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I • Historical Survey*
M Pie ©si®” i m  th© mm© given by Burg (2) to © hydrocarbon 

which ho isolated from lignite tar* The m u m  substance had 

boon isolated about seven years oar 11 or by Saesaaeek (S) from 

ooal tar residues# but Rasonaok, noting its ©lose resemblance 

t© ©hryscne# concluded that it m s  an isomer of ohryseno.

Graebe and 1alter {4} obtained pic©no by a destructive 

distillation of still residues from the rectification of 

California petroleum* they cheeked the CggKxe formula proposed 

by Burg by a molecular might determination by the method of 

Tictor Meyer*

fh© first Instance of a synthetic preparation of pioene 

is recorded by Lispieau (5), who Isolated it fro® the product® 

obtained by the action ©f ethylene bromide on naphthalene 
in the presence of altoslnu® chloride* It kiss also prepared 

by Him (6) by passing the vapor® of ^inaphthyl stllbene 

through a red hot tube. More recently# Freidmazi (7) heated 

o( <*m©thyl naphthalene with sulfur in a closed tube for 72 

hours at BOO* 0## and obtained a little high melting substance 

which he thought was pioene*

The first really clear out synthesis# however# was due 
to Busioka and Boali (®)* they reacted the Oripmrd compound 

of /3~(imphtiiyl~l) ethyl chloride with <*~tcbr&loae and obtained 

c\,/3-(din&phthyl-1) ethane# which underwent oyclisation and 

dehydrogenation t© form, pioene when heated with anhydrous aluminum
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II* Introduction

In the final proof of the structure of an organic com­
pound, no evidence is quite so satisfactory as a synthesis 
of the substance in question* The synthesis of one of its 

degradation or dehydrogenation products is somewhat less con­

clusive, but still a very valuable contribution to the evidence 
upon which a proposed structure m y  be based* Especially is 

this true if it is possible to follow all step® in the synthesis 

from the starting material to the finished product*
The pieene skeleton has 'been found to be present in 

may trlterpenes, and certain d©hydrogenation products of 
triterpentenes have been shown to be derivltives of picone (13) 
(14)(IS)(Id)(!?){18){19}* As an aid in the proof of the 

structure of these compounds therefore, methods suitable for the 

synthesis of pioene, and more especially its alkyl derivatives, 

are extremely desirable* The syntheses of luslcka and co- 

worker# (8)(9)(10), of Poward (11), and of t'aldaaum and 
Pltschak (12), while vesting the requirement that they should 
be clear cut and capable of being followed step by step, leave 
something to be desired with regard to several particulars*
First the necessary Intermediates ar© often not available 
and are difficult to prepare, or do not lend themselves to 
convenient modifications* In the second place* the yield® 

are generally very poor*
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IT. Outline of the Procedure Investigated

The synthesis investigated divides itself sharply into 

two parts. The first is the preparation of a 3,4-dihydro-

1-/3 -(aryl)ethyl phenanthrene (I).

The second is the cyclisation of (I) and its dehydrogenation 

to form pioene.
The procedures followed in the synthesis of three 

3,4-dihydro~l-</S“*(aryl)etliyl phenanthrenes are shown in the 

following scheme of diagrams. The Homan 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 isomeric /^(aaphthsyl) 
propionic acids ( I T )  and (III), advantage is taken of the fact 
that (I I) is both sac re soluble and mores highly dissociated than 

(ill)* to a suspension of the mixed acids In water was added 

a quantity of sodium hydreside suf fie lent to convert about one- 

third of the mixture into their sodium salts* The resulting 

solution consists chiefly of the sodium salt of the 

{8~(1 -naphthoy1) propionic acid (IX), end »ey he filtered 
from the undissolved acid® and recove.rod by precipitation 

with an sold*

in CSg solution was reacted, with anhydrous aluminum chloride 
in an attempt to bring about a cyellsation between the 2 and 
the t* carbon atone* a tarry polymerised product was obtained 

fro® which no pioene could be Isolated* It Is evident that 
the reaction proceeds differently than In the ease of the

hen 1-^-(phenyl) ethyl phexumthrene (117),



supposedly analogous /3-di-(naphthyl-l) ethane,

which Buzicka and Kosli (8) cyclicized into picene in this

manner. So a brief survey was made of the various cyclization

reactions and procedures used by other investigators.

