PART-1

OXIDATION OF PENTACYCLIC TRITERFEROIDS HAVING DOUBRLE BONDS AT C-Z 46ND
C-3 FOSITIONS WITH SELEMIUM DIOXIDE INM  TERTIARY BUTAMOL  CONTAINING
HYDROGENM FEROXIDE.
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The(aelenium'diaﬁide(SeDE).cétalysed F@action ‘Dflihyerggn>fperoxide
(H?O%)hasv been  widely usedj for performing - various oxidative -
_tr;n;+mrmafion5,~é brie? descriptimn of some.oxidative transformations
are summerised below. » ( '

Segqinj ﬁﬁepéred trans cyclmhexanadiml free of -cis-compound from
'cyclmﬁexene using H?Dq in presence of SEUE and also prepared 1,2 diols
cyclapentadi@na-%r;mhcyclopentadienen

]

Curtis et al” USad Sed -as catalyst in presence of hydrogen peroxide

Xl
to oxidise acrolein and methacrolein to monomeric acrylig and
methacrylic acids and'suggegtéd that at‘$irstyseleniouﬁ acid oxidised
to éelenenic acid with H,0O, than that selenenic acid freacted

with acrolein to give acrylzchacid and selenious acid. Fayne at a13
investigated the oxidation of cycloheptanonescycloﬁexanone and cyclao
pentanone wth %eD in presence  of Ham and anticipated that the
cyclic hetcner mlght undergo the wé}r known reaction with SED2
giving oa-diketones with H D serving merely to oxidise selenium
metal back to diodide. lhey haerved that albng with other competing
Aréactiunsgall'three hétmnes underwent oxidative ring  contraction to
cyclmﬁenaneg cyclmpenfane and Cyclobutane. carboxylic acdids in 34,32

cand 237 yields, respectiVEIQH

COOH
n o= 2, 34%
= 1, E2Y
gl v rn 1, 327%
n o= o, 25%

Bonoda et a14 studied oxidation of aliphatic ketones, RCH CUR with
H?D in presence of SeD irf taertiary butanol @leent(t BulH) and gat

carboxylic acids, RRDHFODH acgmmpanled by FEmFFandeﬁt of alkyl groups.
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Where R = H, R = R = alkvyl group
They4 Cused acetoneg, methyl ethyl ketone, methyl-n—-propyl ketone,
and diethyl ketone as starting material. They suggested that the main
rearrangemsnt observed was due to migration of the a&llkyl group having
smal ler nuwmber of cerbon atoms to the o-carbon atom of  the larger
number of carbon atomsy bto the small one also occurred in some dearee.
These workers shared the view of Hughes and M&rtinﬁ who proposed  the

formation of peroxy aalehioug acid 1 from Sel, by the action of H 0.

e

Sel,., -+ H_ O HODSe OOH

i
The +tollowing mechanism was presumed by  these workers as  shown  in

sohemne -1
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Caspi et al@’/ reported that steroidal 3-Ketones in  the Sa  and
Sf3-series with HED? in presence of Sel, gave ring-A contracted acids
and products of bond scission on either side of the carbonvl group.
The compound with A/B - trans junétianag 173~ -acetmny‘ piTe Ll aﬁdrmstan
=I-opne Za gave lactone E and two carboxylic acids 4 and 5. The
odidation of l78-acetony -49B- androstan -3~ one 2b, gave lactone & as

gingle product.
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Jerussi et al® studied the oxidation reaction of So-cholestan—-3-one

7 with selenenic acid and 3@% H,0, in tertiary butanol.They found a

acids which on esterification gave
carbomethoxy—A—-nor —~So—

complex mixture of Fo~ carbomethory
C=fenor- So- cholestane, B in 35% vield, 36—

cholestaneg: P in 4% vield and methyl 2,3-seco-So—cholestane 2.3 —
o J L] 1

dioate 1@0a in 8% vield.
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2, 1@a, R=CH., 1@b, R=H.
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The mechanism proposed by Jerussi et al are summerised in the Scheme
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Corey et'aly reported the %afmation of a new photoxidation product
12,obtained by irradiation of acidified ethanolic solution of fZ-amyrin

11 for 2-3F weeks with Ultra — Violet Lamp (through pyrex glass)

+ o Uv-light
2 —*
11, 12, R1= CHS’ R2=H, R;:CHs_
13, R1=JH,»R2= EH3)R3=CH3.

