9m* of tho 4Kstlt^ ot tfeoi i.i«o« woo 

dools|7# list tiio «d^tloi i of m pro¥lo«^Miod noro 



!»ol i l i i^ poinlo oro oooorrootod. 

Aftt»i^%o to j»roporo 11 Id^spji^i^lootIfa> 

HI A toX^tloii of 0J£«lyl oklorido (6.^ g . I n o«o» 

0f dry otitor) oao oddod dropnioo to o rof la jang soXittloD 

iff &«iiiioidol^^-plitfsylJ^droJio^o (10 g«) i n othor (£iO o .o . ) 

of%d tJ^o !isixtoro mointolnod %imm for | Moors* Cvo^rot lon 

of tJio oolvonv yloldod o rod irlo«o«» o i l ofiioli »«« ^ o t o d 

%i% «£t Oil huttti m%iX l ^ roe& lor io oeld goo ooo ovoXvod 

C15G**K Aftor 2 ^aoro ot th io t«#p*roittro o oooflo 
of tho prod«iot oomXd not ^ ol^toinod in orystolXInt foro 
m& only XQf ooo ooloMo In o^«o«w oodloii i^ydroxldo. 

iiooting ( In o strooai of dry ^ t rogon) mm* oontlnood for 

$ mvtr* (150̂ 160̂ ) ta»$ t ^ «ooo digootod « l t ^ Itonsono and 

f t l to rod i froo o v i ^ r o t i o n of tlio hmm^m govo only « 

trooo of rod aoodloo ^ proooaiolily t2» dooirod prodnot, 

C2) A to la t lon of oitoXyl ofelerld* In othor (6.5 g« l a 

25 4 . 0 . ) ««« oddtd to ono of îiooldohydft->pbonyl}>ydroftonB 

CIO ^ . in 25a e . o . ) ond 1*.o oijctiaro rofXiaJSid l a o oarroot 

of d iy n l t r i^on u n t i l ovolotlon of ^droohlor io oold eooood. 

Bofloxlng « port ion (10 o . o . ) of thio (siKtoro oitJi on 

otnorool toXi^tion of oni l lno (O.a g . ) f<»r 10 m n o u o 

fitrnloliod %bB on l l ido ; rooryotolX toot ion froo o:|tt«o%o 



*2X0* 

oloolsoX gŵ o ibo paro dorlv«tiir«, a.p. if2»X?5* (Utorotoro 

m*p> too**) (r©«n«j a,75.5i coio. for ^^ii^^Og^jS 

(^•T^.fl a»5*% )̂* tiso roaaiiidor of tlio otfeorool i^x^tioo 

m» oontoatroto^ t o dryisooo mm %im rooinoao prodoot trootod 

i s r o l X ^ i ^ oorlsoa dioaXpiiido (xoo o.o*) oitfe oXnoioiwi 

eliXorido (6.7 i;*)* oddoS «it& o t i r r l ^ daring X5 siatttoo. 

mofi- o doorooso im %m ovoX^tian of .l̂ drogon olsiXorido ««• 

©feoonrod tfeo roftotiott »4ictaro »oo doooepooô  oltii m 

ioo«'liydroo%ilorio ooid KtiEtoro, fiXtorod, «ad %h9 oorOon 

dloia^ido Xojror driod m^. ovoporot^di m oii« oiiloli di« 

«iot oryotsXlioo m oto^ing^ ««« o H o i i ^ . 

(5) A •oltatlo& of ^f^^oXdo^do^flioi^Xl^drosooo io 

oarlion dio«iXp&ido (5 g, in 200 o.o.) ««# oddod oit^ otirriag 

daring 20 ni^too to oiso of oicoxyx ouXorido (3.2 g. ia 

2^ 0.0.) . rod ooXtitian ooo rofloxod fer i f hooro oad 

oXXowod to eool; «Xtt@i&liM oMorido C3.5 g.) ooo oddod 

portloi^ito «33d rofXtixiog rooo^od for X hoar. prodoot 

w*« ioaXotod ^ in (2) oad of tor fomr rooryotoXilootiotio 

f r#» sXooiiol tao <̂ tfey|; ootor •««» oHoisod oo i^to fXoicoo, 

« . p . 123̂ 211̂  (Fooj^i QM'il Ht5*6» ro^airoo 



* t l l « 

1, Aoli, Annaion* iS8^, m* 
2, Mm-t9, Hiion, and JLoooo, J , ^ * r , mio«, too. , 1?^5» i l » 155<*« 

3, Aliiioy and &l«m, Pro©. Boy. Hoc, 19!58» B* 1̂ 5. 

