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I. IXIRTECDUCTICH

The first aliphatic diazo compound was oblained by Schiff
pnid Meilssen (1) in 1331, who prepared dimgzocaemphor from ecamphorimide.
However, the principel worker im this field was Curtius (2) who, shortly
therealfter, in 1333, cbteined ethyl diagomcetste (often onlled dimgo-
acetio esier) ms m yellow oil by the setiom of nitrous acid on glycine
ethyl ester hydroehloride. This method is still the best for the
preparation of ethyl diazcacetate and, when eppliesble, is the preferred
method for the prepasration of pliphatic dlsso compounds in general.

Curtius (3), in 1334, wss the first to investigate the reaction
of ethyl dlasomcetute with aromstio hydroearbons and reached the false
come lusion that no reastion took pince between them, the hydrocarbon
serving only as an inert medium in which pyrolysis of the diazo compound
yielded ethyl fumarate with the evolution of nitropen. This view wes
retrasted the mext year whem, working with Buechner {4L), it was found that
othyl diezoscetete, o persistent heating, resoted with bengsne, toluene,
and xylene with the evolution of nitrogem. Uily esters were obtained,
the strustures of which were not elesr, and which on saponification
yielded aclds whioh sould not be crystallized.

in completiom of this work, Curtius® interest in the reaction
of ethyl diazoscetote with arometic hydrecmrbons apparently wened.
Byohner, however, with hig students, exhaustively Investigated this
reat¢tion during the following twenty-five years.

In 1885, Buchner (5) sugzgested thet the remetion of ethyl
diszonselzte with benzene was snalogous to itz resotion with an ethylemio

double bond, the diazo compound adding eoross a doudble bond in the
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tengene nucleug to form e nitrogen derivstive which split ocut nitrogen
to yield the sc-celled peeudephenylaecetic ester. Om this basies, he
sugpested, exd in sulsequent papers proved, thet the strusiure of psevdo-
Fhenylacetic ester was & Liecyecile system, a oyclohexadiene ring fused
through two earbong 10 & ¢yclopropene ring, the certetlioxy group teing
on the {ree cyclopropsne carbom. Sometiwme lster, Euchmer (€£) om
Investigeting further the propsrtice of iseudophonylsceliec ecster, showed
that this structure was piobeble since it sapported the following findings:
ie Fpeudophenylsccetic ester tends to revert to an arowatic
structure sinoe au pyrolysis it yields p=xylence.
2e seudotolylecestic ester forms a t&trah;:;iéé (ghe rhenyl
asier also forms a tetrubromide but this was not ilsolated
at this time .
3. Oxidation with sold or ulkaline permengauste or nitrie
aeid gauve small ylelds of terephthalic weid..
4e Guoch a structure would result {rom a resction similar to
that of ethyl dlagcacetete on unsatursied fatty acids,
namely formetion of a pyrazoline oarboxylic ester with
subseyuent eliimination of nitrogen. The nitrogen oantaining
addition produot In the cuse of aromatie hydrocerbons has
not beaen isclated.
An indicetion of the lability of the pseudophenylsoctic ester ring system
wes alsd obtained at this time. Ammnonolysis of the ester yieclded a
erystalline emide whioh, like the sodium galt und ester, gave the
sharscteristivc test with oconesntiraied suifurie wcid and was immedistely
oxidized by permangenate. Hovever, hydrolysis of the amide with dilute

alkall ylelded & orystelline unsatursted aoid whiech suve a yellow color
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with sulfurie seid end was steble in air. This led to en exheustive
investigstion by Buohner end his coworkers (7, 3, 9, 10, 11, 12, 13)
and others {(lh) of the rearrengements undergome by this system. It was
found thet, depending on exparimental conditions, the pseudeophemylecetic
scid ring system, in the presence of alksll, could be made to undergo
rearrangement into any one of four isomeric eyelobeptatriene ocarboxylie
gelds. Thet these rearrangement products were, in faot, cyolohsptetriene
earboxylic secids wes esslly oonfirmed since they formed a dihydrobromide
with hydrogen bromide, a tetrabromide with bromine in gleeinl acetie neid,
and on complete reduction formed the well known cyeclchepisneesrtoxyliic
scide The relmtive positions of the double bomds in the {our lilsomcrie
oyoloheptatr ienecarboxyliec acids were, howsver, not s0 enslly esteblished,
and, althouzh the isomers were is¢lated und charmeteriged, the structures
were sazigned by deduotion rather then by proof.

in 1900, Brsren snd Buechner {1%), from analogy to von Beyer's
(16, 17) structurs of osrone suggested thet compounds of the pseudo-
rhenylacetie acid type, that is, those which contain a three mesbered
carbon ring fused to & six member certem ring, forming a seven cerbon
peripherie, be named ss derivstives of a parent hydroocarbon, norcarane.
- 2.4
Thus, pseudophenylascetic becanme Jﬁfﬁx —morcarsedisne~T=-carboxylie acid.
In spite of von Bayer*s (18) supgestion of a more rational system of
nomeno lature, the trivial nomenelature has persisted and since the latter
was used sxelusively by Puchner, the present author wiil comtinue to use
it.

The finel peper of Buchmer (19) on norcaradienecarboxyiiec asid,
culmineting sixteen yeursg of intermittent resesroh on this compound =snd

itg derivaetives, appesred in 19Cl. In this paper, he rroved the struoture
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of norcarsdlenecnrboxylic eoid beyond ressonable doubt and pr=sented
wueh of its chemistry. The moid is moderstely stable; with sulfurie
aoid it rives the charsoteristie red oolor; on stending, the color
chanyes first to violet, then to blue, and finally, in several days,

to golde O(m bromination, the acid yields first a ditromide which still
gives the color test with sulfurle scid and immedistely reduces nlkaline
permsnganate. O(m further bromingtion, it yields a tetrabromide whioh
gives no color test and is stable to permengsnete. Both bromides on
trestment with zine in acetio eoid are econverted into the original

acide Thus, there are two double bonds in the molecule. Oxidation
with cold, acid permengsnate gives trens l1l,2,3-0yclopropanetricarboxylie
ecid, bemgzole acid and smaller amounts of terephthalic snd phthelle
aclidse A oareful examinstion of the more probabls st:uetures for the
remction produet showed thet only the structure A&h-ﬁorearadime~7~

esrboxylio aeid (I}

= /H
\\\CKCCOK

= H

(1)
fitted all the fmcts. PFurthermore, since trsns 1,2,¥-~cyclorropane-
tricerboxylic acld was obtained on oxidetion, the original reectiom
product must te the traens isomer, thit is, on ihs cyologropane ring
the esrboxyl group must bear a trens relatiom to the phenyl zroup.
in addition to ihe brominetion end oxlidsiion gtudies mentiomed

above, buochner showed thst the noroaradiens system was cspable of
undergoelin, sowe inleresting rearrangesents. Thus, the smide, on
treastment with ocomeentratsd sullurie =cid, resrren;ed to rhenyl-
evceitumide, wherees om heetin, with sodium hydroxide solutiom, it

.3'5
resrranged to . . =syeloheptatrienscartoxylic neid {(alphe-isophenyl
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soetic acid). The ethyl estcr on heating to 150° in an e vacuated tube
yielded l’h:éeyoloheptatriane earboxylic ethyl ester (beta-isophenyl
sostic sster). That this resction begsn st a lover tempersture than
15{36 weg shown by the fsot thzt the resotiom product was always ocon~
taminstes with the beta ester. The free acid aulso rearrsnged to the
btetn asid om heating with wster at 150-160°,

Raving elinched the structure of the product from the resuction
of bengzene with ethyl diegomostnte, Buohmer (20) mext proved the structure

of the products from the reasctiom of toluene with sthyl diszoscetste, a

recetion which he snd his coworkers (4,6) had studied previcusly. Two

2.
esters were formed in fair yleld, 3-methyl- Aﬁ:bs -norcaradiensecrboxylioc

v3e5
ethyl ester (II), and Lemethyle ~cyc loheptat riense nrboxyiic ethyl

ester (I11). cooe, He

H
:::C§coocgﬁ,
\‘_‘

CH,

CH3
(11) (111)

They were separated by tregtment with ssmonie, whereupon the former,
with the carboethoxy group om a szcondary cerbon, was converted to an
amlce, whereas the lautter, with the onrboethoxy group omn a tertiery
carbon, was unaffectede The bicyolic emide gave the charaotsristie
color remctiom with concentrated sulfuric eoid and turned yellow slowly
in air. The position of the methyl group in (I1) followed from hydrolysis
with 30 percent sulfuriec acid which yielded only mete snd pera tolylacetic
aclde. This fixes the methyl group in the three positiom.

At the time of the toluene study, Buchner (»1) also published
the results of a study of the recctiom of naphthalene with ethyl disgo-

asetste. The only reszetion product, benznoroarsdlenecarboxylie ethyl
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ester (IV) wns ohurecterized by its relstive stability esnd smell
H
CHCGOC,Hg
H

(1v)
tendency to rearrsnze. The product wes unsatursnted and formed a
satursted dibromide. It gave omly a slizht color with sulfuric acid.
The struoture of the addition produoet wes proven by oxldsiion with
perzenganate to 1={? =earboxyrhenyl)trane-2,2=cyolopropanedicarboxylie
aoids The latter wes then degraded to l1l,2,3=trans-cyclopropsnetrie
carboxylic scld by mitratiom, reduotion of the nitro compound to the
aning, and oxidstion of the amins.
Buckner (27) next studied the rewction of m~xylene with sthyl
diszoscaiate. irTom the faot Lhst only one bleyclie addition product
was trormed from toluene, nawely the une in which the oyelopropane ring
was in the wmost romote positiom from the methyl group, oniy one ol the
three posslbie iscoeriec bvieyelle addition products with mexylene wus
gunticipaiede Yhis proved to be the eese when the only produets isolated
a2y !
were aﬁtﬁu ~3,5-dimetihylnorceradione~7=carboxyliie etnyl ester (V) and
P57
its rearran;swent product 4525» -3, 5=d imethyleyc lohepteatriene~

oarboxylic ethyl ester (¥I). 4lthough the ticyeclie sdditiom prouuct

Clg H COCC,Hy
CHCOOC Hy
B s
CHg ¢tz
(v (vi)

from toluene formed en amide on treatment with ammonis, the one from

mexylene, strengely enocugh, did not. The amides of both (V) ana (VI
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were fineily prejperod by szmonolysle of the msthyl esteva obtained
through use of methyl disgompetete. Yhe bicyolle smide redused
peroangenste buk, oddly enough, isve no eolor with ocvncenirzied suilurie
alde It wus bhyarelyzed wmiy slowly with thirty percent suwliurie aoid
t¢ itz rearrangesent product 9, Ledimethylphenylecetic soid. Qa~§raat~
sent with five percent sodium hydroxide it wns omverted to %.&:g.5~
dimethyloyelioheptatrisneearbozylie wold sheraes on refluxing five to
doko?

six hoars with 2ix percent godium bypiroxide, ¢£:§» %, Sedizethyloye lo-
heptatrienesarvoxylic asid wes obteined. 4As usual, the ¢yclokertatriene
deriveiives redused permnsug apate scd gave sn isntonee yelilow eolor with
sulfurle svuide.

