"A STUDY OF THE CONDENSATION REACTIONS

OF UNSATURATED NITROGEN COMPOUNDS."

By

Harold David Orloff, B.Sc. (Honse), *37

Being a Thesis
Submitted to the Committee on Post-
fGraduéte Studies of the University
of Manitoba in partial fulfillment
of the requirements for the Degree

of Master of Science.

June 19395




ACKNOWLEDGMENTS

IThe writer wishes to acknowledge
most sincerely his appreciation
to Dr. H. P. Armes for his
interest and advice in connection

with this investigation.



TABLE OF CONTENTS.




TARLE OF CONTENTS.

PART T. PHEFACE

PART II. INTRODUCTION

A Diene Syntheses Involving 1l,4-Addition

1.
2.
.
4.
O
é,
7.
8.
93

10,

11.

14,

15.

16.
17

18.

Historical

Open-Chain Dienes

Endomethylene Bridges

Endoethylene Bridges‘

quinone and its Derivatives

The USe:Qf Eolyenes:

POlymerlzatlon of Dlenes

The Use of Vlnylg btyryl and allyl Compounds
Anthracene and Anthraqene Derivatives
Syntheses ofrPhenanﬁhrene DerivatiVes

The Diene Synthesis and Determlnatlon of
uonstltutlon

Effects of Substitution in the Diene
Component

The Addition of Ketenes
The Kineties of the Diene Synthesis

Thermal Decomposition of the Adducts and
Reversible Additions

Synthesis of Hetero-Rings Containing Oxygen
The Steric Course of the Diene Synthesis

Dienometry

B« Diene Syntheses of Heterocyclic Nitrogen
Compounds

1.

Substitution with Displacement of Hydrogen

bage

[ [N

-2

14

16

19
21
24
26
27

27

50
31
32
34
54



2.

-iie

Additions Involving Formation of an
Acetylenic Hster Chain

() Totroduction
(b) Experiments with Quinaldine
(e¢) Ixperiments with Qmeiéqiine
(d) Experiments with Stilbazole
Bxperiments with Isoéuinoline

(e)
(f) Reactions of Hydrazo Compounds

"PART III. DISCUSSION

A. The Nitrogen Atom in the Fhilodiene Couponent

1.
2.
Se
4.
5.

6.

Cinnamal Acetophenone and Benzal Aniline
AnthrageneVand Benzal Aniline

Cinngmal Acetophenone and Phenyl isocyanate
Agthracene‘and Benzonitrile’

Cinnama; Acetcphenone and Benzonitrile

Cinnamal Acetophenone and Cinnawal Aniline

B. The Nitrogen Atom in the Unsaturated Anil .

1.
e
3.

Cinnamel Aniline and Anthraquinone-1,4
Cinnamal Aniline and Cinnamic Aldehyde

Cinnamal Aniline and Guinone

PART IV. EXPERIMENTAL

A. The Nitrogen Atom in the Philodiene Cqmpqnanﬁ

1.
2.
3.
4o
5.

6.

Cinngmal Acetophenone and Benzal Aniline
Anthracene and Benzal ﬁniline‘

Cinnamal Acetophenone and Phenyl Isocyanate
Anthracene and Benzonitrile

Cinnamal Acetophenone and Benzonitrile

Cinnamal Acetophenone and Cinnamal Aniline

B. The Nitrogen Atom in the Unsaturated Anil

38
38
47
49

ol
53
57
57
58
:

64
64
64
65
65
66
66
75
75
75

85

89
20
92

93



W
i
vl
windt
el
g
2
e
; 3 e,




PREFACE.



Of all the discoverieé of the past decade in the field of
organic chemistry, one of the most fundamental is the "diene
synthesis" of Otto Diels and Kurt Alder (also called the Diels-
41lder reaction in honor of its disooveiers)s Not only has this
reaction oprened up a new field of synthesis of such naturally
ocecurring compounds as terpenes, camphors, alkaloids and Various
hydroaromatic and heteroaromatic systems, hitherto rare érkinc’
'accessiblei but it has further served to interpret or re-interpret
mechanisms which have baffled investigators working on various
problems, and to elucidate structures, particularly as to whether
a conjugated system does or does not exist. A further advantage
of this synthesis is that the reaction genérally takes place
under the mildest conditions, mere wmixing at room temperature in
a suitable solvent being sufficient. The reaction here is strongly
exothermic and the yield nearly quantitative, with negligible
formation of undesirable by=-products. In other cases, the temp-
erature must be raised to accelerate the addition process, either
éy fusion or by the use of solvents of varying boiling points,
as benzene, toluene or Xxylene. The use of catalytic reagents has
been avoided in neaxrly all cases investigated to date. The ease
with which these reactions take place has prompted Diels to offer
thevsuggestion that the process is going on in nature, perhaps
by the polymerization of isoprene units from which the terpenes,
sesquiterpenes, and their homologues and derivatives are con=.

veniently considered to be derived.




e
The "diene synthesis®, in its typical course,»is & process
ﬁhiéh must serve as a coniirmation of Thielefs Theorem of 1,4=-
addition. It consists of & "philodiene component" (a substance
containing a doukle or triplelbomd) adding to &z conjugated diene

with the formation of sn hydroaromatic rine?s
Y’ g

N’ N/ \ /

e
—C/ \C/ -—C‘/c\c/ (!‘ -—C/c\c'—.,
cl.' ~+ ﬂ — | ‘\/ or + ‘C“ —_— Il I
TN, 7\ ‘c\c/‘\ | ‘q\e/ﬂ“

/\ o / N\ ‘ / \

This reaction’appears to be a property of carbon compounds.
Qn attempting‘po‘apply the method to nitrogenous substances, as
éyridine and pyrrole, two other reaction wechasnisms were found:
(a) reactions of substitution involving displacement of hydrogen;
and (b) additiqns involving the fqrmation of an acetylenig ester
chain. These will be dealt with in grester detail in the introm
ductory section of this thesis.

It will be noted that the nitrogen compounds used by Diels
and Alder have been so far exclusively cyclie, with but one or two
ezceptionso The purpose of this investigation, however, is tovatt-
empt @ "diene synthesis" by the use of acyclic nitrogenous compounds
accoréiﬁg to the following scheme s
l. I1,4-addition of a conjugated diene to a nitrogen-containing

philodiene components

\./ \ /
Cc
-7 \Q/ —C/c\c/
4+ — T e
__c§§ | =N N—
¢ c/
/ \ / \

2e¢ lgd4~-addition of an anil conjugated with an olefinic linkage to

a carbon-containing philodiene component:
N/ N/

0N —n
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INTRODUCTION.

Ao DIENI SYNTHESES INVOLVING 1,4-ADDITION.

le HISTORICAL.

In 1306, Albrechtl reported the addition of cyclopentadiene
to p=guinone with the formstion of an equimolecular compound to
which he assigned formula (I). This product behaved as g singly=
unsaturated diketone and could be catalytically reduced to (II).
Further reduction merely converted both ketone groups to secondary
alcohols. A dicyclopentadiene-quinone (III) was also isolated,

possessing the properties of a diketone.

CcoO Co Co
/ N\ 7\ 7N\ C.H
i | ;
CH C.H.—CH CH
C\l" /CHZ C{{Z/ 2 ) CRAS \ / 2
co I (e i Co

Yet*even this explanation for the course of the reaction

was unsatisfactory.

Staudinger® suggested (IV) in th H
audinger® suggested (IV) in the /Qs //C\%bH
place of (I), the cyclobutane ring ex- %H ?H—%H i\
. , , CH CH-CcH—CH
plaining more satisfactorily the easy \ /
Cco
reformation of the original components N

under more stringent experimental conditions.

It was not, however, until 1925 that a clue as to the true
ngture of the addition was proposede‘Diels, Blom and Kolld pointed
out that azo-sster (ROOC-WsN-COOR), which is comparable to a half-
guinone, adds smoothly to hydrocarbons containing a system of

conjugated double bonds. Both one and two moles of azo=gster can
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add to one of cyclopentzdiene to yield (V):
74

Ro—¢ CH=CcH Ro—¢
S ’ NH CH =—CH
4 Cha EE—— l
[ \ L —
Ro c/ == CH RN v
—¢ e = C Ro—f
0 CH == CH
Rooc—nlm HH—Q—T’N R00OC — N —— ¢y — CH
/ﬂ RoOC — N C CH Rooc — N CH cH
V! AN / /' \ 7
— CH, it CHy

HOWEVer, because of a lack of agreement with the properties
actually observed, conception (V) was exciuded, as were also
formulae (VI) and (VII).

Fuler an& Josephson4 had explained the additicn of isoprene
to quinone in relation to the system of conjugated double bonds
present in the former and on the basis of Thiele's Theorem of 1,4=

addition, to yield a partially hydrogenated dimethyl-anthraguinone

[} 1
(VIII) s CHy--- /2 -~ Chy /CH{ T _CHy
T Oy
’ ! I ™ E—
- . s - H - .
C”s ¢ CH\ /C/'/ _ c_c”3 Cll3 0\ /C\C/CH\CH/C CHz .
CHz--- ¢ --- ¢4y G : it

o ' °
In strict analogy, Diels, Blom and Koll® formulated the

addition of cyclopentadiene to azo-ester as follows:
‘ cH

CH--- -
,cf/l ==~ N—CO0R cH | N N_coor
ST eHy 4+ | — I ewy
e | --- N—CooR CH\ | _N=-cooR

N CH

CH--- : .
Diels and Aldexr® rightly concluded, therefore, that adducts

(I) and (II) obtained by Albrecht must be regarded as endomethylene

compounds, and assigned formulae (IX) and (X) to the monocyclo-

pentadiene-quinone and the dicyclopentadiene-quinone of Albrecht,

co CcH CH o _ CcH

respectively.
J ed Ned | Ny Mé[YH \fﬂ oy
[ | CHy I CHa | CHy |
oy cH CH el _en  _en | CH
N¢o C'll/ Nch co SeH %
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Further proof for the l,4-course of addition was offered
by the fact that one mole of butadiene will take up one mole of
ot =naphthoquinone with formation of (XI)s

CH
s R /c"\
CH cH ¢ cH
" ! I |

i CcH cu
xi CH //
1]

- N N N
CHy ¢’ ¢

In view of the structural similarity of azo-ester and quinone
to maleics citraconic and itaconic anhydrides, it is not surprising
that the last three compounds mentioned add to cyclopentadieng
guite readily at ordinary temperatures and "also to complicated
hydrocarbons possessing a system of conjugated double bonds, as
byclohexadiene, phellandrene, etce., in the same way as do azo=ester
and quinone. The double linkages of the designated unsaturated
anhydrides or acids open up, and there results, in every case, a
Joining up of the free valences in a l,4~position with the hydro-
carbon, as a result of which a new bond is considered to be built
between carbon atoms 2 and 3. The numefous products a®e so obtained
are in no way molecular combinations but firmly combined and stable.'

A more suitable interpretation of the Diels-Alder reaction
has been made in accordance with modern electronie concepts as to

<0, Considering the reaction of

the course of organic reactions
mgleic anhydride on butadiene, we have two electromeric shifts in
each molecule, the first being a shift of an electron pair from

the carbényl double bond in the anhydride molecule to the oxygen,
giving the latter atom a negative charge so thsgt it may be re-

garded as a donor center. This electrical transfer is followed by
a shift of an electron pair from the carbon-carbon double bond to

to the carbon-carbon single bond in order to maintain the quadri-

valence of the carbonyl carbon atowm. Thus, the 8 =carbon atom is



,,éé;:,,”,
imbued With’receptor‘activity. A similaf seriles of electromeric
shifts oceurs in’the butadiene molecule, creating = dohor center
at one of the terminal carbons, a receptor center at the other.
The first step in the reaction is the attachment of the

active donor center of the DButadiene to the receptor center of the
anhydride{molecale, followed by a shifting back of the electron
pair from the carbonyl oxygen atom, such that the & -carbon atom
of the anhydride becomes a donor center. The latter unites with the
acéeptor center of the butadiene chain, forming the final product

(XII), according to the scheme:

Oy Yo o
& cH R TCHy ¢ _CHa
. ) ,
/e Nen S Nen Scu / ch Scw
o il ~ — q\ gu *h‘ »—»Q\\ | []
CH e, cH c CH _CH

N g c” ey ¢’ NeHy

[} # ] b 41

o o (o]

2e OPEN=-CHAIN DIWNES.

When an open=-chain diene such és butadienebor ABx 1lsoprene
is brought into reaction with maleic anhydride or acrolein, an
unsaturated cyclohexane derivative is obtained by l,4-addiﬁidn5e
Thus, butadiene and maleic anhydride react to give tetrahydea A?-o=
phthalic anhydride (I), which can be converted into the corres-
ponding acid by treatment with hot water. Acrolein rescts similarly,

3
giving 4 =-tetrahydro-benzaldehyde (II) with butadiene.

cH cH
& 2 - 2
CH cH—to CH  TCH—CQ
t + ,0 —_— " { 0
eH cH—eo ey  _CH—cs 1
X en ™ eHg
cH cH
= ¥Ry 2
'y cH, el ZLom
{ + 1] — |
™ CH-CHO CH  _CH-CHO I
X eny en,

ﬁ)’ ~dimethyl-butadiene, on heating with maleic anhyxdride,
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89

yields (III), while oS -dibromo- A®? -hexadiene forms a crystalline

derivative possessing the more complex structure (IV).
P

/ch, B\’
cH
[ ~
ony— ¢~ "oy — eo cH  cH—CQ
Ve IS,
- CH— co” o cH CH— 0
c“?’ C\ /s ﬂL \e"/ LY'
cH, "
0"157‘

Farmer and WarrenS conclude that cyclohexene formation from
open-chain dienes is couplete and remains unaffected (except as‘
regards the velocity of reaction) by variation of the position of
the alkyl substituents.

HEven more complicated adducts were obtained with sorbic
acid and'its deriVativeSS»gle, with muconic acid8911, and with
myrcenego Thus, maleic anhydride &dds to myreehe to form the
anhydride (V) of isohexenyl-4-cis- a? =tetrahydrophthalic acid, a
reaction which was of importance in demonstrating the presence of

a system of conjugated double bonds in myrcene. With crotonaldehyde,

(VI) was obtained.

CHs  cH cfi CHs
7 CcH
/c"z . " A c\\
5'-° _?H . eH \fH ¢ 3-CH ('f” ’CH
o
\ CHO-~CH C CH
Co—CR c cH NIV AEN 2
B \Cﬂa/ \c : 2 'V/| c"z c".l
\V} —

Substances which are characterized by endomethylene bridges
can be prepared in a similar manner by using cyclopentadiene and
its derivatives. Por exgumple, thé reaction betwesn maleic anhydride
and cyclopentadiene gives a quantitative yield of endowmethylene-
3s6=tetrahydro= Aq -o-phthalic anhydride (I), whereas acrolein and
cyclopentadiene produce 2,5-endomethylene~tetrahydro- A’ -benzal-
dehyde (II). This was used by Diels and Alder? as a starting

Substance
material in the preparation of norcamphor (III).AﬁII) could also

be converted into norcamphene (IV), the simplest forerunner of



this series.

CO\ .
IO
co cHo o CHa,

T T m v
. 5y . o | » N
further researches along these linesi® resulted in the pre=

paration of 6-methyl-norcamphor (V) and of 6,6-dimethyl-norcamphor (vi).

CHy CHy
CH
3 CH CHy
[o] o m 0“3
OH

By the action of methyl-magnesium-iodide on (VI), camphenilol

<l
=
3|

a

(VII) was obtained, and by the splitting off of water, 636=dimethyl=-
camphene (VIII) resulted. By the reversal of the carbon frame-
.Wdrk'acé;rding to the method of Bertram and Walbaumls, (VIII}

passed through the acetateﬂof isoborneol into isoborneol (IX) and
then by oxidation into camphor (X). In this way, by means of the
diene synthesis, a compound was prepared Which was an lamportant

intermediate in the synthesis of the camphenes and of camphor.

G @k &l _

X

=

Investigations into the santene series have also been

carried outlz.

4. BENDOETHYLENE BRIDGES.

It is also of great interest that cyclohexadiene-1,3 will
combine with maleic anhydride in the ssme wanner as cyclopentadienel4,

The product (I} obtained contains an endoethylene bridge.



According to the investigations of Asohanl5, Mohrl8 angd Diels and
Alderlvg this seeuws to be a basic system of rings free of straine.
The complexity of the diene molecule

CH
co—cﬁ/l \\\“c——CHa

seeus to be subordinated in the presence

' GH, CHs
of the characteristic group of double ? éw_c
; = l
. . . -¢
bonds in determining whether a diene co-cu I CHs_cH
CH

-

synthesis will take place. Thus, maleic I

anhydride will react® with the highly complicated a,aphellandrene’
to give (II). Acrolein and crotonaldehyde react with it in the same
manner, proving the consistent course of 1l,4-addition as well as

verifying the position of the double bonds in o« =-phellandrene.

Oo GUINUNEKE AND ITS DERIVATIVES.

The ability of various quinone-derivatives to undergo diene
syntheses has found iwmportant applications in the realm of syn=
thetic organic chemistry.18 It is possible, choosing the simplest
example, to add one mole of a diene, such as butadiene, to p=quincne
to give the partially hydrogenated naphthoquinone (I), or two
diene molecules to produce the bis-cowpound (II), the latter being
a partially hydrogenated anthraquinone. Both products appear as
diketone rather than as gquinone in character. With o -naphtho=
quinone, the adduct obtained by the addition of butadiene is (111),

being a partially hydrogenated anthraquinone, but not identical

with (II). : () = meso
QL x o,
@
H H i
O T (o]

With ly3~dimethyl-butadiene and o =-naphthoquinone, (IV) was

obtained by Diels and Alder, while cyclopempadiene~1,3 adds to the
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same Quinone with formation of (V). The latter readily loses two

H=atoms from the 9 -position to give lsd=-endoethylene-l,4-

VI).
°|‘ o
H

It is impossible, according to Bredt's theoremlg, for the

dihydroanthraquinone (

vi

bridge head and inside bridge, in the camphenes and pinanes at
least, to be loosened. That is, the o« -~hydrogen atom at the bridge
head in (V) cannot wander to the meso=-position, although the o0 =
hydrogen is qualified to do soe. It is, however, possible for the
endoethylene bridge to be thermiezlly split off.

By allowiné'an excess of isoprene to act on quinone at 1009,
two moles of hydrocarbon will add on Wiﬂh the formation of a
colorless adduct which appears to be a mixture of two bis-isopréné¥

- quinoness

By the action of air on an® alcoholic-alkaline solution, both forms
lose eight H-atoms and are converted into their basic aromatic
systems, 2,6- and 2,7-dimethyl-anthraquinones, respectively.

In other words, the quinone~diene adduct may be stabilized
by a wandering of hydrogen or by its elimination. In the cases of
the mono-diene-quinones (a) and of the mono-diene- oC =naphthoguinones
(b), the wandering of the H-atoms from the v = and o =positions,
respectively, to the ketone-oxygen, means a stabilization of the
adducts with formation of benzene (c¢) and naphthalene (d) systems,
respectively. Hence, the ability of these compounds to be acylated

and thelr tendency to enolize.



C el1le

The bis=diene-quinones, however, act differently. Here, by
the wandering of two H-gtoms from the d -position, the stable
cyclohexane configuration of the middle ring must go over into a

dihydrobenzols

0D = 00 - O

Hence, tnese compounds are not acetylated by boiling acetic an-
hydride under similar c&nditions used for the mono-adducts, while
on heating eight H-atoms are lost by oxidation in the air.
Cyclopentadiene, likewise, combines with p-qguinone and with
a.enaphthoquinone with the formation of mono-cyclopentadiene=
gquinone (VII), of cyclopentadiene= o =naphthoguinone (VIII), and
of bis-cyclopentadiene-quinone (IX).
Rn

Vil
H vili
o) H

We can therefore regard the diene addition products of the
guinones as true lg4-adducts, formed in the same manner as Witb
other philodienes. There remain, howevér, two drawbacks to the
formulation of the products, especially those with pronounced
tautomeric wandering of ihe Y - or @ =hydrogen, and those contain-
ing endo=bridges whioh are characterized by marked inssability.
Diels and Stein assume "that the explanation is to be sbught in s
spatial structure which must show notable tension, according to the
manner of the temsion in the camphor systems” (ibid.).

The addition of dienes to di-quinones was attempted by
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Fieser and DunngOQ 2s5-dimethyl-butadiene and naphthacene-di-quinone
yielding (X), from which Zyb=dimethyl-anthraguinone and phthalic

acid were obtained on alkasline hydrolysis.

o o Oew, © o
¥ Nyt — —_— Q“’.'. ph thals
/ CHg : cus acicd
o O oe"’“o o
x

Diene syntheses with substituted quinones have provided
interesting results. For example,; a mono-addition product (XI)
wa s obtained by the use of butadiene and pmtoluoquinonegl, while
with p-xyloquinone a liquid mono~butadiene- and a crystalline

bis-butadiene adduct, (XII) and (XIII), respectively, were formed.<ols22 -
nQ cHy 2 v CLN
e

z
[y

|

X

H o H o X H o CHy X

1%

In using alkylated quinones, stress is laid upon the use of
the righy experimental conditions®?, Thus, 2,6=dimethyl-naphtho~
guinone~-35,4 decomposes completely in boiling benzene, an alcoholic
solution remaining clear for a longer time. On the other hand, 3-
chloro=naphthoguinone=1,2 is more stable in benzene or chloroform
than in alcohol.

Whereas some substituents, as the isopropyl group in thymo=-
guinone, prevent the formation, generally, of the bis~compound,
others, such as hydroxyl or halogen, are less firmly attached and
may be completely eliminated during or after addition, the new six-
atom ring becoming completely aromatic, as in the conversion of

® -hydroxy-napthoquinone with 2,3=-dimethyl-butadiene to (XIV).

o A

Y] \ CHy / CHz
Cﬂa

/- CH3 N -

X1v



alkyl-substituted ortho-quinones have been successfully
employed in diene reaction3253243253 2y0=dimethyl=3,4=-napthoguinone,

for example, adding to 2,3-dimethyl-butadiene to give (XY):

[o} [o]
CHS o CH3 o
—_— CH3
CH3 XY
+ \ CHy , H
— Q"s
CHy cHs

In the hope of making a closer spproach to the sterol
structure, an attempt was made<° to condense 7~hydroxy~l,g=
naphthoquinone with vinyl-cyclopentene so as to give 7=hydroxy=
ls2=cyclopenteno-phenanthrene which exhibits certain features of
the oestrone structure, but without success. 4s a result of this,
Fieser and Dunn set out to determine whether an CH=group per se
influences the reaction adversely, since they observed that
hydroxylated quinones seemed to undergo decomposition before
addition occurreds

A decrease in reaction velocity was noted with the progress-—
ive introduction of OH=-groups. Further, nearly all the hydroxylated
para=-coumpounds studied condensed satisfactorily with dienes,
juglone (XVI) giving a typieal addﬁct with 2,3=dimethyl-butadiene,
On the other hand, the reaction product (XIX) from naphthopurpurin
(XVII) showed that the addition had actually occurred to give the

tautomeric form (XVIII) of naphthopurpuring

oH © oH 0 o OH w©o ©OH
oH \ oH CH3 oH
) ——
6“3
XVt H
o Xvi oy O “xvit O ey XVt o on XX

Due to a lack in stability in the hydroxylated 1l,2-naphtho-

guinones and because of thecadverse influence of this type of
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substituent groups other substituents were sought which might
stabilize the guinone in the same Way as an sngulary methyle-group,
yet which could be subsequently eliminsgted. The 3= and 4-halogen
and dihalogen derivatives of l,Z2-naphthoguinone were tnerefore
investigated. 3=Chloro-l,2=-naphthoquinone was found to react to
give (XX), the presence of even a trace of alcohol having a delet-

erious effect on the reaction. In the course of & few hours, HC1

would be lost on exposure to the air to give (XXI).

fo) (o]
0 o
— o —>
&
H
- Me
6. THE USE OF POLYENES. Me XX

In the addition of maleic anhydride to arylated dienes, to
trienes and to fulvenes, the same course of reaction as with cyclo-

pentadiene was demonstratedgg, lgésdiphenylmhexatriene,kfor

example, giving (I)8:27, ; CH=CH
Had the first anhydride R=CH CH=-CHZCH=-R
molecule added in the 1,6=- CH=-CH
o . | (R = CgHp)
position, it would have been T QQ 90
v ‘ ; , RNy

possible for a second mole of anhydride to be taken up.
Recognizing the diagnostic value of the addition of maleic
anhydride, shquld it proceed exclusively in the l,4-manner, Kuhn
and WagneraJauregg27 investigated a series of polyenes in an
attempt td fix g general rule for the course of the addition process.
1lys8=diphenyl-octatetraene takes up two moles of maleic
anhydride to give 6,6'=bis=(3=phenyl=cyclohexene~1l,2=dicarboxylic

anhydride). On carrying the reaction out in boliling Xylene, in-
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stead of by warming to the melting points 2 higher-pelting isomer
was isolsted. The latter had resulted in the first reaction only as
a by=producte This isomerization, also found in the adduct of
l,6=di§henylnhexatriene, is explained as being due to a probable
displacement of the double bound in tne partially hydrogenated
benzene nuclei. 4 mono-mzleic anhydride addition product was
obtgined with difficulty since it appeared to be even more reactive
than the original molecule.

