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ABSTRACT



(1)

various structaral types into which the f higher 

terpen«s* are divided are defined | recent work on problems 

of their biogenesis and total synthesis is reviewed* A 

synthetic route to the pentacyclic structure (VII} ie 

proposed. The tetracycllc precursor (VI) of this isas to 

be obtained by al&ylation of !O-carbet3iox2r-7,7-diJ^tIiyl-

in~2-0ne (T) with the methylene bromide (IT, 

or OH),

A possible rotite for the preparation of this bromide

is outlined (I-IT); this irrrolves the degradation 

of the aromatic ring of the tri cyclic lie tone (II) to give 

the keto-ecid (III). As the first stage of this synthesis, 

the tricyclic imsstiirated ketone (I) 1ms been prepared*

to prepare 2»6^11^dro^yn«plithpJLene as a

possible sotirce of 6-«i^tho3qr-l--i^t^fl-»2-tetralotte > by 

fusing sodium 2-l^dro^ynaplitlml0ne--S-siilphonat© with 

allcmll, failed. HediictioB of 6-metho^ysmpht3mleKe

nickel in acidic solution gave, sraong other products, 

i ?/Mch ims oxidised to

The latter reacted with metl^l imgneelisa iodide to ^ive a 

tertiary alcohol which, in the presence of acids, gave the 

expected S^etho^-l^et^l^t4^il^drp^m^ittolem, together 

with S^ictho^y-l-metl^rlnaphttolen© and



(ii)

tetralin, th© products of its own dismutation, as reported 

by ^Tac^pBS and Kagsai * A possible nechanis&a for this 

disputation is proposed, and the effects of th© conditions 

of dehydration on this reaction ?/©re studied. OJhe dihydro- 

naphthalene, when treated with lead tetra-^setste, gsw a 

dtaeetste which resrra?iged in low yield wider strongly acid 

conditions to 6~setlio^y-l-^etliyl-.2*tetralone. Ring extension 

of this tetralone gave th© tricyelio ketone (I}»
Alternative methods for the preparation of 6-*»thosy- 

l-.n3©thyl-2-tetrfilojie v/ere izivestignted* Reaction of 6-^iotliosy« 

l^Rietl^l—3>4—dil^rdroaaaphthalene with perbensoie acid .gGEV9 9 

not the epoxtde, but a l^fdroKy—befisioate which was also 

rearranged to the r0<pdred tetralon©, althcaagh th© yield 

obtained by flowell and "Jaylor could not be repeated. 1lhe 

flrystalliiie siaterial isolated in low yield from the product 

of the peracid tr^i^ent was foOTolatad as l-bensoylo&y-
for this

foisrulation ar© discussed. 0?reatraent of the 

with fonsdc acid gave an 0-&©tol from which 

l-^K?tl^l-*2-tetrBlone cotild not be obtained* Attempts to 

prepare this tetralon© from 2^en®al*-6-«faeth0^y--2'-tatrmloni 

were unsuccessful because 1,4-eddition products appeared 

to b© formed in the flrifpssrd reaction. Anti-llarkownilcoff

bydration of £-i$etho:Ky~l-"methyl—3,4—diljydrot
« 

the Brown conditions-* gave a product which the results of

oxidation suggested to be a mirtur© of



(ill)

-2~ and

The publication* of a synthetic route very similar 

to that adopted in the present work resulted in the work

suspeirsded*
!jyl©n0~lt 1, lQ~trte© tharl-

decalin was prepared by a route dewloped by Rtmhton 

of solareol ?/ith

enol etl^r (Till) wtoieh, after osoifK>lyei9 and reduction 
with litMts^ alt^dBiwi l^aride^ afforded th© g2^y©ol (IX) 

req-oired brortd® was obtaijoted by treating tlse last
with phosphorus o-s^broraide.

tbe potential B aM 7. rings of the
synthearlaed floot dizoedone* £he ©nol chlorlda

derived from dtoedom was redtioed with lithitna is liquid
yield) and by catalytic

to ^t^-di^^tl^leyolotoxanoii©, which cmrb€Jtlio3cylat©d to

octalone urns prodnoed in Bearly qiiaatltatlTe yield from 
this compots&S by ring ext^^Hom*

B^ prodtjots of oatalytio aM HtM-e^-mz^^iia redtiotion 
of tlia octalone w^re compared.

of tJw oGtalone i^ not possible when its 
wag used, but was at least partly achieved 

by the u««» of the (-Jbrueim salt of the



Sy*«ft&on0, although the yield ms 7>oor and the method

laborious*,i

Conditions for »lfcylating the octalone without decompo­ 

sition were defined in model exporlnwta using n-propyl 

iodide. To obtain ewn mall qpantitlfMi of tetracyclic 

material under -,?uoh conditions it wa® newwary to employ 

tli© iodo-4©rivatiT© (IT, IWI, X»I), which is more reactive

than the corresponding broiao-eompmrnd. ^bs latter reacted
7

if disrlyme m& ti0ed as the solvent, a» s^iggested by Sock * 

In this reaction both the iodo- and the brorao-coispoiznds 

gAve tim tetracyclic produotss tht fossi^ility that they 

are the two enantiomorph® of the ketoae (VI) is

!• «Tac^i3©e and Kagan, "gall* BOC« chto, France . 1956, 22,, 120.

2. Howell and ^ylor, JfCli0m>30c^, 1958, 124S.

5* Brown and Eaot J fteor^ci30Tru3oo, , 19^0, ffi, 2^2, 5694; 1959,

§1, 6423, 6428; T^j^^SMl^t 1222* 13.36* 

4* *?umerf ?,ensogf 7 'iorris and '^iebel f '^etaralie^roi^ , I>e t ters f

1959, ro.2, 7*
9» Tiushtcsa, personal ooonnznication* 

6. Atoms t Loewt f Theobald and 3idth, ^^ter^Ctea^^oc., f 1942,

?• ^ook and Btasso, .JmAmT.Cteaai&QQ. I960, 8^, 1253.
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The following is to be inserted between the first para­ 

graph {©Kdii3£ *as solvents. 1*) and the second paragraph 

(beginning * £h€ minor product11 ) t

Alfeylation of the octelone (F13) with th© brondde 

(Fl) in di^lyae at 9O-100° &&** a ogi, 35f* yield of th® 
three alkylated products A, B and^ 0. llo alfeylatioa 
took place at the loner t©atM*ra1mre (30°) at which the

1 o
original ©3q>erimenta of 7*o6k and Russo had been 

carried out.
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the total syntheses of cholesterol in ^ne last decade 

marked the culmination of SB intensive study of steroid 

chemistryf occasioned in a greater part by the diceovery of

the physiologically active sdreao-corticsl and sex hormones. 

fhe investigation of th© di- and tri- terpe&es* a group 

of natural roduets both structurally sod bio genetically 

related to the steroldsy had until recently advanced less 

rapidly* ihis was due in part to the abaeaco, in generalf 

of any physiological significance to stimulate istereett end 

in part to the practical difficulties encountered IB their 

Investigation* 'iYhus t isolation of homogeneous« so 1 vest-free' 

products was difficult; structural elucidation v;os compllcata 

especially in the triterponest by ttie paucity of reactive 

centres as starting points for degradation; attd the solution 

of stare ache mic el probleras 9 poasibly even aore complex than 

those encountered in the steroids y necessitated a theoretical 

basia and eacperiiaeBtal mytliods only recently made available, 

The rapid progress of the last fifteen years is the result 

of the appearance of new techniques 9 often developed in tb® 

first place for ua@ in the steroid field 9 for the solution 

of these problems*

methods of isolation owe auch to chraMftographie 

^specially of adsorption OB silica or alumina*



;aetho&s of partition3 E -; id partition c
and of counter current distribution neve a so been used.

«» 
The a plication of vapour paaee chroma tography is s possible

development of the near future*

Pioneering wort in structural elucidation de ended mainly
7 8 

on dehydrogenation lethols * still widely used but now

supplemented by physical techniques such as X-ioy analysis;
9 10 ultraviolet GH.I infrared spectroscopy; and nuclear magnetic

resonance ^hich h&e been used, for eitample, for the detection

of furan rings in literpenes such as oafestol (A14).

8*98 spectrometry has beea applied to the accurate determination

.-nolecular for ul8e • The usae of naoleeular rotation
14differences sna optical rotatory diapei sioa

resolved nany probleDs of both relative $nd absolute 

•tereoehtozisrtry* Of recent advances^ however, that with the 

widest iniplications for both structural elucid; tioa and

syathetic epproachaa, is the development of conform tional
ifianalysis as a means of interpreting ehemiotl nd physical

behaviour in terras of molecular geometry* Oon^letsentory to 

this theoretical advance is the introduction of new, highly

specific reagents, he value of which in steroid chemistry
17 

has recently been reviewed by l*oev*eathal .

Interest in terpane chemistry has been stimulated by



s.

oa their blosyathesis (iris; *9). ffeie haa

resulted In the ^@plaeen*mt t &y a btogeaetle &ef l&ltloa» of 

the etaplrleal iaoprene rule which hsd defined the terpeaea 

c true tares e^astFiictel of 5->osflN>n

regularly or Irregularly, ffe* new
98

leoreae rxil© edteraces the lacreasing siii^er of

laoltadlag the tetraeyclle trit@rpeneet ^ich ^a aot obey

the eoiDirlQ&l rulet and also
100 

txmle^s t aaterai pro^lt^ta vlilch* tiion^i related to tha

, have structure© la «rhieh tha auafear of oarboa 

atosss Is not dlvlsjhilo by five* *BiDgeaetic fosalblllty 

teeoraea a walld orltaricni IB the altieldatloa of 

atruotwpaa*
th® 41- «ad trl- terpenea prior to 1953 has

18
reviewed by ; ; li^msa» ®&& his co-authore »

19 
da !3eyof e ?^r® reeent i^evlew aaaeriliee the

up to
fta amjority of th® diterpaaaa are either bl- sa*- tri- 

cyoile« there are ttoae l-sportaxit basic types of

* fhese are tha trieyelle able tone (Al) and
80

ecll

aeid (A4) ji rea;>ectlvely| 

bleyclie ^geg^piaawwa t^S) skeleton exanpllf lea lay



4.

acid (A6) **nd the eicohols
k&,2§ 

manool (&7) ' ;ad ecareol (&8) » structures which

contain aromatic rings are found in the terpenoid podoeeroic
26,87 

acid (&9) with an 18-eerfeon stara skeleton, and in the
B6,88 sJ9,30 

phenols ferruginol (A10) «ad totarol (All) 4 of

which the latter ie an axasr^le of ^ dlterpene not obeying 

the isoprene rule,

Beeent work in the ilitert>ene field, which has been
31 

revieimd by f sutsl and Tsatsl , includes the elucidation

of a auai>er of v ry complex structures, ;-rach a© roseno-
aa 33,34

lactone (Ai2) , gibberellic acid (^13) «ad cafestol (A14) 
35

may l>e considered as degenerate forms of the skeletal

types defined above*

With three notable exceptions all the triter jenM 

kno^n stractxire are sseiatoers either of a *steroidal f tetra-
cyclic, or of a pentacyclie, ^roup* The exceptions are

36,37 
(A15) and the srmalenold alcohols, *a&rein (A16)

38,39 
-onocersdienediol ^-onocerin) (A17) f so called

because they may be constructed from ©qualeae by a cyelisation, 

starting si sultaneously from both ends of the molecule, 

without rearrangement of the carbon skeleton. The

tetracyclic daittBarenediols (1) and (11) (ABl) ana their
40 

oxygenated derivatives , and the pant acyclic



41
hydroxyhopsnone (A22) also haire structures indicative of a

eyclisation of the squaleae molecule from one end without 
rearrangement, and are tJierefore of *?reat biogenetic interest*

48
Seorin (A^33) is also believed to pos®@«8 the sarnc gross 
carbon struct 'ire of hydroKsrhopanone though l&eki&g the

ubiquitous 3-hydro3cyl fisnction*
43 

B&lfeastein proved the 8gnam»trleoi gross

structure of sQualoae by a oynthesio ia which two 

of farneoyl broiuide (^24) w«rre condensed to give a product 

yielding a hy&roehloride identical ?*ith that of natural 

equalene* This synthetic product was, however, a complex

mixture of prototrooie said geometrical isomcrs f whereas
45 

X-ray examination of the thiourea elathrete has shown

snualene to have the all~ trains geo'metry. The 
clathrate has "beaa used to isolate the all- trails -for-.o from 

mixtures of ®*0«etrieal isomers in recent Bynthesee by
leler f using s modification of Ksrier*® insthodi by Bicker and

47 46 49 
Riiting ; by iripyet ; and by Gornforth V&IQ used a
stereoseleetive route»

Acid treatment of sciuaiew produces e coiaplex mixture
50,51 

of cyelisetlon products , including a tetracyclosqualeae,*>
for which etructure (M9) has bean proposed though no 
experimental evidence for this assignment has bean published*



6*

Attests to identify pentacyelosgualeii© (A2C) among the
cyelisation products have been unsuccessful* but Barton

3*3 
and Gverton have shown that in strongly acidic conditions

(Al?) and its derivatives cyelise to compounds 

having the pentaeyelosqiaaleBe (^-onocerane) structur©^
Under sdlder acidic conditions structures of the /& -onocerane

39 
(Al&) are obtained,

structure of lanosterol (A2f>) f first isolated from
>3 5^ 

wool fat f was demonstrated by both degradative and

X-ray methods and coafirraed by a synthesis from cholesterol 

by '^oodwarci and Barton * Lanosterol is founder member 

a group of 30-and 31- carbon atom alcohols end acids d 

may be considered either as triturpenes or, as does Fieser 
in a recent review, as 4s 4*14 -trimethyister^ids* 1'be 

extra carbon atom of the ^l-esrbon structures has always 

been found at the O24 position anci such structures therefor© 

beer the sasa relation ta the ^0*~earbon structures as does 

ergosterol to chDleateroi* svith the except ion -of the 

4UM0srenediol8f all members o-f this tetracyclic ^roup are
» AS \tiJF jtf -—--i—— -w-

related t& one of three parent structures - lanosterol (A25) t
5bt60 59,60 

euphol (A26) and tirucellol (A2?) - which differ in

points of stereochemistry but have a eo&mon carbon skeleton,
61 

Is a comprehensive review of the pentaeyelic



triterpenes which bad been isolated up to 195&* ^hite lists 

80 of known and 73 of unknown constitution, illustrating 

that this is by far th<; largest clesi5 of terpc;ies* Though 
their biDlogical function is obscure, pent acyclic triterpenes 

may occur in almost any pert of a plant, both in the free 

state and as gljcosides or esters* Until recently 

all knoe/a triterpene structures could be derived from one 
of three hypothetical hydrocarbons, oleanaiie (A26) 9 ursane 

(A29) sad lupane <A^O)» Between 1951 aod l^^ corr^lete
stereo eheolcal assignments were made f or /S «-&nyrin (A>la) f

62 63,64 
— aayrin (A35) and lupeol (A56) , th® representative

members of the three sub-groups > though the structure
65,66 

assigned to «C-&rnyrin was challenged by aprii^ * The

controversy &as resolved in favour of the original

by the partial synthesis of ^'-aayrin from glycerhottie a
6? 

(A3'7) » Lupeol andoC-amyrin have been related tO(3-ainypin
by rearrangement react XOBS»

Compounds of the ^.-arayrin t^pe are the moot numerous

in nature and include a number in which oxidation at
68 

has occurred. In particular oleanolic acid (A>2) *
68,69 

Corresponding O24 alcohols such as erythrddlol

and one aldehyde (A34) f are also knovau Ihe rroas carbon
71 

structure of (i -amyrin was deduced from dehydrogenatioa



a*
72,73 

data and confirmed by a variety of de^radativo work f

*hich also proved the position of the hydroxylic and olef inie 

functions* Ambrein (/JL6) arid oleaaolie acid have beeB

shown to have the sane configuration at the tr.aa.8 A/B ring——— -
junction by their degradation to a comon product (A33) *

74
Afflbrain hoe been similarly correlated with the diterpe&cs 

and the 5x- steroids * 1'he absolute conficuratioja of th®

steroids and the di— and tri*- tarpones has beon established
14C 

both ij?om a consideration of molecular rotation dii'f eronccs
76 

and by the method of asymmetric avntheois *
7?

fl; he use of conformatio&aL argumoutat. mainly by Barton »

enabled tho asclgcoent of the coBfiguratioas at C-2? t C- 

c*-14 aad C~9 in the ,3 -a^yrin aeries* still unknown were 

configuration at C-^ and the relationship of the iviiovm 

configurations in. the C f l) and B ring!* to tho-cc at the A/B 

ring junction* Consideration of the stability of the

•Bdleculo in terms of non-bonded interactions allowed only
7? 9 W

two possible structure s v (A^la) and (A^lb) * Molecular
14a

rotation dii'i'erence measurements sug,.;ested the former to be

the correct stiiicture and this &ss later conf imed by x— ray
V If

V9 
studies *

Eeccntly peatac^clic structures t other than the three 

basic t^pes defined above, have been found though these



new structures can be related to the latter by acid catalysed
________ 80
mmttgmn s* ara^as ero , an ^-.araxas ero

are closely related to lupenone-1 (A41) , a rearrangement
81 

product of lupeol» derivatives of friedelin (M&) ,
m 83 

glutlnone (M3) and taraxerol (A44) undergo remarkable

ecid catalysed rearrangetnents to /3> -as^rin structures. They
L

are also biopwetically related to/3~a-ayrin in being forraed 

from the saw eationic precursor by a series of methyl 
shifts. The search for structures similarly related to

oC-aroyrin has bean rewarded by the elucidation of the
85 

structure of bauren 1 (A45) .
86 

Ourisson has proposed thst the nomenclature of the
triterpenes be based on the structure©: lanostone, aibrane, 

onocerane> olean^ae (A28) f urssne (Aid9}t lupane (A30) and 

gajn mceraae (M6) t each with precise stereoeheasieal 

ia^lications, modifications of these basic skeletons «r* 

defined by prefixes as f foi? example t fr^edo^ for the friedelin 

type of structure.

