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The stereochemistry of the adduct between 1-phenyl- 
1 :3~butadiene and acrolein has been studied. The reaction 
has been proved to produce a cis^-configuration, and con
flicting claims by earlier workers have been shown to be due 
to inversion on the carbon atom c* to the aldehyde group. 
Hydrolysis of the aldehyde bisulphite compound with acid or 
alkali gives a similar eis-trans isomerisation, but the use 
of formalin leads to retention of configuration- The 
existence of both a cis and trans series of 2-phenyl-cyclo- 
hexyl compounds derived from this has been demonstrated, 
and their relationship to a he xahydrofluorene and hexahydro- 
fluorenone established. Interconversion between the cis- 
and trans forras 1ms been achieved in some cases.

A new synthesis of cis-9-keto-as-octohydrophenan- 
threne is described in which 3-bromo-2-phenyl-Gyclo-hexene 
Is condensed with diethyl raalonate followed by hydrolysis, 
decarboxylation, hydrogenation, and cyclisation.

The reduction of trans-9-keto-as-octohydrophenan- 
threne has been shown to give mainly elimination of oxygen 
and the formation of a perhydrophenanthrene- A little eis- 
anti-trans -perhyaro - 9-phe jaanthrol is formed at the same time



A synthesis of trans-an ti-trans-9-keto-perhydro- 
phenanthrene from the corresponding perhydrodiphenie acid 
has been accomplished, but attempts to extend the scope of 
the method to produce other isomers were unsuccessful*

The pe rhydrophenanthrene derivative obtained by a 
Diels-Alder reaction between di- A -1«1*-cyclo-hexene and 
maleic anhydride, with subsequent hydrolysis, ester if icat ion 
and catalytic hydrogenation over Raney nickel, has been shown 
to possess the cis-anti-trans configuration* The conver
sion of this and the product obtained by hydrogenation of 
toe corresponding acrolein adduct, into a eia-anti-trans-9- 
kBto-perhydrophenanthrene, could not, however, be effected*



Introduction and Historical*

It was early realised' that, for a ring of six
fully saturated carbon atoms # such as eyelo-hexane , to 
exist in a planar configuration would involve a considerable 
molecular strain# and that, In order to achieve a nstrain- 
less11 structure, a non-planar character was essential* 
Sachs©# therefore, suggested that this could be accomplished 
in two different ways and formulated the hypothesis of the 
"boat11 (I) and ,f chair11 (II) forms of the cyolo-hexane ring.

C V4̂ ru -..

Such an arrangement, however, necessitates the existence of 
a large number of isomers for even a simple mono-substituted 
eyelo-hexane derivative, and examples of these have not# so 
far, been isolated- Thus it seems probable that there is 
an equilibrium between forms (I) and (II) and that the two 
structures vibrate so rapidly from on© to the other that the 
net result Is a planar molecule -

When polynucloar systems are examined, however, a
different aspect arises, since now, the ring fusion exerts

(2)a stabilising influence. Jtfohrv 1 pointed out that two

C«x

(II)



3trainless models could be cons trueted f or the dec&hydro 
naphthalene molecule and the existence of a pair of stereo
isomers of this and several related compounds m s  later 
demonstrated by Htickel^^. These were formulated as s-

l\ |\
l\ k

H H
umeson

[\ H
N

riaeso'

(Ilia) (IVa)
flcisn M trans11

It will be seen that, in the uboat” form (Ilia) 
both the hydrogen atoms attached to the carbon atoms in
volved in the ring fusion are on the same side of the plane 
of the rings, while in the "chair” structure (IVa), they 
are opposite. These modifications are designated "cla”,
and "transn respectively and if we use the convention due 

(5)to Linstead in which a hydrogen atom above the plane is 
represented by a black dot, we may writ© (Ilia) and (IVa) as:-

CO and CO
”eistt "trans”

Recently^, however, results of electron diffraction 
experiments suggested that, while the structure assigned by 
Mohr to the "trans" decalln was probably correct, the "cis”



3*

isomer arose also from fusion of two ,l chair" forms (Illb).

If this Is so, the** since the only element of symmetry 
present is a two-fold axis, the molecule should exist in 
optically active forms- On the basis of the Mohr theory 
both molecules would be optically inactive, since, In 
addition, they possess at least one plane of symmetry*

the number of possible cis-trans Isomers and gives rise to 
great difficulties both of Isolation and identifieation - In
the case of the perhydro-anthracenes five stereochemical 
modifications are possible (V - IX), three of which are 
known*6* {V, VI, VIII).

000 cco cco
(V) {VI) (VII)

CCO CCO

( m b ) racemic♦

The fusion of more than two rings greatly increases

(¥111) (IX)



then we have a tricyclic system Involving an angular 
fusion, then the nusi>er of possible stereoisomers Is in
creased to six because of the stereochemical relationships 
possible across the backbone of the molecule^. Thus, if 
we designate two hydrogen atoms on the same side of the back
bone as syn, and those on opposite sides of the plane as anti 
we obtain:-

q p . r p  <̂ p
cis-syn cis (X) cis-syn-trans (XI) trans-syn-trans 0

w  qp w
cls-anfcl-cls cis-anti-trans trails -anti-trans

(XXXI) (XIV) (XV)
The first pe r hydr ophenanthrene to be isolated was 

(0)pared by Ipatlew by reduction of phenanthrene over a 
nickel oxide catalyst and is probably Identical with those
subsequently obtained in & some what similar manner by

(9) f 55)Marvel , and Adkins' * What is probably a different
Isomer was produced by the reduction of 7-hydroxy - 9 -keto-

/n  V
cis-as - oc tohydr ophemnthr ene over a platinum catalyst , 
but in none of these cases could the stereochemical nature 
of these substances be determined*

series

antis
series



A systematic attempt to elucidate the problems In
volved in the study of the perhy or o phcn&nthr one ring system

to the difficulties, both of working with mixtures of the 
liquid perhydrophenanthrenes themselves, and of subsequently 
assigning configurations, suitably substituted derivatives 
were employed which, on perhydrogenation , gave rise- to 
products capable of easier separation* and which, at the 
same time, prov5*ded a point of attack on the molecule 
enabling it to be degraded to compounds of 3mown stereo- 
chemical structure* It was pointed out that* If a suhstitu 
e*g*, a carbonyl group, Is introduced into* say, the 9- 
posltion, then the number of possible stereo-isomers Is in
creased to ei^xt, since, in addition to the six forms 
corresponding to (X) to (XV}, two more are required as the 
carbonyl group in (XI) and (XIV) may be adjacent to either 
s bis or a trans linkage* thus *-

was undertaken by Llnstead and his co-workers (11) Owing

//O
(XVII)

/ /o
c is-syn-trans trans-syn-cls

(XXX)//o //
O

cis -anti-trans trans-anti-eIs



On oxidation the 9-ket o~p©rhydrophen&n thren©s give rise to 
the corresponding perhydrodlphen io acids, the configurations
of which, have been completely established^*2^

When the present work was undertaken three of the 
eight forms were known, viz*, cis-syn -cia-9~keto perhydrophena

/*|n\ (11 13)threne1 ;, trans - syn-c is - 9  -keto -pe rhydro ghena nthrene 9

and trans -an t i-trans - 9-koto ~perhyd.ro ghenan thren® (  ̂^ . 
Recently  ̂e is -syn - trans - 9- ice to -porhydro me nan threne and 
cls-anti-trans-b-keto •peri?ycĥ opliei’iantlirene have been describee, 
so that of the six possible stereoisojueric forms of the par- 
hydro phenanthre ne nucleus , four have so far been characterized 

All the ketones are capable of existence in ©nantio- 
morphie forms and since each, on reduction, may give rise to 
two epimeric alcohols, e*g., (XX) and (XXI) from (XVI), 
sixteen racemic modifications of mono-hydroxy-perhy drophen- 
anthrene are possible* 

(XX) o H (XXI)
The most important class of naturally occurring 

compounds containing a p©riiydroph®nanthrene nucleus are the 
steroids which are assigned a tra ns-anti -1 ra na configuration 
In the androstane, 5-allo-pre^aane , 5 -alio-cholane, and 
eholast&ne series, and the els -ant i - trans form in the aetlo- 
cholane, pregnane, cholane, and e opr os tan© series, although

O H



their stereochemistry is immensely complicated by the number
( **■ fZ\of substituents present''1' . derivatives of many of the rer 

acids and related diterpenoids also contain a hydrogenated 
phenantiirene nucleus of tills type and now that the structures 
of these substances have been elucidated. Investigations of

(be)their stereochemistry are being commenced , and their 
relationship to the pentacyolic triterpenes of the amyrin 
type (hydrogenated picene derivatives) being studied, althoug 
little is yet known of the configuration of these fused ring 
stress1



^Theoretical«

During the course of their studies of the stereo- 
chemistry of catalytic hydrogenation and i&e configuration

/ |fi >
of the pexhydrodlphenlc acids, Linstead and his co-workers1 *'' 
demonstrated that, in hydrogenation involving the use of a 
platinum catalyst, the integrity of the established con
figuration- in the cis and trans-hexahy dr odiphen1c acids was 
preserved, subsequent addition of hydrogen in a syn and cis
manner leading to the formation of the c is-syn-cis- and cls-r..p

(11)trans-perhy drodiphenlc acids Later investigations of
the hydrogenation of cis-9-keto-l,3,^,9,10,11,18-oeto- 
bydrophenanthrene {XXII) indicated that this stereochemical 
selectivity was again evident, as cis-syn-cis-9-hyProxy- 
perhydrophenanthren© was the major product of the reaction* 
Oxidation of the latter with chroroic acid in the cold gave 
rise to cis -syn--c 1 s -9-ice to -perhydr ophenan threne, but, when 
performed on the water bath, inversion of configuration 
occurred and trans-syn-cis-9-keto-perhydrophcnanthrene {XVII) 
m s  produced, identical with that obtained by M a r v e l ^  - 
Perhydrogenation of 9-phenanthro 1 with platinum catalysts 
followed a similar course, resulting, again, In the formation 
of cis-syn-c is -9-nydroxy-pe rhydrophe nan threne *

In view of this syn- and cis reduction It seemed



desirable to investigate the perhy drogeimtion of the cor
responding trans-9-k©to-1, 2,3 ,4,9 ,10 , 11,Ig-octohydrophen-
anthrax (XXIII) since this might * theoretically at least, 
result in the production of a a is -s:m~trans-9-hydroxy -perhydr c 
phenanthrene, oxidation of which would possibly yield the 
unknown cis -syn-trans-9~ke t o~perhydrophenan threne (XVI) in 
the cold, or, by inversion on the water bath, the trans- 
syn - trans -9 -ke to -perhydrophenanthre rm, a hitherto undeserlbetl 
modification of the pe rhydrophe nan threne ring*

// it
O  O

(XXII) (XXIII)*
(6 17)From earlier work by Cook and his co-workers * , a

synthesis of the cis -as-octohydroplienanthrone (XXII) was
known, from which the desired trans - isomer (XXXIX) could be
obtained by inversion with aluminium chloride, but all other
attempts at a direct synthesis of the trans -compound, liave
resolved into efforts to prepare t pans -2- phenyl - cy c lo -hexane
acetic acid (XXVII) prior to cyelisation*

Poor yields of this acid have been obtained from a
stereo isomeric mixture with the cis compound, by treatment
of g-pheayI-cyclo-hexyl bromide with diethyl mlonate, with

(17)subsequent hydrolysis and decarboxylation , and also by



10.

which it is claimed that the tram modification is produced 
exclusively * Both of the se c la has have Been re-investigated 
and, in one, radical alterations in experimental technique 
and a readjustment of views on the stereochemistry of 
various intermediates have been found necessary.

butadiene was condensed in a Diels-Alder reaction with acrolein 
to give 2«pherryl~ A  3-te treiiycirobenxaldehyde (XXIV), from

catalytic reduction over Haney nickel. Subsequent treatment 
of (XXV) with phosphorus pentachloride resulted in the forma
tion of the corresponding 2 -r̂ heny 1 -hexahydrobenay 1 chloride 
(XXVI), the Grignard complex of which, on car bona tion, gave 
rise solely to the required trans - 2-phenyl-eye lo -hexane acetic 
acid (XXVII). Cyelisation with sulphuric acid formed the 
tmna-9-keto-as - oetohydrop} io nan threne (XXIII) *

1-phenyl- 1 ?.

which 2 ■hexahydrobenayl alcohol fXXV) was obtained by

?k. +* Cwvcrtacu.cuo..
CĤ tsCM.CHo

C H O c m 2o u
(XXIV)



XI*

CH^Cl / Co CH^.Co^W

(XXVI) Offlli)

----------  ̂ (XXIII).

*£h© preparation of l-phenyl-l 53-butadiene la good 
and consistent yield by most of the Mown methods presented 
unexpected and considerable difficulty - a difficulty later

on an endeavour to achieve an improvement-
Initial experiments followed the technique due to 

Blumenfeld In which the Grignard complex between phenyl 
magnesium bromide and crotonaldehydo was decomposed by pour- 
ing into 30^ sulphuric acid without cooling and leavi ng over
night in contact with the acid, when the product was isolated 
in the usual my- Although this reaction was performed 
several times with rigid adherence to the exact experimental 
conditions specified, the optimum yield of the diene was only 
about 5%. This m 3 always accompanied by some diphenyl, but 
th© major product m s  a dark-brown glassy polymer* A series 
of control experiments were carried out involving variation 
of th© significant, contributory factors such as the pro

and much time was spent



portion of reactants, th® eoneen trati cm of the sulphuric sold , 
the rate of decomposition of the complex;, and the fcime of
contact of the ethereal solution with the acid, but the maxiim 
^i©ld was of the order of 1 0$ as opposed to the 40; ■ claimed* 
The contamination with diphenyl could, be eliminated by the 
use of the theoretical quantities of reactants instead of 
tiie 20$ excess of broroobenzene employed by Blumenfeld*

Isolation of the intermediate carbinol and subsequent 
dehydration appeared to offer the best solution to the pro
blem, and the two stages were effected separately* The

(22)©c-phenyl- /-methyl allyl alcohol was readily prepared 
and dehydration attempted with sulphuric acid of varying con
centration > potassium bisulphate, oxalic acid, iodine, and 
plithalic anhydride* Of these, the best results were obtained 
by the us© of potash.um bisulphate, although, even here, yield 
were rarely in excess of 15-20$* These conclusions antici
pate those later published by Coyner and Eopp^2^  whose in
vestigations of the dehydration of the various carblnols 
possible in the preparation of 1-pheny 1-1 :3-butadiene, siiov/ec 
Inter alia that the optimum yield, from <*.-phenyl- -methyl 
allyl alcohol and dilute sulphuric acid was only about 6$ 
while much polymeric residue was formed.

An older but more promising method appeared to be 
th© dehydration of methyl styryl carbinol (XXVIII) from



"PK.. CH =  CI4 -  C H  ( O H V  - C H 3

?k- C -  H 
>1

H -C - C H (ovO-CH ch3-ch(oh)-c -h
Tk-C - H

II

According to whether the dilute acid employed in the 
hydrolysis of the Grigaard complex is completely eliminated, 
or not, two stereo Isomeric car-binols may arise* If the 
ethereal layer arising from the decomposition was was lied 
only twice with water and then dried over anhydrous sodium 
sulphate so that a trace of dilute acid was still present, 
then tbs main product of the reaction was the cis-methyl- 
styryl carbinol (XXVIII B) characterised by the readiness 
with which it split off the elements of water- distillation 
of this cis carbinol with a small quantity of potassium hi-* 
sulphate in mcuo was found to produce the desired cis~l~ 
phony 1 - 1 $3-butadlene in overall average yields of 50 h

taaaium carbonate resulted in the formation of the trans 
methyl styryl carbinol (XXVIII A), which resisted dehydration 
in & marked degree* Elimination of th© elements of w ater by 
converting the carbinol into the cones ponding chloride with

Complete removal of the acid,, on the other hand, by



hydrochloric acid and dehydrok&logenatlon by heating with
pyridine, was, however, readily effected and led to the pro
duction of- trans-? 1 *?gheny 1 - 1 t5~butadiene in 55-60^ yield*
This method is capable of being performed on a large scale, 
in high yield, and with a lower tendency to th# polymerisation
which inevitahly accompanies the formation of the cis diene»

(26)A similar technique was 3a tea1* employed by .Alder in ex
tensive work on the stereochemistry of the condensation pro
ducts of the diene with asymmetric dienophiles which will be 
discussed presently* The 1-phony1-1 s3-butadiene was

(25characterised by its addition product with malcic anhydride
Warn this work had bean concluded, further evidence

of the difficulties encountered was afforded by Crunsaitt and 
(21)Becker * These authors refer to the time and trouble 

expended in efforts to obtain the diene successfully and 
state that, "Although phenyl butadiene has been made by sever
al different reactions the synthesis of this hydrocarbon in 
good yield proved to be difficult”, and that, ” adequate
directions for preparing 1-pheny 1-1 ̂ -butadiene are not in 
tli© literature*” Their f Inal method, claimed to give trie 
dime In 60% yield, involved the reaction of methyl magnesium 
bromide with cinnamic aldehyde in an inert atmosphere, with 
subsequent decomposition by pouring Into dilute sulphuric 
acid under very stringent conditions, and in the presence of
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piienyiy3-n&phbhylomlne as an anti polymerising agent* 
Repetition of this procedure confirmed the published results* 

It is interesting to not© that, in a comparative 
study of th© efficiencies of various substances as inhibitors 
of polymerisation? Crummitt and Becker demonstrated that th© 
latter process tools place as rapidly In the presence of 
hydroqulnone (the inhibitor used by Blumenf©Id) as In the 
absence of any preservative«

ihe reaction between 1-phenyl~ 1 ̂ -butadiene and 
acrolein, together with th© closely related one involving 
acrylic acid, m s  first observed by Lehmann(S7^, who pointed 
out that the product might possess one of two constitutions 
according to th© molecular arrangement at the moment of com- 
bination (XXIX i XXX ; H = -CHO ; - COOJi)

/ /
CM
I
C 14

CM.

