
ON A NEW METHOD O F  SYNTHESIS O F  

III--IENANTHRENE DERIVATIVES 

Owtng to its existence tn a large number of tmportant ilatural 
ploducts such as sterols, bile actds, sex hotmones and plant heart 
polsons, the phenanthlene rlng has won for itself a place of unique 
interest and ~mportance m synthettc chemistry Bestdes the classical 
synthesxs of phenanthrene by Pschorl (Be? , 29, 496)) a number of 
new inethocls have been developed for the synthests of thts hydro- 
cdrbon, notable a rd  mor e itnpor tant among these bemg the syntheses 
by I-Iawo~tlz ( J  0 X, 1932, 1125, 2248, 2717, 2720) and by Bardhcm 
and Scngupta ( J  6' IS ,  1932, 2520, 2798) It 1s natural that methods 
involv~ng a number of steps and etnploymg drastic reacttons could not 
be etnployed wrth ease and success for pieparrng derivatives of 
phenanthrene whtcll tntght be r eqwed  as starting substances for the 
sytlles~s of substances occulrlng it1 nature, and their degradatron pro- 
ducts The present wot lr was uncle1 taken w ~ t h  a vlew to evolvtng 
a faclle method for the synthests of phenanthrene derivdt~ves whtch 
co~~lcl be conveniently used as starting mater~als for further operattons 
leading ultinlately to the synthesls of natural products 

The synthehc ~ o u t e  we tned to develop consisted, essentrally, 
in preparing a su~tnble derivattve of d~oycbohexyl ethane such as 

and then bridgtng up the carbon atoms marked 
(a) and (b) and the followtng scheme of synthesls 
was attempted first 



~t a known by the work of I-Inllei (Uompl md, 157, 17:)) that 
oycloheaanone could be clrtectly all;yl.hxl ~ 1 1 1 1  ~116yl l ~ ) ( l l ( k  In the 
presence of sodamide Following hl\ melllod, ,I io ln ta~u uf ~ , ? l c l ~ -  
hexanone 111 absolute ether was trcatecl with t w l ~ c  I I ~ I  pl opal Lion of 
sodarntde The11 half a molecul,u pr opot lion of c t l~ylc~ze I N  olnlcle 
was added and the whole thing gently rclluxctl. 1x1 thts cdsc, 110 

reaction took place W ~ t h  a view to hncltng out wlwllicl J hghet 
temperature m~ght  tnduce the t eactton to t a l a  pldcc, lhc expc~lment 
was repeated by usmg toIuene in p l x e  of ether and by lie,dtng at 
elevated temperatu~ e in an autocLlvc Even undcl such dl ,~\ttc 
condlt~ons the I eaction did not procccd in tlic clew ecl t111 ection, 
much of the cyclohexatlone tematnmg unt c d e c l  A smttll qumtdy 
of a compound, b p  136-38"/10 tntn mr'c, obtr~incd mcl povecl to 
be cycZohexyltdene-cyclohexatloac, fot lllccl p~ c ~ u n i h l y  lsy lhc sclf- 
condensation of cyclol~exanone ~n the pt esence of sotlmiitlc 

Havmg found that cycZol~exanot~c could not be 11scc1 '1s a st,u tmg 
materlal for our work, we next i t  led the action of e t l iy le~~e  bxom~cle 
upon the sodlum derivatwe of ethyl cycZohex,~1lol1e-2-e~~1 hosyl,~tc wdh 
the hope that the resultitlg condellsatton procluct (11) ~ o u l t l  ull~in~ltely 
be ~ ~ n v e r t e d  (via IV, V or IVa, Va) to a phen~mtlil cne corrlpou~~cl 
(VI) accordmg to the scheme outlined below 
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The soc11ul-i-i cleilvdtlve of ethyl cyclohexanone-2-carboxylate (I) was 
condensecl with half d molecular proportion of ethylene bromide m 
:iIcol-iol~c solut~orl when a 40 per cent yleld of the dlketo estei (11), 
b p 127-2g0/20 mxn , w,is obtained With hydrazirie hydrate ~t gave 
a py~asalone cIcr~v,ztive, rn p 295" The yield of the diketo ester wcis 
mproved to 60 per cent by usmg the potassmm derivahve of ethyl 
cyclol~ex~i~lone-carboxylate In xylene suspension 

With a vlew to effecting s~rnultaneous hydrolysis and decarboxy- 
lation, the dlketo ester (11) was heated with hydrochloric and (19%). 



