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INTRODUCTION

The triterpenes form a group of natural products 

generally containing thirty carbon atoms, representing a 

multiple of a basic CL iaopentane (iaoprene) unit. The 

structural relationship of the triterpenea is given by the 

blogenetio iaoprene rule* Ap ' which atatea that the combina­ 

tion of the basic isoprene unit leads to the formation of 

aliphatic molecules such as geraniol (1), fame sol (2), 

geronyl-geraniol (3) and aqualene (4) which by cycliaation 

and rearrangement give rise to mono~(C, 0 ), sosqui-(C..-), 

di-(C20 ), tri-(C^), tetra-(C, Q ) and polyisoprenoid 

terpenes (n C,-).

The triterpenes are widely distributed in the vegetable 

kingdom but are present to only a limited extent in the 

animal kingdom, molecules such as lanosterol (5) and 

agnosterol (6) which are present in vool fat do not conform 

to the isoprenoid ruling but still tend to be considered as 

terpenes rather than steroids*

Many reviews of the chemistry and biogenesis of 

triterpenes have been made in recent years. ^' *^' ^ 

Because of the tremendous expansion in the volume of litera­ 

ture on terpenes, and also the particular nature of thia 

thesis, only the triterpenes will be mentioned in detail in 

this introduction. The triterpenes can be separated into 

major groups, the squalonoid. and non-squalenoid. The



former ia only a aaall group containing raoleoulea related
(7) to aqualexur ' by varying degrees of cyolieation. Saamplea

are hydroxyhdpaoone (7), '•^ the daaaarene diola (6), ) 

oC-onooerin (9) and ambrein (10). '

The non~equalenoid aoleoulea, derived from aqualene by 

cyoiisatlon and aoleoular rearrangementa include tetraeyclea 

and pentaoyaLea. Variations in atareoohemiatry in the 

former at C,,, Q, ,, C,- and 09r. give riae to many iaomerio
JL.X JL*r A f 4tU

ooapounda with very different phyaloal properties, 

lanoaterol (5), tirucallol (lib), euphol (ila)* *' 

being typieal examples* Aleo the ergoatane~choleatane 

relationahip of the ateroid aeriea ia repeated in the tri- 

terpenea with ;. molecolea auoh as eburiooic acid (12) and the
/ i f 17k

polyporenio aoida A and 0 (13,14), * the extra carbon 

atom being located at Q-. and often existing as a methylene 

group.

By far the largest group of triterpenea, the pentacyclics, 

are derived from six fundamental carbon akeletons. These 

are oleanane (15), ursane (16), lupane (17), taraxaatane (18), 

taraxerane (19) and friedelane (20).

Because of its importance, the biogenetic formation 

of triterpenea ia illustrated by reference to the formation 

of the dacunarene diola (8). fhia will serve to show many 

of the major theoretical points and also to throw light on 

the origin of one of the major raw ^aturiais used in section 

A of the experimental work which follows. The sequence to



be described la drawn out on plate f/£.

The biosynthesis of squalene la believed to involve the 

intermediatee, acetate, mevalonate, laopentenyl pyrophoephate 

(23), geranyl pyrophosphate (la) and farneayl pyrophoaphata 

(2a). Mevalonic acid is built up from acetate using acetyl 

ooenzyme A as the donor of two carbon atoms. The next major 

atep i« the phoophorylation of mevalonle acid/18* 19 * 20' 21 ' 22 *

which leads via elimination and decarboxylation to isopentenyi
( 2^5) pyrophoaphate. v *"" Successive condensations of the

pyrophosphate intermediates then led<i to the formation of 

all-trans-agualene. The oycliaation of aqualene was 

initially of intereat in relation to the formation of 

cholesterol (2^) and lanosterol (5). With the knowledge 

of the origin of all the carbon atoms in the choleaterol 

nuoleua (27),^ 29i Woodward and Blooh^24 ^ and 9auben et al.* 25) 

shoved that the cycllaation followed the route shown (28) 

with subsequent 1,2-ahlfta of the marked methyl groups,* ' '' 

to give lanoaterol (5) which was then converted to 

cholesterol (29). It has in fact been demonstrated that 

lanoaterol can be blosynthesiaed from aqualene.^ '

The importance of lanoaterol^ ' in thia scheme led
(1 2) HuKlcka* ' to postulate a similar sequence for the forma*

tion of all triterpeues. He assu&utd that aqualene would 

take up potential chair and boat conformations in space and 

that a species «uch as OH wouxd initiate a concerted pattern
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of ring closures* '"' obeying antiplanar, cationio 1»2-

adclition, 1,2-rearrangement and 1,2-eliaiination. The 

cation intermediates were represented as bridge structures 

as in (25 a and b). In particular the chair, chair, chair 

boat conformation in (24) will give rise to the cations 

(25 a and b} from which the dammarene diols (3) can arias 

by the addition of OH*.

Variations in conformation of squalene or its partially 

cyeliaed cationic intermediates can give rise to the whole 

range of tetracyolic and pentacyclic triterpenes.

The tritcrpenes have few reactive centres and conse­ 

quently the elucidation of their structures has been 

extremely difficult. The difficulties have also been 

enhanced by the fact that many of the triterpenes form only 

a minor part of the natural product under investigation and 

hence are isolated in only minute quantities. Their 

investigation has, therefore, necessarily involved the 

utilisation of new techniques for analysis and detection of 

functional components of the molecule. Physical methods^ ' 

such as infra-red and ultra-violet spectroscopy, molecular 

rotation differences, optical rotatory dispersion, nuclear 

magnetic resonance, gas-liquid chromatography, adsorption 

chromatography and even mass apectrometry are being used 

constantly. A knowledge of the geometry of the molecules 

has become increasingly important in explaining many of ths



chemical reactions whicn occur, for example the c.0ntradticM -.^ 

of ring A la tlruoalleool when toe p-hydroxyl group ie 

treated with phosphorus pentaohloride .

Xhe determination of a few key structures lad to the 

ideatification of many others and the olaaaloal methods, 

particularly of complete degradation ware rapidly replaced 

by interooaveraioas and comparisons of the phyaioal propertiea 

described above. The investigation Into the structure of 

the daoaareaa diola ( Q)(10»40) wlll 80rve aa a ^^f^ nim*

t rat ion of the methods now being applied to determine the 

structure of such molecules.

Molecular weight determinations and analysis shoved the

diols to be C30&5202 *yPioal °* many of *he tetracyolic 

triterpene dlole already known* Titration with perbenaoic 

acid shoved the presence of one double bond and after 

hydrogenation the molecule waa saturated to tetranitro- 

methane. An ultra-violet spectrum shoved no appreciable 

end absorption so characteristic of molecules auch aa 

lanoaterol (5) and euphol (lla) containing an endocycllc 

tetraaubstituted double bond. An infra-red spectrum

showed strong hydroxyl absorptions and absorptions were still 

present at 3620 cm."* after acetylation with acetic anhydride 

and pyridiue suggesting the possibility of a tertiary 

hydroxyl group. Molecular rotation differences** ' indicate 

the presence of a ^i-hydrox/i ^roup, an observation which was



(37)substantiated both by the mode of formation of the diola*' '

and also by the faot that the oloaaZy related dftrmnarart tenon* 

(30a) shoved a band at 1711 ca. characteristic of a

aix-aeaibered ring ketone and alao gave a positive Ziomeraan
(38) teat i a reaction shown by Barton and de ftayo* to be

specific for terpenea having a 3-oxo group.

Oxidation with chromium trioxide gave aoetone and two 

iaomeric eonpounda of molaoular formula C2~aL 20. showing a 

saturated Y-laoton* oarbonyl absorption at 1735 cm. , 

This suggested the presence of an laopropylidene group and 

conceivably the sf-laotona was formed by a oycliaatioa in 

the way illustrated if it was asauaed a latioaterol type 

aide chain was present.

1 • • ' ' M

Dehydration of both dlol monoacetates with phosphorus 

oxychloride and pyridiae led to compounds identical with

daamaradienyl acetate (30b) and dehydration uaing the method
(39) of Christen S&J&s** led to the formation of iaotirucall-

enyl and iaoeuphenyl acetates. Osonolysii of the products 

from the phosphorus oxychloride dehydrations led to the 

isolation of formaldehyde and both nor and hexakianor ketonas 

(31 and 32). The results of the oxidations* dehydrations 

and ozonolyaea therefore indicated the presence of a C9Q 

tertiary hydroxyl group and the existence of two diola was
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explained by two dilTeriag donfiguratloas at SjQ*

Ihe transformation iato iaotirucallenyl and iaoeuphenyl 

acetates determined the form and stereochemistry of the 

iaajor part of the molecule apart from the configuration of 

the C,., and C, 7 hydrogen atoaia, and the absolute orientation

of the CpQ hydroxyls. Application of fiuzicka's biogenetio
(l 25 argument,** • ' favoured the presence of 13/5- and 17*- hydrogen*,

this also appeared to be substantiated by the fact that the 

hejcakisnor and norketones (32,_5JJ were stable to prolonged 

strong alkali treatment.* ' She problem of C^, and C^ 

waa solved by Ourisson and oo-woricera. ' Ouriuson 

degraded .iilla's nexa&isnor and norketonea (32,31) with 

peroxytrifluoro aoetic acid to obtain the ootakionor deriva­ 

tive (ii). By an elegant series^ of potential epiznerisation 

and elimination reactions he deatonatrated that the C, ? sub- 

atitueut was in it3 most j table orientation. He also 

derived the C,- epiiaer for comparison purpoaea. The 

foraiation Oi two C,^ oxo-derivatives one with a C,^- proton,! 

and one with a C,»jS-proton and use of ;aoleeu.lar rotation 

differtsncea foj.l^«&a by optical rotatory diaperaion tech* 

nl^ueu det&r^iixtu the absolute conxj-^aratxozib of the 

octakitfnor coapounds wnicn were di^tct^y related to che

ib diolu. It waa cher^for<= concluded that a 13/3 -H 

17«( ~H wart* pre^e^t in the dcu^ai e&fc diola.

Ho convincing arguuient ii£.s bec-x; evolvea lor the absolute 

orientation of the C^Q aydrozyl.' ' ' Nuclear magnetic



resonance studies have recently been carried out by Lehn. 

of Triter penes*

8.

(86) '

Very few total eynthasee of triterpeaes have been 

recorded* and much of the early work wae directed towards 

molecules which possessed elements of symmetry and were 

therefore relatively si^ ;)le. X-ray analysis of the idourea 

clathrate complex of equalene had shown it to have the 

all-trana-conf iguration * *' ' and it has been syntha^ised by 

!•!•* et al.^ 44 ^ and by Cornforth, Cornforth and Mathew^7 * 45 * 

utilising 3 ( 5-dichloropentaa-2-cne as the major carbon source*

The first total synthesis of a poly cyclic triterpene is 

a further example of the interrelation and correlation of the 

tetracyclic molecules and lies in the conversion of the 

already aynthesised cholesterol (29) Vo lauosterol (5), 

its 24,25-dihydro derivative and the two corresponding 

fl ' %J"X ' compounds '* by methylating suitably placed

-uneaturated Kbtoneu and degr&dla^ and rebuilding the 

side chain* Ihia constitutes a total syathesia not only of 

lanoaterol but also of dihydrolanosterol, a^osterol (6) and 

dihydroagnostcroi .

The synthesis of the acre complex pentaoylic triterpenes 

has not followed the general steroid theme* ' of gradually 

building up the molecule from a tall units, but oas laid 

emphasis on the fabrication of bulky units each having the 

correct stereochemistry, these units bein^ then coupled and
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cycllaad. The reason for this type of a/nthetic approach 

i3 that difficulties Are encountered in ensuring that the 

Cg, cio» C, > and C-» angular aubetituenta, which ar« 

generally aethyl, have tho correct configuration, a factor 

which is ±aore easily resolved ia the coupling of two Afi and 

DE or ABC and E units. Also the cycliaation, of th« 

syiaaetrioal <* -onoceria (9a) to th« pentaoyolio ^ -onocerin 

gave grounds for balieTing that aoid induced ring 

of couplad A3, D3 t«traoyol«a, posaeeaiag aimilar 

centres for protoaation would lead to the naturally occurring 

pentacyollo oonfonaatioa in evtry case.

The synthasia of pentacyclic triterpeaea has been 

approached by the following ^ene -al proc^durea*

1) The oycliaation of aqualene and ita derivativea.

2j The linking of two bicyco-ic unite repre^euting 

ringa AB and DS. in the final molecule.

3) Procedurds involving the uae of a trioyelio 

interaedi^te to serve as a baais for rings ABC and alao 

procedures where a trioyclio intermediate ia a source of 

riu.iS BOB.

Xhe work on tae o^oliaatioa of squalene haa been aiaed 

ohlefly at the dyatheaia of pentacyc.losq.ual©nea with the 

onoceraae skeleton (35). By aoid induced cyclisations 

Eeilbron and co-wori;ers obtained what was probably a 

aixture of isoaeric tetraoycio8q,ualeae8 (36). Barton and
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(4.Q) Overtonx/ have shov.'-i that an analogous compound of -onocera-

diendlone (9b) elves p -oaoceradiendione (37) under mildly 

moid conditions and jf-onoceranedlone (34b) under strongly 

acid conditions. Pentacyclosqualoii© can be obtained by 

Wolf-Xishner reduction of -uj dione.

Attempts have been made to apply the 'Jchenk photoaenal* 

tisad oxidation of olefina^ * 5 ' to introduce an oxygen 

function into a terminal isopropylidene group of the aqualene 

molecule before cyclialng but complex mixtures were obtained 

and simple raoiel experiments indicated that the inserted 

hydroxyl group caused difficulties in cycliaation under the 

conditions used.

The combination of two bloyclio moieties representing
(c<5\

A3 and DB was first discussed by Halsall and Thoaias. v ^ ' 

Their attempt to carry out such a synthesis vaa, however, 

unsuccessful. The feasibility of such a route has neverthe­ 

less been denonatrated in the synthesis of olean*ll,l3-diene

(41) by Corey and co-workers*"' and also by Barltrop,
(55) Littlehailes and Rogers.* ' The latter workers derived

the halida (42) of correct configuration by a degradative/ 

synthetic process from solareol (43) and used it to alkylate 

the racemio ootalone (44) thereby obtaining the epimerio 

ketones (43). Beduction with lithium in liquid amnonia 

&ave the mixture of traae^g-deoalones (46aand 47ft) which 

without furtiior separation was tre^tea wxth xithlum methyl
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to give the alcohols (4&b sod 47b). Cyolo4»hydration using 

alauiaiur- chloride in nitro^e thane/ether gave after gae- 

liquid chroma vOfcrapiiic purification. a product Identical la 

all reupeote with the mixed crystals of olean-lj}(18)~ene (48) 

and IS-tf-olean-ia-ene (49)*

Corey and Sauera* 5 ' electro lytioally coupled the 

Aydroxy-acid deriYed frosa the (-) lactone (50) to obtain th* 

tetrae^clic diol (Si) which oa trsatmaat with phoaphoryl

chloride la pyridiae 4^1 ve y~oaoccre;i(B (52)* Xha (-/ lactone<5'
was prepared by acid catalysed laomorl&ation. of the (+)lacton<

(53) obtained froaa aclareol (43). la a similar manner
/eg\

Storfc and oo-work«ra v ; ayntiie^iaed <?c -onoceria (9a) v^a.

the intermediate (54), which has also been independently
(KG) 

syntheaiaed by Church, Ireland and fCarshall. WJ/

<9a) was cycliaed to ,j;ive jf -onooerin

and the latter was converted to hopenone-I (55)^ a product
(8)of dehydration and. isoaeriaation ' of hydroxyhopanone (7).

fhia constitutea a cloa^ approach to the synthesis of a 

pentaoyciic trlterpeae.

>ioat other attenpta to prepare (54) have relied on the 

aikylatlon of the decalone (56). This dec alone was prepared 

by Hal sail, lodewald and Wlllis^ ' and by Woodward and hla

co-workers.* *' 2he foraer workers introduced the keto

function by base-catalysed isoinerisation of the epidloxide(57

produced by the addition of oxygen to the diene (58). -"
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Unfortunately attempts to alk/lata the blocked ketone (56) 

ware unauoceaaful,

It te apt a to prepare tha deealone (56) by Hobinaon ring 

extension of the katono (59) by Willia/ 61 * 3ondhaiaar and 

and by Stork and :zauakovio«^ 65 ^ hava proved

, 3ondheimer and Elad reporting a yield of 2#.

Ireland and Marahall* have developed a vary uaaful 

bioyolio intermediate (60) in good yield. Benaoquinone 

is condensed with butadiene and the traoa-iaoaar ia iaolated 

via the diathylaaa ketal (61). After removing the ketal 

groups with dilute aoid, lithium tri-^-butoxy aluminium 

hydride^ 'is ua«d to raduca one of the oarboayla and tha 

other la ramoved by a "rfolf-Kiahaer reduction. Oxidiaing 

the produot (61a) with ohromiua trioxido in pyridine and 

protecting th« active CH2 next to the oarboayl with an

group gave (62). Angular aethylation

waa accoapllshed using methyl -oodide and potassium t,-but oxide, 

tha reaction giving preferentially tha /3 -methylated product. 

Sodium borohydride reduction and an acid- catalysed rearrange­ 

ment gave tha unaaturatad aldehyde (63)» supposedly by initiaJ 

formation of the heoithioacatal and its nydrolyaia. Ihe 

aldaliyde (63) was reduced and tha primary allyl alcohol waa 

equilibrated ̂68 ^ with ethyl vinyl ether to give (64)* which 

on pyrolyaia gave (60). Xhla could be reduced to tha 

alcoiiol with uoaiuia boroiiydride or oxa.aisea to the oorraapond- 

ing aoid. Tha pyrolyais waa ataraoapeoific placing tha
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substitueat into the uauaatural <* -orientation* this would 
not aatter if the syiitfeasia were completed by the Corsy 
technique, for the acidic conditions of the cyeliaation would 
epiiaarisa this centre.

The same workers alao showed that the formation of the
Jut \pAtnuj. <tg<U4Lec( &«<" JUjt,<>xitSlaJbCa*j.al (ttta-")

epoxlde of *(^9) with perbenzoic acid and redaction with 
lithiua aluminium hydride led to the introduction of the 
3/3-hydroxyl group characteristic of triterpenea. The gesa- 
dimethyl group at C,, however, still reaaina to be inserted*

The acid from (60) can clearly be utilised in Kolbe 
coupling procedures and alao simple operations can convert 
it into a derivative useful for the alkylation of a suitable 
bicyclic DB interaediate,

Acetylenlc coupling has been investigated by Sondheimer 
and his co-workers. y The source of rings A and 3 was 
ti.- ketone (65) which wa<s subsequently converted into the 
ketone (66) by Cocker and Halaall^ *' and by Sondheimer and

^ ' fhe latter workers condensed two molecules of 
the |rna^3-dQoaloae (66) and one of acetylene bia-aagneaiua 
bromide to obtained a mixture of oieso (6?) and racemic (63) 
tetracyolio diols. The raceaic diol waa converted into 
racernio dinoronooerane (69) • 2h© successful preparation'' ' 
of the acetylenic hydroxybeasoate (TO) from the decalone (71) 
shows that the method is applicable to decalones containing
methyl and protected hydroxyl jubst-Uuenua. It has been

(71) proposed * ' to couple this acetylenic derivative with, a
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decalone such as (72a) aa the first stage in the synthesis of 
a 3-hydroxylated oleanane system. 3ondhelzaer and Rosenthal 
prepared the oie-and trans-deoalonea (73) as a model for the 
DiS rings by isomerising the 1,9-epoxy-lOmethyl-deaalin.
This work was continued by Soadheimer and Wolf a'™' in the

i la) 7,7,1^-triaetnyl-A v '-octalin system. The oxygen function
(74) wae introduced by a Broun hydroboration*'^' and the derived

aloohol was oxidised to the cis- and trans-deoalones (72b).
Diela-Alder coupling has been little used but one 

example is of interest. fhe tetraoyclic diketone (74) has 
been synthesised^'*' by reduction of the adduct (7$) obtained 
from two molecules of the of. -aethylaneketone (76) which was 
Itself obtained by oyclising farnesic acid. Attempts have 
been made to couple differing ketones (76 and 77)^6 ' la 
order to obtain precursors for the oleanaae skeleton but 
as yet no definite product has been identified.

In a somewhat unusual attack on the triterpene aolecule
(32}Ireland et «1. ' have also synthesiser a potentially useful 

CD intermediate (94). fhe readily available keto aloohol 
(95) gave the ketone ketal (96) by the following ouccessiv 
reactions:' catalytic reduction to the cis-decalin system,
ketalisatlon of the saturated ketone and oxidation of the

(34 i alcohol with Jones* reagent. v ' freataent of (96) with
methyl lithium gave a tertiary alcohol which was dehydrated 
with iodine and the rtoultant olefia v.ao hyJrated using the
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(35) Brown e-): al. procedure of hydroboration* Further

oxidation with Junes' reagent* ' gave (94).

Srioyclic intermediates have not been very much in
(77)vogue until recently. Johnson and Ireland*'" have recently 

syntheaiaed the intermediate (73) which it ia hoped will 

provide the basis for further elaboration to pentaoyclie

triterpenes su^h as aiareainolic acid (79)* It ia
(78) oocelvabla that this work ia related to Ireland's

researches into the synthesis of (-)-aaadaraoopliaaradiene 

(30) and (£)-pimaradiene (31). In the initial stages of 

this latter synthesis the tetralone (32) was converted into

the trioyclio katoae (33) by the Coraforth, Robinson
(79)procedure N "' and then dimethylatod usin^j the Woodward tech­ 

nique. ' Conversion of tho desoxy-methyl ether to the 

free phenol and reduction of the aromatic ring by ruthenium

and hydro^em^ ' gave (84) which waa oxidised by Janes' 

reagent to the tramg~aatji~oija tricyclio ketone converted by 

filtration through alumina to the tran3~anti~trans ketone(85),

Halsall anl Moilor^ ' have worked ja the synthasis of 

a tricyclic 3CD intermediate (36) via, the bicyclic diene (87) 

with the intention of using the >eto groups as active sites 

for the addition ox rin ,3 A and S. The iiod^l compound (83)

has been succeaafully prepared.
(31) yback v ' traasfonaad eit-

(90 aad 91j iuto iaotiruca^^yuvl acetate (92) by a

(31) Byback v traaaforsaed eit-iiHidiunollc axid eleaiadlenonic
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route diseased la iaor« detail later in this thesle. This 

compound, was oxidised to the unsat orated ketone (93) with 

the object of obtaining by ozonolysia the trioyolic inter­ 

mediate (39) froja which tetra aad pent acyclic triterpenea 

should be readily availably.

The work described in tnia the .iis ia oonoerned firstly 

with the posjicie development and extension of the partial 

ayntheais implicit in the flyback *• ' approach* Secondly
fee)

in continuation of the work of Littlehailea, w^ / described

earlier on p. 10, atte.ipta are described to syntheaiae a 

hydroxylated bicyclio A2 in~car .aediate related to (42) which 

ia to be uidd la a aiiailar approaca to the pentaoyclio 

ayatooi to jive a triterpene aontalnin^ tae naturally 

occurring jjQ-hydroxyl group.
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Section A.

THE ...JByjPIQUSM 130LAIIQJI Qg SHE JPRICTCLIC INT£HM£JDIATJS (A22)
HD 33 U31 t SHB

Investigations by Suaicka and co-workers* V '• into 

the nature and structural relationships of tiruoallenol (A5)» 

euphenol (A45) and the eleni acids lad Ryback^ ' to Buppoae 

that a practicable route oould be deviaed which would make 

the tricyolic acetoxy-ieto eater (A22) readily available for 

partial syntheses of other triterpe&ea* He extracted 

elemadienolio acid (A39) from Manila elemi reain in 6-lOjt 

yield, ̂ Q4*» Q^' She acid obtained in this way was contamina­ 

ted with up to 15$ eleoadienonic acid (A40)^36 ' 89 ^ and a 

small amount ( 5#) of dienic impurities (A41,A42)^ 34 ^ 

indicated by their characteristic ultra-violet absorption at 

252, 239 and 247 KU. Attempts failed to iaoiaeriae (A39) or 

any of its derivatives under acid conditions into isotirucall 

enyl derivatives (A6). Taia substantiated the results of 

previous workers.* *^

He therefore decided to convert (A39) to elemenonic 

acid (A44) and then follow the a tereospeclf ic conversion of

(A44) to tirucallenol (A3) in the manner worked out by the 

Zurich school* Hydrogenation using Adama catalyst 

removed the A 4* " aide cimla double bond, and the
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3«C-hydroxyl group waa converted into ketone by/chroaic aold
(QQ\ 

in acetone.* ' Certain difficulties ware encountered In

obtaining a pure sample of eleaaenonlo acid (A44)» several 

recryataliiaatidna being accessary.

It would now appear that the di.rfioultiea encountered
7(8} were caused by the presence of aoiae A fv ' isoaart daaoribed

by Birch suad his oo- workers as a result of an investiga­ 

tion into the Btruotur* of flindissol (A46). However, these 

results do not affect the uae of the alemi acids in the 

manner described by flyback, as acid will induce iaomerisation

of the A iaoaer to the A 8(9) (A44).