With l;lOedipheny;wdeqapentaene, two moles of anhydride
add on.inrthe l?@”;?ﬂd ls;7-positions, the middle bond remaining,
wbilevthree moles mare‘ﬁaken ap in the formation of:the chief
addi@iqn product of lslzwdipheny;mdodecahexaene. l;14=Diphenyl=-
tetradecaheptaene behaved simiiarly‘to hexaene.

The’formatioﬂ of a ten»membered ring with octatetrasne and
of a twelve-membered ring with decépentaenezg,could not be proved.
Only six-wmembered rings were found to result27,'the reacting diené
group lyingrat'thefends of the chain of the diphenylwpolyene
molecule. This helghtened activity at the terminal methine groups

is presented in the following figure:

oo~y

and is a phenomenon which can be related back to the obssvation of

'1“‘]&13‘.@31@29 that lg4wcarbon gtoms in a system of double bonds show

heightened activity in adding hydrogen, and to similar observations

Qf Kuhn and Winterstein®® with regard to 1l,6=addition of hydrogen

in trienes, l,3=addition in tetraenes, and l,1l0-addition in pentacenes.
That no larger carbon rings, such as by l,6- or 1l,8-gddition,

were observed was understandable on spatial grounds, the double bonds

of the diphenyl-polyenes lying in a trans-position (see figure).
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7e POLYVHRIZATION OF DIZNES.

4 large number of polymerization reactions of many dienes,
such as butédiene, isoprene, cyclopentadiene and cyclohexadiene,
have been shown to be true diene syntheses. Thus, in the case of
isopreney WagnermJaureggBO demonstrated three possible courses of
dimerization. The formation of dipentene (I) takes place chiefly
at 250-2909, while (II) is formed at room temperature or on wod-
erate heating. (III) was produced by warming, with rubber as g

by»product51a In each case we are dealing with l,4=addition.

eH
CH 3
cn, CHy ™5 3 s

N N\ — ﬁé\ eH
K\ —> | on, O P> cHz
O G N
cu‘( Hyme=en, " a
N

i m

=

Alder and Rickert3? concluded that "the polymerization of
dienes can proceed in two different directions, of which the first
ieads to high-molecular rubber-like polymers. This process is
effected according to a chain mechanism and is influenced greatly
by catalysts, in the positive or negative sense. If carried out in
the warmth, then it proceeds to give a concurring reasction which
leads to low-=molecular terpene=like dimers. This is brought about
according to the scheme of the diene synthesis and is character=
ized by an extraordinary insensitivity to catalytig influences.®

Similarly, with cyclopentadiene52, both di= and tri-cyclo-

pentadiene polymers have been isolated, (IV) and (V), respectively.

O -0~ G0, — BED;
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In fact, a seven-membered polymer has been prepared.
, ; . B : P

55454 435

Cyclohexadiene yielded a dimer containing an endo-

ethylene bridge.

Se THE USE OF VINYIL, STYRYI, AND AILILYL COMFOUNDS.

3 .
- With butadiene, A =vinyl-cyclohexene (I} is readily
obtained9s 36, By further polymerization, two trimers could

conceivably result according to scheme (a) or (b)s

7 A\

+ +

N _ / () ’
T 1t

" « @

o
The first scheme (a) is analogous to the formation of’tricyclo—

pentadiene frowm dicyclopentadiene and therefore assumes a diene
synthesis to the cyclic double bond in (I). According to (D),
the vinyl double bond im the dimer is attacked. If (a) is correct,

then tributadiene is vinyle-octalin (II), while if the reaction is
7

3,3
according to (b), then a (symmetrical) A =octahydro-diphenyl

(IIL) is produced. On investigation, the latter assumption was
shown to be correct, although (a) might conceivably take place
under other circumstances.

| "The characteristic new factor which comes into play in the
diene syntheses of As-vinylwcyclohexene is the fact that here mz
a single vinyl group takes over the function of the active
ethylenic linkage52g Till now, this seemed to be a privilddge of
such olefinic linkages as are held in adjacence

to C:C double bonds and C:C triple bonds, Q
respectively, i.e., an unsaturated group as zi
C:O,kaN, c:C ana CgHg." Till now the only exceptions from this

rule had been the double bond in the bicyclo~(1,2,2)~heptene
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system (IV) and the triple bond in unsubstituted acetylene37o
The synthesis of the diphenyl system by a diene synthesis

Wiﬁh cinnamic aldehyde (V) on the one ﬁand and with AB ~yinyl-

cyclohexene (I) on the other brings up the guestion as to whether

styrol (VI) and its homologues are also able to undergo the same

reaction®6. Styrol. ss &n olefinic component for the diene synthesis,

3
must essume a middle position between cinnamic aldehyde and A -

vinyl=cyclohexene insofar "as it lacks the activatineg influence

/EH @\
CH=CH v eH==cHs. CH=CH,

-

of the earbonyl group of the aldehjdeg its double bond, however,
lying in adjacence to a phenyl group, a factor which is omitted in
As ~vinyl=cyclohexene.”

Styrol should therefore be expected to react as readily, if
not more so, than £? -vinyl cyclohexene. This it does, yielding
(VII) with butadiene. In a 1like mannexr, indene (VXII) will react

with butadiene to give 2 -tetrahydro=fluorene (IX), which can

be dehydrogenaﬁed with selenium to flvorene (%)

A geries of diene syntheses have been carried out°® with
various allyl compounds, the simplest being the addltlon of
cyclopentadiene to gllyl alcohol to give (XI), 2,5= methylene~

tetrahydro=-benzyl aloohol. The reaction with cyclopentadiene took

CHy, :
-+ Il —_—
CH :
™~
CHOHW CH,OH

place only on heating to 1500,; whereas acrolein, which possesses a

x|

carbonyl=-group in adjacence to the C:C double bond, reacted at
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room temperature, The aectiveting influence of the CO»group can=
not be overlooked in a consideration of reaction velocities.

Other allyl eompounds found to react were the ester of allyl
alcohol, and allyl halogenides, amines, cyanide, carboxylic acid,
and iso=thiocyanate.

ihere the addition of the double bond in -C:C=KR to & con-
jugated diene is being cousidered, the reaction is independent of
the nature of Ry, that is, of the functional groups =-0H, =Cl, uBf,
=CN, =COUH, «NHg. The inactiviiy of many such philodienes is
better explained by other factors, as degree of substitution,
spatiél arrangement of the substituents at the double bond, ring
closure, etlce.

The Diels-Alder reaction has been applied to «B8 -unsatur-
gted nitro~bodies, sulfones and thiONethersgg. Thus, cyclopenta-
diene adds smoothly at 1000 to nitro-propylene to give the
partially unsaturated adduct (XIT) which could’be reducedito the

corresponding saturated amine (XIII). 2,3-Dimethyl=butadiene,

CH — CH3 CH3 CH .c H3
+ — N 2
CH~ NO2z NoO,, NH;

xXm

xii | X

with p-tolyl-vinyl-sulfone, yields p=-tolyl=-dimethyl-cyclohexenyl=-

2
sulfone (XIV); butadiene adds to A =butadiene-sulfone to form (XV)3;
while with the unsaturated p=tolyl=vinyl=thicether, adduct (XVI)

is produced. '\\;q

(P) CHy=CH,~ S0, (p) eM; —C hy-S

—— CH3
2 50, X VI

9. ANTHRACENE AND ANTHRACENE DERIVATIVIS.

Anthracene gnd its derivatives were brought into reaotion41
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with various philodiene components, not only producing more

but also establishing the Armstrong42»Hinsberg43 formula of

anthracene (the orthoquinoid formuls of K. H. meyer44) (I)e The

» adducts obtained possessed structures similar to (II) with maleic

CH:¢O
i o
eH-Co
T i

’ anhydride, in which the addition had taken place gt tihe meso=-
carbon atoms 9 and 1l0. By the linkage relationship% of the
anthracenes, it was found that the ethylenic bonds were dis-
tributed on the framework of the fourteen C-atowms in sgch a way
‘that a conjugated system was present, with consequent ability to
undergo diene gyntheses, alﬁhoﬁgh to & smaller extent than in
other conjugated aliphatic or acyclic systemss

With dibromo-maleic anhydride, (III) is obfaineda By
tréaiment with catalytically stimulated hydrogen in glacial
acetic acid, this is cénverted to (IV) By loss of both Br-stoms
and formation of a double bond in the endoethylene bridge. As
would therefore be expected?9s46, (IV) should reéct with buta=-

diene to give (V). On warwming, the latter is decomposed into

dihydro-anthracene and phthalie anhydride.
The C40z-bridge in (IV) is split off on heating, but whether

it is split off as such

. ; e
or as & unixture of CO /co
and COo is not clear )

2 H N\ &

since heating (IV) in

1<l
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.benzene for a long time results in the production of considerable
awmounts of CO and COs, together with the formstion Qf (VI)Q.
Anthracene undergoes other typical diene syntheses, re=
acting with allyl alcoh0158
and with quinone489499 the

latter giving (VII).
49

Clar was of the
opinion that the polar character and probably also the spatial
arrangement of substituent groups in the anthracene wmwolecule afe
of distinct influence in determining the reaction velocity in
the addition of maleic anhydrides

A1l anthracene compounds investigeted were found tokdissecw
iate into their original components on heating, preferably on
fraotional sublimation in vacuo in a stream of COg, the easily
volatile maleic anhydride being in this way separated fromrthe
less volatile hydrocarbons. This offers a possibility of separ-
ating hydrocarbons of the anthracene type from an hydrocarbon
wmixture by their reaction velocities on the one hand and by their

decomposition velocities on the other.

10, SYNTHESES OF PHUNANTHEREENE DERIVATIVES.

Recent researches in the field of sterol chemistry have
stimulated chemists in attempting to find new methods for synthes-
izing phenanthrene derivatives which show an approach to the sterol
structure or to similar structures showing the desired bilological

activity.

C\o CH3
Naphthalene derivatives 2
co CHg

have been used with success, ‘
4 /

Fieser and Hershbergdl:52
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obtaining (II) from (I), 3s4=dihydro-naphthalene-1l,2~-dicarboxylic
anhydride.

Benzphenanthrene derivatives, such as 2so=dimethyl=-chyysene
(I1I) and 6,7-dimethyl=3s4-benzphenanthrene (IV) were prepared
by Tleserod, who also showed that the presence of 2 dimethylene-
bridge in the 5,10=position in such compounds az?igéwbenZM

phenanthrene derivative (V), which is approachable by the diene

synthesis, adds carcinogenic activity to the molecule.

CH,
CM l||iIl‘|’|
CHy— CHy,
v

By introducing hydroxyl or methoxyl groups into the

<]

phenanthrene dicarboxylic anhydrides,; he hoped to achieverderw
ivatives possessing oestrogenic activity55e One of the compounds
obtained (VI) gave positive results in experiments on mice94,

(R=H, CH3)

Co a ) CH,~
HO O to N —CHy
Vi
- N
-— wn

The synthesis55 of (VII) was of particular interest in
connection with the establishment of the actusl attachment of the
ethanamine chain in the phenanthrene skeleton of morphine (VIII)
(Gulland=Robinson formula).

Aryl hexadienes were used in attempts to obtain the phen-
anthrene structure, but seemed to polymerize due to the action of

56,57

. 27
maleic anhyfiride o Only from ‘3~phenyl~ A =hexadiene was a
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crystalline adduct obtainable in any appreciable yields.

’ Vinyl derivatives were used with more success®®:99, 2=vinyl=
naphthélene, for example, reacting with maleic anhydride to give

4=dicarboxylic anhydride (IX).
o—co
o

—_—— /
I

Bachmann and Kloetzel60’6l were able to approach more closely

2,3,4,12=%¢ trahydio phenanthrene=3,

the sterol structure by the use of cyclopentene derivatives. With
1-(6'~methoxy-2'-naphthyl)=cyclopentenekx-1 (%) and maleic an-
" hydride the sterol skeleton (XT) resulted, whereas adduct (XIII)

was obtained from l»(/3«naphthyl)~2~methylmoyclopentenewl (XI1).

o~ Co

CHz c'o CH3
—ii ‘
i X

6% were able to make &

Dr. Elizabeth Dane and her co-workers
very close approach to the sterol structure by the addition of the
methyl-cyclopentene-dicne (XIV) to l-vinyl=6-methoxy=-3,4-dihydro-

naphthalene (XV) to give a product which may possess one of two
alternative structures, (XVIa) or (XVIb). |

ﬂ'a» o

CH3 0 o
" l CH
% XVlb

Other types of phenanthrene derivatives have been reported
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by Gruber and Adams®3, while the researches of Lehmann6 s though
not successful in obtaining the sterocl structures desired, never-

theless produced interesting derivatives.

11. THE DIGNE SYNTHESIS AND DETERMINATION OF CONSTITUTIONS.

One of the more important applications of the Dielsg=alder
reaction was in the determination of the presence and in the
location of a system of conjugated double bonds in ergosterocl (1)65’66
and in certain of its irradiation products, namely, lumisterol,
tachysterol and calciférol, and in the absence of such a sysien
in the products of super-irradiation, as the suprasterols and
toxisterol. in onntrast to eh&es'chglesterol, ergosterol was
found to contain three double bonds of which two are conjugated,
in positions C5~C6 and Cy=Cg, the third being in tne side chain
at Cgg=Coz. The diene system was first blocked by meleic anhydride,
and the double bond in the side chain hydrogenated under con=
ditions such that‘the double bond formed by the maleic anhydride
remained unattacked. After careful thermic dissocistion of the
anhydride added on, the conjugated system was regenerated, with

the formation of dihydro~ergosterol.

CHs CHy iy CHy CHy
] | /
CH— CH=CH—CH— Clf
22 28\
C"5
CHz~CH-CH3 c“s"‘é”"CH3
L

l

i

—
-
g

|

wallach67s from observations based on oxidation experiments,
concluded that terpinene (from terpineol) is composed of two

portions, ol -terpinene or menthadiene-1,3 (II) and B =terpinene
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or menthadiene=1,4 (III). If (II) is correct €Hs

for the o¢ =form, & typical adduct should be . 0%
obtainable with maleic anhydride, while if ¢
(III) is the correct one, there can be no CH3—ch—en; . i:

diene synthesis. The researches of Diels, Koch and Frost®® showed
(II) to be the o -isomer due to the formation of (IV).

Since the diene synthesis may be applied to the detection
of guinoidation, a typicalxreaction would result With hyd:azo
compounds, provided the latter exist in the tautomeric quinoid
form. Lauer and Miller69 were able to show that certain p-
hydrazo comppunds, but not all, react as if they Wefe quinone
hydrazones. Thus, 2s4=dinitrobenzene-azophenol (V) adds cyclo=-

‘pentadiene with formation of adduct (VI).

NO,_QNH—NGO + < ] —_— Non NH— No
o . <t
2 — Vi 02

A diene synthesis is not always possible, even when a pair

=<

of conjugated double bonds is present, since comparatively trivisl
substitutions often cause this reaction to fail7o. The diene

synthesis can only be regarded as diagnostic if it leads 1o

positive resultse.

For example, the following compounds do not give diene
reactions with naphthoquinone or with maleic anhydride at 1000:
CHgC1-CH:C:CC1l~CH:CHg3 CHg:CH=CCl:C:C:CHos This is not due to the
fact that &he conjugated system terminates in s series of contig=
uous double bonds, siﬁce this arrangement does not preclude 1l,4-
addition and since this arrangement is not present in the non-

reactive chloride: CHQCl»CH:OCl»CCl:CH~CH2019
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12, EFFECTS OF SUBSTITUTION IN THE DTENE COMPONENT.

Chloroprene or 2=chloro=butadiene (CH236H01mCH:CH2)9 under
ordinary conditions, polymerizes to a rubberalike_gubstange about
'seven hundred tiwes as rapidly as isoprene or butadiene7;g The
- effect of a Br-aztom in the 2=position has an even more powerful
aotivating influence7ge On’the other hand, lwchlorqubutadiene
polymerizes not much more rapidly than does isoprene and the
rubber-like product has very little strength, whereas the corres-
ponding Br-derivative has no rubber-like properties at all. Hence,
the activation due to an halogen atow is very closely related to
ite position73a Multiple substitution does not modify this con=
clusion since tetrachloro-1,2,3,4=butadiene=1,3 does not polymerize
at all.

| No other type of substitution than a single A <-halogen atom
has yielded a compound that greatly exceeds butadiene in the speed
~of its spontaneous polymerization (diene behavior) and at the
same time leads to a rubber=like product. Similarly, a pe emethyl
group increases the activity of the diene, as in isoprene, Whgreas
o =substitution by methyl reduces the tendency to polymerize
and unfavorably affects the quality of the producte.

The chlorinated l,3-butadienes may be arranged in the
following order as far as the speed of their spontancous trans-
formation into high polymers is concerned:BY M B 3 «AY )XYy 37d.
and only the second member of this series yields a polymer that is
Vdefinitely rubber-likes
| Both the terminal methylene groups of butadiene must be

freey if either is substituted even by an activating group, the

speed of po;ymerization“is diminished and / or the properties of
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the pxoduct are adversely affected. We can therefore arrange the
dienes in the following orders:

CHg:CC1-CH:CHg, CHg:CCl-Clle:CHp »» CHie:CCl-CH:CHg, CHg:CCl-Cile:CHie

13e THE ADDITION OF KHTHNIS.

It is of importance in connection With‘general additive
theory to determine with certainty the direction in which add=-
ition occurs in the ketenes and to discover whether ketenic
addition to conjugated dienes are all of the same type, inevitably
leading to four-astom carbon rings instead of to six-atom rings as
might be anticipated according to the mechanism of the Diels~Alder
reaction %s75,76,577,78,

For the addition product of diphenyl—ketene to cyclopenta~

diene, four structures (I), (II), (III) and (IV) are possible:

QO - Ph, o
| I €O —CHPh,
Phy =0 Ph,

the first two resulting by l,2-addition, (ITI) by l,4~addition and

(IV) as the result of the addition of the diéne to the ketene as
.an actize hydrogen compeund. Actually, however, only (I} was

found to resﬁlte This compound is able to undergo further addition
with cyclopentadiene’8s79 to form a bis-compound, also by 1,2-

addition, the resulting product being (V) or (VI).
, ’ (Ph = CHs)

Ph, Ph, 0= g —TY

o 0 F'I-,a o

v

<)

14, THSE KINRTICS OF THE DIENE SYNTHESIS.

The kinetics of the Diels-Alder reaction have been studied

in some of the simpler cases and found to be of the second order,
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homogeneous, and only slightly, if at all, complicated by side
:eactionsBle The velocity of reaction seems to be about the same
in non-polar solvents and in the gaseous stategg?lOo, although

it may be about five times gs fast in polar as in non=polar sol-
vents?%. Fairclough and Hinshelwood (ibid.) conclude that while
the stabilization of a polar product by poler solvents may be a
factor, some part of the effect may be due to an increase in the
collision frequency in such solvents. The heat of reaction in the
gaseous state appears to be constant and the same as in non-

polar solventleoe

15, THeRUMAL DECOMPOSITION OF THRE ADDUCTS AND REVERSIBLE ADDITIONS.

On heating l,4-endoethylene-l,4~dihydro-anthraquinone (1),
‘which resulted by the addition of cyclchexadiene to oc =naphtho-
gquinone, a quantitative breakdown into anthraguinone and ethylene

took place: o H

This reaction has been applied82 to differentiating between
fivéw and six=atom rings on the basis of the difference in stab-
ilitj of their adducts with maleic anhydride. While the adducts
of cyclopentadiene, in reversal of the diene synthesis, undergo
comparatively easy decomposition into their components on warming,
the adducts of the cyclohexadienes are thermostable to quite an

extent and decompose only at higher temperatures.

c

o]

@

O\ 7

4

CH-CO ce cH-Co
o —> + w o () o — +
CH-Co- co CH—-CO

>0
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Difficulties of an experimental nature made it necessary

to resort to a simpler and more practical method (than by the use

of maleic anhydride or of,pequinone as philodiene comppnents) for

the differentiation of five- and siiwatom cyclic dienes, this being

the decomposition‘bf the adduct of the diene with acetylenem_

- dicarboxylic ester. With cyclopentadieneg_a typical synthesis

occurs, yielding (II). The adduct is doubly unsaturated and poss=

_ C—COOEt ' COOEtL
+ oo —_
) C-Cco0QEt CO0Et

ik
esses an unusual behavior on boiling. It either boils undecomposed,
as in the addition products with cyclopentadienevand its lower
homologues, or in the addudts of the higher-boiling homologues
an intermediate decoumposition into its original coumponents sets in,
which couwbine anew in the receiver by properk distillation,
With cyclohexadiene, however, the adduct (III) undergoes a

type of decomposition analogous to that observed with the guinone

or maleic anhydride producte

C-COOQEt COOEt CHz COOEt
4 — —_ 4
C—cooet COOEt CHz COOEL

jik
Thus. the adduct of cyclopentadiene with ascetylenic ester

is obtained undecomposed in the receiver, whereas the cyclohexa-
diene product distills over to give a derivative poorer in carbon.
The next higher ring homologue of the c¢cyclic dienes is
cycloheptadiene=1,3. This behaves analogously to cyclopentadiene
itselfy its gcetylenic ester adduct being thermostable, a dissoc=

~iation of the endopropylene bridge not being observedSé.
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Diels and Thiele®® made use of this phenomenon in the prep-
aration of the hitherto unknown acid chloride Cl=C0=C:C-C0-C1l of
acetylenic ester and of carbon subnitride WiC-CiC-CilW (cf. 5687y,
The latter was obtained by conversion of the aci&»ohloride (1v)
into the acid aumide (V) and thence into the dinitrile (VI),
followed by thermal decomposition of the latiter, while the acid
chioride WasAobtained by a "displacement procedure" of (IV) with

maleic anhydrides

C~Cali fWCf
C—coc/

Substances cOntainiﬁg endocarbonyl bridges, such as (VII),
have been preparedo?:58,89,90 gpg shown to lose CO on heating, to

give tetraphenyl-dihydrophthalic anhydride (VIII).

R R R

]

c— CcH—CO R eo

0 C\C= : >0 o

C— e cH—e8 R e

] | ‘ _

R R i vt
yn (R=CeH5) R

16. SYNTHESIS OF HuTHEROARINGS CONTAINING OXYGEN.

The three fundamental ,

five-membered heterocyclic H " ll " " n

) o WH S
rings are furan, pyrrole and ‘ :
thiophene, containing oxygen, nitrogen and sulfur, respectively.
In view of their structural similarity to cyclopentadiene, they
would appear as sultable for reaction with philodienes. Furan
gdds by the 134=method14, pyrrole by substituent addition, whereas

thiophene appears non=reactive with the philodienes studied.
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Pyrocinchomic anhydride, for exaumple, adds to furan with the

production of a typical diene adduct (I) which cen be hydrogen-

ated to give cantharidin (II).

CH3 CH;

/ /CH3 Lco 4— 0o
¢ cg (o T % — [o] %

o 4+ O/o — €o < co
_ L vkl S
CH; CHy L 3 _'_’

acetylene dicarboxylic ester has been found to add to furan
with formation of both mono= and bis~compoundsg containing one and
two moles of furan, reSQthively, to one of the ester. On thermal
decomposition, the behaviqr is exacﬁly the seme as with the add-
ucts of oyclopentadienea4, that is, decomposition with reformation

of the original compoundse.

Diene adducts with =C0=0-~ bridges have

o)
[

A 3 i 95 CHsO-CO
been prepared and their behavior studied”“.

O\ ~

The product (III) formed by the addition

i

o

of malelc anhydride to cumalic ester loses
it =00=0- bridge on heating, with formation of a bvenzene derivative

which can be saponified to trimesic acide,

17. THE STERIC COURSE OF THE DIENEZ SYNTHESIS.

In the numerousvdiene syntheses studied, stereochemical
gquestions have presented themselves. In some casess as in the
polymerization of the cyqlppentadienes, there has been‘a general
conformity of the stereochemical phenomena observed; in others
this regularity has not been confirmed.

Alder and Stein99, 101 recognized the dimerization of cyclo=
pentadiené9 structuq:ally9 as a diene synthesis, and even from a
steric @iewpointywere able to clarify the process of addition.