Bioscaosia of T^r^eaee and Cterolds

87,38 88
Pioneering work , especially by Bloch , in the use 

of ieotopicaily labelled precursors, showed that acetic acid 
is incorporated by enzyme systems into both squalene snd



*feolo8terol according to a definite distribution pattern of

*t3ethyl*(m} and f earboxyl f ( c) carbon atoms. In 1953
09 

and Bloch proposed that lanosterol (B3) is a

blogenetie preeuraor of cholesterol (B3), and is f rmed by 

the cycliaatioa of squalene, in a specific conformation (Bl) ,

by the miration of two methyl groups* In a
90

ajechanisra previously proposed by obinson f tJift required
ca*)

folding of the squalea® molecule"was such as to require no 

Methyl shifts for the generation of the cholesterol skeleton* 

Sa^perimentel support for Woodward and Blochf s hypothesis

has been provided by the elucidation of the correlate
91 

distribution patteras of squaloaa (Bl) aaci aholesterol (B5)

l the proof that laoosterol 18 biosynthesised from both
yo 

acetate and o

The iniportanee of a triterpene in steroid biogenesis led 
98

to formulate analogous biogeaetie sch^aes for all

terpenes. An eatpreosion of Kusickaf s hypothesis is the 

bioganetic laoprene rule ^ilch defines the terpeaes as 

compounds obtaiaab e by cyelisation aaad, in certain cases t 

rearrang^Mmt sjeehanisms from aliphatic substances, s eh as 

gersnlol (B5) t farnesol (BS} § geraoylgeraniol (B7) aad 

s^ualene, which are formed by the eo^inatioa of isopreae 

units* This hypothesis has been further amplified
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11.

with respect to triterpeae biogenesis to define, not onljr

gross carbon skeletons, "but also their complete stereo-
99,100 

chemistry t by postulating the cycli&ation of all-trans

squeleae in different conformations! modes. In all such

eyclisations it is envisaged that attack by 0 eationie
. 94 

species, probably (OH } t on one of the terminal double
94 

bonds of squalene initiates a fully concerted serieo of

anti-planar additions and rcarr&ngooents* The stereo- 

sp8Cificity oi* these processes requires configurations! 

stability of the eatioaie intermediate& f for which Euzlcka*s 

bridged cation struoturss (cf« B8 -BS) are convenient 

pictorial representations*

The biogenesis of lanosterol requires the eyclisation 

of squalene in the ehair-boat-ehair-boat conformation (B8) 

to give* in the first place, a tricyclic cation (B9)» 

the concerted processes (cf» ^ chome 1} responsible for the 

forraation of the datsKWenediolSt ewphol, tirucallol and those 

peatacyclie trit©rpenes in r&ich rearrangeiseiit of the squalene 

skeleton has oceuired, are all initiated by a cyclisation in 

the ehair^ehair~ehair~boat confonnatioa (BIO) to give the 

cation (Bll)* 'xhe tetracyolic cationie precursor (B15) of 

the pontacyciic triterpeoes no longer contains the carbon 

sequence of squaleae as a result of the
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implicit in the eonfoms&tional change of ring B fros a boat 

to a chair form (B11-B13)* If however the initial eyeilsation 

of sqttaleae were to occur with ring B in a chair conformation 

(B14) t a pentaeyclie system preserving the original carbon 

seqtienee could be fonsed. This theoretically predicted 

type of structure has no* been fotmd in

9S
f&e demonstration by Arigoni that mevelonie acii (BIS)

(see below) is a biogenetie precursor of

provided the first direct experimental data on the biogenesis 

of the peatseyclic trlterpenes* Previous experimental work 

hed been confined to the more easily studied 

lanosterol-cholesterol sequence (ef* refi

.4n is^ortant advance la the knowledge of earlier stages 

of eonalane biogenesis was the discovery that mevaloiii©
m

acid (B16) is the source of the 5-carbon unit t being 

incorporated Into polyprenoid strtictiires wi^i loss of

the aarbosyl gPom>» other probable intermediates in the
101 

?rgiozi of aievaionic acid into aq,&leiie have been isolated

ComfoPth and popjafe have put forward a detailed 

for this conversion*

ii3|>ortant aspects of terpene sad steroid biogenesis
103 

are discussed in a recent eympoaluro f which includes



13.

a review of work on the acid catalysed cyclisations of 

polyenes. The latter provide a possible laboratory analogy for 

the enzymatic cyclisations of biogenetic processes.

Approaches to the Synthesis of the Higher Terpenes.

Reference has already been made to syntheses of the

acyclic squalene and of the tetracyclic triterpenes*
31 

Tsutsui sad Tsutsui have reviewed work on the

synthesis of naturally occurring triterpenes and of related 

structures. In the majority of these syntheses the starting 

materials have been, either suitably substituted naphthalenes, 

or a substituted eyclohexanone and a methoxyphenylacetylene.

Thus (±)-dehydroabietie acid (05) has been obtained from
104 

2-isopropyl-S-hydroxynaphthalene (Gl) as shown (01-05) .
105 106 

(±)-6-Methoxypodocarpene (C6) and (±)-ferruginol (Alo)

have been synthesised by analogous routes.

Starting materials of the second type have been used in
28 

syntheses of (±)-ferruginal (A10) and (±)-podocarpic
27 107 

acid (A9) , and of the ketone (CIO) and the keto
108 

ester (Oil) , both versatile synthetic intermediates.

The synthesis of (010) is outlined (07-010)s (G7) was 

obtained by condensation of sodio-m-me thoxyphenyl acetylene 

and 2,2,6-trimethylsyclohexanone. Catalytic reduction



14.

followed by cyclisation with polyphosphoric acia gave a tri- 
cyclic system (G9) which was converted into the Ice tone (CIO)
by metai~an&)oaia reduction* this ketoae has been converted30 109 into (±)-totarol (All) sad into (±)-ax$>reinoltde (CIS) t

36 a degradation product of asabrein ; (+)~8elar©ol (A8) has
ZS 

been synthesised from (+)-a£tfrreinollde * The possible
significance of (CIO) as regard© triterpeae synthesis will
be discussed elsewhere in this thesis*

108 1*he keto-ester (oil) is a possible starting material
for the synthesis of resin acids not containing an aromatic

A third general approach to the bieyclofarnesol skeleton 
of dlterpeaes utilises the stereospecific acid-catalysed 
cyclisatioa of polyaam or related structures* An early 
application of this a&thod was in Biatrich aad Lederer's 
synthesis of sj^ba?einolide (G12) by the eycliaation of themacid (013) obtained form fameeyl broiside • A recent

is the eyelisation of the olefinic alcohol (014)
110 to a mixture of two podocarpatrienes (C15fG16) f one of

which (CIS) has been converted into the raoeoate of the
saethyl ether of niuailol (017) 9 a naturally occux ring

JLJLJL

dlterpene *
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paper syntheses of the pentacyolie triterpenes can "be 

constructed starting either from a previously synthesized 

steroid, or from simple alicyclic starting &&teri8l8,bat

only the latter route has been investigated experimentally*
112 

and Thomas t in 1956, proposed a synthetic

route in which a bieyclic intermediate (C19) was to be 

linked., with nueleophilie displacement of X, to the bicyclic 

ketone (GSo) activated at C-#» The adjacent carbanyl 

group would ensure attachment of (G19) in the stable 

equatorial configuration to give a mixture of two racematcs 

(021afC21b)» The ketone (Q21b) could be easily transformed 

into a tetracyclic structure (022) whicht there was reason 

to suppose , ®ould undergo an acid catalysed cyelisation to 

3-hy&roxyolean-13(18)~ene (<$~~a£$rrin) (023) * All subsequent 

synthetic approaches to the pentecyelic triterpenes heve 

envisaged routes of this general form, involving the coupling 

of aaoieties representative of the A and B and oi* the D aiid 

E ringsf followed by closure of ring G* fhe stereocheroical 

problemo in such syntheses are greatly simplified in 

aofflparison with routes requiring a ring-by-ring construction 

of a pentacyelic structure starting from ring A*

The crux of the synthetic route outlined by Haisall and 

Thomas la the final cyclisation to give a transient j^



anti arrangement of rings AfB tG and B» A possible

was the cyclisation of derivatives of <X~ aoeerin (A17) to
38 

those of y-onoceriii (A2Q) (viz* p.6) , The position of the

bond in th© cyclisation product (C£3) is predicted by
115 

the knom isomerisatlon * imder acidic conditions, of th©

lS(13)~double bond of ̂ -eiiayria into th© 1S(18)- position*

The validity of the original proposal has now been demonstrated

tiy the use of a cyclisation of this typ0 in Oorey*s recent
114 

synthesis of 01@©n~ll(13) plS^diene (Bll) (jls* p

The synthesis of ths bieyclic intenasdiatea (019) 

(C30) presents no great stereochesiiesl diffictilties» In 

a synthesis of the &-B rings (080) » the key step would bs 

th© f orssation of th@ traas^fused ring Junction; ana for ths 

intareediate (019) ©ither tha pure c|§ (019|iap-H) or

pure trans (C19jl8o(-H) isoiaer is requiir-ed,US ' •
described the synthesis of the hydro^y-ketone

115 
(018) f a precursor of (019). More recently (020) . #

110 
aad (C19) ^ith the ring function |rans (180(-H) t have

prepared by Haleall* s
HT 

Kingf litchi© end f tenons proposed a raodification of

the route discussed above, in which the C-ll and 0-12 carbon 

atoms are attached to the A^-B rings* The postulated 

intermediates (C24) and (C85) were to be linked by an aldol
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condensation to give^ the tetracyclie ketone (026). &ork by 

Hal sail and Thomas suggests that reaction would occur at °< 

(085) end protection at this position would therefore be 

necessary prior to the condensation.

A© a result of the proposals outlined sbove attention 

was directed towards the preparation of bicyclic sy*tA»*s cxwcL ) 

in particular, interest centred on intermedia tee representing 

rings A and B of the pentscyclic triterpenos. An alternative 

nee for such intermediates was the preparation of structures 

of the onocerane type« in vahich synthetic roblems are 

simplified by virtue of the unique syrsaetry of the molecule.

The synthesis of the A-B intermediates poses problems

to those encountered in the eyntheeis of diteppenee 

which the same bicyelofarnesol skeleton is found. ?ork 

in the two fields is therefore closely related and the 

possibility arises of utilising, in triterpeae syntheses* 

degradation products of naturally occurring diterpenes ( 

elso anfereinolldo) which have previously been synthesized. 

fha use of such relays is limited by the absence of the

fimction* n exception to this limitation is
118 

cassaic acid (C37) dbtaiiiod by hydrolysis of the Erythro-
119 

phleum alkaloid casseioe * Heoently a degradation product
112 

of cassaic acid has been ssmthesised (viz. p.82) (038).
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In 1957 three methods were described for the linking 

ot two laolecules of a bicycllc intermediate to give aa

onoeereae structure*
51 

Corey and St tier® obtained (.f}{88 t 88*)~0noc0raf*e~S f 8-

diol (38a) by the electrolytic coupling of two molecule© of 

th© a.rauonitf-a salt of the acid (G31)« Gycllsation of this 

die! viith perchloric acid in bens@ne~aeetie acid gave peats-

eyelosqualene (A30) identical with the Y-onoceraae obtained
38 

by Barton aad Overtoa * The {-) laetone (3Qa)» from which

the acid (031) was derived* was obtained in raccnilc admixture

with its (+} antipode by the acid catalysed cyelisation of
1^1

o(- or $- ^^nooyclofarnsslo acid (C30) . An alternative

route involved the oxidation of ©clareal to © laetone (C30b) 

which readily isom©rised to (C30a) in the presence of acid. 

From the diastereoisomeric laetone (C50b) was obtained the 

diol (32b}» Phosphorus oxybromlcle-pyridine dehydration of 

{031b} aad (CSla) gave rf- (C33b) and f>- <C3 a) onocera- 

diene respectively^ as would be predicted from the assigned 

orientations of the hydroxyl groups*

The tetraoyclic diol (C3^a) was also obtained
184,136 

and his Co-workers . c tereoselectlve

dlmerlsation of the o(-it®thylene ketoi^ (036) gave & ketone 

(037)| reduction of this ketone yielded E diol «hlch wa©
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resolved and the correct eaantiornorph (C38) converted to 

(52@). The raethylene ketone (036) was obtained froia the

hydro:oF~acia (035) which is formed by the cyclisetian of
135 126 

bieyclofernesie acid (034) . An attempt was also

ms&s to prep" re a tetraeyelie precursor of the oleanane 

series by cross dimerisation of (G36) and (039). fcetone* 

pcseibly (040), ?/a© obtained but its strticture h^e not been

proved.
127,138 

Sondheimer and Bind hare described a thirA

approach to tetr acyclic structures of the onooerane type, 

in which I~dec8lones such as (G42) are the blcyclic 8tar»ting 

materials and the two extra carbon atoms are provided by an 

acetylene molecule. Thus9 treatment of the deealone (C4i>1 ) 

with sodiiasi soetylida in liquid aimuonie gave the acetylenic
with

csrblnol (045) which, after react ion^sodemide in liquid 

annoiiia t was condensed v;ith a second molecule of decsione 

to (five a mixture of the me§c>- (46a) and l^acemfg (C46b)

glycols. Dehydration and catalytic hydrogenatioa of the
IBS 

latter gavo (±) dino:^onocerane (047) . The k tone (042) f

which is alao a possible intermediate for the synthesis of

a degradation nroduct (048) of labdanolie acid t wes
127 4 

obtained from the readily accessible 9-methyl~/V octal in-
ISO 

3»S-dione (041) . This starting materiel has also
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been used for three independent syntheses of the deoalone

(043) , \shich has been, ea&v rted into the raceraate of
184 131 § 13S 

a degradation product (044) of o(~at3yrin * Haynes
135 

and Tloraons have reported a different route to (G44) which

is also a possible precursor of the aldehydic intermediate

(034) (via* p. 16). the ethynyl carbinol (049) , which
131 

was prepared from (044) by Sondheimer and Klad f is a

potentially useful intermediate for the synthesis either

of the onocerins, or of the oleanan© skeleton. Sondheimer
130 

and Kosenthal have discussed such an approach to the

]&-aroyrin series, in istiieh th© ethynyl carbinol (049) would 

be condensed with the decalone (050). A0 it^del com 

*fc° C-J,Q*" ^^^ trans«- decalones (G51bfC51a) have been 

syathesised frosi the deealol (Of^). This decaiol was

from (G53) by an interesting application of tte
137 

Brown hydration reaction *

A naa^or advance toward the solution of the still out­

standing synthetic problems was made in 1959 when syntheses
138 114 

of tf-onoeerin and of olean-ll(lS) ,13(18)-dieae were

described. The main stages of Ooreyt Regs and preskov* f s
114 

syntheois of the latter are shorn in Scheme 8 (D1-D11).

The (+) bromide (D4), representing rings A anrl Bt was obtained 

by four-stage reaction sequences both from (±)
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(Dl)t ©nd from the acctoxy-aidehyde (B2) previously
51 

prepared by Corey and sauers * Reaction of the

Orignard derived froio the (~j-) bromide with the (±)enol 

1 act one (D5) gave a trieyclic diketone (D9)* Closure of 

ring D by an aldol condensation yielded a mixture of two 

ketoaes (Bio) epimerie at C-17. Treatment of this mixture 

with lithium methyl ; and final cyclisation of the resulting 

tertiary alcohol with hydrochloric acid/acetic acid gave, 

after earcful ehronM3tographyt a 3^ yield of the required 

Qtereoisomer (011), Though the yield in the final stare 

was very lowf the isolation of (011) was facilitated by 

the intense and characteristic ultraviolet absorption of 

the diene ehroejophore.

Stork, Bsvies and Meisele* synthesis of o(-onoeerin also 

constitutes a synthesis of a naturally occurring pentacyclic

skeleton since tf-onoeeriii has been eyclisc i to Y-onocerin
38 140 

(A20Q) aad the latter converted to hopenona-1 (B31) .

The synthetic route to tf-onoeeria is outlined in scheme 3,

molecules of the (-h) koto-acid (B16) wore
61 

coupled by the electrolytic method of Oorey and Sauers

(vjg p«18) to give the tetracyclic diketone (B17); the keto 

groups Here converted into exocyclic methylene groups as 

(D13-D530)* The trieyclic starting material (D12)
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was obtained by the method af EoweH and Taylor 

unsaturated ketone (^4) was easily prepared from (Z&2) 

and on osonolysis gave the keto-acid (Bl£)f the derived 

methyl ester was Icet&lised and the carbomethoxy group was 

converted into a diphenylethylen© whichf after oxidation 

and removal of the dioxalan protecting |p?0up s gave tbt 

(±)kBto~aeid (B16)» The resolution of (DIG) mm achieved by 

fractional crystallisation of the strychnine salt of the 

half phthalic eat®r of the derived alcohol (DlSa).

The unsaturated ketone (D14) was also obtained by a

similar route to that outlined above by Xufner and hla
1H5 

co-workers as an intermediate for the syntliasis of a

cassaic acid degradation product (C2B) (vis* p»17)»
to independent synthesis of the iatereedlate (D12) 9

139 
by a route almost identical with that of Eowell and Taylor *

has been achieved in the present work and is described in 

Section 1 of this tfaesie.

This thesis describes the investigation of a synthetic 

route to pent acyclic structures having an oxygen function 

at G-24 as is found in oleanolic acid (&52)* In the 

envisaged route the tetracyclic intermediate fey; was to 

be syntbesised by the al&ylation of the octalone (^6a) ^dth 

an alkyl halide (£^at Ks=OH or H) f ^sich would provide th®
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potential A and B rings of the pentaeyelie system*
Mr* !•£* Button has carried out parallel investigations 

into th© synthesis of e /8~amyrin structure using the 

octalone (B6&) as a source of th© D aad E rings, A 

nurrtoer of sheets of the latter investigation are closely 
related to the present work eni will therefore be discussed 

in this thesis*

(Diagrams (E5) - (E7) are placed at the end of Section 1}
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The inspiration for the synthetic rout© which has been 

outlined (viz* p»22) originated in a consideration of possible

synthetic uses 1'or the intermediate (£2fRaH) f which had
1,2 

been prepared by Barltrop and Rogers (vis* p«12)t ^^ £sr

related structures*
2 3 

Gssonolysis * of (iS2*H»H) had givenf in high yield, a

keto-acld (£39KsH) which had also been obtained, as its methyl
4 

ester, fron ambreinolide » The subsequent successful

applications of (S2 § Rafl) and (BJtB»H) in dlterpene syntheses 

have already been discussed* Tbe teeto~aeiil (K3,B»fi) wes 

alao a possible intermediate for a triterpene synthesis ss 

it represented a potential source of ta0 methyl one halici® 

(E5atH»H) t which would provide the A and B rin^s of the 

triterpene structure. To synthesise (K5atKseIl) from (ii*3 fjR3=H) 

would require a transformation of the latter into the 

homologous acid (^4fJ8»H) and the replaces^£& of tiie -COOH

group by a -CM X function* At mm poirt in this sequence
2 

aa axocyclic methylen© group must be introduced in place of

the keto group* The proposed route to a pentacyclic system 

could also utilise the halide (L^b9 Hasii) in which tho double

bond is in the tetrasubstitutecl position. However it v/as 

thought that the characteristic infrared absorption of the 

exocyclic ethylene function would be Invaluable in



identifying the preeeoe© »f the A-*B ring gystea* 

supposition was a^ply Justified by later cc-rk which is 

described i# Section 11 of this the&ia*

!5 be usefulness of the helide Q35*fB»H} would be limited 

to the. synthesis of >*deso^~triterpend8* It also seemed 

proba&la that this balide could be- more ©aailj obtained b^ 

elaboration of a previously sjftitheslsed dlterpeiio* A
•»y,. gfc

cojovenient synthesis of the bromide (E5a» E^II^iif; by sueh 

a setaod has now been realised, chiefly through the work of 

Hushton, and will be aescribed later is this seetitm*

A more oa&bitious ayatbatic objective would b© the 

methylena halide (£5a-^bftOH) which could be used for the 

synthesis si' a pentact/elie eyatem contaiaing the all—import-* 

ant 3-hydroacyl function* A synthesis of (^5atHaOK) by a 

route analogous to that outlined £or tte corresponding 

desoxy-coz^ound (.E5a§.RaH) would require the unsaturated Icetone 

(^fBs.-OH) as starting material* This k©tone would also 

bo a possible intermediate for syntheses of eassaic acid 

and oC-^onoeerin* The first object of the present work 

the synthesis of 2^ydroxy«7M^ethozypodocarpar»^ t / 

triene C^l tKaOH) for which the ketone {B2tRs=(/a) could

be obtained by metal—azsnonia reducrtioSr*
1 

The njethod used by Barltrop and Rogers for the
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synthesis of (El f Ra=H) could not be re applied to the synthesis 

of (E1,R=OH) as there was no obvious method for preparing 

3-hydroxy-2,2 t 6-trimethylcyclohexanone which would be required 

as starting material (cf • p.13).