Af^olloo, M t i R. Aoaad, t i n e o l , 19o8» Ht itt 455J 

Ohm, m^u,^ 19x0, 16X@. 

% A i ^ l l o o , 0«0sott«« 1911» ^ X I , 5?Si ^"^^ A t o t r . , xnt, 

i , 555. 

6. Af^oXloo i^d lUi&ioi, Oassotta, XfXO, I , (iXl; Ĉ om. 

Abotr., l ? i l , ^ , XO92. 

7. Arndt, Loooo, and Baoyor, ear., l ^ ^ l , j ^ , i«*60. 

8. iloHloy, Forltln, and ItoMnoon, If50, 5$2. 

5>. ^ i i o o r t l i , Dafforn, o i ^ iia!»»iok, J . , 1959, 809. 

1#. Anooro, Annalon, X927« 211. 

11. ^©sforo, 8»r«, Xfm, SL* 

IZ* Wmimi&n and l^agl lnf S, arg. Cliom., X9ii3* 510. 

15. SiMfcyor, 8or., 1880, 225 .̂ 

1«̂ , Saoyor.and iloom, i t r . , xesa, a w . 

15. Baoyor ^ ^oom, 8or., 1«@4̂ , |X« ^̂ 5-

16. ianico, «l. ^ o r , Ohow. io©., 19W#, 1X27* 

17. Bamott and t © ^ , J . , 1955» 

X@. Sonndorf and Sorno, lonatol^ , Xf^H* ^ l67* 

19. B©nn*tt and f r a t t , «r., I929, lt*65. 



23 , i 0 s « r % aaa M t l d « i % » r i « r , M t r . 3©e , , 1912,J|tt»l83« 

a©g«rt sia«t e^dit, i f . mmr, Chm, a&e., XfOS, 28 , IIM*9. 

6©g«r t at&d ^ i i u ] i « r a g J , ^'^vr* «oe«» i ^ l , 2 0 ^ . 

25. ^ © r t and my^ Jf. Aw«r, Cftt»* S e c , XfQft ^ » $0?^ 

^ o 9 } £ « r , t p r a g i i « , a f ty t l ) | «n4 ^« A'nvr^ &i%m. See., 

51. B a e i t ^ r , A n m l ^ n , 222., 

$3* Bii«©h ana K l « t t , IMsr^, 1892, 281^7. 

55. O i « r . » i r . , 1929, 6t, I57i*. 

5$, © i « r / ^ o f e a ^ A v # ^ l a « , 3»r. , j a , 2259. 

38* Cl«%o Hdsgf t r ih , J,^« X ^ 9 , I2til. 



4^2. c©»ic s i j i . , J* , m^, i m I W . ^9* 

M ^ . 00Qk ant! M«iii«U, X ^ ^ i 

1*7• mmnyt qmn, i t t v * . . M* ^^5« 

i ^ f . 49 El*ii9a%» AQtn, I f t d * | ^ IL^S. 

§0« and A3.^r» i n u ^ i a i ^ , 257* 

51. t l W . «n4 W i m a m « t l f 5 5 t 

51. Er*^* «aS r»eSt, J . Awar, Ch«m* See. , l f U 6 , ^ 13XJ. 

S$. miu s«©. , i ? i a , ftj, ! • 1*85. 

i«gi«tt©m«kt a i ^ Stalarlpiet Bar . , I f ^ t ^ * l^ i fO. 

I D a l ^ H v ^ r , and llrtsaiiar, mw, mi»* Aata , 1 ^ 9 » 16 . 

F i a g a r , j . pr, Clia«t.» 1S95» M» 

f ? . rAaal ia r , B a r . , 1880, 1 ^ , 675. 

f S . RiaaJiar, ^ r . , 1881» ^ 7 § . 

j r iaabar asid itttteiairm, 4 . |»r . Chaw. , lS»i^ , 3 7 i . 