Bardhan and Sengupta (20) eyclicized 2-^9-(phenyl)ethyl

cyelohexanol into 1,2,3,4,9,10,11,12-octohydro phenanthrene

using PgOg as a oyclicizing agent.
Hz

%0<r

Kon (21), by the same means, cyelicized 1-methyl-
2-^-(phenyl) ethyl eyelohexanol to form 12-methyl-1,2*3,4,

9,10,11,12-octohvdro phenanthrene•
Hz

>



These authors assumed that the eye11Ration ©©cured as th© 

result of a dehydration of the Internet Sets by the ?2%*
Bogart and Davidson (22) fomd that by dehydrating 

mono-phenylaied alcohols of the type*

with 8S5& sulfuric acid, Indaaee were produced instead of 

the expected olefins of the type,

The intermediate olefins, where they could be isolated, were 

also found t© give ind&nes when treated with B6> sulfuric acid# 
Working along similar 1 tries, Bogart and co-workers (23) {24} 

confirmed these results, namely, that the alcohols pass first 
into one or more olefins which than p©lyiso r i *e|to form cyclic
compounds.

Prom the work cited above, and the additional work of 

Cook and others (88)(26)(27)(28), we may conclude that in any 
chain of carbon atoms attached to an aromatlo group, cyclization 

to fom a new six carbon ring may take place whenever an olefinio 

linkage occurs either between the third and fourth, or between 

the fourth and fifth carbons distant from the aromatic group.



Iffben the unsaturation is between the third and fourth carbon 
atoms, this eyelisation may take place even though the olefinlo 
bend is a part of another hydro~aromatio cycle* but if the olefinic 
linkage forias a part of another aroaatlo ring, the eye 11 sat ion 
is generally greatly impeded or prevented altogether. The 

cyclisation by husicka and hosli (0) of 4/2 ~dl~(naphthyl«»l) 
ethane to pices© Is the only instance found of eye 11sation 
between two aromatic rings*

ft hen Cook and Hewitt (20) attempted to oyclieis©
1-/3-C1’-naphthy1)ethyX a * ~cyoIopentone

l,Z~ Cfc/o/>$*te*9 - 

f>hev\«. of^rehe



they obtained besides a small yield of the expected 1,2-eyclo- 
penttmo-1»2, 3,4~t©trahydro phestantbren©, a considerable yield 
of an isaiaeric hydrocarbon which they considered to be 7, S~di* 
hydrophenalyl-7-spi rocyclopontane * Cook and Hewitt (29) gate 
the name "phenalene* to the following hydrocarbon.

Hence, Its derivitives were termed "phoualy!" derivitiwes.

Cook and co-worker® thoroughly investigated this 
phenomenon of splran formation which they found rather general 
in this type of compound, and stated that if an alkyl croup 

were present at the point cm the hydro-aromatie ring where 
eyeligation was expected to occur, tho eye ligation was 
directed to the carbon holding tho alkyl group* Thus a 

quaternary alkyl group was crested and spins formation 
was generally prevented* For example, they found that if 
cA-(naphthyl-l}- ̂ -(2-siethyl«l,2-oyclohexene-l)©thane were 
subjected to treatment with anhydrous aluminum chloride in 
CSg at 0* Cm, a good yield of methyl-oot©hydro ehryeene 
was obtained which gave ohrysen© on dehydr©genation•



<*- ( y \ Y ^ ^ y / - 0 - d  ~ f^ -y n e tA y f  2 - c y c f . t e x e v \« ~ / )  e tA a .*e .

CL y n t t A y /  O C to t\y < fro c l\rp s rm

If however, the non-wethylated compound, 0\~(naphthyl-l}- 

(1,2-cycloh©xene~l)ethane were eyelid zed la the same 
manner, two product* were obtained.

i

In 1-f£~(phenyl )ethyl phenanthrexie (XXV), while it 
has an oleflnie linkage In an acceptable position for 

eycli2&tion, the uns&tur&tion which mxint take part in the 

eyeliRation forms a part of an aromatic system. In the 
case of 5,4**dihydro-l~^-(phenyl }ethyl phenanthrene (XITI) 
however* the une&turation which disappears during the

Oc



cyclization forms a part of a hydro-aromatic ring, and in 
light of the investigations cited, should be more readily 

cyclicized than (XI7). It will be noted however, that (XIII) 

has no alkyl group 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 treating (XTIl) with cycliz- 

ing reagents.