A possible route to (El fR=CH) was suggested by Raraan 

and Rao*s synthesis of the 6-methoxy-2-oxo~podocarpatriene 

(E12) ; the application of a Robinson ring extension reaction 

to 7-methoxy-2-tetralone (E10) yielded the tricyclic ketone 

(Sll); dimethylation of this ketone followed by palladium- 

carbon hydrogenation gave (E12) writh the required trans 

A/B ring junction. It was expected that the tricyclic 

ketone (E28) could be obtained from 6-methoxy-l-methyl- 

2-tetralone (E25>) by a similar sequence of reactions* 

Reduction of the keto group of (E28) would give the required 

alcohol (El tR=OH)* This route to (E1»R=GH) and the methods 

investigated ±or the preparation of the 2-tetralone (E25) 

are outlined in Scheme 4 (ElJ-^28).

An obvious starting material for the preparation of 

the 2-tetralone (£25) is 2,6-dihydroxynaphthalene (E16). 

The corresponding dimethyl ether <E17) has been reduced

with sodium and ethanol to an enol ether which on treatment
6 

with acid, rearranged to the 2-tetralone (E19) • Mono-
7 

methylation of (E19) by Stork*s enamine procedure would

give (E25).
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a^aphthol-6-sulphonic acid (Sehaeffer*s acid) (£13) had 
been made available as a gift by i.C»l* The alkali fusion 

of this acid (or its sodium salt) is the normal ssethod of 
preparing 2f6-dih3rdroxyna^hthalei^,) either in large quantities 
in the laboratory ? or on a commercial scale * The fusion

temperature is somewhat higher than is required in similar
9 

fusions of other naphthalene sulpiionic acids* Elusion of

both the acid and its sodium salt were carri^i out under a

variety of experimental conditions afc temperatures up to
o

* From none of these fusions was tbe 

isolated, though in one re action |3-naphthol was identified as 

a product in low yield* To obviate the possibility of 

oxidation of the dihydroxynaphthalene formed f a number of

these fusions were carried out under nitrogen and sodium
10 

hydro sulphite was added to the reaction mixture * It

was concluded that f with the apparatus available, this method 

was not practicable*

An attempt was made to obtain 6~methacs^'~2~naplithol
11 

by a Baeyer-Villiger oxidation of 6«^cetyl~2~metho:jcy—
12 

naphthalene (^14) with perbenzoic acid f followed by treatment
with alkali to hydrolyse any of the acetate (^13a) formed*

15 
Friess and Soloway have achieved yields of ;X)-6C$> of the

corresponding acetates in analogous oxidations of substituted
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acetophenones. In the ease of the ketone (£14), however* 

the reaction gave almost entirely unchanged starting raaterial

containing a small amount of phenolic material which was not

Isolated* 3?his method was not further investigated*
14 

A toown route for the preparation of

aaphthol is throu^i the oxidation of the Grlgnard derivative
15 16 

of 3~brom0-^-iaetbox3?Baphthal@ne by the imthod of Kharasch »

fhis method was not attempted and the approach to the 

2-tetralone (E25) from 2t 6-ditiydrQ3qms$>iithslene (or its 

methyl ethers) was abandoned In favour of a route utilising

the readilj available 6-^sthox^»l-*tetralon0
route (1^>-B25) will now bc^ described*.

1? 
Stork has shown that hydrogenatloja of

in the presence of acid give©
t Identified bgr oxidation to

l-tetraloae* In the present work the hydro&enstion 

performed at a much lower initial hydrogen pressure (75 

than that used bjf Stork (210 atnoe*) an^ a longer reaction 

time wa& t therefore necessary* A valour phase etsromatogram 

showed that the product sas a -mlxfeui.: e of three major components 

designated A*B and C* A comparisi&ii of retention times 

suggested that component 1 s/aai probai^ly tetrdin*
* ,

B f which represeBted 505i of the product, was

I
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identified as 2-®8thoxytetralia from a consideration of 

the oxidation of the mixture* Distillation of the products 

of this oxidation ^av© 6-methoxy-l-tetraloB0 (K21) and a 

lower boiling noa~ke tonic fractions a vapour phase 

chronatogr&n oho^eia tact the latter contained only components 

A and C of the starting material, Tim formation of 

large amounts of byproducts in the hydrogenation can 

ascribed to the low hydrogen pressure used* It was found 

that an increased proportion (55-6c$>) of S-^msthCHqrtetralin 
resulted ^b©n a higher hydrogen pressure (12C atmos^) was used 

A nual^r of exporimeotal procedurea ba.v© been described

for tho selective oxidation of 6Hsethoa^tetralln (£20) at C-l
1? 9 1&*

witb cteomic acid In acetic acid* * Thane procedures
differ v/itb respect to th© solvent system aod tbe oethod

for isoletii^ the product* A namb©r of oxidations
1? 

were carried out by the method of Stork » but it s

found that a more convenient procedure, for use on a large
19 

scale, m-s that described by Hao and Dev for the oxidation

of 4-»isopropyl-6Haethoa:ytetraliii*
5; be coDversion of 6Haetbaxy-> l«*tetraloxie (S21) into the

2-tetralone (B25) was achieved by the application of the
5 

reactions used by Hsman and Hao to prepare the a-tetralone (E 10)

from T^wthoxy-l-tetralone (EB)» in the latter synthesis



the dihydronaphtbalene (S9) was obtained by reaction of the

l-tetrsloa© (sa) with methyl magnesium iodide arid dehydration
21 

of the resulting tertiary alcohol * ^Treatment of this

dihydronaphtfaalene with red lead and acetic acid gave a

diacetato which* with ethanolie sulphuric acid, rearranged
2,Z 

to the a~tetralone (E10)» Sewhall 'has also applied this

method to the aynthesis of the 2-tetraloBe (S29) fro® the

ng dihydroaaphthalen0» 

fh© tertiary alcohol (E22) formed by the reaction of

-tetralon@ (£21) with methyl magnesium, iodide 

was not isolated! distillation of the reaction product in 

presence of a catalytic amount of p~ft>luen@suphonic acid gave 

a completely dehydrated product* When first obtained, this 

product was assumed to be homogeneous but later examination 

showed it to be a mixture containing cm. 75$ of tbe dlhydro- 

naphthalen@ (vide infra)• This dehydration product waa 

converted to the diacetate (K24) ei^d the latter was rearranged 

to the 2-tetralDne (K25) by the oxperinentel procedures already 

outlined *

A considerable amouut (ca, ao/---) of unroacted material 

(via© infra) was Isolated in the preparation sf the 2-tetralone 

(K2>) from the correspond ing difcydronaphthalenef the yield 

of the tetralone, though calculated io respect 01 reacted



starting material* was very lo^ (30^)* This was in contrast
5 

to the high yields reported by Raman and Hao for the method*

Furthermore great difficulty was experienced in isolating the 

pure tetralone, free from coloured 2®puritiest unless obtained 

pure* the tetralone rapidly discoloured a»d redistillation

resulted is losses of material due to tar formation*

ring extension of the tetralone (E25) by the method
23 

of Cornforth and Bouinsozt saw the tricycXic unsaturated

Jsetoiae (£26)* This compound subseouently prepared
24 

by Mowall and fl'aylor by a similar raute to that of the

present work, A small scale dine thy lat ion of the ketone (E26) t 

with aethyl iodide and potassium t~a£$rlate » was attempted, 

Infrared evidence suggested that the crude reaction product ) 

contained approximately equal amounts of ths tinreactod

-*unaaturated ketone (K26) and of the I fl-<lim8t^iyl-f^r— 

unsattJrated ketone (B27) f but the latter was not isolated*

At this stage in th© work it decided to reim?estic;ate 

two aspects of the synthesis as 00 £a? describedj the purity 

of the dehydration product (denoted as I) of the tertiary 

alcohol (£22);and th® method of converting this product into

the
ffee dehydration product (I) had at first been assumed to

be the pure dihydronaphthalane (£23) but it was found that
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its ultraviolet absorption spectrum differed significantly 

from that of the *uare acted material* (X) which was isolated 

in the preparation of the 2-tetralone (£25) (vlfle supra) . 

Vapour phase ehromatograms showed that the dehydration 

product (I) was a mixture of three components A (c^* 15fc.)» 

B tc.fi* 75^-) s»fl C (ca* loik); and that the unre acted material
contained only components & and C*

26 
From previous work on dihydronsphtbalenes it seemed

probable that dehydration of the tertiary alcohol (£22)

had been accompanied by partial disputation and that compon­

ents A and C were the tetralin (BJ6) and the naphthalene (K3?)
26 

and lagan have shown that a variety of 1~ substituted
undergo discaitations of this typei these 

hydrogen transfer reactions are catalysed both by acids and 

by heterogeneotis catalysts such as Haney nickel, la 

particular it was sho^n that dehydration of the tetralol (£22) f 

with four times its weight of formic acid, gives, not 

the dihydrosaphthalene (£23) • but a mixture of the tetralin 

(SS6) and the naphthalene (&37)t the latter v/as isolated 

as its picrate* Though most of the disputations investi­ 

gated involved the use of powerful acidic catalysts such 

S3 aluminium chloride and formic acid t it was found that 

partial disputation occurred in the dehydration of
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the l"-0th3§r-i-tetr0101 (£]&} in the presence of potassim
o

hydrogen sulphate at 124-120 *

In the present work it was found that, from the mixture 
of canponeata A and cf there could be isolated
a»thylnaphthalene» fhe latter was characterised as a picrate*

26 identical vith that obtained by Jacques and Kagau , and also
obtained in low yield from th^ dehydration product (I)* 
fhis naphthalene corresponded to component 0 of the mixture « 

;4etuod* for dehydrating ths tetralol (M22) to give the 
pure dib^dronaphthalfcme (E^» were now investigated* It 
was found that this could be achieved, using p—tolueaesulphouie 
acid as a dehydrating agent, prD¥idine that the temperature 
was carefully controlled and that the acid was removed before
distillation, Alternatively*, as was found to^f Jacques and26 
Eagan t dehydration without ao acid catalyst, but at
higher temperatures*, gave a homogeneous product* 
of this product was, however, accoa^asied by rather more 
polymerisation than was observed with the products fro® 
acid catalysed dehydrations at lower temperatures*. &ad 
the distillate had a persistent green colour*

While this work was in progress uotrcll and faylor 
reported their synthesis of the trlcycllc feetD&0 (£26) 
(yide supra)* In this synthesis the tertiary alcohol
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been dehydrated , ith potassium hydrogen sulphate* A 

dehydration ®ss therefore performed under conditions 

apparently identical with those of Bowoll and iTa^lor* It 

was f outid that the resulting material e OB taln©a ea* 30; of
the disoutation products* fhis finding is consistent with

26 
the results reported by Jacques aaa Kag.au for the analogous
dehydration of the tetraiol (BJO) 4iich has already

A cansiderabla number of dehydrations were carried out 

uader the various conditioi^s deflaecl above* It was found 
that the composition Df the products of such reactions was 

not esi§plet©ly predict able* it was necessary therefore 

to aaalys® th© products from each reaction, either fcgr 
vapour phase chromatography, or by ultraviolet apectroscopy

1m all the dehydrations performed poly^ieric material 
was obtained i vapour phase ehroiaatography of eucla material 
resulted in dex>olymeriaationt as the peaks on the resulting 

chromatograms corresponded to the sumomeric
its dismutatioa products* A dimeric structure

cao be postulated for this polymer by.a&alogy with th©
27 

ilimer (K?2) isolated by woodward aod Eastmaao as the main
product of the dehydration of 6-iaetho3£y-l-tetralol 

under strongly acidic conditions*



Acid -catalysed hydrogen transfer reactions betiwen
28,29 

unlike donors and acceptors are well-known and the

dlsmutation of dihydronaphthalenos may be considered as a 

special case of this type of reaction* A possible

mechanism for such disputations e/ill now b© discussed*
2? 

This mechanism represents an extension of that proposed

to account for the formation of the dimer (S32); it is also

closely analogous to the aochanisia, put forivard by Ipatieif
28 

Pines and Gldberg t far the reduction of olefines by
29 

aromatic hydrocarbons* Brauda and Linstead have su&^ested

a similar mechanism, based on kinetic datat for the 

aromatisation of dihydro aroma tic compounds by quinortes*

It is assumed that the first step in the acid—catalysed 

dehydration of the alcohol (&2£) is the loss of water i'rom 

the conjugate acid (33) to give the f carbonium ion* 

(vide, scheme 5)* -This carbonium ion mays

ft) expel a proton to form the dihydronaphthalene (
f s^ *>

in the presence of acids this step is reversible and 

a reservoir of carboniuia ions is provided*

b) attacfe the dihydronaphthalene at the double bond? lo s 

of a proton from the resulting cation (£35&) will gi*e 

the dimer
c) extract H~from (say) the 4-x>osition of the
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dlhydroaaphthalene to give the tetralin (jiJG) and the conjugate 

acid (&5?a)| expulsion of a proton from the latter ydll give 

the naphthalene (&37).

In the case of l-hydroxy--l-cjethyl-6-"iaethD5^totralint 

steps (b) and (c) will be kinetleally favoured due to 

stabilisation of the carbonlua ioa (^34) by the mesoiaerie 

effect of the 6-aethoxyl group and the hypereox^ugatlve effect

of the 1-methvl group. Results obtained by Jactmes and
26 

Kagaa support the view that l-eub&tituents facilitate

diamutationi (^his is an ov r-simplificatios of the effect

of structure on the course of reaction as tharoodynaraie controlf

depending on the relative free energies of the dioydrs-

and its disiiiutation product® f will also operate).

synthesis of 3» /**^ihydronaphthalei»s by acid— catalysed
30 

dehydration of l-t©tralols has teen frequently reported »

As is pointed out by Jacques and Kagaa » t^ occurrence 

diassatation in such reactions (even, a0 sho^an in the present 

workf under relatively mild conditions) throws suspicion 

on the nature of the products obtaiaetl in the^e synthoses*

Attention was now directed toward possible alternative

®&thods for converting the dihydronaphthsleae U&23) into the'24 
2-tetralone (B2^)» Ho?/ell and 'i'aylor reported that treatment

of the dihydronaphthalene with perbonsoic acid in chloroform
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and reari angomant of the product with athauolic sulphuric 
sold gave a 5Q$ yield of the 8~tetralone* this work wae 
repeated, using pure dihydronaphthalene, but no more than 
« 30^ yield of the tetralone could be achieved. This yield 
*a« not increased by the use of perbea«oic acid in ether and 
benzene solutions, nor by the use of monoperphthalic acid in 
ether.

Spectroecopic data indicated that the produet of the 
perberasoio acid treatment was a hydroiy-benzoate; treatment 
with m«»K>perphth©lic acid appeared to give s»lnly the glycol* 
In ao case could the epoxide be isolated* The rearrangement 
of the hydroxy-bei^oate wae also effected with boron 
trifluoride ©theratej tha yield of the 3»tetralone was 
similar to that obtained by rears angetaent wi«i sulphuric acid*

A crystalline hydro3qf«-ben«oat« was isolated, in low yield, 
from the erude reaction product and wms formulated as

(133)*
reason© for the choice of this formulation in preference to 
the isomerie S-ben^oyloxy-l-hydroaqr structure will be made 

clear in the following discussion,
the formation of a hydroxy-benssoate rather than an epoxide 

ha« teen observed in the reaction of perbensoie acid ?,lth
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31 
a nun&er of olef ine f including the ci§~ and trana- o~iaethoxy-——

stilbenes 9 ??hich are close electronic analogues of
33 

the dihydronsphthalene (E33}« Pec eat experiiaent© f using

iso topically-labelled benzole acid, have provided strong

that the hygroxaMmisoatee ©r© obtained by the attack
on an initially formed epoxide by a molecule of benzoie acid,

34 
Breweter had previously discussed the mechanism of the

opening of oxide rings with particular reference

to c^-aryl substitued et)oxidas» A nuiTiber of factors can
34 

facilitate the opening of the epoxide ring (see diagram) •

Thus contributions to th© driving force of the reaction will 

made by the ©train inherent in the e oxide ring, by the 

protonstion of the oxygen atom, by the attack of an anlonoid 

reagent at C-l* and by the developiaent of partial carbonium 

loii character on this carbon atoa* The in3|)ortance of the

latter effect will be greatly enhanced by aryl substituents 

at 0*1 ead in such systems the anionoid strength of the 

attacking group will be of secondary importance as a driving



force in the rin^r f issioa* OTLs will be specially raarked 
if ]>-GiethQssy or similar smbstituents are preseBtfand thus 
ttse epoxldes derived from the ^^-^thcssy^tilbenes and the 
6~^th0^^ihyaromp!ithal©ne (T'23) undergo rta& oponiisg' 
even with tbe wea&ly rraoleopMlic bensoate anion. By

•j£*jt ^CfE
contrast, tgBigi^ tilbea30^^ f ^KJliloro-^m^-stilbsn©5^, and

give eposdldas and not

A etaraparisoji of the roacticms of

with perl>ens0io aoid provides a 
indieaticai of the importance of the 6<^aethooeyl group in

£ the course of the reaction. !?he latter ^v^F««*«» ,.
^6 - ftbees fous&P to give the correspojsding tetralo^© in

yield j neitter tlw bensoate nor the epo^ido Imvo been isolated.
If tha above arguments sr© 7&lld v then it is obvious 

tlmt the for^tMon of the l^dro^^cnsoavie of the difcydro-
(B23) will involve the intro&aeticsi of the

group at G-l^ i^iioh will %*&&& a greater 
to acquire a csrljoisi^i ion obaxaotcr than 0-2. 

l^rdro^r-bensoate will tl^erefore be tl» 
postulated l-bei^oylosy-S-iiydro^y dc^rivati^©



50

The latter is an analogue of an ster of a benzyl alcohol 

and esters of this type are knom to undergo ready hydrogezv-

olysls, the benzyl group being eliminated as toluene (or
39 

the appropriate substituea toluene) • It migfit be expected

therefore that the Isydroxy-bensoata (E38) could be converted 

to the 2~tetralol (B48) by this means. Bowever preliminary 

attests to achieve thie hydrogenolysls* in the presence 

of a palladiuHfr-earboa catalyst 9 gave completely negative 

results end this possibility was not further investigated*

The wor& so far carried out suggested that it would be 

possible to obtain reasonable quantities of the 2-tetralone 

(S25), and therefore the trleyclic ketone (£26), by the

elthe> of the diacetate (SS4) or of the

hydrosy-^eneoate (B58J* This would b© a laborious process 

due to the large amounts of starting materials necessitated 

by the low yields of the S-tetrslune* Other methods 

for the preparation of this tetralone were th&refore 

considered, lith omexceptiori these n^thods utilised 

the dihydronaphthalene (^3) as the starting material, 

but one route was considered iftlch would utilise the beiizylidene 

derivative (B59) of 6-aethoxyt©tralone»

It was eriviaaged that treatioent of he
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tetralone (S39) with methyl Magnesium iodide would give tha 

tertiary alcohol (S40); osonolysie of the latter would then

afford the<^-ketQl (E41) which, it wae hoped, could be reduced
40 

to the required 2-tetralonet with sine dust sad acetic acid •

It was found that the benaal-tetr alone reacted very 

slowly, even in the presence of an excess of reagent, both 

with methyl roagnesiuro iodide and with lithium methyl. 

