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Part - III 

CHAPTER-I 

A short review ~--allylic oxidation and 

bromination on triter£enoids. 

1. Bromination on friedelin with bromine in chloroform: 

Corey and UrsprUng1 carried out ·bromination on friedelin 1 . . -
in course of their work for the establishment of the structure of 

friedelin.·These studies also demonstrated clearly the presence of 

methyl group at C-5 in friedelin l• Dir.ect bromination of friedelin 
\ 

with one mole of bromine in chloroform gave the 2-bromo derivative . . ' .. 

~· From intra-red and ultraviolet absorption of the carbonyl group 

t -1 3 . a 1710 om ·and 11 mp.compared w~th those ob:baine.d at -1 1708.cm 
. 2,3 

and 295 m~ in case of friedelin Corey et al deduced the axial 

or:-~ation of bromine atom at C-2 in g. Furthermore, successive / 

treatment of -g_ with sodium borohydride and zinc-acetic acid yield-

ed . LJ.2 -fr.iedelene, proving thereby the location of bromine at C-2 

in 2-bromo friedelin. Friedelin 1 was converted into an enol-benzoate - . 

by heating to 160°, which was predominantly the Lf-isomer, whereas 
3 . . 0 

.L). -enol benzoate was obtained. at a higher temperature (180-190 ) • 

Brominatioh of the.latter ~high temperature. enol-benzoate) produced_ 

the 4-bromo derivat.ive of friedelin 3. The rx:i.al orientation of - -
bromine in this bromo_ ketone 3 was based on spectral data (carbonyl -· . . . 

absorption at 1715 cm-1 , 310 _mf-) and location of bromine at C-4 
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3 . . . 
followed from conversion in two steps to b. -friedelene. Debromina.tion 

of both bromo ketones with zinc-acetic acid--ether yielded friedelin. 

Whereas 2-bromofriedelin ~was relatively inert to silver acetate in 

acetic acid solution at steam bath temperature, the 4-bromoisomer 

was debydrobrominated to an unsaturated unconjugated ketone which 

was not isomerised to a conjugated structure by prolonged treatment 

with strong acid .• The UV of the substance indicated trisubstituted 

nature of the double bond. The production of nonconjugated noniso

merisable ketone from 4-bromofriedelin indicated t·bat migration of. 

an alkyl group most probably methyl, from 0-5 to C-4 had. occured 

during the dehydrobrom.ination process and on this basis formulation 

i was suggested. Wolff-Kishner reduction of ! gave a different un

saturated hydrocarbon ~ which was not isomerisable by heating at 

reflux with dilute ethanolic sulphuric acid. The stability of the 

olefin~ to isomerisation as well as· its UV indicated that it occu

pied the position indicated in ~· Corey et al also deduced stereo-
. ern. 

chemical dispositi~n of ring A from studies~2-bromofriedelin g and 

----· 4-bromofriedelin 3. The assYD!etric centre at 0-2 in 2 was not epi- // - _/. . - / 
merizable with hydro-bromic acid under conditions which resuJ. ted in 

further bromination and hence the axial·orientation of bromine in 

2-bromofri.edelin was the stable one. 

B . -.::- ... ... 

0 
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This observation ruled out all but one of the remaining stereo

chemical possibilities for the A/B ring fusion.§ and 1• In structure 
. 4 

.§., 0-2 would be epimeriza.ble if R = OH3 but not R = H , so that only 

the latter possibility is acceptable. In structure z, 0-2 would be 
. . 

epimerizable to a more stable configuration regardless·of·whether 

R = H or OH3 and~O both of these possibilities are inadmissible. 

From this observation it appeared that friedelin l must have a trans 

A/B juncture with a. hydrogen at 0-10@ 

Further the char1ge in rotation due to axial bromine at 0-2 

( i1MD - 651°) was opposite in direction to that due to axial bromine 

at 0-4 ( ..dMD t-614°) 0 The sign of these shifts taken together with 

molecular rotation data onOC-bromoketosteriods of known absolute 

configuration revealed that bromine was~oriented in both 2-and 

4-bromofriedelin & and ~ and that the methyl group at C-5 was (3 and 
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the hydrogen at C-10 was CX, that is, of the two structures of 

different absolute configur~tions ~.and §2 only~ was acceptable 

using this criterion. 