(m)

/?

xm
Pic e n e

C /S- ««</ tram- forms af 
sr 6, //, 12, i% A*xa4ydro eh e



Then in this investigation, (XIIl) was subjected to

treatment with anhydroiis aluminum chloride in CSg as described 

in the experimental part, a viscous oil m s  obtained from 

which no pur© substance could be isolated* faking 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. When this viscous 

oil was dehydrogenated by heating with palladium adsorbed 

on charcoal, picene m s  obtained in yields slightly better 

than on© percent* The remainder of the viscous oil was 
apparently not affected by the dehydrogenation#

With regard to the intermediate 5,4-dihydro-1-/3- 

(o-tolyl)ethyl phenanthrene (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 retard spiran formation, but that it is located 

at the 2’-position on the aromatic ring. If (ZY) is to 

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



b© necessary to break the 1*,2’-double bond in the aromatic ring* 

The probability of this happening is believed to b© sisal 1. If* 

however, (XV) should cyclieiso with th© breaking of th© 1,2-double 

bond in the hydro-aromatic ring, which is th© usual ©ours© of cuoh 

©yell sat ions, two possibilities must be considered* Th© cycle 

might close between carbons 2 and 6* to yield a oyolisatlon prod­

uct which would give a 10-methyl pioene on dehydrogenation, or 

it might close between carbons Z and 2*, losing the methyl group 

in the process and giving th© same intermediate as was obtained 

by th© cyclisation of (XIII). In this investigation, when (XV) 
was treated with anhydrous aluminum chloride in CSg at 0* C•» and 

th© product dehydrogenat©d, only pic m e  could b© isolated from the 

reaction products, and the yield of pioene <4*0 m e  better than 
when (XIII) m s  used as an intermediate*

The loss of the alkyl group during the eye ligation m y  be 

explained by considering th© analogy between the reaction in this 

case and the reaction of toluene and an olefin such as ethylene, 

using aluminum chloride as a catalyst (34). Considerable ethyl 

benzene was produced, th© methyl group was lost, and th© reaction 

took plaoe with greater ease than with bensene* Kith free toluene 

and an olefin, considerable substitution also occurred at the car­

bon® ortho or para to the methyl group, but in (XV), the prefer­

ential formation of a ©lx-®©eb©r©d ring prevents any cyclization 

involving thee© carbons and the probability of reaction at th© 

carbon holding th© methyl group is increased*



In this investigation, the treatment of 3,4 dihydro 
l-^-Cp-tolyl) ethyl phenanthrene (XYX),

with aluminum chloride in C8g at 0* C* gave the usual viscous 
oil, hut which when dehydrogen&t ed, yielded none of the expected 
product, 8-methyl pioene* The probable explanation Is that the 
methyl group in the 4*-position exerts a definite directing in­
fluence toward reaction at the ortho carbons (3* and &•) and 
against cyclisation at the laeta carbons (2* and 6*) which are the

C#3



V* Conclusions

Frm. this investigation we m&y conclude that the 
preparation of the intended la tea (XIII)* (XV) and (XVX) 
offer no serious difficulties* The yield of pioene fro®

(XV), while sever better then is sufficiently premising 

to warrant further investigation* The following, suggestions 
for further investigation ere respectfully offered*

1. From (3- ( »k to ly 1) e thyX chloride and 1-keto-1,2 * 3 * 4~ietra- 

hydro phenanthrene (V)* prepare 3,4~dihydro~X~^« (m-tolyl) 
ethyl phenanthrene. It is believed that the ortho and para 

directing influence of the methyl group In this position 

would tend to activate either the 2 or the 6 earben atom 

sufficiently to promote eyelisation at this point.

3 ,*J 'd $ h y d r o m - f o / y / J -
etk/J f>/?ehayifAreh*

2. From naphthalene and the anhydride of .methyl siocinio 
acid prepare l«keta*2~nethyl~l»2»3,4«tetrahydro phenanthron©,



and react it with the Grigaard compound of ft -phenyl ethyl bromide. 
This will yield 3,4-dihydro-2-:m©thyl~l~^-{phenyl)ethyl phenanthrene.

This intermediate has an olefinic linkage properly 

located with respect to the aromatic ring, and also Has 

a methyl group attached to the hydro-aromatic ring at the 
point where cyolisatlon is expected to occur. .According 
to the previously mentioned work of Cook and co-workers, 

this compound would be expected to cyclic!se to form 
5,6,11,12,19,2G-hexahydro-20-methyl picene,

*
CH*

with a reduction in the spiran forming aide reaction. 