Furthermore no alcohol could be detected in the reaction 

product. The nature of this pro -act T?*S not investigated 

though it was possible that a 1,4 addition reaction had 

occur red*

reaction of perforce acid with the dihydro- 

ne was no* invastigBted* This reagent is knou-n 

to ^act with olcf ines to give high yields of

forms tee, which ' re very easily Jjydrolyaed to the
41 

corresponding glycole • (It -as ftsmesaed that, under the
conditions i^edt the dienutation of the dihydro- 

«ould a»t be a significant reaction)* The 
dihydronaphthalene was trea^d with f^rtOf^rde scidf prepared
in gjtu from fon^ie acicl ana hydrogen perosdLde, at 40 ._ — — ^
The infrared speetrom of the product showed bands at 3350cm t

of on. cJZo^cC. t oJf^A. «-t Hero
of 8 aaturated ketone r«ther than a fori^ste ester. The



former designation for this band was confirmed by the fact 

that troatnent of the crude reaction product with efchanolie 

potassium hydroxide gave a apectroseopically unchanged 

material* This material v?as also unaffected by treatment 

with acids, under conditions which had effected the rearrange

ment of the hydroxy~b@nsoat© (^36) f aad no 2-tetralona could
r 

be isolated from such reactions* Tlturatioa of the crude^
product with ether afforded a solia which h«d an infrared 

spectrum almost identical with that of the crude material. 

fhis 0U£Kost@<3 that the main product from the formic acid 

reaction was a fay a rosy-fee torn, possibly theo^-ketol (£41)* 

thotigh analytical data in s^p?>rJ?_ML- this hypothesis could 

not be obtained, nor is it clear how such a product could

be formed* £<xaBspli0 are known of the reduction of o^~k, tola
40 *$ 

ajad their vlnylogues t and o<Wceto2qp~ke tones t «ith zinc

dust in boiling acetic or hydrochloric acid* Ho reduction 

of the above product was achieved by treatment with ainc 

dust in boiling acetic acid and this probleia was not further 

investigated aa it had become obvious that a convenient 

preparation of the 2~tetraloi3e (S25) eould not be achieved

by this route.
A possible rDute to the 2-t0tralol U>42) was suggested 

by the publication of a method for tbe e



liydration of olefines by the na» of organoborone
fBTO*m hydmtian* reaction, as It has come to b© known,

an the areaettos of diboran© or alt&tdnltia borolsydrtde 
with defines to i*tw ax^emobozanes In wMcli the
is attached to the milbetlttit^d eaxfeon

, whichto boxat*

to the free? alcohols* 2he

to

ip.,tu from aliamlrdtm chloride arid soditm boro-
in di^lyaa« *I!he TOSH! ting? orgBnofeoxane was

witli allsalizie Ib^rdrogen peroxld© to give a clean product 
from which the li^dro^ylic material 00nld be isolated 
good yield by eteomatograplhy » 7: >xaiii]iaticfi of the 
lordroaqrlic tmterial isolated ^on the reaction product 
indicated tliat diszafutation of the d
had b©en effected by the altsaintoa eKLoride. I^owever9 the 
•«acnmt of tmreaciad material, wae eoall, and this side-reaetion
did not therefore present a serious problem. It ^as almost

I



certain that the main product of the hydration reaction was 

a secondary alcohol, presumably the 2-tetralol (£42), and 
not the tertiary alcohol (E22) as no dehydration was observed 
on distillation, which gave an analytically pure product.

infrared spectrum (CS solution) of this product showed a
2 -1 

single sharp band in the hytfroxyl region at 3600cm . The
ultravi&lat absorption (Xrniuc* 278£* ^25 A* 6 2250, 2130)
urns almost identical to that reported for G~mothoxy-2-

45 -- --.rri.-.rnm.rm.-. -

tetralol * It was initially assuiaod therefore that ttoe 

product of the hydration reaction ?/as the expected 6-«iet^i03cy-

boil20ate was obtained as an oil aid repeated attempts to 

recrystallisa this derivative were

In order to obtain the required 2-tetralone (j^25)t the 
oxidation of the f2-tetralolf was investigated. From the 

results of this investigation, it so ems probable that the 

hydration product, contrary to the earlier ussusgstion, 
is a mixture of two tetralols* 'I'izoa it was found that 

treatiasmt with HS-chromlc acid in ace torn gave a mixture 

of a saturated and an uasaturated ketone, containing a 
slightly higher proportion of the ,i0rmer» The two Atones 

were separated by chromatography w& the saturated Isstone 

identified as tb« previously prepared a-tetralone
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The infrared spectrum of the unsaturated ketone (bands at
—1 

1672,1602, and 156C cm ) was consistent with the carbonyl
>

group being conjugated with the aromatic nucleus. The

ultraviolet absorption, which had maxima at 2530A (£ 7900) 

and 3230A ( t 2300), was markedly different from that of 

6-methoxy~l—tetralone which showed a single maximum at
o

2755A (£18600)* It is of interest that/-tetralone shows 

similar maxima (at 2370.2860A; £ 11450,15500 though shifted 

to shorter wavelengths* From this evidence, as a working 

hypothesis, the ketone has been formulated as 6-methoxy-l~ 

methyl-4-tetralone (S43a) though evidence to substantiate 

this formulation has not been obtained. It seems possible 

that the introduction of ̂ aethoxyl group para to the ke tonic 

function would produce a more marked effect on the ultraviolet 

absorption of c^-tetralone than would the introduction of 

the same group in the met a position (as in £43a).

It is unlikely that the ketone (i243a) could result from 

the oxidation of the pure 2-tetralol ( 42) » It appears 

therefore that hydration of the dihydronaphthalene (E23)t 

under the conditions described, affords a mixture of the 

expected 2-tetralol and (probably) the 4-tetralol (£42), 

but no mechanism can be devised to account fcr t.his behaviour, 

though it may be of significance .hat* as already discussed,



eKLorld® facilitates l^drogen transfer r©«ctions 
involving the di:bsrdroimphthal0n© (S23)*

Small scale ossddatiorts of the f tatralol t were also eon~ 
ducted with chromic triosdd© in acetic acid, and with the 
chromitxm trlo:dLd©-"fjyridii3>e complex* tlBtor "Kb® 
t2ssdt mlj a part ®t tlw li^droz^lie ciatearlal lias 
With thsse reagent ^>r® of th© tmsaturat©d tlian tlse saturated 

urns formed* i'liis was si^mOLarl so \tith
> when tlse tm^ftttisrated k©tcsie was formed 

almost «xcli2siv©ly* It wmild app^ir that t with soniswlmt
ag®ats f tlm 4-tetralol (E43)# in wliieh 

ftmetiom ia sdjaoent to tli© aro^atie rm0l€ro0f is 
preferentially oxidised *

Oxidation of the f tetraiol f tma att^^>t©d tinder
to eliminate ttia pos^dbilitj that tlie formation of 

the tm®atti3?at@d k©toB@ was the result of an aaomlousf reaction 
of tto 01iroMc acid with tlie 2-tetralol (P42}» ITo 
si^fiificaiit ai^>imt of tetanic material was f orated te 
oxidation of tto tetralol by tbe aoirs^l Oppenatior

acetone in heB^en© or cyelohetszinoiie in toluete* Partial
oxidation nas aoMew&d B^ earzyia^ mit tfee sreaetiou at the

AQboiling- tampers tis^ of sylettr* , usisg <^relol»@%a350B© as tbe
of &©toa©s was obtaiiied
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as in th© ohroaie acicl citations*
At this point a synthesis of the tricycli© tetone (B2f 

I » OH) was reported* by a route almost identical with tlmt 
Intended in tbe present wor& (see pp*17» 22 )» At the
time information w&a received "by private eoaxnunicattos* con-

of Storfe, Dairies and Ifeisel© (see F*^l) <w 
synthesis of the lceto-<eeid (F4» B»O&c}* The present worfe 

in tMs field «ma tJiearefor© al>anuon©d»
In order to- investigBte tlie utility of ta» proposed 

route to a pentaoyolie ^jr9temy it de>elded to prepar® tb©
from sclareol &y a romt® whleh l^d 

already bean iised by Htts2stc» wMeh i^s based partly on
work by Stoll smd iaind«»* •** 

The oxidation of solaxeol with potassiwi penaon^anate
9|<Z

first investigated by Itasieka f.tf §1* * ^^ ^® be^a
^4,more recently s tidied by Barltropt Biglay and Rogers * Tliis 

oxidation affords either th» enol etliar (l'?44) or tlm liyarossy-* 
fcetone (1545)* depending OB ths conditions -oaed* tfnder thu 
conditions need in the present worfe tlie product was the 
enol ettar, sontasidiiate^ with vmr^'ii^ ^a^otmts of the liydroxy- 
ketone* '?he pure ©nol etheor was conveniently obtained by

the erud© product in petrol slmking with dilute 
a^ld to aceomplisli the facile detydration of
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hydroxy-ketone. Chromatography then gave the pure enol ether 

in good yield. It vsas found, however, that good yielus of the 

enol ether depended on the efficient stirring of the oxidation 

mixture and the use of finely ground potassium permanganate. 

Ozonolysis of the enol ether and decomposition of the

osonide with Haney nickel gives a complex mixture from which
51 

Stoll and Hinder isolated a number of compounds, including

the acetoxy-aeid (E46) and the acetoxy-eldehyde (£47). The 

same workers investigated the reduction, both of these products 

and of the ozonide itself, to give the glycol (E48). In the 

present work osonolysie was allowed to proceed for twice the 

reaction time necessary to produce the blue colour indicating 

an excess of osone. The infrared spectrum of the product 

suggested that the acetoxy-acid (S46) was the major component. 

So attempt was made to isolate pure substances from this product 

which, without further purification, Bas reduced with an excess 

of lithium aluminium hydride to give the glycol (K48) in 5Q-55$» 

overall yield from the enol ether.

Treatment of this glycol isith phosphorus pentsbroraicle in 

pyriaine accomplished both the replacement of the primary 

alcohol gro ip by bromine, and the dehydration of the tertiary 

alcohol to give the aaethylene bromide (E5a, R«Ht X=Br). Ihe 

course of this dehydration to give an exocyclic double bond is
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predictable from th® knout* efimtoriml orientation of the 
l^dsmyl groups* fhe geosietrleal requirement of four 
planar centres can only &e aebiewd "by 
atom of the netful grouj>»~*

At a later ctage in this work, for
in eeetlcQi II of tMe tlieels, it n©0@esary to prepare 
the iodide (155-% B«£f, UI)» Tr©«itaeij.t of the ba^^lde with

iodide in "boiling setlgrl ©tl^l totcme gave a 
the- two halldes* Analytical indicated tlmt tbe**

formed at least 9Q$-> of the Mxtrir© and vaa mifflciently
pare for its tise In the alfeylation described to section II**t ^sf . -«-



SECTIOB 1*



ITotea on

Melting points were determined on a Kofler 
block and are corrected*

Optical rotations were done in a l~dm tube; 
c « 0.5-2.0.

Unless otherwise stated;- (a) 'alumina* 
means Grade H alumina deactivated "by shaking 
with 5$ of its volume of 10$ (v/v) acetio 
acid 4 ("b) petrol 
means petrolcrun ether b.p, 60-30 .



Alkali fusion of 2^apbthol-^3ulpbQnic acid jfcjchaeff er y s
S»^,10 • 

acid) ami of its sodium salt »

Both the sodium salt and the free acid were fused, under 

a variety of conditions, v^th potassium and with sodium 

hydroxides and also with egui&olecular mixtures of both} 

in most 01' the fusions sodium hydrosulphite was added. 

1?he fusions were effected in both opau vessels and in

autoclaves flooded &-ith nitrogen at temperatures varying
o o

between 270 and 340 * IB ao case was 2,6~dihydroxy- 

naphthalene isolated, fhe experimental procedure in one 

such fusion is described b^low*

^a intimate mixture of 2-nap!ithol*-6-sulphonic acicl 

potassium hydroxide (200g.) ana sodium hydrosulphite (ICg.) 

aaa heated at 320-340 for 4$ hours is a rocking autoclave 

floodod with Bitrogeu. a- he melt was pourod into concentrated 

hydrochloric acid (2 litres) and ic© (l&g. )• iltratioo gave 

a bro^Q sDlid. The normal procedure from this point is 

described under (a)i in one fusion the procedure described 

uoder (b) was used*

a) fj;he brown solid obtained above was heated under reflux 

srith water lor 6 hours* ^Ihe resulti^o aqueous solution was 

heated und;r reflux for a further 6 hours with animal charcoal, 

filtered and the volume reduced to 70 e.c. On cooling



potassium 2-naphthoi-6"»sulph0nate separated as a brown solid* 

Concentration of the nitrate gave further quantities of this 

compound but no 2»6^ihydroxynapbthalene could bo isolated.

b) £be precipitate f obtained OB pouring the aelt into 

acid, was dissolved io potassium hydroxide solution and 

treated with dimethyl sulphate. Steam distillation of the 

reaction mixture save a solid which i?as re crystallised from 

ether to give 3«ciethoxyBaphthaleiie t sup* and mixed sup. 72° *

\ c e tfa-^-g® t hojieyn ag h t jb ale ne

3-H©tho3Qmsphthaleae (136g«) waa acetylated under i-r. edel
12 

Crafts conditions ae described by ^.^0 bin son asd ;-.^don to ^i

106

o:s:ime t recrystallised from sisthanol, had sup* 174 (Hobinson 
12

and Rjdon give ia*p» 169-i?0 )»

acid oxidatioBaf .
experimental procedure is thabused by !<riess

13 
Soloway #

A solution of perbe^oie acid in chloroform (0*2&f 160c«c«) 

was added to a-acetyl*-6-»meth03cyn8phthalene (5*lE») ^ 

chloroform (50c*c*)» After standing for 11 dojs at 0° with 

occasional shaking, excess perbecaoic acid was destroyed



by addition of sodium thiosulphate solution* a he chloroform 
solution was washed repeatedly vdth sodium bicarbonate solution 

and iras then evaporated to give a dark coloured oil which 
solidtt ied on standing. ihe infrared absorption apectimm 
was almost identical with that of tie starting material but 
had a @eaic band at 2560 cm corresponding to a phenolic 
hydroxjl group*

17
I'his preparation was carried out as described by Stork

but, of necessity f lower hydrogen pressures bad to be used 
aod t as a result t large amounts or by-products were formed *

A suspension of 2-methoxynapiitiialeiie (i^4^,) in dry 
ethaaol (450c*c») containing acetic acid (3c.c*) y/as 
hydro^eBated in the presence of Bcuiey niclsel (IDg.)« ,.be 

initial hydrogeu pressure was 75 atoos. iiydro gelation
o

was eos^plete after $2 hours at I^C-IJO • -ih© product 

distilled over a raage 1^0-145 /&-m+
favour phase chromatograms showed t^iati 

1) the distillate contained three major components 

designated A(2^)t B(25*) ^^ C(50> ) isa order of 
incrcasijog retention times* A fractional distillation 
achieved only partial separation of the throe components*



(II) no unreaeted ^&ethoxyjaaphthalene was present*

(III)component A had the same retention time as tetralix

(IV) only components A and B were present is the low 

bailing, uoa-ketoaic material receovered from the oxidation 

of the hydrogenation product by the method described in the 

next experiments

flhe hydroge&atloa was repeated using initial bydro&en 

pressures of 100 and of 125 atiaos. vbs products contained 

slightly higher proportions 05«6Q£} of coiaponent C 

tetralia)«

Slr" te tr al one

product from the above hydrogenation (at 75 atmos*) 

was ojridieed by the procedure described by Rao and Bev •

Sodium dicbromate (^10g«) in glacial acetic acid (2 litres] 

was added during 6 hours to a weJl-etirred, ice-cooled solution 

of the hydrogenation product (10%*) in benzene (1 litre)* 

The mixture was stood at room te taper at ure for 24 hours* 

i&cess chromic acid was destroyed b^ cautious addition of 

ethlyl alcohol* .ater (f? litres) 0as added aod toe benzene 

layer separated* 3?be aqueous layer was extracted with 

bensene-ether (50/ v̂ ) (5 times 600e.c*)* Tlie residue obtained



evaporation of th© combined ©^tracts ?;as distilled and 

three fractions collected*

(1) b,p* 110-160 /20®su (40g*) (The vapour phase chromato- 

grata of this fraction is discussed in th© previous experiment)

(11) b.p* 160-170° /20mu (7*0g.) 

(Ill) b..p« 170-190° (50gO

fraction (111) solidified to ^-Ive 6-aetboxy-l-tGtr alone

* after reerystallisation from aethanol. had m.p. ao-61 
17 

(Stork gives nup, 76-79 )* Light absorption in ethanols

Xffi80t*2?$c& (t^ldt600}« The semlcarbasoae prepared in methanol

containing pyridine t and recrystalllsed from s^thanol, had
17 

aup« Z$5~&* (Stork gives 356-7 )* 'i'be yield of

tetr alone* allowance being m^e for the recovered starting

as 80^>*

iat (B23)

A solution of 6-^i0th03^*l-t€tr alone (l!?g«) in ether 

(300e*c») was added in portions to asthyl magBesitaa iodide 

prepared from magnesium O»8g*) sas^ aethyl iodide (lac»c*) 

in ether (2Gc*e*)* The mixture was stirred for 12 hours 

and ref luzed for a further hour, ^he Grisn£U?a coi^lex 

waa decorsposed with ice-cold 14-«*lphuric acia» The ethereal 

was separated and well araahed with sodium bisulphite

II



solution* BYaporation gave a dark coloured oil which was 

probably a mixture of l-hydro«y-l-methyl-6Haethoxytetralin 

(£22) and its dehydration product* Dehydration was completed 
by distillation from a crystal of p-tolueneeul honic acid to 

give a yellow oil (n.8g* f 78$) f b*p. 149-159° /20nm. srhich v/aa 

redlstilled at 83-90° /O.O^sm. to Iw a colourless oil (I). 