6a ll ·- H - - 60 R = H - 7 
§S R=C~ 

2. Bromi11ation of triterpenoids of the oleanane and ursane.series
5

• 

6 7-8 
VesterbeJ;"g , Zinke et al. reported that esters of CX..and (3 -( i 

amyrin co~d be brominated. Rollet
9

'·10 also reported bromination 

5 studies on triterpenoids. Arya and Cookson observed that oc -amyrin 

acetate or benzoate §.€!:. toolc only one mole of bromine rapidly and a 

second more slowly. The resulting bromo-oc-amyrin and its acetate 

agreed in melting point with Vesterberg's compound
6

'
8 

whereas the 

benzoate roughly corresponded.with Zinke, Friedrich .and Rollet's 

ester7 • Monobromo r--amyrin.acetate prepared by Arya et al had the 
' ' 6,10 

reported melting point of Vesterberg but the benzoate was diff-

erent from any of the mono bromo-~ -amyr;tn benzoate reported by 
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10 Rollet who may have had mixtures. Reduction of each monobromo amyrin 

with sodium ru1.d alcohol5 gave back the ,appropriate amyrin prov-ing 

there by that brominat ion had not been attended with rearrangement. 

of the carbon skeleton and making_ it probable that the double 

bond in bromides still occupied its ori~inal position. The great sta

bility of the mono bromides to base e.g. monobromo- c(-amyrin was un

changed by long boiling w~th 10% potassium hydroxide in diethylene 

glycol(250°)- a~ once suggested that the bromine atom might be atta

ched to a doubly bottnd carbon atom, probably 0-12. Further verifica

tion was achieved by oxidation of monobromo-,g -amyrin benzoate by 

chromic acid to ano(/3 -unsaturated keto11e with light absorption maxi-
. . . . . . 

. -1· . . . 
ma at 1680 em and 269 m.u.:. These were the spectral properties ex-

pected11 of the bromoketone 9 (R =benzoate), the ultraviolet maxi-
. ) 

mum of the 12-en-11-one being shifted about 20 m,u. to longer wave-
/ 

length by the 12-bromine atom. Monobromo-11-oxo-_,.G -amyrin benzoate 

9 on reduction with lithium aluminium bydl"ide, followed by acetyla--- ' . 

tion, led to a bromodiene 1Q characterized as a 9(11}: 12-diene by 

its light absorption, ( '\nax 283 mY) and high dextrorotation. Reduc

tion of this diene with sodium and· alcohol and acetylation produced 
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3,;G-acetoxy-j3 -amyrin- 9(11):12-diene. Preparation of the bromoketone 

2 and bromodiene 1Q proved the absence of bromine at C-9 and C-~1. 

'Monobromo -c(-amyrin acetate and benzoate !1 were converted 

.;i_nto the analogous compounds g and 1§.. in the same way. 12-bromo- o(-

amyrin benzoate did not react further with bromine in acetic acid 

but 12-bromo-;G -amyrin acetate· or benzoate took up a second mole of 

bromine in a few hours at room temperature and yielded a mixture from 

which was isolated a dibromo-)3-~~yrin benzoate having identical mel-
·? 

ting point with that obtained by Zinke et al ., 

~~ -
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Oxidation of dibromo-r-amyrin acetate or benzoate with chromic acid 

in acetic acid gave the corresponding dibromo-11-ketone (UV absorp

tion at 269 mp.-). The latter was also produced by bromination of 

appropriate ester of 12-bromo-11..aoxo- ~ -amyrin .2· From these obser-
c-

vations they concluded that the second bromine /should be attached 
,.../·. 

only to 0-9 or 0-18. 