60 . r i a s b a r »mA icnaal , AisB«a.aii, I t a j i 2 ^ 1 . 261 ; ea r . , I 8 8 5 , j ^ 6 5 2 , 

6 1 . f i a c l w r ana f » f a l , i ^ n a l a n , 1885^ 227. 305. 



-am* 
r ra t t f ia aftd Kaaalar , j r . p r . Gfea«., l^ia, J§, [ 2 j , 233. 

f r i a ^ a l a»d Jialsaiiii , ^ 1 1 . i a a . 1681, 3H» 

$ti, f r i a 4 i e f } S a r ana l i asan ia , Amialas* 1@8!̂ , jg2g«. 235* 

6 .̂ e a f e r l a l . Bar*, l f 0 5 , 5575. 

66. <lal»rial a M JMl«ra]!i)»ar«« B»r^, I918, ^ « 1(^95. 

67. t i feaen ariS I ^ y 4 n , ^ . f 1951, 2588. 

#iX-!«Bi aiPKl Kai^aa , ^ . A^ar, s w a . Sea, , lSte5» i l » 5H2. 

69* ©rohitiam* 8ar,» 1891* ^ » 5^%» 

7S^ l i a la» . I . ^ a r . SJiam, 80a., I p 6 , 

7®a, ^ f t t e e f e a f ^ Xalte, Ba^. e 1899* 3 l09» 

71, Ha ta , fa tamata t i , and J^u&«>ta« B a l l . Ohafsi. Saa. Japan, 

it35t I E . Al»»tr*, I9i4, j | 0 , i C ^ . 

T l a . liatA^aaiiisa aa4 Kbada^ait, Ar«| i . P f e a r » . , I913* 

i^am, At^afcr.^ 19lli, 8, ^99* 

72. H a l l a r , Bar,* I916, 525. 

T5. 1951* W 8 . 

7t̂ » mm, ^ . *ftaiar. e&a^. S a c , 19^, SiS,» 

7§. ^aeoba , W4nfiai»» Manaaraon, d^paeth, J . >f:?ar. otiasi. 

aae*, l i * ^5^«^' 

f$, #ohn»8{i, «laeol^ft, asmS $ah«ar%s , J . ^ a r , 0!tas, ^ a . , 1958« 

60, 188$. 

77. E«tplaaa, .J* M a r . Obesi. Saa. ^ 191̂ 1, Z^ZfU, 

78. Saplan ana U n d n a l l , #• A a r . C^a ?. 3o« . , 19l*5, i i J . 927. 

79. mxun and Caira, J . ^ a r . cna: . soe . , 19^, 64t, 

80 . Eanisar and SiabMaga* J . , 1921» 119. 5 ^ . 



$1. Bermmu m& M t l i « J . , 8 l i» . 

aa. Eerssfid]! m€ ^o^mH, 4*, 1936, l ^ i . 

f l ^ . K l i i f i f e n , i s r . , 1885, | S , 2687. 

85. J , Org. C h « « . , X9<f3» I » 295* 

8 6 . K0<fciilg» 1 ^ j ^ r « i i , J . p r . <m»«. , 1954, j ^ , 2.19. 

87 . K S n l g » , J* p r . efe#«. , 191a» ^ 1 7 2 . 

88 . r 8 « i i « « , Iser*, I895» M # 

$ 9 . I r a l i l » r tta^a S i r g a r , J . AKsr^ l^m, 4567* 

90. r» r«f t l« t S « r g * r , j . A a » r . C M a . Ue*, 1 9 ^ , i ^ , 2 i | l 7 . 

9 1 . i * « r U « r »a4 U i a d « » l i , ^ . ^«ter^ imm, S^e.^ 1 ^ 7 , M * 5 ^ * 

92 . Juwifit n a i m i M » i r » j . ^ r , 0 i » a . 8 « e « / 1952# J i * 199^» 

9 § , I^©n»r5 aaa 8 € ^ , J* ^ f t . 1 9 ^ » M,* 

96* M f i a l * * a «04 mhUp J , , Z957» ^ 5 -

9 7 . JUie«k« « i i T«t i«g, J . Afl»*r. C f t t « . 19^9? 2i,» 2555-

98 . »»g%im&a mi d r i g o r w f i k g r , 8 « r . , 1955* M * i959» | 2 t ^ 9 6 ' 

100. I i * y * r «a€ Ojpp*ah»t««r* J^r*, 1918, 

1 0 1 . IKt3r«r a i i^ l ^ i t . A m n i e a , 19i«*, 1 ^ , l i 7 . 