A vapour phase chromatogram showed that the product (Y) 
a mixture of three components whieh wer© dtesi^aated 

B(7f?%) osd C(IO^) in order of increasing retention times* 
B and 0 were identified as 
naphthaleae (123) asd 

respectively by subsequent experiment s Cyige lafra

product 1 gave a low yield (ca»5/,) of~ 26 
naphthalene picrate t m»p»l02 (Jacques aod Kagan give

(Founds 15 t 10 t4%| calculated for C H H 0 »ia 17 3 a

Iiivestigation of the dehydratipa of the product fro n the 

above Grifflard rg act ion*

G&nditions were required for the preparation of the pure 

dihydconaphthaLene (K23) (coi^ouent B) f uncoataminated with I
;!

A or 0* A series of dehydrations were thar&fore effected*



condition* used and the composition of the products formed 

are dofiaed la fable 1. Th© geuoral ©acperimntal procedure 

was as follows i

fbe Gjfigaard product was dehydrated uuder the coalitions 

defined and then taken up in b^nsene* The benzene solu ion 

was washed with sodium carbonate solution end water, dried 

and evaporated* The residue was distilled at G^G^sim. and 

the distillate was analysed by vapour phase

Catalyst 'temperature ai*d l^roduct
time of he at l

aad 
acid 2hr»/110° inire B

*• 3br./15>0 50-6D5& B
a 

Potassium blsulphate 2hr*A3G° ?Q% B

catalyst 3hr./180° Pur© B

fable 1>——————

Botess a) cj^» method used by Howall asd T-

b) Product had a persistent green colour



pure S-^sietoxy--methyl^j^i-KlihydrDBs^hthalene hod 
20 26 20 

n f 1«5?818 (Jacques and Kagan Q±VQ n f 1«5&1G). 
D 1)

Light absorption in ethaaoli>ms3£» 2710A (1 l?t4GG)«

(Founds Ctd2*71f K*&«24f calculated for C H 0 i 0,82,75*
11 14

la all the above dehydratioag polymeric material ,as 

formed; the vapour phase cliromato ;ram of this material 

showed peaics of retention tiiaee IdeBtical with those of the

G,

L

The 'dihydronaphthaleDe 1 (4.7{>)t acetic anhydride 

and a crystal of sodium acetate were heated under reflux

22 
experimental procedure is that of IfeKhali et al»

The *dihydronapbtiialene f used in the following experiment | 

was a mixture of components AtB sad C as defined in the 

previous experiment. The yield of tb@ tetralone is 

calculated on the assumption that this starting material

of the dihydronaphthalone (B25)« A similar 

woe achieved in subsequent e^periffieuis using the pure



for 1 ht>ur» acetic acid (45c.c*) and red lead (24*j?g*) 

were added with frequent shaking and cooling. rrhe mixture 

i?as stood overnight at room temperature and then refluxed 

for 1 hour* Half the acetic acid was evaporated and the 

residue was poured into ®ater. Chloroform extraction gave

a red oil; the infrared spectrum showed a very intense band
-1 -1 

at 1?4Q cm with a weak shoulder at 1?04 ea * without

further purification this product was rearranged as described

below*

Hearraneepent of the diacetate»

The above product was heated under reflux for 1 hour trith 

water (10c*e*)» ethanol (10c*c*) and concentrated sulphuric 

acid (l«?e*e») f poured into water and extracted with ether. 

tThe ethereal solution was evaporated and the residue distilled 

to give a red oil f Up* 13^160° (air batfa)/G.C2msu t which 

was chromatographed on aluminas

(1) Elation with petrol gave a colourless oil (0»6g«)t the 

vapour phase ehroraato&raei showed this product to be a mixture 

of the components A and C of the starting material*

CoEpouent B was therefore identified as 6-€30tnoxy-l-mothyl 

dihydronapfathalene, which had been completely roooved by 

the above reaction, lituration of this product with ether

6-Ei0thoxy-l-ciethylnaphthaleiie t m*p. 44 -46 (Jacques



26 
sad Kagan give m»p*48 ), Ltjat absorption in etfaanolj

>meau 2240 (£, 20,000), 2750,2850,3155 and 3300 A. (The

absorpti&o spoetruzn. in the ultraviolet region was almost
26 

identical with that reported by Jaeques and Eagan and

closely resembled the absorption spectrum of

lene). The pierate from ©thsuol had a»p« 

(11) JSlntioa with pstrol/50ffc b@sa^ie gave a 

distilled at iao-152°/C*OSBm» to give

a-tetJtralQ^e {l«^g*» 38£>* I4ght absorption in 

etbanolt Xmss. 279CA (5 ^K>00)* (Founds C,?5,51f
..

for C H 0 » C, 75*76? H, ^s^fe). The seraicar- 
12 14 2 0 24 

from ethixaol had a»p* 2X2«2i4 (Hov^oll end ^

give ia*p« 2ia-aaf )* C^aunds C f62.^7l Ht6*dl$ Bf16.6.

Calculated £ or C H H 0 *
13 17 3 Z

9 1 10 i

procedure was thgfc of Gomf orth aac^ Robinson $

was prepared as described by vilds and
IB 

had n » l*43^C t b*p«?l /15sm. (wilds and Shunk
20 D 

give a t 1»4335
Biethylaminobutsnone (l»S8g*) ^as swirled gently in a 

100 c»e* flask at ~^ auring the aadition of dry redistilled 

methyl iodide (lc*c. ) in portions (10 minutes).



swirling was regulated so as to obtain aii even coating of

oethiadide on the walls oi the flask* When n© 

more liquid remained the temperature eas allowed to riae 

slowly to 15°* Th» tetralane (^2$) (l«65g») In dry benzene 

(8$*c*) was added , air was expelled bj dry DitrD^B aad a 

solutioJG of potassium (0*5%,) in ary ethanol (10e*c«) was 

added with ice cooling during 5 min* The flssk was swirled 

until all th© nathiodide Had dissolved (55 mi3a«}* After 

mtanding at 0° for 1 hour the mixture »as refilled for 1^ lain* 

Baceess 2£I^0ulpburic acid aad benzene (lOc. c«) per© added and 

the benzene layer was separated* The aqueous layer was twice 

extracted with ether and the combined extracts were dried 

and evaporated, The residue was distilled nd the dies til late 

ebromatographed on alumina* i^lution with petrol 401/, benzene 

gave 7-iae t ho^~12--si6 thyl-2-o%o-2 1 3 § 4-t 9 1 1C t la-hexabydro- 

pbenantbjrene» slightly contasoinated with unreacted tetr alone, 

as a yellow oil (450og* »22^)* ^^ P^® ^toae which separated
o

as a white crystalline solid on standing at 0 , after wo

reerystallisatioiis from ether, had m»p* 109 (Howell and
^4- 

Taylor ^Ive m*p*106-loa )* Light absorption in etbanoli

Xmax* 2?l^if 27^0A| 2o40A( inflexion) (£22,500$ 2600; 2200).

i 0,79 t?8s H,7.85« Calculated for G H Os C t79t35l
16 IB ^ 

H, ?.43^)» 'ihe aiiiitrophenylh^^drasino was reer^taliised



7\

Biathanol-ethylacetata ana had m*p« 145*150° « (Found:

Gf63*l5 Bf5*6f B, 12*9. C H M 0 requires! C f 62.56 5
22 22 4 5

Dimetbylation of 7^

A standardised solution of sodium i>*antylate in benzene 

t ?c*e«) i«raa *idded to the intone (^2C) (2^0 m^*) and

iodide (2c»c*) iii bensene ($c«c*)» he mixtuj?© -ays ;

stood Bder aitrog^a at roam te^oratu^e far 2 hours f and then
i 

heated under reflux Tor 20 mis* /if tar addition of ^-sulphuric

acid, ether extraction gave a red viscous oil* The infrared
-1 -1 

showed bands at l?G3cm and 167cm of equal intensity

indicating th© presence of the unreactod imaaturatod iseton© j 

{E26) QjEtd f probably,, of 7-isatfaoxy-2-03co-l f lt12-trimathyl-l t 2f

3 t 4f9 f 12-h0xahydrophenanthrene (^2?)« Tim latter v^as not 

isolated *

s Ue.thod.. B.

tatralane was prepared by the rearrange^nt, under 

acidic conditions, sf the product from th© poracid treatment 

of the dihydronapbthalen©



(1) Peracid oxidation of

naphthalene*

She procedure for the reaction of the dihydronaphthalene 

with perbenfcoic acid is described* In ottnr reactions 

perbenzoic acid in ether and in chloroform, and per ono- 

phthalic acid in ether ere used, but no improveioent in the 

yield of tetralone resulted* In none of these reactions was 

the epoxid© of the dihydronaphthalene isolated*

The perbeasoic solutions were prepared by the raethod
37 

of Kergomard and Bijou and the solutions of permonophthalic
38 

acid in ether by the method of Fieser * These solutions

were standardised by adding excess soldiua iodide and titrating 

the liberated iodine i&th ll/lG-sodiuin thiosuli^iate solution. 

1!he consuisption of peracid during the reaction was followed 

by similar titi'stioa© of aliquots reraoved at regular intervals*

$tie dihydronaphthalene (5*0g* 9 0*Q29g*m») was treated 

with a solution of perbenzoic acid (0*06g*m*) in benzene 

(SQOc.c*) at 0°* After 14 hours at 0 * 98>£ of the theoretical 

amount of perbeiizoic acid had been consulted* *Hie solution was 

well washed with aquo us sodium carbonate and water 9 d^ied

aad evaoorated to give a darfc^rt^d, viscous oil* The infrared
-1 

spectrum had bonds at 5*500(s) t 17SO(s) and 1704cm (w) and
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suggested that the product was mainly a hydro xy-benzo ate 

together with a small amount of the a-tetralone (B2>)» 
*£his product was rearranged to the 2-totiralone as described 
below, without further purification,

IB a subsequent experiment an attempt was made to purify 
this product by ehromatography cm alumina* ^lution srith 
benzene and benzene-ether gave the bulk of the product as a red 
oilt but one fraction crystallised from ethanol to ive a low 
yield of a brown solid, a.p*l26°, probably l-beBgoyloxy-2-

(Found C»72»24f
H*6»2?» C H 0 requires} C,7?o08t Ht6«41^)» '^^ infrared

19 20 4 
spectrum had the saiae bands as found in the crude product*
(11) Reargjgigeaentj of the cruJo.ji1yd_r3Xy'*b3ngoate* 

(a) '^i.th boron trifluor id e ether.gte*
fhe crude product from tlie previous reaction was 

shaken with boron trifluor ide ethorate (?»Hg») in benzene 
(5Ge»c.) at room temperature for 20 min. j;he benzene solution 
was washed v;ith sodium carbonate solution and water, dried and 
evaporated* Distillation of the residue o

(b) -r.ith ethanollc sulphuric acid.
The perbenzoic acid reaction described under (1) 

repaa ed and the product heated under reflux with



etbanol (4Gc*c*)t watcj? (4Cc.c.) and concentrated sulphuric 

acid (9c*c*) for 3 hours* Tbe yield of the 2-tstralDne w 

similar to that obtained in the rearrangement with boron 

trifluoriae*

2-»Bec %al~6~r:ie th oxy-lr* te tralone *

6 -Methoxy-l-tetralone (4*lo*) was heated under roll use for 

1$ hours with bensaldehyde (2*5s*> and 4H aqueous potassium 

hydroxide (20c»c.) f then treated aith acetic acid and water* 

precipitate crystallised from methanol to i:±vQ

/-l"-te tralone (3»VS* t63; )t m*p*99* (Found: C fb2.cO|

CEO requires: C tal.81{ Ht6*06^)*
16 16 2 x 

absorption in ethanols Amax* 2300, 3f HX) A (€ 15.20 ,a4CCO).

Reaction of 2-bgngal«-6^m6tuiQx>y-l-tetralQi^ .vitfa methyl

2-Benzal-6^^tiioxy-l-tetralone (2*9g*) i^ other (£50 c.c) 

fras added to the Grignard reagent prepared from magnesium 

(l*lg«) and laethyl iodide (log*) in et^sr (lCc*c*)* it» 

reaction saixture V&B stirred under nitrogen for 12 hours, 

refluxed for 4 hours and ^orked up by the usual procedure to 

give a red oil* The infrared spectrum showed a ?/eak 

carbonyl band at 1670 cm"' and no h.droxyl band, -he absence



of a hydroxyl band was confirmed by the infrared spectruci in 

OS solution*
a

The same result s?as obtained ?jhen th© reaction was 

conducted with lithium caethyl*

Reaction, of &Haaetho3cy*l>»2>eth.Yl -3 •^iaytlroaapht balers .vith 

gertor jjdc.. acid •

Hydrogen peroxide SDlution (^O/ v/Vf 7»0*>S») was added 

to the doep ^reen solution r»f the dihydronaphtbaLene (10, Og.) 

in formic acid (98%t $0c*c*)« The temperature uao maintainod 

at 40° by water cooling during tb» initial oxothoriaic reaction, 

and then by warmiaj for a further hour (titration showed that 

all the active oxygen had een consumed }. The reaction 

mixture &aa poured into water? ether extractiorj gave a red

oil which had bands in the jmfrared spectrum at 3350cm
-1 

(bydroxyl) end l?CCcm (saturated ketoae) and a very weak
-1 r

band at 16?: cm • Obturation of a part of this product 
with ether a^e a solid (200ms.) which, after recrystallisation 

from petrol/«ther ( «ad m»p.77°. ri'be infrared opoctrum of 

this solid showed strong bands at 2350em and 16?0cm and

was almost identical with that of the crude
A series of reactions were carried out on the crude
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product (denoted as A) of the above reaction*

(1) $reat&ent with bc.ee.
-1 

In order to confirm that the band at 1700 cm in the

infrared spectrum represented a keto group mid not a formate 

ester, the product (A) (lg») was heated under reflux v/ith 

potassium hydroxide (l.Qg*) in 9C> ethanol (5Gc*c.). ^ther 

extraction gave a product which had an infrared spectrum 

identical to that of product (A)* 

{11} rX're atme nt wit h acid •
Product (A) (5g») was treated with concentrated 

hydrochloric acid (iGc.c.) in methanol (l;X5e»c. ) for l}a 

hours at reflux temperature and, subsequently, with concon- 

trated sulphoric acid in 8(^i ethanol (130c«c«) for 3 hours at 

reflux temperature* The products isolated from both treat- 

merits had infrared spectra almost identical to that of 

Product (A)*
(111), ggeatiaent with sine dust gad, acotic. acid*

From the infrared spectrum it seemed possible that 

the product? (A) was ano(-Ketol. This product 0c.) was there­ 

for® heated under reflux with acetic acid (4Cc*c.) and dry 

zinc dust (^Og.) for 1J? hours. The reaction mixture was 

srorfcud up by the normal procedure to give a very dark 

coloured oil*
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The infrared spectrum was essentially the same as that of 
the start QS material (A).

^ti^larkowBikQff hydratioia of
gihdr onar/hth

procedure is that of Brown and Bao 
Sodiun borohydride vms purified by a soxfalet extraction 

with freshly distilled isopropylazoine* xhe solvent was
evaporated and the residual sodium borohydride dried at 100-
, °/ -120 /0«$mm for 6 hours»

/ 
Diethyleae glycol dimethyl etber (diglyme) was dried by

stendiiig over sodium sd.re followed by distillation from 
lithium aluiiaifium hydride*

Aluminium chloride (!.%») in digl^ (14c,c*) was added 
to a well stlcred mixture of diglyme (aac.c*), sodium bora- 
hydride (l.$g«) end 6-methoxy-l-2iotriyl-3f-H*aihydroaaphthalene 
(9*l6*> un43er titrogen* Ti^ mixture was stirred at room 
tei^erature for 5 hours and at water bath temperature for 
a further hour* Half the volume of dlgljfBB was removed at 
G.$mm* t H/2-hydrochloric acid (lOOc.c*) was added, and the 
mixture extracted with ether. The ethereal solution was 
washed repeatedly with Ii/a-hydrochloric acid snd with brine. 
The ether was evaporated and the residue dissolved in



a solution or potassium hydroxide (l.lg.) in nethanol 

Hydrogen peroxide eolut on (30^, vA» 8 &•) was added over 5 

mln.: a white precipitate formed and much heat was evolved 

when the initial reaction had noderated, the mixture was 

refluxed for 15 mla* After addition of water, ether 

extraction yielded a yellow oil ishich was chrcsaatographed on 

alumina: elution with petrol gave unchanged 'starting material 9 

(l*5£g*)» The ultraviolet spectrum of the latter showed 

the presence of significant assounts of the disnratation 

products of the dlhydronaphthalen©. Elution < ith benzene 

gave a mixtu e of the metlK>wl^gi&thl^g end 4*tetralol8

a , l
D 

OHO requires? 0,75.00;
18 16 8 0 I 

absorption in ethanol: Xmsx« 2785 f S855 A (t 2850» |)

2130). The infrared apeetrum (OS solution) had a single,
••1 « 

sharp hydroxyl band at 36 OG cm .A 8t4-dinitrobenzoate

was prepared fro® the above rolxture of tetralola as an 

oilt identified by its Infrared spectrum, ^hlch could not 

be crystallised nor obtained analytically pure*

acid oxidations of the -mixture :..of tetralols. 

f A) iJsin^ a^Clironiic aeia la acetone^

8!l-Chro;:ilc acid solution (2*3c.c.) was idded dropwise



to a solution of the mixture of tetralols (0*7g.) (of. previous 

espartaent) in acetone (lOOe.e,) until a red colour persisted. 

the solution *ras stirred for a further 15 *!&**. t water was added 

aad the product was isol ted with ether. Distillation gave 

a lient yellow oil, b.p» 110-130° (air b^th)/0»01n&.. T e

infrared spectrum had bands at 5400(w) t aad at 17G4{s)
**** 

1870(s) cm of which the former was the mare intense.

fhis distillate was e&ro&atographed on alumina t

{1} Slution with petrol/20^ beazene ^ve a colourless

oil (iGOfflg») forsajlb:t@d m

14 8 0
(Stands C975«e5f :! t 7.90* G S 0 requires:

13 14 8 
absorption in ethanolj Xmx« 25*30 1 3330 A

The infrared spectrum aad bands at 1672 (s) f
-1 

cm « The

recr^nstalllsed from ethanol as bricht red plate- s anl had

HSS-4 • (Potina: Ht15»3« G H 0 H requires i
10 18 5 4 

(11) F.lution ^ith petrol/5<^ benzene gave

(200i3g») Idoatical In all respects

the authentic root--rlnl,

(B) gis||B^ rc!y>ora.tum tr^oac^ae ..la

reagent for this reaction «*s prepared by dissolving 

ehroiriium trioxide (e,15g.) in 9SJ& acetic acid (IGOc.c*).