The next arozatic hydroearbon to be studied by Euehner (23)
wels pexyleRe. <8 was exyeoted [rom the tolusne and mexyisne studles,

?ok

smdy aue bleyosic mdditlion proluct wes odblLained, 4&2); oD, Sedimethyl=

Borcersdiensonrioxylio ester (VviI). 7Two rearrengement produscts wers

ChHg
i
CHCUCC By
a
CHy
{¥i1)

Pebinb
alsc isolstad, nsmesly, im the ordsr of yields, ¢£:>~ 2, Sedinethyl~

eyulohejiatis iche=T0arboxyiis ester (VI1I) smé pesethylhyirooinnamis seid
{(ik)e It was {0und thst the rearrangeseat products sould be avelded 1ir

ooe, M Y Cﬂ@ ﬁ‘iﬂ cmﬂﬁs

cH, eH,

(viiI) Ciig (I1X)



the resction were not allowed to go too lomg. The bieyclic emide showed
the ohsrscteristie eolor with sulfurie ereid snd redused permengsuste.
25,7
The bieyelic system showed the ususl lability, &f:§~ -2, Sedinmethyl~
cyeloheptatrisne=-7=carboxylic acid being formed by heating the bioyelis
ester fifteem to thirty hours with fifteen percent sullurie szoid, hesting
in vsouc at 16@-17@0 for ten hours, or by heating the amide im vaeuc
with weter at 160-17C%. By hesting the bicyolie amide on the weter bath
Celin 7
with five percent sodium hydroxide, Af:>s -0, 5=dimethyleyecloheptatriens~
7=cerboxyiie soid was lormed. 4lso, by hydrolysis of the bioyolie
e?e5

anide or ester or the 4525\ ecid with fifty percent sulfurie =eid,
2y 5-dimethylphenyl ascetie neld wes formed. Simple pyrolysis of the
bleyelie ester yielded p-methylhydrecinnaseic acide

desitylene was the last sromatie hydrocarbom to be studied by
puohner (24 ). &Sinoe previous work hed shown that ethyl diszoacetute
never edded to an arometie hydroecarbonm in such a wey that & tertisry
carbon was formed, the rezotiom with mesitylene was of especial interest;
if the usuel bieyclic ester woere to be formed, a tertisry carben would
be neoessarye. It was found that, in sgreement with the tertisry carbon
rule, no bioyciio addition product wes obtained, a cycloheptatriene-
carboxylic ester and its rearrangement progduct, mesityl ethyl eseetste
being the only products isolsted. Huochner believed that the Lieyolic
ester formed first but becsuse of the tertisry esrbon, was unsiazble
and rearranged immedietely into the seven ourbom rimge. The cyolo-
heptetrienec:rboxylic seid could be oconverted to mesityl acetiec soid
by heat, seid or elkali.

The reluctance of ethyl diagoecetste to add to an aromstic

hydrocurbon in such a way as to form a tertisry c.rbon wes demonstrated
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some time leter by Smith (25) whem he studied the resction of ethyl~
dlezoscetate with durene and obteined as the only produst 2,4,5-tri-
methylhydrocinnanie scide There wes hewever indicetiom of an unssturated
emtaninant of the main product since before ocomplete purificetion the
product reduced permanganate ond gave an orange~red color with sulfurie

eo id, chenging to blue in a fow minutes.
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I1. PISCUSEION

The addition of ethyl diaszocecetate to the momonuclesr snd
binvoleer aromatio hydrocarbons having been scoomplished with comsider-~
able succes s, it became of interest to determine if the resctiom could
te extended to trinuelesr sromstic hydroesrbens. The purpese of the
Fresent work wss te investigate the resetion, if any, between ethyl
diagoscetste and phensathrene. DBecruse of the pronounced esthylesnio
oherecter of the 9-1C tond of phenanthrene a more stralghtforwsrd
resetion with this hydrocarbom ceould resscnstly be expeoted then with
the isomerie snthreoene; hence, the cholce of the hydrocarbone

Buchner snd his ocoweorkers usuelly carrisd cut the resstiom eof
athyl diszoncetste with mromatle hydroearbons by employlmg & welizht
retio of hydrocsrbon to ester of eight or ten to one snd refluxing
the mixture for several hcurs. In the case of nephthelene, PBustner
(#1) found thst very low yields of the desired ;roduct was obtained
by this teebaiyue. The chief resction wae self-condensation of the
sster, s resetion, that Euchmer (26) hsd ocbgerved in earlier work snd
one, incidentally, that Loose (27) found couid be oatalyzed by copper
powdere If the ester were dropred slowliy imto = consglderable excess of
hot napithslene, howsver, fair ylelds of the desired produst was
obtained. This techmigue 2180 proved to be sstisfactory im the ¢ ase of
durene {(25) and wes, therefore, siopted for the resetion with phensnthrene.
By uss of the dr2p method only e very small guantity of the ester is
exposed to the total amount of hydirocarbon et any time.and, therefore,
e smaller excess of hydrocsrbon is needed. For this ressom it was
pesgible to employ setisfuotorily a molsr ratio of only five of hydro-

carbhon te one of estere.
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The eondensstion of ethyl disgcacstate with rheusatbrens
ccourred smeothly et 145-15(°%. The course of the resction wer folicwed
by messurimg the nitrogen svelveds The resction stertcd withir e few
kioutes witer tho addition ¢f the {irst of the ester end wes comjplets
in about fiiteen winutes «fter the addition of the lest of the ester.

i{ & oonstunt rute of sduitiom of the sster was melntained, nitropen
was evoived st a ovnstent ruve. This observation is of interest beosuse
iz the médition of ethyl slezouestubte to naphthalene {21}, the nitrogen
was 2,80 evolved im a sleady strems, whoress, in the addition of the
ecter Lo durene (25) there wes an induotlion period of about thirty
minutes during whieh me nitrogen was evolved end aifter wihich evolutionm
sturted Biowliy, reisshing a maximum sy the Fifth hocure There is no
apparent reason {or this difference snd no explanetion ecsn be offered
by the present eauthore The regulurity of the nitrogen evelution in
typleald runs is shown in Figs. 1 erd 2 in the experimental section of
the thesises It should be pointed eut that the volume of nitropen evolved
i3 not necessarily a memsurs of the progress of the reactioem, but rather
& measure of the dlssppesrance of the ethyl diagoacstate from the
resotion mixture throuzh several reactions, nemely, the desired comn~.
dengation of the ester with the hydroearbum, self~ccndensziion of the
ester to yleld etuyl fumarate and 1,7,%-syclopropsnetiriocarboxylie

ethyl escer, and decocmposgitions of unknown neiure.

& survey of norearaudicneesrboxylio ethyl estor and its homologs
gshows thaet they are oily, high-beiling liquids, difficult to obtein
pure snd probably the least interesting of the various derivatives. It
wag for these remsons thet the product f{rom the reaction of ethyl

diazoecetnte with phenanthrene was isolated from the resotion mixture
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az the fres noid rether than as the ester. This was done by saponifying
the vhole resotion mixture with alcoholie sodium hydroxide, removing

the aleochel under reduced pressure, and extracting the sodium salt of
the aoid from the residue with hol water. 2eidifliecstion of the extraet
yielded the erude aeide. Althouih fully sware of the ready rearrangement
of norearsadieve derivutives, especinlly with heat and in the presence

of slikali, we felt érmu a considerstion of the rreopertics of henznornara=
dienecarboxylic ethyl ester and peartieularly from the fact thst it shows
ne tendenoy to rearrange, that the presence of twe benzene nucleil would
make the molecule evenm more suable. (Puchner attributed the great
s8%auliiity of bemznorcaredienesarboxylie ethyl ester to the presence

of the benzene muclieusje Thut this ressoning wes correct wss shomwn
subgequent iy when the resmction product seld proved to be & moresradiene
darivative. It might be argued thet rearran ement might hsmve occourred

in the reverse manner, that is, 2 eyelohsptatriensaarboxylie ethyl ester
derivative or phenenthreme athyl acetote wss formed first snd then
rearrsnzed inte e norosradisne derivsitive upon saponification. Thst

this could not te the case is easily seen by e comsiderstion of the
mechsrism of the rescticn. The dimgze ester adds to s double bond in a
1,3 menver, Lo form & pyrzzoline earbeoxyliie ester which at the temperature
of the resotion loses mitregen spomtanecusly to form e derivetive of
cyclopropenessrboxylie ester. Thus a eyclorropene derivstive is formed
firet snd the oyclcheptatriene or other derivetives found irn the resction
alxture must neceesarily be rearrsngement products of the oriyinasl oyolo=
propaneocarboxylie estere The probability of the oyclopropsne additiom
Producet having resrranged into a eyeloheptatriene or other isomer during

the condemnsution reuctiom end then undergoing a reverse resrren cment
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with the reestablishmeunt of a eyolopreysne ring is exirsmely swalle

Yo suoh ceses are known among the naorcaradiene derivatives =nd Lhse
author mous of none ocourring elsewhoree Since a norcaradicne
earboxyiic acid was oblained on saponilication of the ester, the lelier,
besyend reascnsble Ioubt, must have bosn a norosradisseosrboxylic ester.