It  was found that tlus treatment w ~ t h  hydrochlolic :LLIC~, I csultecl only 
in the hydrolysts of the ester to the correspotld~llg C ~ L ~ I I I I O X ~ I I C  ,icld 
(IIa) Increasmg the du~ation of hednig \v~th 1lyd1 o ~ l d o l  L l ~ ~ i c l  &cl 
not bring about the decarboxylation Tho d ~ c ~ ~ r l m y l t ~  A C I ~  ( 1 ~ 1  not 
lose carbon &oxide even at its melting pomt Tllc s m e  clicdtlmxylic 
acid (IIa) was obtamed by prolonged hydrolysis of the tltkclo ester 
(11) wlth alkali The  ema ark able stabxlity of tlus c ~ c ~ c l  c,in only be 
explamed by the fact that the carboxyl groups nrc sltuCltccl 111 t ~ r t ~ d t y  
pos~tlons 

Slnce it was not feasible to convei t the dilrc to ostet (11) into 
the corresponding d~ketone (111) the reducl~on of the estel dself 
to (VIa) was next t r~ed  Follow~ng the rnetl~ocl of 13mlet and 
Lawrence (3 0 8, 1935, 1105) who pl e p r e d  1 1'-clihycl~ oxy dlqjclo- 
hexyl by subject~ng cyclohexmone to pinxone recluctrun, 11 was 
expected that by subm~tling the cltketo-ester to A s 1 1 m 1 ~ ~  pin'lcone 
reduction, a dlhydroxy derivative of pheridhsenc (VI.,k) might: be 
straightaway obtained In one experiment, the pin~lcone 1 ecluctlon 
was carned out wlth alum~iiium a n l d p m  m d  xn mother  w ~ t h  
magnesiunl amalgam The i e d u c t m  c 2 ~ l  not proceccl '1.1 nll tn m y  
of these two experlinents, 

Finding that the plnacone reduction of the dilccto-cster (11) 
was unsuccessfuI, we thought of reclucmg the two Irclo-gloups xn (11) 
to secondary alcoholic gioups To cffect this, wc t~c,ltccl thc clllteto- 
ester (11) with 3 5 pel cent sodium a m a l g m  Su~prismgly enough, 
no reduction took place 

To cyclohexanone (98 g.) d~ssolved 111 absolute e t l w  (400 c c )  
was added sodamlde (39 g ) 111 the fotm of powder, l~t l le  by llttle Then 

ethylene bromide (94 g ) was added to the mtxturc, ,tpparcntly 
without any reaction taking place The mixtme w.~\ then gently 
refluxed for 6 hours The product was then youled 111 watel and 
the ethereal layel separated and dl led wllh ailliyd~ oils magneswn 



sulphate The ether was d~stllled and the lesldue on dlst~llat~on gave 
01dy cyclohexanoi~e 

In  nothe her experiment, to d S O ~ U ~ I O ~  of cyclohexanone (19 6 g ) 
111 dry toluene (50 c c ) was added soclainlde (7 8 g ) The in~xture 
after the adclitron of ethylene bromlde (18 8 g )  wds heated in an 
autoclave at 140' fol 9 hours The reaction procluct was wo~lted up 
as above Afler d~strlllr~g the toluene, the residue was lound to y~eld 
13 5 g of cyclohexanone m d  2 5 g of an 011 bolling at 136-38"/10 
mrn Tills oil wds ldentlfied as cyclohexyhclene-cyclohexanolle by 
preparmg the oxme, m p 146-48" 

Co?zde?2snt~on of Elhyl  Cyclohe~maone-2-Cnl boxy late zuzth Etlylene 
BT o m d e  Fog mntzon of the Dzlceto-Dzeste~ (11) 

In an one lxtre round-bottomed flask fitted with a reflux conclen- 
ser carrying a calcium chlor~de tube was placed 400 c c of absolute 
alcohol and sod~urn (23 g ), cut mto small pleces was slowly added to ~t 
After the addxt~on of sodlum was complete, freshly dlstllled ethyl 
c2/cZohexanone-2-carlsoxylate (170 g ) was g~adually added The forma- 
tion of the soclium de~ivative took place almost irnnlediately The 
adclltlon of ethylene bromlde (94 g ) was then made, llttle by l~ttle, under 
cooling After the addit~on of the ethylene bromlde was complete, 
the react~on mixtuie was allowed to remain at room temperature for 
1 hour and was then heated under reflux on a water-bath fol G hours 
The mixture was then poured into a large volume of watei and the 
olly layer thus formed was separated The aqueous layer was extract- 
ed tw~ce  w ~ l h  ethel, and the ethereal extlact was added to the orly 
p o ~ t ~ o n  The combined ethereal extlact was drred ovcr anhydrous 
rnagilesluin sulphate, ether d~stilled and the reslclual 011 wds distilled 
uncle1 reduced pressure The maln fraction, whlch was founci to 
conslst of the ddieto-ester (II), cdme off at 127-29"/10 mrn as a trans- 
pal enl colourless 011 havmg a characteristic smell hlgllly remmlscent 
of cow's ghee, yield 40 per cent A pure sampIe of the ester, 

obtamed by red~st l l lat~m grve the followiilg results on analysla 
(Found C ,  65 48, H, 8 27 C,H,,O, reqLures C, 85 57, H t  8 20 
per cent ) 