They foﬁnd that at room temperature the endo-dicyclopentadiene (I)
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resulted, exoluSively, and that only at higher temperatures did

a concurring reaction take place, leading to the exo=-isomer (II):
L — /o> —

Using maleic anhydride, acrolein, crotonaldehyde and ac-

I

(=)

rylic acid as philodiene components with oyolopentadiene95955996
as the diene, analogous results were obtained. Furan and sylvan
reacted as did cyclopentadiene to give the endo-isomer?7.

The steric courserof the diene synthesis, using bvboth open-
ohain~énd cyclic dienes, with quinone_as the philodiene,‘has

been worked out in an exhaustive paper by Alder and Steingga

18. DIERNONETIY.

A}éuantitative method involving the additive-naﬁuxe of
maleic anhydriderfor determining the awmount of conjugéted diene
in a sample of crude fat or oil has been worked out by Kaufwann
and Baltesl0%,105,104,105 4ng applied also to analyéing anthraoene106,
petrqleum;o7,‘natural reSinleBQ perfumes;og, ethereal'oilsllo,
vitamin A, oargtene’and‘other oils of vegetgble and animal

01’°igins:u“:L

e This method, known as "dienometry" involves the de=
termination of the "diene number" or "maleic anhydride value® (MeA.Va),
The method originally consisted of weighing a 0.1-0.15 gm.
sample of the diene into a 20 cc. Jena glass bomb and, after add-
ing 10 cecse. of a solution of 10 gms. of pure maleic anhydride in

one litre of acetone, xof sealing the bomb and heating for 20
, ol02 . e .
hours at 100© o After cooling and rinsing the contents into s

250 cce. Erlenmeyer flask with 80 cecs. of COo=free water, con-

taining a little NaCl, the mixture was left to stand for 6-8 hours,
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the residue filtered off gnd the filtrate titrated with 0.1 N
NaOH, using phenolphthalein as an indicator. Since one mole of
maleic anhydride reacts with one conjugated system, the extent of
the reaction may be expressed in terms of lodine nuwmber equivalents.
The diene number 1is 1.26%9a where a is the number of ccso.

: sample weight
0.1 N NaOH reguired to neutralize the amount of maleic anhydride .

that has feacted with the sample.

If x is the diene nuwmber of the fatty acid with the conjug-
ated system and D is the diene number of the oil or of the total
fattyragid9 then the percentage of fatty acid with the conjugated
system is 100D/x. |

ilore recently, Kaufmann, Baltes and Buter105 havg been able
ﬁo determinerthe excess maleic anhydride and the free acid formed,
respgctively, in the prgsence‘of the addition produd¢t and of thev
by=-products, immediately after the completion of the reaction, by
means of iodometric titration. Maleic anhydride9 on reflgxing With
Water,_is;cqnverted to tbe‘free acid, which reacts with a mixture-
of potassiumviodide and iodate, according té the equations:

| CH=COOH ‘ CH=COOK
3 A BKI # KIOg = 3 | ) A 3Io /3}120
CH=COOH CH=-COOK
If an excegs of thiosulphate'is added at the start, the reaction
proceeds quantitatiﬁely to a finish. It 1s seen that one mole of
iodine 1s equivalent to one of maleic acid or anhydride.
a weighed amount 6f diene together with

By this methody 10 ces. of 0.1 N wmaleic anhydride in acetone
are treated in a wide-mouthed bottle with 50 ccs. water, 1o Wﬁich
are added 15 ccs. of 4% potassium iodate and 15 cese of 24% iodide

solution, followed by 25 ccése. of 0.1 N thiosulphate. After standing

two hours, the mixture is treated with 25 ccs. of 0.1 N iodine and
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the excess lodine is determined by titration in the ususl manner
with standardized sodium thiosulphate solution.

Higher boiling solvents, such as benzene, toluene or xylene,
may be used, provided that the mixture is shaken vigorously during
the reaction (ibid.).

Coxrection must be made 1f amines or hydroxylic compounds,

with which maleic¢ anhydride may react, are present11291139114e

B. DIENE SYNTHESES OF HETHEROCYCLIC NITROGEN CQUPOUNDS.

1. SUBSTITUTION WITH DISPLACEIENT OF HYDROGEN.

On the,basis of the‘structural similarity between pyrrole
anQ fu:aQ,rit might be supposed that aVsimilar'diene addition with
maleic anhydride would take place. Such, however, is not the»gasells.

Diel; and Aldex found it necessary,rin>working with pyrrple,
to substitute an aqueous solution of maleic acid er the anhyuride.
During the :eaction, a considerable gmount of the acid W&s cone
Verted tp fumaric’acid, butrthis conversipn was not associated ﬁith
a further reaction between pyrrole and maleic acids

The action of agueous maleic acid on pyrrole was as follows,
with production of di;evulinic acid (I)s together with a small

amount of pyrrole-dipropionic acids

- CH=CH . CH-COOH | \ | CHg=C0-CH,CH,-COOH
I >wa £ 21 # 2Hg0 "z 200 A NHz F ‘
CH=CH CH-COOH + CH2-C0-CHaCHp-COOH

—

Better results have been obtained using homologues of pyrrole,
as ol -methyl=-pyrrole. To this maleic acid adds nearly quantitatively
without formation of fumaric acid, proving that the presence of

fumaric acid could only be due to a secondary reaction. The maleic
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aclde= o£=ﬂnethyl%pyrrole adduct contained both cowmponents in a 1l:l
ratio Whereas pyrrole had reacted with two moles of maleic ascid.
In the reaction, the acid had entered thecvaposition in ol =methyl=
pyrrole by displacement of hydrogen, with formation of &« -methyl=-

/ \
pyrrole- X =succinic acid (IL).

CH-CH  __ .. ' CH-CH
I .- Y o
CHz=-C CH £ (H==CH - CHz-C  C=CH—CH,
\ / l I \ /| |
NH 'COOH COOH WH COOH COOH Tr

We can now explain the reaction of malelc acid on pyrrole:
In anslogy with the atove reagtion of «f-methylmpyrrole, pyrrole
takes up two moles of maleic acid to form the tetracarboxylic acid
(I1I) which secondarily splits off GOg 50 as to;produce pyrrole-
(Xd’»dipropionic acid (IV), which then goes over intoc the corres-
ponding l,4-diketone, the decane-dione-4,7-diacid=1,10 (1) by

hyarolysis, with simultaneous liberation of smmonia.

CH-CH ) - CH=CH

o ' =2C032 S
CHzﬂ CH—C C=CH CH2 I —— CHz"’ CHZGC C“'CHQ’“CHQ
/= WA l | \ / |
COCH COCH NH COCH CCOCH Tir o ‘ CO0H KH COOH.z?

N-methyl-pyrrole behaves like pyrrole, taking up'two moles
aqueous maleic acid in the ab(;positionsg The tetracarboxylic acid
formed (V), by splitting off CGg,’goeé>smoothly over into N-methyl-
pyrrolea2g5~dipropionic acid, only a swall portion of this being

hydrolysed to (I).

CH=CH CH=CH

I Il
CHE—-CH——-C C— CH—é—CHQ CH5~C C=C====CH2
I l \ / | ! : \ /| | =
COCH COU0H N»CHS CooH COGH.V— NH COCOCH COOQOH }ﬁ“

—_—

The ability of pyrrole to react With.u/f-unsaturated di=

carboxylic acids (in aqueous solution at low temperatures generally)
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seems to be general and is therefore a useful method of»intro=
ducing side chains containing =-COOH groups. It has also been
established that o -methyl-pyrrole will add one mole of acelylene-
dicarboxylic acid to yield (Vi) .

If’instead of acetylene»dicgrboxylic acids, 1its dimethyl
ester were used with Némethylapyrroleg two moles of ester are added
to each one of the pyrr role derlvatlvellé. The first step in the
reaction is seen as a isubstitution reaction with displacement of
hydrogen's

—_—
¢ c' / COOCHg

+ I
? ' COOCH3 COOCH;3
CHB cu_; COOCH3

The second step is a true diene synthesis, the second mole

of ester adding in a 1l,4-manner at the starred C-atoms, yielding (VII).

c<f00Me u cooMe
' \C—COOMe Coome
/Azﬂ —_ H
N lc/ ™ coome . N , coome —_
© CH;  CoOMe  GH;  Coome ooy

Di-substituted pyrroles in the 2,4=-position seem able to add
in the ratio of two moles of pyrrole derivative to one of ascetylenic
ester by a twofold "substitution reaction with displacement of

hydrogen, yielding (VIII) with 2,4=-dimethyl=-pyrroles

eHy cH ~
l I ? Z l T"-_Tnl R=H (iX)
R=¢HM; (¥
CHS ?H ?H - — CN3 \ /IL ('Q /co 3 (1)
i Coome CooMme N , ™~ l,v e, 97

] U,

i
H
As was noted, maleic acid enters the pyr?ole nucleus in the

-

e =position. In indole derivatives, however, the ol =position is
substituted,‘and S50 the I ~oarbonris attackedll7o Thus,’using
maleic anhydride, o -methyl=-indole produces (1X) and N, x =
dimethyl-indole gives (X).

 Adducts containing two moles of the indole devivativem tfo

one of maleic anhydride have also been prepared. But in contrast
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to the method Qf'single addiﬁiong the anhydride group‘here enﬁersk
as a function in the reaction9 since the adduct is & monpbasic acide.
0f the tbree Gfatomsrin tbis substanceg twq are contained in a
fCQOH group Whils the third is present in a ketofgroupAconmected

with an aJBmdouble bonds The formula’of thecx‘wmethyl=indole ad@a

uet is given by while that of N,(=dimethyl-indole is (XII).
H
Reu (1) CH—CH,—CO ~—CHz=C — ¢
R=cuy (x11) ¢ooH a J<:u3
’ e
T JOH HN N
— el ' -
OH R

By Lregtment w1th;hyqroleam1ne hyarochlorlde, the complécated
base (XIII) results, Which,”by splitting off of water, results in
a well»iorwea oxamino=-oxime.

On the other handllg9 Nemethyl=indole behaves more llLe 2l
dimeﬁhylvindole,giving addugt (XIV), analogous tp (VIII) and_conm
taining two moles indole derivative to one of the ester, rather~
than adding two moles of ester with the production of an analogue

of (VII}. That is, substitution takes place in the o -position

rather than in the @ =pcsition. H A
, N
N o
| —_— ~ a7 €COo-CH=CH-COO0H
cuy  GooMe CooMe XV Xy e

117 yresents yet

The reaction of msleic anhydride with indole
another process. Here, a2 di~-indole is formed which then reacts with
maleic asnhydride to give the monobasic unsaturated acid (XV).

With skatol, an adduct is obtained containing tw ﬁoleS~df
skatol to one of maleic anhydride. It is, however, not¢the same as
that produced with diskatol, due to steric considerations. Form=
ulae (XVI) and (XVII) represent diskatol and diskstol-maleic

anhydride, respectively., The adduct of two moles of skatol and

mgleic anhydride can be regarded as the fumaroid arrangement of
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the substituents zt the double linkage, while the’diskatal gdduct

is most probably the malenoid type of arrangement. CH3

CHz : N
CH
o, HT— N s 3
7 1
! S N
—_— i xviy
N w-T——N XVl co—en=cu—coon
H
Heterocyclic systems with two N-atoms in the ring were
investigated by Diels and Aldertl8, It was found that substances

such as imidazole an@“its homologues, as well as pyrazole and its
dgrivatives, reacted easily, in general, with acetylenic ester, much
as’in the pyrrole seriesg the result of the reactionvdepeﬁding‘
essentially on the manner of substitution by the methyl=groupsy

With 4(5)fmethylmimidazole, forkexample9 apetylenic ester is
qdded in the ratio of 1:1 with the Tormetion of a colorless adduct

possessing either formula (XVIII) or (XIX):

XIX
N———jﬂ:cng “%1[:-—-r
k c CcH 7 T QT=——=CH
NH ! ] P NH | 1
cooMe COOMe Xvilf Coome Coome

2o ADDITIONS INVOIVING FORMATION OF AN ACETYIENIC ESTER CHAIN.

(a) Introduction.

With N, o =dimethyl-=imidazole, two moles of acetylenic ester
~are taken up tQ give a substance corresponding to the adduct of
K-methyl-pyrrole. But in contrast to the scarcely colcred adduct
of N-methyl-pyrrole, this product (I) is brieht red, the difference
in color being due to a difference in the method of formation.

In fact, the formation of this substance*presents a principle
that is without analogy to any experience in the pyrrole series.
Its importance lies in the fact that all six-membered heterocyclic

substances of the pyridine-type (as pyridine, quinoline, guinaldine,
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isoquinolines stilbazole, etc.) add acetylenic ester according to
a similar scheme.
yfhe Qonstiﬁution of adduct (I, formed by the addition of
two moles of ester at the group =N:G(OH5)~ Qf E?ocwdimethyl»
imidazole, was proved by treatment with»brominee The group
~CH=CH-N~CHz was split off to give (II), and this was subsequently

saponified and decarboxvlated to % =picoline (III).
cooMe coome

Coome N‘ \

eH; coome N A
| —_ ' 72 e
CH3 ? Coome L cooMe A ' -

So far we have observed only two types of diene synthesiss
(a) ls4-addition, and (b) substitution with displacement of hydro-
gene. In the case of Ny & =dimethyl-imidazole, however, for the
Tirst time, we have the addifion of two moles acetylenic ester to
a N=C double bon@a This type of reaction, askpointed out above,
‘seems to be general for all nitrogenous heterocyolio rings of the
pyridine type. In all these cases, the adduct produced is intensely
colored and gquite characteristictl®.

The adduct of pyridine with acetylenic ester has been,shown
tQ possess structure (IV), being, therefore, quinolizine~l,2,5,4-
tetracarboxylicntetramethyl ester. On oxidativé breakdown, indol=-
izin51,2,3=tricarboxylic ester (V) results by ring contractione The
mechanism is ss f0110W51203 By the action of nitric apid on (IV)
there results an isolatable intermediate product possessing the
structure (VI). By careful hydrolysis with wérm water, the =NOg
residue is split off to give the nitrate (VII) of an oxide com-
pound. The conversion into the indolizin system takes place by
means of a pilcolinic rearrangement with wandering of the OHegroup

to give (V). The splitting off of the C-COCMe group seems to be a
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stabilization reaction of the hypothetical tricyclic intermediate

CoomMe
product (VIII). / H ono, on
— Ny i
W NN\ coome 2 WMo, c” Mz O N~
W ) =, —_—
A _—¢coome ' /"V\ PN _
H + — H * "
co ] Vi e —
oMe - Nos — No.~
r coone 3 &4
OH CcooMe
Coome / CcoomMe O=C'.—H
Coonmie N No_ - coome — > - coome
_ CoomMe Z{,’ CooMe ~ N coome
' — i ‘ ~ '

Y 3 — i ) cooMe llé Y
"As in the case of the reaction between‘Numethyl»pyr:ole

and acetylenic‘ester, the process appears as a primary addition
with displacement of & =methine=hydrogen and subsequent lyéd=addition
of a second ester molecule. Such an interpretation of the process
is, however, refuted by the Qbservatioh that guinaldine, which

has no oL =methine-hydrogen at its"disposalg undergoes the reaction
With ease, as db pyridine, gginoline~and isoquinoline, with the
formation of an adduct to which we must assign formula (IX), on

the basis of its properties and reactions.

| ) | A
N e NN
-CooMe :
I coomMe
Meo-Co-¢ c:i e —
AN 00 .
(;/ Med - Co N\ coome
CooMe coome © CoomMe

ﬁ"U"nclei somewhat changed reaction conditions (e,g,, if we use
acetic acid instead of ether as a solvent), pyridine and acetylenic
ester react with the formation of mellitic ester (X)g Wermust
assume that this process, which seems to be 2 variation proceeding

at lower temperatures of Berthelot's bengzene synthesiss

¢oome coome
S coom
Me0-co-¢ “C-~cooMe Me0-Co e
i -
Meo-¢o-¢ _¢~coome : Me0-CO eoome  _
. Za )(
c S—
é:oaMe coome

takes place due to the polymerizing sction of pyridine. In the same
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>way it’ia also necessary to assume that two moleegles pf acetylenic
ester are first joined to a chain with two free atbtachwment positions:

¥e0.C0=-C=C C=C-C00le IﬁEeOeCOw(!)=C————C=C’3wCOOEJZe
| A _ | | '
CO0lie CoCue ) COO0lMe COONe
and that this chain then, inasmuch as the conditiocns for a further
polymerizatiqn to mellitic acid are not given, is added on in &
suitable position in the,ring system of the heterocyclic coumponnd
namede>8uch’a position is the‘doub;e~bond in the‘group eC:Nn. This
interpretation of the reactiqn process is‘pasitively explained by
the fgct‘that under all conditionsrtwo acetylene molecules are
’added,vFor the other @asgs, quinoline, isoQuinolihe and guingldine,
the st:actures of their adducts with acetylenic ester are seen by
~ the stxict evidence: they have the same composition; result under
the same’COQditionskandg in reference to coloxr, f;uorescence and
other properties, correspond completely to the pyridine adduct (IV),
so that we must then assﬁme thatlwith themy; toos the diene syn=
thesis proceeds»by taking up an acetylenic ester chain to the -N=BH-
and -N=C(CHz)- groups, respectively.®
There is also formed a substence (XII) of composition
ClGHISOBN* similar in many respects to (IV) and known as
"Kashimoto's substance® after its discoverer, one of Diels' 7
studentsi®0. It differs from (IV) (Cy1yH190gN) by a lack of CHys it
contains all{eight O-atoms9 but only three methoxy~ and no free
carboxyl-groupse. It is much stabler with acids than is (IV) and is
only partially saponified on boiling with HC1l.
Its formation as & by=-product in the reaction of pyridine
on acetylenic ester is important in a study of the complete covrse
of this type of diene synthesis. The reaction involves the elim=-

ination of a methine-hydrogen atow with formastion of s double bond
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between the nitrogen«and theyferﬁiary carbon, and simulﬁaneous
COﬁversion Qf the trivalent nitroganrinto an ammonium ionwwéin
other wordsf a dehydrogengtion of the yellow substance (Iv). It
results from the pfimary quduct (VI) by the action of nitric acid
on thé yellow substance, passing though the intermediary salt (X1)

into (XII). The Kashimoto body is therefore an inner pyridinium salt.

on ¢oome coone

2

\(‘1/ ~HNO3 \(./ / \ Ccoome sapontfication / ! \ cook
,!,\ l'l‘ N\ N - Coome  CHaNy N CooH
o O e W dem W T

Only two methoxyagroups.are hydrolysed, as shown, to give
(XI1IT). By means of diazomethane, this can be reconverted to the
original Kashimoto substance.

Together with the yellow(adduct‘(EV), there resulted in
considerable amount g red ilsomer which could be oonverted»intq the
yellow under special treatment, such as heating over the meiting
paint, recrystallization from certain solyents, etc. The reVerse
change has th been observed. Diels and Alderllg suggest that this
red isomer is a “pre-product" of the yellow adduct. This nomen=
clature serves only for the pyridine series and then only for the
solid’cdndition, while for solutions of the pyridine isomers the
reverse serveslgls Similarly for the isomer pairs in the guinolines
and quinaldinese A more appropriate nomenclature was therfore
proposed, the primery products being termed "labile" so as to
differentiate thewm from their isomerization products, which are
" referred to as "stable."

By employing absolutely acid-free acetylenic ester, conditions
can be so controlled that only the labile red isomer results. The

earlier observed formation of the yellow smbstance was doubtless a

secondary reaction of the red pre-product.
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The isowers may be differentiated in the solid condition
by coloxr, the labile form‘appearing darker than the stable. liegs=
urements of the absorption spectra in methanolic solution showed
that the labile isower absorbed shorter waves than did the yellow
form. While the absorption curves of the stable isomer, in the
measureable range, shows.four maxima, that of the labile product
possesses but two. This characteristic curve is found also in the
isomer pairs of the guinoline- and quinaldine=-series.

The labile»stabmﬁvisomer relationships were shown to be re-
lated to the functionﬁqf the N-atom. The stable yellow substance
acts as a weak, monpuacid base, On Warming the hydrochloride, all
the methyl»groupsware sappnified, accgmpanied by a splitting off of
three moles of CO5 to give the hydréchloride salt of an acid of
formula CldﬁéOgN.HC1f Oxidation of the latter with permanganate
results in the production of oL -picolinic acid. With the labile
:ed isomer,:hpweverz salt formation,has not been observed;nor is
an  -substituted pyridine derivative (such as o« =picolinic acid)
obtained.

Alkali acts'on ﬁbe stable yellow isomer so as to break its
structure down, with production of o -picoline. On ﬁhe_other hand,
no;g ~picoline is obtained with the labile red isomere Instead,
pyridine results, together with aconitic and oxalic acids as
further breakdown products.

It is therefore clear that both acetylenic ester molecules
in the’labile orimery forwm are unquestionablg attached tp the
nitrogen and that, by the conversion to the stable isomer, a
return of a C-atom in the o« =position to the nitrogen takes places

The reaction scheme is as follows:
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Briefly, the unstable red ssomer (XV) resglts by the attach-
ment of the chain (XIV) to the Ne~atom in the =-CH=N- bond of the
pyridine molecule, followed by the isomerization reaction in the
course of which the second attachment position of the chain is
fixed to the carbon atom in the uCH:Nf double bond,; so as to give
(IV), the stable yellow isomer. Structure (AV) is assigned to the
labile red isomer, inferring that this compound is an organically-
substituted ammonium compound with an iogogenically attached sub=
stituent.

Further substantial proof for the structural formulae assigned
the stable and labile isomers 1s offered by the action of diazo=-
methane. while this resgent does not react in benzene solution with
the stable adduct, under the same conditions one mole is taken up

s
by the labile isomer. Two isomeric products result, to which
formulae (XVIa) and (XVIb) have been assigned. Their structure has

been determined by splitting of both to pyrazole-l,2-dicarboxylic

acid (XVII), with reformation of unsubstituted pyridines

cooMe " ¢cooMe —.  cooMe -
-— = -N
()C/Cﬂ:z ),'d\'l I/N ¥ A N
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/ ,’/ ~ C./CooMe f\ / / onc
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N (ﬂ\c/ m \ / CoamMe
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N, XVl
CM;L/ \N - C-coome
—_ | 4 Q
Meo. co—~ C C~cooMe - coome
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‘he Kashimoto substance (XII) resulted, as described above, as
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a by»produét in thelreactiqn of acetylenic ester on pyridine by
elimination of the‘hydrogen aﬁom at the tertiary carbona It was
found that boiling with mercuric acetaté in acetic acid for a long
time(would convert the stable yellow adduct (IV) into the Kashimoto
bodyg If theVsame oxidizing agent wWere allcwed to act on the lab=
ile red isomer, the reaction would take place freely with liber-
ation of heat. This can best be explained by accepting’a different

mobility of the hydrogen in the lazbile and in the stable isomer.

cooMe toome : (‘EOOMe
e
7~ \ coome 7 | \ coome / ‘ / \c—cooMe
— R — / ‘
N N N C~CooM
\ — Coome N+ 7 cooMe \ (+)\c/ e
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Coome 1y o Coo™ X XY . GoeMe

ﬁhereas pyridine reacts with acetylenic ester in ethereal or
benzene soluﬁion to form the stable yellow adduct (IV), the lab-
ile red adduct (XV) and the Kashimoto substance (XII), and in
glacigl acetic acid to yield mellitic ester, in methanolic golution |
another reaction process has been observed;gze,A colorless cou=
pound, the "white addugt“9 results, whose composition differs

from that of the red or the yellow isomers by

OCHg
s
a lack of CO, hence being a tetracarboxylic 7 N en-coome
. ’ s N o
derivative resulting by the addition of one AN \\f¢¢Jcmme
cooMe ——
mole of pyridine to two of acetylenic estere. coome Xyt

Diels and Meyer have concluded that its formula is that given by
(XVIII).

According to Diels and his associatesg in the formation of
substances (IV), (XII) and (XV), thé first action of pyridine on
the acetylenic ester molecule is to form a ohaih of two ester
molecules with two free bondse In ethercal solution, this chain is

attached to the N-atom of the pyridine nucleus, whereby the labile

isomer results, and this, by stabilization, is converted to the stable.
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In methanolic solution, however, an addition of two moles of
methsnol to the unsatursted ester chain tekes place, givings:

CO0lie COOMe COOCle COOMe CHz0=C=CO0CH3
o | | — 2 I
CHng? CH — CH C~0CHz MeC.CO=CH
, R ! o et S
The adduct mey break up into two molequles of methoxy=-fuwaric

ester. This has been isolated in considerable guantity in the
mother 1iquor. Again, the pogsibility of only one mole of wmethanol
adding to the unsaturated chain is offered:

COOIe ('IOOMe COOMe COOMe

l
- CHz0-G CH C==¢

!
I

This chain was considered by Diels and leyer to add to the

Néatom of the pyridine nucleus in the same manner as in the forme-
ation of the red isomer, the result being anvintermediaﬁe product

of strugtgre (XI%) o Such s system tends.to undergo aVstabilization
by’formation Qf a‘fivef or sixéatom ringe A,displacement of hydrogen
from the starred position in the attachment chain takes place to
yield (xX), and this may stabilize further by eliminatidn of
CH30CH2=COOCHz to produce indolizine=tricarboxylic ester (V) or

by the elimination of HCOOCHg with formation of (XVIII), the

"white adduct.” oen OcHy
: |
—d- SOOMQ CH-CoOMe
SN py 7 D o-coome
‘ / CH-coome l Sy
, | * -8
N e-co N~ _ec-cooMe —
N (+)\c/ oMe AN (SN ?/ X X
t
Coome XX eoome

In the quinoline

seriest®l, two moles of

gcetylenic ester were

observed to produce (XXI)

’i;; COOMC . XX 1t Qoo vie

with one mole of guinoline.
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This was found to be the labile isomer since, by heating over the
melting point, it could be’cgnverted to the stable form (XXII)a’
The two were further»differentiated by their absprption‘spectrés
by the addi@ion of the labile adduct in benzene solution to one
mole of.diazqmethane and by’alkalinevand acid breakdqwnskwhich
were in complete analogy with the results found in the pyridine

series.