In order to test ~he latter possibility, the acetate of the 

dibromide was heated with collidine at 360°, yielding ~n isomer of 

. 12-bromo-11-oxo.- (3 -amyrin acetate. Here reduction occu:q,~d instead of 

expected elimination of bromine atom~ Similar ~reatment with colli

d~ne on.dibromo-~-amyrin acetate gave an isomer identified as 12-

bromo-18«+amyrin acetate J:.i• The latter was also produced by bro

minating 18 0( -(? amyrin ·acetate. 12-bromo-18-«-(3-amyrin acetate was 

oxidised to 12-bromo-11-oxo-180(·~ amyrin acetate identicaJ. with the 

monobromo ketone formed on reduction of dibromo-11-oxo ~ -a.myrin 

acetate. Since normal 12-bromo ~-amyrin acetate and its 11-oxo deri

vative were stable to collidine under conditions that reduced the 

dibromo compounds to the 18 0( -isomer, the isomerisation was produced 

by reduction thereby indicating the lo~ation of the second bromine 

atom at 0-18 (l§., . R :: Me). 

· Methyl-0-acetyl oleanolate absqrbed one mole of bromine in 

acetic acid to give· the 12-bromo derivative which more slowly took 

up a second mole of bromine to form the 12:18 dibromide ~. (R • C02Me). 
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Chromic acid oxidation of two bromides gave the respective 11-ketones. 

Treatment of dibromoketone l!_with collidine resulted in elimination 

of elements of methyl bromide, producing in good yield a neutral, 
ll ox. high me~iing met~l free substance, the behaviour of which with 

alkali showed it to be a lactone. The band at 1790 cm-1 in the IR 

indicated a "{ -lactone while the band at 1688 cm-1 and UV at 264 m_p-
1.1-

showed that the 12-bromo-12-en-one chromophore was probably still ,. 
intact. These structural features could be accommodated by the ten

tative constitution ~· 

The configuration of the 18-bromine atom in the dibromides 

is limcertain but nearly identical UV spectra of the mono and dibro

mides in both the long and short wave length bands suggested very 

strongly that the bromine at C-18 was equat·orial
12 

to ring D (18(.3 ) 

rather than axial as might have been expected from the operation of 
13 

purely electronic eff'ects • 

3·~ Action of N-Bromosuc~inimide (NBS) on friedelin and derivatives_:4 • 

Corey and Ursprung1 showed that friedelin !_on direct mono

bromination gave 2 ~-(axial)-bromofriedelin g and bromination of 

appropriate enol benzoate gave the isomeric 4 o<..-axial bromofriedelin 

.2.• They .bave also prepared a dibromofriedelin JJL __ in presence of hydro

bromic acid in chloroform solution. The UV absorption at 332 m~ 

indicated that most probably both the bromine atoms were axially 

or~ted and has been regarded as the 2 oc.., 4o<.-dibromofr~edelin 12.• 
-<, 15 

Djerassi and co-workers prepared a second dibromofriedelin gQ by 
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bromination of 2o( -bromofriedelin in acetic acid. From its UV absorp

tion at 310.5 mfand also from ORD studies they formulated the com

pound as 2 0(, 4 ~ -dibromofriedelin g_Q,. 

< 
0 

l 

By:(t} 
g'-y-

16 Takahasi and Ourisson a1so prepared a dibromofriedelin by dibromi-

nation of friedelin in chloroform-acetic acid which showed an UV 

absorption at 320 mfL• These workers did not assign any structure to 
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this compound. 

·Stevenson et a1
14 

examined the action of N-bromosuccinimide 

(NBS) on friedelin and derivatives. Treatment of friedelin 1 in 

carbontetrachloride with a molar equivalent of NBS gave 40C.-b~oino

friedelin 2 in good yield. By further treatment of 2 with bromine 

in acetic acid solution, these authors isolated 2 0( -bromofriedelin 

g -here isomerisation rather than.substitution occured. As antici

pated from this result, it was found that 40(-bromoketone ~' (ct. )D 

92° was unstable· in chloroform..:.hydrobromic acid, the presumed equi-
o . . . . 

li brium. mixture· (OC)D -75 being formed after 24 hours. Similar equi-

libration of 2 0(-bromofriedeliri gave the .same resuJ.t. 