The purified keto acid (A44) was esterified with 

diazome thane and then reduced with lithium aluainiua hydride 

to tirucallenediol (Ala)^ ' oontaining a 3>G-hydroxyl group* ^° 

Aoetylation of (Ala) gave the diacetatc which waa hydrolyaed 

to give toe 3 -aonoaoetate (A2) in variable yields, isolation 

being by fractional re crystallisation froa benzene or chroma- 

tography on deactivated alumina. The 21-hydroxyl group waa 

reaoved by lithium aluainiusi hydride reduction of the methane- 

su^phonyloxy derivative (A3) giving tirucallenol (A5). Iha 

acetate of (A5) was isoaerised by boiling with acetic aoid 

containing some aqueous hydrochloric or sulphuric acids to 

give (ft,6;. This, in turu, waa oxidised with ,&-»butyl chrosoate 

to give (A?) will eh was ozonised to uive the trioycliC acetoxy- 

keto-ester (A22). However no yield is quoted by fijrback^ '
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aor by Ru*icka* 5 ^ in this final stage and th* indication* 
ia the former caae are that sufficient material was isolated 
for a melting point only.

It wae unclear at this stage whether the proceea worked 
out by Ryback waa aatisfaotory for the sinple and reproducibl< 
production of reasonable quantities of the trioyclio inter­ 
mediate (A22), and in particular the yield in the econolysis 
of the <*/& -unsaturafced ketone (A7) was unknown.

Our initial inreetiaatioas were concerned with obtaining 
answers to these questions* As samples of tiruoallenediol 
(Ala) were at hand the investigation began here* Znmediatelj 
difficulties were encountered* Acetylation of the diol gave 
the dlaoetate in high yield but asfflioydrolysia of the latter 
with one equivalent of potassiua hydroxide in dry ethanol/ 
benzene gave anything from 10 to 5G# yields of the laoncacetatc 
(A2)* Attempts to get around thia undesirable sequence by 
the formation of the C/ 2l} mottOt°iueae-£ra^Pilc>na'fce °r mono- 
aethanesulphanate and their reduction to tiruoallenol (AS) 
proved abortive. It therefore became apparent that the 
laborious cycle of diac^tylatlon, seaihydrolye'as with poor 
yields* fractional reoryotaliisation and reacetylation of 
aixed hydrolysis products could not b@ avoided*

The 3/o-ffloaoacetata (A2j ao obtained , wiien converted into 
its C(£i) aethanesulpnonyl derivative* reduced with lithium 
aluminium hydride aad isoxaerised gave iaotirucallenyl acetate 
(A6) v in high yield.
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The oxidation or iaotlrucallenyl acetate (A6) with
(5 1

£-butyl ohromate had been veil worked out by Bueicka et al. ^

H* had shown that oiany of the possible oxidation products 

froia iaotirucallenyl acetate (A6) were in fact obtained e.g. 

the 12-oxo (A16) and the d« aired 16-oxo (A7) derivatives 

together with their respective eaoxideau Moreover he had 

ahown that (A?) could be isolated by chromatographjr and 

lnde«d it was found in the present work that a consistent 

yield of up to 5o# (A7) could be obtained.

The conversion of the oj -unaaturated icttone (A7) Into

the tricyclic keto-ester (A22) was first attempted by 

ozonolyaia in ethyl acetate at -70°. It led to the 

isolation of (A22) in a 20': yield.

The neutral products remaining after ozonolyjia were 

shown by gaa-licjuid chroaato^raphy and infra-red spectroscopy 

to contain approximately 30/i starting material and a complex 

mixture of breakdown products.

In a series of papers, Bailey and other worSerl^'^**^*^ 

have carried out an intensive investigation into the 

mechanism of ozonoly^i^ and the various factors governing the 

producta to b« expected and tiieir respective yields. It 

appear a that ozone oakea am ^xectroph.io.ic attack on the 

olefiuic bond to form a primary oaouiae, both four and five 

meabered rin£, intermediate u bola^ postulated which rapidly 

break down to a zwitterion .ima a carbonyl compound .
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Pryde and Andrews > " ' using results derived from the 

oaonolysis of methyl oleate stfcte that better yields of 

aldehydio products were obtained when an active solvent 

(i.e. one which will react with the zwitterionic intermediate 

such as laethaaoi or glacial acetic acid were used rather than 

inactive solvents auch as heptane or ethyl acetate. However, 

the application or the^e results to the oaonolyeis of the 

efjB -unaaturated ketone (A^£) gave little significant variation 

in the yield of aoid products. In fact, the use of methanol 

as solvent was positively detrimental,
1 2Q)Researches by Criegee and Suather* yf indicated that 

the poor yields of the desired carboayl function could be 

caused by the formation of epoxldes. They attempted to 

counteract this by having one equivalent of tetracyanoethyleo 

present with the olefin to be fisaioned during the passage of 

oaone, and in the simple cases which they examined, high 

yields of aldehydes and jtstonee were reported. However, 

when this modification was applied to the oaoaoiysis of the 

40 -unsaturated ketone (A?) only a poor yield of acidio 

products was obtained. Spectroscopic analysis showed that 

the whole of the tetracyanoethylene had been destroyed 

presumably by conversion to the epoxide. Criegee had 

previously shown that the euoxide was formed in such ozonolya

A table combining the r^oultu of the ozonolyses of the 

-uasaturated ketona U7) is given on p. fa .
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It would appear froa this a^riea of oasonolyaes that the 

poor yields stein froa an inability of toe ozone molecule to 

§«t at the 4*3C17) double boud in (±7). ± possible reason

for the slow attack on (A?) could be that the olefinie bond 

ia deactivated to clectrophilic attack by the electron with­ 

drawing character of the conjugated eaxbonyl. However» 

numerous eat&m^lea of the attack of ozone on c(p -unsaturated 

ketones are known, a iMurtioular example being the osonolyals 

of chol«9t-4-ene-3-one (Ml) ^ where good yields of the 

keto-acid (M3) were obtained.

Aii alternatxve and aor& likely reason ia that ozone 

rinds difficulty in attacking the double bond in (A7) for 

structural reasons, in particular the side chain must block 

access to the A ̂ ^lYJ bond> if one ooax^ assume that the 

initiating step in theozon& aolecule's quetit for a double 

bond wero reversible and also rate dsteroiini-ag then it is 

possible that in the case of (A7j restrictions would be 

placed on the free rotation of the side cnain about the 

17,20 carbon-carbon bond by the proximity of a bulky oaone 

molecule and this .my be sufficient to ^rtveat the easy 

formation of the ozone/olefin complex , whatever ita fora, 

accessary to the initiation of reaction. The rather better 

yields of acid products obtained when a large excess of 

ozone is used may be evidence of this.

Other aeti^oda oi fl&oiouiiij., olefins were also tried out*
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Reaction with an equivalent quantity of osalua tetroxide 

ao reactioa, the U4uai wor^in^ up procedure of reduction with 

lithium aluminium hydride and uleuva0e of tnc aup posed glycol 

led only to the isolation of tlruoaio.-lj-t;nc-3y£tlo-aiol (A31)

in almost quantitative yield. Alkaline 30,* hydrogen peroxide
(33 ) utied 00 oacceasf,,lly by riattner c.t al. also did not

touch the A^UT) bOiid> hydroiy^ia of the 3 /8-acetate t,roupin^ 

bein^ the only reaction.

The electronic deactivating effect of tna carbonyl on 

the ol&i'inic bond 1^ at; uin not ouixicient to explain the 

complete abaence of attack therefore it would appear that 

aterio feature are ue.ain i;apori*aut. sloreover it ia 

described later on p*3y how the cleavage of the double bond 

in iaotiracallervyl acetate \A6j takea place in high yield 

with osmium tetroxlda ani load t&traaci<tate. This wouj.d 

indicate that the carbon/I r^roup ia addition to its electronic 

effect -:,u3t also exeroiae some sterio influence on the 

courae of the reaction.
(XX)

Edward et al."^ had shown that application of the
(35) Lei&ieuz reagent *•"' to the o^i3ation of cnolcat-4-ene-3— on*

(A47) gave between ->-J and 90,S cleavage of the double bond in 

ring A with formation of the keto acid (A48;. The identical 

conditions applied to (A7; gave unchanged starting material.

It waa therefore concluded from the above aeries of 

reactions that only oaonolysia offered a means of attaching
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the olefinic bond in (A7) and that tills could only be induced 

to give a 2Q* yield.

Four weaknesses in the route from the eleoi resin to 

the trioyciic intermediate (A22) had now become apparent: . 

(i) Isolation of a pure sample of aleiaenonie acid (A44) 

required several difficult reeryatalliaations to remove 

impurities.

(ii; the yields Jtroa the semihydrolysla of the diacetate 

(Al) were not reproducible and a laborious recycling procedure 

was necessary.

(ni) Only a 20i yield could be obtained in the 

OBonolysia of (A?)*

(iv) JBxuluding acotylations v ten operations were 

necessary to get rroa the crude elemi aoid extract to the 

trioyolio intermediate (A22/.

'Ihe development of another route to the tricyclio 

intermediate was clearly of great importance* In

and 56 » Mill a and Veraer^ '^ had published two papers

containing the results oi' an investigation into the Daaniar 

resins and they had chown tii^t the neutral e xtract from the 

resin contained a high peroe^ta^e of hyaroxylic and ketonic 

naterlals which, they later showe;. to bo the dasuaarene diols 

(A8,A9) and the related ke tonic alcohols (A8a,A9a). One 

of the stain features of their atrac tiurnl d s termination was 

their convc-rjioii by deliydrati^a to tir-u;.oiie.aol (A4) fiuid 

eupheaol (A5). Clearly here lay the basis of an alternative
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route to the <</v-uii«aturated ketone (A%#j vhioa deserved 
further consideration.

examined the neutral extract using adsorption

on deactivated aiuzaina. Unfortunately his 

alumina was deactivated by a non-apeaific method and his 

e-ution technique diu act lead itself to the practical 

isolation of large quantities of useful in&eraadiates. It 

waa later found that ooe of the compoaente of the neutral 

fraction, hyuro*yhopaaoue (A49) ( could be removed by

prior to ohroaiato^ra,.iij?. This latter 

fact oou,\Ud with suitable adjustment of the eiuting solvents 

and de&ctivation of the alo:ni:,s in t:io way d escribed on 

P* 4.Jf. t however, enat^ud the eyparation of the neutral resin 

constituents to be standardised in eucii a way that a conais- 

tetit 50/w recovtirj of the required hydi-oatylic and ke tonic 

matei-iais (A3t A9»A3ay A9a) could be made.

The combined mixture of r.yd. coxy lie and K atonic aaterials 

was reduced with lithium ^lu^iiniusi hydride and the product 

was identified with au autheatic sample of mixed C/g 

dan-ifflaren.e diols (A8,A9) by a coup...ri3on of retention times 

on gas-liquid cjirc,iiatoc,r..-.i.hj . The autu&ntic sample was 

kindly provided to^ J. 3. Milxa. Altriou^i the gas-»liquid 

chrofflato^rapi^ic coluam ooald uot rudoiv^ t^e two epi<aers a 

slight broadening of the recorded ^ea& was observed and the 

r«t«ntiOii time was ali^t^ dii". treat to taut recorded for 

each epimer alone.
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ai&tur«* of epjuaeric diol* wau acetyiated at C.,\ 

and dshydrated by boi^in^ with glacial acetic acid containing 

dilute sulphuric aold to give a mix tore of isotirueallenyl 

and iaoeupaenyl acetate a (A6,A14) as the major product* fnis 

mixture of acetates wa« purified by chro;aatography, this 

proceaa alao a*rrix^ to separate the two epimars. Isotiru- 

callanyl aoe&ata (A6) was elutad first foilowad aucceaeivwly 

b> au intermediate mlx«d fracitxou and ieoeuphenyl acetate(A34 ) 

Sue physical oondtaata of each acetate were identical with the 

valuta recorded in the literature.

l*urthar coiivurdiojae lo the trie/die intermediate (A22) 

uaii% the epiuerlc auxturct ^uve idejatical results to those 

already discuaaed for ifcotiracalieayl acetate (A6) alone. 

Although this route to (A22) contains the rather tricky 

ozonolysiis ata«,e it is very much superior to the one described 

ea.r-L.U-r. Every ^ta^c is reproducible and has in fact been 

carried out five tisi&a on scalea varying from 1 to 30 g. 

of the initial aeutral extract. At no stage is a yield 

obta±Ui.<i of I&33 than 45,- except of coux-se for the breakdown 

of the tfp-unsatorated kt^.^«s and it ehooj.d also be noted there 

are only four major st&^w.?. l"Uuo even allowing for the 

awkward, final stage a iiie.ui.y feucc&^iul route to (A22) has 

b«en work&d out.

i'wo aonoc>clic precursor-o for rin^ E nuve also been

the uir^ctiona 01 Jalsall -* •"' ^ '



diaedona was converted to the enol chloride (132^ which was 

tiiaa hydrogenated to toive the cyclohexanone derivative (A33). 

fhe overall yield froji this reaction was very variable • The 

slightest trace of moisture in the chloroform solvent used in 

the first stage appeared to give rise to compounds which 

effectively poisoned the catalyst in the second stage, a very 

large excels of catalyst being necessary to cause an appreci­ 

able hydrogen uptake, Jarbethozylatioa was carried out using 

ethyl oxalate and sodium etuoxide, the aubstituent being 

iasroduoed to the carboayl on the side away froo the gea- 

dit&ethyl group. distillation from broken glass plus iron 

filings caused elimination of carbon monoxide and the 

fonaation of tha keto eater (A34).* 52 ^

The preparation of th# second keto eater (A26) presented 

a aora dixficolt probl^ja. L'.ii..a$dona was a^ain the starting 

material. The lability o- the protons on the methylens 

group between, the carbonyl^ under basic conditions led to the 

introduction of both .^tiiyi and .iCu.oxycarboaylmethyl groups, 

*or:n«r v^ia :.i3trij.I iodide and tae matter via ethyl bromo- 

Ji ec»io/:i^^ beinj t.i-3 base iu each case.

Out of fca- c^r'ijo^yl ^roaps wao r« ̂ oved by reacting with
(53)of etnaii^ iit^iol x>x/ aai reauction of the

resultaat tnioketal IA23) wit^ i'reaiuy prepared Raney nickel, 

It vaa found tiutt Je^pito the use or equivalent quantities of 

reagents a G0ii3i:'ie--a"cj.c portion (up to 20,-^ of the bi.9~t-h.i-0- 

ketaJL (A37) was formed, making necessary a careful



34.

ohromatographic separation on alumina. The mono and 
diembstituted derivatives (A57.A38) did not separate easily 
and investigation of the fractions by talcing infra-red 

spectra and observing the carbonyl s tret oiling region was 
necessary to indicate where the mono-substituted derivative 
vas becoming the preponderant component of the elated 
material. After separation, both products were readily 
cryetallisable solids with sharp amltinjg points.

Ihe deaulphurisation of the monotuioketal (A38) went 
without difficulty giving a high yield of the oyclohexanone 
derivative (A26a) which in turn was hydrolysed to give the 
acid (A26). A novel feature of the acil was its reluctance 
to crystallise and the presence of in absorption peak in the 
infra-red at 1730 cm. As the acid analysed correctly and 
the ethyl eater prior to hydrolysis had all the expected 
physical properties, it wan asauaed that an equilibrium 

must exist between the keto-aciO, (A26) and a y-lactone 

in the maner

Several report a of the sa..cea jful synthesis of 

polycyolic molecules by electrolytic coupling had been 
a«de.^8>^>i02 ^ With tnis in raind it waa decided to 

atteapt to couple the tricyclie acid (A2if) with the mono- 
cyclic acid (A26)» ixone of the previous syntheses, however.
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were entirely analogous. The synthesis of pentacyolft»tu*leae 

by Corey and hia group* 98 ^ had a certain simplicity, namely 

that the two acids involved were Identical. Many examples 

of mixed couplings do exist though, in other fields^152 ^ and 

large variations in aiae of the two components can be 

tolerated* la case^ such aa this it is coaaon practice to 

use an excess of the acid which is more readily available.^' 

. The use of aaethanol as a solvent has very much widened 

the scope of the Kolbe reaction, It 33 restriction being 

placed on the necessity for a high concentration of carbojty- 

late ions or for a hi^h anode current density. Heither the 

temperature nor oH of the reaction remain such critical 

factors as in aqueous ou-.dia. ' > iOi ' Al»o the increased 

sol vat ing power of otethanol for organic material 3 is a 

tremendous advantage. Beoide these advantages methanol also 

cut3 down many of the ,-iide reactions co.amon in aqueous media 

auch as the formation of the non-couplei paraffin, it* 

related alcohol, olefin or ester. tl03 ' 104)

Possible disadvantage3 are the high resistance aethanol 

offer* to the passage of a current with the consequent large 

diaaipation of heat. Alao aotne eaterification can occur. 

Solubility and heat dissipation were two factors of prime 

importance in the attempted coupling of the tricyolic and 

monocyclic inter-aedlates (A20 and A26). One of the more 

noticeable f .2atur*.3 of (A2cf) was its vary >)or solubility 

in any organic solvents other than chloroform or
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dichloroiaethan©. However it did dissolve in hot methanol 

if the solution waa sufficiently dilute, but as electrolyses 

usually £ive better results with higher concentrations a 

saturated solution was used with a consequent preceipitation 

of (A23T) tf the solution was cooled. The heat generated 

during the eleatrolyjia was sufficient to boil the small seals 

cell dry (contained 3 al. of solution) in a very short time, 

therefore cooling was very i.;iportaAt. As a result of theae 

two factors a fine balance of solubility and heat dissipation 

had to bo carefully observed.

The electrolytic vessel used was a 0.5 in. diameter 

pyrex test tube, 4 in. lou^. The electrodes were of 

platinum, j.75 aq.in. in area and wer© set parallel and 

approximately 0.1 in. apart. "sternal ooollag was a.; plied 

in the form of an ice brine bath, which was sufficient to 

cause the aiethanol to reflux on the walls of the vessel 

provided that the current waa not greater tlian 0.20 amps.

A trial experiment usin^ uyristic aoid approxiaately 

2% neutralised by sodium led to an almost quantitative 

recovery of the coapled product n-hexacosans. In. the first 

attespt to couple the two aciJa (A2fi) and (A26) the latter 

was present in a four .molar excess .-uid sufficient sodiam was 

added to neutralise approximately 3 ' of the aoida. The 

siaxiffiuai current c 3:13i-3tent v,ith gentle boiling of the methanol 

solvent was passed. The, only pro. uctc/ identified, however,
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were the unchanged trioyelie intermediate (A2?) and the 

Jbia-oyolohexylethane derivative $27).

To try and prevent thi« preponderant coupling of the 

monocyelie keto acid (A26), the reaction was repeated but 

in this case (A26), in solution in methanol, was slowly 

dropped into the reaction ve^el during the course of the 

electrolysis, thus attempting to enaure an excess of the 

tricyclio intermediate (A2«f) waa always present. Again, 

however, the only coupled product identified was that derived 

from the tnonocyclle keto ester.

It ia knowa that the cross-coupling of differing acids 

quite often leada to only a 3iaa.il yield of the mixed product, 

so that on the scale of the above reaction it would be very 

difficult to detect mixed coupling if ia fact it did occur. 

Examination of the estariflod products by gas-liquid chroroa- 

tograohy, nowever, did not show the presence of any higher 

molecular weight Material in the regions where it would be 

expected and therefore a negative result -sudt be accepted. 

During the course of other experiments on the cleavage of 

the doable bond in iaotiruoallen.;,'! acetate (A.6) it waa found 

that the resultant l,5~<5ifcetone (A21) was decomposed on the 

gas-liquid chromatographic column giving no aharp peak so 

that conceivably the 1,6-diketone (A50) expected from the 

coupling would not be stable to this type of investigation. 

A thin plate chroT.atOc.raio, how&ver, did not clarify this 

point.
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electrolytic experiments were therefore auspen&ed 
ii to eulow a baxld up of the trioyolic intermediate (A22) 

and also to allow consideration of other synthetic procedures 
which ver« belag developed.

Iw anticipation of the antithesis of tne 1,6-diketone (150) 
attempts were made to i'iseion the ^ i-5 U^) doable bond in 

cT-aiayria (A23). /a —aoyrin (A25Q) was isolated from a mixture 
of c<- aad ys-aeyrins by fractional recry^tulliaation of the 
benzoates. Selenium dioxide dehydrogenation of the acetate 

(A29) gave p -euayradieae acetate (A51) and hydrogenation of 

the diaubstituted double "bond, gave yf-aiayrin acetate (A32). 
Osonolysie of (/O2/ ^,&ve only uriuheui^uu starting material 

and prolonged treatment with osmium tetroxicte in boiling 

pyTidlixf; oixowca no attack of the double bond, substantiating 

the roiiultis oi lialaali et ^l. ^ ' who attempted the hydroxy-

lation of a mixtur-e of ̂ "-a;,iyrin acetate (A32) and ̂ - 

eterol acetate (A52) tinder uiilder conditions showing that 

ou.^y the latter coapoxuio. was attaoiced.

A further course of experiments wa.; carried out with 
relation to the 1,5-cllketonea ootaiaiable froza the fiaaion of
the olefinic bond in both, ieotirucailenyl aad isoeuphenyl

(5.14,25acetatca (A6 f A14>. As waj rtvorted by Ruaicka and hia group

cither of th& two coapounub (A6,A14; C0vj.d be converted via

the g,lycol8 (Al9a,Al9; to the 1,3-diite tones (A21.A20) using 

etro^idto and .Uad Uetraacotate. It was found
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difficult to obtain analytically pure samples of the glycols, 

the beat solvent for recrystalliaation being fflethanol and the
V v- s .

results of analysis always showed that (A19a) and (A19) vere 

deposited with methanol of crystallisation the last traces 

of which could not be removed. However, direct conversion 

of the crude hydros.;/la ted products with lead tetraacetate to 

the dike tones (A20,A21) in high yield removed any necessity 

to isolate the intermediate diols,

The difcetones (A20,A21) were prepared in order to carry 

out model experiments on the ring closure of diketones using 

a pinacolic type reduction procedure* The coupling of many 

different types of ketones in this way had already been 

reported. Perkin, Ray and Robinson* *' coupled two ketones 

to obtain the pinacol from trimethyl brazilone (A53) using 

zinc dust and glacial acetic acid, a reaction also utilised 

by ftehr, Becker and apaerrl'1 - ' to obtain (A54) from the 

related difcetone. However, in both these instances 

intermediates would be stabilised by the presence of the 

aromatic rings. Pinacolic reductions of non-aromatic systems 

have tended to use reagents such as sodium in moist ether, 

or di- and trivalent metals such as magnesium or aluminium, 

these being used in conjunction with mercuric chloride to 

ensure that an active surface is given to the metal. 

Solvents such as dry benzene or propanol/acetic acid mixtures 

are uaed.^20' 24 * She application of procedures such as 

these to the 1,5-diketones (A20,A21) led only to the recovery
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of unchanged starting materials.

The formation of an aoyloin from an ester or acid 
chloride*22 ' 25 * la a ooabination reduction/condensation 
reaction that ocoura in the presence of molten sodium and an 
inert high boiling solvent auoh aa toluene or xylene with the 
initial formation of a diketone. Further reduction of thia 
dike tone by the octal yields the sodium salt of the ene-diol 
fora of the aoyloin.*°" This reaction has had considerable
prominence because of its success in the synthesis of

(y*\ macrooyelic acyloins* "

The similarity of the aoyloin reaction to the pinacolic 
reduction suggested that the application of the conditions 
of the former to either of the 1,5-diketones (A20,A21) might 
result in the desired ring closure. The use of such reaction 
conditions did in fact 2aeet with a certain amount of success. 
The reaction was carried out under dry oxygen-free nitrogen 
and its course was followed by the extraction of samples at 
intervals and subjecting them to infra-red analysis* 
Observation of the carbonyl absorption region indicated that 
the acetoxy group was quickly lost and that this waa slowly 
followed by a diminution in the keton® carbonyl band. A 
solid product was isolated, albeit in poor yield, which was 
attributed the structure (A55; from its mode of preparation 
and the physical data obtained. Ite aelting point and 
infra-red spectrum showed it to be different from the
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previously obtained glyool (AlSa ) . However further 

investigation will be necessary before any definite oonolu- 
sions to its precise structure can be isade.

Befort the development of the extremely dependable route 

to the tricyclic relay (A22) described on p.st-sz, attempts 

were made to apj-ly tiw Baeyer»Villig<sr oxidation/108 ' using 

peroxytrifluoroacetic acid/19 ^ to the l,5~diketone (JL21) 

in the hope that isolation of a useful tricyclfc intermediate 

oight be possible from the reaction products.

The rearrangement involved in the Baeyer-Villiger 

reaction has both electronic and steric driving forces! 