Xm* lt«3rer, s tar ie , ane ^ n a a , fi#r., 1952, i355* 
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105» Hal iBftl3»l»ar t i t t a , Ba r . , 190$, 1 6 , m55. 

lOif . M ® i « a i ^ a i « e r , § a i m , and 2i»«iar»anf i , B a r , , I 927 , 1736. 

105. ^«aM©la a»d l y i r a* J . , 1902, 81, 988 an^ ra faranaaa ttoara 

© t t a d . 

1̂ 36. itaKSola a a i May, J . , 1907* j i , W«4 . 

i«py»r i t , ^isuii.), e a r . , 1895, 2258. 

im, m^feaa l , S « r . , I 905 , Jt» 

109. l ^ t U a ftfl4 fetich, 4 . , 1922, JUL, 272t^. 

110* mUm mi Bapar, J . , 1925, 127, 2i#66. 

1 1 1 . M e r f a a , J . , i 9 € ^ t 1576, 

112. l S a l » r , iCii811ar» Warfeat, aiid T r i a a l a r , Annalaa, 1929» <t71« 

115 . 

115. Haa^iitMi a a i l>am]! i , 190^. 0 , 1<I@* 

l l t | . iti«}«#at©«a^i « a 4 SacHarda, J . p r . 01ia<8., 19i6, i S b C ^ ] , 1^. 

115. Stsrr ia andl M a r a a , ^ . Amar. Cfea«, Sae., 19>*0, 62 , 955. 

116. Or^ania %^atiiaaaa, G o l l . V d l . I , p . %12. 

117. ^ g a n l e Syiit^haaaa, O a i i , V & l . I I , p . 279. 

l i t . Or$ania aaae t ions , V o l . f , p . 5 ^ * 

119. Paetnnaiiti ami 0aricar^, 8 a r . , I9QO, 5590* 

120. I ' f a a i ' i a t l a l a*^ JaRaeHa, B a r , , l ^ i^Z , IO96. 

121. P f a i r f a r , B a r . , 1915. ^777. 

122 . m a a m& m^rtm, 4. Amar. Qtrnt. S o c , 19146, 1205. 

i 2 5 » F r i a a , Laauarcl, and G a r U n , J . Aisar. 0harfl, Saa., 19^6» 6,6, 

150^. 

i 2 i | . f s e l i o r r , i » r . , 1896, ^ k96> 



IZ3* fmsmve and mn^piX9, mr,, 1921, Sii^ a77<̂ * 

127, K iMid f t t t i a , T*"av. C h i * . , X955, 813. 

X2S. B«m«ri»)Ui«afi ftiuS mqtBimr&t 8»1X. OHia . , X95i« Jt* 

129. «t4«h «nd m e o X a * v « , ^ X v . 0b&<R. A@t.»« 19x9, ^ , 8u. 

i 2 9 « . B « X * « * r t , mr,, X905, i | | . t X605. 

130. » l< i l i t« r , 8 « r , , 1883, i l , 677-

X3X'. Il0fe»rts mm t i ! i r i » r , J.# i927# X852. 

132, !Rag«ii anci 3t*tife ( A . ) , }f»Xar. Gum. A o u , X957 t 22. 37. 

X33. «waiXi ^r*ete (0 , ) , atlv^ m * . A e i » , X958, Z|,, XO81*, 

i f tGhs HiX|>«rt , 8«r . » X9C^, 899. 

135. s«k$ , mi*f». A f c # f r , , 1955. Ii« 10^3• 

X36. 3*ndln itfid C a l m s , J, Hm^r, Cto#f«. soe . , 1936, 58, 2OX9. 

137. ael»t^3«iin and U y , l » r . , X936, 9^0. 

131. te&l«»ai i» aofl »«»«Xla»t 8«r , , X952» | 5 » 737. 