CH
I
*?k

CHX
II
C H — “R

.C H ,

CH
W
CM

\

CH

CH —  "R
/CH

t
? k

(XXIX)
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CH
I
C H

❖

c wx

CH
I
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n '
CH CM

N 'CH
I
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C H  —
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Conversion of the adduct with acrylic acid into a 
fluoranon© derivative indicated that It belonged to the ortho 
type (XXIX $ R • -COQH}, and ® hm it m s  found that oxida
tion of the acrolein adduct gave rise to a different car- 
boxy lie acid 9 then, merely on this basis, it was assumed 
that this latter condensation must be of the meta type (XXX :■urn i in i ■ mm —
R * -GUO}* Ihe validity of this hypothesis was later doubted

{^) (18) by Cook , and finally disproved by Jilumenfeld who
showed that the structural course of both reactions was
identical (of the ortho type) and that the differences arose
from stereochemical factors resulting in the formation of
ela-tzras isomers (XXXI, XXXII * R * -CHO, COOK).

r£he question of which adducts represented the cis eonfigura- 
tlon and which the trans was, however, left open, although 
it seems since to have been tacitly assumed that, as the 
Blumenfeld synthesis gives rise exclusively to the trans 
ke to -as - oo tohydro phe nan thr en e (XXIII), the initial 2-phony 1~ 
Ag-tetra-hydro bensaldehyde must belong to the same series 
(XXXII t H * -CHO)*

A good yield of 8-phenyl- A 3 -tetra-hydro benaaldehyde 
(XXIV) was obtained from acrolein and l~pheny 1-1 *3-butadiene 
in boiling benzene, but the conditions employed for hydrogena
tion to 2-pheny1-hexahydro-benzy 1 alcohol (XXV) (100 atmos

(XKMl)

TK



pheres hydrogen pressure, 150-180°, with Raney nickel for 
3 hours ) appeared rather drastic and, In fact, were 
found to lead to the formation of 2-cyclo -he^/l-hexahydro - 
benzyl alcohol (XXXIII)- When milder conditions of tem
perature ( <  90°) were applied, however-, reduction of the 
double bond and aldehyde functions proceeded very smoothly 
in a short time, while the benzene nucleus remained untouched. 
Even at atmospheric pressure and room temperature hydrogena
tion to the required product was fairly rapid* To ensure 
that subsequent operations would he performed on. a stereo- 
chemically pur© form, th© 8 -phenyl-hexahydrobenzyl hydrogen 
phthalate was crystallised until homogeneous and of sharp 
melting point* Alkaline hydrolysis then regenerated the

opure 2-pheny l-hexahydrobcmzy 1 alcohol (XXXIV), m«p* 67-68 ,
in overall yields of about 70 U Since oxidation of this
alcohol with chromic acid and acetic acid in the cold gave a
70$ conversion into an acid whose melting point, and that of
its S -benzy 1-thiouroniirn derivative, corresponded with

,(29)those of cis-2-pheny 1 -hexahydrobenzol c acid (XXXV) , it 
Is apparent that the adduct from the condensation of acrolein 
with l-phenyl~l:3-butadiene must possess, almost exclusively, 
the els configuration, in spite of what may be inferred from 
the earlier literature -



3̂3)It is well known 1 that, in compounds- of tills type ,
in which a carbonyl or e&rboxylic group is ^  to a hydrogen 
atom involved in the a tere ©chemical configuration, conver
sion of a cis to the more stable trans isomer can be effected 
via an ©nolle form and Is promoted inter alia by th© presence 
of alkali, e*g.,

On this basis convers ion of th© cia-2-phenyl~ /\> 5-
tetrahy&robensaldehy&e into the corresponding trans form 
(XXXIX | E a -CEO) s©emed feasible by a similar means* A 
dilute alcoholic solution of the cis -aldehyde (XXXI > H = -CHO]*5c s a v

vaa therefore treated with a small amount of dilute sodium 
hydroxide solution and allo?̂ ed, to stand at room temperature 
for 2 - 3 days* Th© recovered aldehyde did not appear to 
differ much in physical properties (boiling point etc#) from 
the starting material but hydrogenation fo a 2 -plxenyl-hexa- 
hydrobenzyl alcohol as previously described yielded a sub
stance which did not solidify so readily and had a melting 
point of 39-4-6°. As o^tidatlon of this with chromic acid 
and acetic acid in th© cold gave a good yield of an acid whose 
melting point and that of Its S -benzyl-thiouronlum deriva
tive corresponded to those of trans-2-phenyl-hexahydrobenzoic



(29)acid (.XXXVII), either alone or when mixed with authentic 
specimens, both the 2~pheny1-hexahydrobensy 1 alcohol (XXXVI) 
and the 2-phenyl- A  3 - te trahydrobenzal&ehyde (XXXII ;
R ss *CHO) must also possess the trans configuration and cis- 
trans Inversion must therefore have occurred»

When this work had been performed several papers
appeared on the stereochemistry of the ad ducts from 1-phenyl -

(30,31)
1 :3-butadiene with acrolein and acrylic acid , which
proved that the 2-phenyl* As-tetrahydrobensoie acid (XL) 
from the acrylic acid belonged to the cis series - Since 
this could be Isomorised with alkali Into the corresponding 
trans-acid (XLI) Identical with that obtained by Lehmann and 
Bluiaenfeld by oxidation of the acrolein adduct with hot 
chromic acid and aoctdc acid, the theory that the acrolein 
adduct represented the trans configuration appeared to 
acquire s ome jus tiiicafc ion.

Msak^^ rightly pointed out that, because of the low 
yield ( <  3Qp) obtained in the oxidation, this method of 
assigning configuration Is very unsatisfactory, but omitted 
to mention, however, the possibility that the m e  of the hot 
chromic and acetic acids could cause inversion of the cis to 
the trans fora (compare the preparation of (XXXIX) from 
(XXXVIII)) - a possibility which has, In fact, been shown ' 
occur.



ao*

<#> o p
O H  O

(XXXVIII) (***■» *■)
Oxidation of the aldehyde adduct was therefore 

effected by the use of a mixture of silver nitrate and 
sodium l^pdroxlde over a period of 2 -b days when a 90$ yield 
of the trana-2 -phenyI- A  3 -tetrahydrobenaoic a d d  m s  formed, 
and, solely on this basis, the authors assign a trans coo- 
figuration to the adducts stating that the method does not 
involve conditions likely to lead to inversion* In view 
however of the fact that the reaction required the us© of a 
fair excess of sodium hydroxide, which w© have shown to cause 
inversion of the cis aldehyde, this procedure appeared to be 
very unsatisfactory and., when the oxidation was performed 
under these conditions a large amount of inversion did, in fact 
take place with the production of almost equal quantities of 
the cis-2-phenyl- A  3 -tetrahydrobenzoic acid (XL) and the 
corresponding trans structure (XLI)•

Thus it was concluded that the reaction between 1- 
phenyl- 1 s3-butadiene and acrolein proceeded not only along 
the same structural lines as with acrylic acid, but pursued 
the same sterical course* This is what we might expect as, 
with two such similar dlenophiles, it is difficult to account 
for formation of the cis configuration in one case and the
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trans In th© other*
When this work had been completed, Alder^^ pro

duced evidence to support the view that the acrolein adduet 
belonged to the d a  series and that previous workers had 
obtained trans derivatives from tills by inversion. He 
claimed, however, that this inversion resulted from the 
formation of the bisulphite compound of the aldehyde, to sub
stantiate which theory it was demonstrated that oxidation 
before formation of the bisulphite compound gave rise to the 
oia-2 -phenyl- 3 -tetrahyorobenzo ic acid, whereas, afterwards
the corresponding trans modification ensued* In view, how
ever, of the fact that his procedure involved a modified 
treatment with silver nitrate and sodium hydroxide, which we 
have shown might be expected to lead to some Inversion, and 
that the yields of acids obtained are not quoted. It m s  
decided to investigate the phenomenon*

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 and the general procedure involved hydrogenation of 
the regenerated aldehyde, followed by Identification of the 
stereolsamerle form produced by means of the melting point of 
the 3 rS-dinitrobenzo&te of the 2 -phenyl-hexahydrobenzyl al
cohol* This process gave excellent yields and, as has been



shown, could not give rise to inversion- When the decom
position was effected by heating for a few minutes with 
dilute hydrochloric acid or for some time with dilute sodium 
carbonate solution, subsequent treatment, as above resulted 
in the Identification of trans-2-phenyI-hexahydrobenzy 1 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-phony 1 -hexahydrobenzy 1 alcohol m s  recovered, Indicating that 
the original cis configuration of the 2-phenyl- /^g-tetra- 
hydrobenzaldehyde had been retained, and that it is not, as 
Alder supposes, formation of the bisulphite compound which 
causes inversion but Its method of decomposition*

fhe stereochemical relationships between these 
substances and others which will be discussed presently Is 
given In f able A *

While inversion of configuration via the bisulphite 
compound was probably at least one factor in the work of
Lehmann Meek^^ , and Coyner^^, the case of Blurnen-

(18) (26) fold is not so obvious, although Alder attributes it
to the same cause* In spite of the fact that full experi
mental details are quoted by Blumenfeld, no mention is made 
of the use of a bisulphite compound as an Intermediate, and, 
moreover, a small scale hydrogenation with Raney nickel at





atmospheric pressure and room temperature resulted in the 
formation of a 2-pheny1-hexahydrobenzy1 alcohol whose 3 :5~ 
dinitrobenzoate possessed a melting point of 101°. Since 
the melting point of the cis-5s5-dinl trobenzoate has been 
shown to be 108° while that of the corresponding trans isomer 
is 81-82°, it is clear that the bulk of the alcohol, and 
therefor© of the original aldehyde, must have possessed a cis 
configuration* fhe inversion in the Blumenfeld synthesis 
mist occur during or before the formation of the 2->henyl~ 
hexahydrobenzy 1 alcohol, as subsequent reactions have no 
effect on any of the configurational centres involved in the 
stereochemistry of the molecule. Since this has not taken 
place in the formation of the 2-phenyl- /yg-tetrahydrobenz- 
aldehyde, it must have done so in the succeeding stage in 
which the bulk of the aldehyde was heated to 180° with 
hydrogen over Haney nickel, and, unfortunately no 3 :5- 
dinitrobenzoate is recorded for the alcohol derived from this 
experiment. As already indicated, these conditions of re
duction were found to give rise to 2-eyelo-hexyl hexahydro- 
benzyl alcohol, thus demonstratlag that the catalyst employed 
by Blumenfeld must have been singularly .Inactive, and attempts 
to Invert the aldehyde by hydrogenation with Raney nickel to 
which alkali had been added were unsuccessful, as the re
action with our catalyst achieved completion very rapidly 
before this could occur. Heating the cis-2-phenyl-hexaliyd.ro-
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ben ay 1 alcohol with Haney nickel or with alkali had, as 
would be expected, no effect and it seems most probable, 
therefore, that with the extremely poor catalyst employed by 
Blumenfeld, heating to a high temperature with Raney nickel 
brought about a configurational inversion of the aldehyde 
before the hydrogenation occurred. In support of this 
hypothesis may be adduced the f a c t t h a t ,  when an aqueous 
solution of cis-2- phenyl- ̂  g-tetrahydrobenzoic acid is 
heated for two hours with Haney nickel, then trans-2-pheny 1 - 
hexahydrobensoic acid is quantitatively produced* It might 
be expected that enolisation (and therefore inversion) would 
occur even more readily in the case of the corresponding 
aldehyde *

Several interesting observations arose v/hen attempts 
to prepare the cis-2-pheny 1 -he xahy drobensy 1 chloride were 
made* ihen the cis-2-phenyl-hexahydrobenayl alcohol was 
treated with phosphorus pentachloride and chloroform, after 
the manner of Blvaaenfeld, a rapid reaction and vigorous 
evolution of hydrochloric acid gas took place but no 
halogen-containing compound could be isolated from the re
action mixture. Instead, the sole product was a hydrocarbor 
whose analysis corresponded to 1,2,3,4,10,11-hezahydro- 
fluorene (XLII) and whose structure was ccnfirmed by de- 
hydrogenation with Adams1 catalyst to fluorene. In view of



its spontaneous formation from the cis alcohol under mild 
conditions, its ready dehydrogenatlon , and its relationship 
to a 1,2,3 ,4 ,10 ,11-hexahydrof luorenone which will be con
sidered presently, the hydrocarbon has been assigned the cis 
configuration (XLII (a)) 5 vtiieh is in keeping with the steric 
juxtaposition of the chlorine and phenyl groupings facilitate

»©is* (b) ”fcransu

II
O II

O
(XLIV) (a) "cis®

A similar procedure on the trans -2-pheny 1-hexahydro- 
benssyl alcohol yielded anomalous results* The initial 
product of the reaction bbtained by distillation in vacuo, 
after removal of the solvent and the phosphorus oxychloride, 
although possessing the same boiling point as that quoted by 
Blumenfeld for the trans-2-phenyl-hexnhydrobenzyl 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*



Halogen was absent and the physical properties (boiling point 
and refractive index) were identical with those of the hexa- 
hydrofluorene previously obtained from the cis-alcohol * 
Identity was established by the formation of fluorene under 
the same conditions of dehydrogenatlon- as in the latter case.

Since the high colour of the intermediates In the 
decomposition of the chloride to the hydrocarbon was probably 
due to phosphorus complexes, the reaction mixture was worked 
up by first removing all these by automatic shaking, for some 
time, with an excess of sodium hydroxide solution. Under 
these conditions the tr&ns-2»pheny 1-hexahydrobenay 1 chloride 
(XLIII) was obtained In good yield on distillation-

The fact that both the cis and trans -2-phenyl-he xa- 
hydrbben&yl alcohols give rise to the same 1,2,3,4,10,11- 
hexahydrofluorene signifies that, in one case, inversion 
must have occurred. For the previous reasons and since the 
intermediate trans chloride could be isolated and subsequently 
converted to the hydrocarbon by distillation with phosphorus 
pentach lor I de, it seemed most probable that the latter was 
the reaction giving rise to Inversion and that the 1,2,3^0,11- 
hexahydrofluoren© has the cis configuration (XL1V).

In a s&ail&r manner the acid chlorides of both the cis 
and trans-2~pheny 1-hexahydrobensolc acids were cyclised in 
a Priedel-Crafts reaction to the same 1,2,3,4,10,ll~hexa~ 
hydrofluor none (an observation later confirmed by Alder



demonstrating that again an Inversion must have taken place. 
Frost analog with the 1,2,3,4,IQ ,11-hexahydrof luorene it 
might he expected that the ketone, too, would possess a cis 
s&puchure, and that inversion of the trans acid chloride had 
taken place- This hypothesis is supported by the fact that 
repeated efforts to cyells© the trans-2-pheny l-liexaiiydr o- 
benaoic acid (XXXVII) with anhydrous hydrogen fluoride were 
unsuccessful, the starting material being recovered unchanged 
while similar treatment of the cis acid (XXV) gave rise to a 
ketone Identical with that obtained from the Prledel-Crafts 
cycllsation of both acids. Ring closure of the cis acid 
again was readily effected with concentrated sulphuric acid 
whereas no neutral or acidic product could be obtained from 
the trans Isomer, s-jlphonafcion 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 
certain critical value was reached. Still no neutral 
material was observed and further dilution with acetic acid 
resulted in the complete recovery of the unchanged trans 
acid* These results afford confirmation that it Is indeed 
the ola-1,2,3,4,10,ll-h©xahydro-9~fluorenone which is formed 
(XLIV). That tbs hexahy! rofluorene and the hoxahydro- 
fluoranone belong to the same stereochemical series Is also 

evidenced by the fact that Cleramensen reduction of the



latter gives rise to a hexahydrofluorene whose physical
(23)properties correspond exactly with those of the former

The trans -2-phenyl-he xahydrobenzyl chloride (XLIII) 
was converted into the corresponding trans-2-pheny 1 -cyclo- 
hexyl acetic acid (XLVX) both via the 2-phenyl-hsxahydro- 
benzyl nitrile (XLV) and subsequent hydrolysis, and 
carbonation of the Grignard complex with carbon dioxide at 
the boiling point as described by Blumenfeld*

Ring closure of the trans-2-phenyl-cyclo-hexy 1 acetic 
acid to the required trans-9-keto -1, :b, 3 , 4,9 ,10 ,11,12-octo- 
hydrophenanthrene (XXIII) was achieved by means of concen
trated sulphuric acid and also of anhydrous hydrofluoric acid 

A second synthesis which, it is claimed, gives rise
solely to the trans-2-phenyl-cyclo-hexyl acetic acid is due

{19)to Gutache and Johnson
Pheny1-o-benzoic acid (XLVIX) was reduced by means 

of sodium and amyl alcohol to the stereochemically homo
geneous trans - 2- phe nj 1 -he xahy d rob enz o 1c acid (XLVIX I) the 
acid chloride of which, underwent an Arndt-Eistert reaction 
via the intensediat© trans-co *di az a-2 -phen; r1-hexahydro-ace to - 
phenone to the trans :-2-pheny 1-cyc 1 o-hexy 1 acetic acid (XLVI)

COOH COOH
(XLVII) (XLVXII)



CO.CH^M^ COOH

(XLVX}
fhe eteims of these authors have been re-investigated 

mud confirmed* Hydrogenation of (XLVII) took place readily 
and the acid chloride reacted smoothly with dlazo methane 
with the formation of the o^-diazoketone. The isolation of
the acid (XLVX) by their procedure proved rather difficult 
and much better results were obtained if the decomposition 
of the diazoketone was allowed to proceed via the amide or 
eater* with subsequent hydrolysis*

factory and this represents the chief limiting factor of the 
method*

Ring closure gave the required trans-ketone (XXIII)* 
Several procedures have been described for the preparation 
of the required trans -2-pheny 1-eyolo-hexyl acetic acid, 
involving the condensation of phenyl cyclo-hexyl derivatives 
with, e*g«, diethyl malonate , or ethyl bromacetate , 
but these for the most part have resulted in the formation 
of very low yields of even the mixed cis-trans isomers.

