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I. Higtorieal Survey.

“"Pioone™ wes the name piven by Burg (2) to a hydrocarbon
which he isolated {rom lignite tar. The same subgtanoe had
been iscluted mbout soven years earlier by Rasenack (3) from
soal tar reasidues, but Rasenaock, noting its olose resemblance
to chrysene, concluded that it was an isomer of ohrysene.

Oraebe and VWelter (4) obtained picene by & dustructive
distilletion of still reeidues from the rectification of
California petroleum. They checked the CgnH)4 formula proposed
by Burg by & molscular weight determination by the method of
Yictor leyer,

The first instance of a synthetic prepmration of ploene
is recorded by Lispieau (5), who isolated it from the products
obtained by the action ¢f ethyleme bromide on naphthalene
in the presence cof sluminum chloride. It was also prepared
by Hirn (8) by passing the wapors of o,of ~dinaphthyl stilbene
through a red hot tube. MNore recently, Freidman (7) heated
X -mothyl naphthalene with sulfur in a elosed tube for 72
hours at $00® C., and obtained s little hipgh melting substance
which he thought was plcene.

The first really olear cut synthesis, however, was dus
to Rusioka and Hosli (8). They reacted the Grignard compound
of /S=(naphthyl-l) ethyl chloride with (~tetralone and obteined
oA, /5 ~(dinaphthyl-l) ethane, which underwent oyclisation snd

dehydrogenation to form picene when heated with anhydrous aluminum



chloride in CSp solution. Similar syntheses have been carried
out by Ruzicka and Horgeli (8) to produce §,9,10-trimothyl piocens
and J,8«dimethyl plcene, and more recently by both Rusicka and
Boffman (10) and by Howard (11) to yield 1,8-dimethyl picens.
¥Waldeann and Pitschak (12) condensed ow-xylyl diocyanide
with o~nitro-bonsaldehyde, and saponified the resulting
41-(o-nitro-benzal }~o~phenylene dicyanide to the di-carboxylic
acid. This was reducsd to the diamino compound, eand oyolicized
by means of a Pechorr condensation o form ploene~l2,13-dicear-

boxylic aeid which wag decarboxylated to pive ploene.



I1l. Introduction .

In the fiual proof of the structure of an orgsnie com=
pound, no evidence is quite so satiufactory as a synthesis
of the substance in question. The synthesis of one of its
degradation or debydrogenation producis is somewhat less con-
elugive, but still a very walusble contribution to the evidence
upen which a propesed structure may be based., Hspecially is
this true if it is posszible to follow all steps in the synthesis
from the starting meterial to the finlshed product.

The plecene skeleton has been {ound to be present in
many triterpenss, and certaln dehydrogenation productis of
triterpentenes have been shown to be derivitives of pivene (13)
(14;(18){168)(17)(18){19). As an aid in the proof of the
structure of these compounds therefore, methods suliteble for the
synthesis of pleene, and more especislly its alkyl derivitives,
are extremely desirable. The syntheses of Fuzicke and co-
workers (B){9)(10), of Voward (11), sand of Faldmann and
Pitsehak (12), while meeting the requirement that they should
be clear cut end capable of being followed step by step, leave
something to be desired with regard to several perticulars.
First the necessary intermediztes are coften not avwailstle
and are diffiecult to prepare, or do not lend themselves to
convenient modificaticns. In the second place, the yields

are generally very poor.



I1I. The Alm

The aim of this research therefore, is first to
develop another syntheeis for picene which may be readily
modified to enable varicus salkylated pleenes to be prepared.
Also it seems desirable to study the eonditions under which
eyolisation may ocecur, with the view of {uture modifieostion

of the intermedistes cr of the procsedure.



IV. Outline of the Procedure Investigated

The synthesis investigated divides itself sherply into
two parts. The first is the preparstion of & 3,4-dihydro-

l-/g-(aryl)ethyl phenanthrene (I).

The second is the cyclizaticn of (I) and its dehydrogenation
to form piecne.

The procedures followed in the synthesis of thres
3,4-dihydro~l- B~-(aryl)etiyl phenanthrenes are shown in the
following scheme of diagrams. The Roman numerals accompanying
the intermediates are reference numbers used for convenience

and brevity in the experimental part of this thesis.
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In the separation of the two isomerie S-(nsaphtheyl)
propicnic secids (I7) and (YII), advantapge is taken of the fect
that (I1) is both more soluble and more highly disscolated than
(111). 7o a suspensimm of the mixed acids in water was added
& guantity of sodium hydroxide sufficient to convert about one-~
third of the mixture lsto thelr sodium salts. The resulting
sclution consisis chlefly of the sodium salt of the
AB={l-nepithoyl) propionic seid (1i), and may be flltered
from the undissolved acide and recoverod bty precipltation
with an acid.