This product would yield pioene on dehydrogenation.
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After cooling slightly# the layer® wwr* dee&zfted frmi the 
residual sine .Into s largo ssfaiwioiy ftetol* The sin® m s  washed 
thoroughly with toluene* and the washing* added to the separately 
f m m l *  Tfeo aeid layer m ®  draw* off tal «Kt«Mted with toluene* 
The ewnfctned toluene layer® war© shaken vlgorewsly with several 
%rwm of wli8lmrft# filtered Into a distil line flask# s&d the mt@r 
renewed %  distilling off 2£»»$Q ml* of ths telnene* The swatming 
solution was ©hilled and r^l^mfefhthyX butyri© wold separated# 
Thirty p w  wore eh&aiaed srhleh after rmsyetalllsahlon from, ton** 
sane* melted at X0?*£**108

A nod if teat ton of the eyellsatlcni fitted of Adelsen and 
Bosgort (SS) m o  used* Fifty gyana X»3H»^ithyl fcuftyrle acid m i  
suspended 4n $00 ml* dry heasane in a &»&&«? 3*«steeked flask fit:tod 
with a laeroury sealed stirrer wad a reflux oendoaoor with a trap for 
SSI# Fifty grtn&s FCl^ m s  added and tlio stirring - m m m m m I# the aoid 
pasaod into elution within m t m  minutes with the evolution of heat* 
mud m o  thou rmflmmd for Hr hours*

Ttm eolation m s  seeled to 0*$*C* by n w  of an loo hath# and 
ashstslhod at this tonyeiwtaro during. the addition of M  grasae of 
pulverised enhydmno almSmaa ehleride in onall portions with stirring# 
over a period of about 50 minutes* The wlxttire was them allowed to warm 
up to- room tan$emtwre* and kept at this wwmmi^ht without
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and through a packed Is im  end salt, and allowed be
drop late the stirred eelirfeiem In the flask* Tfee reflux <Kttidaa*er 
m e  replaced by a t^immieter* The ethylene mid# » i  distilled 
at eueh a rat© that the temperature of the stirred mlabure remained 
between O* and S* C« feward the ©si ©f the addition of tho ethylene 
cseide, tho mixture b m m m m  and began to solidify* After
all tho ethylene ©aido ted boon added* tho mixture m e  mmaed os tho 
©beam hath and 6b si* other distilled off* Sixty-fiw milliliters 
dry hammm was then added and more ether distilled off until' tbs 

too^ponaturo of the antorisl in the flask reached 68*C*
then after eooling» 190 psi* lee and ISO ml* h m x m m  w m m  

added* and the m^soslum ©empennde dlsoolved %  odd It Ion of ISO ml* 
©mneixbrabed KC1* the tee layers were separated and the aqueous 
layer oxtxmoted with hensone* After mashing the ©tmiblned solvent 
layers with meter and laHOO^ eolation* the bensm© and other were 
remeired lay diet Illation on the stems hath* and the aloohol distilled 
in meuiia* The yield of ^*(o-tolyX) othenol m e  64 grans* or 62?"* 
Use alcohol mm.® a syrupy mater-mfotte liquid. distilling at £$**105* 
at 1 ms* Boiling point at atasspherie preesare m s  297*C * Density 
20/80* - 1.0X96. Bg (80*) - 1.6349. Gripnrt (59) found, dmwlty
4*/l4 .S* - 1.0096 Bad b d - 1.6547.

A m  lye Is i

Calculated for csHu°$ H * C* - ?9*$?y
foundj k * §*&$;.* 6«7i& c* - n*uf** m * m i
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o f ths p urified  smtar&AX e t atmospheric pressure *  8®8*G*

Density 2D*/ssO* ■» 1*0008* (80*) «► 1*5262* Orlp»ri (82)
fmmcti Density 4#/lS * *  1*002® * Up «■ 1*8299*

Am lysis t

Calculated to r  CpIljpOi K » S*S8fS# C* •  79 *59*/*

Found* K - t*or, €* • 79*29$
Ths 3* 5~dinit rohenseate m o  formed fay heating torother 

equivalent quantitiss of the eloohol wad of Sf S^tnitmlHwasoyl 
chloride* The ester m o  iwiystalllssd from ethanol* as yellowish 
needles* felting point - 
&ialysis»

