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The work deseribed in this thesis veas mderisl

with the objeet of aseertaining whether conjugsted, mwn

satureted anils of the type B H=CH—CE=CHA—ZR

enter into & Diene Synthesis with maleic snhydride.

Isclated exsmples of the Diens Synthesis have been

known for forty years, but early workers had wron

interpreted the resction. The true course wes Lirst

vecognized by Fuler end Josephson (1) and hes been ex-

gensively developed by Diels end Alder (2),

In 2 series of investipgetions which extended over

& number of years, Diels, Llder, and thelr co-workers,

observed repested Instunces where & combination between

gertein types of unsstursated compounds Look plage. These

gombinations consist of the direct addition of one wn-
saburated subutence %o another, end often tuke pluce simply
on mizxing the components at room temperature, snd in the
absence of any catelyet or confensing spent. This resetion

has pome

%o be known as the "Diene Synthesis™ because
peny of the starting meteriels are dienes. It is scharveter-

ized by its goneral applienbility %o unsatursted substences

gontaining sonjugoted systems. Tn geneyal, the Diene

cynthesis consisies of & philod 5, that ig,

& Suiteble pariner having & double or triple bomd , sdding
$o & dilene with the formation of & hydroarometic 8ix atom

inge. This resction is in no way limited o open chain dienes,

o principel diffsrence seems %0 exist in its appllesbility



to aeyelic and isocoyclic dlenes, as well 88 o heteroc-

hag K@& %6 the production

spa such sg forsn., This

of gomplex, hitherto zare, or inscsessible organic compounds
in excellent yield, with negligible formation of undesirsble
by-products. Vhen the dlene is gyelle , bridged xiﬁg
products result vhich are closely related to, or identical
with, naturel substances such a8 the terpenes, sesgulterpenes,
alkaloids, and @&w&ﬁ@gﬁg‘

Because the Diene Synthesis offexs the possibility
for the synthetic production of complicated substsnces by

& very easy method, 1%t has becoms ome of the newest methods

of investigation in the field of orgenic chemistry. It cen
be used @%@%ﬁiﬁilg for solving complicated structures, or
for bringing sueh problems nearer to & solubion,

Lpart from being interesting from » prsciiesl point
of view, the Diene Synthesis is very significent from &

theoretical point of view, much os for exemple, the dis-

gusgion of the relationships of strain in @alyagﬁiiﬁ

systems. |
{3) : , {4)

Sochose’s modification of Bayer's Strain Theoxy,
which was elsborated by Mohr (5} sdvences the theory thet
so called negetive strain 4id not exist in leurge rings,
put thet they were strainless. In recent years this theory
Iilustrating

hes been slmost fully confirmed by experiment.

Sschee's ides by molels of tetrehedrsl stoms, it is Lfound

thet when such models sre consirueted for rings containing

more than five members, the stoms foraming the ring do not



=he

8o with smaller winge. For exsmple,

lie in » plene ss they

sizx tetrehedral atoms may be united s in disgrsms I or II.

These mofels gan be gonstrueted withount distortion of the
tetrened el fors of the vtons involved. Sneh strainless

rings heve been found %o possess stabilitiss gomparable

with those of open chain g@@@@%ﬁégg

G ¢
{3——§§7 . \%—ﬁ/
AT ¢—¢
¢
I iI

Until reecently it bze not been found possible to

prepare sgntheticelly bicyelie systems with & itwo membered

bridge. This is rather noteworthy, sinee sueh compounds

sceording to the views of Aschen (6) and Mohr(5) seem to be

& basic system of zings free from strain, and therefore
this faetor would offer no opposition o thelr formstion.

The prinéiple of the Diene Synthesis hes now

placed &% %@§~§3$§ﬁ%@19 for the first time, & method whereby

syntheses of sueh systems cen be esrried out. 14 hes been

shown (2}, for exemple, thet dienss such ne Aifagalaﬁﬁx@ﬁi@ﬁ@

resct smoothly with maleie anhydride, &ﬁf%i@iﬁ& eroton=

sldehyde, or quinone, with the formation of sueh types

CH , cH

N\ 1N

CH

Lo |
CHa oy \“"—*—cﬂ i * cH

7

cH o NeH



oo

ined in ithe fisld of

ffuch value con 8lso bs obia
payeienl chemistry by carrying out investigstions with
the compounds zesuliing from the Dieme Synthesis or with
the course of the Diene Synthesis itself. Thus, Kistiskowski

end lecher {7) in their study of the kinetics of geseous

reactions employed the Dieme Synthesis. For four of these

systens studied , asrolein-butedliens, serolein-isoprene,

oneldehyde-butad iene,

serolein-gysliopentadione, and erot

the veacitions were found %o be of the sceond order, homoe

geneous, snd only slightly complicated by side processcs.
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In 1906 41brecht (8) first reported the sddition

observed that vhen the

of syclopentad iene and p-quinone. He
$two sre brought together, & crystellized , siable compound
ie formed with exbreme ease, This compound iz the result

of the addition of one molecule of the dlene %o one molecule
of guinone, which Albrecht c¢elled eyeclopentadiene-gulinone
and agsigned %o it formuls IV, By the further sgtion of
gyelopentadiene on cyclopented jene-quinone, the latier goes
gver very essily into 8 new product which comsiste of the
addition of two molecules of dlene to one of guinons. This
seeond proeduct Albrechit cslled dicyelopentadisne-giunone

and sssi

gned to 1t formuls V.

N ANV

Iv v
Thus Albrecht indicates that the molesules of
eyelopenitadiene a8dd to the guinome &% the methylens groups
snd that both double bonds of the eyelopentudienes sre s8iill
present in the resciion preduct. In both cuses however, he
sdmite that thers sre seversl strong objections o these
formulas,

tgoawdinger (9}, (10}, on the basis of his observ-

ations of the addition of ketenes to eyclopentediene, hes

$0 the conclusion that 4lbrecht’s conceplion is wrong,

and he suggesis tThui %ﬁﬁﬁ@&@‘@ﬁﬁ,@gﬁ&@@%ﬁ%&ﬁi@ﬁ@ combine %o



w%w
form & cyclobutane derivative for which he prefers
%X@?%@ﬁiéﬁ Vi. The gyclobutane ring in this formule
would explain the essy refommeation of guinone and ¢yclo-

pentadiene, which bhas been oboerved to take pluce.

CH cH cH

CHL oy cé

It has long been inown that esters of azo-

dicarboxylic seid ROOC—H=H-—C00H combire very ensily
with numerous = classes of substences (11). This resetlon
alse extends to the hydrocsrbons. These resct especislly
smoothly if they contain = systen of conjugsted double bonds,
such s sye found in methyl isoprene o eyclopented lene.

Diels, Blom, end Xoll, (12) studied the addition
of methyl isoprene und ago-ester, and of cyclopentsdiene
and azo-ester. They have shown that both of these hydro-
earbons #dd one molecule of szo-ester with grest case. The
ﬁé%@%iaﬁ does not stop there, but & second molecule of &20-
pster een be taken upe |

These observations é@ﬁ he gompared with Albrech’s
resulte of the study of the notion between cyelopentediene
and pe-cuinone. If ﬁi&f@&h%’%‘iﬁﬁﬁypxﬂtgﬁiﬁﬂ is applied %o
the ogo-ester addition, then we will have {0 reprecent the

addition of cyclopentadiene sg follows;



l + CHy, Colls— 0 —co—pNH cH==cfl

GHs—0 —Co—M—CH

CH—==c #
¥ii .

But it was found that formula VII does not conform
£@ the properties of the resction product and therefore this
assumption is excluded. Other possibilities such as VIII
and IX suggested by the same line of ressoning are also

strongly objected to for the same reasons,

CD-HS'—O "—CO—'AllH CH_CIH C;HS——O—CO-—II\I —-(i/‘/ —-—TIH
¢ Hy—o0 —Cco— M___el,‘,;‘* J-H _CaHa""bo —C0— AN —cH CH
eHy cHy
viil oI :

Garlier, Suler end Josephson (1) bad studied the
attion of isopreme on guinone snd heave shown that these

two substances undergo & 1,4-s8ddition

, Whereby two molegules
of the hgﬁf@éﬁfb@ﬁ add to @@% molecule of guinone giving &
product ?@??@@%ﬁt&ﬁ by X, %hég etéribute this resction %0

the systems of conjugsted ﬁ@@bl@ bonds present in the
i%@?f@ﬁﬁ molecules and explain the mechenism of the reaction
as follows. Buch of the two isoprene molecules combine at

the terminal csrbon atome by mesne of one partial valence,

to the strong subsidiary velence of the guinone, whereby
there takes place & redistributioh of affinity, and the
double bonds in the guinone sre opened. Thus a partislly

hydrogenated dimethyl-anthraguinone is formed X.
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cff‘& co CHa
e N TN\, s "
°“3".':'1 c“H ”H cl_':: cA R
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\C”& \CO/ c;-( \
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cH/ \CH/ \ /

CHy

¢ Ha,
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|
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Diels, Blom, end Xoll therefore explain the addition

of eyclopentadiene %o azo ester according to the sbove formulte

thon discovered by Huler and Josephson, and conseguently

arrive at formuls XI for the resulting product, which they

eall H,H'=dicarboxethyl-endomethylene-pyridazine.

¢H
Tf/l _#ﬁ-—cocfaﬂi
CHy

¢

N—cooc, Hy

s ’

S N

eh

N

‘N-—CO00 C;.Hé’
CHy |

AN —coo ¢, Hy

i1

Further investigation by these workers eventuslly

showed that this concepiion is the gorrect one for the

cyclopentadiene-2z0 ester addition. The sddition takes

place in the 1,4-positions, &% the ends of the conjugated

system, snd the two dcuble bonds dissppesr with the

formation of & new double bond. The presence of this double

bond, end the fact thet there is only one double bondé present

was established by brominetion and hydrogenution. Hot more

then two atoms of brominme or two atoms of hydrogen were btaken

up in each case. The structure of the product wes determined

by cetslybicelly reducing the ¢ =C linksge, hydrolyzing,



it o8

nd veducing the resulting product to the known 1,3-a ismine
gyelopentane X1I,
cH—NHo
¢Ha
|  CHa
cwll
CH—NHy 111

This rvesult of Diels Blom and Foll threw sirong

doubt on the formuwlstion siggested by Llbrecht for the
compounds obisined from quinone and eyeclopentad iene. By
_&ﬁgz%gﬁ they %ﬁgg@%%@ﬁ that the &%@V&\@ﬁyk&%ﬁiéﬁg ITend ¥
should be repluced by XIIT and XIV vespectively. These
latter compounds vepresent the vesulis of 1,4-sddition.

The first product contains one methylene bridge smd the

second two such bridges. Although Diels Blom and Xoll suggest-

ed this formulation for the sddition of eyclopentadiene

snd guinons, they did nod prove it.

CH co cH
cﬁ//,\\cﬁ// \\CH//’]\\bH
“ Ll e

cH cH . cH cH eH
\\\¢4/< \\co// \\CH//'\\ro// \\\Qg//

X111 - X1V

Tn 1928 Diels and Alder (£) published = paper,

the first of & lemg series which wes to fellow, in vhieh
they definitely prove the correctness of this conception.

By vedueling "eyclopentad lene~-quinone” with zine
dust snd gleclsl agetic 2eld two stoms of hydrogen are teken

up glving XV, ?ﬁf%%&? cutelytic hydrogenstion of XV opens



- EHy

the second double bond and two morve stoms of hydrogen

ensen's

snter the molecule yielding AVI. Hedueing XVI by Clen
method both oxygen stoms are repluced by hydrogen, snd the
£inal product obitalned is i,&«@ﬁé@ﬁ@%&@i@ﬁ@mﬁé@&%yérﬁa

nephibalene COyqHyg XVIL, 4
¢o aH o CH CH, CH
ch{ \c'H/l \eH eﬂ,_/ \cﬁ/, \c"’z CH;L/ \Gﬂ/!\cﬂ{
| l CHy, ” | ’ CHy, I | ] CHy '
i CH  eHy ¢4 l eH c”‘ ’
\\ //'\\ N N\ * af/ \\c
XV VI XVIT
Albrecht’s formuls §¥ however, by complets
%ﬁ@r@gﬁﬁgﬁiﬁa mast lead 0 & hydroesrbon ﬁﬁgggﬁ, whieh as
we have Just s&g&lig not the cuse., Diels and Llder have
observed thet in suech struetures in which & bridge is
formed , there 18 & ?@fﬁ gtrong inelinstion for the reform-
ation of the systems with conjuzsated double bonfe, and
that this offen happens on heating. {13) (page 23).
to the Diels-Alder formmleation

Staudinger’s main objection
was based on the véxg‘ﬁaﬁﬁ that the produect decomposel inio
its componenis so resdily. This lest observation by Diels

end ilder satisfies the last objection to the formulee they

sugpested.
. Yhen "gicyelopenindiene-quinone” is subjected io

& similer series of reduetiona, 1,4-6 EB-diendomsthylens~
tetradecahydrosnthracens AVIII iz obiained, which on

5%&3&?@@%@&%&@& with selenium loges six stoms of hydroger

yielding an cciehydroanthracene with two methylene bridges,



=11-

the prebable structure of which is XIX.

tA
/\\ . A"
L ‘g;< , TAJA_ L’ r,ﬁ l Mbwﬁ
/\/\ H/\/ H/

XVITI _,/’ XX

' "Cyclopentadiené»@uinoﬁe” is therefore, according
to Diels and Alder, a derivative of a hydrogenated -naphtha=
quinone containing & methylene bridge, and "dicyclopenta-
diene=quinone” a derivative of a hydrogenated anthraquinone
containing two methylene bridges.

£11 of these observations could not be brought

into agreement with any of the formulae suggested by the
various workers described above, except with the last
suggestion of Diels and Alder.

Cyeclic dienes have been shown to react in a

similar manner (14).
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gﬁfﬁiﬁ THRORY OF PLuPILY TALEBHDE.