“hen 1= /(F-{phenyl)ethyl phenanthrene (XI7),

in €Sz solution wes reacted with anhvdrous aluminum ehloride
in en attempt to bring about & cycliszetion botwsen the 2 and
the 2' carbon atoms, & tarry polymerised product was obtained
from which no picene oould be isolated. It is evident that

the resction proceeds differently then in the cese of the



supposedly analogous o /J-di-(naphthyl-l) ethane,

which Fuzicke and Fosli (8) eyclicized into picene in this
manner. S0 a brief survey was made of the various ecyclization
reactions and procedures used by other investigators.

Bardhan and Sengupta (20) cyclicized 2- -(phenyl)ethyl
cyelohexanol into 1,2,3,4,9,10,11,12-0ctohydro phenanthrene
using Po0p as a cyclicirzing agent.

Ha

H C
N(CH,

£ Os-
HOI/ /35%40°

Kon (21), by the same means, cyclicized l-methyl=-
2-59-(pheny1)ethyl cyclohexanol to form 12-methyl-1,2,3,4,

9,10,11,12«cctoliyvdro pheraentl.rene.

2
£ C\C Hz

oH 2 o5 >
#y 135 % 140°




These authors assumed that the cyelization oceured as the
result of a dehydration of the intemediate by the Palse.
Bogert and Devidason (22) found that by dehydrating

mono-phenvlated alechols of the tyye,

!
q (CHz)z ov, ¢~ - 1),
0] { 4 04

with 85% sulfurioc aeid, indenes were produced instead of

the expected olefins of the type,

C- C‘&ﬁﬂﬂ

-

The intermediate olefinsg, where they could he isolstad, were
slso Tound to give indanes when treated with 857 sulfuric acid,
Working along similar lines, Fopert and co-workers (23}{24)
oonfirmned th&ae rosults, namely, that the mlechols pass first

into one or more olefins which then palvmﬁrize ta ferm evelic

compoundg.

Frow the work cited above, and the additicnal work of
Cook and others {25){26)(27)(28), we may conclude that in any
chain of ecarbon stoms aitached to an arematic group, cveliszation
to form a new six ocarbon ring may take place whenever an olefinie
linksre ocours either between the third and fourth, or between

the fourth and fifth carbons distant from the arommtie group.
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¥hen the usaturation it between the third and fourth carbon
atoms, this cyvcliration may take place even though the olefinice
bond is a part of ancther hvdrowarcmatie ovele, but if the olefinic
linkare forms o part of anocther aromstic ring, the oyelization
ig prenerally grently impeded or prevented altogether. The
cyolirzation by ‘uzicka and bosli (8) of &/3 ~di~(naphtrrlel}
ethane to pilcene is the only inastance found of cyclization
between two aromatie rings.

when Cook and Rewitt {(2Y) attenmpted to cyelicize
1= A={1t~nnphthyl)ethyl A4f-eyclopentense, H

Hy H.
¢

{,2-Cyclopentene —
133,4- tetre hy/ro—
Phenanthrene

78 C//'/lyc/ro -/'{?na/y/ -
7-Spiro - Cyc/op enfane




they obtained bhesides a small vield of the expected 1,Z2-cyclo=
penteno~1,2,3,4-tetralivdro phemanthrene, a considerable ylield
of an igscnmeric hvdrooarbon which they considered to be 7,8«di-
hydrophenalyl=7-spiroeyclorentane. Coock end Howitt (29) gave

the name “phenalene” to the following hydrocarbeon,

¥ence, its dorivitives were termed "phonalyl™ derivitives.

Cook and co=-workers thorouphly investipated this
phenomenon of spiran forzaticn which they found rather general
in this tvpe of compound, and stated that if an alkyl groun
were presevt at the point on the hydro-aromatic ring whore
ceyelization was expected to ocour, the eyclization wsas
directed to the caurbon holding the alkyl group. Thus a
quaternary alikyl group was erested and gpiran formation
was penerally prevented. For example, they found that if
A =(naphthyl=l)- B-(2-methyl~1,2-cyclchexene-1)ethane were
subjected to treatme:;t with anhydrous aluminum ohloride in
(8p a«t 0% C., & good yleld of methyl-ooctohydro shrysene

was obtained which gave ohrysene on dehydrogenation.
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H#C ¥
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> c I’3

a- (» ngphthy/- 1)-3 - (2-methyl - | 1 ~cyelo fexene-) elhane

a m:t'Ay/ ocfolyo/ro ch rysene

If however, the non-methylated compound, ofj~{naphthyl-l)~
(F=(1,2=cyclohexone-1)ethane wero cyclicized in the same

manner, two products were obiaired.

