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HISTORICAL INTRODUCTION



AIEToRICAL IRTAGOUCTIUN

The obLject of thls Investigation wus Lo sludy Lhe
coundensation of 2,0-dichloro=l,4~napnbioguinone with certain
active methylene compounds and to defermline lhe struciture of
tie products. The chiefl active meitnylene compounds stuuied
wers acetoaceilc ester, acelylacetons and cyauoasetle valer.
This investigatlion was proumpted by bthe faol that seversl
workers in uhils lavoratory succeeded In lsolabing, and in
some cases ldentliying, certain relalbed products from Lihe
condensaltlon ol l,4-naphthoguinones and active methylens
comﬁaunﬁs.l’g’g

The products of thwse resctlons mey have important
physiologzlesl elfecin, Inasmioh a8 Z,50=diciiloroel, d¢=naphitiio=
guinone bas lung lcldal acﬁivity4 and also cun be regurded as
an analog of vitamin K. Buu-iol synthesized muny arylamine
derivatives of l,4=naphbtioguinones some of which were capable
of Inhiviting tone growth of the tubercle bucillus.® uore
recently & large number of smine derivatlives ol Z«chilorge
l,4=-naphthoguinone were preépared bessuse they were Mound to
e scilive inhibitors of asid production by bacteris irn the
maath.ﬁ

in order better to Interpret itne results of tnls
investigatlon, & study waz made of the reacitlonz of 2,0=
dicinloro=l,4-napnbhboguinone. uas might be expected by anulogy

witn onloranll, Z,0-ciobloro=l,4=nuphinogulnone is a very



good oxidlzing agente wihen used ase an oxldant 1b is reduced
to the corrssponding hydroquinona.? Tnls structural coange
1s accompanied by the disappearance of the yellow color.
The gulnone may be oxldized, however, 1ln Lhe presence of &
strong oxidizing spent to potiallc selde This rescilon was
part of Grabe's classic proof of Lne structure of naphanaiﬁnag&
In this work it was also shown that wihen bLhe gulnone was
treated witn phosphnorcus pentachloride, l,2,J5,4,0~pentae
chloronapiitiulene was [ormeds

Fries and coworkers succeedsd in preparing toe OS-nliroe
and Heamino=g,d=dichloroel,é=napnthioguinones.s shen O,3-
dichloro=l1,4-naphtnogqulinone was trested wlth « mlxture of
concentrated suliuric and nitric aclids, the sroduct obtalned
was ohieflly the Lenltro derivative. This wek converied to
beumino-i,d=dichloro-1,4~napnthohydroguinone by reduction
withh stannous chloride in hydrochloric aclid. Oxldabtion with
Terric chloride solutlion ylelded besminoel,d-~diculorgel,d-
naphthogulnone .

Jrignerd reapents reasct with ¥, o=dlciloroe=l,4«-napiiblio-
gulnone to yleld a varlety of productse when methyl, phenyl,
and d-naphthyl magnesiun halides were reacted with this

quinone, there were obtalned upon hydrolysis of tne resction

mixtures the following prmductszlo
HO Cglis HU Gyt
Cglig £1
CgHg Cl
EG CgHg BO Gyl




It was interesting to nobe that in compound (i), the chlorine
Ltom was not replaceable by agueous alkall.
The polymerlzation of 2,d«dlchloro-l,4-napntnogquinone
was [irst reporited by “choll snd coworksrs, and was accompllalie
P . Yo e e o -t RO S ’ [ « 3 £ 0 ll 1;:3
eu by nesting the yulnone with copper powder above 200%.,+4»
1

Thils work wes dliscussed in sose detall by Boehmee

cyu=Lichloroel,d-nuphthoguinone wes found Lo Lo capable
S

e

of forning complexes with ﬂvr&slag.l Sith 2,0«dimebinylpyrrole
tize guinone lormed brownlsh blesck crysitals with the emplrical
Tormula SCghgie80ligugTlys Zy4~dimethylpyrrole [forned &
simllar product, CgiglisUynilguntlae. hwigbhiyles ,bedimetnyle
pyrreole was unususl in thelb 1t formed & complex, Grotia g le
C1oiigupllp, even Lhough the nltrogen was melhiylated. These
compounuds were unsbable snd decomposed on standlins In alire
Bress aud Yensler prepared Lo aore sbable complexes,
ngﬁéugﬁrgcaﬂﬁlﬁ»aﬁﬂlﬁ and Gygiguglirgeinlily from £,0-
dibromo-l,é-napﬁth@quinone.lé

ab elevated temperatures in the opresence of bromine or
hydrogen bromide wnd o copper swlt catalyst compounds sonbulre
ing & iocsely Lound chdorine abom would tave thls atom replaced
vy bromine.+® In this way <jzu=diclilorg-l,4-naphtioyuinone
wes converted L0 Lebromg=Jd-chloro=l,é=-narnthogulnone.

w08t of Lhe resctlons of Lyd~aicilorc-l,4-naphtimoguinons
mey be divided lnto lour mein categories. The divis ion 1is
bused on the vype of linkage wileh results. The lfour Lypeon
of linkages are Ce=hk, =0, C=U, and Ce%e Lore than one type

of bond may bo found in & slingle product, ee.g. & S«3 bond



may form upon replacement of one chlorine atom, and & =N
bond uvpon replacement of Lthe other chlorine atom.

Host of the early work with &, =dichloro=l,4-napitiio=
guinone dealt with the formation of the Cel linkege. Ihe
first resctlon reported was that in which the gquinone was
treated with aniline in an alcoholic solution.t® The red,
orystalline product was shown $0 be Lechloromd=anilino=l,4=
naphthoquinone. Thls reacilon was extended Lo 1ncluce the
subatltutec anilines; such as 9= and penitrcaniline, p-bromo=-

anlline, and ge and.gftoluidin@.l?

The expected produchs
were also obtalned witi me and pephenylenedismines. lLowever,
when ge-phenjylenedlanine was reacted with &,5-dibromo~l,4=~
napntnoquinonre, tone following compound, wiolch is cupauvle

of tautomerization as shown, wasz @ht&iﬂﬁd.la

v

#dditionsl primary und some secondury eromstic unines were
used successliully in bhis resction, *®

hesently thls reaction was exbended Lo the allphutic
series, for octyl- and cetadecylamines were found to react

in & slmllar manﬁ@r.lﬁ The Le=chloro=d=amino=l,4-naputhio=



guinongs, wolcn were Jformed by this resciion, were not

stable to hydrolysls condltlons abd LechlorQe=i=Lydronyel,d=
nephihogulinone resulted. Fries und Uchwat syniheslzed Kyow
dlasiodo=l,4enuphtaoguinone Gy bhewtlity & mlxbure ol L,0=
dleliloro=l,4-napnthoguinone, aloohol, and concenirated
aygueous asodiun aside on & gsLean babh.gﬁ Tals orange compound
wis Very unstable wnd e drop ol concendreied suliuric acid
caused AV Lo explode.

Gonsiderable work of primary importunce on Lhe {ormae
tion of the O=C bLond was reporied Ly LieLermunn and
xichel.gl‘ﬁﬁ They trewsted £,0~dlhslow=l,d4=naphiboquinones
with sodium salds of weciive melihylene compounds. 4 typlesl
example was Lié reacstion ol Z,d~dichlorg=l,d-napatnoyulinone
in an slconolie solutlon with the sodium salt of ethyl

cyanoacebale o zive the following producitue

9 G
.
81
ot LT
Gl S;i"“uuu;}gxl&

GE=CO0CoHg

v Vi

Slullar wonosubssiitublon products were oLlalned wlth ethyl
nalonate, etayl acetoacelube, plhonylacelonlirilo, mebhyl
vensoylacetale, aceljylacelono, sensoylacesone, dihydroe
regorcinod nid etbhyl ocaalacebaibe. o wlsubstlituted uroduet
was also lscletoed witih ebiayl mealonete. uwith etlirl zceboe

ateovabe, LOWeVOLR, tlere was lsclaliod and fdenbified by



elementery analysis and molecular wel it determlnutlon the

r@ll‘bﬁfiﬁ}‘j gonpound .24.%5
U
GligCOCHy
CEgC00C,Hg
vili

Mienel found that bthe reaction of Z,5=dighloro-l,4=-naphinpe-

guinone with the asodium salt of symedlcarbothoxyaseione

vielded another somewial dlfferent but loglcal p?eéuat.aﬁ

Q

C—Cumd

éaaﬂzﬁﬁ
VIILI

S=figdroxyihionapnthene and 4,5«benzo-Ze-coumaranons rescted
in bolling slcohiol to yleld disubstituted quinen&a.ﬁﬁ

The C=0 bond is the third type of linkage formed by
the replacement of the ciolorine atom3 it is, however, of
less importance than the first two types. On warming 2,35
diochloroe],4-naphthoquinone with aquecus sodium acetate the
yellow Zechloro-3-aceboxye-l,4-naphthoquinone was formed, which
on trestment with alkull yielded Z=tchlorow-ie~hydroxy-l,4=

€3
n&phhhaquinonﬁ.“a In & somewhat glmilsr reaction 2,5



éluromo=-l,4-napnthoquinone was treated in bLenzens solution
wlth sodium sthoxide to pive & mixture of Z-LIOmOeldegliOXy=

e Tnls roaction

and L=-bromoe-d=hydroxy=1,4=napintnogquinones.
was extended %o form the hizh meltlng purple sompound {(IX)

by treatment of Z,3=dichloroe-l,4~napnthoguinone witn

pyrogallol in tviie presznce of dry yyri&ia&.27
Q
o
N
9 Vi
Ol
IX

The Tormation of a C-3 linkage which 18 also of
secondary lmportunce was accomplished by treatment of £ydm
dlohloro- or 2,5-diurcmo~l,4~nupnthogquinone with sodium

sulfide to pive {X}.Ea

< Q
NS

3 N
X

in a recent artlele Lhe syntheals of thls cowupound wag

reported Irom U,d=alcehiloro-l,d-naphthiogquinone and amnonlum
o . .

dithlocarbanate in syueous solution.~? The nechaenlsm for

its forrmiion was postulubad 4o be as follows:



%'3
Beeliiy
c1
5
i . .
c1 -HC1

U

with aumine salts of methyle- and ethyldithiocarbamic acid

he followlry series ol reactions occurred (ks CHg or 93ﬁ53°

) U

-t

Iy

o
CHile}

o1 8 o S
axifles

.
O / )
£

Heorystalllzation

¢l

This wus the first syntoesis of compounds witi: thne napnhthoe-
(La0)m=l,d=cltinlole ring system. . product contuining the
C=3 linkage wus also obltained by treatment of 2Z,4=dlehloroe

lyd-naphthoguinone with orthonitrotihiophencl. Two molecules



w

of nydrogen chloride split out Lo give Lhe ulisubstituted
gro@acﬁ.ﬁe Tiis rewcbtlion was regently extended by Jleéser and
srowrn Lo bLhe alliphatlc maraaptan$.30

There sre % larpe number of rescilons whleh involve Loe
formation ol inese linkures Ih & slepslse mesnner. Jals
phenromenon may Leé &scribed to tne difference in reactivity
of the two chlorine abtoms. After tne {iret codorine is
removed, Lhe second iz not ss reacitlve. This socounts lor
the large varliety of derivatives ol Zechloro=l,d-napntiio=
gquinones with suvatituents Iin the three positlon. These were
used Iin the preparation of & variety of new ring systems.
Treatment of compound (K1) with slkall dld not remove Lie

oinlorine satom bub Inastewd gcaused cyclization to (éli}.él

U

Gl
%ﬁ:ﬁuﬁﬁﬁﬁﬁ
n Lo il ix
%L Xii

Forvwwla (XI11) shows the preferred sbtructure of tires Lossivle
tautomers «s postulated for e corresponding Lrome compound
Ly Licbermanneo

it is inmportant Lo note tuabt the second chloring stom
is removed readily in some cases. Hhen the deaninoe or e
anilinoe group of & substituted Z~clhilorowl,d=-napntioeyusinone

g e

wus acebylated, Lie chlorine atowm was Irenderec very r&a@tiv&.ﬁo
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The aceiylated product from 2-cLloro=-ie=unilinoe=l,4=napiilhoe
qulinone condensed with the sodium ssll of ethyl amcetoacetate

in 705 to 804 yleld. Lisberzenn remsoved the halogen easlily

from conpound (XIL1I) by reecting 1t with plperiaine to

vield compound (XIV)e. when ethylamlne reacted, however,

the Linel product was €X¥).24

9 0
Br 1 »
CH(CUUC,Hg ) o CH{COWS g ) o

0 0

KILX Xiv
v fele
Et‘E\
?na
CH=CO0C,Hy

N

Cyellizations appoar to be common in the reactions of

“ypd=dichnloro~l,4-naphthogquinone. #lchel obtained & five

membered carbon ring by the reaction of compound (%i) with

the sodium salt of acetylacetone.>>

N
\?~G§3
CH=CO00CgHg

AVl
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Cyclized products wero obtalned more directly by reacting

resorcinol with Z,5=dichloro=1,4=-naphtioguinone in the

&,
presence of sodlum @thoxié&.éa

FVII

fissently thls ULype ol resction wus used in Lhe syntheses
of otier similar ocompounds by using pyridine «s the
condensing &g&nb.34
Cyellzsations ylelding lve membered rings were not
the only bype reported. Compounds (IX) and (%) furnish

examples of the formation of szix nembered rings. sinothner

six membered ring wes formed in the Iollowing group of

5'. 5
rs&ctiona.ﬁe’aé -
q
3 o
HED Rl HHU z He,
6 Ha,,5 6%
cr —*> Sha
U //'L W J
Boll with

Lyd=dichloro=1,4enapntboquinons

A1IX A



iz

Compound (X1X%) appesred 40 be hipghly astrained beceause bolling
with nltrobenzene, slaciel amcetic acld, or a 1lttle nitric
acid converted it to the sbtable coumpound (XX).