Although Thiele's %Eﬁ@ry of partisl velence {15},
{18} is no longer held today s = general theory, it is e%ill
used as & valuable working rule 0 explain 1 4-2ddition to
conjugated systems,

As has alr&&&g been shown, the Diene Synthesis, in
its typleal course consists of the 1, ,4-addition of an
C(,(3«a§a&%ﬁ§@%aﬁ @&x&@%yl gompound - acid, ester, or en-
%Eﬁxiés = %0 & gonjugated éiéﬁ@e In attenmpiing to explain
the ﬁ%ﬁ&%ﬂi&& of this reasction, Diels and Alder (17) meke
uge of Thisle's theory of partisl vai&ﬁﬁa, and generslize
the sourse of the resction &g follows,

i suiteble substence hoving & double or triple bond
adds to & dlene, with the Tormeation of & hydrosromatic six

atom ring. I I ~ [

¢ " I
I The doudblse g? triple bonds, 88 the cese may be,

of the unsatureted snhydrides, selds, or esters, Open up

end there resulis In every cese & Joining up of the free

yalence in & 1,4-pogition with the hydrosarbon, hecouse

the effective unsaturation is loocalized at the ends of the

conjugated systenm as shown. Since the substonce being added

vequires move effinity then is avaeilable from the partiasl

valences present &t the ends of the diene system, the



double bonds sre %?@E@ﬁw and & redistribution of affinity
tukes place in the molecule, with the formstion of & new

gdouble dond betwoen the carbon atoms £ and & of the dlens.

In the eyelic compound thet resulits, the diene has not broken.

It has been found however thet polyenes slways gave
1,4-addition products, regariless of the length of the
sonjugated system. For exsmple, 1,6-diphenyl - hexatriene
pdds maleic snhydride in & 1 4-position (18} slthough

seeording to Thiele's theory & 1, 6-addition is svsilable.

The formuletion sdvanged by Diels end Alder does nos

explain such eases very well.

"CoHs— CH=—CH —cH CoHg—CH=CH — CH
4
cH CH—¢€0 -CH th —¢o
Dol e —— L e
C5H>‘CH chg""— CH

b4 4
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BIRECTRONIC THEORY

Hore resently an etbempt has been made $o explain
the mechanism of the Dlene Synthesis based on modern
electronic conecepts of valense. It will be noticed that the
substences which add to the éiﬁﬁﬁ% in this synthesis ususlly
gontain two carbonyl groups or similar Yypes, united by
means of an intervening ethylenic systen, giving rise %0
‘1,4=-quinoncid systems XIX1,

Y\
Fie “en>—ca

=0
| |

XX

The two end groups %aﬁé %0 promote @1@@£xam§xig
ghanges in opposite divections thus rvendsring such systems
highly reactive (19). This group of 1,4-quinonoid syetems
includes p-benzoguinone, mslele scid, citraconic neid, and
other similer compounds which have been found to be very
velusble reastants for the Diene Synthesis. The resctivity
of these substances may be regar@ed a8 monifestations of
the tendency of & guinoncld system to revert %o onme in whieh
the tension of the opposed electromeric effeels had been
relisved.

The enhonced resctivity of quinonold systems is
illustrated by the esany addition of 1,5-dicnes %o guinones
ond molelic anhydride. The Diels<ilder resction mey be regarded
a8 & dirvect attack by sn sctive donor cenitre of the

reagent. Such setive donor centres swe found in the double

bonds of rezetin

L

dienes. The Diene Syntheslis wmay
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therefore be Fformuloted zs shown,

J et | %i -2 ¢y i ¢ha
/\w ?:\cu . /\‘n RH | /\w/ \cﬁ
[ i G R I X S

The reastion is thus considered to consiat of
two stages, the second belng & ?iﬁg'@lﬁﬁax%a Eﬁ,ﬁﬁﬁﬁﬁﬁtiéx
with the last statement 1% is interseting fo note sn
observetion meds by Parmer and Warren (20) . They stete
thaet the sdditlion of melele snhydride %0 eyelohexzadiene
sppears 1P be & two stege procesg in vwhich the second stage |
that of ring closure, is merked by the libsrntion of heat,
and is eapable of aceeleration or vetardution, within limite,
at will.



EXAMPLES OF THE DIGNE SYNTRESIS w- 3,4-ADDIZION
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A pumber of exmmples will now be given to show
the wide appliesbility of the Diene Synthesis. It will be
seen that the complexity of the molecule in whieh the
gonjugated systen is found does not interfeve with the
rencbion. The various types of rhilodlene somponents
which con be uweed in the Disls-ilder resctien will slse
be indiceted. By using suitable componeante, the number of
eyelic systems obtaineble by this resction is pragtically
anlimited.

Moleie anhydride, merolein, acrylic sster,

p=bengoquinone, o =napthaguinone, snd other substances

possessing the group CE—CH—-C—=0 unite almost quuntitetive-

1y with open chain end oyelie dienes, frequently when the

resgtants &re merely mixed 8% room temperature. The group
¢ =0 , however, does not appesr %o hove any special

significence.

PORMATION OF HYDROCAKBUON RIHGE.

Isoprene condenses with scrolein (£), and herylic

acid {21} yielding pors derivatives of tetrahydrobenzene,

EEIT apd JXALTIT respeciivelye.

Cya CH3

CHO { e ooH

XXII | XKIII



1T
Uplele anhyiride adds smoothly %o all arylated

disnes, %rienes, and fulvenes (18), {(24). For sxample,
1,4-diphenyl bulsdiens adds to maleiec anhydride to givse -

ZXIV which oan bs converied o XXV,

/c'H-—-cH /GH:CH\
AN — ’ eH —R
R —¢H + ¢H —R R L /
l, 0 co f°
(‘.0\ /C “Neo
0 _ KLYV v

The butadiens acids such as sorbic and muconie
ecids snéd their derivetives sueh s sorbic scid chloride
{23) yield tetrashydrophthalic mnhydrides with meleic
enhydride.

The hexatrienes and higher polyene hydrocsrbons
aleo yield cyclohexene derivetives. Polyenes sdd one
@@1@@&1@ of maleic anhydride for esch independent conjugsted
system. Thus, divhbenyldodecshexaene adds %hre@kmal@eﬁzﬁﬁ
of the anhydride (25). Each conjupste system unites with one
ﬁ@l@@ﬁi& by & Diene Synthesis to f@gmn;& s&yara%@ six

membered ring.

UEPHYLEKE BRIDGE.
' isleic enhydride and cyclopenmtadiene (2) give =
' éﬁ&ﬁﬁi%&%i?@ yield of %§6~@n@&@@%ﬁg§%ﬁ%«zf;@«ph%hﬁli@m
snhydride XX7I. -
P c” cH :

co—cH | /
/ 9 I§\GH co—¢cH ‘A\\Cﬂ
G T L o,
q N e
. "eo—CH I/ , eo——CH\eH/

cH,

¥



BRUYLEER BRIDGE. ¢

o(wﬁ%%%ﬁ% rene snd meleic sphydeide (2] zeset

reedily 6t elevated tewperstures to form & product whieh

mombered bridge. ZXVil,

cH

AN
l ‘TH3
CLH- cH

—€H
CD \ ?

€~ CH3

O

EXVIiI

CAHBONYL BRIDGE.

ﬁmgé%m@ﬁ%w@@ﬁ%ﬁ LXVIII forms = bimolecular

product w@;}%gé %{%ﬁi in the following
asf ZELVIII firet forms
of which enfer into e Diene Synthesis. Unc molecule o488

mermere (£6), D lehydration

& gyclopentediene LXIL, two molecules

and of the conjugsted syetem In the second molecule

bridge is thus formed, XiX. |
Cp Hy— C= cH 4 CHy — € = CH (a‘”‘__ ¢ — Q—C‘,ﬂ;
/CD ? l 4 s Llﬁ “
¢ Hy— ¢ — CH IN e —=C
VRLRY l 2 6 ° \ /
oM A
g gﬁyﬂgg %ﬁ
CH C Hg
Cofls — | \Q-——-Q——Cc,/-/a

| e | i
el —¢ ’/\/

g
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¥hen tetraphenyleyslopentadiensonse and malels

apnhydride are ssutiously warmed topether an addition
product is formed which contains & carbonyl bridge, TXLT .
Vhen the tempersture is ruised the bridge i lost &s
earbon monoxide (27),

?6”5

/ | AN
U —¢0
Collg— C l cH -
I co | //0
CoMs—C l CH —co
< XXX T
Ce g
ACETYLENE DICARBOXYLIC ESTERS.

heve been

Other unessturated substances whish
found to be very useful for the Diene Synthesis are

serbonyl compounds with Sriple bonds.

Loetylene dicurboxylic aeid snd its esters
combine readily with dienes hydroenrbons such asg cyeclo-

pentad iene, eyclohexsdiens end butediene (£8) producing

substences whose structures ave similar to those obteined

25

through the use of melelie tnhydride, exzcept that the rin

formed in these cases contein tvoe double bonds inetesd
of one. ’

) 43
Cyclopentaediene and A -gyslohexediens redct

with seetylens dlearboxylic ester (28] forming producis
which contein & methylene bridge and two double linkeges
ZXLIT, end en ethylene bridge snd two double bomés LIXIIIX

respectively. Likewise the simplest diene, butudiene,
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undergoes & nomsel dlene synthesis (1, 4-uddition) with

the esier producing

cO0R

@ 90k CHy,

‘ Nﬁl \ L_ceoR

cooR ‘ € M,

—CooR

LEXIX XXXIII XTIV

Thess unseturated systems so essily cobteined

through the Dieme Synthesds from unsaturated carbonyl
compounds with triple bonds form valusble initial
meterial for further pludye. | |

Other exsmples 6f the use of scetylenms dicerboxylie
esters in the Diels-Alder resction will be brought forth

in the course of this thesis.

STHTHRESIE VITH ALLYL COHPOUHDG.

411yl compounds sand their homologunes csn resct
extremely smoothly with dlenes (29). This is basieslly,
& new type of Dieme Synthesis, sinece, here for the fix&%
time, & double @éﬁé A—CH=CH, which does not belong to
the types C=C—C=0 , 6=C-C=0 eor C=C—-C=H , and

whieh is f£ree from sny specinl constitutionsl hypothesis

posseases & tendency %o perticipute in the BDlene Synthesis.

ﬁli@i aleohol, its esters and homologues sueh asg
erotyl alechol combine with cyslopentadiene ot 1¥§~zgﬁ@

leading to unsaturated products of the type XLV,
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43131yl chioride, Tbromide, smine, cysnide, &8 well

1%

88 vinyl ecetic aeid and 2l1lyl musterd oil, vezet in the

game way with cyeclopentediene. The slerie srrangsment of
€1, -CH Br,

&5

all these compounds is the same. The groups =CH,

~CH,WH,, -CHgCOOH, ond -CHgCH, 11 take up the seme spatisl
arrangement as the «ﬁﬁzgﬁ group of the sicchel does,
1% thue begomes evident thet the sctivity of alliyl
gompounds in the Diene Synthesis is independent of the

i

neture of the groups =UH, =01, =Br, 0, mﬁﬁg o The f@iﬁigﬁﬁ;.} '
ing ﬁ@néiﬁgiﬁa cen therefore %e‘éx&%ﬁa The setivities of

the double bond in sn olefinie snd of the %riple bomd in

en acetylenie bedy, C=C—-R snd C=C—R are independent

of the nature of K and sre sble o undergo sddition of dienes,

The ease of %hé Diene Synthesis is & g@ﬁ@g&z function of

‘the double snd triple bonde g@@g@@%ﬁ?@lﬁ, and

connected with sng specisl constitution of the molecule.
Thersfore, 1) thet is necessary is the selection of proper

experimental conditions and componenits.

to the

The observed insctivity of meny olelines
Disne Synthesis is in general not dependent on the naturs
of R but rether on other factors such se the degree of
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gsubstitution, spatial srrengement of the substituents,

5

at the double bond, ring closure, znd others.




DIENE SYNTHESTS VITH HETERO RINGS

CONTAINING OXYGEN
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Hhile

?gg

Puren vhich contoine sn oxygon atom in ite zing
behaves 88 & tyue dlene. YVith meleic smbydride and

ounds which

aeebtylene dlcnrboxylic esters it forme comp

are the result of 1,4-nddition. Typicel structures such

a8 EXKVI vesult. Purfarslechel in the form of its scelote
U

{13}, {20)

Gynthesés.

thyl furen undergoe simijay Diene

or something similer), beve & strong tendency fok the
reformetion of the originel systems with the double bonds.
(see page 10). This often heppens on heating the sddition

conp %ﬁgﬁ oi5L]

COUMALINS »
The ¢
for the diene synthepis. Coum

1ins gan slso be used zne frus dlenes

lic ester and mslelc

yiride reset with esch other in belling tolwel (EE)

with the formstion of & compound thut contoine an =0=(0-
bridge, LXE7II. In boiling xylene hovever, the ysnctlion
is more complex. The bridge iz repleaced by & segond

ond ZEEVIII is the
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ehief product of the synthesis. This progess iz

gharagteristic for coumaline in genersls

When coumsline reset with

it

gw,
#
g

RAXIE .



DIGNE SYNTHASIS WITH BETERO RTNGE

CONTA T ING HITROGEH
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PYIROLE AHD IT8 HOMOLOGUES,

Aecording to ite structural formule, pyrrole
appears 0 be & diene. It was therefore expected that
it would = suitable vesgent for the Diene Synthesis just
a8 Other similer ¢yellie and non-cyelic types have been
in numerous other cases. Horeover, since furan, which is
analogous in structure to pyrrole, sctuslly rescts as &
true diens, it was believed thet & similer resction with

pyrrole would lesd %o 5 compound of structure Xl. {(£8),

b & PN

However, in the scturl Diene Synthesis of pyrrole
and pyrrole homologues, the products resulting sre
@@Rﬁti%ﬁ%@é differently from the corresponding products
of eyelie hydrocerbons or of fursns and %hgir homologues.
The sddition processes arve of an %ﬂ%i?@l@’ﬁiﬁf@f@ﬁﬁ
charteter and do not result in the formation of polyeyelic

derivatives.