Ctttailatsd for P » 4*2T£* C —  58*18$
Pounds H • 4#31& 4*2F C* * m*$2ts 88*20/:

In it GOO ml* tlm U  w m m  placed 24 gnuse ^(a-telyl) ethanol 
(VII) and 61 prams dry dimethyl aniline* fb© flask m s  pissed $m m. 
iso and m  It h&th sod 00 grams tklenyl chloride added slowly to ths 
sold stirred mixture* Ttes resultssi hlsek riseous liquid m s  allseed 
to stand ©wratrJds at room tampaimtim# thsn hosted o» tbs steam bath 
for one hour* Vater (ISO ©1*5 m i  them, oddod* and after oooltog^ 180 
ml*, ether* The eentezx&s were fcmnsforred to * separatory fynml, mixed 
thoroughly, end allseed to stand until no ftgrther eepamfclott of ths 
stubborn miilsioa oocnrrod* Ths aqueous layer m s  d m  off* 1s&slmc



any onulolatt w ith tho ofchor layer# fhm m.qumom laywr m s opt to 

oxtiaobod with ether «a& the oco&toed other extracts m  w&ohed 
with iiroitl portlona o f eemoontrated BD1 whioh ^ n m t U y  broke th© 
fW»toto|; onttletoaii* Tho ether layer m s  bow washed with «tar» 
soroiml fctoeo with. ISbJXÔ  solution# them with mtor ago to# and 
finally dried ovwr CmCt̂  to whioh a piece of KOI! had boon,
added* Aftor filtering# tho otbar m s  roamed %■ diofe Illation on 
« oteon bath# and tho Co~&olyl)ethyl etiXerld® dlotlllod under 
mmmm* The toiling point m s  80*«84* at 1 mu# and St2# at 
atsicMipherio piwoooi*# 1% to a o3o*r watefHrihlho liquid whoa 
distilled* hot hoeeaao* rod on standing* Tho yield m s  3t#7 gwaao 
or 8S£. Vmmtty 20*/20» - 1.0683. aD (20*) - 1.S31S.
Jtoalyoioi

Calowlated for CgB^Clf c l *

Fmmds 01 » ta*m.C* ti*0T

Thirtyftfoor gran* ohtoxiol (£) m s  utosd with 61

grass dtoethyl Matildas* and 60 &mao thlen̂ rl chloride added in a 
m m e r  IdogsbtosX with that dooeribed far /3» (e»telyl }ethyl ehlerido 
{¥111)# Tho ^{p**toiy!)ethyl florid# oo obtained distilled at 
$1*«»©0* at 1 ma* A yield of S0#S §rmm$ or of the tfcooYWtleul 
w  efctetoed* Tho boiling point woo HK8*0# at &tsis@|#*s®rto preaoaxe* 
OmiMlty 20*/20* - 1.0370. »n - 1.8*81.





After ooollng* th# «o2utioKi m #  d#ooEa$>o##d by tho addition 
of W O  gmmm of %## m A  100 ml* owM&tmted Wl» s b s I th# ##ld 
layer dxmm off and oaet rooted tdbh other* Th# Qmibirmd other* 
honswn* l&yor# t » w  m#had with »t§r wad SallCÔ  solution* dried 
m m r  tushydrou# C«C1^# msoA the ©olvmb dt*till*d off* Tho rooldu# 
w s  dla&lllod under m o m m* Tho totttary alcohol whloh m s  
forsaad by interaction of th# testene mad th# Orlpsard vmgont m o  

©o&plotely dohydmtod to a. hydrocarbon ( M U ) *  A fbrmtnm of i 
£jnus#t distilling botmon 1SS*»1T0* #t 0*5 ** I m *  m s  chiefly 
miohs.n.|t,©d kobanc (¥}• 3 * A-dihyd r©**X */?* ( phonyl} ethyl |h«nonthinsno
distilled at X8S®~li?# afc 0#C»1 is®** a® a vlooouft ytllov oil which 
«lMtfted after standim^ for i w « !  day#* Tho- yield of A&otlllod 
m ate ria l m *  24*0 grass# ♦ This r*pi#*#nfes a y ie ld  o f 6S£& o f th e  te a ls  

of tetew® fu&dod# or or tho twi# of tho Iwstew# actually utilised*
Th# w # to r te l w&# d lf f l& u lb  to  h u t fh i r  vooulb* w f t

