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STUDIES ON THE ACTION OF N-BRCMOSUCCINIMIDE IN
DIMETHYL SULPHOXIDE ON 3 = KETCO AND 3-OXIMINO
TRITERPENOIDS AND THE TRANSFORMATIVE REACTIONS

OF THEIR BROMO DERIVATIVES,
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CHAPTER I

A SHORT REVIEW ON THE ACTION OF N~-BROMOSUCCINIMIDE
ON TRITERPENOIDS AND STEROIDS

It has been fcund that triterpenoids undergo a variety
, of.rearrangements with simple reagents. These.rearraﬂgements
also take place within the plant under dif?erent biogenetic
conditions. Some important rearrangements %ake place under
various oxidative conditions with reagentéflike.mercuric
acetate, lead ﬁetraa@etate, chromic acid, okganic peracids,
hydrogen-peroxide, N~bromosuccinimide. As Qe have carried out
some‘reactiéns of NBS on triterpenoids it is felt necessary‘to

give a briéf account of the previous works on the oxidative

transformation with the help of this reagent.

N~-bromo succinimide (NBS) has been in use for allyli¢:
bromination since 1919, when WOhl and then Zeigler made detailed
studies on application of the reagent for allylic bromination.

- The reagent-also reacts with olefins to add bromine to the double
bond or act as a soufce of hypohalous acid;in aqueous solution.
Braudejet,él_(1952) have shown that the adéifion reaction is
catalysed by tetra-alkyl ammonium salts. eé:}g. cyclohexene in the
presence of tetraethYl‘ammonium bromide formsmainly 1,2 dibromo

cyclohexane.
~ |

O

Tetra ethyl ammonium
. bromide
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‘The reagent is also in extensive use since 1969 as an effective

reagent for oxidation of allylic methylene to carbonyl functionl"3

) ~
Many reviews have appeared oOn the action.of N-bromo succinimide;
g

!
i

of them (a) Djerassi4 and (b) Homer and Wenke"lman5 for allylic
bromination and (c) Filler6 on brominati@n and oxidation reactions

are worthmentioninge.

'In view of the fact that this chapter deals with NBS
reaction of triterpenoiés and since no such review work on
triterpenoids has appearing it will be interest to make a brief

review of NBS reaction on scome triterpenoids.

Action of NBS cn Friedelin and its 6erivativel'3'7

Corey and Ursprung7 have shown that friedelin 1 on direct
briminetion gave 2 £-(axial)-bromo friedelin 2 and brominaticn
of appropriate enol benzoaste gave the isomeric 40?-(éxial)-
bromo friedelin 3.. They have also prepared a dibromo friedelin
4 in presence of hydrobromic acid in éhléroform. The dibromo
friedelin 4 has been assigned as 2K, 4K-dibromo friedelin from
théﬂUV ébsorptiOn at 332 nm. Djecrassi et a18 have prepared another
-dibromo friedelin 5 by bromination of 20¢'-brome friedelin 2 in
acetic acid. They designzated ﬁhe compound as 2K, 43 ~dibromo-~

friedelin 5 from the studies of UV (310.5 nm) and ORD.
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Takahashi and Ourrison9 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-workerst0s11 ocbserved the reaction

between friedelin and its derivatives with NBS. They found that
friedelin 1 on treatment with molar equivalent of NBS in carbon
tetrgchlofiae gave 4oC-bromofriedelin 3 in satisfacoty yield,
They also isolated 2°C-bromofried_elin 2 frc?m 3 by further treat-
ment of 3 with bromine in acetic acid, Hencde, in this reaction

| :
isomerisation occurred rather than substitution. As was expected

from this result, it was found that 4« -bromo ketone 3. [P{,]D + 920



was 'ﬁnstable in chloroform hydrobromic acid, the presumed equi-~
librium mixture [y -~ 757, being formeéd after 24 hours. 2¢C-
bromofriedelin 2 also gave the same result on similar equili~
briation.

For obtaining dibromofriedelin, since this rdute was
unsuccessful, an alternative method of tre:atment of ?oC =bromo-
| friedelin with NBS was attempted. Treatment of Zoc;bromofriedelin
with NBS ga\}e an -unsaturated monoketone CA:3kOH47OBr which showed
positive T.N.M test,indicating thereby the presence of ethylenic
linkage. UV, IR spectra of this ketone showed that the double .
bgnd was not conjugated to carbenyl group and the £ -brominev
at;_orn retained an axial orientation. Since it was known that acid
isomerisation of friedel-3-ene 6 afforded a mixture of olean-13(18)-

12,13 8, it was assumed that this

ene, 7 and 18X -olean~12-ene
non-conjugated bromoketone had probably arisen by molecular
rearrangement of 2« , 4« -dibromoketone intermediate (or derived

radical or cation) with elimination of hydrobromic acid.