An unusual reastion of &,dedichloro=-l,4-naphthogqulnoie
was Iirst reported Ly ullmann and Lttischevd They observed
that on warming this quinone in pyridine solutlon followed
by allution with alcohol or water, a halogen free, nitrogen
containing compound was I'ormed. The reaction was postulated

to be as follows:

» o 0
;;: 1 i’.‘s‘l ?“
NG g 10 e Be HOH
5786 55 546
. HOH e Sy Qr .
Cl or EtOH Jii Gl
O o O
* N—— - o~ e o
| |
- 5&&& + - il
Y
o1 .%\ /)
o1 O
U
XXl

decently & wore logicel salt structure was asslzned to the

yellow, aryszizlline ?vodust.ﬁv

¥ @
Walnees
7 i B\ />
G
ZRiI
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Trie mono=oxine, mono=-phenylhydrazone, said guinoxeline Jderivae
vives were crepared; oxicaiion wlth potasclum perpangcnuie
viclded pyridines. Lo obher reactlons of thils interesling
compound were reported. Tonalderavlies work of importance. ias,
nowever, been reported on an anklo ous prodush obiainsuy from
ehlorunil, and lnasmuch as any reactions of Z,0«dlenloro-
l,4=-napiithoguinone utllizing a tertiary swine as o cubalyst
may result in thisz type ol prouuct, & swmmary on Lhe work

on chlorenil Tfollows,

The grerter part of the study of the reaciions ol
culoranll wnd btertisry amines was reported wpproximately
twenty years beflore (llmann and htilach swde Lhelr clscoverye
ryridine comuvines with chloranil in btolllrng etuyl acetate
solution contulning & small quenitity of acetlc acid to form
a red comgcund.sa‘él In addition Lo pyridine, de=melliyle
pyridine ylelded a similar compound; however guinoline end
Cemobhylpyridine were unrescilves The reacltlivity of thls
red compound toward such resazents as agusous potassium
carbvonate, agueous salpaur dioxide, and & hydroehlorvic acid
and potaussium chlorate mixiure was studled. The conclusion
of Imbert waa that tae formula of thils compound was
CpliligelgilpUpeuiie 48 was the case with the work of yllmann
end itlsch, & more reasonable structure and a cluriiication
of this work was published by “chonberz and Ismail.®’ Tley
ascribed a structure (7¥ill) to the compound prepared [rom
ehiloranll analosous to vaat of the compound prepared rom

Zyo=dlenloro=l,4-naphthoguinone.
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£X1I1

From the cbsorvatlions that oxidatlion with potmssium periarie
Lulaie or tresbtment with sodium carbonate yleldeu pyridiue,
they concluded that ihe pyridine residue wes not atiached
to the six membered carvon ring by meuns of & C=C linda ee.
Wnen cnloranil was wcbed upon dlrectly with: pyridine and
water a different product was obtalned to which siructure

{iXIV) was assigned.

5
e ® S
N /,ﬁ o
7o @
° N7
AXLIV

benaoquinone, pyridine, and {formic scid resclted in
methanol solublon to yleld & similar Lype of compound to
which structure (XXV) was &a&igﬁﬁd.éﬁ Ismall viewed this
strusture &8 lncerrect becsuse Lhe compound contulined no
active nydrogen; for example, the compound was not wetnyle
ated by dlazomebnune or dimethyl sulfate, or acetylated by
acetic aahydriée.&s e preferred structure (ZiVI) since

it explalned why the sslb was orunge and why pyridine was



ot

obtained by hydrolysis with alksll or by Creabmend with

pobassium peluenpénaice

®

OH H_ 0—B] - >
UH ® 1 O—E P

2 R >
P feoﬁ-ﬁ
oH v ¢

XXV AAVI

Structure ({iVI) would be more conclusively established 1f
similur salts were obituined from tetramethylepequinones
Ismiil]l ststed Lhat this quinone would be studlied, but tils
work nas not been publishede.

Alkyl and aryl pyridinium compounds have been known
for a long blime. Several of the more luportant reactlons
and applicutlons of iLhese pyricinium salis should be
discussed here in ordsr to obtaln addltlonel support for
Lhie proposed struciures of the producis obilalined in tids
investigatlione 4icetyl chloride reacis spontuneously with
pyridine to florm the Heacetylpyridinium chlorlde. Helihyl
fodide reacts slumllarly with pyridine o yield Hemebnyle
pyridinium fodide, which on trewtment with sllver oxlde in
agueous sclution {orms Lhe lemethylpyridinium hydroxzico.
Toileg compound is loportunt because of the churucteristic
resction wuloh ocours on oxliduation with potussium ferrie
cyanide Lo yleld H-methyl pyri&ana.ﬁé i different type of

reaction was shown Lo pcour wlth Nemethylisoguinolinium

leg
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nydroxide. In ihe presence of & base such & s0dium elihe
oxide, tue nydroxide reacted with g-nitrotoluens to form

compound (XK?II).éﬁ

Ogﬁ

ALVIil

leiltro=i,d=dimetnoxyocyanomethylbernzene reactsd in & manner
slmilar to thnat of the nitraﬁcluena.45
Pyrldinfiunm salts have been used as a meuns ol opening
the pyridine ringe. An exumple ol this ls the trestment of
the ke=(Z,4-diuitrophenyl)pyridinium chloride with cold slkall
and then wilth acid to form plutaconic aldehyde and £,4-die-

nitro&miline.dé

dore recently King found & very practlcal
applicatlion for bhls type of salt. The following reusiions
furnished an improved route for the conversion of un acetyl
group to a carboxyl @roug.év
Ar=CUlHy *+ I, + 3C5h5§-——~4»Ar~$$$ﬁﬂﬁcﬁh5 + Cylighenl
ie
HaOl

aclid
AT=CU0H —€ AT=000%a




Surrows and Holland 1In thelr review srilcle on the
preparatlion of pyrrccoline anc 1tz derivatives clscusssd an
fmportant cleavage ol o pyridinium salte%8 yhen & pyrldine
lum sslt ol an wlpha hwlogenated l,é~diketone was treated
wlth wlkall and Lhen scidified, thw salt underwent an
¥gold clesvage” with the loss of an weyl group; the mmaller
of thie two groups present was the group to be lost.e The

reacilons are 1lillustrated helow.

| Ka ot

>-—

&
SENA TS Y
Ghioon

COCiHy

o HCLog
9 ’ "@‘

S
L
+ 333 Jun
Since pyrrocolines were obtalned in this researen Ly
relabted proceszses goveral furtner examples will be considers

gde ernaps toe silaplest e¢xample was the rescitlon of

Kepilicoline wlil LIOLDLCSLONIG .

7’
| + BroligCoC, ~HBr
N -} 05




In an interesilny modlilflceation of this, wroswelhyl acetlale

roplaced LIrono&acelolibe

Umt

& Lurther alteratlon of the method gave & phenyl subsi . tubted

pyrrocoline.

e 117 1]

N 3*‘5(_9_'— Tl -0l

N

CHgeu=J 53{"15

CHaCHUHCH g
xeb 8
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Heactlons of Acebtoacetlic Lster wnd Helated Compounds

By the reaction of uscetoacetlic sster eltber with 1,4-
napnbhoyulnone or with &,d=dlchloro=l,4=-napntaocquinone in
the presence of pyridine ﬁriakaaﬁ& in these laborstories
obtalned orange needles wilch melied at 1567-158%. 4 pre=-

liminary proposal or Luae formula of Lhis product waz the

following:
Gh
o “(3 i U
L om U
L
Wt
&y g RS
l o . a‘u&hﬁi@
U%‘}Jdgfi{)
o ’
Fy

This structure was based primarily on the results of carbon,
hydrogen and nitrogen anselyses and on analogy wlth liae
product obtained by anhmal in a related reacilon using
nalonic ester. This latter product was proven Lo oave the

following atrucsture.

G xii ﬁﬂﬂgii& Wk
s 74
I
& &)032 ﬁb N

W W

Inasmuch as sulficlent time was not avallavle for Lrilickson

to complete the characterization of compound (A}, the



investijgstion was continued by the present writer.

The compound was prepared in 14, yleld {rom l,4=-
naphthogquinone and ethyl acetovacetete Ly allowing e pyridlne
solution to atand at room tempersbure for one weeke (all
vield fizures in tils end the folleowlng sectloneg are based
on the finsl proposed structupres.) In the recomzended
mebthod of Lrickson, however, an a&lconolle solutlon of <Z,0=
dichloroe=ls4=napithoquinone and ethyl acetoucelals, Lo which
& few mle of pyrlidine nad bLeen added, wag relfluxed Lwo snd
one-ualf hours. inls procedure was wused by bhe present
Irwveetigator to prepare the compound obtalneu Ly Lricksorn,
and with a few mipor changes s 4970 yield was obtuainede

Jhen an etioxyl determination wes made, insleud of Loe
calculated value ol 7.50., bthere was oblalinsg & valiue of
144,12, ¢ ‘ihe results of the sarbvon, nydrogen, and nitrogen
anslyses woere not greatly different from those formerly
obbtalined, «nd no depresslion was olLserved when a mixture
melting polint determinabtlion on the two products was mades
These observabtlons sesmed Lo indleate Lioatbt struciure (i)
was incorrect wnd that furtiher characterization was necessarye.

A molecular welsht deterwmination was considered o be
of prime importunce. In order to do thils a number of deétére

minailons were 1made, using the Hest wocsdures as uesceribed
49

by OShriner and usoli. An averaze value of S50 was obtaine

ede In order to check thias value, Uhe molecular weloht wus
redetermined Ly Lhe nethod based on the lowering of the

2l 3 il % (: 5
freezing point of benzene. 9 an average value ol sk was
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obtained by tnls method, These values obvicusly do nob
correspond to bthe ecaloculsted value of 600 for the molecular
weloint of compound (4A)e & compound, however, with an
empirical formuls of Sty algle us determined Ifrom the
clementery analysis, has a calculated molecular welpit of
B31l%e This new formuls is supporited Ly & calcoulatlion wnlich
shows an ethoxyl conteni of 1l4.1ll: for one sush group per
molecule.

The presence of the naphthioguinone nucleus was
Indicated by the faclle melibod developed LY SLOPhOrT oo
Uporn heating the compound on & hot plate witn concenbrated
nitric acld until dry, phthallc anhydride subllimed from the
reactlon mixture.

Zince the compound contaslined nitreogen ani explanation
must be glven &g Lo how the pyridine entered into the reactlion.
The pyridine is bvound in & very stuble fasnlon. This was
shown by the faoct that trestment with concentrated sullurie
acid or with strong &«lkall did not remove the nitrogens
This suguests Chal the pyridlne may be bound by & C-0
linkages, These condlilons are much wore stringent than
those used on the pyridinium compounds, f[{rom which pyridine
was esslly removed and which were dlacussed in the above
literature BUDTVET .

A substitute for pyridine was used ln an attempt Lo
syntheslze & nitrogen free product. uinoline was first
chwoen for this purpose because 1t was reported to be ine

capable of forming sslis analogous to compoundsa (xXI{) snd
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(xXI11) (iisvorical 1ntr0duc§ion);36‘38 In titls casey howe
ever, orange crystuls with & meliing point of LoB=2059° were
obtained in 4u4 gield. 4 molecular welsht debterminacion by
e Hest melnod snowed an average velue of 476, he resultis
of slemenibary analyses corresponded to a compound with an
empirical formule of Coniiyglglis winloh nag & caleoulated
molecular welynt of $68. Tue difference in elementary
analysia between ithe pyrlaine product and tine guilnoline
product 1s 5439, the sane as pobween pyridine und guinoline.
Tne results of an ethoxyl determination slso agreed witih the
caloulated value for one such group per moleculec.

An atbemplt was nade Lo convert Lne pyridine prouuct
o tae gquinoline product by reflluxing the pyridine product
in an excess of quinoline {or 48 noursj no conversion cecurprs
edes This adds support Lo thne previous indlcations thabt tue
amine enbtered into the rescibion and tie producst was nob a
#alt or sn addition oouplex.

In & second attempt Lo obtuln a nltrogen free produci,
Bmecollidine wus used. Hed needles wlin « melting polnt
ol 266° were obbtained in J7.b: yielde It was diiricult to
doevise & aatislacitory empirical formuls for this producte.
The Jormula Ugliyrzugll coes, however, agree with the results
of elementary analyses, and molecular weignt end etlioxyl
determinaetions. Thls compouwnd willl ve discussed in grester
detall In & Iluter sectlion.

4+ sultable siructure for tnesc products coula uoi be

poestulated I'rom the enpirical lormulas and {rom the ounsr



data obtslned. Lrlckson® found from s llterature survey of
cleavuge reactions that substlitutlon o an unsaturated EITOup,
eltner B or ¥ to Lie carbeinoxyl group, would fuavor &
cleavage. In the Hlstorical introuuction pyriciniws salis
oblained from X -nalogenated l,o=-diketones were saown Lo
underyo clesavege. Therelors, an &viempl was made Lo delepr-
mine whebner aiﬁ&%ug@ oecurred In tils resctlion.

ptnyl malonabte wes relluxec with kyu~alenloro=l,de
napithoyulnone in an alcohollc sclution contalinlng w few wl.
ol pyridine. « cleavage which removes the «CJlng group in
the ebtiyl aceloacetute rescilon would ylela the same product
a8 & cleavage wilch removes the -0UlUgHg group in tae mwulonice
esber reacllon. Pihe product obtained, oowever, was Lle
yeliow, crystalline sa«ll dlscussed in $he distorlcal introe-
gquction ews compound {i¥Xiil)e This was conlirmed by wewns
of & mixture melting polnt determlnation «nd LY conversion
Lo known derivatives. Halonic ester is apparently not as
reaciive &8 otlyl acestoacelbute s0 this cowpetlilve reactlon
predominated.

LGince qulnoline does nov form a similar salv wiiln 2,5«
&icﬁlarﬁ-l,4~napntnoquinan®,36 ethyl malonalte was agalin
rescted in a similer manner except uslng gulinoline in place
of pyridine. Tals time a reastlon did occur and a crystule
line product with « £ BGmi 59 melblng polnlt waeg obitalined in

1l yleld. Proof of identity of thls prouuct and tane one

<

obtained sbove wibtin guincline and acesitocacoiic esber was

obtained Ly means ol mixcure melilng point determinutions
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and by comparison of results of clementary unalyses and
ecthoxyl determinations.
The next compound used to determine whetner cleavage
occurred was ethyl bensoylacetute. by the same experimental
procedure using pyridine tiis methylene compound was found
to yleld the same orange neecles as oblained from ethyl
acetoacetate in 165 ylelde These lmportuant results proved
that clesavage had occurred.

with this additionael iInformation & new structure (i)
for compound (») ieg sugzesteds The reactlons descrited
above are interpreted on the basis of tuls structure in

Caﬁﬁgﬁﬁ

Compound (I) may be consldered to be a derivative of

pyrrecoline,

On this baale 1t may be named lesarbetihoxy=E,le=phthile
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oyipyrrocsline. l=larbelnoixyed,S=phtnaloyles,tebensc=
pyrrocoline is toe rame of bhe analoous conpound (1V)
(Chart 1) obbained Trom yulnoline.

