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iHSfOhlCAL lUTUQAQOtlOU

The object of this inve a bigation was to study the 
condensation of 2,3-dichloro-l*4-naphthoquinone with captain 
active methylene compounds and to da to mine the structure or
the products* The chief active methylene compound a studied 
were aeeto&aetic ester, acebylacetone and cyano&oetic ester# 
this inveebigation was prompted by the fact that several 
workers in this laboratory succeeded in Isolating, and in 
some oases Identifying, certain related products from the 
condensation of 1,4—naphthoquinone® and active methylene 
compounds .2.*^#$

the product® of those reactions a&y have important 
physiological effects, inasmuch as 2,3~dichloro~l,^naphtho­
quinone has fungicidal activity4 and also can be regarded as 
an analog of vitamin £• Buu-fiol synthesised many aryl amine 
derivatives of 1,4-naphthoquinonea some of which were capable 
of inhibiting the growth of the tubercle b a c i l l u s More 
recently a large number of amine derivatives of 2-ohlore-
1 ,4-naphthoquinone were prepared because they were found to 
be active inhibitors of acid production by bacteria in the 
mouth#

In order better to Interpret the results of this 
investigation, a study was mad# of the reactions of 2,3- 
dichloro-1,4-naphthoquinone# A® might be expected by analogy 
with chlor&nil, 2,5-d io hloro-1,4-rmphthoquinone is a very
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good oxidising agent* When, used a® an oxidant it is reduced
*yto eorrespending hydroqulnone• This structural charge

Is accompanied by the disappearance of the yellow color*
The quinons may be oxidised* however* in the presence of a 
strong oxidising agent to phtnalie acid* This reaction was

8part of Grabs *s classic proof of the structure of naphthalene* 
In this work it was also shown that when the qulnone was 
treated with phosphorous pentaehloride* l*£*3*4*5~penta"» 
ehloronapht hal©ne was formed*

Fries and coworkers succeeded in preparing the &»nitro«» 
and 5~amino*2* d la hloro**!*4~nsphthoqulnonea• *' &he& 
dichloro-1*4-naphthoquinone was treated with a mixture of 
concentrated sulfuric and nitric acids* the .product obtained 
was chiefly the b~nitro derivative* fills wet converted to 
&~iuslzro~2*3~dlehloro~l»4»naphthohydroqulnone by reduction 
with stannous chloride in hydrochloric acid* Oxidation with 
ferric chloride solution yielded 5«amino"»2*3~dichloro«l*4~ 
naphthoquinone•

Grlgnard reagents react with 2*b^dichloro**!*^naphtho­
quinone to yield a variety of products* When methyl* phenyl* 
and c(-naphthyl magnesium halides were reacted with this 
qulnone* there were obtained upon hydrolysis of trie reaction 
mixtures the following products*^

I II III
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It was Interesting to no to that In compound {!}* the chlorine 
atom was not replaceable by aqueous alkali.

The polymerisation of 2*$-dIehl©ro~l*4^naj>hthoqulzione 
was first reported by so boll and. coworkers * and was accomplish**
©a by heating the qulnone with copper powder above 200° . ^ * ^  
This work was discussed in some detail by Boehm©.

2*3-Mchl©ro-l# 4-ruapkthoquinota© was found to bo capable 
of forming complexes with pyrroles.̂ *3 hlth 2*5-dlra©bhylpyrrol© 
tii© qulnone formed brownish black crystals with the empirical 
formula •^xQ-^4^2 ^ 2  J 2 *4-dime fchylpyrrol® fomud a
similar product* CgBgK•Cxo%%^2 # k-Mefchyl-2* b- dimethyl- 
pyrrole was unusual in that it formed a oomplex* OyK^H• 
^10^4^2^2*2* even though the nitrogen was methylated. These 
compounds ware unstable and decomposed on standing In air.
Brass aiid Tangier prepared the more stable complexes*
C # i Q h ^ d • BbG JLg • Ck0 1^ and C^Qh^Bgbrg #Si50X*| fro® 2 * 
dibromo-1 * 4-naphthoqulnon©

iit elevated temperatures In the presence of bromine or 
hydrogen bromide end a. copper salt catalyst compounds contain­
ing a loosely bound chlorine atom would have this atom replaced
by bromine In this way 2 * B-dlohloro-X *4~mphbhoqulnon©
was converted to k-bromo-B-ohloro-l*4-naphthoqulnone•

host of the reactions of 2*3-oiohloro-*!*4-naphthoquinone
may be divided Into four main categories. The division Is 
based on the type of linkage which results. The four typea 
of linkages are 0-K* G-C, C-0* and C-S. Bore than on# type 
of bond may be found In a single product* e.g. a 1-0 bond
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m&$ form, upon replacement of on# obi or In# atom, and. a C-K 
bond upon replacement or thm otruer chlorine atom*

Most# of the early work with 2, 3-dlehloro-l,4-naphtho~ 
qulnone dealt with the formation of the 0~K linkage* fh© 
first reaction reported was that in which the qulnone was 
treated with aniline in an alcoholic solution*^ The red, 
crystalline product was shown to be 2«chloro-3»&nlllno-l,4» 
naphthoquinone* This reactIon was extended to Include the 
substituted anilinee; such, ms ©- and £*»nlt roan 1 l i n e £-b rosso - 
aniline, and e*r and £-toluidlne• The expected product® 
were also obtained with m~ and £-ph©nylen©diamine© • however, 
when ©-phenylenediamin© was reacted with Z,3-dIbromo-l,4- 
napnthoqulnone, the following compound, which is e&paole
of t&utoaaerls&tlon as shown, was obtained*18

A \
oh

Mil 

]

* V
IV

additional primary and some secondary aromatic amines wore 
used successfully In this reaction******

Recently this reaction was extended to the aliphatic 
series, for octyl- and oct&decyl&idLn©® were found to react
in a similar manner*19 The 2-ohloro-3-amino-l,4-naphtho-



quinones* which were formed, by this reaction* were not 
stable to hydr©lysis conditions and 2-chloro-3-hydroxy-l»4- 
naphthoqui&on* resulted* Pries and Ochwat synthesized. *2*5- 
dlaslodo-l* 4-XMiphbhoquinone by heating a mixture of 2,5* 
dlohloro-1 *4-naphthoqulnotie* alcohol* and oonoentratod 
aqueous sodium aaia© on a steam b&bh*^ This orange compound 
was very unstable and a drop of concentrated sulfuric acid 
caused it to explode#

Considerable work of primary Importance on. the .forma­
tion ©f the C-C bond was reported by Liehermann and 
hichol* ^ * * 25 fhey treated 2* 5-dlhalo-l*4-imphfchoqulnones 
with sodium salts of active methylene expounds# A typical 
example was the reaction of Z*3-diohloro-l*4-naphthoqulnone 
in an alcoholic solution with the sodium salt of ethyl 
cyanoacstate to give the following products#

biallar xsonosubatitutlori products were obtained with ethyl 
stolon* to* ethyl eoetoaee&ate* phonylucetonltrlle* methyl 
benaoylace tafce* ace tylace tone * ben&oylaoe tone * dihydro— 
resorelnol and ethyl oxalacetatc# a disufcstlfuted product 
was also Isolated with ethyl maloxmte# uith. ethyl aoeto- 
acetate* however* there was Isolated and identified by

0 0

Oil—■0 OOQp

VI
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elementary analysis and molecular weight de torminatIon the 
following aowpound.2 4 *25

0

A \  CiigS os b3
OBgeoOCgHg

¥ 1 1

Michel found that the reaction of 2,3-dlQhlQro-l,4-n&phtho< 
qulnone with the sodium salt of ays*-dloarbothoxyaoeton© 
yielded another somewhat different but logical product.®®

0

Cl

£J ri ** w 0 OC g
0 OmQ
jo o c a %

VIII

^-MydroxybhiomphfcheB© and 4,b-bena5o-2-oousaaranon« reacted 
In boiling alcohol to yield disubstituted qulnonea•

Tim C-G bond is the third type of linkage formed by 
the replacement of the chlorine atom; it is, however, of 
less importance than thy© first two types# On warming 2,3- 
diohloro-1 ,4-naphthoquinone with aqueous sodium acetate the 
yellow 2-chloro-3~ac e toxy-1 ,4-naphfchoquinone was formed, which 
on treatment with alkali yielded 2-chloro-3—hydroxy—1,4-

Of%n a p h t h o q u i n o n e I n  a somewhat similar reaction 2,3-
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dibroiao~l»4~n&;phthoqulnon£ was treated In benaene solution 
with sodium ethoxlde to give a mixture of S-bromo-S-Q bhoxy

o oand 2*bromo«3*hydroxy-»X * 4-napiit no qulnone s • fill a reaction
was extended to fora the high melting .purple compound (XX)
by treatment of 2 * 3-»dichloro-l # 4~naphthoqulnono wi th

2 7pyrogallol In the pro«onee of dry pyridine*

/VV°\A,
V A Va oh

IX

The formation of a C-S linkage which Is also of 
secondary importance was accomplished by treatment of 2f3- 
dichloro- or 2#3-dibromo-l,4-naphthoquinone with sodium 
sulfide to give (X)*2®

0

a V v V s1 1 i I1 I I
V V ^ ' V V '

In a recent article the synthesis of this compound was 
reported from 2 ,5-dichloro-l * ̂ -naphthoquinone and ammonium 
dlthiocarbamate in aqueous solution*^ The mechanism for 
Its formation was postulated to toe as follows;
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0
V
0 1

8-5

~ - V *
o x -HC1

X

Slbh amine salts of methyl~ and ©thyldlbhiooar bamXc acid 
tii# following series of reactions occurred (fi» GH^ or CgE^J •

z v V

B©crystall 1 %& tlon

0

^ v V S . MR

This was the first synthesis of compounds with the n&phtho- 
(2f3}~l93~dlthlol6 ring system* f  product containing the
0-5 linkage was also obtained by treatment of 2fb~dichloro~
1 ,4-napht hoqulnon# with orthonitrothlophonol• Two molecules



of hydrogen split ©at bo give the dlsubstibutcd
product#5̂  This reaction wu& recentX;? oJJtendea by niesor and

s oBrown to the aliphatic iJiercapfcans*
There are & large number of. reactions which Involve the 

formation or these linkages in a stepwise sstauer* This 
phenomenon may he ascribed to to# difference in reactivity 
of the two chlorine atoms* After the first ahlorlzu* is 
removed# the second is not as reactive* This accounts for 
the largo variety of derivatives of 2~ohloro*l*4Hcaphtiio~ 
%uinones with substituents in the three position* These wore 
used in the preparation of a variety of new ring system* •■ 
Treatment of compound (XI) with alkali did not remove the 
chlorine atom but Instead caused oyclisation to (XIX)

y

/ v \ -
C H « C 0 0 C o H «I d O000 U-

XX

Ob

01

XIX

Formula (XXX) shows the preferred, structure of three possible 
tautomer* as postulated for the corresponding bromo compound 
hj JLlehermann*^

It Is Important to note that the second chiorin# atom 
is removed readily In some eases# fthen the 3-amlno or 3~ 
aniline group of a substituted 2~ohloro~l*^naphthoquinone 
was acetyluteci# the chlorine atom was rendered very reactive#
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The aoetyl&ted pr©duct from 2-eUloro-^anlliriO-l, 4~naphtho* 
qulnone condensed with the sodium salt or ethyl aceio&cebate 
In 7Qp» to 80^ yield• Llebensaxm removed the halogen easily 
from aofapound (XIII) by reacting It with piperidine to 
yield compound (XIV)• ft hen ethylamine reacted, however, 
the final product was (XV)

W
o

Br
■cat goocg% ) 2

/ v V * - ' — >i r \— /
GHCOOOC2I%)2

X IX X XIV

0/ v V ‘\
qs

0 » 0

-0 H -C 0 0 0 2 H5

XV

Cyclis&tiona appear to be common in the reactions of 
2,&»dlahloro*l»4«naphthoqulnone• Michel obtained a five 
aiembered. carbon ring; by the reset Ion of compound (XI) with 
the sodium salt of aeetylaeetone*^

0

/ y Vi 1
X O0H3

o - c h 3

CH-OOOOgBg
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Cyclixed products were obtained more directly by reacting
reaorelnol with b,5-dichloro-l,4-naphthoquinon© in the

25presence of sodium ethoxlde*

‘v

X V I I

Recently this type of reaction was used in the syxi theses 
of other similar compound© by using pyridine as the 
eonder*e Ing. ag ©nb *

Cyollastions yielding five naetibered rings were not 
the only'type reported* Compounds (XX) and (X) furnish 
examples of the formation of six membered. rings* Another 
six membered ring was formed In the following group of 
reactions *^0#^

0

aA.
01 —

0

M W'6 “5

V /
mm

u/Soil with 
2 p 5~&iehlor©«l f 4~naphthQquinone

G gag
I 0

I

XIX



Compound (XIX) appeared to b© highly strained because boiling 
with nitrobenzene* glacial acetic acid* or & little nitric 
aaid converted, it to the stable compound (XX)#

An unusual reaction or 2* d-dlchloro-1#4~naphthoqulnone 
was first reported by Ullmann and Ettlsciu*** They observed 
that on warming this qulnone in pyridine solution followed 
by dilution with alcohol or water* a halogen free, nitrogen 
containing oompound was formed# The reaction was postulated 
to be as follows;

> v \ - 2 .
i or EtOH

0

Cl

or
0 1

o

« * iiC l

0

/ W c o
i « r  i*— f

' V

XXI

Recently a worm logical salt structure was assigned to the
yellow* crystallIn# product#*^