Obtained by oryarbaH i s&t ton from- §&f! # & h # w l* -A fte r immrmm ra *

©rysteU l m t l m m * a a a a ll q ato tlty  m o © b tet»d  trh io h  noltod a t 

6f*~€3*t*
Itsalyots*

tetenXabad for if * f*0§f£* c* -* 0t«ilA

Fcma&t H - i*9TAt C* • MM>1& ®E*€Qp
Th# tH # d tn d ^ # o l# t»  m #  gwaparod by dl#aolri&g oquisiolooular 

^nuxtitltt# of 5*4»difcy&ro**X» /3 *{phosyl )#thy1 phomnthrono and oyootrioail 

bri«itr©b«B##Ei# is a small m lan# o f hot 882! aloohol* ’Tho orsag# 

trtnltroheissolftte #ep#mt#d upon #o#lla^:» m d  a f t e r  I t e r  rmrj®t& llis a  blon#



from alcohol, it melted at 31*-82*C.

Analysis *

Calculated for «23H2S%°65 H * 4.66^ C - 67 ,60%
Found| 1! - 4.71& C - 67.81^

S.d-dlhydro-I-/^?- (o-tolyl)ethyl pfoensuathrcne (XV)

Th® procedure Is the same as described for (XXXI). 

/?-(o«tolyl )©thyl chloride (VIIX) (52.7 grama) m s  reacted 

with 5.7 graces magnesium In 75 ml. dry ether* Thirty-four 
grams (V), dissolved in 200 ml. ethar-bensen© mixture, was 

added. The vacuum distillation was carried out at 0.5 - 1 
ism., which yielded a 14 gram fore-run, from which 10.9 grams 

unreacted ketone was recovered, and 27.8 grass of 3,4-dihydro- 

!-/#-(o-tolyl)ethyl phenanthrene distilling at 130*-13S*.

This represented a yield of 5ljj* % on th# basis of the ketone 

added, and 79/* on th® basis of the ketone actually utilised.
(XV} distilled in the farm of a yellow viscous oil, which did 

not solidify after several days at S*C. It crystallised read­

ily from 95;;$ ethanol however, and formed small well defined 

crystals which after several recrystallizationa from ethanol 

melted at 57*-58*0.

Analysis t

Calculated for CggHggI H - 7,43^ C - 32.57fC

Found| 1! - 7.43;*, 7.34|£ C - 92.83;:$, 92.58$
The trlnitrobensolate m t  formed as described for 

the trlnitrobensolate of (XIII )• After several recrystallisations



fr<»a ethanol, the omngt trinitrobensolat© at 101.5*-

102.5*C*
ImX^s la;

Calmilated for H - 4*93% C - 68*09%

Found| H - 4.56% € * 68.29;%

Mrem QnfX)

By tho asm© procedure as described for th© two previous 

syntheses, 16.4 gram# /&-(p-tolyl}ethyl chloride (XI) was re­

acted with 3 grass loagseslum, and 17 grama (?) added to th# 

resulting Grignard reagent. After decopposing th© imgnesium 

ooapouxids previously described, 15.4 gmiss 3,4-dihydro- 

1-/5-(p-bolyl)©thyl phen&nthren#, distilling at 200#-205*C. 
at 0.5 - 1 .@sa* was obtained* This represented a yield of 

59mS% on th© basis ©f th© keb©tm added or 83% on the basis 

of th® ketone utilised. The 3,4-dihydro-l-/5-(p-t©lyl)ethyl 
phemmthron© distilled as a yellow viscous liquid which 

solidified on standing. It crystallised readily from ethanol, 

and after several recrystallisations, melted at 79.5#-Sl*€. 

Analysis *

Calculated for CzsPzZ* 11 “ 7*4^  c -
Found| II - 7.29%, 7.48% C - 92.66%, 92.59%

The glerat# was forsaod by dissolving equimolecular 

quantities of th# hydrocarbon and of picric acid in a small 

voltes# of hot 95% ethanol. Upon cooling, th© vemillion



planet* separated* Iftor several recryata 111 *a t iana from 
ethanol, It m l  ted at 101 *-102 *C •
/analysis t

Calculated for K - 4.78iC c - 06.Q25C

Foundi S - 4*98;S C - 66*08^

Preparatien of th® p&ll&dluia-ch&rooal catalyst

A suspension of 27 grams 100*200 mesh activated carbon 
in 150 nl. distilled water was cieehanically stirred in a 