The postulated strusture {(I) ayrees witli all the
inferwation thus far reported. vefore further discussion
on the reactivity of these compounds, however, & possible
route for thnelr formstlon will be given. Lisbermann has
shown that ethyl acetoacetate would condenses with &, d=di=-
chloro=l1,4~napnthoguinone to yiela reaully the momosubstlituted
procuct (Xi), «nd wibth & strons base taere was obtulned Lie
unusual clesvage product (VII) of a disubstituted guinone
{Historieal Introduction). #ith pyridine, & wealk brse, the
monosubstituted product (B) (Chart II1) would be expestede
This compound snould react readily wlth pyridine for several
reasonse It is & vinylop of an «=halogen ketone and also
ol un acid chloride, bobh of which &re capable ol forming
pyrldinium salts asg discussed in the related work in the
literature. Compound (2) 1s also analozous to the acebylated
Z=chiloro=-d=anilino=1,4~-naephthogquinone, discussed in ihe
Hiastorical Introduection, wnleh tas a very active cehlorine.
The product of the resctlon of () with pyridine micght
lopically be compound {(J)e

The conversion of compound (C) Lo sompound (i) lz not
improvable. The [lrst sbtep would Le Lie loss of Lydrozen
ehloride to yleld compound (D), which 1s sctivabed btoward
cleavage by the -345 or =NUglg groups which exert tosir

effect via & vinyl . roup as well asz Ly bLhe «COCHy and
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eine type of compound, (&), is a

ww *

SRRV s . ¥y s Yy
=-2uuloly groupe.  Thils be
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vinylog ol tine compound clscussed in tho Ilrst neetlon wuleh

war capable of "gold cleavagses" It 1s slso anclozous Lo Lhe

pyriciclum sz:lt Snbermediabte in Hing's conversion of an acevyl
proup to o oarboxyl group, which is considered [urtler Lelow.
The B e-unsaturation mencvioned sbove also favors & tloavage

of this type. The cleavage might be inltlated sitier by
water, as illusgtrated in Chert 1I, or Ly ethanol whilch would
form compound (B) and elhyl acetabe.

The conversion of compound (L) to the proposed
intermediate () may ocour by three possible routes. Tompouwnd
(E) could possibly exist as such; however, since most sults
of this type readily plck up moilsbture, compound (¥) may ve
formed.®? ginee it L1z well known that pyridinium hydroxides
tautomerize readily, compound (U) might be obtalned. The
type of hydroxyl group in (U} has been shown to reusct with
active methylens groups in alkaline solution.49,46
simllar reactlon in this cuse would yleld compound ().

water 1s not essential in Lthe conversion of compound
(£) to compound (). This conversion may also Le viewed as
an addlition of hydreogen cnloride Lo compound (i) to form iLhe
chlorides auslogous to (F) and (G)e This product by &
simllar loss of hydrogen chlorlde would yleld compound (ii)e

In the previous sectlion of this thesis Henethyle
pyridininm hydroxide was shown to be cspable of yielding
Nemsthylpyrldone in the presence of an oxidizlng agent,

Compound (F) may slso be oxldized, Ly any of ithe oxidlizing
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spents pressnt ln the reaction mixbture, tc this ketonee

tials compound also would yield the product {(I) on loss of
watere

Compound (i) might, however, be unstakle in the
presence ol oxldlizing agents. by wnalogy wiith thoe oxldlzing
apilivy of ciloracil, ¥,d-dichloro=l,4-naputhicgqulinone
mlght be expected to oxldize compound (II) te compound (I)e
The oxidlizing agent, nowever, may be any of the previously
proposed Intermediateos in thils resciion. The [inal
product (I} would appeuar to be stablllized te & grost extent
Ly resonsnce, us lllustrated belowy and thuls would slgo

facllitate its forzmutiocn.

%
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.. possitle roubts Tor stie Pormstlon of coupound (1)

Y

From tne unsubsblitulsd l,4=-nophbioguinone, whlch wap prepared

by raicikson, sbould be devisede Tihe Lirsi step to e

expocted 1z 1l,4-sddliion, 7This was sacwn Lo ocour In a large

nunber of similar rescitlone cilscussed LY previcus 1nvese
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Oxidation of tiais naphthohydroyulnone {(J) yields a

guinone (kL) whichh mizht Le capable of adding pyridines

5
G000 alig
Cil
; \\QGGH$
o
A

Henzoyulnone ror exwssle nas been sbwown iun tine dilsiorlieal
Introducticon Lo be sapavle of formlog pyridinluws salvs in
SN IR . is . X . & 1 i e g % O K 4:“2’ 43 )

the prescnce of pyridine snd a cartoxylle acide. The
pyrldinium sl wilch mlgnht Le expscted by this anclouy has
Lthe following formulal
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pound (I} irlcokson sadec &« Lliitle

In the prevarstion of com
hydroociiloric acid which could Inltiste the formaitlion of tue
5 t o ; @ g @ ¥ g, *
1t in wilen 4 Is C1 o afler cleavapge the mecetle moid
wnlchh 1Is formed, however, could continue this vype of sulb
id i 3 3 . 3 ~ @ - S S A Pl @ ey et
formatlon in whiloh case A would Lo ChglOu e Furiher
oxidablion of thkis salt (L) would yield compound (I) which
I1s an Irdbermediate in the reagitlion swirlies ol Caari 1le. It
i1s not lmpossible that (K) itgelfl 1s suificiently acildie
o prosote Lhls rescilon wiia pyrldine; this would slso yleld

gompound (L) on oxldatlione
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It may be significant that the ylelds obtalined in tuls
reaction seem to agree with the postulabted series of ree
actions. Since three oxidations are necessary in obbtulning
the final product from l,4d-naphthoguinone and only one

oxidation 1s necessary when prepared {rom £,5=dichloro=l,de=



naphtnoguinone, corresponding yields ol l<.dx end B0y wight
be expeclede.

Using btine senerasl procedure of refluxiny an elconociic
solution of &,o0=dichloroe-l,4-naphtnoguinone ena methyl
aceboacebate with o ew mle 0f the Jdesired tertiary anineg,
there were ;repared the {ollowing: compound (1I) in L1,
yield, compoundg (V) in 39. yield and compound (VI) in £6.
{(Chart I)e also, methyl malonube sihould yield compound (V)
when rescted under simllar conadlélions using quinoline. nis
reschion was successful and compound (V) was obbalnec in
20/, yielde.

in order further to cnarscterize compound (1} certaln
of its reacbtiones were studled. Upon trestment with asulfluric
acid & new highemelting, red compound was obtained, which
did not, nowever, analyze satisfactorily for tue corresponding
acide This was probably due Lo lncomplele conversion of tuae
esber Lo bLie acld and &lso Lo the difficulty of removing wll
the polvent of e¢rystallization. hrickﬁcng rezorted Lhe
preparation of a simllar product by Lwo methods, l.e.,
treatment of compound (i) with & potassium hydroxidce and
diethivlene glycol mixture followed by acidiflocation, or
treatment of an alcoholic solubtion with sodium etuozlide
followed by acidificution. With some modifications in the
latter procedure & 774 yleld of pure acld was obtained.
(Compound (i), Chart 1li}e. This wap converted in & 7.
vield to the amlde (X1} by treatment with thionyl chuloride

fellowed Ly smmonium hydroxidee
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The typlesal carbonyl reagents were also used In
preparing derivatives of compound {(i). The crystallline wonoe-
oxime, compound (Y11}, and mono=&,d-diniirophenylihydrazone,
compound {V1Il), were succeszsfully prepered. These
strusiures were sssipgned on the busiz thal steric factors
may prevent reactlon of the carbonyl nearest the niircien.

feductive acetylation is considersd to be an sxcellent
reaction for characterizing yulnonesz., Lo cryetalline product
could be izolated upeon reducilve acetylation of compound
(I}, but when compound (IV) was used & cerystulline dlacetute
(1Y) was readlily obiained.

An attempt was made Lo obbaln sdditional deyreadation
procucts from compoungd (I)e shen warmed with a 30, squeous
hydrogen peroxide soluiion and glacisl scetle acid, oxidue
tion cecurred to yield phtinslic weld. Lo other products
were lsolated, bowever, Irom this resctione

socording to the resgulis of elementery unalyses, Lhe
producte obiulined when gymecollldlne was usea with both
ethyl scetoucetate and methyl wcetoucetute were dimelnyle
pyrrocellines, (Ill) und (Vi) of Chart I. Tile would seem
to lmply that a wmethyl group was lost from the gymecollldine.
To check this the collldine, wihlch was used, was fractione
ated bthrough a three oot column. The bolling polint
observed was 171.0° usnd the refrsctive index at 25% was
14280¢ The lliberature values for pure syme-collidine &re:
boiling point 170.4° und refractive index at 25° 1.4@@%.51

Lpparently the collidine used contalned some ifzmpurity. Lue



N=llE=CaHa (10,

YIII

ge



96

to the large excess ol Lie Dase used in tile reactiovn, the
product obtalned may be merely & derivative of the lmpurity.
Lyd-Dimetnylpyridine cannot be the lmpurity since a pure
sample of this amine will nol undergo this reaction. The
pbwdimelhiylpyridine is ancotier posslibllity slnce it Las a
boillling point of 169=-170°%.%%  jone of this material was
avallaeble for tesilng, therelore no conciusive evidoence can
be preaented Lo sonflirm tiese resulise. Further work is

indicated in Lhis casce



iteactlions of scetylacetone unc Helaled Compounds

Ypon refluxing an alocuolic solution Of «oelyle
ac0tonG waid £yd=dlichloro=l,denapontioquinone o wiloh o few
wle of pyridine was asdded, Wiers was ovlained in GO yleld

FPOWLET

0.

@ e

¥

afch melbtod &b J0L-Z0€%, hils maberlal was
consldorably leso soluble In organic solvents Lo Lhe
corresponding proauct frow acetoacetle calor discusased
above. The product wes puriiled with considersble difficully
vy recrystullization from acetlic aclid and sccording to the
analytical regulits ihe emplrical {orsulu was Cygiippistie

Tids product wppesared o be ldentical wiith ithe red

L
powdes obtalined by Lrickson

from Lbhe reaction ol scelyle
aceltone wlth l,4-nuputhoyuinonce iIn thls latler cuase, Liowe
ever, & yualitative Lest for nitrogen wus negative. 4
»

mizture melbting polinl of the two melerials <¢id not show &
depressione & guantltative analyslc of tals sample dld show
tne presence of nitrogen. Thilsg particulur compound was one
ol several feound during tals fnvestigation, wolch «id nob
sive u gsatisfactory gualitetlve tesgt for nisrogens

& molecsular welynt doterminatlion wes nade on tiuls
product in order Lo obtulrn addlitlonul evidence belfore postus~
lating a sbructures [y the Rast procedure aln avelagpe value
of 96 waa cbtalned. The calculated value Lor Tiglyi0sh 1s
o

£58e It appoars Lo be lojlceal from thls evidence and by

enalogy with the reactlon of acetoacetic ezter, Lhat =u
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second derivative ol &,d%-phinaloylpyrrocollne uus been
obtalned. Therefore structure (Xv), Chart IV, ls proposed
for onls product.

a8 in biae case of the esber, bLae reascion was Lried
wibthh othelr Lbususe uinoline gave a L7 yield ol orunge
needles winich anwlyaed satislactorlly Lor coupound (Aii).
The gawme appeareutly laopure gym-collicliie wks ussu s with
L oster) bthe procuct obbailned in L€ yleld was again
anmlogous In that Lae snalybtical resulvs correzpondsa Lo &
dlmetnylpyrrocoline, compound (Xiiije

Al abtbempt was sade Lo syntheslze sompounu (IV) 0y &
different roule uslng benzoylacetbtone ws tie netnylene
compouliie In oraer Lo aveld purificaticon wiificultles since
this methylene compound 13 o« 80l1lid, only &« sliiskt excess of
Lhie methylesne Ccompound was uBeds Tohere was obtualned a
new product in 1Op yleld lnsvead of Lie noped or leaceiyl
producte The results of elesmentary wnulyets for this
compound indicatea Laat 1t was leLenZoyled,dephinsloylpyrre
ocoline {(XIV)e 48 mentloned in tue ilstoriecal introduction,
in cleavages ol thls Uype the smaller of Lhe Cwo jroupas is
usually losi.

compound (XV) wes converted vy seasas of tue aing
modiiflcatlion of the aloform reuciion LO it 1=CaPboXy=d,d-
phthaloylpyrrocolline ({je Tihls was a very satialsectory and
glmple laboratory procedure. {he pyridiniws icaide (V1)
wag laolated 1 80, ylela us orunge plalss wilth a uelting

point of 208=208.5% 4 pure sample of the wold (1) was
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obtained in a 277 yileld Irom thls intermediate. This ucld
(1) was proven to be ldentical with the scld obtalned from
compound (I), Chart I, by the results of analyses, by lts
meliing polnt, and by the regsults of & omixture melbing

polint determination.
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Keactlons of Cyanoacetic lLster and Helabted Compounds

By the reaction of etnyl cysnoucebube with an alconolis
solubtlion of L,dé~ciculoro=l,d-naphtioguinone, Lo wnich  lew
mle of pyrldlne wss adaed, there was obbalned In 66 yleld
an orange, crystalline scolia with s meliting polut o SHUT 4=
508e49 The product was extremely insoluble 1In most orgwunic
solvents with the exceptlon of hot pyricdine and nitroe-
penzene; its appeurance ana melbling polnl were the sune as
that of & product obbtalned previously by tosimel snc slso
Ly ztorherr3. To sonfirm Lhls observution, Llhe results of
elementary analyses for tinls product were compared wiin the
results for Lhe product obtained by Dtorherr {rom the
reaction of a solutlon of l,4-naphthoguinone in wet pyridine
witn ethyl o2yanoscetuate. This scomparlson was close and no
depression wes obtained whnen a mixture melilng polint detore
mination on the two materlisals waes made. Jtornerr slso
obbtalned & second proauct when dry pyridline was used in tils
reacilon wltn l,4-naphronoguinone. ‘'inis prouuct will be
dlscussed In mors detall in the next sectlion.

