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The stereochemistry of the adduct between l-phenyl-
l:3=butadiene and .acrolein has been studled. The reaction
has been proved to profuce & cis-configuration, and con-
flicting clains by earlier workers have been shown to be due
to inversion on the carbon atom o to the aldehyde group.
Hydrolysis of the aldehyde bLisulphite compound with acid or
alkali gives & simlilsr gis-trang lsomerisation, but the use
of formalin leads to retentlon of confilgursation. The
existence of both a ¢ls and trans serles of Z2-phenyl-cyclo-
hexyl compounds derived from this has been demonstrated,
and thelr relationship to a hexahydrolluorene and hexahydro-
fluorenone established. Interconverslion between the ¢lig-
and trans forms has been achieved in some cases.

A new synthesls of c¢is-9-keto-ag-octohydro henan-
threne is desc:ribed in which S-bromo-2-vhenyl-gyclo-hexene
is condensed with diethyl melonate followed Ly hydrolysils,
decarboxylation, hyirogenation, and cyclisation.

The reduction of trans-9-keto-ag-octohydrophenan-
threne has been shown to give mainly climination of oxygen
and the forumation of a perhydrovhenanthrene. A 1lttle cis-

anti~trans-perhydro-9-phenanthrol is formed at the same time



A synthesis of ﬁraas—anti-traas-gmkete~perhydro~

phenanthrene from the correspondin; perhydrodiphenic acid
has been accomplished, but atieupts to extend the scope of
the method to produce other isomers were unsuccessfal.

The perhydrophenanthrene derlvative obtained by a
Diels-Alder reaction between di- A-1:1'-cyclo-hexene and
malelic anhydride, wlth subsequent hydrolysis, esteriflfication
and catalytlc bhydrogenatiocn over laney nickel, has bsen shown

to posscss the cis-anti-trans configuration. The conver-

sion of this and the product obtained by hydrogenation of

the corresponding acrolein adduct, into a c¢is-anti-trans-9-

keto-perhydrophenanthrens, could net, however. be effected.



Introductlion and Historical.

It was early re&lised(l) that, for a ring of six
fully saturated carbon atoms, such as gyclo-hezene, to
exlst in a planar configuration would inveolve a considerable
molecular strain, and that, in order to achieve a "strain-
leas" étzuature, a non-planar character was essential.
Sachse, therefore, suggested that this could be accomplished
in two different ways and formmlated the hypothesis of the

"boat" (I) and "chair"™ (II) forms of the cyclo-hexane ring.

¢ H‘-’-\ CHy CHy
\
C\J!i . Hl (I— ) C‘_'.__ = —] “1 ( II )
CHI. Ha. ’ \
CHy

Such an arrangement, however, necessitates the sxistence of
a large number of isomers for even a simple mono-substituted
eyclo-hexane derivative, and examples of these have not, so
far, been isolated. s it seems probable that there is
an equilibriun between forms (I) and (II) and that the two
étructures vibrate so rapidly from one to the other that tnhe
net result l1ls a planar molecule-
When polymuclear sysbtems are exanined, liowever, a

different aspoct arises, since now, the ring fusion exerts

2)

a stabllising influence.  iohr'~) pointed out that two



strainless models could be constructed for the decahydro
naphthalene molecule and the exlatence of a palr of stereo-
isonmers of this eand several related compounds was laber
demonstrated by Hﬁeksl(ﬁ). These were formulated as:i-

\

< "meso" "meso"
H H

(I17a) (Iva)

teig" "trans®
_ It will be seen that, in the "boat" form (Iiia)
both the hydrogen atoms attached to the carbon atoms in-
volved In the ring fusion are on the same slde of the plsne
of the rings, while in the "chair' structure (IVa), they
are opposite. These modifications are designated "cis",
and "trans" respectively and 1f we use the convention due
to Linataad(ﬁ) in which 8 hydrogen atom above the plane Iis

represented by a black dot, we may write (ITIa) and (IVa) as:-

O e o9
feis® "trans"
Recantly(é), however, results of electron diffraction

experiments sugsested that, while the structure assigned by

liohr to the "trans" decalin was probably correct, the "cis"
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isomer arose slso from fusion of two "echair" forms (IIIb).

ucisn
(I111Ib)

H H racenice.
If this is so, they since the only element of symmetry
present iz a two-fold axls, the molecule should exist in
optically active forms. On the baslis of the Mohr theory
both molecules would be opbleally inaesctlive, since, in
addition, they possess at least one plane of symmetry.

The fusilon of more than two rings greatly increases
the number of possible cis-trans isomers and glves rise to
great difflculties both of isolation and identification. In
ths case of the perhydro-anthracenes five stereochemical
modifications are possible (V - IX), three of which are
xmown(8) (v, vI, vizr).

(VIIT) (1X)



%hen we have a tricyclic system involwing an angulsr
fusion, then the nunber of possible stereoisomesrs 1s in-
creased to six because of the stereochemical relationships
possible across the backbone of the molecule (7). Thus, if
we designate two hydrogen stoms on the same slide of the backe

bone as gyn, and those on opposite sides of the planec as antl.

we obbaini-
serles
cis-gyn cis (X cis-syn-trans (XI) trans-syn-trans (.
antis '
“series ' '
cis=-anti-cis clse~anbi-trans trans-anbi-trans
(XII1) {(X1IV) ' {XV)

The first perhydrophenanthrene to be lsolated was
()

prepared by Ipatiecw by reduction of phenanthrene over a

nickel oxide catalyst and is probably identlcal with those
subsequently obtained in & somcwhat simllar memer by
Marvslfg) (83),

isomer was produced by the reduetioﬁ of 7-hydroxy-9-keto~
(10)

» and Adkins what is probably & different
cis-as~octohydrophenanthrens over a platinum catalyst
but in none of these cases could the stereochemical nature
of these substances be determined.



A systematic attempt to elucidate the problcoms in-
volved in the study of the perhydrophenanthrene ring system

was undertaken by Linstead and his co-workers(ll)o

Owing
to the difficulties, both of working with mixtures of the
liquid perhydrophenanthrenes themselves, and of subsequently
aasigning configurations, sultably substituted derivatives
were smployed which, on perhydrogenmation, gave rise to
products ecapable of easier separatlon, and which, at the
same time, provided a point of attacl on the molecule
enebling it to be degraded to compounds of known stereo-
chenical structure. 1t was pointed out that, if a substituoni
Cele, & carbcnyl‘group, is introduced into, say, the O=-
position, then the number of possible stereo-isomera 1is in-
creased o elght, since, in addition to the six forms
corvesponding to (X) to (XV), two more are required as the
Qarbnnyl group in (XI) and (XIV) may be adjecent to elther

2 ¢is or & trans linkage, thusi-

(Xv1) z s (Xvi1)

’"” 1/
o O

cis-syn-trans trans-ayn-cis

R0 e

7 (XVIII ) " (XIX)
o O

cls~anti-trans trans-anti-cis




6.

On oxidatlon the kaatomparhaéraphenanthrenas give rise to
the corrsesponding perhydrodiphenic acids, the configurations
of which have been completely establi&hed‘lz).
When the present work was undertaken three of the
elght forms were known, viz., cis-syn-cis-9-kelo perisydrophens..-

(11) e{11,13)

threne s, btrang-syn-cis-9-keto-perhydrophenanthren

(7,14)

and trans-anti-trans-Y-eto-perhydrophenanthrene
(15)

Recently cis~-gymn-~trang-9S«izeto ~porhydrophenanthrene and

eis-antl-trans-d-keto -perhydrophenanthrene have been deseribed

so that of the six possible stereocisomsric forms of the per-
hydrophenenthrens nucleus, four have so far been characterized.
All the ketones arve capable of e:isbtence in enantlo-
morphic forms and since each, on reductlon, may glve rise to
two epimeric alcohols, eege, (XX) and (XXI} from (XVI),
sixtesn rascemic modifications of mong;b{ﬁvf}zﬂperhydrophen-

anthrene ars possible.

C5F4 (XX) OH (xx1)

The most important class of naturally occurring
compounds containing a perhydrophenanthrene nucleus are the

steroids which arve assigned & trans-anti-trans configuration

in the androstane, S-allo-pregmane, 5-allo-cholane, and
cholestane seriles, and the cls-anti-trans form in the actio-

cholane, pregnanc, cholane, and coprostene series, although
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their stersochenistry is immensely complicated by the nuuber

of substituents present(*ﬁ). lerivatives of many of the resi.

soids and related diterpenoids also contain & hydrogenabed
phenanthrene nucleus of this type and now that the structures
of these substances have bee:: elucidated, Investigations of

their stereochemlstry are being cammeﬂead(ss)

, and thelr
relationship to the pentacyclic triterpenes of the amyrin

type (hydrogenated picene derivatives) being studied, althou .
1ittle is yet known of the configuration of these fused ring

(59) : '
systems i )w



Theoretical.

. During the course of their studies of the stereo-
chemistry of catalytlc hydrogenation and the sonfiguration
of the perhydrodiphenic acids, Linstead end his co-workers(l®’
demonstrated that, iIn hycdrogenation involving the use of a
platinum cabalyst, the integrity of the established cone
figuration in the gls and Lrans-hexehydrodiphenic aclds was
preserved, subsequent addition of hydrogen in @ syn and gls

manner leading o the formation of the ¢is-syn-cis- and cls-g .-
(11)

trans-perhydrodiphenic aclds. Later investigations of
the hydreogenation of cis~U-kebo-l,3,35,:,0,10,11,18«-0cto-
hydrophenanthrene (XX1T) indicated that this stereochemical

selectivity was again evident, as glis-syn-cis=-Y-hyiroxy-

perhydrophenanthrene was the major product of the recactlion.
Oxidation of the latbter with chromic acid in the cold pgave

rise to cis-syn-cis-Y-keto-perhydrophenanthrens, vut, when

performed on the water bath, inversion of confi;uration

occurred and trans-syn-cls-g-keto-perhydropicnanthrene {XVII)

was produced, idenbtical with that obbained by Harval(ls}.
Perhydrogenation of 9-phenanthrol with platinum catalysts

followed a similar course, resulting, again, in the formatlon

of cls-sym-cis~-9-nydroxy-~-perhydrophenanthrens.

In view of this syn- and cls reductlon 1t seemed



desirable to investlgate the perhydreogenation of the cor-
responding transa-9-keto-1,2,3,4,49,10,11,12~0ctohydrophen-
anthreng (XXIII) since thils might, theoretlcally at least,
result in the production of a cis-syn-trans-Y-hydroxy-perhydro-

phenanthrene, oxldation of which would possibly yileld the
unknown gis-syn-trans-9-keto-perhydrophenanthrene (XVI) in
the cold, or, by inversion on the wabter bath, the trans-~
gyn-trans-9-keto-perhydrophenanthrene, a hitherto undescribed
modification of the perhydrophenanthrene ring.

oo o2

17 1
o (@)

{XX11) (XX111).

(6,17) ,a

From earlier work by Cook and his co-workers
aynthesis of the cls-as-octohydrophenanthrone [XXII) was
known, from which the desired trans-isomer (XXIII) could be
obtained by inversion with aluminium chloride, but all other
atiempts at & direct synthesls of the w;compsunéi have
resolved into cfforts to prepare trans-2-phenyl-cyclo-hexane
acetic aecid (XXVII) prior to cyclisation.

Poor ylelds of this acid have been obtained from a
stereolisomeric mixture with the cls compound, by treatment
of Z2-phenyl-cyclo-hexyl bromlde with dlethyl malonate, with

(17)

subsequent hydrolysls and decarboxylation » and also by



10.

o hydrogenation process which will be considered later( 1!,

More recently' Ss?)

, bwo syntheses have been announced in
which it is claimed that the brangs modifiestion is produced
oxclusively. Both of those claims have been re-investigated.
and, in one, radical alierations in experimental btecimique
gnd a readjustment of views on the sbtercochemistry of

various intermedlates have been founi necessary.

In the synthesis due bo Bl?ﬂ&nfem(l&)

» L=vhenyl-133-
butadiene was ¢ mdensed in a Diels-Alder veaction with acrolsiu
to give 2-phenyl- L 3~tetrahyirobenzaldenyde (XXIV), from
which 2~phenyl-hexakydrobenzyl alcohol {¥XV) was obkal ned by
ecatalytic reduction over Raney nickel. Subseguent treatment
of (XXV) with rhosphorus penbtachloride resalbed in the forma-~
tion of the corresponiing E2-phenyl-hexahydrobenszyl chloride
(XXV1), the Grignard complex of which, on carhonatlion, gave
rise solely to the required trans-2-phenyl-cyclo-hexane acetic
aclid (XXVii). Cyclisation with sulphuric acid formed the
trans-9-keto-as -octohydrophenanthrene (XXIII).

Phomg B+ Ct-\-s_cmcu.cuoi{i@gﬁm) Ph. CH=CH-CH =cy,

cHyzed.cHo HL/ N; . 73R\
7 /7 _

CHO CHon
{XXIV) {XXV)




1l.

Do = | Grignara_

H, C '
CH,CL / o, CH,.Co, 1

- (XXVI) . {XXVII)

S (XXIII).

The preparation of l-phenyl-li3-butadiene in good
and conslstent yiela by most of the lmown methods presented
unexpected and considerabls dlfficulty - a difficulty later
confirmed by several authors(zg’ZI) - and mch time was spent
on sn endegavour to achieve an improvement.

Initial exporiments followed the technlique due bo
Blumenfeld in which the Grignard complex between phenyl
magnesium bromide and cﬁotenaldehyda waa decomposed by pour-
ing into 30% sulyhuric acid without cooling and leaw ng over-
night In contact with the acld, when the product was isolated
in the usual way. Although this reaction was performed
geversl times wibth rigld adherence to the exaclt experimental
conditions specified, the optinmum yield of the diene was only
about 55- This was always accompanied by some diphenyl, but
the major product was a darik-brown glassy polymer. L series
of control experiments were carried oubt involving variation

of the significant, contributory factors such as the pro-



portion of reactents, the concentration of the sulphuric acld,
the rate of dscomposition of the complex, and the time of
contact of the ethereal solubtion with: the acld, but the maximun
yield was of the order of 104 as opposed %o the 40 claimed.
The contaminatlion with diphenyl could be eliminated by the
use of the theoretical quanbities of rcacitants instead of
the 207 execess of bromobenzene ermployed by Blumenfeld.

Isoletion of the Iinbternediate carbinol and subseguent
dehyiration g&rveared to offer the best solution to the pro-
blenm, and the two stages were effected separstely. The
=phenyl- Y-methyl allyl alcohol was readily pr*epared‘zg)
and dehydration attempted with sulphuric scld cf varying con-
éentration, potassium bisulphate, cxalie acld, icdine, and
phthalic snhydride. Of these, the best resulis were obbained
by the use of potassi um bisulphate, althouph, esven here, yields
were rarely in excess of 15-20,;« These conclusions anticl-
pate those later published by Coyner and Ropp{2¥) whose in-
vestigations of the dehydration of the various carbinois
possible in the preparation of l-phenyl-l:35-butadicne, showec
inter alia that the optimun yield from o-phenyl- Y-methyl
allyl alecchol and dilute sulphuric acid was only about 65
while much polymeric residue was formed.

An older Lut more promising method appeared to be
the dehydration of methyl styryl carbinol (XXVIII) from
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cinnamic aldehyde and methyl magnesium i adiaig(%’%).
?k.CHzCH—CH(0H§.+CH3 ' (XXVIII)
Ph-c—H | Ph - H
H
I
H—C -CH (o) -CH, CHy= CHOH)-C - H

(a) {B)
According to whether the dilule acid employed in the
hydrolysis of the Grignerd complex is completely e limineted
or not, two stereoisomeric carbinols may srise. If the
ethereal layer arising from the decomposition was washed
only twice with water snd then dried over snhydrous sodium
sulphate so that & Lrace of dilute acid was still presont,
then the main product of the reaction was the glg-wethyl-
styryl carbinol (XXVIii B) characterised by the readiness
with which it split off the elements ol water. vistillation
of thls cis carbincl with a small gquuniity of potassium bi-
sulphate in vacuo was found %o produce the desired cis-1-
phenyl-113-butadiene in overall average yields of 50/.

‘ Complete removal of the acid, on the other lLsnd, by
thorough washing and subsequent drying over anhydrous po-
tassiunm carbonate resulted in the formation of the trans
methyl styryl carbinol (XXVIII 4), which resisted dehydration
in a merked degree. Elimination of the elements of watser by
converting the carbinel into the comesponding chloride with
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hydrochloric acld and dehydrohalogenstion by heating with
pyridine. was, however, readily effected and led to the proe-
duction of trans-l-ghenyli-ls3-butadiene in 55-60% yleld.

This method is oapéble» of being performed on & large scale,

in high yleld, and with a lower tendency to the polymerisation
which inevitably accompanles the formation of the els dlene.

A 8inlilar teclnique was la ter employed b'jﬁldex*(gaj in ex-
tenslive work on the stereochenmistry of the condensatioz;; PIro-
ducts of the dileme with asymuetric dienophliles whieh will be

discusged presently. The l-phenyl-lsS-butadiene was

]

25
characterised by its addition product with nmaleic emhydz*ide( )'
Wnepn this work had bsen concluded, further evidence
of the difficulties encountered was afforded by Crumltt and

(21)‘ Thegse subhors prefer to the time and trouble

Beclker
expended in efforta to obbain the diene succesafuliy and
state that, "Althoush phenyl bubadiene has Leen made Ly sever-
8l different reactions the synthesis of this hydrocarbon in
good yilold proved to Le difficult", and that, " .... adequate
directions for preparing le-phenyl-lsS-butadiene are not in

the literature-" Their final method, claimed to give the
diene in 607 yield, involved the reaction of methyl megnesium
bromide with ¢innamic aldehyde in an inert atmosphere, with
subsequent decomposition by pouring into dilube sulphuric

acld under very siringent conditions, and in the presence of
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phenyl-/S -naphthylonine as an antl -polymerising agent.