The electronic forces favour rearrangement of the group which 

can moat easily stabilise a positive charge. For example f 

in nearly all caaes of the oxidation of methyl aUcyl ketones 

it is the al&yl group which ^i^rates. The type of steric 

or conforaational d-riving foroe which can occur is illustra­ 

ted in the diagram, where 2 and L stand for aiaall and large

groups respectively.
t_

COR.

The favoured orientation occura when the 3 and OH groups lie 

about the bulky per-acid group. The application of these 

principlea to the 1,5-iiketone (A21) leavea very nuch an open
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question which group can be considered large or anall and 

also whether electronic or steric factors will have the moat 

effect. As there was also the possibility that the ring 

ketoae would react, a definite forecast of the reaction 

products to be expected could aot be aade.

In fact in carrying out this reaction on the diketone(A?l) 

the major product was found to be unchanged starting material. 

The concurrent development of the previously mentioned route 

to the trioyclic keto-ester (A22) rendered further researches 

into the Baeyar-Villiger reaction unnecessary*

The simplest way of utilising the tricyclic intermediate 

(A.22) would appear to be by reducing it to the triol (A56) with 

lithium aluminium hydride and then mono-mesylating or 

tosylating the one primary alcohol group which is present. 

In this form or as the corresponding hallde a suitably 

protected version of the molecule could thea be used to 

alkylate the already syntheaised monooyclic keto-eeter (A34) 

to give the tetracyulic intermediate (A57). Use could then 

b@ aiaae of the eater group to acuieve resolution, remembering 

o£ course that it is /3 to a ketone &roup wnich muat be 

protected before hydrolyaing the uater. Ring closure could 

then be achieved by oxidising the hyaroxyl groups to ketone 

and boiling with sodium in jqrlene. Possibly a better 

cycllsatlon process aay svea from reducing the Jietone in 

tut potential ring 2 to tn» alcohol anu de^drating the
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resultant tetracyclic triol followed by ring closure with 

acid. The acid ring closure would no doubt give several 

isoaera. If Ireland's method*111 ^ of reiatroducing the 

3 p-hjrdrojtyl ^rou^, lost in the dehydration at age, into ring A 

is to be used, it is probable that the fairly inert a 1^18 ) 

iaoser would be the most favourable case to use.

Xhe basis o£ another route to the pentacyclic triter- 

p«a«a would be by the preparation of a lithium alkenyl such 
^ ' followed by attack on the 14-keto group 

contained in the tricyclic intermediate (A22). Hydrolysis

and acid rin& closure of the resulting tetracyclic carboxylio 

acid (A59) would give a racemic pentacyclic triterpene with 

a ieto-^roap in rin£ D.
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SECTION A.

( ) M»ltA»$ poiata were taken both la open capillaries 

and on a Kofle? aioroeeope hot-eta«e, the latter are marked 

(lafler). in, ,

(b) Ifiaieae otJaarwjU« atattA, feter Spenoe and Son Ltd.,

Typ« *H* aiuoina, d»actirat«d vita 5fr by veig&t of 104I1-
aq.ueou« acetic aoid, waa u»«d for ouroaatograpny.

> 
LigJat p«trol«ua refers to tfcat fraction of b.p.

40*60°. "^: - 
(o) In tJiia section gaa-liquid ehro«aatO£raaui were

obtained uaia$ a fjre Argon maohlae with p. -ray ioniaation
"" fc? t

aeteetor eaployiag toe following oonditioua; column 

temperature 220 , a gaa inlet pre^eure of 10 Ib./aq.in. t 

amplifier gain 3, detector voltage 1250 T. The column 

consisted of £501, l^/£ on kieealguur, and the samples were 

injected in benzene solution. file ratio of retention time 

to that of tiruca^l-lj-eiie-^fj-acetate is denoted by R^.

(d) Infrared measurements were recorded on a JPerkin- 

2iaer 137 and/or 237 (Infrared) apeotrophotoaeter. A Gary 

14 recording apeotrophoto^eter was used for measurements 

in the ultra-violet. Optical rotations were measured in 

ohloroform.
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W) Nomenclature: The uaae and ttatabering of the 

carboa skeletons of the tetraoyoiic and p«ntacyelio 

triterpenes daocribed in the following auction will be as 

indicated in tii« dla^ratna below. Pig. 5 aldo idepicta tae 

lettering-to be adopted for each ring. Sine atanaard 

convention oi repredButia^, the orientation of aubetituent 

by dottaa (oc) and heavy (pj lines i3 uaed.

IV

tirucall-8-ene 
'--*: euph-8-ene

Fig.2.
«M s tirucall-13-ene 

'-.H^^KC.: euph-13-ene
Z1 30

( 
li'-.ou /?"r«<6:dammarane-20-ol II

Fig.5,

A -amyrin
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*'^/!).21-diol Aiaoitate (Al) -'' ——

1 i

TirucaIl-e--ene-$/b,2i-diol^ (4.00 g;~ 0.009 aol.) 

was acelylated with acetic anhydride and A pyrldine to give ' '
, " 3F * 'i ' •* ' ' " . . ?

the^diacetate (3.32 g., 70#). oup. 125-7° after two re- 

cryatalliaationa from ohloroform/methanol (Found» C, 77.2j 

ti, 10.9. Oalo. for G*f*fp4 l C, 77.3i H, 10.7;*). 

. 120-1°,

atat» (A2) (1)

diaoetate (2.4$ g*, 

0.0046 mol.) in dry benaene (40 ml.) was hydrolyeed »y the 

addition of a solution of potassium hydroxide (0.130 g«, 

0.0023 mol.) in dryethanol (14 ml.) and allowing the 

mixture to stand at room temperature for 24 hours. The 

products were worked up in the usual manner to give a solid 

residue from which fractional recryatalllaation in methanol/ 

chloroform gave tirucalI»8-ene-3/i,21-diol 3-acetate 

(0.651 g., 2954), m.p. 170-9°, aa the first fraction. Lit.* ' 

m.p. 177-9°. Ivaporation of the mother liquors left a 

mixture of mono and di-ao«tylated diol. This was recycled.

(2)

firuoall-3-ene-3/3,21-diol 3-aoetate (3.19 g., 

0.0066 mol.) and methane aulphonyl chloride (1.55 g., 

0s.013 mol.) were dissolved in dry pyrldine at 0° and 

allowed to at and at room temperature for 24 hours. lao-
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lation of the prodaot and two reoryatalliaationa from 

raethaaol $a*v tirucall«4kfa«-$yS,21-diol 3-ac«tate-2l- 

methanseulphonate (2.50 g., 67*), ».f. 113-7®, V mnXt (GG14 

1735, 1360, 1*50, 1160 cm.""1 , t% • 1,29. (Found* 0, 69.7| 

H, 9.98; 3, 5.34. Oalo. for O^l^gOgSs C, 70.2; H, 9.99; 

3# 5^50*). Lit. (2) aup.

Xiruoall-S-«n«-3p 1 21-diol 3-aoe tat e-21-me thane aulphon- 

at« (2.50 g«, 0.0044 nol.) was r«duo«d with lithium altunlnlum 
hydrid* in dry Dolling «th«r to give, after 6 hotura and the 

uaual working up, tirucall-a-eae-3/i-oi (A5) (2.03 g., quant.}, 

aa.p. 147-9° after recryataliisation from aiethanol. / aax 

(nujol), 3360 ca."*1 , » * 1.03, (ffcuadi 0, 83. 8j H, 12.3.%
Oalo. for OHO: C, 84. 0| H, 12.2$). Lit.^lt3)m.p.l50-

151° and 141. 5-. 42. 5°.

Aoetylatioa was carried out with acetic anhydride and 
^ to ^ive tirucail-a-ejae-3/^-ol acetate (2.01 g., 

, which after recryjtalliaatioa twice Troai chloroform/ 

aiethanoi and one® from ethanol showed m.p. 144-5°, V^^ 

(CiiCl), 1735, 1250, S » 1.06, (Found: C, 81.7; H, 11.55-

Oalo. for CH ° : C ' ai *^ } a » JJ-^- i*it, a.p.

147-9°.

acetate (faotiruoallen.vl acetate) (A6) (5)

firuoall-8-ene-3/i-ol acetate (1.34 ti., 0.0028 aiol.) 

vaa iaoaeriaad 'by heating with glacial acetic acid (2j ml.)
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and concentrated hydro«aorio aoid (0.8 «1.) at 100° for

• J ••"••'• -. -•'• -• ' .'.'• in' *fe*2r , . »T;.'' •>

4, hours. She product, after two reorystaliiaatioas from

-"^i-ol acetate (0.301 

94*6 , Ht « l.OO^mixed melting point with authentic,

•13-ene-^i-o^acetate gave a.p* 94°, (PoundJ C, 81.5; 

I, 11.6. Calc. for C«aa.J.0A t C, 31.5; a, 11.6^).

,

Tlrua»ll-13-ea«-3p-ol acetat« (0.727 g., 0.0015 sol.)
^•;;- .< 'Ji' . , . . j • it. . - 
waa oxidised with £-butyl chromate in oarboa t«tmohlorid«

ml* oontainin^j 2*1 &. of oiiroaium trioxid«) in tJa*
•i •• tf v&. • -. ' >,

aanner d«3orlb«d for ta» •piaario mixture oo pag« 5-^ »
.• O'. '..-..'....•.. ,6f »

i6-o4M»tiruoall-13-»«n«-3/3-ol ao*tate was isolated as a gum

(0.371 g., 50 «) which alowly aolidified*, ft, » 1-75, Vj. v . v . *,
), 1730, 1690, 1630 oa.*1 , X ̂ .(^tOB) - 243 «u, 

13,800. Lit. t5j ^U*0^') - 2*5 a«», £ * 13,000.

mtt ^ max

« < «tr a i» *1 ir« 1.1 rtn ft-f nfiutp&l

A eample of tne neutral ctaaaaar resin material (li>.25 c «) 

from waich tne hydrojgrhopaaone nad been extracted according 

to t&» directioaa of ^unatan, Fasakerley, Halaai.1 and 

Jonea,^10 ^ waa eoroiiuitographed on aluoina (750 g.). Blution 

with (Itl) li^at petrolueia/bejaeene (3.2i> L.) and beneene 

(0.75 ^.J afforded a/allow gum (3.29 £*>, V fflax .^ caci3'l » 

1705 cm.""1 (aaturated ketone C » 0). Further elution with
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benzene (6,79;L.) and 49UJ ben»e»s/ethe* (6 i,.) gave 
another gum (7*22 gf ) f Va^JtJJiSlj), 3300-3700 cm.*1 
(broad -OH absorption) and 1705 cm."1 , Elution with other 
(2.L.) gave material (1.17 g.) which waa not characterised. 

Gas liquid chromatograas showed the middle fraction to 
be mado up of two major components &t » 1.61 and 1.19* 
This fraction (7.22 g.) in dry ether (30 ml.) was slowly 
added to a stirred suspension of lithium aluminium hydrlds 
(2<g*) in dry ether (100 ml.), and then heated under reflux 
for 12 hours. Xhe resulting complex and the excess of 
hydride were decomposed with wet ether, water and dilute 
hydrochloric acid. She ethereal layer was separated and 
dried over magnesium sulphate* Evaporation of the ether
left an almost colourless glass (6.54 g*)* v^ _ (CHC1,),max. j
3300*3600 am* » E* » 1.13t identical with an authentic. ' • •• »
sample of mixed C2Q daataar-24-ea«->'420-diol epimers (A8tA9) 
kindly proviaed by J. -. Mills*

mixture.

fhe epimerio mixture of diols (6.54 g., 0.015 mol.), 
tanen up in redlstliled pyridine (20 mi.) and acetic anhydride 
(20 ml.), was allowed to stand at room temperature for 12 
hours. Evaporation of the volatile reagents left a residue 
which was washed through alusaina (25 g«) with ether (200 ml.) 
to ssaiove traces of pyridine and polymeric material.
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9* tha ea*ttia£ atoev tolatiff* laft a pale 
yeliaw «u» (6.43 g.» 90*), y (GgCl}* 3400-36G<,, 1735,
1250 am.*1, 1L •:• 1.36 ,Uin«le pea*).*

The «pim«rio nlxtura of acetates (6.43 «., 0.013 mol.) 
vaa takaa up in (ill; etiiyl aoatata/etbaaol (50 al«) and

: '-I--. .1.- •• • ' " ' I'.. . ' : • •. .:,
laydrogenatad or«r platinum oxide oatalyat (0.29 £•)• (380

•" . 'IT- ~ : - ' - -•-••- :••- 1« „!-. v ' A.^
of hydrogan ware takan up at a tampermtura of 18 and

• *a ...-.-• . • • • •-., -.vr--.. • ,,
74.5 cm. preaaura). The catalyat was aaparatad by filtra-

. :h . • • v • :••
tioB aad tha aolvaata ware avaporatad from tfta filtrata. 
Taa white solid raaidua of a O^Q epiaaric mixture of

3-aoatataa (A12»A13) wai^bad 6.17 g.

of tha aapiMario «i»tura of
diol 3-»aoatataa

Tha ayiaario aixtur* of daaa*raja«-^2u-diol >-aoata*aa 
(6.17 £*• 0.013 «9l,) in glacial acetic acid (120 ml.) and 
2£ aulpaurio aoid (4.ml*> vaa heated under raflax for 2 aoura. 
the excea* of acotio aoid vaa tiaaa dia tilled aad tha raaidua 

was poured into water (200 Ml.) and e^her (2JO ml.;, Tne 
ethereal layer was aaparatad, waahad with $% aqueoua

..c-^-.

potaasium Joydroxide solution (3 * 50 ail.), water (100 ml.) 
and dried with anhydrous magnesium sulphate. Evaporation 

of tha ether laft a residue (5*31 g.J which waa ehromato- 
graphad on alumina (250 g*). Blution with light petroleum
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(50O ml.) gave a dart coloured gun (0*719 g« )^, which gas- 

Iie«i4 ehro*at<»$raphy showed to fee a mixture of compounds 

with low retention tinea, 1^ * 0.26, 0.39.

Further elution with light petroleum (500 ml*) afforded 

a clear gam (1*87 g*) which crystallised, «t » l,oo, v
•"I .,1

(CHClj), 1735, 1250 cm. . two recrystallisations from 

dlohlorooethane/methanol gav* cryltals of a.p. 92-4°* A 

mixed melting point with tirucali-13-«ne-3/i-ol acetate gave 

a,p. 92°. Tirucall-13-ene-3/a-ol acetate also gave an 

identical infra-red spectrum to the above compound.

light petroleum (250 ml.) gave another fraction (0.495 g* 

which did not crystallise and then a further (730 ml.) gave 

another gum (0.690 g. ; which slowly crystallised, B* » 0.90, 

, 1740, 1245 and 1265 cm.*1 (doublet), v

(C32 ) t 1740, 1245 GIB. . fiectryatallisatlon onoe froa 

dichlorome thane/me thaaol and three times from ethanol 

afforded euph-13-«a«-3 -ol 3-acetate (isoeuphenyl acetate) 

(A14), a.p. 110-11°, («) » -12.1° (Pound! C, 81.4, H, 11.5.

Calo. for C*i< C,81.5? H, U.6j(). Lit. a.p. 111-13°.

Elutlon with ether (1 L.) gave material (l.:>6 g.). 

aaa-liq.uid ohromatography showed a mixture R^ » 1,00, 0.90 

and 1.34 (major product), ^ja^/nujol). 3550 (sharp), 

1735, 1705, 1245



Further elution with (2:1) light petroleum/benzene 

(1.5L.) and (1:1) light petroleum/benzene (750ml.) afforded 

the epimeric mixture of l6-oxotirucall-13-ene-3p-ol 

3-acetate (A15) as a pale yellow glass (1.50 g. ,48$),

Vmax. ( CHCV' 1730 » l690 ' 163° 125° o"1 '" 1 ' ^max(BtOH)aB 

243 mu, £ = 20,700, Rt = 1.75 (single peak). A portion was 

bulb distilled b.p. 200-210° (bath temp.)/0.03 mm. 

(Pound: C, 78.9; H, 10.5- Calc. for Cj2E52°y C > 79 * 1; 

H, 10.1
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Qi||l'dieAiJML-Jrf.: the,: saml>ingMi'ifaK3t*;il?%_ Of 1s irucall—1JU^eae*"
3ft—Pl 3«*aoftlU|te:- ffind euuh«"13«"'eae~3fl ~ol 3~aQetate (A6.A14)
with

A eolation of £*Btttjrl ohromete in oarbon tetyftshlorids 

(55 ml. containing 4*9 g» of chromium t*£*x4ds)"' was * 

•lowly adds* to a ooolod •olutioa of tbo aiatturo of ao«tat«s 

(3*00 g.i 0.0064 noi.) ia dry ben««ne (40 «!•-> and glaaial 
acetic aoid (20 •!«)• Ta« roaction oixtaro waa allowed to 

<»ta&d at rooa tottfoeatturo for 2ir day a, taoa poutvd into 

water (300 ml*} and extracted with other (3 « 100 ail.). 

The etiieroal extract was washed with JLO^ aqueous sodium 

bisulphite solution (5 x 100 ml.}, 10$ aqueous sodium 

bicarbonate solution (3 x 100 ml.}, water (100 ml*} and 
dried over magnesium sulphate* Evaporation of the ether 

left a crude residue of 3*14 g. Xhis material was ehromato- 

graphed on alumina (150 g«).

ilutlon with (2il} light petroleum/benceae (750 ml.} 

gave a yellow gum (0.476 *.}, V smyit (0301^}, 1730, 1660, 
1250 cm.*1 , A max- (EtOH) • 256 mu, £ * 10,200. The 

epimerie mixture of 12-oxotiruoall-l>-ene-3/3-01 3-acetate 

(A16} and 12-oxoeupl»-15-ene-3^-ol 3-asetate (A17} vas 

purified by distillation b.p. 220-230° (bath tenpJ/0.03 

(Founds C, 73.6; H, 10*5. Calo, for C32H52°3 J C ' 79t 

fl, 10.851) • *"
Slutlon with ether gave material (0.623 g*} with no 

eharaoteriatlo infra-red speotrum and no defined gas



oiuroaatograpaio peaks*

3-*cetate (0,539 g», 0*0014 

was tanen up ia (isi; a»thanol/«thyl aeetat* (100 ml.) and 

OBOnisea oxygen (containing 5 mraolea 0,/hour) was passed 

for 50 minutes Into the stirred solution, maintained at 

-70°. The aoireat waa erap03pat«d and tto« xwsidu* waa taken 

up in glacial acetic aold (100 ml.) containing 30$ bydrogen 

peroxide (4 al.) and water <3 ol,) and stirred overnight 

at room temperature. fhe excess of peroxide was decomposed
* ' • . "'

by the addition of a traoe of palladium charcoal catalyst 

and 20 minutes further stirring. Filtration through celite 

and tvaporatioxj. of solvent left a residue which was dissolved 

in ether, the ethereal solution washed with water. 102 

aqueous potassium hydroxide solution, water and dried with 

magnesium sulphate. Evaporation of the ether left a 

residue weighing 0.495 g. , which waa chrojaatographed on 

alumina (50 g*)*

Elution with (5 si) ll&ht petroleusa/t»en«ene (500 ml.) 

afforded a yellow gum (0.188 g.) of extremely short reten­ 

tion time E£ * 0.08.

(1:1) Light petroleum/bensene (1 L.) gave a clear gum 

(0.260 g.) which slowly crystallised to give, after two

tiona from metha&ol, thy ozonide of tiruoall- 

-3 «ol ^-aeetate (A1S) as a solid of m.p. 139-40°,
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' ^7 35, 1250, 
Uoa, po.eaioia 0-0 «tretchia« of an oaaaide 1 Deoom*
poaition occurred at 200°/0.1 aua, aleo gas-liquid ohroaato-

LO . • 
tfraphy shoved India tinot maxima Consistent with d«oo*poaition
(Founds C t 74.51 H, 10.5. °3a%4% r«%uir«»i C, 74. lj
H, 10.45,^). '"' ' r

A aolution Q£ tirue»ll-i>eriQ-3^-ol >-&c*tat« (0.493 <•»
"^

0*0010 ffloi.; in »tH«r (20 «1.) was tr«»t«d with a solution 
of osouiua t«troxide (0,039 «*> 0.00015 moi.) in etiwir 
(2 ml.) and >0^ iyr'irogen p«roxid« (1 al«). The raaultant 
mixture. vaa allowed to ataad with oooaaional ehaking for 
2 days. Ia« ezoeae of peroxide waa deoompoead with palla- 
dieec/- onarooal and filtration and extraetiea of organio 
material froia the filtrate with ether afforded a product 
weighing ju. 450 a* after evaporation of solvents. This 
product wae ctoromato&raphed on alumina (50 g. ). Slution 
with li^ht petroleua (450 ol*) gave a white jolid (0.085 «.)• 
V __ (G«31,) t 1735. 1250 cm."1, \ - 1.00, identical with

the atarting »at«rial.

(400 mi.) gave a yellow gua (0*166
, 1730, 1690, 1650, 1250 cat."1 , * 1.75, identical

with 16-oxo tirucall-15-ene-3/i-ol 3-aoetat© (A7).
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Bther eluted ft further 0.035 g. of material, whioh 

could act be identified, fro* the column.

3~aoetate (A14| f ^^

Osmium tetroxide (0.460 g., 0,0018 mol.) dissolved in 

redistilled dry pyridine (2 ml.) was added to a solution 

of eupa-13-ene-3/J-ol 3-acetate (0.875 g., 0,0019 mol») 

in pyridine (5 ml.). After standing fay 2 days the excess 

of solvent was removed by distillation under reduced pressure, 

the residue was taken up in dry ben&ene (40 ml.) and addsd 

to a suspension of lithium aluminium hydride (1 g») in 

(1:1) dry benzene/ether (20 ml.). The mixture was heated 

under reflux for 2jr hours and then the complex and exceus 

of lithium aluminium hydride were decomposed with wet ether, 

water and dilute hydrochloric acid. Separation of the 

ether soluble material and evaporation of the ether left a 

residue weighing 0.931 g* A portion (0.762 g.) was 

chromatographed on alumina (25 g«). - •

Sensene (275 ml.) eluted 0.069 g* of a yellow gum 

which showed no absorption in the infra-red at 3500 cm. 

(hydrozyl) and oould therefore not be reduced starting 

material or a dealred product. (1*1) Benzene/ether (150 ml.), 

however, eluted 0,203 g. of material which slowly crystal­ 

lised, two reorjtstallisationa from methanol gave euoh-3j3« 

with one msthanol..af crystallisation as
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leaflets a*p* 189*90?, , v'aax.CCHGlj)* 3500 om.^1 (foundI
0, 74*9» H, 11,4* C«a*W~*' Ca.OH requires; C, 75*0;* * ^ *^ ^ " *
a, 11.83ft) * Ut, a5^ Jeger et al. record a oup. of 185° 
for the triol (A19) reorystallised fron hexaae/ohlorofora«

fhe cleavajre of auoh-»^^.13.l7-tiriol (A19) with lead

A solution of lead t«tra~ao«tat« (2,5 g, ) in glacial 
acetic aoid ('53 oil.) was added to a solution of «uph-3/3,13, 
17-triol (0*610 g., 0.0013 saol.) la glacial acetic acid 
(10 ml,;. After ataading at room te^per^txira for 2 day» 
the exceas of acetic acid was distilled, water and etiaer 
were added to tbe residue aad the ether layer was separated* 
Evaporation of the ether left material which was aoetylated 
with aoetic anhydride aad pyrldiae in the usual manner, 
The aoetylated products were ohroaatograpaed on alumina (50 g»)

Slut ion with (1:1) light petroleum/bensene (1 L.) gave 
the expected dlketone (A20) as a white solid (0*335 g.) 
which after two recryotalliaatioaa from methanol gave m*p« 
137°, y CCHCl), 1730, 1700, 1250 cm.""1 , (Found: 0,76.1;
H, 11.1. Calo. for 

a*p* 137-8 •

aud oleava^e of the reaultant Ivool with
lead t e tra^ace tat e •..

Tirucall~13~eae-3/8-ol 3-aeetate (0.918 g., 0.00195 aol«)
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van similarly converted in the isanner described earlier, 

*«rr, with the aid of oaaiua tetroxide (0.500 g., 0.0020 mol.) 

and lead tetra-acetate (3.0 g.) followed by aoetylation to 

th« aoatoxy-dik«tone (A21) (6*534 g. , 34,*}. Reorystailisa- 

tien from methanol gave crystals of aup, 119-121°, (Found: 

0, 76. 3r H, 10.Q. Oalo. *or 032I5404 ; C, 76. 2; H,1 

a.p. 116-7?.

Pare zytrifluoroac* tic acid^15 ' (0.20 ml.) containing 

0.0022 mol* of aetiv« oxjrgen/ml. was alowly added to a 

vigorouaily atirrad i««-cold aolution*of the aoatoxy* 

dikatone ^0.194 g.» O.Q03S mol«) dlaaolrad la diohioro- 

matbana (2 al.) containing a alurry of anhydrous diaodium 

hydrogan phosphate (0.142 g.). The resulting mixture was 

haated under rallux for 3 houra, diluted with water and 

extracted with ether. Xha ethereal extract waa washed 

with dilute aqueoua sodium bicarbonate aolution» water and 

then dried with magnesium sulphate. Evaporation of the 

ether left a residue weighing 0.191 &• which was chromato- 

^raphsd on aluoina (30 g, ) to yield, upon elution with 

(1:1) light petroleum/benzene (720 ml.), 0.045 g. of a 

yellow gua, vaax> (CHClj), 1735, 1250 oia.*1 . Slution 

with bensene (300 ml.) gave a further 0.103 g* of solid
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material, v j^, (0181^ ), 1730, 1700, 1250 ea."1 identical 

with the a tar ting material.