/(”2

i ot

In 1~/8~(phenyl)ahhyl phenanthrene (AIV), while it
hes an olefinic linkape in an accsptable position for
eyelization, the unseturation which must take part in the
cyelization forms & part of an aromatic system. In the
case of 3,4~dihydro~l~/§-(phenyl}ethyl phenanthrene (XITI)

however, the unsaturetion which dlsappgars during tne



cyclization forms a part of & hydro-aromatic ring, and in
light of the investigations cited, should be more readily
cyclicized than (XIV). It will be noted however, that (XIII)
has no alkyl proup attached to the hydro=aromatic ring at the
point-where cyclization should occur. Therefore according

to Cohen, Cook, Hewitt and Girard (30), we might expect

extensive spiran formation upon tresting (X7II) with cycliz~-

\\(UHQ
(x1r) \%QK* ZIE
o~
NS

Cis- and Crans- forms eof

ing reagrents.

77V

$¢,14, 12,1920~ heradydro pircene



When in this investigation, (XIII) was subjected to
treatment with anhydrous aluminum chloride in CS2 as described
in the experimental part, & viscous oll was obtained from
which no pure substance could be isolated. Taking into account
the probability of spiran formation, this was not surprising,
as at least four compounds could reasonably be expected, and
are shown in the above series of diagrams. Vhen this viscous
0ll was dehydrogenated by heﬁting with palledium adsorbed
on charcoal, picene was obtained in yields slightly better

than one percent. The remainder of the viscous oil was
apparently not affected by the dehydrogenation.

With regard to the intermediats 3,4-dihydro-1-43=

(o-tolyl)ethyl phemanthrens (XV),

it will be seen that the methyl group is not attached at the
2-position on the hydro-aromatic ring where its presence

would probably reterd spiran formation, but that it is located
at the 2'-position on the aromatic ring. If (ZV) is to

cyclicize so as to produce a quaternary methyl group, it will



be necessary to break the 1',Z°'-~double bond in the arometic ring.
The probability of this happening is believed tc be smell. If,
however, (XV) should eycliecize with the breaking of the 1,2-double
bond in the hydro-areomatic ring, whieh ies the usual course of suoch
eyeclizations, two possibllities must be considered. The coyele
might ¢)ose between carbens 2 and €' Lo yield & cyelization prod-
uet whiclk would give & 1l0-methyl plecene on dehydrogenation, or

it might close between omrbons 2 and 2', losing the methyl group
in the process and giving the aame intermediate ms was obtained
by the cycelization of (XIII). In this investigation, when (XV)
was treated with anhydrous aluminum chloride in CBy at 0° C., and
the product dehydrogenated, only picene could be isolated from the
reaction products, and the yvield of picene (4£%) was better than
when (XIII) was used as an intermediate.

The loss of the alkyl group during the cyoliszstion may be
explained by considering the snalogy between the reaction in this
case and the reaction of toluene and an olefin such as ethylens,
using aluminum chloride as a catalyst (34). Considerable ethyl
bensense was produced, the methyl group was lost, and the resction
tock place with greater ease than with bongene. ¥With free toluene
and an olefin, considerable substitution also cccurred at the car-
bone ortho or para to the methyl group, but in (XV), the prefer-
ential formation of & six-membered ring provents any cyclization
involving these carbons and tre probablility of reaction at the

earbon holding the methyl group is inoremsed.



In this investigation, the trestment of 3,4 dihydro~

1-3=-(p=tolyl)} ethyl phenanthrens (XVI),

.
X7 A

cHy

with aluminum chloride in C8s at 0° C. gave the usual viscous
cil, but which whon dehydrogenated, ylielded none of the expected
product, B-methyl ploene. The probable explanation is that the
methyl group in the 4'-position oxerts a definlite directing in-
fluence toward reaction at the ortho carbons (3* and 5') and

against oyclization at the meta carbonae (2* and 8') which are the

only ones available for cyclis:atior‘



Ve Conclusions

From this investigstion we may conoclude that the
rreparation of the intermediates (XI11I), (V) and (XVI)
offer no gerious difficulties. The yield of picene from
(¥V), while never better than 6%, is suffieciently promising
to warrant I{urther investigation. The followlng suppestions
for further investigetion are respectfully offered:
1. From ﬁ-(m-—telyl}athyl chloride and l-keto-1,2,5,4-tetre-
hydro phenenthrene (V), prepare &,&—dihydra~l-ﬁ?-{m~tolyl)
ethyl phensnthrene. It is bellieved thet the ortho and pers
diresoting iunfluence of the methyl group in this position
would tend to activate elther the 2 or the & csrbon stom

sufficiently teo promote e¢yelization st this point.
é”z
N CH,
34-di hydro-1-5( m~to/y/} -
ethy/ phenanthrene

4

2. From naphthelene and the snhydride of methyl siceinic

acid prepare l-keto-Z-methyl=l,2,8,4~tetrahydro phenanthrene,

CHy



end resct it with the (rigrard compound of ﬁ?—phanylmthyl bromide.

This will yield ¥,4-dihydro-Z-methylel- /;’-{ghanyl‘;eehyz phenanthrene.

#
N

¢ Fa

Z

This intermediate hes an olefinic linkege properly
Jooated with respect toc the aromatic ring, and alsc has
s mothyl group attached to the hydro-aromatic ring at the
point where cyolization is expected to ocour. Aicoording
to the previcusly mentioned work of Cook end co-workers,
this compound would be expected to cyclicize to form

5,86,11,12,19,20«hexahydro~20-nsthyl picene,

with a reduction in the spiran forming aide resction.