JECHATISY OF THE RB.CTI0N--«ADDITION BY DISPLACEMENT
OF RYDHOGER

The addition product of ol -methyl-pyrrole =ma
meleic acid, which cen be isolated, comtsins both
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components in the ratio 1:1, and is & dicerboxylic seid,
Fyrydle on the other hand é%ﬁﬁ%l’% inte the remction with
two molecules of melsie seld with the formation of a tetrn-
garboxylic ueid,
ition in the
ol =methyl pyrrole snd §§ cocompenied by & wendering of

The meleic scid enters the ol . pos

the hydrogen from this position into the malele scid molscule,
and an opening of the double bond in the luatter (33).
This is represented schemsticsally in disgrsm XLI,

P T

I o eH—t/ =

choe e’ T e N e i i
3 \/v ; codvlt covH \M{ Ccool Coot

ELI,

In complete analogy with the sbove described
process, pyrrole, snd Femethyl pyrrole add o molecules
of meleic acid and meleic snhydride by hydrogen displege=
ment from the o and o(' positions Structures such ss XLIT
and XLIII sre formed :%g% the wcid and enhydride

respectively.
eH —CH
cH—ce I
“ H cH & —CH ——‘el Ha
CHy —CH—C € _tH —¢eHz . AN M/ Jom;, Lo it
| [ N /7 | 7 RANGI
cooH CosH NA CobH CobH cHs o

XLIT . LLIIX
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PYRROLE ARD ACETYIEHER DICARBULYLIC ESTEHS.

The Diene Synthesis with pyrrole snd scetylene
dicarboxylic neld and esters tekes plece primeipally in the
game way. fut in these cases smell changes in the composition
of one or other of the componenie will couse different
types of products to be formed (#2). Three reaction types
hove been estsblished in which the xatios of pyrrole to
~ester sve 1:1, 1:&, £il. |
I. Lddition of Components Tekes Place in lioleculey Proporiion.

This type tukes gl&@é in the same way as thaed
deseribed for the addition of meleic Beid to pyrroles. One
molecule of ester 2d4ds to one molecule of pyrrole with

displacement of the o[- hydrogen.

11, Addition in 1:2 BEatio “ith Formstion of & Pertially

Hydrogensted Indole Derivative.

e methylepyrrole and scetylene dicerboxylic
dimethyl-ester yield = compound thet conteains two molecules
of ester and ome of pyrrole &nd possesses structure XLV,
The first step of the resetion is the sddition of one
moleeule of ester to the pyrrole in the o =position by

hyirogen displecement similar to the sbove type. The

resulbing compound conteins & new diene system indicsted
by esterisks in XLIV, To this diene & second moleculs of
ester adds in & true Diene Eynthesis by 1,4-addition to
yield XLV,
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& —cooR
\\ CO00R
N — s c—eooR
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cooR
\ / FeH—cooR
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N C ;
l W : /43 cooR
CHa cbOR XL e LY.

111, Two liolesules Pyrrole and One Holescule Esiex.
This type is msade possible by the $rivle bond

in the ester molecule. Two molecules of £ .4,-dimethyl

pyrrole sdd to one of ester by displacement of the

A =hydrogen in easch molecule of the pyrrole giving

producet XLVI. (34).

IHDOLE,

The fusion of the pyryole ring with the benzene
ring &8 in Indole does not chenge the process of the Diene
Synthesis very much from that of pyrrole itself. Indole,
ol- methyl indole, and H, o -dimethyl indole beheve in the
same way (B5),

The following obeervation is notevorthy. In all
cases obsexved $ill now the malelc anhydride entered the
pyrrole nucleuve in the o position %o the nitrogen. In

L

indole derivatives with a substituted o/ position the @ -

" —CH co
N AN
R

“E

garbon atom is attacked. Disgrem XLVII

‘ C)“a CH3

cH —eH

\ —Cl~/3
cov/ CooH

co
N

=
==

XLVI (R=chs M xuv1r
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The incressed mobility of the 8 =hydrogen atom
in ol -methyl indole hes been reporied by numerocus
investigetors in connection with other lines of research.

Pischer (26}, Preund snd Lebach {37), snd Hohlau end

ﬁ%&iﬁ@h {38), are among those who observed this fact.

Immidagzoles and pyrragole resct with ascetylene

diesrboxylic esters in the seme way se do the pyrroles {34).

HETRROCYCLIC TERTIARY BASES.

The products obteined in the Diene Synthesis from
giz memberel heterscyclic substances of the pyridine type
and soetylene dlcarboxylic ester eve formed in & menmer
different from that observed in the pyrrole series. In this
resction type the double bond between nitrogen snd cerbon
in the gr@ag- =li=C= is ﬁ?&ﬁéﬁ end the ester adés at these
positions,

£lthough the resction is charscteristic for all
ﬂiﬁ?@g@ﬁ@ﬁ% heterosyelic ringe of the pyridine type, it was
firet observed in the cese of 1,Z-Gimethyl imidszole (54),
which behaves differently then other imideszoles.

In the remction between 1,f-dimethyl imidezole
.~%%%ﬁ33%%@$ &% the nitrogen atom, snd the eﬁ%@x;yrﬁﬁa@%
ILVIII is produced.

Pyridine unites with two molecules of ncetylene

gicarby

xylic ester in the same way (39) forming XLIX,
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&@gigz
This type of Diene Synthesis is typicsl for

guinoline, gquinsldine, isoguinoline, snd §§?i§iﬁ@ bases

in genersl. In these substances there hee never been observed
the formation of proddcts combined im sny other way. They
slweys combine exelusively with two molecules of scetylene

é i&&fﬁ Oy

1ic ester %0 give intensely colored and very

charscteristic compounds.

HRACHAE IS OF THE FHLCTIOE.
The sbove resctioms are usuelly carried out in

etherenl solution. If in plece of eﬁwr; sgetic acld is

. useé es the solvent, mellitic ester is formed»  Three

molecules of ester polymerize undery the mﬁmﬁée of the

pyridine. co0R
| | é<ED°R 7\
Rove —C \c——cooR Roet
I —
Rooc —€ //G—*c°°R Roo €
| c{feooﬂ §DOR

1

In etheresl solution it is sssumed by mnelogy,
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that two molecules of ester first join to form & chain
which contains $wo free stlachment positiome. This chain
instead of entering into & further polymerization to
mellitic ester, adds on in & suiteble position in the ring
gystem of the heteroeyelie compound. Sueh & position is,
58 hes been shown tbove, the double bond In the group
2ol The sddition tekes pluce in the group -H=~CH-.s
well &8 in «H= ﬁiﬁﬁg}m

CH e 040000 = i} ﬁ =C-C00CH,,

..!.
ﬁiﬁsﬂiﬁ l m,;@g
I

&%ﬂ i}ﬁﬁ ’é‘}s"s% g@s@ *ﬁmﬁ%{fﬁﬁ
’5 ; #4 5*;«:/ \ T aTates ’
LI,

IBCHERS .
The %ertisry beses in their resction with
seetylene dicsrbozylic ester yisld two isomers which Dids

red {lsbile)

eand 2lder (29), (40), 081l yellow (steble) end
becanees of thelr eolors.

The red isomer is formed fiﬁ%%~§ﬁ& is then
gonverted to the yellow preduet. The complete remection tekes
plece 28 indicated below.(41)

The @ﬁéiﬁ LI does not 2ttech itself simultsneously
$0 the oarbon &nd nitrogen atoms, i. e. it does not opem
the double bond in the group C=H &% onee. The siisch-
ment takes place in two steges. First the Chain is Joined
$o the nitrogen atom only, producing the lubile red product
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which is represented by sitructure LII for pyridine znd

ssetylene dicarboxylic ester. This is followed by isomeriszte

tion. The double bond is opened up znd the other end of the
ghein iz attoched to the carbon etom resulting in the

steble yellow product which hes structure LIIL
?ooR

c.ooR . LII

LIII. i
Guinoline, &w@ﬁm&mﬁ,%%ﬁMHM(%Lmﬁ
stilbazol (45) 8lsc yield two isomers with acetylene dicar-
boxylic ester which sre represented by elimilsr structures.
In the guineldine series however, the steble and
labile products which formed were different from those of

pyridine snd the others in thet both isomers formed in

approximutely equal amounts , &nd once they weve formed

ecould not be converted into each other un

der sny circumatances.
Comparison of the sbsorption curve of the steble guinanldine
product with those of the corresponding pyridine and %ﬁiﬁ@liﬁﬁ.

compounds indiested that the former hud s different structure,
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Farther work proved that this was 0. (42).



APPLICATIONS OF THE DIENE SYNTHES IS







The Diene Synthesis ellows the synthesis of
somplex substances previously unkmown, 0¥ Oblainable omly
With extreme difficulty. It leads to new types of compounds
which may ultimately be of great commercisl valus. The
superiority of this new gxi&éﬁ@i& is shown in the fact

internel bridges whieh are present in &

thet rings with

kzaxg@ &

roup 0f important natural products such es the

terpenes, comphorys, and otherws, ave gynthesized without

difficulty. & fow exemples will be given here %o show the
lerge variety of products obtainable by this resction,

CAMPHORS AND CAMPEERES,

g ,B=lindomethylense-hexahyd robenzaldehyds LIV which
iz easily @ﬁ%@&r@ﬁ by the Eiéﬁ@ Synthesis is the sturbing
webteriel used by Diels snd Alder for the synthesis of
norcemphore, camphore, m@ma@p&z@ﬁ@, gamphene, and Gﬁmgﬁeﬁw
ilon {46) (47),

The comphene type of structure ascecording o
gpeculation and investigation appears to play a very impori-
ant role in the bterpense series. Since noreamphene is &
forerunner of this series it is interesting and important
to note thet Diels snd Alder have succeeded in synthesizing
it in & most simple manner by this new  method. The aldehyde
LIV is gonverted %o the sleohel LY, the sodium compound
of which, acted on by CHzl and followed by dry distillation
yields norcamphene LVI, ‘



CHa — CHy
CHa 04 \ = eHy
LIV Ly LI

IROHE SERIES,

Diels and Alder made su investigation into the
series of the (@ -irones by mesns of the Diene Synthesis.
Although they were mot sble %o obtein @ -irene iiself,
they succeeded in producing %ﬁhggﬁﬁﬁeﬁ which were similer
to (3 =irone. The resson for their failure ves %&&%.%&g‘
starting diene which %&@y'%ﬁaﬁgﬁt possessed the structure
of 1,l=0imethyl buladlene, scbuslly posssessed the structure
of 1,3-dimethyl butadiene.(4s)

Derivasives of Benzaldehyie.

Hany exemples heve slready been given to show thet
dienes such &8 serolein and crotomslidehyde which contain
gonjugated double bonds react With unsstursied @léﬁﬁgﬁﬁﬁ
yielding derivatives of tetrehyirobenzaldehyie. These by
hydirogenation esn be converted to the corvespomding

derivetives of hexnhydvcbenzsldchydes.

Diels mmd Alder have spplied the Diene Synthesis

to the formation ofeoniine norlupinene
{13}, (42}, (a3), {48),

» Bnd centharidins,
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ANTHRACENES AND PHENANTHRENES,

The Diene ﬁgﬁthssis has made possible the easy
conversion of the naphthalerne ring system into the
anthracene or phensnthrene ring systems. One of the many
applications of the Diels-Alder reaction has become the
basis of an éstablishea method for the synthesis of anthrse
guinones, hydrophenanthrenes, and related compounds. The
main epplication of the Diene Synthesis to these substences
is due to L. F. Fieser snd his co-workers,

For the synthesis of anthraquinones, the general
method consists of adding & diene %o ¢l -naphthaguinone, or
of adding two molecules of o diene %o p-benzoquinone, and
converting the resulting produet to en anthraguinone by
isomerisation and oxidation (2),

Fieser and his ceéworkers have developed another
route to the members of the anthraguinone series by &
somewhat different application of the DieneHSyntheSise

Aroylacrylic acidé éueh as benzoylacrylic acid
LVII are readily prepared by the Friedel snd Crafts'
condensation of suitable arometic substences with maleic
enhydride, and by other syntheses. These unsatursted
kéta ecids combine smoothly and almost gquantitatively
with b&taéiene 0r £,3=dimethyl butadiene (49) in alcoholic
solution at 100° yielding sddition products of type LVIIL.
These products ean be converted to anthraquinone derisatives

by dehydration and ring closure.
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The geneyality of this synthesis was demonsiruted
by using the sroyleerylic acids resulting from bensene,
$oluene, mexylene, p-xylene, and snisole.

It hes been found that the derivatives of meleie
snhydzride in vwhich the “ctive ethylenie linkege iz in-
gorporsted in sn alicyelic ring such ss in stucture LIL
sre cupuble of entering into the Diels-Alder vecotion with
dienes(B0), (61). The products rvesuliing can be converted

to pure phenanthrens derivatives

Similer gondensations heve been effected with
 %§@11& dienes lesding to 3 ,4-benzphensnthrene derivatives(8l).
These sre of intersst because of the discovery thet the
parent bydrocarbon (B£) hae cuncer-producing properties (B3).
| The sceope of this process hes been extendel to

substances of qestrogenic setivity by the developenment of
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& method for the initroduction of hydroxyl or methoxyl groups
into the phementhrene dicarboxylic amhydrides (54}, (85).

The reverse of this method employed by Fileser,
namely the sddition of mslele enhydride or & similsr compound
to & dlicyelie @f potentially dicysliec hydroearbon containing
& diene unit wus used by Baornmett and lawrence (856}, and

by Gruber snd Adems (B7),

Bernett end lLewrence dehyirated the pimscol LI

derived from cyclohexsnone to & diene LXI, whiech yielded

addition producte of the ususl type with melele ambydride,
bengzoguinone, and naphthaquinons. Thus with meleic anhydride

LXII was obtalned.