The previous investligators concluded Linal 10 wus
dififioult to aevise a suitable siructure for thls product
Legcuuse of the cilflculty in obtmining mnalytically pure
samples wnd becsuse of LLe slwmost complelte insolubillity of
tne product in campnor, walecn prevented a moleculur wel.nb

determination by tie Daszt metiwde Frevious sttempts to
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obtein derivetives by trestment witnh such Teazents us
suliuric acid and nitric sclid were slso unsuccessiul due
primarily to solubllity difficultles.

The knowledge, . ained from the study of Lhe reactlons
described above wibth other aciive pmelbiaylene Compounds,
sugrested several approaches [or Lhe debtermination of the
structure of this product. OUxidation with nitrle ucle
yielded phtaslic anbyarlide by Ctornerr's meliiolte A8
mentioned in a previous section, this indicaltes LLe presence
of the naphbhoguinone nucleus in the molecule. The resciion
of etnhyl cyanoagetunte with z,d-dlshloro=-1,4~naphtnojuinone,
using yuinoline instead of pyridine, wes successlul, uand
ye¢llow rneedles with the extremely nlgh meliling polnt of
34b=348° were obtalned in 407 yield.

webthyl cyancucetate 1In place ol the elhyl cyano=
acetate wes used with quinoline to determine 1I clesvape nud
occcurred, The same yellow needles were obtelned in £7.
¥ilelds Proof of identity of the bwo products was obbtalned
Ly metns of a mixture welting point celerminstion and Ly
comparison of the results of elementary unslyses. Jlonliruu-
tion of the cleavege was obbalned wihen wmetnyl cyanoacetuate
vielded the seme prodguct as ethyl cyenoacetste in the
orizinal reactlion with Z,l=dlicnloro~l,d4-~napnthoquinone in
the presence of pyridine.

The slmilurlty ol these reasctions with cysnoacetic
esber to the previous reschblons ol acetoacebic ssber wnd

aceltylecetone sugpested Lioab the sroducts say be derivatives
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of &,Jd=phthaloylpyrrocoline. Thereflore, the structures
(x71I1) and (¥XI) (Chert V) were assl ned to the producis
anich were obtulned. e results of clemeniary znulyses

of these wrocusts were in close syrecment with the cslsulated
values for the proposed sbLruclulrese

Some lurther attempts were made to oLLain adaltional
informatlon aboub these relatively unrsactlive oroducis,
Heduative weetylatlion ol thias pyrrocolline {(K4il) pave &
satisfactory derivative. 4 yellow, crystulline dlacetate
(X¥IIL) which relted at 269-270° was obtalned in &6
yielde Tuis dlacetale was conslderably more soluble in
camphor than LHtihe pyrrocoline from which 1V was derivede 4
Rast molesular weizhi determinavion guve an average valus of
SGiy as compared Lo & caloulated value of 358,

Treatment of thwe cyanopyrrocoline (211} with hnt
sulfuric acid produced a 38 yield of the corresoonding
emice {(Wi)e This 1z another example in wnich these rescliion
products were subjected to reagents which should remove any
pyridine. 48 a result of 1lts revention there seems to be

ittle doubt that the pyridine may be linked by a C-C bond
a8 postulated in the pyrrocoline structure.

al Anfrared wboorptlon spocirum was taken on the
decyano~Z,d=pitualoylipyrrocoline (14l}. Confirmatlion of tne
prescnce of the wU-~CK group may Lo reached Irom & stuay of
hieg spocirume Urliffivh and ﬁit&onﬁﬁ mude Lhe observation,
In fthelr study of Lthe Infrured sabsorption buand udue to the

nivrile stretoblng vibretion, thal some conclusions may be



drawn a8 to bthe relatlon between tihe nltrile group and
obher parts of the molecule. They obtalned an absorptlon
at 2250310 cme.~l for satursated nitriles or for olelinic
nitriles with no conjJugation between the nitrile wnd the
olefinlc group. In alefinia nitriles, nowever, wiere
conjugatlion exists with & double bond or in aromatlic
compounds with the nitrile group attacned to the ring, &
siift in the sbsorption to o wave number of LL2L6%D cme™d
occurred. The spectrum of compound (iXl) snowed an absorpe-
tlon at 287 mm.“l Tindg i9 In excellent wmgressent wiibh Lne
absorption wavelength which mizhi be expected from the
propoged structural forsula For tinls prodacte.

Tne light orange needles of the awmide (%1) obtsined
from tue lecyalio-c,d-pathaloylpyrrocsoline (3X1) melbed at
51Debm31445%, when the amice (#1), however, was prepared
I'ror lecarbethoxy-z,d-phthaloylpyrrocoline (1), as describved
above, it melied at 5089 and was more deeply colored. 4
mixiure welting point determination of the amide vblained
by the two methods, however, dld notl siow & depression; iLiwe
mlxture melted between Lhe Lwo extremes at S0L=O10°,

The observed differences 1n sppeerances and melting
points may be cue Lo Lhe occurrence ol allotroplce forus of
& single compound, since (he higher welting amlde, obtained
from the nitrlle ({X1}), changed in appearunce ab approximately
250°. Heddlsn prisma were oblulned when this latter amlde
was hesbed at approximately £50° for one noure. This product

on recrystellization from nitrobenzene ylelded maroon necdles



40

with a melting poinit of 302-0039%. This low wmelting wmlde
wae reconverted to the high meliing modiflcation by
recrystallization from glaclal scetic aclde The low meltlng
anide and tue smlde from the ester (1) dld not give «
depression when & mixture melting polnt determination was
garried ocube.

In order to conflipm further bthe Identity of tne amide
obtained from the two sources, ilnlrared absorpblon specira
woere obtuined for tnese multerlals. The absorption curves
woere ldentical up to epproximately 12 microns as muy be seen
on the {followiny graphs. Above thils wavelenzih the curves
are similar in appearance, hovever, there is a slioht eniflt
in the abLsorption peukse Tiis asnilt may be cuused by «
trace of lmpurity in the sample of the amlde (K1), prepared
from the ester (I}, which is Indicuated by the results of
elementary analyses. iven though repented attempts were
mades to lnmprove the preparstlion wnd puriiication of thls
wnide (X1}, the best product obtained wnalyzed 0.8) low in
Curbone Since the spectra are ldentlioceal in the lower wuvee
lengsting, where the characteristlic absorptions lor {uncitlonal
groups ol the type of ilnterest heore ordinarily occur, 1t seczs
ressoneavle Lo conclude that the two products mre fdentlioxl
in structuree.

The insolubllity of the oysnopyrrocoline (7¥I) wus
the ohiefl cuuse of the fallure of a&ll other attempts to
prepare derivetivez. Heactlons occourred upon ozidation

with nitric acld or with alkaline potassium permanzenate,
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or upon tne Lreatiment with phospaorous pentuciloride;
however, no Jefinitely pure orystulline producis could be
laolated.

A albtempt was rade to increwse tune yieold ol lesyslio-
Lyu=phtialoylpyrrocoline obtulned from &,=dichloro=l,ds-
naphbucquinore. 5y bthe evaporation of the filtrste from
the reactlion mixture to one-tenth of its original volume,

# ysllow, crystallline solid, wnlch nelted at LT7 B=2T5e 5%,
preclpituted Irom the solution in 6% yield. Upon tne

basis of tbhe results of elementary unalyses the sliruciure
{(«X) was assi ned to this products The compound 1s somewhatl
ungtable, since 1t snowed & all it discolorution on standing
i air at room tewperature. dpon recrystalllizecion from
#lacial acetle acid one solescule ofvth@ s0ivent was

sbsorbed per molecule of uvroducte An ayueous solution of
this pyridinium salt (XX} gave an lmmediate precipitate

of silver chlorice upon the addition of agueous silver
nitrate, and an unldentifled red precipltsate upon adaicion
of 10 agueous sodlium hydroxide. Lue o Lhe type of
functionul groups present and the waber solubllity of thls
compound, ii may have some slgnlificeant physliologlical effects.

If the reactions to glve the cyanopyrrocoline occurred
by & route similar to that proposed for ethyl acetoacetutbe
(Chart Il) this pyridinium salt (XxX) would be & loglcal by=-
producte 7Tnds inalceted what the postulated Intermediate

1llustrated velow was the oxidlzing agent in the reaction.
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In order to cbtaln some additional evidence on the
route of the reaction, c¢ompound (XIX}, Chart V, was prepured
by the procedure ubtlined by Liebermanne©® 41l of tne work
of TJdebermann s«nd uichel was concerned wilth tie reactlons
of Z,5%=dibalo-l,d=nuphthoquinones with sctive methylene
compounde in the presence of sodium @ﬁaoxida.ﬁi'aﬁ slnce
they never smployed btertliary wmines, Lielr products had
no close relatlionshiip Lo the zain products obtalned in thlis
investigation. Liebermann's monosubstituted produot (11%),
however, may be postulated to be an intermediute in the
formation of the cyanopyrrocoline (XXI) by aneslogy with
Lthe reactlons of Shart 1I; also the reductlion vprocuect of
i1te sxlt (1x%) was ifsolated as & Ly-product in the rescilolnie
It was therefore prodicted tiat upon btreatment with pyridine
compound (XIZ) would yleld lecyano-g,d-phthaloylpyrrocoline

AX1}e ‘The prediction proved to be correct and the cyano-
pyrrocoline (XXI) was obtained in a 745 yicld; the
pyricdinium salt (XX) wae isolsted also in 24 yilelde It is
noteworthy ithat such & aigh yield of the pyrrocoline was
obtalned., apparently some other oxidizing agent musi be
present. Since tiw naphthohydrogulinone byeprodust (7<) was

observed previously to be unstable in alr, some of thia
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maberial may Le oxidiacd vack Lo whe qulnone (i)e. This
would then form more of the pyrrocoline (i XIi).

when bthe reaction of &,de-dicllorow-l,4-naphtnoygilnone
with etiayl cyanoecetate was conuucted in the pregence of
dimetbylaniline as tLhe terilary amine, red needles wbhien
relted at 169=170° were obtalned in 337 ylelde. Tne results
of elementary sralyses, sltuough rnot completely satlislactory,
seem bo indieate thet tne product nmight be the leollowing

substituted naphthohydroguinone.
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Thiis producl aoes nol resct with pryridiuve Lo pive thne
pyrrocoline as mipght e expected, slnce bthne nalogen would
not be wus activated &g in the corresponding napntihoguinone
(Xii)e IFurtuher work, howsver, is indlcated in order to
asslgn & deflnite siructure Lo thls producte.

anotner intercsting and rapld reaction occurred when
Zyu=dlcnloro~l,s4~naphtiiogulnone was reacied witii ethyl

cyanocacetate in the presente of & few mle of Kwplcollinoe

£

Besubtliful, biulsh-black needles wiich gid not melt even st
410° were obtuined; the welght of procuct smounted to 7.
of Lhe welpgnl of Lhe quinone reactante 4 structure which
correlaies with results ol the slemeubtary sanelyses Liws LOL

been devisede . conslderatle percenteage of ¢inoxyl was



present in the product, whioch indicated that the reaction
followed a different route than the reaction with pyridine
or gulneoline. 8Sufficlent time was not available to
characterize thls product completelye It is expested, howe
ever, that considerable diffioculty would be encountered due

to its insolubility and high melting point,
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Reactions of jielated l,4=-iaphinoyuinones and

sctive vethylene Compounds

In an extenslion of tils investligatbtion various relaved
l,4=naphthogquinones were reoacised with certain active
mebhylene compounds. 2-iiethylel,4-naphtnoquinone, for
example, was mixed with ethyl cyanoacetate Iin a pyridine
solutlon and allowed to stand {or one week &bt 100m temper-
ature., ihere was laolated wiith some difficulbty, in 215
yleld, & white, orystealline product wilch melted &bt like
153°, The results of elementury analyses indicated tuut
the product may be the result ol a l,4~additlion. Thils also
agreed with the fact that the product is colorless, wiich
is common to reduced guinonesse. The probable reacilon is

Ziven below:

o
CHo Sl
+ GCHg —dm
\aﬂ Y Yok | =
chgﬁﬁ
a

Arn extenslion of this reaction was attempled by uwalng etnyl
agetoacolate as Lhe methylene compournds. No resction ccourred
undesr tihe previous conditions or by refluxing sn slcoholic
gsolution of Lne reactants for four hours. when elhyl scetoe
acetate was relfluxed with tihils quinone in pyridine for four
hours, &« reacbion occurred but no osrystalline product could

be isolated.