(b) Bxperiments with Juinaldine.

'& siight variation from the observations noﬁgd above’is
seen in the case of the‘quinaldinemadduct. The abesrption spec-
trum of the‘lébile isomer shows a parallel with the labile pyrid-
ine type although’the curve of the stable form exhibits a deviationo
The 1abile adduct, further, sbowsvsimilarities With the correspond%
ing form in the pyridine and‘quinoline series by its actibn on
acids, alkaligs and digzomethane@ On the other hand, important
differences are noted in the case of the stable isomer. Both conm-

pounds a:e’formed in approximatelykequal proportions yet, once formed,
cannot'be cqnverted into each other, no matter how drastic the
conditions. This was first explained by the ébsence of an H-atom

in the & =-position to the nitrogen, which results in an important
stabilizationt®l,

The discovery in the quinaldine series of two colored add-
ucts, together with the evidence that one of these possesses the
characteristics of the labile type, would suggest that}formu;a‘(l)
be assigned to the labile isomer and (II) to the stable. However,
the fact that the labile cannot be converted into the stable form
under any conditions led to the conjecturelgg that the resulting

stable prbduct does not correspond to the expected formula (II).
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tead, Diels and Kech have advanced the suggestion that the un-
saturated chain resulting from two acetylenic ester molecules is
attached to three positions in the quinaldine ring, to give (III).

This was verified by oxidation experiments.

N N
EHs CH3
N-/ CoOOR ?c o N
R ooR *, | ﬁ“ eook
Ro.¢co-¢ Co ~N
\c ¢ oR CooR Ro-co/cx f C—CooR
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CooR 7 , ‘ coor Il Cook m

This discovery of a triple attachment of the two additive
acetylenic ester moleéules is important in determining the fbrm=
agticn of a third reaction product which appears in considerable
yield‘onvtreatingrquinaldine With acetylenic ester in methanolic
solution. In contrast with the labile and stable'adduots, both of
which sre intensely colored,’this compound is colorlesse

The reaction proceeds as follows: Guinaldine reacts in the
tautomeric form (IV) with one mole of acetylenic ester to give the

intermediste (V) (not yet isolated), together with one mole of
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By displaéement of the hydrogen atom in the peri-pcsition to the
nitrogen, a further acetylenic ester molecule is added on, this
time to the benzene nucleus. This intermediate product (VI), how=
ever, does not seem to result as such. By further displacement of
the starred hycrogen atom, a four-sztom ring is closed up instead,

yielding the Neolorless guinaldine adduct® (VII).
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(6) Experiments with o =Picoline.

cx-Picoline is analpgqusrto quinaldine in thatkit is an
oL ~m¢thylated pyridine derivative, and hepce it Would be expected
that a similar behavior with acetylenic ester ﬁight result. This e
has been borne out in only one rgspect: namely, that the free end
Qf the unsaturated chain of the labile addition product (I) is pre=-
vented from attacuing itself at the C-atom of the pyridine nucleus

124 Rather, the attachment

at which the methyl-group is attached
7

takes place in the o =position, resulting in structure (11) for

the stable isomer. This stabilization is made possible since there

is (contrary to quinaldine) an H-atom in the « -position.
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A,sécond adduct (IV), possessing a bichromate-red color, was
isolated in approximately the same yield as (). Its formation can
be explainéd in the sense of scheme (III1) which hypothesizes a
displacement of one H-atom from the methyl-group to the ester
chaine. 4dduct (IV) betrays an extraordinary tendency to splitx off
one mole of methanol with formation of the colorless substance (V).
This is formed by ring closure between the CHo= and the outer
ester-group and contains three wethoxy=-groups in addition to dis=-

playing phenolic properties.
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(d) Experiments with Stilbazole.
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Stilbazole (1) is a pyridine molecule‘with

an X -methyl group in which two H-atoms have l
been substituted by a ¥rigid benzal residue.?
g

It will react smoothly125
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with two wmoles of acetylenic ester to

give products comparable to the stable and labile adducts obtained

™

in the case of pyridine and quinoline. The labile isomer (II) is

formed by the addition of the ester chain at the N-atom. On boil=-

ing with xylene or with phenol it is converted into the

1

Ufirst

stable adduct" (III). A new experience has been reported by Diels
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and Moller in that the labile adduct can be changed by boiling

glacial acetic acid into a'second stable isomer" (IV) which also

results frow the "first stable isomer" by continued heating with

xylene or by heating for a considerable time over the melting

The isomerization relationships are expressed in the table on

. GHs-CH=CH
CooR Re-co N/
coo)?v Ro.co - CooR
CooR E CooR
pointe
the

next page. Conversions in the reverse direction, however, have not

been observed.
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boiling acetic acid

I

Ysecond stable

¥"labile adduct® boiling in xylene
or welting isomer™ (IV)

(1z)

"first stable adduct” (111)

ﬂs‘formulated above,‘the peculiarity of st;lbazole as an
& -gubstituted pyridine derivetive allows two possibilities for
the addiﬁionrof the gcetylenic ester chain to the ;3CZN~_double
bond: the first leads to the "first stable adduct® (III); the
second to the "second stable adduct" (IV) which may be obtained
from (III) by liberation ofﬂpne end ofythe acetylenic ester chain
from the X -position and reatbachment in the (x'=position.

This i8, thereforgg'the first case in‘which three isomeric
adducts resulted in the addition of aéetylenic ester to a compound
of the @yridine type.

(e) Experiments with Isoquinoline.

£ somewhat different type of experience has been reported as
the result of investigations carried out with isoquinoline and
acetylenic ester. Instead of obtaining one labile adduct, as was
the case until now, Diels and Harmsl<6 isolated two "labile isomers™"
I

occurring together slthouzgh in different proportions, as the

primary reaction productis between the components nameds.

faoR
N N '}é,\f_cm
@) /
//’)’\c-eooe /é’\i;\c/c-MOR
RO‘COE;(;//\?/C~COOR c"ooR ——r
CooR T -

The "first labile adduct® has been assigned fommula (I),
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while tbe “second labile adduct" possesses structure (II). The
Tformer is identified vy 1ts solubility relaticunships and by its
behavior in the 1ight of & quaxtz lamp as an homologue of the labe
ile pyridine=, quinolinewVand stilbazole=adducts and reseumbles, in
its stabilization ability, the stilbazole product. ]
The zction of diszomethane on the "first labile adduot“

shows its association to therﬂlabile””series since it may react
With this reagent guite readily whereas the stable adduct is not
attacked at all. Two isomeric mono-diazomethane-compounds,(III)
and (IV), may result, one of’which and only one being gble to add
a second mole of diazomethaneywith formation of the bis=-compound
('V)s The importance of these reactions is two-fold: firstly, it is
demonstrated that both double bqnds in the ester ohain‘aré not of
equal value, and secondly, by the action of HCL on (V)s one mole

of isogqguinoline and two of pyrazole=dicarboxylic ascid result.
4 B
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The first labile adduct stabilizes swmoothly on heating in

Xylene, with formation of two stable products. Of these, one (VI)

Coome '
coomMe -
preponderates and shows the reactions characteristic of the stable

pyridine adduct. The second stabilization produet resulting from

the first labile @dduct is regarded as a breskdown product possesse
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inﬁ structure (VIE}9 as proved by its breakdown to « =-phenyl-
pyridine. This DenbaCafboxyllC ester was also obtained by the
action of bromine or of peroxide on (I)e
In contrast to the”first labile adduct,” the "gecond labile
adduct"’(II) (which results in small quantity on;y} is quite un=-
stable and tends to decompose into its components. 4 different

behavior has been noticed on stabilization in that this is not

i
o

effected by”the action of acids. The stabilization of the "first
1ab;1e isomer" into the "first stable adduct®, which took place in
nearly quantitative yield.by boiling the adduct in xylene9 resulis,
in this case, in only a swall yield due to a splitting into the
original components. The Bfirst labile adduct" is then synthesized
from these components and this is finally stabilizad to the ¥{irst

stable iscomer.®

(f) Reactions of Hydrazo Compoundse

Hydrazo compounds are also able to react with aceiylene=-
dicarboxylio ester'wiﬁh formation of adducts'resulting by hydrogen
displacementlZSa By the action of acetylenic ester on hydrmazo=
benzene there is formed a SUboEaﬂCG whose composition is beSt\ex~
pressed by formula (I). The elements of water are added on, as
shown in (I1). Pyrazolone formation takes place by expulsion of

water together with simultaneous splitting off of methanol. The

pyrazolone produced is (III)Q»,“ _-Co0uLe
{+) ‘T //C§\
CgEg=1HC —COOle Cgs-N \i——c ~C00le CgHg-N CH
RN — tom} | — I
CoHg=NH o3C-COOMe i C gl =11 —— CO
N CeHg=TH., |  _ ° n
T eQico W -

(1), however, may be stabilized in a different way to give
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'indolewcqéadicarboxylic gster’(v)f the unsaturated acetylenic ester
chain is gttached to a benzene nucleus in an<X’estition in (1v),
whereby, with the accoupanying removal of aniline, the above=-

named indole=derivative is formed,.

0—coome - COOATe
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By,heating:over the melting pgznt or by boiling for a short
time Wiﬁh py:idine<or With’dimethylmaniline, (1) can’be stabilized
to give 2=oxy»SMaailido»quinoline~4wgarngylic methyl ester (VIII)@
Thg formstion of ﬁnis guinoline derivative can be explained by the
fact that the acetylenic ester chain may also becoume attached to
another benzene nucleus, in the < =position! The hypotheﬁical
intermediate product (VI) is then formed by splitting offvcf“
methanol between the uﬁH aad fCQOMe groups, by the breakind off
of the 5NwNa linkage and attachzment of the hydrogen to the
nitrogen atom to give the keto-form (VII) of the quinoline
derivative (VIII). 7

Thé above would suggest that we have, therffore, a method for
preparing pyrazolones, indolenes and quinolines frouw hydrazo»
benzene and its derivatives. The smooih formation of such adducts
was, in fact, shown %to be a generai propertylgg, at least insofar
as N,N“ndibenzylnhydrazine, symmetrical and unsymmetrical phenyl-
benzyl»hydrazine, tribenzyl-hydrazine and Ne-phenyl-N,N'-dibenzyl-
hydrazine are concerncd.

Thus, unsymmetrical phenyl-benzyl-hydrazine will react with
acetylenic ester in methanolic solution to give the labile product

(IX), which then splits off a molecule of amumonia with great energy,
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forming Ne-benzyl-indole=dicarboxylic ester (%) .
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With hmphenylahsN?mdibgnzylmhydrazine, th isomeric adducts,
differing in melting po‘int‘, solubility and color (one being yellow,
the otheerolorlegs)9 have been obtained. By the action of a very
small hydrogen-ion concent:«fatipn9 the yellow substance is opnvérted
to the colorless. The yellow labile form’musﬁ therefore be repres-

ented by (XI) and the colorless stable isomer by (XIT)

coomMe
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H“\c coomMe \c Coome NN - cHa- GHs
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On boiling with xylene bot»h is{omers go over into (X), but
in boiling pyridine the quinoline derivative (XIII) r‘esults instead.
The explanation is thisg The yellow labile isomer (XI) is
first converted to the colorless stable form (XII). By further
hydrogen displacement the diamine (XIVa) is formed, although it

has not been isolated as vet. The basis for accepting the form-

cooMe f”"”"
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ation qf the diawmine as»ankintermediate stage 1s on the grounds ofv
its stabilization to the indb}e derivative (X) and to the guinoline
derivative (XIII)x The first of these éonvergions is understandable
on the assgmpﬁion that the digmine reacts in tﬁe cis=iorm (AIVa),
the stabilization to the indole derivative resulting on the elim=
ination of benzylamine. The formetion of the gquinoline defivativeg
on the other hand, requires the assumption that the diamine reacts‘
in the txans=form (KIVb) which, by~splitting off of wmethanol, gives

rise to & ring closure with production of (XIII).



DISCUSSION.
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45 has been pointed out previously (p. 2)s the purpose of

W
t—o

this investigation was to attempt a "diene synthesis"™ by the use
of acyclic nitrogenous compounds, according to the following
scnemes:

1. l,4=addition of a conjugated diene to a nitrogen-countaining

philodiene component:

\/
—c” ~
| - C<
- .y N —
N | Ne”
2, l,4-addition of an anil conjugated with an olefinic linkage to

& non-nitrogenous philodiene componenba

\/ \/
\
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A discusslon of the results obtained follows.

From the position of the nitrogen atom, that is, whether
locatead inzthe vhilodiene or in the unsaturated anil, it has been
deecmed advisable to divide this section into two partse.

Ae THE NITROGEN ATOM IW THo PHILODIENE COMPONENT.

i .

The materials used were paired as follows: cinnamzl acetophencne
and benzal aniline; anthracene and benzal anilines cinnamal
acetophenone and phenyl isocyanate; anthracene and benzonitrile
cinnamal acetophenone and benzonitrile; and cinnamsl acetophenone

and cinnamal aniline.



reagent, 3 series

of attempls were made 1to effect a reaction with benzal aniline. The

conditions to which these substances were subjected vsried consider-
ably, from mere mixing in solvents such as ether, benzene and glacial
acstic gcid, and fusion, to the use of.activating agents such as
concentrated sulfuric acid snd anhydrous aluminiuvuaz chlorides

- Hefluxing equimolecular qguantities of cinnawmal acetophenone
and benzal aniline for swo hours in ether znd for two and six hours,

resvectively, in benzene, appavently did not present sufficiently
severe conditions for a2 reaction, boin components being recovered
unchanged.

3y warming on the water bath at 1000C for one hour in glacial

S

Lt

gcetlic acid, a slight greenish-red fluorescence was noted. Hxtract-
ion of the acid solution, after dilution with water, resulted only
in the recovery of some cinnamal acetophenone. after the addition

A4

»of sufficient NalH to make the acid residue alkaline, an ethereal
extraction was carried out, a slight swount of a reddish viscous

mess being obitained. This could not be recrystallized or otherwise
identified. Refluxing in glacial acetic acid for three hours over

an open flame (1180C) gave a more marked fluorescence and a slightly}
larger yield of the reddish wmaterisl.

No reaction was noted by fusing cinnamsl écetophenone with
benzal aniline &t 10000 for two hours, although the reaction mixture
developed & reddish color. Fusion at 1500C for three hours on the
0il bath, howeverg resulted in the entire wmess becoming quite
viscous and gummy ancd possessing a red colore. Fractional crystall-

ization from ether resulted in the recovery of nearly all the cinn-



~observed, the intensity of the coloring was greater than in the

fusion mixture obtained by heating the reagents at 1000C, g fact

- initial materials had taken place or that g slight amount of

dry HCl gas was passed in, resulting irn the formation of a buff-

)malwacétophenone originally used. While no condensation could be

which would suggest that a sllght decomposition of one of the

colored product had been formed.

By forcing the reaction by fusion on the oil bath at 1800
for ten hours, a red viscdus mass was obtained. This was solublé
in the common organic solvents,_although it could not be re=-

crystallized from them. The mixture was dissolved in dry ether and

colored, flocculent precipitate, amounting to less than 9.1 gns.,

and melting at 183°.

The experiment was repeated in the hope of obtaining a larger
quantity of this substance, the fusion mixture being kept at 180-200°
for flfteen hours. After cooling, the red gummy mass resulting WqS
dlssolved in dry ether and filtered, yleldlno a few small whitish
c¢rystals, amounting to a few milligrams gnd melting over 300°, with
decom9051tlon. The flltrate Was treated as before with dry HC1L,
glVlnc g reddish brown prec1oltate, meltlno at 1600 This was

identified as aniline hydrochloride (m.pt. 1989) by the formation

of an azo- R -naphthol derivative of mepte 130-1310.

4 further attempt was made to increase the yield of the

substance melting over 3000 by carrying out the fusion at 1800 for

- thirty hours. The yield was negligible, as before.‘Anlllne hydro-‘

chloride was azain obtained. The high-melting substance was insol- -

uble in benzene, ether and chloroform, but could be dlssolved in

acetone. The yield could not be increased by fusion at 1800 over
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ifteen hours, nor st 2200 for twenty hours. Due to the small
yield and to the timé Tactor involved, it seemed inadvisable to
pursue this feaction further, although the nossibility remains that
it may be the diene synthesis sought. The smsll y&eld may be due to
the fact that the reaction sets in only at temperatures over 1500,
sccompanied, however, by & secondary reaction resulting in the
deccuposition of most of the reaction procéuct. The substance
melting at 1830, reported above, may be the 300° compound in an
impure condition. Carfying out the reaction under strictly an-
hydrous conditions (a drying=tube at the free end of the air
condenser, sodium=dried ether, and vacuum=dried materials) gave
the high-melting substance as before, although aniline hydrochlor-
ide was no longer formede The latter results by the action of HCL
on unchanged benzal aniline or on free aniline present in the
reaction mixture. |

Activetion of a mixture of equimolecular portions of cinn-
amal acetophenone and benzal aniline with concentrated sulfuric
acid, in the cold, was next carried out. BEther extraction of the
acid solution, after dilution with water, resulted in the recovery
of some cinnawmal acetophenone, while extraction of the residue,
after making it alkaline, gave a slight amount of a reddish viscous

mass. Heating the reaction mixture for a few minutes in one case and

l;lg

or half an hour at 100© in the other gave no indication of a
reactione.

An attempt to activaté cinnamal acetophenone and benzal aniline
by the use of anhydrous slClgs by reflusing on the water bath in dry
benzene for an hour, was unsuccessful. It was, however, noted that
mere mixing of the cinnamsl acetophenone with A1615 producgd a red

halochromism. By carrying the reaction out as before, save for an
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~increase in the time of reaction to three hours, the color changed
to & derk-greenish-black. Extraction with benzene led to an emergld-
green benzene layer, changing slowly Tto orange-~red on standing,
especially in the presence of anhydrous NagCOz or on warming. On
allowing the solution to evaporate down to dryness, a reddish
viscous mass resulted. Yhis was dissolved in dry ether, with the
exception of a greenish flocculent precipitateuwhich, on filtering
and drying, turned black and tarry. The same flocculent mass could
be precipitated frowm the ethereal solution by means of ligroin or

of petrol ether.

The ethereal filtrate was divided into two portions. One was
allowed to evaporate to dryness and an attempt made to dissolve it in
alcohol. Only a slight amount did so, the fraction remesining being
of a tarry character, insoluble in benzene and ether and but slightly
in chloroforme. The alcohol=soluble fraction must therefore have a
solvent effect on the latter, since a wixture of theatwq dissolves
readily in the solvents named. The action of dry HCl gas on a sol-
ution of the insoluble fraction in chloroform gave no precipitate,
whereas the gﬁmmy mass was precipitated from an ethereal solution

of the alcohol-soluble fraction.

Dry HC1 gas was carefully bubbled through the second portion
of the ethereal solution, causing a flocculent material, gummy in
consistency and red, tinged with black, in color, to separate. On
filtering and drying, the mass became ﬁarry and black. The black
blobs were dissolved in 95% ethanol. On the addition of a little
water to this, & yellow crystalline solid wes precipitated, melting
ét 1200. By the use of aummonia instead of water, the yellow material
was again obtained, melting at 1220. A few crystals of the latter

were 4i1ssolved in dry ether and re-precipitated as a green powder by
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means of dry HCl, melting at 1129, This would suggest that the 122°

N 2

suvstance 1s a free base and

o+

hat the 112°€ compgund is its hydro-
chloride salt.

A sultable solvent for the sallt could not be found, from the
point of view of re-crystallization, whereas petrol ether was the
only one which could be used for the base. & few reddish crystals
of m.pt. 929 were obtained from the latter by filtering an hour
giter dissolving. No more could be obitained, even after six months,
the solution being exposed to the ailr for this time. After the
petrol ether had been evaporated off, a reddish oil was left, but
this could not be purified by distillation, even in vacuo, as it
went gumny.

In no case wes 1t possible to obtain more than a fraction of
a gram of the free base and what was obtained could not be purifiede
It was therefore necessary to posipone further investigsition of this

reaction.

2o ANTHRACENE AND BENZLL ANILING.

The conditions to which snthracene and benzal gniline, in
cgguimoieculsar pfoportions, were subjected were: (a) refluxing in
benzene for six hourss (b) refluxing in xylol for five hours; and
(¢) fusion on the oil bath at 180-2000 for twelve hours. In each
case, the entire amount of anthracene used originally was recovered

unchanged.

PHENONE AND PHEENYL, ISOCYANATE.

Fusion of cinnamzl acetophenone and phenyl isocyanate in the
ratio of 1:2 at 1000 for two hours and for eight hours, respectively,
resulted in the recovery of nearly all the diene component.

B P 3 » P ! 3 =~ 0
By heating on the oil bath at 150° rop geven hours, carb-
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anilide (m.pt. 2380) was obtained and verified by the preparation
of g bromine derivative subliming at 291°. Considering the possib-
ility that moisture in the atmmosphere or in the reagents might be
responsible for the formation of carbanilide, vacuum=-dried cinnamal

used, a drying tube being atitsched to the free end
<

43}

acetophenone wa
of the air condenser attached to the reaction flask. The mixture

was fused for eleven hours at 1500 and after cooling, the excess of
phenyl-isocyanate was washed out with sodiuvuw=dried ebher and set
aside in a beaker in the fume cupboard. After a week, a slight amount
of orange=red gumny material was found, still smelling strongly of
isocyanate. No carbasnilide could be detected, however, suggesting

that the moisture in the ailr could not have been responsible for its
formation, at least at T oom temperature. The residue remaining in

the reaction flask, after removal of the excess 1lsocyanate, was
dissolved in dry benzene and a considerable amount of carbanilide

wgs immediately filtesred off.

Since carbanilide results by the action of water or of aniline
on phenyl isocyanste, one of these reagents must have been present.
Yet how this could heve been the case is not clear since the structure
of cinnamal acetophenone precludes the splitting off of water or of
gniline, while the anhydrous conditions and materisls employed
eliminated the possibility of free water being present.

By activating the reaction with anhydrous AlClz, a slight
amount of cinnamal acetophenone was obtained unchanged, together with
a considerable yield of carbanilide. In this case, theAfusion wWas
carried out at 100° for two and & half hours. The carbanilide may
have resulted by the addition of water in decomposing and dissolving

the a4lClg-complex, prior to re-crystallization of the reaction mixture.



4. ANTHRACENE AND BENZONITRILE.

Attempts to condense znthracene and benzonlitrile by refluxing
in benzene for four hours, in toluene for the same time, and by
fusion at 170° for ten hours, resulted, in each case, in the recovery
of the anthracene orilginally used.

A two-phase reaction in the cold with concentrated sulfuric
acid was next attempted. On first adding the acid, the mixture
turned brownish in color and then, in the course of & few minutes,
frothed up, turning greenish black, with liberation of sulfur
dioxide. After standing three days, the mixture was diluted with
water and extracted with ether, white platelets of benzamide (m.pt.
1280) wexe being crystallized out. Their formation was due to a
partiel hydrolysis of the benzonitrile by the acid. A diene synthesis

could not be observed.

He. CINNAMAL ACETOPHENONE AND BENZONITRILE.

Fefluxing a mixture of cinnawel acetophenone and benzonitrile
in benzene for three hours, in chloroform for five hours, and fusion
at 1000 for four hours and at 1509 for five and a half hours proved
to be without result. A two=-phase reaction, using concentrated
sulfuric acid as an activating agent, resulted in an initial fluor-
escence, but the only product of the reaction was benzamide (m.pt.

1289), due to partisl hydrolysis of the nitrile.

6o CINNAMAL ACETOPHENONE AND CINNAMATL ANILING.