The moxio-oxlme, mono-phenylhydraaone , ana quinoxalin* deriva­
tives were prepared; oxidation with, potassium permanganate 
yielded pyridine* Uo other reactions of this interesting 
compound were reported• Considerable work of importance. ..ms* 
however* been reported on an analogous product obtained from, 
ehloranil, and inasmuch as any reactions of 2*3-dichloro- 
1* 4-naphthoquinone utilising a tertiary amine as a catalyst 
taay result in this type of product, a summary on the work 
on chloranil follows*

The greater part of the study of trie reactions of 
chlor&nil and tertiary amines was reported approximately 
twenty years before Ollm&nn and httiaoh »>*de their discovery• 
Pyridine combined with chloran.il in boiling ethyl acetate 
solution containing a small quantity of acetic acid to form 
a red compound• jn addition to .pyridine, b-mefchyl- 
pyridine yielded a similar compound; however quinoline and 
2-mcthylpyridine wore unreaeblv©* The reactivity of this 
red compound toward such reagents as aqueous potassium 
carbonate, aqueous sulphur dioxide, and a hydrochloric acid, 
and potassium chlorate mixture was studied* The conclusion 
of lather t was that the formula of this compound was 
C5ftH4 • GgClgOg♦ dh• as was the case with the work oX* ulliaann 
and httisoh, a more reasonable structure and a clarification 
of this ‘*sork was published by Schonberg and Ismail#*^ They 
ascribed a structure (XXIII) to the compound prepared from 
ehioranil analogous to baat of the compound prepared from 
2,o—diohloro-1* 4—naphthoquinone•



XX1IX

From the observations that oxidation with potassium perman* 
ganabe or treatment with sodium carbonate yieldea pyridine* 
they concluded that th© pyridine residue was not attached 
to thm six memberea carbon ring b y  means of a C»G linkage• 
Wtten chlor&nll w&a acted upon directly with pyridine and 
water a different product was obtained to which structure 
(XXIV) was assigned*

XXXV

Bensoqulnone* pyridine# and formic acid reacted in 
methanol solution to yield a similar type of compound to

A Owhich structure (XXV) was assigned* Ismail viewed this 
structure as incorrect because the compound contained no 
active hydrogen; for example* the compound was not methyl* 
abed by dlasometnane ox* dimethyl sulfate# or aoetylated by 
acetic anhydride**** He preferred structure (XXVI) since 
it explained why the salt was orange and why pyridine was
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obtained by hydrolysis with alkali or by treatment with 
potassium permang&nato#

Structure (XXVI) would bo more conclusively established if 
similar salts were obtained .from tetram0 thyl»j)«quinone* 
Ismail stated that this qulnone would be studied, but this 
work has not been published*

Alkyl and aryl pyridinlua compounds have been known, 
for a long time* Several of the more Important reactions 
and applications of these pyridlnlum salts should be 
discussed here in order to obtain additional support for 
the proposed structures of the products obtained in tills 
investigation* acetyl ciilorlde reacts spontaneously with 
pyridine to form the ??~&eeiylpyrldlnlum chloride* Methyl 
Iodide reacts similarly with pyridine to yield JS~mebhyl-* 
pyridlnlum Iodide, which on treatment with silver oxide In 
aqueous solution forms the &•<&*thylpyr Idinium hydroxide* 
This compound is Important because of the characteristic 
reaction which occurs on oxidation with potassium ferri«* 
cyanide to yield JN-methyl pyrldone*** a different type of 
reaction was shown to occur with tf-methylisoquInollnium

.X V I
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hydroxide* In the presence of a baa© such as sodium eth* 
asidef the hydroxide rasated with o~nitrotoluene to form
compound {XXVIX)

XXVIX

l-Kltro-2t3-dii»athoxyofimoMiethylbeiia«ne reacted in s maimer
4 6similar to that of the nitrotolueno•

Pyridlnlum salt® have been used a© a mean® of opening
the pyridine ring* An example of this is the treatment of
the £»(£»4«dlultrophenyl}pyrldlnlum chloride with cold alkali
end then with acid to form gluteeonlc aldehyde and 2#4-di~

44nltroeniline• ' More recently King found a very practical 
application for this type of salt* The following reactions 
furnished an improved route for the conversion of an acetyl 
.group to a carboxyl group * ^

Oar-COCEa + Xg + 2G5h5»  ->-iir-a0€MgM05 lI5 + C^%M*HX
1 ©

I& G H

<i4»cidAr-GuOM Ar-OQOKa
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Burrows and Holland In their review article on the 
preparation or pyrrccolln© and its derivatives discussed an 
important cleavage of a pyridlnium salt#*** i'hen a pyridin- 
ium salt ol an alpha halogenafced lf^-dik©tone was treated 
with alkali and then acidified, the salt underwent an 
"said cleavage* with the loss of an acyl group; the smaller 
of the two groups present was the group to be lost* The 
reactions are illustrated below*

Is a OH

COCK3

% 4 >  &
t ?0 u C—ii
i OCH,

i HC10,
* \ ^  S 1 0 °

V -  / *
is -®

CKr «  O - I i

+  CligCOOB

Since pyrrooolines were obtained In this research by 
related processes several further examples will be consider* 
ed« Perhaps tns simplest example was the reaction of 
oC-picolin© with bromoaoe bone•

BrCiioCOCH* -UBr
■f*t I'

•V l i3



In aii interesting modification o f this* bro£*o©thyl acetate 
replaced bromoao© tone•

coom

' HBr 
*£tOH

COOK

A further alteration of the method, gave a phenyl substituted 
pyrrocollne#

^  V-ciig 9-c6i%
-HGH

©
Cl3  MOH

~MC1

iuiother Inhereating related example is as follows

s CiioOHOHOH
'<& X

9

< S \

3 ^  ^ O H 23riOHCK3
| ®  ,S > UU-KOilOV

r*
%  & <3
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Keacfelons of Acetoacetlo Ester and Belated Compounds

By the reaction of acefeoaceilo ester either with 1,4« 
naphthoquinone or w i t h  E,6-dichl0ra~li4~naphfehoquinone la

othe presence of pyridine grlokeotr* in these laboratories 
obtained orange needles wlxloh molted at 157-168°• A pre­
liminary proposal for the formula of this product was the 
followings

0

w 2 C 5 Ms 1

Jk

This structure was based primarily on the results of carbon, 
hydrogen end nitrogen analyses and on analogy with in# 
product obtained by Boehms*** in a related reaction using 
ealonic oster* This latter product was proven to have the 
following structure*

0 cooo2%
 G -----

OH

VY kJ Q  0 0  f's l i2l%b

os

Inasmuch as sufficient time was not available for Erickson 
to complete i# onareofesrlssation of compound (.h ), thm



investigation was continued by the present writer*
The compound was prepared in 14g yield tram 1,4- 

naphfchoqul none and ethyl acetoacetate by allowing u pyridine 
solution to stand at room temperature for one week* (All 
yield figures in tills and the following sections are based 
on the final proposed structures*} In the reeoai&exKted 
method of Erickson, however, an alcoholic solution of 2,5- 
dichloro-1,4-naphthoquinone and ethyl aeetoaeet&te, to which 
a few ml* of pyridine had been added, was refluxed two and 
one-half hours* This procedure was used by the present 
investigator to prepare the compound obtained by Erickson, 
and with a few minor changes a 49% yield was obtained*

$hen an ethoxy1 determination was made, instead of tim 
calculated value of 7*50,5, there was obtained a value of 
14*12,2* The results of the carbon, hydrogen, and nitrogen 
analyses were not greatly different from those formerly 
obtained, and no depression was observed when a mixture 
melting point detemina tion on the two products was made* 
These observations seemed to indicate that structure (a) 
was incorrect and that further characterisation was necessar 

A molecular weight determination was considered, to be 
of prime importance* In order to do this a xmmbmr of deter­
minations were xaa&e, using the East procedure as described 
by Shriner and Fuson*4^ An average value of 550 was obtain­
ed* In order to check this value, the molecular weight was 
redetermined by the method based on the lowering of the 
freezing point of benzene *^0 An average value of 522 was



obtained by this method* These values obviously do not 
correspond to til© calculated. vain# of 600 for the molecular 
weight of compound (A) • A compound# however# with an 
empirical formula of ** determined from the
elementary analysis* has a calculated molecular weight of 
319* fhle new formula is supported by a calculation which 
show® an ethoxy1 content of 14*11> for one such group per 
molecule*

the presence of the naphthoquinone nucleus was 
Indicated by the facile Method developed by Storherr*^
Upon heating the compound on a hot plate with concentrated, 
nitric acid until dry, phth&lic anhydride sublimed from the 
reaction mixture*

Sine© the compound contained nitrogen an explanation 
must be given as to how the pyridine entered into the reaction* 
The pyridine Is bound in a very .stable fashion* This was 
shown by the faot that treatment with concentrated sulfuric 
acid or with strong alkali did not remove the nitrogen*
This suggests that the pyridine may be bound by a C~G 
linkage* These condition© are much more stringent than 
those used on the pyridlnlum compounds, from which pyridine 
was easily removed and which were discussed In the above 
literature survey*

A substitute for pyridine was used in an attempt to 
synthesise a nitrogen free product* -quinoline was first 
chosen for this purpose because It was reported to be in- 
capable of forming salts analogous to compounds (XXIX) and



('XXIIX) (Historical Introduction) in this case* how­
ever, ©rang© crystals with a melting point of E38-83S0 were 
obtained in 4h% yield* A molecular weight ci© tormination by 
the hast method showed an average value of 876# The results 
of elementary analyses eorr©©ponded to a compound with an 
empirical formula of which nits a calculated
snolecular weight of 569* The difference in elementary 
analysis between the pyridine product and the quinoline 
product Is O4H2# the same as between pyridine and quinoline# 
The results of an ©thoxyl determination also agreed with the 
calculated value for one such group per molecule#

An attempt was made to convert the pyridine product 
to the quinoline product by refluxing the pyridine product 
in an excess of quinoline for 48 hoursf no conversion occurr­
ed# This adds support to the previous indications that the 
amine entered Into the reaction and tim product was not a 
salt or an addition complex#

In a second attempt to obtain a nitrogen free product, 
syra-oollidlne was used# hed needles with a melting point 
of &8 6° were obtained in 87#b;b yield* It was difficult to 
devise a satisfactory empirical formula for this product#
The formula G21B2.7O4H aoes, however, agree with the results 
of elementary analyses, and molecular weight and etnoxyl 
determinations• This compound will be discussed in greater 
detail in & later soation#

a suitable structure for these products coula not be 
postulated from the empirical formulas arid from the other



data obtained. Erickson2 found from a literature survey of
cleavage reactions that substitution of an unsaturated group, 
either /3 or y  to the c&rheihoxyl group, would favor a 
cleavage. In the Historical introauction pyridlniuia salts 
obtained from K-halogensted I,3-dik©ton©s were shown to 
undergo cleavage. 'Therefore, an attempt was .made to deter­
mine whether cleavage occurred in this reaction.

Ethyl italoimt# was refluxed with k,5-oiahloro-l,4- 
naphthoquinone In an alcoholic solution containing a few ml. 
of pyridine, a cleavage which removes the -000*13 group in 
the ethyl aoetoacetate reaction would ylela the same product 
as a cleavage which remove® tit© -CQOCgH^ group In the malonic 
ester reaction# The product obtained, however, was the 
yellow, crystalline salt discussed In the historical Intro­
duction as compound (XXIX)♦ This was confirmed D y me &*. n s 
of a mixture melting point determination and by conversion 
to known derivatives. Malonio ester is apparently not as 
reactive as ethyl soeboaoetate so this competitive reaction 
predominated.

Since quinoline does not form a similar salt with 2,3- 
diohloro-1,4-naphfc noquiiion©,̂  ethyl melonst© was again 
reacted in a similar manner except using quinoline in place 
of pyridine. This time a reaction aid occur and a crystal­
line product with a 233-259° melting point was obtained in 
1 1> yield. 2roox ©1 juuĉ n ti ty of tills prouu©t &n.d wuie o<ta© 
obtained above with quinoline and. aceioaoetic esfcer was 
obtained by means of mixture melting point determinations
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and by comparison or resulta of elementary analyses and 
@ thoxy1 dete nalnations »

The next compound used, to determine vhetaer cleavage 
occurred was ethyl bensoylacetate* by the same experimental 
procedure using pyridine this methylene compound was found 
to yield the same orange needles as obtained from ethyl 
aoetoaoetate in 1Q% yield* These Important results proved 
that cleavage had occurred*

With this additional information & new structure (I) 
for compound (a ) Is suggested* The reactions described 
above are Interpreted on the basis of this structure in 
Chart 1.