Attempts to perform the Arndt-EIstert reaction on a 
scale larger than about 5 g* of material proved unsat Is-



showed that hydrogenation of the /J-Y un
saturated acid obtained by dehydration of 2-ph©nyl*-cyolo- 
hexanol acetic acid gave almost exclusively the eIs-2-ph©ny 1 - 
eyelo-hexane acetic acid» When, however, the dehydration was 
performed with acetic or n-butyric anhydride a 30$ yield of 
the isomeric <*/3 unsaturated acid (S-phenyl-cyclo-hexylidene 
acetic acid) was produced, and, although hydrogenation pro
ceeded in a cis manner under most conditions, the use of 
palladium in benzene solution resulted In the formation of 
about 33$ of the trans-2-pheny 1-cyclo-hexane acetic acid*

might be achieved by the following series of steps in which 
1-pheny1-cyclo-hexene is brominated with H-bromo-succinimid© 
to 3-bromo-2-pheny 1 cyclo-hexene (LI), followed by condensa
tion with diethyl malonate to 3 (2-phenyl-eyelo-hexeny 1) 
malonic ester (XLIX). Subsequent hydrolysis and decarboxyla
tion should yield 3 (2-pheny 1- eye lo -hexeny 1) acetic acid 
which might be converted into the trans - 2-pheny I-cyc lo -hexy 1 
acetic acid on suitable hydrogenation

It was thought that a feasible synthesis of (XLVX)

' \ K-Bromo-
^ / suc c In ini I d€̂

sodio-dlethyl

CH (co.StY \ i (COOVl)r CM
de carboxyl* tlon .

(XLIX) CHj.COOH

(XLVI)
<&>



1~Plieny 1-cjelo-hexene was reacted with H-bromo- 
succlnimide, a reagent which causes the bromination of un- 
aatur&ted hydrocarbons in the ally! position^32’33^. Since, 
in the present ease, there are two distinct allyl positions, 
two structural isomers (LI (a) or (b)} are possible, of which, 
it was considered that (LI (a)} would be the most probable 
product*

&

(LI) (a) (to)
In the presence of carbon tetrachloride as an inert 

diluent there m s  a smooth and rapid 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- 
tl on of hydrobromic acid and the formation of diphenyl » When 
the reactants were mixed together at room temperature, a 
spontaneous and violent reaction took place, hvdrobromic acid 
was copiously evolved and diphenyl was obtained in 5-0# yield* 

This use of H-bromo -succinimide as a dehydrogen at ing 
and aromatising agent was later suggested by Barnes and 
employed on substances of a similar nature.

Condensation of the crude bromo compound with sodfo- 
diethyl malonat© took place readily to give the pure



3 (2-pheny 1 -cyclo-hexenyl) malonie ester (XLIX) in good 
yield* 3 (2-phenyl-cyclo-hexeny 1 raaIonic acid, obtained 
from the latter by hydrolysis could be decarboxylated by 
heating above its melting point, with the formation of 
3 (8-phmyl~eyclo«hexenyl) acetic acid (L).

Hy&rogenation of the double bond proved somewhat
difficult as It was unaffected by the us© of a platinlc
oxide or palladium black catalyst in ethanol* Although the
unsaturated isomeric acids detained by Linstaad^*^ were
fairly readily reduced over platinum or palladium in benzene,
fee closely related 2 (5-methyl-5-phenyl-cyclo-hexeny1) acetic 

(35)acid was completely resistant to hydrogenation with 
platinlc oxide even in acetic acid*

(L) was reduced wife hydrogen over Adam’s catalyst 
in acetic acid to give an acid, whose melting point and those 
of its derivatives corresponded to those of els-2-phenyl-eyelo- 
hexyl acetic acid, and the structure of which was confirmed by 
cyclisation to a ketone whose oxime was Identical with that of 
eis**9-keto-as-oetohy&rophenanthrene* This indicates that
fee initial bromination had followed fee structural course 
expected and had formed (LI (a)} almost exclusively* An 
alternative procedure offering a route to a trans configura
tion was to effect the reduction with sodium and amyl alcohol. 
Since the double bond is not isolated It should be susceptible



to reduction by chemical means aid the hydrogen, being in 
atomic form, has an equal chance of adding els or trans 
across the double bond, a state of affairs which is unlikely, 
on the ba&is of Linstead’s theory of Catalyst Hindrance, 
wife the use of molecular hydrogen and a platinum catalyst* 
Application of this technique, however, while giving rise to 
a small amount {lOh) of the trans -2-phenyl-cyclo-hexyl acetic 
acid, yielded mainly the cis isomer (80,'), thus demonstrating 
feat there was a preferential addition of a hydrogen atom 
trans to the acetic acid side chain, and the question of how 
fee other hydrogen atom adds is > of course, irrelevant to the 
stereochemistry of the molecule as a whole - In the present 
case, too, the use of an alkaline reduction medium cannot 
cause cis-trans inversion In the usual way by enolisation as 
fee hydrogen atoms on the carbon <*. to the carboxyl group 
are not concerned in the stereochemical configuration*

The stereochemical relationships of these substances 
are shown In Table B- Although it is mainly the cis acid and 
hence the cis ketone which is obtained by this method, the 
trans ketone can, of course, be obtained by inversion with 
aluminium chloride, and since fee yields in this synthesis are 
good, it represents a convenient method of preparing either 
ketone*
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Hydrogenation of trans-9-keto-1,2,3,4,9,10,11,12-oetohy clro-
phenan fchrene .

Hydrogenation of the trans ketone (XXIII) would be
expected to follow the same general lines as that of the

(11)cis ketone although the rate of reaction would be much 
slower* Thus, in the latter case, Linstead has shown that 
hydrogenation with platinum catalysts in acetic acid solution 
leads to the elimination of oxygen and formation of a hydro
carbon, while, in a similar manner, it is known that 7-hydroxy -
9 -ke to -cis-as-oc tohy dro phe nanthren e gives rise mainly to a
perhydrophenanthren© . with platinlc oxide in ethanolie 
solution the cis ketone yielded cis-syn-cis-9-hydroxy- 
phenanthrene, but the addition of even a little acetic acid



resulted in loss of the oxygen atom* When a sample of the 
tram ketone was treated in alcoholic solution with hydrogen 
and platinlc oxide, addition of one mole of hydrogen occurred 
in about 4 hours instead of the 19 quoted by Linstead and the 
product was 9-hydroxy-trans-as-octohy&rophenanbhr ene, m*p* 89- 
91°. If reduction was allowed to go to completion about 
4 moles of hydrogen were absorbed In 4 days, but this re
sulted mainly in the formation of a liquid hydrocarbon 
corresponding to a perhydrophenanthrene, which m s  probably
a mixture of the cis-syn-trans and cis-anti-trans modifiea- 

(15)tlons , together with a few crystals of a cls-anti-trans - 
9-hydroxy-perhycirophenanthrene, m*p* 132-133°* The rat© of 
reaction was surprisingly rapid as Linstead has shown that, 
under the same conditions, the cis ketone required 4 days 
to absorb 3*4 moles of hydrogen* In an attempt to slow down 
reduction therefore and prevent elimination of the oxygen, 
the reaction was carried out In more dilute solution, with a 
much smaller proportion of catalyst, and under these con
ditions an alcohol, m*p*. 105-106° was obtained, together with 
the liquid perhydrophenanthrene• The former, however, 
corresponded to an octohydro-rather than, a perhydrophenanthxene 
structure and, as oxidation with cold chromic acid gave back 
the trans-9-ke fco-as -oe tohydrG phenan throne, It was therefor® 
an epimerlc modification of the alcohol, m*p* 89-91° and 
probably identical with the 9-hydroxy-trans-as-octohydro-



m *

phenan throne s m*p* 101°, described by Linstead «>
During the course of these experiments it became known 

that work of an exactly similar nature had been accomplished 
by Linstead and accepted for publication* In view of this, 
further investigations on the hydrogenation of the trans 
lie tone were discontinued*

(15)Mote: Linstead and Whetstone^ were unable to effect any
reduction of i&m trans - S«ke to~aa~ oetohy&rophen&n threne beyond 
the corresponding phenantlirol by use of Adamfs catalyst in 
ethanol* In the presence of a little acetic acid hydrogena
tion took place with the formation of a mixture of two 
perhydro- 9-phenanthrols and a small amount of hydrocarbon, 
separation of which, and oxidation with cold chromic acid gave 
about equal amounts of the ci s -syn~ trans - (XVI) and cls-anti- 
toms- (XVIII) 9-ke t o -perhydr ophenanthrenea * Attempts to 
convert the cis-syn-trans-perhydro- 9-phenanthroI Into the 
trans-syn-trans-9-keto-perbydro phenanthrene by inversion with 
hot chromic acid were unsuccessful* Thus (XVIII) represents 
a fourth form of the porhydrophenanthrene ring, while (XVI)
Is the second of the structural isomers of the cis-syn-trans 
ketone, c or responding to a ring form which was previously 
known*
9—ke to-per hydro phenan threnes from perhydro dlghenlc acids»

All the methods so far described for the preparation 
of perhydrophenanthrone derivatives have consisted either in



the building up of partly hydrogenated phenan threne skeletons 
or in the use of a suitably substituted phenan threne deriva
tive followed^ In both events, by complete catalytic reduction 
and investigation of the products. An alternative route 
m m  sought involving the use of a starting material possessing 
& known configuration of the perhydrophenanthrene type, which 
could b® converted into a 9-koto -perhydrophe nanthre ne in which 

stereochemical structure was retained, by the following

Dieekmann
stages s-
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Perhydro -methy l-bydrogen diphenate is converted via 
an Amdt-Elstert reaction to a 2-carboraothoxy-2! carbomethoxy* 
methyl-perhydro-dipheny 1 (LIU) which is subjected to a 
Dhckraann reaction with Hie production of a 9-kefco-lG-carbo- 
metho^-perbydroplienanthrene (LIV)* Being a fi> -koto-ester 
this should undergo simultaneous hydrolysis and decarboxyla
tion to the 9~ko to-perhydrophe nan threne (LV)-

Since all of the six possible perhydrodiphenic acids 
are k n o w n t h i s  synthesis might be capable of yielding



all the possible stereoisomerie modifle&tions of Hie per* 
hydrophenanthrene nucleus, as the conditions throughout seem 
unlikely to cause Inversion except in Hie case of the Dieck- 
maim reaction*

Trans -ant i - trans - perhyd rodixne thy 1 diphenate, from 
hydrogenation of dimethyl diphenate over Haney nickel at 
high temperature and pressure, m s  hydrolysed to the correspond 
ing acid, and thenee to the trans -ant 1 - trans -perhydrodi phen 1 c 
anhydride by treatment with acetic anhydride-• This was 
readily converted to the trans-anti*trana-2-carboxy-2 * -carba
rn© thoxy-perhydrodIpheny1 (LII) with sodium methoxlde, and 
afterwards to the acid chloride with thlonyl chloride. The 
reaction of the latter with dlazo methane was smooth and 
rapid, and decomposition of the intermediate dlazo ketone in 
the usual way readily gave rise to trans -an 11 - trans -2-car bo- 
methoxy-21 -car borne thoxy methyl perhydrodiphenyl (LIII). A 
Dleckmann reaction with sodium In benzene formed the trans - 
anti-trans-9-ke to-10-carbomethony-perhydrophenantlir©ne (LIV) 
which underwit simultaneous hydrolysis and. decarboxylation to 
the desired trans-antl-trans -9*436to-perhydrophenanthrene (LV), 
Identified by Its ox is® and by oxidation to trana-anti-trans- 
perhydrodlphen1c acid.

The other modifications of Hie perhy&rodiphenic acids 
are obtai ned either as by-products In the hydrogenation of 
diphenie acid with Adamfs catalyst In acetic acid, or by



controlled Inversion of the cis -ayn-cls isoms? which is the 
is&ln product of the reaction- The exact conditions speci
fied by linstead (60 lbs */sq* inch hydrogen press ore and 25°C) 
were , however, not obtainable on the apparatus available and 
repeated attempts at reduction of the acid and its dimethyl 
ester were made under other conditions including?-

(a) Atmospheric pressure and room temperature with 
platinlc oxide in acetic acid or ethanol plus a trace of 
hydrogen chloride ̂  ̂ ,

(b) catalyst as in (a) in a high pressure hydrogenation 
bomb*

All these ? however, failed to give any observed 
hydrogenatlon. To eliminate the possibility of catalyst
poisoning# the diphenlc aeid was obtained from several 
sources t-

{!) Biazotisation of anthranilic acid and treatment with 
ammoniaeal cuprous hydroxide  ̂*

(2) Oxidation of phen an t hra quin one with hydrogen peroxide 
in sodium hydroxide-

(3) Ullmann reaction on o~iodo-methyl-benzoate and sub
sequent hydrolysis ̂52 ̂ •

In each case the acid was purified by the technique 
©f Linstead, and the activity of the catalyst tested by the 
rate of its reduction of benzoic acid* Finally, almost pure 
phenanthrene was treated for several hours with molten



sodium' * and the dlphenic acid obtained by oxidation 
heated for some time with Haney nickel* Hhen no reaction 
m s  observed using this material the scheme m s  abandoned.

the failure m y  be due to the fact that sufficiently 
drastic conditions could not be employed on the apparatus 
available, or, when they could be approximated in a high 
pressure hydrogenation bomb, Hie vigorous mechanical agita
tion of the Parr apparatus could not be reproduced*

l^riiydrophenanthrene derivatives from Pi- /b 1 si * -oyclo-hexene * 
A method of preparation of partially hydrogenated 

phenanthrene derivatives possessing substituents in the 9 
and 10 positions, consists of a Die Is-Alder reaction lie tween 
di~ 1 $11 "Cyolo-hexene and a suitable dlenopihile such as

(4 0} zvm&leic anhydride . In the latter case xk 12 slb-dodeca- 
by&rophenanthrene-9 :lG~dlc&rboxylie acid anhydride (LVI) 
results, a substance which seemed suitable for conversion into 
a perhydrogfce nan threne derivative whose configuration could be 
established* ffhe problem resolved itself into two parts,
(a) preparation of the substituted perhydrop he nan threne and 
elucidation of its stereochemica 1 structure, and (b) conversion 
into the corresponding 9-keto-perhydroplienanthiene.
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On the basis of the Alder Rules concerning the
configuration of the adduets in the Diels- 

Alder reaction we should expect that the hydrogen atoms on 
G'xx &£d 0 ^  would be cis to each other (LVI) . It will readily 
be seen, therefore, that subsequent saturation of the molecule 
could, theoretically, give rise to three of the six possible 
isomers of the perhydro phenan'threne system. Thus cis 
addition of hydrogen across the double bond could produce 
either the oia-syn~cla (LYII) or trans-syn-trans forms (LVIII) 
although the latter, according to the theory of Catalyst 
Hindrance, would be unlikely» Trans addition, on the other 
hand, could result only In the formation of th© cls-anti- trans 
modification- When this work was undertake the only 
corresponding 9-keto perhydrophenanthrerte kaov/n was the cis- 
syn-cis form, although one of the c ia-antl-trans species has 
recently been described ̂ .



Attempts to bring about els hydrogenation by employ
ing a palladium or platinum catalyst in glacial acetic acid 
or in ethanol were unsuccessful. This marked resistance to 
reduction end the unreactivity of the double bond are not 
surprising, in view of the fact that we are dealing with e 
tetm-substituted ethylene having the double bond between two 
rings* Thus Adkins lias shorn that the closely analogous 
A  11 j!2-do£ecahy&rop3»nantfaren© required to be heated with 
hydrogen over Banay nickel to 250° under high pressure be
fore saturation m s  effected.

An Indirect route to ensure tr&ns-hydrogenation, vis* 
addition of bromine (which takes place in a trans fashion) 
followed by catalytic hydrogenation with palladised 
strontium carbonate also failed because of this lack of ole- 
flnlc activity, as no reaction appeared to take place on 
allowing the anhydride to stand, for some time with bromine.

