PART - I

STUDIES ON THE ACTION OF N-BROMO SUCCINIMIDE
ON SOME TRITERPENOIDS IN DIMLRTHYL SULPHOXIDE



CHAPTER - I

A Short review on the action of N-Bromo

succinimide on Triterpenoids and Steroids.

It has been found that triterpenoids undergo variety

of rearrasngements with simple reagents. These rearrangements
also take place within the plant under different biogenetic
conditions. Some important rearrangements take place under
various oxidative conditions with reagents like mercuric
acetate, lead tetraacetate, chromic acid, organic peracids,
hydrogen peroxide, N-Bromosuccinimide. As we have carried out
some reactions of NBS on triterpenoids it is felt necessary to
give a brief account .6f the previous works on the oxidative
transfofmation with the help of this reagent.
N-bromosuccinimide was first prepared by Seliwanowl

in 1893. The use of N-bromoacetamide as an allylic brominat ing
agent was prepared by Wohl and Jaschinowski? in 1919. Ziegler
et al3 also prepared eight other bromo imide but found them

to be far less satisfactory than N-bromosuccinimide for allylie
bromination. Many reviews have appeared on the action of N-
bromosuccinimide:; of them {a) Djerassi4 and (b) Hoﬁer and

5
Wenkelman  for allylic bromination and (c) Filler® on bromination

and oxidation reactions are worthmentioning.
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NBS also reacts withl olefins to add bromine to the
double bond or act as a source of hypohalous acid in aqueous
solut ion. Braude et al (1952) have shown that the addition
reactlon is catalvsed by. tetra-alkyl ammonium salts, for e.ge.

cyclohexene in the presence of tetraethyl ammonium bromide

0

form mainly 1:2 dibromocyclohexane.

b ' ' Br
] ~ — NBS ———
\ Br
Tetraethyl ammonium '
bromide

>

N_bromosuccinimide is also in extensive use since

1969 as an effective reagent for oxidatioh of allylic methylene

7-9
to carbonyl function .

A bfief_ review on the action ofi NBS. on some triterpenoids
and steroids is discussed below in order to explain the formation
of the products of the reaction between lupenyl acetate and
moretenyl acetate with NBS.

8-11
Action of NBS on Friedelin and its derivative

. - I .
10 : _
Corey and Ursprung have shown that friedelin 1 on

direct bromination gave Zd—(axial)-brontofriedelin 2 and
brominat ion of abpropriate enol benzoate éave the isomeric

| 406-(a>&ia1)-bromofriedel-iﬁ 3. They have also prepared a
dibromofriedelin 4 in presence> of hydrobromic acid in ci'lloroform.

The dibromofriedelin 4 has been assigned as 2«-, 40c-d ibromo-
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12
friedelin from the uv absorption at 332 nm. Djerassi et al

have prepared another dibromofriedelin 5 by bromination of

2 -bromofriedelin 2 in acetic acid. They designated the

compound as 20¢ -, 48 —dibromofriedelin 5 from the studies of

uv (310.5 nm) and ORD.

13
Takahasi and Currison also prepared a dibromofriedelin

by the action of bromine in chloroform and acetic acid on

friedelin. But they could not assign the structure of this

compound although the compound showed uv absorption at 320 nm.
Stevenson and co-workersl‘]r’15 cbserved the Feaction

‘between friedelin apd its derivatives with NBS. They founa that

friedelin 1 on treatment with molar equivalent of NBS in carbon
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" tetrachloride gave 409—br§mbfriédeiin 3 in<satiéfactory yvield.
They also isolated 2oc;bromofriedelin 2 from 3 by further
treat ment of ; with bromine in acetic acid° Hence, in this
reaction isomekisation §ccurred fathér than substitution. As

: o .
was expected from this result, it was found that 4o -bromo-

ketonevg,bdu + 9%2° was gnstable in chlorofgpmuhydrobromic acid,
the presumed equilibrium'mixtureﬁg% -750, being formed after
24 hourse 2o -bromofriedelin ;'also gave the same result on
similar-egui iibriaf ion.