A precedent for such a rearrangement was provided by the action
of silver acetate on 4K -bromofriedelin 3 to yield a product 7

which was shown to be a mixture14

of alnus-‘-‘S-enone 9 (R =H)
and alnus~5{(10)-enone 10 (R = H), The prol?ability that the
unsaturated bromokei;,one derived from 2 cou;d be represented
as 2-bromo-alnus-enone 9 (R = Br) was excluded from the fact
that thezinc debromination product in neutral solution was

different.from either alnus enone 9 or _1_9_ (R = H).

Treatment of 4K ~bromofriedelin 3 with NBS gave an isomeric non-

conjﬁgated axial bromo substituted ketone:1l1l C30H470Br which on
dehydrobromination gave the identical ketone CyoH, g0 12.

Lithium aluminijum hydride reduction of 12a gave an alcochol 12¢
and on Huang-Minlon reduction gave the hydro:carbon 12b. From

these observations the isomeric monobromoketones obtained from.
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2 and 3 was assigned structures 2<£-brOmoffiedel-18-en-3-one
i3 and 4“1-bromofriedel-18-en-3-one 1l respectively. Thése
aééignments were also supported by specifi?;rotation and ORD

Studie s‘ ° | Y

11
A i

Pradhan et al1sa studied the reaction of NB$ in DMSO on friedelin

s and observed that it gave a mixture of five productse They
designated the compounds as 2<C, 23-dibromdfriedelin 1la, 253,
23~dibromofriedelin 11b, 2K =bromofriedelin 2, 2,2-dibromo

friedelin 1lc and 2,3~diketo friedelin 114




Action of NBS on saturated hydro_carbon fri{_edelaneg'15

al1s50 examined and they isolated en unsaturated hydrocarbon 12b

14 was

identical in all respect with that obtained from Huang-Minlon |
reduction of 12a. This fact suggested that' the products obta.lned
by the actlon of NBS on ketones 2 and 3 were ethylenic non-—
conjugated ketones and hence the attack has taken place at a

site not activated by carbonyl group. The location of double
bond by NBS was established by the followiflg way. The unsaturated
hydroca;bon 12b, resisted catalytic hydrogénatiOn, yielded an
onide C30H500 with perbenzoic acid showing thereby that the
doable bond has a degree of sterichindrance’:16 comparable to the
‘le ~ trisubstituted ethylenic linkage in -ﬁB-amyrin series.

The terminal uv absorption of 123, 12b and 12c indicated that

the double bond wasbtrisubstituted. The resistance of hydro-
genation of 12b further suggested that the ethylenic system was
not disubstituted and the friedelin skelet::bn does not permit the
existence “of a tetrasubstituted double bonc. u NMR spectrum of”
tﬁe ketcne 12a showed a singlet which was attributad to an olefinic
proton not conjugated with carbonyl group. The location of double
bond on bromoketones 2, 3 and hydrocarbon 12b was thus restricted
to position 1(10), 7 or 18. The position 1(10) and 7 were
discarded by dehydrobromination of llAwith silver acetate. A
dehydrobrominated product C3OH460 was 1solated which gave uv

absorption above 220 nm. Since there was no conjugation of

carbonylior ethylenic functions in this dienone, the original



double bond could not be located in ring A and B. Although
.there had been much work on the synthet;c application of allylic

compoundsl7.

Comparatively little was known about the action of NBES
'on saturated systems. It has béen proveé that cyclohe3ane18'19
and cycloheptanei9 yield cycloalkyl bromide with NBS under
Cdertain condition .and decalin gave a.tetrabromo octahydro-

20

naphthalene which can also be obtaine& from probable inter-

mediate 9, 10 octalin.