Repetltion of this procedure confirmed the published results.

It is interesting to note that, in & comparative

study of the efficiencies of variosus substances as inhibitors

of polymerisation, Grunmzitt' and Becker demonstrated that the

latter process took place as rapidly ‘n the presence of

hydroquinone (the inhibitor used by Blumenfeld) as in the

abasence of any preservabtive.

The reaction betweer: l-phenyl-1lid-butadliens and

acrolein, together with the closely related one involving

acrylic acid, was first observed by Lehmann(27), who pointed

out that the product might possess one of two constitutions

according o the molecular arrangement &t the wmoment of com-

bination (XXIX ;

+

CH,
]
CH—-TR

cH-R
]
CH

cH CH
I |
CH cH —R

- COOM)

H
/C EAN

/
NeH
\ (XXIX)
PN
Cl—lk\
C/\" CH — ’R
I\ \
CH /C— H,
CH
(X:X)
Ph
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Conversion of the adduct with agrylic acld into a
fluoranone derivetive indieated that it belonged to the ortho
type (XXIX ¢ R = -COOH), and when it was found that oxida-
tlon of the serolein adduct gave rise to a different car-
boxylic acid, then, merely on this basis, it was assumed
that this labtber condensstion must be of the meta type (XX
R = -(li0). The validlty of this hypothesis was later doubted
by Ceok<28), and finally disproved by ?5lzmenfeld(18) who
showed that the strucbtwral course of both reacticns was
ldentical (of the ortho type) and that the differences arose
from stereochemlcal factors resulting in the formetion of

eis-trans isomers (XXXI, XXXII 3 R = -CHO, COOH) -

(xxx1) (i)

L

The question of which adducts represented the gis configura-
tion and which the frans was, nowover, left open, although
it seems since to have been tacitly assumed that, as the
~ Blumenfeld synthesis glves rise exclusively to the trans-9-
keto-aa-ocotohydrophenenthrene (XXIII), the initiul Z-phenyle
Az-tetra-hydro benzaldsliyde rust Lelong to the same series
(XXXIT ¢ R = =CHO)»

A good yield of 2=phenyl- Az-tetra-hydro benzaldehyde
(X¥IV) was obtained fro:m acrolein and 1-»pheny1-l tS-butadiene
in boiling benzene, but the conditlons employed for hydrogena-
tion to Z2-phenyl-hexehydro~benzyl alcohol (XXV) (160 atios-
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pheres hydrogen pressure, 158—1600, with Raney nickel for
3 hnurs(lg}) eppeared rather drastic and, in fach, were
found to lead Ho the formtién of 2-cyelo-hexyl~hexahydro-
benzyl s&lcohol (XXXIII).  When milder conditions of tem-
perature { < 90%) were spplled, however, reduction of the
double bond and aldehyde functions proceeded very smoobhly
in & short time, while the benzene nucleus remained untouched.
Even at abtmospheric pressure and won temperature hydrogena-
tion to tm z’eqjmired product wes falrly rapid. To ensure
that subsequent operatlions would be performed on & storeo-
chemieally pure form, the 2-phenyl-hexahydrobensyl hydrogen
phthalate was erystallised until homogeneous and of sharp
melting point. Alkaline hydrolysis then regenerated the
pure Z~phenyl-hexahydrobonzyl alcohol (XXNIV), meps 67-68°,
in overall yields of asbout 70, Since oxidation of this
aleohol with chromic acild and acetic acid in the cold gave a
70% conversien into an acid whose melbing point, and that of
its § ~benzyl-thiouronium derivative, corresponded with
those of gis-2-phenyl-hexahydrobenzoic acid (XXXV) (29) , it

15 apparent that the adduct from the condensation of acrolein
with l-phenyl-1:3-butadiene must possess, slmost exclusilvely,
the ¢is configuration, in splte of what may be inferred from
the sarlier literaturs. |



foa
It 1s well mewa) that, in compounds of this type,

in which a carbonyl or carboxylic group is o to a hydrogen
atom involved in the stersochemleal configuration, conver-
sion of a gis o the more sbtable trans isomer cen be effected
via an enolic form and is promoted inter alia by the presence
of alkali, e«g.,

/,:- TN ,’r—-‘_\
vy s, .
R CHo R \\c/H
’ on

On this basis conversion of the gis~2-phenyl- A z- »
tetrahydrobenzaldehyde into .t.-he corresponding frans form
(XXXIT 3 R = ~(HQ) seemed feasible by o aimllar means. A
dilute aleoholic solution of the cis-aldchyde (XXXI 3 H = -CH(
wag therefore treated with o smell amount of dllubte sodium
hydroxide solution and allowed %o stand at room temperatbure
for 2-3 days. The recovered aldehyde Gld not appear to
differ much in physical properties (boiling point ete.) from
the starting material bubt hydrogenation o a 2-phenyl-hexs-
hydrobenzyl alechol as previously described ylelded a sub-
staence which did not solidify so readily and hedl a melbing
point of 39-46°. is oxidation of this with chromic acid
and scetic acid in the co0ld save o good yield of an acld whose
melting point and that of 1ts S -benzyl-thiocuronium deriva-
tlve corresponded to thosc of trans-2-phenyl-hexahydrobenzoic
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ac1a‘®®) (xxxviI), elther alone or when mized with authontic
specimens, both the 2-phenyl-hexahydrobenzyl alecohol (XXXVI)
and the 2-phenyl- A z~tetrahydrobenzaldehyde (XXXII ;

R = -CHO) must also possess the trans configuration and cis-
trens inversion mst therefore have occurred.

When this worlk had been performed several papers
appeered on the sterecochemistry of the adducts from l-phenyl-
1:3-butadiene with asecrolein and acrylic acid(go’ﬁl), which
proved that the 2-phenyl- A z-tetrahydrobenzoie acld (XL)
from ﬁhe‘acrylic acld belonged to the cis serles. Since
this could be isomerised with alkall inbto the corresponding
trens-acld (XLI) identlcal with that obtained by Lehmann and
Blumenfeld by oxidation of the acrolein adduct with hot
chromic acld and scetic acid, the theory that the acrolein
adduct represented the fLrans confijuration appearcd to
acquire some justiilication.

Meekcsg)

rizhtly pointed out that, because of the low
yvield ( < 307) obtained in the oxldation, this method of
assigning configuration is very unsatisfactory, but omitted
to mention, however, the possibility that the use of the hot
chromic and acetic aclds could cause Inversion of the gia to
the trans form (compare the preparetion of (XXXIX) from
(XXXVIII)) - & possibility which hes, in fact, been shown °*

ogccur.
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(XXXVIII) (xxxrr)

Oxidation of the aldehyde adduct was therefore
effected by the use of & mixture of silver nitrate and
sodium hydroxide over & period of 2-o days when & 90% yleld
of the trans-2-phenyl- A z-tetrahydrobenzolc acld was fommed,
- and, solely on this basis, the suthors assign a trens con-
figuration to the adduct, stating that the method does not
involve conditions likely to lead to inversion. In view
however of the fact that the reaction required the use of a
fair exceas of sodium hydroxide, which we have shown to cause
inversion of the ¢is aldehyde, thls procedure appeared to be
very unsatisfactory and, when the oxidation was performed
wnder these conditions & large amount of inversion did, in fact
take place with the production of almost equal quantitles of
the cis-2-phenyl- A z~tetrahydrobenzolc acid (XL) and the
corresponding trans structure (XLI).

Thus 1t was concluded that the reaction between 1-
rhenyl-l:3-butadiens and acrolein proceeded not only along
the same structural lines as with scrylic acid, but pursued
the same stericsal course. This is what we might expect as,
wlth twe such similar dienophlles, 1t 1s difficult to account
for formation of the cis e;anfigmtion in one case and the
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trans in the other.

When this work hed been completed, Alder‘zs) pro-
duced evidence to support the view that the acrolein adduct
belonged to the cis series and that previous workers had
obtained trans derivatives from this by inversion. He
c¢claised, hbwever, that this inversion resulted from the
formation of the bisulphite compound of the aldehyds, to sub-
stantlate which theory it was demonstrated that oxldation
before formation of the bisulphlte compound pave rise to the
eis-2~-phenyl- A z-tetrahyurobenzoic acld, whereas, afterwards
the corresponding trans modification ensued. In view, how-
ever, of the fact that his procedure involved a modlfied
treatment with silver nitrste anc sodium hydroxide, which we
have shown might bé expected to lead to some inversion, and
that the ylelds of acids obbtalned are not quoted, 1t was
deecided to investigate the phenomenons |

Since no indication was given either by Alder or any
previous workers on the method of decomposition of the bi-
sulphite compound of the aldehyde, various reagents were
employed snd the general procedure invelved hydrogenation of
the regenerated sldehyde, followed by ldentification of the
stereoliscmeric form produced by means of the melting point of
the 3:5-dinitrobenzoate of the 2-phenyl-hexahydrobenzyl al-
¢ohol. This process gave excellent ylelds gnd, a8 has heen
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shown, could not give rise to inversion. When the decom-
position was effected by heating for & few minutes with

dilute hydrochlorle acid or for some time with dilute sodium
carbonate solution, subsequent treatment, as above. resulted

in the identification of trans-2-phenyl-hexahydrobenzyl alcohol
showing inversion to have taken place. When, on the other
hand, heating with dilute sodium carbonate for a shorter time,
or, better, heating with formalin was employed, then the cis-
2~-phenyl-hexahydrobenzyl aleohol was recovered, indicating that
the orlginal c¢is conliguration of the 2-phenyl- Az-teotra-
hydrobenzeldehyde had been retained, and that it is not, as
Alder supposes, formation of the bisulphite compound which
causes inversion but lts method of decomposition.

The stereochcmical relatlionships between these
substances and others winich will be diséussed presently 1s
given in Teble A.

While inversion of configuratlion via the bisulphlte
compound was probably at least one factor in the work of

(31), the case of Blumen-

(26)

Lehmanniz?j, meek(sa), and Coyner

(18)
feld is not so obvious, although Alder

attrlbutes it
to the same cause- In spite of the faet that full experi-
mental detalls are quoted by Blumenfeld, no mentlon 18 mmde
of the use of & bisulphite compound as an intermediate, and,

moreover, a small scale hydrogenation with Reney nlckel at
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atmospheriec pressure and room temperature resulted in the
formation of a 2-phenyl-hexahydrobenzyl alcohol whose 3:5-
dinitrobenzoate possessed a melting point of 101°. Since
the melting point of the cls-3:5-dlnitrobenzoate has bheen
shown to be 108° while that of the correspehding trans lisomer
is 81—820, it is clear that the bulk of the alcohol, and
therefore of the orlginal aldehyde, must have possessed a cis
configuration. The inversion in the Blumenfeld synthesis
must occur durlng or before the formation of the Z-phenyl-
hexahydrobenzyl alcohol, as subsequent reactions have no
effect on any of the configurational centres involved in the
stereochemistry of tie molecule. Since this has not taken
place in the formation of the 2-phenyl- , q-tetrahydrobenz-
aldebhyde, it mast heve done so in the succeeding stage in
which the bulk of the aldehydc was hested to 150° with
hydrogen over Raney nilckel, and, unfortunately no 3:56-
dinltrobenzoate is recorded ior the alcohol derived from this
experiqent . As already imniicated, these conditions of re-
duetion were found to give rise to 2-gyclo-hexyl hexahydro-
beneyl aleohol, thus demonstrating that the catalyst employed
by Blumenfeld must have veen singularly inactive, and atitempts
to invert the aldehyde by hydrogenation with Raney nickel to
~which alkall had been added were unsuccessful, as the re-
action with our catalyst achieved completion vex;y rapldly

before this could occur. Heating the eisg-2-phenyl-hexahydro-
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benzyl aleohol with Raney nickel or with alkall had, as
would be expected, no effect and 1t seems most probable,
therefore, that with the extremely poor catalyst employed by
B&ﬂmﬁnfeld, heating to a high temperature with Raney nickel
brought about & configurational inversion of the sldehyde
before the hydrogenation occurred. In support of this
hypothesls may be adduccd the facﬁcsg) tﬁat, when an aqueous
solution of gis-2-phenyi- A g-tetraliydrobenzoic acid 1s
heated for twb hours wilth Haney nickel, then trans-Z-phenyl-
hexahydrobenzolc acld 1s quantitatively produced. It might
be expectsd that enolisation (and therefore inversion) would
occur even more readily in the case of the correaponding
aldehyde -

Several Interesting observations arose when attempts
to mrepare the cis-2-phenyl-hexahydrobenzyl chloride were
made . vhenn the cis-2-phenyl-hexahydrobenzyl alcohol was
treated with phosphorus pentachloride and chloroior:, afler
the marmer of Blumenfeld, & rapid reaction and vigorous
evolublion of hydrochloric acid gas took place but no
haiogen-containing compound could be isolated from the re-~
aetion mixture. Instead, the sole product was a hydrocarbor
whose analysls corresponded to 1,2,3,4,10,11-hexshydro-
fluorsne (XLII) and whose structure was canfirmed by de-

hydrogenation with Adams' catalyst to fluorene. 1In view of
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its spontaneous formation from the ¢is alcohol under mild
conditions, its ready dehydrogenation, and its relationship
to & 1,2,3,4,10,11-hexahydrofluorenone which will be con-
sidered presently, the hydrocarbon has been assigned the cis
eenxiguration (XLII (a}), ﬂiich}is in keeping with the steric
Jjuxtaposition of the chlorine and phenyl groupings facilitat-
ing eyelisation. '

L0

2
{XL11) {a) fsila® (b} T“trans®

qud <o
2

{XLIV) (=) eis®

| A similar procedure on the trens-2-phenyl-hexahydro=-
benzyl aleohol ylelded smomalous results. The initial
product of the reaction cbtained by distillation in vacuo,
after removal of the solvent and the phosphorus oxychloride,
although possessing the same bolling point as that quoted by
Blumenfeld for the trans-2-phenyl-hexahydrobenzyl chloride,
became blue or violet after a few seconds, and on redistilla.
tion, after washing with dilute sodium carbonate solution,

had a boiling point almost 20° lower than previously.
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Halogen was absent and the physical propertles (bolling point
and refractive index) were ldentlcal with those of the hexa-
hydrofluorene previocusly obtalned from the cis-alcohol.
Identity was established by the formstlon of fluorene under
the same condltions of dehydrogenation as in the latter case.

Since the high colour of the intermediates in the
@scomposition of the ciloride to the hydrocarbon was probably
due to phosphorus complexes, the reaction mixbture was worked
up by first removing all these by automatic shaking, for some
tims, with an excess of scodium hydroxide solution. Under
these eonditlons the Egggg—z»pheﬁyl-hexahydrobenzyl chloride
(XLIII) was obtained in good yield on distillation.

The fact that both the ¢is and trang-2-phenyl-hexa-
hydrobenzyl alcohols give rise to the same 1,2,5,4,10,11=
hexahydrofluorene signifies that, in one case, inversion
mst have occurrsd. Por the previous reasons and since the
intermedlate traens chloride could be isolabed and subsequently
converted to the hydrocarbon by distillation with phosphorus
pentachloride, 1t seemed most probable that the latter was
the reaction giving rise to inversion and that the 1,2,3410,11-
hexehydrofluorens has the ¢is configuration (XLIV).

In & d@mllar manner the acid chlorides of both the cir
and trans-2-phenyl-hexehydrobenzoic aclids were cycllised in
& Friedel-Crafts reactlon to the same 1,2,5,4,10,11l-hexa-

hydrofluor:none {(an observation later confirmed by Aldar(265
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demonstrating that again an inversion must have taken place.
From snalogy with the 1,2,3,4,10,11-hexahydrofluorene it
might bé sxpscted that the kétone, too, would possess a cis
structure, and that inversion of the frans acld chloride had
taken place. This hypothesis is supported by the fact that
repeated efforts to cycllise the trans=-2-phenyl-hexahydro-
bensole acld (YXXVII) with anhydrous hydrogen fluoride were
unsuccessiul, the starting material being recovered unchan:;ed,
while similar treatment of the ¢is acid (XuV) gave rise to a
ketone ldentical with that obbained from the Friledel-Crafts
eyclisation of both acids. Ring closure of the c¢is acld
age in was readily effected with concentrated sulphuric acld
whereas no neutral or aclidic product could be obtained from
the trans lsomer, sulphonation having presumably occurred.
Dilution of the concentrated sulphuric acid with acetic acid
led to similar results until, in the case of the trans acid,
a little starting material began to be recovered after a
ecertain critical value was reached. S$111 no neutral
material was observed and further dilution with acetlic acid
regulted in the complete recovery of the wurchanged trans
acid. These results afford confirmetion that 1t is iIindeed
the ¢is-1,2,5,4,10,11-hexahydro-93=-flucrenone which 1s formed
- (XLIV). That the hexahyrofluorene snd the hexehydro-
fluorenone belong to the same stereochemical series ls also

evidenced by the fact that Clemuensen reduction of the
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latter glves rise to a hexshydrofluorene whose physical
properties correspond exactly with those of the foz*mer(zg) .

| The trans-2-phenyl-hexahydrobenzyl chloride (XLIII)
was converted lnto the corresponding brans-C-phenyl-gyclo-
hexyl scetic aclid (XLVI) both via the Z2-phenyl-hexahydro-
benzyl nitrile (XLV) and subsequent hydrolysls, and by
ecarbonation of the Grignard complex with -carban dioxide at
the bolling polnt ss described by Blumenfeld.