For obtaining dibromofriedelin, since this route was
unsucéessful, therefore an alte?native method of treatmen£ of
2d:-bromofriedelin with NBS was attenpted; Treatment of 2« -
bromofriedelin with NBS gave an unsaturated monoketone
03034708r which showed positﬁﬁe T«N.M test indicating théreby
the presence of ethylenic linkage. UV, IR spectra of this
ketone showed tbat the.double'bond.Was not conjugated to carbonyl
group and the ol-bromine at om retaiﬁed'an axialﬁorientation.

' .Since it.was known that acid-isomerisation of FriédeI-B-ene,
[ affoi:ded a mixture of olean-13, 18-ene, 1 and lSoC-olean;.lz_

14,15 : :
‘ene” 8, it was assumed‘tbis non-conjugated bromoketone had

. probably arisen by molecular rearrangement of 200, 4oC -dibromo-

ketone intermediate (or derived radical or cation) with elimina-

tion of hydrobromic acid.
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8

A precedent for such a rearrangement was provided by the action

of silver acetate on 4« -bromofriedelin 3 to yield a product 1
which was shown to be a mdxturel of gigug-S-ennéne, 2 (R=H )
and alnus-5(10)-enone, 10 (R=H). The probability that the
unsaturated bromoketone"derived from 2 could be represented as
2-bromo-alnus-enone 9 (R=Br) or 10 (R=Br) was excluded from
the fact that the zinc debroﬁination product in neutral solu-

t ion Wwas different from either alnus enone g or 10 (R = H),
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Treat ments of 4« -bromofriedelin 3 with NBS gave an
isomeric non-conjugated axial bromo .substituted ketone 11

| C OH OBr which on dehydrobromination gave the idenhtical ketone
30 47 . ’ '

c OH480’ 12. Lithium aluminium hydride reduction of _1_3 gave

3

an alcohol 16 and on Huang-Minlon reduction gave the hydro-

carbon 15. From these observat ionsthe isomeric. monobro moketones
cbt ained from 2 and 3 were assigned structures 2-o ~bromofriedel-
18-en-3-one 13 and 4oo-bromo-friede1—18-'en-3-one 1l respectively.
These assignments were also supported by specific rotation and

ORD studies.

. . 11,17
Action of NBS on saturated hydrocarbon friedelane '

14 was also examined and they isolated an unsaturated hydrocarbon
15 identical in all respect with that obtained from Huang-Minlon

reduct ion of 12. This fact suggested that t'h_e Products obtained

by the action of NBS on ketones 2 and 3 were et‘hylenic non-

conjugated ketones and hence the attack has taken place at a

site not activated by carbonyl group. The location of double

s
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bond by NBS was established by the following way. The unsaturated

hvdrocarboﬁ 15, resisted cétalytic hydrogenat ion, yielded an

oxlde CBOgSOO with perbenzolc acid showing thereby that the
‘ 13
double bond has a degree of steric hindrance  comparable to

12 |
the . -trisubstituted ethylenic linkage in B -amyrin series.

The Eerminal uv absorption of 12, 15 and l§ indicated that the
double bond was trisubstituted. The resistance of hydrogenation
of 15 further suggested that the ethylenic system was not
disubstituted and the friedelin skeleton does not permit thé

existence of a tetrasubstituted double bond.

LY NMR spectrum of the Ketone 12 showed a singlet which

Was attributed to an olefinic proton not conjugasted wiﬁh carbonyl
group.

The location of double bond on bromo ketones 2, 3 and
hydrocarbon 15 was thus rgstricted to position 1(10), 7 or 18.

The position 1(10} and 7 were discarded by dehydrobromination

of 11 with silver acetate. A dehydrobrominated product C30H460

was isolated which gave uv absorption above 220 nm. 3ince there
was no conjugation of carbonyl or ethylenic functions in this
dienone, the original double bond could not be located in ring

a and B. although there had been much work onm the synthetic
13
application of allylic compounds

Comparatively little was kanown about the action of NBS on.

: 120,21
Saturated systems. It has been proved that cyclohexane ~and

21 ) :
Cycloheptane yield cycloalkyl bromide with NBS under certain

- . ; 22
condition'and decalin gave a tetrabromo octahydronaphthalene

which oan also be obtained from probable intermediate 9y 10
occtaline
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23
Cason et alﬂ have also drawn attention to the fact that

NBS is not a reagent of\general.applicability for the ol -bromi-
nation of saturated esters due to selective attack on t-hydrogen
at either sites of ﬁhe molecule. In these experiments these

© workers established that in friedelin the tertiary ol-hydrogen
atom at position 4 was more reactive than secondary hydrogen
atom at position 2 but the presence'of a 2 -bromine atom
effect ively prevented the abstraction of a 4o ~hydrogen atom by

its 1,3 diaxial blocking effect to approaching succinimide

radical.