Since thi_s route for .obtaining a dibromofriedelin was Wl-

. successful, the ·aJ. terna tive met bod of treating 2 o(-bromofriedelin 2 . . -
with BBS was examined. 2~-bromofriedelin 2 on treatment with NBS - . 

gave·an unsaturated·monobromoketone, c30H47oBr. The latter showed· 
. . 

a positive tetranitromethane test indicating the presence of an etby-

lenic function. UV and IR spectrUm of this'ketone showed that the 

double bond was not conjugated to the ~arbonyl group and that the 

o< -bromine atom retained an BJC;ial conformation. Since it is known 

that acid isomerisation of- friedel-3-ene 21 afforded a mixture of· 
. . --
. . 17 18 

olean-13, 18-ene, gg_and 18(X ...oolean-12-ene, g.§. ' -it was consi-

dered that this non-conjugated bromoketone had probably -arisen by 

a molecular rearrangement of 20C, 4-dib~omoketone intermediate {or 

- ----------- ----:z-~----- ---- -----~-. - -
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derived radical or cation) with elimination of hydrobromic acid. A 

precedent for such a postv~ated rearrangement was provided by the 

action of silver-acetate on 4 0( -bromofriedelin .2 to yield .a product1 

which was shown to. be a mixture19 of alnus-5-enone ~ (R = H) and 

alnus~5(10)-enone, g[ (R = H). The probability that the unsaturated 

bromoketone de~ived from g could be represented as a 2-bromo-alnus

enone ~ (R = Br) or ~ (R = Br), was ~xcluded from the fact that 

the zinc-debromination.product in neutral solution was different 

from either alnusenone &1:, or g[ {R · = H). 
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Treatment of 40(' -bromofriedelin £with NBS. gave an isomeric non

conjugated axial br<?mosubstituted.ketone C3oH470Br, which also on 
. . . ' - . . . 

debromination gave the same ketone gz, o30H48o3• Reduction of gz 

with lithium aluminium hydride gave an alcohol ~ and reduction by 
V) 

Huang-Minlon method gave the hydrocarbon 22.• .J?rom th~ evidence)3 ~,.,,.,./ 
. ~ 

the isomeric monobromoketones obtained from g and £ by the action 

of NBS were· assigned. structures 2lX -bromofriedel-18-en-3-one g§_ and 

4lX -bromofriedel-18-en-3-one g.§. respectively. These assignments 
I 

were corroborated by specific rotation,and ORD studies. 

Action of NBS on saturated hydrocarbon friedelane ~14 ' 20 

was also examined and they isolated· an unsaturated hydrocarbon ~ 

identical in all respects with that obtained from Haung-Minlon re

duction of 27. This further suggested that the products obtained by 

NBS on ketones ~ and ~ were etbylenic non-conjugated ketones and 

hence the attack has proceeded at a site not activated by carbonyl 

group. The site of the double bond introduced by NBS was established 
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> 

) 

by the following way. The unsaturated hydrocarbon ~' resisted cata

lytic hydrogenation, yielded an oxide C30H5oO with perbenzoic acid, 

indicating that the double bond has a degree of steric hindrance
21 

· 

comparable to the .612-trisubstituted ethylenic linkage in ~ -amyrin 
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series.; The terminal UV absorpti~n of !ITt ... ll. and ~--indicated that 

the double bond was trisubstituted~ The resistance of hydrogenation 

of ~ further suggested that the etbylenic system was not disubsti

tuted and the friedelane skeleton does not parmi t the existence of 

a tetra substituted double bond. NMR spectrum of the ketone gz show

ed a singlet attributable to an olefinic proton not conjugated with 

the carbonyl group. 

The location of the double bond introduced by the action of 

NBS on bromoketones &, ~and hydrocarbon ~wa~ thus restricted to 

position 1(10), 7 or 18. The position 1(10) and 7 were excluded by 

examining the dehydrobromination of g§_with silver acetate. Under 

these conditions they isolated a debydrobrominated product c30H46o 
which showed no UV above 200 m p.-. Since there was no conjugation of 

carbonyl or ethylenic functions in this dienone, the original double 

bond co_uld not have been located in ring A or B. 