@
They also reported the Fformation of @ 13 in small amount by
c#-photexidationyof a-amyrin and establised the structure as 13 by
chemical and spectral analysis.

. o X
*They - further synthesised the compounds . 12/13 from clean




{7-en~33, lla~diol 14a / Urg-13~an-53,11la~diol 14b by treatment with &
mixture of hydrogen peroxide and selenious acid in  t-BulH. The

mechanism first proposed was as follows:-

R

i4a, R, = H, R, = CHx

14b, R, = CHy, Ry = H

-
o

However, this was shown not to be the actual mechanism of the
formation 12/13 from IF,lle~dicl 14a/14b from the fact that the
reaction of the.llw@pimeric La—en—-33, 11f-diol with the same  reagent
also aftforded the sane préduct 12713 and not the gpimeric epoxide. it
pvidently shows ﬁhat the 611“0 hond is broken during the

reaction. This suggested an  alternative mechanism in which the
imomaric diols furnish the same C-11,12,1% allylic cation which reacts
with the perodide to form lZ-en-3B-ol-lla - hydroperoxide 15. This in
turn undergoes acid catalysed 0-0 bond fission and carbon rearrangment

to give 12713

> 12 / 13
— s m————
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S Thiay gu&@gtad that selenious acid merely functioned as an acid
A

catalyst and could be replaced by other acids.

: - :
Fitagawa et al?¥ studied the photoxidation of oleanolic acid 16 and

reported two products 17,18 together with starting material.

COOH

16, 17, 18,

X ig i , '

They sugg@st@d that the formation of 17 From 1& toock place via
hypothetical intermediate 1% in which carboxylic function at Dwi?i Was

participating .

| 17, | s,
Irradiation of erythrodiol 28 for 1808 hours afforded two products 21

and 2Z together with starting material.
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Th@vzl suggested that the formation of 21  +from g@' took place via

intermediate 2Ba in which uwnshared electron pair of 17ﬁ@CHEDH WAS

participating

—_>
ZBa,
Fitagawa et &1 = synthesised 21 and 22 from methyl-—-E-O-acetyl

oleanolate 23. as shown in the scheme—III

BCHEME-TIT

CHa OH

H, O, / p—TsOH

272
21 + 22 <—
Jeger et al’” studied the action of H.0. on wsolic acid acetate Z4a

in hmtAglacial acetic acid and reported the idsolation of three
‘--—. 1 Y e . It

1 Camhiggls e Up (Caobleplad Uy (Gt

assigned the structures 20 and Zé for U1 and U, respectively and did not

3

compounds designated as U GE)and

asgign any structwe for U,. But Simonsen et a1,4 disapproved structure
25 for U1 and suggested the structuwe 27 or £8 for ul withoult providing
any positive evidence in support of their proposition. So Majumder et

aljdirainvmatigat@d this work and isolated Ul’ U, and methylester of

Uyo They revised the structure of Ll1 and established the structuwres of
U.. and U, from spectral and chemical analysis. '

N




24a, R, = Ac, R, = K, = R, = M 24, R, = Ac, R.= l"('?= R.= Ha

C
wd
24b, R, = Ac, R, = R, = R, = H 24, R = Ac, Ry=

‘él B
Re = R, = Meg R, = GO o R, = Me,R.,= CHOAC.
] & : 7 & / e
H

24c, R, = R, = R, = K, = Z4g, R, = Ac. R.= R,= R,= H.
1 =2 A & = A &4
R, = R, = Mg, K. = CH.OH R, = K, = Ma, R7 = M. 0OH
2 ) . -
24d, R 1 w2 F'\'E = F\u:‘ L R{j = 24h R i mF\‘_E = F(fi’- a2 Rq. m b,
= Ma, R, = CHwDﬁC Rﬁ I HaaR? =CHmGQC

&
= R, = R, = H, Re= R, = Me, K, = CH,OAc.