The crude meld igoelsted from Lhe reaction mixture as described
gbove wss conbasinated wilh a dark browan, gusmy, woldie materiel, Thae
comgonent s of which were not identified. This residue, which is
ocharaeterisile of all similer reections Inveoiving ethyl diszoscetste,
consists of azinsucoinmic ueid (23,09), fumariec acid, pyrazoline=3,kL,5-
triearboxylic acid and oyolopropsne-li,2,3~trisarboxylie scid (26,30,131,
32.32,34) all of whieh are formed by self-tondensetion of the ester.

PJivenznorcaradiencoerboxylic roid, the only horegensous produet
cbiained from the reas.lon of ethyl diazomcetate with phenunthrene is a
white, orysteiline soild, molting with deccmposition atl ?5?.5~258°. it
is insolubkle in water, sligphtly soluble in petroleum ether and csrbom=
tetrachloride, slewly soluble in hot ohloroform, moderstely soluble in
cold and readlily soluble in hot alcchol, avcetic moid, and dioxsme, and
eagily soluble in scetone, bengene, wnd ether.

The acid dissolves in cold ecencentrated sulfuric aeid with the
ferastion of a green oclor which turns to & light blue in a few minutes,
to 2 more intemse blue in sbout am hour, wud finaily in about twenty-
four hours to a purplee Um dilution with several velumes of water g
clear colorlezs selution results which reduces permasngsnste instunteneously.
This oclor resction is of interest because it 18 oherscteristio of many
of the nmorearadiene derivaetives.. Fuchmer first uwsed it with norcara-

dienecarvoxylio ethyl ester snd its derivatives, snd, from a oonsidera—
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tion of the work of Bayer (35) who obtained n blue celor with dihydro-
tengene end zulfuric acid, weat so far as to suggest that this eolor
reasction wes no mere coineidence, tut intimetely econnceted with the
dihydrotenzene structure of the noresnradlans wolscule. lubseyuent work
with various noreeradisne derivatives showsd thet the test was not
infullible sithough yuive deperndable for the simpler norosradiene
derivetives. Tabie I gives a comparison of the oolors obtained with
various norcaradiene deriv.tives with concentrated selfurie rmeid.
Ixaminstion of the table snows that it ig difficult to draw generalizga-
tiomse Thus, thse pimple morcaredienscarbexylic aoid pives the charsoter=
iztie red chemging to blue; condemsution of one benzene nucleus with
this strusturs, namely benznorcaradisnecartoxylic aeld, glves omly a
light yellow'whli; condensation of two bengzene nuolel with the molecule,
namely dibenznorcaradieneosrboxylie aeid..imparts not the churucteristie
red, but & gress instead whioh clieng es to the chsreeterisilie biue on
short standing. Yrox thls one might draw the inoonseyuential conclusion
thet the mexixum visible trensmittance of the norearadienecurtexylie
aeids with suifurie aocid shifts towvard the shortsr end of ihe spwoelLrum
with incressed copdensstliwm of Lenzene nucliei. Agmin, the sddition

¢f one msthyl zroup to noroasradisenecarboxylic acid amide or athyl sster
4068 BOL chanyge the eélor produoced with sulfurie seid, nmer do two zsthyl
cTouks In Tae 2,5 positions. However, if the two wethyl sroups sre in
the 2,4 position, tne compound gives no coler with sulfuris «cid.
Farthermore, with all the moresradicne=type compounds gtudled up through
dlsemznorcsradienecsrboaylio aoid, the simplsr derlvetives of uny one
noresradicene soid give essentislly the zeme ooclor, thus, noresradiesne-

cerboxylic zeld, ester, anéd sxide all pive the ohersoteristic red,
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Oolor of Verions Noroarediene Derivetives with 2ulfurie

Cowpound

Woresradienecarbtoxylie ethyl ester

Koroaradiesnecerboxylies =seid

Horearadlienscurboxyliic seid

ditromicde

Norcarsdisneesrboyylie aold tetra-

bromide
lorearadienecarboxyiic eoid anilide

Bennoroaradieneosrbexylie ethyi
egter

Benznoresrsdienee-rboxylic moid

YeMethylnorearsdiengerrboxylie
ethyl ester

3-¥ethyinorearadieneeerboxyliec
acid amide

2, i-Dimsthylnoresrsd leneecarboxylle
ethyl ester

Sh=limethylnoresradienecarboxylic
anide

», S=-DMmethylnorcarad ionscrrboxylie
ethyl ester

2,5=-Dimethylnorcarsdienecarboxylic
amide

Dikongznorearadienecerboxylie seid
Sodium dibenznorcesradienecarboxylsate

Dibengnorcsradienecartoxylio seid
amlide

vibensnorcsredicnecarboxylic seid
p-nitrobtenzyl ester

Ditensnorearadieneesrboxyliec eoid
p~phenylpheneeyl ester

Hydrogsnation product of dibenzo-
earsdienecarboxylioc soid

e id
Color

Cherry red—viclet—>hlue >preen
% gold

Cherry red > violet > blue—>gold

Cherry red—>viclet—> blue > grsen
— gold

¥o ecolor

fed-brown > violet— impure vlue

S$light yellow

81icht yellow
Ted
Fed
S1light yellow,

soon turns derk

No ecler

15.

less chsraoteristic yellowlish red

Charscteristio red eclor

Gresn— hlue > puryple
Yery fsint purple

2lizht greenish yellow

Faint pinkish violet

Park yellowlisgh :sreen

Feint yellow
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whereas the 7,h=dimethylnoreeradienecsarboxylio ester and emide give no
color. This reletionship apperently does not hold for the dibengnor-
carsdisenecarboxylic acid derivatives ng s¢en from the table.

In view of the ehemistry of all of the other norcaradiene-
oarboxylie wcids and their derivstives, with the exception of benz~-
norearad ienecsrboxyile eaeid, probably the most eoutstending end
sharscteristie property of dibenznorecaradieneosrboxylie aeid is its
stability to rearrangement. ith the excejrtion of the compound noted
above, whioh shows little tendeney to rearrsnge, the norcsradisne
compounds, especianlly in the presenee of hest or alkeli and depending
upon their precursors, rearrange to derivatives of oyecloheptatriene-
earboxylie secid, phenyleacetio scid snd/or hydrocinnamic ecid. Thus
dibtengnorcaredieneosrboxylic ethyl ester, except Tor the saponificetion
weg unchanged by refluxing with slcoholie Eodium hydroxide whereas the
sane treatment oconwverted norcersdienecarboxylie ethyl ester into a
cycloheptatrienecsrtoxylic seid, ?,4h-~dimethylnoresradienecarboxylie
ethyl ester into a dimethyleyecloheptatrieneonrboxylic =eid, ?,5-di~
methylnoroaraed lenecsrboxylio ethyl ester into s dimethyleycloheptstriene~
carboxylie seid, snd mesityl acetamide imto 3.5-&imﬁthy1hydrocinnamic
secide Dibensnoroarsdieneonrboxyliec noid ia steble even under severe
conditions. Thus the eeid wes heated with sodium hydroxide in ethylene
glyeol at 176° for six hours, under whieh conditions reerrengement,
deoarboxylstion, or both mi ht ressonably be expeoted. However, the
originel acid wes recovered unchemgede ‘{urthermore, the amide of
dibenznor:aredienecsarboxylic ecid is stable when refluxed with thirty
percent sulfurie aeid whereas this seme reagent converted the emids of
3-methylnorcaradienecsrboxylio aoid into p-tolylaecestic acid and the

amide of 2,4=~dimethylnoroaredienecartoxylio aecid into 2,4-dimethyl=~
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phenylsoetic seid. Finally, there wae good svidence that dibenzner-
earadieneosrboxylioco ecid wus stabls even to distillastion in vecuo.

fhen the eveporated mother liyuesr from which the seid wes oripinelly
obteined wes distilled in vscuo sn woid was obtained in the distillate
which eplthougk imjure as determined by its melting ran e, slowly reduced
elksline permsnianate, gave e blue occler #ith sulfurie acid, snd gave

sn sawlysis elose to the theoretical for dibemgnoromsrsdienecarboxylie
scid.

Libengnoresradisnecarboxyliec ssid shows the usual resctions
of the carboxyl groupe It dilssolves in scdium and smmonium hydircoxides
and forms orystalline sodium, asmomium and silver sslts. It forms the
usual erystalline esters with p-nitrobenzyl bromide end p~phenylrhenacyl
bromide and a orystslline smide with smmonias