Molecular potassium (IS g ) was pltU.+cd undcr clry xyleoe 
(300 c c ) contained 1x1 a round-bottomed ihdi ht t rd w ~ t h  .I 1 afl~lr 
condeilser can ymg a cal~ium ~11101 idc gt1d1 d lube IStliyl oyclo- 
hexanone-2-calboxylate (5 7 g ) was added g l a thd ly  whcn the 
forillatloll of the potassium d e ~  i v h v e  took p l C u  f'ully vlgw ou4y 
After the addltlon of the estel W;LS 0Ve1, C ~ $ C I I C  \M ~)nll(\e (31 g ) 
was added, drop by dlop uilde~ coolmg nncl tho in ix tu~c  w,is 
heated under reflux f o ~  10 hours I t  w ~ s  then pouled 111 ~ ' ~ t c t  ,111~1 

the d~keto diester (11) was ~solatecl 'is in t l ~  pl evions o x p c ~ ~ m c n t ,  the 
y~eld bang 60 per cent in the plcsent installw A sindl mlount of 
a vlscous oil came over at 175-81"/10 tnin,  wlllcll urns i d  fu~tller 

The diketo-ester (3 6 g ) was dlssolvecl in alcoliol (20 L L ) m d  
hydrazlne hydrate (1 g ) was aclclecl to it, and the mlxturc Iic,itcd on a 
water-bath for about 5 minutes, when the py1 U ~ ~ I O I I C  d c ~  I V ~ I V ~  

separated as a crystalline solid The  sol~cl was I~ller ed u~~rlcx suction 
and wcis washed with watcr It WCLS r cc~yst, i l l~sed flom ,L 1,~rge 
amo~int of alcohol In the foiin of colourlcss sluxmg pX,des, m.p 
296" 

Attempted Decal bomjlatzon o f  Cl~e Dzheto-Bs.Ce? l o ~ t h  I.@ och l rmc  

Aczd Fo~lmatzon o f  the D~Xeto Acid 
Hydrochloric acid (19% , 100 c c ) was aclclcd to the cllhcto ester 

(12 5 g ), and the m~xtule was heated undel rellux fol 12 1lou1 s I t  w'ls 
iouncl that no carbon dloxide wds evolved cluimg the c o u ~ s e  of tllc 
reaction At the end of 1 2  horns, the estei had goIle ~nmplc tc ly  into 
solutron The solutlon was then evapo~ntecl on ,t wdcr-b,lth ,rlmost to 
dryness, when a solid began to sepalate The \ollcl w , ~ s  collectcci and 
after tredment with m m a l  cha~coal, was ~rystall~sccl f l  om CL mixture 
of acetone and water in the form of colou~less long, \lellcle~ ncocllcs, 
m P  102-3". It was proved to be an acid, wl~rch did not lose 



c a ~  bondloxide cven at 220" The melting pomt of the acld rematned 
 ons st ant on further clystallisat~on (Found C, 61  81, H, 7 16 , Eq~uv 
W t  , 152 9. C,,H,,O, requires C, 61  93 , 13, 7 OS per cent , Eqtliv 
W t ,  155) 

of the Aczd (IIa) 
The estei (5 g )  was hydrolysed by heatrng wlth 8 per cent 

KOH for 18 hours Thc acld wds isolated in the ~ ~ s u a l  mannel, 
m 11 102-3", and was found to be identical with the acid obtained 
above 

The dtlteto-ester (18 3 g ) w'is dissolved ln dry benzene (40 c c ) 
contained 111 a flask wlth a reflux condenser Coarse aluinini~~rn powdel 
(1 75 g ) was then added, followed by mercuric chlor~de (0 7 g ) The 
mixture was heated for 1 hotlr on a wate~ -bath wlth fl equent shakmg 
Then watcr (20 c c ) was added, gradually, followed LIP by benzene (50 
c c ) T1x mixture was heated for a f u ~  ther peiiocl of 1 hour dnd the 
hot nuxture filtei ed , the sokd was extracted with 50 c c of botllng 
benzene The untted filtrates were concentrated on a water-bath, 
cooled, llgllt petrol added and the whole thmg thoroughly cooled No 
sold  separated on coollng The petrol was then removed by dis- 
tillation, and the residual otl was diddled The oil came over at 
127-2g0/10 mm , and was found to consist ent~rely of the unchanged 
diketo-ester (11) 

The experiment was repeated using iiiagneslum powder in place 
of alurn~nium powder w ~ t h  no better result, the diketo-ester being 
recovered unchanged 

Redvc t zon  of the Dzlceto Estel (11) wzth Wodzzm Arrralgam 
Into a 250 c c 3-necked flask htted with an efficient st~rrer was 

placed a mlxtuie of 100 c c alcohol and water The diketo-ester 

(10 g )  was then added The stlrrer was then started and a 
vigorous stream of carbon-dloxlde was passed through the mixture 