The mixture of tetralolg (0»7g.) was dissolved in acetic 

acid (SOc.c.) and treated with this solution (18c.c.) for 

30miru at room temperature* The product was isolated by 

ether extraction. The infrared spectrum had bands at 34 Q(m) 

17D4(ni} and 1670(a) cm •

(C) ith chromjiam trioxj^ie in p

The tetralol (ISOmg.) in p^ridiae (6c.c») was treated with 

a Blurry prepared from chromium trioa3.de (lg*) and pyridine 

(10c,c»), After standing^ for 1^ ho ITS at room tea^perature 

the reaction nztxtnre was poured into ster and extracted 

with ether* The ethereal solution r?ae well-wa«fied with t

2R^hydrochloric acid and veter, dried and evaporated. The |

infrared spectrum of the product had bands at 3450(m) f 1704(w) ,
-1 

and 1670 (s) cm •

Attempted Qaoesauor oxidations of the mixture of tetralole.

The following procedure for an Qppenauer oxidation 

in xyleuo is thmt described in %itkop • Oxidations 

«ere also attempted* by the standard procedures , with 

acetone in bensene aad cyclohexanone in toluene. In both 

reactions the yield of ketonic material was negligible.



The rolxtttre of tetralols (1.85g.) was dissolved in xylene 

(Sooe.c.) and SOo.e* of the solvent evaporated* The solution 

was heated under reflux mid cyelohexaix>ne (35g.) and a 

solution of aluminium isopropoxide (4.0g,) in xylene (50c.c.) 

were added* After refluxing for 2 hours, the solution was 

washed with dilute sulphuric acid and water, and xylene £nd 

agrelohexanone * ere reinoved by steam distillation. The

residue was taken up in ether sad the ethereal solution
%-

washed, dried mid evaoorated. Th© infrared spectrum of the
-1 

residue had t»and@ at 3450(m) f 1704(m) and 167U(w) cm •

After treatment of t^iis product v^itti saturated sodium bi­

sulphite solution for 48 hours, the bands at 1704 and 1670 
-1

were of ©qua! intensity.



Oxidation of scJLareoj,

This preparation is based on the work of Ruzicka et al .

and of Bigley

Sclareol was obtained froia Fenaenich et Gie. f Geneva aid 

had m.p» 100-103°.

*£nalfi3?* Acetone was purified by distilling from 

potassium permanganate*

Finely ground 'Aaalar* pernianganate (88£.) was added in
--:•»

small portions during 8 hours to a very efficiently stirred 

solution of sclareol (5Gg.) in acetone (SJ 1.) at -5 , 

After stirring for a further 3f days a^-5°, the slight excess 

of peraangaaate was destroyed by the addition of sodiimi bi­ 

sulphite. The isanganeee dioxide was collected, wasJied with 

hot acetone (8X1 litre) arid then refluxed tvith acetone 

(1 litre) for 1 hour. The confined acetone extracts vere 

evsporated and the residual oil dissolved in ether, washed 

with aqueous sodium carbonate and water, dried and evaporated. 

The infrared spectrum showed the product to be inainly tfe* 

©nol e«ier (B44) plus a small quantity of the riydroxy-ketone 

(1345). A solution of this product in light petroleum 

IRIS shaken with hydrochloric acid and ehroniatographed on 

alumina. Klution with petrol gave the enol ether (B44) t
o

, b.p. 116-113



Ruaioka et ®i*^jlve ra*p**5-S , b*p.
,- ^OH „!
L^jr +5(±2)* The infrared spectra had a hand at 1680 cm ,

^(ffigftro3arathffll^ 

decalln (E48U

This iiiDthod is similar to that used by Stoll and Hinder 
(1) Osonolysis of the enol ether (M4).

Etf^l acetate was purified by standing over potassium 
cartionate solution aau distilling*

A solution of the onol ether (32g.) in ethyl acetate 
(350e»c») wee cooled to -45° and ozone (6^f 15 i«/hr.)

was Imhbled thvou^ti the solution until a blue colour 
persisted (6 hr») aad then for a further 5 hours. The

o
solution vas potirad on to Saaey nickel (15g«) at -15 and 
the rdxture heated under reflux for 30min. and filtered. 
Th& catalyst was washed with ethyl acetate (SOOc.c.) an5 the 
ethyl acetate solution dried and evaporated to give a 
viscous oil* ^he infrared spectrum showed a dii'fuse band
in the region 2500 - 3500cio and bands at 1710(s) (broad)

-1 
and 1765 cm * This product was used in the follot?iag

reaction without further purification.



(11) Lithium aluminium hydride __

The oaonolysis product was treated with lithium aluminium 

hydride (16g*) ia dry ether (TGQe.c.) at reflux ter^erature 

for 4 hours* After decomposition of the excess lithium 

aluminium hydride nith wet ether, the ratxt ire was filtered 

and the residue washed with ether, The ethereal solution 

was washed with water, dried and evaporated to ive a 

gum which crystallised from petrol to yield S-CS'-hydroxy-

e)-hydrozy—1,1, 6,10— tetranjetliyl-j;i^i§-deealin* (E48) • 

$3$) as a hite crystalline solid nhich, after
0

recrystallisation fro® petrol, had m.p. 129-131 • (Hinder and 

Stoll gif» s^p* 13&-132 )*,P\- -17 * (Kx^oiid:
**r "^ •*- W ^ *r \, \J ^

H,ll«?3. Calculated f or G H Os G,75t53j
16 30 3

o^^brornide? acetic acid (lle.e.) was ac-ded

drop^/ise duriae 1 hour to phosphorous pentat»roaAde 

Distillation of the product gave phophorous 

(38g») as an atoost white solid which W&B used issaediately 

in the following reaction.

19te g3^eo^ (K48)(5.0g.) in dry pyridine (300c.c.) was 

slowly addad to an iee--oooled solutioa of phophorous



oxjfcromide (38g«) in pyridlne (400e.e.)* AiTter 

for IS hours at room tea^ereture the rslxture was poured 

into water, extracted ? ith ether. The ethereal solution 

was washed repeatedly with ^-hydrochloric acid, then with 

sodium carbonate solution, water^ arid brine, dried and 

evaporated. The residue was chromatogranhed on alumina: 

elutlon with petrol gave

• 1 • 10~ t r ima thy!- tjjgaaB^teca lia _ JJB5 a ) > as a colourless oil f

* (Pound: 0,04,60; Hf 9*04: Bi^36»4* C H
16 37

requires* G f64*Si| Ht9»03; Br.36.7^)» !Hie infrared spectmai
-1

had fcando at 1650 (mj and 89S(c) cm .

corresponding bromide (F5atX«Br)(Q.8g.) was treated 

with a solution of sodium iodide (Q.Bg.) in redlstilled 

methyl ethyl kotone (16c.c.) at reflux ten^srature for 30 

hours. Water ©ad a crystal of sodium thiosulphate were 

added. Bther extraction afforded »n aljaost colourless oil 

(0.78g.) consisting of a raixture of 5^£1

and a

amount of the unchanged bromide. (Found: 1,33.1^ C H 1
16 27

requires 1,36.70^). Thia material was used in the 

alkyletions reaction* described in Section 11 of this thesis*
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Section 1 of tnis thesis described the successful synthesis 

of a foieyclie (-t-)aethyleztt bromide (arid the corresponding iodide) 

intended as the potential A and B rinip in a synthesis of an 

oleanane type structure lacking the 3~hydJ?o;syl function. It 

is convenient at this point to consider la some detail the 

later stages of the envisaged synthesis (scherae £•)«

It was prijposea to utilise the (-4-) bromide in the synthesis 

of a pentacyelic system having an angular eorbethoxy uroup at 

C-l? and therefor© related to oleaaolic acid* To achieve this 
objective would require the attachment of tho (-h) bromide (Fl) t 

by meaiia of an alJkylation reaction involving nucleophilic 
displacement of bromine, at the 1 -position of either the

octalQue (F13) or the correopondini cis~ or traus——— 
(F8 or F9)* Thus slkylatioa 01 tb5 (di)octalona (F13)

in this manner would give two k» tones (F2f F3)t diastereoisonieric 

at C-l? (triterpene numbering). 11» correct aiastereoisomer 

(F3) could then be elaborated by the aet&tro proposed by 
Halsall and Thomas end realised experimentally by Corcy, Hees

and Froslsow in the synthesis of
which has already been described in detidl (vis* p«19)

the present case, treatment of the Mstoiie (F3) with lithium

methyl (or methyl magnesium iodide) should give the tertiary

alcohol (^^) I sn acid catalysed cyclisation of t!^ latter would



give ethyl 3-^esoxy-ol©ajQ-12(l3) f 18(19)-(3>ienolate (F5). 

Alternatively a lithiua-ammoaia reduction of the 

imsaturated lee tone (F>) would give the to tone (F6) which could 

then be elaborated to ^ive <*thyl 3^soxy~£-aleanolate (F7). 

(Whether the toe tone (F6) has a cis or a trarjs D/B ring junction 

is not significant as the asymmetry at 0-19 is destroyed in the 

final cyelisation)*

The ketone (F6) could also be obtained, with the D/B ring 

function defined as cis (lvf>-H) or tgans (19oMi) t as ~ne of 

two diastereoisomors, by alkylation of either the cia-dec alone 

(FB) or the tr an s~dec el one (F9)* By analog vdth the steroids 

cholestanon© and coprostanDne, it would be expected that the 

cig and tr^jiK decalones (F8 and F9) ^aould euolise toward C-l 

and O3 respectively. The al^lation of the transude c alone (F9) 

would therefore require the prior protection at C-3t whereas

the ci@~ isomor i^ould undergo dix^ect alkylation at G~l.— ̂  I
However Halsall and Thomas have shown that tfc^ 10-

dL»

decalone (F19) enollses towards O-3* f̂ b@ reasons given to 

explain this behaviour appear to be equally applicable to 

the 10-^arbethoxy-eis^decalone (1-0) and therefore alkylation 

of the latter at C-l would also require the protection of the

position. 
lvhe investigation of the synthetic routes outlined above



2

required, as a first objective, the synthesis of the 

10~carbethoxy-octelone (F13), The synthesis of this compound 

by the ring-extension of

now be discussed*

-keto-ester (F.12) has been prepared by ^daias £t al/\ 

by the condensation at 3,>-dimethylcyclohexa0on0 (Fll) with 

diethyl oxalate and pyrolysis of the resulting ^-^etoester. 

Croseley and Kaaouf had previously prepared the ketone (Fll) 

by reduction of the enol chloride (FlO) vfith sine dust and 

acetic acid,

enol chloride (FID) was prepared by treatment of 

with phosphorous trichloridej lithium-ammonia reduc­ 

tion then gave a mixture of the cyclohexaaone (i?(ll) and the 

corresponding alcohol* Ghroniic acid oxidation of this mixture 

of forded the piare ketoae (Fll)» The erperioeotal canditions for 

these initial stages of the synthesis were oliaost identical with 

those used by Halsall and i'homas in the synthesis of

methylcyclohexanoae (Fl?) from the dione (Fl^)» in the 

latter synthesis the litbiua-aanaonia reduction of the enol 

chloride (F16) gave ?0^ yield of tte katoae (Fl?). Under 

similar conditions t&e yield of the ketone (Fll) v^as only 

and a large amount of red polynjerie material v/as formed. Ho 

in the yield of ketoae (Fll) was achieved \w using



a shorter reaction time for the reduction* It is of interest
;> 

that Crossley and Renouf (vide supra) reported the formation

of a higher proportion of polymeric material, identified as the 

pinaeal (F2D), in their reduction of the enol chloride (F10)*

Catalytic methods for the reduction of the enol chloride
4 

wore now investigated. Steiner aad Wlllhalm report that

hydro;jesatioii of a similar enol chloride (F21) ivith a palladium-

— charcoal catalyst in the presence of pyridine gave the keto-
1 

ester (F22) in high yield. fcalsall and lliomas found that,
under sirdlar conditions, th® eaol chloric! © (Flo) was not 
reduced, but that the enol chloride (PIC) gave the Jsetone (Fll)j

the e^purinental details fur the latter hydrogen atioti ore not 

given* Surprisliigly, in tlm preeeiit saork, it was found that, 

in the presence of pyridine, the e&ol chloride (Flo) absorbed 

hydrogen extres^ly slowly at atmospheric prossure and, when 

the hydrogenation was conducts^ at a pressure of 5 atmospheres,

the raed,n product was dimedone,
5 6 

Recently Moyl© and Soiidheimer and nolfo have prepared

tetone (F17) ia .:ig& yield, by bydrogenation of the 

corresponding enol chloride with a pall ad iua-0n~cbar coal 

catalyst in the absence of pyridino* Uncier similar conditions 

the initial hydrogenatioa of tie enal chloride (FID) proceeded 

very rccpidly, but the reaction stopped abruptly v?hen



approximately half the calc ilated theoretical quantity of 

hydrogen had teen absorbed.

Farther hydrogenations of the enol chloride were conducted 

in the presence of both potassium hydroxide and ammonia. 

With potaseiuns hydroxide the rate of hydrogen absorption 

was very slow and hydrogenation was incomplete; the kctone (Pll) 

was isolated in 30fC yield by fractional distillation. A 

yield (ca* 70$) of this ketone was eventually obtained by 

carrying out the hydroganation with a palladiica-on-charcoal 

catalyst in the presence of a nionia.

The £ -keto-ester (PI2) was prepared froai the ketone (FI1)1 a
as described by Adams et al. (vide supra}. This keto-ester

«as ring-exte*ided by a procedure described by Dreidinr and 
8 
j con40nfation of the keto-ester- (P18) ith

rigorously purified methyl vinyl ketone in the presence of 

tritoa B gave an al;:x>&t guaiititative yield of the dike to- ester
ttVtoit'.d*

(F13e) 2?hich was cyclised with sodiiss iiy^oJLi'lo to the octalone 

(F13) in ^^ yield.
8

Braiding and Toi>msew®ki isolated a significant aiount

of the carboxy-oetalone (F35) in a similar synthesis 

of the cerbethoxy-octalone (FS^-). A nuch emaller amount of 

a high-cielting acidic material ( 1$&) was isolated in the 

present reaction aad by analogy was formulated as the



oarboxjM>ctalone (H4). This for mlation is supported by 
analytical data but it ie difficult to explain the anorsalous 
apeetroscopic properties of the compound. The extinction 
coefficient of the ultraviolet absorption maxiroom at 3435A 
is abnormally low ( 7400) in coraparision with the corresponding
intensities for the carbethoxy-octalone (P13) (17400) and the

B 
carboxy-octaloae (P3i) (1S30O) . The infrared spectrum (nujol)
showed the expected broadening of the C~H stretching br?r*i in«*1
the 350O-3500 era region, but also showed a sharp intense band 
at 3480 cm , Assuming that the proposed structure is correct 
this suggests that a hi^i proportion of the aeid exists in the 
zaonooiex'ic form, A possible, though speculative, explanation 
is that the moaoiBer IB energetically favoured relative to the 
dimerie form duo to an unusually large steric hindrance of :he 
carbossyl group.

It was found that, under appropriate conditions, the 
dilceto-este* (F13a) could be eyeiised with tritoa B, The 
procedure described above was therefore siodified to afford an 
alnost quantitative yield of the octalone (PIS) in a single 
stage process v?hieh £id not involve the isolation of the diketo- 
ester (F13a)» The investigation of this modified ©x eriinental 
procedure t;as facilitated by the very characteristic infrared 
spectrum of the G>-koto-aster (KL2) f the diketoester (P13a) and



the octalone (F13) which provided a convenient nieans for

following the progress of the condensation and cyclisatlon 
steps*

Under the optimum conditions defined above this synthetic 

route afforded a 30& overall yield of the octalone (KL3) 

from dimedone*

It was decided to Investigate the catalytic hydrogeaation

-aad chemical reduction of the octalona (F13) to the 

corresponding decalones in the hope hat conditions could be 

found for the preparation of the ci^-decalone (F8). The 

possibility of protecting the 0*3 position of the anaologous 

lQ»iaethyl~cl8~decalone (F19) was meanwhile being inveotl^ated 

by Bushton,

It is &nom that catalytic hydrogenation, in neutral
1 

solution, of the 7f 7§ lO»trln3©thyl-octalone (F18) an£ the
10 

lO-nK)thyl-ootalone (F3o) gives predominantly the corresponding
8,9,11 

oie~ decalones» However, it has been sho^a that,—— 10
contrary to an earlier assumption , hydragenation of

the lo-carbethoxy-oetalone (F2# affords the trans»decalone>

The reason for this etereachemlcal difference is not apparent^̂

thourh it has been attributed to catalyst hindraaee by the
11 

larger grouping at the ring junction . Apart from the

synthetic objective, it wae of interest to discover whether



this effect o?>©rat»d in the eas® of the carbethoaey-octalone 

HOVOTW, while thla investigation was in ita early 

ItaBhtcfia reported that the ejy^-decalone (F19) could 

not be effectively protected at 0~3. Attempts to obtain 

the cj£-«4ecalone (IB) were therefore discontinued. r?he 

results which had been obtained at this stag* will now 

be dismissed*
The oc talon® (F15) was hydrogens ted, -using platinum 

oxide, to *>ive a product which showed on intense band at 

1*/10 cm in the infrared spectnsm, -orewaaably duo to the

two coincident baud® representing tlj0 carbethoxyl and the

saturated Icetone grofup®, respectively. Careful eliromto- 

grapl^ of this product gave a series of fractions with 

Identical infrared spectra; these trore combined for further 

investigation. The behavioiar of the crystalline derivatives 

of this deealoii^ suggested t!mt it was a oixture of the cia^ 

and txpn^**i sobers « in spite of the f&et that these could not 

t>0 sepaarated by cliromto./rraphy. Th§ eemicarbasone, although 

analytically ]mr®» melted over n range of 5°« 51» 2,4- 

dinitrot>b©BylliydrasoBef as first prepared, also had an 

indefinite nup. t but was recrysta3Llised to constant ia«p* - 

tlms providing, it waa assumed, a derivative of either the 

pure cj,£- or th» pi^re trayia-decalone (F8 or ?9}« Atteapta



to isolate a second, nore sharply cselting- dinitrophenylhydraacot 

corresponding to the other stereoisooer, assumed to be 

present, were tmmaccessf 1.