Four reaction possibilities are presented here in that both
reagents may act as "diene” or as "philodiene® components. In the
event that the cinnamal acetophenone acts as the "diene®, it may

react with either the carbon=-carbon double bond or with the carbon-
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nitrogen double bond of the cinnswmsl aniline. Should the cinnamal

aniline, however, act as the "diene", 1%t may condense with either

carbon-carbon double linksge of the cinnsmal acetophenone molecules
Refluxing equimolecﬁlar amounts of the two coumpounds, in

ether for two hdur55 in benzene for four hours% in chloroform for

the same time, and fusion at 1500 for five hours and for ten hours,

respectively, were without result, the original materials being

recovered unchanged.

Be THI NITROGEN ATOM IN THH UNSATURATED ANIL.

The materials used were paired as follows: cinnamal aniline
and anthraquinone=-1l,4; cinnamal aniline and cinnamic aldehydes; and
cinnawsl aniline and quinone. A discussion of the results obtained

is presented belows

Benzene, chloroform and xylol were used as the reaction media
in a series of experiments involving cinnamal aniline, as the un-
saturated anil, and anthraguinone-=1l,4 as the philodiene component.
HBguimolecular quantities of these substances were refluxed in
benzene for five hours, in chloroform for three and five hours, res-
pectively, and in xylol for six hours. No reaétion, however, took
vlace, the original materials being recovered unchanged.

An attenmpt to fuse cinnamal aniline and anthraquinone was
rendered diffioult due to the tendency of the latter compound to
sublimate to the walls of the vessel containing the mixiture. After
heating for fifteen hours at 1800, 80% of the anthraquinone was
recovered unchanged. The remaining mixture was digsolved in dry

ether gnd treated with dry HCl in the hope of precipitating the



the expected product as the hydrochloride. Only a slight zmount of

a dark reddishe-black smorphous tar was obltained. & diene synthesis

could not be detecteds.

2o CINNALEL ANILINE AND CINNAMIC ALDEHYDE.

Cinnamal gniline was refluxed with cinnmamic a2ldehyde for two
hours in ether and for Iive hours in tenzene without any apparent

™Y

result. By
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usion at 1000 for two hours, five hours and ten hours,
respectively, the resction mixture turned deark red in color and sa
benzene soluticn of it appeared somewhat viscous, but no condensation
~could be observed in that nearly all the cinnsmal aniline was re-
govered. fusion gt 1500 for five and ten hours, respectively, gave
the ssme result as at 1009, except that the reaction mixture app-

eared darker in color and its benzene solution slightly more viscous.

l.»

Se CINNAJAL ANILINE AND QUINONE.

1

Refluxing an ethereal solution containing ecuimoleculsr
guantities of cinnamal aniline and quinone for two hours on the
watler bath resulted in the recovery of both components. Substante
ially the same result was obtained by leaving the mixture for a
week and by ﬁsing benzene instead of ether. It was noticed, how-
ever, that the longer th; mixture was allowed to stand, the darker
its color became. Eaising the ethereal or benzene solution to the
boiling point for a few hours scarcely changed the original pale
orange-yellow color, whereas a week's standing at roowm temperature
in & sealed flask caused considerable darkening. On evaporation of
the ether, the color of the reaction mixture became zlmost black.
This color did not disappear on re-soluticn of the solid mass, due
to partial oxidation of the quinone or to some complex or by=-product

formed.

%
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Bqguimolecular swounts of cinnsmal aniline and gquinocne were
fused for two hours at 100-1109, the mixture turning black. after
solidification of the wmelt, the reaction wsss was treated with hot
ligroin to remove any unchanged cinnamal aniline or guinone presente.
The residue was then washed out with hot alcohol and fiiteredg Brown
flakes melting at 1500 separated out from the alcohol solution,
while the black residue, melting at 2530, which was insoluble in
alcohol, was refluxed with chloroform, a slight zwount only being
dissolved. The residue was & black powder melting at 285%. Part of
the chloroform solution was evaporated, black crystals of m.pt. 2500
being filtered off. To the remainder of the chloroforms petrol ether
was added, effecting the separation of black crystals melting at 2459,
The 2500 substance was identical with the crystals wmelting at 2450‘
@s shown by a mixed melting points

Recrystallization of the black substances of me.pts. 2539, 2859,
and 2500, respectively, from nitrobenzene gave purplish flakes
melting at 327%. Further reécrystallization raised the m.pt. to 3379,
while re-crystallization following vacuum sublimation gave a melting
point reading of 339°%, This agrees closely with the value for 2,0=-
dianilino-quinone (m.pt. 338-342°).

‘That these substances were 2,b=dianilino-qguinone in varying
stages of purity was verified by the following testss carbon and
_hydrogen determinationsy Kjeldahl evaluation of nitrogen; moleculsr
weight by the method of Rast: color reaction with conc. sulfuric
acid, and precipitation from the acid by dilution with water;
alkeline hydrolysis to 2,5-dioxy=-quinone (m.pte. 215-220°) 3 conversion
to azophenin (m.pt. 2339 found, 236=-2370 actually).

The formation of R,5-dianilino-guinone is explained by &he
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nydrolysis of cinnsmal aniline to give cinnamic aldehyde and anilinee.
The presgence of cinnamic aldehyde in the ligroin solution mentioned
on the previous page was verified by a positive reaction with
Fehling's solution and by the preparation of & semicarbazone (mepte

- 2 - 13 . {“
2150) . The anillne reacted with the quinone as fallows+9Y:
o

OH o
R'Nﬂl Juihone
# NH R
4 NH-R zZ;V
o (A) o
o)
R H RNH R~NH
SULL N ™ —_— __Formone
NH-R NH-R NH-R
(R= 06”6') o (sD)

"The reaction is accounted for by assuwming that l,4-addition
first tekes place: the interwediete (A4) hés an active hydrogen atom
which undergoes enolization to give the substitutéd hydroquinone (B)
whicih 1g then oxidized by a mole of the original gquinone to furnish
a substituted qguinone (C), while the oxidant is reduced to hydro-
guinone. Although a second molecule of aniline could add in several
ways, actually it adds in but one way to furnish (D).“151

The brown flakes of m.pt. 1509, obtasined from the slcoholic
solution, were re=crystallized from alcohol, melting at 18709, &
mixed melting point with 2,5-dimmilino-quinone~monoanil (me.pt. 197°)
geve a lowering to 1909, but this may be due to some impurity in
the 187° sauple since the solubility relationships of the latter
substaence in the common organlc solvents, in acids and alk allek,
and g fairly close agreement in nitrogen content (11a02,and 10987%
found; 11.54% theoretically) all point to this substance being
2y,9-dianilino=-guinone-monoanil.

In order to verify the hydrolysis of cinnamael aniline in the



presence of quinone, a similsr reaction was carried out with benzal
eaniline, both by fusicn and in alcoholic soluticne. 2,5=-Dianilino=
guincne was obtained from both but benzaldehyde could not be detected.
In the case of =y cinnamal aniline, hydroguinone was expected as one
of the by-products of the reaction. 4s such 1t should have been
present together with the 2,5-dienilino-guinone-monognil in the
alcoholic soluticn or with the cinnamic aldehyde in the ligroin
extract. There was not sufficient of it present, however, to detect.
But in the case of benzal aniline, hydroguinone was found in the
glcoholic filtrate after removal of the 2,5-dianilino-quinone, its
presence belng verified by g Schotien-Baumen reaction, the benzoyl
derivative melting at 2020.

The reaction of cinnemal aniline on quinone in chloroform also
involved hydrolysis of the unsaturated anil. 2,5-Dianilino=quinone
.was removed from the black-colored chloroform solution by filtration.
On evaporation to dryness and extraction of the residue with benzene,
azophenin (m.pt. 2339) instead of 2s0=dianilino~guinone-monoanil was
obtained. Hydroquinone was isolated by extraction with ether of the
crude azophenin.

Just as one set of products had been obtained by fusion of
cinnewal eniline and guinone and another by refluxing a chloroform
solution of these substances, so a different series of compounds were
isclated from a 95% ethanol solution after boiling from thirty
minutes to an hours.

2s5=Blanilino=-qguinone was filtered off after cooling of the
solution, giving feirly pure crystals, ﬁelting at 320-3%259. Re-
crystallization from nitrobenzene raédésed this value 10-15°. Upon
allowing the residual solution to evaporate slowly, 2 black tar was

obtained, which could not be re-crystallized. It was found necessary,
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in order to get the best results to trest the alcoholic filtrate,
sfter removel of the Z;b=dilgnilino=-guinone, With smell amounts of
water, to precipitate the tar. Considerable difficulty was encount-
ered in the latter Qéerationa The process was continued until the
solution was a dark eherrymred color, the tar being collected in a
bteaker, and the cherry-red solution being allowed to crystzllizes
Cherry=-red crystals were filtered off from the latter, welting at
90-100°9, and often brown in color, or appearing to consist of two
’kinds of crystals, one dark brown, the other fawn-colored. These
were later found to be identical. Lther extraction of the filtrate
gave a considerable yield of hydroguinone.

The yield of 2y5-dianilino~quinone appeared fairly constant
for mixtures of cinnamal aniline and guinone in the ratios of 1:l
to 23l. Greater ylelds of the cherry-red substance were obtained,
however, by the use of cinnamal aniline and quinone in the ratio of
2¢1 and especially 3:2.

In an atteupt to determine the nature of the tar, since it
formed a considerable amount of the reaction mixture, a portion of
it was bolled with water, L{iltered and the soluble fraction extract-
ed with ether, yielding a ?%ée slight amount of black amorphous
powder, melting at 64-69°%, with a pleasant fruity odor. It could
not be purified sufficiently for purposes of identificstion due to
the smell yield and to the degree of impurity.

The portign of the tar inscluble in water could not be steam
digtilled, while vacuum distillation at 14 mms. pressure gave g
slight amount of an oily distillate which was ldentified as cinnamic
aldehyde. wWhether the aldehyde LEE present in the tar as such, due
to hydrolysis of the cinnamal anilineg or whether it was obtained

by decomposition of the tar cannot be definitely stateds.
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Severasl attempts to comvert the ter into a crystalline deriv-
ative were made, nzmely: reduction with Zn and HCLl and with Sn812

and HCl; preperation of an acetyl derivaetive with acetic anhydrides

o
s}
o
e}
i
o
'u
Q3

peration of an oxime. In each case, however, the tarry res-
idue was found unchanged.

The cherry red substance wss extracted with benzene in order
to eliminate any 2,5=dianilino-qguinone present and, after evaporat=-
icn of the benzene, was re-crystallized from dilute alcchol. The
method used is dealt with in detaii in the experimentsl section of
this thesis. With care, the cherry-red substance could be obtained
in the form of fawn=-colored crystasls melting at 112°. Various
degrees of purity were encountered, depending on the strength of the
alcohol used, the crystals being ofteﬁ mixed up with tarry materisl
or with 2 black amorphous substance. The latter was identical with
the fawn-colored crystals since they could be inter-converted by
varying the strength of the solvent, the heat of solution, and the
method of filtration.

We wish to express our thanks to Dr. G. . Brownell of the

: ¢
Department of Geology for assisting in the optical examinatiocn of
these crystels. They were orthorhombic in form and strongly bi-
refractive, giving striking colors on kotating the ﬁicols The
crystals were bi-axisl and optically positive, the plane of cleav=
age belng perpendicular to the acute bisectrix.

They gave a violet color with conc. sulfuric acid and yellow
with conc. HCl and HENOgz. They dissolved with difficulty in 10%

NaOH and were easily soluble in benzene, chloroform, acetone, and

jAV]

slightly soluble in ethér and ligroin. They were insoluble in water.
Combustion determinations of carbon and hydrogen gave the

following values: carbon 84.44and 84.92%; hydrogen 6.30 and 6.21%.
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The sgwount of nitrogen present, as determined by Kjeldahl analysis,
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s 5.01 and 5.07%. Molecular weight determinstions were carried out

by the freezing point method, giving values of R276.7, 241.0 and 258.0.

[

n the basis of these results, the formuls of the 1129 substance is
Cl9H1?ON° The theoretical values corresponding to this formule are:
moieoulér welght 275; carbon 82.90%; hydrogen 6¢18/%; nitrogen 5.090%;
and oxygen 5.82%.

The oxygen atom present is ketonic in character since 1t did
not possess reducing properties amnd since it yielded a well-crystall-
ized semicarbazone, melting at 218°. The nitrogen content was
7.83% and 7.70% as determined by the Kjeldahl method. This surpris-
ingly low value cannot be explained unless a polymerization of the
1120 substance had taken place, probably undex the influence of the
sodium acetate used. Such a result is not surprising, provided that
we are dealing with an aniline-substituted quinone or hydroquinone,
as several such cases have been reported by Sulda and suida130. Hot
alcohol, for example, is sufficient to polymerize moﬁo«anilino~
guinone.

A Dbromine derivative melting at 126-128° was obtained by the
action of bromine in the cold on an alcoholic solution of the 112°
substa}lce9 but enough could not be prepared for gnalysis due to &
lack of insufficient of the 112° compound.

| Reduction of the latter substance with SnClp and HCL gzave a
lemon=-yellow substance wnich could be re-crystallized from benzene
only with difficulty. After four re-crystallizations, the color

appeared slightly orange-yellow, the crystals being smsll and well-

=

ormed and melting st 1580. Kjeldahl analyses and combustions for
-carbon and hydrogen were carried out, but in the course of the

o A A e N . - . . . ~ .
latter determinations an inorganic residue was found, awounting to
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20=-25% of the total welght of the re-crystallized reduction product.

This inorganic residue was probably a mixture of SnClg and SnCly.

L8
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he values obtained for carbon, hydrogen and nitrogen can therefore

e

be assigned no significance. In order to get a more accurate picture
of the reduction compound, another method of reduction must be
sought for the 1129 substance. Due to a lack of materials, however,
this had to be postponed,

It is interesting to note, however, that the carbon and hydro-
gen values found, after correction for the smount of impurity present
in the two samples, were 56.50 and 52.40%, and 6.01 and 4.57%, TE=
spectively. The uncorrected nitrogen content was 3,48 and 3e55%s
which should correspond somewhat to the nitrogen content of the 112°
substance.

The reduction product, after four re-crystallizations, was
ezsily soluble in acetone znd alcohol, less soluble in hot benzeheg
chloroform and water, and insoluble in ether, petrol ether and lig-
roine It gives an intense yellow color with conc. sulfuric acids
acid pefmanganatq solution is decolorized in the cold, as 1is browine
water. The action of bromine water is not accompanied by evolution
of HBr, but a slight wilkiness is produced. The reduction product
is solukle in dilute HCLl, giving a yellow color, but not in 10%

NaOH. The latter test may not, however, be valid, since the part-

icles observed in the glkali solution may be an hydroxide of tin
rather than the insoluble reduction substance. On heating with 50%
potash solution, smmoniacal vapors are evolved. |

4 Schotten-Baumen reaction was carried out with thé reduction
product in the hope of proving the presence of an CH-group and of

preparing a benzoyl derivative. It was not expected that the SnCly

present in the re-crystallized reduction product would affect the
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reaction unfavorably. It was noticed, however, that consideravle heat
was evolved in the course of the reaction. The benzoyl derivative .
resulting gave well-defined white crystalline flskeg, upon re-
crystallization from benzene. They melted at 160-161° but were not
identical with the reduction‘produet {me.pt. 1589) due to different
gppearance, different solubility relationships, and the proof of a
mixed melting point.

The nitrogen content of the benzoyl derivative, as determined
by Kjeldahl analyses, was 6.47 and 6.30%, while the values for carbon
were 78.89 and 79.22% and for hydrogen 5.67 snd 5.52%. Molecular
weight determinations by the method of Rast gave values of 221 and
232. From thése results, the formula of The benzoyl derivative should
be Cqy4H1o0N. This would correspond to a molecular weight of 215 and
would give the following valuess carbon 80.00%; hydrozen 5.71%;
nitrogen 6.67%.

The formula of the benzoyl derivative may be written as
08H7N«COoC6H5e This differs considerably from the formuls of the 112°
substance, C1goH170N, which should be structurally identical with the
reduction product, the only difference being a reduction of the
carbonyl group. The reason for this difference is probably due to
alkaline hydrolysis of the 112° substance during the Schotten-Baumen
reaction since an unusually large asmount of heat was evolved in the
course of that reactione.

The nature of the 112° substance and its derivatives is being
investigated further. a4t the present time, nhowever, it is impossible

to suggest a structure for ite.
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EXPLuRTUENTAL.

l...

se THE NITROGEW ATCH IN THE PHILODIENE COILFONANT.

L. CINNANAL ACETOPHENONE AND BENZAL ANTITINE.

The cinnasmsl acetpphenone used was prepared according to the
method of Scho&tzl32, dissolving 50 g. cinnaswmic aldehyde, 45 g
acetophenone and 20 g. 10% WaOH in 200 g. alcohol. The golden
yellow needles formed were re-crystallized from alcohol, melting
at 102-103%9. The yield amounted to 85 g

The benzal aniline used was prepared sccording to the method
of Cohenld3, hesating 50 ccs. benzaldehyde and 50 cecs. aniline on
the water bath for one hour and re= crystal] zing the anil formed
from alcohol. The crystals melted at 53°. The yield was 40 g.

The conditions to which these two reaction components were
subjected in an attempt to effect a diene synthésis Were: re=
fluxing in ether, benzene and glacial acetic acid, fusion at
various temperstures, and activation with conc. sulfuric acid and

with anhydrous AlClz. The methods used are discussed in detagills

(a) In HEther.

[s1e}
@
~—

Bquimolecular proportions of cinnamal acetophenone (0.6

~

and of benzal aniline (0.4 g.) were refluxed in ether for two hours.
Part of the solvent wés evaporated and the product allowed td re=
crystallize. Yellow crystals were filtered off, washed with ether
and dried. They melted at 102° and were identified as cinnamal
acetophenone by means of a mixed melting point. On further evapor=-

ation of the ethereal solution, more cinnamal acetophenone separated
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until 0.5 g. had been recovereds.

That the residue consisted chiefly of benzsl zniline was verif-

1

ied by drying, dissolving in dry ether and precipitating aniline
hydrochloride, melting at 192° (gctually 198°). The formation of

e

this salt can be gscribed to hydrolysis of the anil.

Wo reaction could be detected under these conditionss

(b) In Benzene.

"y,

The experiment was repeated, the components beilng refluxed
in bénzene for two hours. ihe benzene was distilled off and the
reaction mixture dissolved in and allowed to crystallize fraction-
ally from ether. 0.4 g. of yellow crystals melting at 1010 were
separated and .identified as cinnamasl acetophenone by a mixed
melting point. On further standing, more of the diene was obltained,
leaving unreacted benzal aniline. As before, a condensation did not
take place.

A second attempt was made using benzene, butl the reaction was

allowed to proceed for six hours. The result here was also negative.

(¢) In Glacial Acetic Acid.

Eguimolecular proportions of cinnamal acetophenone and benzal
anlline were warmed on the water bath with glacisl acetic acid for
one hour at 1009, a slight greenish-red fluorescence developing.

The mixture was then set aside for four days, poured into an excess
of water and extracted with ether. The ethereal exﬁract was dried
over anhydrous NagCOz, filtered, and most of the ether distilled off.
- About 0.3 ge 0of the original 0.6 g. of cinnawmal acetophenone were
recovered 1in a very pure condition, melting at 1039,

The aqueous acidic residue was made alkaline with 10% NaOH
solution and extracted with ether. After drying, filtering and

removel of most of the ether, a rather viscous solution was obtained.
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On complete evaporation of the solvent, a2 slizht amount of a red,
gummy mass was left. It could not be crystallized, precipitated by

means of dry HCL zas from ethereal solution, or otherwise identifisd.

1§

By repeating the reaction at a higher temperature (refluxing
for three hours over an open Lflame at 1180), the fluorescence be=

me more marked. As before, cinnamal ascetophenone was obtained from

[X]

c
the ethereal extract of the acid solution, except that only 0.1 g.
instead of 0.3 g. resulted, while from the aglkaline solution, a
larger amount of the red viscous material was obtained. This
indicates that the viscous mass was being formed at the expense of

the cinnamal acetophenone.

(¢) Fusion.

Heating cinnamsl acetophenone (0.6 g.) and benzal zniline
(0.4 g.) at 100° on the water bath for two hours yielded a reddish
fusion mass which crystallized on cooling. By fractional crystall-
ization from ether, three succesdive portiouns of cimnamal aceto-~
phenone were filtered offy, namely: 0.3 g. melting at 101°9, 0.1 g.
melting at 1009, and 0.1 g. melting at 979. Their identification
was wade by a mixed melting point. No reaction was observed.

Fusion on the o0il bath at 145-155° for three hours likewise
yielded a red, viscous fusion mixture which crystallized on being
left to stand overnighte. It was then dissolved in ether and fract-
ionally crystallized. The first fraction (0.3 g.) melted at 1000
and gave no depression with oinnamal acetophenone; the second
fraction of 0.1 g. melted at 969, a mixed meliting boint being 9803
& third fraction of 0.1 g. melted at 849, the mixed melting point
being 87-89%. On the basis of these results it was concluded that
~a diene synthesis had not taken place, although a certain smount

of decomposition was noted.
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4 third attempt to effect a ooﬁdensation between cinnamal
acetophenone and benzal aniline was made by heating on the oll bath
at 1800 for ten HBours. & red viscous mass resulted. Un dissolving
in benzene and allowing the solvent to evaporate off slowly, no
crystals of cinnamal acetophenone separated. Unsuccessful atteupts
to crystallize the reaction wmixture were made with ether, zscetone,
chloroform, alcohol, carbon tetrachloride, carbon disulfide and
ligroine.

It was then dissolved in dry ether and dry HCl gas bubbled
through it, causing & buff=-colored, flocculent precipitate to sep=-
arate. This was washed with ether and dried, amounting to 0.1 g.
and melting at 1830, 3ince its melting point was nearly that of
aniline hydrochloride (1989), an atteupt wss wade to couple it
with £ =naphthol after trestment with nitrous acid. It was,
however, insoluble in water and its aqueous wash did not yield an
azo colore.

In order to increase the yield of the 183° substance, the
fusion was repeated, using l.3 g cinnamal acetophenone and 1.1 g.
benzal aniline, heating at 180~200° for fiteen hours. The reaction
mixture was left overnight, dissolved in benzene, and set aside to
evaporate. The same viscous mass was obtained. Un dissolving this in
ether and filtering, about a milligram or so of white crystals were
obtained, melting ever 3000 with decompositibne Dry HCLl gas was
passed through the filtrate, yielding 1.0 grams of a brownish pre-
cipitate melting at 124-1280. This was purified by dissolving in
ether and re-precipitating with HCl, yielding white crystals melting
at 1600. They were soluble in water and on coupling with @ =naphthol
yielded an aZO=/6 =naphthol derivative melting at 130-1310. By a

mixed melting point test with the azo- /9~naphthol derivative of
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aniline hydrochloride, the 1509 substance was 1ldentified as aniline
nydrochlorides.

Due to the small yield of the crystals melting over %000, =&
fusion was carried out for thirty hours at 1800, using 3.6 g. of
cinnamsl acetophenone and 2.4 g. of benzasl sniline. Not more than
0.1 g. could be isolated, however. The viscous red mass Was again
obtained and by the action of HCLl on this, asniline hydrochloride
was again precipitated. The yield of the high-melting substance

could not be increased by heating for twenty hours at 2209. The

crystals obtazined were insoluble in ether, benzene, chloroform

<
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and methanol, but could be dissolved in acetone.

Eepeating the fusion under strictly anhydrous conditions (a
drying tube at the free end of the condenser attached to the reaction
flask, sodium-dried ether and vacuum=-dried materials) for fifteen
hours at 1800, the gquantities of materials used being 1.8 g. of
cinnamal acetophenone and 1.1 g. of benzal aniline, the high-
meltingz substance was obtained as before. But on passing HCLl gas
in, using a 63012 drying-tube and a sulfuric acid bubbler in order
to dry it thoroughly, aniline hydrochloride was not obtained. Ve may
conolude9 therefore,vthat the presence or absence of water does not
gaffect the yield of the high-melting substance and that water is
necessary to catalyse the forwation of aniline hydrochloride. Due to

)

tﬁe small yield of the higmuﬁeltijg material and to the time factox
involved, 1t seemed inadvisable to pursue thig reasction further,
althoush the possibility remains thaet it may be the diene synthesis
soughts

(d) Activetion with conc. Sulfuric Acid.

Cimnamal acetophenone (0.6 g.) and benzal aniline (0.4 2. )

were thoroughly wmixed, covered with c fur ] '
| hly I w 1 COnCe S y - £
sulfuric acid and left
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overnight. The color was cherry red due to the action of the acid
on the diene. The mixture was poured into water, extracted four times
with ether, dried over anhydrous HaoCOz and Iiltered. On distilling

off most of the ether, 0.2 z. of product was obtained. By its app-

nce, there were two different kinds of crystals, one white in
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color, thne other yellow. IManuazl separation by wmeans of a hand lens
and a pair of tweezers wes carried out. The whitish crystals melted
at 1000, the yellowish at 101%9, both giving no lowering in mixed
melting point tests, with cinnamal acetophenone.