0

1

Compound (I) may be considered to be a derivative of 
pyrroeollne*

On this basis It may be named l~c&rbethoxy*2A3'»phth&l'»

OOQO^H,

c
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oylpyrrocoline* l~Ourbeti|Oxy*2,5~phth&l0yl~5,6~b©nso~
pyrroooline Is the iv&ise or the analogous compound (Iv)
(Chart I) obtained, .from quinoline*

The postulated structure (I) agrees with all to©
inf or.did b I on thus far reported* Before further discussion
on the reactivity of these compounds, however, a possible
route for their formation will be given* Lleberm&nn has
shown that ethyl acetoacetat© would condense with 2,3~dl~
chloro-l,4^naphthoquinone to yield readily the monosubstitufeed
product (XI), and with a strong base there was obtained the
unusual cleavage product (VII) of a dlsubstituted quinone
(Historical Introduction)* Pith pyridine, a weak base, the
monosuhstltuted product (B) (Chart II) would be expected*
This compound should react readily with pyridine for several
reasons* It Is a vlnylog of an <*-halogen ketone and also
of an acid chloride, both of which are capable of forming
pyrldlnlum salts as discussed in the related work in the
literature* Compound (B) is also analogous to the aeefcylated
2-chloro-3-anIlIno-l,4-naphfchoquinone, discussed in the
Historical Introduction, which has a very active chlorine*
The product of the reaction of (B) with pyridine might
logically be compound (0)•

The conversion of compound (C) to compound (L) is not
improbable* The first step would be the loss of hydrogen
chloride to yield compound (D), which is activated toward

©cleavage by the -0 - or groups which exert their
effect via a vinyl group as well as by the -OQCH^ and



gronpBm This befc&lne typ© of compound, (h), is a
vinylog of the compound c'iscuseed in the first station which 
vy&s capable of 11 acid cleavage.” It is also analogous to the 
pyridlniuat salt Intermediate in King1© conversion of an acetyl 
group to a carboxyl group, which is considered further below* 
the /3 -unsaturation mentioned above also favors a cleavage 
of this type* The cleavage might bo initiated either by- 
water, as illustrated In Chart II, or by ethanol which would 
form compound (E) and ethyl acetate*

The conversion of compound (E) to the proposed 
Intermediate (B) may occur by three possible routes* Compound 
(E) could possibly exist as such; however, since most salts 
of this type readily pick up moisture, compound (F) may be 
formed*s^ Since it is well known that pyridiniust hydroxides 
tautomerlse readily, compound (G) might be obtained* The 
type of hydroxyl group in {Q) has been shown to react with 
active methylene groups In alkaline solution******® a 
similar reaction In this case would yield compound (H)•

Water is not essential in the conversion of compound 
(E) to compound (K)• This conversion may also be viewed as 
an addition of hydrogen chloride to compound {B) to form the 
chlorides analogous to (F) and ($)• This product by a 
similar loss of hydrogen chloride would yield compound (H) •

In the previous section of this thesis M-methyl- 
pyrldlnlum hydroxide was shown bo be capable of yielding 
ff-methylpyrldone in the presence of an oxidising agent* 
Compound (F) stay also be oxidised, by any of the oxidising
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agents present in the reaction mixture# to this ketone.

■GOOColi

This compound also would yield the product (1 ) on loss of 
water*

Compound (ii) sight# however# be unstable In the 
presence of oxidising agents* By analogy with the oxidising 
ability of chlor&nil# 2#5-dichloro-l#4-naphthoquinone 
might be expected to oxidise compound (II) to compound (I)* 
The oxidising agent# however# say be any of the previously 
proposed Intermediates in this reaction* The final 
product (I) would appear to be stabilised to a great extent 
by resonance# as Illustrated below# and this would also 
facilitate its formation*

COOCplls

■COOCoH, COO0ofl
0 0



<; possible rout© for th* formation of compound (I)
from the urusubstltutad X* 4~nsphtb©quln©n© * which was prepared 
by bricks©*** should be devised# The first at©p to be 
©xpeotcd Is 1*4-addition# This was shown to occur In a largo 
number of similar reactions eiscussed by previous invest 
tigutors#^*^*^

Oxidation of this riaplithohydro^ulnanc (J) yields a 
iiuinona {k) which might be capable of adding pyridine#

BenzoviulHon* for example ims been shown in the Historical 
Introduction to be capable of forming pyridiniusa salts in

pyrldlnlum salt which might be expooted by this analogy has 
the following formula:

+ ch3gogh2gdog2hs

OH

0

Ij ^COOCgKg 
^COCH.

0

ao 45the presence of pyridine and a earboxyllo acid# 7h»



In thm preparation of compound (I) hrlokson added & little
bydrochlor1c uoid which could Initiate th# formation of the

<3& <3>suit In which k I# G1 • after cleavage th© acetic acid 
willed la formed, however,, could continue this type of salt 
formation In which case k® would be OB$CO£p• Further 
oxidation of this suit (L) would yield compound (D) which 
is an intermediate in the reaction series of Cnart II* It 
la not impossible that {&) itself is sufficiently acidic 
to promote tills reaction with pyridine; this would also yield 
compound (1 ) on oxidation*

^1000^ %
CM
NjGSHg

G5H5N

{ ixitl»)

dw jK
0 <3

GOCh

Oil
— jj

NT
— - u«G*»

GOGHOH

%

It may be significant that the yields obtained in this 
reactIon see® to agree with the postulated series of re­
actions* Since three oxidations are necessary in obtaining 
th© final product from 1*4*naphthoqulnone and only one 
oxidation Is necessary when prepared fro® 2#5~diehloro-lt4«
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naphthoquinone, corresponding yields of 12#5p end 50g might 
bo expected#

Using tii© general procedure of re fluxing an alcoholic 
solution of 2fS-dlchloro-l,4-naphthoquinone ana methyl 
aceboaoetate with, a few ml* of the desired tertiary amino, 
there were prepared the following: compound (II) in big
yield, compound (V) In 59g yield mid compound (VI) in 26g 
(Chart I)# Also, methyl malonet© should yield oosipound (V) 
when reacted under similar oonoltlons using quinoline# This 
reaction was suooeasful and compound (V) was obtained in 
20p yield*

In order further to coeructerlse compound (I) certain 
of its reactions were studied* «pon treatment with sulfuric 
acid a new high-melting, red compound was obtained, which 
did not, however, analyse satisfactorily for the corre & ponding 
acid* This was probably duo to incomplete conversion of the 
ester to the acid and also to the difficulty of removing all

othe solvent of crystallisation# Erickson** reported the 
preparation of a similar product by two methods, i#e#, 
treatment of compound (2) with a potassium hydroxide arid 
diethylene glycol mixture followed by acidification, or 
treatment of an alcoholic solution with sodium ethexlde 
followed by acidifieation* With some modifications in the 
latter procedure a 77% yield of pure acid was obtained# 
(Compound (X), Chart III)# -This was converted in a 7g 
yield to the amide (XI) by treatmenfc with thionyl chloride 
followed by ammonium hydroxide#
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The typical carbonyl reagents were also used in 
preparing, derivative* of compound (I)# The crystallise mono-* 
oxime, compound {VII), and raono-2,4-dlnltrophenylhydra sone$ 
compound {YXXX), were successfully prepared# These 
structures were assigned on the basis that sfcerie factors 
may prevent reaction of the carbonyl nearest the nitrogen#

Reductive aoetylaiion is considered to be as excellent 
reaction for characterising qulnones# Ho crystalline product 
could be isolated upon reductive aeetylatlon of compound 
(I)* but when compound (IV) was used a crystalline dl&ceb&te 
(XX.) was readily obtained#

An  attempt was made to obtain additional degradation 
products from compound (I)# '&hen warned with a 50p aqueous 
hydrogen peroxide solution and glacial acetic acid, oxida­
tion occurred to yield phthalic acid# tio other products 
were isolated, however, from this reactIon#

According to the results of elementary analyses, the 
products obtained when sym-colUdine was used with both 
ethyl acetoacetate and methyl aoetoaoet&te were dimethyl— 
pyrrocollnes, (III) and (VI) of Chart X# This would seem 
to imply that a methyl group was lost from the aym-collldlne# 
To check this the collidine, which was used, was fraction­
ated through a three foot column* The boiling point 
observed was 171*0° and the refractive index at 25° was 
1*4990* The literature values for pure »y»-oolI1dine are: 
boiling point 170#40 and refractive index at 25° 1#4964#‘>* 
Apparently the collidine used contained some impurity# Due
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to the large- exees* of bbe base used in this motion, the
product obtained may be merely & derivative of tkm impurity* 
2 94-Dlm©thylpyrldln© cannot b# the impurity sinoe a pure 
sample of tlii a amine will not undergo till a reaction* Ttm 
&#&~di»eb&ylpyrldlne la another possibility since it imi a 
boiling point or 160-1?O°*^ Mon# of this material was 
available lor testing, therefore *&> conclusive evidence can 
b© presented to confirm these results* Further work la 
indicated in ibis case*



demotions or loetylaaetone mid delated Compounds

Upon relaxing an alcoholic solution of acetyl- 
acetono and & * 3-di ohloro-l,4-imphbhaqulxione to which a few
ml# of p^ridino was &udedf there was obtained in 58/a yield 
a red powder which moltoo at 20b~£O6°• This material was 
considerably lose soluble In organic solvents than the 
corresponding product from aoefcoacebic ester discussed 
above* fiie product -ms purified with considerable difficulty 
by recrys fcmillsabion from acetic mold and. mocording to the 
analytical results the empirical formula was &X0*‘X 1 % ^ #

This product appeared to be Identical with the red. 
powder obtained by brickson^ from the reaction of acetyl- 
acetone with 1,4-naphthoqulaono• In this latter case, how­
ever, a qualitative test for nitrogen was negative* A *
mixture malting point of the two materials did not show a 
depression* a quantitative analysis of this sample did show 
the presence of nitrogen* This particular compound was one
of several found during this investigation, wiiich aid not 
give & satisfactory qualitative test for nitrogen*

n molecular weight determination was imdt on this 
product in order to obtain additional evidence before postu­
lating a structure* by the East procedure an average value 
of 298 was obtained* The calculated value for 0£3^11^3^ is 
289* It appears to be logical from this evidence and by 
analogy with the reaction of acetoacetio ester, that a
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second derivative of 2*3-phfchaloylpyrrocoline has been 
obtained# Therefore structure (XV)# Chart XV# is proposed 
for this product#

Am In the case of the ester# bim reaction was triad 
with other buses# ^uinolin© gav© a 57,* yield of orange 
needles which analysed sa b i©lactorlly for couipound (XXI)*
The same apparently impure sym-collidin© was used as with 
the ©sbsrj the product obtained in 22>> yield was again 
analogous in that tne analytical results correspondeo to a 
dimetnyIpyrroooline# compound (XIII)#

An attempt was a s «  to synthesise compound IXV) by a 
different route using bensoylacetons us the methylene 
compound* In order to avoid purification difficulties since 
this methylene compound la a solid* only a slight excess of 
the methylene a expound was used# There was obtained a 
new product in 10# yield instead of the hoped for 1-acetyl 
product# The results of elementary analysue for this 
compound indicate©. that it was l-benaoyl-£*5-phbhaloylpyrr- 
ocollne (XIV)# as mentioned in tne Histarleal Introduction* 
in cleavages of this type the smaller of the two groups is 
usually lost#

Compound (XV) was converted by means of the iiiiig 
modification of the kalofom reaction to bne l~aurboxy-2#3- 
phthaloylpyrrooollne (X)• This was a very sa UXSiuc tory and 
simple laboratory procedure# Ttw pyridiniuu iodide (XVI) 
was isolated in 19>, yield as orange plates with a melting 
point of 238-259 #5*1 X pore sample of the uoid (X) was
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obtained In a 27p yield frotta this intermediate• This mold 
(X) was proven to b© Identical with th# acid obtained from 
compound {£)» Chart if by the results or analyses, by Its 
melting point, and by the results of a mixture melting 
point dotermlna11 on •
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Keaelions of Gyanoacetie later and belated Compounds

By the reaction of ethyl cy&no&eetabe with an alcoholic 
solution of &,3-dlehloro-l^-naphthoquinone, to which a few
ml* of pyridine was added, there was obtained in 55h yield 
an orange, crystalline solid with a melting point of 30?*4~ 
308*4? The product was extremely Insoluble in most organic 
solvents with the exception of tot pyridine ana nitro­
benzene; its appearance ana melting point were the same as
that of a product obtained previously by and also

3by 5fcorherr • To confirm this observation, the results of 
elementary analyse® for this product were compared with the 
results for the product obtained by storherr from the 
reaction of a solution of 1,4-naphfctoqulnone in wet pyridine 
with ethyl cyanoacetate* This comparison was close and no 
depression was obtained, when a mixture melting point deter­
mination on the two materials was made* Storherr also 
obtained a second product when dry pyridine was used In this 
reaction with 1 f4-naph.thoqulnone* This product will be 
discussed in 'more detail in the next section*

The previous investigators concluded that it was 
difficult to devise a suitable structure for this product 
because of the difficulty in obtaining analytically pure 
samples and because of the almost complete Insolubility of 
the product in camphor, which prevented a .molecular weight 
determination by the Hast method* Previous attempts to



obtain derivatives by treatment with such reagent© a© 
sulfuric acid and nitric acid were also unsuccessful due 
primarily to solubility difficulties*

the knowledge, gained from the study of the reactions 
described above with other active methylane compounds, 
suggested several approaches X'or the determination of the 
structure of this product* Oxidation with nitric acid 
yielded phtnallo anhyariae by Storherr*© method* As 
mentioned in a previous section, this indicates the presence 
of the naphthoquinone nucleus in the molecule• The reaction 
of ethyl cyanoaoetat© with 2 ,3-dI©hloro-l,4-naphthoquinone, 
using quinoline instead of pyridine, was successful, and 
yellow needles with the extremely high melting point of 
345-546° were obtained in 40% yield*

Methyl cyanoacotate in place of the ethyl cy&no- 
acetate was used with quinoline to determine if cleavage had 
occurred# The same yellow needle© were obtained In 27^ 
yield* Proof of identity of the two products was obtained 
by means of a mixture melting point determination and by 
comparison of the results of elementary analyses* Confirma­
tion of the cleavage was obtained when methyl cyanoacetate 
yielded the same product as ethyl cyanoaoetabe in the 
original reaction with 2,3-dichloro-l,4-naphtiioquinon© In 
the presence of pyridine•

The similarity of these reactions with cyanoacetlc 
ester to the previous reactions of acetoacetic ester and 
acetylacetone suggested that the products may be derivatives
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of 2* 5-phth&loylpyrrocolin©# Therefore* the structures
(Xfll) and (XXI) (Chart V) war© assigned to the products 
which war© obtained# Bio results of ©lesatmt&ry analyses 
of these products war© in ©lose agreement with the calculated 
values for the proposed. structures*