Cwirono=o=notihiylel,, é~naphibuoyuinone was prepared ln
an 7. yield from Zemetnylel,4=napatnoquinons by the mebood
outlined by Pleser and iisser.¥¢ .n alcoholic solution of
thiias guinone was reacted with ethyl cysnoacetate in tue
presence of sodlium ethoxice. +» yellow, crysislline oroduct
witn a melting polut of V8.5«850.5° was obtalned in 28
vleld, The results of elemenbary analyses corresponded

approximately to the culculeted values for the following

quinone.

o
CHy
P
cu
NCOUCyHg
8]

Abtempts Lo repeat thls reaciion were unsusecessiul; Laeree-
fore, an anulytically pure sample was nobt obtalned, and
these results could not ve verifiled. The resction of ethy
cyancacetate and of ethyl scetoacetate witn this gulinone
were attemplted in the presence of pyrldinse. In both cuses
only tarry resldues were obtained said no wnalytlcally pure
erystalline products could be lsolated.s There appears Lo
be some possibllity that tie reaction of this guinone with
active mebhylene compounds might be successful. Conslidersble
work would be recesgsiteated, however, in order to determine
Lhe proper reaction conditions Lelore satisfactory ocroducts
might be oblaineds

Yotasslum l,4-naphtboguinone-ceaulfonate wea a thlerd



type of guinone which reacted witlhr acfive metlhylens
compoundge The resction, wnlich was [lound Uy Storherr® to
ocour when bthls guinone was rescled with ethyl cyancacetate,
was conlirmed. 4lso the subsequent reaction wilch oceurred
upon acetylation was repested. 7These interesting reactlons

are lllustrsted below:

O OH
AN
l B0zK HoO i% s £O5R eHgO
2 QUCHH
. vrehate QH=CH
COC}C“ E.\.t
o / OH L
53,320
Egﬁgﬁ
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N
cfiw
7 Ncoucgig
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It is interesting to observe that this gquirone has been
reacted to give adequately charscterlzed products with malonic

2 and oyanoscetlc ester,® und the

&atﬁr,l acetoacetic esler,
three procucts were of fundamentally different types.
Kalononitrile also rescts easlily with this quinone to give
tihe simple 1l,4-addéitlion yra&uat.ﬁ Thwe only reported
reaction of thls guinone and & methylene compound, in which
the produst has not been charscterized is the product

obtained by trickson® from the resction with acetylacetone.
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Ho furiner work, anowever, was conudusted wlth buils qulnous.
It has veen shown that l,4-=napunihojuinone rescted
wilth acebtoacetlic ester (CLart 1), acsbylacelone (Jaart 1LV),
and oyancacetlc ester (Chart V) In the presence of pyridine
bo yleld the corrcspondlng lecarbetloXyw, lencelyle, wil le
cyand-<,s=ahthmloylpyrrecollinese  Jedriaps bhe most alinillie
gant differcice obrervea 1un tius reasiiviily of l,4-naphitno=
gurineone wlth asn ecbtive mebhyleno compound was lound in the
reactlon with ethyl cyancacetsate, Storherr® found a
different product when dry pyrldine was used as the solvent
Tor this rewction, instead of the wet pyridine. 7The product
obtalined in the presence of wet pyridine was shown above to
be lecyuno-c,d=phthaloylpyrrocoline. The resctlon in the
presuvrice of dry pyrldine was repesbed by She writer and the
pame orunge nhoedles with & melting polnt of 261-2059, tuat
were roeported by Storherr, were obtained.s The structure of
Liils produect ls otill in doubt, slnce Lhe resulits of
e¢lementary unalyses do not agree wlth any formula yet
devised. Upon reflluxing tils low melting produet with
pyridine for seventy elpnt lwurs, & smell yield of the le
cyano~d,s=-phtnaloylpyrrocolline was obtulned. Redusctlivs
acebtylation of these low melitlng needles also zave 4 small
y3eld of ithwe diucetyleted pyrrocoline (XIX) (Chart Vie ie
low melting producl may contaln some impurity or it nuy
contuln solvent of orystallizatione. aAn entirely saiisfachory
exvlanation tsaes net been cobtalned concerning the exact

cnaructer ol Lie low melilng producte. Hince, however, it
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was impossible to recrystalllize until constunt enalycicsal
results were obtalned 1t is not impossible thal 1t is wmerely
impure ayanopyrrocoline (Xxi).

A red,; erystallline product with a meltving polnt of
$43.5ml44459 was isolated LY Storherr I'rom the reaction of
lyd-naphithoguinone withh phenylucetone in tLhe presence of
pyridine. This material was found to Le one of the compounds
which gave a negatlve gualltatlive test for nitroygen. The
product, however, was found to contain approximately .30«
of nitrogene rurther work will be conducted in this labors-
tory to establish the struscture of thls producte.

Some preliminery work was done to determine the
vossible extent and applicabtlon of the reaction of Z,0w
dichloro=-l,4-naphthoquinone with sther actlive methylens
compounds. Malononitrile, for example, reacted rapldly with
thnis yuinone in & refluxing slcoholice sclution to which &
few mle. of pyrldine was addede No pure product wus obtalned
from this resction, vrobably beonuse Lhe condlilons were Loo
severe for this very reactive metiylene compound. Inere
were some indlcatlions of a posslille resction of this yuinone
with dibenzoylmethane. ZHome difflculty was encountered in
the lsolation of a& product, however, due to the larze exceas
of the solld methylene compound used In thnls reaction.

Pnenylacetone, ethuyl phenylacstate, ethyl nebutyl-
sceboacetate, acetoplhisnone, and g,g?diniﬁroéiph@ﬁylm&thanﬁ
¢ld not react with this quinone in the presence of pyridine.

Instead of the hoped for condensutions, the competitive
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reaction of the &,Jé=dlchloro~l,d4-naphtiboquinone with
pyridine occurred to form the pyridinium salt {(compound
AXLL, Historical Introductlon).

The reactlion of ean alcolwllic solution of this quinone
with additlonal methylene compounds in the presence of
gqulnoline might be another possible extension of the pyrre
osolline syntheses. Hith the above conditions resctions
oceurred with phenylacsetone and with ethyl phenylacetate
to yield orystalline products. Sulfficlent time was not
avellable to characterize these products and further work
will be conducted in this laboratory to determine thelir

sbtructuresa,






Reactions of sacetoeacetic Later apnd Helabted Compounds

Synbiueses of l-Carvalkoxy *@iévphhﬂalﬁﬁlg§?rﬁﬁﬂlin@&-“

To a mixbture ol 0450 ge 0f &,9=diciiloro=lgd=naphthoquinone
end & mle of redisblliled mwoilve melhylene compound dissolved
in 28 ml. ol sbsolubte cbvhenol, there was adaed 7 nde ol
redistilled bterilary amince. 7he resultant blue solubfion
was refluxed four hoursz. Toe [inel redulsn Lo Lrown
solubtion was cooled in an ice bathe. The crystalline ysroduct
wilen procipltsted was flltered ofY, washed with a 1ittle
etrnancl, and then washed Uhoroughly with ether. ine
tabulabed yields are lor proaucts orystallised once rom
tie solvents Indlcated. In all cases where Lwo or nors
mebtlhods of prepurabtion of Lhe same compound are reporbed,
8 devterminetion ol thoe wmelting polut for & mlixiure of the
prouucts Irom Lne Lwo routes showed Lo cepression. Tils
procedure was followed in sll cases except for experliment
(1} which was reported previouasly oy mriek&oﬁ.g

in order Lo vnecd vhe puarliy of Lhe gsymecolildine wuich
waz used in experiments (&) and (10), 160 mle of £,4,0-
sollidine {(lhe Lalbheson Coe INce = 5479 Prac.) was lstilled
slowly worough a < foob plass bellces packed Todd column

at abmosplheric pressurees The reflreacitive index ol & L0 1le

8411 melting polnts are corrscisd.

Due wish to thank rProfeossor Hary aldridge end
=re Hyron saer or bae analysese
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fruction whilch Loiled at 171.00 was 1.4590 ab <69 (1it,
bepe 170449 end rn%° 1,49564).51 when pure recis:tilled &, 4=
Lutldine was suvsililiubed for the above impure gymecollidine
In reaction (8), no orysballine product was olbtulned.

when 020 g 0f lecarbethoxyed,s=phtiasloylpyrrocoline
{1) was refluxed with <0 mle. of redistlilled gulnoline {or
forty=eisnt hours, only unchanged starilpg material (0016 o)
weas isclated from the reacblon mixturoc.

#thyl malouate was ussed as the acvive methylene
sompouiit Jor a4 reaciion carvled out Ly Lhe sbove genersl
procedure with z,0=dichlcoro=-l,4-naphtnogquinere in the
presence of pyrldine. There waas obtelned 0.20 pe {(340) of
1is0b 76llow needles) Mepe LO0=288%, The results of anulysos
of tils product correspond Lo & morohyarabe of tihw pyridine-
fum selt prepared by Ullmann and tbtlech (Historicsl Intro-
aueilen, coapound YXiIl)e TPhls mornohydrate <14 not szhow a
depresaslon In melilng pelnt wihen e mixture melbing point
detercinution was made with & sample prepared by bLhe method
of Ullmann and oblsch of the anhydrous pyricinium salt (1it.
Depe WBED),

iAnale Taleode for Qlémgﬁaﬁ'ﬁmﬁ: Oy BLeBly i, 4elE;

Founds Lo €Tedl, 8Ted7} i, 4«33’ 44053

2
-

é’.g?’ {:”23'
The mono-phonyluydrasone was prepared from 0.20 2. of
tne above s&lb by warsilog on a slesm bath lor one nour wlih

Do mle of phienylhydrazine in 4 wl. of sluclal scetle weide



There was obbtalned & guanticablve yleld (Ce&7 o) of 1lilgnt
redulsh Noedles; mepe LLZwLi° (1ilbe mepe 2539).

whel Uek0 ge of Lie 3all wks nealed o a abteam ball
for two aours wilin U020 e of p=phenylenesdilanlne 1r O ud.
0f 10. hyderochloric acld, tuere was oblalned 0024 e {85
of tue guinoxsline derivetive. Hecrystalllzailon Iron
ethanol ylelded Cel8 e (69:) of red neecles with & nelting

polnt of S04=-30569 (1lit. mepe w08%).

vetermlinatlon of Solescular Jel ontse =~ The Iirst

determination was by the standard hast procecure.d? e
Camphor welch was used in &ll Lhe deterainallons of wmwleculsar
welohts Ly (Lis metiod was puriflied as Iollows: . pproximalew
ly 16 pe was plaved In & morbar with w few mle of siber and
prouna Lo & unliorm powdesre This was spread in o thin layer
on ilier puper until the etibwr evaporatede It was xopi
in & well stoppered Lotile. Yhe celiing polint was {ound Lo
be L76.0%, {he molal cepression consbtant wus Gsierained
Ly dissolving Q048 e of auslybically pure venzolc wold
in Ged44d e of Liwe purilled saupior. Sive welting polnt
deberminuvions o1 Lols mixiure pacized Lo & bel bt of 1 e
in & sealed ocuplilary tube guve depressions in tue zeliing
poldnt of $1.89, L0.79, 01.59, Rue0%, wnd £7.4%. Using toe
averags of Lhese values (E9.1°) & melal depresslion constant
Of STeu wag caloulated Lo tuls camplore

o cheek Lue acourasy ol tihls value U000 ge of an
&nsmiyeically pure seasple of azovenzene, walcn like the

wikinowns La red, was dlasolved In JWull e of Lis canpliors



¥ive melting point determinatlions of the solution pave
depressions in the meliing point of 20.50, 18.59, 18.7°9, 20.79,
and 21.0%. Using the average of these values (20.39) and

the above molal depression constant a value of 102 was
obtalined for Lhe molecular welpght of azobenzene as coumpared
with an acitual value of 18,

The important fector in reproducing these results wuas
in noting the weltling point of tne solutione 7Tuls can bLest
pe aone by having sulficient light Lo observe the roment
that the solution becomes entirely Ifree of solide. Ths
molecular weights of seversl of the compounds listed in
PTables I and Il were determined using the purified camphore.

The resulis sre lisved In Table I1ile

Holecular Velgont Lata by the Hast Leltuod
Compound (1) (1) (111) (1v) (1v)
“#te ol Compound O.040 Qe03) GeOab Ge048 0«04l

wbe of Camphor 0420 Ql.388 Qe 437 8 PRI SY Qoda’

méﬁlgiﬁgs p@i:ﬁt 1.1 Hebd Be7 1l a0 Yol
devression 1047 Geli e 118 10.8
1l.2 Do 10.2 12.1 UeB

1l.6 Peb Peb 1L .6 Je7

11l.2 1led 10.L

10.9

, 10.1
AVEILES 11,50 039 9.&0 12.1° 10.0°

doleeular dWelght
Founds oS4 S26 S50 S82 S50
Cricdaes 818 319 S47 T3¢ S



Tho Beckaann method lor determinlng molecular wel uls

S50
was sl50 usede

In a standesrd HeoHamanli ApPar&aLiis, ohe
freoging poind ol 1i.307 e of reualstllled Lenaene wus
deteraineds The veluesg oblalned for six rewdings with &
LECKmAND LHeIMiometer wore l.445°, 1.4479, 1.444°, 1.445°,
144509, und 1.458%, 7Tuls gives an averwio value ol l.4es¢
for the freezing polnt o benzeones To tils solvent there
was added 0258 go of Lhe ester (I)e The minimum benpere
ature due to supercooling and bLhe freszing polnt Ltemperaitule
wore ovserved for tne solullione The values obtained for
thres readings were 1.9069, 1.860°9, and 1.885° for the
supercooling temperature snd 1.7069, 1.704%, anc 1.688° ror
the freezlng point tempesruabure of the solutlon. Using tuese
reaclngs the correspornding palrs of veluss for the supere
cooling and [reszing point depressions are 0.200°9 and
0257%, 0,156° and 0.2569, and 0.187° and 0.2409, witha
thosae valuss and the molal I'reesing polnt depression consbuni
for bensoene a8 L.18, the molecular welpnt. was calculated [or
the ester (1), and values of 311, 9l&, and 350 were obtained,
the averayge value belng 319.

a8 & conlirmation of the above values, a D934 2.
sample of (1) in 20.271 p. of benzene procuted supercocling
terperatbures of l.0609, 1.0789, L.9089%, und 1.880° andg
freezling polnt Lemperatures of 1.748%9, 14745°, 1.750°9, and
1.738%, Tue average Ireezing point of tue pure Lenzene
was found to be 1.437C as caloulated from the following

readings: Le4300, 144079, 144369, and 1.458%. Using: these
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readings bthne sorresponding pairs ol values for the supere
sooling and {reesing rolnt depressious [or tihls soluvlon are
0,112% and 0.51l%, 0.1059 and Q.5069, (.158° and G.5139, ad
01587 and D.801%,. The molecular welght was then calculabed,
and values of dCl, 327, JL0, and $52 were obitalned. The
averagze vealue of S&d agrees well wllh ULhe acituml value of
S18 for compound (L)

fgacslons of Cnart lile.- Fhtlhialic anpydrlide was obtalne

ed from lecurietioxyed,d-phthaloylpyrrocoline (1)e In w
6 mle bLeaker 0,10 ge of comvound (1) was dissolved in one
mle Of concentrabted nitric acide The Leaksr was coverea
wlin & walch glass wid placed on & hot plate In & noode
Thie solutlion was evaporated %o dryness and the wihlte crysiale
line resldue which sublimed upon the cover was vollected.
It melted ab 1cP=150° and a mixture meliing point detersinae-
tlon with phtoellic anhydride showed no depression.

rhthallce acld was oslso oblalned from lecarbetliony=c,de
phthaloylpyrrocoline (1l}e. The ester (1) was oxivized by
heatldng 0.20 go of pure maberial witih & 1:1 solution ol &0,
nydrogen peroxlde and glacial acetic avsid. after beating
three hours at & temperature of 809, ithe solution was

cvaporated to dryness abt 23° (16 mmeje The resultant yellow
801iG wes recrysballised from 2 mls. of methanol and dried on

& porous platee There was obtalned 0404 ge (£72) of vellowish
8011d} mepe 186=171° (dece.)}e The melbing point of phthalie
acld as reported 1in several litersture sources varled

conglderably. Taerefore, slementary analysez were made on



tnls producta.