The aqueocus (acid) residue wes neutrslized with 10% NaOH, a
slight excess of 2lkali being sdded to &ause it to turn litwmus blue.
The resulting solution was extracted several times with ether,
dried over anhydrous soda ash, filtered and set aside to evaporate.
A slight swmount of s sligbﬁly reddish viscous mass was obtained,
smounting to no more than e few milligrawms. No condensation could
be detected.

The experiment was repested, using the same quantities of
both substances snd covering with conc. suifuric acid, except that
the mixture was warmed gently for less than a wimute with a bunsen
burner in order to dissolve the crystals. The mixture was leflt over
the weekw~end. ﬁ slight fluorescence was noted, the solution belng
red with transmitted light and green with reflected light. On
pouring into water, white colloidal particles appeared throughout

1
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the liquid, disappesring by the addition of more weater or on neat-

jo)

ing, and re-appearing agein on cooling.

x

The acid solution was extracted with ether, dried over soda

vl

ash, filtered znd allowed tc evaporate. A minute guantity of yellow
crystals were obtained, rendered impure, however, by the presence

of an amprphous, bleck-green residue. Due to the latter, it was
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necessary to dissolve the entire product in dilute HalH, extract
with benzene, dry, and allow the solvent»to evaporate off. A few
vellow crystals melting at 1000 were obtained snd identified by
means of a wixed melting point as cinnamel acetophenone.

The aqueous (acid) residue was wmade élkaline with 10% NaCOH
and extracted with ether. The solvent Was drled as before, filter-
ed and allowed to eveporate. A few milligrams of a dark colored,
visceus material was left. This could not be sufficiently purified
for identification.

)
In carrying out the procedure a third time, the mixture was

A&
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warmed at 1000 on the water bath for thirty minuteso It was left
overnight, poured into water and extracted with ether. After drying,
a glight yield of greenish=black materisl was obtained from the
solvent, too impufe, in view of the smell yleld, to re-crystallize
or identify otherwise. In analogy to the urevious experiments,
however, this substance may a2lso be taken as cinnamal acetophenone.
Repetition of the alkaline extraction yielded no residue, crystall-
ine or emorphous. Hence, as in the other cases, it must be conc-
luded that conc. sulfuric scid does not caﬁalyse a reaction beﬁween’
innamsl acetophenone gnd benzal aniline.

(e) 4ctivaticn with anhydrous Aluminium Chloride.

To 0.6 g. cinnsmal acetophenone and 0.4 g. benzal aniline

dissolved in 50 ccs. benzene, 1=2 g. anhydrous 41Clz were added,

[AY)

S an activating agent. 4 red color was produced (helochrowism)
due to the zction of the salt on the diene. The mixture was fem
fluxed on the water bathk for an hour, the color deepening. It was
then cooled and poured into water to dissolve the zluminium salt.

The benzene layer was separated by means of a separatory funnel,
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dried over anhydrous NaoC0z, filtered and allowed to evaporate. o
red viscous mess was obtained.
It was trested with cohc. hydrochloric acid for s few minutes

from
né thnen extracted with benzene, after decanting/the insocluble
H foy

o
1

2

L

issolved in the scide. On

jo

<

residue. lost of the viscous mass hac
neutralizing and drying the benzene extract, followedAby distillation
of the solvent, the smorphous wmass was obtained unchanged. |

The scid solution, after separation of the benzene layer,
was maede alkaline with NaOH and extracted with benzene. 4 few

crystals of cinnamal acetophenone were isolated from the latter on

1

partial evaporation of

the solvent. The diéne obtained was, however,
impure due to the presence of some of the gummy material.

The sgqueous lsyer containing the aluminium chloride Wasbslightly
acidified and extracted with etherQ On drying, filtering asnd partisl
evaporation of the solvent, a Tfew crystale of cinnamesl acetophenone,
melting at 1000, were obtained.

The experiment wss carried out a second time, using 3.6 ge
benzal aniline and 5.4 g. cinnsmal acetophenone. after dissolving
both components in benzene, 2 g. anhydrous AlCly were added. After
refluxing for three hours on the water bath, the color had changed
from red to greenish-black. On the addition of water to decompose
the cinnsmel acetophenone-zluminium chloride complex and the excess
chloride, the benzene layer turned emerald gréeﬁn. The two layers

1,

were separated and the agueous layer was extracted two more times.
Anhydrous soda ash wmas added to the extract and left to stand for
two hourse. The color chenged slowly to orange-red, taking ten to‘
thirty minutes. The solvent closest to the NaoCOz changed color more

guickly. The change was accelerated by warming.

& red, viscous mass was obtained from the benzene extract.
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This was taken up in dry ether, all but a2 swsll gmount of a flocece
vlent reaterisl dissolving. This green flocculent mass was filtered

off and left to dry. On the evaporation of the solvent, it lost g

@]

great desl of its bulk, turned black and was leilt as & tavrry blok.
Ligroin wes added to & portion of the filtrate, precipitat-
ing a ﬁrown-flocculent materisl in what appeared to be & very good
yieldo ﬂowever,‘on'drying, it also shrivelled up to a very small
guantity of black sworphous material, somewhat oily to the feel. It
could not ke purified sufficiently. by weshing with ligroin or ethér
to render a melting point determination possible. Using petrol ether
instead, the substance was obltained agein, save that the brown color
remained on dryving.
A second porticn of the filtrate was sgllowed to stand until
the ether had eveporated off. aAlcohol was added, some of the red
guimy residue dissolving. The non=soluble portion appeared as a
hesvy oil, less viscous than the original viscous mass. It was in-
soluble in benzene and ether as well, and but slightly in chloro-

4a

form. This would suzgest that tre alcohol=-solukle gportion of the

red guﬁmy materiel had solvent action upon the non-soluble fraction.
The latter, in chloroform solution, could not be precipitated by

dry HC1 gas. On allowing the alcohol to evaporate off from the
scluble fraction, trestment with HCL1 ges fesulted in the precipite
gtion of & red gummy wmaterial.

Dry HCLl gas was slowly bubbled into a third portiocnm of the
filtrete, with constant stirring. 4 reddish-black, very glue~like
flocculent materisl was precipitated in consideresble yield. This
was filtered off. On allowing to stand, the flocculent character
disappeared, the filtered material becoming tarry blobé, bleck in

] . o s - . [ . ~ .
color. The filter psper turned green for a few millimeters around
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the vlobse. The latter were scraped off ahd dissolved in 95% ethanol.
On the addition of water %o part of this alcoholic solution, z
vellow somewhet crystalline substance, melting =t 1209, was prec-
ipi‘ated. With dilute smmonia, the same material was precipitated
from the second portion, but in a yellower condition snd melting
at 1229. |

Some of this materizsl was disscolved in dry ether and dry HCL
gas passed in, precipitating a green powder melting at 112° and
ziving a definite lowering on ﬁaking a mixed meltigg point. Pre-
sumably the 122° material is a free base, the 1120 substance being
its hydrochloride.

The green salt could not be re-crystallized from the usual

i

solvents. In order to purify the free base, the brown particles
were thoroughly washed with water to remove excess ammonia or

any emmonium chloride formed. The only solvent which could be used
was petrol ether. A few reddish=-orange crystals were obtained,
melting at 920, shortly after dissolving. No more could be obtained
on allowing the mixture to stand until the petrol ether ﬁad been
completely evaporated. As it evaporasted, g red oil was seen to
creep up the sides of the beaker. This oil was left after no more
solvent was left. It could not be purified by vecwum distillistion
as it went gumny, nor could it be crystallized, even on standing
six months. Re=ddssolving the free base in dry ether, followed by
péssing in dry emmonis gas gave a swall yield of the yellow part-
icles, but not enough to warrant using this wmethod as & means of
@urifying'the substance. The amount ol crude base could not be

r

increased above 0.2 g. for 5.4 g. cinnamael acelophenone and 3.6.2

0

benzael aniline.
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(a¢) In Benzene.

higuimolecular proportions of anthrscene (1.0 g.) and of

s

o

enzal aniline (1.0 @a) were refluxed in benzene, on the water bath,

&

six hours. Un allowing part of the solvent to evaporate off,

iy
(o]
{

<
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g. ol yellowish crystals were obtained, welting at 2150 and
giving no depression in a mixed melting point with anthracene (m.p.
2160). Three successive crops of anthracene were filtered off,
melting at 2099, 1949 and 1810, respectively. On washing with ether
these values rose to 210-214C0. On the basis of a mixed melting point
with pure enthracene, the crystals were identified. Further exanm-
ination of the residue indicated that & condensation resction with
benzal gniline had nst taken place.

(b) In Xylol.

The two reaction comyonents (1.0 g. of each) were refluxed
in xylol for five hours, part of the solvent being then distilled
off and the remainder allowed to evaporate off more slowly in order
to facilitete fractional crystellization of the reaction mixture.
Wwithin the course of & week, 0.9 g. of anthracene was recovered.

A rvesction could not be observed.

(¢c) Fusion.

following fusion at 180-2000 on the o0il bath for twelve hours,
the regction wixture was dissolved in benzene and allowed to
crystallize out. The entire amount (1.0 g.) of anthracene used

was recovered, again proving that no reaction had taken place.

AOTRIPODITR ORI AT T T SN (T 4 VR
= ACBETOPHENONE AND PHEWNYI ISOCYANATE.

Cinnamal acetophenone and phenyl isocyanate were fused at
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1000 for two hours, the smounts used being one gram of each. This

[y

would correspond toc two moles of isocyanate to one of diene. The
fusion was carried out on the water bahth, the resctants belng
conteined in a round bottow flssk to which was attached an upright
alr condenser. Aafter leaving ovezﬁiﬁht, the excess isocyanate was
washed out with dry ether, lemon yellow crystals being left. These
were dissolved in bolling ether and recrystallized from ity giving
a melting point of 102°. They were identified as cinnamsl sceto=
phenone by means of a mixed melting voint. The first crop weighed
0.6 goy, two successive crops amounting to 0.2 and 0.1 go, melting
at 1000 and 989, respectively. No condensatibn céuld be detected.

The reaction was carried out as before, but the heating was
prolonged to elght hours. About 0.7 = 0.8 g. of cinnamal sceto-
phenone were filtered off, melting at 290 and giving no lowering
of melting point with cinnamel acetophenone of me.pt. 1020.

A third attempt was maede, using 1.0 g. esch of cinnamal
acetophenone and phenyl isocyanate,vfusing the reactants on the oil
“bath at 1500 for seven hours, and allowing the mixture to stand
over the week-end. The excess of phenyl isocyanste was then weshed
out with dry ether and the residue, somewhat reddish in color, was
dissolved in hot benzene, with the exception of & small amount of
buff-colored crystals. On Washing with benzene and dryiﬁg, thé
latter were found to melt at 2350. On the basis of a mixed melting
point with carbenilide (m.p. 2380), the buff-colored crystals were
converted to a browmine derivative. The method used wgs as follows:
0.00 g. were dissolved in 10 ccs. hot alcohol, codled, and a drop
of liquid bromine added. On dilution, & yellowish precipitate was
formed which, on washing with cold 955 ethanol, gave white silky

crystels subliming at 291°. This then verified the identity of the
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obtained.

[63]

a

b=

tuff=colored crystals as carbanilide. About 0.0 g. W

w

The filtrate from which the carbanilide had been removed was

ot

My

sllowed to eveporate to drynegss, ylelding a red, viscous mass. This

was dissolved in dry ether and dry HCL gas was vubbled throusgin 1t.
A slight swount of carbanilide was precipitated.

In order to avoid the pcssibility that water, eithér from the
air or‘from the reagents, had been responsible for the formstion of
cerbanilide, another attempt was made ews, using Wellmdried metexr=
igls. 1.0 g. of cinnamal acetophenone which was dried for four days
in a vacuum dessicator was placed in & drys round=hbolttomed flask,
and 1.0 g,'of phenyl iscocyanate was added. 4n upright alr condenser
was attached to the flask and a drying tube, containing CaClg, was
filled up to the free end of the condenser. The reszction was'carried
out gt 1500 for eleven hours and the mixture was left over the
week~cnd. The excess of phenyl isccyanate was washed out several
times with sodivm-dried ether and set aside in & beaker in the fume
cupboard. After standing a week, all thst was found in the beaker
was a slight swmount of orange-red gummy meterial, but no:. trace of
carbanilide.

The contents of the flask were then refluxed with benzene for
g few minutes, cooled and Iiltered, yielding 0.4 g. of cerbanilide,

melting at 2360. On further evaporation of the benzene, znother 0.2

.

. of carbanilide was filtered off, the filtrate drying to a red

(1

gummy mass. The latter could not be identified or crystallized.

(b) activation with Anhydrous aAluminium Chloride.

A fusion was carried out on the water bath at 1000 for two
and & half haurs with 1.0 g. cinnemsl acetophenone, 1.0 g. phenyl
isocyanate and 0.5 g. anhydrous 4£1Clz, and leaving overnight to

crystallize. .« reddish, gummy mass containing yellow crystals
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.was obtalned. The excess of phenyl 1lsocysnate was removed by washing

gseveral times with dry ether. The yellow crystzls were separated
from the reddish mixture manuslly, recrystallized from ether and

Ve

dried. Their melting point (999) and mixed melting point (980)

showed ﬁhem to be clunawma s acetoghénone.

The reddish gummy wmaterial wes dissolved in bénzene, water
being added to effect the sclution of the ».l1Clz salt. The benzene
layer wss then separsted, dried over anhydrous NagCOz and filtered.
By distilling off a portion of the benzene, a yellowish crystalline
mass separated. On Ifiltering and drying, this was found to melt =zt
2330, It was identified as carbanilide by means of a mixed melting
point with carbanilide (w.pt. 2389) and by the formation of a sidky-
white bromine derivative subliming at 291°9.

The carbenilide wust have been forméd during the addition of
the water used to dissolve the 41Clz. Had it been present prior to
that, 1t would not have been completely soluble in the amount of
cold benzene used to dissolve the red gumny masSe.

The benzene filtrate containing the reddish material was
allovied to evaporate down completely. Ho crystallization took places
The redgidue wuss therefore redissolved and a few cubic centimeters
of conc. HCL were added to the bvenzene solution. The benzene layer
was separated, dried and allowed to evasporate to dryness. The reddish
mass was again obtained. This was dissclved in dry ether znd treated
'a8. Lhis precipitated a slight amount of carbasnilide.
On extraction of the HC1 layer, after neutralization with 10% HaCH
solution, using ether as the solvent, no material was obtained save
s slight amount of 2 dirty, yellowlsh-blasck residue.

With the exception of carbanilide-formestion, no reaction was

observed that wight be interpreted as a "diene synthesis®.




4. ANTHRACENE AND BENZONITRILE.

(a) In Benzene.

(

" Anthracene (0.9 g.) and benzonitrile (0.5 g.) were refluxed
on the water baﬁhvin benzeheFSolutioﬁ for four hours. The solution
was then set aside to evéporate, Within the course of several days
the entire weight of anthracene uééd was recovered, proving that

no reaction had taken place uhder these conditions.>

(v) In Toluene.

| The above reacfion was repeated, using toluene as the
solvent, and heating for four hours over an open flamefEPart>of
the toluene was distilled off and, on cooling, 0.4 gms§%§f>an-
thracene separated out. The solution was th aside to e%é@orate }
down further, another 0.4 g. being recovered. There waskgﬁ evid=-
ence of a reaction. |

(¢) Fusion.

4 fusion was carried out on the oil bath for ten hours at
'1700; ﬁsing the same amounts of materials as in (a) above. The
fUSidn mixtu:e was left over the week-end to crystallize. It was
then dissolved in benzene énd fractionally crystallized by slow
evaporation of the solvent. By the end of the week, 0.8 g. of
anthracene.had been recovered and identified by & melting point

(2159) and by a mixed melting point. There was xo reaction.

(d) Activation with conc. Sulfuric Acid.

Equimolecular weights of the two components were %horoughly
mixed in a beaker and covered with conc. sulfuric acid. On the
addition of the acid, the mixture turned brownish, frothing‘up
after étanding about five minutes and turning greenish-black. The

frothing was accompanied by the evolution ofvsulfur dioxide fumes. . .




was poured into gn
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sfter stending three days, tne mixt
excess of water and exiracted six times (due to the slight sol-
ubility of the substance being extracted) with ether. The soluﬁion
was @ried over anhydrous HaoClz, filtered, and the excess of ether
disztilled off. The residusl solvent was allowed to evaporate off

slowly, brownishe-white platelets separating out. These were re=-

[6)

crystallized from ether, dried end a meliing point taken (1289).

The platelets contained nitrogen, were soluble in hot water,
gave a'neutral reaction to moist litwus paper and were decomposed
by wmeans of conc. aOH solution with evolution of ammonia. The
substance was ildentified qualitatively by the systewm of Clarkeld4
as benzamide. Confirmation was oﬁtained by means of a wmixed melting
pointe.

The aqueous (acid) residual solution was made alkaline with
an excess of 10% WaOH solution and extracted with ether. On drying
and evaporation of part of the solvent, no residue was left.

The formation of benzamide is explained by a partial hydro=-

lysis of the Dbenzonitrile by the sulfuric acide

Lol ACHETOPEENCONE AND BEWNZONITRILE.

(a) In Benzenc.

1.2 g. of cinnsmal acetophenone were refluxed with 0.5 g

Py

4

of benzonitrile in benzene solution for three hours. The solution
was then poured into a besker and set aside to evaporate. In the
course of the next five days the entire weight of cinnamalaceto-
phenone used was recovered from the reaction mixture, proving that
no reaction had taken place.

(b) In Chloroforum.

iy 1 o .
Lne above reaction was repeated, the components being re=-
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fluxed on the water bath for five hours, in chloroform. The sol-

.

ution was then set aside to evaporate. Three successive crops of

o5

cinnamal acetophenone crystals were filtered off, amounting to 1.0

g. and melting at 1020, 1010 and 999, respectively. Confirmstion
was obtsined by wmixed melting points.
o reazction could be observed.

(e¢) Fusion.

The two Treaction components were fused at 1000 for four
hours on the water bath, a reddish color being observed to develope.
The mixture was then dissolved in ether and allowed to crystallize.
Cf the 1.2 g. cinnamal acetophenone used, 1.0 g. was recovered and
identified by a mixed melting point, following re-crystallization
from ether. There was no reaction under these conditions.

The fusion was repeagted at 1500, the time of heating belng
prolonged to five and a‘half hours. The reaction mixture was lef't
overnight to crystallize. It was then taken up in ether and allow-
ed to crystallize out slowly. Although the red color was more
pronounced thnan before, indicating a certain awmount of decomposition
or hetero-polymerization, 1.0 g. of the 1.2 g. 68 cinnamal aceto=-
phenone used was recovered and identified by re=-crystallization
and by mixed melting points. Mo reaction was observed.

(d) Activetion with conc. Sulfuric Acid.

A two-phase reaction was carried out, using l.z2 g. of cinn-
amal acetophenone and 0.5 g. of benzonitrile, the components being
coversed by a layer of conc. sulfuric gcid. The reaction was'done in
g round-vottomed flask, lightly stoppered. A red-green fluorescence

was observed due to the action of the acid. after standing a week,

the mixture was poured into an excess of water.and extracted with



300 ccs. of ether. The ethereal solution wes dried over znhydrous
NasCOx, part of the solvent was distilled off, =znd the rest was

==

porate off slowly. . hitish crystals melting at 126-89°

£

allowed to eva
separated. They were identified as benzamide by means of a wmixed
melting point. Their formstion is due to the hydrolytic action of
the sulfuric acid on the benzonitrile.

The acid residue was made slkaline with 10% NaCH solution
and extracted with ether. On drying and evaporation of The solvent,

no residue of a crystalline nature was obtained.

A condensation had therefore not taken place.

TR
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6. CINNS v ANTLING

The cinnsmal aniline used was made by mixing equiwmolecular
hts of freshly distilled aniline (9.3 g.) and cinnamic azldehyde
(13.2 go)o Considerable heet was evolved, accompanied by the form-
ation of a yellow crystalline mass. The product was re-crystallized
several times from alcohol and dried. The melting point was 1089;
the yield amounted to 20 g.

(a) In Bther.

HEquimolecular weights of the two components (0.5 g. each)
were dissolved in ether, refluxed on the water batn for two hours
‘and left overnight. By fractional re-crystallization from ether,
more then half of the cinnamal acetophenone was separated from the
cinnamal sniline and identified by a mixed melting point. No re-
action occurred under these conditionse.

(b) In Benzene.

The reaction was repeated, refluxing the two substances in
717,

benzene for four hours on the water bath. The mixture was poured

into a2 besker and set aside Lo evaporate. sbout «3 g. of cinnenmel
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acetophenone was recovered and identified by a melting point asnd =
mixed melting point. Zxsmination of the residue indicated that no
new material had veen formed, the bulk of the cinnsmal sniline and

]

some clunamal acetophenone sglone being presente.

[t

{c¢) In Chloroform.

Reaction (b) was repeated, using chloroform as the reaction
medium, the time of heating being four hours. Un cooling and part-
ial evaporation of the solvent, some cinnamsl acetophenone wasg re=
covered and identified by a melting point and mixed melting point.

Further evaporation yielded more of the di

6]

ne component, until
0ed go was recovered. No reaction was observed.

(d) Fusion.

Cinnamal acetophenocne (1.0 g.,;, and cinnamal aniline (1.0 g.)
were fused on the o0il bath at 1509 for five hours. The reaction
mixture, reddishh in color, was cooled, dissolved in benzene and
set aside 1o evaporatee A mixture of both components crystallized
out. These were separsted by means of their solubility relationships
and identified by their melting points and mixed melting points.

0.7 g of cinnamal acetophenone and 0.8 g. of cinnamal sniline were

recovered. No reaction was noted.
The reaction was repeated, except that thetfusion was prolonged
to ten hours. With the exception that the fusion mixture possessed a

dédeper color, the identicel results were obtained.

Be THA NITROGEW ATOM IN THE UNSATURATAD ANTL.

AT T TR ENEE CRTOATTEY T T OV
v ANTLINE AND ANTHRAGUINONE=1,4.

1. CINHA

(a) In Benzene.




cinnemal aniline were

o
L

Une gram of anthraguinone znd 0.8 g. o

dissolved in benzene znd refluxed on the water batin for five hourse.

Y

poratee.

O
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The solution was poured into & beaker and sllowed to ev

Crystals of anthraguinone separated out, 0.8 g. being recovered. They

were identified by thelr melting point (2730) and mixed melting
g p &

je

point. o reaction was note

©

(b) In Chloroforum.

The reaction was repeated in chloroform solution, the time
being three hours. The solution was sel aside to evaporate, 0.9
z. anthraguinone being recovered. Lo reactlon took place.

Bxtension of the time of hesting to five lhours, gave the
very saume result,

I

{c) In Xylol.

A fourth atteumpt was made, using xylol as the solvent, since
g constant témperature of 138=1399 ¢ould be successfully wmaintazined.
The time of the reaction wés six hours. Most of the xylol was dis-
tilled off, the solution being then set aside to evaporate slowly.
In the course of the next ten days, 0.9 g. of antaraguinone was
recovered. Thé desired reaction did not take place.

(d) Fusion.

Gquimolecular amounts of asnthraguinone (1.0 g.) and of

=
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cinnemal sniline (0.8 ge) were hested on the oil bath at 1800 for
fifteen hours. It was extremely difficult to effectively fuse the
two substances due to the nigh melting point of the gnthraquinone
and to the fact thet it sublimed easily at the teuperature of the
fusion. It was therefore necessary to carry the reasction out in a
sealed hard-gzlass tube which was completely immersed in the hot

paraffine.

The reaction mixture, which had become reddish in color, wss
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4o coole It was stirred up with cold ether so thet the residue was
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t colorless, the colored cowmponent the solvent.

iy

present 1

[¢3)

le
The residue wasre-crystallized frowm benzene &nd identified as

-

oint (2739) and & mixed melting

o
&)

enthraguinone by weans of s welting
pointe. The etheresl solution was set aside to evaporate, ylelding
about 0.2 g. of anthraqguincne, after which atout 0.7 go. of cinnamal
gniline wes filtered off.

The etheresl solution was then evaporated down to dryness and

0lved in dry ether. Dry HCl gas was passed in, precipitating

[
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sz reddish=black substance, zmorphous 1n nature and emounting to 0.1
g. This substance wmsy be a decomposition of polymerization product
of the cinnamel aniline. Its néture could not ke revealed due to the

it could not be re-crystallized.

W
ot

mall yield and to the fact tih

L o aNILINGE alND CINNaMIC SiD8HYDI.

(a) In Lther.