Although there had been much work on synthetic application. 

of allylic bromination22 , comparatively little is known with regard 

to the action of NBS on saturated systems. It has been established 

that cyclohexane
23

' 24 and cycloheptane
24 

yield the cycloalkylbromide 

with NBS under certain condition and that decalin gives a tetrabromo-
25 . 

octahydro napthalene which can also be ob~ained from the probable 
26 intermediate 9,10-octalin. Cason and coworkers have also drawn 

attention to the fact that NBS is not a reagent of general utility 

for the ex.. -bromination of saturated esters due to selective attack 

on t-hydrogen atom at the other sites in the molecule. 
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The experiments deEcribed by these workers establish that in 

friedelin the tertiaryO\_-lj.yd.rogen atom at position 4 is more r.eactive 

towards NBS than the secondary hydrogen a tom at position 2 but the 

presence of a 2~-bromine atom effectively prevents the abstraction 

of 4~-hydrogen atom by its 1,3 diaxial blocking effect to approach 

a succinimide radicale 

In absence of the activating C-3 carbonyl gToup or where 

there is a deactivation due to the ~teric influence of the neigh

bouring axial halogen, the most reactive hydrogen is the tertiary 

C-18 atom. An examination of an all chair form £g of friedelane 

showed that a severe steric' interaction must exist between the 13~

and 20 ~-methyl groups due to cis junction of rings D and E. This 

interference is removed if the terminal E ring adopted a boat con

figuration ~ but as a consequence an unfavourable 1:4 diaxial boat 

prow and stern interaction results27 • The steric strain inherent in 

both conformations with cis D/E syste·m is relieved by dissociation 

of the 18(3 -hydrogen a. tom ;and formation of. ethylenic triogon~ system. 

33 -
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4. ~ Bromine and N-Bromosuccinimide Oxidation of saturated hydro

carbon, Friedelane20 • 

Olefins may be halogenated in their allylic position by a 

nwnber of reagents of which NBS is by far the most colilllion. With this 

reagent an initiator is·needed and this is usually a peroxide. The 

reaction is usually quite specific at allylic position and good 

yields are obtained. However, when the allylic radical intermediate 

is unsymmetrical, then allylic shifts can take place so that a mix

ture of both possible products are obtained. 

When a double bond has two different ~-positions (e.g. CH3-CH = 

CH-CH2-CH3), then a secondary position is· substituted more readily 

than primary. The relative reactiv~ty of tertiary hydrogen is not 

clear, .though many substitutions at allylic tertiary position have 

been performed22 • 

That the mechanism of an_allylic bromination is of the free-
22 radical type was demonstrated by Dauben and. McCoy who showed that 

the·reaction was very sensitive to free radical initiators and 

inhibitors and indeed did not proceed at all unless at least a trace 

of initiater was present. Subsequent work indicated that the species 

which actually abstracts hydrogen from the substrate is the bromine 

atom. The reaction is initiated by small amounts of Br. Once it is 

formed, the main propagation steps are: 
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-----r7 R· + HBr 

--~"> RBr + Br • 

The source of Br2 is a fast ionic reaction between NBS and the HBr 

liberated in step 11 

The function of NBS is therefore to provide a source of Br2 in a 

low, steady-state concentration and to use up the HBr liberated in 
28 29 step 1 ' e It was previously believed that the abstracting species 

was the succinimide radical 33a __ but there is now much evi.dence that 

this species is not involved in the reaction and is probably not even 

formed. The main evidence is that NBS and Br2 show similar selecti-

-
vity30 ; that the various N-bromoamides also show similar selectivity, 

which would not be the case if a different species was abstracting in 
31 each case and that ~-h~s proved itself to be a much less stable 

species than was originally thought, since its dimer shows no tenden

c.y to dissociate32 • The latter observation casts doubt o:f the ability 
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of NBS to dissociate. The fact that the reacting species Br2 does 

not add to double bond, either by an ionic or by a free radical 

mechanism can be explained in the following way. Apparently the 

concentration is too low~ In bromination of a double bond, only one 

atom of·an attacking bromine molecule becomes attached to the sub

strate, whether "'.;he addition is ele~trophilic ·or free radical: 

\ 
Br-Br + -0 

II 

Br· 

0-
1 

\ 
-0 
II~ 

c-
1 

. \ 
-0· 

\ 
Br-0-

\ 

. I 

-.......:;.)' -0-Br 
I 

Br-0-. I 

\ 
+ Br2 ~ -0-Br 

I 
. Br-C- + Br·· 

l 

The other bromine comes from another bromine containing molecule 

or ion. If th~ concentration is sufficiently.low, there will not be 

a high probability that the proper species will be in the vic~ty 

once the intermediate forms and the equilibrium will lie to the left. 

