
PART-I 

OXIDATION OF PENTACYCLIC TRITERPENOIDS HAVING DOUBLE BONDS AT C-2 AND 

C-3 POSIT.IONS WITH SELENIUM DIOXIDE IN TERTlARY BUTANOL CONTAINING 

HYDROGEN PEROXIDE~ 
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'HYDROGEN-PEROXIDE. 

The_selenium· dimdde<SeO, .. .,) catalysed reaction ·of -·hydrog_e_n pero>:ide 
. ~ 

< H,....O,.,) h_as - been · widely used for perform~~ ng . var· i ous old dative' 
.,::. .t... 

_transforma-tions.· A brief desct-iption of some .old dative transformations 

are summerised below. 

Seg~in1 p~eplred trans cyclohexanediol free of -cis-compound from 

cyclohexene using H,....O,.... in ~resence of SeD,.... and also prepared 1,2 dials 
~ ~ ~ 

cyclopentadiene from cyclopentadiene. · .. 
..... 

Curtis et al~ ~sed SeD~, -as catalyst in presence of hydrogen peroxide 
. ..:.. 

to oxidise acrolein and methacrolein to monomeric acrylic and 

methacrylic acids and· suggested that at first selenious acid oxidised 

to ~elenenic acid with H~O~ than that selenenic •cid 
..::.. ..::. 

.reacted 

et ai 3 with acrolein to give acrylic acid and ~elenious acid. Payne 

investigated th~ oxidation of cycloheptanone~cyclohexanone and cycle 

peri-t:anone with S_eo"'=' :in. presenr.:e of . ..:;. 

,cyclic ketones might undergo the 

H~O,.... . .::.. ..::. 
well 

and anticipated that the 

known reaction with SeD,.... 
..::. 

giving ~-diketones with H.-.0" serving merely to oxidise selenium 
7 ..::. ..::. . 

metal back to dioxide. They~ observed that along with other competing 

reacti<Jns~all three ketones unden~~Jent O)ddative ring ·contraction to 

cyclohexane~ cyclopentane and cyclobutane carboxylic ~~ids in 34,32 

. and 23% yields, respectively. 
0 

Q ~COOH 

\cH;,{~ 
n :::: ~. 34% .,:;., 
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' 

32% 

n :::: o, 23% 
4 

Sonoda et al ·studied oxidati·on of aliphatic ketones, RCH~COR with 
. . ..::.. 

H2 o 2 ~n presence of,Seo2 i~ tertiary but~nol solvent<t-BuOH) and got 

carbo~{ylic ac:ids,RRCHCOOH ac:c:c.lmpanied by r·earrangment of alkyl _groups. 

R-CH 

2"' 
/ 

R 

c:::o SeO,....-H ...... O...., 
..:: ..::.· ..::.. 
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Where R = H, R = R = alkyl group 
·~ .1 .. ~ ,..,. ,·,ey .used acetone~ methyl ethyl ketone, methyl-n-propyl ketone~ 

and diethyl ketone as starting material. They suggested that the main 

rearrangement observed was due to migration of the alkyl group having 

smaller number of carbon atoms to the a-carbon atom of the larger 

number of carbon atoms; to the small one also occurred in some degree. 
c:· 
•,.1 These workers shared the view of Hughes and Martin who proposed the 

formation of peroxy selenious acid 1 from SeD_ by the action of H~O~. 
L 4 4 

HOOSe DOH 

1 

The following mechanism was presumed by these workers as shown in 

scheme -I 

.------ R- CH - C:::::Q 
2 r 

R 

HOOSeOOH 

HO 'Se /"" 0 0 

lt/t 

SCHENE-I 

- H
2

Se0
3 
+ o ... H 

/~\ 

R- CH=C-OH 

I 
R HOOSeODH 

0 
/""-. 

R-CH--C-OH 

I 
R 

R-CH----C-DH 
r 

R-CH--C-OH R-CH-R 
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6 7 
Caspi et al ' reported that steroidal 3-Ketones in the 5a and 

5~-series with H~O~ in presence of SaO~ gave ring-A contracted acids 
4 4 k 

and products of bond scission on either side of the carbonyl group. 