Lguimolecular weilghts of cinnemal sniline (0.8 g.) and of
cinnamic aldenyde (0.6 @e) were used in an attempt to bring about

g diene reasction between them. They were refluxed on tThe water bath
in ethereal sclution for two hours and were then left over the
week=end. The ether was allowed to evaporate off, facilitating the

recovery of the entire 0.8 g. of cinnamal eniline used.

(b) In Benzene.

The resciticn wes repeated, using benzene as the reaction sole-
'Vemt an¢ hesting for five hours on the water bath. The mixture was
allowed to evaporate down, cinnamel eniline being recovered in
successive crops. The entire amount of cinnemsl aniline was recovered
and identified by mezns of a melting point and mixed melting pointe.

The reddish liquid residue wes identified as cinncmic aldehyde by




the formetion of z semicarbazone melting et 2150,

(c) Fusion.

0.8 go of cinnamal eniline and 0.6 g. of cilnnamic zldehyde

i

1

were used on the water bath at 1000 for five hours. The reactiocn

ot

wixture turned dark red in color. It was left overnight to cool and
was then dissolved in benzene and set &side in a beazker to evaporate.
0.0 g. of cinnamal anlline separated and were identified by a melting
point and mixed melting point. The residual solution wes somewhat
vigcous in nature, but by careful manipulation, 0.2 g. more of
cinnasmal gniline were recovered. No reaction wes notede.

The same result was obtained by carrying out a fusion for
two hours at 1000, save that the resctiocn mass was not as darkly
cclored, while the ethereal solution was less viscous. By repeating
for teﬁ hours, the indicaztions of g slight decomposition or side
reaction (color and viscosity) were more marked, bul no reaction
could be observed as in both cases 037~0;8 Ze. 0f clnnamsl aniline
were recoveredo

A third fusion was carried out at 150° on the oil bath for
five hours; while a fourth fusion at 1500 was effected for ten hours.
The color was deeper and the viscosity moie noticeable at the higher
temperzture snd longer time of reaction. The resction masses were
dissolved 1in ether and gllowed to evaporate down. In neither case
could more then 0.6 g. of cinnawdl zniline be recovered due to the
increasing viscosity of the ethereal soluticn. The latter was Tound
to contain g lsrge smount of aldehyde, probably cinnamic aldehyde,
since & very pronounced reaction was obltalned with ammoniacel silver
solution and with Fehling's solution. & semicarbazone was prepared,

. Y o BN . , . ,
melting at 215 . ¥Ho diene synthesis was observed.
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3. CINI.

The p=-benzoguinone used in the subsequent reactions was pre-

pared by the oxidetion of hydroquinone with sodium dichromate znd

sulfuric acidlabe Approximately 80 g. of gquinone could be obtained

i~

from 100 g. of hydroguinone, the melting point of the product, after
re=crystallization from benzene, was 113=-115%

(a) In #ther.

Cinnamel sniline (2.0 g.) end gquinone (1.0 gf) were dissolved
in ether, refluxed on the water bath for two hours and ?hen left
over the week-end. The odor of quinone was still distinctly felte.
Un evaporaticn of the ether, a mixture of gquinone and cinnamal
aniline was obtained, ssve thet the solid matter was colored black.
The color appeared only on removal of the solvent and exposure of
the solute to the étmospheres On re=sclution of the crystalline
material, the ethereal solution wes dark in color, a@s contrasted to
the péle yellow tint of the original solution. By refluxing for
three hours and leaving a week, the same resull was obtained.

(b) In Benzene.

Cinnamal aniline and guinone were refluxed in eguimolecular
proportions, as before, for five hours, using benzene as tne solvent.
The coior of the benzene solution was not appreciably changed at the
cénclusidn of the operation. On evaporation of some of the solvent,
some quinone and cinmamel aniline separated from soluticn and were
identified by melting points and mixed melting points. On evaporat-

L]

ion of the remsinder of the solvent, the resi

ue became black in
color, while re-solution resulted in a very dark colored solution.
The color of the benzene solution became darker somewheat on leaving

for a week to ten days in a sealed flask, probably due to oxidation
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by air dissolved in the benzene.
it was impossible, however, to detect any new substance in
the reéétion mixture due to the fact that slow evaporation of the
solvent resulted in the separation and recovery of 1.7 g. of
cinnamal aniline and 0.8 g. of quinoﬁeo

{c) Fueione

Equim@lecular amounts of cinnawal aniline and quinone were
fused on the brine bath at_100=1100 for two hours. The fusion mix-
ture tp;ned black.llt was left’Qvernightwto»crystall;ze'and was
thenqtmkatedAwith hot ligroin in orde; to dissolye_any unchanged
cinnamal aniline‘or quinone. That either of these was present seemed
unlikely‘due”to the complete absgnge pf_anyvodorrof quinonee“On
eVaporation of the_;;grgin a’yellOWaorange viscous mass resulteds
This could not be crystallized or identified.

‘MThe black reagtion<mixture was thgn treated several times with‘
hotkalcghql‘and filtered. Brpwn flakes melting at lBQO‘Were/obtainede
On re-crystallization from alcohol, the melting point was raised to
1870,

The”black residue Which was insoluble in the hot alcoholﬁmelté:
ed at 2539f It was refluxed with chloroform in an attempt to separate
it into its couponent parts on the basis of their solubilities. Only
a slight amount dissolved, the insoluble residue melting at 2850. On
evaporation of some of the chloroform, black crystals ﬁelting at
2500 were obtained, whereas the same substance could be precipitated
from the chloroform by the addition of a small amount of petrol ether.
The crystals obtained by the latter procedure melted at 2459 but
gave no depression in a mixed melting point with the 2500 sample.

- Le~crystallization of each of the three black residues, of
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melting points 2530, 285°’ahd 2509,krespectively, from»nitrobenzene,
gave the samerp:oduct? purplish flakes melting atv627?e‘3y means of
8 second refcrystal;ization, the melting point‘was_raised,to 33709,
" Further purificaﬁ;on was effected by sublimation in'yacqu_

The method uged was as follqwss»The highfmelting subsﬁancg was
refcrystaliizadvonce frpm nitrobsnzene and then boileg‘ig benzene
several times in order to remove the excess nitrobenzepea The
purified material was dried for two days in a vacuunm dessicator. A
hard glass test tube (large size) Was scrupulously cleaned‘and into
'it WasAplaced a clean combustion boat containing tbe>high«melting
gubstanceo The ogen end of the tubarwas fitted withka‘stopper through
wbiéh Wasrplaced a piece‘of_hard glass ﬁubingg The 1atter‘was cphn«
ected with the_guction pump. When the alr pressure withing the tube
was appyox@mately_lo mms . of mercury, a Bunsen flawe was gently
played over that portign oI the tube containing the combustion boat,
causing ﬁhe purple crystals to sublime on the coolerrpartslof the
tubeg a certain amount of fused material invariably remaining in‘the“
boat;rAfter cooling, the boat was carefully reméved and the sublimate
shaken out. The latter was placed in a vacuum dessicator for two days
and a melting point taken. The value obtained was 3590,’By re-
crystallizing aga;n from nitrobenzene, refluxing with benzene, and
drying, no further elevation was attainedo

(i) Identification of the 1879 substance.

This substance was easily soluble in acetone and glacial
aéetic acid but could be dissolved in alcohol, ether, benzene and
ligroin with considerable difficulty. It turned litmus paper blue,
indicating faint basic properties. It was insoluble in dilute HCI1,
but was soluble in conc. sﬁlfuric acid with blood red color. It was

insoluble in 107 NaUH sbiution, although soluble in alcoholic KOH
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with the development‘ofvan Qrangevred golore’
Th67187° substance was dried over the Weekwend”in a vacuum
dessica@or and‘tben analysed for nitrogen by the Kjeldshl method.
(a) Weight sauple g 0.2000 gus. |
lean volume of 0.10 N NaOHkreq*d to neutrazize exgesquf
sulfurickgcidvafter absorption of ammonia’sb50,95 ces. (corre).
The 50.0 ces. HgSOg used to trap the ammonia evolved was
equivalent to 46.7 ccs. of 0.10 N NaOH.
Hence, the volume of ammonia evolved = 46.7 = 30.90 = 15;75 ces.

(0.10 W)

L %‘N‘g (15.75}(14)(5515)(165) = 11.02
. (1060)(0.2000)

(b) Weight sample = 0.2122 gus.

i

lfean volume 0.10 N NaOH req'd = 30.2 ccs. (corr.).
Volume 0.10 N aummonia evolved = 46.7 = 50®2 = 16.5 ¢CS.

e BN = (16.5)(14)(0.10)(100) - 10.87
(1000) (0.2122)

These values found (11.02%, 10.87%) agree to a certain extent

with the amount of nitrogen present in 2,5-dianilino-guinone-mono-

anil (11.54% theoretically). Due to difficulties encountered in

re~crystallizing the sample of the 1879 material, it was not possible'

to thain a greater degree of purity. However, on the basis of(the‘
solubility relaﬁionships and the fairly close nitrogen content, this
substance must be accepted as 2,5-dianilino-quinone=-monoanil.

The method of Jackson and Kochl®6 was employed in preparing a
sample of the monoanil for comparison and for mixed melting point
tests. 1.1 zws. of guinone and 0.9 gms. of aniline were dissolved in

chloroform and refluxed for an hour on the water bath under an

upright condenser. On cooling, a purplish crystalline solid separated.

This was 2,5-dianilino=-quinone in an impure condition. It was re-
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iqued several times with acetone, yielding a reddish solution and
leaving the Zy5-dianilino-quinone undissolved. On partial evaporat-
ion of theVaQetone, a ;ed@isn poweer wee‘qbeained, me;t;ngkathl850.
Re=crystallization from acetone or alcohol caused this to risevto 197=
200°.
" ﬁ/mizedemelting ppint of the monoani; of mepta‘QQQO With_the
1870 substance gave a reading of 1900 (usinz equal quantities of
each). |

(ii) Identification of the 339° substance.

.,g pure sample of the 3390“substanee'was prepared according to
t@e‘method outlined on pe. 99.‘Analyees’were carried out on this to
determine tbe cerbon, hydrogen and nitrpgen_eoqtents, respectively.

The results obtained in combustions are as followss
(a) Weight sample = 0.1742 gus.
Weight carbonﬂdioxide absorbed = Q§4750 gms o
Weight water absorbed s 0.0709 gus.
74.06

e % C = (12)(0.4730)(100) =
(44)(0.1742)
4 H = (2)(0.0709)(100) = 4.63

o ;v (18)(0.1742)
(b) Weight sample = 0.1776 gus.
Weight carbon dioxide absorbed = 0.4826 gms.

Weight water absorbed = 0.0715 gms.

Ve B C = (12)(0.4826)(100) = 73.91
(44)(0.1776) ~
%ZH = (2)(0.0715)(100) =  4.47
| (18)(0,1776)

The theoretical values for 2,5-dianilino=guinone ares carbon
74.49%, hydrogen 4.83%.
The purified sample was analysed according to the Kjeldahl

technigue for nitrogen contents:
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(a) Weight sample = 0.2277 gums.
liean volume 0.10 N NaOH req'd. = 32.3 ccs. (corr.).

Volume 0.10 I ammogig evglvedyg 46g7 = 3263 = ld.4 ccse

e %N = (14.4)(14){0.10)(100) = 9.76
| . (1000) (0.2277)

(b) Weight sample = 0.2575 gms.

13

llean volume 0.10 N NaOH req'd = 32.4 ccs. (corr.).

L]

Volume 0.10 N ammonia evolved“m 4637 - 52«4“m 14.3 ccse.

e 4N = (14.3)(14)(0.10) (100) = 9.50
(1000) (0.2575)

- The theoretical value for 2,5~dianilin0wQuinone is 9.66 % of
nitrogeno
The molecular weight of the 5599fsubstan¢e was carried out
by the method of Rast,uusing camphor as the substance whose melting
po;nt igvpokbe 1oweredo_The‘depression constantk(K)_fer camphor 1is
40,000uwh;1e‘its melting point was found to be 1780,

(a) Weight of 3390 substance = 0.0062 gms.

Weight camphor = 0.0702 gms.
lMelting point of mixture = 1650f
Melting point depression (observed) = 139.

«'s liolecular weight = (6.2)(40,000) = 271.9.
(12)(70.2)

(b) Weight of 3390 substance = 0.0067 gms.
Weight camphor = 0.0731 gms.
Melting point of mixture = 178°.
Melting point depression (observed) = 149,

.'e Molecular weight = (6.7)(40,000) 261.9.

(14)(73.1)

Bb

(c) Weight of 339° substance = 0.0067 gums.

Weight camphor = 0.0731 gmse.
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lielting point of mixture ;\165??”

lielting point depression (observed) = 13°.

.'e lolecular weight = (6.7)(40,000) = 282.1.
: )

The moleculsr weight of 2,5-dianilino-quinone is 290.

»On»dissolvingwthe 3390 substan¢e inrcpnc, sulfgriq aqid9 a
fuchsin red color was obtained;égavBy;épuxingbthis solution into
cold water, yellow particles were precipitated. These were filtered
and dried for several days in a vacuum dessicator. The melting point
was 534560. This isrg‘test for 2,5-dianiline-quinone.
kAnotper pest carried put was anralkaline hydrolysisl§7~vﬁ
gram Qf the’highmmelting purple substgnce wa s placed in»a round=-
bottomed flask and refluxedlw;th‘50 ccs.'of 20% alecoholic KOH for
three hours on the water bath. The mixture was poured into water and
eztractedvten times WithﬁBO GG portions of ether. The etherealk
solution Was‘dried over anhydrqué_CaClggkmost‘othhe ethei digtilled
off and the rest allowed to gvaporate»off‘slowlya Orangef:edkc;ystw
alsngre obtained in an impure‘condition ig a4 small yielda It was,
howeve:, pqssible tp :eucrystallize them from’ethyl acetate, a melt-
 ing point 057204°>being ob@ainedf‘This Wpuld indicate that the
erstals fprmed were 295udibxy~quinone, which are darkfyelloW‘
needles, melting at 215-2209. Further confirmation of this conclusion
was drawn from the solubility relationships of the 2040 material.
It was soluble in alcohol and slightly soluble in hot Water and ether.

The alkaline portion of the reaction mixture, from Wh;cn the
2,5-dioxy=-guinone had been extracted, was acidified with dil. HpS04
and extracted with ether several times. The ethereal solution was
dried and erystallized as in the previous case, yielding more 2,5=

diOXy«quindﬁe (mepte 203=59).,
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The‘final‘rgactio@ ea;ried outvwit@ the 559?V$ubstance was
heating 1.0 gms. with 3»D'gmsé‘of‘ani;ine hydrqu;oridg on the oil
bath at 1500 for five hourslgserOn cooling, dark purple-red crystals
Were’obtainedkin an impure conditiqng These were dried”apd then
boiled with alcohol to remove any alcohol=soluble impuritiese The
grystals_were»then_reacrystal;ized‘ﬁrom benqua Their melting pqint
was 2330, waile that of azophenin was 236-7°. 4 melting point dep-
ression could’nptVbe obtained by mixing egual ampuntswof each.

4The azoppenin p;gpargd (2530) Was insgluble in»alcohp;,rgther
and cold benzol, but was solublé in hot benzol and in chloroform.
It was insolublc in lO% KOH and colored hot conc. hydrochloric acid
Viole@ Withput dissqlving. Zhe cxystals were soluble in conce. H2804
with a violet coloration, beoomingysnddenly sky bluekat 3009, The;
sulfuric’acid solution gave & carmine red fluorescence on dilution
with water. 139,140

; The azophenin used for purposed of comparison was prepared
according to the method of Jackson and Porterl®?, by heating 2, 5=
-monoanil

dlanﬂllno»qulnone/for six hours with an excess of anlllne at 180 200°
on the 0il bath, cooling, filtering, and re=crystallizing twice from
benzene. The melting p01nt obtained was 2340

The above tests established the identity of the 3390 compound

as 2,5~dlanlllno»qu1nones

(iii) Identification of cinnamic aldehydeg
On p. 98 it was pointed out that evaporation of\the ligroin
solution resulting by boiling the cinnamal aniline-quinone reaction
mixture with ligroin to remove soluble materials had yielded a
yellow=-orange viscous mass which could not be crystallized or ident=-
ified. By using larger quantities (8.6 gms. cinnamal aniline and

S.4 gms. guinone) and heating at 100-1100 for one hour, it was
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possible“@o obtain avligroin solutionvin the same way, in which
Q;nnamic aldehyde‘couldrbe identified,rinhthig case, afte:»phe
reactiqn~mixturevhad-solidiiied, ligyoin WasAadded_and’stir:ed into
the solidified massvwith a glagskrod@ This progedure‘was’repeated
several times, using~altogethgr about 30 ccse of 1igroig. The solvent
was net al;owgq tprevapprate pff, but was diluted with‘an4equalwvolume
QﬁﬁQ@% ethanol. Ten ces. of this solution was tegtedrfpr_reducing
properties with Fehlingfs §o;ution,‘giving a positive reaction.

- The remaining 59 CCs. Was treated With.sem;carbazone hydro=
Chlgpide,lin the usqalvmgnngrgwandkon adding a small\amounthf water,
a’dirtykgrey floccqlént‘precipitate setpled oute This was twice re=
crystallized from algoholg yielding a flakyAmaterial melting at 2159,
This gave no depressionlwith ﬁhe semicarbazide of cinnamic aldehydee

(iv) Benzal aniline and guinone.

The mechanism of the reaction of quinone on cinnawmal aniline
has been presented on p. 68 as involving hydrolysis of the cinnamal
aniline into cinnamic aldehyde and aniline;wfollgwed byﬂa substit~'
ution reaction of the aniline on the éuipopgsACinnamic aldehyde has
been identified but no trace of hydroquinone could be found, this
being arpyéprqduct of thevsubstitution reaction. It could only'have
been preSent in the_ligroin solution or in the alcoholicvsolution
containing the wonoanil. after removal of the monoanil from the
alcoholic solution, the latter was evaporated down; but no hydro=
guinone separated in a condition suitable for further analysis. iny
a s;ighﬁ brown residue (0.1 gms.) was obtained, but this could not
be re-crystallized or identified.

But the substitution covrse of the regction ﬁas verified by an

analogous reaction, involving the hydrolysis of benzal aniline,

quinone being used as before. Equimolecular amounts of benzal aniline
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(O,é'gmsf);and of éuingne (Q;S ngs) were dissolved ln 30 gcs.‘gf
95%76thanol‘and refluxed for halﬁran/hou; on‘the water bgth. The mix=
ture was 1eftvovernlght»apdmflltgled§4A yiel@‘of 0.6 gmss“gka,S«
dianllinofguiponeAwas pralne@,‘meltlng“at’SQS?,’and possegsingra o
Qistingtive metallic’sheen, On re-crystallization from nitrobenzene,v
bhe melting point_rosevto‘534?g‘

,vwihe alcoholic:solutionmwas‘allowed to evaporate down slowly,
crysﬁals of hydroguinone (mfpt5 lﬁQQ)}belng»obtalned”and’ldentlfied
by\mgans of the_Schottentaumen reaction, the benzoyl derivative
formed melting at 202°.

The reactiqn Was‘repgaﬁed? using‘SgGMgmsg benzal aniline‘and
2.0 guse. duinongg After filtration of the 2,5=dianilino=quinone, the
residual solution was subjected to distillation at a pressure of
10-15 mms. of mercury in the hope of thaining aniline in the dist-
illate. The distillate was partially evaporated to remove the
alcchol and Waé then tesﬁed‘With”semi¢arbazidg hydrochlorlde and
sodium agetgtearﬂ semicarbazide was not’obtained, howgver.

The reaction was repeated by fusion on the water bath at lQOO
foruone hour. On cooling.thé black reaction mass solidified completely.
It was re«qrystallized{from nitrobenzene twiece, yielding 2,5=di-
anilino»quinone, melting at 3339,

(d) Im Chloroform.

Cinnemal aniline (3.4 gms.) and quinone (2.2 gms.) were re=-
fluxed in 50 ces. chloroform for two and a half hours on the water
bathe After‘cooling and filtering, 0.7 gms. of 2s5=-dianilino=-guinone
were obtained, melting at 3240. These‘crystals had a slight‘greenish
tinge and gave no depression with a pure sample of melting point”358°o

The filtrate was allowed to evaporate down further, two more

¢crops of 2,5=dianilino-quinone being obtained, until 1.1 gms. had
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been&filtered offe'The filtraterwas ev§poratedr§o“dryness andvboilgd
sgyera; times with bgnzeneemg rgd@ishfpurple powder wWas obtainedrfrom
the ben;ene so;utiong melting at”;SgoewaVrgfcrystalli;ation fou:
Vtimés~from benzene, the.mglting po;nt rose to 253?; A meltiﬁg point
depression was not obtained with azophenin prepared from 2,5-
dianilino-monoanil.

| syaroguinone was obtained in small yield (0.2 gus., melting at
;68?) by extraction from ﬁhe bepzene=§g1ublg residue, after’evapor«
ation qf the solvent, by means of ether. 4 benzoyl derivative was

obtained with the hydroquinone, melting at 201-202°.

(e) In Alcohol.

MEéuimolecular‘amounts of‘cinnamal aniline (6,0Hgmsg) and of
auinone (5.5 gus.) were dissolved in 50 cos. of 95% ethanol and re-
fluxed on the water bath for thirty minutes to one hour.»$he color
bf ﬁheysolutipn turnedkpurplenblack in the course of a fgw minutesA
heating,WsupergeatigngasVvery pronouﬁged,»with cqnsiderable bgmping,
It was deemed advisable to use aASOO'ccswlroundvbottom flask in
Whi¢b to carrv Qutwthe re;ctipn ip{order to prevent the mi;ﬁpxe f:om
gpog@ing out ﬁhrough‘the condenser. The addition of glass beads or
of pieces of porous pot did not help very much in preventing bumping.
The time of heating was not Qf much impprtance, since substantially
the same yields of products were obtained by heating from thirty to
sixty minutes. The ratio of componenis used was, however, important,
as will be pointed out presently.

The mixture was left overnight, dark purple crystals pf 2 5=
dianilino~quinone being filtered off, meiting at 3209. On re=crystall-
ization from nitrobenzene, the melting point rose to 329%. No de-
pfession was obtained with a sample of me.pt. 339C.

On allowing the solvent to evaporate off slowly, a dark tarry
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mass\containing & certain amount of crystalline material was depos=
ited. Due to the solubility relationéhips of the tar and the cryst-
al;ine material, it was not’possible to effect ) separation‘with
the cowmon organic solve‘ntse‘H‘owevers a slight amount of crystalline
matter qouldVbe obtained by precipitation f;om alcohplic solution
by the addiﬁionhpf small gquantities ofwwaterf‘Tne tar‘was Qissolvsd
in alcohol and water was added in ten cc. portionsfﬂgtirring thorough-
;y afﬁer eggh addiﬁion, Warming sljghtly,,and’immediately filte:ing
qn’the’suctinn pump,VIn this way, a cohsiderable amount of tar was
separated and set:aside for further examination. The filtrate was
treated with water as before until it acquired a maroon colour. By
this @ime, very little tar came down on the further addition of
water. The‘maroon or cherry»red solutioﬁ was allowed to crystallize.

Gherrysred cxystals separgted out, and on‘drying were found
to welt over a‘:angguof SQflOOO, indicating considexable'impurity.
Ihe color and generalkappearance of the orystals varied cousiderably
with the method of precipitation from the a&coholic solution. When
a 1a;ge‘amgunt Qf}tar was present, the solid_material appeared‘black
to brpwn‘or purp1e in Color, often containing light brown needle»
like crystalso With more effective separation,‘the color'of the
crystals became lighterfvThe degree of crystallinityrvaried also.
Some of the crystals were small in sizegkwhile otherskwere well=
formed and needle-like. The impure crystals were set aside for
further examination.

The filtrate, after removal of the cherry-red crystals, was
extracted several times with ether, yielding a considerable amount
of hydrogquinone melting at 169° (following re-crystallization from
benzéne) and forming a dibenzoate melting at 198-1990.

The yield of 2,5-dianilino=-guinone appearéd to be fairly con-
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stant for mixtures of cinnamal aniline and qguinone in the ratios of
1:1 to 2:1. The yields of the cherrymred substance were not constant,
nowever, as indicated in the following tables |

Wte cinnamal Wt. quinone Ratio C/¢ Yield 2,5~ Yield cherry-

aniline (C) (&) dianilino= red substance
, ' guinone ’
6.0 gmse 3.8 gus. l:1 0.6 gmso. l.2 gms.
u 3.0 54 X 1.5
u v 265 382 " 2o
b 1.9 2:¢1 i 1.9

Thus,‘phe_yield'of the chg::ysred substance increases with
increaéingrproportiqns of pinnamal aniline in the reactipn mixture,
the’begt yield§ bging‘féered}by a ratio (cinnamal aniline to
éuinone) of 2:1 or, preferably, 3:2.
| From the point of view of yield, the terry material seemed
to be the qhief‘prpdugt of thekreactionﬁ Several experiments ﬁo
determine its nature were thereforeica:riedwgutf

A portion of the tar was boiled w;thrwater and filtered hot
through a fluted filter papere. The filtrate Wasvoooled and extracted
several times with ether. The ether was dried with anhydrous NagCOz,
fil;g;e@, apd set as;@g’to”evaporate. A slight amount ofrblack
gmogghouskmattgr, melting at 645690, Was‘obtainedgylt pqssessed a
pleasant f:pipy odor. Due to its hich solubility in the Qfganic
splvents available, it could not be purified sufficégently for
purposes of}identification,

~ The portion of the tar which did not dissolve‘in the hot
Water_(i.e.,‘the residue after filtration} was placed in a flask
and treated with live steam. It could not be steam distilled.