Ring closure of the irans-Z-phenyl-cyclo-hexyl acetic
acid to the required trans-9-keto-1,:,5,4,9,10,11,12-0cto~
hydrophenanthrene (XXITI) was achlieved by means of concen-
trated sulphuric acid and also of anhydrous hydrofluoric acid.

A second synthesis whiech, it is claimed, gives rise
solely to the trans-2-phenyl-cyclo-hexyl acetic acid is due
to Gutasche and Jomson(lg).

Phenyl-o~benzoic acid (XLVII) was reduced by means
of sodium end amyl alcohol to the stereochemically homo-
geneous trans-2-phenyl-hexahydrobenzolc acld (ILVIII) the
acid chloride of which underwent an irndt-Bistert reaction
via the intermedlate trans-w -dlaza-2-phenrl-hexahydro-aceto-
phenone to the trans:-2-phenyl-cyelo-hexyl acetlc acid (XLVI).

i

C ooH C ooH
(;LVII) ' (XLVIII)
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The ceims of these authors have been re-investigated
snd confirmed. Hydrogenation of (XLVII)Atcok place readily
snd the scld chloride reected smoothly with diazo methens
with the fermstion of the w-dlazoketone. The isolation of
the acid (XIVI) by their procedure proved rather diffiecult
end much bebtber results were obtained if the decomposition
of the dlazoketone was allowsd to proceed vlia the smide or
ester, with subseguent hydrolysis-

Attempts to perform the Arndb-Elstert reaction on a
ae&leilar@@rzthan about 5 g. of rmterial proved unsatis-
factory and this represents thoe chlef limiting factor of the
method. |

Ring closure ;ave the required trans-ketone (XXIII).
Several procedures have been described for the preparation
of_t&e‘r&qaired f{rans-2-phenyl-gyclo-hexyl acetic acid,
involving the condensation of phenyl c¢yelo-hexyl derivatives
witﬁ, 8., diethyl malonata(lv), or ethyl bromacetate(ll),
but these for the most part have resulted in the formation

of very lbw yields of even the mixed cis~-trans lisomers.
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Linstead (11 ghowed thnat hydrogenation of the /-Y un-
saturated acld obtained by dehydratlon of Z-phenyl-cyclo-
hexanol acetic acld gave almost exclusively the cls-2-phenyl-
gyclo-hexene acetic aclid. When, however, the aehydration was
performed with acetic or n-butyric anhydride a 30Y¢ yield of
the isomeric < /3 unsaturated acid (2-pbenyl-cyclo-hexylidene
acetic acid) was produced, and, although hydrogenation pro-
ceeded in a cis manner under most conditions, the use of
éall-adiwn in bensgene solution resulted In the formatlon of
about 33/ of the trans-2-phenyl-cyclo-hexzane acetic acid.

It was thought that a feasible synthesis of (XLVI)
might be achieved by the following series of steps in which
l-phenyl-cyclo~hexene is vrominated with ii-bromo-succinimide
to 3-<bromo-2<«phenyl cyclo-hexene (LI), followed by condensa-
tion with diethyl malonate to & (2-phenyl-cyclo-hexenyl)
mlgnic ester (XLIX). Subsequent hydrolysis and decarboxyla-
tion should yield 3 (2-phenyl-cyclo-hexenyl) acetlc acid
which might be converted into the trans-2-phenyl-gyelo-hexyl

acetlc aclid on sultable hydrogenation

. -3
N-Bromo- sodio-dlethyl
succinimide’ @ ' 3

malonste
cH (c.c:,ksﬂ)~ (Coom),.cH
O hydrolysis degarboxyl
W > O s

{(XLIX)
CH,.COOH

| SN (XLVI)
(L)
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1-Phenyl~cyclo~hexene was reacted with H-bromo-
succinimide, & reagent which causes the bromination of un-
saturated hydrocarbons in the allyl position (32,33) « Since,
in the present case, there are two distinct allyl positions,
two 8tmﬁml isomers (LI (a) or (b)) are possible, of which,
it was considered that (LI (a)) would be the most probable

product.

B B+
2
(LI) {a) : (b)

In the presence of carbon tetrachlorlde as an inert
diluent there was a smooth and repld reaction but attempts
to isolate the pure bromo compound by distillation were un-
successful, due to the ease with which decomposition of the
latter occurred on heating, even in vacuo, with the elimina-
# on of hydrobromic acid and the formation of diphenyl. Vhen
the reactants were mixed together at room temperature, a
spontaneous and vlolent reaction took place, h.drobromic acid
was coplously evolved and diphenyl was obtained in 50y yleld.

This use of HN-bromo-succinimide as a dehydrogenating
and aromatising agent was later suggested by Barnes(s‘&) and
smployed on substances of a similar nature.

Condensation of the cruds bromo compound with sodio-
diethyl malonate took place readily to give the pure



5 (2-phenyl-cyelo-hexenyl) malonic ester (XLIX) in good
yield. 3 (2-phenyl-cyclo-hexenyl; malonic acid, obtained
‘ from the latter by hydrolysis could be decarboxylated by
heating above 1lts melting point, with the formstion of
3 {(2-phenyl-cyclo-hexenyl) acetic acid (L).

Hydrogenation of the double bond proved somewhat
difficult as it was unaffected by the ﬁse of a platinic
oxide or palladium black catalyst in ethanol. Although the
unsaturated lsomeric acids dbtained by Linstead(ll) were
fairly readily reduced over platinum or palladium in benzene,
the closely related 2 ( S-methyinﬁ-phanyl-gzg_]_;g-mxenyl) acetlc
aeidwﬁ) was completely resistant to hydrogenation with
platinic oxide even in acetic acid.

(1) was reduced with hydrogen over Adam's catalyst
in acetic acid to give an acid, whose melting point and those
of its derivatives corresponded to those of gis-2-phenyl-cyclo-
hexyl scetic acid, and the structure of which was conflrmed b;
eyclisation to & ketone whose oxime was identlical with that of
els~9-keto-as~-octohydrophenanthrene. This indicates that
the initlial bromination had followed the struectural course
sxpected and had formed (LI (a)) almost exclusively. An
alternative procedurs offering a route to a trans configura-
tion was to effect the reduction with sodium and amylalcohol.
Since the double bond is not isolated 1t should be susceptible
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to reduction by chemical means and the hydrogen, being in
atomic form, has an equal chance of adding cls or trans

scross the double bond, & state of affairs which is unlikely,
on the badis of Linstead's thesory of Catalyst Hindrencs,
with the use of molecular hydrogen and & platinum catalyst.
Application of this technigue, however, while giving rise to
a smell amount (107) of the Mnawpheﬁylmgxg_}g-hsxyl acetic
acid, yielded mainly the cis isomer (80), thus Qemonstrating
that there was a preferential additlon of a hydrogen aton
trens to the acetic acid side chain, and the question of how
the cther hydrogen atom adds is, of course, irrelevant to the
stereochemistry of the molecule as a whola. In the present
case, too, the use of an alkallne reductlon medium cannot
cause cls-trans inversion In the usual way by enolisation as
the hydrogen atoms on the carbon o to the carboxyl group
are not concerned in the sterecchemlcal configuration.

The stereochemical relationships of these substances
are shown in Table B. Although it is malinly the cis acld and
hence the cis ketone which is obtalned by thls method, the
trans ketone can, of course, bs obtained by Inversion with
aluminium chloride, and since the yields in thils aynthesis are
good, it represents & convenient method of prepering elther

ketone.
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Hydrogenation of trans-9-keto-1,2,3,4,9,10,11,12-octohydro-

phenanthrene -
Hydrogenation of the trans kestone (XXIII) would be

expected to follow the same general lines as that of the
(11)

els ketone although the rate of reactlon would be much
slower. Thus, in the latter case, Linstead has shown that
hydrogenation with platinum catalysts in acetlc acid solution
leads to the elimihation of oxygen and formation of a hydro-
carbon, while, in a simllar manner, it is lmown that 7-hydroxy-
9-keto-clg-as~octohydrophenanthrene glves rise mainly to a
perhydreghenanthrenecla). With platinic oxide in ethanolic

solution the cis ketone ylelded cis-syn-cls-9-hydroxy-

phenanthrene, but the addition of even a 1little acetic aclid
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resulted in loss of the oxygen atom. When a sample of the
Irans ketone was treated in alcoholic solution with hydrogen
and platinic oxide, addlition of cme. mole of hydrogen occurred
in about 4 hours Instead of the 19 quoted by Linstead and the
product was S-hydroxy-trans-as-octohydrophenanthrene, mepe 89-
913‘ If reduction was allowed to zo bo completion aboub

4 moles bf hydrogen were absorbed in % days, but this re-~
sulted mainly in the formstion of a liquid hydroecarbon
gorresponding to a perhydrophenanthrene, uwhich was probably

& nixture of the cis-syn-trans and cis-anti-trans modifica-

(15)

tions s together with a few cryatals of a clg-anti-trans-

9-hydroxy -perhydrophenanthrene, mep. 132-133°. The rate of
reaction was surprisingly rapld as Linstead has shown that,
under the same conditiors, the ¢cls ketone required 4 days

to absorb 3.4 moles of hydrogen. In an attempt to slow down
reduction therefore and prevent elimination of the oxyrsen,
the reaction was carried out in more dilute solutlion, with a
muech smaller prcporticz‘z of caetalyst, and under these con=-
ditions an aleohol, meye 105-106° was obtained, together with
the liquid perhydrophenanthrene. The former, however,
ecorresponded to an octohydro-rather than & perhydrophenanthrene
structure snd, as oxidation with cold chromic acid gave back
the trans-9-keto-as-octohydrophenanthrene, it was therefore
an epimeric modification of the alcohol, mspe 89-51° and
probably ldentical with the 9-hydroxy-trans-as-octohydro-
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phenanthrene, meps 1019, described by Linstead.

During the course of these experiments it became lmown
that work of an exactly similar nature had been accomplished
by iinstaaé and accepbted for publicatién' In view of this,
further 1nvestigations»on the hydrogenation of the trans
ketone were discontinued.

Hote: Linstead and wn@tstone(lg) were unable to effect any
reduction of the Lrans-Y-keto-gg-octohydrophenanthrene beyond
the corresponding phenanthrol by use of Adam's catalyst in
ethanol. 1In the presence of z 1little acetic acid hydrogena-~
tion took place witir the farmétion of a mixture of two
pernydro-9-phenanthrels and a small amount of hydrocarbon,
separation of which, and oxidation with cold chromle acid gave
about equal amounts of the clg-syn~trans- (XVI) and cis-anti-
trans- (XVIII) 9-keto-perhydrophenanthrenes. Attempts to

convert the ecls-syn-trans-perhydro-U-phenanthrel into the

trans-gyn-trans-9-keto-perhydre phensnthrene by inversion with

hot chromic acid were unsuccessful. Thus (XVIII) represents
& fourth form of the perhydrophensnthrene ring, while (XVI)
is the second of the structural isomers of the cis~syn~trans
ketone, corresponding to & ring form which was previously
imown.

Q-kato«perhx&rophenanthrenes from perhydro dlphenic acids.

| All the methods so far descrived fof the preparation

of perhydrophenanthrene derivatives have consisted elther in



the bullding up of partly hydrogenated phenanthrene skeletons
or in the use of a suitably substituted phenanthrene deriva-
tive followed, in both events, by complete catalytic reduction
and investigation of the products. An alternative route

was sought involving the use of a starting material passessing
g lmown configuration of the perhydrophenanthrene type, which
gould be converted iniko a 9~keteuyerﬁydmpmmnthre ne in which
i';he steresochemical siructure was retained, by the following

stages s~
cgim Co&l-l co,Me cu,_.conq,
Arndt Dieckmenn
—_— >
ristert
(LII) (LIII)
co.m
O“ ae Q\
hydrolysis R
& decarboxylsf—
tion .
{LIV) (LV)

Perhydro-methyl-hydrogen dphenate 1s converted via
an Ardt-Eilstert rcaction to a 2~carbomethoxy-2' carbomethoxy-
meothyl-perhydro-diphenyl (LIII) which 1s subjected to a
D&kzmmn reaction with the production of a 9-keto-lO-carbo-
methoxy-perhydrophenantiwene (LIV). DBeing a /A -keto-ester
this should undergoe similtaneous hydrolysis and decarboxyla-
ticn to the 9«keto-perhydrophenenthwene (LV).

Since 8l1l of the six possible perhydrodiphenic acids
are kzmwnwe) this synthesis might be capable of ylelding
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all the possible stereolsomeric mpdifiecatlums of the per-
hydrophenanthrene nucleus, as the conditions throughout seem
unlikely to csuse inversion except in the case of the Dieck-
mann reactlon.

Prens-anti-trans-perhydredimethyl diphenate, from

hydrogenation of dimethyl diphenate over Haney nickel at
high temperature and pressure, was hydrolysed to the correspond

ing acid, and thence to the trans-anti-btrans-perhydrodiphenic

anhydride by treatment with acetlc anhydride. This was

readily converted to the trans-anti-trans-Z-carboxy-2'-carbo-

methoxy-perhydrodiphenyl (LII) with sodium mothoxide, and
afterwards to the acid chloride with thionyl chloride. The
reactlon of the latiter with diazo methane was smooth end

rapid, and decomnosition of the inbtermediate diazo ketone in

the usual way readily gave rise to trans-anti-trans~Z2-carbo-~
methoxy~2'-carbomethoxy methyl perhydrodiphenyl (LIII). A
Dieclkmann reaction with sodium in benzene forued the trans-

anti-trans-9-lte to-1l0-carbomethoxy~perhydrophenanthrene (LIV)

which underwent simultaneous hydrolysis and decarboxylation to
the desired trans-anti-trans~9-keto-perhydrophenanthrene (LV),

1dentified by its oxime and by oxidatlon o trans-anti-trans-

perhydrodiphenic acid.

The other modificetions of the perhydrodiphenic acids
are obtsined elther as by-products 1ln the hydrogenation of
diphenic acid with Adam's catalyst in acetic aclid, or by
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controlled inversion of the cls-ayn~cis lsomer which is the

main product of ths reaction. The exact conditions specil-
fied by Linstead (60 1bs/sqeinch hydrogen pressure and 25°C)
ware, however,; nocl obbsinable on the apparatus available and
repeated attempts at reduction of the aclid and its dimethyl
ester were made under other conditions includingi-

{s) Atmospheric pressure and roozﬁ temperature with
platinlc oxide in aecetic acid or ethanol plus a trace of
hydrogen ehloride (37) R

{b) eatalyst 2s in (2) in = high pressure hydrogenation
_— .

All these, however, failed to give any observed
hydrogenstion. To elimlnate the possibllity of catalyst
poisoning, the diphenlic acid was obtained from several
sources 1~

{1) Diazotisation of anthranilic acid and treatment with
amnonlacal euprous hydroxide (38),

{2) oOxidation of phenanthraguinone with hydrogen peroxide
in sodium hydroxide.

{3} Ullmann reaction on o-iodo-methyl-benzoate and sub-
sequent ma:'clysis(sg).

In each case the acid was puriflied by the technique
of Linstead, and the activif.y of the ecatalyst tested by the
rete of its reduction of benzoic aclid. Finally, almost pure

phenanthrene was treated for several hours with molten
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soﬁium“sg)

s &nd the diphenic scid obbalned by oxidation
heated for some tlme with Raney nickel. Wnen no reaction
was observed using this moterial the acheme was abandoned.
The fallure may be due to the fact that sufficlently
drastlie eondltions could not be employed on the apparatus
avalleble, or, when they could be approximated in a high

pressure hydrogenation bomb, the vigorous mechanical agita-

tion of the Pary appavetus could not be reproduced.

Perhydrophenanthrene derivatives from Di~ A 1:l'-cyclo-hexens.

A method of preparation of partlally hydrogenated
phenanthrene derivatives possessing substituents in the 9
and 10 positions, consists of & Diels-Alder reaction bhebween
di- A 1l'=-cyclo-hexene and a sulbable dienophile such as
meleic anhiydride (4C) . in the latter case A\ 1lZ:1l5-dodeca-
hydrophenanthrene-9:1C-dlecarboxylic acld anhydride (LVI)
results, a subsbance wiich secmed sultable for conversion into
a perhydrophenanthrene derivative whose configuration could be
established. The problem resclved itself into two par*;s .

{a) preparation of the substituted perhydropbenanthrens and
Glueiéaﬁim of its stereochomical structure, and (b) conversion

into the eerresponding 9-keto-perhydrophenanthiene.
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Mo’ (LvI) N7 (LVII)

(LVIII) . €@ <o (LIX)

On the besls of the Alder Rules coneerning the
sterecchemical configuration of the adducts in the Diela-~
Alder reactlon we should e:@ae;t that the hydrogen atoms on
C11 and Gyy would be ois to each other (LVI)e It will readily
be seen, therefore, that subsequent sabturatlon of the molecule
eould, theoretically, give rise to three of the six possible
isomers of the perhydrophenanthrene system. Thus cis
addition of hydrogen across the double bond could produce

either the gls-syn-~cis {LVIT) or trans-gsyn-btrans forms {LVIII)

although the labier, according to the theory of Catalyst
Hindvance, would be unlikely. Trans additios, on tho other
hand, nsould result only In the formaticn of the gcis-anti-trans

- modifieation. Vhen this work was undertaks: the only
corresponding 9-keto perhydrophenanthrene lnown wes the cis-

sm-cis form, although one of the cis-anti-trans specles has
recently been described(l®).