e

Cason et a121 have also drawn a#tention to the fact that
NBS is not a reagent of general applicebility for the d:-bromina;
tion of saturated ester due to selective attack on t-hydrogen
at .either sites of the molecule. In these experiments these
workers established that in friedelin %he tertiary o€ :«hydrogen
gtom at ‘position 4 was more reactive than secondary hydrogen ?
dtoh at position 2 but the presence of a 2 o€ -bromine atom by

its 1, 3 diaxial blocking effect td épproaching succinimide

radical.
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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 neighbouriné
axial'halogen, the most reactive hydrogen;is the tertiary C-18,
An examination of an all chair form 15 of ffriedelane showed that
a severe steric interaction must exist beﬁween the 13X and 20% -
methyl groups due to its cis-junction at fings D and E. This
intérference is removed if the terminal E ring adopted a boat
configuration 16 but as a consequence anlunfavourable 1314 diaxial
boat prow and ‘stern interaction results. The steric strain
inherent in both conformations with cis D/E system is relieved
by dissociation of the 18/ ~hydrogen atom and formation of

ethylenic trigonal system.
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Bromination and NBS oxidation of saturated hydrocarbon,

friedelane >, o

Olefin may be halogenated in the éilylic position by a
nuqber of@reagents. Nevertheless, NBS isfby far the most commoﬂ
among fhem. ‘An initiator usually a peroxige is needed with this
reagent., The reaction is quite specific aﬁ allylic position and
the yields 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 proFucts.
3.C=(l:H‘;;-CH=CH2 -,

Br

CH4CH,CH = CH, + NBS —» H
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when a double bond has two different £ -positions (e.g.

CH3 - CH=CH - CH2 - CH3) then a seconda;? position is substi-
tuted more readily than the primary one. The relative rgactivity
of tertiary hydrogen is not clear, thOughE%any substitutions

17

at allylic tertiary position have been performed™ ', That the

mechanism of allylic bromination is of the free radical typé was
demonstrated by Douben and McCoy17. They showed that the reaction
was very sensitive to ﬁree radical initiators and inhibitors and
indeed the reaction stopped unless at least a trace of initiator
was present., Subsequent work indicated that the species which
actually abstracts hydrogen from the substrate is the bromine

atom. The reaction is initiated by smalliémount of bromine, once

it is formed, the main propagation steps are ]

1. Br* + RH —— 3 R® 4+ HBr

2 R* + Br, ————> RBr + Br*

The' source for bromine is a fast ionic reaction between NBS and

the HBr liberated in step 1.
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The formation of NBS is therefore to provide a source of Br,

in a low steady state concentration and then use up the HBr

libera.ted-in.step-l23 24. Previously it wes supposed that the

abstracting species was the succinimide radical 17 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 similar selectivity25 that the various N=bromo-

succinimide also show similar selectivity, which would not be the

case 1if a different species was abstracting in each,case26 and
. . 5 _
that 17 has proved itself to be a much less stable species that

was originally thought, since its dimer 18 show no tendency to

dissociate27.
0 (0]
N—N - 2, N®
Neo) O
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That the reacting species Br, does not add. to theAdouble'bond
either'by an.ionic or free radical mechani%m can be explaiﬁed
iﬁtthe following way. The concentration ofibrOmine is too low
in the addition of double bond, only one éLtacking bromine atom
of 'a bromine molecule is attached to the shbstrate, whether the

addition is electrophilic or free radical.:

V c— —C—Br
Br—Br + || == Br" | +Br —
c . ?“ Br — ¢ —
/\
\/ ‘
.. C . I
Br+ || =— —cCc— __ —C-—Br
/\ Br_“C—' Br-——c——-

The other bromine comes from another bromine molecule., If the
concentration of bromine is sufficiently ﬁow, there will not be
a high probability that the proper species will be in .the vicinity

once the intermediate forms and the equilibrium will lie to the

2

left. That is why the rate of addition ié'slow so that the allylic
i J
substitution goes to completion successfully. If this is true

then it should be possible to brominate an olefin in the allylic

. position without completion from addition, even in the case of

]

3

H

i
i
i
}
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NBS or similar c0mpound, if a very low concentration of bromine
is used and if the HBr is removed as it is formed, so that it is
not available to complete the addition step. This has been

demonstrated by McGrath et 2128, :

o
Stevenson et 319'15 reported that when the saturated

hydrocarbon friedelane 14 was oxidised by NBS, friedel-18-ene,
12b was ocbtained. In order to explain, the function of NBS was
to provide molecular bromine, this is compéred with the action
of bromine on 14 in. carbontetrachloride soiution.