In an sttempt to open the oyvlopropsne ring of dibengnorcara~
dlenecarboxylioe asid by hydrogenstion, a white erystalline soid was
obteined which melted et 1&&.5-1&50. It gave only & faint yellow eolor
with ooncentrated sulfurio acide At room tempersture it reduced alkaline
permanganate almost instantanecusly but only slowly decoloriged bromine
in ehloroform solutiom. Although the exact struoture of this compound
was not proven, the analysis indicated am ocetahydrophenanthreneacsetie
aeide Duoause of the extrene ease with whioh a eyelopropane ring is
cleaved by hydro.enation, it ssems gquite probeble thet the eyelopropens
ring in dibengnorcaradienesczrboxylie aeid would also be cleaved very
easily. Furthermore, from a comsgideration of the hyirogenstion of
pheananthrens itgelf, the most probeble of the pousibvle isemerie cotsr=-
hydrophenenthrene derivatives that ecould be formed from the hydrogensticom

of dibenznorearscienesarboxylie ascid 1s 1,7,%,4,5,6,7.8~cctahydro-
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phensnthreneacstic seide. However, this eompound, with its truly
asromatieo middle ring, would mot be exyeoted to react with permen;enste
end bromine in the menmer pointed out abowe, and iz, therefors,
eliminated as a possibility. The slow upteke of bromine indicstes a
double bond {(or bends) that is somewhet bloocked. This tlocking effsot
however, would not neeessarily hinder jermengenate oxidatiem. {ueh &
bond in this case would be the 11-12 bomd snd/or the 13-14 bond.
Dibtenznoroceradioneosrboxylie soid, umlike bengnoresradiene~
carboxylie soid, coes not deoolorize a chloroform solution of bromine.
kven when thig golutiom was hested for two hours, no reection ccourrsd
and the originael =zeild was recovered unchasnged as shows by a mixed
welting polnt. This feot is esn importent ;isce of evidence in the proof
of the strueture of dibemsnorcoeradieneeonrboxylie xeid as will be pointed
cut later. If the remoction is pushed, however, & resotion does ocour.
“hen the eeid wms refluxed with bromine in glaeiesl acetio
aeid for two hours, comsidersble hydrogem bromi‘e wes evolved and the
eolor of the resotiom mixture ochenged slowly from the color of the
bromine to a green end {inally to a deep blue. From this solution wes
isolsted an almost colorless acid thet contalned bromime and reauced
alicrline permangenzte lamedistely to a reen, manganese dioxide being
preoliplieted sometlae laters The roactiom possibly involves eleavage
of the syclopropane ring with subsequent eliminustion of hydrozen broamide

in one of two wejys, nmmely, from the side ehein or from the ring, tnus

h ~¢ = cucoon
~ ,ﬂ N g ?I’
e ¢ - cuocowm 7C - Br
| JcrCCOH ——— | | H
N G - PBr ~ JEr
2 B ¢ - GHCOOH
L _ I
CH

7
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The snalysis of the produot sgrees elosely with that ealoulsted for
such isomerse. The first messhesnism is sauaprortsd by the fmet that it
rgsults in the conjuzation of s carbonyl groupr and a esrbon to osrton
double bond with an aromatie rimg. The szeoond mechanism 1ls supported
vy the famot that it results in the reesteblishment of the complutely
aromatis phenenthrere nucleus. The terndency to roform the aromatio
syetem is probably stronger than the tendenocy to form the ommjugeted
system. Hence, it seems possible that the product ie alrha-bromo-5-
rhensnthrylecetic neid. This could not emsily be eonfirmed gince the
compound iz not im the litersture. The breminstiom produet is only
clowly scluble In ocncentrsted sulfurie seid with the formstion of =
light ;reen solution which glowly turna te a very intense dark greem.
M interssting observstion which wmey be mentioned 1s that the produet
melte to a btliue liguid and the latter om cooling sets to e blus golid.
The deep blue eolor formed on bromination, while obviocusly
due to a by-produot, sugpested the formation of an agulene. This was
supported by the fasct thet sgulene produeoing compounds in ecetic ecid
zive 8 biue color on treestment with bromine. The brominstion resetion
zixture was poured into wabter end part of the mixture extracted with
ethere The sbsorrtion eurve for this soelution is shown in Fige. 3. This
ether solution feded to a fulnt greenish yellow on stending overnishte.
n extruection of another portion of the origin:l gyueous resetion
mixture that had salso stood overnisht, the original blue color was
obtained. Thias sugpests easy oxidation of the blue substance since
the etiier war known to eontein comsiderzble smounts of peroxide. Xasy
oxidation was also supported by the faet that after the original

ajueous reaction mixture had stood in the air a few days, no blue
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materiel could be extrected. The maln brominstion product, whem brou;ht
to 90% in an o1l bath, melted to a sreenish blue liguid and set to a
greenish blue solid on coolinge. This s0lid matericl was taken up in
bengene and the abscrptlion curve of this solution is shown in Fig. k.
These absorption curves are inconeclusive insofer s they demcmstrete
the presencse of an szulene.

Unlike rensnorcersdieneoarboxylic aecid which decolorizes
slkaline permangsnate zolution slmost insiantaneously et room tempera=
ture, dibenznoresrsdienec:rboxyiie ecoid 1z asttpeked anly after prolonged
stending. However, if the oxidetion is forced, 1(2  =curboxyphenyl)}=o,3=~

eye lopropsnediosrboxyiiec noid (X) is obtained in extremely poor yislds.

7 N—— CH —— CH.CU0H

l CH « COCH
X tocr

(x)
it 4g from the Fact that this scld is obteinecd from the oxidstion of the
addition produet of phensnthrene with ethyl dlazoscetute thet the
structure of the latter een be deduced. The ressoning behind this
gtatement will be advenced subseguently. sttempts to improve the yield
were esgentinlly unsuccessful. In every attempt the reaction would
either not go far encugh, in whiech case most of the original materiel
wag recovered unchanged, or, if pushed somewhet, would go toe fer, snd
nothin; could be obisined from the resotion mixture. The best yields,
still extrezely poor, were obitained by oxidation with ohromie anhydride
ir glacial soetic moid. However, insofar as the proof of the structure
goes, the ylelds are inconseyuential; the inportsnt point is thst X was
isclated from the oxidetion resotion. This sane seid, %, is obtained

in good yields from a permsngrnate oxidalion of benznorosrsdicne=
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esarboxylie soid.

Prom e ooneiderstion of the resction of ethyl disgoscetate
with other aromatic hydroesrbons, it seemed Lrobahle thet the reaction
with phenanthrene, if it ccocurred et sll, would do so in the usual way
snd the sdditiom product would consist of & eyelopropsre ring fused with
ene of the benzene nuolei of the phenanthrene molecule. This sert of
addition, or its equivelent, wsz aupported by the enalyses. Furthermore,
becauss of the promounced resotivity end sthylenle cherseter of the
9,1C tond of phenemthrene, it might be entioipated thet oondenmsatiom
would tske plasce through these positions snd the additiom Eroduet would

have the structure Xi.

CROCOR
{x1)

lLess likely structures, although by ne wmoens imprcbeble, are the iscmerie
sompounus which would result if oconcensstion cocourred in a terminal riag,

R CHCCOR HOOC-CH X
i

H K-

{x11) (X111) (x1v}
The number of possible isomsrio sdditiom products inoreases tremendously

a8 the number of bengene nuclel in the hy:rcecsrbon ineresses. If phensn~-
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threne Le written
} (xv)

l. 4= addition to the conjugeted system C# 4§ - C# § would yield xVI.

(xv1)
#ven with oondensaticn eercss the 9,10 bond, to form a oyelopropane rimg,
2 sonsidersble nusber of isomers ere possible, although highly improbeble,

thus

~
CHCCCH
~
4
(¥v111)
CHCCCH ™ crcocs

¥ -
) H

#

LHX) (XXI)
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H
//’
a
NN
CECOCR CHC GCH
H
il
H
R
(xx11) (xx111)

An snalegous set of strustures could be drawn for eueh of the three
isomerie addition product posgsibvilities in whieh the eyelopropsne ring
is fused to a terminel rimg.

Other extrsumely remote porsible modes of addition of the
group ::Gﬁﬁﬁﬁﬂﬁﬁ, to the phensnthrene nucleus are (1) formatiemn of a
doubly bonded earbon atom to the ring, (2) formstiom of a meta cerbonm
bridge aeross the ring, snd (3) formutiom of a pera euzrbom bridzge. Thus,

possible lsomers of the Pirst type of addition incluie

H H CHCCGOR
Ho M
= CHCOOH
H
H
(xx1IV) ' (xxv) (xxv1)
EH
R
Hﬁcownvilllll] H
&
HOGC~CH
(XXVII) (:XVIII) (XX1X)
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as well as others im which the doubly bonded eardbom is in ome ring and

the methylene group is in the other terminal ring. Isomers of the

2

(xxx) {(xxx1) {(Xxx11) (xxX111)

seoond type inolude, for exsmple
BE W

CCOH

Isomers of the third type inelude

/ ,
HOOC CH HCOC CH
/
(XXXIV) {(xxx¥)

(3XXVII) (XXXVIII)
If, the sddition product rearrsnged into a seven membered

ring, a8 happens with all but one of the noroeradiene derivatives earlier
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studied, the number of possible isomerie additiom products would be
even grester since in addition to & tetrecyelic produet there would be

formed s trieyelie produot of the type

ca\c-ccm

-
CHg

{(X5xI1X)

of which meny possible lsomerie forms could be written.

¥rom the brominstion and permanganste oxidatiom studies
previously disocussed, 1t iIs apparent thst condensation of ethyl diagzo-
acetaste with phenanthréao did not teke yrlesce in a manner suoh that
there would be formed an isolated ethylenlo linkage in the moleocule.
If it be sassumed thet the ester rezcted with ome of the double bonds
in the prhenenthrene molecule to form e oyolopropane derivative in the
usual msmner, it must be comoluded thet it did so with the 9,10 doubls
bond gince condensation at any other position would result in a produet
eontaining a resctive ethylemnic linkege es was the eage in the condensa-~
tion of ethyl diszcecetate with naphthalene to form bengnoroasradiene=~
cerboxylic aocide This stebility te the unsaturstion test reagenis alsc
indirsctly eliminates all of the other possible isomerie producis since
the condensation of the group MCHCCOC4,Hgz with the phenamnthrene nucleus
to form an ethylene derivstive, a oyeclobutene derivative, a cyclopentsane
derivutive, or a cyolcheptane deriv:tive would necessgarily rezult in an
ungatursted compoand.

further evidence for the stpusture of the sddition product wes

sought by mttempting to convert it to a phensnthrenescetio wscid. If the



eddition froduct wes dibengrnorecarsdisrecaerboxylic seld as oxpected,

then by sultsble resotions, 1t could be converted inte Y-phenenthrene-
asetioco =eld and the letter eould then be compered to a sample gynlhesized
in another #uy. The gdditiom produet wes first hydregensted with the

ond in view of eoleavimg the eyelopropene ring, the degree of hydro snation
of the rescinder of the molescule being lmmaterisl. This step wes
¢isousssd previcusly in the 2igoussion of the hydrogenstiion of dibsneg~-
poreursdienessrbtoxyliec seide Trestuent of the pertially hydrogenasted
addition produet with diasomethene ylelded an oily ester. The latier

onn dehydrogensticn with sney nickel ut 3060 followed bty saponificetion
yvielded 8 very saell asount of an inpure produet thet melted sbout ?5°
too low for Pephenenthreneasetio geid. This line of inguiry w»as sus~
penied when oxidstion studles thet wera being sonduolted at about the

sahe time inciceted thet procf of the struotiie should be scught in

that directiom. For this resason, the mathod chosen For the synlhesis

of $-rhenentiranescetic mnoild, and espeoially tne final wxidation step

in the synihesis, way ROl studled in deteil and bence its practicability
is uncertaine.