R=0 12
OH
R=7"" 16
§
13
14
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In absence of the activating C-3 carbonyl group or
where there is a deactivation due to the steric influence of
the neighbouring axial halcgen, the most reactive hydrogen is
the tertiary C-18. An examination of an all chair form 17 of
friedelane showed that a severe steric interaction must exist
between the 13«-and 20oC-methyl groups due to its ceis-junction
at rings D and E. This interference is removed if the terminal
'E ting adopted a boat configuration 18 but as a consegquence an
unfavourable 1:4 diaxial boat prow and stern interaction

24
results . The steric strain inherent in both conformat ions

with cis D/E system is relieved by dissociation of the 188 -

hydrogen atom and format ion of ethylenic trigonal system.




Bromine and NBS oxidation of saturated hydrocarbon,
17 “

friedelane

Olefins may be halogenated in the allylic position by
a number of reagents. Nevertheless, NB3 is by £far the most
common among them. An initiator usually a peroxide is needed
with this reagent.. The reaction is quite specific at allylic
position and the vields are usually good. However, in the case
of unsymmetrical allylic radical intermediate, allylic shifts

can take place so as to give a mixture of both possible products.

CH.-CH_.-CH = CH_ + NBS —> H.CaCH=CH = CH

3 2 2 3 2
Br
e

H3C-CH = CH-(I:H2

Br

When a double bond has two differentck-positions (e.qg.
Giz-CH = CH_CHZ_CH3) then a secondary position is substituted
. more readily than the primary. The reiative reactivity of
tertiary hydrogen is not clear, though many substitutions at

19
allylic tertiary position have been performed .

That the mechanism of allylic bromination is of the free
19
radical type was demonstrated by Douben and McCoy . They showed
that the reaction was very sensitive to free radical initiators

and inhibitors and indeed the reaction stopped uniess at least
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a trace of initiator was present. Subsequent work indicated
that the species which actually abstracts hydrogen from the
substrate is the brbmine atom. The reaction is initiated by
'small am;unt of bromine, once it is formed, the main propagat ion

steps ares
o (@] .
le Br + RH ——> R + HBr

o ©
2 R +Br2 we——, RBr + Br

The source for bromine is a fast ilonic reaction between

NBS and the HBr liberated in step l.

0 0
N—3Bp -}HBP—— QNH + Br,
0 0

The formation of NBS is therefore to provide a source

of Br, in a low steady state concentration and then use up the

25,26
HBr liberated in step-l .

Previously it was supposed that the abstracting species

was the succinimide radical 18a but there is no much evidence

that this species is involved in the reaction and is probably

not even formed. The main evidence is that NBS and bromine show
‘s 27 \ .

similar selectivity  that the various N-bromosuccinimide also.

show similar selectivity, which would not be the case if a
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.28
different species was abstracting in each case and that 183

has proved itself to be a much less stable species that was

originally thought, since its dimer show no tendency to

29
dissociate .

0

O O |
0 0 | |

0
18a.
That the reacting species Br2 does not add to the doublé
bopd eithc-;»r by an ionic or free radical mechanism can be explained
in t1;1e following way. The conceqtrag%pn of bromine is too low

Ao

in the addition of double bond, only one attacking bromine atom

-of a bromine molecule is being attached to the substrate,

‘whether the addition is electrophilic or free radicai.

’\C/ C]Z- Cl
B — Br 4 _,_||_;_@_,_~_B§_l B . L. Be
S c _—
BP i = 4 B e _Bfa_ 4+ Br®

Z N BP——CIZ—' Br—C— ‘ :

|
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‘The other bromine comes from another bromine molecule.
If the concentration of bromine is sufficiently low, there
will not be a high probability that t he proper species will
be in the vicinity once the intermediate forms and the equili-
brium will lie to the left. That is why the rate of addition
is slow so that the allylic substitution goes to completion
successfully. If this is true then it should be possible to
brominate an olefin in the allylic position without compet ition
from addition, even in the case of NBS or similar compound, if
a very low concentration of bromine is used and if the HBr is
removed as it is formed, éb that it is not available to complete

. 30
the addition step. This has been demonstrated by McGrath et al .