A solution of bromine in carbon tetrachloride was added
to friedelane 14, the colour of bromine being discharged and
the reaction mixture was worked up in the usual wayga; Friedel~
18—ene£g§ was obtained in comparative yieid. This indicated that
succinimide radical was not essentiol. By?ohrOmatographic examina-
“tion no'unchanged friedelane was recovered., However, they isolated
an unstable bromofriedel ane which readily transformed into
friedei-le-ene. Consequently they conside?ed the compound to be
an 18-bromofriedelane. The discrepancies ond poor reproducibility
reported9a in the bromination of 3~keto friedelin by NBS, parti-
cularly in the formation of di and tri bromo derivatives at C=2

and/or C-4 may be attributed to accompanying halogenation at

c-18,
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Bromination and Dehydrobromination

i
The ability of NBS to act as speciilﬂ‘ic reagent for allylic

bromination has been used to great advané%ge for the introduction

of supplementary double bonds, particula;ﬁy in cyclic systems, Iﬁ
this way, @ variety of monosubstituted co%pounds have been converted
to conjugated dienes and trienes, includiﬁg the aromatization of

substituted cyclohexenes and cyclohexadiaées,
i

The methods ‘involve a two step brd@inatiqn-dehydfdbrominé—
tion process. In many cases, the intermediate bromo compound is
isq%able'énd the second step proceeds after treatment of a base.
There areﬁhumerous examples, in which tﬁq@bromo intermediate is
unstabie under reaction conditions and spéntaneously loses hydrogen.
bromide to form the f£inal product. Therev%s no definite structural
guide which can be used to predict whether dehydrogenation will
occur without the use of a base. A wide variety of substances
have Eeen used as base to éffect the secéqd step'of the process
namely £ertiary amine, pyridine, quinoliné, 'Y-collidine etc.
While ‘@ number of simple olefins Have beeﬁ converted to dienes
in this manner, the method has found wide 'application in a wide

range of natural products such as terpenés, steroids and alkaloids.

134- cholesten-3-one, 19 on allylic bromination by NBS29

Qave 6-bromo, compound 20, which on heating with collidine readily
. 1

formed [34(5)'6(7) cholestadiene-3-one. In a similar manner

3) . | Y e

Z&l(2)'4(5)-cholestadien-3—one was converted to 131(2)'4(5)'6(7)-

cholestatrien-3-one,

[
o
~Jd
o
~

J
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Rubin et al3o provided an interesting example of allylic bromina-
tion , with subsequent dehydrobromination.'Tﬁey treated"l§2-3-ace£oxy4
choiéstenenég with Nﬁs. The enol acetate 6% cholestanone 23

reécted with NBS in CCl4 to give a mixture. of 131 and [&4 -
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

~
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The origin of the reaction products has been attrikuted fo the
thermal and acic instability of the intermediate allylic bromina-
tion products, 27 and 28. The formation of the compound 25 has
been explained on the basis of spontaneoué loss of hydrogen
broﬁide from 27 and then acid catalysed cleavage of the resulting
enoiVacetéte. Cue to the absence of an available hydrogen for

spontaneous dehydrogenation, 26 is more stable than 25.

However, the rapid formation of 24 suggests the acid
cleavage of 26 and the ketonisation of the resulting encl to

produce B -bromo ketone, which possesses a hydrogen atom of an

adjacent carbon atom,
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Thé.réaction becoumes more complex as the time increases because
the formation of hydroggn bromide in the reaction mixture which
catalyses the regeneration of 23 from 22 and résults in the
formation of free brbminé by reaction with NBS. Bromine and 23
react to give a compound 26. Djerassi et 3131 obtained this
compound (26) from NBS and 22. The reactién of NBS with [S3 -
acetoxy=-coprostene 29 (ring A/B cis) indicated tﬁat in 27, the
actiVation energy of both allylic positidné (C2 and CS) was of
the same magnitude. The attack of the tertj;.ary‘c5 position was

somewhat unexpected because it was thought that more vigorous

activation woulé be required for this type of substitution by

NBS.

N N

" Aco : 0
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3. . . ‘
Stercid sapogenins containing A =3-0H group end a spiroketal
side chain in the 16, 17 position are selectively brominated
in the 7-position with NES under irradiation with artificisl
5,7

light. l:ehydrobromination with collidine gives A -sapogenins,

useful as intermadiatés far synthetic horménes or after irradistion,
as Qroductsvwith antirachvitic activjty32. The meth:od has also

been used ip structural studies of the terpenoids33. Similér

action of NES on friedelin and bromo friedelin has also been
repOrtedgb. Barnes et a134 showed that treatment of 1,1,6-
trimethyl 1,2 dihydronapthalene with NBS gave an allylic bremide

whicl:- aromatized to 1,2,6-~trimethyl naphthalene by silver ion

or heat (temperature of refluxing CCl4).
3 ' /L
—_— —_—
. . /

Oxidation of allylic methylene to carbonyl grcup by NBS.