To provide firther information regarding the constitution 

of the above decalone, the octalon© (F13) was reduced with 

lithltaa in liquid aassonia. 3t*0h reductions are fcnown to 

give compounds with the theraodyaaailcally more stable ring 

Junction, » * in this case alaost certainly the tjaaSr 

decalone (F9). 11nfortuiiatel|t, reduction of the octalone (P13) 

by tM.s method was complicated by the presence of a carb- 

©thoxyl grcmp, which is also attacked by the reagent. Thus, 

although infrared spectra of the reduction product of the 

octalone (Fl$) Dhoffed that the uncaturated ketone group was 

not completely reduced, m&sh Bydroxylic rmterial was neTer- 

theless forsied. ?reatraent with chromic acid effected only 

a partial oxidation of tl» l^rdroscylic aatezlal and, surprisin,^ 

Intesified those absorption bands in the infrared region 

characteristic of imsaturated ketones. A very small quantity 

^^ ̂ gti3^«*decaloaae (F9) was isolated from the oxidation 

by clirooato-^raphy; it was characterised by spectro- 

seopic and analytical data*
It appears that, in the above sanction, reduction of the 

oarfcethosey group to a Ijydroacyaethylene group occurs to a 

cotjsidermbl© extent. At ICWiydrosyBethylene-ootalons (P14a)
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has been recently prepared by lushtan, who ims tumble to 
oxidise tli© angular hydroscymttiylen® group* 2hl8 agrees 
witli the fact that ©out of the hy&r&xylie material obtained 
in tha reduction with lit&tazat in aoiaonia, referred to above, 
could mot bo oxidised with cteomie acid, ?he infixed 
sp©etm (of liquid films aM carbon aismlphlde solutions) 
of tto trji^^decalime (f9) of the gecalone obtained by 
eatalytie liydrogeimtlon i!mrlcod differences in tlae

1000-1900 ©m"*1 Cse@ 51^*1). ^2i0 8o^»8t0 tlmt cata- 
liydrogemtiofi of the ootelone (Fl^) gives at least a 

high proportion of th* ^le^decalooo (IB). 1!o confirm this 
0110 would be ire^iaired to prepare crystalline
of the ^rj^gTCompotind and, isore prc^ferable still, 

to ooiwert the deomlime obtained by l^drou©imtion into the
r (F19) and

1fonts of w&toh have t>0®B folly clmraoterised.

A realisation of ths proposed synthesis now d© ended on 

th© 1200 of the ootaloB© (?13)« Th© resolntiom of this 

oetalan© and th@ determination of the absolute configuration 

of the ^m ©nantiomorphe vwiald ©nablo the ketoi^ (?5) 

to b^ syntheslssd* thereby a^oldin^ the necessity of 

separating ti^i dlaeteveolsoRiers at a later stag® in 

the aynttesla* A possible m® of resolving the octalon© 

(KL3) was to us* derivatives of either th® carbonyl



function or the corresponding cartoxylic acid (F14); the 

latter method would require a method for preparing t he acid 

(F14) in good yield from the earbethosy-octalone (F13),

The carbethoxy-octalone s,F13) was unaffected by treatment 

with potassium hydroxide in aqueous ethanol under mild 

conditions. This was to be expected, in view of the eterically 

hindered nature of the carbethoxyl group* Elore vigorous 

conditions resulted mainly in decsrboxylation of the octalone, 

which can be considered as the vinylogue of a£>-keto-estert

and hence subject to relatively easy decarboxylation*
14 

Recently Elsinger et al» have described the preparation of

free acids from s topically hindered methyl esters, including 

methyl O-acetyl oleanolate, ueins lithium iodide in collie' ine* 

<Hhen the carbethoxy-octalone (F13) was treated under similar 

conditions, only the starting material was obtained; 

the method is perhaps restricted to methyl enters*

The use of (-Jmenthyl-N-sminocsrbamate ((-)raenthhydrazide)

for resolving carbonyl compounds was introduced by V«oodward
15 et al, . It was found that the (-)menthhydrasone of the

octalone (Fll) could be prepared in high yield by the method
15

of Woodward et al* » and that the ketone could be conveniently-
regenerated by treatment with pyruvic acid. anfortunatelyt

I



/ O 2.
r

no solvent could be found which effected a significant 

separation of the two diastereoisoiseric menthliydrazonwi 

by recrystallisation,

a*»olution of th« octalone (F13) was achieved by 

using1 the (**)bruoin« salt of the ^^-carboxyphenylhydrasone.

^lhy^ was -prepared by the procedure

of Anchel and Scoonhoimer ' , the yield being increased to 

by carrying out the reaction under nitrogen. T^oth this

and its brncine salt, m^hich was prepared in ethyl 

«ethyl ketono, were tins table in the presence of oxygen, 

and even tender nitro^fm it was difficult to obtain a pure, 

crystalline *mterlal free from tarry matter. However, by 

taking th© first crops from successive recrystallisations 

under nitrogen from ethyl metliyl ketone, acetone and 

ether/petrol, a brucine salt of constant rotation was obtained*

of this instability, the octalone (?13) 

directly free the brucine salt by treatment

with pyruvic acid § the yield being low. It had a rotation 

of -100°| its 2,4-cJinitro^henylliyarasone had a rotation 

of -300°. Decomposition of the mother-liquors from the 

recrystallisation of the brucine salt /T&ve an octalone 

with a rotation of +60°.
A sacmle of the laevorotary octalone has been sent to 

Prof. 1\jer*s*l in order that its absolute configuration nay 

be



In view of the difficulties experienced in the 
resolution of the eetfclone (H3) f the allegation of the 
raoemic form was studied.

Using Rushtonf s conditions (sodium t-^aaorlate in boiling 
toluene), which were suitable for the alkylation of the 
octalon® (PIS) with the bronide (Pi), considerable amounts 
of hydroosylic material were obtained, and no tetracyclic 
compatmds were isolated from the product* t!o conserve the 
siethylen© halide (Fl), model experiments were carried out 
using nwpropyl iodide and a weaker base, potassium iso~ 
prop03d.de* with either benaeae or isopropanol as solvent 
tkree products were obtained, Pf Q and 1.

The major product (?), oe-teined in 3<?;' yield, was the 
aionoalkylated material (F25)« ?h*> band in the ultra-violet 
due to the a rp-uns&turated ketone group was displaced to
longer wavelengths, as expected; and that at 860 cm in the
infrared, chft»fceteriistic of intssubstituted double bonds, had 
disappeared.

Product Q was probably the dialkylated comptnmd (F26). 
rrij0 band at 1670 cm in the infra»ed had disappeared, and 
no 2,4«dinitrophenyl!iydrasone could be prepared (whereas the 
moiioalkylated protoit fenced ome readily).

Product B Iis4 no band in the infrared characteristic 
of th© carbethoacyl group, but aHorlntion had presutmbly taken 
place, since the band at 860 cm"1 had disappeared.



the bromide (Fl) raider these conditions, alfcylation 
was not achieved, probably beesiise of the low reactivity of 
the brortlde and th© ready decomposition of the octalonc at 
@l<?vmted tessperatrrrss and tinder basic conditions. The more 
reactive iodide (Fl), prepared as discussed in section I, was 
therefor© used and gsm tind©r the above conditions staoll yields 
of three products, At B sad C t which will be discussed below. 

and Huseo have recently reported greatly Increased rates
ef alkylation of oarbanions, usiBf* diglytae or triglysie as 
solvents*

The minor product from this last reaction (B) was 
formlated as the carbetho^/lated totracycllc >etone (?28) f on 

basis of analytical data; the absorption at 250O A in the
ultra-violet* mft the presence of a bemd at 890 era in the 
infrared characteristic of ejoooyollc m^thylene groups; and the 
absence of bajids dua to ester groins rand trisubstltuted daiiijlo 
bonds*

The ajmlytical tota pointed to product C being saono— 
ed, and its fcigti rotation ([c^j * *15O°) indicated that 

resolution had taken place* 7Jhe infrared spectnzra 
contained bands characteristic both of exocyclic methylene 
groups nnd of tsiaairorated k© tones; the band diia to nethylene 
was split (i'« 900, 880 0m~3'} f prestB^bly owing- to Interaction 
between the metfcylene and earbonyl groups* ^he iiltra-violct 
spectrum slK^ed the ©x^cted sMft to lon^r wavelenrrfchs (VrlQX



24SQ A) t eotspajred with the absorption of the oetalone (F13)

Product A mo not completely characterised, but it 
from the araOytioal data that it mtm i&moallqrlated 

otx^pound* A and C are perlmp® the emntiomorp 
]E9tcmmi (P2) ?ma (P3) t a Ti^r etipport^d t>y th» different 
rotations (A Imd £e^ m -3^°.)» Hcmrerer, tlie spectra of A 
C Sif f@r in two respects* In prodtuet A the bands in
infrared ascribed to ©sEocjclic ta^rthylex^ a*® at 069 and 890
era"* | aad th» positi<m of naxt&rai absorption in the ultra-

m 
Tiolet is at 2410 A« I-loyle f oimd that t3» product (P29) of

of the ICMaetl^l^oc talon® (F18) with bromoacetio 
ester exliibit0 a siMMar soall ^Idf t in tto@ ultra-violet 
absorption band* la the present case the shift may be 
explained to tersae of different non-bond od interactions 
bet^peen the exocyclio zaetliyl0iie and the imrboijyl groups in the 
tiro 0mati0ciorpl3S* AB alternative atrootuze of th© product 
At however, would b© that slkylated at C«3»

Attemp'te'to raise the yield of the tetracyclic 
th® iodide (FI) to Oiglyae, will be the si&jeot of

farther research IB this field* It should then be possible 
to establish unei^lgiiouBly the structure© of these substances. 
Cmifirmtory evidence aay coi^ from tilkylf ticai of tlw resolved
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Commercial dimedone 

(B«B«H*) was reci?ystalliaed from acetone and had

Treatment of the purified disedone (125s*) wit

phosphassus trichloride (45 c»e«) by the procedure described
1

by Halsall and Thomas gs.w 3~chl0ro~5 t 5»-~aii!JGth;7leyclohGX -2-
0 20

ei>*l-oB0 (lc-0g. f71^), b*p*90 /20cfflu f n f 1,W3«. (Fouadi
B 

C, 60.73 5 Ht7*C5l Cl«2a.l5* Calculated for C H OG1 s C f60,56|
B 11 

Hf 6.9*1 Ql t22*39^)* Light absorption in eth^nls
( e 17560)*

Me th od A ; Lithlus^aamoBia reduction of .... ^c ul pro~3« 5H3imethvl«»

itie experimental procedure is similar to that of Halsall 
1

aacl Thomas *
chloride (B9g#) in dry ether (250c. c») ?/aa added 

duriag 3?S hours, with vigorous stirring, to lithium (<&£>} 
in liquid ammonia (2 1*)* After the isixrfcure had been stirred 
for a further 45mia* t the lithium complex was decomposed with 
et&aaolf the amumia was evaporated and water ©as added* 

Ether extraction gave a dark red oil which on distillation 
gave a mixture of 3,3-dimetfeylcyclohexanone and



107

o cyclohexanol (26g«) as a colourless oil, b»p*ai~B6 /18mm,,
A large amount of red, polymeric material remained in the 
distillation flask} the infrared spectrum of this material 
showeci a broad intense hydroxyl bead and a complex of ill- 
defined bands in the carbonyl region* The distillate 
obtained above »as dissolved in acetone (6Qc.c,) at room 
temperature and as-chromic acid solution was added drop wise 
until the orange colour persisted, ^ther extraction gave 
a product which was distilled to £lve 3,^-dimethylcyclohexanone

b.p.66-68 /14naa» f n t 1.4462*
D 

p henylhydr agone re crystallised from petrol/5^ benseiie as orange
needles, sup. 123-126°* (Found* C»5^.63t H»5»44| if t18.6.
G H H 0 requires* C 
14 18 4 4

An atteimpt was mad© to cut dotm the eciount of red polymeric 
material formed in the reduction* t&3 total reaction tame, 
from the addition of the enol chloride to the discharge of 
the blue colour of the reaction mixture t v/as reduced to 45 min. 
$o significant decrease in the amount of polymeric material 
f ormed was observed and the lov; boiling material which was 
obtained contaiBed unchanged enol chloride (ca.



10

B| Catalytic reduction of J

The enol chloride was hydrogenatod with 10^ pallsd ium-on- 
charcoal and with 2j&. palladium~on-calclum carbonate, both in 
neutral solutions and in the presence of bases* In all the 
reactions carried out in neutral solution, hydrogeaation 
stopped when half the theoretical quantity of hydrogen had 
been absorbed* The procedure described below gaw the be sit 
yield of 3t3-di^thylcyeloh©xanoBe of all the 
investigated^

(1) Th© eraol chloride (4ag*) i^ dry ethanol 
was hydrogenated at atmospheric pressure in the presence of 
IG^pelladium-QB-eharcoalf (10g*) f with vigorous shaking* 
Hspid absorption of hydrogen (g| 1*) occurred during 30ain,; 
the rate of absorption of hydrogen then sloped abruptly* 
Aamonia (s«g* 0*68, 10c.e») was added and a further absorption 
of hydrogen (5& 1*) occurred during 1 hour* Mter a further 
50 min. during which the rate of absorption was very alo^f tae 
solution sras filtered and the catalyst well washed with other* 
The total volume of the filtr te was made up to 2 1* with 
ether and the ethereal solution well-washed with water and 
brine aod stood over an excess of calcium chloride*



Evaporation at the solvent and distillation of the residue

(II) The hydrogens tion was conducted under similar

conditions but using a palladlusKan-ealciura carbonate
7 

catalyst, prepared by the method of Togel . A slightly

lower yield of the cyclohexaaona was obtained.

(III) Hydrogenation ^s conducted with Sf^*palladium- 

oa calcium carbonate ia the prQseace of potassium hydroxide; 

the absorption of hycirogen was very slow and hydro enat ion 

was incos^let©* The yield of 3,3-diiaettiylcyclohexanone 
was ca»

(1?) ^drgfeytlom,,!^ the wesence of pyridine 

Th© enol chloride (5*Sg«) in ethanol (7Qc*c») containing 

pyridine (30*c*) was hydrogenated with %^% palladiuro-on-calciurn 

carbonate {2*5g») at ainospherie pressure. During 12 hours 

(ca» SQ$ of the calculated theoretical amount) of 

was absorbed, A further amount of catalyst (l.Og.) 

a Idsd and hydrogeaatioa continued for S hours at 5 
fttiooepheres pres8ure» The crude product vm& isolated as 

described ua^r (I) and, on 8tan<Uagf there crystallised 

out 5 f 5»diaietliylcyclohexai>.l §3»dione (l«0g») 9 m,p« and mixed

m»p, 149 •



g~C arbe thoxy-5 « 5-djipe thyle^lcfeexanone-

3»$-l>i£^thyleyelotiexaxiQne (18.4g.) was earbethoxylated 
by th» Mtthod of Adams ^| ajl. to give 2~earbethoxy-t,5-dimethyl-

* 18
cyelohexanone (15.5g*, 60$) f b.p. 140 /SOnsa., a f 1,4732.

B o 20 B 
(Maine et ̂  give b*p. ia&»188 A^n®. t a t 1,4716).

0 
(Found! C f66.39| Ht 9*09* Calculated for OHO: 0,66.65:

11 18 3
H,9.15£). Ligtit absorption ia ethanol: >nmx. 2560 A (6 10000).

-1 
The infrared apeo tiros haa bsnds at 1T45, 1700,1645 and 1610 cm ,

fh© following ej^eriinental Droeedure is similar to that
8 

of Breiding snd fomesewsldL *
Metriyl viayl keton© was purified by refluxing ith acetic 

anhydride for 3| hour© and distilling throu^i a Vigreaux

An agueoua solution of bensyltriim3thyla::inonium hydr-oxide 
(triton S) (4C^ w/wt Bc,©») w«s freed from water by asseotroping 

with bea2ene/ethan01»

2-Garbethoxy-5,5-dii^thyleyclonaxanone (30g.) was aided 
to the solution cf Triton B in bengene/ethanol (l^c.c.) 
pr^ared a© described above. The mixture was oooled ia an 
ice bath ana methyl vinyl ketone (13.0g.) in benzene (ISc.c.)
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was added during 2£ hours with vigorous stirring. After 

stirring for a further 12 hours at room temperature the reaction 

mixture was taken up in ether and the ethereal solution was 

washed with water, N/5-hydrochloric acid, sodium carbonate 

solution and brine. Evaporation gave

S-carbethoxy-StS^diroethylcyclohexanQne (39g. ,96$) as a light

yellow oil, The infrared spectrum showed a single broad band
-1 

in the carbonyl region at ca. 1715 cm . A small amount

was distilled for analysis, b.p,150°(air bath)/3nim. (Pound;

0,67.43; H^.t'SB. C H 0 requires 0,67.13; H,9
15 24 4

Without further purification the diketoester (P13a) (30g.) 

was treated with a solution of sodium (3.1g. ) in ethanol 

(4QQC.C.) at room tempera ture under an atmosphere of nitrogen 

during l£ hours* After acidification with acetic acid the 

mixture was concentrated under reduced pressure and then taken 

up in benzene. The benzene solution was washed with sodium 

carbonate solution and water, dried and evaporated. 

Distillation of the residue gave 10~carbe thoxy-7 . 7~diinethyl- 

octalin~2-one (22.5g. f Sl^) f b.p. 135-140° /O.Sinm. as a 

colourless oil which, solidified on standing overnight at 

0° and, after recrystallisation from ether at 5 , had m.p.

31-32°. (Found: 0,71.60; H,8.85. OHO requires:
15 22 3



Lii^tt absorption ia ethanols Xaax. 2375A
(6 17400)* The infrared spectrum showed bands of eoual

-1 
intensity at 17£6 and 1675 om. (s) and a weaker band at

1626 em (m)* The .gejajeapfragojaft* recrystallised from ethanol, 

hod m«p*300-^10 (dae.)» {Founds Gt68»36; H f8«14| jft!3.48j

>B| H,8«?dOj Rfl3*69JS}« The a«4» 

froia ethanolliad m»p»166 * (Found:

G H H 0
31 06 4 6 

Hf6.09| Jf»13*03 ^)* Light absorption in ethanols

3810A

fhe carbonate wsshings froe the st>ove reaction were 

aoidified and extracted with ether to ^Lve

(£30 i^*) t a» a white solid which,

after recrystallisatiojas from siethylena diehlorici© had

314*215°. (Found: 0*70.58; H*8*13« OHO requires:
18 3

0t70*24| Ht8*16^)« I*i^5t absorption in ethanols A max* 3435A

{€ 7400)* the infrared ©paetriim showed the diffuse band in
-1 

the 360O-3SOO cm region, characteristic of carboxylic aoids,

and had sharp bands mt 3450(s) § 171S(s) f 1Q70{8) and 1620cm



A r?iod|.f ioafoon of the above naethod for the preparation 

the octalofle (F13)>

Thep-keto-eetw (F13) (38g.) nas condensed with niethyl 

vinyl lee tone as described in the previous experiment, but 

the diketo-ester (F13a) was not isolated. Insteedtafter the 

reaction mixture had been stirred for 13 hours, there was 

added a farther amount of trlton B in benzene ethanol (15c.c.) 

(prepared from the 40$ aqueous solution (5c.c») as described 

above), After IS hours the reaction mixture was \vor]£ed up 

as in the previous experiment to give the almost pure ootalone 

(F13)

with platinum ozide«
fhe octal oae (£*lSg*) in dry s'Kianol (50e»c,) was

in the px-esenee of platinum oxide (C»36g») at

atmospheric pressure. Oae mole of hsrtlrogen wes absorbed in 

15 !!diu after ^^liioli cfltieorption becaoe ver^ slow. After a 

fui'ther 10 !rdju the catalyst and the solvent were reiuoved 

the resitoal oil (2.0g.) chromstographed oa alumina (iBOg.). 