The experiment was repeated using aeetoxy-diketone 

(0.236 •£•» 0.00047 mol.j, peroxytrif lucre ace tic acid 

(0.30 nl.) containing 0*0023 mol, of active oxygen/ail. and 

heat ing uadter ref lux for 4 hours, tout the sam« 

of atartio^ material was recovered.

,iu
glacial aott^o

2/» Sodium amalgam (30 &,} was added over a period of 

30 minuter to a stirred solution of the aoetoxy-diketone 

(0.143 g.» 0.00023 mol.) la (1:1) a-P'^P^a^/glacial acetic 

acid (15 ml,). After stirring for a further 30 minutes 

the products were poured into water (100 ml.) aad the 

aqueous phas® was extracted with ether. Xhe ethereal 

extract wa.3 washed in 10/» aqueous pota^aima hydroxide, 

water and dried. Evaporation of the ether left starting

material (0,138 &.), V ̂  (CHCi,), 1730, 1700, 1250 cm."1 .
j

b) Thjf. aane^ .gf ... ..ftlUi'aiiai'Uia . po»der/ffleirrc;uyic.T ..c.hlor|>.deiuiiia 
dr

acetoxy-diketoae (0.293 g*t O.uUO^d mol.j,

powder 10,085 g.), merouric chloride (0.047 g.) 

and dry ben»«sne (0.5 al.) were stirred together under reflux
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for 20 hours. B*aaen« ($.§ *&.) ana water (0.5 al.) were 

added, stirring and heating being continued for a further 

3 hoorav the reaction mixture was then poured into water
V

and extracted with ether. The ethereal extract yielded y 

starting aaterial (Q.261 «j,), v^. (CHOO^), 173^, 1700, 
1250 cm."1 .

(22 23)

The acetoxy-diketone (0.300 ^., 0.0006 mol.), in dry 

xylene {2.5 ml.), waa stirred under oxygen free dry 

nitrogen. Sodium (0*082 g.) was added and the temperature 

waa raised until the xylene refluxed. Seating was continued 

for 49 hours* After cooling, a little ethanol (2 ml.) was 

added to decompose any sodium residue and then the products 

were poured into dilute hydrochloric acid (50 ml.) and 

extracted with ether. The ethereal extract was washed with 

dilute aqueous potassium hydroxide, dilute hydrochloric acid, 

water and dried. Evaporation of the ether left a residue 

weighing 0.195 £« which waa chromatographed on alumina (10 g.;.

SlutIon with (2:1) benseae/ether (100 ml.) gave a 

clear gum which quiofely solidified (0.034 £.) m.p. 205-7°,

vma* (CSC13)» 56-JO (sharp), 3600->3uo eta."1 (broad).' 
suggesting the formation of a tetraoyclio triol. (Found:0,77.If

H, UL.4. Q r®quir«»i 0, 77.d, H, 11.75^).
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lio p^>QAre t?J>o trloycXio ra • •

*)
3-aoetate (A7)* 5 '

W u fc' * .-:.'. , ' •

A solution of 16-oxotirucall-13-eae~.5/i-*ol 3-acetate 

(1.29 g.t 0.0027 Ml.) la (iti; ethyl acetate/glacial ' 

acetic acid (SO^ai.) was vigorously stirred at -10°* A 

etre&m of dry oeonlsad oxyg«n, cOatainlng 8.4 mmolee 

ozone/hour, was paaaed into the solution for a period of 

2.3 hours, after which the products vtere allowed to come 

to room temperature in a stream of aitrogea* Distilled
•<"'•*

water (5 ml.) and 30# hydrogen peroxide were added and the 

resultant mixture was vigorously stirred for 24 houra. 

The excess of peroxide was decomposed toy the addition of a 

little platinum oxide and the products were filtered through 

oelite. fhe solvent was removed from the filtrate by 

distillation under reduced pressure and the residue was 

taken up in ether* She ethereal solution was extracted 

with 10.* aqueous potassiua hydroxide. fhe alkaline extract 

wao reacidifled with dilute hydrochloric acid and the

liberated organic acids (0.402 g.) were isolated with ether
/27 2S) and ©aterified with dioaoaethane. v " f An infra-red

spectrum saowed absorption at 35'->0 om."" (hydroxyl). 

Aostylation with aoetio anhydride/pyridlne gave material 

showing no absorption at 3500 oa."" . This material (0.387 

waa chroaiatographed on alumina (50 &•)•
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Blutioa with (1:1) light petroleum/ benzene (500 ml,) 

gave a»thjrl 2,6-dimethylheptanoate (423) (0.124 o.*)t a 

clear aveet smelling liquid, which vaa bulb-distilled, 

b.p. 85-90° (bath tamp.) /20 ma., (Found: C, 70. 3| H, 11.3.

Calc. for C10H2£)02 i 0, 69.9? H, 11.7*). 

b.p. 75-80° (bath teap.)/12 am.

(7»1; Jlen»«ae/ether eluted a clear gum (0.203 g.) which 

solidified aod waa re crystallised twice from aethanol/ 

dionloroae thane to ^iv* eryatala of the aeetoxy-iteto eater 

(A22) ai.p. 199-201° (ilofler), (found; C, 70.75 1 H* 9.50.

Galo. for CH0» C, 70.9l a, 9.44?*). Lit. m.p. 195-6°.

The initial ethereal extract, after reaoval of the 

acidio portioa, waa washed vltii water, dried with magnesium

aad the ether evaporated to leave a residue (1.71 g. 

three runs;. XLis waa chroaato^raphed on alumina (IQOg.).wss<' • •

Zlutiou with (2:1, light petroleum/ benzene (1.4 1^.) 

and (Itl) lignt petroleum/benzene (600 ^al.) gave 0.663 &• 

of a yellow viacoua liquid, y msk3it (CHCl^), 1730, 1690, 

163 J. 1250 cm."1 , A mov (KtOH) « 243 sou, £ « 11,60J,
«BS A.

identical witn l6-oxotirucall-13-ene-3 -ol 3- acetate (A7). 

further elution witn benzene (300 ml.) gave a clear

gum (0.036 g.) f V^^ (CaCl), 1780, 1740, 1730, 1693 (w),

1630 (w), 1250 cm."" . The complexity of the carbonyl 

region was attributed to a mixture of oxygenated compounds 

beine, present, y'-laotone, saturated G=»0 of a 5-aiembered 

ring Ketone, acetate and aiao a trace of the rt/J -unaaturated
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ketoae (A7). ,, t
• • • * V -3 , . . V . . _ ; .

Btnor (1 I.) elated a mixturo of hydrolyaed products 

(0.445 *•> Vaajt. (CH^ljh 350,; on*.""1 (broad and strong).
(Jas-liquid ohroaatograpiay gave broad iadlstiaet peaks. , ,
•»i ....... ,.• - '1 - •*'' *' •

In a furtixsr experiment the reaetioa conditions were: - . • -.<«», : -. "•• •-
e-.syntiailj as aoov«. uaiag 16-oJt«ti»«cail-13-«B«-3/B-ol 

3-aoetate U-19 £., 0.0025 »ol.) tn "Anaiar" 0tJayl mgetata 

(50 oil.;, Ho««T0rv tetracyaao«tnylan» (0.320 &., 0.(X>25 atol*) 
was addod prior to tae paaaa^e of oaoniaed oxygon 

X*tracyaao0tajrl0a« shov«d /\ JMUl< (ItOAo) • 257 aa, 

peak was no loader .prsaoaat .aftsr oaoaoiyaia. lae yi«id of 
acidic material was not improved, being only G.17J g. 

JJae reaultu of ei^Jat ozonolyeia experiments are 

coad*jaaed ia tue table below. The experiments already 

c-escribed are 3 and 3 respectively.
. ^

»t. of 16-
oxotirucall- '~ * Tiiae 0, Acid 
13*ene-3 -ol Temper- passed products 
Vac state (a)Solventature. (hr. )

1.
2.

1.

i-

1.

£•
1-
§•

0.310

0.569
1.290

1.290

0.165

0.939

0.227

1.190

Ithylaeetate^

w

Et. Ac. /Acetic Acid^ 26 '

it

»

„
Methaaol* 50 '^^)

BtUU> . ( TCK & present ) ^ 29 ̂

-70°

«
-10°

it

H

N

-70°

-70°

3.5

5

2.5

5.25

6
6

3.5

0.33

0.470

0.269

0.402

O.500

0.059

u.355

0.026

J.17o
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In experiment (3) the ozonised oxygen stream contained 

14.4 m.;aolea ozone/hour, in tne other seven experiments a 
stream containing 6*4 m.naole«r/aour was passed.

pimeric m
3*»aoetata and

# Siydrogen peroxide (6 ml.) and aqueous 4$ potassium 
hydroxide (6 ml.) were simultaneously added to a atirred 

solution of an epiateric mixture of i6-*oxotiruoall-13-ene- 

3/J-ol 3-acetate and l6-oxoeuph-13-ene-3/5-ol 5-acetate 

(1.41 £•» 0.0029 mol.j in methanol <100 ml.). The reaction 

vessel was kept at 0° for 7 days. fhe axceaa of methanol 

was distilled and the remainder was poured into an excess 

ol water and ether* X'he ethereal extract was washed with

hydrochloric acid, water, and dried. Evaporation

01 the ether left a residue U.025 «•;
3^vO, 1690, 1630 cm."1 . Aoetylation with acetic anhydride

and pyriaiae ^ave starting aatterial (l,uj ^,), vl__ (CHC1,)

1730, 169Q, 1630, 1250 oa."1 , ^ « 1.75 (single peak despite 

bein^ an epimerio mixture).

c; f he reaction af jasjaioa tetroxide and 1.6~o»otirucall» 
3n-Ql 3-aoetate (A7)- • -- —

A solution of l6-oxotlrucail-13-ene-3/3-ol 3-acetate 

(0.35J 5. , O.Ju.13 jaol.; in dry pyridlne (10 JB!.) was treated 

witu osmium tetroxide (0.500 g., 0.0020 mol.j and Kept at
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rooas -temperature for 5 days. fhe solvent was removed by 

distillation under reduced pressure. To the residue was 

added dry benzene uOO ml.), dry ether (50 -1.) and 

lithium aluminium hydride (1 g. ). The resultant mixture 

was heated under reflux for 4 hour* and worked up as usual 

to give a product weighing 0.760 g. Reaction with lead 

tetra-aeatate (3 g. ) in the manner described on p. s~6 , gave 

a compound identified aa tirucali.«»13~e.a.e--5fi . 16-diol ( A 51)— T w niT-Tr.TTi ...rj|— •- -• — ii-:— - - — -

0.663 g.j a.p«i06-7°» / mftx . (eiClj)* 3500 cm.'1 
ideatioal with a aaaple of tiruoall-13«ene-5/3,16-diol from

direct reduction of Ib-oxotirueall-lJ-sne-S/B-oI 3*aoetate. 

(Found: 0,81.75-; S, 11.6. C 30H52°2 re<iliira3Z c » 31.0;

a, 11. 3, >

d) fhe action of pqtaaaiuia peraan«anate/8o4ium perioda 
on

atc
>35>

Potassium carbonate (1 g*) In water (12 ml.) waa added 

to a vigorously stirred solution of 16-oxotirucall~13-ene~ 

B-ol 3-acetate (0.835 g»» 0.0017 ool.) in t^-butanol/water 

azeo trope (21.7^ water) (25 al.) followed by 7.5 al. of a 

solution made up from sodium periodate (3 &.) and water (30 ud.j 

A 0.3/i aqueous solution of potassium permanganate (l ml.) 

was added and the remaining periodate solution was slowly 

added over a period of JO fflinutes. Ifee pH of the solution 

waa between 8.5 and 9. The reaction mixture waich remained 

pink showing an excess of permanganate throughout the
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experiment, was stirred for a total period of 2 hours. 

Sodium biaulp ate (0.5 g. ) was added to Btop the reaction 

and the mixture was concentrated under reduced pressure. 

After cooling to 5° the products were acidified with cold 

aqueous 50,4 sulphuric acid and the mixture was extracted 

with ether. The ethereal extract was washed with dilute 

aqueous sodium Bisulphite, water and dilute aqueous potassium 

hydroxide. Reaoidificatioa of the alkaline extract afforded 

0.026 g. of organic aeid i&aterial. The neutral material 

remaining in the ethereal solution was found to be starting 

material (0.711 «$.}, Vmiuif (CHOl^), 1730, 1690, 1630, 

1250 oa,"1 £ » 1.75.

a) The coupling of myristic acid iA24)

aiyristic acid, m.p. 56-7°, (0.231 g.,

w .^ij aaol./ was diaaoived ia uiuthaaol (2 i^..) containing 

j^aium (j.216 g. , O.OQ94 iaol./ju, ). £h& solution was placed 

in an electrolytic cell containing platinum electrodes 

0.75 oq.cuu in ar&a. the cell was surrounded by an ice/ 

brine bath. A current of 0.16 amps was passed for i hour, 

aurin£> wiJ.cn time the methanol was refluxing. The pE at 

tiii^ ^tage was 3. The products were poured into water and 

ether. The ethereal extract wa^ washed with dilute aqueous 

potassium hydroxide, water, then dried. Braporation of
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the ether left a white solid (0.176 a ., 96>i).

froa l|.ght petroleum gave crystals of 

i t ffi.p« 56 . An infra-red spectrum showed 

CH absorptions only. A gas-liquid chrocato^ra:. showed 

the product to be a single compound. The chrocaatographio 

column in this instance contained 30# apiezon ' .' and 

2.7£ sodium oaproate on 90-100 mesh embacel.as the stationary 

phase. Xhe column was run at a temperature of 165° and 

a gas flow pressure of 10 Ib./eq.in. Lit. " a.p. 57-3°.

b) The atte -;pted coupling of the hydroxy—keto acid (A25)

Xhe acetoxy-keto ester (A22) (0.059 g., 0.00015 taoi.) 

was hydrolyeed with a aolutiou of y/* methanolic potassium 

hyaroxide (1$ ml.) by heating uaaer reflux for 2i hours. 

Ine resultant sparingly soluble hydroxy-ksto acid (0.051 b«* 

o«^0ol5 mol.) was dissolved in ajethanoi (3 ml.) to which 

2,5>,5-triiaethyl«2-oarboxyfflethylcyolc»hexanone (0.104 &. t 

O.OuO?3 aol«> and aodiaia (0.165 ^.» 0.0072 mol./I.) aad 

been added* ihe electrolytic cell was immersed in an 

ice/ brine bath arid a current averaging 0.20 aiapa (current 

density of 0.27 aaips/aq.ccft.; was paused for 1 hour, daring 

2h time toe metnanol was refluxing. The excess of

was evaporated and the residue ta^cea Ujj in ether. 

Tiie etu^real extract was washed with dilute aqueous

hydroxide solution, water and dried. Evaporation
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of the ether 1* ft* a residue weighing O.U99 *,• A

liquia chromatograa run at 165° and 10 Ib./eq.iu. gaa inlet

pressure, show** mainly on* compound to be present.

GhroiaatQifraphjr on alumina (10 &.; gave a white aolid 

(0.030 g.) as the light petroleum/beaseae (1:1) extract, 

i/ !aax . ( CH01 ̂  j ,* 1706 cai . ~*" ( v . a . ) Sublimat ioa at 100-10°

(bath temp.;/0.03 csi. gave I r 2-bi^ C2 t «oxo«l' .4' .4'-
,_ v»*, • * ..x

gl} eth&ae ( A27 ) (bounds C» 77»3j H, 11»0»

s » 7®»2j H, ^i.2>0- 

The ..otassium hydroxide extract was rt* acidified to
,»

after ether extraction, acidic material 0*030 g. 

(cad,), 3500 (very broad absorption to 2400),
J

cm."1 (broad)^*
9 .

The experiment* was repeated but in this ease the

2,3»5-trifiictayl-2-oarboxyaiethylcycloiiexanoae was slowly 

added over tue first 15 minutes oi the electrolysis . The 

, however, were as in the above experiment.

on the fiasloii ..o£.....tne .'5.16-d.oubl(g._bond
in (J-amvrin (A28J. 

ft Wiaiv. rija ace t_a t e. (

p -Amyrin benaoate was isolated from Manila elemi
*V • i A\
uJin^ the procedure described by Veaterberg a^a feedterlina. 

It had m.p. 230-4°, after three recrysta^iiBati ,;u3 from
° 41 ^ °light petroleum (b.p. 60-80). T.it o».p. 230.
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ffi.ir nydr^iyais of tue Tseaaaate wita*motaanolic

hyaro-xide (W gave p -a.jyrin (A>j; a.^. 194°. ^-it.

».j>. 193 « Aoetylation wita acetic aohydride/pyrLine in

•fcflie usual iBaiifte.? gave the acetate :a.j. 237-9°, after
< 

recryota^_i.-,atj.ou from li^at pctroj-eu^i ^b.^. 60-^J )

\-3.0 .3 . from 14.1 .3. of benaoate). Lit. ' m.p. 240-41 . 

eT.^

fi~Amyrin acetate (7.5 £>t 0.016 mol.) waa oxidised with 

dioxide a^ing coiiditions*ajQalogoua to thoae described
(4,5) by Jyrin/.. and co-wortsers v ' to ^ive p -arayradiexiyl acetate

ID. 14 o-t 69»;, as /latea .,;.,. 226-8° from methanol/chlorofora 

^ UtJrf) =» 243, 251, 260 m-a and S =» 22 r 20u, 52, 7, J,
1 ;UtiX«

lo.UO rejpeotively. Lit. U3 ^ a. p. 225.5-227°, A mav (iitOt-I; 

=» 243, 2:31, 260 inu, £ = 27,5^0, 2^,-i.JJ,

witn Adains cita^y^t i;: glacial aoetlc acici^' 4 ' ^ave 

acetate v3.3j g., 64. -/ .a. p. 20j-iO . Liu. ;n.£. 2J;.:;- 

20^.5°. lae cnaraotorj.ati.0 ultra-violet absorption wa^ no 

j.0ii0or present. riyu.roly3iu wica aietnaiioiic 

ay.jroxide ^,') gave <^-ciaiyrin a.; Tine crystals

97/0 -a. p. 210-il°. .".At. in. p. 210-i2°.

aootate (.A 32;

- Ozonised oxygon (containing 8 m.molea of 02 one/ hour) 

was paeaed i'or 3 hours iato a stirred solution of ^- 

acetate \0.50J &. 9 O.JOil aiol.j in 'Analar* ethyl acetate
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d at —70 . Xhe reaction .mixture was worked up aa 

in tiw? experiment described on p. &o , to .jive a neutral
" ' " ' ' , > • * .* ' : „ .,

aolid product (0.404 &.),' -v/ , (CHC1,) 1730, 1250 c.u."1 ,
" * • • • •Q&jh. ... . y

identical with the starting material, m.p. 209°.
^i..,.^.i,4X -:.-. ; ..'.' - ..• ":•'.:«.- '»,. ''.'.' -. "

The react ion of osmium t«troj£id«i and ^ —aanrriii aa@ta.te

acetate (0*949 g*» 0.0020 mol.; was 

in redie tilled dry pyridixie (50 ml,> containing osmium 

tctroxiae (0.^00 g. , O.U020 mol.) stud the solution was heated 

under rei.-i.ax for 2-J- weeka. Aftar diatiLiin^ the ^xceaa of 

pyridin« a aolutiOu of ^odiujn oulp:iit« (3 & .j ia (1:1) 

et <cu.ol/ water vi^O ml.) was adaeu aaa the mixture was hwatea
w

unaer reflajt lor 12 houro tuen filtered. lae etnaaol was 

diotiiicd I'ro-j! tue filtrate and. tiie residue wad extracted

witu etuer. The t-tiitreai solution waa dried and evaporated/ *
to i_ive oncaaii^ed dtartia0 .^attrlal (0.776 ^.), ;a. :, , and

aixed ffl.j. 203 , V (CaCl-> 1750, 1230 ca.'^.in&x. j

l^e •jr^j.&.rst.ion pf monocyQ^ic precurs ora for, rxn^: £ of 
pfcntac.yca.ic guayrinclasa of triterpeies.

e ^u2.4 te « , u.45 -oi.; t prepared 

tut- .~etn.od of ~>^riiier and £odd, .aida^xved in dry

(2.3 L.j was treated with pnoapnoruo tricuioride*' " *

(4p zai, , 70. d 45, , 0.^1 i0.u) in tne iflatiner dta^cribed by

iialsa^- ana luomas,^ J/ to ^ve 3-ciij.oro-^, ij-ditae^ .»>. .,*„;.

2-ea-l-one (4^»7 <i» 70. ;>/»> ^^ a oolourieaa liquid
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.p. 90-95°/20 am., a2̂  * 1.493J. (Founds C, 60*4| V $.91| 

~, 22.6. Oa-i.G. for O.i, jji; C, 60*?; a, 6

>-Onioro-3t5-diictnylc0'cIO-icX-2-en-l»one (49.7 g., 

0.31 mol.) in dry ethanol (700 ^1.) was shaken witix palladium 

o.i charcoal c italyat (20 ,_,., 10^) in an atao^paere of 

hydrogen. *** Xhe o^iitial rate oi" hyiro^eualion waa very " 

raoi-, tout slowed cou,jiJer&bly after 7 I. had bten taken up, 

tiowev^r tat; rate iacr^. oed wit.a jore cst,alyat (1J ^.) until 

after a period of 22 hours, 10 L. of hyJroc,eri had beexi taken 

up. Aramonia solution (15 ^1., i, 0.333) was adde.t and the 

react j.on contiaue.i until no further nyaro^en wad taken up 

^1J i. in ail). Tht et:.aiiJl /.as evaporated, tne product was 

isolated 'witii etuer and dijci^led, the fraction of b.p.^9-69°/ 

13 ,u.a. being collected. Redist illation afforded 

5,3— -ii::!tftaylc^t:j.oafc;/cuiiOiie ^17. 5 ^., 44 •> 'as thu

b.p. (66-63°;/l4 .a

-^ cnox.yca.rbon.u.1" la « 3— •ii

j, ji-l/i.aatnyloyolohexanoac! (7.32 e,., 0.063 mox.; was

oarbetiio-iylated by the method of Ada.as et al. ^^ ; to r;j i\re

carbojayl-:> , 5-dimethyloyclohexanone k 6 . 44 ^ . , j . J3 3 

, i>»'^« 115-12J°/10 mm., n1,7 = 1.4714, ^ mav UtJ,l) >
j- iUtiA.

mu, ^ « 1620, (Found: C, 66.2; I, 9.2 :;. ;J-aic. for
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14 aim., n*" - 1.4716 •«*•'*'

2.5. g-

etiiyl iodide (25 ml., 97 g. , 0.40 mol.) was slowly 

ad ed (15 minutes) to a solution of dimedone (40 g., 0.29 mol.) 

in dry ethanol (150 ml.) containing sodium (6.6 g. , 0.29 mol.) 

maintained at less than 5°. The mixture was allowed to 

co e to room temperature and heated under reflux for 3.5 hours, 

then the ethanol was evaporated, the residue taken up with
v , • •

e tiier (500 ml.) and the ethereal solution washed with 10/s 

aqueous sodium bicarbonate solution. The aqueous phase was 

separated and acidifies with dilute hydrochloric acid to

(12.2 g.,

, after recrystaliiaatlon from acetone, ^ (EtO;i) =
UMSfrJL*

251 mu. 2. * 13,620. Iit. (48j m.p. 153-5°.

The experiment was carried out tnree ti^e* on a 

uioiilai' scale to ^ivt- an average yiel.i of 26>.

Tn& etaereal solution reaaaining axter 'Aaa-iin^ with 

so-aium bicarbonate was waahed witn dilute hyo.rocnloric acii, 

water, aad dried and evaporated. The residue, when hydro lysec 

by boiiin& for 4 hours wit a a solution of potassium hydroxide 

(20 u . } in inethanol (140 sal.)/water (40 ml.) Oave diaedone 

(10 a .)» m.p. and mixed a. p. 149°.
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&yclohaxaa*l,3-dione v^.oi &., 0.056

in dry feeneene (3-0 ml.) was added under dry oxygen-fre« 
nitrogen to solid souiua ethoxide, prepared from sodium 

(l.jj :,., 0.033 jioi.j and dry ethanol (20 ml.;. The 

resulting mixture was heated unuar reflux as ethyl bro&oai 

(10 ml., 15 g* * O.^j aox.} was added. After 14 hours 

refluxing the benzene was distilled and the residue poured 

into water (3oO al.), the aqueous mixture was extracted with 
etner and tne ecuer&ai extract waa washed with 10,^ aqueous 

sodium bicarbonate solution, water and dried. Evaporation 

of tne ether left a residue (6*44 ft* i which was chroaaatograuhei 

on alumina (300 &.).