Fhanenthrene, on btrominetiom, ylelded J,l0~dihydro~9,1C=
dibromophenanilirens whioh on heating lost hydrogen bromide to form
9~bromophonenthirone. The lalter, after trsaiment with magnesius in dry
ether, [vilowed by elnylene oxide, ylelded, on hydrolysis, beta-9-
phenanthreneetliancd wiich was converted to J-phsanmnthrenescetic acid by
oxidation with permangenete at room temperature in scstone zolution. 7This
exiduilon regetion mppeers to be the difficult step) it is not cleen out
and {e difficuit to contrel. The fdentity of the produst was not confirmed,

although the melting point of the impure materisl indicated 9~phensnthrene~

sgetio ezid.
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Conelusive evicence for the struoture of the condensation
fproduct of ethyl diegoscetste with Thensnthrene was oblelnsd from the
oxidstion studies pr:viously deseribed. The fuct that 1-(?'-earboxy-
phenyl)=r,3=eyclopropanedicarboxylie acid is obtained from the oxidetion
proves oonclusively that the sdditiop produet is dibengnorearsdiene-
earboxyllo ester end hag the struocture shown in formule XI sinece all
cthel struetures ere incompatitle with this evidence.

Thus, from the feaet that the oxidetiom nroduet contrined &
eyslepropene rimg, it mey be eomcluded that the originel additliem produet
conteined a oyelopropene ring. If the originel hed conieined e oyclo-
butene, ¢ oyolopentene, or e eyeloteptsre ring, suck & rin; mizkt
resgonebly be expected to sppesr in the oxidstiom produect, bubt me sueh
Product hag been found. This evideunce confirams the conclusions dremn
from fhe unsaturstion studies previously rpressntsd.

The most probakle of the cyolopropene derivstive isomers,
other then XI, namely, XII, XI1II snd XIV ere alseo eliminmeled by the
oxidetion of the additlon produst to 1-{2'-sarboxyrhenyl)-7,7~oyelo-
Propanediocerboxylie aeid. Thus, if the possibility of the degradetion
of XIV to X be oconsidered, it is mecessery thet cnrbon %c. 2 Lecoms a
earboxyl slong with either carbon Noe. 1 or sszibon #oe 5. If ourbom
Koe. 1 becomes a carboxyl, carbon stoms Eo. 5, No. 5, ¥o. 7, znd Bo. 3
would huve to be oxidized away, hydrogens bteing added st csrlom No. 13
and earbon Noe. lie If carbom Koe. 5 beoomes a carboxyl, o-rbon atons
Noe 6, Hee 7, and Fo. 8 would have to be removed in addition to e=srbon
Hoe 1, hydreogens being added at oarbon Ko. 11 and csrbom Y¥o. 13.

Formuls XII1 may be sliminated since it does meet the primary

requirement thut the oyclopropane ring ve joimed direetly to a nhenyl
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groupe

In order that XIJ be trsnsorzed to X, ewrbon atems No. 3 and
Ko. § would huve to become 6 xrboxyls while cerbon stoms Ho. 5, Ro. 6,
¥o. 7, and Yo. & would have to be removed, hydrogers teing sdded at
ocarbon %Xce 1% and earbom Ho. l§.

The oxidation of XI to X 1s straightforward, the only reguire-~-
ment being thint curbom No. 1! and cwrbom ko. 17 be ccrvsrted to esrboxyl
s£TOULS .

Froof that the oxidation product waszs in feet 1~(2'-aarbcxy-
phenyl =2, 3~cyclopropenedicarboxylic zoid wns obtained by comperimg it
with a sample syntheslzed by en independent methode 4ikyl dlszoacetaste
wes sllowed to re:et with maphthsaleme (21) and the ester addition
produect gaponified to yield bensmorcsradieneenrboxylic scids The latter
on oxidetion with alksline permengenate wus comnverted to X in good yield.
Thet the oxidetiom product of benmgnoresrsdienecsrboxylic asid is identicml
with the oxidetion product of dibenznorcaredienscu.rboxylic scid wes
shown by a comperison of the snalyses, melting ;oints and mixed melting
pPolnts of the two oxidastion produots ss well ms of their trisnilides
and tri-p~phenylihenaoyl esters. These deta sre shown in Table Il.

The faet that the maeid X was converted by Buchner (21) to
trams~oyolopropenetricarboxylic soid sheds li;ht on the stereochemistry
of dibenznoresradienecurboxylie scide 7There are two possible geometrie
igsomers of the latter, ome in which the carboexyl group is om the same
side of the eyelepropane rimg as the phensnthrene nuocleus, snd cne in

which 1t is en the opposite side, thus



Table 1I

Comparison of Uxidation Froduots of IV snd X1 and Their Derivsiives

Nixed Carton 3% Hydregen % Nitrogen %
#. Po °%C  m. pe oalo’d. found oule’d. found  oale’d. found
Oxidstion produst of IV 281~2 87460 5772, 57T Le03 BP0, 407
with deoompe O
ohenge
Oxidation P‘l"@d’d@t of X1 ?31'2 570(’;{} 57066. 5?.56 503 “015. k'm}
with deeoup.
Tri-p=phenylpbenaoyl 1756 7787 77.98 434 be95
ester of oxidastiam ne
product of IV change
Tri=p-phenylphensoyl 1756 7737 7734 L.8% 438
ester of oxidstiom
produet of iI
Trianilide of oxidetion deoomp. 7577 7577 5430 9419 8.84 3.71, 8.76
produet of IV 128 +3C
{block) no
oehenge
Trienilide of oxidstiom lecounpe 15.77 75468 5,30 5.39 884 3.7, 8.31
product of XI 328-30

(bleok)

*6C
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An isomer in which the two bomds that Jjoin the phenanthrene nueleuns te
the eyelopropane ring ere on opposite sides of the ring would involve
impossible strains and is, therefore, imoepadble of existing. Hence,
these two bonds must neecessarily bear a ois relatiom to each other. The
earboxyl proup, therefore, zust beer a trens reistlorn to the phemsnthrene

residus.



IIIe IXFERILVEYTAL
1l Prepsrstion of ¥ateriasls

Methyleneamincacetaniirile wes prepared by the method of

Adams snd Laangley (36).

Glycine ethyl ester hycrochloride was prepared by the method

of Karveli (37).

Ethyl diegoscetmte was preparsd by the method of Curtius (38)

88 descrited by Uasitermar and “eiland (39).

turificstion of rhenanthrene. Crude, 70% phensnthrene was

convertsed to the [ure Srystalline produet, mepe 97—930 {40}, by the
method of Bumehman (41)e

Ze Aotion of Ethyl Dlezcacetzte on Fhensnthreme

fegeticn. The reaction was oarried out im a 5C0-ml. threee
neeked flagk, ejulpped with a sechaenical stirrer, s small drepping funnel,
end & reflux condensere In the top of the cendenser was fitved a T-tube,
one outlet of which was comnected by rubber tubing te the top of the
dropplng facnel to act e a pressure equslizgar, while the other was
eonpected ¢O u Marlotte [lask lor collecting nitrogen. The weter was
allcowed to Tlow from the Kariotte flask through a leveling buld into e
gredasted eylinder. The reactlon falsk wes iwmersed in an oil beth.

f typicel experiment is es follows, Fhenzntbrene {1 mol, 173
Lo/ wes pleced in the reaction flask end the outuide Lempersture trought
to l&ﬁ*lﬁ@c. Lfter the phensnthrene hed melted, the wmechanicsal stirrer,
geured down €0 JO~100 Tepeme, wes sturtede. ithyl diezoacetate (L. mol,
228 po) wts then added dropwise rrom the dropping funnel over e period
of nine Lo Teu hourse svolutiom of nitrogen started withim o few minutes

after the adaition of Lhe Cirst droys of wster, snd at the end of the first
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half hour 15%C mle hsd been collsoted. If e constant rate of edditiom
was maintained, nitrogen wues evolved at a oomstant rate. The regulerity
of the nitrogen evolution in this perticuler exreriment is shown in
Figare 1 end Teble 11I. The rete for another experiment is shown in
Figure 2 snd Table IVe The evolutlon dropred sharply after the additiom
of the Jast of the ester. The reaction, as Judged by the evolution of
nitrogen, was precticully complete fifteen minutes after the addition
of the last of tre ester. A total of 460C ml. of nitrogen wus ecllicoted.
The resction mixture was dissolved in sloochel snd sufficient alooholic
sodlium hydroxide was added to saponify the ester. The mixture was re~
fluxed for two hours on a steasm bath and the alcohol wes them removed by
vaouum distilistion. The residue was themr extrzoted several times with
hot weter, the light brown ayueous soclution ecocled and filtered, and washed
with sther. Cn acidifieation with hydrochnlorie scid a white, curdy
preciplitate wes formed, leaving the former brown solution almost water-
c¢leare The preoipitatsd seid wes very stioky at this point, reteined a
large zmount of weter, and was very diffleult to filtere. It was sallowed
to stand overmi ht by which time it hud turned grenular and wes resdily
filterede The yield of dried, crude dibengnoroaradieneosrtoxyliec amcid
was 27.1 g. (57.4%). The crude msteriel was tritursted gquickly with cold
dioxen snd filtered. Host of the brown impurity =nd some of the product
dissolved immedistely in the dioxane, and was Tiltered off'e The roduct
after decolorization with WNorit in dioxane szolutiom wes orystellized
from the same solvent; coloricss needles, Mep. 257.5-758° with decomposition,
were obtalned.