X 7 IXI LEXII

Gruber and Adems independently siudied the sddition
of meleie anhydride snd scrolein %o the same diene and

obtained similar resulis.
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By extending the method of Barnett snd Iawrence,
Cehen (58] (59) made use of the Dieme Synthesis in his

atbempis Vo synthesize sestrogenic compounds.

The sterols, bile ucids, sex hormones, and other
netural substances contain an sngular methyl group, l.¢.
z methyl group abbtached o & cerbon atom whieh iz & common

-member of two rings. Chusng and Hen (60) sttempbed to

prepare such & system by the add ition of dienes to alkylated
guinones but were unsuccessful. They sscribe their failurve
to the sterie hindrence of the methyl groups. Fileser ané
Seligmen (61) found however, that the dimethyl derivetives
of ortho quinone resot with 2,5edimethyl butadiene by
heating d4n alegholic &@1@%1@@ of the two in & sezled tudbe
8t 100-105°, The Diene Synthesis follows the normsl sourse
in spite of the presence of &he klﬁaaiggfﬁgﬁhgl group
attached %o the guinone nucleus. Experiments with other
substituted gquinones indicste that the rezction is quidpe

general.

From the above examples vwe ses that the present
~extension of the Diene Synthesis offers = ﬁ?@%i@ing
method of spproach to substances bearing some relations

ship to certain of the importent stercls and sex hormones.



DETESMINATION OF STRUCTURE
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The Diene Synthesis gives ws & valuable method

- for determining the structure of complicsted substences.

I% enables us to deteet, and in some cases, %o locste the
ezact position of conjugsted double bonds in & molecule.
Several exemples will be given to show the applieability

of the Diels-ilder resction in this direction.

ARTHEACETE,

The following formulse heve been suggested for

“ snthrocene. -
D 5
L (62) B (63) ¢ (64)
| ,} N NF
o ] >
D (66) B (66) F (67)

Enthracene @@ﬁ%&iﬁgya peculiar reactividty of the
meso 9,10-gcarbon atoms. The @E@l@aﬁﬁiam'af this faeb .
would be the best srgument by which we may arrive &t the
solution of the siructure. g By €, and D, do not satisfuct-
orily indicate this reactivity, while X mey give & possible

explanstion. The best evidence points to the Armstrong-
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Hinsberg enthrecens formuls I, Meyer (68] , Seholl {69]),
and Sehlenk

{70}, a1l mede use of the sirueture ¥ in thelr
investigations, with grest success. FExhaustive spectro-
chemienl investigetions by Auwers (71), (72]), also point
to this formule

In the Ammstrong-Hinsberg formule the scentre ring
gonteine & sonjuguted system of double bonds snd therefore

enthracene should react in the Diene Synthesis. Diels, ilder,

and Deckmann (73), found thet under the ususl conditions
of the Dieme Synthesis snthracene combines smoothly with
one molecule of crotonic agid, maleie, dibromomaleic,

and citrocenic snhydrides, as well as with esters of

scetylene dicarboxylic acid, p-benzoguihone {74), ond

ago dlearboxylic esters (76), to form perfectly steble
producte. These asre firmly joined compounds whieh consist
of & setursted centrel ving with & bridge and & true benzene
nueleus on eceh side of the central ring. Two such exemples

from meleic snhydride sand scetylene dicerboxylic ester

pre indicated in LIV end IXVI respectively.
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Support for LLV snd therefore for sirdcture F,
is obtained by oxidative decomposition earried out stepwise
ander the mildest possible conditions, This Tipally leads
to snthreguinons. LEAVI.

v, ©

These a@g@rv$§gﬁa$ lead to the following
@ﬁﬂ@lﬁ@iﬁﬁ%¢ Lnthrocene iz & typical diene and as %Qek
adds the typiesl philodienes of the Diene Synthesis. The
latter %&e@m@ sttoached 8% the 9,10-positions iﬁkﬁhﬁ hyérocarbon
with the formation of ﬁ%ﬁfé%pﬂnﬁiﬂg bridge ecompounds. 4
- pair of sojugate bonds are present in anthracene whieh

show the charseteristic resctions of suck bonds found in

aliphetic end slieyelic systems. The emds of these pairs
1ie in the 9,10-positions znd the formule suggested by
yms trong end Hinsberg show these &8s such.

£
2%

UYRCENE.

- Hyrecene adds meleic anhydride (46} %o giﬂé‘%&ﬁ
enhydride of iso-hexenyl-d-cis- A -tetrahyd ro-phthelic-
aeid LXViI. From our knowledge of the course of the Diene
Synthesis we have heve evidence for the presence of

conjugate double bonds in myrcens. The sirusture of LXVII
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cen be idemtified, thus giving us & new proof for the

straeture of myreene.

cH H

//CHa Qﬁx/c 3

o €° T H \TIH \cH
\e 0—— eH (
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BYDHOXY-AZ0 COUPOULDE,

Leuer end Miller (76), bave investigsbed the
structure of pe-hyiroxy-=z0 compounés by memns of the
Diene Synthesis. ,

If p-hydroxyg-eno ﬁﬂ@@ﬁi@é@ cen exist in & %%aﬁam
meric ﬁﬁiﬁ@i&,f@f@ they should =84 1.4,~ conjugsted dienes
since & number of such dienes sdd %o guinones.

I hos been found thet cyclopentedlens adds to

ad §r$¥iéiﬁg

goertain ﬁﬂ%ﬁ%?&%ﬁwﬁﬁﬁ compounds &8 anticipet
dofinite evidence that these subsitances ﬁ&é@ guinoid
¢horacter. However, the expent of the addition is influeng-
ed by the acidity of the %%ﬁiﬁm and i%s ocourrence is not
2 general properity of p-hydroxy-szo compounds. Por exemple

it has been found thet £ 4-dinitrobenzene-azo-phenol in

its %&%%@&@yi& Porm gave with cyclopentsd iene sn equi-

%ﬁl&ﬁ%l&?’@ﬂﬁﬁﬁﬁ% formed sceording to the Diene Synthesis,.
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DETECTION OF GONJUGATE SYSTEMS.,

fn interesting exsmple of the applicability of
the Diene Synthesis to the proving of structure was shown
by Diels snd Lider iﬁ their @B@@rva%i@aﬁ of the irone
series (46) {pege 56). Since they obteined s psendo-irone
instead of the desired (> -~ irone it was concluded thet the
starting dlene was 1,5-dimethyl butediene instesd of 1,l-di-
‘methyl butediens. Oxidation end hydrogemstion reactions
suggested that this assumption was right but the finel
proof was obtained by sn applicetion of the Diene Synthesis.
It was observed thut & substance which was known %o be
1,8=-0imethyl butadiene rencted with maleie snhyiride to
 form crystels of 3,6-dimethyl-A'-tetrehydro-phbhelic-
enhydride LIVIII. Carrying out the same resction with %kaif

starting diene they got the identiecal compound.

0

d

—— Co

CH3 LAVIII
Other dienes such &8 isoprene, piperylene, 1, 4-
and ﬁ:é;f%%‘ﬁgli &8 1,1,3=-%trimethyl butediene csn be
viﬁ%ﬁtifi@@ in the same wsy by this %%&@ﬁi@ﬁa
Carothers and his gﬁa%%zkgzﬁ {77} made use of
this resction in proving the structure of Zechloro-l,s-

butadiene LIIK, which was produced from vinyl acebylene LIX
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by the action of HOl, LAIX rescts with melelic anhydride

to form LXXI whose structure ctn be debermined.

& —

LEX LHLIX

ﬁ%g@ﬁ—-§§§=§ﬁ2+ BCL y ﬁﬁ&"‘%@i—-ﬁﬁ::ﬁﬁg

it hes been found however that not all conjugeted
systems will emter into the Diene Synthesis (97). Coffman
end Carothexs have observed that & number of open chsin
shloro compounds which condeln &% lesst one pair of g@ﬁé
jugated double bounds fail Yo resct sithey with nephitha-
guinone or with mulelc anhydride 5% l%@ga Therefore the
Tiene Synthesis csn be regurded sg diagnostic only if it

leads to positive resulis.



BS IS 1IN NATURE
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Disle iz very much impressed with the esse with
which the Diene Synthesis tekes place and offers ihe

suggestion thet the process is geoing on in nsiure. Ve have

identienl

geen the eape with which eompounds similer to od
with natursl subsiences sueh a5 terpenss, camphors, and
alkeloids could be synthesized by this nevw mothod. The Diene

Synthesis with pyrrole lends to @é@%%ﬁﬁ g in the region

of the blood and pleant goloring matter, and is therefors
worthy @f\ﬁﬁ%@‘iﬁ biological investigetions. These compounds

sre synthesized in the laboratory under the mildest
conditions possible. The complex producis found in the
iiving é&ll ere likewise produced without the use of high
temperatures or pressures snd in the sbsence of vigorous
ghemical rengents such g bromine.

The polgmeriszetion of certein butsdienes is &

Diene Synthesis, Thus, isoprene dimerizes %o dipentens and
diprene {78}, while cyclopentsdiene polymerizes in two |
steps (79), (80), yielding dicyclopentadiene firet and
finslly trieyclopentadicne. Isoprene polymerizes spontan-
gously and therefore the energy reguired for this process
must be very swall. Since the hydrocarbons comprising the
terpenes, %gﬁg&iﬁ@f@@ﬁﬁs; $heir homologues snd derivatives,
found in neturel producis ere considered o be made up of
isoprene unite, it might eseily be consideved that the
gpontaneous polymerigzation of these units is $aking ploece
in the living cell, leading to these compoundis. Consideving
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the conditions under which the Disne Synthesis takes place
to produce so many complex substsnces, makes such &n

apsunption very pluusibles



DISCUSS ION OF THE PROBLEM
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On sesrehing through the literature with reference
to the Diene Synthesis, it was noticed that no cases %éve
been peported in which the resction hsas been sttempted with
gneaturated sonjugsted snilis.

It was therefore decided %0 make & study of the
reection between compounds that condsin the systen
—N=CH —CH =CE — and maleic gnhydride in order %o determine
whether such compounds would enter into & Diene Synthesis.
The results of this investigation sre reported in this
thesis, | |

- Seversl compounds containing the desired grouping
%éx@ prepered by condensing a primery base with sn unsatur-
ated aldehyde. | |
E—§%4+£EQ—C§:Q§—§r—%Jﬁ—ﬁzﬁﬁ—ﬁﬁzﬁﬁ—ﬁ + Ho O

Prom our knowledge of the Diene Synthesis two
possible resctions ean be f@?@ﬁl&ﬁ@é. The f£irst would be
the result of & 1, 4-sd8dition of the meleic anbhydride to
the éangﬁg&t@é system, with the formstion of & hetero-

ring conteining nitrogen. ﬁhig is formulated as shown,

| R
/ N
?H ?H——CO\O cH tH —eo
CH '+‘GH—40/ I ‘ | o
A - CH eH —co
NeH Ny
. ‘ ﬁH
R R
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The second %ype of ?@@a%iaﬁ mey be formulated
sceording 1o the resction whieh tekes place between pyrrole
end moleic snhydride. In this case the hydrogen %%é@ whieh
is attached to the carbon maxﬁ‘%a %ﬁﬁlﬁiﬁr@g@a, wanders
into the anhydride m@lacala,'@peﬁiag the double bond in
the latter, which then joins to the carbon astom from which
the hydrogen hes vwendered. In this case & ring structure

ig not formed .

R f
A Vs
cu/ e»:cIH -:lsé— ci/J-—-C/JQ
| l - ,
e T eo go C’H\\ Co\ , co
§§ﬁH \\o ‘?HV
R R

Be
In both formulations the resulting product
consists of the sddition of one molecule of snhydride

to one molecule of anil.

REACTIONS BETEREN ANILE AND MALEIC AFHYDRIDE IH SOLVERTS,.
Tn the firet attempt, & resction was carried out

between cimmamel-smiline CgHg —H=CH—CE=CHE—C.H_ &and

6 ¢

maleic anhydride in solution at room %emﬁeraﬁnrse‘zm one
case ether was used as solvent and & yellow solid compound
was gxa@ugeﬁ}iﬁéééi&%elyg By repeating the resction in
acetone & reé.éﬁmyauné wae obtained which sppears to be aa’

isomer of the yellow compcound. The two subsisnces sre
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exactly alike in all ragﬁéaﬁas except that the red changes
into the yellow on warming., This change takes place in the
80lid phase, i.e. below the melting point of either subst-
snee and 1t is not reversible.

It wes found thet neither of the sbove reactions
took place. In addition %o %ﬁe s0lid which waes formed,
cinnemic aldehyde was produced and this waes isolated from
the ethereal solution. The yellow solid was shown to be
melelc scid mono-snilide. By boiling with & 207 KON solution
it yielded aniline and fumasric scid.

This type of resmction between einnemleaniline and
maleic snhydride was shown to be due to the presence of
water in the solvents employed. Apparently the meleic an-
hyéride scts us & catalyset mr the hydrolysis of the anil,
gince it was found thst water itself without the presence
of the anhydride did not csuse the veformation of the base
snd aldehyde from the snil. The eniline thus formed rescts
%i?h the maleic enbydride produeing the solid anilide snd
$he eiﬁn&mie sldehyde is left in solution.