Abtempts to bring aboul els hydrogenation by employ-
Ing & pelladlium or pletinum catalyst in glacial ascetic acid
or in ethancl were unsuccessful. This marked resistence o
reductlion end the unreactivity of the double bond are nob
surprising, in view of the fact thet we are dealing with a
tetro-gubsilinted ebizylene having the double bond bebween two
rings. Thus &ékins(él) haa shgwn'that the closely analogous

A\ 11:12-dedecahydrophenanthrene required to be heated with
hydrogen over Raney nickel to 250° under high pressure be-
fore Satuvation was effected.

An indlrect route ﬁo engure trans-hydrogenation, viz.
addition of bromine (which btakes place in & treans fashion)
folloewed by catalytic hydrogenation with palladised
‘atrontium carbonzbe elso falled because of this lack of ole-
finic activity, a3 no reaction appeared to take place on
ellowing the anhydrlde to stand for some time with bromine.

Finally, this lack of reactivity had to be overcone
by reductlon ovor Ransy nickel at elevated temperature and
pressure, & procedure which we should expect Lo pive rise to

trans addition and therefore productlon of a gig-anti-trans

configuraiion. (Nobe: In order to avold comfusion it will
ba essumed that subsequent assignment of configuration has
been experimentally justified.) Since these conditions

would also afford reduction of one of the carbonyl groupings
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wlth the production of a type of phthalide, the experiment
wes performed on the dimethyl ester of the free scid (LX)
whon eis-anti-trans-9:10-dicarbomethoxy perhydrorhensnthrene
(LXI) was obtalned.

‘ 4
(x) (1X1)

Deteriination of the stercochemlcal structure by the

normal method of conversicn te the corresponding perhydro-
diphenic acld requlres the presence in the molecule of some
readlily oxldisable centre in the 9 or 10 positions, for waich
purpose an olefinic link appeared admirable (LAIIj

R=R'= cog&z). It is well knmowm that, when we have a system
of the typs E.Cizg.(’:}ig.iif in which two methylene groups are
abtached to activabing centres {L,h'! may be unsaturated linlk-
ages, carbonyl groups, esters, or aromatic nuclel), then
oxidation with selenium dioxlde may giée rise to L.Cil = GI;I.R"&
with the removal of two atoms of hydrogen. In & similar
manner it was hoped that (ILXII; R = B' = 002?-56) might arise
from (LXI) but on heating with selenium dioxide in a sealed
tube to a high temperature, (LXI) was invariably recovered

and no oxidation occurred.

(LXII)
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An alternative procedure appesred to conslst of
x =monobromination of the ester or acid with subsequent
oliminstion of hydrogen bromide, bub results by thils method
proved disappointing. No reaction was observed on prolonged
treatment of (LXI) with bromine In carbon disuliphide or

chioroform (43)

and the presence of halogen carriers,; Gege,
lodine, or irradiation with atrcmg.s*an*;liﬂ?‘*’lt ad 1little efiect,
although, whon & 1little pyridine was employed an orange solid
was produced, which was soluble In warm waber, neubral, and
contained a bromide anion, to which the formula of the

quaternery pyridinium salt, gls-anti-trens-8:10-dicarbomethoxy-

perhydrophenanthrene-9110-dipyridinium ¢ibromide (LXITI) was
essigned. The nyridine however dld nob promobe the resction
in the direction hoped for, and, while the yield of the di-
pyridinium selt varied with the gquentity of pyridine used,

in no cese was any simpnle breminabion observed- Ixtended
heating of (LXI) in carbon disulphide with one ncle 61” bromiane
and a trace of lodine as eatalyst gave a poor yleld of the

required cis-anti-trans-9~-bromo-9:li«dicarbomethoxy-periydro~

phensnthrene (LXIV or LXV) which, on simultanecus dehydro-
bromination and hydrolysis with alcohollc pobassium hydroxide,
afforded the cils-anti-trans- £\ 9:l0=-dodecahwirophenanthrene-

9:10=-dicarboxylic acld {LXII; R = R' = cagz—z).,



(LXIV) (LXV)
LY B?
CoM Co.H '
? 3 {LXVI)

Dibromination of cis-anti-trans-perhydrophenanthrene-

9:10-dicarboxylic acid by a modification of the Hell-Volhard-
Zelinsky reaction(44) with thionyl chloride and bromine led
to the formation of cis-anti~trans-9:1l0-dibromo-perhydro-

phenanthrene-9:10-dicarboxylic acid (LXVI), treatment of
which with sodium iodide in acetone Lrought about the elimina-
tion of lodine from the unsbable, intermediate di-iodo

COMPOY and the production of the deslired cilg-aniti~trans- -
b 2 & ‘

9¢1l0-dodecahydrophenanthrene~9 :10~-dicarboxylic acid (LXII;
R = R' = COOH).

Oxidation of the latter with fuming nitric acid re-
sulted in the isclabion of cis-anbl-trans-perhydrodiphenie

acid, showing that {LXI =~ LXVI) &ll possess the cis-anti-trans

eonfiguration.
Conversion of the anhydride (LVI) into a 9~keto-
perhydrophenanthrens appeared to be posslible by & series of



reactlions such as the following scheme suggests:-

Me O Na.,
/ Me OW a.e.
chlorioes

co Lo Co,Me Co Me CON,
(L?I) (LXVII) (ILXVIII)
cm..,s %} HNo,, Q_:_g} /Nu %}
CO,Me NM, Co,Me OH Coyme

{LXIX) (IxXx) : (IXXI)

N N

co,me O ©

(IXXII) {(IXXI11)
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The final product might be expected to oconsist of a

mixture of both the possible ketones corresponding to the

cis-anti-trans form of the perhydrophenanthrene ring, viz.,

(IXXIII) snd (ILXXV), the latter of which would arise from

the reduetion over Raney nickel affording (IXXIV) rather than

(IXXX)

COZMQ, OH o .
(LXXIV) : (LxXxv)



The anhydride sxhiblted a remarkable resistance to the
action of methanol from which it could be reerystallised, .
after prelonged refluxing, without the occurrence of any
ehzﬁical change . On treatment with sodium methoxide, however,
a quantitetive yleld of the A\ 12:13-dodecahydro-9-carbo-
me thoxyphenanthrene-10-carboxylic acid [LXVII) was obtained.
Attempts to convert the carboxyl into an amiso grouping,
. however, met with 1ittle success. Although the acid ester
reacted readily with thionyl chloride and the resulting scid
chloride comblned with sodiun azlde In the wet modification

(56) ] ;
with the formation of D\ 12:13-

of the Curtius reaction
dodeecshydro-9-cariome thoxy-phenanthrene-1l0=-carboxylic acild
azide (LXVIII), the succeeding stage of heating with mineral
acid to bring about rearrangpment to the 1socyanate and sub-
sequent hydrolysls to the amine resulted almos t entlirely in
the formation of an inbractable gum. The latter, which would
not solidify or distll, exhibited neither basic nor acldic
properties, and is considered to represent a high-molocular
weight polymer. A wery small yleld of the antlclpated

A 12 :13-dodecahydro -9-amino-10~carbomethoxy-phenanthrene
{LXIX) was obtained, but the quuntity precluded the procedure
as & feasible experimental method. Application of the one-
stage Schmidt reactienisv) to the acid ester by heating with
sodium azlde and strongz mineral acid agaln afforded & gum

possessing properties similar to those of the Curtius product.
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Since nec homogenseous product could be obtained end tests
for e primsry amino group proved nsgative, the scheme had
to be discarded and an alternative method soaght.
A somowhat simllar route had as its basis A 12:13-
dodecahydro-9-phenanthraldehyde (LXXVI), obtained from di-
A l:lt-gyclo-hexene and acrolein. This might be treated

as follows -

Ha /NL} Crog
/ WAz
CHO COxH

CH,OM
(LXXVI) | (LXXVII) (LXXVIIIL)
Schmidt s HnNO, 3 C}‘:03 ;
/ Hat
+ -
ml—l1J Wso, on
{(LXXIX) (LXXX)
A\
o
{TXXV)

This again should give rise to a mixzture of ketones (LXXV)
end (LXXIII) due to ths formation of (LXJQ(I} rather than
{IXXViI) en hydrogenation.

The initial disadvantage of this serles of reactions
a8 compared with the use of the anhydride, viz. the low yleld
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(20%) of the acrolein adduct claimed in the literature (49},
was overgome, and up to 60 of the aldehyde (LXXVI) obbtained.
On catalytic hydrogenstion over Raney nickel at high tempera-
ture and pressure, it was found possible to 1solate three
alechols aeccording to the activity of the catalyst employed.
One of these, 2 solld nep- 82~85°, was & D\ 12 :13~-dodeca=
hydro-g-hydroxy methyl-phenanthreﬁe (LXXXII), as was
demonstrated by oxidation to the correspomding acid, lidenticeal
with that obtalned by oxidatlon of (LXXVI)

___CJ_O:_> &03
/ Haz / ez (1XXVI)
CH,0H Co,H
(LXXXII)
CHOM  (IXXXI) COaH (LXXXII)

The other two afforded 3 :5-dinitrobenzoates mep. 158~
140° and 1&9-150° roapectively, the analysis results for whick
indicated that they were both derived from the Y-hydroxy
methyl-perhydro-phenanthrene serles. The production of two
isomeriec slcchols and the analogy of the hydrogenation of the

/\ 12 113-dodecahydro-9 1lu-dicariomethoxy -phenanthrene al-
ready described, render it extremely probable that reductlon

has given rise to a cis-anti-trans configuration (LIXVIT ;

IXXXI). Oxidation of these alecohols with chromic and acetic
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aclds produced two carboxylic aclids mep. 195-195° and 162-
164° respectively, which are tentatively formulated as ‘
¢cls-antli-trans-perhydrophenanthrene-9-carboxylic acids (IXXVIII

LXXXII) since analytical results ere not yet available.
Application of the Schmidt reaction to the 195° isomer gave
an amine sulphate which is considered to be one of the cls-

anti-Etrans-v-amino-perhydroshenanthrene sulphates (e.g.,

LXXIX). Preliminary investigations of the replacement of
the amino by a hydroxyl g rouping suggest that treatment with
nitrous acid does not Liring about simple substitution under
the conditions em:loyed, as oxidation with chromic acid of
the product ylelds a neubral material, showing ketonic
activity, but having a melting polint of 160-162°. This

is far above that of the cis-anil-trans-iV-keto-perhydro-
(15)

phenanthrene (mey . 72°) described by Linstead , or, indeed,
af any known 9-keto-perhydrophenanthrene - Oxidation of the
kaicna with fuming and concentrated nitric acids resulted in
the isolation of a low melting solid which was not identlified
butAwhich‘was\clearly not a perhydrodiphenic acld. Leclkk of
time, however, precluded the fuller invesiigation of the

phenomenon-
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bxperimental.

E]

Synthesdés Qf trans~9-kgta—1,2,5,é,9,10,11,12—ae£ohydrn~

ghenanﬁhrenej

1-Phenyl-1:3:-butadiene:

(2} From phenyl masnesiwm bromlde and crotonsldehyde.

Phenyl magnesium Uromide, made In the usual way from
magnesium turnings (20 g.), bromobenzene (105 c.c.), anhydrous
ather (334 cc.) and a crystal of iodine, was cooled to 0°C
in an ice bath and a so'ution of crotonaldehyde (68 g.) in
dry ether (210 cc.} added over a period of 2 hours with
vigorous stirring. After standing, with stirriang, at OOC
for a further four hours, adecomposition of the Grignard
complex was cffected by pouring into 30,. sulphuric acid
(167 kgo) with frequent shaking without cooling, and the
product, afber addition of hydroguinone, was left overalght
at room temperature. The sulphuric acid layer was separated,
the ethsreal solution washed with water $111l the washings
were neutral to litmus, and the ether removed. When the
reaidus was heated for an hour on the water bath more water
was split off and the remmlning oil was extracted with ether,
separated, and the ethereal layer dried over anhydrous sodium
sulphates Fractionation of the residue in vacuo, after
evaporation of the solvent, ylelded impure  1-phenyl-l:3-
butadiene (7 g«) Lepeo 93-104%/13 mm. A second fraction
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o
Depe 121-1260/13 Mie, Mere 70 was dlphenyl (8.1 gz.) while
the remainder which would not distil, solidified on cooling
to a hard, dark, glassy polymer.

Note: In the above and all subsequent distillations of
l-phenyl-1:3-hutadiene, & trace of hydroquinone wus added
a8 an anti-polymerising agent. It is possible that better
yvlelds would be obbtalned if phemrl»ﬁ -naphthylamine were
substituted.

If the Grignard complex from the above reactlion was
decomposed by pouring into ice and smmonium chloride, the
ethereal layer separated, washed wilth wabter, and dried over
anhydrous sodium sulphate, then removal of the ether and
distillation of the residue ylelded l~phenyl-3-methyl allyl
alcchol, be.p. 118-122°/12 mm. Yield = 84 g. (587).

In & serles of experiments l-phenyl-S-methyl-allyl
aleohol {1{ gz.) was slowly distilled In wvacuo wlth varilous
dehydrating agents (1 g.) and a little hydroquinone. The
distillate was extracted with ether, dried over sodium
sulphate, and the solvent evaporated. By fractionation of
the resldue, the l-phenyl-1:S-butadlene could be 1solated,
b.ps 95-100%/14 mm.

Dehydrating Agent. % Yield of diene
30% sulphuric acid 5.1
anhydrous oxallc acld 38
lodine 3.2
potassium bisulphate 23.2

phthallc anhydride 0.76.



{b) From methyl megnesium iodide and cinnamlc aldshyds:

Hethyl magnesium lodide from magnesium (5 g.),
methyl lodide (30 g.) and dry ether {50 cc.) was cooled to
0% in a freozing mixture and & solution of cinnamie aldehyde
{80 g.) in ether (60 cc.) added over two hours with mechanical
atirring. The mixture was allowed to stand at 0°C for one
hour and was then dscomposed by éithar of’ the following
experimental procedures :-
(1). By pouring inbo water (200 ce.), concentratcd sulphuric
acid (12 ec») and erushed ice. The ethereal extract was
washed with sulphurous acid, twice with water, and dried over
énhyﬁrous sodium sulphate. After removal of the solvent the
residue was distilled, the fraction coming over between 100°
and 140° under 12 nm. pressure being collected. Slow re-
distillation of the latter with potasaium bisulphate (0.5 g.),
and subsequendl troatment of the distillate in the usual
menner gave rise bto the cig-l-phenyl-lii-butadiene, b.p. 50~
98%/10 rm. Yield = 10 ge (507). As in all cases vherc the
¢is-dlens was produced, a considerable amount of resinification
occurred.
{2). By gracusl addition to a mixture of crushed ice and
ammoﬁium chleride solution. The ethereal layer was separated,
washed copiously with water, ahd dried overnight with an-
hydrous potassium carbonate. After the ether had been dis-
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tilled, the residusl trang-methyl styryl carbinol came over
at 132-133°/14 mm.  Yield = 16 g. (752).

The trans-carbinel (16 g.) was dissolved in anhydrous
ether and dry hydrochlorilc acid gas was passed in 11l the
solution was seburated,the mixbture belng lmmersed in an ice
bath. When the reasction was complste, the etheresal
sclution was washed with dilube éoﬁium hydroxide solution,
then with water until neutral, and dried over anhydrous
scdium sulphate. l-methyl-3-phenyl allyl chloride (beps
120-130%1C mm.) was obtained in almost quantitative yileld
on removal of the ether and suvbsequent distillation. After
the ehloride hiad been reflumed for five hours with anhydrous
pyridine (50 cc.}, the reaction mixbture was taken wp in
ether, washed with dilube hydrochloric acld, then with water
t1ill neubtrsl, and dried over sodium sulphate. Pistillation
of the ether, and fractionation of the residue in vacuo
gave the trans-l-phonyl-l:3-butadiene, bap. 78-83°/12 mm.
Yield = 12.2 z. (600). Very little polymerisation took place.

cis~2-phenyl- & 3-tetrahydrobenzaldehyde-

l-Phenyl~1 :3~-butadiene (58 g«) was treated with
acrolein (24.3 g.) in dry benzene (73 cc.) with a little
hydroquinone, and the solutlion refluxed on the water bath for
eight hours. Cils-2-phenyl~ A4 3-tetrahydrobenzaldehyde was
isolated &s a eoclourless oil by dlstillatlion of the benzene



and fractionation In vacuo. Dbep. 152-154%/13 mm.
Yield = 45.3 g. (55%).

cls-2~cyclo~hexyl-hexehydro~benzyl alcohol.

g}ﬁ-—2_~phenyl— A 3-te trahyﬂrohemldéhyde (7 ze) in
ethanol (60 cc.; was heated with Raney nickel { ~ 1 z.) to a
temperature of 150-160% for 3 hours under en initial hydrogen
pressure of 100 atmospheres. After filtration of the catalyst
and removal of the ethanol, cis-2-cyclo-hexyl-hexahydrobenzyl

alcohol came over as & colourless, viscous oll, bep. 156~
160°/10 mm., which slowly solidified to a crystalline mass of
lung noedles, mep. 62-65.5%.  Yield = 4.7 ge (66%).

The 3:5-dinitrobenzoate reerystallised from ethanol
mep. 145-146°.