This product would yield picens on delydrogenation.
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deoanrted off, the lard cake of mixed ecids broken up sud vechoo
soveral timee with weter, ond the solde oollected on s filter. The
aolds were dissolved 4in 1800 ml.hot 10Y ¥a 2"3‘% golution, Pilbored
from any insoluble mabteriel, snd sfter coolinmy, the selution wme
cevofully soldified with fIC1. The crude aclds were filiered off snd
dried overnisht at 1I00%C. Tho yleld of srude mixed acids, consisting

of approximately equal smounts of oueh isomer, was 200 provs.

Seperntion of the mized naphthoyl proplonie acids.

Sixty~oicht preame of the finely pulverised crude noids wae
plaged in s JS-liter flesk end suspended in 1000 ml. warm walor, end
50 mle of 2V Meli selution wes slowly mdded with shskinge This is
ano-third the theoreticel quantity necessary te dlssclve tho sclidse
The mixture wes held at H0-80°C. for several hours, or proferably
overnight, with ovonslional sheking, then cooled Lo rowm tempereture
end filtereds The {iltrete swhick should be elear end pole yellew in
eolor was acidified with o slirht excess of dilute Tle The nilky
fiuid so obbained was sheken momenterily, sllowed 4o stand for o few
minutes, then shnken szaine. The white acid, consisting almost
entirely of Ael-maphthoyl propionie ccid, sepsrated in s floooulent
form ool vms ongily filtered. /fter seversl recrystellisstions from
207 moetic seld, tho celid wes obbuined &n & white eryetalline form
malbing st 132-183%C.
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After eooling alichtly, the layers wers decanted from the
residual zine inbo ¢ larpe sepemiory funnels The gine wns wmshod
thoroughly with toluene, =nd the wrchlogs added to the sepsretory
funnole The acid layer was drewn off and extrected with toluene.
The cumbined toluene loyers were sheken vigorously with seversl
rremg of "Wuelmr®, filteresd into s dietilling {lissk, and the wster
ramoved by distilling off 20»50 mle of the toluernes The remsining
solution wer chilled and 7<lensphthyl butyrio noid separsted.
Thirty grams were obtained which after reorystallisstion from ben=
zane, molied ot 107.5-108.6"C.

1'*?&3%“1; 2’ 8;’&‘WWM Wﬂtﬁm . (‘!U}

4 modifieetlon of the syolizstlonm method of fdelson and
Dogort (38) was useds Fifty grems rY~lsnaphthyl bubyric ceid was
suspended in GO0 ml. dry benzene
with a meroury sealed ptirrer end & reflux condenser with s trap for

in & 2=liteyr Zeneoked flash fivted

Flle Fifty prems ITl, was edded nnd the stirring commensed. The aoid
pagsod ints solution within s few minutos with the evclution of heat,
und wag then refluxed for 1 hours.

The solution wes cooled to O=5°Ce by means of an lce bath, and
meirdeined at this temporature during the adiltion of 34 grems of
pulverized snhydrous aluminm shloride in small portions with stirring,
over o poriod of mnbout 30 minutes. Tho mixturs wes then allowed to warm

wp Lo room temperalture, snd kept et this temperature overnisrht without
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and throurh s condenser packed in loe end salt, and sllosed to
drop inbe the stirred solution in the flask. The reflux oondenser
wes replaced hy o thermometor. Tho ethylene oxide wms distilled
et guch & rste thet the temperature of the stirred nizture remeined
between 0% end B° (. Towerd the end of the sddition of the ethylens
oxide, the mixture becomes viscous and bepan o Bolidify. {flfter
all the sthylene oxide had been sdded, the mixture wes wormed on the
steam beth and 65 mle ethoer distilled offs Elxty-Tive millilivers
éry bengene was then eadded end mere ecther distilled off until the
temporature of the material in the flasgk reached §8°C.

Then after wazmg. 130 gmse. ice and 130 mi. benzene were
sdded, snd the warnesium oumpounds dissolved by addition of 130 ml.
conventrated Flle The two leyers were sopsrated and tho agusous
layer extraoted with bensenes After washing the eombined solvent
layers with weter and i‘%‘iﬁﬁm‘}ﬁ solution, the bengene and other were
rosoved by distillation on the stesm beth, and the aleohol distilled
in wveouwze The yield of Be(o=tolyl) othancl wes 64 grems, or 62 .
The slechol wes a syrupy water-white liguid distilling at LE*~108"
et 1 mne Boiling polnt et atmos

pherie pressurs wes 237°C. Densily
20/20° = 1e0196. mp (20°) = 145345. Crigmerd (35) found, demsity
4%/1448% = 1.00DE and ng = 1.5347.
fomlyslis:

Ualoulated for Colly 03 ¥ = BeB8E, Uu - 7037

Found: & = BaEb, 84775, Co = THeldl, TG.200



The 3,5=dinitrobenzonte formed 1wy heating topether equive-

lert quentitise of the alochol snd of I, bedinitrobensoyl chloride
snd reorystellising the resulbimg product from ethenol, melted el
w.ﬁ@#i%iﬁ*
tnmlysies

Celouletec for mw%mw&ﬁ%w 3 oe §a270, e - BH.lE

Found: F = 4eB4is GelBl,  U. = 154837, 58441

B=(petolyl) etheanol {i}.

pebromotoluene (1Y) wae prevered from petoluldine asccording
to the method degeribed in Orrenic Synthoves, Vols 8, pape 21e It
woas sorverted imto (Ge={petolyl) sthancl by = procedure sinmiler to
thet deseribed for the preparction of /={cetolyl) ethenol {(VII).
ie the preperntion of the Gripmmrd respent, 1t wez zeesssary % nmix
v 1ibtle dry ether with the p-bromotolueme in the dropping funmel to

prevent 4t {rom eol

we S{petolyl) ethenol had been jropsred
by sovernl investisstors in the pest, usine methode differing from
the ono described here. (359)(40)

The yleld of (G=(petolyl] ethanol, s syrupy white liquid of
oromatie odor, obtalpned from 146 ﬁgwig@ﬁgﬁ was 82 prems,
or 537 The materis) distilled st 100® - I06°C. at 1 mme Two
gﬁ_gwwmwﬁgu were noossesry a8 & soell quantily of dierarewbolyl
(VeFo 220°=121") formed se & by-product of the resction tended to
gublime over and comtsminate the Jdistilled meterisls Tolling point



of the purified raterial ot stmpspheric prossure - 23IG*C.

Demsivy 20°/20° = 1400U8e 1y, (20%) = 146282. Crigmerd (39)

found: Density 4°/15% = 10028+ 1, = 15206,

feolyeiss

Cﬂ l@uh’%‘%ﬂﬁ fﬂi‘ {29:?1{3{;3 :: bl ﬂ#&g::, 5:% - ?E;Qﬁﬁf”:

Found: T o- %*93‘3 ¥ T w TSR0 f

The 3,6-dinlirobenzoste wes formed by hesbing topether

equivelont guentities of the alachol and of 3,5=-dinitrolenzeyl

cixloride.

The ostor we roorystallized from sthanol, as yellowish

noodloss MNelting polint - 147*-348%C.

inmlyeis:

Caloulatod for Cy Fo K. 0p; V= 44277, (.o £2.10°

Foumds F e 44317, 4257, Co = B3.3DY, 50287

ﬁ..(m-zgl Jethyl ehleride (VIiIj.

In & 50O nle flsgk were pleced 34 grums O={o-tolyl) ethanol

(VIT) angd 8) prems dry dimethyl enilincs 7The flagk wee pleced in an

ioo and exlb Twth end 80 rreme thionyl ehloride added slowly Lo the

cold gtirred miztures. The resultont bleek viscous liguid wes nllowed

to gtsnd overnirhd at rocm temperabure, then heeted on the abesm beth

for one hour. .abter (150 ml.) wme then added, sad sfter scoling, 180

nie othar,

The swtents wore transforred Lo & separetory fawel, mixed

thorourhly, and sllowed Lo stend untlil no further sopnration of the

stubborn emulsion ccourrads The aguecus laysy wes drawn off, lesving



any epulsion with the ebher lavers The agquecus layer was spgain
extraoted with ether end the combined gther oxtracts were washed
with sevorsl portions of eonventrated YCl whioh penerelly broke the
reowmining ewlsions. The ebther layor wes now wasghod with weter,
seversal tinos with HalCl, solution, then with wator egain, «nd

firally dried over anhyd

{;ﬁéﬁig to whioh e pleceofl HUH hmd beon
addeds /[ftor Filtering, the other wss romoved by distillstion on
& stoam bath, end the G=(o=tolyl)ethyl chloride distilled under
vaouuse The boiling poind was BO-84° nt 1 mme, snd 223° at
simospherie pressure. It i & cleer watopr-white lioguid when
distillod, but Lecomes

‘ red on standing. ?;‘!m vield was 32.7 grame
or 85 . Density 20°/20% « 1.0663. ny, (20%) = 146313,
S Yysias

Caloulated for Cgily,Cly C1 = 224987

Founds Cl = 224737, 28.07"°

B={petolyl)ethyl chlorico {37}

Thirty=four prems S={petolyl) otlanol (X) wes mizmed with 61
prens Slmethyl aniline, snd 60 srems thiomyl ohloride sdded in o
mrmer identionl with that desoribed for /Se{oetolyl)ethyl chloride
(VIT1)}e The Se(p=tolyllethyl ohloride so obteined distilled ot
£1%=85" vt 1 mue 2 yield of 8248 proms, or B85Y of the theoretio:l
wag obtaineds The boiling polint weg 222°Cs st stwospheric pressure.
Deusity 20%/20° = 10370 n,_ « 1.5261.