R-HB=CB—CH=CE—-2 -+ CH==CH -+ HOE

d
GO o
NG 7

R—HE—-CO—CH=CH—CO0H -4 »n—CB=0H—CHO
{ Ez{?ﬁg& 3

The above procedure wes repeated using cinnemal-

o=toluidine end maleic

THE -
anhydride in place @f;;ﬁiliﬁﬁ prod
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A similar resction took place producing in this case in
addition %o cinmamic aldehyde, maleic zcid mono-o-toluidide.
By boiling with 20% XOH solution the meleic acid mono-o-
toluidide yielded fumaric ecid and o-toluidine. Here sgein,
the water which was present in the ether, which was uge@’&ﬁ
the solvent, was respomsible for the resction snd the maleic
snhydride acted as s catalyst for the hydrolysis of the asnil.
since it became evident that the conjugated system

in the the group — N =CH—CHE=CH- 414 not function as &
unit in these resctions, but that only the double bond attech-
ed to the nitrogen atom in the gr&ug —§-=ﬁ§——waS soncerned,
ginilar resctions with enils that contained only this @ouble
bond were carried out o verify this observetion and thus
establish the course of the resction. For this purpese bengzel-
aniline CgHy —CE=N -CGgH,, ond benzal-p-phenetidine
Cglp — 0~ Cghy— N=CH—CgH,, were prepared. From benzal-
sniline and melelc anhydrvide it was expected that sccording
to the remetion indicsted sbove that meleic scid mono anilide
would sleo be formed in this case and that the sldehyde
would be bengaldehyde. This wae sctuslly found to0 be the
case. In & similar menner bémgalﬁahgéa and meleic seid mono-
p-phenetidide were obiained from benzale-p-phenetidine and
melelc anhydride. |

- It has . alvesdy been stated that for the resction
to take plece asg 1ﬁ§iea%@§, i.e. the opening of the smbydride

ring and %the splitiing off of aléehyde rveuuires the presence



of woter snd since no waber was sdded during the resmction,
it must have been present in sufficient gusntity in the
@fgéﬁi@ solvents employed. |

The reaction between cimnsmal-sniline, snd msielic
gnhydride, benzsl-smiline snd msleic snhydride, cinnemel-
o=toluidine and maleic a&ﬁyﬁiﬁ@@, and benzale-p-phenetidine
‘snd meleic anhydride were repested using absolutely dry
materials and spparatus in order %@réaterminav%hat effect
the absence of water hed on the course of the reaction,
end to sttempt thereby to slter it o a Diene Synthesis.,

Ko reaction took plece after allowing a mixiure of each set
of géﬁ@ﬂﬁamtg astand &t room %@ﬁ@éfﬁ%ﬁf& for seversl ﬁ&é@;

4 few drops of water were then added to sach flask ané

shaken and @ so0lid compound was formed immed iztely. The
compound in the csse of ginnemele-aniline and maleic snhydride
for example, was a5 in the first case, m@leie agid mono-
@nilide end sgain cinnemic aldehyde was  isolsted from

the solvent. Similar resctions took place in the other

cuses.

It is thus @%@&%ziﬁheﬁ that when an unsstursted
anil of the type used sbove snd muleie anhydride are brought
together in solution in the presence of waber, an anilide
and aldshyde are formed in the following memner, The anil
is hydrolyzed by the water 0 a bsse and sldehyde. For this
hydrolysis the maleic &n&yérﬁé@ acts a8 & gatalyst. The
free buse then rescte with the anhydride %o form the anilide,

while the sldshyde remains in solution.
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L resction was carriel out between cinnampleaniline
and maleic anhydride in dry sther in the presence of an-
hyd rous éi@lgﬁ at room temg@?a@aza; & compound formed which
was d4ifferent from that @&%ﬁiﬁéﬁ in the first @ase; This
gompound is s%ill under investigetion and nothing can be

stated about its sirueture 8% the present time,

REBACTIOE I¥ ?ﬁ%tﬁﬁﬁﬁﬁﬁﬁ OF %ﬁi?ﬁ%ﬁﬁg
Cinnamal-aniline ané malelic anhyéride vere nextv

heated together in the absence of solvent, &t tempsratures
varying between 120 - ﬁﬁ&e-&mé for periods of time varying
from 8 few minutes %o an hour. In &ll]l ceses the same compound
wag obbtained which wes different from sny obtained yr&viéﬂslya

in spelysis of this asmp@nﬁé indlcantes that it is composed
of one molecule of meleie aphydride snd one molecules of
gimmamal-aniline. These snalyses are in agreement with either
formula & or B, both of which ae@eésaxily have the same
percentage composition. This compound is s$ill under investe
igetion &t the present time, but from the informstion elresdy
obtained formulas A, i.8. & E;Q»aﬂéi%isﬁ is favored. For
example, the setion of XUH does not decompose it %o yield
eniline a8 would be expected from the open chain %éﬁ;ﬁ&ﬂé B,
thus indlecoting & si%eble ring &8 is present in 4. The compound
is also scidic in character showing thet the enhydride grouping
is ©%111l present. '

Ye thus have in this lsst reaction produet an



indicetvion thet & Diene Synthesis has teken place between
sinnemel-aniline which contains & conjugated system and
meleic anhyiride. This compound is still being investigated
at the present time and it is believeé that definite proof
will shértly be obtained to show thai this is &@taailg &8
Diene Synthesis.
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PREPARATION OF CIHNAMAL-AWILINE (81)

Qé%’@%=§ﬁ“ﬁﬁ=§‘@§%

rroams ginnemic slédshyles

The cinmemic sldehyde and aniline were purified
by distiliation and sllowed t0 ¢ool. The sniline was
8lowly added %o the aldehyde with consisnt stirring. 2
reaction set in 2% onee with evolubion of much hesat. The
vessel wae coocled and everything solidified completely
yielding en orange yellow solid. The product waes re=-

grystelliged from slceohel in the form éﬁ fine yellow

- flekes.
Helting point 108°
Yield 49 groms
CgHy— Ny + OHC —CH=CH —Cglly —> Eg0 4
CgHg— N=CH — CH=CH— CgB

2

REACTIOR BETHWERN CINNAMAL-ANWILINE AHD MALEIC ABEYDRIDHE.

After & preliminery test on & smell scale
iniicated that & resction took place belween meleic

maleaniline, the following ves

enhydride and cinns
carried out on & larger scsle.
40 grams cinnamel-aniline.
19 greme meleic snhydride.
Holeculsy provoriions of the two componsanis

were dissolved separately in ether. Helele snhydride

yielded & cgolorless solution end the clmnemsl



& 1ight yellow solution. One solution wes adéed %o the
gbther and imnedistely the mixture started %o turn &
redd ish-broun color. The Llask wes tightly stoppered
to prevent evaporstion of ether. A yellow so0lid siarted

$o separate out from solution in sbout one minute after

mizing and the eolor of the mother liguor startel Lo change

baek t0 yellow. After thirgy minutes the separstion of

more selid counld no lomger be detecied and the solution

had assumed & dull yellow solor. The flesk wes slloved
to gtand for twenity four hours in order t0 meke ceriain
that the reaction had gone to completion.

The resgtion product was vemoved by filtzeation.
Yyaporstion of the ethey from the mother liguor caused
more of the ssme yellow product 1o separste. This sub-

stance will be referred 4o ag the yellow product.

lelting point 195 - 196°,

Af%ter 8ll the ather wes removed by €istilistion
on the steem bath & very dark colored liguid was lefd in
the distilling flask. An attempt was made o isclale =&
pure sample of this liguid by distilletion but it de-
composed to & very grest extent when the tempersiure
resched about 1650°. It was therefore distilled wnder
reduced presgnre. £ @ﬁl& yellow liguid came over between

158-120°

snd st £0 mm. pressure. 1% had & faint cinnsmon

smell but after standing several days it turned dark red
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end hed & pronounced cimnemon smell. Yield 16 grams,

4 fusion with sodium indicsted thet nitrogen
was not present. It wes shown thet this substence wes
cinnemic aldehyie by preporing the pemicarbazone,
oxime, and phenylhydrazone, which melted at éifl%g, 22"%&‘3,

end 168° respectively. On stend ing the ’gmlé yellow

cimnnemic aldehyde ie oxidized by the air, hence the chenge

to the red golor.

In the distilling flssk there m%iﬁéﬁ @ dsaxk
%arry residue which was m@@iﬁais in the gommon solvents
guch ag sleochol, acetone, ether, chloroferm, benzens,
sarbon -gé‘ isulphide, petroledm ethery, toluene, and xylene.

This substance wes not investigated further,

EXAMINATION OF THE ¥BLLOV PHODUCT.

On vlose exsminstion of the yellow product, which
was in the form of & powder, 1% wae observed that there
was present elso & very smell amount of slightly ﬁﬁf@@%
arystels. Litompte Lo separate ﬁae% by means of extrecte
ing with different solvents were unsuceessful since both
subeltences were either soluble or insoluble, to the sane
extent, in the same solvents. The crystsls were therefore
sepurabed by hend pieking with the aid of & lens.

Helting point of the grystals w%@ﬁ



Melting point of yellow powder 195°%.

Hixed melting point 195%.

¥hen the crystale were crushed with & glasse
rod they slso formed & yellow powder. Therefore the fwo

substonces ere the same

product in different forme o
powder and well defined grystels.

in attempt wae meade to prepere ihe ggll@w sub=
gtence in & sitate of p&xi&g'ﬁéitabz@ for snulysis. For
this purpese & searych wae moede for & solvent whick would
be suitable for veczystallizstion. In the following solventis
the product wes either insoluble or so slightly soluble
as $0 make thenm useless for the desived purposeg ether,
@mmﬁm,%%mﬁmmwm%@mmgmw%me&
benzene, xylol, t@l&ﬁl,’%ﬁkyikﬁﬁﬁﬁﬁtﬁa water, ligroin,
and @@@f@leﬁm sther. Pyridine on the other hend could
not be ﬁ%@& for recrystallizing beczuse the product was
s0 extremely soluble in the coléd,

The cgompound vas zrefluxed %i%&»ﬁﬁ@t@ﬁ@ for
half an héur and went iﬁﬁa solution. The solution wae
golored yellow. On cooling, & white crysitalline compe
ound settled out. The scetone remeined yellow. 4 similer
white comsound was obtained when the yellow compound was
veffluzed with alcohol and nitrobenzene, the only other
solvents found in which 1% dissolived in apprecisble

guantity. The compound dissolved more readily in nitro=
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benzene then elither in eleohol or acetone.
After separstirg the vwhite recrystellized solid
by filtration, the acetons vwas removed by distillation
lesving an insignificant smount of dark red £ilm on the
inside wall of the flask. %ﬁiﬁ was apparently impurity
1eft in solution which aézﬁygﬁ it yellow. It was not
gons ldered necessary to iﬁ?@ﬁ@ig&t@ this further, The
same resulis wers obtained fryom the sleohol and nitro-
benzens. The following results were therefore obtained
on recrystellization;
aoetone ‘———a thite product B H.P. lﬁéwﬁg
?@13@% §§§§§§% 47y slcohol — > ¥White product ¢ H.Pe 195°
nitrobenzens — White product D N.P, 195-62

- HMixed melting pointe.

4 -3 198°
A=C 195-6°
=3 19°
B et 195-6°
B-D 198°
¢-p 198°

Thus the mgiﬁiﬁg points indicate that we sre
8%111 dealing with the same gompound. The only explenstion
sdvanced so far for the change of ¢olor on recrystalliszing
is =ttributed to the removal of coloved impurities, which
epparently d4id not effect the melting point of the yellow

substanee.
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ACETONE AE ZOLVEHTL.
Sinee & whibe compound results when the yellow
substance is recrystelliszed from scetone, the renction
petween cinnemsl-sniline end maleic anhydride was carried

sut in scetone solution %o dectermine whether the white

compound would be formed directly instead of the yellow
compound . |

20 grams cimmsmal-sniline

9.6 grams mpleiec anhydride.

Holecular proportions of the two componenis were
dissolved sepsrstely in scetone. The cimmemel-sniline
dissolved in %&% seetone with the production of & yellow
golution. Qm;&ﬁxiﬁg the %wo solutions & dark red eolory

was @géﬁaéa&,‘&ft@r stending & fov minutes & ref precipitate

started to seperste out instesd of the expected white solid,

and eontinued %o do so for seversl hours. The acetone was
removed by filtration snd the solid dried in & dessientor
over sod fum hydiroxide. This substence will be referrved to
a8 the reé compound.

Yield B2l grams.

Helting ﬁain%'zﬁéw%ga

The scetone which wes 8%ill colored red was removed
by distillation leaving &« derxk f@ﬁﬁiﬂh»@:&%ﬁ;miﬁtﬁr@ of
s0lid substence snd tarry dark red maiter. Benszene which was
added, dissolved everything except seven grveme of red
so01lid muterial. The benzene wes Ffiltered off and the solid
dried in & dessicotor and the melting point tzkem. I%

melted 8t 194-5° snd wes evidently more of the red substance
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obteined by concentrating the solution. These seven greme
sye includedé in the yield mentioned abowe.
The redé benzene solubtion wes distilled under
reduced pressure. After the bengene was removed, & pale yellow
1iquid dietilled over st 139-14:° under 20 mm. pressure.
This ves identified sz cinnsmie aldehyie by the same
methods a8 in the previous case.

yield £.6 grams.

COMPARISON OF HED AED ¥BLLOE PRODUCTS.

When the melting @ﬁiﬁ% of the red substonce was
determined it wes noblced thet at 146-1650° the color chenged
£rom red o yellow without eng welting taking plece. On
further reising the %@ﬁ§@$ﬁ§@f@ the yellow product formed
- melied a8t 3%§~§@e

E 1it¥le of the red subslance was next pleced on =&
gat@h gless end corefully warmel. %&&'ahaﬂgﬁ from red to yellow
sterteé to teke place ©% the outer edges of the substence
first end rapidly spresd throughout the muss. Ho meliing
oceurred. The gless was alloved $o0 cool to room bemperature.
The yellow ecolor persisted, the reverse chenge from yellow
%o red not heving itsken plece. Scratohing the solid with
%‘%1&@% rod 4id not emuse the chenge %o toke place.

| & 1i%%le of the ved substence was then heated on
s walch gless until it melted and then &llowed %0 cool.

fgain it solidified %o the yellow compound. Hized melting
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point of {this compound end the originsl yellow compound
wes slse 19457,

& reletionship exists therefors between the red
compound obtained when scetone iz used as the solvent end
the yellow gompound obtained when ether is used ss the
solvent. The behovier of both substences to verious re-
agents was compared with the hope of esteblishing this

relationahip.