1**liter beaker. Five grama pulverised palladium chloride 
was placed in a ISO ml. beaker and covered with SO ial. 

boiling water* After stirring for about a minute, the 

supernatant liquid was decanted into the stirred carbon suspen­

sion. The residual palladium chloride was leached with another 
portion of boiling water and the solution decanted into the 

carbon suspension, and the procedure repeated until all the 

palladium chloride had been dissolved and added* The carbon 
suspension m s  then warmed to 80*C. and maintained at this 

temperature for two hours while a vigorous current of hydrogen 
was bubbled through the stirred suspension. It was then fil­

tered in a large Buchner funnel and sucked as dry as possible* 

flie carbon was returned to the original beaker and again stirred 
with distilled water and filtered, and this procedure repeated 
until a portion of the filtrate gave but a slight turbidity with 
silver nitrate* the carbon wis now dried in a desslorntor over



CaCi2 and K0H, and kept in a well stoppered bottle*
!.

. „ r . i .         f i / j
t ' ' ' f. * -

X-(3~ (phenyl )cthyl pfacnftnthr«ae (XIV)

thirteen prams 3,4-dlhydro-l-(phenyl )©thyl phenantlirene 
(v III) was mixed with 5 grans palladium catalyst and placed 

In a ZOO ml. round bottomed flask which was connected, by means 

of a ground glass joint, to a vertical section of large bore 

glass tubing about two feet in length* A bubble-counter was 

attached at the top of this glass oolusm. The flask was heated 

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

on© part sodium nitrate. The temperature of the bath was 

270°C. at the beginning of th© dehydrogexmtlon* and was to 
heated as to gradually increase the temperature to 300*0. by 
the ©ad of th® first hour and to 320*C• by the end of the 
second hour. After cooling, the contents of tho flask were 
extracted by boiling with successive portions of 9SlC ethanol and 
filtering. Upon concentrating these combined filtrates, crude 

yellow 1- /3-(phenyl)ethyl phenanbhrene separated# It was then 
dissolved in petroleum ether and th# solution passed through a 
eolufim 9 inches in length packed with 100-200 mesh aluminum oxide 
(ifydralo), which had been activated by heating to 250*C. fcnder 
vacuum. Th© column was washed with successive portions of hot pet­

roleum ether until a portion of the filtrate evaporated to dryness 

on the steam bath showed that no more material was being 

extracted. 3y this procedure almost all of th© yellow



impurity remained in th® first few centimeters of aluminum 

oxide at the top of the column. The combined petroleum 

ether filtrates were evaporated to dryness and the 1-/3- 

(phenyl)ethyl phenanthrene was reorystallized several times 

from methanol. Melting point - 86.6*-89.5*. The yield of

purified material was 9.2 grams from 10,8 grams crude product, 

Analysis s

Calculated for C22H18s H - 8.43$ C - 93.h%
Found| B - 6.50$, 6.49$. G - 98.38$, 93.34%

The Di-trinitrobensolate. One equivalent of (XI¥) 

and two equivalents of symetrical trinitrobenzeno were warmed 

with 95$ ethanol. Th® yellow di-trinitrobensolate formed 

almost immediately and required a large volume of boiling 

ethanol to dissolve it. It separated from ethanol in fin© 

canary yellow needles. Melting point 149*-151*.

Analysis*

Calculated for C m E24H6°12* B ~ s*41^ C - 57.65%
Found; E - 3•66%, 3.67%, 3.58%, 3.62%

€ - 57.67% 57.96% 57.88% 67.79%

Attempted eyeligation of 1 - ( phenyl)ethyl phenanthreno

(XIV)
One gram (XIV) was dissolved in 10 ml. CSg(distilled 

fro® P205), 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 CSg 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 boiling ether until no more colored 

substances were extracted. The brown powder which remained 

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 (X?II) could be obtained*

The cyclization 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 ic© and BC1 as before. But again 
no picene could be isolated from the tarry reaction product.

Cyclization and dehydrogenation of 5,4-dihydro-1

(phenyl)ethyl phenanthrene (XIIX) to form Picene (XVII).

3,4-dihydro-1-,<?- (phenyl)ethyl phenanthren© (XIII)

(3*7 grams) was dissolved in 37 ml. dry CS2* 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 period of 50 minutes.