This stows the rate of addition io that allylic substitution can 

successfully compete. If this is true, then it should be possible 

to brominate an olefin in the. allylic position without·competition 
' from addition, even in the absence of NBS or a similar compound, if 

a very low concentration of bromine is used and if.the HBr is re-

moved as it is formed, so that it is not available to complete the 

i 
. 33 

add tion step. This·has .been demonstrated by McGrath·e~ al • 
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14 20 Stevenson et al ' reported that the saturated hydrocarbon 

friedelane ~was oxidised by NBS to the olefin, friedel-18-ene ~· 

In order to demonstrate that the function of NBS here was to provide 

molecular bromine, they have compared the action of bromine on gg 

in carbon tetrachloride solution. A solution of bromine in carbon 

tetrachloride added to friedelane was decolorized and the reaction 

mixture when worked up in the usua·l way14a, yielded friedel-18-ene 

~ in comparable yield. This demonstrated that i~ this oxidation, 

the intermediacy of the succinimide radical was unessential. No un-

changed friedelane was recovered by chromatographic examination. They, 

however, isolated an unstable bromofriedelane which readily yielded 

friedel-18-ene and was consequently considered by them to be an 18-

bromofriedelane. The discrepancies and poor reproducibility repor

ted14a in the bromination of 3-ketone, fried~lin by NBS, particularly 

in the formation of di and tribromo derivatives at C-2 an~or C-4, 

may be attributed to accompanying halogenation at C-18. 

/ 

-
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b N b . . . d 34 5. AllJ':lic oxidation y - romosuccJ.nJ.IllJ. e • 

35 
Corsano et al reported formation of 3 P., -aceto:x:y-urs-12-

en-11-one ~. __ in 80% yield by treatment of d.. -amyrin acetate .£i with 

NBS in aqueous dioxan solution. 

Finucane et a1
34 

obtained 3~-acetoxy-olean-12-en-11-one ~ 

f (.). . t t 38 d th nd. t. . 35 . . ld that rom 
1
.... -amyrJ.n ace a e _ un er e same co J. 10ns J.n yJ.e s 

fluctuated between 20 to 60% together with a number of by-products. 

They also claimed that when the reaction mixture was irradiated with 

visible light,oc~-unsaturated ketones were formed in·near quantita

tive yields from a number of trisubstituted olefine containing an 

allylic methylene group. Finucane et al treated ~ -~yrin acetate 

!2.§. __ vrith NBS in aqueous dioxan in a typical ambient-light experiment 
35 

· as described by Corsano et al • They separated the products by 

chromatography over silica gel and isolated starting material (Ca 

50%), 3p -acetoxy-olean-12-en-11-one ~(Ca 40%) ,. bromo compounds 

(Ca 8%) and 3 (?>-aceto:x:y-olean-12-en-11- G(-ol iQ.JCa 2%). Oxidation 

of the latter iQ.~ __ with Cro3 in acetone afforded 3 p -acetoxy-olean-

12-en-11-one ~· 

In another experiment the products were isolated by chromato

graphy over alumina, the compounds isolated were ~-amyrin acetate 

2sL ( Ca 35%), 3 f1 -acetoxy-olean-12-en-11-one .22, ( Ca 40%), bromo

compounds (Ca 10%) and polar materials· (cS: 101~ The polar fraction, 

on elution with methanoi was acetylated and on rechromatograpby gave 

11 o<.-methoxy-olean-12-en-3 ~ -yl acetate !!__together with smaller 
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~ R1 : Ac , R2 : 0 
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R\0 