4 - Rb
241,R1a

i
T
T

=
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Majumder el allg'guggeﬁted gtructure If-acetody lla-iZa epaxy WS-
~2f-o0ic-13(28) -lactone Z%a for U1 H
Fp-acetoxy—lZa-hydrogy-uwrsane~28-oic-13 (28)~lactone 38a {for U, and 26
for Uﬁ fram PMR and other physical data. B

R0 AcO

@

2%a, Rl = e, R3= HF-RE = R, = Me, Z8a, HE = M, Hiw oy Me
27b, R1 = {3, RE = M, PE = RA = Me 3@b R1= H, RE RE = Me
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Majumder et alz sugoested the following mechanism for the formation

af U15 U., and Uﬁ as shown in Scheme IV

SCHENE-IV

COOH

24&, __:3&,_/ﬂ

After isolation of products 2%a, 3Ba and 26 from wrsolic acid acetate
Z24a the action of H?DE in boiling acetic acid. Majumder et al ie
carried out this regctimn to oleanolic acid‘acetate Z24b and isolated.
gpoxy  p-lactone 29b and 1Y hydrowy p-lactone 3@b but hketo dihvdeo
derivative was absent. Theylé suagested that the presence of keto
difhydro derivative 26 in case of 24a and the absence of keto dihvdro
darivative in case of oleanolic acid acetate 24b was due to the
additional steric effect of 17-methyl group in 24a.

Based on the assumption that 17~CHEGH group  in the wsane and

oleanane systems might uwndergo necleophilic participation like




17~carboxyl functions in this systems,Majumder et alzé carried out
H.0.~AcOH  reaction with uvaol 24c and erythrodiol 20. In case of
gégtthraa products were Z8-0O-acetyl uwvaol 24d, 3I-0O-acetyl Uvaol =
and 3,28-0,0-diacetyl uvaol 24f, similarly 20, gave 24q, 24h, and 24i.
The total absence of any oxidation product in the reaction of 24c and
28 with H.0. ~AcOH estabklished the significent role played by the
C17m cmrhgg;l group in initiating oxidative transtormation of 24a and
24b. They ie finally suggested that for any appreciable oxidation with
H.0. to be initisted by the 1&,l%-double bond in the ursane and
Dleanane skeleta, the presence of I7-carboxyl group was an  essential
reguirement.

The Sel. catalysed reaction of H.0., on pentacyclic
triterpene I-ketone was atzdied by Fradhan et alzT,hT;eyZ? cobsatved

that lupanone 31 on oxidation with wmolar proporation of H,0. and

e L )

catalytic amount of 8el. in t-BulH atforded lup—l~ana-3-ore" " 32,
- o . . - - : . . s o
sot-carboryl ~G-nor—-lupane 33 and 2,3 seco-lupane dicarboxylic acid 34;
with excess H.O. 31 Ffwnished 4, 23,24 tri-—nor—-lupane 3 5 olide, a
. - . 21
&~ lactone 33 together with 34
O ~
\\
31, 32,
HOoOC
HOOC
33, 34, 33,

i@a




Pradhan et &III auggest@d'th@ following mechanisn for the formation

of . S~lactone 33 shown in soheaema—V

SCHERE~Y
H,,0
2, Ho ) 61
0 . H-0-0 g o0
H
HzO0 o
20, [ J a0y ,
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=0 \ zO
HO
?.
¢=0
Fradhan et alza performed similar reactions of H- 0. ~Se0w i t~BulH

on friedlin 36 and reported the isolation of 2,3 seco—~friedlinic acid

37, Zor carbory—f-nor-friedlin 38 and a S~1lactone.dF.

i

Hooe =~

39 ) ii
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The mechanism suggested by Fradhan et all‘f shown -in  scheme-VY1. They
suggested that the formation of &-lactone 39 .proceeded yia the

Cfafmation G the” diketone 3sa [ di psphenol :*§é§¢§ésl

SCHEWE ~V1 -
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Anjaneyulu et al®* reinvestigated the xidation of friedlin. 36 with
HroOn—-Bal- in t-BuOH  and Feported the formation of friedel-l-ena-3-one
36d and friedelolactone 39 &long with' 37 and 38 already reported

by Fradhan et aljs}

.Fradhan et alE'3 ektended the reaction to taraxerons 48.a I-keto
triterpenoid having a trisubstituted double bond. TheyEz reported
that 4@ on oxidation with HZDE in presence of SEDE_in t—-BuDH afforded
loo ,Ro~epokide 41, 4, 23, 24—tri~nmr—taréxerene T 5 olide, a

L6~ lactone 42 and taraxerene-g-lactone 43 +From neutral part and
Za~carboxyl—-A-nor-tararerene - 44 together with taraserene R
seco-dicarboxylic acid g§- from -acid part. The formation of the

- products 41,42,43,44.,45 shows that in 5@0? oxidation bf taraxerone 4@, no
migration of 14-15 double bond  took plgcen They concluded  from

previous studies and present observations that the &-lactones were

iz




formed irrespective of the presence of methyl groups at C—4 position.
Furthetr iﬁolatién of e-lactone 43 supported the mechaniem of formation
. of &-lactone via the e—lactone.They also suggested that the epoxide 41

oy

was most probably farmed via Aluh unsaturated ketone.