The compound with A/B - trans junctions~ 17~- acetoxy. 5a- androstan 

-3-one 2a gave lactone ~ ·and i:\Cids 4 and =·· ;;.J. The 

oxidation of 17~-acetoxy -5~- androstan -3- one ~~' gave lactone 6 as 

single pr-oduct. 

2 
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Jerussi et al 8 studied the oxidation reaction of 5a-cholestan-3-one 

7 with selenenic acid and 30% H~O~ in tertiary butanol.The~ found a 
.t:. ,::. . 

complex mixture of acids which on esterification gave 2a- carbomethoxy 

-(~-·nor··- 5a- chol estane '! § in 35% y:i. €~1 d? -::.;11- carbometho>; y-f..)·-nor·-.. 5a-· 

cholestane· 9 in 4% yield and methyl 2,3-seco-5a-cholestane 2,3 -

di<::late 11ZJa :i.n 8 "/ ,. y:i.<eld. 

z, 

3 

CHa<oo •• ~ 
I 
H-. 

!!., 

ROOC~· ". 

r<ooc 
I . 

-... 
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·H 

11ZJa, R=CH3 , ~' R=H. 
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The mechanism proposed by Jerussi et al
8 

are summerised in the Scheme 

-II 

SCH£N£-II 
•a•aaaa•.• 

¥~ext} :~nJ 
Ho, £:\ . ] ~o-

HzSe04 a. , 
HI,Ot, ;~o't~ ~ -· 

\-tOO 
OH OH 

l - H,zSe04 1 C H.z, N' .z. 

)J] 1--!.zO.z, 

~ 
ca 

9 
Corey et al' reported the formation of a new ph6toxidation product 

!.?.,obtained by irradiation of acidified ethanolic solution of ~-amyrin 

11 for 2-3 weeks with Ultra - Violet Lamp <through pyrex glass> 

+ 

HO 

11, 

>:;) 

They· also reported the 

::··" "'· pho"to>:i dati Ol"\;':.·~;~f Pt~~u:nyr in and 

chemical and spectral analysis. 
. 9 

'·They· .-,·further synthesised 

UV-light 

HO 

12, R1 = CH
3

, R
2

=H > F<
3
= CH3. 

1'3, Rl =··· H,· R2= CH'3) Rg = CH3. 

formation of · 13 in small amount by 

establised the structure as 1'3 by 

the 12/13 -- --compounds from olean 
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· 'l 14 ;· l.J""s· .... ·1'::.'-er1-""' .... ··.~ 11"'-dl. ol 14b by t"'·e.::-t11le1·1t vJi th a 12·-en--3(1, 11et-dlo. -·-~ 1 - 1J' ..... ·---·- 1 '"' 

mixture of hydrogen peroxide and selenious acid in t-BuOH. The 

mechanism first proposed was as follows:-

HO 

~., R1 :::: H, R,.... 
...:. 

14b, R1 :.".:: CH3 , R 

However·, this I,A,1C~S shovm 

'"" CH3 

""' H 
2 

not to be the 

HO-o 0 
tJ "" /1 t Se 

I 1-10 

\._,\ 
0 

12 I 13., 

actual mechanism of the 

14a/14b from the fact that the 

t··eaction of the 11-epimet-ic :l2-en-::::;[1,11[1-diol with the same· reagen·t 

also afforded the same product !~I!~ and not the epimeric epoxide. It 

evidently shows that the c -·0 
11 

bond is during the 

reaction. This suggested an alternative mechanism in which the 

isomeric dials furnish the same C-11,12,13 allylic cation which reacts 

with the peroxide to form 12-en-3(1-ol-11a - hydroperoxide 15. This in 

turn undergoes acid catalysed 0-0 bond fission and carbon rearrangment 

tc:l give !~/ !~ 

+ 
H OH 
"-.-I 

0 
12 I 13 

15, 



~ They suqested that selenious acid merely functioned as an acid 
-,.. 

catalyst and could be replaced by other acids. 