NBS is in wide use since 1969 as an effective reagent for
oxidation of allylic methylenes to carbonyl function. Corsano
et al35 reported the formation of 3/3~ace£oxy-urs-12—ene-11—

one 32 in 80% yield by direct oxidation of £ -amyrin acetate 31
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with NBS in aqueous:dioxan solution.

=H 33 R, = ACJ R, = H

31 Ry = kes Ry 32 R 2 = Hye Ry = H

_gRlaAC,sto #R1=AC;R2=0,R3$H

' ' ;; Ry = A’ R, = o ~CH, Ry & H
‘3;'% Ry & ASs B, = oC-Oﬁfé; Ry = H
371 Ry = Acs n;za,oc-o'pije, Rqu'
;I_g Ry =,A<"=i R, = <C-0H, R, & Br
%_2 _R1= Ac; R2 '='0: 33=Br
40 Ry = Aes Ry = Hy, Ry = Br

Firiucane and Thompson3§'°7

reported an iirproved method for the
of
direct oxidation NBS in the présence of visible light. They

claimed ‘that when trisubstituted olefins containing an allylic
methylene group were treated with NBS in aqueous dioxan followed

by irradiation with visible light, C ﬁ-unsaturated ketoPes were

obtained in near quantitative yield. Finucane et al treated
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f-amyrin acetate 33 with NBS in aqueous dioxan in a typical
ambient light experiment as described by Corsano et al35; Cn
éh;‘Qmatogrgphic separation over silica gel they isolated starting
matéfial (Ca 40%), bromo compound (C2a 8%) and 3P -acetoxy
olean-12~ene-11KC -0l 35 (Ca 2%). Oxidation K of 35 with CrO3 in
acetone afforded 3/ -acetoxy olean-12-en-ll-one 34. In another
experiment the products were isclated by chromatography over
alumina. The compounds isolated were /‘%--amyrin acetate 33 (Ca

35%), 3/ -—acetoxy-olean-l12-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 rechromatographed. Products isolai':ed were 110C‘—methoxy-olean-
12-en-3 8 -yl acetate 36; 1lo¢-hydroxy-olean-12-en-3/5-yl acetate
35 and olean-9(11), 12-dien-3 B -yl acetate 39 and a trace of
3P =11k ~diacetate 37. The £ -methoxy acetate 36 with para
toluene sulphonic acid in acetic anhydride yielded 3 P —acetoxy-

olean-11(12), 13(18)-dien 41 in quantitative yield.

-

AcO

40 R = Br 42 R = Br
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The bromo compounds were resolved by chromatography over alumina
and fractionally crystallised into two components. The major
product was a diol mono acetate (c32H51O3Br) which was identified
as 3 B -acetoxy-12-bromo-olean-12-en-11-ol 38, from further
acetylation, UV, NMR and TNM test. The minor component of the
mixture of bromo compounds was identified *:as_ 12K ~bromo-16-~one

43 from the UV ()\may 244 nm) and NMR spectra.

The mechAanism proposed- for the formation of 38 and 43
suggested that the initial K ~face attack on A ~amyrin acetate
33 at C-12 would lead to a carbonium ion. Elimination of a proton
from'C=12, followed by allylic hydroxylation would then lead to
38. Alternatively, migration of 14« ~-methyl group to C-13,

elimination of a proton from C~15 and subsequent allylic oxidation

woulc give the 12« -bromo-l6-~one 43.
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Thomson et a137 carried out oxidation of taraxeryl acetate 44

by the method of Corsano et al35

and obtained two major products
to which they assigﬂed the structure of lé6-oxo~-taraxeryl acetate
45 (Ca 30%) and 16 B ~hydroxy taraxeryl acetate 46 (Ca 30%).
Trea;mentuof 46 with chromic acid in acetone gave the uns aturated
ket&ne gé..fhese authors also carried out the oxidation on 44
by the method described for A -amyrin acetate, which resulted in
the formation of 12¢C ~bromo-taraxer-l2-en-l6-one 47.0xidation
of taraxeryl acetate in aqueous dioxane36 for five and half
hours in presence of Ca.CO3 in visible light gave a compound 48,
the structure of which was established as l1l-keto-15-bromo- /3-
-amyrin acetate,_which in turn gave a halqgen free compound 49

on treatment with 2Zn dust in acetic acid. Its structure was

established as /3 -amyrenonyl acetate 49.