Stevenson et alll,l? reported that when the saturated
hydrocarbon friedelane l4 was oxidised by NBS, friedel-l18-ene,
15 was obtained. In order to explain the function of NBS was to
provide molecular bromine they compared the action of bromine in
14 in carbon tetrachloride solution.

A solution of bromine in carbon tetrachloride was added

to friedelane, the colour of bromine being discharged and the

lla
react ion mixture was worked up in the ssual way « Friedel-18-

en 15 was obtained in comparative yield. This indicated that
succinimide radical was not essential. By chromatographic
examinat ion no unchanged friedelane ﬁas recovered. However, they
isolated an unstable broméfriedelane which readily transformed

into friedel_le-ene.,Cpnsequently they considered the compound
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to be an ls-bromofriedelane. The discrepancies and POOr repro=-

lla
duciblllty reported in the bromination of 3-ketone friedelin

by . NBS particularly in the formation of d4i and tribromo deriva-
tives at C-2 and/or C-4 nay be attributed to accompanying

haiogenation at C-18.

'Bromination>and Dehydrobromin at ion

‘The ability of NBS to act as specific resgent for allylic
t brominat ions has been used to great advant age for the introduc-
l‘tion of supplewent ary double bonds, particularly in cyclic
I systems. In this Way, a variety of monosubst ituted compounds
'have beenc:onverted to conjugated dienes and -trienes, including
the aromatization ofAsubstltuted cyc lohexenes and cyclohexadienes.

The meth od inuolves a:two‘step bromination- dehydro-
oronination processQ In many ceses; the internediate bromo
compound is isolable and_the:second step»proceeds after treat -
' ment of.a base. Tnere are nuherous examphes,‘in which the bromo

I

intermediate is unstable under reaction condltions and spont a=-

'neously loses hydrogen bromide to form the final product. There

" is no definite struotural guide which can be used to predict

whether dehydrogenat ion will occur without the use of a base.
A wide variety of'substancesyhave been used as base to effect

g the seccnd step of the process namely " tertiary amine, pyridine,

quinoline,w’-collidine etc.
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While a number of simple olefins have been converted
to dienes in this manner, the method has found wide ‘gi)plic‘ation
in a wide range of natural products such as terpenes, steroids

and alkaloids.

4 :
2 - cholesten~3-one, 19 on allylic bromination by

31
NBS gave 6-bromo compound 20, which on heating with collidine

4,5,6,7
readily formed o°°7'77

231s25495

-cholest adien~3-0ne. In a similar

manner

1,2;4,5,6,7 .
cholest a=trien-3-onee.

-cholest adien-3~one was converted to

271

¥
oD

.
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32 )
N. Rubin et al provided an interesting example of allylic

brominat ion with subsequent dehydrobrominat ion. They treated .
‘432—3-acetoxy-cholestene 22 with NBS. The enol acetate of

cholestanone 23 (ring A/B trans) reacted with NBS in CCl, to
: 1 4 '
give a mixture of A and U\ -cholesten-3-one 24 and 25 and

2-bromo cholestan-3-one 26, the amount of which increased with

time at the expense of 24.

- \

\

AcO 29
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The origin of the reaction produéts has been attributed
.to the thermal and acid instability of the intermediate allylié
brominat ion products, 217 and 28. The formatidn of the compound
25 has been explained on the basis of spontaneous loss of
hydrogen bromide from 27 and then acid catalysed cleavage of
the resulting enol acetate. Due to the absence of an available
hydrogen for spontaneous dehydrogénation, 26 is more stable
than 25. However, the rapid format ion of 24 suggests the acid

cleavage of 26 and the Ketonisat ion of the resulting enol to

Produce ~@fbromo ketone, which possesses a hydrogen atom of an

adjacent carbon atom.