st
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After cooling, the solution wes deoomposed by the addition
of 300 prams of ice cpd 100 mle conoentrated WC1, and the seid
Iayor dyvem off and exbructed with ether. The conbined ethore
benzene layors were washod with wetor and NelCO, solution, dried
over anbydrous ﬁaﬁig, and the golvont distilled offe The residue
was distilled under wecuwr. The tertisry elechel whioh wes
formeni by inborsction of the kebone snd the Urignerd renpent wes
completely dehydroted to » hyﬁrnoa;ﬁun {(#I11}e & fore-run of B
rrang, distilling between 1357=170° st 0.9 = 1 rm. wns ohiefly
wnchanped ketaaaﬁ(?}. 3, tmdihydroele Su{phenyl Jethyl phenanthrene
dintilled at 100°=187" st .0l mma, o8 o viscous yellow oil which
s0lidilind wfbar stending for seversl 4eyes The yicld of dietilled
meterial wes 2¢.0 grawms. Thic ropresents & ylold of 527 of the bnsle
of Lketome added, or 697 on the tweis of the ketone setunlly ubilised.
The seleriel wse 4iflioult $o erystellize, but & {r results were
otteined by oryetallisation from 857 ethanol. After numercue ro-
ergstﬁiliaaﬁiﬂnn; s wamll guantity was obbained which welted ot
LS AT 24 L
Avnlyeiss

Caloulated for ngﬁzag How 7.00%, Co~ 98510

Founds 1 = Ga97, 728 L. = G301, 92807

The trinitrobengolete ves propared by dissolving equimpleculer
quentitics of Jydedihydromle Se{phenyl)ethyl phepsnthrene and aywétrie&l
trinitrobengene in o amell volume of hot 2500 alechole The orunge

trinitrobenzolete separated upon sooling, ewnd after four reorystnllizetlions



from alecohol, it melted mt 91°-82°C.
Analysis:
feloulated for Cp HoegNz0p; H =~ 4.66% o - B87.807

3,4~dihydro-1=/3={c=tolyl )ethyl phenanthrene (iV)

The procedurs is the same as described for (XIII).
/y-(o-tclyl)ethyl chloride (VI'1) (32.7 grama) was reacted
with 6.7 grass magnesium in 75 ml. dry ether. Thir{y~four
grams (V), dissolved in 200 ml., ether-bengzene mixture, was
added. The vacuum diatillation was carried out st 0.5 - 1
mme., which yielded 2 14 pgram fore~-run, from which 10.9 grams
unrescted ketone was recovered, snd 27.8 grams of 3,4-dihydro-
1=/ ={o=tclyl Jethyl phenanthrene distilling at 190°-195°,

This represented a vield of 51% % on the busis of the ketone
added, and 79% on the basie of the ketone ectuelly utilized.
(V) distilld in the form of & yellow viscous oil, which did
not solidify after several days at 5°C. It orystellized read-
ily from 95 sthenol however, and formed small well defined
erystals which alter seversal reorystallizations from ethanol
melted at 57°-58°C.
Analysis:
Caloulated for Cpglyns H = 7 43% ¢ - 82.57%
Foundy H o= 7435, T.34% C - 92.88%, 92.58%

The trinitrobensolate was formed as described for

the trinitrobenzolate of (XI1II). After several reorystrllizations



fron ethanol, the orange trinitrobenzolste melted a4 101.5%
102.6%C.
Analvsis:

Caloulated for CpgilysleOay i ~ 44935 C =~ 68,087

Founds H - 4.887% = 88,297

3,4~dinydro=1-/4(p=tolyl Jethyl phensnthrene (¥VI)

3y the same procedure as described for the two previous
syntheses, 15.4 prems O-(p=telyljethyl chloride (%1) was re-
acted wish 3 prams mepgnesium, and 17 prams (V) added to the
resulting Crignard reapgent. After decomposing the magnesium
compounds as previcusly described, 15.4 grenms 3,4-dihvdro-
1~/3={p=tolyl Jethyl phensnthrene, distilling at 200°-205°C.
at Cud - 1 om. was obtained. This represented a yisld of
55,57 on the besis of the ketone added or 637% on the besis
of the ketone utilired. The 3,4«dihydro~l~/9—(p-taly1)ethyl
phenanthreone distillied ws a yellow wvisoous liguid whiech
solidified on stending. It crystalliszed readily from etheano},
and after several recrvstalligetions, melted at 79.5°-81°C,
Analyais:

Caloulated for CpgHoos 1 = 7437 € = 92,877

Found; 11 - 7.297, 7.48% C - 92,6635, 52.597

The pierate was formed by dissolving equimolecular

quantities of the hydroocarbon and of piorie mcid in & small

volume of hot 957 ethanol., Upon cooling, the vermillion



picrate separsted. After several recrystallizetions {rom
shenol, it melted at 101°-102°%C,.
Analysls:
Caleculasted for CoglinglizOps B 4,784 ¢ - 86.02%