‘ o= « 229 «53%
Foundt C = 61.22 CoollngOela C = 61.53%
H= 6+35% requires H= 6667,

The hydrogen phthalate recrystallised from benzene,
o
m‘p. 32"133 .
Found: € = 72.87% Co3Hog0y C = 72967
H= 8.117 requires He 8eldie

¢is~2-phenyl-hexah drobenzyl alcohol.

cis-2~phenyl= A 3-tetrahydrooenzaldehyde (45 g.) in
ethenol (400 ccs) under an initial hydrogen pressure of 100
atmospheres was heated with Raney nickel ( ~ 4 ge) to 90°



cver a perlod of 1 hour. The catbtalyst was filtered, the
ethanol removed, and the g;gfz-phenylahaxnhwdfobenzy1 al-
cohol lsolated by distillation in vacuo as & colourless,
viscous 1iquid bsp. 160-162°/12 mme, which slowly solidified
to a white, greasy, crystalline mess mepe 58-63°.

Yield = 35.4 ge (750}«

Preparation of phthalic aphydride derivative:

The cis-2-phenyl-hexahydrobenzyl aleohol (23.2 g.)
was treated with phthalic anhydride (18+4 ge) in purified
pyridine (13 cc.) and heated on the water bath for about
3 hours. After cooling, the reactlon mixture was taken up
in chloroform and washed successively with dilute hydro-
chloric acid, and with dilute sodium hydroxide solution to
remove the excess of phthalic anhydride. (liote: In the
presence of other sodlum salts, the sodium derivatlive of
the hydrogen phthalate is more soluble in chloroform or
benzene than in alkall.) The chloroform solution was washed
gseveral times wlith water, and the combined agieous extracts
écidifieé with dilute hydrochloric acld., when the precipitated
hydrogen phthalate was taken up in benzene.  Vhen the benzene
solution had been washed several tlmes with water and drled
over anhydrous sodium sulphate, the solvent was removed and
the pale yellow solid which remalned was recrystallised from

aqueous ethanol or benzene a&as small colourless needles,



58.

mspe 145-146%.

Found: C = 74.35% 3 74 564
oun 4.35% 02332204 C = 74.56;
H= 86597 requires H = 6.51%.

Hydrolysis of the hydrogen phthalate was achieved by
heating with & slight excess of 107 mqueous potassium hydroxide
for 2 hours on the waber bath. The regenerated gis-2-phenyl-
hexshydrobenzyl aleohel was extracted from the mixturev with
ether, and the etherecal ecbract washed with water and dried
over sodium sulphate. Removal of the solwent, followed by
distillatlion In vacuo gave the pure ¢is aleohol, bep. 162~
165°/15 mm., which rapidly solidified to & white solid.

Yield = 1845 ge (80 e

The latter crystallised from light petroleum (bep. 60~
800)'33 colourless prisms, Meps 67=83°.

Found: € = 82.097 Cygfyg0 C = 824117

H = 9.404 requires H = 0.4C3.

335 dinitrobenzoste.
Po the ¢is -2-phenyl-he xahydrobenzyl alcohel (0.8 g.)
was added purified 3:5~dinitrobenzoyl chloride (1 g».) in

snhydrous benzene (10 cc.), and anhydrous pyridine (2 cc.),
when & white s0l1d was produced, and the mixture refluxed for
1 hour. The cooled product was teken up in ether and the
solution washed successively with dllute hydrochloric scid,
dilute sodium hydroxide solutlion and several times with water.

After drying over anhydrous sodiun sulphate and evaporation
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of the ether, the solid resi&ue was orystallised from ethancl

as long colourless needless, :.p. 108-109°.

Found: C = 62.219 Copllpglglly € = 624307
H= 54404 requires H = 5.21%
H= 7.42% : H o= 7307,

cis-2~-phenyl-hexahydrobenzolec acid.

gls~-2-phenyl-hexahydirobenzyl alcohol (2 g.) in glacial

acetic acid (6 cc.) was cooled to 0° in an iee bath and
chromlec acld (1.6 g.) dissolved in glaclial ecetic acid (5 cc.)
- and wabter (2 cc.) asdded slowly with shaking. VWhen addition
was complete the mixture was allowed to stand st 0° for 30
minutes and then overnight at room temperaturs. The
solution was then poured into excess water and the product
extracted scveral times with ether. After washing with
water, the ethereal solublon was shaken repeatedly with dilute
sodium hydroxide solubtion (10 cc. portions) until a test
sample of the latter gave no precipitate with dilute acid.
Acldifieation of the combined alkaline extracts with dilute
hydroechloric acid geve a wihilbe solid wihich was filtered, washed
with water and dried. Recrystallisation from light petroleum
(b.p.,ec-so°} produced small, white necdles of c¢is-2-phenyl
hexahydrobenzolc acld, mepe 76-77° (1lite 76-77°).
Yield = 1.5 g. (707%).

S -benzyl-thburonium salt meps 152-153° (11t. 152°).
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trans-2-phenyli- A 3~te trahydrobenzaldehyde

cls-2-phenyl- A 3~-tetrshydrobenzaldehyde (5 g.) was
dissolved in ethanol (20 cc.) and & 10% solution of agueous
sodium hydroxide (1 ec.) added, & drop at a time, with con-
stant sheking. Initially the mixture acquired a pale green
colouration which gradually turned to a browmish-red. After
standing for 2% days at room Lemperature the product was
pouréd iato an excesa of water, extracted with ether, and the
ethereal sclution washed several times with water. Drying
over anhydrous sodium sulphate and removal of the solvent
left en o0il from which trans-2-phenyl- [ 3-tetrahydro-
benzaldehyde was ovbalned as a colourless mobile liquid by
distillation in vecuo, beps 145-150%/10 mm. Yield = 4 g.
(80%) -

trans~2-phenyl-hexahydrobenzyl alcohol.

trans-2-phenyl- A 3-tetrahydrobenzaldehyde (4 g-)
in ethanol (100 ec.) was heated for 1 hour at 90° with
hydrogen at a pressure of 100 atmospheres, over a Raney nickel
catalyst ( ~ 1 ga). When the nickel had been flltered and
the sthanol distilled off, fractionation of the residue gave
trans-2-phenyl-hexehydrobenzyl alcohol which came over as a
colourless mobile oil, b.p. 155-160%/12 mm. Yield = 2.9 g.
(707).
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On standing for some time the latter solidified to a
greaay crystalline mass from which a white solld, meps. 46-48°
was isoclabted by pressing on a porous plate.

The hydrogen phthalate of the frans-slcohol was pre-
yarad in exaetly analogous fashion to the cis~isomer and
afforded clumps of small white needles from & mixture of
bengene and lizht petroleum (bL.p. 69&306), TeDs 114-116°.

Found: C = 74.975 Coylipg0y  C = 74.56%
H= 6.60% reqguires H = 6.517.
3 td-Dinitrobenzoate 3

Treatment of the trans-2~phenyl-hexahydrobenzyl
aglecohol with 3:5-dinitrobenzoyl chloride, in a similar
menner a8 for the c¢is lsomer ., afforded e yellow oil which,
on c¢ooling and scratching, formed a hard, whlte solid.
Repeated crystallisetlion of this from ethanol gave small,
granulsr crystals of the 3:5-dinltrobanzoate, mep. 81-»830
with slight previocus softening.

» ¢ ~ 0755 S H, 0K C o= 623000
Foundt C = 62075 Conilog6g 62+30;
H= 4965% reguires H= 8217

H o= 'Ta61ly N = 7304

Hydrogenation of cis-2-phenyl- A 3-petrahydrobenz-
aldehyde (5 g.) as previocusly described but with the addition
of sodium hydroxide (G.25 g.), in an atbteampt Lo prepare the
Erens-2-phenyl-hexahydrobenzyl alcohol directly, gave rise,



after working up in the ususl way, to an alcohol, the 3:5-
dinitrobenzoate of which hed m.p. 108-109% either alone or
when mixed with an authentic specimen of the 3:5-dinitro-
benzoate of ¢is-2-phenyl-hexahydrobenzyl aleohol.

When the ¢is alcohol was heated to 150-160° wish
Raney niekel (~ 1 g.), no Inversion oeccurred end the sub-

stance was recovered unchanged.

trans-2-phenyl-hexahydrobenzoic acid.

brans-2-phenyl-hexshydrobenzyl alcohol (0.5 ge)
dissolved in glacial acebic acid (5 cce) was cooled to 0° in
& freezing mixture and & solution of chromic acid (0.4 g.)
in & mixture of zglaclal acetic acid (5 cce) and water {2 cc.)
was added slowly with shaking. The solution was allowed to
stand at room tenperature overnight and then poured into
excess water. The resulting mixbure was oexbtracted with ether
and the ethereal solution washed first with water and then
with seversl pertions of dilute sodium hydroxide solubtion
wmtil no more acld was taken upe Acidification of the com~
bined gslkaline extracts with dilute hyiroci:loric acid solution
gave & milky solution from which a powdery white solld slowly
separated. This recrystallised from light petrolewnm (b.p.
60=302) as colourless plates, me.ps 105-106° either alone or
when mixed with an authentlc specimen of trang-2-phenyl-
hexahydrobenzoic acid. Yield = 0+37 g« (697).



S ~bengyl=thiouronium salt, m.p. 124-126° sither alone
or when mixed with the corresponding trans-2-phenyl-hexs-
hydrobenzeoic acld derivative.

trans-2-phenyl~ A 3-tetrshydrobenzoic scid.

(2). oOxidation of cis-2-phenyl- A 3-tetrahydrobenzaldehyds

with chromic acld.

eis-2-phenyl- A 3-tetrahydrobenzaldehyde (5 g )
dissolved in glacial acetic acld (25 cc.), was mixed with
chromic acid (2 g.) In glacial acetic acid (10 cc.)} and
water (4 cce)« Heat was generated, and the reactants were
warmed on the water bath for 30 mlnutes. Afbter cooling, the
solutlon was poured into water and taken up with ether. The
ethereal layer was washed successively with waber, snd then
three 15 ec. portions of dilute sodium hydroxide solution,
when the alkaline extract was carsfully scidified with
dilute hydrochloric acid. The trans-2-phenyl- A 3-tetra-
hydrobenzoic acid was extracted from the solution with ether,
washed sewveral btimes with water, and the ethereal layer
finally dried over anhydrous sodium sulphate. Removal of the
solvent gave ths acid as»a pale oll which solidlified, on
cooling and scratening, to & colourless solid, and which
deposited colourless needles from light pstroleum (be.p. 60-80°%)
Mepe 99-102° (11t. mep. 100-102°). Yleld = 1.0 g« (197).



4.

(b). Oxidation of cis-B-phenyl- /A 3-tetrahydrobensaldehyde

with silver nitrate end sodlum hydroxide.

cig~-28~phenyl- A 3-tebtrahydrobenzaldehyde (5 ge.) was

added to & suspension of silver nitrate (5 g.) in 769
ethanol (12 ce.) and cooled to O° in en lce bath. A
asolution of 109 agueous sodium hydroxide (30 cc.) was slowly
run in, with mechanical stirring, over a pericd of 2 hours,
ensuring that the bemperature did not rise above 5°C.
When the additlon was complete, tihe mixture was sbtirred for
2 further 15 minutes and then a&llowsd to sta:d ab rocm bem-
perature for 27 days. The mixed precipitate of silver and
silver oxide was {filtered off, washed with a 1ittle ethanol,
end the filtrate extracted several times with ether.

After the ethereai solublon had been washed with
water, dried over anhydrous sodium sulphate, and the ether
removed, trans-2-phenyl- A 3~tetrahydrobenzeldehyde (0.7 ge)
was obbained, the identity of which was estabhlished by
hydrogenation and formation of the 3:5H-dinltrobenzoate of the
gleohol produced. The letter crystallised from ethanol as
colourless gr&nular rosettes, mep. S0-81° either alone or
when mized with an authentic specixen of the 3:5-dinitro~
benzbate of treas-i-vhenyl-hexahydrobenzyl alcohol.

The agueous layer from the ethereal cxbractlon was

cooled in ice and carefully acidified with dllute hydro-



chloric acid, constant stirring belng maintained during the
addition. 4 dark oil separated which, after long scratch-
ing, ceplious washing by decantation, and standing overnight
in the refrigerator, gave a hard brown solid which was fil-
tered and dried. This consisted of the crude cis end trans-
2-phenyl- /\ 3-tetrahydrobenzoic aclds (4.5 g.).

Fractional crystallisation from 1ight petroleum
(b.p. 60~80°) with chercoal gave the pure trans-2-phenyl- [\ 3-
tetrehydrobenzoic acid (2.1 g.) mep. 102-103° (1it. 100-102°)
end the gis-2-phenyl- [\ 3-tetrahydrobenzolc acid (1.8 g.)
mepe 120-121° (11it. mep. 122°).

Isomerisation reactions of cis-2-phenyl- L 3-tetrahydro

benzaldehyde after formatlion of the bisulphite compound.

The bisulphite compound was formed In the usual way
as & white, bulky solid from cis-2-phenyl- /\ 3-tetrahydro-
benzaldehyde, and pcrtiéns decomposed as follows -

Sodium earbonate:

‘The bisulphite compound (5 g.) was heated to boiling
with a 10¥ solution of aqueous sodium carbonate (40 cc.) for
2 hours and, after cooling, the liberated aldehyde extracted
with ether. After the ethereal layer had been washed with
water, dried over sodium sulphate and the solvent removed,
the aldshyde came over as a colourless, mobile liquid on
fractionation in vacuo. Depe 1525-1630/14 rm. Yield = 2.2 ge
(755 «



Hydrogenation, in the manner deseribed, over Raney
nickel, gave the corresponding trans-2-phenyl-hexshydrobenzyl
alcohole bape 160-165%/18 mm. Yield = 1.5 g. The 3:5-
dinitrobenzoate had mep. 78-80° which was not dspressed on
admixture of an suthentlc specimen of the corresponding trans-
2-phenyl-hexahydrobenzyl alcohol derivative.

When the bisulphite compound (41 g») was refluxed with
a 107 solution of agquecus sodium carbonate for only 45 minutes
and then worked up as above, 19 g. (72) of the aldehyde was
regenerated, bep. 150-155%/14 rm.

Reduction over Ruaney nickel led to the formation of
¢is-2-phenyl-hexahydrobenzyl alcohol (185 g») bep. 168-
160°%/10 ma.; 3:5-dinitrobenzoate mep. 100-104°%.

Hydroehlorlc acid.

Warming the bisulphite compound (5 g.) for 10 minutes
with dllute hydrochloric acld (30 cc.), and sxtraction of the
regenerated aldehyde as described above, afforded & mobile
1iquid b.p. 164-168°%/18 mm. Yield = 2.5 g. Hydrogenation
of thls meterial (2 g.) resulted in the isolation of trans-
2-phenyl-hexahydrobenzyl elcohol, b.p. 158-162°/10 mm.
Yield = 1¢5 g. 3:5-dinitrobenzoate, mep. 79-82°.

Formalin.
Repetition of the preceding process, in which formalin

(20 cc.) was substlituted for the dilute hydrochloric acid,
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gave an aldehyde, bep. 152-156°/14 mm. (2.5 g.) which on
subsequent reduction was converted into ¢ls-2-phenyl-
hexshydrobenzyl slcchol (1.6 ge). bepe 160-162°/12 mm.
3t5-dinitrobenzoate, mep. 108-109°.

cis«l,z,ﬁ,é,10,11~hexahydrofluoreme-9~one.

(a) Cycliisation of cis-2-phenyl-hexahydrobenzolc ascid with

anhydrous hydrogen fiunoride.

elas-2-phenyl-hexahydrobenzole acid (0.5 ge) was
treated with an excess of ligquid hyirogen fluoride in a
platinum crucible and left overnight at room temperaturs.
After the excess of hydrogen fluoride had been evaporated,
the residue was Baken up in ether, washed several times with
water, dilute sodium carbonate solution, and waber again,
and finally dried over anhydrous sodium sulphate. Wthen the
ether had been removed by distillation, & yeliow-brown oil
was left which formed a semicarbazone (U5 ge) MeDs 204°
elther alone or when mixed with an authentlc specimen of the
semicarbagons of 1,2,3,4,10,11-hexahydrcfluorene-9-one.

Simllar treatment of the trans-2-phenyl-hexalhydro-
bengolc acld (0.5 ge) resulted in the recovery of the une
changed starting material.
{b). Cyclisation with concentrated sulphuric acid.

cls-2-phenyl-hexahydrobenzolc acld was ring closed
to the ¢is-1,2,3,4,10,11-hexshydrofluorene-9-one, by heat ing
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for a few seconds with concentrated sulphuric acld on the
water‘baﬁh(lg). (I.)

gig-2-phenyl-hexahydrobenzoic acld (0.25 g.) was
heated with concentrated sulphuric acid (3 c.cs) and glacilal
‘agetic acid (1 ec.) for 15 minutes, then diluted with water
and mede alkaline with sodlum hydroxide solution. A neutral
fraction was obtained which was extracted with ether and which
formed the semicarbazone, iepe 205°, (11.)

When the trans-2~-phenyl-hexahydrobenszole acid (1 ge)
was subjected to treatment under the conditions of (1) or
{II) no neutral product was obtained and no acid was recovered.

The use of concentrated sulphuric acid (2 ecc.) and
glacial acetic acid (2 cc.) again gave no neutral fraction
but the trans acid (0.05 g.) was recovered. Further
dilution of the concentrated sulphuric acid by glacial acetic
acid gave complete recovery of the trans-2-phenyl-hexahydiro-
benzoic acid.

{c)» Cyelisation via the Friedel-Crafts reaction.