38 R1 : Ac , R2 = H2, R0 : H 

~ _ R1 : Ac , R2 : 0, R0 : H 

!Q.. Rl =. Ac, ·R2 = OC -OH, R:3 = H 

!1. R1 : Ac , R2 : ()( -OMe, R0 = H 

1& Rl : Ac , R2 = o( -o:A:c , R3 _= H 

!2, R1 : Ac, R2 :OC-OH, R0 = Br-

!§. R1 = Ao, R2 = 0, R3 : Br 

~- Rl = Ac, R2_: H2, R3 : Br 

5 amounts of 11o<.-o1 iQ_and oleana-9(11), 12 dien-3~-yl acetate 
. 35 

§! ___ and a trace of 3 f~ , 11o<-diacetate ~!. The methoxy acetate il 

with p-toluene sulfonic acid in acetic anhydride afforded 3 ~-acetoxy

oleana-11(13)18-diene §§. __ in quantitative yield. The 110C.. -configura-
I 

tion of the methoxy group was assigned on the basis of tl1e magnitude 

54 R: H -
QQ._ R ::;::Br 

!?.£.. R:H 

57 R : Br -
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of the 90C-H, 11-H coupling constant35 , 36 , 37 9Hz. 

The fraction containing the bromo compounds was resolved by 

chromatography over alumina and fractional crystallisation into two 
' 1:; I 

components. The nla.jor product was a diol monoacetare (o32H51Br03, J 
IR). Although free hydroxy group was secondary ("{ 5.6, :£iCOH), the 

monoacetate resisted further acetylation. The compound gave a yellow 

color with trinitrometbane and showed and absorption in the UV, but 
-

no olefinic proton or HCBr signal in its NMR spectrum. These data 

suggested that the bromo compound was 3 ra -acetoxy-12-bromo-olean-12-

en-11-ol ~~-The latter resisted attempted debydrobromination, althou-
' gh prolonged treatment with lithium chloride in hot DMF resulted in 

I 
dehydration wit~ formation of 12-bromo-oleana-9(11), 12-dien-3~ -yl 

acetate
5 §.§..~, Acid catalysed dehydration 'of 12-bromo-11-ol !2.. also 

,. 

yielded the homoannular diene §§. __ and not the heteroa.nnular isomer 

57~ In the absence of 12-bromine atom, the heteroam1ular diene 56 

was the sole product. Model of §1 ~howed a severe non-bonding inter

action between the· bromine atom and 19 proton, irrespective of the 

conformation of ring E. This interaction was absent 'in 55. Mild 

oxidation of i§. gave 3 ~ -acetoxy-12-bromo-olean-12-en-11-ome5 i§_. 

This confirmed the presence of 11-hydroxy group in ~~ The large 

negative difference on molecular rotation (-266°) between the bromo 

alcohol ~-and 12-bromo-olean-12-en-3~ -yl-acetate5 i§. __ suggested the 

11 o( -configuration for the hydroxyl group, which is supported by the 
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magnitude of 9o(-H, 11-H coupling constant (7.8 Hz) for the 110(-ol. 

The minor component of the mixture of bromo compounds was an 

o(@-unsaturated ketone (c32H49o~Br) Q!, ?\max 244 mp... • The NMR spec• 

truro of Qft_showed that the double bond was trisubstituted (1(4.10, 

(1H, S) and that the bromine atom was secondary~5.3 (HC.Br) • Deby-
. --

drobromination of Q.§._yielded a dienone .§.§..'.- in which the new double 

was not conjugated. It ~ould not be brought into conjugation by treat

ment with base. liJMR of §§._showed tlE presence of an isolated double 

bond and this double bond was disubstituted ('Y 4.14, 2H, m). The 

structures 58_and §§. __ were consistent with the observed spectroscopic 

proper·tie s and were also mechanistically acceptable. · Thus the i.ni t ia:L 

B"( 
i 
I 
I 

) 

HO 

43-
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0( -~ace attack on~ -amyrin acetate ~at C-12 would lead to a carbo

nium ion ~· Elimination of a proton from 0-12, followed by allylic 

hydroxylation would then lead to ~· Alternatively migration of 140C

metbyl group to C-13, elimination of a proton from.C-15, and subse

quent allylic oxidation would give the 12 CX-bromo-16-one Q.§_. 