Vacgum distillation‘atvlé mms . pressure was next car:ied out
on the tar, a cubic centimeter of’an oily liquid‘being collected

-~ with the distillate. This was proved to be cinhamic aldehyde due to

the formation of a well-defined semicarbazone melting at 2140.
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Several attempts Wére made’to énnvert the tar into a cryst-
alline derivative. These Wgre:ﬁxgductiop?vtreatment with acetic
anhydride, andeith hydroxylamine. 4 portion of the tar was diss-
olved in benzene and refluxed for half an hour on the water bath
With Zn andﬂdilute HCl, While a;second portionrwas similarly treated
With_SgClg and HCl. The color of the benzene solution did not
change. The benzene layers in both cases were separated from the
acidkby means of'g separatory fupngl,_drigd”ovexkanhydrous CaClzg
and allowﬁd tpvevaporatee The‘tar was obtained in.both cases. Tha
acid layers were then neutralized with 107 NaOH and extracted with
ether. After drying and evgporation of the solvent, no residue was
found.

a few grams df tbewtar Werevreﬁluxed With aéetic anhydride for
an hourg‘cooled and poured‘into Waterf The tar‘sepaxated unchan@ede

A gram ofytav»was_dissolved;in 95%’ethanol and treateduwithAq
hydrozylamine’hydrqchldride and anhydrous sodium acetate,Aﬁeated to
bqiling, cooled, and then treated with cold water. The tarry materisl
separated.

4 more intensive investigation of the cherry—redksubstance
shqwed_a}very close relationship bgtween it and the tare. The former
was boiied with benzene and filtered, thereby separating it effect-
ively from the insoluble 2,5-dianilino~quinone. By the method of
precipitating with alcohol it was not possible to completely separate
tbe two, althoughrextraction with bemzene proved satisfactory, After
evaporation of the benzene, the cherfymred substance appeared black
in color. It was dissolved in strong ethyl alcohol and reaprecipitated
as before by the addition of water. Great care must be observed it
the crystallization is to be properly made. In fact, this appeared

to be the most critical stage of the investigation, for unless due



Qreeautionsﬁwe;e'taken it was simply impossible to obtain a pure
sample fer’anelysisg

~The best method seemed to be the use of small quagtitiesrof
?he crude materiel,‘not mere»than‘three’gramsg Due to the nature
pf»the\substance,tthree grauws occupled more than half of a 100-cc.
beaker.ult_was necessary to ca:ry<put tﬁenyeferystallizat@en in’an
open“beeker, inrspitekof the fact ?hatralcehel Waswbeing geed,»in
order that the solution could be filtered very hot. The meferiel
was dissolved in the minimum amount of alecohol, heating gently at
intervals tpefacilitete‘soluﬁiqne A few cubic centimeters of water
Were’added’drop by drop, etirring aftex every few dropso AT first;
the color would not change, but‘as more water was added, the color
beqame(lightere As’soon‘as'this was observed, the solution was
carefully heated,'with stirringflihe color darkened on heating. liore
%ater was added, very carefu;ly, and the mixture wa s again‘heated‘
unt;l any precipitated matter had dissolved,vfhe process was repeated
until thevcolor of the solution (when hot) Wwas maroon in colo:?
This eppeared‘to beAa# a cqncentratien of about_40% of alcohols The
addition of more water would precipitate the tar. It was not fognd
advisaele to dissolve the cherrymred substance directly in the 40%
alcohcl, due to difficulties encountered‘in the‘procees Qf solution
and_tthbe danger of precipitatingythe}tar. It is impossible to
give absolu@e directions for the process describeds; that must beleft
“to the experimenter.

after the proper concentration of solvent had been attained,
the solution was filtered hot through a small saetion funnel, care
being taken with the last few cubic centimeters which would invaré

iably contain a small amount of black liquid tare. The tar itself was

pourec back with the rest of the impure cherry-red materisal, While the
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filtrate was ppured into,a beaker before it could cool. Here again
certain care must be taken since it was noted tﬁatrthe last few cubic
centimeterskqf the filtrate gontained a small ambunﬁ of ;iqgid'black
tar. On cooling, the lattexrwogldhsql;éifyo”lt~di§ not necessarily
yie;d a black tarry sqlid mass; gccgsigpallysyfawnfcolpred mafcerial9
gomewha@ like a number of tiny mushrooms appeared throughout its
surfaces.

By aissolving the black tarry liquids or solids mentioned in
?pe‘;ast paragraphwin alcqhql and’repegting the precépitation with
water, the tar could be made to crystal@ize out‘in‘fawn=colored
cryétals in”thekgame way that the massvof the cherry-red material.
This ipdigate@ that the tar and cherry-red substance (Wbich is.
fawnucoloredkwhen pure)are‘identical orrinterchangeableg The one
could be converted into the other by varying the strength of the
alqohqlwwater solution, thg hea@ of solutions and the methgd of
filtratign. Considerable practise is essential in mastering the
vtechnique outlined.

Thq polarizing microscope was‘made use Qf‘in’the investigation
of the cherry-red substance. Samples of the impure material which
had been reéqrystallized but once were examined in both water and
Canéda Balsam. The particles appeared somewhat 1eafulike,ﬂwhitebto
yellQWAin color, and contaminated with a dark brown subgtance adher-
ing very closely to the particles. The crystailine nature of the
substance could not be clearly determined; Samples which had been
' re=crystallized four times and which were not brown, but light fawn,
in color, were definitely crystalline, showing strong blues and reds
with rotation of the nicols. Whereas the first sawmple was contamin-
ated to the extent of 20-30% with the dark brown impurity, the

second sample was only contaminated to the extent of a few per cent.
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ylﬁ‘was‘impossible ﬁo absolately_remove this last tracg’of’impgrity,k
’even by ten re-crystallizations. and in view of the interchangeability
of the tarry matg;ial and the cherry=-red substance,rlt seemed pro=
bable that the fawnwcoloredrmate;ia;ywas the true crystalline sorms
while the tarry copdition represented an amorphous state. The reason
for the lack of colo: in the sample fﬁrst ezamined by polarized
light may be that a small amount ofrthe’amprphous tgr»had formed a
sqlid soiution with the crystal, thereby masking its strongly bi-
refractive nature.

The fawn-colored crystals were orthorhombic in form and
strongly birefractive, giving_striking oolors onvrotating the nicol.
Thewqrygtals were bieaxial and opticallyApositive, the plane of
cleavage being»perpendiculay to tbe acute bisectrix.

- The”crystals4gave a ﬁiolet coloxr reactiqn with conece. HZSO4 and
g yellow with_conc.’HCl and HNOé._They dissolved Withudifficulty in
}O%kNaOH andkwere easily solgble in’benzene,_ghloroform, acetone an@
sligbtly sqluble in ether and 1igroin. They were insoluble in water.

The melting peint was found to be‘1120.‘

The results of elementary analysis for carbon and.hydrogen
are givenhbelowe The sanples used were the purest obtainable, ha?ing
been ?e=crystallized seven times, and were a 1ight'fawn in ceolor.
Thevaeré.dried over the week=-end in a vacuum dessicatprfbln this
connection it should be pointed out that the dessicator’wasvnot
completely evacuated on‘the suction pump since such a procedure
would cause the crystals to be converted partially to the tar. &
moderate Vacuum oniy could be tolerated. It was also necessary to
leave the dessicator in & cool place as a further precautdon.

(a) Weight of sample = 0.0936 gms.

Weight of carbon dioxide formed = 0.2898 gms .
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Weight of water Vapor'formed = 0.0031 gums.

e B C = (12)(0.2898)(100) = 84.44
(44770.0936)
%2 H = (2)(0.0531)( ?Q)’ = 6.30

(187(0.0956)

(b) Weight of material = 0.0801 gus.

Welght Qf carbgnHQiox;de produced ?,072494 gnms .«

L]

Weight of water produced = 0.0448 gus

e % Ca (12)(0.2494)(100) = 84.92
(44)(0.0801)
% H = (2)(0.0448)(100) = 6.21

’ (18)(0,0801)‘

The rgsults obﬁgined by‘Kjeldahlwanalysis for nitrogen are
noted-pelowo These analysgs'were carried out<on the purest sample
obtainabls, blanks béipg runAon\the reagentse.

(a) Weight sample = 0.8335 gus. . B
Volume of 0.10 N NaOH used = 16.5 ces. (corr.). -
Volume of 0.10 N ammonia evolved = 30.2 cese (i.e., 46.7 = 16.5)

(30.2)(24)(0.10) (100) = 5.07
(1000)(0.8335)

Q‘. %N

(b) Weight sample = 0.3774 gus. ; _
Volume of 0.10 N NaOH req'd. g‘ 33.2 ccs.’(corr,).
Volume of 0.10 N ammonia evolved = 13.5 cese (ie€es 46.7 = 33.2)

o' %N = (13.5)(14)(0.10)(100) = 5.01
(1000)(0.3774)

4s a check on the identity and purify of the cherry-red subst-
. ance, a second analysis (Kjeldahl) was carried out on a second

sample of materisl, with the exception that in this case theVpurified
materigl was dissolved in strong alcohol and re~crystallized, bqt in
such a way as to'encourage the formation of a small amount»of‘tar,
the latter soliéifying with the fawn-colored needles. The proportions

of the two forms were approximately equal. The solidified material



=115~
Wag‘gg;vgﬁized in a mcrtar aﬁd d;}e@ in the vacuum dessicator (at
@artial_Vacuuﬁ only) for three days.
(a) Weight sample = 0.1397 gms.

Volume 0.10 N WaOH req'd.

]

4105 ces. (corr.).

Volume 0.10 N ammonia evolved = 5.2 ces. (i.e., 46.7 = 41.5).

Ve %N = (5.2)(14)(0.10)(100) = 5.21
, , (10007 (0.1397)

(b) VWeight sample = 0.1674 gums.

Volume 0,10 N NaOH req'd. = 40.9 ces. (corra)o
Volume 0.10 N ammonia evolved = 5.8 ccs. (ie€es 46,7 = 40.9).

e'e %N = (5.8)(14)(0.20)(100) = 4.85
(1000)(0.1674)

, Theuglight discrepancy in the rgsulis obtained (0.36) may_bs
due to experimental error or to some slight chemical decomposition
;n‘phersample. Howeyer, the two regults‘chepkjclosely enoqgh to
suggest that’thg tar:yksolid‘is qusely related$ if notkidenticalg
to tﬁe_fawnégolored orystalg.kfurtber evidence Qf the relgtionship
between these two forms is seen from the fact that the same reduct-
ion produqt‘is’pbtéinad onvappropriate treatmento-Sim;;arly, both
y;elded the same bromine derivative and the same semicarbazone. These
willkbe dealt with in subseguent paragraphs.

In Qrder to get a correct molecular formula, the freezing point
methodkwas employed for the determination of the molecular weighto.
The solvent used in this case was benzene of high purity. The de-
pression constant (Ke) for benzene is 5.12.

(a) Weight sample = 0.0841 gms.

F:eezing point of benzehe = 6,020,

Freezing point of solution = 5.930.

Freezing point depression = 0.099.

Weight of solvent = 21.77 gus.
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. o= (.0841)(5.12)(1000) = 276.7
, (21.77)(0.09)

(o) weight sample = 0.1793 gms.
Freezing point of solvent = 6.020°,
Freezing point after addition of sample = 5.8450. .
Freezing point depressioh = 0.1750.

e Moo= (0.1793)(5.12)(1000) = 241.0
~(2L1.77)(0.175)

(¢) Weight sample = 0.2742 gus.
Freezing point of solvent = 6.0200,
Fregzing point after addition of sample = 5.7700.
Freezing point depression = 0.2500,

Cve Moo= (0.2742)(5.12)(1000) = 258.0
(21.77) (0.250) ,

A On the basis of these results,; the formuia of ‘the 112° substance
is CygHyqON. |

?he qugenratqm in the 112° compound'was found;tokbekketonic
in character since it did not reduce Fehling‘s sglutign,VSch;ff's
reagent or an gmmopiacal silver solution, but formed a silvgry grey
-semicarbazone on‘treatment with semicarbazide hydrochloride. The
yield was smallkin view of’the fact that leés than a gram_of the
li20 substancelwas available for the reaction. Hence 1t was only‘
possible tQ earry‘out a Kjeldahl analysis for nitrogen. The samplg
anélysed Was‘reacrystallized twice from benzene and dried for four
days in fhe vacuum dessicator. It melt@d>sharply at 218°. An identm
ical meltineg point was obtained on crystallizing from alcohol.
(a)'Weight sample = 0.0769 gms.

‘Volume 0,10 N NaOH used % 42.4 ccse. (corre).

Volume'OolO N ammonia evolved = 4.3 ce€so (ife., 46.7 = 42.4).

ofe AN = (4.3)(14)(0.10)(100) = 7.83
. (0.0769) (1000)
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(b) Weight sample = 0,9927 ngo‘
Volume 0.10 N NaCOH req'd. = 41.6 cos. (corr.).

Volume 0.10 N ammonia evolved = 5.1 ces. (i.e., 46.7 = 41.6).

2

e %N = (5.1)(14)(0.10)(100) = 7.70
- (0.0927) (1000

]

A brominaiderivative was prepared byrdisso;ﬁing 0,5 gms. of
ﬁhe llQ?wsubstance in lO‘qcsa>strong-§thaan, Qoqling9 and adding
a few dropsuof li@uid broéigea after standing half an hour, the
bromine~derivative was prec;pitated_out by the»addition Of,? few
drops of Waﬁero-lt»Was“rgfc:ystallized by_dissolving’in alcohql and
remprecipitating with water. The sample Was creamy=white in color
apd melﬁed2 When er, atv126=128°.’Du¢ to-a lack of~sufficient
materia;, it was nqt ppssible to prepare enough of the bromine
derivative for analysis.

The_same bromine substance was prepared from a sample of the
dried tarry material.kln this case, the takaasrprepared‘by diss«
olving the 112° substance in alcqhol and precipitating with water
ﬁnder 5uch‘cqnditions that the tar came down. This Wasvseparated
f;qm the remainder of the solution by decanting thevlatter, and
dried on Qooling. The reason for preparing the tar in this manner,
rather than‘using the crude tar, was that the intention of the
investigaﬁor was to obtain additional proof as to the relationship
between the tar and the 1120 compound.

The presence of a keto~oxygen atom_in the moleculg ofkthe 1120
substance suggested’the’fact that reduction would convert it either
into a phenol or into an alcohol group (OH) . If such a derivative
-Qould be obtained in the pure state, the difficulties‘of working
with the fawn-colored material would be eliminated. The defermination

of the basic structure of the substance would be facilitated since

reduction would only affect the depree of oxidation of the O-atome
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: The'llZQ substance was dissolve@ in a‘minimumvamount of benzene,

ﬁiltergdg and ﬁhe filtrate t:gateé»with arsolution4qf SnClg Qontainm'
ing arlittle dilute hydrqghlqric acide & yellow solid was precipitatede
Thislcouldkalgo be thainedwwitb SnCls 3lopegyindicatingvthe ease of
thglreductionf The latter reaqtipn might be proaote@ by some HC;
fq;med”by‘hydrolysis of_the salﬁ,_althougb the extént Qf such hydro«
lygistould be ve_ry»smalle Thg/re@uction produqt»was filte:ed twice
With“a 5% Hcngolutiqn andrthen With six Washings Qf distilled‘water,
until ﬁhe-filtrateﬁ nowlongeﬁ>produced a precipitate With’silvsr
ni;xatg solutipn,’The lemqn»yellow($olid‘wasvscraped_off with a
spatula and t;ansferred to a beaker. It was left over the week-end
to dry in a vacuum dessicatore_

’The only Solvent>which could be used»for re-crystallization
gf thewreductipn produpt ’Was‘benzenes although this manipulation
was’accompanied by extreme difficulty due to th@ very slightkso;ub»
ility of ﬁhg gompoundaAThe benzene used was dried overnight in a
flask containing’anhydrous CaClg. On re-crystallization, the color
ofmﬁhe crystals darkened to prange»yellowe‘ihey were small and well=-
formed, melting at ;58?, sharply, after four crystallizations. Thev
possessed a slight sheen or g;itter.

v The reductionvproduct was easily(soluble in acetone and alco-
hol, 1ess sqluble in hpt benzene, chloroform and water, andkinsol-
uble in ether, petrol ether‘and ligroin. It showed an intense yellow
color with conc. sulfuric acid. Acid permanganate solution is decol=-
o:ized in the cold, as is bromine water, the labtter reaction being
"accompanied by the production of a slight milkiness, but not by the
evolution of HBr. The reduction product was soluble in dilute HC1

with the production of a yellaw color, but did not seem to dissolve

in 10% NaOH solution. Ammoniacal vapors were produced on heating with
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a 50% KOH solution.

‘Two cgmbusﬁioag were carried Qgt on’a’sample of the 1580
redugtion product that had been»reécrystallized four timeswﬁrom
benzene and then dried in the vaccum dessicator for two days. It
was, hqwever,~nqticed“that an inorganic residue was 1eftﬂin the
combustion boat, probably SnClzg ihe”presenqg.of this impurity
was not suspected in view of the sharp melting point and in view
kathevnumber of“cryata;lizgtions ca:ried’out. Furtbe:s_the‘meltw
ing-pqintvwas the same aftgr'the‘second,Athirdvand fourth re=-
q:ystgi}izat;ons& Qne posgibility considered was tbat’a compound
was forwmed With the t;ue :eduotion product,ubutbthis Wasunot’borne
out by the variation an the“amqunt Qf ﬁin salt in the’158°,mgteria1.
In the twn‘samples_bgrned ont in ths combustipns_for capbon and
hyd;qgen,ﬂthe amounts of iporganic residue were 23.35 and 19.26 per
Qentoéfﬁer making allowance fo:’the fact that the samples gontained
only 76.65% and 80.74% of the reduction compound, respectively, the
calculations of carbon and hydrogen content showed the following
values: carbon 56.50 amd 52@40%;‘hydrog¢p 6,01 and 4,57%.’These”
resultsvare mentipned in passing;’but are not submitted as accurate
analyses of the reduction product. It was not possiblegldue to the
small amount of material, to prepare more of the reduction compound,
although”by means_of a different procedure. This would be necessary
if a correct determination of carbon and hydrogen is to be obtained»

Kjeldahl analysis for nitrogen gave the values 3.48 and 3e55%,
but these can not be accepted due to the fact that the samples con-
tained the inorganic impurity. On the basis of an 80% organic content,
these figures could be corrected to read about 405%._

Thexre could be no doubt that treatment of the 1120 substance

with acid stannous chloride had been accompanied by reduction of the
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keto-oxygen atom. A Schotten-Baumen reaction was carried out on two
grams”of'the»impuravreQuction prodgct, using a ;0% EQOH solution‘to
agsist tbe reactiqna gn unusually large amount of heat was evolved,
aqgomp;nied by the fofmation of a'light‘bxown benzoyl deriv;tivea
This was extractsd frqm tpe atannogs chloride byrmeans ofrboiling
benzene, driedwwith anhydrous Qac;g,‘an@ f;l@e:ed. Wéll%defined
Q:ystalline flakes separated out on evaporation of the benzene,
melting at 160-1610. Due to their different crystalline mature,
quor, sglubility relationships and‘a,considerable lowering in a
mixed”melting point tegt, these were shown to be different from the
1589 reduction product.

V Séveral.grams qf the benzdyl derivaﬁive were rewcrystallized
twice f;qm“benzehg and set aside to dry in a vacuum dessicator.
ihése cryétglsvmelted sharply at 1610‘and appeareq suitable_for
elementary analysis. The results obtained for nitrogen by the
Kjeldahl method are és follows:

(a) Weight sample = 0.1234 gms. |
Volume 0.10 N NaOH req'd. = 41.0- ccs. (corr.).
Volume 0.10 N ammonia evolved = 5.7 ces. (ioee, 46.7 - 41.0)

ole BN = (5.7)(14)(0.10)(100) = 6.47
,(071254)(1000)

(b) Weight sample = 0.1400 gms.
Volume 0.10 M NaOH req'd. = 40.4 ccs. (corr.).
Volume 0.10 N ammonia evolved = 6.5 ccs. (iee., 46.7 = 40.4).

e %N = (663)(14)(0.20)(100) = 6.30
(0.1400) (1000)

”Combustions for carbon and hydrogen revealed the following
valuess '
(a) Weight sample = 0.838 gums.

Weight carbon dioxide evolved = 0.2427 gus.
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Weight water evolved = 0.0428 gnms.

e % C = (12)(0.2427)(300) = 78.89
(44)(0,0838)
% H = (2)(0.0428)(100) = 5.67

- 1187(0.0558)
(b) Weight sample = 0.0854 gms.
ﬁeightfqarbpn diqxide absorbed” :H_O§248O gms o
Weight water absorbed = 0.0424 gus - ,
(12 (a 2480)(100) = 79.22

e 40 = )
(44) (0. 0854) .
%H = (2 )(a 0424) (100) =  5.52
- (18)(0.0854) ,

The moleCular welght Qf the bengpyl deriv;@ive was determined
by the migrq methpd Qf Rast, using camphor of melting point 1780
and depression constant 40,000.  7
(a) Weight sample = 0.0060 gums.

Weignt‘camphor ;v7000724 gms .

elting point of mixture = 1659»

Melting point depression 150,

1

o'e M = (6.0)(40,000) = 221.0
(15)(72.4)

(b) Weight sample = 0.0064 gms.
Weight camphor = ‘090690 gms .

Melting point of mixture

88

1620,

B ]

]

Oy
o

Melting point depreSSLOH

Ve M o= (6.4)(40, ooo) = 232.0
(16) (69.0)

On the basis of the above results, the formula of the 158°

substance has been calculated as Cq4Hq00N.
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SUMMARY .

A comprehensive review of the "diene synthesis" or “Diels-Alder
:gaotiqnﬁ’hasﬂbegn presented and a number of its moT e important
applications have been discussed.

A sgrigs-of egpe:iments have been carried out in an‘endeavour
ﬁq gfigqt awdiene synthgsis betweenva’gonjugated diene and a
nitrqg§n~gqntainingrppilodienewcomponent, by’l,4=additiongyThe
pairs of reactants employed were: cinmamal acetophenone and
benzal‘aniline; anthracene and benzgl_gniline; pinnamalvacetOw
phenone and phenyl isocyanzte; anthracene and benzonitriles
cinnamal acetophenone and benzonitrile; and cinnamal acetophen-
gne‘gnd‘cinnamal ani;ine, Avd;enebreaction could not be detgcted,
although products were’obtainsdwwith cinnamal acetpphenone and
benzal aniline, qnekmelting over SOOO‘and~the‘pﬁher at l22°. Due
to the smalljyields, these could not be analysedo The reaction
of phenyl isocyansate on Qinnama} aqetophenone was acoqmpgnied
pymtherfqrmation of carbanilide, even under strictly anhydrous
conditionso

A series of experiments have been carried out in an endeavour

to effect a diene synthesis by means of ly,4~addition between an

an;; cqnjugated With an‘olefinic linkage and aknpnanitrogenous
philodiene componento The yeaction pairs used weres cinnamal
aniline and anthraquinone-1,4; cinnamal aniline and cinnamic
aldehyde; and cinnamel aniline and quinone.

The reaction of cinnamal aniline and quinone by fusion gave rise
to 2,5=dianilino-quinone and 2,5-dianilino-quinone-monoanil, with

hydroguinone and cinnamic aldehyde as by-producis. The reaction
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in chloroform yielded azophenin instead of 2,5=-dignilino-
quinone»monoanile By earrying out the reaption in alcohol, 2,5=
dianilino=-guinone ﬁas produced, accompanied by a fawn-colored
substance, melting at 1129, and possessing the composition
C19H170N. The latter yielded a semicarbazone melting at 2189,
a browmine derivative melting at 126-1289 and a reduction
product containingran OH group. The semicarbazone has been
analysed for nitrogen, while the reduction product has been
fqun@ tokbe impure, duekto a very‘clqse association With SnClo.
The reduction prqduqtihas’been’converted to a benzoyl derivative
of formula O14H1z0N, welting st 160-1610.
Nq-reggtiqn gf ﬁhgvﬁdiege“ type has been found to occur, under

the conditions employed.
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