Soma further attempts war© made to obtain additional 
Information about these relatively unreaotlv© products*
Heduotlv© aoetylatlon of this pyrrocoline {XXX) gave a 
satisfactory derivative* A yellow* crystalline dlaoetate 
(XVIIX} which melted at 269-270° was obtained In 56;b 
yield* Tula diaoetab© was considerably more soluble in 
camphor than the pyrroeollne from which It was derived* A 
Hast molecular weight determination gave an average value of 
565* as compared to a calculated value of 656*

Treatment of the cyanopyrrocoline (XXI} with hot 
sulfuric acid produced a 36^ yield of the corresponding 
amid© (XI)• This is another example in which these reaction 
products were subjected to reagents which should remove any 
pyridine* As a result of its retention there seems to be 
little doubt that the pyridine may be linked by a c~C bond 
.as postulated in the pyrroeollne structure*

AXi Infrared, absorption spectrum was taken on the 
l-oyimo-2*3-phthftloylpyrroeollne (XXI)• Confirmation of the 
presence of the »0~CN group may bo reached from a study of 
this spectrum* Griffith and Klteon4̂  made the observation* 
In thelr study of the Infrared absorption band due to the 
nitrile stretching vibration* that some conclusions say be
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drawn as to tn® relation botwoon the nitrile group and 
other parts of the molecule• They obtained an absorption 
at 2250*10 oa#"^ for saturated nitrlles or for olafinic 
nitriles with no conjugation between the nlbrlle and the 
olefinic group* In olefinic nitrllesf however, where 
conjugation exists with a double bond or in aromatic 
compounds with, the nitrite group attached to the ring, a 
shift in the absorption to a wave number of 2225-8 cm*~^ 
occurred* The spectrum of compound (XXX) showed an absorp­
tion at 2227 esu~^ Tills i& In excellent agreement with the 
absorption wavelength which might be expected from the 
proposed structural formula for this product*

The light orange needles of the amide (XI) obtained 
from the l-oyano-2,3-phthaloylpyrrooollne (xxi) melted at 
513*5-514*5°• When the amide (.XI), however, was prepared 
from 1-carbe tnoxy- 2*3-phbhaloylpyrrocollne (I), as described 
above, It melted at 302° and was more deeply colored* A 
mixture malting point determination of the amide obtained 
by the two methods, however, did not show a depression;, the 
mixture melted between the two extremes at 308-310°•

The observed differences In appearance and melting 
points may be due to the occurrence of allotroplc forms of 
a single compound, since the higher melting amide, obtained 
from the nltrile (XXI), changed in appearance at approximately 
250°• Keddish prisms were obtained when this latter amide 
was heated at approximately 250° for one hour* This product 
on recrystallisation from nitrobenzene yielded maroon needles
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with a melting point of 302-503°* This low melting amide 
was reconverted to the high melting modification by 
reorysb&llisatioti from glacial acetic acid* The low melting 
amide and the amide from the ester (i) did not give a 
depression when a mixture melting point determination was 
carried out.

In order to confirm further the Identity of the amide 
obtained from the two sources, infrared absorption spectra 
were obtained for these materials* The absorption curves 
were identical up to approximately 12 microns as may be seen 
on the following graphs. Above this traveler f rt the curves 
are similar in appearance, however, there Is a slight shift 
in the absorption peaks. This shift may be caused by a 
trace of impurity In the sample of the amide (XI), prepared 
from, the ester (I), which is indicated by the results of 
elementary analyses* fcven though repeated attempts were 
made to improve the preparation uid purification of this 
amIda (XI), the best product obtained analysed 0.6X low in 
carbon* Since the spectra are identical in the lower wave­
lengths, where the characteristic absorptions for functional 
groups of the type of interest here ordinarily occur, it seems 
reasonable to conclude that the two products are identical 
in structure*

The insolubility of the oyanopyrrooollne (XXI) was 
the chief cause of the failure of all other attempts to 
prepare derivatives* Reactions occurred upon oxidation 
with nitric sold or with alkaline potassium perraanganabe,
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or upon thm treatment with phosphorous pent©chloride;
however, bo definitely pur© crystalline produots could b© 
isolated*

An attempt was mad© to increase the yield oh l~cyano«
£, d-phthaloylpyrrocoline obtained from 293-ulchloro-l,4~ 
naphthoquinone• By the evaporation of the nitrate from 
the reaction mixture to one-tenth of its original volume, 
a yellow, crystalline solid, which melted at 27? *6-27b*8°, 
precipitated from the solution in 26'> yield* Upon the 
basis of the results of elementary analyses the structure 
(XX) was assigned to this product* The compound Is somewhat 
■unstable, since it snowed a alight discoloration on standing 
In air at room temperature* Upon rearystalli&ation from 
glacial acetic acid one molecule of the solvent was 
absorbed per tooleoule of product* An aqueous solution of 
this pyrldinium salt (XX) gave an immediate precipitate 
of silver chloride upon the addition of aqueous silver 
nitrate, and mi unidentified red precipitate upon addition 
of lGg aqueous sodium hydroxide* Du© to the type of 
functional groups present and the water solubility of this 
compound, it m&j have some significant physiological effects*

If the reactions to give the cyanopyrrocolln© occurred 
by a route similar to that proposed for ethyl aeotoaeetute 
(Chart II) this pyrldinium salt (XX.) would be a logical by­
product* Tula indicated that the postulated intermediate 
Illustrated below was the oxidising agent in the reaction*
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In order to obtain bom© additional evidence on tzm 
route of tii© reaction, compound {XIX}, Chart V, was prepared

O'zby the procedure outlined by hlebermann* ** All of turn work 
of TALebermann and Michel was concerned with the reaction©
of H,5~dlh&lo~l94~n&phthoqultton©8 with active methylene

0*1 !;compound© In the presence of sodium ethoxlde* * since 
they never employed tertiary amines, their products had 
no close relationship to the main product© obtained in this 
lave s b ig& tIon• Llebermann1© mono sub sfclfcuted produat (%IX), 
however, may be postulated to be an Intermediate in the 
formation of the cyanopyrrooo1in© (XXI) by analogy with 
the reactions of Chart II; also the reduocion product of 
Its salt (XX) was Isolated as a by-product In the reaction* 
It was therefore predicted that upon treatment with pyridine 
compound (XIX) would yield l-ayano-2,5-phthuloylpy rroeolin© 
(XXX)* The prediction proved to be correct and the cyano- 
pyrrooollne (XXX) was obtained In a 74p yield; ttm 
pyrldinium salt (XX) was isolated also in 24p> yield* It la 
noteworthy that such a high yield of the pyrroeolin© was 
obtained* Apparently ©om& other oxidising agent must be 
present* Since the naphthohydroqulnone by-product (XX) was 
observed previously to be unstable in air, some of this



material *my be oxidised back to the qulnone (a)* This 
would then form sore of the pyrrocolinc (XXI}*

When tli© reaction of 2*3-dichloro-l * 4-rmphthoquinone 
with ethyl cysnoaecb&te was conducted In the presence of 
dlnjethylanllir*© as the tertiary amine* red needles which 
melted at 169-170° were obtained in yield* The results
of elementary analyses* although not completely satisfactory* 
seem to Indicate that the product might be the following 
substituted naphfchohydroquinone•

This product docs not react with pyridine to give the
pyrrooollne ms might be expected* since the .halogen would 
not be as activated as In the corresponding naphthoquinone 
(XIX)* Further work* however* is Indicated in order to 
assign a definite structure to this product*

Another interesting and rapid reaction occurred when 
2 * h-dlchloro-1* 4-naphthoqulnone was reacted with ethyl 
cyanoaeetate In ttm presence of a few ml. of ci-plcoline* 
Beautiful* bluish-black needles which aid not melt even at 
410° were obtained! the weight of product amounted to 72^ 
of the weight of the qulnone reactant* a structure which 
correlates with results of the elementary analyses has not 
been devised* ^ considerable percentage of eihoxyl was

Oil
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present in the product* which indicated. that the reaction 
followed a different route than the reaction with pyridine 
or quinoline• Sufficient tiim  was not available to 
characterise this product completely* it ie expected* how* 
ever, that cornsIderabi© difficulty would he encountered due 
to its insolubility and high melting point*



Heaotions of delated X , 4-daj^fcboquinones and 
Active Methylene Compounds

In an extension of this investigation various related 
1 ,4-naphbhoquinones were reacted with certain active 
methylene compounds# &-&«thy1-1 ,4-naphthoqulnone, for
example, was mixed with ethyl cyanoacetate in a pyridine 
solution and allowed to stand for one week at room temper­
ature# There was Isolated with some difficulty, In £lp 
yield, a white, crystalline product which melted at 152- 
133°• The results of elementary analyses indicated that 
the product may he the result of a 1 ,4-addition* This also 
agreed with the fact that the product Is colorless, which 
is common to reduced quinones* The probable reaction is 
given below:

An extension of this reaction was attempted by using ebnyl 
acetoacetate as the methylene compound* Ho reaction occurred 
under the previous conditions or by refluxlng an alcoholic 
solution of the reactants for four hours* When ethyl aoeto- 
acetate was refluxed with this quinone In pyridine for four 
hours, a reaction occurred but no crystalline product could 
b# isolated*

0 Oil



S-Broso-d-m© thyl-1, 4~imphth0 quinon© was prepared in 
an B7% yield from 2~^ethyi~X,4~napntaoquinon© by the metixod 
outlined by Fieser and Fieser*^* An alcoholic solution of 
this quinon© was rea©ted with ethyl cyanoaoetabe in the 
presence of sodium ethoxlde* h yellow, crystalline product 
with a melting point of 70*5-80*5° was obtained in 28p 
yield* The results of elementary analyses corresponded 
approximately to the calculated values for the following 
qulnone•

0

^GOOOgHg

Attempts to repeat this reaction were unsuccessful; there­
fore, an analytically pure sample was not obtained, and 
these results could not be verified* The reaction of ethyl 
oy&no&cet&te and of ethyl acetoacetate with tills quinone 
were attempted, in the presence of pyridine* Xm both case® 
only tarry residues were obtained and no analytically pure 
crystalline product® could be isolated* There appears to 
be some possibility that the reaction of this quinane with 
active methylene compounds might be successful* Considerable 
work would be necessitated, however, In order to determine 
the proper reaction conditions before satisfactory products 
might be obtained*

fotaasium 1 ,4-imphthoqulnone-2-sulfonafce was a third
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type of qulnone which reacted with active methylene 
compounds. The reaction* which was round by Storherr^ to
occur when this qulnone was reacted with ethyl oyano&eetate*
was confirmed* Also the subsequent reaction which occurred 
upon aeetji&blon was repeated. These Interesting reactions 
are Illustrated belowi

OH
s g 5e *h *>o

jm£*
* 9** —UOuCgHg

a A - s On̂ K * HgO

iiOg>0
C6H5H

OH~CB
cooaEi%

ACO

.c»

AO0 ;dO02*%

It is interesting to observe that this quinone has been 
reacted to give adequately characterised products with melon!a 
ester* 3* acetoacetlc ester*** and oyanoaoetic ester*^ and the 
three products were of fundamentally different types. 
&alononitrlle also reacts easily with this quinon© to give 
the simple 1 *4-addition product#** The only reported 
reaction of this quinone and a methylene compound* in which, 
the product has not been characterised Is the product 
obtained by Erickson** fro® the reaction with acetylacetone#



Mo J/urth&r work, however, was conducted with this quimone*
It has been shown that 1,4—naphthoquinone reacted 

with aaetoaoetlc aster (Chart I)* acebylac©bon© (Chart IV)§ 
arid o^arioacatlo ester (Chart V) In the presence of pyridine 
to yield the corrc spending l-oarhethony-*, 1-acetyl-, a:id 1- 
cyan©-2,5-phthaloyIpyrrcoollmes• Perhaps the most signifi­
cant difference ©b serve a. In the reactivity of 1,4-naphtho- 
quinone with an active methylene compound was found in th# 
reaction with, ethyl eyaaoaeetate• Storherr** found a 
different product when dry pyridine was used as the solvent 
for this reaction, Instead of the wot pyridine* The product 
obtained In the presence of wet pyridine was shown above to 
be l-cyimo-2 ,3-phth&l0ylpyrroeolln©# The reaction in the 
presence of dry pyridine was repeated by the writer and th# 
same orange needles with a melting point of 281-205°, timt 
were reported by Sfeorherr, were obtained* Th# structure of 
this product la still in doubt, since th# results of 
elementary analyses do not agree with any formula yet 
devised* Upon refluxlng this low melting product with 
pyridine for seventy eight hours, a snail yield of the 1- 
eyan©-2,5-phthaloylpyrroc olin© was obtained# Reductive 
acetylailon of these low melting needles also gave a small 
yield of th© dlecetylated pyrrooollne (XXX) (Chert v)• The 
low ©citing product may contain some impurity or It may 
contain solvent of crystallisation* An entirely satisfactory 
explanation nag not been obtained concerning, the exact 
character of th# low melting product* Since, however, it
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was impossible to reoryst&lllso until constant analytical 
results were obtained it is not impossible that it is merely 
impure ayanopyr roooline (XXI)*

A red, crystalline product with a melting point of 
245*5-244*5° was isolated by storherr from the reaction ol 
1 #4-naphthoquinone with phenylace tone in the presence of 
■pyridine* This material was found to be one of the compounds 
which gave a negative qualitative test for nitrogen* The 
product* however* was found to contain approximately 5*90g 
of nitrogen* Further work will be conducted in this labora­
tory to establish the structure of this product*