Anel. Cale’d for C,¢H,,0,¢ €, 814735 H, 5.12

F’O&nd' CQ 810?3' 310?63 ﬁ. ‘50m‘ 5.3.8.
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Flg. 1. Curve showing the rate of evolution of nitrogem during the

reaction of phenanthrene with sthyl diazcssetate.
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Table IV

Rate of Witrogen fwoluticn Luring Fenctiom

Tine Kitrogen evolved Time Hitrogen evolved
(minutes) (mi.) (minutes) (m1.)

0 o 21C 725
15 30 225 T70
3¢ 130 240 81%
45 208 255 855
60 260 270 2¢0
75 310 285 245
90 360 200 99¢C
1c5 %10 s 1035
120 460 330 1050
135 510 245 1135
150 %55 360 1185
165 595 375 1200
180 640 390 1200

195 680



Fig. 2

Curve showing the rate of evolution of mitrogen during the

resotion of phensnthrerne with ethyl diszcacetate.

3.
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bxrerimental comditions that lead to good yilelds in this
reasction sie not spperent. Tpble V¥V shows the yields obteined using
variocus ratios of aydros.rbom to sster, various tiuwes of edditiom of
ester to hydroesrbon, snd various Yemperstures. None of these [setors
apiear to be eriticel. about sll thut eon e swiv is vhet it is probably
best to add tie ester siowly to the hyuroee.ibon in order tout self-
condensevion of the ester will be minimiged.

Fegoovery of phensnthrens. The residuel phensothrene, efter

extracticn of the scaium dibengnorceradisuecnriorylate from the saponi-
fication reastion, hus m cclor tnet veries from a 1izht to g dark brownm.
It wes dried end sny lerge iumps broken ape It was Lhen disgsolived im

an ¢xcess of Lot 5»*7&0 petroleum ether and Uhe soluviom {realeu with
decoleorizing csirbon and filtered. 7The filtrate, whioh was 8till some«
wiiat yellow, wus Luch shexen [or seversl mimutses with powdersd slumina
endg filter«de 1he litiate tien wus oolorless and upon evapurstiom of

tine solveut, pure coloriless phenantirene crystellized.

jovesti, etiom of the moilaer liljuore " The mceiher ligyuor from
which the dibenzxore&raﬁiséeearboxylio soid had bzen erystzlliized was
very dark btrown asad viscouse WMo furtier crysunlligetion ocould ke induced
by seeding end serctelhing. The liyuor, im dioxene, wes itrested with
deeolorizing carbon and flltered. The filtrste wes freed of the solvent
and teken up in dilule sodium hycroxide. This sclutiorn wes extrmoted
with ether ard the extruct evaporstede 4 small bateh of orange~yellow
erystels remeined which were insoluble in hot alcohol and =elted above
25¢0%

after the extraetion with ether, the residuel ayueous alkaline

soluvion wre weidifled with hycrconloric ecic shereupon e guikby precipitate



Compariscn of Yields of Ditenznorcaradieneoarboxylie

Table V

Aeid under Various Experimental Conditlons

Phenanthrene Ethyl diascecsetate Tempercture Time in  Yield (crude)
used used hours

mol M. mole gl Qo :;2:1: nest &

Ce33 594  0.0% 545 145-15¢C 5.75 6 e

Ge33  S%e4  0.053 6.0  145-150 & 6.3 58.5
1/ 4he5 1/16 71 145-150 LeT5 5 31

1/3 59«4 1/13 643 145=15¢  2.75 3 k2.3

1 175 Ge2 22.8 145-150 9.75 10 874
.84 150 0.1l i2.5 175 4e5 5 367
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Pormede This mixture was extrscted with ether =nd the ether evaporsated.
The residual syrup was distilled im wacuo. The distillate, om triturating
with petroleum ether, ylelded orystels which were taken up irn benzeme.
After decolorization with carbon a lipht yellow solution was obtained
which gave white orystals on eveporation. These softened at 10?° end
hed not yet completely melted at ?169. ifter recrystallizetion from
dilute dioxmne the substsnce hed the following properties: (1) soluble
in alkali, (2) gave s blue color with conventrated sulfuric reid, end
(3) reduced alksline permanganete slowly in the cold.

anel. Calo'd for C,gH, 5047 C, 81.33; H, 5.1

Foumd: C, 8Ce32, 80.26; H, 5.19, 5.25.

3« Dibenznorcarsdienecurboxylio heid

The wcid is a white, erystelline solid, melting with
decompogition et 257.5-?530. It 1is insoluble in weter but esasily
soluble in dilute alkali. It is slizhtly soludble im petroleum ether end
esrbon tetrechloride, slowly soluble imn hot ehloroform, moderstely
soluble in cold and resdily soluble im hot asleohel, seetic neid, snd
dioxane, end essily soluble in seetone, bemzene and ether.

The aeid diszsolves in cold comeentrated sulfurio aeid with
the formstion of a green color which turns to a light blue in au few
minutes, to a more intense Liue in about an hour, snd fimally in about
twenty-four hours to a& purple. O(n dilution with seversl volum s of
water a clear colorless solutiom results which reduces permanganste
instuntenecusly.

Salts. The acid was dissclved in the minimum amount of hot
ten percent sodium hydroxide. Um cooling, sodium dibengnorcersdiene~
dicarboxylate orystaellized. This salt was stable up to 3OG°o

The acid was dissolved in en excess of hot concentrsted
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ammon fum hydroxide. Om evaporstion of the solution emmenium dibengnor-
caradienecartox;lete orystalilized in tesutiful silky needles.

The smmonium galt wes filtered off and an excess of silver
nitrete solution added to the filtrate. Upom eareful neutralization with
dilute nitric acid silver dibenznoroarasdienecarboxylute was preolipitated.
This selt, as expected, is somewhst rhotosensitive.

Stability. In order to test the stability of the eeid to heat
and alkeli, the following experiment wes performed. To a solutiom of 1
gram of potessium hydroxide dissolved in the least emount of water was
added Oe5 ge of the meid snd the solutiom added to 3C ml. of ethylene
glycol. The resulting solution was heated for six hours at 17¢°.  The
wolution wes then cooled, dlluted with five volumes of wster, end
acidified with hysroehloric gcide The preoipitated ecid was filtered off
and reerystailized from dioxsme. A mixed-melting pcint showed that no
eheange in the originsl ecid hed teen ef "ected by this trestment.

Amide. To Ue5 go of the apid was added 7.5 mi. of thionyl
chloride emnd the mixture refluxed for half amn hour. s ithout isolating
the meid ehloride, the resetion mixzture wus poured with stirring into
eoid emmonium hydrexidee The amorphous emldie wae crystallized from
alockol several times; e¢oclorless ncedles, m.pe. 334-335° with decompositionm,
were obteined.

Anale Calo®d for C, H,xCK: C, 81.675 H, 5.57; N, 5.95
Found: C, 3lebl, B81le6Ci H, 5.59, 5545 K, 5.%0, 5.96.

In order to test the resistance of the smide to rearrangement
in the presenoce of sulfuric eoid, a sample of the amide was suspended in
thirty pereent sulfurie acid and the mixture rsfluxed for one houre. The
amide was recovered unchasnyged from this trestment zs zhown by & mixed

melting point.



Ll.

Hydrogenstior. Fure, orystalilline, sodium dibenznorssrediene~-

cerboxylste was dissolved in dilute sodium hydroxide end the solution
hydrogenated for two hours st 8¢° and 1700-13C0 pounds pressure, using
2 Rgney nickel oatalyste The catalyst was filtered from the resction
mixture and the filtrate noidified with hydrochlorio aeide A pgummy white
80lid was obteined which was extreoted from the eaqueous medium with
benzene. The hengene was evanporated end the residue deslocoated over
vereffin waxe The yield of orude product, assuming the reaction product
to be an ocotahydrophensnthrene soetie ascid, was 77 psrcent. Seversal
crystallizetions from 96-100° retroleum ether ylelded colorless orystals,
melting point Lik.5-145 .
Anal. Cale’d. for C,gHpo0pt C, 73+65; H, 8.25
found3 C, 79.0C1, T8.h4is B, G453, 3.3

The hydrogensticn produet was insoluble in water but esasily
soluble in dilute alkali. An alkaline sclution of the produot immediately
reduced permangenste. The product slowly decolerized a solutiom of
bromine in ehloreforme

The hydrogenatiom produot was oxidized as follews. To ©.3 g.
of the hydrogemation product dissolved in 2% ml. of ecetio acid, was
added Ue? ge. of chromic anhydride dissolved in about § ml. of water and
the solution hested for half sn hour on the steam bath. The resctionm
mixture wes themn poured inte 200 ml. of weter and the mixture extrasted
with ethere. The ether wes cvaporated and the residual acetio acid
solution diluted with water, heated, end treated with decolorizing earbon.
An o1l formed om coolingi erystelligation was induced by vigorous
seretehing. The mebteriel wes rserystellized from dilute elecochol. The

melting point was not ghurp; the substance softened at 1?5o snd had not
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completely melted at 1%3°., The substence dissolved in sodiuw hydroxide
with the formetion of & dlue soler.

Paraphenvlphenseyl ester. To Qe6 go of erystalline sodium

dibenznorcaradienesarboxylete dissolved in the lesst amcunt of water
{10~1% ml.) wes sdded an ejucl volume of aleochol and U.é g. of pephenyl-
vhenseyl bromide. The solutiom was refluxed for one hour. Soom after
starting the refluxing crystals separated from the resctiom mixzture. A
totel of about 100 ml. of amleochol in small portions was asdded from time
to time during the refluxing in order to keep the ester In sclution.
Bowever, much of the materinl remained undissolved. The reactiom mixture
was cocled and the sepsrated crystals filtered. The ester was re-
erystallized from slecholj colorless needles, melting point 169.5—1?6.5°.
were obtained.

Anal. Calo’d. for CgoHaqaOgt C, 83.70; H, 5.13.

Found: ¢, 82.25, 83.30; H, 5.18, 5.27.