Br

~ TN

AcO ' AcO
‘Br

The reaction becomes more complex as the time increases because
the formation of hydrogen bromide in the reaction mixture which
cat alyses the regenerat ion of';; from 22 and results in the
formation of free bromine by reaction with NBS. Bromine and

. 33
23 react to give a comoound 26. Djerassi et al dotained this

compound from NBS and 23.
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3
The reaction of NBS with £\ -acetoxy-coprostene 29
(ring A/B cis) indicated that in-27, the activation energy of
boﬁhval}ylic position (C, and_CS) was of the same magnitude.
The attack ét the tert iarwv C5 position was somewhat unexpected

because it was thought that more vigorous activation would be

required for this type of substitution by NBS.

AcO 0

- 5 .
Steroid sapogenins containing 2 -3-CH group and a

spiroket al side chain in the 16,17 position are selectively

brominated in the 7-position with NBS under irradiation with

: 5,7
art ificial light. Dehydrobromination with collidine gives &' -

sapogenins, useful as intermediates for synthetic hormones or

. 34
after irradiation, as products with antirachritic activity .

The method has also been used in structural studies. of the
35 ‘
terpenoids . Similar action of NBS on friedelin and bromo-

: 11b
friedelin has also been reported .
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Barnes et al showed that treatment of 1,1l,6-trimethyl

1, 2 dihydronaphthalene with NBS gave an allylic bromide which

aromat ized to 1,2,6-trimethyl naphthalene by si;ver ion or heat

(temperature of refluxing CCl,).

-

NBS

Oxidation of allylic methylene to carbonyl

group by NBS.

NBS is in wide use since 1969 as an effective reagent
for oxidation of allylic methylenes to carbonyl function.

37
Corsano et al reported the formation of 3 B -acetoxy-urs-12-

ene-~ll-one 32 in 80% yield by direct oxidation of <L-amyrin

acetate 31 with NBS in aqueous dioxan solution.
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3 = . =] R.=H

31 Ry=hdc, R,=H 33 Ry=hci Ry=H,s Ry
34 R,=Ac; R =0, R,=H

.3.2. R]_:ACS R2=O — 1l 2 3 H

B 35 Ry=Ac: R2=aXL0H, Ry=
36 Ry=Ac; R, =d-OMe, Ry=H
37 Ry=Aci R,=«-OAc, Ry=H
38 Ry=Ac; R,= A-OH, R,=Br
38 Rj=hc; R,=0, Ry=Br
-.42 R1=Ac; R2=H2, R3=Br
. 38,39 '
Finucane and Thompson reported an improved method

for the direct oxidation of the allylic methylene to carbonyl

by the action of NBS in the Presénce of visible light. They
claimed that when trisubstituted olefins containing an allylic
methy lene group were treated with NBS in aqueous dioxane followed
by irradiation with visible light”LJZ-unsaturated ketones were

: 38
obtained in near quantitative yield. Finucane et al treated

ﬁ_amyrin acetate 33 with NBS in aqueous dioxane in a typical
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: ~ 37
ambient light experiment as described by Corsano et al . On

chromatographic separation over silica gei they isolated starting
materiél (Ca 40%), bromo compound (€a 8%) and 3?_—acétoxy
olean-12-ene-1lL -0l 35 (Ca 2%). Oxidation of-_3_5_ with Cr0,
in acetone afforded 3 -acetoxy-olean-12.en-1l-one 34.

In another experiment the products were isolated by
.chromat ography over alumina. The compounds l1solated were

ﬁ_amyrin acetate 33 (Ca 35%), 38 _'acetoxy-olean-'-12-en-ll-one

34 (ca 40%), bromo compounds (Ca 10%) and polar materials (Ca 10%).
The polar fraction on elution with methanol was acetylated
and réch:omatographed. Products isolated were 1lo{-methoxy-olean-
12-en-3 B -yl acetate §_§; llaG-hydroxy-élean-lz-en-3ﬁ -yl acetate
'35 and olean-9(11), 1l2-dien-30 -yl acetate 39 and a trace of 383 -,
11L -diacetate 37. The £ -methoxy acetate 36 with paratoluehe
sulphonic acid in acetic anhydride yielded 3B ~acetoxy-oclean-