AcO

48 R = Br
: = = = 49 R =H
44 R, = OAc, R, = H, Ry = H,
45 Ry = OAc, R, = H, Ry = 0
46 R, = OAc, Ry = H, Ry = f-0H, K-H
47 R1=OAC, R2=Br, R3=O
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Khastgir et al38 repeated the oxidation s@udy of taraxeryl
acetate 44 with NBS in aqueous dioxane according to the method
of Finucane and Thomson37 but the products isclated were quite
different from those reported by Finucane et al37. Khastgir
et al38 observed that taraxeryl acetate 44 on oxidation with
NBS in agueocus dioxane gave a-mixture of two compounds which

were separated by chomatography over alumina column followed by

crystallisation.

. The first solid C,,H,,0,Br m.p. 238-40° obtained on
elution with petroleum ether in a column was characterised as
15-bromo- B ~amyrenonyl acetate 50. Its structure was proved by
the following reactions. On treatment with zinc dust and acetic
acid, a halogen free compound was isclated and was found to be
identical with an authehtic sample of [ ~amyrin acetate39.
Khastgir also tried to prepare the 15-bromo-compcund 52 by a
sui#able method. They carried out the oxidation of taraxeryl
acetate gﬁ by the method of Dalton and Johes40 using NBS in
dimethyl sulphoxide solvent41f Taraxefyl'acetate 44 on treatment
with aqueous dimethyl sulphoxide in chloroform and NBS in dark
‘afforded a solid Cy,Hg 0,Br, m.p. 180~182°, showing no UV
absorption between 220-300_nm. From IR, NMR and mass spectra
the structure of 15-bromo-compound was assigned to be 52. The

bromine atom-at 15 position of 52 would be expected to have the

same stereochemistry as in the case of product from NBS aqueous

dioxane oxidation. Compound 52 on oxidation with Cr03fAcOH39

gave 50,m. Pe 238—40o identical with the product obtained from



25

NBS aqueous dioxane method.

AcO
T T s |
CHCl4 | NBS -
OMS0

\//

Dehydrobromination of 52 with KOAc in acetic acicd at 130° for 4

hours gave a product C32H5002, Me Do 199-2000. The same compound
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was obtained when 52 was refluxed with dimethyl aniline for six

hours. The structure 53 was proposed to it,

The second COmpound>C32H5003, MePe 280-82° being obta;ned
on elution with petroleum ether : benzene (4:1) mixture was
devoid of bromine. UV ()\max 245 nm), IR.(peaks at 1730, 1680,
1250 cm-l). mass peak (MY 482) and NMR spectrum (peaks at 8.85,
210, 4.5 ppm) suggested that the product was 16-oio-taraxeryl

acetate 45, also its m.p. was different from that recorded by

Finucane and Thomson37.

The third product having molecular formula C32H4902Br,

Me Do 176-78° showed UV maxima at 276 nm indicating the presence

of homoanular diene. NMR spectrum of the compound showed peaks

at 5,34 and 5.85 ppm for one proton each attributed 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 (~OCCCH;) and multiplets at 4.6 (~CH-0-COCH, ) ppm on the

basis of those evidences, the compound was assigned the structure

AcO
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The mechanism for the formation of 54 from 44 was suggested as

shown in the following Scheme 1.

Scheme - I




Khastgir et a138 also studied the reaction of. taraxeryl acetate

44 with 2 moles equivalent of NBS in CCl4 and benzoyl peroxide
-in the presence of visible light for about 3 hours and dsolated
a product which was assigned the structure 56, 1dentical'wi£h

that compound obtained by the dehydrobromlnation of 52. The

mechanism proposed for the formation of 55 and 56 can be. repre-

sented in the following scheme - II.

Scheme ’II

NBS (2 mole)

P
-

' CCl,, tight .
' \_\_ _ . Benzgyl peroxide
44

NBS(Tmob)
' Benzoyl peroxide
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Pradhan et al44 examined the action of NBS on triterpene acids

and esters in dimethyl sulphoxide, They studied the reaction on

40-42

acétyl methyl aleuritolate 57 with NBS in dimethyl sulfoxide

in dark for 12 hrs and isolated a bromo lacﬁbne 58. The structure
of the bromo lactone 58 was established froﬁ the fact that on
dehydrobromination with dimethyl aniline it afforded 15(16)~
dehydro lactone 60, which on LAH reduction furnished aegicera--
43’ ' '

diol™ 61, CyuH,q

authentic sample. Compound 60 on catalytic hydrogenation over

0,, m.p. 235-36°, identichl (mmp, CO-IR) with an

Adam's catalyst in acetic acid under pressure afforded 3/3—acetyl‘

44

oleanan=-28 ——>» 13~0lide 60a.Pradhan et al also isolated the

same bromolactone 58 on repeatation of the reaction on acetyl
aleuritolic acia?0=4? 59. |