Blution with (3*1) light petroleum/benzene (900 ml.) and 

(1:1; light petroleua/bdmiene v2.1 L.} aave 2,5,5-trimethyl- 

2-ethoxycarbonylffiethylcyolohc»xari-l f 3-dione (3.66 ^., 29» as 

a colourless liquid b.p. 160-170° (bath teuip.)/0.1 xi&. , 

ai.p. 41-43°, V K̂ (CHCl 3 ; f 1735, 1708 em.""1 , (Found: C, 65. 3i

H, 8.41. Gale, for C15H2004 J 0, 65.0; H, 8.41^y. 

m,p. 42.5—43 •

Blution with benzene (1.2 L.) and ether (0.9 .-•«/ gave a 

gum (0.7v9 ei.j containing a mixture of 0-alk latcd material 

and uncnanged starting material Vjaax> (CivJl,/, 5500, 1720 

(broad), 1610 c-a.""1 (H-bonded k^tone C^D).

The reaction was repeated using 2,5,5-trlmethylcyciohexan- 

1,3-dione (2.5 $•» 0.016 moi.;, a yield of 41,* beine obtained.
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carbony line ta.v lOYQ^Qfagxan-l . 3-dione ( A'36 J . v £ ' '

A .'Lii^Cu^'t; of 2» >» 3— triiau'tii/i— 2-etJiojtyoaJC'boayJjaetiJayl-' 

cy.-lohexan-l f 3-dione O.45 &•» 0.0x4 aoi.;, ct^unc ditniol 

(I.JO 0 ., 0.014 iaol.j and boron, t^ifluoride etherate ^1.5 oil., 

4Q/& w/w^ waj allowed so stand at room tajaperatuEe for 12 ixours. 

lae reaction products w^re aourwd into water aad. extracted
-JS-

witn ether. She ethereal extract, was dri^a and the solvent 

evaporated to leave an oil (3*23 &• ) wuich was coromato&raphed 

on alumina (130 & » v .
** . .; |r i.v

Elation wit^ (3sl; light petroieuua/osnzene (600 .al.) 

gave 2 t '-J) t 5-trime thyj.-2-ethoxyca3PlJQnylffle thyic,/ clonexan-1 , 3-
r ;; . i ^f;. --*• .

dione bia-ethanedithioketai (AJ7; as a solid (0.946 t . ; which 

after two recryiataj-liej-.tions from light petroleum

&ave colourleaa needles of m.p. 124-5°.

1730 cm."1 . (Found: C, 52. 4j H, 7.29; a, 32.15. Calc. for

C, p2.0; d f 7.138 3, 32.6;*).

elution wit.u O J lv lignt petrpleuui/beazeue 

aad benzene (450 ail,; &avti 2, 5,5-triiaethyi-2-etnoxycarbonyl- 

methylcyclohexan-l,3-<lione mono-eth^iedithioketal (A38) aa a 

solid (2.6, O . f 59-i) which after recrystallisation from light 

petroleuai (b.p. 60-80°) t;ave needles of s:.p. 38.5-89° » 

v <aax. (OB013 ; f 1735, 1705 om."1 . (Pound: C, 57.0; H, 7.64;

aup. 83-89°. .10 di'..u-.
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2.5

-$.•

dioae mouo-athanedithloketal (0.36 g., 0.0011 mol.) was taken 

up in dry ethanol (2 ml.) and added to a stirred suspension 

of Raney nickel (~5 g.r 5** in absolute ethanol (40 ml.). 

The reaction mixture was heated under reflux for 14 hours, 

the products were filtered through eelite to remove the 

catalyst and the filtrate was coaeentrated to a volume of 

20 ml* She last traces of nickel were removed by eentri- 

fuging* Complete evaporation of the solvent left a liquid 

residue (0.152 «., 5&.§#), This was bulb distilled to give

fraction of b*p. 100-110° (bath teap*)/0.05 mm.' '
"1 (found* C, 69. 3> H, 9.73?1735, 1705, 1190 1030 cm.

3, nil. ci3H22°3 ««^uir88S c » 69. Oj H, 9.34/»J.

She reaction was repeated using 2,5»5-trimethyi-2-©thoxy- 

car bony l»e thy Icy olohexan-l,3-dioae aoao-ethanedithioketal 

(0.907 s«» 0.0029 mol.) giving a yield of
•«? i- n

2,5»5-Trime thyl-2-ethoxyoarbonylzaethyloyclohexanone 

0.0024 mol.) was boiled under reflux for 4 hours with a J% 

aqoeouB oethanolic solution of potassium hydroxide (10 ml. 

(4:1) aethanol/water). The excess of methanol was distilled 

and the remainder was poured into dilute hydrochloric acid(50a
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the resultant mixture was extracted with ether to give 

the usual way 2«5 • 5—triae thy I—2«*o.a»*i

as a Tiacoua liquid (0.466 g., 98)4). b.p. 100-125° (bath temp.) 

/0.05 am., which slowly set to give crystal* a. p. 50*51°,

Y max. W'V* 1780» 172°* 17°5 oa."1 (Fouadj C, 66.21, ., 

H, 3.92. OHO requires, 66.6; H, 9.15/i).

A comparison t able of gas-liquid ohroaatographio reten­ 

tion times (R. ) for compounds described in thia aeotion is 

illuatrated below.

game of Compound Retention time

1. Tirucall-13-ene-3/3-ol 3-aoetate (A6) 1.00

2. Tlruoall-8-ene-^-ol 3-acetate (A4) 1.06

3. 5Dirucall-8-ene-3^,21-diol 3-acetate-
21-metnaneaulphonate (A3) 1.29

4. Tiruoall-a«ene-^-ol (A5) 1.03

5. l6-Qxotirttoall-13-ene-^-ol 3-acetate (A7) 1.75

6. Bpimeric C9n mixture of daauaar-24-ene-]^ ,
20-diola^ (A8 * A9) 1.13

7. Ipirneric Gon mixture of daauaar*24-^ne«3/5> ,
20-diol *£U 3-aaetatea (A10 * All> 1.36

8. Euph-13-aae-^-ol 3-acetate (A14) 0,90

9. Epiffisrlo C2Q mixture of 16-oxotiruoall-
l3-ene-3 7& -ol 3-acetate and 16-oxoeuph- 
13-en«»3/?-Qi 3-ao«tat« (A7 + A15) 1,75

10. The trioyclio acetoxy-keto eater (A22) 0.43
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a B.

Although the researches into the preparation and utili­ 

sation of the trioyolic intermediate (A22) were making 

definite headway, the success of Littlehailes * route to the 

pentaoyclic mixture of oleanenea (B40.B4D possessing the 

correct natural configuration* "^ provided a tretaendoue 

impetus to the desire to obtain a hydroxylated bicyollc AB 

moiety which after coupling with the octalone (B34) and aoid 

cyclisation would lead to a pentaoyclic triterpene possessing 

both the natural configuration and a ^-hydroxyl group.

,' In addition later work has shown that the alkyl halide 

(B35) can be used to alkylate the octalone (Ma)^114 ' the 

latter possessing an angular m«thoxycarbonyl group in 

contrast to the methyl group present in (B34).
The immediate solution to the problem of synthesising 

a hydroxylated bicyolio intermediate appeared to lie in the 

preparation of a cyelohexaaone derivative such as (B12) 

which oould then be condensed with a molecule of methyl vinyl 

ketone in the presence of a catalytic amount of base to give 

the octalone

A pr«li»inary investigation into this route has already
(49)been oarrisd out by Uttlehailes. A Michael addition
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of ethyJj, 2«oxo-3~«thoxyoarbonylbutyrate (B3) and ethyl vinyl 

kctone in the presence of triton B, Oava the adduct (BIO). 

Thla was cyclised under aoidic conditions by a process 

involving the simultaneous decarboxylation of the vinylogous 

intermedia t«/3-ket 3 acid (B9). The product (Bll) was thsa 

esterifled with diazosietAane to &iv© the cyclohexenone 

derivative (B12). Ihe procedure haa th* beauty of cheap, 

easily accessible, starting materials, eiaplicity, and a 

very hi^h ove^J.1 yield.

The projected ring extension with methyl vinyl ketone, 

however, did no^ oo.ur in the expected way, the substitution 

appearing to favour the thermodynamicaliy more stable C/g\ 

position and an impure product was isolated which waa 

tentatively identified as (B44) from its ultra-violet 

spectrum. Moreover in the present investigation, the base* 

catalysed addition of acrylouitrile to the monooyclic inter­ 

mediate (B12) led to indiscriminate substitution and a 

disubatituted product which could only be (B25) was isolated. 

It was at this Qta&e th it the work contained in this section 

really began.

To prevent substitution at the 6 position in (B12) it 

would be possible to insert a blocking group so that any 

reversible substitution reaction of (B12) with methyl vinyl 

ketone or aeryloaitrile would now go in the desired 2 positioi 

Many blocking groups devised for this purpose are described
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la the literature. Littlehalles"^' la fact prepared the 

6-ben*ylidene derivative by a aethod devised by Johnson. 

The elimination of the benzylidene group after the desired 

substitution haa taken plaee, however, present a many diffi­ 

culties. The principal ones are that a chloriaation stage 

and later* the breakdown of a /a -dike tone with dilute alkali 

are involved, the latter giving two altttrn&tive modes of 

decompoaitioa leading to grave losses of mate rial (of B45

The hydroatyaethylene group* ^ f ' has foraed the baaia 

of aumy blocking groupa, notable examples are the laopropoxy 

derivative "^ and the related enaraines. These groups can

alao be easily removed by hydroiytic ai

a serious couscqu^noe of the presence of theae 

groups ia a d&aotivation of th« ketoae, no doubt 

caused by tho nitrogen or oxygen, atom providing a source of 

electrons for conjugation. To overcome this feature use 

was node of the known low conjugative power of the sulphur 

atoa and nonce by various procedures the hydroxyoethylene 

function has been converted into groups such aa the 

n.-butylthioiaethylene^ or the propylenedithioketal*7 ' 

by different workers.

It ia apparent ii-ou this disoujalon that several stages 

are accessary for the utilisation of a blocking group and 

until the development of the n-butylthiomethylene group by 

Ireland and liaraaall^ ' none gave an overall yield for
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directed alkylation of greater than 5Q#. Because of the 

losses that are inevitably associated with a many stage 

synthesis it is desirable to keep each major stage to a 

minimum number of operations therefore sn alternative route 

was sought after for the alkylation of the <y> -unsaturated 

ketone (B12).

It is known that the direct alkylation of an <ya -unsatura­ 

ted ketone invariably leads to substitution of the <* -position 

on that side of the ketone which holds the double bond. 

Bialkylation occurs gerainally with doable bond migration 

rather than subatitution at the other <* -position. Examples 

of this reaction sequence are to be found in the work of 

Llttlehailes,*11^ and also in the classical Woodward*71 ^ 

dimethylatlons of the -unsaturated ring A ketone 

contained in cholest-4-en-3-one (A47).

In order to deter ine whether or not the substitution of 

the cyclohexenone derivative (B12) would follow a similar 

course to that occurring in the reactions cited above it was 

decided to apply the methylation technique of Woodward et aju 

to the alkylation of (B12). this compound (B12), when 

boiled together with a three-fold excess of potassium 

t-butoxide and a six-fold excess of methyl iodide gave a 

mixture of starting material and a second component. The 

mixture could be resolved only bypreparative gas-liquid 

chromatography. Analysis, infra-red and ultra-violet
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confirmed that substitution had occurred and the 

loss of the absorption mxJLmtta at 243 au in the ultra-violet 

characteristic of (312) showed that the conjugated ketone 

carbonyl, olefin, e^t^-r carbonyl syateai auet have bean broken. 

This covud only have happened if substitution had occurred 

at the dealred 2-poaitlon to give the gem-dimethyl 

compound { 326 ) .

It ia interesting to note that in thia methylated 

product (326), although the olefinic bond has shifted

eiitly into conjugation with the ester grouping no snore

than end absorption could be observed in the ultra-violet 

absorption upectrua. However, I'ielsen 'in hia 

of ultra-violet data remarks on t:-is. future which is 

apparently typical of a cyclohexeae derivative having the 

arrangbmeat 01 sabatituents jhowri. '
COt.fl

It appears that the subatituenta prevent coplanarlty of the 

ester carbonyl and the olufin and hence they lose their 

conjugation. In fact the particular example above where 

(H=H) has ^ ,-jaj, = 206 aji and £« 3,400 which ia comparable 

with 1,2-dl.aethylcycioh@X6ne havin0 ^auax = ^oa mu an^

e= 2,500.
The yield obtained in the metiiylation of the cyolohex- 

eaon© derivative (312; wa.3 only 10-15,? poo^ibly because ot
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aterio efTeet of the adjaeeat ester grouping. This 

effect• wjuld b« lost la the hoiiolo^ue (B22) and an attempt 

wad made to prepare this substance,

fhe ketal derivative (B23) was prepared toy aaeotropio 

distillation oi' (iii2ji and ethylene glyool in the preaence of 

a traces of jB,-toiueuu.iulphonic aoid. Seduction with lithium 

aluminium i^rdz-idu and decoapoaj-tiou. ox the products with only 

one equivalent of water followed by continuous ether extraction 

gave the alcohol (B24; in almost quantitative yield. It was 

iOu.td inporttut to strictly adhere to these condltiona for 

xf the lithiuu a^u^iaioi reduction complex were decomposed

an excels o^ water and the uor»ial avatar isolation

-aure fjllowc-a, only the ofys -unaatai-ateu ketone (B12) 

co-i.Id be recovered.

It ..ao now intended to too^l^te or iaesylate the alcohol 

t>y standard procedures then to raplauts the sulphonio «.-jter 

^roup by cyanide. Ihio was to ue i'ollowod by an aUcaiine 

hydrolyais an- eatcri*j.caiiou o* th« reaultant carboxylic 

acid wit... diazoaethan* prior to removal oi the Ketal grouping. 

It w2L-i noccasary to preserve ta«> ^etal ,^ro^ as the acid 

Involved wa.* the Tinylo^ue of a p> -lewto-acid. However, it 

was found that both meayl^te arid to^yi;-t© «for«» unstable and 

ou-Ly black oils resulted.

The obstacle was suraoanted tij uein^ th& Aradt-alatert
(69 70)procedure. * ' Ine acid chloride (i^O) was prepared and
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characterised ua itd amide (£21). It waj, no*evt;r, 

uoaewhat, uns-abie and waa juj.y didSillad with difficulty, 

aever uor^ than a 50# yield being obtained. A steady 
reaction occurred wit,^ diazoaietaaue and laeaauruaent of the

volume of uitrogen evolved Indicated caridJ-^erabie conversion•iif 
to the diaaok«toue. 'J^e acid ciiloride (B20) co-ld not be
aiJ.owoi GJ rv-.-iCt witii diazome •chaae iade*r iuitfcj.y for fear of 
attack on thu <fy -unsat orated ketoae ^oup and therefor* the 
reaction time waa never more than 5 hours*

irior to tii« uudi«_0ii oi' tiit jilver catalyat in the fora 
of a tfoluuioa or uilvc-r benzoate in trie toy 1 amine the excess 
diaaocu tuaue aaJ. etiiur wdsi care Tally eva^orateci. However 
ether waa not removed co-apj-ei't^ly , until .-ae-aanol had been 

added au it wa3 found that Lhu -liazokeuoae /.-au unaoabie In 
cjuc^.it,^uttju joiucioii.. Ad^i-ciua of the catalyst caused 

iOiaaJ.iat-3 iiitro^ea wvoiutj-oa aad AiuUiliatioa of the products 

gave a poor yield oi" tiio desired e^ter (B22).

Clearly, ho«ev_r, a tricky reaction aequezice such as 
t.*is v/ad aot adaptab-o to lar^e-acale operation* It was 
uherefyre decided to jr-- Av..ve the u-^xt hi^h^r1 homologous 

ester (319) by a cyoi-Laatioa route ai.aij.ur to taat uaed for 

the prep: -.rat u-Jii of (Ui2>.

r:tlvl 2-i;tiioxycarlUiiyl-3— oxoadipate (B13) waa prepared

r of PJ.*;^^! aad Lilieafeld* aiid de car boxy iated 
to ,-.-"ive (i>15)» jaac-oataiyswa methylatioii ^ave (B16)
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and condensation with aasthyl vinyl ketooe In tad presence 

of triton B gave (BIT). Methyl vinyl *etone was used 

because the product froa toe condensation of (B16) with 

ethyl vinyl ketone, (B47), would have two alternative modes 

o£ ring closure. As at thia 'stage the compound being 

aynthesiaed Haa*of Interest for comparative aJJcylatioa 

studies cKiiy and although th«re were rea^oua for believing 

the oycliaation would go preferentially la the required 

direction it waa decided to eliminate the danger of two 

alternative aou@*i of cycliaation*

Acid cyclisatioii in r^ct gave hi&h yiwIJ- of (B13>

e^terii'ieo. with diaaometJtuiuae to giv@ (B19). 

disadvaata^aa associutad with the use of the 

u ::icimdl addition procedure for introducing an

a^iit Into a c^'clouio^a^io^a derlvaci/e such aa 

or (.313; uavo already b«cn j^tiiwada and the merlta 

of direct a^K^xatioa indicate th*at Ujj.3 ±3 the course to 

be jfoii-JWuci. ^rcviouti ^«^uoa.o of rlua, extension have often 

involved the intermediate fox^a»ioii 01 a 1,5-diketoae which .

ii uhCii c^ elided ua^isr acidic or iaoic conditions to &ive an
f 76 127) e(/i -uasaturatt;J is.etojie. v *' ' With this in mind the

/3-haloketonej spring to oiiud aa poasibi© direct aiA^latiag 

a.t,dnto ior the i^oto ^ators (M2j aad (B19). JFurther consider­ 

ation, however, rav«ii^3 inat ths reagento accc^aary to induce 

the formation of a carbaaioa xa ^o^ecuisa 3uch as 1^12) and
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(B19;; atrong base a ouch as potassium jfc-but oxide, sodium 

aodivua triphenyltueUu-u.e or aodamide, art all 

which ra^iuiy induct the eliudu. tion of hydrogen 

haliaf fro.a the ft -iutloktitouco and than induce polymerisation 

of the rt^ultarrt vinyl ketone.

In compounds euch as (B49) where the inducement required 

to fora a carbanion ±s mild tha above difficulties are 

eunaountod by uaiiie, a weaker b;.u>fc auch aa icathoxid* and 

the reaction take3 on the Michael character, equilibria being 

uet up between olefin and halide, olefin and base, olefin and 

carbanioa etc.* ^' Another and better known example of .^..i 

this is the classical Bobinson rlug exteziaion^ '' in which 

the vinyl ketone is pj-otectad aa the mathiodide of the 

^s »dialityl£uainoketone e.^. (3^1). This i^ diecusaed later, 

p. 91 .

The-39 problems wo aid be eliminated if the oarboayl 

function of the/o-naioketone «aj :2aukod as a ketal. It was 

thou/:ht that the ketal would be an excellent protecting 

ijroap being stable to alkali during the alkylation reaction 

and eaaily roaoved on aubjcqaeat treatment with acid. Very 

little data was i'oaad, liow-r/er, for the preparation of 

/i -haloketals or lor tuoir uae in baas cat .lysed alkylationa. 

Hevertiialeas it waa decided to prepare the ̂ -haloketala 

(36 and B7) related tJ but-l-en-3-one .

It wao decided to introduce the ka:al group by the
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alooholysia of an acetylena. Honnion and co-workere'"* *' 

had shown that the mercuric chloride/boroa t F±fluoride 

Qtheratc catalyst induced the addition of alcohols to 

aeetylenio ayatema giving enol ethers or fee tale.

But-l»yae-4-ol was an available starting aiaterial which

could be easily, converted by the method of Bglington and
(55) Whiting *•'"'' to the .g-tolueneaulphonate (Bl) and then by

reaction with aodiua iodide in acetone to the iodide (B2). 

Hennion'a methods applied to (Bl) or (B2; ahould then give 

a dasired katal derivative such aa (26) or (B?)«

Application of this reaction to the addition of aethanol 

to (B2), however, resulted in the recovery of starting 

material, and aiailar results were enoountered when the 

reaction wa3 applied to the £-tolueneaulphonate (Bl). Aa 

the catalyst worked perfectly in the caae of petxt-1-yne it 

appeared that in ao&e way the v-jjrtolueneaulphonyioxy or 

iodo-groupa were directly affecting the nonaal funotion of 

the catalyst.

An interesting observation arose when the reaction was
(57) applied to but«*l~yne~4<-ol itaelf. Hennion and Itarray""

claimed that this reaction gave rise to an unstable 

2,2-dimethozybutan~4-ol which rapidly deooapoaed when dis­ 

tilled froa a trace of £-tolueneaulphonio acid to give the 

enol-ether (350). A ooapound having the sanae physical 

charaotdtiriatioa aa thoae quoted by Hennion and Hurray waa



isolated in good yield when the reaction was repeated during 

the course of these investigations . However, the compound 

isolated in taiae7 case was undoubtedly l-oethoxybutan-3~one 

(S3) as was evidenced by a strong kstone carbonyl absorption 

band la the infra-red, the nuclear magnetic resonance spectrum 

showing single 0-Me and C-Me absorptions of equal intensity 

and a 2 t 4<"dinitrophenylhydra*one which had the same m.p. as 

that recorded in the literature for authentic 1-aethoxybutan* 

3-one 2,4-£initrophenylhydraaon®«

It was decided to ^uapend this route to the ketals and 

follow up the work of 3al«i^ ' who had prepared the ethylene

keial of ethyl scetoacetate (B4) by a more conventional 

procedure. A. mixture of ethylene glycol, ethyl aoeto&oetate 

and a trace of £~toluen&3ulphonio aoid waa aaeotropically 

distilled to gire (B4) in &ooti yield. Salmi had then used 

the Beauvault-Blanc reduction procedure to convert the ester 

to an alcohol. It waa found that lithium alusdnium hydride 

performed this function sruch sore efficiently and &aveoquanti-> 

tative yield of (B5), provided that the lithium aluminium 

hydride complex was decomposed with only one equivalent of 

water and continuous ether extraction was employed. In fact 

the aarae conditions used in the case of the cyolohexene 

derivative (B24).

The alcohol (B5; was than tosylated quantitatively at 

rooa temperature by jgrtoluenesulphonyl chloride in pyridine.
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In order to protect the ketal grouping in, the working up 

procedure tt was found necessary to pour the products into 

aqueous potassium hydroxide and then to wash well with water 

and finally to remove the last traces of pyridina by filtering 

through Voelst neutral alumina, Any attenpt at distillation 

or the use of aoid-deactivated aluaina resulted in inatant 

decomposition*

She tosylats wao then converted under the olid conditions 

of sodium iodide in acetone to the iodide (B7) whioh with 

care could be distilled to uive a clear mobile liquid, atable 

for an indefinite period when in the dark at 0°.

Attempts were now made to determine the optimum condition! 

required for the alkylation of the «ty>-unaaturated keto-eeter 

(B12). As it waa known that a toayl-group in many respects 

resembles a halide in ita reactions it was deoided to first 

attempt alkylatlons of (B12) with the molecule (B6). The 

suaceaeful zaethylation of (B12) described earlier on p. *f<t 

suggested that potassium £~butoxlde might be the beat base to 

use and accordingly alkylation was carried out in a similar 

moner to the above case using an excess of base and toaylate 

(16). It was expected that any slight instability the 

toaylate sight have when in neutral moist air at room tempera­ 

ture would be eliminated by the strong basic conditions 

employed in alkylation. However only the unchanged cyclo- 

hoxanone derivative (£12) was isolated from the reaction 

mixture.
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To discover if the reaction were influeaoed by base 

strength, the stronger base eodium tripheayliaethide in dry 

ether was used but the result* were not changed. It was 

also known that digfeuaft (diothylenetfylcol dimethyl ether) 

could considerably speed up the course of a reaction by 

virtue of an ability to ohelate the metallic cations present 

in the reaction,''*' let the replacement of ether by digyjfew 

did not affect the course of the reaction la any way. The 

use of aodiuoi triphenylaethide also considerably coaplieated 

the working up procedure as it was necessary to remove the 

resulting triphenyliaethane by adsorption chrocaato^raphy prior 

to Investigating the reaction products.

It was considered that an alternative reaction course 

.uight result from the occurrence of Q-alkylation rather than 

the desired C-alkyiation. The possible enol-ether so formed 

would then aoat probably be lost in the working up procedure. 

However it is known taut the use of & non-polar solvent such
/ T 03)

as toluene or xylene jan minimise ouch, effects and 

therefore the reaction waa repeated uain^ sodiua J^-aayloxide 

in dry xylena. 2hat 0-aUcylation waa not the cauae of a 

poor reaction was evidenced by again recovering the unchanged 

aionocyclic Jceto-ester (112).

To determine whether or not structural modification in 

the risactants would improve the course of alkylation in any 

way the same sequence of reactions waa repeated with the
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aoj^ooyolic keto~eat9r (31.9) but agala essentially 

3iaxM-ar results were aaJaievad. Alao replacement of the 

toaylate (36) by toe iodide (B?) aade ao sigaifioant 

difference to the course of the alkylatioa reaction.