Finally, this lack of reactivity had to be overcome 
by reduction over Haney nickel at elevated temperature and 
pressure, a procedure which we should expect to give rise to 
trans addition and therefore production of a cis -an t i~trans 
configuration* (Hote t In order to avoid confusion It will 
be assumed that subsequent assignment of configuration has 
been ©xperimentally justified.) Since these conditions 
would also afford reduction of one of the carbonyl group! ngs



with the production of a type of phth&li&e , the experiment 
was performed on Hie dimethyl ester of the free acid (LX) 
when ela-antl-trans -9 ;.XQ-a icarbomethoxY perhydrophenanthrene 
(LXX) was obtained-

normal method of conversion to the corresponding perhydro- 
diphenlc acid requires the presence in tine molecule of some 
readily oxldisable centre in the 9 or 10 positions, for which 
purpose an olefinic link appeared admirable (LXIIj

of the type E*Gii •CIIr *Kf in which two methylene groups are<& d
attached to activating centres {H>iif may be unsaturated link
ages, carbonyl groups, esters, or aromatic nuclei), then

with the removal of two atoms of hydrogen* In a similar 
manner it was hoped that (LXII| K = K1 - COgMe) might arise 
from (liXI) hut on. heating with selenium dioxide in a sealed 
tube to a high temperature, (LXI) was invariably recovered 
and no oxidation occurred* , ,

(lk) />— {  ( m )
t«*w co4m«, co4vw
Determlnation of the stereochemical structure by the

R = H 1 » CO H). It is well known that, when we have a system

oxidation with selenium dioxide may give rise to IUCII = CLUR

+- +



to alternative procedure appeared, to consist of 
oc -mjonobromination of the ester or acid with subsequent 
elimln&tian of hydrogen bromide, but results by this method 
proved disappointing* So reaction was observed on prolonged 
treatment of (LXI) with bromine in carbon disulphide or 
chloroform  ̂and the presence of halogen carriers, e*g*, 
iodine, or irradiation with strong sunlight bad little effect, 
although, when a little pyridine was employed an orange solid 
was produced, which was soluble in warm water, neutral, and 
contained a bromide anion, to which the formula of the 
quaternary pyridinium salt, els-anti-trans■-9; 1Q-dloarboinethoxy- 
perhydrophenanthrone-9:lG-d!pyridinium dibromlde (Mill) was 
assigned* The pyridine however did not promote the reaction 
In the direction hoped for, and, while the yield of the d±~ 
pyridinlum salt varied with the quantity of pyridine used, 
in no case was any simple broriination dbserved* Extended
heating of (LXI) in carbon disulphide with one mole of bromine 
and a trace of iodine as catalyst gave a poor yield of the 
required els-anti- trans -9-hromo -9:10—d icarbeme thoxy-perhydr o - 
phenanthrene (LXI? or LXV) which, on simultaneous dehydro- 
bromine.tion and hydrolysis with alcoholic potassium hydroxide, 
afforded the ois-anti-trans - -A 9:10-dodecahydrophenanthrene- 
9?lG«*dicarboxylie acid (Mil; R « Rf * G0gH) »
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(LXIV) (LXV)COz<*fe COa<ne Coamc co^e

Co^w Co^H
(LXVX)

Dibrominat ion of cia-anti-trans -perhydrophenanthrene - 
9 s10-dinarboxylie acid by a modification of the He 11 ~ V olhard -

to the formation of cis -antl-trans-9 slQ-dibromo-perhydro- 
phenanthrene-9:10-diear boxy lie acid (LXV!)7 treatment of 
which with sodium iodide in acetone brought about the elimina
tion of iodine from the -unstable, intermediate di-iodo 
compound, and the production of the desired cls-anti-trans- - 
9?10-dodecahydrophenaatlirene-9slO-dic&rboxylie acid (LX1I|
H » E* * CQOH) o

suited in the isolation of cis-anti-trans-perhydrodiplienic 
acid, showing that (LXI ** LXVI) all possess the c is-anti-trans 
configuration*

Conversion of the anhydride (LVI) into a 9-k©fco~ 
perhydrophonanthrene appeared to be possible by a series of

Belinsky reaction^4  ̂with thionyl chloride and bromine led

Oxidation of the latter with fuming nitric acid re-



47*

reactions such as the following scheme suggests

co co
/ ruon'00^

(Lin)
COxi*le COaK

(LXlfll)

C «y+i

CÔ me, WH ̂
(L X J X )

O

C o ^  OH

(LXX)

j a.o'eb
c k L o oit;

Co/le CO

(LXVIII)

10,ne O H

(liXXX)

PP
{LXXII) (LXXIII)

The final product might be expected to consist of a 
mixture of both the possible ketones corresponding to the 
cls-anti-trans form of the perhydrophenanthr©ne ring, viz., 
(LXXIII) and (LXXV), the latter of which would arise from 
the reduction over Raney nickel affording (LXXIV) rather than
(LXXI)

OP
COame, OH 

(LXXIV)
O
(LXXV)



The anhydride exhibited a remarkable resistance to the 
action of methanol from which it could be recrystallised, 
after prolonged refiuxirtg, without the occurrence of any 
chemical change. On treatment with sodium methoxide, however; 
a quantitative yield of the A  12;13-dodecahydro-9~carbo
rne thoxyphenanthr ene -10 -carboxylie acid {LXVII) was obtained. 
Attempts to convert the carboxyl into an amino grouping, 
however, met with little success. Although the acid ester 
reacted readily with thionyl chloride and the resulting acid
chloride combined with sodium azlde in the wet modification

(58)of the Curtius reaction with the formation of A  12*13- 
dodeeahydro-3-ear borne thoxy -phenan fhren e - 10-car boxy lie ac id 
aside (LXVIII), the succeeding stage of heating with mineral 
acid to bring about rearrangement to the isocyanate and sub
sequent hydrolysis to the amine resulted almos t entirely in 
the formation of an intractable gum* 'The latter, which would 
not solidify or distil, exhibited neither basic nor acidic 
properties, and Is considered to represent a high-molccular 
weight polymer* A very small yield of the anticipated 
A  12:13-dod©cahydro -9-amino-lO-earbomethoxy-phenanthrene 
(LXIX) was obtained, but the quantity precluded the procedure
as a feasible experimental method. Application of the one-

(57)stage Schmidt reaction to the acid ester by heating with 
sodium azlde and strong mineral acid again afforded a gum 
possessing properties similar to those of the Curtius product.



Sine# no homogeneous product could be obtained and tests 
for & primary amino group proved negative, the scheme bad 
to be discarded and an alternative method sought.

A somewhat similar route bad as its basis A  12 §13 
dodeeahydro-9-phenantliraldehyde (MXVT), obtained from di~ 
A  1:1*-eyelo~hexene and acrolein* This might be treated 

as follows:-

This again Should give rise to a mixture of ketones (LXXV) 
and (LXXIII) due to the formation of (LXXXX) rather than 
(LXXVII) on hydrogenation.

fhe Initial disadvantage of this series of reactions 
as cougared with the use of the anhydride, vis. the low yield

(LXXVII) (LXXVIII)

$C iiHi

O H
(LXXIX) (l x x x)

o
<bXXV)



{20%) of the acrolein adduct claimed in the literature , 
m s  overcome, and up to 60$ of the aldehyde (LXXVI) obtained. 
On catalytic hydrogenation over Haney nickel at high tempera
ture and pressure, it was found possible to isolate three 
alcohols according to the activity of tbs catalyst employed* 
On© of these, a solid xa*p. 82-83°, m s  a A  12:13-dod©ca- 
hydro -9-hydroxy m© thy 1-phenan throne (LXXXII), as was 
demonstrated by oxidation to the corresponding acid, identical 
with that obtained by oxidation of (LXXVI)

/ HAc / HAc (LXXVI)

(LXXXII)

(LXXXI) (LXXXII)
The other two afforded 3 :5-dinitrobenzoates m.p. 139- 

140° and 149-150° respectively, the analysis results for whlcl 
indicated that they were both derived from the 9-hydroxy 
me thy 1-perhydro -phenanthre ne series. The production of two 
Isomeric alcohols and the analogy of the hydrogenation of the 

A  12sl3-dodecah.y&ro~9 5lo-dicaruomethoxy-phenanthren© al
ready described, render It extremely probable that reduction 
has given rise to a els -anti-trans configuration (LXXVII ; 
LXXXI)* Oxidation of these alcohols with chromic and acetic



acids produced two carboxylie acids is. p. 193-195° and 162-
164° respectively, which are tentatively formulated as
els-anti-trans-perhydrophenanthrene-9-carboxylie acids (LXXVII3
LXXXII) sine© analytical results are not yet available.
Application of the Schmidt reaction to the 195° isomer gave
an amine sulphate which is cons idered to be oxie of the eis -
anti-trans -9-amino -perhydrophenanthrene sulphates (e.g.,
LXXIX) * Preliminary investigations of the replacement of
the amino by a hydroxyl grouping suggest that treatment with
nitrous acid does not bring about simple substitution under
the conditions employed, as oxidation with chromic acid of
the product yields a neutral material, showing ke tonic
activity, but having a melting point of 160-162°. This
is far above that of the cis-ant1 -1rans -9 -keto-porhydro -

(15)phenanthrene (m*p. 72°) described by Linstead , or, indeed, 
of any known 9-ke to-perliy drophofl&athrene > Oxidation of the 
ketone with fuming and concentrated nitric acids resulted la 
the isolation of a low melting solid which was not identified 
but which was clearly not a perhydrodiphenic acid- Lack of 
time, however, precluded the fuller invest!gatioa of th© 
phenomenon.



Experimental ---i— -| it-  --i-   ,

Syntheses of trans-9-keto-l,2,3,4,9,10 ,11,12*^e tohydro-

1-Phenyl~l tZ t ..butadiene s
(a) From phenyl magnesium bromide a ad crotonaldebyde»

Phenyl magnesium bromide, ma.de in the usual way from 
magnesium turnings (20 g. }, bromobenzene (105 c.c.}, anhydrous 
ether (334 cc.) and a crystal of iodine , was cooled to 0°C 
in an ice hath and a solution of crobonalaehyde (68 g.) in 
dry ether (210 ec.) added over a period of 2 hours with

ovigorous stirring* After standing9 with stirring, at 0 C 
for a further four hours, decomposition of the Grignard 
complex was effected by pouring into 30./, sulphuric acid 
(1*67 kg*) with frequent shaking without cooling, and the 
product, after addition of hydroquinone, was left overnight 
at room temperature. The sulphuric acid layer was separated, 
the ethereal solution washed with water till the washing3 
were neutral to litmus, and the ether removed. When the 
residue was heated for an hour on the water bath more water 
was split off and the remaining oil was extracted with ether, 
separated, and the ethereal layer dried over anhydrous sodium 
sulphate* Fractionation of the residue in vacuo, after 
evaporation of the solvent, yielded impure 1-phenyl-1 ;3- 
butadiene (7 g.) b*p* 93-104°/13 mm. A second fraction



O J ob.p. 121-126 /13 rm*$ m.p* 70 was diphenyl (8.1 g.) while 
the remainder v&iich would not distil, solidified on cooling 
to a hard, dark, glassy polymer.

Hotsi In the above and all subsequent distillations of
1-phenyl-l :3-butadIene, a trace of hydroquinone> was added 
as an anti-polymerising agent* It is possible that better 
yields would be obtained if phenyl-yl -naphthylamine were 
substituted*

If the Grignard complex from the above reaction was 
decomposed by pouring into ice and ammonium chloride, the 
ethereal layer separated, washed with water, and dried over 
anhydrous sodium sulphate, then removal of the ether and 
distillation of the residue yielded l-phenyl-3-methyl allyl 
alcohol, b.p. 118-122°/12 mm* Yield « 04 g* (50/).

In a series of experiments 1-pheny1-5-metliy 1-ally 1 
alcohol (1C g.) was slowly distilled in vacuo with various 
dehydrating agents (1 g.) and a little hydro quin one * The
distillate was extracted with ether, dried over sodium 
sulphateand the solvent evaporated. By fractionation of 
the residue, the 1 -phenyl- 1 §3-butadiene could be Isolated, 
b.p. 95-100°/14- ran.

Dehydrating Agent* % Yield of dlene
30/ sulphuric acid 5*1
anhydrous oxalic acid 3.8
Iodine 3.2
potassium bisulphate 23.2
phthallc anhydride 0.76.



(b) From methyl magnesium iodide and cinnamic aldehyde:
> '■  m w w . i i  miiWi'inn. »». t«w». m* w <»<n **•<*.*,», iw w ii>" .« .-  >, iw hm ihw i mm h h i t h t i n j f w

Methyl magnesium iodide from magnesium (5 g-)» 
methyl Iodide (30 g.) and dry ether (50 co-*) was cooled to 
Q°C in a freezing mixture and a solution of cinnamic aldehyde 
m  g .) la ether (60 cc«) added over two hours with mechanical 
stirring. The mixture was allowed to stand at 0°C for one 
hour and was then decomposed by either of the following 
experimental procedures
(1 } * By pouring into water (200 cc*), concentrated sulphuric 
acid (12 cc*} and crushed ice * The ethereal extract was 
washed with sulphurous acid, twice with water, and dried over
anhydrous sodium sulphate. After removal of the solvent the

oresidue was distilled, the fraction coming over between 1 0 0  
and 140° under 1 2 mm* pressure being collected. Slow re- 
distillation of the latter with potassium bisulphat© (0.5 g«), 
and subsequent treatment of the distillate in the usual 
manner gave rise to the c is -1 -phe ny 1-113-butadiene, b.p. 90- 
9S°/lO zam. Yield * 10 g* (50/). As in all cases whore the 
eis-diene m s  produced , a considerable amount of resinlfication 
occurred.
(2 ). %  gradual addition to a mixture of crushed ice and
ammonium chloride solution* The ethereal layer was separated, 
washed copiously with water, and dried overnight with an
hydrous potassium carbonate- After the ether had been dis



tilled, the .residual trans -methyl styryl carbinol camo over 
at 132-133°/14 jam. field = 16 g. (73. ).

The trana-cnrbinol (16 g.) \ms dissolved in anhydrous 
ether and dry hydrochloric acid gas was passed In till the 
solution was saturated,the mixture being iimersed In an ic© 
bath* When the reaction was complete, the ethereal 
solution was washed with dilute sodium hydroxide solution, 
then with water until neutral, and dried over anhydrous 
sodium sulphate. 1 -methyl~3-phenyl allyl chloride (b.p.
120-130°/la mm.) was obtained in almost quantitative yield 
on removal of the other and subsequent distillation* After 
the chloride had been refluxed for five hours with anhydrous 
pyridine (50 cc*}, the reaction mixture was taken up in 
ether, washed with dilute hydrochloric acid, then with water 
till neutral, and dried over sodium sulphate* Distillation 
of the ether, and fractionation of the residue in vacuo 
gave the trans -1-phony 1-1 tS-hufca&ione, b.p. 78~83°/l2 mra*
Yield » 12*2 g* (60/) * Very little polymerisation took place*

cls-2 -phenyl- A  5 -totrahydrobenzaldehyde*

1—Phenyl-l s3-butadiene (58 g.) was treated with 
acrolein (24.3 g*) in dry benzene (73 cc*) with a little 
hy&roqulnone, and the solution refluxed on the water bath for 
eight hours* C la-2-phenyl- A  3-to trahydrobenzaldehyde was 
isolated as a colourless oil by distillation of the benzene



and fractionation in vacuo. b*p. 152-154°/13 mm*
'.field * 45.3 g* (55$)*

cls-2 -cyolo-hexyl-hexahydro-benzyl alcohol«

cis-2 -phenyl- A  3-te trahydrobenzaldehyde (7 g*} In 
ethanol (80 cc.; m s  heated with Raney nickel ( 1 g.) to a
temperature of 150-180° for 3 hours under an initial hydrogen 
pressure of 100 atmospheres* After filtration of the catalyst 
and remoral of the ethanol, cis-2 -cyclo-hexy 1-hexahydrobenzy 1 
alcohol came over as a colourless, viscous oil, b.p. 156- 
160°/10 mm., which slowly solidified to a crystalline mass of 
long needles, m.p. 62-63.5°. field - 4*7 g. (6 6$).

The 3 :5-dinitrobenzoate recrystallised from ethanol 
m.p. 145-146°.

Foundi G « 61*22$ cgOH26°6H2 ° * 61#53^
H * 6*35%. requires H » 6 *6 6$.
The hydrogen phthalate re cry s tal lis ©d from benzene,

m*p* 132-133°.