Blution with petrol and then petrol/1^- benzene and collection 

$£ one eolunm volume fractions ga%^e a series of oils ishich 

had identical infrared spectra am were t?»refore confcined



yield, it wa» assumed, a sdxture of cjUfr- and trans~ 

~7«7~^iliBet^ (1.3*^ «. (Founds

0,71*83s H,9»73* C H 0 require© 0,71*39} H.9.59 <).
15 34 3 ' 

Ths Infrared spectra (liquid film an? GS solution) are
a

shown In flg^ l(p» )* Ttie g.

©f this product (aomg.) ?ms prepared and allowed to crjrstallise 

from a dilute solution In ethanol* me first erop (A)(27mg») 

of o*ange oi'jrstals liM m*p* 148-150° | coaoentratioa of the 

sK>ther liquor gave a eeoond crop (B)(8Smg«) rhieh had s3«p»
o °

140-5 » ns&xed .m»p* with (A} s 144*6 . (B) was recryotalllsed
o

fl*O33i ©thyl acetate to constant m»p» 160*8 , (Founds 0,57.84;

0 H OH 
38 6 4

from axjueous methanol had

D. 191-5°. (Fbunds n,13.85. 0 R 0 H requires: S
16 87 3 3

ootalona (550 mg*) In dry ether (SOc.c.) was a ded 

with stirring to a solution of lithium (552ig») in 

liquid araraonla (l^Se.e.). Th© mixture was stirrel for a 

further 10 miru s»nd excess amaoniiaa ahlo?*i f̂ a wa« addod. The 

reaction ml&tur© «MI worked up &sr th@ nortaal saethod to give



a yellow oil (45O ia£* }, ¥he infrared ar?©<;tzm of this had 
bands at 345O(©}, 1710(s) f 1670(w) aufi 1620(w) esT1,

l*h© above product was tlasolwd in acetone (5 c.e. ) 
aaad treated witli ro-clixosio aol$ by the iiorml prooed-ore* 
The pvoduort of tMe reaoticm 0!ioiwd tlw &sxm bands in 

iBfxmr^d region 00 the eterti^g mterial, but with
baud at 545O cts~* r®^»^ to teteissit^, and those at*t 

167O and 1620 ce tecreaaad te intensity ; it also showed
a wry weak at 1780 ®m*^**

The nistter© chxoraatogxaphed on aliamina*

a colourless oil {20 iag* ) (Found?
0, 71.00; H, 9.51; °\^4°y ««l«l««i C, 71.59; H» 9

iufraap©d a^^etra (liquid film and OS solution)
differed is tlie xc^i<m 1^CX)-1CXK> em""1 froa tliose of
product of eutalytio %w4rogoimtioiit as shcn^n in

7

ethyl, ©eteir, .F13 )
(a) The est©r (K13) (500 ing.) Ttma treated with

|O*4 gr» ) IB 95?# ettenol (10 c.e») for 12 hotirs at
room t©!up^eratnr©f aM a farther If boars at the

reaetiou inlxture w^ worked tip to /



(b) tfee eater (l*0g«) was treated \?ith potassium hydroxide 

(1.9g.) in ethanol (30c*c*) aad water (5c*c*) at reflux 

temperature for 5 hours* The product nas separated into 

neutral and acidic fractions. ^ie latter (SOaag*) was a 

brorai, tarry solid* The neutral material (75Cz3g*) probably

consisted of mainly 7,7-dinsethyl-A -octalia»2»or&« The
-1 -1 

infrared spectrum had bands at 1670 em (s) and 1620 cm (w) t

but only a very weak band at 1715 c m »

(c) Tf^ateent ^ith lithiui?} iodide in collidine (g£. Elainger

jrt al,^ )

The ester (0*9g») was treated with lithium iodide (3.4g.) 

in collidin© (35e*e») at reflux tea^erature under nitrogen 
for 5 hours* The reaction miztui-e v?as poured into 2H-hydro- 

chloric acid (60Qe*c*) and extracted "ith ether/rnethylene 

dichlorids* ^ie organic extracts were well washed wltti 

^•hydrochloric acid aad water, dried and evaporated. The 

product had en infrared ©pectrura identical with that of the

starting material*
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to attested ^solution o
octalln-B-one u^in^ (—)rie:-ithyl^|g«»aiM.i3bOear^aiBate it— )meathydrazide) 

The procedure for ih© preparation of the menthydrazone is

that described by T oodward et al, !
i

(—)Benthy&ragide was prepared by Mr. * , Smith in this I
!

laboratory and, after reerystallis^tlon from patrol (b.p, 80-
O o ^^ n

100 )» had m*p» 101»8-102t 1^ «177 * {!:iaodward et
101*5-103°, M -in ).

(l*?g») were

dissolved in the inlnirmim volufi>8 of a solution prepared by 

dissolving aeetic aoid (le»o«) and soditas acetate (Bg») in

ethanol (100o,e») aijd t!^ saixtare ?;as heated tinder reflux 

for 48 hours* the solution was eonoentrated and, on cooling, 

a mixture of almost e?|ual amounts of the {•

and the (- ) ootja^Qqe* (-. > zaeatlwaragone separated
a ve-ry «aall ^riit® needles {fraction Af l*4g*) t ra.p. 185-13S .
^^OK o
Ictj-p -300 » Coaoantration of t^ not her liquor gave a further

o --, £*°* o 
crop of oryatals (Bt l»6g*}» m.p*IE9»156 t(^3p -17 » and |

on final evaporation of the isother liquor, there was obtained

an maorphotiG solid which 9 after recrystallisation from methanol,
O ^ t^Oif O

had ts*p, 13?>-136f Mj) -IS * Two jraorystallisstions of



II*

A and B from methonol gave:

6

Further reerystalli sat Ions of (&1) and (El) from petrol 

did not alter either the m»p» or the optical rotations of 

the tm> products*

(FoundjO,09.Slj Ht9«14| ®$0.40* G H 0 H requires?
43 42

the ©etalon^ wa© regenerated from (AlXO^^g,) by heating 

under reflux for S hot^rs viith glacial aeetic acid (B0c*o*) 9
0 wmtor (5c.c.) and 50^ pymvio acid (3e»c») aad had W -4(±2)

rasing tha (-1 bri^ii^ salt of the.....i>^jiigbQ^

%e proeedsire for the preparation of the p-earboxy
hydrosoos is that of^210^^. anel Sco^^ieiii»&r*^^

All the reaotions described below wei-e conducted in an
atciiosphere of nitrogen; the evaporation of solvents was

achieved lagr battling throu^i a rapid stream of nitrogen, 
possible* at room temperature*

(1) A solution of the (i)octalone (10«5g») and p-carbozy- 

(8»0g») in 95$ ethanol (400c.c») containixg

acetic acid (3c*e«) was heated trader reflux for 3 hours »



The volume of the solution was then reduced to SOc.c. and 

the alcoholic suspension was distributed between 4$ potassium 

carbonate solution (300e.c.) and ether (ISGc.c.). Acidifi­ 

cation of the aqueous phase with 2»-hydrochloric acid 

precipitated the p-c arboasrphenylhydr azone (16. Og. ,95$)

which, after recrystallisation from ethanol and drying at
o o 

50 /14nm» for 5 hours, had m.p. 226-228 • (Found: 0,68.19;

H,7.47; N,7.12« C H 0 H requires: G,68.72; H,7.34;
22 28 4 2 0 

. Light absorption in ethanol: X max. 3345A ( £L 9?500).

(2) (-)Brucine isas purified by recrystallisation from acetone.

> The p-earboxyphenylhydrazone (8.1g.) was added to 

suspsnsiori of (-)brucine (8.25g.) in methyl ethyl ketone (40c.e.) 

at reflux temperature. After one minute, m homogeneous 

solution was obtained. The volume of the solution was 

reduced to SOc.c. Thine crops (A,B and c) of the s -lid 

(— Jbrucine salt were obtained as follows:

1st Crop (A). The abov solution was stood overnight 

at 0°. The Brucine salt separated as a li$it yellow solid,

m.p.137-140, Wj> -190. (Found: N, 6.85^. O H HO
45 54 4 8 

requires: N, 7.2^). Light absorption in ethanol;

>max. 34^ 5A (<§ 42500). The infrared spectrum showed no
-1 

diffuse band in the region 2500-3500cm , but had bands at



tfBO<iB) f 1680(ra) and 1600(s} cm .

2nd Crop (B)« After evaporation of most of the methyl 

ethyl ketone from the filtrate, a further arootmt of solid 

(1.51g.). optically identical with (A), separated from acetone,

3rd Crop (C)» The filtrate was again evaporated ©nd the 

residue crystallised from petrol/ether to give a salt which
£H>rt 0 o

hod fQp 0 » sup* 141-3 «

Uo further solid material could be isolated from the 

mother liquor remaining after the third crop of brueine ©alt 

ted separated* This mother llcpor (designated as x) .was 

black in colour 9 probably dtie to decomposition of the 

eerbosfpheiaylhydrazoae aiiion.

The reerystallisatlon of the coi^iaed fractions A and 

B from acetone did not change the optical rotation; the 

ootalone was regenerated from the product (D, 3»0g») of 

this recrystallisation as described below. 

(3) Regeneration of the oetalonf*

Th© brucine salt (Bt 3.0g*} was distributed between 

hydrochloric acid and ether find the ethereal layer was 

imehed with hydrochloric acid and evaporated. The residue 

was hoated under reflux for 5 hours with pyruvlc acid 

(8«0c*e.) in ethanol (70c«c»). The reaction mixture



IZt

was poured into water c*nd extracted with ether. Evaporation 
of the ethereal solution gave the crude octalone (50Oag*)

which was distilled at Q*OSsEu to give a sample of pure
-^OM * 

octalone having UJ -100 * til® £ §4^initrophenylhydrss5one
o r.")^ o

from ethsaol had nwp* 159-161 »\^i -500 .

The rsother li<|aors (X) were treated in a aimilrr manner 

to give orud© octelone {900-9g*} «hich an distillation gave 

pure octalone having

of Ifecgd^tho3gfi*7 a f^d^ 

iodide.
Isopropaiiol ims dried by standing over potassium carbonate,

heating under reflux for 6 hours over calcium turnings end
o 

then fractional distillation* The fraction b»p» 79-80 was

used in the following e^periaient.

The procedure detailed below was also used in all the 

other attested alfeyletions of tte octalone «?hich are 

fiascribed in subee^ieat e^erimentg* 

(a) Potassium (0«255g. } was dissolved in isopropanol 

(10c*c.) under nitrogen aal the excess alcohol distilled off**

the last traces of alcohol were removed by heating at
0

18Q/l4r3ZJ« for 40min* The potassium ieoproixjxid® so



obtained was dissolved in dry frenzene (40c.c,}» 10-carbethosy-
\00. 

7t7-dta9thyl~ A ~octalln-a-one (1.53g.) *m© added and the

eolation heated at reflux t©n|*erature under nitrogen for 

30mizw daring whioh a cloudy red colour developed* Dry, 

freshly distilled n-isopropyl iodide (l.Q7g») ^as added and 

the mixture raaintained at reflux tes^>aratux*e for a further 

24 hours, Acetic acid (lc.c«) and benseae (50c»c«) were 

added and the benzene solution washed with sodium carbonate 

solution and water* Acidification of the earbonate washings 

and ext3?aetioa t?ith ether yielded only a small quantity of 

eellie material (50mg«) which was not further investigated* 

Evaporation of the feemene layer gave a red oil (l«55g*}« 

Light abeorption in ethanol: >max» B44OA ( £ 12QQO)» 

(b) A second al&ylation of the oetalone (l*Q5g*) with 

n-propyl iodide (0*^g») was carried out§ using the conditions 

described above with the exception that the oetalone in 

feensene (Sc.e*) was added izmaediately after the dissolution 

of the poteasiuiB (0.19g*) in isopropanol (10c.e») without 

reiaovaX of the ejKSess isopropanol* The subsequent reaction 

was therefore conducted in isopropaaol at reflux tet^erature* 

The resulting proiuct showed light absorption ia ethanol: 

> taaa* 8S40A ( L 12000).
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The combined products of reactions (a) and (b) were chromato- 

graphed on alumina;

(1) Klution with petrol/20$ benzene gave a colourless oil

(77ing.), probably 7,7-dlmethyl~l«.(a-pFopyl)- A -octalin-2-one.

The infrared spectrum had bands at 1670cm (s) and 1610cm (m)
-1 -1 

but no bands at 173.0cm and 86Qcm *

(11) Further elution with petrol/20^ benzene gave
A \h>

lQ-carbethoxy-7«7"'dlmethyl-l-di{n-propylj«» A -octalin-8-one 

(lOOxag.) as a colourless oil, b.p,14o (air bath) /0.01mm.

(Found: 0,75.30; H,10*34. C H 0 requires: 0,75.40;
21 34 3 

H.10.S5 $). Light absorption in ethanol: no maximum

in the range 2300-2500 A. The infrared spectrum had a
-1 

single intense band in the earbonyl region at 1715cra and
-1 , -1 

a band at 1205cm , but no band at 860cm . The 2,4-

dinitrophenylhydrazone could not be prepared*

(111) Elution with petrol/50^ benzene gave 10- carbe thoxy-
\M -A Voctalin-2-one

(Found: G, 74.53; H,10.15. C H 0 requires: 0,73.93; H,9.65
18 28 3 

Light absorption in ethanol: <X max. 2480A (£ 11000). The

infrared spectrum had bands at 1715 (s), 1665(s) and 1665(e) and 

1610 (w) f but no band at 860cm . 7he 2 .4-dinitroT>henylhydra2Qne " 

crystallised from ethanol as bright red plates, m.p. 140-141 , 

depressed on admixture with the 2,4-dinitrophenylhydrazone



of naal^ylat®€ octalcm© (F13) (Found: C f 60*59; Hf 6*91; 

12*02; ^24*%2^4®6 requires: C, 61*00; H, 6*85; H t 

MprMt absorption In etlmi^oOLj K_. 5835 A (s « 30t 500)»
13BCK

(IT) FartlaBT eltttlmi witli



1(9) 
Attempted alkylat ions of 10~carbethoxy~7»7-^iiijethyl~A __

octal in-£~one with the jn_ethylene broiaide (?!)• 

a.). Osinp: potass iutn tert-amlatc in. toluene,

Potassitna (0»1^ g,) was dissolved in tert-amyl alcohol 

(10 c, c») and the excess or alcohol was completely removed 

at 180 (14 inm» )» The reciainin * potassium tert-a*aylate was 

dissolved in toluene (20 c,c, ); the octalone (0,72 g, ) and the 

bromide (1»0 g» ) were added; and the mixture was foiled tinder 

reflux Tor 14 hours* The product was isolated by the method 

used in previous alkylations* Its infrared spectrum showed
•»T 

a strong band due to hydro xyl f "but only weak bands at 1725 cm *

Chroma tography gave only the broiaice (0,6 g»)» impure octalone 

in low yield, and, on elution with ether, hydroxylic material 

which was not further investigated*

b) ITsin.g potassium isoropoxide in

The octalone (0,56 g*}, the broraide (0,65 g. ), and 

potassium isopropoxide (from 0,1 g» potaasium) were heated in 

boiling benzene, the experimental procedure being the same 

as that for alkylations with n-propyl iodide (vide supra )y 

The crude product in ethanol absorbed at 2375 A (£ = 10,000)» 

The infrared spectrum had a stron^ band at 360 cm • 

Chroma tography gave only unchanged starting material. The 

same result was obtained i»hen the alkylation war- carried, out



in isopropsnol.

of lO^carb^thcaEy-7

witli the m$thyl0ne iodide (Fll* 

1?h© iodide ms obtained as described in section £ 

of this thesis, ©nd probably contained cm* 10&* of the

* bromide. Using the experimental procedure

already described, the octalon© (F13) (O.7B g. ) was

to react with the iodide (PI) (O*7 5r* ) in boiling

propanol (2O c*e*) t in t!^ presence of potassium isopropoaeide

(from O,15 g» potassium). After 14 hours the product wan

on aluEriLna^ Blution with petrol/lOi^ benzene

gave three very viscous gums* Hies© were (in the order in 

which they wer© eluted)*

A, (40 nig*); possibly on© of tbe enantiaaorpMo tetra- 

ke tones (F2) and (?3) (Found: G f 80.62; H# 10*39;

3 r®^lllr09 * G * 

absorption in etlianol: X,^^ 2410 A (e « 19,

infrared spectrum (liquid film) had bands at 3060, 1729(s) t 

1640(0), I625(m) f 869(m) and 8^) cm""^*

B»(69 tag. ) t identified aa the dacarbosqrlated tetracyclic 

ketone (FSS) (Founds 0, 85.34; Ht 11*60; Cj^IL-O regiaires:
c»O ^%

C f 84*85; H, ll*!!^. M/?ht absorption in ethanol: K

2300 A (e » 10,OOO). l?he infrared speotnsa (CC1.) allowed a



~*t

•ingle ba»a in tbe carbonyl stretching region at 1$W
and on® at 884 em""*; the spectrum of a liquid film 

no band at 860 cm *

0.(60 mg»}i ijoooibly th@ eBantiocior^h of A (Poimds 

G t 79.49; Ht 10,25; ^^i-W^ ^©^rtx^B: C f 79* 9^; Hf 10*
» 4-1500, l*±gh% abeorptiofi to ethanol: ^j^^ 243O A 

(« m 13*CMX))* fn» iafr^pNI epectnai sbmi©d bunds at 

1725(0), I640(s) f 1G30(shoulder), 1590(w) 9 900(m) 

(m) em «

..of 10H3a3^eiaKKgy^7.7WIlBiethylwr x y/^

For eetliod s©0 ^ook end lltsseo * 
Fotassiisi (0*25 ^.) T̂ ms aaded to a mixture of 

alcohol (50 c*o») aM diglyme (50 c.o*)« ^lmnt after 1 
all tins nK&tal Iiad diesolvBd, the Tolisme of the oolxition was 

rediaoed l^y evmpoaition to 10 0*0* Digl^tae (100 o»c») was 

added and the solution warir^ed 1^ 9O°* Addition of the 

octaloB0 (0*67 g1,) gave a da^p r©d colour almost ioMtediately* 
After 5O ain« the bromide (0.83 g. ) ms added and tbs mirture 
^as stirred at 100° for 12 hr. f diaring vihioh time potasstam 
brooide ims precipitated. Acetic acid (0»5 c*c, ) isss then 
added, t}^ solution evaporated tmder reduced preaHure p astd



IZ*

the residta© taken up in ether* The ©tlisreal solution was 

washed repeatedly with £ h^drooKLorie acid, tb@n with 
soditsa carf>cmat@ soluti<^i and water* Evaporation of the 

©ther left sm oil (l»14 ^» ) which IH^S ohr^aatographed on

he prodttete A. f B aM 0 were elutad as IB pxeviooa
©xperitsent®, in tte followis^

A, 

B,

o j 170 is^»
Attempts to prepare the 2,4--<litiit3rophe2^rl!i^dras5CHJ®e 

failed*
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