, ,t y In every oage, however* the presence of the c&rbaaioa 

waa evident by fither the speedy removal of the characteristic 

deep rod colour of the trijphenylmethide ion or by the 

preaeaoa of tho typieai deep orange colour asaooiat«d with 

aa altioxida induced oarbanioa mixture. More aubstaatinl 

evidenae lay of course in the already described methylation 

of (B12) utilising potaauium j^-butoxide, aad also ia the 

demonstration that ethylbroaioacatate would alkyiate (319) ia 

th« presence of aouiua tripiiaaylatstiiide to ^ive the dieeter(B21

It waa therefore reluctantly concluded that the/3-Jcetal 

toaylftte aad iodide (B6 and B?) were neither sufficiently 

atable aor active enough to be utilised ia al&ylatioa 

procedures of the kind required.

Atteatioa waa now turaed to the Wichterle procedure for 

riag exteaeioa* ' aa exa.^lo o* wkich is the 

«U«ylatloa of the keto~euter (B43) with l,3-diohlorobut-2-eae 

aad the aubaenueat hydrolysis aad rin& closure of the iater- 

mediate chloro-Jcetoae with, oouoeatrated sulphuric acid*

Applioatioa of thia reaoUoa to both (B12) aad (B19) 

using sodium i-aayloxide as the base aad dry xylene aa solveat 

resulted in ready alfcylatioa and between 50 and 40^ of the
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ohlorocrotyl < derivative a- (B28 ana B2j) were Isolated as 

clear oils* fiaoh analysed correctly aad other physical 

data indicated they were the deaired compounds. Again It 

was noted that the ultra-violet spectrum of (B29) showed 

only end absorption, aa might be expected froa a double bond

in such an environment*
(78) 

Although Bauben had ahown that an angular methoxyoarbonyl

»ubatltu*at had a determining Influence on the direction of 

ring cJLoaure it »a<3 not expected that the ooaparable aethyl 

aubatituent in (£29) would affect the closure in like aauaer. 

In fact profoundly different results vere obtained. 3trong 

aoid treatment of (B29/ gave almoat quantitative recovery 

of tiiwi starting aoaocyolic keto-«ater (£19) and the reaction 

with (329) l«d to the isolation in high yield of a sharp 

melting crystalline solid, showing a sin&le peak on gas- 

liquid ohromatogra^ay which analysed accurately for aa isoner 

of the starting material (B29). Nuclear magnetic resonance 

spectra of (329) and the product showed only one major 

difference, namely that a ciethyl group had altered its 

environment in the iaaau«*r ahown.

R a 1 fl 
She ultra-violet spectrum showed only end absorption and

the infra-red showed a single but very strong peak in the 

carbonyl region in chloroform. The marked change in
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phyalcal properties ooupltd with the lengthy retention time 

f rou gas-liquid chromato^raphy suggeated that soae form of 

ring closure coupled with methyl group oi^ratlons rnuat have 

ooeurred. However, without further investigation no 

eo*j?;Utely convincing structure aould be aasi«jned to the 

isoxaer.

The problem of devising a route to a useful bieyclic 

intermediate was finally solved in rather a different manner. 

It wati decided that there were too many alternative courses 

of reaction to be considered when substituting a complex 

molecule each aa (B12) and therefore it was decided to 

remove some of these uadeairabie alternativoe by reducing 

the oieriziic band. this was done very efficiently with 

lithium in liquid aomonia. ̂ ' Application of the classical 

Robinson ring extension wau now proposed it being known that 

substitution occurred 'ex* to the ketone and preferred a 

position that was already xaonosubstituted.

The Eobinsou rino-exteiiQioa proceeds via tut generation 

of an <tp> Minaaturated ketone in situ by base-induced decomposi­ 

tion of a p> -keto-aikyl quternary aoooonium salt and has found
(129) wide application for ;jliciia&.i. addition alkylationa » N ' In

(127)the earliest examples the yields were generally poor* " but

with improved experimental conditions^ ^ *" ' very acceptable 

yields have been recorded. 2he iaonocyclic keto-euter 

(B50) wsjs therefore alkylated with the methiodide of
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l-:i,diethylaaJLaobutaa-3-onQ (B31J, prepared as described by 

Wilde and Skunk/82 * in the presence of sodaaide uaias 

,>yridine/ether a^ solvent. Tha bieyelic keto-«ster (332) 

was isolated, _n low yield from the reaction mixture aa a clear 

fairly mobile liquid. It gave a single peak on &aa~llquid 

chromato^raptiy, anaiyaed correctly and gav* tiie characteristic 

ultra-violet absorption, of an <ty* -unsaturat«d ketoue.

Introduction of the characteristic ^a-dimethyl grouping 

with a twelve molar c-xoaaa of metoyl iodide and. three-fold 

exca-aa of potajaiua j^-butojcide ^ave alaoat quantitative 

convei'aion to the octaloae (J533).

The isolation of the octalone t^33) represents a big 

utep towards the preparation of an AB intermediate which 

could be incorporated into an AB plus D£ type synthesis of 

a pentacyclic triterpeue. The acaccyciio keto-ester (B12) 

can be cheaply and efficiently prepared in quantity by a 

reaction sequence inv-ivin^ only t..o aajor uuepa» namely the 

alkaline and acid condensation stu^ca. B.eduction in high 

yield gives (BJO) which by a one 3tag© process biva8 the 

bioyclic compound (B32), It is altso probable thai the 

yield of this latter itdgts will be considerably improved 

when carried out on a larger scale, as it way observed that 

traces of moisture lowered the yi&lda in the small scale 

experiments which were carried out. The introduction of the 

group^is yet another high yield reaction.
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>iaay route* are, BLOW open to convert U33) to a ooleoule 
0uoja. att i35J; which JM. tuna by standard houuiologatioa 
prooeduree oouxa be oeavertea to the alcohol l>354) with 
suitable protection of tae ria^ ketoae ^roup. Xosylatiou

alooiwl ioio-ouftau by a uajLLd« repiac«m«nt reaotioa 
them ^ive a aolecule (jS>5> auitaole for the alkylatlaix 

(B34>. It i* aiao exp^otdd that the ootaloae (B3:S) 
hav@ a pirclttrejatlaiiy $ra^a-atrua tur« . aa a study of

JUidioatett the ^reaauo* ox far atora iat«raetxoa 
betw««*u wubdtitoejatj* in the aia~ thaa the traaa-iaoaer. 

£h<» luvusti^atioa of routed irom (B2J) to (333; are 
ourrxed out* i)ir«ot aou.oj.« bood

both 8troJQ^sA,y aoidio and atroja^y basic coaditiojas ia
(71 ) Other poealbilitlee inciud* the itoedward* '

obromliiatiOii tt^ohuiqu« used with auoh 
«i'Ieot to introduce th@ fl * ' bond ia oholaat-Zl 5 * '
3-oae (^4) to be followed by acid iaduoed 
oi' th» double booda to ths required position, and also the 
4eli f VoUtard aad ZelJUxaky <K-bro<aiaatioii of the free acid 
followed by ddhydrobroaioa%iaa* £gala the riag ketoae

would have to be suitably protected. 
Work is al«*o pro^reaain^ on another alight variant. 

diketoue (Bi»6j iia^ beou prepared by the condensation of 
ethyl £ -o*oadipate aad aetuyju vinyl ketoae and rin£ closure 

<j beeu effected in we presence o* aodiua ethoxiae to
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yield tiie diester ($57). Difficulty va* found la determining 

the optimist conditions oeoeaaary to obtain gooa yields of 

(tt!»6>« $he uoa exiatenoe in ethyl p -oxoadipate of the 

aetnyl group preaeat ia ethyl 2-methyl-5~o*0adipate (B16) 

enhanced the lability of the e< -protons under baaic condition* 

to aucii ati extant that side reaetious oomurred and the high 

yields previously experi«no«d in tue cOBd«usation of (116; 

and methyl vinyl <sn»fcoae were aot r«alia«d* However, 

suitable adjutttaents of the reactaat oonceatvatiozta and 

reaction time led to a 5u> realisation oi the desired 

product.

it ia proposed to repeat the ooade&aatioa with ethyl 

vioyi icetcae efx*ectJ~a^ ring clauur© to &iv« ^>^> and then 

to exteod th« riog in the maaaer alreaay deauribed* 

fiaru,pxijuat.io& of the i^'O ^ater ^roupo wo'uiu tiaea be ueceasary 

to uerive a ua^iul iut«;x'iuuciiaiie for trituryu.ie syntaesid*

It id probable lii^t tut* two sa'aer ^roupa will be ia 

uifiertmt G^tf-lro£wtea<-^ oiuun tla&t ta<9ir rataa oi reaotioa 

wi-Li be aiiiertsiic, say an ^u.roiy^i3 taua leading to the 

formation ox two iao-uera ^^^,^60; each <uow aont^ijain^ a 

Ci*rboxylic acia and au a-jter group* 'Xhe aatae rasult could 

be aouieved Q# the initiao. formation oi' the anoydricle and 

eateril'j^intf &aia witui one eq.uivai<jut of ut&anoi, Deduction 

with aodioa borohyaride would then folve two i^cu-o.*y

whieh^could be separated b^- chroaato^raphy.
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oi' the A doable bcma which, would be present iroia the 

cloeurti reaction anu dehydration oi the alcohol would

(B61). Hyaroiyttis to the acid and replacement of the*i. '•' ••
oarbonyl by brouiuo would giv« a molecule essentially the

aa v^>i»>.

A further aoasibiiity would be the conversion of the

function into a tricyolio intermediate via the 

aayioin r«.&ctxon. Again two ieouiers would probably form 

<B62»B63} and separation would be n«c«*;>tt&ry» -iie dehydra­ 

tion vi* (B62; wooj.d &iv§ an unsaturated ketone that mi^ht 

t,Udu ue usud in f\urther syntatmc work. the tri cyclic 

derivative will, uoACVtr, b& ract^ic and at soiie stage 

^oa aiu^t b& efi'ectecl.
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B
- "V j| <-- .v . , . , , , . .

&Qte i (a) Gas-liquid cbromato^rama in this Motion were 

taken on a Pye Argon machine. Because a gas-liquid chroma- 

tographio column has a limited useful life and also because 

it is virtually impossible to make up two columns of

identical response even if the same baton of stationary
u 

phase and support material is used in each, the gas-liquid

chromato&raphic data obtained in this section is necessarily 

related to two columns. fhe columns each contained 30j6 

apiezon 'L* and 2.7> sodium eaproate on 90-100 mesh embacel 

as the stationary phase. One series of experiments used a 

column 'a 1 at a temperature of 150° and a gas inlet pressure 

of 10 lb*/sq.in. f the retention times in this case are 

denoted relative to 2 ( 4-dimethyl-3-methoxyoarbonylcyolohex- 

2-enoae by Rt-« In all other experiments a second column *b' 

was used at a temperature of 200° and a gas Inlet pressure of 

12 Ib./sq.in., and the retention times are denoted relative 

to 6 f 10-dimethyl-5-methoxycarborxyl- A -octal-2-one by R.^.

(b) Nomenclature: the accepted numbering of 

the cyolohexanone and decalin carbon skeletons is used in 

thi£ section.
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ReoryetAliieed tolv»ne-2-eulphonyl chloride (57 g., 0.30 

mol.) in x-«di»tiil«d pyridina (27 «.) was reaoted wito 

rediatilled feut-1-yaeM-ol (19.4 g., 0.28 moi.) in toe manner 

described by Bglington and Whitia«^ 55; to *iv» but-l-yne-4- 

toluene-a-aulphoaate (57 *., 9t?i). aa a liquid m2 * 1.5254,

V max. Utf^» 330a» i600* 155°» 1179 

a1̂  - 1.5262.
—IT

4-

A solution of sodium iodide (33.2 g., 0.25 mol.) in 

aceton»*(2GO ml.; was added to but~l-yne-4-tQ3yiate (57 g., 

0.25 mol.) and the resulting mixture was stirred at 20° for 

17 hours then poured into a large excess of ether (2 L.) 

The precipitate of sodium toluene-jg-aulphonate was removed by 

filtration and the filtrate was dried and distilled. 

4-IodWut-l-yae (13.3 g., 45$) was collected as the fraction 
o.p. 72°/90 mm., ~22 ' * **"* rA + ^ 55) 

n^ - 1.5504. **

221 D 1.5502. b.p. 6l°/80 mm.,

The reaction in the,

a)

Red "mercuric oxide (0.300*7;.), boron trifluoride
-•f-

etherate (0.6 ml.), trichloroacetio acid (0.025 g.) and
' 1 ; . - • 1 1 •

anhydroua methanol (0.15 ml.) were gently warmed and
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(56} immediately o ooled. V"f Anhydrous aethanoi (3 al.) «aa

added to this catalyst and the resultant stirred suspension 

was treated with pent-1-yne (2.00 g,, 0.029 a»l»). An 

immediate rise ia temperature was observed with the formation 

of « white precipitate which alowly dissolved. After 

li hours at 35° .anhydrous potassium carbonate (1 &. ) was
i3- '

added to the cooled products, the mixture was filtered and
r.V.

the ensuing filtrate waa distilled to give 2,2-dimethoxy- 

pentane (1.99 «. f 52?t) aa the fraction of b.p. 50-54°/80 mm. v 

n - 1.3980. WLt, i56J fe.p. 30-31°/1§ am., n2 « 1.398i,

*>>

The preparation of the catalyst and the general

procedure adopted was as previously described* In this
. ' & * .

instance 4-iodobut-l-yne (5.^0 g.» 0.023 mol.) and anhydrous 

inethanol (3 ml*} were used. the reaction time was 2i hours

and the products were worked up as before to give unchanged•f
starting Material (3.50 g.) b.p. 72-74°/90 mm. 

5300, 2100, 1240, 1160 on."1 .

c)

Anhydrous methanol (2.5 nl.) was added to the catalyst 

prepared as in (a) and but-l-yne-4-toluene-£-auipnonate 

(5.00 g. , 0.022 mol.) was slowly dropped (10 atlnutea; into 

the stirred suspension . An exothermic reaction occurred 

after 3 minutes and the solution turned dark brown. After 

2 hours at 50 anhydrous potassium carbonate (1 g. ) waa added
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to tfe« prdd*ot» and the mixture waa filtered tide precipitate 

being washed with acetone (5 ml.). The ooabined vaahinge 

ejad filtrate were atlrred with a eolation of aodlum iodide 

O.5.*M 0.023 aol.) in aoetone (20 mi.) for 17 hour* at 20°. 

laelatian of the prodweta in the uaual manner gave 4-iodobmt- 

l-y»* (3.0 tf-lr^ U.f.) 5JOO, 20.00, 1240, 1160 am."1

d) X » QH(57)
i«* < • . ' A ',- • •

Dry fflethanol (14 sal. ) watt added to the merourio oxide/
•;S* .. - '.' I. A» f

boron trifluoride catalyst prepared as in (a) and the saixture,"' • •»- # ...*•'
cooled to 0°, wue stirred as but~>l*yae«»4-ol (5*0 g. , 0.71 mol. )

' , « rf^t - .V,

waa alowlj added (15 jainutea). There waa an immediate white 

followed by a darkening of the reaction mixture

aa the temperature wae raiaed to $0°, After 2 hours the 

products were worked up in the uaual aaanner to give 

l-aaetnoxjrbutaa-*3-one (13) (3.40 g. , 47*) aa a clear liquid

b.n. >«-38/12 mm.,

1705, 1110 osa."1 , r (CC14 ) * 7.83, ».85 (equal intensity), 

C, 58.5* M, 9*96* Calc. for OEOi 0, 53. 8j

H, 9.30>). The 2 , 4<niiaitropaenylhydra«one had m.p. 86°.

b.|». 139-40°/760 ma., 2,4-dinitrophenylhydra«one

a*p. do • "I*,.;

Xhe reaction, waa repeated three times, in eaoh caae the 

same product waa obtained in approximately the same yield.

'""' U * o ••*' ..20
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Sthyl aoetoaoetate (60.0 g., 0.46 aol.), ethans 1,2-diol 

(32.0 g. t 0.52 aol.}, bensene (50 •!.} and a few crystals 

of tolueae*£»»aulphenie aoid were heated in an apparatus 

having a Dean and Stark head aad azeotropio distillation waa 

carried out for Id hours. Xhe bensene waa then distilled 

and the residue purified toy fractional distillation. After 

two fraotioaations ethyl 3-oxobutyrate ethyleneketal (25.6 g.,

waa obtained as a clear liquid b.p« 93-101°/17 mm. , 

- 1.4315, V (l.f.> 1735, 1040 oau"1 . Lit. (60)

b.p. 99.5-101-0°/17-18 am., n2̂  » 1,4326

Ethyl 3-010 butyrate ethyleueketal (36.2 g., 0.21 mol.) was 

added slowly (30 minutes) to a vigorously stirred suspension 

of lithium aiufflinium hydride (4.5 g.) in dry ether (100 ml.) 

and the mixture was heated under reflux for 6 hours. After 

cooling, wet ether (400 ml.) and water (9 ffil*) were added and 

the resultant suspension was continuously ether extracted 

for 43 hours. £he lithium and aluminium hydroxides were 

removed by filtration and the excess ether waa evaporated. 

She residual liquid waa distilled and l-hydroxy-3-oxobutane 

ethyleneketal (23.3 g., 94^} was collected as a fraction 

b.p. 83°/H aw n19^ « 1.444, (Foundi 0, 54.1s fl, 3.97. 

Gale, for CH-O* Cr 54.5; H, 9.15^). Lit. (61)
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i-3ydroxy-3- roxobutane ethyleheie*tal (7.37 «., 0.36 mol.) 

was aldwly added to * stirred mixture of i-eeryatalliaed 

toluene-p~aulphonyl chloride (11.0 g.» 0.5Q mol.) in pyridine 

(6.5 *i.)t 5 ^ the temperature not being allowed to rise 

above 25°; After 18 hours the reaction product* were 

baaified, poured into water (l L.) and extracted with ether.
•*•

file ethereal extract was washed fifteen times with water 

(100 ml. portions), then dried and evaporated. The
--,.. ,..:&• '•„ ' ... •-.- at> .. - ...

residue was taken up in a further small quantity of ether
,.,L 

(10 sal.} and chromatographed on a column of Voelm neutral

alumina (20 g., activity II-III) to remove traces of pyridine. 

Elation with ether (200 ml.) afforded l-p-tolueneaulohonyloxy 

etkylene kefc&l as a clear viscous oil (14.3 g., 89.5/^,

l.f.), 1590, 1350, 1160, 1050 (broad), 950 cm."1 , 

1.5296.

The material could not be distilled as decomposition 

occurred.

Sodium iodide (1.32 g., 0.012 mol.) in dry acetone 

(12.J01.) was stirred with l-£-tolueaesulphonyloxy-3-oxobutane 

ethyleneketal (3.26 g., 0.012 aol.) at 27° for 48 hours. 

Dilution with dry ether precipitated sodium toluene-j^-sulpaon- 

ate which was collected and washed with further quantities of 

dry ether. The combined filtrate and waahings were evaporated
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mobil* liquid (1.33 *., 68*), »2̂  - 1.4390, .) 

1050, 950, 350 o*u -1 . A portion wa* bulb distilled 

70»7^°(bath temp.)/0.IBM. great pare, .being exercised to 

prevent the bath temperature rising above dO° at which 

temperature decomposition occurred. (Founds C ( 29*9} 

H, 4.71; I, 53*4. Qt-tinQ*,! requires: C, 29.3} H,

(49)Etiivl 2—oxo*-"3!—eliiioxvoajrbonvibutvrate (33)

Sodiua (69 g,» 3 aol.; waa stirred viaoroaaly in dry 
boiling xgrleae (750 jal.) for 15 taia,uteo» alloired to cool and 

treated ooatlauoutly with absolute «t&yl aloonol (133 g«, 

3 ool«> until all toe eoaiuia had dissolved. JSthyl oxalate 

(433 g., 3 ool*) waa added with cooling to the viscous 

solution o£ sodium at..oxide thea the solution wad warmed 

slightly as ethyl proplooate (330 g., 3 mol.) wad added. 

After 4£ hours between 50° and 60 the mixture waa oooled and 

an excess of dilute sulphuric acid was added to the semi-solid 

maaa with stirring and further cooling. The xylene layer 

waa separated and washed with 10?i aqueous sodium bicarbonate 

solution, then with water. After drying the solvent was 

evaporated to leave a residue which waa distilled to give 

ethyl 2-oxo»3-etho3Qrcarbonylbutyrate (250 g. ( 41#) as a 

mobile liquid b.p. 123-128°/16 aim. Lit.*4^ b.p. 127°/19 am.
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vinl «»to

l**OhlQ«opentau~2~o.ae , prepared by the method of Jtotfehon 

9* al».( 62) as modified by Woodward at al».*6?) was 

converted into ethyl vinyl ketona b.p. 44-7°/100 mm. in 

yield > ueing the procedure of the latter workers. 

Li t . * 63 ?. b. p . 45-47° /100 aisu A Uea i -
, i : |

2 . 6— 4iozo-» 5~a^ thyl-»3— ethox ffi't^OiOat e ( BIO )

**•- A mixture of ethyl a-oxo~3-et3aoxyoarbonylbutyrate 

(20 g. t 0.099 mol.) and tritoa 3 (prepared aa deacribed on 

p, izy) was stirred under nitrogen at 0 as ethyl ̂ nyl ketone 

(9.3 g. f 0*11 aol.) was alovly added. She reaction veaael 

vaa allowed to ooiae to room teaperature and dtirriag was 

continued for 12 hours. Xhe product a were poured into water 

and extracted with ether, the ethereal extract being washed

*ith dilute hydrochloric aoid, with aqueous 1034 sodium 

bicarbonate solution (5 x 100 ml.), water and then dried. 

Evaporation of the ether left a liquid residue which was 

distilled to give 2,6-dioxo-3-saethyl-3-ethoxycarbonylootanoate 

(23.5 «., 80#) b.p. 137-40°/0,1 am., a17^5 * 1.4490. 

b.p. 139«40°/0.1 mm., n2̂  « 1.4470.

A suspension of ethyl 2,6-diketo-3-ai«thyl->-t;tuoxyGarbonyl- 

octanoate (23.5 «,>, 0.082 a.oi.; in sulphuric acid/water 

(40 ml./14G ml.) was heated under reflux for 6 hours then
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Into »at«r (2SO sal.) and extracted with ether. 

The ethereal extract-waa waahed witb dilute aqueous sodium 

hydroxide, to« aikaliaa extract waa reaoldified with dilute 

hydrochloric aoid aad the liberated i,4-diaetoy1-3-carboxy 

cyolohex«2-«noa« waa .isolated with ether as a solid (10.5 g.» 

71#)» ffl.p, 130° afttur two r«cry«talll»atioaa from acetoaa. 

Lit. (49) »,^f 131*131.5°,

(10*5 g. t
. '

0.063 aol.> waa ©sterified by adding an ethereal aolution 

of dio»O3» thane (300 ml. containing diasame thane 1 g.» 

0.024 mol./lOO ml.)^27 * 28^ After standing for 10 minutes 

the exoesa of diosomethane and dther was «vaporat»d under 

r0d«o«d pr0a«U3»e aad, the amaidu* waa distilled to give 

2,4-disa«thyl-3-Methoxycarbonyloyclohex-*2'»enoae (10.3 g.,

as a pal« yellow liquid b,p. 85-7°/0.2 »«., n^ - 1,4900,

24° "P1* ^ * 12 » 000 » V'jaax. (!•*•) t 1725, 

1670, 1245, 1050 Gffl.~\ Rta * 1.00. (Found i 0, 66.3; 

H, 7.95. Oalo. for ^10H1403 : G, 66.0; H, 7.74,*). ffa® 

2 f 4-diaitropheaylhydra8one reeryatallised from ethanol had 

m.p, 193-9°. • Lit.^ 4Si b.p. 100°/0.05 mm. r 2,4-dinitro-

a. p. 201-201.5 .

max
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Ethyl 2~ethoxyQarboayl-3-oxoadi£,ate (B13) (64) 

derivative of diethyi

A solution of redistllled diettoyl malonate (151 ml.* 

160 g., i.o mol.) in absolute ethanol (80 ml.) was slowly 

added to a mixture of magnesium (25 <g*» 1.0 mol.), absolute 

ethanol (25 ml*) containing a catalytic quantity of carbon 

tetrachlorlde (l.ml.) and dry ether (300 ml.). The mixture 

was heated uader reflux for 13 hours. The ether and ethanol 

were distilled and the syrupy residue was taken up in dry 

benzene (300 ml.) which was then distilled. The residue was 

taken up la a further quantity of dry ether (300 ml.).

b)

A mixture of auccinic anhydride (130 g., 1.30 mol.) and 

absolute ethanol (ISO ml., 2.3 mol.) was heated on a water 

bath until the ethanol ceaaed to reflux (about 1 hour) . fhe 

excess ethanol was removed under reduced pressure and after 

cooling thionyl chloride (150 mol., 240 g. , 2.02 :aol.) was 

added and the reactants were boiled under reflux for 1 hour, 

then distilled. 3-Etiioxycarbonylpropionyl chloride (215 g*» 

quant.) was obtained as a colQurleas liquid b.p. 106~12°/ 

20 mm. Lit. C64) b.p. 110-U5°/30 m.

c) 3-i;thoxycarbouylproplonyl chloride (215 g« » 1.30 mol.) in 

dry ether (150 ml.> was added to the ethereal solution of 

magneaium malonic eater at such a rate as to ensure that the



106.

heat of reaction,caused th* ether to reflux. After the 

addition was completed the reactanta were heated under reflux 

for a further 3 hours, fhe solution was oooled and the 

prodttotsi were hydroiyaed by carefully adding a 10$ eolutioa 

of uulpnurio acid. The ether layer was separated and the 

aqueous phase further extracted with ether. fhe combined 

ethereal extracts were washed with water, dried, and distilled 

to give ethyl 2-et^ox,yc«rboxiyl-3-oxoadlpate (200 g., 69.5;*) 

b.p. 152-16V/Q.5 o»a. t m^J" » 1.4480. Lit.**^ b.p. 