They sugéestea that the mechanism of the_formation of
bromolactone 58 probably involved the attéck.of the bromonium
ion from NBS in DMSO at the double bond. Bromine being a bulky'
atom ultimately assumed the equatorial position so as to have the
minimum strain gnd steric interaction, The hext step involved
concgrted migration of the C~13 methyl to the C=14 position and
elimination of the methoxy methyl to form the 28—>13 olide.

s8.
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COOR

NBS - DMSO
R'—'-CHG

Dark 12 hours

-

Ho = Adam’s -

. Catalyst.
pressure



Acetyl methyl oleanolate 62a and 3 >-acetyl oleanolic acid 62b -
undér the same condition with NBS in DMSO gave the same bromo-
 lactone 63 which was found to be identical with 3 B -acetyl-

12« =bromo-oleanan~28 ——» 13 olide46'47.

62d R=CH3 |nNBS-DMSO

AcO
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Pradhan et 3153 also carried out the reaction on 3/3;acetyl
methyl betulinate48 64a under similar condit}on with NBS in
DMSO. Two different bromo compounds were seﬁarated by chromato-
graphy. The less polar one, C33H5104Br, Me Pe 235-6° 47%;7D +
42.55? was idéntified és-methyl-30-br0mo-3ﬁ.-acetyl betulinate
- 64C. This structure was supported by IR, IH‘NMR data. The more
polar fract;on (10%4) isolated was dibroﬁolaépone 65, having
molecular formula C32H4804Br2, m.p.—303-4°.‘&he structure of
this dibromolactone 65 was arrived at from tbelstudies,of mass,

1 13

CD, IR, H NMR and C NMR values. The structure of 65 was further

confirméd by some reactions. The compound gé could not be
dehydfobrominated with dimethyl aniline, buﬁ on debromination
with'Raney Nickel-hYdrogen gave a compound having the formula
CyoHg 0y m.p.> 360° and wasofound to be identical with 3 B-
acetyl oleanan-28 ——» 198 ~olide. On the basis of these observa~’
tions the dibromolactone has been asSiéned the structure 3 A -
acetyl-29 30 dibromo-18«K-oleanan 28 —>19 /3 -olide. The proposed

mechanism of formation of 65 is shown in the following Scheme

III. :



AcO

Scheme III

Br Br

0O—0O

RSZCHS

NBS-DMSO
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3 also reported #hat 3 B~acétyl betulinic acid

Pradhan et al
éégjalso furnished dibromolactone 65 on similar treatment wiﬁh
NBS in DMSO,

Theyﬁalso studied the reaction on lupenyl acetate 66
with NBS in DMSO., The compounds formed were identified as 30-
bromolupenyl acetate 663, 29-(E-Z)-bromolupenyl acetates 66¢c
and 664 and 29,30-dibromo-18 iso-oleanan-19«K-hydroxy 3 B-yl
acetate 66i. Further treatment of 66a and a mixture of 66¢c and

66d with NBS in DMSO containing water afforded 30-oxo=1lupeol

66b and 20=-(E-Z)-bromo-lupeol 66e and 66f respectively; compound

———

66a on alumina colupn afforded 30-hydroxy lupenyl acetate 66g

and 30-hydroxy lupeol 66h,

66 R' = OAc, R2-=CH3, R =RrR*=Rr =H
66a R' = OAc, R = CHy, R> = Br, R® = R° = H
_6_6_QR1=OH,R2=CH3, P =0, R*=r>=mn
66c R' = Oac, R® = CHy, R’ = R® = H, R® = Br
-Qgngl = OAc, R2 = CHj, R® = R4 = H, R5 = Br
Yoo, R® = ony, P =R =m, R% = Br

66e R
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66f R = CH, R® = CHy, R” = R” = H, R* = Br
. . 4 5
66g R* = OAc, R® = CHy, R> = on, R® = = H

Appearance  of doublet at 4,01 ppm in 1H NMR spectrum was the'most
confusing feature of this compound (661i) because it was expected
to giye a singlet if the hydfoxy group is situatéd at C=19
position. So the most likely position of the location of this
hydroxy group could be C-21 which would tﬁen explain the appearaﬁce
oflthis doublet at 4.01 ppm. In oréer to:make an unambigubus
decision on the structure of the compound 66i, two derivatives
viz. ketb-géi and acetate 66k have been prepared. The structure

1

of dibromohydroxy compound 66i waé confirmed from the "H NMR' of

keto and acetate.
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The formation of dibromohydroxx compound §§_i' has been
proposed to take place by the following rearrangement of lupane
system to oleanane system. The mechanism proposed has been
‘repr"esented in Scheme IV.

scheme IV .