Found: 0 * 72.87$ C21H28°4 C * 72*96^
E « 8.11$ requires H * 8*14$.

c is -2-pheny I-hexaiyd rohenzyl alcohol»

cla-2-phenyl- A  3-1efcrahydrou enzaldehyde (45 g.) in
ethanol (400 cc*) under an initial hydrogen pressure of 1 0 0

. oatmospheres was heated with Raney nickel ( 4 g*) to 90



over a period of 1 hour« The catalyst was filtered, the 
ethanol removed, and the els~2-phenvl~he:xabvdro benzyl al
cohol Isolated by distillation in vacuo as a colourless, 
viscous liquid b.p* 160-162°/12 which slowly solidified
to a white, greasy, crystalline mass m+p« 58-63°.
Yield * 35*4 g. (7&/0*

Preparation of phthalic anhydride derivative”
The cis-2-phenyl-hesahydmbenzyl alcohol (23.2 g.) 

was treated with phthalic anhydride (18*4 g*) in purified 
pyridine (13 cc.) and heated on the water bath for about 
3 hours* After cooling, the reaction 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. (notes In the 
presence of other sodium salts, the sodium derivative of 
the hydrogen phthalate la more soluble in chloroform or 
benzene than in alkali.) The chloroform solution was washed 
several times with water, and the combined aqieous extracts 
acidified with dilute hydrochloric acid, when the precipitated 
hydrogen phthalate was taken up in benzene* V9hen the benzene 
solution had been washed several times with water and dried 
over anhydrous sodium sulphate, the solvent was removed and 
the pale yellow solid which remained was recrystallised from 
aqueous ethanol or benzene as small colourless needles,
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m*p. 145-148o

Founds C * 74*3&% C *» 74*56
H * 6*&9%

Hydrolysis of the hydrogen phthalate was achieved by 
heating with a slight excess of lQ/£ aqueous potassium hydroxide 
for 2  hours on the water bath - His regenerated cis- 2 -phony 1 - 
hexahydrohenzy 1 alcohol was extracted from the mixture with 
ether, and the ethereal extract washed with water and dried 
over sodium sulphate - Removal of th© solvent, followed by 
distillation in vacuo gav© th© pure els alcohol, b.p. 162- 
165°/13 suu, which rapidly solidified to a white solid*
Yield » 18*5 g* (80 )*

Ihe latter crystallised from light petroleum (b.p* 60- 
BO0} as colourless prisms, m.p* 67-68°.

Found* C « 82*09/̂  C13E18° C * BE*11^

3 85 dinitroben2oate *
f© the cis-2*pheny 1 -hexabydr obenzy 1 alcohol (0 . 8 g») 

was added purified 3 ;5-dinitrobenzoyl chloride (1 g.) in 
anhydrous benzene (10 cc.), and anhydrous pyridine (2 cc*), 
when a whit© solid was produced, and the mixture refluxed for 
1 hour* Hi© cooled product was taken up in ether and the 
solution washed successively with dilute hydrochloric acid, 
dilute sodium hydroxide solution and several times with water. 
After drying over anhydrous sodium sulphate and evaporation

H * 9*40 requires H * 9.40/S*



e£ the ether, the solid reside m s  crystallised from ethanol 
as long colourless needles, m*p. 108*109°*

Found: C * 62.21$ C2 Q^g0 °d*2 C ** 62*50^
H ® 5*40^ requires H * 6 .2 1$
H * 7*42$ M * 7*301'*

els-2-pheny 1 -hemhydrobenzoie acid-
cis-2 -phenyl-hexahjdr obenzy 1 alcohol (2 g.} in glacial 

acetic acid (6 ec*} was cooled to 0 ° in an ice hath and 
chromic acid (1 . 6 g®) dissolved in glacial acetic acid (5 cc*) 
and water (2 cc.) added slowly with shaking* When addition 
m s  complete the mixture was allowed to stand at 0° for 30 
minutes and then overnight at room temperature. The 
solution m s  then poured into excess water and the product 
extracted several times with ether* After washing with 
water, the ethereal solution was shaken repeatedly with dilute 
sodium hydroxide solution (10 cc* portions) until a test 
sample of the latter gave no precipitate with dilute acid. 
Acidification of the combined alkaline extracts with dilute 
hydrochloric acid gave a white solid which was filtered, washed 
with water and dried* Recrystallisation from light petrol©uni 
(b.p. 80-80°) produced small# white needles of c is -2-phenyl 
hexahydrobenzoic acid, m.p. 76-77° (lit. 76-77°).
Yield « 1.5 g. (70 0.

S-benzyl-tbfcioronium salt m.p. 152-153° (lit. 152°).
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trans-2-phenyX- A  S~tetrahydroben^aldehyde.

els-2-phenyl* A  3«betrahydrobenzaldehyde (5 g.) was 
dissolved in ethanol (20 cc*) and a 1 0% solution of aqueous 
sodium hydroxide (1 ec.) added, a drop at a time, with con
stant shaking* Initially the mixture acquired a pale green 
colouration which gradually turned to a brownish-red. After 
standing for 2|r days at room temperature th© product was 
poured into an excess of water, extracted with ether, and the 
ethereal solution washed several times with water* Drying 
over anhydrous sodium sulphate and removal of the solvent 
left an oil from which trans-2-pheny 1 - A  o-t©trahydro- 
ben&aldehyde was obtained as a colourless mobile liquid by 
distillation In vacuo, b*p* !io~150°/l£3 miu Yield « 4 g* 
(BQ/a) .

trans-B-phenyl-hexahydrobenzyl alcohol •

trans-2-phe ny 1- A  3 - to t rahydr obenzaldehyde (4 g.)
In ethanol (100 ec*) m s  heated for 1 hour at 90° with 
hydrogen at a pressure of 100 atmospheres, over a Haney nickel 
catalyst ( 1 g» ). When the nickel had been filtered and
the ethanol distilled off, fractionation of the residue gave 
trans-2-pheny l-hexafaydrobenzy 1 alcohol which came over as a 
colourless mobile oil, b*p* 155-160°/12 mm- Yield « 2*9 g* 
(70").
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On standing for some time the latter solidified to a 
greasy crystalline mass from which a #iite solid, m*p* 46-48° 
was isolated lay pressing on a porous plate*

fh© hydrogen phthalate of the trans-alcohol was pre
pared in exactly analogous fashion to the c is-isomer and 
afforded clumps of small white needles from a mixture of 
bensen© and light petroleum (h.p. 60-80°), m*p. 114-116°• 

Foundf C * 74*97^ c21%204 C * ?4*56#
H * 6*60>o requires H * 6*51$*

3 tb-Dinitroheazoate s
treatment of the trans-2 -pheiiy 1- m  xaiiydrobenzy 1

alcohol with 3:5~dinitrob©nsoyl chloride, in a similar
manner as for th© cis isomer, afforded a yellow oil which,
on cooling and scratching, formed a hard, white solid.
Repeated crystallisation of this from ethanol gave small,

ogranular crystals of the 3 sS-dinitrobBnzoate, m*p- 81-83 
with elicit previous softening.

Founds C * 62*07^ ° II ° N C * 62.30^
H - 4*96>o requires H « 5*21)2
H *  7»6l£  n  *  7 .30 )2*

hydrogenation of eis-2-phenyl- A  3 - £etrabydrobenz- 
aldel̂ yde (5 g*) as previously described but with the addition 
of sodium hydroxide (0*26 g*), in an attest to prepare the 
trans-2—pheny 1 -bexahydrobenzyl alcohol directly, gave rise,
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after working up in the usual way, to an alcohol, the 3:5- 
dlnitrobenzoate of which had m*p* 108-109° either alone or 
when mixed with an authentic specimen of the 3:5-dinItro- 
benzoate of cis-2-pheny1-hexahydrobenzy1 alcohol*

When the cis alcohol was heated to 150-160° with 
Haney nickel ( ̂  1 g*), no inversion occurred and the sub
stance was recovered unchanged*

t^ns-2-pheziyl-hexahydrobenzo ic acid.

trans -2 -piicnyl-hexaliydrobenzy 1 alcohol (0 * 6 g*) 
dissolved in glacial acetic acid (5 cc*) was cooled to 0° in 
a freezing mixture and a solution of chromic acid (0*4 g*) 
in a mixture of glacial acetic acid (5 cc*) and water (2 cc-) 
was added slowly with shaking* The solution was allowed to 
stand at room temperature overnight and then poured Into 
excess water. The resulting mixture was extracted with ether 
and the ethereal solution washed first with water and then 
with several portions of dilute sodium hydroxide solution 
mi til no more acid was taken up* Acidification of the com
bined alkaline extracts with dilute hydrochloric acid solution 
gave a milky solution from which a powdery white solid slowly 
separated. This recrystal 11 sed from light petroleum (b*p* 
60-80°) as colourless plates, m*p* 105-108° either alone or 
when mixed with an authentic specimen of trans -3-phenyl- 
hexahydrobenzoic acid. Yield “ B* (69>)*



S -benzyl--thiouronlum salt, m*p* 134-128° either alone 
or when mixed with th© corresponding trans - 2 - phony 1 -he xa - 
hydrobenzoie acid derivative* 
trans-2~phenyl~ A  3-tetrahydrobengoi c acid*

(a) * Oxidation of cis-2-phenyl- A  5-fcetrahydrobenzaldehyde 
with chromic acid»

cls-2 -phonyl- A  3~tetr shy dr obenzaldehyde (5 g* ) 
dissolved in glacial acetic acid (25 cc*}, was mixed with 
chromic acid (2 g*) in glacial acetic acid (10 cc*} and 
water (4 cc*)* Heat was generated, and the reactants were 
warmed on the water bath for 30 minutes* After cooling, the 
solution was poured into water and taken up with ether* Th©
ethereal layer was washed successively with water, and then 
three 15 ec* portions of dilute sodium hydroxide solution, 
when the alkaline extract was carefully acidified with 
dilute hydrochloric acid* The trans-2-phenyl- A  3-totra- 
bydrobenzoic acid was extracted from the solution with ether, 
washed several times with water, and the ethereal layer 
finally dried over anhydrous sodium sulphate* Removal of the 
solvent gave the acid as* a pale oil which solidified, on 
cooling and scratching, to a colour less solid, and which 
deposited colourless needles from light petroleum (b*p. 60-80°) 
m.p. 99-102° (lit. m.p- 100-102°). Yield = 1.0 g. (19;i).



(b) * Oxidation of eis-2-phony 1- A  3-totrahydrobensaldehyde 

with a liver nitrate end sod, lam hydroxide*
cls-2-phenyl- A  3-tetrabydrobenz aldehyde (5 g«) was

added to a suspension of silver nitrate (5 g«) in 78%
oethanol (12 ec*) and cooled to 0  in an lee bath. A 

solution of 10% aqueous sodium hydroxide (30 cc •) was slowly 
run in, with mechanical stirring, over a period of 2 hours, 
ensuring that the temperature did not. rise above 5°G.
T#hen th© addition was complete, the mixture m s  stirred for 
a further 15 minutes and then alleged to sta id at room tem
perature for 2v, days* The mixed precipitate of silver and 
silver oxide was filtered off, washed with a little ethanol, 
and the filtrate extracted several times with ether.

After the ethereal solution had been washed with 
water, dried over anhydrous sodium sulphate, and the ether 
removed, trans-3-phenyl - A  5- te trahydrobenz&ldehyd© (0*7 g* } 
was obtained, the identity of which was established by 
hydrogenation and formation of the 3 s5-dinitrobenzoat© of the 
alcohol produced. The latter crystallised from ethanol as 
colourless granular rosettes, 80-81° either alone or
when mixed with an authentic specimen, of the 3 t5-dinitro~ 
benzoate of trans - -phenyl -hex&iydrobenzy X alcohol.

The aqueoiis layer from the ethereal extraction was 
cooled in ice and carefully acidified with dilute hydro-
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chloric acid, constant stirring being maintained during the 
addition* A dark oil separated which, after long scratch
ing, copious washing by decan tat ion, and standing overnight 
in the refrigerator, gave a hard brown solid which was fil
tered and dried- This consisted of the crude els and trans - 
2-phenyl- Z13-tetrahydrobenzoic acids (4-5 g*)*

Fractional crystallisation from light petroleum 
{b.p* 60-80°) with charcoal gave the pure trans-2-phenyl- A s -  
tetrshydrobenzdc acid (2 - 1 g.) m*p. 102-103° (lit. 1 0 0 -1 0 2°) 
and th© els-2-phenyl- 3-tetrahydrobenzoic acid (1*8 g.) 
m*p* 1 2 0-1 2 1° (lit. m.p. 1 2 2°).

Isomerisation reactions of cls-2-pheny 1 - 3-tetrahydro

benzaldehyde after formation of the bisulphite compound*
She bisulphite compound was formed in the usual way

as a white, bulky solid from eis-2-phenyl- Z\ 3-tetrahydro-
benz&ldehyd©, and portions decomposed as follows
Sodium carbonate:

The bisulphite compound (5 g.) was heated to boiling
with a 1 0$ 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 th© solvent removed,
the aldehyde came over as a colourless. mobile liquid on

o ,£ractionation in vacuo. to.p. 15J-163 /14 aim- Yield » 2.2 g.
(75,,).



Hydrogen&tlon, in th© manner described, over Raney 
nickel, gave the corresponding trans -2~phenyI-he xahydrobenzy 1 
alcohol* b.p. 180-185°/18 mm* Yield » 1*5 g. The 3 :5- 
dinitrobenzoate had m.p* 78-80° which was not depressed on 
admixture of an authentic specimen of the corresponding trans - 
2 -phenyl-hexahydrobenzy 1 alcohol derivative.

When the bisulphite compound (41 g.) was refluxed with 
a 10% solution of aqueous sodium carbonate for only 45 minutes 
said than worked up as above, 19 g. (72/) of the aldehyde was 
regenerated, b.p. 150-155°/14 mm*

Reduction over Raney nickel led to the formation of 
cis-2-phenyl-hexahydrobenzyl alcohol (18.5 g.} b.p. 158- 
180°/10 ssa*; 3:5-dinifcrobenzoate m.p. 100-104°.

Hydrochloric acid*
Warming the bisulphite compound (5 g.) for 10 minutes 

with dilute hydrochloric acid (SO cc.), and extraction of the 
regenerated aldehyde as described above, afforded a mobile 
liquid b.p. 164-1S8°/18 mm. Yield * 2.5 g. Hydrogenation 
of this material (2 g.) resulted in the isolation of trans -
2 -phenyl -he xahyd ro ben zy 1 alcohol, b.p. 158-162°/10 mm.
Yield** 1.5 g. 3 :5-dinitrobenzoate, m.p. 79-82°.

Formalin.
Repetition of the preceding process, in which formalin 

(20 cc.) was substituted for the dilute hydrochloric acid.



gave an aldehyde, b.p* 152-156°/14 rm* (2*3 g*) which on 
subsequent reduction was converted into cla-2-phenyl- 
h©xahydrobenzy 1 alcohol (1 * 6 g.). b.p* 160-162°/12 mm*
3 r5~dinitrobenzoate, m*p- 108-109°.

cis-1 , 2 ,3 ,4,10 , XX-hexaliy&rof luorene -9-on©.

(a) Cyellsation of els -2-phenyl-he ̂aahydrobenzoic acid with 

anhydrous hydrogen fluoride*
‘-'iiirr'i vTr-~ rrl • i r n f  ~i ar u n f i w  i r 7WT i i n i d f  m i "u i i i i i - r  nn

eis-2-phenyl-hexahydrobenzoie acid (0*5 g.) was 
treated with an excess of liquid hydrogen fluoride in a 
platinum crucible and left overnight at room temperature . 
After th© excess of hydrogen fluoride had been evaporated, 
the residue was taken up in ether, washed several times with 
water, dilute sodium carbonate solution, and water again, 
and finally dried over anhydrous sodium sulphate* When the 
ether had been removed by distillation, a yellow-brown oil 
was left which formed a semicarhazone (0 . 6 g.) m.p. 204° 
either alone or when mixed with an authentic specimen of the 
serniearbazone of 1,2,3,4,10,11-hexahydrofluorene-9-one.

Similar treatment of the trans-2-pheny 1-hexahydr o - 
benzoic acid (0.5 g.) resulted in the recovery of the un
changed starting material.
(b). Cyclisation with concentrated sulphuric acid*

c is - 2-phenyl -he xahyd robenz oi c acid was ring closed 
to the cis -1,2,3,1 ,10,11-hexahydrof luorene-9-one , by heating



for a few seconds with concentrated sulphuric acid on the 
water b&th^18 .̂ (I.)

els-2-pheny 1-hexahy&r obenzoic acid (0.25 g*} was 
heated with eoi^entratM sulphuric acid (3 c.c*) and glacial 
acetic acid (1 cc.) for 15 minutes, then diluted with water 
and made alkaline with sodium hydroxide solution. A neutral 
fraction was obtained which was extracted with ether and which 
formed the semicarbazone, m.p. 205°. (II.)

When the trans-2-pheny1-hexahydrobenzoic acid (1 g*) 
was subjected to treatment under the conditions of (I) or 
(II) no neutral product was obtained and no acid was recovered 

The use of concentrated sulphuric acid (2 cc.) 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-hexahydro- 
benzoic acid*

(c)* Cyellsation via the Friedel-Crafts reaction.
cis-2-phenyl-hexahy 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 distillation in vacuo, followed by evaporation 
with several successive portions of benzene, and the residue 

dissolved in dry carbon disulphide (25 cc.) This solution



was added dropwlse to a mixture of anhydrous aluminium 
chloride (1 g.) in dry carbon disulphide (25 cc.) and cooled 
In a freezing mixture to Q°C« Evolution of hydrogen 
chloride set in ix&nedl&tely and, when addition was complete, 
the reactants were allowed to staid overnight at room tem
perature, then poured carefully on to a mixture of crushed 
ice and hydrochloric acid- The carbon disulphide layer was 
separated, washed first with dilute sodium carbonate solution, 
then with water, and dried over anhydrous sodium sulphate. 
Removal of the solvent yielded a dark oil which, on heating 
with semicarb&zlde hydrochloride and pyridine in methanol, 
gave the semicarbazone of els- 1 ,2 ,3,4,1 0 ,1 1-hexahydrdluorene- 
9-one as yellow powdery crystals from ethanol, m.p. 205-206°. 
Yield * 1.05 g.