0.2 am., n2̂ '« 1.4506.

, (66)Ethvl

Water (506 ml.) was added to ethyl 2-ethoxyoarbonyl-3- 

k^toadipate (100 g. ( 0.35 mol.) and the vigorously stirred 

mixture was boiled at such a rate that over a period of 4 hour* 

220 aal. of a mixture of etnanol and water distilled through 

an IE inoh fractionating ooluzan. fhe raeidae was extracted 

with ether and the ethereal solution was washed with dilute 

aquaoua potasaiun bloarbonate solution, dilute hydroohlorlc 

aoid, water and dried. Evaporation of the ether left a 

liquid waion was dietilled to give ethyl 5-oxoadipate (44.1 g*» 

59^), b.^. U9-21°/0.7 »»., »^* * 1.4334. Lit,^ 64)b.p.l22-6°/ 

0*5 aea. .-..,..

.4tlfMUlHiii''• . _, ,. (67)£thvl....2-aethy^yoxoa^i^ate (11.61-~r- ^T' • • .
A solution of ethyl 5-oxoadlpate (35.1 &•, 0.16 mol.; in 

dry benzene (120 ml.j was added with cooling to a cold stirred
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suspension of aodisua powder (4.03 &•» 0*175 moi.) in dry 
benzene (5<Kml*) uader dry oxygen-free nitrogen. After 
30 minute3 the mixture was heated under reflux for 3 hours

fc 4*. : , tff -- , , /:. ,
then cooled ad a solution of methyl iodide (30.3 ml., 69,7 g*, 
0.49 mol.) in dry bwxaene (30 ml.) was added. The mixture 
was kept at room temperature for 45 minutes, boiled under 
reflux for 30 minutes and then allowed to stand at room 
temperature'for 12 hours and poured into water* Ethyl 
2-methyl-3-oxoadipafS (20.3 g., 55#) was isolated with 
ether as a clear liquid b.p* 120-122°/0.4 mni., n ,~ » 1.4377.

L-it. (67) V,p» 113~H5°/Q.I am.

Methyl vinyl ketone (3.75 stl, v 3.22 g., 0.046 aol.) 
was addsd to a mixture of ethyl 2-methyl-3-oxoadipate 
(9*93 &., 0.043 mol.) and triton B (prepared aa described 
on p.ux) under dry oxygen-free nitrogen at 0°. The stirred 
solution was allowed to come to room temperature and after 
18 hours was poured into water and extracted with ether* 
The ethereal extract was washed with dilute hydrochloric 
aoid, aqueous 10^ sodium bicarbonate solution, water and 
dried, Evaporation of the ether left a clear liquid which 

was distilled to give e^hyl 4 r 8-<tiox9~5'*iaeth.vlrj-ethoxy--

(9.03 g., 69*5^).*b.p. l64-6°/0.3 mm.,

1.4625, V mav (l.f.), 1735 (strong), 1705 (strong), max.
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1X80 cm."1 (Found: C, 60,1? H, 8.24. C15H2406 requires: 
Ov 60.1J H, 8

3i.g '-CarboxyetkYl^meth^oyoloaa^-agQiie (Bid)
,.-,,.: X. . ...;:.,- .^ v . ;:

Sthyl 4 ( d-dioxo»5-aethyl-5-e thoxycarbonylnonanoate 

(3.00 g., 0.010 obi.) was boiled for 6 hours with a solution 
of 50^ sulphuric acid (30 ml.) poured into water and 

extracted with ether. the ethereal solution was extracted 

with aqueous 10$ potassium hydroxide and the alkaline solu­ 

tion was acidified with dilute hydrochloric acid to liberate 

5.^2 * —oarboxye th.yl«»6^aie thyl cgolohex"'2**ea(iticie • isolated with 

ether as a viscous yellow liquid (1.25 g.» 69^) which slowly 

crystallised. Three recryatallisationa froa light petroleum/ 

benzene gave crystals aup. 89.5-90°, V ̂ ^^ (CHC1,), 1700,

1660, $90, 955 oft.*1 (Found: C, 66.2; H, 7.66. 

requires: C, 66»0j H, 7.75^).

— e oxy o^rbonyXe thyl— 4*» aae thy Icy ciohex— 2—eaane CB19J

3,2* -Garboxye thyl-4-»e thylcyolohex-2*encxae ( 2 . 16 g. , 

0.012 mol.) was esterified by treating with an ethereal

solution of dia&ome thane (75 ml. oontaizijua^ diasome thane
t •>'/ 28 i 

lg., 0.024 «aol./100 al») v * ' at room temperature for

10 ainatee. The excess of dia^oiaethaae and ether was 

evaporated and the pale yellow mobile liquid residue puri­ 

fied by distillation. 3 . 2 ̂ -Me^,hoxy_oarbTony4ethyjl-4'Hae thyl 

o.YOlohex-2-enQne (1.72 g., 74^), waa collected as the
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fraction, j|»p. 100-3°/O.Q§ am. , 1.4924, v
17*0, 1*65» 3.650, 1175 em**1 (Foundi 0,67.7; H, 8.39.

C *

_ov
(UtLA.1

Ihionyl chloride (9.2 ml., 14r3 **, 0*12 mol.) was 
added »lovly with ooaiiog to 2,4-diffl»tiajl-5-earboxyoycloiiex-' 
2-«nme (10 g. , 0.055 a&U). After 1 hour the temperature 
w&3 raised to 60° for a farther 3£ «inut«» then the exeese 
of thionyl chloride waa diatilled and the residue waa 
purified by fractional distillation. 2 . 4*fti«ethylcyolohex~

oolleoted as the fraction of b«p» 88-92°/0.1 mou, V 

(l.f.) 1780, 1660, 1070, 860, 740 am.""1
v Xhe acid chloride waa characterised as its.v u-c;

m*p, 129° (Kofler) after two recryatalxisationa from water 
and drying to conatant weight over phosphoric oxide at 100°,

o „ (nujol) 3600, 3300, 3230, 1650 (broad). (Found* ' fflax.
C t 64.6; Ht 7.96; S, 8.49. C^^Ogil requires C, 64.6; 
H, 7.36; N, 8.39^). From aqueoue solution the amide is 

obtained as its iqoflqhydrate. (Found: C, 53.31 H, 7.95; 
M, 7.80. Co^ij0^' H2° af*-fl.ttir«u C, 58.5; H, 8.16 

H, 7
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'

QJll. SOlA <34«MArr>a,4-Vicno/a /Aw«*t* T?* « + .«>••+ an/4 Unl

ohlorids
,,.

(2.00 g., 0.012 mol.) was slowly addsd (10 minutes) to a 

stirred solution of diaaomrthano in ether (150 ml. 

containing dlaaooe thane 1 g. f 0.024 mol./lOO tal.^ 27 * 28^ 

170 ml. of nitrogen were svolvtd in 1 hour at !7°/755 ram. 

fhe exceaa of diasoaetnan* a^aporated as the ether volume 

waa reduced' to 20 ml., dry methanol (25 ail.) was added and 

the solution was vigorously stirred as silver bensoate (2 g.) 

inHri«thylamine (25 ml*} was slowly added. After the 

addition of 6 ml. a white precipitate formed and a slow 

evolution of nitrogen occurred, which rapidly increased 

after the addition of 12 ml., the reaction mixture darkened 

considerably. Further additions of the silver bencoate 

solution (up to 20 ml. in all) were made as the nitrogen 

evolution slackened. After 30 minutes 150 ml. of nitrogen 

had been evolved* and the reaction mixture was filtered.
•. ' ' •' •*

The products were isolated from the filtrate as before 

and distilled to &ive 2,4-dioiethyl~3->niethoxycarbonylcyclohex- 

2-enane (B12) (0.523 &.) b.p. 125-135° (bath tempo/O.I ma., 

at* - 1.4903, Hta » 1-00. ^a^.d.f.) 1725, 1670, 1245, 

1050 cm.""* , and 2^14^.i^ethyl«»^<»]nethgxgoarb1on,v'laeth

2-enone (B22) (0,547 «., 23^), h.p. 135-140° (bath
n V J «1B - 1.5000 Ht. - 2.27, ^ m (l.f.), 1745, 0.1 am., n j »!a v max.
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1670, 1640 cm.""1 (.J&undi 0, 66.7; 8, 8.12. 

Oi 67.31 H, fi

2, , 4-flime tfr.yl-3-me thox.voarbonyloyq.LQhex-2~enQne

2,4-Dijaetnyl~3-aetaoxycarbonyleyclohex-2«HWane (3*49 g., 

0.019 mol.), benaene (50 ail.), ethyleae glycol (1.43 g.» 

0,023 mol.) and a few orystala of 2-toluan* eulphooio acid 

w»re beatod in an apparatus having a Dean and Stark bead 

attachment. Aeeotropic distillation was carried out for 

36 hours. Distillation then gave 2 . 4~dlaaethyl-3-ae thoxv-*

eico't al (1.81 g*» 42^J) as the 

2̂  « 1.4915, ^'a^.U^.) 

(Founds C, 63.65| H, 8.16.

fraction b.p, 98-99°/0.1 am.,

1710, 1630, 1240, 1060 cm.*1

°12H1804 , 63.6; H, 8.05^).

etoylene-

ketal (1.31 g. , 0.0030 mol.) in dry ether (10 ml.; waa slowly 

added to a stirred auapeaaion of lithium aliAffllnium hydride 

(1.2 g., 0.036 aol.) in dry ether (150 ml.}. After heating 

xmuer reflux for 12 hour a, water (5 al.; waa carefully added 

to the oold mixture and the resultant suspension was contin­ 

uously extracted with ether for 43 hours. Filtration and 

evaporation of the filtrate gave a clear liquid residue which

2-«nnne ethvlene kstal (1.07 «., b.p. 145-50°/0.2 urn.,



112.

n * 1.5040,
(Pound i 0, 66. Of H, 9.34.

1080 »
requires » 0, 66.6)

The condensation of
jt—enoehe (B12) nnt* aorylonitrile*

-. - • - -'••', <,-'.. ' '

Acrylonltrile (0.500 g., 0.0057 mol.) was added under 

oxygen-free dry nitrogen to a stirred mixture of 2,4-dimethyl- 

3~methoxyoarbonylcyolohex-2-enaAe (1*00 g., 0.0055 mol.) and 

triton & (prepared as described on p.tar) at 0°. The reactants 

were allowed to come to room temperature and after 20 hours 

were poured into water (200 ml.) and the resulting mixture 

extracted with ether. She ethereal extract was washed with 

dilute hydrochloric aoid, water and dried and the ether 

evaporated to leave a liquid residue (0.894 g.) from which 

unchanged keto-ester (0.602 g.) was distilled b.p.120-125° 

(bath tempo/O.I mm., n1̂  « 1.4905, V aax. (!•*•) 1725. 

1670, 1245, 1050 cm."1 The non-distilled material (0.290g.j, 

which showed a strong infra-red nltrile absorption band at 

2260 caa. (nltrile) was chromatographed on alumina (30 g.).

(1:1) Light petroleum/benzene (210 ml.) and benzene 

(180 ml.) eluted a further 0.114 g* of keto-ester, character­ 

ised as above* (9s1) Benzene/ether (150 ml.) and (3:1) 

bensene/ether (150 ml.) eluted 2.4-dimetfryl-2.6-di(2'c.vano-

which did not distil but decomposed at a bath temperature
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of atoVo.l ««., t V-g,^ (CHOlj), 2260. 1710 (alngle broa4 

pea*), 1230, 1090 am."1 The charaoteriatio <y -unaaturatad 

ketoeater ultra-violet absorption maximum at 240 au in 

ethanol was no longer preeent and was replaced by and 

absorption. After drying over phoaphorio oxide at 68°/ 

0.1 mm. a sample waa analysed. (Found: C, 67.1; H, 7.14;
*O •. . , - , .,/ w -s . ;

Nt 9.19. OOH re^uireai C» 66.7i H, 7.02; N,

Ihe
(JB12) vth aietJagLL iodide.

( 71 ) a) Tn the oresetxoe of potaaai'^ii t— butoxide.

Potasaiua (0.640 g., 0.016 mol.j in dry £-butanol (12 ml») 

waa added to a stirred solution of 2,4-diaethyl-3-methoxy-

carbonyleyclohex-2-enaae (0.931 g. , 0.0051 mol.) in dry
lfe o
i^-butanol (25 ml.) at 40 under dry oxygen-free nitrogen

followed immediately by a aolution of methyl iodide (2.03 ml-, 

4.63 g«, 0.033 mol.) in ^.-butanol (2 ml.). ifce mixture waa 

boiled under reflux for 1 hour poured into water and extracted 

wltn ether. Xhe ethereal extract was washed with dilute 

hydrochloric acid, dilute potassium hydroxide , water, then 

dried and distilled to give unchanged keto-ester (0.500 g.j,
' x., -.' *fei :.

b.p. 90-100w (bath teiap.)/0.03 aim., i (l.f. ) 1725, 1670,

124$, 1050 cm. as a first fraction and a second fraction 

(0.205 g.) containing a mixture of unchanged keto-eater and 

?thyl-3-nethoxycarbonylc^Qlohex-3-en£me (B26),
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Rta * it>QQ ** **a, " *-*9.« *»*•« material waa incorporated 
into the next experiment.

b > In the presence of godium triohenylmethide. C72)

Sodium triphenylmethide in dry ether (60 ml. of a 

solution made up and standardised as described on p. UV » 

0.0066 mol.) was paased under oxygen-free dry nitrogen into

a tirred 2 , 4-dime thyl-3-me thoxycarbonylcy clohex-2-enone
+ tux t^f-v***- 

(1.00 g. t 0.0055 mol.) at 0 . After the mixture had been
**

heated under reflux for 20 hours the products were poured 

into water (200 ml.) and a viscous liquid waa isolated with 

ether. Distillation separated the mixture of unchanged 

ke to—ester and 22

enaae (B26) from triphenylae thane as a fraction of b. p. 100-110° 

(bath temp.)/ 0.04 mm., 0.756 g. R^a - 1.00 and 1.19. Ihla 

material combined with the mixture from experiment (a) 

(0.961 &*) was separated by preparative gas-liquid chroma- 

tography, using a 3i metre coiled copper tube of i inch 

internal diameter containing 30£ apiezon 'L 1 and 2,1% sodium 

oaproate on 90*100 mesh embacel as the stationary phase, a 

temperature of 160° and a gas inlet pressure of 10 Ib./sq.in.

obtained aa a olear liquid (0.147 g.)» b.p. 10J-105°(bath

temp*)/0.04 mm., n, » 1.4763, B^a » 1.19t no absorption 

maximum in the ultra-violet at 240 mu in ether but showed 

end absorption. (Found C, 67.5; H, 3.56. ciiHig°3 requires 

C, 67.4; H, 8.19?i).
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..«. jjpb ^w"""^^^*"'**l*MwSaiBHi(^Sft»^^^J6aBl^a^^f
c»B*»J>JHiHBB&

(*L Potassium (0.650 g., 0.017 mol.) in dry i-butanol (12 ml.) 

was added to a vigorously atiared solution* of 2,4-diaethyl- 

3-m*thojgrcarbonylayolohex~2-enane (0.993 g», 0.0055 mol.) in 

dry t-btttaaol (20 ml.) under nitrogea at 30° followed 

immediately by; a solution of I»D—tolueneeulplionyloxy'"5<" 

oxobutane ethylaneketal (9.50 g*, 0,033 mol.; in dry t,-butanol 

(10 ml.). The solution was boiled under reflux for 7 hours. 

A precipitate of potassium jj-toluenesulphonate was present 

in the products which were poured into water and the mixture 

extracted with ether* The ethereal extract was washed with 

water only, then dried and the solvent evaporated to leave 

a residue which contained unchanged keto-ester (0.790 g.) 

(ofaaraotariaed on p. 104) as the only identifiable product.

.(72)

hl*S Tin* •-. . ' ' t

Sodium triphenylmethide in dry ether (60 ml., containing
-• **f.

0.066 aol. of sodium standardised as on p.ur) was added
.-.a. &'{\- 

under nitrogen to a stirred solution of the keto-eater

(I.JO g*, 0.035 mol.) at room temperature and l-£-toluene- 

sulpaonyloxy-5-oxobutane ethyleneketal was added to the 

resulting red mixture. After 2i hours under reflux a
3 7 • . •. . ' ' tl<J Z* O .'

sample (10 ml.) waa removed and thrown into water. The
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products isolated with ether showed a diminution in intensity

of tha «/s-unaaturated ketona band ia the infra-rad at 

1670 cm." t but no altaration in intensity of tha ^-*ol««»«- 

iillphonyloay abaorptione at 1350 and 1160 cm."1 , R^ - 1.00 

(single paak).

Tha solvent waa replaced by dry diglyne*7^ (50 ml., 

diathylana giyool dimethyl ether) and tha temperatura raiaad 

to 50* for 12 hours. After a further 4 hours at 100° tha 

products were cooled, thrown into water and isolated with
r nfs. • j -,

ether. "" lha kataU praaent were daooapoaad by heating under 

reflux for 45 minutea'"^' with &$ (lilO) aqueous/me thanolic

aulphurlc aoid (50 sal.). Dilution with water (300 ml.)
* 

and ether extraction gava a viscous residue (3.54 £•) possibly
,1 «- 

containing some'of the desired 1,5-dikstone oondenaation

product, P MDV (l.f.) 1710 cm."*1 (broad and strong).
lu&A.

TMa residue (3.54 g.) waa taken up in dry aathanol
• -».- • • -fif
(50 til.) containing sodium (0.75 g.) and refluxed under

(7Slnitrogen for 2 hours. ' Isolation of tha products in tha 

usual way with ether left & residue (3.01 g.J which was 

chromatographed on alumina (250 g.). (1:1) Light 

petroleum/benzene (2.5 L.) aluted triphenyl methane and other 

compounds having strong aromatic absorptions (2.15 g.) \) 

(nujol) 1590# 755, 725, 695 cm.""1 Further elution with 

(Isl) light petroleum/benzene (1*0 L.) gave uncfeaa^ed 

starting keto-eatar (0.500 g.) (characterised as on p
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altar JL»Uoft of
(119) with etfavl

.Bthyl bromoaoetate (0.68 ml., 1,03 g., 0.0078 mol.) waa

•lowly added to a atirred mixture of 5,2'-icethoxycarboayl-4------- - . jrfi.,
iaethylcyolohex-2-eftone (1.00 g. , 0.0051 mol.) and sodiumi-^-t:oiv>. .-•..• ...
tripheajrjjMthide in dry ether (50 ml., containing sodium.-•-.. ,-j ...
0*0061) mol. standardised aa on p.izy ) under nitrogen. 

A precipitate of sodium bromide formed as the reactants were 

heated under reflux for 20 hours. The products were poured 

into water (300 ml.) and Isolated with ether to give a - 

viscous liquid (2.30 g.) which waa chroaatographed on 

alumina (100 g. ).

Elution with (111) light petroleum/ benzene (300 ml.)

reaoved tripheaylmethane (1.74 g.) V aiax.(nttJ o;L ) 159°' 755 »

725, 695 cm.""1 Further elution with (1:1) light petroleum/,- f • -
benzene gave unchanged keto-eater (0.542 g.) V max< (l.f.) 

1750, 1665, 1630, 1175 cm."1

Slutlon with ether gave a olear liquid (0*297 g.) 

which distilled at b.p. 200-210° (bath temp. )/ 0.3am. to give 

2-e thoxyparbonylmgthvl-3 • 2 ' -oiethQxyearbonylethyl-4-methyl- 

evolohex-2-enone (B27), \) m_ v I745 f (v. strong), 1665, 1650,
- " -- i*mmm**i~m v JUBLJt .

1175 £v. broad and strong), 1030 ora. (founds C, 63.6; 

a, 7.63. ci5H22°5 M^uir«a » 0» 63.9; H, 7.
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Tfr* atteiao-faeA, QjiXdfliiaatiQa .of 3.2'-fflgthox.vcarboiiylethyl~4~

3-ozobutane, ethylenejcetal ,

a) In the preence of »od.um t-aavlxide

ethyieneketal (2.19 g« 

0.0076 aol.j w*3 addad to a ^cirred solution of 3,2'-methoxy- 

CirbQnylethyl-4-ai«thyioyvlohex-2-6iiOrie U.OOg, , 0.0051 aol.) 

and jodiosa t.-aii.ylj.viaa (0.390 g. r 0.0077 aol. ) la dry xyldn«

ml*; undar dry oxy^ea-freo nitro^u. lim mixtur«,

ixe^ted uu^er reflux for 24 .aoar-o, was poured 

water and the products wera Isolated with ether as an

(1.J7 ^« j . Tii0.d, when wa^usd trurou.^. a coluam of

(20 to » ; with 8 ,uer (iwJ iol. ; ^avd a pale yellow oil 

(J.373 e,*-' ideiiCo-fied aa uj.iclA«iit>c;d .^to-eitar, V max (l.f») 

1750, 1665, 1650, 1173

l-£e-toluenesulpnonyloxy-3-o*obutane ethyleneketal 

(3.00 ^., 0.0105 aol.J, 3,2'-Jietiioxyca.rbonylethyj.~4-.'aethyi-' 

cyolohex-2-enone ^1.00 &., 0.0031 fflol.) and aodium tripheayl- 

metiude In dry «taer (60 ml,, containing jodiuia (O.OOul jiol.) 

standardised aa on p. W) were reacted together as ia 

described ia the experiment on p. i;s~. Again the only 

Identifiable product waa unchanged starting xeto-ester (B19) 

(0.650 g.) •_,_ (l.f.J 1750, 1665, 1650, 1175 cm."1



of l~lodQ~^o*obutane ethyleneketal (B7) and

a/ Tin the prstjflncfe of

3* 2 ' -M»tlioatyc«rbonylethyl-4-aM»tiiylcyclohex-2-ejaon« 

(0.720 g., 0*0057 004..), l-iodo-3-oxobutaxie ethyleneketal 

(1.38 g., 0.0079 mol.) and aodiua tirpheaylaethide in dry 

ether (40 mi. of a eolation containing sodium (0.0045 mol*) 

standardised aa described on p. iiv ) were reacted together in 

the manner described for the tosylate on p* \\$~t by heating 

under reflux for 48 hours. She products were poured into 

water and isolated with ether* She viscous oil (2.86 g.) so 

obtained waa chrooatographed on alumina (150 g.» Woelm 

neutral, activity II, XII). Blution with (5sl) light 

petroleun/baaftene (450 ml.) gave triphenylmethane (1.34 g*)

>) ««» (nujol) 1590, 755, 725, 695 cm."1 (3*1) light 
aunt*

petrolsua/bensene (B-JQ al.) gave l-iodo-3-oxobutane ethylene- 

ketal (0.807 g.)0 (l.f.) 1050, 950, 850 cm.*1 and (1:1)

light petroleum/benzene (300 ml.) gave unchanged keto-eater 

(0.450 g.) v ,_-_ (l*f.) 1750, 1665, 1650, 1175 cm."1
UHfTk* »

b) la. the, preaeaqe ofa 40<|ium t~aayloxide ,

3odiuai t,-aa/loxide (2.02 g. , 0.013 aol.j in dry benzene 

(3 ml.), 3,2'<-iaethoxycarbonylethyl-4~methylcyclohex-2-enone 

(1.26 g., 0.0064 mol.) and l-iodo-3-oxo butane ethyleneketal 

(9.01 s«» 0.037 laol.) were reacted together in the manner 

described for the tosylate on p. u*. Again the only
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product was the keto-eeter (0.754 «.) 