¢ls-2-phenyl-hexshy robenzolc acid (1 g.) was heated
to reflux with thionyl chloride until the evolution of
hydrogen chloride had ceased. The excess thionyl chloride
was removed by distillatlon in vacuo, followed by evaporation

with several successive portions of benzene, and the residue

dissolved@ in dry carbon disulphide (25 cc.) This solution
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was added dropwise to a mixbture of anhydrous aluminium
chlorids (1 g.) In dry carbon disulphide (25 cc.) and cooled
in a freeszing mixture to 0°C. Evolution of hydrogen
chloride set In immwediately and, when addition was complete,
the reactants were allowed to stend overnight at room tem-
perature,'then poured carefulky_on to a mixture of crushed
ice and hydrochloric acid. The carbon disulphide layer was
separated, washed flrst with dilute sodium carbonate solution,
then wilth water, and dried over anhydrous sodium sulphate.
Removal of the solvent yielded a dark oll which, on heating
with semicarbazide hydrochloride and pyridine in methanol,
4gav§ the semlcarbazone of cils-1,2,5,4,10,11-hexahydrdluorene-
g-one as yollow powdery crystals from ethanol, mep. 205-206°.
Yield = 1.05 g.

Similar treatment of the trans-2-phenyl~hoxahydro-
benzolc acid afforded the identical semicarbazone, m.p. 204-206°¢

els-1,2,3,4,10,11-hexabiydrofluorens .

{a). From cis-2-phenyl~hexahydrobenzyl alcohol.

& suspension of phosphorous pentachloride (14.8 g.) t
in purified chloroform (30 cc.) was treated a little at a
time, with constant shaking, with a solution of gls-2-phenyl-

hexahyd robenzyl alcohol (1ll.4 g.) in chloroform (20 cc+)e A
vigorous reactlon occurred which was completed by refluxing

the mixture on the wabter bath for 2 hours. When the
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chloroform end phosphorus oxychloride had been removed in
vacuo 2 pale yellow, moblle liquild came over, b.p. 120-
130%/13 mn.  Shaking with dllute sodium earbonate solution,
and redistilietion in vacuo after the usual trestment gave
¢is8-1,2,5,4,10,11~hexahydrofluorene as a pale oil, bep. 120~

3
123?/11 mm. Yield = 7 g {6?%)- 32&°5 = 1.5547.
Found: C = 90.427 Calculated for C = 90.61%
H= 0203 Cislig H= 9.39]

{b). From trans-2-phenyl-hexahydrobenzyl alcohol.-
——— iR S e

trans-2-phenyl-hexahydrobenzyl aleohol (1 z.) in dry
chloroform was slowly added, as above, to phosphorus penta-
chloride (1.3 g.) in dry chloroform (2.0 c¢c.) and the re-
actlion carried out as already descriled for the cis-alcohol.
The first few drops of distillate, after removal of the
solvent and phosphorus oxychloride had b.p. 140-150°/12 mnm.,
but the residue In the flask and the succeeding distillate
darkened mpidly to & desy=-vliolet colour. Redistlllation,
efter shaking with dilute sodium carbonate solution, gave

the pale, moblle hydrocarbon, bep. 132-125°%/13 wmn. ;
1845 ,

The same hydrocarbon was obtained vnen trang-2-phenyl-
hexahydrobenzyl shloride (1 g.) was slowly distilled in vacuo
with phosphorus pentachloride, and the distillate redistilled
after shaking with dilute sodlum carbonate seiution-
Yield = 0.5 ge (603%).
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Dehydrogenation of hydrocarbons from (a) and (b).

5
Platinic oxide (0.1 gg)(é ) was reduced with hydrogen

in an a&leohollic suspension to the metalllic platinum and an
aleoholie solution of the hydrocarbon (0.5 ge) added. The
alcohol wes removed and the apparabtus swept out with a
current of carbon dioxide. The mixture was heated in &
metal bath to a temperature of 260° for 2 hours and the
bydrogen evolved was measured. (Theoretical wolume of

gas = 195 cce at NeTePey Actual wvolure = 185 ¢cc. At 1i.TePs)o
The residue was coolsd, extrscted with boliling ethanol, and
filtered. On cooling, colourless érystalg of fluorene were
obtained, mnep. 112~113° either alone or when mixed with an
authentlc specimene.

trana-2-phenyl-hezahydrobenzyl chloride.

$rans-2~-phenyl-hexahydrobenzyl alcohol (5.0 ge) dla-
solved in dry chloroform (25 cc.) was added slowly, with
shﬁking; to & suspension of phosphorus pentachloride (6.5 ge)
in dry chloroform (13 ec.). FLeaction was completed by
heating for two hours, when the solid had all gone into
solution and the evolution of gas had ceased. The chloro-
form and moat of the phosphorus oxychloride were removed on
the water bath, in wacuo, and the residue vigorously shaken
automatically with an excess of dilute sodium hydroxide
solution, for two hours. After dilution with waeter, the



mixture was taken up with ether, washed with water, dried
over anhydrous sodium sulphate, and the ether removed by
distillation. Fractionablon of the residue in vacuo gave
Irans-2-phenyl-hexahydrobenzyl chloride as a pale, moblle
o1l, bepe 145-146°/12 mm. Yield = 4.3 g. (78%).
Found: € = 74.47% Galculated for = 74.765
H= 8.03/7 Cq581,C1 H = 8217

tram»z-phenyl-hexahydromenzyl cyanide -

frans-2-phenyl-hexehydrobenzyl cliloride (4 ge), dls-
solved in an equal volume of ethanol, was added slowly,
with shaking, to & solution of sodium cyanide (1.2 g.) in
water (3 cc.) and the mixture heated to reflux on the water
bath. A very dark colour gradually developed and sclid be-
gan to separate out, on to the sides of the flask. After
three hours' bolling, the alcohol was distilled off and the
residue diluted wilth water. The product was extracted with
ether, washed with water, dried over anhydrous sodium sulphate,
and the s’nlvant; evaporated.  trang-2-phenyl-hexahydrobenzyl
cyanide came over as a mobils, yellow oil on fractionation
of the pesidus. bep. 152-156 /13 mm. : Yield = 2.5 g (48%).

Found: C = 84.165% CygHyg  C = 84.37%
He= 8.72% requires H = 8.60%

N = 7.05% ¥ e 7.03%.
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trans~2mphsnylncgclu~hexyl~aceﬁic acid.

(e} Hydrolysis of‘Egpns~2»phenyl-hexahydrobanzyl cyanlde.

trang-2-phenyl -hexahydrobenzyl cyanide (5 g.) was
treated with e solution of sodium hydroxide (1«4 g.) in
waber (1.8 cc.) and othanol (5 cc.), and the mixture refluxed
on the water bath till the evoluntlon of ammonis had ceased
(sbout 24 hours). The ethanol was distilled off, the
solutlon dlluted with water, and any unchanged cyanide re-
moved by exbtraction withi ether. Careful acldificaetion of
the aqueous layer with dilubte hydrochloric acid resulted in
the separation of & dark oil which rapidly solidified and
could be crystallised from light petroleum (b.p. 60-80°) as
colourless plates of trang-2-phenyl-cyclo-hexyl-acetlc acid
MePe 111-1120, either alone or when mixed with an authentic
specimen. Yleld = 4.3 g. (79.0)e

(b). Orignard reaction on brans-s-phenyl-hexahydrobenzyl

ghloride.

gggggfz-phemyl-hﬁzahydrobenzyl chloride (5.65 g.) in
ether (12 cc.) was treated with magnesium turnings (0.6 g.)
which had been previcusly heated with lodine. Reaction
commenced on addition of a drop of methyl lodlde and was com-
pleted by refluxing the mixture for sbout 8 hours, after which
a8 rapid stream of carbon dloxide was bubbled through the
refluxing solution for a further 2 hours, when a brown oil
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separated. The reactlon rmlxbture was poured on to ice and
dilunte hydrochloric acid, and the separated sthereal layer,
affer washing with water, shaken with several portions of
dilute sodium carbonate solution. The combined alkaline
extracta wore carefully acidified with dilute hydrochloric
acld and the oil which was initially deposited soon solidi-
fled. Subsequent filtration, drying and recrystallisation
from light petroleumn (Dape 60-80°) gave a white crystallinme
solid, mep. 110-112° not depressed on admixture with authentic
Irans-2-phenyl-cyclo-hexyl acctlc acid. Yield = 3.1 g.
(827)«

m ~O-koto~1,2,5,4,9,10,11,12-0ctchydrophenanthrene .
frans-2-phenyl-cyclo-hexyl-acetic acid (2 g.) was
cyclised with concentrated sulphurie acld (10 cc.) by the
method of Blumenfela (&) » when the transg-9-keto-as-octo-
hydrophenanthrene obtained was recrystallised from methanol
as colourless plates, mep. 96° (1it. 96%). Yield = 1.5 g.

Fluorenone was prepared by the oxldation of fluorense

with chromic aclid and scetic acid(q‘ﬁ).

2-phenyl-bengoic acid.

Potassium hydroxide (150 g.) and water (3 cc.) were
heated in & nickel basin in an oil bath to about 180°, and
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fluorenone (50 g.) was carefully added through a slot in the
erucible 1id, in small portions, with an automatie nickel
stivrrer, so that the temperaturs of the melt did not rise
above 200°. The aluost black mixture was dissolved in
about 4 litres of hot water and the dark, olly solution
nearly acldified with concentrated hydrochloric acid. Pil-
tration of the mixture through a pad of animal charcoal gave
a clear, pale-yellow, solution which was carefully acidified
with concentrated hydrochloric acid, using the minimum amount
of atirring necessary to ensure mixing. A white, opalescent
solution was obtained which, on standing overnight, gave a
white powdery deposit of 2-phenyl-benzole acld (38 ge)s
meps 109-112°.

By the Fischer-Speir method the acid (35 g.) gave
the corresponding methyl ester, b.p. 163°/12 rm.
Yield = 28 g.

Hydrolysls of the ester in the usual way, with
agqueous alcoholle potassium.hydroxi&s, gave the pure Z-phenyl-
benzole acld (25 ge), mep. 114-115 .

trans-2~phenyl-he rahydrobenzolc acid.

2-phenyl bengoic acld (10 g.) was dissolved in anmyl
alechol (600 cc.) and heated to reflux with automatic stirring.
Sodium (60 g.) was added as rapidly as possible to the hot
solﬁt&on and, when thls had dissolved, heating and stirring
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were continued for another 15 minﬁtes« The colourlsss
solution was allowed to cool until & yellow colour became
apparent and the, when stillwarm, hot water (800 ec.) was
cautiously added down the condenser. The amyl alcohol was
removed by steam distillation, the residue acidified wilth
dillute hydrochloric aclid, and volatile impurlities steam-
distllled off. On cooling the crude trans -2-phenyl-
hexahydrobenzoic acid solidified, m.p. 91-96°. Yield = 8 g.

Reerystallisation from light petroleum (bLepe 6@-80°)
gave colourless prisms, m.p. 104° (1it. 105°).

transuﬂ-phanylnczclaohexyl acetic acid.

frans-2-phenyl-benzolc acld (2.4 go) by the method
of Gutsche.and Johnson (19) Zave the trans-Z2-phenyl-benzoyl
‘chloride, m.s. 80-82° (1it. mep. 80-83%). Yield = 2.4 g.

A mixture of the acid chloride in dry ether (10 cc.)
was treated with a solution of dlazo methane (from N-nitroso-
methyl urea (7 g‘)(47)). After standing overnight at room
temperature the ether and excess dlazo methane were removed
and the yellow w =~dlaza-trens-2-phenyl-hexahydro-aceto-
phenone {m.pe. 99-101° (d)) was obtained as an amorphous
solid. |

The diazo ketone was dissolved in methanol (30 ec.)
and & slurry of silver oxilde (from 8.1 cc. of 107 silver

nitrate) in methanol (10 cc.) was added slowly with contant
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stirring to the refluxing solutlion. A vigorous evolution of
" niltrogen occurred and addltion was complebe after about half
an hour, when the mixbure was heated for a further hour, then
filtered, and the methanol removedvby distillation.

The residue was refluxed with a solution of potassium
hydroxide (3 g.) in water (20 cc.) for 3 hours. On cooling,
the hbmogeneous solution solidifled, and acidification with
dilute hydrochloric acid yielded a white. sticky guwm which
gradually hardened to a yellow mass after freezing and
scratehing (mep. 95-105°). Recrystallisation from 1light
petrolewn (b.pe. 69—&00) gave colourless plates of trans-2-
phenyl-cyclo-hexyl-acetic acld mep. 110-111° (11te mep. 112°).
Yield = 2 g (777).

trans~-g-keto-as~octohydrophenanthrene.
L S

The trans-2-phenyle-cyclo-hexyl acetlc acid (2 g.) was
cyclised by treatment with anhydrous hydrogen fluoride in the
usual way and the ketone crystallised from methanol.

Yleld = 1.6 g., meps 96° (lit. 96°).

50
H-bromo-succinimide was obtalned from suocinimide( )

by the actlion of bromine in alkali(32),
l-phenyl-cyclo-hexanol was prepared from cyclo-

hexenone (49.2 ge) and phenyl magnesium bromide(48).
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9
Dehydretion of this with anhydrcus oxalic acid(4 ) gave

l-phenyl~cyclo-hexene (37 gs)«

3~Eram9~2:9heny1sszfig~hexa-1-enag

K-Bromo-succinimide (34 z.) was suspended in purified
carbon tetrachloride (100 cc.) and l-phenyl-gyelo-hexene
(30.2 geo) was added slowly with shaking. The mixbture was
warmed gently till & vigorous reaction set in, when the flame
was removed. After the initiasl resction had subsided, &
gentle reflux was maintained for a further 2 hours, protect-
ing the reactants from moisture with a calclum chloride tube,
when the product was cooled and left overnight in the re-
frigerator. The succinimide was filtered off and the last
traces removed by washing the filtrate several times with
jce~cold dilute sodium hydroxide and then with water. After
‘&rying over anhydrous sodium sulphate, the carbon tetra-
chloride was removed and the residue fractionated in vacuo.

A pale, moblle oil b.p. 120°/12 nm. was mostly
l-phenyl-cyclo-hexene (13 g.) which slowly deposited ciystals
of diphenyl (1.5 g-) mep. 70°, but any attempt to dlistil the
residue resulted in decomposition and the evolution of

hydrogen bromide, even on the high vacuum pumpe

N-Bromo-sueclinimide as a dehydrogenating agent.

When 1l-phenyl-cyclo-hexene (20 g.) was mixed with

Nebromo-succinimlide (11l.9 g.) and allowed to stand for a few

minutes, a spontaneous and violent reaction occurred
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with & copious evolution of hydrogen bromide.

Distillation of the mixture, after heating on the
water bath for an hour to complete the reaction, yielded a
‘pale mobile 01l bep. 120-125°/13 mm. which solidifled to a
greasy crystalline mass. lhen this was pressed on & porous
plate diphenyl (10 g») was isolated, mep. 70-71°.

3 (a-phanyl-cgclo-hexenyl) malonic ester.

The residue (14. 5 gs) from the bromination of l-phenyl

cyclo-hexene as above was warmed with a suspension of sodio-

malonate (2.78 g.) wlith a solution of sodium (1.41 ge) in
ethanol {19.6 cc.) until a thick curd was formed. A
vigorous reaction took place and a light brown sc0lid separated.
After the mixture had been refluxed on the water bath for a
further 2% hours most of the ethanol was removed, water

{50 cce) was added to dissolve the sodium bromide, and the
dark oil which separated was extracted with ether. When the
ethereal solution had been washed with water, dried over an-
hydrous sodium sulphate, anc the solvent removed, the residue
was distilled in vacuo. A small, initisl fraction was un-
changed diethyl malonate, which was followed by & pale yellow,
viscous liquid with & slight fluorescence. The latter was
the desired 3 (2-phenylecyclo-hexenyl) mslonic ester.

DeDe 158-160%/0.3 mm. Yield = 10 g (52ﬁ on crude starting
material).
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Found: © = 71.657 Cigflpg®y € = 71.90%
H = 8.06% requires H = 7.947

3_(2-phenyl~cyclo-hexenyl) malonic acid.
3 (2-phenyl-cyclo~hexenyl)malonic ester (5 ge) was

refluxed for 4 hours with potassium hydroxide (2 g.) in

water (2 cc.) and ethanol (10 cc.). The ethanol wes removed
by distillation and the residue, after dilution with water

(25 cce), taken up in ether. Careful acidificatlion of the
aqueous solution at 0°C with dilute hydrochloric acid and
constant stirring gave rise to a sticky brown precipitate,
which, on prolonged washing with ecold water was converted into
a8 cream-gcoloured solid (m.pe. 135-145° ( ))s. Several re-
erystallisations with charccal from agueous ethanol afforded
3 (2-phenyl-cyclo-hexenyl) malonic acid as white, powdery

plates, m.p. 157-159°% (). Yield = 2.88 go (687).
Found: C = 88.75] CysHig0y € = 684947
o= 64510 requires H = 6.56%

3 (2-phenyl-cyclo-hexenyl) acetie acid.

3 (2~-phenyl-cyclo-hexenyl) melonic acid (1.5 g.) was
heated in an oil bath at 160° for 30 minutes, until the
evolution of gas, which was, at first, very vigorous, had
ceased. The flask was cooled and the reaidual gun triturated

with light petroleun {(be.p. 60-8003, when a 1light brown solid



8.

was qbtainsda The latter formed clumps of small needles from
11ght petroleum (b.p. 80-80°), which, after several re-
erystalllsations, had m.p. 116-118% with slight previous
softening. Yield = 0.9 g. (714).
Pound : c = 77.31% C14H1 602 C = T7.60%
H= 7309 requires H= %.417.