Similar treatment of the trans -2-phenyl-hexahydro- 
benzoie acid afforded th© identical semicarbazone, m.p. 204-206'

els—1 ,2 .,5,4,10 ,1 1-hexa Fydrof luorene .

(a). From cls-2-phenyI-hexaliydrobenzy 1 alcohol.

A suspension of phosphorous pentachlorlde (14.8 g.) 
in purified chloroform (30 ee.) m s  treated a little at a 
time, with constant shaking, with a solution of cis-2 -phenyl- 
hex&hvdrobonzy 1 alcohol (11.4 g.) in chloroform (20 cc*). A 
vigorous reaction occurred which was completed by refluxlng 
the mixture on the water bath for 2 hours* When the
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chloroform aid phosphorus ozychlorlde had been removed In
vacuo a pale yellow, mobile liquid came over, b*p« 1 2 0 - 

O/ISO /13 mm* Shaking with dilute sodium carbonate solution, 
and redistillation in vacuo after the usual treatment gave 
cis-1,2,3,4,lO,ll-h0xal^drofluorene as a pale oil, b*p. 120-
123°/U mm. Yield = 7 g. {67 i). a18’5 «  1.5547.D

Found: C » 90-42/ Calculated for C * 90*61/

H * 9*20$ C13H16 H *

(b) * From trana-2-phenyl-hexahydrobenzyl alcohol*

trans-2 -phenjl-hexahydrobenzy 1 alcohol (1 g.) in dry 
chloroform m s  slowly added, as above, to phosphorus penta- 
chloride (1.3 g.) in dry chloroform (2.5 ce.) and the re
action carried out as already described for the els-alcohol.

first few drops of distillate, after removal of the 
solvent and phosphorus oxychloride had b.p. 140-150°/12 am., 
but the residue in the flask and the succeeding distillate 
darkened rapidly to a deep-violet colour* Redistillation,
after shaking with dilute sodium carbonate solution, gave 
the pale, mobile hydrocarbon, b.p. 122-125°/13 mm.;
18*5 * i.554x. Yield - 0.5 g. (55,;).

Tho same hydrocarbon was obtained vhen trana-2 -phenyl- 
hexahydrobenzyl Chloride (1 g.) was slowly distilled in vacuo 
with phosphorus pentachloride, and the distillate redistilled 
after shaking with dilute sodium carbonate solution- 
Yield * 0.5 g. (60$).



Dehydro&enatti on of hydrocarbons from {a) and (b).
(45}Platlnic oxide (0 . 1 g.} was reduced with hydrogen

in an alcoholic suspension to the metallic platinum and an
alcoholic solution of the hydrocarbon (0.5 g*} added* The
alcohol m s  removed and the apparatus swept out with a
current of carbon dioxide. The mixture m s  heated in a
metal bath to a tempera tup© of 260° for 2 hours and the
hydrogen evolved was measured. (Theoretical volume of
gas * 195 cc* at ?I *T*P. | Actual volume * 185 cc. at K.f.P.).
The residue was cooled, extracted with boiling ethanol, and
filtered* On cooling, colourless crystals of fluorene were

oobtained, m.p. 112-113 either alone or when mixed with an 
authentic specimen*

tran a -2- phe ny i~he nahy drob en zy 1 chloride .

trans-2-phenyl-hexahydrobenayl alcohol (5*0 g*) dis
solved In dry chloroform (25 cc*) m s  added slowly, with 
shaking, to a suspension of phosphorus pentachloride (6.5 g*) 
in dry chlorofcm (13 cc*). Reaction 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 most of the phosphorus oxyehlorld© were removed on 
the water bath, in vacuo, and the residue vigorously shaken 
automatically with an excess of dilute sodium hydroxide 
solution, for two hours* After dilution with water, the
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mixture was taken up with ether, washed with water, dried 
over anhydrous sodiisa sulphate, and the ether rewired by 
distillation. Fractionation of the residue in vacuo gave 
trms-2~pheny 1 -hexahy droben&yl chloride as a pale, while 
oil, b.p. 145-148°/12 mm. Yield » 4.3 g. (78^).

Found: C « 74 *47$ Calculated for C * 74.76$

H * .8*03$ C13H17C1 H * 8.21$

trans -2-pheny l-hexahydrobenzyl cyanide >

trans-2-phenyl~hoxahy dr oben zy 1 chloride (4 g*}, dis
solved in an equal volume of ethanol, was added slowly, 
with shaking, to a solution of sodium cyanide (1 . 2 g.} in 
water (3 cc.) and the mixture heated to reflux on the water 
bath* A vexy dark colour gradually developed and solid be 
gan to separate out, on to the sides of the flask. After 
three hours1 boiling, the alcohol v;as distilled off and the 
residue diluted with water- 'Hie product was extracted with 
©&*er, washed with water, dried over anhydrous sodium sulphate, 
and the solvent evaporated. trans-2-pheny 1 -hexahydr obenzy 1
cyanide earns over as a mobile, yellow oil on fractionation 
of the residue- b.p. 152-156°/13 asa* : Yield * 2*5 g* (48$).

Found: G m  84*16$ C14H17N c “ 86*37$

H w 8.72$ requires H * 8*60$
N * 7.05$ H « 7*03$.



(a)* Hydrolysis of trans-2 -pheny l-hexahydrobenzy 1 cyanide*

trans-S-phenyl -liexahydrobenzy 1 cyanide (5 g.} was 
treated with a solution of sodium hydroxide (1*4 g*) in 
water (I.S cc.) and ethanol (5 cc.)* and the mixture refluxed 
on the water bath, till the evolution of ammonia had ceased 
(about 2 4 hours). The ethanol was distilled off, the 
solution diluted with water, and any unchanged cyanide re
moved by extraction with ether* Careful acidification of 
the aqueous layer with dilute hydrochloric acid resulted in 
the separation of a dark oil which rapidly solidified and 
could he crystallised from light petroleum (b.p. 60-80°) as 
colourless plates of trans. - 2 -piheny1-cyclo-hexyl-acetic acid 
m*p* 1 1 1 -1 1 2°, either alone or when mixed with an authentic 
specimen. Yield « 4*3 g* (79;:')•

(b). Grignard reaction on trans-2-phenyl-hamhydrobenayl 

chloride*
trans - 2-pheny 1 -hexahydrobensy 1 chlor Ida (3.65 g.} in 

ether {12 cc.) was treated with magnesium turnings (0 * 6 g*) 
which had been previously heated with iodine. Reaction 
commenced on addition of a drop of methyl iodide and was com
pleted by refluxlng the mixture for about 8 hours, after which 
a rapid stream of carbon dioxide was bubbled through the 
refluxlng solution for a further 2 hours, when a brown oil



separated. fhe reaction mixture was poured on to ice and 
dilute hydr ochloric acid, and the separated ethereal layer, 
after washing with water, shaken with several portions of 
dilute sodium carbonate solution* The combined alkaline 
extracts were carefully acidified with dilute hydrochloric 
acid and the oil which was initially deposited soon solidi
fied* Subsequent filtration, drying and recrystallisation 
from light petroleum (b*p* 60-80°) gave a white ciystalline 
solid, m*p* 1 1 0-1 1 2° not depressed on admixture with authentic 
trans-2-pheny1-cyclo-hexy1 acetic acid. Yield « 3*1 g.
( 8 2 /3 ) *

trans -9-keto~l,2 * 3 ,4 ,9 ,10 ,11,12 ~oc t ohyd rophenan thren© *

trana-g-phenyl-cyclo-hexyl-acetic acid (2 g.) was
eye Used with concentrated sulphuric acid (10 ce.) by the

(18)method of Blumenfeld , when die trans-9-ke to -as-oc to - 
hydrophenanthrene obtained was recrystallised from methanol 
as colourless plates, m»p* 96° (lit* 96°)* Yield » 1*5 g*

Fluorenone was prepared by the oxidation of fluoren© 
with chromic acid and acetic acld^^.

g-phanyl^benzolc acid*iwiwi nmWiiiwiMi .■» nwn
Potassium hydroxide (150 g*) and water (3 cc*) were 

heated in a nickel basin in an oil bath to about 180°, and



fluorenone (50 g*} was carefully added through a slot in the 
crucible lid, in small portions, with an automatic nickel 
stirrer, so that the temperature of the malt did not rise 
above 2 0 0°. Ihe almost black mixture was dissolved in 
about 4 litres of hot water and the dark, oily solution 
nearly acidified with coneentrated hydrochloric acid* Fil
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 stirring necessary to ensure mixing. A white, opalescent 
solution m s  obtained which, on standing overnight , gave a 
whit© powdery deposit of 2-phenyl-benzoic acid (38 g.), 
ra.p* 109-112°*

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

Hydrolysis of the ester in the usual way, with
aqueous alcoholic potassium hydroxide, gave the pure 2 -phenyl-

obenzoic acid (25 g*), m.p. 114-115 .

trans-2-phenyl-he :yahydrobenzo 1c acid.

2-phenyl benzoic acid (10 g.) was dissolved in amyl 
alcohol (600 cc.) and heated to reflux with automatic stirring. 
Sodium (60 g.) was added as rapidly as possible to the hot 
solution and, when this had dissolved, heating and stirring



were continued for another 15 minutes* The colourless 
solution was allowed to cool until a yellow colour became 
apparent and tha> when still warm, hot water (600 cc*} was 
cautiously added down the condenser* The amyl alcohol was 
removed by steam distillation, the residue acidified with 
dilute hydrochloric acid, and volatile impurities steam- 
distilled off* On cooling the crude trans -2-phenyl- 
he^thydrobenzoic acid solidified, m*p* 91-96°* Yield * 8 g* 

Keerystallisation from light petroleum (b*p. 6 0 -8 0°) 
gave colourless prisms, m.p* 104° (lit* 105°).

trans-E-phenyl-cyelo-haxyi acetic acid.
trans -2-phenyl-benzoic acid (2.4 g*) by the method 

of Gutsche and Johnson gave the trans -2-pbeny 1-benzoyl 
chloride, sup* 80-82° (lit* m*p. 80-85°). Yield * 2.4 g.

A mixture of the acid chloride in dry ether (10 cc*)
was treated with a solution of diazo methane (from N-nitroso

( 4 7 )methyl urea (7 g.) )• After standing overnight at room
temperature the ether and excess diazo methane were removed 
and th© yellow -dlaza -trans - 2-phen.y 1-hexahydro -ace to -
phenone (m*p* 99-101° (d)} was obtained as an amorphous 
solid*

fhe diazo ketone was dissolved in methanol (30 cc.) 
and a slurry of silver oxide (from 8 * 1 cc. of 10& silver 
nitrate) in methanol (10 cc.) was added slowly with constant



stirring to the refluxing solution* A vigorous evolution of 
nitrogen occurred and addition was complete after about half 
an hour, when the mixture was heated for a further hour, then 
filtered, and the methanol removed by distillation-

!h© residue was refluxed with a solution of potassium 
hydroxide (3 g.) in water (20 cc.) for 3 hours* On cooling, 
the homogeneous solution solidified, and acidification with 
dilute hydrochloric acid yielded a white. sticky gum which 
gradually hardened to a yellox? mass after freezing and 
scratching (m.p. 95-105°). Eecrystallisation from light 
petroleum (b.p. 60-50°) gave colourless plates of trans-2 - 
phenyl-cyclo-hexy 1 -aeetic acid m.p. 1 1 0-1 1 1° (lit. m.p* 1 1 2°). 
Yield * 3  g. (77%).

trans-9-ke to-as -octohydrophenan thren©.L.imiil— iwl  rn  .... 'I. ........... ... ..    ,    

The trans-2-pheny1-cyclo-hexyl acetic acid (2 g.) was 
cyclised by treatment with anhydrous hydrogen fluoride in the 
usual way and the ketone crystallised from methanol.
Yield * 1.6 g., m.p. 96° (life. 96°).

N-brorno-succinimide was obtained from succinimlde 
by the action of bromine in alkali

1 -pheny1-cyclo-hexanol was prepared from cyclo-
(48)hexanone (49.2 g.) and phenyl magnesium bromide
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(49)Dehydration of this with anhydrous oxalic acid gave 
1-pheny 1-cyclo-hexene (37 g*) *

3 -Brorao-2-phen.y 1 -eye lo -hexa-l-ene *
N-Brorao-sucelnlmide (34 g*) was suspended In purified 

carbon tetrachloride ( 100 cc*) and 1 - phenyl-cyelo-he xene 
(30*2 g*) was added slowly with shaking- The mixture was 
warmed gently till a vigorous reaction set in, when the flame 
m s  removed* After the initial reaction had subsided, a 
gentle reflux was maintained for a further 2 hours, protect
ing the reactants from moisture with a calcium chloride tube , 
when the product was cooled and left overnight in the re
frigerator * The succinimlde was filtered off and the last 
traces removed by washing the filtrate several times with 
ice-cold dilute sodium hydroxide and then with water. After 
drying over anhydrous sodium sulphate, the carbon tetra
chloride was removed and the residue fractionated in vacuo*

A pale, mobile oil b.p* 120°/12 mra* was mostly
1-pheny1-cyclo-hexene (13 g.) which slowly deposited crystals

oof diphenyl (1*5 g.) m.p. 70 , but any attempt to distil the 
residue resulted in decomposition and the evolution of 
hydrogen bromide, even on the high vacuum pump*

B-Bromo-succinimlde as a dehydrogenating agent.
When 1 -pheny 1 -c:/c lo-he xene (20 g* ) was mixed with

li-bromo-succinimlde (11.9 g.) and allowed, to stand for a few 
minutes, a spontaneous and violent reaction occurred



with a copious evolution of hydrogen bromide*
DIs tlllatlon of the mixture, after heating on the

water bath for an hour to complete the reaction, yielded a
pale mobile oil b.p* 120-120°/13 mm* which solidified to a
greasy crystalline mass. When this was pressed on a porous

oplate diphenyl (10 g.) was isolated, m*p. 70-71 .

3 (2-phenyl~cyelo-hexenyi) malonic ester-

The residue (14* 5 g.) from the bromlnation of 1-phenyl 
eyelo-hexene as above was warmed with a suspension of sodio- 
diethyl malonate, made In the usual way by shaking diethyl 
malonate (2-78 g.) with a solution of sodium (1-41 g.) in 
ethanol {19.6 cc-) until a thick curd was formed. A 
vigorous reaction took place and a light brown solid separated. 
After the mixture had been re fluxed on the water bath for a 
further 2| hours most of the ethanol was removed, water 
(50 cc*) wa3 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, and the solvent removed, the residue 
was distilled in vacuo- A small, initial fraction was un
changed diethyl malonate, which was followed by a pale yellow, 
viscous liquid with a slight fluorescence* The latter was 
the desired 3 (2-pheny1-cyc1o-hexeny1) malonic ester, 
b.p* 158-160°/0.3 mm- Yield *= 10 g. (52/ on crude starting 
material)•



Founds 0 * 71.65/ C19H24°4 0 *
H * 8*06/ requires H « 7*94/

3 (2-pheny3-cyclo-hexenyl) malonic acid*
5 (2-pheny1-eyelo-hexeny1) malonic ester (5 g*) was 

refluxed for 4 hours with potassium hydroxide (2 g.) in 
water (2 cc*) and ethanol (10 cc.)* The ethanol was removed 
by distillation and the residue, after dilution with water 
(25 ee.}* taken up in ether. Careful acidification 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 cold water was converted into 
a cream-coloured solid (m*p* 135-145° ( )). Several re-
crystallisations with charcoal from aqueous ethanol afforded 
3 (2-phenyl-cyc 1 o-hexeny 1) malonic acid as white, powdery 
plates, m*p. 157—159° ( cL) * Yield ** 2*88 g. (68/) •

Found: C * 68*75/ C15H16°4 C * 68*94^
H * 6*51/ requires H * 6*56%

3 (2-phenyl-cyclo-hexeny3.) acetic acid.

3 (2-phenyl-cyclo-hexeny1) malonic 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 residual gum triturated 
with light petroleum (b.p. 60-80°), when a light brown solid



was obtained* The latter formed clumps of small needles from 
light petroleum (b.p. 60-80°), which, after several re- 
crystallisations, had m*p. 116-118° with slight previous 
softening. Yield ** 0.9 g. (71/)*

Found % C * 77*31/ C14H16°2 C *
H « 7*30/ requires H * 7*41/.

Hydrogenation.
(a)* With platinic oxide catalyst.

3 (2-pheny 1-cyclo-hexenyl) acetic acid (0.2 g.) was 
dissolved in purified glacial acetic acid (20 cc.) and 
platinic oxide (0*01 g*) was added. The mixture was shaken 
for three hours with hydrogen at room temperature and atmos
pheric pressure, when one mole of hydrogen was absorbed *
When the catalyst had been filtered off, and the solvent 
evaporated, the gummy residue was triturated with light 
petroleum (b*p. 60-80°) and a white solid, m*p* 160-165° was 
produced* Recxystallisatlon from benzene gave the colourless 
cia-2-phenyl-eyclo-hexy1-acetic acid m*p. 168-169° (lit. 168- 
170°). Yield » 0.18 g.