Some preliminary work was done to determine the 
possible extent and application of the reaction of 2,5- 
dlchloro-1 *4-imphthoqulnone with other active methylene 
compounds• Mai©nonitrile* for example* reacted rapidly with 
this qulnone In a refluxing alcoholic solution to which a 
few s i *  of pyridine was added* Mo pure product was obtained 
from this reaction* probably because bias conditions were too 
severe for this very reactive methylene compound* There 
were some indications of a possible reaction of this quinone 
with dibenxoylmethane* Some difficulty was encountered in 
the Isolation of a product* however* due to the large excess 
of the solid methylene compound used in this reaction*

Fhenylace tone * ethyl phenylacetate* ethyl n-butyl- 
acetoacetate* acetophenone* and £*£-dlnitrodlpheftylmethane 
did not react with this qulnon© In the presence of pyridine * 
Instead of the hoped for condensations * the competitive
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m o t i o n  or the 2*b-dichloro-lf4-naphthoquinone with
pyridine occurred to for® the pyrldiniuis ae.lt (compound 
XXII# Hlstorioal Introduction) •

The reaction of an alcoholic solution of this qulnone 
with additional methylon© eoKpou&d* in the presence of 
quinoline sight be another possible extension of the pyrr- 
ooollne syntheses* With the above conditions reactions 
occurred with phenylac#tone and with ethyl phonylac©tate 
to yield crystalline products* Sufficient tin© w&» not 
available to characterise these products and further work 
will be conducted In this laboratory to determine their 
structures*





Heactions of Aaeto&oeblo Ester and Kelated Compounds

Syntheses of I~Carbalkoxj~k»3~Phth«i3ffipyprocoline.,s.*«»#
To a Mixture or 0*60 g* of 2#d^diohioro-*l04^naphthoquiriona
mid 6 ml* of realstilled active methylene compound dissolved, 
in 25 m1* of absolute ethanol, there was added 7 ml* of 
redistilled tertiary amine* The resultant blue solution 
was refluxed four hours* The final redaiah to brown 
solution was cooled in as lee bath* The crystalline product 
which precipitated was filtered off* washed with a little 
ethanol* and then washed thoroughly with ether* The 
tabulated yields are for products crystallised once from 
the solvents Indicated. In all cases where two or more 
methods of preparation of the same compound are reported* 
a determination of the melting point for a mixture of the 
products from the two routes allowed no depression* This
procedure was followed in all cases except for experiment

o(1 } which was reported previously by Eriokaon**'
In order to check the purity of the mym«*eolildlne which 

was used In experiments (5) and (10)* 160 ml* of 2,4*6-* 
collidine {ilia ha the son Go* Inc* - 5479 Prac.} was distilled
slowly thorough a 0 foot glass helices packed Todd column 
at atmospheric pressure* The refractive Index of a 50 ml*

aall melting points are corrected*
We wish to thank Professor Mary Aldridge and 

iur* Byron Baer for the analyses*



Physical Constants and Yields

Mo* n a i m m

1 l,4-M&phtho-

2 2f3-DXohlor©-
l»4»n&phth0~

5 **
4 «

5

6 

7

a

Methylene Fro-
Compound Amin© duct* C

Color Yield

10

C%C0Cii2C00C2H5 05%i
Solv*

157-158 Ethanol

00 SgO OOCg 11̂
C H^O 00 % C  OOGBg

CII5CQCHgCQOOgBg 0 # ! ! ^  Ill 266
(dec*)

if

Cil<g (0 00C2% ) g 

C^COCHgCOOOi^

CH2(C000!i3)2

IV

V 244*5—
245*5

«

' CK3COCHgCOOCH3 e8Bu »b VI 222-223 Ethanol
(dee*)

k Form
Orange
Needles

XI 190-191 Glacial Yellow
(dee*) acetic a* Needles

Ethanol Hod
Keedles

:9H7lf I? 250-259 On loro- Orange
benzene Plates
hioxan# Yellow

lleedles
o-Xylene orange 

Plates

Maroon
Ueedles

> 53

14

49

10

51

m

45

11

59

20
26

aItoitan numerals refer to Chart 1*
^Crude collidine was employed and apparently the product was a derivative of a 

dimethyIpyrleine impurity* (See Experimental)



TnBii, IX 
Analytical Keaulta

kxpt
!io»

•
Formula

Pro­
duct*

Oarbon 
G&led. Found

Hydro
O&lcd*

igen
Found

nitrogen 
Calcd. Found

Alkoxyl~
O&lod. Pound

1 CX9H13°4H I 71*47 71.98
71.80

4.10 4.42
4.18

4 .39 4.61
4 .58

2 I 71*47 71.48
71.42

4.10 4.58
4.17

4.39 4.58
4.61

14.11 14.11
14.12

4 C18h11°4H 11 70*82 71.33
70*89

3*88 3.70 
3 #66

4.59 4.73
4.57

10.17 10.52
10.55

6 °21H17°4K III 72*16 72.55
72.89

4.98 5*06
6.10

4.03 4.18
4.19

12.97 18.54
15.68

6 G£3a15°48 IV 74*79 74*48
74.34

4.09 4.37
4.51

3.79 3.86
3.93

12.20 12.17
12.13

7 gE3K1&°4» IV 74.79 74.52
74.41

4.09 4.58
4.42

8.79 3.89
4.11

12.28 12.16
12.10

0 C22H13°4H V 74*38 74.43
74.41

8.89 5.81
5.60

3.94 4.00
4.05

8.75 8.88
8.74

10 S20H15U4iJ ¥1 72.00 72.06
71.96

4.54 4.88
4.56

4.20 4.26
4.27

9 .81 9.58
9.50

*RQaan numerals refer to rjhart 1.
mH



fraction which boiled at 171*0° was 1.4990 at 2&° (lit* 
b.p* 170*4° and n§^ 1*4964}* ^  When pure realatilled 2,4-* 
lutldlne was substituted for the above Impure si/m-asoilidlne 
In reaction (5), no crystalline product was obtained*

When 0.20 g* of l~carbe thoxy«*2,3-pntimloylpyrrooollne 
(I) was refluxed with 20 ml* of redistilled quinoline for 
forby~eighfc hours, only unchanged starting material V 0 «Xo g *} 
was isolated from the reaction mixture*

Ethyl m&lon&te was used as the active methylene 
compound for a reaction carried out by the above general 
procedure with 2*3~di c hlcro-1,4*»napht ftoq,ulnon«» in the 
presence of pyridine, flier# was obtained 0.20 g* (34g) of 
light yellow needles; sup* 88£W289°* The rebuilta of analyses 
of this product correspond to a morohydrate of the pyrldin- 
luss salt prepared by tllmann and Etfciaah (Historical Intro­
duction, compound XXII). This monohydrafce did not show a 
depression In melting point when a mixture melting point 
determination was made with a sample prepared by the method 
of dllmann and Ettlsch of the anhydrous pyridinium salt (lit. 
m* p. 292°).

.Anal. Calod. for Cj^giH^O^jN*MgUi 8# 66*91; H, 4*12;
H, o.80 *
founds 0 , 67*41, 67.37; ti, 4.03, 4.05;

Is, 5*27, 5*22*
The mono-phenylhydraaoae wss prepared from 0*20 g. of 

the above salt by warming on a steam bath for one hour with 
0.6 ml* of phenylhy&raaEine in 4 nsl* of glacial acetic acid*
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Ther# i&a obtained & quantitative yield (0*27 g#) of light 
redaish noodles; m*p* 252-255° (lit* m*p* 255°)*

when 0*20 g* or U*e salt was heated on a steam bath 
for two hours with 0*20 g* of ©-phei&y lenedl&mine ir, 5 rol*
of 105 liycir-oahlarla aela, i.ner# was obtained 0*24 g* (20,4 
of tii® qulnox&line derivative* Becryst&lllsatlon frai 
ethanol yielded 0*16 g* (69>) or rod noodles with a melting 
point oi 504-505° (lit* ra*p* 505°)*

u®termination oX* Molecular weights* - Tim first 
dot ermim&ion was by the standard Bast procedure*^ fhe 
eajspitor which was used in all tit© do tormina liona oi molecular 
weights by this method, was pur 11 led as follows; hpproximate- 
ly 15 g* was placed in a .mortar with a low ml* of ether and 
ground to a uniform powder* Ihis was spread in a thin layer 
on filter paper until the other evaporated* It was Kept 
In a well stoppered bottle* the melting point was found to 
bo 175*5°* fh# fiinX&X depression constant was determined 
by dissolving 0*042 g* of analytically pure bensoic acid 
in 0*444 g* of the purified casiphor* five inciting point 
determinations of this mixture packed to a height of 1 tutu 
In a sealed capillary tub# gave depressions in the melting 
point oi oX*0°jf 2 0 *7°* 51*6°* 25*0°* and 57*4°* uslsig txie 
average of these values (29*1°) a molul depression constant 
of 57*5 was calculated for this camphor*

lo check the accuracy of tills value 0*055 g* of an 
Bxmly tically pur# sample of mzoommmm* waich like the 
imkxmwzm is rod* was dissolved in 0*511 g* of the camphor*
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Five melting point determinations of the solution guv# 
depressions in Kim melting point of 20*5°# 19.6°, 19.7°# 20*7°,
and 21*0°# Using Kkm average of these values (00*5°) and 
tin# above molal depression constant a value of 192 was 
obtained for the molecular weight of aaobensen© as compared 
with an actual value of 182#

The important factor in reproducing these results was 
In noting the melting point of to# solution* Tula can best 
be done by having sufficient light to observe Kim &oment 
that the solution becomes entirely free of solid# The 
molecular weights of several of the compounds listed In 
Tables 1 and XI were determined using the purified camphor#
The results are listed in Table III*

fable III
Molecular Weigh.& Data by the Bast we wsod

Compound {1} Cl) (ill) CIV) {17}
wt* of Compound 0*045 0*051 0*046 0.046 0*041
v/fc • of Camphor 0*420 0*582 0*487 0*582 0.427
Melting point 15.1 8.0 9.7 12.0 9.5

depression 10*7 9.8 9*9 11.5 10.8
11 *2 9.5 10.2 12.1 9.8
11*511*2

9.5 9.6 12.6
12.5

9.7
10.2
10*5
10.1average

Molecular Weight
11.5° 9*5° 9*8° 12*1° 10.0°

Founds 554 526 580 592 360
O&Xed# s 519 519 547 589 369
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Tim hee'kmaiin me&hod for determining molecular weights 
50was also used* ' In a standard Beotauim apparatus, the 

freezing point of 15*507 g* of redistilled bensezie was 
determined* The values obtained for six readings with a 
Beakm&ms. tberas&omter wore 1*445°, 1*447°, 1*444°, 1*445°, 
1*450°, and 1*455°* This gives an average value or 1*440° 
for the freesing point of bensene* To this solvent there 
was added 0*258 g* of the eater (I)* The miniim.un temper­
ature duo to supercooling mid tlie freesing point temperature 
were observed for % m  solution* The values obtained for 
three readings were 1*905°, 1*860°, and 1*085° for the 
supercooling temperature and. 1*705°, 1*704°, and 1*608° for 
the froesing point temperature of the solution* Using these 
readings the eorreaponding pairs of values for the super­
cooling and freesing point depressions arc 0*B00° and 
0.257°, 0.156° and 0.256°, and 0.197° and 0.240°. With 
those values and the stolal freesing point depression constant 
for benzene as 5*12, the molecular weightw was calculated for 
the ester (I), and values of 5X1, 512, and 555 war© obtained, 
the average value being 319.

k& a confirmation of the above values, & 0.394 g* 
sample of Cl) in 20*271 g* of bensene produced supercooling 
temperatures of 1*860°, 1.578°, 1*908°, and 1*890° and 
freezing point temperatures of 1*748°, 1*743°, 1.750°, and 
1*758°* The average freesing point of the pure benzene 
was found to be 1*487° as calculated from the following 
readings: 1*435°, 1,457°, 1*436°, and 1*458°* Using these



66

readings the corresponding pairs of values for the super- 
cooling and free&ing point depressions for this solution are 
0*112° and 0.511°* 0.135° and 0*506°, 0.158° and 0.315°, and 
0.158° and 0 .001°. fh© molecular weignt was tnsen calculated* 
and values of 321, 527, 820, and 552 were obtained. The 
average value of 325 agrees well with the actual value of 
319 for eexpound (X)*

Beaotiona of Chart III.- fhbhalic anhydride was obtain­
ed from 1-carbe t hoxy-2* 3-phthaloylpyrrooolin© (1). In a 
5 ml* beaker 0*10 g. of compound (I) was dissolved in one 
ml* of concentrated nitric acid. The beaker was covered 
with a watch glass and placed on a hot plat# in a hood.
The solution was evaporated to dryness and the white crystal­
line residue which sublimed upon the cover was collected.
It melted at 129-150° and & mixture melting point determina­
tion with phtimlic anhydride showed no depression*

fhfchalio acid was also obtained from l-oarbethoxy-2 *3- 
phth&loylpyrrooollne (1). The ester (1) was oxidised by 
heating O.80 g. of pure material with a Isl solution of 50g 
hydrogen peroxide and glacial acetic acid, iiftcr heating 
three hours at a temperature of 80°* the solution was 
evaporated to dryness at 23° (16 ami.) • The resultant yellow 
solid was reorystall1seel from 8 ml* of methanol and dried on 
a porous plate. There was obtained 0.04 g. (b7%) of yellowish 
solid; a.p. 168-171° (dec.}. The melting point of phthalic 
acid as reported in several literature sources varied 
considerably• Therefore* elementary analyses were mad© on



this product*
iiXifiX* Calcd# lor U| of#03$ u* o #04#

f’ouincl« Xp 50»47$ 00*97{ it# *5#£30, 3# /9•
Inasmuch as ixsuffieltBt product was available Tor

further purification* tlx© presence of phbhalic acid was
confirmed by moans of the qualitative test doscribed by

bSHuntress and AullXteen# A few mg# of the acid was mixed 
with an equal weight of resoroinol# The mixture was 
moistened with concentrated sulfuric acid and heated at 160° 
for throe, minutes# After cooling and diluting with 2 ml# 
of cold water, 2 ml# of 10# aqueous sodium hydroxide was 
added# The solid was dissolved by stirring and the solution 
was diluted with an equal volume of water and traces of 
solid were removed by filtration# The positive test for 
phthalic acid was Indicated by the characteristic green 
fluorescence of fluorescein in the filtrate#

The mono—oxime of l-earbethoxy-2 f 3-phfchaloyIpyrroeo- 
line (VII) w m ® prepared from the ester {!}• Compound (I) 
(0.20 g# > was refluxed with Q#15 g# of hydroxyl&mtne hydro­
chloride in 30 ml* of 95/S ethanol for one and one-half hours 
The reaction mixture was allowed to stand overnight at room 
temperature* The precipitate was filtered off and washed 
with & little ethanol# The yield of orange needlea of the 
oxime was 0.13 g# (62%}| r*#p# 205-207° (dec#)* For analysis 
the product was treated with norite and recrystuillsed from 
glacial acetic acid# After drying the yield of pure yellow 
needles which melted at 215#5-217#5° (dec*) was 0.07 g. (3$/>
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C&lod. foi* ^19^X4^4^53* ̂ b 63.20} u, 4.2*2}
K, 8*38; OCgB^, 18*49*
FoundI Q, 68*80, 68.24} B, 4.24, 4.08}
h , 8 .1 4 ,  8 .1 2 }  00gH5# 1 8 .6 1 .