Anale Talcds Llor S liglgr 2, STe38; 1y Jefide

Founds: T, D647, 566975 [y SeBL, SeTUe

Inasrach &8 Irsufliclent nrodust was wvallable fov
furcther purificetion, the pregence of phbihallic wcld was
con{iprmed by neuns of the qualitative bLeat deserived by
Huntress and iulliksn.ss 4 Tew mge of the acld was mixed
with an eguel welgnt of resorclinol. The mixiure was
molstened wilth concentruted sulfuric acid wnd heabed at 1009
for three minutes. Alter cooling end dlluting with £ nl.
of cold wabter, 2 mle. of 10% ascuecus sodlum hydroxide was
addede The s0lid was dissolved by sbirrling and the zolution
was diluted wilth an squal volume of waler and btraces of
5011id were removed by iltration. The positive test for
phithelic scid was indicated by the characterlistic preen
fluorescence of [luorescein in tihe filtrate.

The mono=-oxime of lecarbethoXy-l, =phtialoylosyrroco-
line (Vil) waz prepared from the ester {(Ij;e OCompound (1)
(Ge20 o) was reflluxed with Q.18 ge of hydroxylamine hydro-
cnloride in 30 ml. of 9565% ethanol [or one and one-nslf hourse
The reaction mixlure was wllowed to stand overrni;ut at room
temperalture. The precipltuale was Filtered off snd wasned
with & little ethenol. The yileld of orange needles of the
Ooxlme was Qeld ge (BE7)}} fieps 200«L07C (decs)s HoOr sualvals
the product was Lreated with norite and recrystulliszed from
slecial acetle acide 4After drying the yleld of pure yellow

needles whlch melted st Z21H.85=217.5% (dec.) was 0407 e (05}



gy

isrnale Gialode for Clgﬁléﬁéﬁﬁ: Dy 682085 i, 4.3
B, BedB; OCgHg, 15449
Found: PN 6&0‘}{). 6@05’:4; Y, éog\?é, ‘;:"}d;
Ny Bal4, 8412Z; OOglig, 10401
snother carbonyl derivative, Lhe wono-i,4~dinitroe-
prenylliydrasons of lesarbothoxy=Z&,d-phbhaloylpyrrocoline
(VvIll), wes prepared from Lie sster {(L)e 4 solutlion of

se of compound (1) was aeubed

e

80 mle ol 95 ebtbmnol and Q.20

bo belling with 0050 o

o O Zyde-dinitrovhenyliydrazine.

]

sfher solution wag effechted, [five drops of concentrated

T,

hydrocnloris aclid was added.s Heabing was sonvinued until

a yellow solld separated. Tioge crude product (0.45 .} wus

recryskallized from 12 ml. of nitrobenzense. 1L was washed
thoroughly with 9b4 ethanol end evher. %Yellow necdles wilh
a melting point of Z61° (dec.) were obtulned in a quantlis-
tive yleld (0.351 Sele

auale Gulede for Cpgplyglgligt G, SD1Z; i, Se4d;

s 144015 UCllg, 9.0%2,
Founid: U, G044, G006 U, D2, .04
Ky L5470, 105.b05 OCgHg, 909, De20.

The reductlive acstylalion of leCarbolloXyews,S=piillie
aloylpyrrocoline (I) was attespteds 4 mixbure of 0,38 s. of
compound (1), 10 =l. of acetlc anbydride, and 10 ml. of dry
pyridine was heabted to Lolling. One gram of zinc dust was
added In small vortions during a nall hour neriode after an
addlitional Lalf hour of refluxing, the solubtion was noured

into lee water. The sticky vreclpiiate wus extracted with



benasne, and the solutlon cried over aniyarous me nesiiun
sulffatee e solutlon was Lien concentrated Lo a small
volume und agaln Lhe producht separated ws w sLiiky Cule
deveatsu attemplts to orystalllze tula tar were wunsuccessiule

A Crysvalline dlacetave (ii)] @as oLleined Ly reductive
acelylablion of l=carLelioxy=2,d=-publialoyleu,t=UoGL0DyTI0oCo-
line {IV)e & mixbture of 050 e of Lhe esbor (1) «and 20
ade ol & L:l solublon of pyridlne and acetic andgarlde was
neaved Lo wolling to eilect solulloun. 1o btLe relluiing
solutlon there was gradually auded le0 ge ol zlnc auat over
one-nall noure Tiw solutlon lecveu o a lisud color ws tnls
avcivion progressed. slber an aadibtlonal onsensli nour of
Mreriuxing, che solution was poured into 20U xl. of cold
watere Ilie yellow solid was {ilvered ofl, wasbied wiilh waber,
wia drisde Wi Uedb pfe ol orude product was exitrucbed wibl
QL. ebthanol in a Soxhlebt apparsaius for six hours. The Qe.cl
oe (DOx}) of yelilow powder wileh remalned in the tulmule was
recrysibalilsed irom « largs volume of benzelse. 1ue presuliant
Ueld e {wipx) o0l brigiht yvellow prilams welled &l LoYenw
<4040%, &~ solution of thls prouuct in benzZene oOr &LHaNOL
sives w preen flucrescence.

aliile Lullde for Sgnligyuglis ) Tledy i1y 4e0L}

Ieg weQU CUlpligy Jelis
Journids Oy Tlekly Tlexl; liy 478, 4e7x;

£

Thie acld, l=cartGiAyec,d-phibhaloylpyreocoline (X,

WLGE propaled {rom lelarvelion)=c o=pibiialoylpyrrocoline (Lje
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Concentrated sulfuric acia (6 mle) was adued to Vel ge of
compound (I} in a test Lubge The Qark zreenlan=-blue solution
was nesbted 1 an oll bath at 1256-150° for Lohree Lours. e
aolublon was Then poured onto coracked lee. The resultanl
purple preclpliste was Illteredc unu washed with & large
volume oi wutere. 7The Q618 Ze (€84) ol product was
crystallised from &0 2l. of nitrobenzane. Thers was Obbelne
ed D12 ze {44%) of reddish needles; nep. 228=300° (dece)e

anale Salede for OyqlHgoghs O, TOel0) iy, Sell} iy 4481

Found: O, 88.17, 88«11} £, Seld, S.d103
By 4eU7, 4.t

It shwould be nobted Tiat the results of the carbvbon
analyses wers lowe 7Tids might be due to impurlivles or Lo
golvent of crystallizations vhen calculations were made on
the baslis of two molecules of aeld o one molecule ol nitroe
Lenzene, the results were: O, OB.04] i, Cedd}) ly LePue (iils
proguct Jdoes not, however, siow a depresslon in & wlixvure
melting polnt debermination with the acld obltulned Ly the
following more satlsfactory meLhod.

Compound {1) (140 e} was dlasolved in 200 ml. ol Lot
sbsolubte ethalwol ahd poured into & ¢old solution prupared
from Q.80 ge of fresnly cut scdium and 40 mle of absolute
etharol. The soclution was reifluxed for ten minubes, witree
upon a red, gelatinous uasss precipitated. Tiis wes iltered
off and washed with & 1little oold sbsolute ethanocl. The
filtrate was allowed to stand overnighte The sdaltlonel

sald wihlch precipliisted was combined with the previocus
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product. Tnere was obtained l.0b 2. of red powder upon
dryinge The product was extracted wlth flaclal wecetlic acla
In & Zoxnlet apparatus for fourteen nours, anc the red
solution a#llowed to stund several days. There presipitabted
De70 e {774} of marocon needles, nePs 014449 (dec.) whieh
were inscluble In the commoOn orgunle solvenbLse Tne vroduct
was only pasrtlally scluble in sodium aydroxlde sclution
but a beautiful rec sclution was obisined with alksline
agueous sodium thicsulfate.

shale Calede for Upolglgks O 700105 4, Sel2; K, 4401,

Found: ©, T001l; H, 5093 i, 4.86.

For bthe preparation of the amlde of le-Carbdoxyes,dw
phthaloylpyrrocoline {(X]I) 0.30 gZe of the pure acid (X) was
refluxed for four nours with freshly distilled tanionyl
shloride. The excess Lhionyl chloride was carefully boiled
off end the reddish, solid residue wap coolsd in an ice vath
wille 10 ml., of concentrated ammonium nydroxide was added
dropwlise. The mixture was flltered after standing two dayse
The solid was pulverized in water with a mortar ang pestle.
Thls powder was dried and then crystallized from nitrobenzene
to yleld 0408 ge (75} of muroon needles; m.p. S0E° (deCe)e

anale Calede for Cyqplijqlzlig: ©, 704945 by D473

iy Ge8E
Found: ©C, 63.886; i, JSebid; H, Tellde

The above procedure yielded the best product, even

though repesated attenpbts were made Lo improve the preparation

and purification of the amide (XI1)e
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Heactlions of scelylacetones and lelated Compoundas

Syntueses of l=acylecy,d-pnitasloylpyrrocollnese- o a

mixture of 0450 ge of Z,5-alchloro-l,d~nupititoguinone and

4 mle of redistilled asctive metnylene compound dissolved

in 26 mle 0of absolute ethanol, there was added 7 ml. of
recaistilisg tertiary amine. The resulitent blue solution

was relluxed [four hours. If no golid precipltated from the
red solution, 1t wae cooled In an ice batiie The Crystule
line precipitate was filtered off, wasned withh &« litule
ethanol, wnd tien wasbed thoroughly with ether. Tuhe
tabulateu yields are lor proouets cerystallised once from the
solvents Inclcated with the excepitlon of compound (¥V),
wizieh reyuired treatment with norite and numerous recrysiale
lizations to obtain satlsfactory anslyticael results. he
prepuration of compound (iv) Lfrom the free qulnone (i xpbe 1)
was Tepourted by hrickson,® and a mixture of products Irom
the Lwo methoda showed no depression upon determination of
the melting polnt. 7The above general procedure was used Lo
prepare compounds {(X11), (XIil), and (Kv¥)e Iince Lencoyle
s&cetone is u solld, only Q.70 go, twice tine stolechiomevric
amount, was used {or tne preparation of compound (iivV)e

Thls moalification in procedure was used te aveld puriflcation

difficulticse
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Determination of the Folecular welpht.e The molal

deopression of the melting polnt of tne purilied camphor,
the preparation of which was descrived avove, was deitermile
ede Oompound {(AV) {00098 ge) was Cilss0lived In G409 Je of
bne campoor. Flve melilng polnl ceterminations by Lhe
caplllary tube metiod of thls amixbure gave depresslious

in the melilng point of 12.89, 1£.8°, 12.59%, 1L.79, snd 1.19,
Using tie average value (ld.49) and the molal depresaion
spnsbant of 47486, vhe mnolesular welpght of compounca (V) wus
caloulated L0 be 2908, as compared with an sciual value of
2a8e a8 & conflirmatlon ol this result 0.041 pe of coopuound
XV was oissolved in 0e.400 g of campior. PThis soliution
save depressions {rom {five wmelting point determinetions of
11.8Y, 1199, 12,009, 12.0°, and 11.9°%. 7The molesular
welonb ovtalned Irowm Lhese velues is 287

freparstion of l=Carboxyel,d=phthaloyloyrrocollines.-

The leacebylec,dwpibhaloylpyrrocoline {(XV) was converted o
he lecarvoxyei,c-pnithaloylpyrrocoline (X}. SJompound {XV)
(0eB0 o) was mixsd with an equal welgnt of lodine in 1% ml.
of ury pyridine. the mixture was Lestes 1ln a hot wsber

Gathh {for one houre after twenty minubes of heating precipltae
cion Uocgane Ine mixture weas allowed Lo sbtand overnight at
room temperalurs and Lie exceass pyridine was Jdistillied off
aler vacuulie YAC residus was washed [from tie {[lask to a
Iilter funnel with a 1little etnanole (i solld was washed
wiln water, b, ethanol, and Linslly with ether. ofter

drying tnere was cbtalned 1l.04 g. (894) of orange plutes;



MePe L58-250.6% (dec.) (Compound XVI, Chart IV).

To thia intermediate there was added l.10 g of s0lld
sodilum hydroxide and S50 mle. of water. The resulbaint mixture
was heated in a uot water bLuabth for Ltwo nours. Tiws
presipitated a&lt‘w&s filiered from Lae reacition alxiure.
after pneating wilotn jlaciel acetle meld, Laere was obtalned
Qe28 pe of crude producte [ulds was recrystalllzed from
1% ml. of nitrovensene, washed wiih 95, ethanol and ether,
and then dried under vacuum {or ten hours at 118°. There
wus obbalned 0.18 ge (274) of besutiful, maroon needles;
ClePe Oledw3l4449 (decs)e o mixbure melting point deiere
mination with bae acid (X), prepared previously from tine
sater (1), showod no depression.

Ansle Culede for Oyqlglgls C, 704103 &, $.12;

g detile

Pound:s C, 70137 H, Ge2l; H, 4090



7

Reactions of Cyanoscetle cster and lelated Jompoundus

Synbiegses o l=Uyano=L,b=phihialoylpyrrocollinese~ .

mixture of 0.00 ge of £yd=ulcnloro=l,d-naphthoquinonsg, 4 ml.
of redisitilled asctive metnylens compound, 7 iwle 0f re=
distilled tertlary smine, snd &b ml. of avsolute elhanol was
refluxed four hours. The orizinal blue zolublion turned Lroen
in color wnd a 20l1id preciplituteds The product was [llier-
ed off, washed thoroughly with 85 estuancl and ether, and
dried. The ylelds reported are for products crystalllzed
once {rowm nlirobenzene. 7Tne prepuaration of compound {41}
from the [ree yulnone (kxpte 1) was reported by StornerrY.
It was recorded in Table V1 lor sounparison purposes. The
low carbon unalyses for the product (WVII) obtained in
ezperiments (4) und (b) are to be noteds. Ireabment of sLnis
sompound obtulined [rom experiment (O} wlth norite [ollowed
by two addaitlonsal recrystallizations from niltrobensene
resulted in tine more satlsfactory wnalyses reported in
Tavle Vilie This compournd was éifficult bo analyze asn a
result of its high welting polini, whieh would probably
account for the low velues oblained f'or the carbon analysese.
In all cases where Lwo or more methods of preparation of tae
sume compound are reported, a delterminatlon of the meliing
point for & mixture of the products from the two routes

showed nNo depreasion.
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Adaltlional leacilons of Churt Vee Fubhnalle annydridce

was obbalned from ledyalio=i,S=phithaloylpyrrocoline {(xil)
by btreatment with concentrated nitrie acid s described
in tne firat gart of the Lxperimental secliion. Tnere was
obtained by subllimatlion from the rescilion residus pure
phihalic anhydride, which was fdentifled by 1ts meliing
point of 129-130° gnd by a mixture melting point determinae
tion wlith suithentlc phtuellc snhydridee.