The reof and yellow solids srve both soluble in the
some solvents end insoluble in the same solvents. The
argenie solvents used were the ssme ss those listed on
pege §8. Ho liquid was found in which in whiek only one
of the substances was soluble and the other not. ¥xeept
for pyridine, s1l solvents in whish the subsisnces wers
soluble bad 1o be refluxed with the s0lilé for solution
to teke plage. It wag also notliced that in esech csse the
red substence went into solution with more d4ifficulty then

did the yellow product, requiring o larger %@Eﬁ@@ of solvent
1w$§ﬁ & longer periof of boiling. In 21l cases the produet
%h&% game aﬁt of solution on ecooling wes & white ecrystelline
s0lid thut melted et 194-5%, and wee identicsl to the
- white s0lid described above. Hixed melting points of the
veerystellized and originel red smd yellow substences showed
no depression.

It wee slso observed thet mitric end hyéroehloric

sgids and XOH hed no effeect on both substances. They both

decolorized bromine water, and ecid ¥n0,, end libereted

€0, from ﬁ@ﬁﬁﬁge Bromine derivatives of the red and yellow



substances were prepurel (method of preparablon on pege 72}

Both derivetives were pole green in eolor.

fore the

eriginal

lelting point of red bromine derivative 194°.
Helting point of yellow bromine derivative 194-5°.
Mixed melting poimt 194-57%.

yellow substences yleld there~

Both the red and

some bromine Serivatives.

Hized melting point of bromine derivetive and

yelliow grﬁﬁﬁﬁ%«i?ﬁmi??ﬁa

This inGicates thet the bromine derivative is

& different compound than the originsl yellow onoa

Bxeept for the originel colors of the two pruducts

they eppeer identicsl in all respects. The only explepation

advancad

go fay for the conversion of the wed product to

the yellow on heating, is thet sn isomerisetion takes plece.

S4ince the red shanges into the yellow subsisnce

and the reverse chunge does not take pluce, it was deglided

to continue with the further examinstion of the yellow

praduct.
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AEELYSIS.

4 sodium fusion of the yellow compound indicuted
that nitrogen wes present. The substance wss snslyzed for
carbon, hydrogen, snd nitrogen by the combusidon methed.
First determination; , |

Feight of CaCl, tube after combustion 40,2628 gms

40,2016 *©

Yelght of CaCl, tube befors combustion

Incresse due o H,O JeoBog ¥

?{} @ %ﬁ%’? i
70,5190 "

YWeight of EOH bulb after combustio
Feight of H0H buld befors combustion

Inerense due to U0, Q. 887 7

Yeight of combustion best plus sample 5.0166 gms

£

Beight of combustion boat 428920 gas.
Weight of sample | 10,1246 7

Pareentogs of earbon — 18 x L2857 x 100 = 62,100
- 44 = 1246 '

Percentuge of hydrogen_2 X 0509 x 100—4.547
18 2 1246

Second determibation:
Yeight of Call, tube aefter combustion

Feight of Gﬁﬁig tubs before combustion

Incresse dus %o ggﬁ
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Weight of ZOH bulb efter combustion 70,7426 gms.

Yeight of X78 bulb bhefors combustion 05134 ©

Inoresse dus %o ﬁﬁg 0. 288 7

e

Teight of combustion bost He44886 ™
Teight of ssmple 0.,0%u4 ™

Percentape of corbon _ L& X (EB9E x — 6£.87%
%@% X L0

Perecentage oE hydrogen _ 2 X .02

Mesn percent earbon 62.497

Hesn pereent hydrogen 4.51%.

Piret debermination for altrogen;

Velght of wateh glass plus semple

Vielight of woteh gloss
Yeight of sample De880 ¥

Volume of nltrogen collected 15.6 ¢. C.

Barometer reudi mg 75E mm

Temperature &éﬁ Co

Percentoge of nitrogen —18,
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PYecond determinstion for nitrogen:

Yelght of wateh glsss plus semple 6.9968 gus

Weight of wateh glass : : 60801z ¥
Height of sample C.1881 "

Volume of nitrogen collected 15.8 cec.

Barometer reading 737 om

Tomporature z2° ¢,

Percentage of nitrogen —15.8 x 875 x 787 X 188 —9.13%
_ T 896 x 760 % 1951

Yeight of wateh glses plus ssmple 70816 gms.
5,801 ¢

- Weight of ssmple ‘ 0.230¢ *

Volume of nitrogen collested 19.0 cet.
Baxometer rveading 745 mm.
- Temperature ﬁﬁg Ce

Percentage of nitrogen =19 x 273 % 743 x o186 =9.89%
~ TTEGE X 760 £ 0504

The sourse of {E‘i}g for the nitrogen combustions
was HsH00,. The BaliCO; used in the first determination

was used up testing the combustion sppurstus. The new



supply obteined for the second and third determinations

gave the higher percentage resulis a3 shown. £ nitwogen
determinntion was thevefore run with phenvoetin as &

gheck of the spparstus snd moterials used.

Daternination of nitrogen in phenscetin ﬁgzﬁgam%}éﬁéwﬁiﬁwﬁé}aﬁﬁg o
Velght of waich glass plus sample 70520 s,
Feight of watch gless 6.8018 ©

Veight of sample Oe2208 *

Volume of nitrogen collected 16.8 c.c.
Bayome

ter reading 737 mm.

O
Yemperature £8 G,

e of nitrogen —18.8 x 275 x Y37 %

2L 2186 =9, ﬁgﬂg
TE9E % 960 X 5500

Pereentag

7

Theoreticul velue for nitrogen  T.82%

it is therefore spparent that ¢he high values
pbhteined in ﬁhﬁiﬁﬁﬁﬁﬁé and third deteminstions are due

“impurities in the HeHCU;. The perceniage of nitrogen
was therefore redetermined by the Kjeldehl method and
the follewing results were obtained.

Pirst determination 7.20%

Second determination 7.57%

Mean  Te39%
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The vesulds obieined by the kjeldakl method

sgree with the first combusiion detemmination ant they

are the ones accepbed for the ealculstion below.

“he following empivieal formuls wes culeouleted

for the yellow compound from the snelybicel date obitained.

. o g7 F
g% - 3? ES g"%ﬁ%‘
0 =862 .49
E, = “%:n 5313{?

0=£6,61% (by subtrsction)

H = 7,58 — 5278
14
0 =68.49 — B.E07
R
— 4Bl = 451
1
0= 86,61 = 1,600
16

Empirical

«HETE =100 =
AL
B 2070 — 9,86 — 10
e = %}

16000 = 5.15 5 5
5276

Pormuls ngggﬁﬁg
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hpslyeis of the white product obiained

mpound from scetons.

Carbon end Hydrogen.
First determination:

Yeight of KOH bulb safter combustion

Yeight of XOH bulb before combustion

Inoresse due o CO,

leight of Call, tube after combustion
Welght of Cally tube befors combustion

Tncresse dus to Eﬁﬁ

 Welght of combustion bout plus ssmple
Yelght of combustion boat
Yeight of ssuple

on f%@f@%@ﬁl&iziﬁg

T4.£160 pgms

74,0494
Golb6

42,9590 gms
4£,9120
0.0270 ™

B.6172 gms.
524450
0.0728 "

Percentoge of coarbon — 12 x 1666 % 100 — 68.935%

Y ER w J072E

Percentage of bydrogen — &

18 x 0722

K _oUE70 x — %ai@fg



Second determination;

Teight of XOE bulb after combustion 74,4628 gms.
Yeight of KU bulb before combustion T4 ,8160 ©

Incresnse dus to 0Oy ‘ G.5568 ¥

Yeight of ﬁﬁﬁzg tube afier combustion 4E . 9764 gme .

Veight of Cally, tube before combusiion 4e 09890 7

Ineresse due 0 3%26 g.0574 ¢

Yeight of combustion bout plus sample 5056480 gus.

Weight of combustion boat | pasats "
Feight of sample Del024 ¥

Percentage of cunrbon — 18 % .E368 x 100 — 68.84%
%ﬁ" x ;1:;%%

?awm%&g@ of hydropen =2 x 08574 % 100 = séoﬁ};,;%

Eﬁ = ;}.ﬁﬁ%

leon percent earbon 62597

Mesn percent hydrogen  4.08%



. s D

Eitrogen wes determined by the XjelBiehl method.
Firet determinetion 7.587 nitrogen
Second detemminstion B.78% nitrogen

Hesn  T7.687 nitrogen

The following empiricel formule was ctleulsted

for the white compound from the snelytical daia,

= 7,687

?;}gg
I

Il
#
®
&
W

o B
I

4,087
0 = 25.687% {(by subbtraetion).

H =7.68 — .B486

14
C —6E.59 — B.E1L60
pi3

B —4,086 — 4.08
=T

f} - g%oﬁg panay 3;@%5?

8466 =1 = 1
+ 5486

5e2lBU — 9.6 — 1U
o BEES .

2080 = 7.6 =8
Aagise

1aB870 — £.88 — 3
.5466

Em@iriﬁgl formula O (HoNO;

Tue %o experimental errors it is guite g;agsi‘hm
thet the formule of the ﬁhi@@l@&@@@aﬁé obiained fr@m,tha
yellow one on recryetallirntion kes e is also ﬁigﬁkﬁﬁgﬁ
The two compounds therefore represent the same substance

in different degrees of purity.
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Preparation of the Bromine Derivetive of the Yellow Compound.
Pwo grams of the yellow product were dissolved
in sleohol by heating under & reflux condenser. Vhen the

solid bed s1) gone into solution sufficient slcohol wes

sdded to prevent precipitation on cooling. Vhen the solutian

hed cooled %o room tempersture & very smell emount of the

substance had recrystellized out. This was removed by

filtzetion. Sromine wabter was slowly edded 0 the solubion

snd wae decolorized instently, reising the temperxaiure of

the solution. fadition was gontinued until no move degolor-
ization took plece. A% this point & precipitate sterted

%o form. The sclution was siirred vigorously snd allowed

to stend for some time until it hed cooled %o room temp-

ersture. The 1liguid was remeved =nd the solid formed wes

reerystellizsed from sleohsl.

The presence of bromine wes confimmed by heanting
s 1ittle of the ©0lid om & clesn copper wire; & bluish-
green colorstion was produced due to the fommetion of
volatile copper helides.

The bromine derivative was & pale green crystalline
goupound. The crystels were very tiny end when exmmined wilh
& hand lens sppeared tvenspsrent. Hel¥ing point igéﬁa
Bixed meliing point of yellow product and bromine derivative
176 =« 177%. It is thus esteblished thet we are desling with

e &ifferent compound here, end not with the originel produet

thrown out of ﬁﬁlﬁ%iﬁge The identicsl bromine derivative vas

obtained from the ved produet by the same method (see page 63}



BROUMIBE ABLLYS IS,
e

The method of Htepanow was used to detemmine
amount of bromine in the bromine dexivative of the yellow
compound. % weighed semple of the substence (about 0.5 gms.)

vas dissslved in. BOGe.g. of %b%ﬁiﬁ%ﬁ-ﬁlﬁﬁﬁﬁi‘iﬂ.% flask

fitted with o reflux condenser. T0 the boiling solution wes

graduslly sdded sbout 5 grams of metsllic sodium {oup into

clesn strips}. Vhen 81l wes added the mixture was heated with

o free flame wntil a1l the sodium hed reacted sccording to

the eguation:

EBr+ G HpOH + 2la — RET NaBr+ CgH, Ofe

The mizture wee then cooled, diluted with water, scidified

with dilue nitrie seid, snd titrated by the Volhard method .
In general the Volhexd wethed is ms follows. The

bromide solution wes treated with an excess of 0.1N AgHNO,

solution end titrated with smmonium thiocyenate using ferrie

aﬁ.ég%ﬂﬁ the

slum a8 lndicator. From the required volume
@&ﬁﬁ%iﬁg of bromine was gomputed.
The following solutions were therefore prepaved;
%glgi%g%Qg golution.

c.1H smmonium thiocyunete solution.

Firet determinations

Helight of wateh glass plus somple

Ueight of wateh glass
Yeight of sample 04607 *©
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100 Betto 0f O.1H éggf}g &%ﬁ&ﬁ@a

Requlred 77.6 ce¢o 0f 001l ;ﬁéﬁﬁﬁ
Therefore £L.4 Gette 0OF égﬁG% were regquired $o precipltste
the bromine present in the sample.

1000 cece of Uo1H LgHU, solution = Br = 7.99 gus Br.

i0 .
2864 GoGa @ “ T =EBe.4 x Te9%E — L1789 gms By
| ' 1000

Percentage of bromine — 1769 x 100 — 38,867

‘ , «460U7

Second detexmination:
-Helight of wateh gless plus semple Y4328 gms.
Velght of waleh glass 86,8859 7
Vigight of sample . §g§%%§ #

100 coco Of O.1N Aglid, sdded.

Reguired 95.3 G.6. of ﬁelﬁ'ﬁﬁéﬁﬁg

- Therefore Q%Q? Gelo @f<ég§@% wers regquired %o pregipiiate
the bromine present in the sample.

2407 oo 0f Colll Aglly; — 2407 x 7,992 — 1974 gms Br.

1000
Percentage of bromine — 1974 x 100 = 36.00%
5469

Mean percent bromine 57.45%

Examining this result with the ﬁ%l@ﬁi%%ﬁﬁ empirical
formuls in mind ﬁlgﬁgﬁﬁgs it becomes evident that two stoms
of bromine were taken up by the yellow compound and thersfore
ene double bond is present in this compound. The caleulated
value for two atoms of bromine is 45.59%, but the vslues obtained

sbove are sufficiently sceurste to indicnte one double bond,



. kn attempt was msde to determine the moleculsr

weight of the yellow compound. The Ireszing g%iﬁ% depression
method was found %o be of no valus in %ﬁiﬁ csee since the
substance wes so slightly soluble in the ordimary solvenis
et roon tempenriure.