Another carbonyl derivative, the ?&ono«»2,4-dinltro- 
phcnyIhydrasone of l»aarhobhoxy-»£,5"-phbhfclQylp'frroooll;i©
(VIII}, ims prepared from the ©star (I). A solution of 
60 ml. of 95p ethanol and 0*20 g. of compound (1) was abated 
to boiling with 0.50 g. of 2,4«dlnltrophenylhydraslne.
After solution was effected, five drops of concentrated 
hydrochloric acid was added. Heating was continued until 
a yellow solid separated. The crude product (0.45 g.) was 
recrystallised fron 12 ml. of nitrobenzen©. It was washed 
thoroughly with 95p ethanol and ether* Yellow needles with 
a melting point of 261° (dec.) were obtained In a quantita­
tive yield (0.51 g . } .

Anal. Culled, for 025%,7^7^6* C, 60.12} H, 5*45}
H, 14.01} OCg.%, 9.02.
Pound? 0 ,  6 0 .2 4 ,  6 0 .0 6 }  i i ,  6 .5 2 ,  5 . 6 4 }

i, 15.70, 15.50} 0CgH§, 9.09, 9.20.
The reductive acetyX&tion of 1-oarb©thoxy-2,5-phth- 

aloylpyrrooolln© (I) was attempted. A lalxture of 0.88 &• of 
compound (1), 10 rl. of acetic anhydride, and 10 si. of dry 
pyridine was heated, to boiling. One gram of sine dust was 
added In small portions during a half hour period. After an 
additional half hour of refluxlng, the solution was poured 
Into ice water. Th© sticky precipitate was extracted with



benzeneP and the solution dried ovtr anhydrous w&gnesium 
sulfate# The solution was than concentrated to a small
volume uiici again the product separated as a sticky tar# 
Hepe&tea attempts to crystallise this tar were unsuccessful• 

a crystalline diuoetube (Ik) was obtained by reductive 
acetylatlon of l~o-arbebhQxy~2»b-pathalayl-b,6-benzQpyrroaa~ 
line (IV}• a mixture of 0.30 g# of the ester (IV) and 20 
ml# of a ill solution of pyridine and acetic anhydride was 
heated to boiling to effect solution# To the refluxing 
solution there was gradually added 1*0 g# of sine auat over 
one-naif sour* The solution faded to a light color as this 
addition progressed* lifter an additional one-naif nour of 
rex* lux lag, the solution was poured Into 200 ml* of cold 
water# the yallow solid was filtered off, washed with water* 
ana dried# The 0#48 g# of crude product was extracted with 
9Lg> ethanol in a Soxhlet apparatus for six hours, the 0.21 
g. (hdp>) of yellow powder which remained In the tnimole was 
recrystall!&ed from a large volume of benzene# the resultant 
G#14 g # { } of bright yellow prisms melted at 2bb#5-
240#S°# ^ solution of this product in benzene or ethanol
gives a green fluore sc one «•

x d ia l#  ^ u lo u #  i  o r  w^»^ii<yidgu« ■*»/ ,  / 1  •  icA u ,  i i ,  4 # b c £

A* , d #0b t b#bb#
round* Of 1 #21, ?l#2l£ iif 4 • V b , 4 # V **| 
n # d#lb# d#2Vj û <gh|j , ^ #bo* S • '/b#

The aaiu, l-carboxy-2#b-pixthuloylpyrrocoline (X), 
was p re p a re d  xrozs. x**cax*oe i#uoxy**a *o**pn&*hi»j«.Qy ju p y r ro c o im e  ( x. j •
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Concentrated sulfuric sold (6 ml#} was adaed to Q#50 g# of 
compound CD in a tost tub©# The dark green! sh-blue solution
was heated in an oil bath at 125-150° for three hours* ?ne 
solution w&m then poured onto cracked lee* 1 ii© re sol aai.it 
purple precipitate wan filtered and washed with a large 
volume of water# The 0*15 g# {48;D of product was 
crystallized fro® 50 ad# of nitrobenzene# there was obtain­
ed 0# IE g# {44 ) of reddish needlesj m#p# 298-500° (dee#)#

anal# U&lob# for C, ?0#X0{ U , 5#12$ a, 4• 01 •
Founds Cf 6 8 #1?» 88*11| H* 5#12, 5#12;
B, 4.9*?, 4.82#

It should be noted that the results of the carbon 
analyses were low# This might b© due to impurities or to 
solvent of crystallisation* When calculations were mad# on 
the basis of two molecules of acid to one molecule of nitro­
benzene 9 the results wares 0, 6&#08; h# 5*29; B, 5#95* This 
product does not, however, show a depression in a mixture 
melting point determination with the acid obtained by the 
following more satisfactory method#

Compound (1) (1*0 g*) was dissolved in 200 ml# of hot 
absolute ethanol and poured into a cold solution prepared 
from 0#80 g# of freshly cut sodium and 40 ml# of absolute 
ethanol# The solution was refluxed for ten minutes, where­
upon a red, gelatinous mass precipitated# This was filtered 
off and washed with a little cold absolute ethanol# The 
filtrate was allowed to stand overnight# The additional 
salt which precipitated was combined with the previous
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product* Trier© was obtained 1.0b £• of red. powder upon 
drying* The product was extracted with glacial acetic acid 
In a Soxhlet apparatus for fourteen hours, and the red 
solution allowed to stand several days* There precipitated 
0.70 g* (7?T) of maroon needles, m*p* 314*4° (dec*) which 
were insoluble in the common organic solvents* The product 
was only partially soluble in sodium hydroxide solution 
but a beautiful rea solution was obtained with alkaline 
aqueous sodium t ill o sulfa to*

Alia 1 » Caleb* for s 0, 70*10} h, 5*12; N, 4• dl•
Founds 0, 70*01; E, 3*59; E, 4*06*

For the preparation of the amid# of 1-carboxyl,3- 
phthaloylpyrrooollne (XI) 0*50 g* of th# pur© acid (X) was 
refluxed for four hour® with freshly distilled tnionyl 
chloride. The excess thionyl chloride was carefully boiled 
off mid the reddish, solid residue was cooled in an ice bath 
while ID ml* of concentrated ammonium hydroxide was. added 
dropwise* The mixture was filtered after standing two days* 
The solid was 'pulverised in water with a .mortar and pestle* 
This powder was dried and then crystallised from nitrobenzene 
to yield 0*02 g* (7£>) of maroon needles; m*p* 302° (dec*)* 

Anal* Calod* for a17ll100 ^ % : G* 70.34; hf 3*47;
A, 9*65
Founds a, 69.86; B, 3*56; E, 9*12.

The above procedure yielded the best product, even 
though repeated attempt* were mad© to improve the preparation 
and purification of the amide (XI).
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He&ciions of acetylacetone and belated Compounds 

3jntiaeses of I-»*,oyl«»k ,d-»phthaloyIpyrrocollnea *~ To a
U I »»»«.!»>■ MHWW HO>n.ll»lllil| . 11 », I w  imi1|W» I ■»>' I til I" 1 I mi—WMIl mu

mixture of 0*50 g* of 2,3-»dichloro-d,4-»n*phthoqulnane and
4 ml* of redistilled active methylene compound dissolved 
in 22 ml* of absolute ethanol, there was added 7 ml* of 
realstilled tertiary amine* The resultant blue solution 
was refluxed four hours* If no solid precipitated from the 
red solution, it was cooled in an ice bath* The crystal-* 
line precipitate was filtered off, washed with a little 
ethanol, and timu washed thoroughly with ether* The 
tabulated yields are for products crystallised once from the 
solvents Indicated with the exception of compound (XV}, 
which required treatment with norlte and numerous recrystal- 
ligations to obtain satisfactory analytical results. The 
preparation of compound (XV) from the free quinono (Kxpt* 1 ) 
was reported by Erickson,** and a mixture of products from 
the two methods showed no depression upon determination of 
th© melting point* The above general procedure was used to 
prepare compounds (SIX), (XIII), and (a¥>* Sine# bensoyl* 
aceton© is a solid, only 0*70 g*, twice the stoichiometric 
amount, was used for the preparation of compound (XIV)*
This modification In procedure was used ter avoid purification 
difflculbies•
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JQ»tor«iiiabl<m of the feoleoul&r xelght.- The molal 
depression of the melting point of the purified camphor, 
the preparation of which was described above, was determin­
ed* Compound (XV) (0*0598 g*) was aiesoivea in 0*409 g* of 
too camphor• Five melting point bebemlnations by the 
capillary tube method of this mixture gave depressions 
Xu the melting point of 12*8°, 12*2°, 12*5°* 12*7°, and 12*1°* 
Using tii# average value (12*4°) and the raolul depression 
constant of 57*5* the molecular weight of compound {XV) was 
calculated to be 298# as compared with an actual value of 
289. as a conf1 rotation of this result 0*041 g* of compound 
(XV} was dissolved. In 0*485 g* of camphor* This solution 
gave depressions from five melting point determinal ions of 
11*6°, 1X*9°, 12*0°, 12*Q°* ami 11*9°* the molecular 
weight obtained from thee# values is 297*

Preparation of l-G&rboxy-2,5-phtmloylpy:rrocolln#
The l-aa@byl-2,d-pIitiml0ylpyFrooolih# (XV) was converted to 
the X-osrboxy- 2 ,5-pn thaloylpyrrocolin# (X)• Compound (XV) 
(0*90 g*} m s  mixed with an e^ual weight of iodine in 15 ml* 
of dry pyridine* The mixture was heateu in a hot water 
bath for on# hour* After twenty minutes of heating precipita­
tion began* fkm i&ixture was allowed to stand overnight at 
room temperature ana the excess pyridine was distilled off 
'under vacuum* The reslaue was washed from the flask to a 
filter funnel with a little ethanol* The solid was washed 
with water, 95& ethanol, and finally with ether* after 
drying there was obtained 1*04 g* (89>i) of orange plates;



m.p. 258-259.$° (dec.) (Compound XVI# Chart .IV).
T© this Intermediate bhere was added 1.10 g. of solid 

sodium hydroxide and 50 si. of water. The resultant mixture 
was heated in a hot water hath Tor two hours, The 
precipitated salt was filtered from ti*e reaction £\ixture. 
hitor heating; with glacial acetic acid, there was obtained 
0.26 g. of crude product. This was recry a talli sod from 
10 ml. of nitrobenzene* washed with 98^ ethanol and ether# 
and then dried under vacuum lor ten hours at 118°• There 
was obtained 0.18 g. (27^) of beautiful# maroon needles; 
n.p. 513.4-514.4° (dec*), h mixture melting point deter­
mination with tne acid (a )# prepared previously from the 
eater Cl)# showed no depression..

Anal. Galod. for a17B904Ms C* 70.10; H# 3.12;
II # 4 . 81.
i?himdj w# 70.13; H# 3 .31; is# 4.00.