Parenitrobenzyl ester. To Cof5 ge of orystalline sodium di=-

btengnoroeradienecarboxylate dissolved in the lsest amount of water (10-15

5 ge» of p-nitrobenzyl

ml.) wap added an ejuel volume of sloohcl and <.
bromide. The sclutiom was refluxed for ome hour, suffieient sloohol being
added from time to time to keep sll the meteriel in solution. Om cooling
the ecter crystallized and was filtered off. The ester was recrystalliszed
froe alechol, melting point 136-136.5°,

Anale Cale®d for CpgH,,0aFt C, 74e383 H, 44623 N, 2.77

Pound: €, Thel2, The?l; H, L.66, L6l N, 3.83, 2.31,

Brominetion. A few milligrams of the scid was digsolved in

a small emount of chloroform, and a drop of a solution of bromine im chloro-

form was addede No decoclorization was observed when compered to am eyual
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volume of pure shleroferm to which a drop of the bromine solution had
been added.

in order to ses if the resction would go 1f pushed somewhut,
the feollowing exreriment was prerformede To 1 ge of the reid dissolved
in shloroform wes rdded 1 g. of bromine. The solution wess heid just
below the beiting peint of the ehloroforr for shout two hours and the
solution wee then allowed to eviporate. The residusl orystals, after
trestment with decolorizing earcton and recorystailization from dioxene,
proved to be the original meld by s mixed melting polnt.

der foreing oonditions, the acld does reeot with bromine.

To & solution of 1 g. of the acid in 30 ml. of glacinrl secetio nold was
added 042 mle. of bromine {the theoretical quentity of bromine is (.68 g,
Ue22 mle)e The solution was refluxed for two hours by which time the
solution had turned to & derk Blue. Hydro,en bromide wes evolved during
the reaction. The resction mixture wnus pouresd Into several volumes of
vater whereupin a white sclid wes precipltated.s This suspension was
extraeted with ether. The ether extract had a deep tlue color. A very
small smount of a brown, ether insoluble, water insoluble material was
also present. (n eveporetion of the ether extraot, e residue of green
and light yellowish browm erystuls remained. These were taker up in
hot benzene end zave s green scolution. The solutiop was treated with
decclorizing carton with no chenge in colore (n adding an ejuel volurme
of hexane snd ooclirg the solution, a mess of slightly yellow crystals
was obiasined. These wore recrystallized from bengene ylsidimg aimost
colorless crystels, melting point 182.5-184%. These erystels melted to
& blue liyuid, which, on cooling, set to a blus solid.

The produet is a bromine containing scid, insoluble in weter

but soluble in dilute sodium hydroxide. The alkaeline solution immediantely
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reduces permanganate to & green and slowly to mengemese dioxide. 1t is
only slowly soluble in econcentrated sulfurio acid at room tempereature with
the formetion of e pale green solution whioh slowly turns to en intense
dark green on standing. The acalysis is ealeuluted for alpha-bromo-9-
phenenthrylacetio seid.

Anel. Cale d for C,gH,,0gBr: C, 60.97: H, 3.52; Br, 25.36

Foundt C, 61e10, 61.03; H, 346, 3.54; Br, 26.726, 26.07.

The sbsorptiom curve of the blue ethsr extract of the brominetion
reection mixture (Fig. 3) was obteined In e Colemen Hodel 11 Universel
Speetrophotometer using 19 millimeter cells, end pure ether for the blanke.
The ooncentration of the blue materiel was unknown. Un stending overnight
the blue color in the ether scolution feded to a faimt greenish yellow.
Bowsver, if the blue meaeterial was not extracted from the reasetion mixture
with ether, it wes much more stable, the coler fading only after standing
a few dayse. Thls sugzested that the blue materisl was easily oxidized
since the ether weaes known to contain peroxides.

The bromine-containing acid obtained as the main brominstion
rreduct was orystallized from benzens and held at 19(}G in an 01l betih
for five minutes. The material melted with the formetiomn of a greenish
blue substonoe. The latter wes tskem up in benzens and the sbsorption
curve obtained ms cutlined ebove using pure benzene as the blamk. This
curve is shown in Fige fe

Oxidation. Teo a solutiom of 1 g. of scid in dilute sodium
hydrexide was added a soluilom of 7.5 ge. potessium permengmnete. The
reasetion mixture was allovwed to stand at room temperature for twenty-four
hours and wus then heated for two hours oa the stesm bathe The reection

mixture wes then made distinetly acid with sulfuric and hested for another
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Speetral sbsorption ourve of the ether sxtract of the

bromination resction mixture.

4S.
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Flge 4o Speotral sbsorption eurve of a benzene solution of the melted

bromination produet.
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hour on the s2tesm bath with occasionel sheking sfter which it was

allowed to stsnd gt room temperzture for twenty~four hours. Py thie time
the perranganste color had completely disappeared. The sclution was
filtered and the flitrate extrsoted severzl times with ether. The stlher
was evaporuied snd the residual trioerboxylie acid reerystallized several
times from webter; the substance melted at 931-?820. The yleld wes very
poor, about C.l g., end only a small spount of product oculd be isolated
regardless of the amount of sturting materiel.

Vuerious conditions were tried in order to improve the yield,
but without success. éhna. 1l ge. of acid in dilute sodiuw hydroxilde
solution snd 4 ge of potessium permenganate were refluxed oms and one-
helf hours. In snother experiment, 2.8 . of the seld snd 2C.9 g« (the
caleculated Juentity) of potassium permanganate were refluxed an hour and
one-guarter and them allowed to stemd thirty-six hours. In still enother
experiment, a hot sclution of the acid in dilute sodium hydroxide was
titreted with a zoluation of potassium permangsnate, time being given for
the permangsnate color to dissppesr efter addition of each drop hefore
another wes sdded.

Somewhat better yields, although still poor, were obtained by
using chromic enhydrlide &8 the oxidizing agent. The acld wes dissolived
in the least amount of hot glacial scetie esoid, snd an excess (6:1) of
& solutiom of chromic anhydride (mede by dissolving ohromic snhydride in
the least amount of water end adding glaciel sc:tic moid) added. The
solution was refluxed for twe hours after whioh most of the mcetie zeid
was removed by centinuous distillation with water. The cnloulated
quant ity of sulfuric scid wes added and the rest of the acetio ecid dis~

tilled off in like mermer. The solution wes extracted seversl times with
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sther, the ether extraot evaporated, snd the rusidus resryé.allized from
water alftesr decolorisstion withk Horit.

Asnnle CLale®d. for Ciaflielst C» 57603 71, ke
?’QMG3 Q’ 5?063. 5?.56' 'ﬂ‘s 5’2015. t’@dﬁ&o

Reutrelization eyuleslent:

Semple Titre
{gm.) {ml. C.C1l92 ¥ ¥NaiH) Be B
1. CeOUE L6 .56 32.9%
Pe e 060D 275 83%.57

AVOTBES secsevee 3%.25
¥oloaular welpght from nenwtraiizetion egulvaiient:
Cales For (,qliy olyt 250.Q
Found! 3(37.285) = 249.8

4o 3(2' ~Carvoxyphenyl)=~?, 3=oyc lopropanesiosiboxylic

40id {rom Uibeognoreersdienecwrboxylie roid.

Pfreparation: The eoid wus Prejared by the ozldastliem of
dibensnorearsdisnetarboxylic aoid as described sbove.

Iri-enilide: ibout (o2 geo ©f the eold was refluxed for two
hours with en sxcess of ihlemyl chloride. NoO resetion osourred under
these conditionsi the seld resalnsd undlazsolved end wes resoverad une-
ohanged.

sbout CT.p g+ of the aeld was heated with an excess of
shosphorous penteshloride until a elesr solution resclied. ~ithout
1solzting the seid ohloride, this recotion mixture was joured inte n
solution of ? ml. of asilive in 3C wml. of bamgeme, whereupen a heavy
freoijpltote formsed whioh was imscluble in both hot wnd sold banzeone.
The sollid wsterianl was Tiltered off and washed (by tritursticn and

fillitrstion) sucowssively »ith seter, dliute hydrochlorie asid, dilute
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sodium hydroxide and weter. The muterisl wans then dissolved by refluxing
with glecisl esestie acid. fbout 500 zl. of ecetic acid was necessary
since in this solvent the snilide is difflcultly scluble. C(n eveporation
of etout half of the solvent, the anillde erystallized from the solutionm.
After seversl reerystallizastions from glscisl seetie seid the substunce
melted st 328-330° in the block.

Ansl. Calo'd. for CyuoliyagOsNgt C, 75.773 H, 5.30; N, 8.34

Found: C, T565; H, 5.%3; H, d.32, 8.31.

Iri-pe-phenylphensoyl ester. The meid, Cel5 ge, was dissolved

in dilute scdium hydroxide. Dilute hydroechloric sold wes sdded to this
solution until 1t was Jjust woid to litmus. A solution of Ue8 e of -
phenylphenacyl bromide in slcohol was added. About 5C ml. of alecchol
more wes sdded and the resctionm mixture wes them refluxed for four hours
during whioh time the ester precipitated out cof solutiem. Ko attempt
wag asde to redissclve the ester during the course of the reamstion. The
resction mixture was cooled snd the precipitated ester flltered off.
£fter sev:ral recrystallirstions from scetone the substenoe zelted at
174.5-175°.

Ansle Calo®de for CgefigeUp: Co 7787i H, 48k

Pound: C, 77.84; E, 4.33.

5« 1=(2 =Curboxyrhenyl)=2,3-oyelopropanedicasrboxylic
heid from Bengnoresradienceoarboxylie soid,

Eengnorosradienecarboxyiic acid wus prepared by the methed of

Euohner and Hediger (21).

15@’-earbogxgganzl}-2.3-cyclopropaneaicarbuxylic acide This

was prepered by Lhe oxidation of benznorearadieneczrboxylie acid soeording

to the method of Buchner and Hedigor (21).



The meltingz point of the produot obtained by this method,

231-032%, wes slizhtly higher than the melting point of the compound
obteined by the above workers, 273-275°. This discrepency may possibly
be atccounisd for by a difference in the methods used in determining the
melting roint, or in toe relatlve purity of the two produsts. The
above workere state that thelr compound waes yellowisp-white and did not
melt sheryply, whereas the compound prepared by the euthor waes pure white
end melted sharply.