The mixture was kept overnight at 5* C. and then decomposed 

with ice and BCl, and the CSg removed by a distillation 

with steam. The viscous red oil which separated was



dissolved In ether, washed first with concentrated HCl, 

then with 20^ Ha OK solution, and finally with water, and 

dried over anhydrous CaClg* After removing the solvent, 

the residual oil was distilled in vacuum* Boiling point- 

205*-215° C* at 0*5-1 tm* An exceedingly viscous oil 

(2*9) grams was obtained, which after several weeks becomes 

opaque and finally solidified to a pasty solid of a consistency 

approximating that of soap* Repeated attempts to crystallise 

this material were unsuccessful* It did not fora a pic rate 

or a trinitrobensolate *

two and four-tenths gram© of this viscous yellow oil 

was mixed with 1*2 grams palladium catalyst, and subjected 

to a d©hydrogona11on using the bath and apparatus described 

under (XIV) • The temperature of the bath was maintained 

at S90®-400® C. for two hours. After cooling, the residuo In 

the flask was leached with ether until no more colored 

material was extracted, then placed in a Soxhlet extractor, 

and extracted with CHC'lg for 20 hours. The chloroform solu­

tion was evaporated to dryness and th® residue again leached 

with ether. The brown ether-insoluble residue was sublimed in 

vacuum at 270*-290*• The sublimate m s  dissolved in chloroform, 

in which it was slightly soluble, and upon cooling, picene separated 

in glistening white plates. The yield of crystalline picene was 

29.5 milligrams* Th© melting point taken by means of a calibrated 

400* thermometer, was S67*-368.5° C.



Analysis3

Calculated for C^Bj^i H - 5.07% Q - 94.74%

Pounds B - 5.08%, 5.29%. C - 94.72%. 94.74%

(o-tolyl)ethyl phenanthrene (XV) to form Picene j j ' V l l ) .
Th© cyclization of 5#4~dihydro-l-/3-(e~t©lyl) ethyl 

phenanthrene m s  carried cut by the same procedure as for

3,4 «*d ihydro-l **/3 ~ (phenyl)©thy 1 phenaathreBe. A viscous 
yellow oil (7.5 gnwss) was obtained from 9*7 grass starting, 
material• Th© boiling point m s  205*-210* C • at 0*5 * 1 mss. 

Like th© cyclization product 'in th© previous synthesis* 

this yellow ©11 ©ould not be crystallised* and did not show 

any evidence of solidification after several months• It 

formed no picrate nor trinitrobenzolat©• Density 20®/20* -

A mixture of 8.4 grams of this cyclization product 

and 2.7 grams palladium catalyst m s  dehydrogenated as pre­

viously described at a bath temperature of 380o-4OG*CI • for 

two hours, then extracted as in the previous synthesis. The 

yield of sublimed and recrystallized picene obtained from

5.4 grams cyolloized material m s  23G milligrams* Melting 
point 367*-369®.

Analysiss

1.097

Calculated for CggH14* H - 5.07$; 0 - 94.93%
Pound; B - 5.28%, 5.24% C - 94.76%, 94.93%



The picene obtained from the two intermediates (XXII) and
(XT) showed no depression of the melting point when mixed.

Attempted cycligation and dchydrogenation of 3,4-dl-

hydro"»l-/3~(p~tolyI )ethyl phenanth rone (XT!) to fora

The eye11gation of 5,4-dihydrq-1-/3-(p~toly1) ethyl 

phenanthrone m s  carried out as described under tho oycliga­

tion of (XIII) and (XV). Five grams 3,4 dihydro~l~/3-(p-tolyl) 

ethyl phenanthrea© in SO ml. CSg m s  oyolicised with 5 gram 

anhydrous aluminum chloride. Upon decomposing the reaction 

mixture as previously described, 4 grams of an exceedingly 
viscous oil m s  obtained which distilled at 210*-220* at 

0.5 - 1 mm* It solidifies Into a pasty mass on standing 

but like the oye XI sat lost products already described# all attempts 
to separate any pure compounds by crystallisation were 

unsuccessful.

Three grams of the eye Illation product m s  dehydrogenated 
as previously described# but no traee of any picene derivative 

eould be isolated from the reaction products.



V XI. StSBBiary

the literature on th* subject of pioono has been 
reviewed, and a new synthesis for pi©sue has been developed* 
Various ©yell sat ion react! ons used hy other investigators in 
other researches have been studied* The analogy has heen 
extended to ©over the Intermediates used In this synthesis, 
and suggest loos for improvement are offered*
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