1750, 1665, 1650, 1175

reaction of l*3*»d±eh.lam>ni ifc..9.»«m

3,2'-Methoxyoarbonylethyl-4-jaethyloyclohex«2-enone 

(2.01 g., 0.010 raol.J was elowly added to a stirred auapenaion 

of sodium i-amyloxide (1.35 g«, 0.012 aol.) in dry toluene 

(20 ml.) at 0° under dry oxygen-free nitrogen. The mixture 

vaa treated with l,3-diohlorobut-2-eae (3.32 g,, 0.030 aol«), 

heated under reflux for 24 hours then poured Into water 

(200 aUL.). fit* products, isolated with ether and distilled 

gave unchanged keto-ester (0.956 «.), b.p. 100-103°/0.05 am.,
1Qu~ •• 1.4944, and 2 1 3^''~QhlQrocro1f.yl*;5>.2*•HBtethoixyoarbonylTethy4'*> 

~4^metfavlcvclohc3c~2»eQona (B23) (0.872 g., 30^), b.p.!46-152°/ 

0.05 am., a&m 1.5110, ^ rnav (l.f.), 1725, 1655, 1640,
JJ tuSUw*

1155 cm."1 , (Foundi G, 63.Oj fl, 7.69; 01. 12.3. 

C15H21°3C1 1pe^ttir** ! c » 63-2; S, 7.45? Cl. 12

Cold 95/i aulphurio acid (1 ml. j was slowly added to 

2,3' -cillorooro ty 1-3,2' -me thoxycarboayi-4-ae tiaylcyclohex-2* 

enone (0.372 g., 0.0030 mol.) at 0°. After 3C minutes the 

reactants were allowed to oome to room temperature andthen 

after 48 houra were poured into a saturated potassium 

bicarbonate solution (100 ml.) and extracted with ether.
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The ethereal »olation afforded a elear liquid (0.105 g.) 

D*p. 120-130°(bath temp.)/O.01 ma. identical with 3,2'-metnoaJr4 

oarwonyletnyl-4-methyloyolohex-2-enone, n2̂  - 1.4930, 

iaax.U'*')1750, 1665, 1650, 1175 cm,"1

The potassium bicarbonate solution was acidified and 

extracted with ether giving (0*393 g.) of 3,2'-carboxyethy1- 

4~oiethylcyclohex-2-enone which after two recrystalliaationa 

from light petroleum/chloroform, had m.p. and mixed m.p. 36°.

The alkvlation of 2.4<*d.imeth.Yl.i>''$*»aietlia.x.¥G&
QJIO.&Q iB121 with 1.31—diohlorobuLt«'2»ene- 

2,4*l>imethyi~3-ia0thQxycarbofl^lcyclohex-••2-enoae (3*01 g., 

0.013 mol.) was added to a solution of sodium £-amyloxide 

(2.32 g., 0.020 mol.) in dry toluene (15 ml.) at room 

temperature under dry oxygen-free nitrogen. 1,3-Jiohlorobut- 

2-ene (6.73 g.» 0.055 mol.) was added to the resulting deep 

red solution and the mixture was heated under reflux. The 

solution turned pale yellow and a thick precipitate of sodium 

chloride was formed. After 3 hours, the products were 

poured into water and isolated with ether to give a clear 

liquid residue (3.*0 g.Jt which waa distilled. Unchanged 

keto-eater (1.02 g.) was collected as a fraction b.p. 80-90°/ 

0.05 aua., n2.® m 1.4905. 2.4-dimetixyl-»2.3*~ohloroorQt.vl*3- 

aietnoxyearbonjrloyclohex-3-euQae (B29) (1.67 g., 36^) 

b.p. 134-138°/0.05 jam. waa alao collected, n1̂  » 1.5077,

l.f.) 1730, 1700, 1250, 1050 cm.""1 , end absorption
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oaJLjr in the ultra-violet. (Founds C, 61.3; H, 7.24; 

Cl. IJ.l. ClOOl requires* C, 62.0; H, 7.051 C1

Th» attempted ring closure of 2

the conditions of the previous experiment 

cold 95# euiphurio acid (2. ml.) was reacted with 2,4-dimethyl- 

2,3* -ohlorocro tyl-3-»ethoxyearbonyleyclohex-3-enone ( 1 . 69 g . , 

0.0063 fflol.) to give 0.675 g» of neutral product a and 0*305 &• 

of acid products. The latter were eeterified with diaao- 

mb thane and the combined eater* (0.969 g*) were chromatographed 

on alumina (50 g.).

(3tl) Li^ht petroleuffi/benzene (150 sal.) eluted (0.189 g*) 

of material which gas-liquid ohromatography showed to be a 

aixture and waa not identified. .Further elution with (3 si) w 

light petroleum/benzene (1 L.) and (2:1) light petroleum/ 

benzene (150 ml.) gave a crystalline solid (0.639 g.) m.p.H4° 

after two recryatailiaationa from light petroleum (b. p. 60-30°),

-0 (nujol) 1728, 1720, 1400-1000 (much fine structure) 

789 o».-1, 0 -wt/caci3> 5030, 2990, 2960, 2950, 1730 (broad), 

1293, 1275, 1250 (v.broad). An ultra-violet apeotrua in 

ethaaol showed weak end abaorptioa at 210 mu; R * 1.4,

t (ODClj) m 8.87, 8.25, 8.23, 6.24. (Found; C, 62. 1| H,7.23| 

Cl.13.1- ^ 0 * require* a C, 62.0; a, 7.05;
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3 ,4-Piae tkyl-3-«e tfcoxyoarbonyloyciohexftnone . (B3Q )

2 , 4-Bime thyl-3-me thoxy carbonylcyclohex-2-enone ( 4 . 01 g « , 
0.022 mol.) in dry ether (20 ml.) was added to a stirred 
solution of lithium (0.750 g.) in liquid ammonia (150 ml.)^80* 
After 25 minutes ammonium chloride (2.5 g.) was added to the 
blue solution and the ammonia was evaporated. Water and 
ether were added to the residue, the ethereal layer was 
separated, washed with dilute hydrochloric acid, water, dried 
and evaporated to ,,ive a liquid residue which was distilled. 
2 . 4— Diiae ttiyl-»5-»iie thoxycarbonyloyciohexanone (2.18 g«, 54^) 
was obtained b.p. SO0/ 0.03 aim., n^« 1.4666. (Found: C,65.0* 
H, 8.87. cH ° re<lulre8J c » 65.2f H,

condenaatloa of 2 . 4-dime thyl~3-"a>etttQxvoarbonylcyclQhe3>:--- .— - --" =_..__-— -^- - __. „-_.. -..—,.. ^ ~ " /»•« (81 » 32 :

2 » 4-Dime thyl-5-ae tho xy car bonylcy clohe xanone (3.^9 g«» 
0.021 mol.) and l-diethylaainobutaja-3-one zaethiodide (from 

metiiyl iodide (1.6 g.) and l-diethylamiaobutan-3-one (1.6 g«) t 
0.011 aiol.) in dry pyridine (15 ml.) were added to a stirred 

solution of freshly prepared aodamide (from sodium 0.532 g., 
0.023 saol.)^3 ^ in dry ether (20 mi.). After 12 hours at 
rooa temperature and one hour under reflux the products were 
slowly poured into excess ice cold dilute hydrochloric acid and 
thd mixture was extracted *ith@fcher. The ethereal extract 

was washed ten times with dilute hydrochloric acid, water, 
then dried and evaporated to leave a dark visooua residue
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which wad elated through alumina (20 g.) with more ether 

(200 ml.)* Evaporation of the solvent left a olear liquid 

residue (1.92 g.) which waa distilled to give unchanged 

keto-e»ter (0.768 «.), 0,p. 100-130°(bath te«p.)/0.01 mm., 

a2̂  * 1.4685 and a fraction b.p. 145-150°(bata temp.)/0.01 mm.

10.417 g., IQ.Jji) from which 6 . 10— dime thyl— 5— me thoxy carbon vl— 
j^ A l **gjlfll<*2*q|it^' ta^a) was isolated aa a olear vieooua liquid

V ma*.*0*01}) 1745 » i670' 165°* JU70t 1020' 87° €m*"i »

?) ja^UtOH) 237 mp* £~ 13,900, R^ * 1.00, (J?ounds C, 71.1;

Ht 3.69. CH ° *v<±u±re^i C, 71.2; H, 8.56,-).

(S32)

6 ̂ O-Plajethyl-S-aethoxyoarbonyl- A -octal-2-one (0.174 g., 

0.00074 tool.) in dry t-butanol (5 ml.) was added to a 

solution of potassium t.-butoxide (from potassium 0.099 g., 

0.0025 mol.) in dry t.-butaaol (2 ml.) under oxygen-free dry 

nitrogen, and was immediately followed by a solution of 

me thyl iodide , (1.0 ml., 2.3 g. f 0.017 mol.) in dry i-butanol 

(2 ml.). The mixture was heated under reflux for 2 hours. 

The products were poured into water and j,.j.'§

5-rae thoxycarbonyl-fl8 ̂ 9 ̂ -octai-2-oae (B53) was isolated by 

ether in the usual way as a clear liquid (0.165 g., 35/£), 

b.p. 130-145° (bath temp.) /0. 01 ana., V ,nav 1740,1710,

1380, 1360, 1160 cm."1 , no absorption in the ultra-violet, 

fitb = 0.85. (Found* C, 72.5; H, 9.09. C^fl^O, requirees 

C, 72.3; H, 9.17?t).
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(B56)

Bthyl p «*xoaAlp*te (10 g., 0.046 aol.), tritoa 1 
(prepared as described on p. av) and methyl vinyl icetone 
(5*19 g., 0.073 aol.) were stirred together at 0° in an 
atmosphere of dry oxygea-free nitrogen. The temperature 
was waived to ifi° and after 12 hours the products were 
poured into water and isolated with ether to give ethyl 
4 « 8^dl,Q3co*»5'**eth.oxyoBi{'lE>Qjaylftoaay>oat8e (5*19 &•»
0.1 jaw., a » 1.4524, VU.f.) 1735, 1710 em,"1
C, 58.71 H, 7.75. ^g^0^ re1ulr88S °» 53.7? H, 7.40?&}.

(B57)

Ethyl 4»3-dioxo-5-ethoxycarbonylnonaaoate (5.19 g., 

0*013 nu>l«) was added uader oxygea-free dry nitrogen to a 

atlrred solution of sodium (0.460 g.» 0.020 moi.> in dry 

ethanol at room temperature. After one hour the products 

were poured into water and isolated with ether. Distillation

,{2.09 g.. 48^), b.p. 145-150°(bath teaip.)/0.05 am.,

1730, 1660, 1630, 1180 am.""1 , n1,? • 1.4792 (Founds C t 5§*5, 

H, 7.09. CHQK requires 0, 59.9, H, 6.72^),
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Detail* are given below of the methods employed for 

the preparation aad purification of reagents and solvent* 

used in the previous auctions.

a) Bthanol vaa dried over magnesium by the method of Lund 

aad Bjerrua/83 * and distilled {b.p. 78-9*).

b) Methaaol was dried as in (a) and distilled (b.p. 64-65°). 

o) fr-Jft^aqpjy aad t-^myl a^ooho fl, were dried by refluxing

over sodiua for 1 hour thea die tilling b.p. 32-83° aad 

101-102° respectively.

B^nzoae. l^jLu&ae and Xvlene were dried by being 

allowed to stand over oalcuum chloride for 24 hours » filtering, 

and standing over sodium wire for 24 hours then distilling 

prior to use. b.p. 34-36°, 79-30°, 110°, and 139-142° 

respectively.

e) ?jfrT4,di^@ wa^ refluxed with, potassium hydroxide for 

1 hour under anhydrous conditions, then distilled, the 

fraction of b.p. H5-116°/760 wau being collected and stored 

over potasaium hydroxide.

f ) lAauid a^r-aionia waa dried by distil^in^ from sodium and 

trapping with a dry ice condenser.

g) Sodaaide was prepared by adding sodium to dry liquid 

ammonia containing a trace of ferric nitrate and evaporating 

the excess ammonia when the ia^ediate blue colour had turned
/ A&\

to ^rey. ' She last traces of suamonia were removed by &
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streao ol oxy gen-ire e dry nitrogen.

k) Eriton B was prepared by concentrating a mixture of
»

(Itl) ethanol/benaene (100 ml.) and an aqueous solution of 

benzyltri^thylaaisioniuia hydroxide (2 ail. 40/£ ir/w) to a 

volume of 30 ol. by slow aaeotropic distillation. In each 

of the experiments described previously 15 al. of this 

solution, wae used.

i) ^ffidjLujB ^r^Lp^fenylCTe thide vaa prepared in dry ether solu-> 

tion by shaking a mixture of 2/e aodiun aiaal&-am (154 ^« )» 

triphenyl cMorotaetJoaae (3 g. f ia.p. 111*113° reoryatallised
„«**••

froia lii> aoe-cylcaloride/li^ht petroleum (b.p. 100-120°) 

(Id ml.); and dry ether (2 Go 20!.; under nitrogen for 12 

hours. ' 2 ' Sitration of the eouiuai iij'uroxide liberated on 

pouring a fixed, volume of a odium tripuwoyloietixide into water 

witu standard N/10 hydroohlorio acid using methyl red as 

indicator showed 71 * conversion of trlphenylohloromethane 

to the sodio derivative.

J) DiglM» b.p. 160-162° was dried by distilling from 

lithium aluminium hydride*
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AB3TRACI

In the Introduction to tola Thesis recent progress 

in the biogenesis of tritorpenes 10 diacuaaed with particular 

reference to the daaaarene diols (XI a and b). Ihi0 

example 10 also tak«a to Illustrate the techniques now 

used la the elucidation and determination of auoh complex 

struoturea* There follows a aurvey of the methode uaed 

la the total ayntheaia of pentacyolic triterpenea. Beoauee 

Of difficulties presented by both the structure and the 

atereooheaiatry of aueh raolecules the approaches hare 

neceaaarily been limited to three mala courses of attack, 

the acid-catalyaed cycliaation of aqualene (XII), the 

combination of two decalin derivativea to proTide rin^a AB 

and D£ of the pentacyolio system, and the ooabination of a 

of a trioyolic &B8 aoiety with a aonocyolic unit to provide 

ring S,

The aain body of this Thesis is divided into two 

sections (A and B). In the first a detailed investigation 

la made into a previously reported route from elemadienolic 

acid (I) to a possible ABC tricyclic intermediate (I—vlXr1 * 

with particular aaphaala being placed on yields and 

reproducibility. It is shown that the route has several 

undeairable features and a superior alternative is offered 

(X—»XX —vIJC). In connection with tnla work two potential
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monoayollo ring $ preouraoire have been •yntheoiaod 

Ullla and XXVa) a^ ̂  att«apt«d eleotrolytio coupling 

of (Xllla) and CCj) has been oarried out*

the aooond aeetion repreeenta a continuation of the 

work of UttlehikUaa^ and la devoted to ti» ayntaaaia of 

a hydroxylat.d \»ioyolio AB unit (Xf) vhioh could too utilised 

in alkylating the daealone (XVI) with th« aim of oonatruoting 

a p«ntaoyollo tritorpono of the amyrin a«ri«s.

dootion A.

The trloyclic int«ra«diat« (XX) was flrut iaolatod 1»y 

tho rout* illustrated (I^IX) in quantities auffioioat for 

little morti tnan characterisation purpoaes.^ * More r«o«ntl/

Hybaok' ' Joaa made a preliminary investigation Into the 

praotical utiliaation of ouch a rout* with apeeial regard 

to the laolatlon of (IX) in large enough quantitiea for use 

in further aynthetio oper&tiona. However hia results wore 

not oonoiuaive and it was ue aided to reinveetigate aome of 

tha operations involved*

Aa auppliea of tiruoalleaediol (II) wore at hand it 

waa decided to looic first at ita convereiua into isotiruoall- 

enyi aoatate (Vila). It was found that altnough deaoetyla- 

tion went in high yield, the yi<*ld fro^ the aeoi-hydroiysis 

of the diacetate (III; was not reproducible and was often 

poor neceaaitating a laborious fractional recrystalliaation 

and recycling procedure in order to obtain quantities of the
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aoaoaeetate (17). fne formation of the 0cthan«aulphony1 

derirativa (?), its reduction with lithium aluminium hydride 

to give timaallenyl acetate (YI) and tha aubaequant aeid 

i»o«eri*ation to iaotiruaallenyl aoatata (Vila) all want ia 

high yield. Ozidatiou of (Vila) vith £-butjrl ahroaate gave 

* reproducible 50?* oonveraion to tha <Xp-unaaturatad 

katona (Villa).

fha olaaTa«t of tha A 15^17) doubla bond in tha 

onaatoratad katona (Villa) waa attempted by oaonelysia, 

oamium tatroxida and laad tetraacatata, ^Urmllna paroatida 

and tha Lajoiaux pariodata/par&aaganate oxidation. Only 

ozone caused fission to occur giving the trioyollo kato 

acid (IX) in poor yiald. A aumoary of tha raaulta of thaaa 

axpariaaata and a diaouseion of tha iaplioationa ia praaantad*

fha demonBtration that at least t*o atagaa in thia 

route were unsatisfactory, tha difficulty* of laolatinc 

elamadiaaonic aeid (XVII) in a high degree of purity* and 

tha jaany etagas inroJLvad ia the oonv&rslon of alanadianolie 

acid (I) to tha trioyolic intsraediate (IX), iaatigated tha 

aaaroh for an alternative source of (IX). thia vaa afforded 

by the isolation of the epi-usric mixture of dammarena diole 

(XI s and b) and the related kstones (X a and b) froa 

Dammar resin. Seduction of the See tone content of tha 

mixture to alcohol by lithium aluminium hydride followed by 

acetylation, hjdrogenation and acil-c&taiysed dehydration
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a further mixture wiiicfc contained ieotiruoalleayl 

acetate (Vila) and iaoeuphenyl aoetaU (Vllb). Oxidation 

of thia mixture with J,-l»tttyi abrogate followed by ozonolyeia 

of the resultant oftj -uaaaturated ketones (VIII a and b) gave 

the trioyclic intermediate (IX), in th« aiannar already 

d»«orib*d for iaotiruoailaajrl ac«tat* (Vila) alona. Ifc» 

trioyclio interaodiate (11) could &ow b« effectirely and 

efficiently Isolated from a natural aouroa aa tne and 

product of a route containing only four major oparatioaa.

Iwo cyclohexaa* kato-e^tara (Xlllb) and (JUVb) war* 

ayathesisdd for the purpoaa of couplet with the trioyolio 

int0rm«diate (II). 3ach waa derived from diaedon*. In 

one case, dimedone waa converted into the eaol~ohloride (XVIII) 

wnioh waa n/dro^eoated to the cyclohexaaone (XII), and 

carbethoxylated to ^ive the keto-eater (HVb). In the aecond 

case, dioiedoao vas alkylated firat with naeth/1 iodide and 

tnea ethyl broaoaoetate to aive (XXI). Zliainating one of 

tho ketone groups y^ the tnloketal and raduotion with Baney 

nickel gave th« iceto-eoter (Xlllb).

It vaa attempted oo electrolytioally couple the trioyclic 

intermediate (IX) wita tiie aoaoc^'clic keto-aoid (Xllla) but 

only the bjA-*cyclo&exyl athaae derivative iilll) oould be

isolated .
Both i^otirucalleayl aceuat*; CVlIa) and iaoeuphenyl 

acetate (Vllb) were converted iutj the 1,5-diK.etones



and (XXIXIb) in good yields with osoiua tetroxide aod lead 

tetraaoetat*. Attempts to rooyeliae the l,5-diketon»» 

fcy a plaaoollo reduction succeeded, albeit in poor yield, 

when the forcing oonditione of molten aodium in xylene were

An attempted BaeyeiMTiHiger oxidation of the 

1,5-diketone (JUIlZa), however, was unsuccessful.

In anticipation of the products to be obtained froa the 

coupling of the oonooyoJLio and trioyollo intenaediate* (Xllla) 

and (IZ) attempts were aiade to hydroxylate and fisaioa the 

^13 (Id) douolft boud ^ ̂ r^ayj,^ acetate (1X1V; ( but theae

proved uneuuueaaful. The /'-awyrin acetate (XXIV) waa 

obtained ^'roa /3 -amyrin (HVa) by *uceea»iTe acetylation, 

»«leuiuua dioxiJu dehydro&enation and partial re-hydrogeaation. 

y3 -Asayrin (XXV&) waa itself isolated as its bensoate froa 

the fractional crystallisation of a ibixture of c< - and 

p -a^yriri beuzoates, (JL.i?I) aud (HVb;.

Also iiicluded in thi^ section ia a discussion of 

further cieuaocio of convertixig the trieyolio intermediate 

(IX) into a pentaoyolic triterp«n^. 

Seotion B.

£he base eatalya«d condensation of ethyl 2-oxo-3-e&rbethoxy 

-butyrattt and ethyl viayi ketoue ^ve tJac l,5^iicetone( 

wiiich aft«r aoid-oatalysed oyolisatioii and esterifioation

tue o(p -unsaturatttd keto~&dter (,^vl, k<) in high
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overall yield. A* diffioultie* were bath anticipate and 

reaiieed in the alkylmtioa of (XXIX) t a aeoonft «ono«yclic 

keto-eater (XXX) was eyatiieaised in order to make comparative 

ttudiee of thair alkylatlon. The keto-eater (XXI) was 

•ynthaaitted in high yield via the bae«-oatalyeed condeneation 

of ethjrl c( *BotHyl-/}-oxoa4ipat« and atthjrl TiA 

and •atarification. .

att«mpt» wer« aad« to convert 

oa«atarat«d k«tapster (IXIX) into a bicyclia pr«our»or (XL) 

for rirx^s A and B by a Robinson rlag *xt«Deian and by a 

PUcha*! addition with aorylonitrile. Howov«r, tJM diaooysry 

(•e« below) t&at the sabstacoo (XXIX) oould b« alkylatad 

ougg«at«d tint th« aaaa result ai^ht b« indireetly aohi»T«d 

by alkylating it with a /s-halobutaa-J-ona kotal and than 

splitting the katal and oyoHaing the reeultant 1,5-^iketoae. 

tfith the object of preparing a /s-halobutan-3-oae k«tal 

several vain attempts were icada to add iaethaaol ia the 

presence of aaerourie chloride/boron trifluoride etherate 

oatalyat to several related *~subtstituted but-1-ynee (XXII 

&, b and e). Finally the object was realised by converting 

ethyl aoetoacetate into its kstal derivative (XXXIIa)» which 

was reduced with lit;.iua aluminium hydride to the ketal 

alcohol (X.l.iIIb), t-ia in turn giving the 

ate (XMIIc) and iodide (X.:
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A wide variety of condition* ware employed in attempts 

to alkylate the aioaocyolic fceto-estera (XJCIX and XXX) with 

both th* ^ -ketal toluftne-jj^sulphonate UiXII«> and iodide 

t XXXI Id) but as no alkylated product was ever isolated It 

appeared that the /3-k«t,al derivatives (XJUCXIo) and (XXXIId) 

were either too unstable or too inactive to aocoapliah 

eubatitution.

However, the raonocyclic Intaraediatea (XXIX) and (XXX) 

were alkylated in s«veral ways, Tha uaaaturated k«to-«ster 

was alky la ted with methyl iodide and potaaaiua

and th« homologous keto-ester (XIX) waa alkyXated 

by ethyl bromoaoetate using sodium tripfeeaylaaethide as base. 

Both (MIX) and (XXX) were alkylattd with 1,3-diohlorobut- 

2-ene^ * in the preseaoe of sodium J,-aiayloxide but no 

bicyolio ricy; closure oompouti'-1a could be obtained on tareat- - 

Bj@nt of the chlorocrotyl derivatives (XXXZII) and U^lIT) 

with ooacentrated sulphuric aeid. In fact the latter 

r«gre3*«4 to the k®to-eater (XIX) aad the former iaomeriaed 

to sivs? a solid orystaliine » produat which could not be 

identified.

Finally v riay, exteaaion- was achieved by first reducing 

the ol@fia.ic boad la the raonoeyclic «r/j—uj3S^turated keto-ester 

(XXIX) with lithium in liquid ammoaia 0nd coad<3aaims the

resultant saturated keto-e^tar (>XX¥) with the methlodide of
(5) l-Kii@thylaffiinobutaii-3-ona usin^ 10 la-aide as base. the
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oetalone UXX?I) was isolated and a ££a-dijaetliyl group was 

introduced to give U/J'.ni).

A description of tae continuation of this work la given 

and al^o iaoluded ia a variation involving the preparation 

of tiie diester (XZXTIII) toy a base-catalysed ring closure of 

ihe 1,5-Kiiketoae (JLaiX), itself derived from the base* 

catalysed coadeAsation of ethyl /$ -oxoadlpate and methyl 

vloyl ji^taae. Way^ JL* wliicii thie latter compound can be 

are alao preheated.

1. My back., fl.^hil.gjMala. Oxtord 1962.

2. Baritrop, Movers and ,«itm.ehailes, Xatrahedron Letters. 
1962, -'Q,IO. 429.

* ... Littleixailoo, S.PM1. Thesis. Oxford, 1962.

3. Arigoai, Je^-^r, and liuaicka, H&.lv.Chla,Aota. 1955 » 
58. 222-30.

4. Wichterle, Froohaaica and Hofiaann, ColI.CzecruChem.Comm. . 
1948, 42* 500.

5. Robiaeon, £., 1936* 1037.





r——M A*



3> -1



XIL R-H

ft'

Or

*ji-

e*S^°

op(





(a)
I? -

CM

(It

f<

\ Ij. r " rxr^^X ^^-X

Its.