Anale Cale’d. for C,oH,o0st C, S57.603 H, 4.03

Found: C, 5772, 57723 Hs 420, 4.07.

Tri~anilide. This produect was prepsred in a manner gimilar

to that deseribed for the tri-snilide of 1={2’ ~carboxyphenyl)-»,3=
osye lopropanediosrboxylic neid obtslned from the oxidaetiom of dibenguer-
carsdicnecerboxylie ueid. The substxnce decomposed ot 3?3-33G° in the
blocke

Anale Cale®d for CgullagOeNg: T T75.775 i, 5.%03 W, 3.34

Found: C, 75773 He 5193 ¥, 3.71, 376,

Tri-p-phenylphenscyl ester. This product waa prepered in a

manner similar to thet deseribed for the tri-p~phenylphensoyl ester of
1-(2'-oarboxyphanyl)-z,z-eyeleproganedioarboxylie acid obtained from the
oxidation of dibvengmorceradienecerboxylic ascide The sub:itenoces melied
at 1?4.5‘1?50-
Anal. Cele’d for CgeMaoeCe: Co 77.873 H, Le34
Foumd: C, 77933 H, L4495
6. Couversion of ibenznoreeradivnecsrboxylie 2oid

into %-Fhenanthreneacetic reide.

Hydrogenstion of dibengnorscaradienscarborylie acid. This was

out eas previcusly desoribed in part 1II.
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pisgomethene. This wes prepysred by the method of irmdt (42).

¥ethyl sster of hyiregennied dibenpnorosrsdiensesrtoxylie aseid.

To sn ethereal golution of the hydrogenated aeid was sdded an excess of
an ethereal zclution of dicgomelhane and the resultiiny zolution allowed
£o ovarGialee The residusl msihyl ceter wag i oll and could mot be
orystnilized.

pebydrogeoation of wettyl ester. The ester from l.1 g+ of the

hydrogenasted eoid wus debydrogenuted at 3&00 using & Raney nickel eatalyst.
The apperniug wasé swept out with carton diexide and the hydrogen ecllectsd
over potassiux hyaroxice solutiom, roughly 250 ml. of hydrogen were
obtaloed. Ths prodael wsse extrsoted from the rasstion mixture with
benzene and L8 bengene eveioraiesdse Om seromificetion of the resgidue
with avdiua propylste, s deark drowm olly solid serarsted and wes removed
from the resction mixturee The resctionm mixture wae tren diliuted with
weter end tne propyl sleohel reswved by distillatien. The ayuecvus solution
wes {iltered end scidified whereujon & very suell amount of neid wag
precipitateds The precipitated scid was extreoted with ether. {(m evarora~
tion of the ether, orystais were ohimined whish zelied about IB5-15(¢°,
Fure 9-phensnthrenescetie seid melts at 721-022°,

7» Gynthesis of I~Phenanthrenesostio Acid

Z-pronephenanthrens. 706 3¥ go of phouanthrene (C.5 mol.) dts-

soived in cerbom tetrsexnioride and oooled {n an ice bButh, wes added slowly
with stirring 3¢ ge of bromime ((.5 mol.) diseolved In asrbon tetraerloride.
The resction mixture wes mllowed to stend for three hours, whoreurson the
erystals of 3,lU~dilhydre~=%,l0=dibtromophensnrthrsne sevarsted. These were
filtered off, trenslerred to a bosker and melted on the stesr btethe The

product was held ut this tempersture until the evolution of hydrogen
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bromide ceased. On gtanding overmight, 9-tromopghenanthrens erystallized
ag an oily wasse. The procuot was reorystalilized lrom eighty percent
alcohol.

beta~i=phenanthrenesthunole A 5(U-zl. tlhiree-necksd flask

was ejulpped with a meroury sesaled stirrer, a reflux oondenser srd a
dropping funnel. To the flask wes edded L9 ge of megnesium turnings end
sbout 50¢ ml. of dry ethere Lihen a few ml. of a sclutiom of 35.9 g. of
9=bromophensnihrene in ether wes allowed to drop in i{rom the dreopping
funnels Uirfieulty was experienced In startimg the resctiocn. Sueccess
was {inaily obtained by gentie heating eiter the further sddition of 50
mles of eniscle snd & few ml. of ethyl bromice. The remaminder of the

aryl halide was added slowly with stirring. After tie addition wes
com;lete, the resetion mixture was gently refluxed for half an hour without
interruption of the stirring. The flask was Lhen surrounded by en ice and
sslt bath end 15 ge (BB exvess) of ethylene oxide wes ailowed to drop in
through & dary lce condenser from a small visl of liyuld ethylene oxide
{rom which the latter was vaporized by warming in & wester bath. About
one hour wae rejuired for this addition. After all the cthylene oxide
hed been added, thée reattion mixture wus refluxed for em hour, stirring
telng oentinucus throughout the additiom emd refluxing. Solid material
began to separwte soon sfter the sddition of the oxide wss started and

by the time the addition was complete, a considersble quantity of a lumpy
s0lid waes jresent. The resotion mixture wss decomposed with ice end
concentrated hydrochlorie seid and the resulting mixture extrasoted with
ether. The ethner exirect wes dried over anhydrous socium guifate end

VL Orsteda undcer rocucsd pressure. [he residue vag an coil, insoluble in

selroleuam ethere Thls ©0il was triturated seversl times with petroleum
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zther snd the latter decanted from the oll in order to free it from
anisole. Cm further trituration of the oil with SC-7G° petroleum ether,
pertial orystallizetion occurred and, om addition of small smounts of
esetone, the oil dissolved with the formestiom of & feairly thin selution
whioh leit the orystsuls that had previocusly seperated free to filter.
These orystals melied at 951-2530. {m eocoling the mother liguor in the
refri erator, a second batoh of crystals was obtained and was combined
with the first batoeh. {m eveporation of the mother liyuor, em oil wes
obtained. This was distilled in wvacuo, leaving & black tarry residue.
The distillate was then frasctionalily distilled under reduced pressure.
The first fraetion, up to 24¢° at 13 mm., solidified on cooling and wss
recrystullized from dilute methenol. This proved Lo be phenanthrene by
a mixed melting pointe The next fraotiom, which had & fairly narrow
range, 240=-245°, remsined a8 sn oil, even om ocooling, dut solidified on
triturstion with 36-60° petroleum ethers This material was dissolved in
hot benzene and 30-60° petroleum ether added dropwise to the hot sclution
until the preocipitete firet formed Jjust dissolved. On cooling the solu-
tion and scrstehing the besker beta-9-phenanthreneéthanol orystelliized.
The yield of crude materiel, melting point 39-9C° was 6.2 g. The crude
product wss tzken up in a smell excess of benzene, trested with desclor-
izing cerbon, eveporsted to a small volume, and oryst:llized by the
addition of petroleum ether as described above. The pure material relted
st 92°.

Oxidation of beta~J-phenanthrenesthancle. To Q.28 go. of bete~-

9~phensnthrenesthanol dissolved in scetome thst hed been previously dis-
tilled over potassium permangsnete, was added a solution of C.29 g. of

potesslum permengenete im ecstone. lhe solution was ullowed to stasnd for
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forty~eight hours st room temperature, by which time the purple
percangenate color hnd disappeared. (n evsupormtion of the moetone a

small yuantity of yellow oil wus seen im the mangenesse dioxide. The
residunl mengsnese dioxide was extreeted with hot dilute sodium hydroxide,
the extract filtured, snd the filtrete soldified with dilute hydrochlorie
acld, whereupon a precipliste formed. After coaguletion, the precipliated
aoid wae filtered snd dried. 7The yield of this zcid was very joor, sbout
20 mge This wes recrystullized from dilute moctic 20id but still reteained
a oonsidersble brownish yellow eolor. It decomposed st 903—?130. Fure
YQerhenanthrenescetic ecid melts ot ?21~???°.

The residual manganese dioxide from the slkeline extrsotion, was
extrnoted with hot benzene, wnd the extresot evsjporated. A dirty yellow
solid remsined, which was isken up im hot alochol and trested with
deocolorizing carbons. Crystallizatiom was imduced by diluting with weter
end the materisl was recrystallized from dilute alecohel, melting point
9@-930. The substemce, on further recrystellizstion from benzene-petrcieum
ether melted at 92° and proved to be beta~Yephenanthrenesthasnol by a mixed

melting point.
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IV. SUNMARY

l. It has been shown that ethyl diszoseetste reacts with
Thenanthrene to yield the ethyl ester of dibenznorcaradienecerboxylie
acid.

2. The structure of dibengnorcarsdieneoartoxylie acid hsas
been provem by its oxidation te 1-(2’ ~carboxyphenyl)=p,3=cyolopropsne=
diloarboxyiic eaoide.

4« That the oxlidation product of ditengnorcaradienecarboxyiie
acid was, in fect 1-(?' ~ocarboxyphenyl)-?,3-oyelopropsnedlicarboxylie soid
was proven by comparisen of the oxidstiom produet with s semple synthesized
ir the following way. iLthyl diazoscetate was eondensed with naphthalene
te yvield the s«thyl ester of benznoreosradienessrboxylie ssid which om
saponification and oxidetion was oonverted into 1-{2 -esrboxyrhenyl)-o,2-
eyc lopropenediearboxylic scid.

Le Some of the chemistry of dibtengmorceradienecarboxylie ascid
has bser described namely, stsbllity to reerrenpement, selt formatiom,
oxidetion, bromination, hydrozenstion, esterifiostion, and smide formetiom.
Sewversl cerivetives of the acid were prepared, namely the sodius, samonium
end silver salts, the amide, the p-mitrocbenzyl end p-phenylphensoyl esters,
the oxidutiom product, 1-{2' ~sarboxyphenyl)=->, 2-syclopropsnedicartoxylie
aolid, the browinetiom produet, alphs~bromo~Y-phensnthrylacctic ecid (2),
and the hydrogenation product.

%5« Two derivetives of 1=(?‘-carboxyrhemnyl)=-2,%-eyolepropane~
diourtoxyiie moid were charsocterized, ramely, the trimsnilide and the tri-

p-rhenylphenucyl estere.
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