Hydrogenation.

(a). With platinic oxide catalyst.

3 (2-phenyl-cyclo-hexenyl) acetic acid (0.2 g.) was
dissolved in purified glacial acetic acid (20 ce.) and
platinie oxlide (0.0l g.) was added. The mixture was shaken
for three hours wlth hydrogen at room temperature and atmos-
pheric pressure, wien one mole of hydrozen was absorbed.

When the catalyst had been filtered off ., and the solvent
evaporated, the gumuy residue was triturated with 1light
petroleum (b.p. 60-80°) end a white solid, mep. 160-165° was
produceds Recrystallisation from benzene gave the colourless
cis-2-phenyl-cyclo-hexyl-acetic acld mepe. 168-1690 (lit. 168=
170%). Yield = 0.18 g.

Cyclisation with concentrated sulphuric acid by the
method of Cnok(17) sgave a liquld ketone. This latter
(36 mg.) was dissolved in pyridine (2 ec.), a solution of
semicarbazilde hydrochloride (0.02 g.) added, and the mixture
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heated on the water bath for 1 hour. The solid obtained on
cooling was recrystallised from ethenol, m.p. 194-196°.
(Seml-carbazone of cls-9-keto-as-octohydrophenanthrene has
mep. 194-196°). |

¥hen the acctilc écid in the hydrogenstion was replaced
by ethanol (20 cc.) no reduction was observed and the starting

waterial was recovered unchanged.

(b)e With sodium in amyl alcohol.

5 (2-phenyl-cyclo~hcxenyl) acetic acid (0.48 g.) was
>dissolveé in dry amyl alcohol (30 cc.) and the solution heated
to boiling. Sodium (2 g.) was added in thin slices over a
period of about 15 minutes so that a vigorous reflux was
maintained. IHeating was continued for anobther 30 minutes,
when water (3G cc.) was cauticusly added, and the amyl alcohol
removed by steam distillation. Acidification of the cooled
solution with dlilute hydrochloric acid produced a white
opelescence and, on standing overnight, the suspension pre-
eipitated a creamy-brown solid (0.45 g.) - v¥hen thls was
fractionally crystallised from benzene and light petroleum
{bepe 60-80°)'ggg-z-phsﬁyl~gzglgfhexy1~acetic acid (8 parts)
meps 168-169°, and trans-2-phenyl-cyclo-hexyl-acetic acid
(1 part), mep. 109—110°, were produced.

Ring closure of the trans- acld In the usual way _ave

trans-9-ke to-ag-octohydrophenanthrene, me.ps 95-96%, which was



also obtained from the corresponding cis-ketone by isomerisa-~

tion with sluminium chlaride(e),

ﬁydrqganatian of trans-9-~keto-as~octohydrophananthrene-9-

hydroxy-trans-ag=ockohydrophenanthrens (m.p. 89-912) .

Erans-9-keto-1,2,3,4,9,10,11,12~0ctohydrophenanthrene
(05 ge) in purified sthanol (30 cc.) was treated with
platinie oxide (0.1 g.) and hydrogen at atmospheric pressure
and 15°C. After shaking for 3-4 hours the theoretical
quantity (one mole) of hydrogen was absorbed. The catalgst
was flltered, the solvent removed, and the resulting oily
residue solldifled by cooling and scratehing, when a hard,
white mess was obitained. Two recrystallisations from
n-hexane gave Y-hydroxy-trang-~l,2,5,4,9,10,11,12-0ctohydro-
phenanthrene, me.p. 89-91° {0.32 g.) as colourless short
needles, together with a small amount of the stereolsomer

MeDe 3.95*1’060 -

Stereoisomer, m.p. 105-106°.

Erans-S-keto~-gs~-octohydrophenanthrens (0.5 g.) was
sh#kén in purifled ethanol (50 cc.) with hydrogen over a
platinic oxide catalyst (0.0l g.) &t atmospheric pressure
and 18%C for 25 hours. Filtration of the catalyst and
evaporation of the ethanol gave a solld residue which was

pecrystallised from n-hexane, mep. 105-106°, and was



stereolsomeric with the alcohol obtained above-
Found: C = 83.027 Calculated € = 83.12%
H= B8.867 | C§Z§180 H= B8.97%
Oxidation. ,
9-hydroxy-trans-as-octohydrophenanthrense fm.p. 105~
106°%) (0.17 g.) was dissolved in glaecial acetic acid (2.2 cc.)
and cooled in an ice bath. To this was slowly added a
mixture of chromic acid (0.07 g-) in 80%¥ acetic acid (0.5 cc.)
and the mixture allowed to stand overnight at room tempera-
ture. On pouring into water a white solid separated which
was filtered, washed and dried. Recrystallisation fron
methanol gave a white solid, m-pQ 960, which was not de-

pressed by admixbure of an authentic specimen of trans-9- N

keto-as-octohydrophenanthrene »

- Perhydrogenation of trans-9-keto-as-octohydrophenanthrene.

Trans-9-keto-as~-octohydrophenanthrene (2 g«) was
dissolved in purified ethanol (50 ec.) and plabtlnic oxide
(0«1 g.) added. When the mixture was shaken with hydrogen
at roonm température and atmospheric pressure, Inltial re-
duetlon was rapld, but soon became slow and further portions
of catalyst were added over four days, by which time the
total amount present was 0.5 g., and the hydrogen uptake was

3.95 moles. Filtration of the catalyst and removal of the
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solvent, in the usuel way, resulted in the production of a
colourless, mobile oil which did not 2011dify and which, on
distlillatlion in vacuo, came over almost quantitatively as a
elear liguid, bep. 160-163°/11 mm. This was probably either
eis-syn-trans-perhydrophenanthrene or & mixture of the latter
with the cis-anti-frans form.
Found: C = 87.60% Cyatog ¢ = 87.43%
H= 12.42; requires H = 12.583.

The residue, after distillation, solidifled and re-
erystallisation from n~hexene gave a few colourless needles
meps 131-132° which are probably identical with one of the

stereoisomeric cis-antl-trans-perhydro-9-phenanthrols
(18)

(mep. 133°) isoclated by Linstead

o~lodobenzoic acld was prepared by dlazotisation of
anthranilic acid and decomposlition of the dlagonlum salt
with potassium iodide(sl), Light brown needles from glaclal
acetic acid, m.p. 160-161°.

Esterification by the Fischer-Spelr process with
methanol gave the o-iodamethyl benzoate, be.pe. 146°/15 mm.,
as 8 pale yellow oll.

Vimethyl diphenate was obtained from o-iodométhyl
benzoate by a slight modification of the method due to

: 52
Ullmann( ), a3 white ecrystals, mepe 74~75°, from methanol.



86.

Esterification of diphenic acid.

Diphenic acid (1 g.) was dissolved in 1007 sulphuric
acld and added, all at once, to & large excess of methanol
cocled in ice. When the initial violent reaction was over
most of the methanol was removed and the residue taken up
in ether. After washing the ethereal solution successively
with water, dilute sodium hydroxide solution, and again with
water, the solvent was removed arnd the solid residus

erystallised from methanol, mep. 75%.  Yield = 0.6 e

trans-anti-trans-perhydrodimethyldiphenate.

Dimethyl diphenate (34.5 g.) in a suspension of
eyclo-hexane (400 cc.) was heated with Reaney nickel (~ 4 g.)
and hydrogen to 230° and 180 atmospheres pressure for 3 hours.
The catalyst was filtered, the solvent removed and the residue

frectionated in vacuo, when trans-gnti-trans-perhydrodimethyl

diphenate was collected as a colourless, moblle oll, b.p.

155-158%/2 mn.  Yield = 29 ge

Hydrolysis.
Trans-anti-trans-perhydrodimethyl diphenate (29 g.)

was refluxed for 15 hours with potassium hydroxilde (15 ge.)
in methanol (100 ec.) and water (20 cc.). The methanol was
removed and the residue, after dilution with water (100 cc.),

taken up in ether. Careful acidification of the aqueous
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layer with dilute hydrochloric acid gave a white precipitate

of trans-anti-trans-perhydro diphenic acid, which was re-

erystallised from light pstrolsum (b.pe 60-80%), mepe 245°
(1it. 247°). 7Yield = 22 g.

Irans-anti-tra s-2-carboxy-2'-carbomethoxy-perhydro diphenyl.

Trans-anti-trans-perhydrodiphenic acld (10 g.) was

refluxed for 20 hours with purifiled acetic anhydride (100 cc.).
Removal of the excess anhydride in vacuo left a viscous gun
which would not erystallise probably owing to the difficulty
of removing the last tfaces of solvent. This residue was
heated for 2 hours with a solution of sodium (2.14 z.) and
methanol (150 ec.) and then ;eft overnight at room temperaturece.
On distillation of the methanol, & solid was left which was
treated with water, filtered, and the aquecus’solution acidi-
fied ﬁith dilute hydrochlorlc acid. The crude half-ester
separated as a gum which trituration with benzene converted
into a light brown solid, mep. 130-138°. Reecrystallisation

from aqueocus acetic acid gave small colourless needles of

tranamaaai~trans-2~carboxy~3'«carbemethgxy perhydre diphenyl,
mep. 1652+154°. Yield = 8.5 g. (81%).
Pound: C = 67.30% C15Hps04  © = 67.10%
He= 8.86% requires H = 8.95%.
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trans-ant i-trans -2-carbomethoxy-2 ! ~carbome thoxyme thyl-

perhydrodiphenyl .
trang-anti-trans-2~carboxy-2!~carbomethoxy perhydro-

diphenyl (2 g.) dissolved in dry benzene (8 cc.) was treated
with thionyl chloride (4 c¢c.). A vigorous ‘evolution of
hydro:sen chloride commenced In the cold and the reaction was
completed by wamming on the wabter bath for 2 hours. The
benzene and thionyl chloride were removed In vacue and the
last t raccs of the latter emcluded by t&o further evaporations
with small quantities of benzene.

A solution of the gwmy residue in anhydrous ether
(15 cc.) was slowly added, over a veriod of about half an
hour, to an ethereal solution of diazomethane (fromw 10 2.
of Ne-nitrosomethyl urea(47)} at GO, and the mixture left
first for 30 minutes in the ice bath, then overnight st room
temperature. Removal of the ether and excess dlazomethane
by evaporation at room temperature under reduced pressure
afforded & pale yellow, sticky solid, which deccmposed with
evolution of a gas on heating above 2500.

Thils crude dlazokebone was dissoclved in methanol
{20 oc.) and a slurry of silver oxide (from 2 cc. of 10
sllver nitrate) in methanol (10 cc.) was added slowly with
automatle stirring. As the temperature was gradually

ralsed, a vigorous reaction, shown by the coplous evolution
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of nitrogen, took place and was completed by refluxing for
2 hours on the water bath. The silver and silver oxide
precipitates were filtered off and the excess methsnol re-
moved by distillation. Cn distillation of the residus,
trans-anti-trans-2-carbomethoxy-2*-carbomethoxy methyl-

perhydrodiphenyl came over as g pale, rather viscous liguid,
bepe 155-157°%/0.8 mm. Yield = 1.8 g. (32%).
Pound: C = 68.71:% Calculated for C = 6890

C17ilog0y

trans-antl-trans-9-keto-perhydroplenanthrene (see (14)}).

trans-anti-trans-2-cariomethoxy~-2'-carbomethoxy methyl-

perhydrodiphenyl (1.8 g.) was refluxed with atomised sodium
{03 g+) in dry benzene (25 cc.) until all the sodium had
gone into solution (about 10 hours). The reaction mixture
was cautlously poured on to crushed lece and very dilute
hydrochloric acld and the product extracted with further
quan tities of bonzene. Drying of the benzene extract over
anhydrous sodium sulphate and removal of the solvent left a
brown, mobile oil which ;ave a pale purple colour with a drop
of ferricchloride solution.

This residue was refluxed with 60% sulphuric acid
(10 ec.) for 10 hours, cooled, and extracted with ether.
When the ethereal solutlon hed been washed wlth water, dried.
"and the solvent distilled off, the residual oll was fraction-
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ated in vacuo and collected, b.p. 128-131°/2.8 mm.
Yield = 0.7 g. |
Preparation of the oxime in pyridine and sthenol gave
golourless néadla—s from ethanol, ma.pe 225.227° {(1its 226-2270).
Oxidation of the ketone (0.3 g+) with a mixture of

(11)

concentrated and fuming nitric acids gave trans-anti-trans-

perhydrodiphenic acld (30 mge), mepe 244-246° (1it. 247°)

from agueous sascetic acld.

Attempted Hydrogenabion of Diphenic Acid.

Catalyst Solvent Pregsure (atms.) Tenps Time
Pt02 Acetic acid 1l 17 4 days
*Pt0g Acetic acid 10 30 2 days
PtO,, Ethanol + 17 HC1 1 17 & days
*sz Ethanol + 17 HC1 25 30 2 days.

*Performed 1n high pressure steel bombe.
No reduction was observed in any of the above cases,
or when simllar experiments were performed on the dimethyl

ester.

1:1'-Dihydroxy- A 1l:l'-di-cyclo-hexene was prepared
by pinacollc reduction of gyclo-hexanone (364 cc-)(éo) .
Yield = BO g., white needles from light petroleun (b.pe 100~
120%), mep. 128-130°. Dehydretion with 107 sulphuric ac1a (4%
gave di~ [\ l:l'-cyelo-hexene as a pale oll.e Yield = 62.4 g.

Depe 85-8?Q/0a8 mne
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A 12:13-Dodecahydrophenanthrene-9 s10=dicarboxylic acid snhydride.

Di- Al:l'egyclo-hexene (30 ge) and maleic an-
hydride (18 g.) were refluxed with benzene (60 ce.) for 2
hours. After ths mixture had been allowed to stand overnight,
the solvent was removed and an oily, erystalline mass left
behind. This was washed several times with light petroleum
(beps 100-120°) and erystallised from methanol as colourless
needles, meps 116-120° (1it. 112.5-125.5°). Yield = 22 g.
(46%). |

Found: C = 73.66%  Calculated for C = 73.700
H= 7.795 Cq6t2003 H= 7.69%

The enhydride was recovered unchanged after it had

been refluxed for 3 hours with excess methanol and crystal-

lised twice from the same solvente

Attempted Hydrogenation.
The anhydride /2 g.) wes dissolved in the solvent

{20 ecs) and the cabalyst (0.1 g.) was added. The mixbture

was shaken with hydrogenat 1800 and atmospheric pressure-
Catalysts and solvents ussd included:~ platinic

oxide in acetic acid or ethanol, and palladlium black in ethanol.

No reductlon was observed in any of these cases or when

similar experiments were performed on the free J/\ 12:13-

dodecahydrophenanthrens-9 :10-dicarboxylic acid.
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45-12:13~D0decahx§r0~9zlﬁudicarbOmsﬁh0§yephenanthrene-

A mixture of A\12 tl3-dodecahydrophenanthrene«9 110«
dicarboxylic acid snhydride (22 ge) and 5% sodium hydroxide
solution (250 cc.)} was heated ti1ll the anhydride dissolved.
The solution was filtered, coolel to 0°C in an 1ce bath,
carefully ascldifled wilth dilute hydrochloric acid, and the
semi-solid gummy precipitate which separated recrystallised
from glacial acebtlc aclid as celourless prisms, Mep. 240-241°
(1it. 242%). Yield = 15 g.

This acld was dlssolved in dry ether (100 ec.) and
treated, a few c.c. at a time, with stirring, with an
ethereal solution of diazo methane (from 30 g. of N-nltroso-
methyl urea) untll the solublon was no longer decolourised.
The product was allowed to stand for 2 hours . the ether and
excoss diazo methane evaporated, and the whilke, solid residue
recrystall ised from methanol as colourless needles, mep. 110~
111°.  Yield = 16 g.

Found: C = 70.76 15069 C = 70.60
H= 8.66% requires H = 8.567.

ecls-antl-trans~9:10-dicarbomethexy ~-perhydrophenanthrene .
R et

A 12113-Dodecahydro~9 :10~-dicarbome thoxy~phenanthrene
(12 g») in cyclo-hexane (80 cc.) was heated with hydrogen
over Raney nickel (~ 2 g.) to 190° and 140 atmospheres

pressurs for 2 hours. Filtration of the catalyst and removal
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of the solvent gave 8 colourless solid which wes recrystal-
lised several times from methanol as short needles, mep. 119~
120%.  Yield = & 5. (747).
1 - » ,g { 1 k - Gf
Found: C = 70.17 C1g800% C = 70.06%
H = 9.15% requires H = 0.127.