11(12), 13¢18)-diene 41 in quantitative yield.
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Tr;e brdmo-compounds were resolved by chromatography
ouver alumina and fractionally crystallised into two components.
The major product was a diol mono acetate (C3,H, 10331‘) which
was identified as 3P -acetoxy-12—bronlo;-olean—lz-en-ll-ol 38,
from further acetylation, uv, NMR and TNM test. The minor

component of the mixture of bromo compounds was identified as

12 L -bromo-l6~-one 43 from the uv (A nax 244 nm) and NMR spectra.
The mechanism proposed for the formation of 38 and 43
suggested that the initial L -face attack on B-amyrin acetate
33 at C-12 would lead to a carbonium ion. Elimination of a
.protor'x from C-12, followed by allylic hydroxylation would then
lead to 38. Alternatively, migration of 140 -methyl group to

C-13, elimination of a proton from C-15 and subsequent allylic

oxidation would give the 12 -bromo~l6-one 43.
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) 39 .
Thomson et al carried out oxidation of taraxeryl

acetaté 44 by the method of Corsano et al37 and obtained two
major products to which they éssigned the structure of l6~oxo-
taraxeryl acetate 45 (Ca; 30%) and 16 ﬁ-hydroxy—tara;eryl acetate
46 (Ca 30%). Treatment of 46 with chromic acid in acetone gave
the unsaturated ketone 43. These authofs also carried out the
oxidation on 44 by the method described for A -amyrin acet ate,-

which re_sulted in t_he format ion of 124 -bromo—taraxér_lz-en-ls_

one 47. :
- . . 38
Oxidation of taraxeryl acetate in aqueous dioxane for

five and half hours in presence of CaCo3 in visible light gave
a compound 48, the structure of which was established as ll-keto-
15-bromo- @ -amyrin acetate, whidh in turn gave a halogen free

compound 48 on treatment with zinc dust in acetic acid. Its

structure was established as B -amyrenonyl acetate 49.
) -

Ry=OAc, R

= =H ~E
2y Bty 48 R=Br

o4

Ry=0Ac, R,=H, R3=0

R =0OAc, R, =H, R3= B-CH, £ -H

5 5 R

R1=0AC , R2=Br, R3=0
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_ ' 40 -
Khastgir et al repeated the oxidation study of

t araxeryl acetate 44 with NBS in aqueous dioxan according to the

39 ‘
method of Finucane and Thomson but the products isolated were

' A 39
quite different from those reported by Finucane et al .,

Khastgir et al observed that taraxeryl acetate 44 on oxidation
- with NBS in aqueohs dioxan gave a mixture of two.compbunds which
were separated by chromatbgraphy over algmina column followed

by crystallisation.

. "\ O
The first solid c32H4903Br MePe 238-40 obtained on

elution with petroleum ether in a column was characterised as
15-bromo- B-amyrenonyl acetate 5Q. Its structure was proved by

the folowing reactions. On treatment with zinc dust and acetic

’

racid, a halogen free compound was isolated and was found to be

- : - 41
identical with an authentic sample of P-amyrenonyl acetate

51, prépared by Cro, - AcOH oxidation of f —amyrin acetate.

Khastgir also tried to prepare the l5-bromo-compound 52 by a
suit able method. They carried out the oxidation of taraxeryl
acetate 44 by the method of Dalton and Jones42 using NBS in.
. B ) ) 4 3 . .
dimethyl sulphoxide solvent . Taraxeryl acetate 44 on treatment

with aqueous dimethyl sulphoxide in chloroform and NBS in dark

. . . o ’
32H5102Br, MePe 180-82 , showing no uv absorp-

tion between 220-300 nm. From IR, NMR and mass spectra the

{afforded a solid C

structure of 15-bromo-compound was assigned to be 5 ; The bromine

atom at 15 position of 52 would be expected to have the same
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stereochemistry as in the case of product from NBS-agueous
dioxane oxidation method.  Compound 32 on oxidation with CrO,-

41 O
AcOH gave 50, m.pP. 238-40 identical with the product obtained

from NBS - aqueous dioxane method.
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. ‘ o
Dehydrdbrominat ion of 52 with KOac in acetic acid at 130 for

o
4 hours gave a Product CypH,0,s MPe 199-200 . The same compound

was obtained when 53 was refluxed with dimethylaniline for six
hours. The structure 33 was proposed to ite.
. )
o mo ® 2 80""8
The second compound C32H50 3? P 2 being
obtained on elution with petroleum ether 3 benzene (4:1) mixture
was devoid of bromine. UV (:Nmax245 nm), IR (peaks at 1730,

-1 .
1680, 1250 cm ), mass peak (M+ 482) and NMR spectrum (peaks at

& 5.85, 2.10, 4.5 ppm) suggested that the product was l6-oxo-

taraxeryl acetate 45, although its m.p. was different from that

39
rYecorded by Finucane and Thomson .