The moethod of the elevation of the boiling pointd
weg therefore employed. in electricsally beated apparatus

was seb up similar $o thet suggested by S. L. Bigelow {8Z).

The hesuting coll consisted of & piece of resistence wire
pessing through the @olvent. The solvent employed wes scetone.

| Pellets of the sanple were used but 1t wea found that the
tightly pecked pellets fell %o the boliom of the vessel

below the coil and d4id mot dissolve 2t the boiling poing

- of scetone. | ’ _

The yellow product wes next sdded as = powder but
sgein it 4id not dissolve to any appreciable extent. Even
after boiling for helfl an bour the smell amount of substénce
that went into solution produced no eppreciable elevation
of boiling point. |

Attempis to use benzene &8s the solvent were also
'Wﬁﬁ%ﬁﬁﬁﬁgﬁfﬁi due to the ssme difficnliy.

I4 wag therefore degldedl o prepore devivetives of

the yellow compound which might be essily soluble in some

solvent znd thus determine the moleculer weight.
The bromine derivetive deseribed sbowe wes &lso nod
sufficiently soluble in the volume of ligquid gmﬁiag&ﬁ o

produce & satlsfactory elevation of boiling point.



PREPARATION OF ETHYL ESTER OF YELLOYV COEPOUED.

Ten grams of the yellow produgt wers boiled with
180 ceeo of sbsolute sthyl aleohol snd § c.c. of concentrated
%‘%ﬁ under & reflux condenser for four hours. The excess
gleohol was Aistilled off sand the remsining solution diluted
with water. It was neubralized with solid NegCO; end shaken
in & separating funnel with ether. The ethereal solution wﬁﬁ
withdrawn, washed with wétar, end dried over CsCl,. The ether
wae removed by distilletion leaving & ved liguid behind, which
yvielded & pale yeliov liguid on further distillstion. This
1iguid boiled atd iﬁwwlﬁﬁ and is presumably the ethyl ester
of the yellovw product. It had = strong charvscteristic smell.

Yield 4.5 gms. Since the ester turned out to be & liguid,

it could not be smployed for = moleculer weight determinetion
by the freezing point depression or boiling point elevation

methods,

PHEPARATION OF THE BROUINE DERIVATIVE OF THE PUHYL EBTREE.
The ester was dissolved in zlcohol snd bromine vas

added to the solution. The bromine dissolved with the

d isappearance of the rer color and evolution of wmuch heat.

The flask wes cooled and more bromime was added till it was

no longer decolorized. & %ﬁi@@ s0lid ﬁorm&ﬁa The flask

wes sllowed %o stand until it eooled to room tempersture, when

the liquid wes filterved off and the so0lid wes z%eygst&llix@&

from aleohols Pure snow white needle-~like crystsls were

obtained which melted sharply st 120°%  Yield 2 ETOME o

The presence of halogen was confirmed by hesting



& 1it%le of the solid on o c¢leun copper wive. A blue
golorstion vas produced.

Holecular weight determinations with this prods ot
were unsuccessiul becuuse of tempersture fluctuations. The
mereury thread of the E@ek&&a thermometer fluctunted
continuously over & romge of 0.5° meking it impomsible to
teke sn scournte reading. éggaz@ﬁtlg the heating apparatus
required adjusting. By this éﬁ%@ 2ll of the meterisl had
been used up snd 1% wes decided %o save the originel yellow

produet for farther investipgstions along diffesvent lines,

DEGHADATION OF THE YEILLOW COMPOURD VWITH KOH.

| Three grame of the yellow compound were dissolved
in slcokol profucing & yellow solubion. 80 e.c. of & 207
EOH solution were 2dded cousing the solution %o turm pink.
The mixture was refluxed over & free flame. As the boiling
wae continued the color graduslly becamee dark red. After
four hours it was noticed thst the color did not chenge
2ny more, and the hesting was stopped. Host of the sleohol
wasz removed by distillation and after sooling, the remsining
1liquid was shaken with ether and the ethereal solution
separated. The ethersal solution wass red and the sguecus
solution vemained yellow. The ether wes distilled off leaving
& red liguid, whieh upon further distillstion Jielded &
eéi@fé&%% liguid which bolled a% 185° and had the odour of

enilizie.



, 1% wag shown thet this oil was eniline by its
boiling point, bleuching powder test, snd the azo= B
nephthol derivative which melted st 130°%,

Therefore one degradstion produet is aniline.

The squeous mother liguor from whiech the aniline
was removed was scidified %1%3 531u%@.ﬂG1 and sgain sheken
with ether. A1l the yellow color emtersd the ether leswiag
leaving & @81@?3%%% ﬁﬁﬁgﬁﬁﬁlﬁélﬁ%iﬁm which was drawn off,
@%@ wvaber was vemoved by %iﬁ%iilﬁ%i@ﬁ lesving & white solié
in the flask. This wes identified ae inorgenie XCl.

| The ether was removed from the sthevesl solution,

leaving & white 8o0lid upon whieh %&a.fﬁligwiﬁg tests were

mede g ;
Kelting point; did not melb., sublimed ot 2009,

fla fusion indicated thet nitrogen wes nol present.
Insoluble in ¢old waber, sparingly %@lﬁblﬁyiﬁ ha% water,
golution scidie to litmus.
Liberstes GO, resdily from NeHCO,.
Decoloriges acid KinO,.

wﬁﬁi@ substance is therefore sn uhsaburated scid,
presumably & derivative of, or reloted %o meleic acid. The
sublimetion of the compound éﬁgg@%%eé fumeric acid and 1%
weas setuslly shown to be %hié by preparing the p-nitro-

benzyl-ester which melted &% 150%, The seme derivetive of

and 8 mizture of the 1¥p melited st the same tempersture.
Therefore the second degradstion product is fumeric

Capid.
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Searching through Beilstein it was found that
meleic acid mono-anilide CgHy=WE-CO-CH= CH-COOH, resembled
the yellow substance resmltiﬂg from the reaction between
cinmmemsleaniline snd maleic snhydride. 2 comparison between

~ the two compounds is given below.

Maleic 26id monosanilide. Yellow compound.
Melting point, 187, 198, Melting point 195°,
Breskdown products with Breakdown products with

KOH are aniline and fumaric KGH are eniline and fumaric

scid. | acid.

Color= yellow  Golor é'gei&@w
CyoHglOg . CpoHNO,

¢ = 62.82% - 6= 62.49%
= 4.71% B = 4.51%

K= 7.33% | ¥ = 7.39%

EEEE&BA@IGE oF %AL&IG ACID MQﬁOeﬁﬁimlbﬁ (83)«
ﬁ:zailme and maiei@ aahydr%ﬁe were dissolved in

ether in melesalar prepartiens ana the solutions were mixed.

The twe reacted in the cold yi@lﬁiﬁg the v&ll@% eaﬁpaund.
Rsarys%allized from aleehol. HMelting point 1969? o
Mixed melting ?@iﬁ@ of this compound and the @rigiﬁal
yella@ e@mga&a@ l%ﬁw@ o |

It is thus establish@& %ha% th@ resction between

sinnamalcaﬁillne anﬁ maleic anhydride which has been
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described sbove lesds %o the formetion of cinmamic sldehyde
end meleic zeld mono-snilide. It iz now possible %o assign
Tormulae t0 the various derivetives which heve been prepared .

Bromine derivative; Cplip=lH=Cl=CHBr-CHBr-C00H,

vy

g
Bromine derivative of ester: Cpllp=iB=00=01Br-CHBr-CO0CEH

Bthyl ester: ﬁﬁﬁrwfﬁmﬁﬁmﬁﬁ—'ﬁﬁwﬁﬁﬁﬁ

'

Since both double bonds in the snil 4id not toke

part in the resction, bub only the double bond to which the
nitrogen wae attached, s similer reasction wes eorried oud

between bengele-sniline snd meleic snhyiride. Benzal-sniline
eontelins only the one double bond next %o the nitrogen stom

which is concerned in the rescition.

PREPARATION OP BENZLAL-ANILIRE.

20 ¢.Co E@ﬁé&lﬁ%hgﬁ@a

£0 6.0e Aniline. m

The two substances were mized enéd hented on tha
%ﬂ%@?‘%&%ﬁ for one hour. ﬁn cooling, erystels of bengale

aniline formed. Recrystelliszed from sleohol. Helting point 54°

| CHCHO 4 OEIH, — 5  CgHgeCH=NelgHg + Hy0
ﬁu§9?73§ BETVEER BREUZAL-ANILIN AED MALRIC ANBYDRIDE,

10 grems benzel-sniline o |

6 greme melels sphydrids.

Holeeulsr proportions of both substances were
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. dissolved separetely in @%h%fJ&ﬂﬁ the two solutions were
mized . The mixture became cloudy &t once &nd deposited &
pele yellow solid. Yield 8 greme. Helting point 196 .
Hized melting point of this product and meleic ﬁ@iﬁ HOnO=
enilide 195-6". -

After the solid was removed by f£iltration, the
ether wae distilled off and 2.5 grome of benzaldehyde were
igolated inm the same way a8 the cimmemic aldehyde was
‘isolated in the previous csse@e. The bengeldehyde vwas iﬁéﬁtiﬁi@&
by ite chorscteristic smell, boiling peint 178°, snd its

semicarbuzone He Po 214%. -

: Q@%ﬁéﬁﬁ%iﬁﬁ‘@? THE ?ﬁﬁﬁﬁ% %@31@ OBTAINED FROM BENZAle
ANILTSE AND MALEIC ANHYDRIDE.

Three grems of the so0lid were dissolved in zleohol
@f@éﬁ@iﬁé & pai@ yelloe solution. 80 c.c. of £0% X0H solution
were added end the mixture wes refluxed for six hours. The sol-
ubion gradually téraaé dark brown. The sxcess ﬁlﬁahel.@as
distilled off, the remeining solution sheken with ether,
and the etheresl solution separated. By froctiomelly distille
ing the ethorenl solution & smell smount of aniline was
isoluted. The aniline was identified by its boiling point,
}&Egg bleaching powder test, end the scetyl ﬁﬁzﬁvaﬁi?a Mo Ps
112%, |

The zgueous solution £rom which the sniline vas
removed wes acidified with &i}at@ ﬁﬂi_; %h&k@ﬁiwi§h~@th@ﬁ,
end the etheresl layer removed. From this ﬁumﬁyi@vaciﬂ wes

isolated and identified ss indicaded in the previous cgase.
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It @id not melt but sublimed &t sbout 200°, end the
penitro-benzyl-derivetive melted &t 1650°.

Thus the same product meleic scid mono-snilide,
iz obtained Lrom benzslesniline snd meleic snbyiride as

well &s from ecinnemel-sniline and meleic anhydride.

The recction between aniline and muleic anhydride
is understandable from the following equations
(3‘6%5 =FH-H + CH—— ?E ——-ﬂ‘kﬁ ﬁz%w%ﬁmﬁﬁuﬁﬁ = CH=-000H 4 ﬁg O
GO Co

N,/

Y

But for the resction between cinnampl-zniline and

maleic snhydride, or benzal-aniline and the anhydride, with

the production of the stme compound snd the splitting off of

the corresponding aldehydes, it will be seen that one

molecule of water is reguired.

o CH==CH _ . o
Ogly~F =CH-CH= CE—OH-C,H, + | LT
co o
Ny~
0 H ~CH=CH=CHO + CgH ~NH=(00=CH =CH~CO0H

65
Since no water was sdded during the reaction, it

must have been present in gﬁffi@i@ﬁt«ga@nﬁity in the ether

Pfor the reaction to tike plsce. The resciion was therefore

repested using dry ether.
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HEACRION EETHEEN CINNAMAL-ANILINE AKRD MALEIC ANHYDRIDE
USIHG DRY SOLVENT.

The procedure wae the same as that in the case
previously described.

The ether was dried over sodium for 20 hours.

The ecinnemel-zniline was recrystellized from alechol snd
thoroughly dried in & vacnum dessicator for three days.

on mixing etherssl solutions of the two, & slow resction
took place compared to the fast resction observed in the
previous cuse., After £0 miam%é% & small smount of the
yellow product wes formed and the smell of cinnemic aldehyde
eould be detected. Rvidently this renresents imperfect
drying end the faintest troce of water will cesuse the
resction to teke plsce as indicated in the equation above.
To show that water was the influenéing factor, one drop of
woter was sdded to the fl&%k-&aﬁ gheken. & large smount ef
the yellow product formed immedistelye.

An attempt wes therefore mede %o obtein & perfectly
dry solvent. Ether wes dried over sodium for seven days
during which time the sodium was replaced severzl times
by fresh sodium. The ether was fimelly distilled over CaCl .
Etheral Békewesl solutions of the dry components were now )
mixed and alloved %o stand, ﬁ@ im@a&i&%@ resction took
place. The flask wes tightly stoppered snd allowed to stend
for three days. An insignificent smount of solid was formed.
Sufficient product was obtained %o give & melting point of
196°. The ether wes eveporated in & vecuum dessicator emd the

original anil end sldehyie were recovered unchanged.
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Similer results were obteined with dry benzel-
eniline and meleic anhydrids.

Similar resulis %@3@ obteined using dry benzene
a8 the solvent. |

iniline and melelc snhydride on the other hand,
rescted ilmmedistely even in dry ether to produce meleis

acid mono-snilide.