Attempted oxldation with seleniwum dloxide.

cis-antl-trans~9:10-dicarbomethoxy-perhydrophenanthrene

{05 ge) was mixed with resublimed selenium dioxide (0.18 ge)
and heated in a sealed tube at 200° for 10 hours. The dark
product wes taken up In ether and the insoluble material
filtered off. Evaporation of the ebthereal solution and
crystallisation of the solid residus from methanol yielded

a pale sSclid mep. 116-118° either alone or on adulxbure with
the starting materiale.

cis-anti-trans-9-bromo-y1l0-dicarbome thoxy-perhydrophenanthrene.
L

Cromeamr

glgs-anti~trans«9:10-dicarbomethoxy~perhydrophenanthrene

(0«36 ge) in dry carbon dlsulpkide (10 ec.) was treated with
bromine (0.19 gs = 1 mole) in dry carbon disulphide (1 cc.).
A erystal of iodine was added and the whole refluxed for 2
days. The solvent was evaporated and the stlcky gum which
was left, triturated with light petroleum (b.p. 60-800); when
& pale &mofphous s0lid was obtained. Recrystallisation from
aqueous ethanol gave a :ranular solid, me.p. 99-101° with

previous softening. Yield = 0.14 g. (31%).
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gis~anti-treans-9:10-dlcarbomethoxy-perhydrophenantirens-9:10-

dipyridinium dibromide.

clg-antli-trons-9:10~dicarbomethoxy-perhydrophenan-

threne (147 mg.) dissolved Iii chloroform (1.8 cc.} was

treated dropwise, at room temperaturs, with s solution of
bromine (77 mg.) In chloroform {1 cce), and two drops of
pyridine added. The mixture was heated gently for a few
minutes and then allowed to sbtand overnight at room tempera-
ture, when long orange-~red necdles were deposited (70 mge) (&)
Filtration and removal of the chloroform gave a pale yellow
solid (100 nmge ) (B).

(2) reerystallised fron ebtliyl acebate as pale, orange
nesdles, mespe 101-103°. These were soluble in warm water to
glve a neutral solution and, when treated with nltric acid
xand silver nitrate, a pale yellow precinitate of silver
bromide was obtained. Hence (A) was formulated as cig-anbi-
trang~9:10-dicarhone thoxy-perhydrophenanthrens-9:10-4i-
pyridinium dibromide.

Found: N = 4.79%. CoaflzgOslip requires: H = 4.59)0.
When the so0lid (B) was recryastallised from ethanol colourless
needles were obtained, mepe 121-122° either alone or on
admixture of the starting material.

If the ester (228 mge.) in dry chloroform (2 cc.) was
treaﬁed a8 above with an execess of bromine (224 mg.) in

chloraoform {2 cc.) and an excess of pyridine (0.4 c¢c.) an



almost quantitative yield of the red dibromide was obtained.
Omission of the pyridine from the above experiments

resulted in the recovery, without loss, of the unchanged

eis«anti-trans~9:10-dicarbomathoxyaperhydraphenanthrene;

cls-anti-trans- A\ 9:10-Dodecahydrophenanthrene~9:10-ai~

carboxyllic acid.

cis-anti—trans-a-brcmo-s:lo-dicarbametboxy perhydro-
phenanthrene (0.14 .} was treated with a solution of |
potassium hydroxide (0.1 g.) in ethanol (5 ecc.) and water
(1 ecs), and the mixbure refluxed on the water bath for 4
hours - The ethanol was removed by distillation, the residue
 taken up in water, and the solutiom flltered. Cautious
acildification of the filtrate with dilute hydrochloric acid
gave a brownish solid which was recrystalllsed from light
petroleum (b.p. 60-80°) as colourless flaky crystals, ulep. 167-
168° either alone or when mized with a specimen of cis-anti-
' ggggg-‘LL9:1O~dodecahydr0phenanthrene-9:10~dicarboxylic ecid
obtained by an independent synthesis.
Yield = 50 mg. (457).

cis~anti¥trans~9:10~dibromqg§rhydrophenanﬁhrene~9:10-d1-

earboxylic acid.

cis-anti-trans~9:10-dicarbome thoxy-perhydrophenanthrene

(1414 g+ ) was refluxed for 12 hours with a solution of
potassium hydroxide (0.7 ge) 1n water (1 cc.) and methanol
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(10 cce)« The exceas methanol was distilled off on the
water bath and the dark, solid residue dissolved in hot waker
and filltered. On cooling the filtrate a grey crysballine
precipltate of the sodium salt of the corrssponding dicar-
boxylic acld sepsrated out, which was filtered and rendered
acid with an sxeess of dilubte hydrochloric acid solution.
The white precipitate so obtained was recrystallised from a
mixture of benzene and light petroleuwm (b.p. 6O~800) as
colourless needles, meps 164-166°. Vield = Theoretical.
Found: C = 68.31: 616H2404 C = 68.57%
H= 8769 requires H = 8.57..

This acid (320 mg.) was treated with a large excess
(3 ce«) of purified thionyl chloride and heated on the water
bath for about 2 hours until the evolution of hydrogen
chloride had ceased. An excess (0.3 cc.) of bromine was
added and the nixbture refluxed for a further 3 hou%s, during
which an evolution of hydrogen bromide occurred. After the
aolution'bad been left overnight at room temperabture, the
excess thionyl chloride and bronine were dilstilled off,
finally in vacuo, water (10 cc.) added to the dark residue,
and the whole bolled for 2 hours. The dark Lrown granular
solid, obtained on cooling, was filtered off, dried, and
erystallised from aqueous methanol, when pale prisms of
cls-antl-trans-9 :10~dibromo-perhydrophenanthrene-9 :10~di-
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carboxylic acid, mep. 188-192° (d) were produced.
Yield = 360 mg. (725)-
- s - ‘}g
Found: C = 43.61% 016322048r2 C = 43.807%
He 5.32% - requires H= 5.020

Finkelsteln Reaction.
¢is-anti~trans~9:10-dibrom9~perhydroph9nanthrena-

9:10-dicarboxylic acid (210 mg.), dissolved in analar
acetone (12 cc.), was mixed with sodium iodide (210 mg.) and
refluxed for 2 hours, when a deep reddish-black solubion was
produeced. This was cooled, ured into water, and the dark
gum which separated extracted from the aqueous solutlion with
eﬁh&r~‘ The ethereal exbtract was washed with water, dried
o#er-anhydrous sodium sulphate, and the solvent removed.
Trituration of the desrk gum with a little methanel save & pale
yellow amorphous solid, free of halogen, which crystallised
from light petroleum (b.p. 60-809) as colourless flekes,
MeDe 167-1680, either alone or when mixed wlth a specimen of

cis-anti-trans- A\ 9:1l0-dodecahydrophenanthrene~9:10~

dicarboxylic acid obtained from an independent synthesis.
Yield = 80 mg. (454).

oxidation of cis-anti-trans-perhydrodiphenic acid.

The latter acld (125 ng.) was heated on the water bath

" for 5 nours with 3 ec. of a mixture of concentrated nitric

acld (3 cc.) and fuming nitric aeid (6 cc.)}. After cooling,

|
|
|



98.

the solution was poured on to crushed ice, when a white
floeculent solld separated which was filtered, washed with
water, and dried. Reerystallisation from light petroleum
{b.ps 60-80°) gave colourless prisms, mep. 202203 (11t. 208°)
 Yield = 7 mg.

A 12 :13-dodecahydro~-g-carbome thoxyphenan threne-10=-carboxylic

acid.
A 12 313~-dodecahydrophenanthrene~-9 :10-dicarboxylic acid
anhydride (2 g.) was treated with & solution of sodium meth-
oxide (0+415 g.) in methanol (10 cc.) and refluxed for 3 hours.
After the methanol had been removed, the pale yellow sbticky
oll which was left was acidified wlth an excess of dilute
hydrochloric acid, when a gummy solld was produced which
slowly solidified on cooling and scratchling to a hard, white
mass . This was recrystallised from aqusous acetic acid as
colourless needles, m.-pe 136-137°. Yield = Theoretical.
Found: C = 69.83% CynHlp,0, € = 69.82%
He= 8.41% requires I = £.27.75

A;12:13—dodéeahg§ro-9-carbomethoxyphﬂnanthrane-lO-carboxylic

acld azide.
A 12 :13-dodecahydro-9-carbome thoxy-phenanthrene-10-

carboxylic ascid (2.2 gz.) was dlssolved in dry benzene (10 cc.)
and purified thionyl chloride (7 cc.) added. The reactilon
commenced in the cold and was completed by refluxing on the

[
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water bath for 4 hours- Excess thionyl chloride and benzene
were removed by distillation, the last traces of the former
being eliminated by suecessive addition and removal in vacuo
of 5 ¢ce« portions of benzene and light petroleum (be.p. 60-80°).
Ths pure ancld chloride was left as a visecous red gum.

A solution of the latter in dried analar acetone
(25 ec.) was cooled in an lco bath and & nixture of sodium
azide (1 ge) in wabter (3 cc.) was addsd, drop by drop, with
mechaniecal stirring, over a period of 30 minutes. The re-~
sulting dark suspension was stirred in the freezing mixture
for a further 15 minutes and water (50 cc.) added dropwise
from s burette. A sticky, dark brown gum separated which
solidified, on standing overnight in the refrigerator, to a
pele brown nass. Thils was filtered, washed and dried.
Decomposes at 56-83° with evolution of a gas. Yield = 1.83 g

Azide (00915 g.) gilves off 64.2 ccs nitrogen at

N.T«Pe. requires 64.6 cc. nitrogen at W.T.P.

C l’fh 230 5}5 3

Curtius Heaction on the azide.
The acid aglde (1«6 g.) in dry toluene (6 cc.) was

heated on the water bath for 2 hours until the vigorous
evolution of nitrogen had ceassed. To the solution was added,
all at once, emcentrated hydrochloric seld (6 cc.) and
heating contin:ed for a further two hours, when water (15 cé.)
was added, and the benzene layer separated, washed with water,
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and dried over sodium sulphate. Evaporation of the solvent
vielded a dark, stlcky gum (1.3 g.) insoluble in acid or
allkell, shich would not solidify or distil.

‘The aqueous acid layer wes neutral ised with dilute
sodium hydroxide solution, taken up in ether, and the ethereal
extract washed with water, dried over anhydrous sodiuwm sul-
phete, and the solvent removed. & sticky, orange residue
was left which, on trituration with light petroleum (bepe 60-
80°%), yielded a pale yellow solid (30 mg.). This recrystal-
lised from ethyl acetate as colourless noedles of A 12:13-
dodecah;dro~g-anino-l0=-carbomnethoxy~-phenanthrens, mepe 129-150°

Found: C = 72.61% € 6ios
H = 9.237% requires He= 9+56..

o C = 7295

Sehmidt Reaction.
D\ 12:15-dodecahydro-O-carbomethoxy phenanthrene-10-

carboxylic zcid (2 g.) was dissolved in dry chloroform (15 cc.)
and soncentrated sulphuric acid (6 ec.) was added. Thé
mixture was heated on the water bath to 45°C and sodium azide
(154 g« = 3 moles) was introduced, a little at a #ime, so

that the temperature remained canstant. A brisk evolubion

of nitrogen occurred and vigorous mechanical stirring was
maintained during sddition and for a further 30 minutes.

Waber (25 cc.) was added, and the mixbure carefully neutralised |

with armmonia solution (S5.G« = 0.83). VWhen the organic layer
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had been washed with water, dried and the chloroform dis-
tilled, & light-brown, sticky residue was obbtalned, possessing
properties similar to those of the material obbalned previously
in the Curtius reaction, and from which no homogeneocus

product could be isolated.

2 12:13-Dodecahydro=-0-phenanthraldehyde .

Di- A l:lf-gyclo-hexene (46.5 g.), acrolein (30 g.),
and &m benzene (40 cc.) were nixed together with a 1little
hydroquinone end refluxed on an oil ath for 64 hours.

Removal of the solvent and fract;iérmtion of the resldue gave
unchanged di- A l:l'-cyclo-hexene (20 ge«), beps 85=100°/G.8 mm
and A 12:15-dodecahydro-U-phenanthraldehyde, bep. 120-
131°%/0.8 ma. as a colourless mobile liquid.

Yield = 34 e (55%)e

gis-anti~trans (7 }=9=hydroxyme thyl-perhydrophenanthrenc.

A 12:13~dodecahyiro~9-phenanthraldehyde (25 g.) in
ethanol (250 cce.) was heated over Raney nickel ( ~ 5 ge) to
190° for 3 hours, with hydirogen at a pressure of 190 atmos-
pheres. The catalyst was filtered, the solvent removed,
and the residue distlilled in wazuo. A small, initial fraction
{4) of a colourless mobile oil was collected, bep. 95-105%/

0«2 mmis {32 ge) which was followed by a viscous liquid which
hardened to a sticky glass, bepe 125-135°/0.2 min. (B)e
Yield = 18.3 g.
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{B) afforded a 3:5-dinitrobengoate as pale, short
needles from ethanol, m.p. 138-140°.

Found: C = 63.53% Gag}iga(}sﬁg C = 83.464%
H= 6.64% requires H = 6.730.

{A) rapidly solidifiled to a greasy solid which was
pressed on 8 porous plate. Reerystallisation from light
petroleum (be.p. 60-80%) gave Zﬁslzzlﬁ-dcdeeahydrougu
hydroxymethyl phenanthrene as small, colourless needles,

Meps 82-83°.

3 :8~-dinitrobenzoate formed white prisms from
methanol, mejie 106-107°.

¥hen the above rocess was repeated using a much more
 active Raney nickel cabalyst, the adduct (6.4 g.), gave a
very viscoué 0ll, Depe 133-135%/0.3 mn. Yieold = 5.6 g.

3 :5=dinitrobenzoate gave smwll, colourless, flocculent
needles from & large volume of ethanol, Meps 149-150°.

Found: C = 63.44) ¢ C = B5.46%

T 31
228% 2
He G6.439 requires H = 6.737.

cis-anti-trans (%) perhydrophenanthrens-9-carboxylic acid.

cis-snti-trans (?)-9-hydroxymethyl perhyirophen-~

anthrene (15.8 g.) in glaclal acetic acid (100 cc.) was
treated a little at a time with a solution of chromlc acid
(12 g«) in glacial acetic acld (100 cc.) and water (15 cc.),
shaeking between each addition. Heat was developed and
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the mixbture allowed o stand overnight at room temperature.
The sclution was poured Into water, extracted with ether,
and the ethereal layer washed successively with water, amd
then several portions of dilube sodium hydroxide sclution.
Acldlifiestlion of the alkaline extract gave the crude acid.
¥hen the aslcohol whose S :b-dinitrobenzoate had m.pe l&galéoo
wag employed, the acld obtainedbwas recrystallised from a
large volume of light petroleun (D.p. 60-309) as colourless
prisms, mep. 195-195°. 7Tield = 9.5 g

When the isomeric alcohol was employed, the acid
produced was rcadily soluble in cold light petroleum (b.p.
60-809) but could be crystallised from aqueocus scetic acid
meps 158-164°.

Analyses Results nob available.

Schmldt rescbion on 195° isomer.

The acid (7.0 g.) was dissolved in dry chloroform
(53 ccs), concentrated sulphuric acid (25 ec.)} added, and the
mixture heated on the water bath to 50°C. Sodlum agide
{53 g») was slowly added, with sutomatic stirring, while the
tenmperature was meintained at 5000. When additlion was about
two thirds completa, an evolution of gas commenced, which
soon becams vigorous, and stirring was continued at 50°C
until this had died down (about 4 hours). The mixture was



104.

carefully diluted and the chloroform layer separated. On
gooling, & pele, granular solid separsted from the latter,
which was filtered and recrystallised from the same solvent,
meps 114=116°. Yield = 5.5 ge (607).

- Analysis results for thils compouﬁd are not available,
but In view of the fact that 1t contains nitrogen and sulphur,
is =zoluble in warm wabter to glve an acldic solution, and gilves

a positive carbylamine and sulphate anlon test, it is for-

rulated as & cis-anti-trans (?2)-9-amino~perhydrophenanthrens

sulphates

Attempted replacement of the amino- by the hydroxyl group.

The smine sulphate (3.5 ge) was dissolved in warm
waber (B0 cc.) to which dilute sulphuric acid (5 cce) had
been added, and the clear solution treated with sodium
nitrite (4 g.) in waber (10 cc.), a little at a time, with
shaking between each addition. 4 vigorous effervescence
occurred end a pale brown oill separated, which, after stand-
ing overnight at room temperaturs, became a sticky solid.
Trituration with light petroleum (b.p. 60-80°) ylelded & pale
brown solld (1.7 ge)-.

Oxldation of the latter with chromic acld (0.8 g.)
in gleecial acetic acid in the usual way at 0% afforded a
neutral liquid (0.8 g.), which gave an orange-red prescipitate
with 234 -dinitrophenylhydrazine, and which, on trituraticon
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with light petroleum ‘(b..p;z 60=-80%), produced & colourless

solid. This was recrystallised from light petroleum (b.p.

80802}, m.p. 180-162°. |
The ketone (0.25 g.), hydroxylamine hydrochloride |

(0+09 g+), methanol (3 ecc.), and pyridine (3 cc.) were kept

at room temperature for 18 hours and then poured inbto water.

The olly precipitate which separated was extracted with ether,

the molubtion washed with water, dried over sodlum sulphate,

end the solvent remowved. Trituration of the oily residue

with methenol gave a white solid, meps. 203-205° with previous

softening. |

Attempted formation of o perhydrodiphenic acid.

The kebone {0.20 ge) was heated on the water bath
for 30 minutes, with a mixture of fuming nitric acid (2 cc.)
and concentrated nitric acid {2 cc.). & vigorous effervescence
occurred, and the solution, after standing overnight at room
temperature, was poured into wmter, and the pale-yellow sclid
precipltate filtersd, washed and dried. Yield = 72 ng.
This softened over a wide range and finally decomposed at
about 80°%C.

A12 113-dodecahyvdrophenanthrene~-9-carboxylic acid.

This was obtained in the usual way by oxldation of
either A 12:13-dodecahyiro-9-phenenthraldehyde or the
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corresponding alcchol, with chromic acld in glacial acetic
acid at 0°%C. It formed colourloss needles from light
petrolsum (b.ps 60+80%), meps 178-%80%.

i i
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