HOOC -
HOOC

: 249 . .
Talapatra et al” explained oxidation of taraxastens 446 and

w~taraxa5tene'&z ter give the corresponding aldehyde 48 on the basis

of mechanism shown in scheme-v11

SECHENE-VIT
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46, 47 5

Fradhan et alfﬁ carfied out the reaction of olean—12,15,dien FZ,il~dicl
&ggwifh:HEQE p-toluene sulphonic acid under identical condition of
Corsy et al ‘with a view to produce the multiflorenol derivative Sl.
But theygé isalated to isomeric y-lactones identified as Afp-acetates
of © 2~nar~alean~15(1é)~en~13a~carb—+19awmlide 49 anq Clgwnor—aleanmia

(19) —en-1Zf3~carb— 19p-olide 32

14 -




RN cre b acetate
ction of Sel.~H,0. on p-amyrin, 31 in

Fradhan et algé studied the rEa
t*EuGHfand'repb#ted-twm compounds as 1rag1Ea~epquftaramen~14men“36~y1
acetalte HE _aﬁﬂ‘Ji&grﬁdfepbﬁy—t&ramerwléfenfﬂﬁﬁml;§§ while on similar
“tréﬁtméﬁkﬁaﬁamyﬁin scetate 54 %urnished'Ikairﬂawmpmxyrurﬁ~14~anm3ﬁ~yl

acetaté*§§“aﬁd;ilaT12arepoxy~urﬁ—14~en~3ﬁfqy 56

Lot '::2: X N ‘ o o 3 4
51 Kb =Ac, Re=H, Ro=R7=CH 52, R , Bo= H, RO=RC=CH_
54, Rl=pc, RP=H, RE=R=CH, ’ 53, Rl= R2= H, Ro= R'= CH,
= ' - R By
' lege, RY= H, RT= R™=CH,
) 3

6, RO=R =H, R =R =CH.,

They“® studied the action of Sel ~H

e L

qD% on acetyl oleanolic acid §7 and
acetyl methyl oleanolate 98 in t—BuU; and isolated 11a312a~apoxy~
ol eanan—28 '13~01idéé@@*?Libadghatgc1§2;angn¢L;gyiﬂajepoxyfoleanan~
28 Iﬂbmlﬁdégﬁfﬁﬁf?é@?zUnder cimilar condition methyl acetyl ursolate

T el aFfordad two compounds identified -as 1lo,lZo—epoxy-urs-—28 13~clide

:,J rﬁﬁﬁyyya:éE§@EE§§Eand 11q312amepmxy~ur§w28-%13—olide-3ﬁ*ml &3,

& 15




S o . om A4 . 5 : e oo 2 RSerdecH
57 ,/i=Ac, Ro=H, R =R =CH., R-=COOH ‘ 59,R =Ac, R2=H, R=R'=CH,

2 3 -1 1_ 2 v
58,k =Ac, Ro=H, R =R =CH,, R =COOCH, 6@,k =R =H, R™=R=CH,

' o - "‘!: " l:-" . 3 -H 1 .4‘ 'r) ':-;rl .
61,RY=0c, RP=H, RP=RT=CH,, RO=COOCH,  62,R =Ac,R =H,R“=R"=CH,
1_.2 T_oh_ . S S Z_ T

65,R =R7=H, R-=R'=CH._, R7=CH,OM &7,k =R"=H, R¥=R"=CH,

Pradham‘ek'alﬁf

the product &8 was formed whereas similar oxidation  on the

_also carried dut the reaction of erythrodiol &5 when

tri—acetate &6 %urnishad»éhe epoxy derivatives &7 and &8 only.

|
>
fi

86, - &7, R =

from these reactions £hey concluded: —-
{12 the reacéimh i= idenfical to the photochemical - oxidation ‘iﬁ 'the
formation of 11,12, epoxide. ‘

(2) the C~17 Carbomethoxy group as well as the CH,OH group at the C-I7
pbsitian»is élsa involved in the Tormation of 28 *13 lactone ring.

(3} the ﬁrimary~CH?0Ac groap at C-I17 do not undergeo hydrolvsis where
as the secondary :CHUA; group partially hydrolyses to  —CHOH group

under the reaction condition.
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