X59» ^JehXank, B a r , , XfXi f , i*75. 

Xt»0« Se l io f iaXd, f h a a i a i8r l ^ a ptgraa o f Dee t a r e f 

FhiXoaQpliy i n tua l ^ i r a r a i t y ©f UarluuB. 

Uil, i o l i a f l a X d and ^ m p « o n J . , 194*5, 5x2. 

XU2. iclfc&fiaX^ and i?«?pi©ft, J , , X9«*5» 

Xt0* B<ih9tl*lA axid impaon, a . , X9i46, UfZ* 

mt^^ MfeoXX and Steeaiantt* I8«r*, X922» il8. 

Xi^^» okoXX i^a il»3rar, B t r » , 1928, 2^50. 

14̂ 6. SslioXX* K « m » f f , a«wl i » y a r , 8ar», X936, i s , 7^6. 



se^ufcarg mi iiaaaatteal, Sa r . , 1921, 51*, 1789. 

11*8. $h«w aod H a g a i a f f , J . , I 935 , 77-

11*9. tmpaoii , 19<*6, i*80. 

130. $%mp9dn, J . , 195*5* Ui*7. 

1 5 1 . S l f ipaai i , 4 , , 19M», I T O . 

l ^ a . 3 l « p a o B , 4 . # 1 ^ 7 . 1655 . 

152 . S l ^ a o n and StaVaoaan, J . ^ I9*f2, 5 ® . 

1 ^ . 8 t « p a a e an^ ( i i ^ pari) A tk inaon , t a h a f i a l d aitd 

Staiaaaaf i , I9t|.5, 6t |6. 

154*. Slapaaii ma mhotfU, Jt«t«iraV i 9 i > 6 , 1 5 2 , <*59* 
155. t l a p a a n azi^ i : ena fo rd , 4., 19t*7» 9 i 7 . 

155a. 8 i « p a a » , J . , 191*7, 257. 

1 § 6 . ^%m&im*r* 8 a r . , 1908, M» 3 ^ i . 

157. Siapfeaaaan, f h a a i a f a r tm Sagraa af Daetor a f 

^ i l a a o p l s y I n %M C f e l f a r a i ^ y o f Dsrliaa. 

1 ^ . S ^ r m a r and JT in^a , S a r . « I909 , iy|2, 5115* 

159. taansar t a a a , B t r . , I 9 1 2 , t ^ , 510t>* 

160. staarmar ©nd f ^ n e k a , e a r . , I 9 0 9 , | | 2 , t»217. 

• Staarmar mi Wfrnmrn^ 8e r . , 1912, j ^ , 5099. 

162, S t ^ U a a i ^ itakar. B a r . , 192i», SI* ^^25. 

165. I t i 4 ^ a r 0 i t | ^ <if%S Tkanpaen, J . , 1905^ 666. 

I 6 i i . Ta»l«ar, ©sr.. I 8 9 5 , ^ , k5U 

1 6 § . Taubar, Bar .* I 8 9 I , 508I* 

166. ta i i fear . B a r . , I 8 9 6 , 2270.^ 

167. f a a t o t r , ^ r . , 1691 , 21^, 5985. 
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X68. m a X p a p a # , Sar . , X922, ^ X27. 

U9. fh iaXpapa and r a W a , 8 a r . , X939, ^ 2 , XU32, 

X70» t i a f e a l i ^ f e i , GUa«. Gaistr . , X905, I , 79* 

W. fleto«ii?«ltl, e^ii* C a a t r . , X9Ca# 2 . 80. 

172* flfai»», <!• Aaar, Olitafi. S©a . , X9i*5, IX* 5^* 

173. mXBafui , 8 a r , , X9X0, j * ^ , 55^» 

17i>. ^Xlr->ana and BXalar , e a r . , X902, tf273. 

X75« tXXnaaa and M a t a r X a , fiar., X90t«» 

176. m.X'sann and ^ a e ^ v l n d ^ B a r . , l$m, 229X. 

X77. tXX??i»nn an« ^^aathiiar. B a r . , 1$^, Jit 

173. mXiaami «%d ^MaXk, 8er . , X9XX, tj^, X2S. 
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