Found; I = 4,98 £ - 86.08%

Freparation of the palladium-charcosl catalvst

A suspension of 27 grams 100-200 mesh activated carbon
in 150 ml. distilled water was mechanically stirred in a
1-liter beaker. Five greus pulverized palladium chloride
was placed in e 150 nml. beesker and covered with 50 ml,
boiling water. After stirring for about & nminute, the
supernatant liquid wms deoanted into the stirred carbon suspen-
sion., The residual palladium chloride was leamchesd with another
portion of boiling water and the solution decanted into the
carbon suspension, and the procedure repeated until &ll the
palladiun ohloride had bwen dissolved and added. The carbom
sugpension was then warmed to 50%° . and meintained at this
temperature for two houra while & vigorous current of hydrogen
was bublled through the astirred suspension. It wes then il
tered in & large Duchner fumnel and esucked es dry us possible.
The carbon was returned to the originel besker and apgsin stirred
with distilled water and filtered, and this procedure repeated
until & portion of the filtrate gave but & slight turbidity with

silver nitrate. The carbon was now dried in s dessicator over



CaCly, and HEOH, and kept in & well stoppered boitle.

Pt Wb e

1~ (3= (phenyl Jethyl phenanthrene (XIV)

Thirteen grams 3,4wdihy&ro~l-/6L(phenyl}ethyl phenanthrene

YIII) was mixed with 5 prams prlladium catelyst and placed

in a 200 ml. round boiitomed flask which wae commected, by means

of & rround glass Jolnt, to a vertlical section of large bore

glaass tubing sbout two feet in length. 4 bubble~counter was
attached at the top of this glass column. The flask waes hested

in s fused salt bath composed of two parts sodium nitrite and

cne part sodium nitrate. The tempersture of the bath was

270°C. at the bepianing of the dehvdrogenation, and was so

heated as to gradually increass the tempersture to 300°C. by

the end of the first hour and to 320°. by the end of the

seoond hour, After coolling, the contents of the flask were
extracted by boiling with succesaive portions of 95% ethanol and
filtering. Upon concentrating these combined filirates, crude
yollow 1~ 3-(phenyl)ethyl phenanthrene separated. It waa then
diasolved in psireloum ether and the sclution passed through a
colwm § inches in length packed with 100-200 mesh aluminum oxide
{ifydralo), which had been activated by heating to 250°C. dnder
vacuum. The column was wushed with successive portions of hot pete-
roleun ether until & portion of the filtrate evaporated to dryness
on the steam bath showod that no more material was being

extracted. @y this procedure almost all of the yellow



impurity remesined in the first few centimeters of aluminum
oxide at the top of the colum. The combined petroleum
ether filtrates were evaporated to dryness and the 1-/3-
(phenyl)ethyl phenanthrene was recryetallized several times
from methanol. Melting point - 86.5°-89.5°, The yield of
purified material was 9.2 grams from 10.8 grama crude product.
Aneslysisy

Calculated for CogHygs H - 8.,43% C - 93.5T:

Found; H - €.50%, 6.49%. C - 93.38%, 93.34%

The Di-trinitrobenzolate. One equivalent of (XIV)

and two equivalents of symetrical trinitrobenzene were warmed
with 95% ethanol. The yellow di-trinitrobenzolate formed
almost immediately and requirsed s large volume of boiling
ethanol to dissolve it. It separated from ethanol in fine
canary yellow needles. Helting point 149°-1851°,
Analysis:
Caleculated for CgeHa Nelyo; H - 3.41%2 C - B7.83%
Found; B - $.66%, 3.67%, 3.50%, 3.627

¢ - 57.67T% 57.96% 57.83% 67.79%

Attenpted eyclization of 1-/7-(phenyl)ethyl phenanthrene

1))

One gram (XIV) wne dissolved in 10 ml. CSp(distilled
from P50g), and 0.5 grams pulverized anhydrous aluminum
chloride added. An immediate darkening of the aluminum

chloride particles occurred. The mixture was refluxed gently



for two hours, and the CS8, then removed by evaporation on
the steam bath. The residue was decomposed with ice and HC1,
and the red tarry material filtered off and leached with
successive portions of boliling ether until no more colored
substances were extracted. The brown powder which remsined
was soluble with difficulty in benzene or pyridine, but
nothing could be induced to crystallize from these solutions.
After evaporation of the solvent, the tarry residue was
subjected to vacuum sublimation at temperatures as high as
350° C., but no picene (XVII)eould be obtained.

The ocyclization was again attempted, using the procedure
of Ruzicka (10) and of Howard (11). At the close of the
three-day period of shaking, the solution and the tarry
deposit were decomposed with ice and HCl as before. But again

no picene could be isolated from the tarry reaction product.