Tne reductive acetylation of leciunoel,b-phthaloyli=
pyrrocoline {(iX1) wus attenptede A mixture of 0480 s
of the nivrile (iXI) and 20 wl. of &Al:l golusion of
pyridine and acetlic anhydride was hemted bo boliling Lo
ef'fect solutlone Une gram of zinc dusht was gradually added
over onew-hall hour, snd refluxing was conbinued for an
additional one-hall houre The light yellow solution was
poured into 200 mle ol ice water, und the flocculent, vyeliow
precipitate was llbered off and drieds The yellow solld
was extracted in a Soxhlet apparatus with absolube ethanol
untll the extract was a pale yellow color. The extraciion
wae continued with 200 mle. of toluene until all of the
vellow solid was In solution. The toluene solution was
allowed %o stand covernlghte. The pre¢ipltate woaich formed
was [iltered of'f, washed with 9L4 ethanol, and driedes ‘here
wap obtained Q24 pe (864) of yellowlsheorange cryestals;
RePe RBES«LBT70 (decs)e The product was Lreated with norlte
and recrystalllized Irowm 200 mle of toluenes The yleld

Was DB Lo

#E
Ry

i) of yellow neecles] mepe. 26B-269° with




a1l

sinsering at 236%,
anale UCalcde for OpjlijgUgiin: Cp 70385 L, L9435
Ny TelZe
Founds G, T0.20; iy 4409; iy 7Te4¥oe

4 moleculer welint determlnuaiion by the Dasl melinod
was awde on tihls proauct {(AvII1) vecause Lt was sore soluble
in Campaor Lhan the lwcyuno=2Z,5-phbhaloylpyrrocolins &
solution of 0eD&y ze of this dlacetute (AVIII) in 0.L00 e
of the purdiied cammphor, describasd previcusly, wWas prepudreds
S$ix melting peint determinations of this solutlion gave
depressions ol 7.8°9, HeB%, £.09, 8642, B.19, und 5.0%
uslng toe average of these values {8.189), « value ol 365
was caloulated for Che molecular welght of Lhls compound as

omparec wlith the agtual value of SLl.

The amlde (X1} was alsd obbtalned {rom lecrancel,ow
phtialoylpyrrocoline ({X1l)e 4 solutlon of 0.58 e of
compound (X1} in 7 =l. of concentrated sulluris acid was
heated {or three nours at 1309 The resultant violet
solutlon was poured onto cracked lce. The red precipltate
was [iltered off, washed thoroughly with water wnd uhen
with w 1litile 56, ethunole There was otbalned Q.40 e of
red POWAeEr; mepe. LE65=-L07Y (dece)e i'or analysls the sumple
was treated wiih norlite snd resrystallized twice from 75 mle.
ol nitrovenzene, The [ine, lishl orange needles (0«10 ge)
(36,.) melted at 313.5«31445%. 4 mlixture melting point
determinaetion of tinls product wlih the wslde (XI) obtalned

previously from lecurbetblhioxy-i,o=phtualoylpyrrocoline (1)



gave a melbing range of 308-510%,.
Anale Calcde for 317&1003352: Ce TOe34; liy, G4}
ig, ﬁ.ga.
Found: O, 70608, TOeduw} ilp vebuy Lewdj
g 10ed4, 10.10.
5 0edB0 e sample of the above amicve was uealed wil
approximately 250° for one Loul'e The product caanged in

appearance to dark red prisms. Hecrysbtalilzation of tads

Pﬁ

maberial from 10 wle nibtrobetsene ylelded 0.10 ge of maroon

needles) WepPs JUL=L08%, 4 mixture melting polnt determliine

tlon with the amide obltalned greviovusly from l=carboluoiye
wopwewpnlnaloylpyrrocoline showod no depressione

shmle Calode foX Oy7iiypUalip:

Co TOel4dy i, a4}
Hy Vel
Pound: «, TUedkd, 7008} i, G460, Sebig
by Tey Uedbe

Arecryestellization of thls low melting amlude (S05-3039)
from « smell Quantity of placlal acetic woid, ylelded llght
orange NeeGles) mepe wliebm3l4eb®, . mixture meluing polnt
debernination of tuls meterial wud btae originad hlsh welting
enide showed no depresslon.

Permangpanate oxldation of lecyulio=i,d=piibbaloylpyrie
ocoline {il) was attemplted. 4 zolution of 2.0 e of
potaasiwn pernangalabe In €0 ml. oif water was added o Qed¥
Ee of Lhe nitrile (Kil)e Une mle of 10: spdiwm hydroxide
was added, and Loe wizture was uvated for turee hourse aiter

the mlixiure waz cooled, 1t was avldilled carefully with



sulfurle acld, 7The mixiture was peated lor an adaltional
one=hali hour, sooled, and tren the excess wmanganese dloxlide
was destroyed by She addltlon of sodium bLisullite sclullone
The pinkishewhiite precipibtabte was {illbtered olf and Lasn washed
end driede vhe Ueld fe of product was oxXtracted witn
abgoiute ethancl in a Toxnlet apparatus. Upon cooling ohe
solullon Q.04 o ol pinkish 80lid was obLalned] Mepe Zolelw
29089, Lo shructure corresponding o bhe anulyiical resulis
was Geviseds

sigle Found: U, 84205 I, HeU7; Ky Lelle

The l=cyano=ydepntimloylpyrroecoline (KAL) (D630 )
waa seabted Ln a4 Lest Lubs with Z40 Lo O phoapiaorous pentaw
cnloride untll melteds Crackod Ll¢e wss added uanitll ell the
exceas phosprorous pentachiloride was decomposeds 1o miXe
ture was [iltered, and the precipltate was exlracted in a

-

Joxhlet apperatus wlth 3L, ebthanol lor bulrteen hourse The

3

residue consligted of 0.3858 ge ol Llmck, carbon-llike solld
whiich occuld nod Le recryastallized.

A Qeb0 ge sample of lesyalivoed,d=-phtnaloylpyrrocoline
(wxI} was neated to bolllng for two minutes with & ml. of
concentraved nitric acldse 1% was then diluted wiith water
and wllowed Lo covlse The resultant Q.24 o of orunze
s0lid deconposed at wbout 1lH0-1e0°°. hLecpystalllzatlon Ifrom
nitrovenzene ylelded 0.02 geo of orange zolid; mepe w7L=000Y

A

(doce)e ione of the Ligheneltlng (wbove 360%) procuct

~

[

obtulned by StornereY itk thils reactlion wue obialincd.



Isolation of the Heactlon liy=rroduglbe= In experiment

{(2) of Table VI the {lltrate lrom the resctlon mlxiure wuas
evaporated slowly unbtll &1l tae slcolol was removea. e
precipicate which formed wag ilbtered off und washeéa LiLore
ougnly with ether. Tunere was obtulned ufler drying 0.2 e
(267 ) of yellow, cryvstalline 201lid} meDe 277.6=275.8% (deve).
Thls materisl showed some Glacolorsation on stending in alir
abt room bemporaiulre.

anale Calcd. for Eggﬁl7ﬁéﬁgﬁl: Ty OZeALY iy 4de4h;

Ly TekkB3 Cl, Delle
Found: O, 62489, GLe4U3 iy 447, delrug
Ny Teddy Teddy Cl, D400, Deiide

whnen bne above product was recrystelllzed from glacial
acetic acld, one molecule of solvent was absorved per
molecule ol proauet; the m.p. again was 277.8-278.8° (dec.).

anale Culeds for CopllimlghglleColiglp: Oy bBSH;

Hp 4eTTy liy, GaS0; CLl, 737
Found: C, DHGOS) 1, 44863 K, 6.405;
Gl, 7elld, 5408,

Ar sqgueous solution of this produst upon acalilon ol
agquecus silver nlbtrate pave sn imumedlate precipliate of
sllver cnlorlde. whon 10, agueous sodlusn nydroxlde was added
to «n agqueous solution of tils produst, thoe solution turned
red Iin color and a snall amouni of red precipitate formede
A fonsulficlent quentlty was avallable for determinatlon of
its icenititye

& mixture of 0.50 e of compound {(Nii), Cherl V, wilch
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was propared by Liebermann's me%nﬁ&,25 7 mle of dry pyridiue
antd 256 mle of absclute etihwmnol was Leabed under reilux lfor
four nourse. e solutlon changed from o Llue to & yellowlsiie
brown color, and an orange, crrystulliline solld separabede

The procduct was flltered off, washed with 20, etianol, aud
then with ether. There wus obtalned U.&80 ge {745) of
l=Cyano=L,o=pubhinloylpyrrocoline ({iil); HepPe 507 e4=500e4
The 1iltrate was evaporated newrly (o aryness, and Lne

yellow precipltate filtered ofl and washed tLooroushly with
ebther. e yellow, crystulline bye-product (XN) was 0bLallie
ed In a <é4n 7ield (DeUB e} MePe K77 Umi78.,8° (dete)es he
ldentity of bvoith of these products was snown by thelr melte
Ing points, and by the results of mixiure relting point
determinations with samples of compounds (2X) and (711)
prepared wreviously.

heauctions in the Presence ol Jthier Fertliury Anlnthe=

Dimetnylaniline was used as the tertlary amine in the

genersal resctlon procedure deserived previously for tle
syntiaeses ol pyrrocollnes. vhe cnuruacterlisilce color cilange
was observed) nowever, no procuct precslpitated from the
solution even upon cooling with an ice babthe HMost of the
ethanol wus Lhen evaporated from thw solutlon and tae resicue
was diluted with ether. Tie etinsr layer was washed wltn
c¢llute nydrochlorie acld and wabter. The red oll whilch

was otlelned upon evaporatlon of Lice etiLer layer was
erystallizec Ly aduing s livtle mqueous ethanol and cowoling

in an ice bathe. There was obtained 0.65 ge of & stloky,
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marocn solide Treabsoent with norite and recrystallization
from a 111 ethuanclewater mixture ylelded Q.28 5. of red
Crysials; mepe 167=168° (dec.)es anobher recrystallization
from tne swmeé solvent yilelded besutirul, violet crysicls
whleh turned a maroon color on arying at 1109, Tihere was

e

obbulned Oedld pe (350) of yroduct wihich melted gt 108-
1709 {Liﬁﬂo .3 .
Anule Calede Tor Sp.,iy0H04T1: O, DB.D3; L, 5.96;
Hy 44883 1, 11480,
Found: €, 5U08, 80.083 [, J6486, Se&73
g 406, 40463 Cl, 12.81, 1o.08.

This product (0.10 5.) was refluxed with 7 ml. of dry
pyridine 1n £ mle of ethancl for {our hours. Ho crystale
line product could be lsolated from the readlion.

ihen K=plicoline was used in thls reaction ass Lhne
tertiary amline, only one nour of refluxin; was neceszary
to obtaln a conslderable mmount of precipltate. The product
was iltered off, washed thoroughldy with 89 ethanol wend
ether, and then dried. There was cttaulned 0.86 e of
product whilch amounted bto 7&15 of tiwe welgnt of the quinone
reactant, Tae product conasisted of bewutiful, bLlulsi=bLlack
needles which did not melt when heatea in & copner block
to 4109, o structure corresponding Lo the anslytlcal
results was devised,

inale Founds O, 67410, 876103 i, 421, 4.1b3

Np ?07&‘}’ Teldc} VJ?.E;S’ l“i.lﬁ. 14.00.
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heactliong of Helabed l,4-laphbhoguinones and

active sethylene Zompounds

Heactlong of Cwiebhiylel,4-naphthoquinons.~ » solutlon

of 1.0 ze ol the gulnone, 4 ml. of ethyl oyuuoscetate, and
10 mle of dry pyridine was allowed Lo stand &bt room Lemper=
ature for one wesk. The resultant reduisis-brown solution
was svaporated nearly to dryness at aimospieric nressurces
Since a precipltate did nob form after standing two deys at
room temperature, tone solutlon was diluted with ethers The
sther layer was wasied thoroughly with waler and evaporated
nearly Lo dryness. & few mle of 955 ebhanol was added L0
- hls soluvlon which was then cooled in & dry lcee-acetone
bathe The precliplitate whilchn formed was {filtesred off und
drieds There was obbained Q0e5¢ e (21;.) of colorless
crysbals; mepe 120-181%. ror snalysis a few mg. was ree
crystalilaed from an ebtnanolewsater nixture until a constant
melting point of 1l3L-133° was obtalned,
anale Calede Tfor CygHygO4l: O, 674865 H, D003

fy 4e8Ble

Pound: U, 67434, 8T.41; L, Gell, bel4d:

Ky Delliy, 4422,

The above procedure was repeated using ethyl aceto=

acetate In place of thne ethyl cyanocecetate. In tils case,
however, only unreascted gulinore was iasclated from the

reacition mixlures Jhe temperature of itnis reactlon was



inereased by refluxing & solubtlon of tuese reacbanis 1o

25 mle of absolute ebnarol for four hourse agein only
unreacted gquinone was obtalned, s reaction wasn obtained,
however, wihen the solution of only tie guinone, acetoaceilic
ester, and pyridine was reflluxed ive hours. 4 bludl,
sticky oill wus obtalned wnen tihls solution was carelully
gvapornted nesrly to dryness. Hepsated Litempts to lsolate
& cryatalline product from this oll were unsuccessiule.