The third product having molecular formula c32H49025r’

Me Do 176--75O showed uv maxima at 276 nm indicat ing the presence
of homoanular diene. NMR spectrum of the compound showed peaks
at §.5.34 and 5.85 ppm for one proton each attributable to the
protons in a homoanular diene system in which both the double
bonds are trisubstituted. Besides this, the spectrum showed

sharp signals at 2.08 (_O.CO.C§3),and multiplets at 4.6 (~CH.O.

COCH3) ppm.Bn the basis of those evidences, the compound was

assigned the structure 54.




C -27-

The mechanism for the formation of 54 from 44 was suggested as
shown in the following Scheme I. _ -

Scheme - 1
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: 40
Khastgir et al also studied the reaction of taraxeryl

acetate 44 with 2 moles 'equivalent of NBS in CICI.4 and benzoyl
Pex?oxide in the presence of visible light for about .3 hours
and isolated a product which was assigned the structure 56,
ident ical with that compbund obtained by the dehydrobrominat ion
of 52. The mechanism proposed for the formation of 55 and 56

can be represented in the following Scheme - II.

Scheme - IT

NBS (Zmole)
CCl4,light, 7
Benzyl peroxide \\

—

NBS (1mole)
CClg ,light,
Benzy | peroxide.

I anilingy
reflux,

56 4hrs.
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44 Y )
examined the action of NBS on triterpene

'Pradhaﬁ et al
acids and esters in dimethyl sulphoxide. They studied the reaction

on acetyl methyl aleuritolate42 57 with NBS in dimethyl sulphoxide
in dark for 12 hours and isolatgd a bromo lactone 58. The struc-.
ture of the bromolactone 58 was established from the fact that
on dehydrobromination with dimethylaniline it afforded 15, 16
dehydrolactoce 60, which on LAH reduct ion furnished aegicera-

43 o ,

diol g1, CyH, 40 ™P. 235-6 , identical (mmp, CO-IR) with

an authent ic sample. Compound 60 on catalytic hydrogenation
over’Adam‘s catalyst in acetic acid under pressure afforded
'343-acetyl oleanan—28..f.—~')l3-olide44 60a. Pradhan et al also
isolated the same bromolactone 58 on repeatation of the reaction

42
on acetyl aleuritolic acid ~ 58.

They suggested that the mechanism of éhe format ion of
bromolactone 58 probably involved the attack of the bromonium
ion from NBS in DMSO at the double bond. Bromine being a bulky
atom ultimately assumed the equatorial position so és to have
.the minimum strain and steric interaction. Thé next step involved
concerted migration of the C-13 methyl to the C-14 position and
elimination of the methoxy methyl to form the 28 —>13 olide

58.
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Acetyl methyl oleanolate 62a and 3P -acetyl oleanolic
acid 62b under the same condition with NBS in DMSO gave the
same bromolactone 63 which was found to be identical with

: 48
3£ —acetyl-12&L -bromo-oleanan-28 —> 13 olide .
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Pradhan et al: also cairied the reaction on 3P-acetyl
' 49
methyl betulinate  64a. under s.1m11ar condition with NBS in

DMSO. Two different: bromo compounds were separated by chromato-

graphy. The less polar one, CyjHgz, 4 ry MePe 235"5 L‘JD +42.55"

' “was “identified as metl'mj(.'Le-30-bromo-3,e -acetyl betulinate 65.