Reactions of Cyano&cetie c.stor and Related Compounds

Syntheses of l-Gyano~%#5~pfaUialo;ylp;yrpocollnsa#- r 
mixture of 0*50 g* of 2f 3~dlehloro*l»4~n*phtho«*ulnone, 4 xTL* 
of redistilled act!ve methylene compound# 7 i&l* of re­
distilled tertiary amin#, and 25 ail* of absolute ethanol was 
refluxed four hours* The original blue solution turned brown 
in color and a solid precipitated* The product was filter­
ed off, washed thoroughly with 9h> ethanol and ether, and 
dried* The yields reported are for product® crystallised 
once from nitrobenzene• The preparation of compound (fXJL) 
from the free qulnone (Expt# 1) was reported by Storherr^*
It was recorded in Table VI for comparison purposes* The 
low carbon analyses for the product (XVII) obtained in 
experiments (4) and (5) are to be noted* Treatment of this 
compound obtained from experiment (5) with norite followed 
by two additional recryatalligations from nitrobenzene 
resulted in the more satisfactory analyse® reported in 
Table VII• This compound was difficult to analyze as a 
result of its high melting point# which would probably 
account for the low values obtained for the carbon analyses* 
In all cases where two or more methods of preparation of the 
same compound are reported# a d#tormination of the melting 
point for a mixture of the products from the two routes 
showed no depression#
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Additional Heaetions or Chart V ♦- Thfcn&lie anhydride 
was obtained from 1-oyano-2 #5-phth*loylpyrrocolin# (XXI) 
by treatment with concentrated nitric acid ai described 
in the first part of the Experimental seatIon* there was 
obtained by sublimation from the reaction residue pure 
phthalic anhydride# which was Identified by its melting 
point of 129-150° and by a mixture mel ting point detert&ina- 
tion with authentic phbh&lic anhydride*

The reductive acetylatlon of l~oyano-2 # b-phthaloy1- 
pyrrocoline (XXI) was attempted* A mixture of 0*50 g* 
of the nifcrlle (XXI) and 20 ml* of a 1:1 solution of 
pyridine and acetic anhydride was heated to boiling to 
effect solution* One gram of sine dust was gradually added 
over one-half hour# and refluxing was continued for an 
additional one-half hour* The light yellow solution was 
poured into 200 ml* of ice water# and the flocculent# yellow 
precipitate was filtered off and dried* The yellow solid 
was extracted in a Eoxhlefc apparatus with absolute ethanol 
until the extract was a pale yellow color* The extraction 
m s  continued with 200 ml* of toluene until all of thm 
yellow solid was in solution* The toluene solution was 
allowed to stand overnight* The precipitate which formed 
was filtered off# washed with 95% ethanol# and dried* There 
was obtained 0*24 g* (36>) of yellowish-©rang# crystals; 
sup* 262-267° (dee*)* The product was treated with norite 
and recrystallised from 200 ml* of toluene* The yield 
was 0*25 g* (55^) of yellow needles; m*p* 268-269° with
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sintering at 255°*
anal . Culod* for ^21^14^4^32 *  ̂* 70.08; U| 3.94;

K, 7.82.
Founds 0, 70.20| H, 4.09; ii, 7.49.

A molecular weight determination by the Hast method 
was &ma# on this proauct (XV111) because it was sjore soluble 
in csuaphor than the l*cy*mQ~2,3*phbimX©ylpyrroooline. A 
solution of 0.083 g* of this diaoetate (XV'Il'I) in 0.200 g. 
of the purified c«usphor, described previously, was prepared. 
Six melting point determinations of this solution gave 
depressions of 7.8°* 8.6°, 8.0°# 8.4°* 8.1°, and 8.0°. 
using the average of these values (8.15°), a value of 385 
was calculated for the molecular weight of this compound as 
compared with the actual value of 358.

Tim amide (hi) was also obtained from l-cyano-2,5* 
phtbaloylpyrrocollne (XXI). A solution of 0.39 g. of 
compound (XXX) in 7 ml. of concentrated sulfuric acid was 
heated for three hours at 130°• The resultant violet 
solution was poured onto cracked ice. The reel precipitate 
was filtered off, washed thoroughly with water and then 
with a 1attie bbg efchanol. fixe re was obtained 0.43 g. oX 
red powder; m.p. 268*887° (dec*). For analysis the sample 
was treated with norite and reorysb&lll&ed twice from 73 ml. 
of nitrobenzene. The fine, light orange needles (0.15 g.) 
(36^) melted at 313.5*314.5°• A mixture suelblng point 
determination ox" this product with the amide (XI) obtained 
previously from 1-carhefchoxy*2,3-phth&loyIpyrrocoline (X)



gave a meIting rang© of $08-510°•
Anal# Oalcd# tor 2x7%L0^3%: c* 70*54; h, 3*47;

B, 9#65#
Pound• 0 , 70#36| 70«43| a, 2*23, 3*59;
A , 10 • 24 , 10 * 10 • 

a 0*30 g# sample or the above amiae was heated at 
approximately 250° Tor one hour# Ihe product Changed In 
appearance to dark red prisms# Becrysfc&llination ol this 
material from 15 ml# nltrobens&e&e yielded 0*19 g* of maroon 
needles; m#p# 502-202°• a mixture melting point determina­
tion with the amide obtained previously from 1-carbehucxy- 
2 ,3-phthaloyIpyrroeoline showed no depression*

anal# C&loci* lor ^17^10^3^2* 0# 70*54; K, 5*47;
fi , i # iiO •
Bound2 u, 70*ii4| 70*05; u, 3*S0, 3*5B;
n , 0*92# 9•59 *

Becrystalliaation of this low melting amide (502-505°) 
from a small quantity or glacial acetic acid, yielded light 
orange needles; m*p* 515*5-514#5°# a mixture mol ting .point 
determination at this material and the original high melting 
amide showed no depression*

J%rm&ng&imte oxidation oi l-cyano-2,3-phthaloyIpyrr- 
oaollne (aaX) was attempted. A solution o£ 2.0 g. of 
potassium permanganate in 40 ml# ol water was added to 0*37 
g* of the nitril© (XXI)* One ml# of 10> sodium, hydroxide 
was added, and the mixture was heated for three hours* Alter 
the mixture was cooled, it was acidified carefully with
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sulfuris acid* The fixture was heated for an additional 
one-half hour, cooled, and then the excess manganea* dioxide 
was destroyed by the addition of sodium bisulfite solution#
The pinkish-wiiite precipitate was filtered off and then washed 
and dried, The Q*lb g* of product was extracted with 
absolute ethanol in a Soxftlet apparatus* Upon cooling the 
solution 0*04 g* of pinkish solid was obtained; imp, 2ek3«0- 
290•6°• to structure corresponding to the analytical results 
was devised*

1 * Fouid* t, 84 *23; u, d #07j a , 0 *Go •
The l-cyano-2,3-phthaloylpyrrooollc* (XXI) (0*50 g*) 

was heated in a test tuba with 2*0 g# of phosphorous penta- 
chioriu© until melted* Cracked lac was added until all the 
excess phosphorous pent&ohloride was decomposed* fu© mix­
ture was filtered, and the precipitate was extracted in a 
Soxhlet apparatus with dtp ethanol for thirteen hours* The 
residue consisted of 0*23 g* of black, carbon-like solid 
which could not be recrysb&llized*

A 0*50 g* sample of l-cyano-2,3-phthaloylpyrrocollne 
(XXI) was heated to boiling for two minutes with 5 ml* of 
eoiio©nbratea nitrlo acid* It was then, diluted with water 
and allowed to cool* The resultant 0*24 g* of orange 
solid decomposed at about 150-180°• Eecrystallization from 
nitrobenzene yielded 0*02 g* of orange solid; sup* 272-308° 
(dec*) • lionc of the aigh-imlting {above 560°) product 
obtained by Starnerr^ eith this reaction was obtained*



Isolation, of the Reaction By-Product.- In experiment 
(2) of Table VI the filtrate fro® the reaction mixture was 
evaporated slowly until all the alcohol was removea • The 
precipitate which formed, was filtered off ana washed thor­
oughly with ether* There was obtained after drying 0*22 g.
{2Q£) of yellow, crystalline solid; sup* 277*8-278*8° (doc*)* 
This material allowed some discoloration on standing in air 
at room temperature*

Anal* Oalcd. for C 2 0 K 1 7 0 4 H 2 S 1 i  C ,  62.42; ii, 4.45;
K, 7.28; 01, 9.21*
Found: C, 62.69, 6 2 .4 9 ;  h, 4.47, 4 *5 5 ;

A, 7.55, 7 *4 6 ;  0 1 ,  9 . 5 0 ,  9 . 2 5 .

Shin the above product was recrystallised from glacial 
acetic acid, one molecule of solvent was absorbed per 
molecule of product; the m.p. again was 277.8-278.8° (dec.).

anal. vs&lod. £ or 2̂0̂ *17̂ 4̂ 9''**̂  * '**2 ^4^2 * 69.59 ;
H , 4 .7 7 ;  M, 6 .5 0 ;  Cl, 7.97.
Found: 0, 5 9 .5 5 ;  H, 4.66; K, 6 .4 5 ;

Cl, 7.84, 8.08.
An aqueous solution of this product upon addition of 

aqueous silver nitrate gave an Immediate precipitate of 
silver chloride, when 10;€ aqueous sodium hydroxide was added 
to an aqueous solution of this product, the solution turned 
red In color arid a small amount of red precipitate formed, 
an insufficient quantity was available for determination of 
Its identity.

A mixture of 0.30 g. of compound (XIX), Chart v, which
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Owas prepared by Liebermaxm * & raetisod,*** 7 ml* of dry pyridine 
mid 2B ml* of absolute etii&tiol was Ue&beU under reflux for 
four hours* The solution oh&nged from a blue to a yellowish- 
brown color, and an orange# crystalline solid separated*
The product was filtered off, washed with 9&yi> ethanol# and 
than with ether* There was obtained 0*20 g* (74)0 of 
1 -cyaao-2,5-phthaloy lpyrrooolin© (XXX)j m*p* 507*4-508*4°*
The filtrate was evaporated nearly to dryness, mid toe 
yellow precipitate filtered off and washed thoroughly with 
ether* The yellow, crystalline by-product (XX) was obtain­
ed in a 24p yield (0*09 *>)} a*p# 277*8-278.8° (dec.). The 
identity of both of these products was snovn by their melt­
ing points, arid by the results of mixture melting point 
determinations with samples of compounds (XX) and (XXI) 
prepared previously «

Reactions In the Presence. of Other Tertiary ;u>«inea*- 
Dim©thy1aniline was used as the tertiary amine in the 
general reaction procedure described previously for the 
syntheses of pyrrooolln©s• The characteristic color eii&iige 
.was observed! however, no product precipitated from the 
solution even upon cooling with an ice bath* host of the 
ethanol was then evaporated from the solution and trie residue 
was diluted with ether* The ether layer was washed with 
dilute .hydrochloric acid and water. Tim red oil which 
was obtained upon evaporation of the ether layer was 
crystallised by ackiing a little aqueous ethanol and cooling 
in an ice bath* There was obtained 0*65 g. of a sticky,



So

maroon solid. Treatment with norlte and rearyatfclllzatlon
from a Isl ethanol•water mixture yielded 0*22 g. o 1 rod 
crystals; sup* 167-169° {doc*}. Another recrystallla&ticm 
from trie same solvent yielded beautiful, violet crystals 
which turned a maroon color on drying at 110°. There was 
obtained 0.15 g. (55>T) of product which melted at 169- 
170® (dec.).

Anal. Calcd. for O^H^gliO^Ol: C, 6S.93; 11, 3.96;
N, 4.58; 01, 11.60.
Founds C, 69.05, 59.08; H, 3.46, 3.37;
t, 4.56, 4.46; Cl, 12.81, 13*08.

This product (0.10 g.) was refluxed with 7 ml. ol* dry 
pyridine in 25 mX. of ethanol Tor Tour hours. Mo crystal­
line product could be isolated from the reaction.

When ©C-picoline was used in this reaction as the 
tertiary amine, only m m  hour of refluxing was necessary 
to obtain a conalderable amount of precipitate. The product 
was filtered off, washed thoroughly with 9S;b ethanol and 
ether, and then dried. There was obtained 0*58 g* of 
product which amounted to 72% of the weight of the qulnotm 
reactant. The product consisted of beautiful, bluish-black 
needles which did nob melt when heated in a copper block 
to 410°• Ho structure corresponding to the analytical 
results was devised.

Anal. Founds C, 67.16, 67.15; H, 4.21, 4.16;
H, 7.78, 7.82J QCgilg, 14* 1£, 14.00.
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inactions of Kel&ted 1,4-haphb£K»qui&onea and 
Active hefchylene Compounds

Keactione of 2-fee thy 1-1,4-&aphtho<jttlnone♦- A solution 
or 1*0 g* of the qulnone, 4 ini* of ethyl oy&noecetate, and
lo ml* of dry pyridine was allowed to stand at room temper­
ature for one week* The resultant reddish-brown solution 
was evaporated nearly to dryness at atmospheric pressure# 
Since a precipitate did not form after standing two days at 
room temperature, the solution was diluted with ether* The 
ether layer was washed thoroughly with water and evaporated 
nearly to dryness* A few ml* of 95£ ethanol was added to 
this solution which was then cooled in & dry ice-acefcon© 
bath* The precipitate which formed was filtered off and 
dried* There was obtained 0*34 g* (21g) of colorless 
crystals; m#p* 129-151°* For analysis a few mg* was re- 
cryatalllaed from an ©tuanol-wuter mixture until a constant 
melting point of 152-155° was obtained*

Anal* Calcd. for C, 67*56; H, 0*50;
Mg 4*91*
Founds G, 67*54, 67*41; II, 5*21, 5*14;
h, 5*18, 4*92.