NBS - DMSO
Allylic bromination
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Anjaneyulu.et al49 in their attempt to prepare mariladiol

froﬁ taraxeryl acetate 44 applied the reaction of NBS on taraxeryl
acetate 44 in aqueous.dioxane by the methqé of Finucane and
Thomson36. A mixture of four compounds waé'obtained two of which
were identified as 55 and 60 by physical means. The third
compound 67, C4,H,40, wt 486) contained #&o double bonds
conjugative in a hbmoannular diene system'as indicated by the UV
absorption at 280 nm (€= 6200). The PMR spectrum exhibited two
sinéleﬁs at 5.5 and 5.292gach integrating for two protons. The
former value was attributed to the homoannular-9(11), l12-diene
system and the latter twoprotons at C-15 gpd C-16, Based on these
spectral data the structure of compound §i was assigned 3B~

acetoxy-oleana-9(11),' 12, 15 triene.

The fourth compound crystallised from chloroform-methanol

mixture was characterised as 3B -ol of 67.

To prepare Bﬁ-acetoxy-oleana—?(ll), 12, 15 triene 67 they49

planned to convert 15-bromo B -amyrenonyl acetate 50 into 15-

bromo-olean-12-cn-3, 11 diol which on dehydration with acetic

3

-

v
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1
i

an_hydride50 followed by dehydrohalogenation would give 67.

Reduction of 50 with LAH gave epimeric d,i;qls. The major diol
was separated by fractional crystallisati'é,n from hexane. This
on acetylation at room temperature gave a ,;gmaj.or product found
to be a diacetate. The ready formation of diacetate is attributed

3
to the unhindered nature of 11« -hydroxyl '7 50

Thus the structure of ma_] or diol was assigned as l5-bromo-

olean-12-en-3/3, 11«C~-diol 68.

Further suppo.rﬁ of this structure 'was provided by PMR spectrum.

The remaining diol mixture after acetylatlon wu:h Ac O/Py
gave 'a product which was analysed for C::,.2 49 2Br. From the UV
spectrum ()\ ax. MEOH 277 nm) and NMR data ( 55, 4.7 ppm) the
structure of this compound was assigned as 3 Pp-acetoxy~15-~bromo-

oleana-8(11), 12 diene 54. Dehydrohalogenation of 54 with N, N

dimethyl aniline gave a compound which was found to be identical
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in all respects with 67. They attempted to prepare 16/5-acetbxy- ‘
taraxeryl from taraxeryl-acetate following the method of Barton

51. They isolated a compound characterised as 3/ -acetoxy

et al
oleana-13(18), 15-diene 673 along with 16p -acetoxy taraxeryl

acetate and l6-oxo-taraxeryl acetate.

Action of N-bromosuccinimide on Cholestervyl Acetate.

Pradhan et al52 showed that cholesteryl acetate 76
on oxidation with NBS in DMSO furnished six different compounds
which were identified as 5 -bromo-6-keto-cholestan-3 [5‘-yl‘ acetate
717, 6cC-_-bromo-5/5-hycroxy, coprostan-3/5 -yl acetate 78, 5« ~hydroxy
-6~keto cholestanae-3f -yl acetate 79, 5, 6 -dihydraxy
,éhtﬁlestéﬁ;3/5—yl acetate 80, 3,3, SOC—aillydroxy cholestan-6-'
one 81 and cholestane-3p , 5«, 6/ -triol 82 by chemic;al studies

13

and spectral (IR, mass, PMR and ~~“C NMR ) data.



AcO"

40
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The mechanism proposed for their formation can be represented

in the following Scheme v.

Scheme V

Aco ) AcO 1

=) e
OH

RO : )

79 5 R=AC
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Preparation of Acid bromide and amides from aldehydes by NBS

Istvan and co-worke'rs49 carried out the neutral, radical-
medlate, oxidation of aldehydes into acid bromide by NBS in
presence of catalytic amount of azo bis iso butyronitrile
(AIBN)., They reported the farmation and isolation of some écid
bromides from aldehydes as well as the direct transformation of
these aldehydes into amides (Scheme V1), The reaction was
successful with a whole variety of aldehydes. High and repro-

ducible yields of amides were also obtained following this

procedure.
Scheme VI ’
' .! O
Rl = c-mr  <NBS Rtcuo MBS 1.2 eqv. 1 I g
n AIBN catalyst AIBN catglyst' R ‘C-N\
0 CCl, heat H - N~ R R’

N
RS