Reuctions of Z=iromoewdernethylel,d-napnthoqulnone.=

This quinone was prepared sccording Lo the procedure oube

lined Ly Pleser and Fleser. ®

Since detalls were nobt slven
the complete procedure follows: Two grams of Zemelhylel,ds
naphthogqulnone was dlssolved in 10 mli. of glacial sacetic
acid. Liquid bromine was sdded dropwlse until a deep red
color was obtalined which did not fade on standinge The
solution was cooled and the preclipltate filtered offs ihis
intermediate was dissolved in 10 mle of slacial acetlc scid
and an excess of annydrous sodium acetaubte was adusd. Lfbter
heating under relflux for I'ive minutes, Lhe sgplublion was
cocled wnd the crude, yellow product (2.98 p.) was llsersd
offs inecrystallizatlon Irom & small amount of 95, ethunol
vielded £.48 ge (875) of yellow crystulss mepe 1H2-15H4°
(lite mepe 1D89),

4 solutlon of Q.26 e of this quinone, 4 ml. of etnyl
cryanogcelabe, and 10 mle of absolute elhanol was added
to & solutlon prepared from U.00 e of fresnly cut sodium

in 10 mle of absolute elhancle The resultant blue solublon
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was cooled o 169 and let siLund for onee~nzll noure LU was
then dilubted with an egual volune of water and acidilfled
with L0, acetic wcide %o precipitate was lormed after
standing two days In the refrigerabtor. The sclublon was
extracted with etlexr, and Lhe ether layer wus evaporaled
ne&arly to dryness. The residue was diluted with & livtle
water and cooled for four duys 1lu the reflripgerator. Tliere
waa obtalned Q.29 g« of a silcky, brown solide. after two
recrystaliizations from an ebthunolewater mizxiture whid treuie
ment with norite, there was obbtulned 0.008 ge (£8.) of
yellow crystals; mepe 7T05=-8045%,

ansle Culode for CygliyxQglic  ©, 87043 ., 44603

g e84
Found: Gy G680, CG.603 iy 4471, 4e8543
Hy 10y 505G

dttempts to repeat thils rescilon were ungsuccesnsiulg
tnerelore, an analyiically pure sample was Lot oblalned, and
tuese results could not be schecked.

4 solublon of Q.50 ge 0f Lelronoedemobliylel,d=-naphtho=
gulnone, 4 mle of ebthyl cyanoacetate, and &b mle. ol absolute
ethianol wag mirxed with 7 mle of dry pyridine., .After starde
ing at room temperature lor four days, the solution turned
from & blue to a reddish-brosn color. &l1l1 abbteomphis Lo
isolate & crystalline product from the reaction mixture
gave only & tary»y resldue. 7The above reacilon was repeated
with ethyl acstoacebate In place of the ebhyl cyanossetsle;
agaln only a tarry resldue whilol could not be crystallized

was obbtaineds § Euy R
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neections of Fobassiunm l,4-Laputioyuinone-i=gyllonaie

HODONYGrate.~ ~CCorulng to the virsctions of StorherrY, l.o

e of the guinone was dissolved in S0 ml. ol water. fils

solution was added Lo & solutlon ol ¢ ml., ol B85 ebtnunol,

&

ot

ek mle of 10, uwgueous pobtassium hydroxide, uii leb 1ile ol
ethyl cyanoacetates, There was obtalned 1.16 pe (70.) of
bluish neecles. Afber Lwo recrystullizacions there wus
obbalned D040 ge (245) of 1light blue neecles] mePe 201 b=
202.5Y (dece)e & solutlon of this cysnoscetlc ester audi-
tion procuct in € ml. of a Z2:1 solutlion of pyridine und acetloc
anhydride was stirred in u water bath at 100° for 'Lliteen
minutes. [Thne dark blue solution turned to a yellowisih color
durling the atlirring. bo precipltate formed In tnis case
altnough one was obtalned at tnis point by Storberr. Howe
ever, wien the solutlion waus poured into cold waler and

allowed to stund one hour, & crystalline precipitabe was
formeds Tiils product was illered off and recrystallized
from agueous ebthanole There was oblalned UG.d7 ge (4892) of

ban neeules; Mepe 1UG.0~180945%. 4 mixture meliing polnt
determination on this material and Liwe product oblalned LY
Gtorherr showed no depressione.

Heactions ol l,4~haputhoguinonc.- & mixture of 1lb.g g

of l,d=nmpntnoquinone and 50 ml. of dry pyridine (dried over
variun oxice) was warmed until solution occurred. To this
solutlon bhere was added 60 mle of redlistilled sthyl cyunow
scebutes ulflor stunding two weeks al rroom temperature,

Leu0 ge of orange, crystalline product precipituated. lor
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analysis 0450 ge of tiils crude product wag recrystullilzed
twice from L0 mle of nitrobenzenc. Tioere was obtaulnea C.40

Ze Of orange 1:060les; mepe 281l=-283%. 4 mixture melting

>

¥

polnt determinatlion wish the product obtalined by Storherre
Ly Lhle sume procsdure saovwed Lo aepresslone L0 siiuciure
corresponding Lo Lthe anelytlicel rosults was devisede. The
product muy Le¢ & mixlture since the analyticsl results show
such a vearlatione For this product Lhe resulis of eslenene
tary analyses are ithe Tollowing: C, 74.00, 70.80; I, Se08,
Sely iy Pelu, Pelle The resulbts of alulyses as reported
by Ltoraerr for this product were the following: U, 704038,
T4elBS) Hy Gedl, Seild3 H, Teid4, 8e8Ze Thls product of
Storberrts upon recrysiallizatlon from nlirobenzene was
Jound vo have bthw Iollowing new values: U, T4.38; [, 483
Hy Tedde 4 portion (U.40 ge) of the crude product obbtained
Ly tiie albove procsdure was recrystallized twice from
chilorobenzene instead of nlirobenzence 4 yleld of 01l e
of orange needles were obialnsd wihlch melted above 3159,
Found: O, TDebT, 75eiid; i, 3499, D478 I, 5405, Seifie

diens 0010 ge of the orange needles (Mepe 281-2i539)
was relluxed seventy-ei ht hours with Z0 wl. ol dry
pyridine, Lhere was obtained 0.08 s« of orunge nsedles
with & melting point of 307.4=308.4%. 4 mixture melting
polint determination with lesyano«2,d-phthaloylpyrrocoline
(241) sBuowed no Gepressione.

Heducetlve acetbtylutlion, as cescribed previously flor

l=cyano=<,s=pnviiwloylpyrrocoline, wus attempted with 0.35 g



&
=

of the above orunge vecdles (1.pe. <81-2309). The dlacetate

(W¥iil}, Cnuert V¥, was cbtulned in & yleld of Q.02 Se; MePe

2050-2039 witn sintering abt Z86%. Proofl of the ldentlibty of
tixls dlucelate was obluined when a mixture meltlng polunt

&,

determaination wlth tle dlacebate prepeared previocusly suowed

-,
v

no depresgsion ol the meliing polnite.
The red, erysballine producb, mePe 240e5=844.5%,
which was lsolated by Storherr® from the reacblon of 1,4=
napubtnoguinone with phenylacetone in the presence of
pyridine, was analysed far nitrogene Found: €001, 5,806
Ho new sbruclbure sorresponding o the scalyitical resulis was
devisode

heacblong of <,d=-Dichloro~l d-nuphithogulnone and Jtaer

agtlive vethylens Jompounds.= The general procedure as oube

lined in the previous sections for the syntheses of L,d=
phthaloylpyrrocolines was usged 'or thnese reactionsy l.e.,
Dol e 0f Kydw=dlichloro=l,4-napntiwoquinone, 4 mle of acilve
methylene compound, £6 mles of absolute ethanol, and 7 pl. of
tertiary amine were relluxed four Lwours.

ith melononitrile in Lhe presence of pyridine, «
rapid resction occurred asz indlcated by the change in ¢plor
of the solution from Liue Lo browne only & stleky, black
0ll was 1solated from the reactlion =mixiure upon carelul
evaporutlon. &»ll abitempts Lo obitaln a crystalline product
ITrom Cils residue were unsucseaslul.

daen 4.0 e of dlbenzoylmethnune was roactoed in the

presence of pyridine under tihe above counditions, the
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cihuwracieristic color cnange from blue to recdish-Lrown wss
obtaineds. 5o crystalline precipltate sepurated from e
resctlion aolutlion on coolinge. Garelul evaporation ol tie
solutlion yielded only unreacted dibenzoylmebthane. ihe
larse excess of the solld divenzoylmethane which was used
probably prevented the igolabion of any reacllon producte.

In the presence of pyridine the following active
methylene compounds were rescled under tne above conditions:
phenylacetone, ethyl phenylucetate, ethyl n=-bulyluceto=
acetate, ucetophenone, and g,é}dinitrophﬁnylm&thane. in «11
these experiments the lsolated product was Lhe pyridinium
salt (7nii) deseribed in the historicanl Introduction. Tuals
W&8 Le sene resuld whilch occurred in tihwe roactlon wlih
etivyl malonstbte and deseribeds ln ithe {irsdt part of ohe
pEperimental sectione In 2ll cases tle product was idenitie
fied by its meliing point and by the results of & nixture
melitling point determination with tlie pure material,

inoline was usocd as bhe btertlary smine In the
general resctlon protedure with phenylacetone as the actlve
methiylene compourkie The color changs {rom deep Llus %o
yellowishebrown was observed, Jrange crystuals sreclpitsted
from the solution on sbanding overni:shte Tuere was obiwlined
0elb gZe of crude product) niePe S03:4=30Ve4° {(dece)e How
cryastalllazation from nltrobenzeno ylelded J.00 e of orange
reedles; mepe Ol0e4=311.4%. Ho structure corresponding. to
Lhe anelyvical results was deviged.

oiale ound: O, U0.08, USWE2) 1, 4ell, 4.10;

Ly 4eEQ, 4eEl.
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«winoline was also used in this procedure with ethyl
phenylacetate as the acilve melhylene compounde. The
characteristic color chunge was cbserved. un coollng tie
resction solutlon in the refriperstor overnight, s preclpie
tube was lormed. The product was filtersd off, washed with
& little ethwnol, and then thoroughly washed with ether.
The resultant orange solld (0.18 g.) melbted at R90.6-304°
(dec.)s Hecrystallizatlion from nitrobenzene ylelded Q.02 e
of yellow needles] MmepPe Slled4=312.4% (decs). & mixzure
melting point determinatlion wiith the product obtalined in
the above reaciion with phenylacebone snowed a depresslon
in the melting point to SU5.5-E07.7° {decs.)s 0 struciure
corroespondlng to the analytical results was devised.

anale round:s O, 70,50, TL.08, 70.589; &, 5.87,

Se7l, 5478,

Treatment of this product with norite and further
recrystallization from nitrobenzene did not alter markedly
the analytical resultse.

AXial e Found: o ?bo&ﬂ' ?5.67; Y, 3-?8‘, OebTe



SUMMARY
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It has bveen found that £,d«~dlchiloro~l,4-naphithio=-
guinone reacts with acetoacetle ester, scelylascetone, und
cyenoacetic ester In the presence of pyrldine to form
substituted Z,3-phthaloylpyrrocolines ln approximuately

507 yieldas

The products obtalned are those 1In wnleh I ls ~G0ulpls,
-Z0CHzy and -Clie These products were proven to be ldentical
to the uncharscterized materials which were obtalned Ly
previous investigators in these laboratories from the
reaction of the same mebthylene compounds with l,4=napitnoe
gquinone., It waa interesting to find that ethyl benzoyle
acebabte gave iLhne swoe carbetnoxy derlivative and that metinyl
cyanoacelute gave Lhe same ocyano derlvatlve.

The pyrrocollne structure was assiyned to these
products on the brasls of Lie results of elementary analyses,

the results of s«lkoxyl and molesular welgnht determinstions,

and by snalogy with related reactlions in the litersture.
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The postulated structure was alsc supported LY sdditlonel
chnemlcal evidence) lor example, oxidatlon ylelded phinalic
annydride. £y means of curvonyl reagonts, crystallline
mono=oxine and sonoe=£,4-dinitrophenyliydrasone derlvetives
were propared or the legarbellioxyed,lephnthaloylpyrroco-
line. Heductlve acetylation wus used to prepare the
diacetate of the reduced letyano-d,d-pntiwmloylpyrroeocolinoe.

The vurlous substituted pyrrocolines were Iinterrelated
Lhrough legarbony-2,dephthaloylpyrirocoline and 1ts correse-
ponding sisides The conversion of bhe le=carbelloxyek o=
pathaloylpyrrocoline to tihe acid was sccomplisined in 77,
yield by treauvment witih sodium ethoxide followed Ly wcldw
ification. Tihe leacelyied,d-pnthaloylpyrrocoline was
converted to this sume acld in 19. yileld by & modiricabtion
of the nalofvrm reactione Tlils lecarboxy-=L,d=phtlinloyle
pyrrocoline was converted to the amlde in 7 yleld upon
Lreatment with thionyl chloride followed by smmonium
hydroxides Tiis same amlde was oblalned In 56 rield by
hydrolysis of the lecyano=Z,d-phihaloylpyrrocolinee.

The orlginael resctlon was extended To the syntheses
of Z,3=pnthaloyl=L,6-bensopyrrocolines by suvstlituting
gqulnoline for thw pyridine. Tie lecarbalkoxyed,d=phitiiale
OYlel,bebansopyrrocolines were asyntiheslized from c¢ither
ascetoacetle eater or malonic ester. Heductive wcotylation
was used Lo gsrepare a crystaelline diacetute of Lie reducsd
l-c&ﬁb&zuoxyfz,&-phtm&logl~&,6-banzupyrrmealina.

A soven step reactlion seyuence {for Lthe converslon of
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Lyumdictilorg=l,4=naphtnoguinone o 1Lhe lesarbelhioxyei,d=
phtasloylpyrrocoline hums been postulated. Satislactory
anslogies for sach of the steps huve been found in the
literature. Dome sdditlonal Information as to tue route
oi the reactlon was obtained by the lsolation of u bLye
product (8} in the formation of Lhe lecyano=i,deplubhiale
oylpyrrocoline, and by the synthesls of an lutermediaite
(C) which was reacted with pyridine 10 yield leCyalo=i,dw

phthwloylpyrrocoline and compound (i)e

G ® 2
%
@ Cl
Huglly a1
GliwH Crmwll
N CouCylig NGOUChky
UH ' G

oo
O

A total of twelve primary resction products an
elgnt closely related compounds all of which were previocusly

uncharacterized are describede.
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