Cyelisatlon with concentrated sulphuric acid by the 
(17)method of Cook' 9 gave a liquid ketone* This latter 

(36 mg*) was dissolved in pyridine (2 cc.), a solution of 
semicarbazide hydrochloride (0.02 g*) added, and the mixture



heated on the water bath for 1 hour* The solid obtained on 
cooling was recrystallised from ethanol, m.p. 194-196°.
(Semi-e&rbazone of cis~9~keto-as-ootoby drophenanthrene has 
m.p* 194-196°).

When the acetic acid in the hydrogenation was replaced 
by ethanol (20 cc.) no reduction was observed and the starting 
material was recovered unchanged*

(b)* With sodium in amyl alcohol*
3 (2-phenyl-cy clo-hexeny 1) acetic acid (0.48 g.) was 

dissolved in dry arayl 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. Heating was continued for another 30 minutes, 
when water (30 cc.) was cautiously added, and the amyl alcohol 
removed by steam distillation. Acidification of the cooled 
solution with dilute hydrochloric acid produced a white 
opalescence and, on standing overnight, the suspension pre
cipitated a creamy-brown solid (0*45 g*) when this was 
fractionally crystallised from benzene and light petroleum 
(b*p* 60-80°) cis-2-pheny1-cyclo-hexyl-acetic acid (8 parts) 
m*p* 168-169°, and trang-2-phenyl-cyclo-hexy 1-ace tic acid 
(1 part), m*p. 109-110°, were produced*

King closure of the trans- acid in the usual way L,ave 
trans-9-keto-as-octohydrophenanthrene, m.p* 95-96°, which was



also obtained, from the corresponding c is-ketone by isomerisa 
tion with aluminium chloride »

Hydrogenation of trans-9-keto-as-oe tohydrophenanthrene-9 -
— — ■ -  — — ■ ■ •»................  *̂tmaaac*jnm*mm.  — ----------- --------------------------T ., ...~ | irTn-..rT, , r   r r r j  - n j - ,- ■ m m  r  u — - ■

hydroxy-trans-as-oetohydrophenanthrene (m.p. 89-91°) *
——— ■r— n • t - i m n m w  rimn- -m m m  hh, i m  m a m  w^wiwuii w«*»i« in^wawWimluiniiiim—  jtjii-i-hiiiiwximlljuui ujt.iju-i._u

trana-9-keto- 1 , 2 , 3,4,9,10, 1 1 , 12-octobydrophenanthren 
(0*5 g.) in purified ethanol (30 cc*) was treated with 
platinic 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 catalyst 
m s  filtered, the solvent removed, and the resulting oily 
residue solidified by cooling and scratching, when a hard, 
white mass m s  obtained* Two recrystallisations from 
n-hexane gave 9 -hydroxy-trans - 1 ,  2 ,  3 , 4  ,  9 ,10 , 11, 12-octohydro -  

phenanthrene, m.p. 89-91° (0*32 g*) as colourless short 
needles, together with a small amount of the stereoisomer 
m.p. 105-106°.

Stereoisomer, m.p. 105-106°«
fcrans-9-keto-as-oc tohydrophenanthrone (0*5 g.) was 

shaken in purified ethanol (50 ce.) with hydrogen over a 
platinic oxide catalyst (0 - 0 1 g.) at atmospheric pressure 
and 18°C for 23 hours. Filtration of the catalyst and 
evaporation of the ethanol gave a solid residue which was 
recrystallised from n-hexane, m.p* 105-106°, and was
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stereo isomeric with the alcohol obtained above*
Found: C * 85.02?' Calculated C * 83’. 12%

for
H * 8 *8 6 % CX4H18° H * 8*07#

Oxidation.
9-hydroxy - trans -as ~oc tohydrophenanthre ne (m.p. 105- 

106°) (0*17 g*) was dissolved la glacial acetic acid (2*2 cc.) 
and cooled in an ice bath. To dlls 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 from 
methanol gave a white solid, m.p. 96°, which was not de
pressed by admixture of an authentic specimen of trans-9-

fv ’

ke to-as - oc tohy drophe nant hrene.

Perhydr ogenation of trans-9-keto -as-oetohydronhenanthrene - 

Trans-9-keto-as-octohydrophenanthrene (2 g.) was 
dissolved in purified ethanol (50 cc.) and platinic oxide 
(0.1 g«) added. When the mixture was shaken with hydrogen 
at room temperature and atmospheric pressure, initial re
duction was rapid, 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



solvent, in the usual way, resulted in the production of a 
colourless, mobile oil which did not solidify and which, on 
distillation in vacuo, came over almost quantitatively as a 
clear liquid, b*p. 160-163°/ll mm. This was probably either 
cis-syn-trans-perhydrophenanthrene or & mixture of the latter 
with the els-anti-trans form.

Foundt G * 87.60% gM H24 0 * 87.43#
H * 12.42$ requires H * 12.58$.

The residue, after distillation, solidified and re- 
crystallisation from n-hexane gave a few colourless needles 
m.p. 131-132° which are probably identical with one of the 
stereolsomerlc c is -anti-trans-perhydro-9-phenanthrols 
(m*p. 153°) Isolated by Llnatead^5 .̂

o-Iodohenzolc acid was prepared by di&zotisatlon of
anthranilic acid and decomposition of the diazonlum salt

(51)with potassium iodide . bight brown needles from glacial 
acetic acid, m.p. 160-161°.

Esterification by the Flscher-Speir process with 
methanol gave the o-iodomethyl benzoate, b.p. 146°/15 mm., 
as a pal© yellow oil.

^luaethyl diphen&te was obtained from o - io dome thy 1
benzoate by a slight modification of the method due to

(52) oTJllmann , as white crystals, m.p* 74-75 , from methanol.



Ksterlflcation of diphenic acid*
Diphenic acid (1 g.) was dissolved in 100$ sulphuric 

acid and added, all at once, to a large excess of methanol 
cooled 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 m s  removed and the solid residue 
crystallised from methanol, m.p. 75°. Yield * 0.6 g.

trans-ant i-trans-perhydrodlmethyldlphenate.

Dimethyl ciiphenat© (34*5 g.) in a suspension of 
cyclo-hexane (400 cc.) was heated with Raney nickel (~  4 g.) 
and hydrogen to 230° and 180 atmospheres pressure for 3 hours • 
The catalyst was filtered, the solvent removed and the residue 
fractionated in vacuo, when trans-ant I-trana -perhydrodimethyl 
diphenate was collected as a colourless, mobile oil, b.p. 
155-158°/2 ani. Yield * 29 g.

Hydrolysis*
Trans -ant 1-trans-perhydrodlnetbyl diphenate (29 g.) 

was refluxed for 15 hours with potassium hydroxide (15 g.)
In methanol (100 cc.) and water (20 cc*). The methanol was 
removed and the residue, after dilution with water (loo cc.), 
taken up in ether. Careful acidification of the aqueous



layer with dilute hydrochloric acid gave a whit© precipitate 
of trans-anti-trans -perhydro diphenic acid, which was re- 
crystallised from light petroleum (b.p* 60-80°), m.p* 245° 
(lit* 247°). Yield * 22 g.

Trans-anti-tra s-2 -carboxy-2 ! -car Ixxaethoxy-per hydro diphenyl.

Trans -anti-trans -perhydr odlplie nic acid (10 g.) was 
refluxed for 2 0 hours with purified acetic anhydride (loo cc.) 
Removal of the excess anhydride in vacuo left a viscous gum 
which would not crystallise probably owing to the difficulty 
of removing the last traces of solvent. This residue was 
heated for 2 hours with a solution of sodium (3.14 g.) and 
methanol (150 cc.) and then left overnight at room temperature 
On distillation of the methanol, a solid m s  left which was 
treated with water, filtered, and the aqueous solution acidi
fied with dilute hydrochloric acid- The crude half-ester 
separated as a gum which trituration with benzene converted 
into a light brown solid, m*p* 130-138°. Recrystallisation 
from aqueous acetic acid gave small colourless needles of 
trana-anti-trans-2-carboxy-21-Garbomethoxy perhydro diphenyl, 
m.p. 152-154°. Yield = 8.5 g. (81/).

Foundt C *  67*30# ^15^24^4 6 *  67*10$

H « 8*86$ requires H * 8*95$.



trans-ant i~trana~2~carbomethQxy~21 -carboias thoxyme thy 1 -
perhydrodiphe nyl.

trans-anti -trans -2-carboxy- 2 * -c ar bo me thoxy perhydro-
diphenyl (2 g*) dissolved in dry benzene (8 cc*) m s  treated
with thionyl chloride (4 cc*). A vigorous ■■■■evolution of
hydrogen chloride commenced in the cold and the reaction m s
completed by warning on the water bath feu? 2 hoars. The
benzene and thionyl chloride were removed in vacuo and the
last t races of the latter exeluded by two further evaporations
with small quantities of benzene.

A solution of the gmrnry residue in anhydrous ether
(15 cc*) was slowly added, over a period of about half an
hour, to an ethereal solution of diazoraethane (fro:;: 1 0 g.

(47) ©of N-nitrosome thyl urea } at 0 , and the mixture left
first for 30 minutes in the ice bath, then overnight at room
temperature. Removal of the ether and excess dlazomethane
by evaporation at room temperature under reduced pressure
afforded a pale yellow, sticky solid, which decomposed with

oevolution of a gas on heating above 25 G.
This crude dlazoketone was dissolved in methanol 

(20 cc*) and a slurry of silver oxide (from 2 cc. of 1 0% 
silver nitrate) in methanol (10 cc*) was added slowly with 
automatic stirring. As the teuperature was gradually 
raised, a vigorous reaction, shown by the copious evolution



of nitrogen, took place and was completed by refluxing for 
2 hours on the water bath- Tbs silver and silver oxide 
precipitates were filtered off and the excess methanol re
moved by distillation* On distillation of the residue, 
trans-anti-tran3-2-carbomethoxf-2 f -carbomethoxy methyl- 
perhydrodiphenyl came over as a pale, rather viscous liquid, 
b.p. 155-157°/0«8 mm. Yield = 1.8 g. (82/).

Found: C « 68-71/ Calculated for C = 68.90,'
H • 9.40/ ci71Ig8 ° 4 H * 9.46/

trans -anti -trans -9 -keto-perhydropbe nanthr e ne (see (14)}.

trans-anti-trans-2 -earborne thoxy-2 ! -carbome thoxy me thyl - 
perhydr odi pheny 1 (1 * 8 g.) was re fluxed with atomised sodium 
(0*3 g*) in dry benzene (25 oc«) until all the sodium had 
gone into solution (about 10 hours)* The reaction mixture 
was cautiously poured on to crushed Ice and very dilute 
hydrochloric acid and the prodiict extracted with further 
quantities of benzene* Drying of the benzene extract over 
anhydrous sodium sulphate and removal of the solvent left a 
brown, mobile oil which gave a pale purple colour with a drop 
of ferric chloride solution*

This residue was refluxed with 60$ sulphuric acid 
(10 cc*) for 10 hours, cooled, and extracted with ether*
When the ethereal solution had been washed with water, dried, 
and the solvent distilled off, the residual oil was fraction-
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atod in vacuo and collected, b.p* X28-131°/2.8 mm.
Yield * 0.7 g.

Preparation of the oxime in pyridine and ethanol gave
colourless needles from ethanol, m.p* 225-227° (lit* 226-227°).

Oxidation of the ketone (0*3 g*} with a mixture of
(111concentrated and fuming nitric acids' gave trans-anti -trans - 

perhy&rodiphenic acid (30 mg*), m.p* 244-246° (lit* 247°) 
from aqueous acetic acid*

Attempted Hydroge nation of Diphenic Acid.
Catalyst Solvent Pressure (atm.) Temp. Time

PtOg Acetic acid 1 17 4 days
^PtOg Acetic acid 10 30 2 days
Pt0rt Ethanol ♦ 1% HC1 1 17 5 days

*Pt0g Ethanol * X% HOI 25 30 2 days.
^Performed in. hi^h pressure steel bomb.

Ho reduction was observed in any of the above oases, 
or when similar experiments were performed on the dimethyl 
ester.

1 sif-Dihydroxy- A  lsl?-di-cyclo-hexene was prepared
(40)by pinacolic reduction of eyelo-hexanone (364 cc.)

Yield * 80 g., whit© needles from light petroleum (b.p. 100- 
120°), m.p* 128-130°• Dehydration with 10^ sulphuric acid^40  ̂
gave di- A  1 siT - eye lo -he xone as a pale oil* Yield * 62.4 g. 
b.p. 85-87°/0*3



A 1 2 : 13-Dodecahydrophenanthrene~9 tlO.*dieapboxyllc acid anhydride * 
Pi- A 1:11 -cyclo-hexane (30 g* ) and maleic an

hydride (18 g*) were refluxed with benzene (80 ce.) for 2 
hours* After the mixture had been allowed to stand overnight, 
the solvent was removed and an oily, crystal line mss left 
behind* This was washed several times with light petroleum

I * *(b.p. 1 0 0 - 1 2 0 ) and crystallised from methanol as colourless 
needles, m*p* 119-120° (lit* 112*5-123*5°}* Yield * 22 g*
(46$)*

Found % 0 * 73*86$ Calculated for C * 73*70$

H * 7*79$ C16H20°3 H * 7*69/̂
The anhydride was recovered unchanged after it had

been refluxed for 3 hours with excess methanol and crystal
lised twice from the same solvent*

Attempted Hydrogenation»
The anhydride (2 g*) m s  dissolved in the solvent

(20 cc*) and the catalyst (0*1 g*) was added* The mixture
om s  shaken with hydrogen at 18 G and atmospheric pressure* 

Catalysts and solvents used included:- platinic 
oxide in acetic acid or ethanol, and palladium black in ethanol. 
Ho reduction was observed in any of these cases or when 
similar experiments were performed on the free A  12:13- 
dode c ahy dr ophe nant hr e ne -9 ? 10-dicar boxy lie ac id *



^  12ti5-Dodecahydro~9 tlQ-diearbome thoxy-phcnan throne «
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A mixture of A  12 :13-do&ecahy&rophenanthrene~9 slO- 
clicarboxylic acid anhydride (22 g*} and 5$ sodium hydroxide 
solution (250 cc*) was heated till the anhydride dissolved. 
The solution was filtered, cooled to 0°C In an ice bath, 
carefully acidified with dilute hydrochloric acid, and the 
semi-solid gummy precipitate which separated recrystallised 
from glacial acetic acid as colourless prisms, m.p. 240-241° 
(lit. 242°). Yield = 15 g.

This acid was dissolved in dry ether (100 cc.) and 
treated, a few c«c. at a time, with stirring, with an 
ethereal solution of diazo methane (from 30 g. of N-nitroso-- 
nmthyl urea) until the solution was no longer decolourised*
The product was allowed to stand for 2 hours ; the ether and 
excess diazo me thane evaporated, and the white, solid residue 
recrystallised from methanol as colourless noodles, m.p* 1 1 0 - 
111°. Yield » 18 g.

Founds C * 70.76$ G18H26°4 C « 70*60$
H * 8 .6 8$ requires H * 8*56$.

cls-anti-trsns-9 s 10-dicar borne tlioxy -perhydrophe nan threne.

12113-Bodecahydro~9 slO-diearbomethoxy-phenanthrene 
(12 g») in eye lo-hexane (80 ce.) was heated with hydrogen 
over Haney nickel 2 g*) to 190° and 140 atmospheres 
pressure for 2 hours. Filtration of the catalyst and removal
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of tli© solvent gave a colourless solid which was re crystal
lised several times from methanol as short needles, m*p» 119- 
120°. Yield » 9 3 . V70).

Pound: C * 70.1$ C18H28°4 C * 70.06$
H « 9«15>b requires H * 9*12$*

Attempted oxidation with selenium dioxide*    — ■■lr—   r  1- TIT- T  -■!■! f   I T — r rrr-Ti t -- n ~ ■ ■

eis-anti -trans -9 s 10 -d 1c arbome thoxy-per hydr ophenant hr ene 
(0*5 g* > was mixed with resublimed selenium dioxide (0 «1B g.) 
and heated in a sealed tube at 200° for 10 hours. The dark 
product was taken up in ether and the insoluble material 
filtered off. Evaporation of the ethereal solution and 
crystallisation of the solid residue from methanol yielded 
a pale solid m.p* 116-118° either alone or* on admixture with 
the starting material*

eis-snti-trans-9-bromo-9 slQ-dlear borne thoxy-perhydrophenan throne 

els -anti- trans -9110-dicarbome thoxy-per hydr ophenan throne 
(0*36 g*} in dry carbon dl sulphide (10 cc*) was treated with 
bromine (0*19 g* * 1 mole) in dry carbon disulphide (1 cc.).
A crystal of iodine was added and the whole re fluxed for 2 
days* The solvent was evaporated and the sticky gum which 
was left, triturated with light petroleum (b.p. 60-80°) , when 
a pale amorphous solid was obtained. Reerystallisation from 
aqueous ethanol gave a granular solid, m*p* 99-101° with 
previous softening. Yield « 0*14 g* (31$).



e is -ant i - trans - 9 s IG-dlearbo me thoxy-perhy drophenanthrene -9:10-
w t a M j a - M m m y m a - M m m m i m . - ,- ----------------    .. . . .     ** ~   -  .    ... ,  n .......................... ,

d jpyrldlnium djbromide*
c Is -an tl-tran s ->9 s 10 -dic&rbornethoxy - porhydrophenan - 

threne <147 mg*) dissolved in chloroform (1*8 cc*) was 
treated dropwise, at room temperature, with a solution of 
bromine (77 mg*} in chloroform. (1 cc*), and two drops of 
pyridine added. The mixture was heated gently for a few 
minutes and then allowed to stand overnight at room tempera
ture, wbsn long orange-red needles were deposited (70 mg*) (A) 
Filtration and removal of the chlorofom gave a pale yellow 
solid (100 mg* ) (B).