In the NMR spectrum of the bromoketone 58 ncBr· signal over

lapped the 3 <X.-H multiplet. However in the spectrum of 120(-bromo- · 

tara~er-14-en-16-one §Q_which was obtained from 50_ in a reaction 

similar to that described for~ -amyrin acetate, the :fi9Br signal was 

a triplet (J, 8.1 Hz). The result was compatible with the proposed 

§g. ·. R1 : H2 , R2 : H, R3 = Me 

Q1 Rl = H2·' R2 :Me,. R3 = H 
' ''· 

_, 

58 -
§2. 

.§.Q. 

§.1 

'?.. 

R1 - OAc, -
Rl - OAc, -

IZ2 
I 
I 
I 
I 

R2 
R2 

= -
Br, R3 = 0 

H, R3 -= H2 

R1 - H, R2 = Br, R3 : 0 -
R1 = OAc, R2 = H, R3 = H 

1<1 ;; Ofle 
' R-' =- H' R. 3 ='- jJ-oH~ J-1 
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12 p.>-H configuration in t h~ ring C-boat of taraxerene skeleton when 

the effect of the substituent on the vicinal coupling constant was 

considered38• 

The most characteristics feature of the mass spectra of tara

xer-14-enes are the D/E ring fragments i!.and the retro-Diels Qlder 
39 

fragments 1§..._- • The presence of an 11, 12-double bond in dehydro bro-

mination product §§was expected to prevent formation of 47~ The mass 

spectrum of the d.;i.enone .§.§. __ showed ·no fragment corresponding to D/E 

lr7 ·-
ring species !Z_and only two ab~dant ions'viz.m/e 356 (c22H32o3), 

~,and 148 were prominent. High resolution measurements confirmed 

the constitution of m/e 356 fragment and showed that the species of 

m/e 148, of equal abundance was c10H10p to which might be plausibly 

ascribed the aromatic ketene structure £1• 
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·+ 
" 

~c:O 

.l 

In the spectrum o.f the bromoketone 58_ a D/E ring fra@Ilent was absent 

and the expected even electron species ~-was the most abundtmt ion. 

---~ 

44 -

Thomson et al also carried out oxidation of taraxeryl acetate §g 

by the meth6d of Corsano et a1
35 

and obtained two major products to 
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which they assigned 16-oxo taraxeryl acetate structure §1_ (Ca 30%) 

and 16 ~-hydroxy tarax:eryl acetate structure .§.& __ (Ca 30%). Treatment 

of .§.&.with chromic acid in acetone gave the unsaturated ketone 21• 

They suggested a 16- ~-configuration _for the hydroxyl group from 

the study of the Drieding model. The 15-H.signal in the illv1R spectrum 

of taraxeryl acetate ~_appeared as a quartet (J1-4, J 2-a Hz) whereas 

in .§& __ as a doublet (J 4Hz). A drieding model of tarax-14-ene showed 

15-H, 16-H dihedral angles to be Ca90° (16o<.-H) and Ca 30° (16[3 -H), 
40 thus the expected vicinal coupling const~ts are very small and 

Ca 8Hz respectively. The increased magnitude of the smaller coupling 

constant may be attributed to efficient overlap of the7\-orbital with 

the axial 160( -H bond. The appearance of the 17 ~-methyl signal as 

a doublet (Jl Hz) in the NMR spectrum was also taken as the confir

mation for the IX-axial .configuration for the 16-H atom. 

These authors reported that when solutions of o<. -~_or \3~.§.§ 

amyrin acetate in aqueous dioxan containing NBS were irradiated with 

visible light the corresponding 11-ketones 35 or 39 were ~ormed in 
. ..-.-. ~ -----~· . 

essential quantitative yield. Similar high yields of~~-unsaturated 

ketones were claimed from olean-12-ene 50, urs-12-ene 51,- and tarax-
--~ -----

eryl acetate !22.~ 