Cyclization and dehydrogenation 22}3,4-dihydro—l~4?-

(phenyl )ethyl phenanthrene {XIII) to form Picene (XVII).

3,4-dihydro-1-/9-(phenyl)ethyl phenanthrene (XIII)
(3.7 groms) was dissolved in 37 ml. dry CSp. The solution
was cooled to 0® C. by means of an ice and salt bath, and 3.7
grams pulverized anhydrous aluminum chloride was added in
small portions, with shaking, over a periocd of 30 minutes.
The mixture was kept overnight at 5° C. and then decomposed
with ice and BC1l, and the CS, removed by a distillation

with steam. The viscous red oil which separated was



dissolved in ether, washed first with concentrated ¥(C1,
then with 209 NeOF solution, and finally with water, and
dried over anhydrous CeCly. After removing the solvent,
tre residual oll was distilled in wwouum. PFolling point-
206°~215° C. at Q.5-1 mm. An exceedingly viscous oil
(2.9) proems was obtained, which after several weeks beoomes
opague and finslly solidified to & pasty solid of a consistenoy
approximating that of scap. Repeated atitempts to corystallize
this material were unsuccessfiul. It did not form a pilcrate
or & trinitrcobeusolate.

Two and four-tenths grams of this viscous yellow oil
was mixed with 1.2 grams palladium oatalyst, and subjected
to & dehydrogenation using the bath and mpparatus desoribed
under (XIV). The temperature of the bath was maintained
at 380°-400° ¢. for two hours. After coolinpg, the residue in
the flask was leached with ether until no more colored
waterial was extracted, then placed in a Soxhlet extraotor,
and extracted with CHClg for 20 hours. The ohloroform soluw
tion was evaporated to dryness snd the residue again lsached
with ether, The brown ether-insvluble residue wes sublimed in
vacuun at 270°-280°. The sublimmte was dissolved in ohloroform,
in whioh it was slightly soluble, and upon cooling, picene separated
in glistening white plates. The yield of orystalline picene was
29.56 milligrsme. The melting point teken by means of a calibreted

400° thermometer, was 367°-368.6° C.



Analyais: a4,

- - g
Caloulated for CyoHy .3 H = 6.0T% ¢ 94.74

Found; E - 5.08%, 5.20%. C - 94.72%. 4. 74%

Cycligation snd dehydrogenation of 3.4-dihydro-i—/F~

{o~tolyl)ethyl phenanthrene (XV) to form Pieene (XVII).

The eyelization of S,4~dihydro-l-/S-(o~tolyl) ethyl
phenanthrene was ocarried cut by the same procedure as for
3,4-dihydro-1-/3~{phenyl)ethyl phenanthreme. & viscous
yellow 0il (7.5 grems) was cbtained from 9.7 grams starting
material. Trke boiling point was 205°-210° C. at 0.5 - 1 mm.
Like the cycliszetion product in the previcus synthesis,
this yellow oil ooculd not be orystallized, and did not show
any evidence of solidification after soveral months. It
formed no picrate nor trinitrcbenzolate. Density 20°/20° -
1.097.  m - 1.6es0n / /20

A mixture Af 5.4 prams of thisg eyolization produet
and 2.7 grams palladium eatalyst was dehydrogenated as pre-~
viously described at a bath temperature of 380°-400°. for
two hours, then extracted as in the previous synthesis. The
yvield of sublimed and reecrvstallized ploene obtained from
5.4 rrams cvelicized material was 230 milliprems. ¥elting
point 367°-369°.

Anelyels: E//"f .

Caloulated for 622H14; H =507 ¢ - 94,939 j

SR8 A TR



The picene cbtained from the two intermediates (XIII) and

(1v) showed no depression of the melting point when mixed.

Attempted oycliszation and dohydrogenation of §,4-di~

hydro=1-/3-(p=tolyl)ethyl phenanthrene (XV1) to form

8~mothyle~picene

The cyclization of 5,4-dihydro-l-/3-(p-tolyl) ethyl
phenanthrene was carried out as described under the oycliza-
tion of (XIII) and (XV). Five grams 3,4 dihydro-l-/4-(p-tolyl)
ethyl phenanthrene in 60 ml. C5, was oyclicized with § granms
anhydrous aluminum cohloride. Vpon decomposing the reaction
mixture as previcusly described, 4 grams of an sxceedingly
viscous oil was obtained which distilled at 210°-220° at
0.5 ~ 1 smm. It solidifies into & pasty mass on standing
but like the oyclization preoducts already deseribed, all attempts
to separate any pure compounds by crystallization were
ungucoceasful.

Three grams of the cyclization product was dehydrogenated
as previcusly deseribed, but no traoce of any picene derivative

could be isolated from the resction products.



Vil. Summary

The literature or the subjeot of plcene hasz been
reviewed, and & new synthesis for plcene has been developed.
Various eyalization remctions wsed hy other investigators in
other researches have been studied. The analogy has been
extended to cover the intermediates used in this synthesis,

and suggestions for improvement are offered.
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