(A) recrystallised from ethyl acetate as pale, orange 
needles, m*p* 101-103°* These were soluble in warm water to 
give a neutral solution and, when treated with nitric acid 
and silver nitrate, a pale yellow precipitate of silver 
bromide was obtained. Hence (A) m s  formulated as c is-anti- 
trans-9:1 0~diearb ome thoxy-per hydroph©nanthren©-9:1 0-di- 
pyridinioxQ dibroinide.

Founds N * 4*79$* c28%6°4^2 **e<lu3res s N * 4*59$*
W mn the solid (B) was re crystallised from ethanol colourless 
needles were obtained, m*p* 1 2 1-1 2 2° either alone or on 
admixture of the starting material*

If the ester (228 mg*} in dry chloroform (2 cc*) was 
treated as above with an excess of bromine (224 mg*) in 
chloroform (2 cc*) and an excess of pyridine (0*4 cc*) 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 
c is -anti - trans ~9:1 0 -dicarhome thoxy-pe rhydr o phenanthrene *

c is -an ti -1rans - A. 9:10-Bode eahydrophe nanthrene ~ 9:10-di ~
I ' l 'g "  W  »■!!■* »»!*!*■*•»■«■* .          _ ...      1 — _ .. .... . T_ ■1-1|  | n -T ^ —- ~ri .M. t w j . h t  ■

carboxylic acid*
cis-anti-trans-9-broma~9110-diearbems thoxy perhycro- 

phenanthrene (0*14 g.) was treated with a solution of 
potassium hydroxide (0 . 1 g.) in ethanol (5 cc.) and water 
(1 co.}, and the mixture re fluxed on the water bath for 4 
hours- The ethanol was removed by distillation, the residue 
taken up in water, and the solution filtered. Cautious 
acldification of the filtrate with dilute hydrochloric acid 
gave a brownish solid which was rec:ystallised from light 
petroleum <b*p* 80-80°) as colourless flaky crystals, m.p. 167- 
168° either alone or when mixed with a specimen of cis-anti- 
trans- A, 9;lQ-dodecahydroDhenanthrene-9 tlO-dicarboxvlic acid 
obtained by an independent synthesis.
Yield « 6 0 mg* (45p).

cfs-antl-trans-Q? 10 -d ibro i siope rhydro phe na nthre ne - 9:1 0-df~ 
carboxylie acid.

cia-antf-trana~9:1 0-die ar borne thoxy-perhydrophenanthrene 
(1*14 g*) was re fluxed for 12 hours with a solution of 
potassium hydroxide (0*7 g*) in water (1 cc*) and methanol



(10 ee •} • The excess methanol was distilled off on the
water bath and the dark, solid residue dissolved in hot water
and filtered. On cooling the filtrate a grey crystalline
precipitate of the sodium salt of the corresponding diear-
boxy lie acid separated out, which was filtered and rendered
acid with an excess of dilute hydrochloric acid solution.
The white precipitate so obtained was re crystallised from a

omixture of benzene and light petroleum (fe.p* 80-80 ) as 
colourless needles, m.p* 184-166°* Yield = Theoretical.

Founds C « 68.31s C16%4°4 0 * 68*57I
H * 8*76$ requires H * 8.57$.

This acid (320 mg.) was treated with a large excess 
(3 cc.) 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 ec») of bromine was 
added and the mixture refluxed for a further 3 hours, during 
which an evolution of hydrogen bromide occurred. After the 
solution had been left overnight at room temperature, the 
excess thionyl chloride and bromine were distilled off, 
finally in vacuo, water (10 cc.) added to the dark residue, 
and the whole boiled for 2 haul’s. The dark brown granular 
solid, obtained on cooling, was filtered off, dried, and 
crystallised from aqueous methanol, when pale prisms of 
els -anti- trans -9 :1 Q-d ibro mo -pe rhydro phen an thre ne - 9 :1 0-di-



carboxylie acid, m.p. 188-192° ( ck) were produced.
Yield » m o  mg* (72$).

Found# C » 43*61$ C16H22°4Bp2 G ® 43.80$
H » . 5*32$ . requires H * 5*02$*

Finjcelsboin Reaction.
cis-aatl~trans~9 s 10 -dibromo -perhydrophen an thr e ne - 

9 :l0-dicarboxylie 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 solution was 
produced. This was cooled, poured into water, and the dark 
gum which separated extracted from the aqueous solution with 
ether* The ethereal extract was washed with water, dried 
over anhydrous sodium sulphate, and the solvent removed. 
Trituration of the dark gum with a little methanol gave a pale 
yellow amorphous solid, free of halogen, which crystallised 
from light petroleum (b*p. 60-80°) as colourless flakes, 
m.p. 167-168°, either alone or when mixed with a specimen of 
c is -anti- fcraris - A  9:10-dodecahydrop henan thr ene-9 slO- 
diearboxylic acid obtained from an independent synthesis.
Yield * 60 mg* (45$).

Oxidation of cis-anti-trans-perhydrodlphenic acid.
.̂ SB8BB3S3C88BB8tige*.»» * <« i * . * i  i .  *  ■ * .  m * ( » ^ * w * > . i * M a i i * * .

The latter acid (125 mg.) was heated on the water bath 
for 5 hours with 3 cc. of a mixture of concentrated nitric 
acid (3 cc*) and fuming nitric acid (6 cc. ). After cooling,



th© solution was poured on to crushed ice, when a white 
floeculent solid separated which was filtered, washed with 
water, and dried. Recrystallisation from light petroleum 
(b*p# 60—30°) gave colourless prisms, m.p. 202-203° (lit. 206°) 
Yield ** 7 mg.

A 12 s!3 -dode cahydro- 9-car borne thoxyphenan threne -10 -c ar bo xy lie 
acid*

A  12 *13—dode cahydrophenanthr e ne-9 s 10-dicar boxy lie acid 
anhydride (2 g.) was treated with a 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 sticky 
oil which was left was acidified with an excess of dilute 
hydrochloric acid, when a gumiiy solid was produced which 
slowly solidified on cooling and scratching to a hard, white 
mass* This was recrystallised from aqueous aeetlc acid as 
colourless needles, m.p* 136-137°. Yield » Theoretical-

Pounds G * 69.83$ C17H2 4 ° 4 G * 69*82^
H « 8.41$ requires H * 8.27$'.

A 12 :13-dodecahydro-9 -carbome thoxyphen an throne - 10 -c arboxylie 
acid aside.

A 12 #13-dodeeahydro-9-carbomethQxy-phenanthrene-10~ 
carboxylie acid (2 . 2 g.) was dissolved in dry benzene (10 cc.) 
and purified thionyl chloride (7 cc.) added. The reaction 
commenced in Hie cold and was completed by re fluxing on the



water bath for 4 hours- Excess thionyl chloride and benzene 
were removed by distillation, the last traces of the former 
being eliminated by successive addition and removal in vacuo 
of 5 cc* portions of benzene and light petroleum (b*p* 60-80°) 
The pur© acid chloride was left as a viscous red gum.

A solution of the latter in dried analar acetone 
(25 cc*) m s  cooled in an ice bath and a mixture of sodium 
aside (1 q* ) in water (5 cc.) was added, drop by drop, with 
mechanical 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 a burette. A sticky, dark brown gum separated which 
solidified, on standing overnight In the refrigerator, to a 
pale brown mass. This was filtered, washed and dried. 
Decomposes at 80-83° with evolution of a gas* Yield * 1*83 g 

Aside (0*0915 g») gives off 64*2 cc* nitrogen at 
N*T*P* Ci7H2 3°3 :i3 requires 64.6 cc* nitrogen at H.T.P.

Curtius Reaction on the aside*
The acid aside (1*6 g*) in dry toluene (6 cc*) was 

heated on the water bath for 2  hours until the vigorous 
evolution of nitrogen had ceased* To th© solution was added, 
all at once, concentrated hydrochloric acid (6 cc*) and 
heating continued for a further two hours, when water (15 cc*) 
was added, and Hie benzene layer separated, washed with water,



and dried over sodium sulphate* Evaporation of Hie solvent 
yielded a dark, sticky gum (1*3 g*) insoluble in acid or 
alkali, which would not solidify or distil*

The aqueous acid layer was neutralised with dilute 
sodium hydroxide solution, taken up 3n ether, and the ethereal 
extract washed with water, dried over anhydrous sodium sul
phate, and Hie solvent removed* A sticky, orange residue 
was left which, on trituration with light petroleum (b.p* 60- 
80°), yielded a pale yellow solid (30 mg*). This re crystal
lised from ethyl acetate as colourless needles of A  1 2 s 13- 
dodecah / dro~9 -amino-10-carhomet hoxy-phenanthrone, m.p. 149-150°

Found# C « 72*61$ C._Hor0oH C * 72*95$Xo 2 0 2
H * 9*83$ requires H * 9.56

Schmidt Reaction.
A  12:13 -dodecahydr o-9-carbomethoxy phenanthrene-10- 

carboxylic acid (2 g.) wqs dissolved in dry chloroform (15 cc.) 
and concentrated sulphuric acid (6 cc.) m s  added. The 
mixture was heated on the water bath to 45°C and sodium aside 
(1*54 g. » 3 moles) was introduced, a little at a time, so 
that the temperature remained cdistant * A brisk evolution 
of nitrogen occurred and vigorous mechanical stirring was 
maintained during addition and for a further 30 minutes.
Water (25 cc.) was added, and the mixture carefully neutralised 
with ammonia solution (S*0* * 0.88). When the organic layer



had been washed with water, dried and the chloroform dis
tilled, a light-brown, sticky residue m s  obtained, possessing 
properties similar to those of the material obtained previously 
in the Gurtius reaction, and from which no homogeneous 
product could be isolated.

A 1 2 t!3-f Qdeoahydro~9-pheimntiiraldehyde«
hi- A  1 si1-cyclo-hoxene (46.5 g*), acrolein (30 g.), 

said dry benzene (40 cc*) were mixed together with a little 
hydroquin o ne and re fluxed on an oil bath for 64 hours*
Removal of th© solvent and fractionation of th© residue gave 
unchanged di- A  I ?I?- e y elo-nexene (20 g.), b.p. 85-100°/0.8 mm 
and A  1 2 slS-dodecahydro-O-plienanfehraldehyde, b.p. 129-
131°/0*8 mam as a colourless mobile liquid.
Yield « 34 g. (55$).

cis-anti-trans (?)-9-hydroxymetliy I-pe rhydrophenanfchre ne.

A  12sl3-dodeeahydro-9-phenanthraldehyde (25 g.) in 
ethanol (250 cc.) m s  heated over Kaney nickel ( ^  5 g.) to 
190° for 3 hours, with hydrogen at a pressure of 190 atmos
pheres. Th© catalyst was filtered, the solvent removed, 
and the residue distilled in vacuo* A small, initial fraction
(A) of a colourless mobile oil was collected, b.p. 95-105°/
0 * 2 jam* (3.2 g.) which was followed by a viscous liquid which 
hardened to a sticky glass, b.p. 125-135°/0.2 ram* (Q).
Yield « 18.3 g.



(B) afforded a 3 :5-&lnitro benzoate as pale, short
oneedlas from ethanol, m.p. 136-140 -

Found: C * 63.53;;:' t̂ l2a°6us C •" 63*46>-
requires H * 6 .73%*H * 6*64$

(A} rapidly solidif ied to a greasy solid which was 
pressed on a porous plate. Heerystallls&tlon from light 
petroleum (b.p* 60-80°) gave Z .̂ 12:13-dodeeahydro-9- 
iaydrosyaiethyl phenanthrene as small, colourless needles,

S j5~dinltrobenzoate formed white prisms from 
methanol, m.p* 106-107°*

Mien the above process m s  repeated using a much more 
active Bsney nickel catalyst, th© ad duct (6*4 g*), gave a 
very viscous oil, b.p* 135-135°/0*3 mm* Yield * 5.6 g.

cls-antl-trans (?) perhydrophenanthrene-9-car boxy lie acid*
miMimnrin**— ».n mmmrnmm i i m*-i« mi   *■........................ n i ■ * '■■■*«—  «— »— *

cls-antl-trans (?) -9-lydroxymethyl perhydrophen- 
anthrene (15*6 g.) in glacial acetic acid (100 cc.) was 
treated & little at a time with a solution of chromic acid 
(12 g.) in glacial acetic acid (100 cc.) and water (15 cc.), 
shaking between each addition* Heat was developed and

m.p* 82—83

3 s5-dinltrobenzoate gave small, colourless, flocculent
oneedles from a large volume of ethanol, m.p. 149-150 .

Found: C « 63.44$ C « 63.46$
H 45 6.43 inquires H * 6.73;



the mixture allowed to stand overnight at room temperature- 
*£tm solution m s  poured into water, extracted with ether, 
and the et&iereal layer washed successively with water, and 
than several portions of dilute sodium hydroxide solution* 
Acidification of the alkaline extract gave the crude acid. 
Ihen the alcohol whose 3 s5-dinitrohensoate had m.p* 133-140° 
was employed, the acid obtained was re crystallised from a 
large volume of light petroleum (b.p. 60-80°) as colourless 
papisms* m*p* 193-195°. Tie Id * 9*5 g*

When the isomeric alcohol was employed, the acid 
produced was readily soluble in cold light petroleum (b.p. 
60-80°) hut could be crystallised from aqueous acetic acid 
m*p* 158-164°*

Analyses Results not available*

reaction on 195° isomer*
The acid (7*0 g*} was dissolved in dry chloroform

(53 cc *), concentrated sulphuric acid (25 cc.) added, and the
mixture heated on tbs water bath to 50°C* Sodium aside
(5*3 g*) was slowly added, with automatic stirring, while th©

otemperature was maintained at 50 C. When addition was about 
two thirds complete, an ©volution of gas commenced, which 
soon became vigorous, and stirring was continued at 50°C 
until this had died down (about 4 hours). Th& mixture m s



cape fully diluted and the chloroform layer separated* On 
cooling, a pale, granular solid separated from the latter, 
which was filtered and reerystallised from the same solvent, 
m.p. Yield * 5.5 g. (60,0.

Analysis results for this compound are not available, 
but in view of the fact that It contains nitrogen and sulphur, 
is soluble in warn water to give an acidic solution, and gives 
a positive earbylamine and sulphate anion test, it is for
mulated as a cis-anti-trans {? )-9-aMno~perhydrophenanthrene 
sulphate*

Attested replacement of the amino- by the hydros/I group*
The amine sulphate (5*5 g.) was dissolved in warm 

water {SO cc*) to which dilute sulphuric acid (5 cc*) had 
been added, and the clear solution treated with sodium 
nitrite (1 g*) in water (10 ce*), a little at a time, with 
shaking between each addition* A vigorous effervescence 
occurred and a pale brown oil separated, which, after stand
ing overnight at room temperature, became a sticky solid* 
Trituration with light petroleum (b.p* 60-80°) yielded a pale 
brown solid (1*7 g*)*

Oxidation of the latter with chromic acid (0 . 8 g.)
In glacial acetic acid in the usual way at 0°G afforded a 
neutral liquid (0 * 6 g*), which gave an orange-red precipitate 
with 2 24 -dinitrophenylhydrazin© 5 and which, on trituration



with light petroleum {b.p* 60-80°), produced a colourless 
solid. This m s  recryst&lUsed from light petroleum (b.p* 
60-80°), m.p. 160-162°*

The ketone (0*25 g*}, hydroxyfamine hydrochloride 
(0*09 g*}, methanol (3 cc*), and pyridine (3 oc*) were kept 
at room temperature for 18 hours and then poured into water.
The ally precipitate which separated was extracted with ether, 
th® solution washed with water, dried over sodium sulphate, 
and the solvent removed* Trituration of the oily residue 
with methanol gave a white solid, m*p* 203-205° with previous 
softening.

Attempted formation of a pertedrodipherdc acid*
The ketone (0.25 g*) m s  heated on the water bath 

for 30 minutes, with a mixture of fuming nitric acid (2 cc.) 
and concentrated nitric acid (2 cc.) . A vigorous effervescence 
occurred, and the solution, after standing overnight at room 
temperature, was poured into water, and the pale-yellow solid 
precipitate filtered, washed and dried* Yield * 72 mg*
This softened over a wide range and finally decomposed at 
about 80°C.

A. 12 $13—dodeeahydrophenanthrene-9-earboxylic acid *
This was obtained in the usual way by oxidation of 

either A. 12 :X3-dodecahydro-9-phenanthraldehyde or the



corresponding alcohol, with chromic acid in glacial acetic
It formed eolmsrleas oodles from light
m«a®r}9 m*p* vra-m®'
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