The above procedure was repeated using ethyl aceto- 
acetate in place of the ethyl eyanoac©tat©• in this case, 
however, only unreacted qulnone was isolated from the 
reaction mixture* The temperature of this reaction was
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increased by refluxing a solution of these reactants in 
25 ml. of absolute ©brumal for four liours• Again only 
unreaobed quinon© was obtained* A reaction was obtained, 
however, wbtn the solution of only bn© qulnone, aceto&cetlc 
ester, and pyridine was refluxed five hours* A black, 
sticky oil was obtained when this solution was carefully 
evaporated nearly to dryness* Repeated attempts to isolate 
a crystalline product from this oil were unsuccessful* 

Reactions of 2-Bromo-*5-»methyl-0Lf4-napnthoqulnone 
This quinone was prepared according to the procedure out-

54lined by Fieser and F l e a e r * Since details were not given 
the complete .procedure follows; Two grams of 2~m©thyl~l ,4- 
naphthoquinone was dissolved in 10 ml* of glacial acetic 
acid* Liquid bromine was added dropwis© until a deep red 
color was obtained which did not fade on standing* The 
solution was cooled and the precipitate filtered off* This 
intermediate was dissolved in 10 ml* of glacial acetic acid 
and an excess of anhydrous sodium acetate was added* After 
heating under reflux for five minutes, the solution was 
cooled and the crude, yellow product (2*95 g.) was filtered 
off* Recry stall!satIon from a small amount of 95g ethanol 
yielded 2*48 g* (87jb) of yellow crystals; m*p* 152-154° 
(lit* ra.p. 155°)•

A solution of 0*25 g* of this qulnone, 4 ml* of ethyl 
cyanoacetate, and 10 ml* of absolute ethanol was added, 
to a solution prepared from 0*50 g* of freshly cut sodium 
in 10 ml* of absolute ethanol* The resultant blue solution



was cooled to 15° and let stand tor one-half hour* It was 
tdan diluted with an equal volume of water arid acidified 
with 50A acetic acid. Ho precipitate was formed after 
standing two days in the refrigerator. The solution was 
extracted with «ther, and the ether layer was evaporated 
nearly to dryness# The residue was diluted with a little 
water and cooled for four day® In the refrigerator# There 
was obtained 0*29 g# of a sticky, brown solid# After two 
recrysfcallisations fro© an ©bh&aol-water fixture arid treat­
ment with norite, there was obtained 0*08 g* {20>«) of 
yellow crystals! cup# 78 *5-130* 5° •

Anal# Calcd* for : 0, 07*64} ,i, 4#63|
K, 4#94#
Found: 0, 66#113, 6S*66j £i, 4*71, 4#84f
14, 8*10, 8 •00•

Attempts to repeat this reaction were unsuccessful! 
therefore, an analytically pur© sample was nob obtained, and
these results could not be checked*

A solution of 0*50 g* of 2-brO£so-5-m©thy 1-1,4-naph.tho- 
qulnono, 4 ml# of ethyl cyanoacetafce, and 2h ml# of absolute 
ethanol was mixed with 7 ml* of dry pyridine# After stand­
ing at room temperature for four days, the solution turned
fro® a blue to a reddish-brown color* All attempts to
isolate a crystalline product from the reaction mixture 
gave only a tarry residue# The above reaction was repeated 
with ethyl acetone©bate In place of the ethyl cy anoaoe i& be;
again only a tarry residue which could not be crystallised
was obtain©d • t . ̂ , •** - *•** $I ?■ ** .*■



Reactions or .Potassium X»4-kaph t hog.uinone-2- g ulfonate 
Monohydrate ♦ - ^oeoraing to the directions of Sfcorherr^, 1*2
g. of tii© quinone was dissolved In 50 ml* of water* This 
solution was added to- a solution or 0 nil# of 95>. ©tnunol,
2 m2 mlm ol lOp aqueous potassium hydroxide, ana 1*6 ml• of 
ethyl oy&no&oot&ts* There was obtained 1*16 g* (to ) of 
bluish needlea* After two reoryst&lllsacions there was 
obtained 0*40 g* (24g) of light blue needles; sup* 201*5- 
202*5° (dec•}• A solution of this eyano&oetio ester addi­
tion proauofc In 6 mlm of a 2:1 solution of pyridine and aoet 
anhydride was stirred in u water bath at 100° for fifteen 
minutes* The dark blue solution turned to a yellowish color 
during the stirring* In'© precipitate formed in this case 
although on© was obtained at this point by Storherr* how­
ever, when the solution was poured Into cold water mid 
allowed to stand on© hour, a crystalline precipitate' was 
formed* This product was filtered off and reory stiillized 
from aqueous ethanol* Thera was obtained 0*1? g. (4.9'p} of 
tan needles; sup* 108*5-189*6°* A mixture melting point 
determination on this material and the product obtained by 
Storharr showed no depression*

Reactions of 1*4-Aaphthoqulnone*- a mixture of 15*8 g. 
of 1,4-naphthoquinone and 50 ml. of dry pyridine (dried over 
barium oxiae) was warmed until solution occurred* To this 
solution there was added 60 ml* of redistilled ethyl cyano- 
acetate* After standing two weeks at room temperature,
5.50 g. of orange, crystalline product precipitated* for
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analysis 0*50 g* of this crude product was reorystalli&ed 
twice fro® 50 mlm of nltrobmxi&mm• filer© was obtained 0*46 
g* or orange needles; uupm 281-283°* a mixture melting 
point do tormina 11 on with the product obtained by f. torherrw 
by this same procedure snowed no depression* no structure 
corresponding t© the analytical results was devised* Th© 
product may be a fixture since the analytical results show 
such a variation* For this product the results or elemen­
tary analyses are the following: C* 74*09* 73*80; 11* 5*38* 
3*52; A* 9*15* 9*16* The .results of analyses &u reported 
by storiierr for this product wore the following: c* 75*33*
74*83; H* 3*41* 3*29; N, 8*84, 8*82* This product of 
Storberr*s upon reoryst&llisation froia nitrobenzene was 
found to have the following now values; 6, 74*52; H* 3*48; 
K* 7*43* A portion (0*40 g*) of tho crude product obtained 
by the above procedure was recry3talllsed twice from 
chlorobensen© instead of nitrobenzene* a yield of 0*18 g* 
of orange needles were obtained which melted above 315°• 
found: u| 75*571 75*24; u* 3*99* 3*72; Is* 6«t>«3* o *2o•

Alien 0.15 g* of the ©range needles (n*p* 281-883°} 
was refluxed seventy-eight .hours with 20 ml* of dry 
pyridine* there was obtained 0*03 g* of orange needles 
with a melting point of 307*4-508*4°. A mixture melting 
point da termination with l-oyano-2 ,3-phth&107lpyrro©olltt& 
(aaI) showed no depression*

deductive aoetylablon* as described previously for 
l-cyano-2*5-phfchaloyIpyrrooolin©* was attempted with 0.35 g*



or the above orange needle a (i&#p# 231-285°) • 1’he di&oefcat© 
(XV111) , Chart V, was obtained in a yield or 0*02 g*; m*p* 
238-269° with, sintering at 233°• Proof of the identity of 
•this diucebab© was obtained when a mixture melting point 
determination with the diaeebat© prepared previously showed 
no depression of the melting point*

The red, crystalline product, ia*p* 240#5-244*6°, 
which was isolated by St©rherr3 front the reaction of 1,4- 
naphthoqulnone with phenyl&cetone in the presence of 
pyridine, was analysed for nitrogen# Found: 4*01, 5*80#
l(o new structure corresponding to the analytical result© was 
devised*

Reactions of 2 ,3-Dlchloro-l,4-naphfchoqulnane and Other 
Active methylene Compounds*- The general procedure as out­
lined in the previous sections for the syntheses of 2,3- 
pfcth&loylpyrroQollnes was used for these reactions; i*©#, 
0*30 g* of 2,3-dlehloro-1,4-naphthoqulnone, 4 ml# of active 
methylene compound, 25 ml# of absolute ethanol, and 7 ml* of 
tertiary amine were refluxed four hours*

hith m&lononi trlie in the presence of pyridine, a 
rapid reaction occurred as indicated by the change in color 
of the solution from blue to brown# Only a sticky, black 
oil was isolated from the reaction mixture upon careful 
evaporation* all attempts to obtain a crystalline product 
from this residue were unsuccessful*

tilwn 4*0 g* of dlbenxoylm©thane was reacted in the 
presence of pyridine under the above conditions, the
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characteristic color charge from blue to redd!©h-brown was 
obtained* ho crystalline precipitate separated from the 
reaction solution on cooling* Careful evaporation of the 
solution yielded only unreacted dlbensoylraethane* Tim 
largo excess of the solid dlbmnzojltmthan© which, was used 
probably prevented the isolation of any reaction product*

In the presence of pyridine the following active 
methylene compounds were reacted under trie above condition©': 
phonylacetone, ethyl phenylac©tat©* ethyl n-butylaceto- 
acetate, acetophenon©, and j£#j^dinitro|hi©nylme thane* In all 
these experiments the Isolated product was the pyrlciinium 
salt (lo;ll) described In the historical Introduction* Tuis 
was tii© saa® result which occurred in the reaction with 
©fchyl malonabe and described in- the first part of the 
Experimental section* In all cases the product was identi­
fied by Its melting point and by th# result© of a mixture 
melting point d©termination with the pure material*

quinoline was used as the tertiary amine in the 
general reaction procedure with phonylae©tone as the active 
methylene coiapound* The color change from deep blue to 
yellowish-brown was observed* Grunge crystals precipitated 
from the solution on standing overnight* llier© was obtained 
0*16 g* of crude product; tup* 308*4-509*4° (dec*)* He- 
crystallisation from nitrobenzene yielded 0*05 g* of orange 
needles; m*p* 510*4-511*4°* Mo structure o orre a ponding to 
the analytical result© was devised*

jit&l * round• -u, o5#06, 85*HH| h, 4*16, 4*10;
' 9 4 *kfO* 4*Hi*
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^ulnoline was also used in tills procedure with ethyl 
phonyl&cetate as the active methylene compound* The 
oimraotoristic color change was observed* On cooling the 
reaction solution in the refrigerator overnight, a preeipi- 
tat# was formed* The product was filtered off, washed with 
a little ethanol, arid then thoroughly washed, with ether*
The resultant orange solid {0*18 g*) melted at 299*6-804° 
(dec*)* fteorystalllzation fro® nitrobenzene yielded 0*09 g* 
of yellow needles; ia*p* 311 *4-512*4° (dec*)* A mixture 
melting point determination with the product obtained in 
the above reaction with phenylace tone showed a depression 
In the melting point to 288*5-287*7° (dec*)# iio structur© 
corresponding to tim analytical results was devised*

Anal* Founds 0* 73*50, 75*39, 78*39; ii, 3*87,
3*71, 3*78.

Treatment of this product with norlte and further 
recrystallisation from nitrobenzene did not alter markedly 
the analytical results*

Anal* Pounds G, 75.58, 75*67; ii, 3.73, 5.69*
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It has been found that 2*3-dIchloro-X*4-naphtho­
quinone reacts with aeeto&oetie ester* aeetylaoetone* and 
cyano&eebie eater in the presence of pyridine bo form 
substituted 2 *3-phthaloy lj>yrroeollne0 in approximately 
50h yields*

Tim products obtained are those in which h is -GOOCgBs* 
-OOCH^* arid -OK# These products were proven to be identical 
to the uncharacterised materials which were obtained by 
previous Investigators in these laboratories from the 
reaction of the sane methylene compounds with 1*4—n&phtno— 
qulnone* It was Interesting to find that ethyl benzoyl- 
acetate gave the sm m  e&rbethoxy derivative and that methyl 
cyanoaoetate gave the same cyano derivative*

The pyrrocoline structure waa assigned to th®&& 
products on the basis of the results of elementary analyses* 
the results of alkoxyl and molecular weight determinations* 
and by analogy with related reactions in the literature*

0
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The postulated structure was also supported by additional 
chemical evidence; for example* oxidation yielded phbimlic 
aimydride* By means or carbonyl reagents, crystalline 
raonc-oxlme and mono-2*4-dinifcrophenyIhydratone derivatives 
were prepared for the 1-carbebhoxy-2 * 5-phth&loyIpyrroco- 
line* deductive acetylution was used to prepare the 
dlaoetat© of the reduced 1-eyano-2# 5-phfclmloyIpyrrocoline •

The various substituted pyrrocolines were Interrelated 
through l-earboxy-2f3-phtlmloylpyrroeoline and its corns* 
ponding amide* The conversion or tine 1-earbethoxy-£t3- 
phthaloylpyrroeollne to the acid was accomplished in 77> 
yield by treatment with sodium ethoxlde followed by acid­
ification* The l-aoetyl-2#5-phthaloylpyrroooline was 
converted to this same acid in 19b yield by a modification 
of b he halofomn reaction* This 1—o&rboxy—E#b-phtiialoyl- 
pyrrocollxie was converted to the amide In yield upon 
treatment with thionyl chloride followed by asnaoniua 
hydroxide* This etune amide was obtained in 56g yield by 
hydrolysis of the l-eyano-2#3-phfchaloylpyrrooollne•

Tlie original reaction was extended to the syntheses 
of 2,b-phthaIoyi-5f6-benaopyrrooollnee by substituting 
quinoline for the pyridine* the 1-carbalkoxy-2#3-phtm. 1- 
oyl-6,6-bensopyrrocQlinea were synthesised from either 
acetoaoetic ester or malonio ester* fteduotlve acetylation 
was used to prepare a crystalline diacetate of the reduced 
1—c&rba fchoxy-2 , 5-pht tmXay 1-5 , 6-bensopy rrocol in© •

A seven step reaction sequence for the conversion of
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2,b~dlchlor0-X94-naphthoquinone to the 1-carbethoxy»£,b- 
phthaloylpyrrocoline has been postulated* Satisfactory 
analogies Tor each of the stops have been found in the 
literature* Son# additional information as to the route 
of the react ion was obtained by the isolation of a by­
product (b ) in the- formation of the X-eyano-E, B-phbtml- 
oylpyrroaollne » and by the synthesis of an intermediate 
(G) which was reacted with pyridine to yield X-cyano-h#5- 
phthaloylpyrrooollne and compound (B)*

OH
B

Cl
-t g; g* %.-/• XI ** u

0 Jv oh ̂

A total of twelve primary reaction products and 
eight closely related compounds all of which were previously 
unoharacterlsed are described*
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