§E§$?I§EV§§§%EE§ CTNAMA LANILINE AND MALEIC ANHYDRIW
| THE PRESENCE OF ANEYDROUS ALCL, |

Molegular proportions of @iﬂg&mﬁlm&ﬁilime end
mielelc anhydride vwere ﬁiﬁ%@l&éﬁ separetely in dry benzene.
&iﬁlg weg added o the @ﬂhﬁﬁ?ﬁﬁ@ solution end then the enil.
On mixing, the solution turned red smd after standing 350
minutes & solid started %o separate out. After standing
three days the benzene wes filtered off from the solid
end evaporated in & vaguum &é%%i@a%@re A s0lid mixture was
ieft which consisted of %xaﬁéyarsn% flskes snd yellow —
brown powder. %@@ﬁé&tiaﬁ by fractional 6%@%%&1&&3&%&@&
 from various solvents wes unsuccessful. 4 1ittle of esch
product was separsted by hend with the eid of & lems end

e identified ss originel muleic snbyiride snd ¢clmnemel-

sniline by their respective melding points. This portion,
therefore, d4id not retct.

The firet s0lid which formed was golored red. I



wag successively treamted with water, d4ilute HCL, and
£inelly with waler to remove ézﬁiﬁa

in & search fé? & ﬁﬁi@&b&ﬁ regrystellizing solvent
it was found that scetone dissolved out the red material
leeving & white solid behind, which éié not dissolve even |
on boiling. This white compound wss found %0 be sn inorgenic
residue containing aluminum and was not investigated further.

The rei scetone solution waes removed and the scetone
evaporated in & vecuum dessicators & yellow solid in smell
yield wes obteined which molted at 146-148°. It is soluble
in alcohol, scetone, andé chloroform giving & yellow solution
in ench cuse, and is decomposed by bolling HOl. Ear@ work
will have to be done on %his compound before = siatement

can be made with regerd 0 its structure.

AEACTION BRUWEEN CINHAMAL-ANILINE AND MALBIC ANHYDRIDE
IN [HE ABSENCE OF SOLVENT.

10 grams cinnsmale-sniline.
%aﬁ grams molelic anhydrides
| The cinnamelesniline and meleic anhydride were

mixed as so0liids in & dry Tlesk fitted with an sir conlenser
. mnd wermed in en o0il baith ot temperstures renging from
120° o 200°, and Por pericds of time renging from & few
minutes o one hour. In esach case the same product wes
obtained but it was finally Found thatl heeting the components
for 15 minutes &t 190° was the most sstisfactory procedure.

- ks the temperabure wes roised the msleie anhydride
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melted Ffirst at 53° and then the cinnsmal-gniline melted

8%t zﬂgaééyprﬁximﬁﬁaigig 411 was ligquid now end x@m&ia@ﬁzaa
until the t@m@er&%n?@ r@ﬁek@& 126§ vhen everything suddenly
solidified. On raising the tempersture to 190° the solid
did not melt sgain but f£rothed in the flask.

The ©#01id obtained was dark red in eolor. On re-
crystallizing from alcohol & brown powder was obteined which
melted & %ﬁﬁwﬁﬁé@ $0 & dark red liguid. Vield gquantitative.

This compound Gecolorized scid Kin0,, bromine
water, liberated CO. from aHCO,, wes insoluble in dilute
HC1 and soluble in dilute KOH, In ﬁila%é KOH it was soluble
with difficulty, but when the go0lid was dissolved in alcohol
ﬁﬂéiﬁhﬁn,ggﬁ sided it remained in solution. Vhen this
solution was then scidified with dilute HCL the ﬂriginalr
product wes throen out of solution. In addition to indicat~
ing thus that the substance is &ci&ie in nature this wes
found to be good method of obtaining ﬁha product in & pure

ptate.

ABARLYSIS OF THE PUSIOH PRODUCY.
The percentuge of nitrogen wes estimzted by the
¥jeldshl method and the following resulis were obtained.
Firet determination 4.33% ﬁi%mgén '
Second determinstion 4.147 nitrogen

Yeen  4.24% nitrogen



Csrbon snd Hydrogen ﬁ%%@?@iﬁﬁ%iéﬁ%a
First ﬁ@@ﬁfﬁiﬁﬁ%i@ﬁ;

“eight of XOH bulb sfter sombusition
Veignt of Y0OH buldb before combuastion

Ingresse dus o ﬁﬁg

‘eight of Cell, tube sfter combustion
Veight of Cally; tube befor combustion

Inerense due to ﬁﬁﬁ

Yeight of combustion bont plus sample
Yielght of ecombustion bout

Yelght of sample

Percentage of hydrogen— L X .0808 x 100 — 5.080

Percentage of carbon

Zecond detemination.
Yeight of Call, sfter combustion

Hoight of CaCl, tube before combustion

Increase dus to ﬁg@

690830 gms.

68,5920
0.4910

¥
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Height of XOH bulb after combustion 69,7516 gme
“eight of X0H bulb before combastion ‘ 69,0980 7
Incresse due %o Co, ' 0.6596 *©
Weight of combustion boat plus sample 52,2050 gms.
Teight of combustion boat | 4,9680

feight of sample |  0.2350 ¢

- Percentage of hydrogen _2 X ,110%2 x 100 — 5.21%

s

18 x 2850

x 200 — 76.84%

Percentage of carbon — 312 % &
' 44 x L3560

These analyses are in good sgreement with the
saleulsted values of the product %hieﬁ would be obtained
if a diene synthesis took ploce between cinnamsleaniline
and maleic emhydride. The celculated values given below

sre based on formuls LAc given on page 48,

Found Cslculsted
Hitrogen . 4.24% 4.59%
Hydrogen 5.06% | 40927
Carbon 75 .. 545 74,757

- This compound is s%ill ander investigation at the
present time and more informution zbout it will have %o be
obtained In order to sscertain whebther this compound is the

resul$ of & Diene Synthesis.
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PREPARATION OF CINNAMAL-Q-TOLUIDINE.

56 grams ginnamic-aldehyle.

42 grams o=-toluldine.

Both substances were purified by distilliation,
gooled, end mixed in m@l@@&zér proportions. & yellow
gompound formed immedisitely with the evolution of much he&at.
Recrystaelligetion from sleolol yielded yellow flakes.

Yield 57 grams.
Yelting point 74°.

REACTION BETWREN CINVAMAL-O-TOLUIDINE AND MALEIC ANHYDRIDE.

&3 grems cinnems

l=g-toluidine.

£6 grams maleic snhyiride.

lolecular proportions of the two substences were
dissolved separately in st&é? producing & yellow and colore
iess solution rvespectively. On mixing the two solutions the
color slowly turned red. Thirty minutes sfter mixing & light
yellow so0lid started to separate from solution srd continued |
to do so for two hours. Thex remction cen be hastened by
refluxing the components in ethersel solution for twenty
minutes, cooling, end scretching the inside of the flask
with & gless rod to stert crystalliszation of the pr@éﬁat.
This product is soluble in ether to & certain extent and
the yield csn therefors be iﬁer&a&sﬁ by concentrating the
solution. The vedl sthersal solution was filtered ofif, and

the solid recrystalliged from aleochol.
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?i@z& 15 prams.

Helting point 118°.

This will be r@ﬁ%%@&& t0 88 the . light yellow solid,

The red etheresl solution was distillied under
reduced pressure. After the ether was removed & pule yellow
1iquid ceme over et 1%2° under £3 mm. pressure. This wes
identified ss clinvamie aiﬁ%hgﬁe by its charscteristic smell,
boiling point, and semicarbezone which melted st 214°,

DEGRADATIOR OF THE LIGHT %Eﬂ@ﬁ% PRODUCT ¥ 178 X0H.

| Three groms of the iig&% yellow solid were dissolved
in sleohol producing a colorless solution. 80 C.Ce of & 209
XoH solution were sdded end the mixture refluxed for six
hours. During the boiling thé solution zssumed & dark ?é@ .
color. The excess slceohol was yemoved by distilistion, the

5l

remeinig solution shaken with ether , end the ethere
layer seperated . From the etheresl solution o-toldidine
was separsted by fractionsl distiliation. The toluidine
was identified by ite boiling point 196°, snd the benzoyl
derivetive which melted ot 142°.

The agueous galﬁti@ﬁ from which the o-toluidine
was removed was sgidified with dilute HCL, and @xt@%e%@@
with ether. Prom the etheresl solution & white solid was
obtained which was identified ae fumsric scid just ss in
the previous cases mentioned. It d4id not melt but sublimed

at 2$ﬁ$9 and the p-nitro-benzyl-sster melbed 2t 150°,
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The resction between cinnsmel-o-toluidine end
moleic anhydride is anslogous therefore, to the former
recctions described between unssturated snils snd meleic
anhydride when esrried out in wet salvaﬁtgg In this cese
melelc £cid mono-o-toluidide CHymCgHg=NH-CO-CH=CH=COOH FORMED
This is & homologue of the compound obieined from cinnsmal-
aniline and meleic snhydride snd is described in the

literature (84),

ARALYS IS POR NITROGEE BY COMBUSTION HETHOD.

First deternination;

Veight of watch glase plus ssmple 6.9820 gms.,
Weight of watch gless ' 6.8015
Weight of sample 01807

Volume of nitrogen collected 11.6 G.c.
Barometer reading 744 mm.

Temperatdre 20° Go

8 % 744 X 126 = 7.38%

. Percentage of nitrofen—_1l.6 x £73 x
‘ ' 293 x 760 x 1607
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Second determination:

VWgight of wateh glass plus sample , 609944 gms,
Weight of watch glesse - 60,8014
Weight of sample | 0,1930 *©

Volume of nitrogen collected 12.1 G.Ge
Barometer reading 740 mme

Tempersabure 21%,

Percentage of nitrogen—18.1 x 273 x 740 x 186 — ?,l%@
294 % 760 X 1050

Mean percent nitrogen  7.86%

Percent nitrogen caloulated from formuls  6.83%

HOTE: Absolutely complete sbsorption of the GO, by the

YOH is never reached in & combusthion. This unubsobed ges

is sotuslly & fine £roth of 0O formed by the sction of the hest
hot copper spiral upon the carbon dioxide. This volume of

&58 1s usually equivslent %o about 0.3% of nitrogen on & 0.8
grem of semple, lesding to & correspondingly high snalytiesl
result.

PREPARATION OF MALEIC ACID MONOQ=O=-TOLUIDIDE (84).
Maleic &ﬁbyﬁzié@ end sniline were mixed in moleculsr
proportions and the pale yellow compound formed immediately.

Recrystellized from slecohol, Melting point 118°.
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Hixed melting poimt of this product snd thet
obtained from siny

118°.

iamel-o-t0luidine snd melelc emhydride

The procedure 88 auiziﬁa& abowe wee repested using
perfectly dry ether as $&lﬂ%ﬁh The components were mixed -
snd sllowed to stend for five deys. o resction took pluce.
The ether was removed in & vecuum dessicttor snd the une
changed originel substences, meleic snhydride and cinnspele
o~-toluid ine were recovered. Therefore the resction does
not talke place in the absence of water.

Maleic snhydride &n& o=toluidine however, resct
even in dry ether. The explonation fob this case is thé'

geme as that given for the cinnemal-sniline resction.

?%EEQEQ%IGE OF BENAL-P=PHENETIDINE.

£6 proms ymph@ﬂetiéina,

20 grams bengaldehyde.

The two substences were mized in & becker, stirred,
and ellowed %o stend for & few minutes. White needles of
the 2nil were produced. Hecrystellized from aleohol.

Helting point 75°,

Yield 82 grems.

2ACTION BETWEEN BENZAL-P-PHENETIDING AND MALBIC ANHYDRIDE.

10 grams benzel-p-phenetidine.
- 4.5 grams maleic amhydride.
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The reaction was garried out just &8s in the former
ceses described. & yellow solid formed and was recrystallisged
from aleohol.

Yield 7 grams.

Yelting point 181-2%,

From the etheresl solution,from which the sbove
product %&%'EﬁﬁﬁV€§, beﬁz&iﬁéﬁy&& wag isolated by fractional
erystallizetion. The aldehyde wes identified by its
aistinct smell, ite boiling point 179", end the semicsrbe
sgone melting point 215°.

Thiz renction b8 wes yvepeated using dry ether as
solvent. After etanding %ﬁtﬁé days only & very smsll &m@ﬁn@
of the so0lid hed formed. This probably vepresents imperfect
drying of the solveni. Prom the etherenl solution unchenged
bengzal-p-phenetidine snd meleic anhydride were f@é@?ﬁf@ﬁa

The yellow s0lid obtaimed in the first resction
gr@vﬁﬁ to be maleic scid m@ﬁééyoyh@ﬁgiéiéea The latter
gompound was also prepared iﬁam pephenetidine end maleic
snhydride by simply mixing @%h@r@&i solutions of the two
at room temperutures They rescted &t once %o give the

seme compound which melted st 182%. 4 mizmed melting point

of this compound snd the one obtained above was slso 15%33‘
The renction between benzal-p-phenetidine end meleie

aahyﬁriﬁé cen therefor be represented as shown %&1@%; This

formulstion requires weter snd is in complete snelogy

with the other reugitions described.
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Hy~CH=N-C K, ~0=CgHp ¢ Ch=—=CH ¢ HyO

‘6’5 | |
GO co
NG /.

ﬁﬁﬁg =G 75 Q&ﬁﬁa@mﬁéﬁ%m gﬁwﬁﬁz“ GH=-CO0H.
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SUMHARY.
The historical development of the Diene Synthesis
has been given and its wide spplieation to aynthesis and

detemination of structure indicated.

The type of resction thet tekes plece between un-
gaturated anils and m&l&i@ snhydride in the presence of
weber hes been studied sund the course of the reaction has
been determined. It has 2lso been shéwn thet in the absence

of water no resction takes place.

L compound different than that obtained in the.
shove reaciion was obiained from cimemel-sniline snd melelc
snhydride in dry solvent snd in the presence of ﬁig}%e lzok

of time prevented & full investigetion of this compound.

S$111 snother compound was obitained from cdnnamsl-
eniline =snd meleic anhydride when the two substances were
fused sbove thelr melting points. This compound indicetes
that & Diene Eynthesis meay have taken plesce between the
components and that it is the result of & 1,4-sddition.

This compound is gaiﬁg %0 be investigated further.
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