This structure was supported by IR, H NMR data. The more
polar fraction (10%).isolated was dibromolactone €6, having

. o
' - ; O Br MePe 303=4 -
molecular formula C32H48 4 29 P : The structure

‘of this dibromo lactone 66 was arrived at from the studies of

13C NMR values. The structure of 66

was’ further confirmed by some reactions. The compound 66 -
could not be dehydrobrominsted with dimethyl aniline, but on

debrominat ionv with Raney 'Nicka,l - hydrogen gave a compound

o .
'hav:n.ng the formula C32H50 4, m.p.'>360 and was found to be

ident ical W.‘Lth 3p -acetyl oleanan-zs—-a 19f3 —olide. On the

basis of these observatlons the dJ.bromolact one has been

’ assigned the structure 3%3 —acetyl-29 '30-dibro‘mo-184:-;, oleanan
‘ 28-—-—5' lSﬁ -ol:Lde- The proposed mechanism of formation of

| §6 is shown in the followmg Schewe - III.
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Pradhan et al44 also reported that 3f -acetyl betulinic acid

64b also furnished dibromolactone 66 on similar treatment with
NBS in DMSO. _
' : 50 :

Anjaneyulu et al in their attempt to prepare maniladiol
from taraxeryl acetate 44 applied the reaction of NBS on
taraxeryl acetate 44 in aqueous dioxane by the method of

‘ 8
Finucane and Thomson3 « A mixture of four compounds was dobtained
tWo of which were identified as 55 and 60 by physical means.

32 48 2

bonds conjugative in- a homoanular diene system as indicated by

+
The third compound 67, C..H, O (M 486) contained two double

the uv absorpt ion at 280 nm ( €=6200). The PMR speétrum
.exhibited two singlets at 5 5.5 and 5.29 each integrating for
two protons. The former value was attributed to the homoannular
-9(11), 12-diene system and the latter to protons at C-15 and
C-16. Based on these spectral data the structure of compouna
67 was assigned 3B —acetoxy—olééna—Q(ll), 12, 15 triene;_

‘The fourth compound crystallised from chloroform-methanol

mixture was characterised as 3P -ol of 67.
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To prepare 3P —acetoxy-oleana—9(ll), 12, 15 triene 61
.theyso planned to convert 15-bromo f -amyrenonyl acetate §Q
into 15-bromo-olean-12-en-3, 1l diol which on dehydration with
acet ic anhydride51 followed by dehydrohalogenation would give
67. Reduction of 30 with LaH gave epimeric diols. The major
diol was separated by fractional crystallisation from hexane.
This on acetylation at room temperature gave a major product
found to be a diacetate. The ready formation of diacetate is
attributed to the unhindered nature of lldC-hydroxy139’51.

Thus the structure of major diol was assigned as l1l5-bromo-

olean-12-en-3 8 , 1liL -diol 68.

Further support of this structure was provided by PMR spectrum.
The remaining diol mixture after acetylation with ACZO/PY

gave a product which was analysed for C32H4902Br' From the uv

spect rum (?\max MeCH 277 nm) and NMR data (& 5.5, 4.7 ppm) the

structure of this compound was assigned as 3p ~-acetoxy-15=bromo-

oleana-9¢11), 12 diene 34. Dehydrohalogenation of 54 with
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N,N dimethyl aniline gave é compound which‘was found to be
ident ical in all respect with 67.

They attempted to prepare 16 p -acetoxy-taraxexryl from
t araxeryl-acetate following the method of Barton et alsz- They
isolated a compound characterised as 3[3-acetoxy oleana-13(18),
15-diene 67a along with 16/ -acetoxy taraxeryl acetate and

16-oxo-t araxeryl acetate.

6

Allylic hydroxylat ion by NBS

7a

-_—

l

N-bromosuccinimide may be uéed to introduce an allylic
hydroxyl group in a compound. The method is indirect ang genera;ly
involves allvlic bromination and the conversion of the fesulting
bromide into alcohol via the formation of formate and acetate.
Thus, 3 p -menthene-5 yl bromide Wwas prepared from 3 P ~menthene
using NBS in CHCi3 in the‘presence of uv light. The bfomide was
converted to 3-p-menthene-5 yl formate by sodium formate and
the crude ester on treatment with methanolic sodium carbonate

53
gave .dl-tran s-3p-menthene 5-0l1 .
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A mixture of cis-(38%) and trans-(62%} cyclodecene
formed the bromide, which on reaction with silver acetate in

glacial acetic acid gave the crude acetate from which 2-cyclg_

4

decen-1l-0l was obtained on treatment with methanolic hydroxide-
An example of the hydroxylation of steroids is illus-

trated by the transformation of ll-dihydro progesterone 69

‘ 4,9(11 55
to give- A " ) pregenadien-12«{ -0l-3, 20-dicne 70.
CHy
C =0

NBS
aq. HCIO4