Kitagawa et ali@ studied the photoxidation of oleanolic acid 16 and 

"'t t-epot·-ted two product:::. !Z ~ !~ togethet- vJi th stay·t i ng me:~ ten- i al • 

co pH 

HO HO HO 

18, -16, 17, 
iii -

They suggested that the formation of 17 from 16 took place via 

hypothetical intermediate 19 in which carboxylic function at C-17 was 

pcH"ticipating . 

HO 1-10 

19, 18., 

• products _ 21 Irradiation of erythrodiol 20 for 100 hours afforded t~t·o· 

and 22 together with starting material. 

HO HO 

6 
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Thay 11 suggested that the formation of 21 from 2w· took place via 

intermediate ~~! in which unshared electron pair of 

pa,~·ticip<:\ting 

17(~: .• cJ-·I, •. ,OH was . ..::. 

+ 
H OH 
'\._,j 

0 ... .. , 
> 

21., __. 

Kitagawa et al 
12 synthesised 21 and 22 methyl-3-D-acetyl 

oleanolate 23. as shown in the scheme-III 

SC t·t ENE-· I I I 
a a u • • h a ~ a a · 

CHzOK 

) ) 
LRH 

HO 
23 _., 

21 + 22 

a Jeget- et .::\1
13 studied the action r.:H: H, ... ,O . ..., on L\F'SOl ic acid C:\Cetate 24a 

.s::. ~ 

in hot gl~Kial acetic acid and reported the isolation of three 

compounds designated as u1 rc H 0 · U 'C H 0 · U ·c H 0 · d '"32 48 5 1
' 2 ~ 32 50 5 1

' 3 \ 32 50 5 1 an 
assigned the structures 25 and 2~ for u1 and u3 respectively and did not 

assign any structure for U~. But Simonsen et al 14 disapproved structure .. ::. . 

25 for u1 and suggested the structure ~Z or ~§ for u1 without providing 

any positive evidence in support of their proposition. So Majumder et 

a1 15 reinvestigated this work and isolated u1 , U~ and methylester of 
..::. 

u
3

. They revised the structure of u1 and established the structures of 

u' .. :·· and u..,!' f I~ om spec:tt--al and chemical analysis n .. :.. ._, 

7 
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fico 
A co 

:25 -· :L1 -· 

Reo 
RIO 

2S 

24a, r-:;:1 ::::: Ac, R_., = FC, - R ... , ... , 
..::. .;;. 5 

24e, R :r.:: ?~c' R = F.: = R = H. 
1 

,.., 
3 5 ..::. 

R 
4 

f"' t'le, R COOI-I -· = -· = "5 I 
R = R = Ne, p - CH20H. 

4 6 "'7-

24b, R1 = Ac, F~-~ ... R = R :r.:: H 
..::. 3 4 

24f, R ::::: Ac, R,.,:::: R.,!.== R = H. 
1 ..::. ·-· 5 

R""' ...I 
= r.:;: ~-= l"le; 1··~·-· = COOI-I 

6 I 
R~.1 • R.= Ne,R~= CH~OAc. 

. (:I I ..::. 

24c, R 
1 

... R,.., = R_,. - r· - H 
..::. . .::. . "\.5 24g, 1~1 ::: f..lc. R2= R::(' RLl:::: H. 

R4 = R -· 6 
Ne" F<.... = CH,.,OH 

. I .::. 
R =. R6 = Me. R- = CH~OH 5 ' I L 

24d, R 
1 ·- r· = .. "2 R.,r ::::: · Ro:.- ::: H 

.... t ~ 

24h,R 1 =R
2 

= R
3 

= R4 = H. 

M f .. , = C' .. l tJ·-, e ? .\7 r· ~.r ,.,c R""' • R, = Me,R~ =CH~OAc w 0 / .t:.. 

I~C ' R,., = R..,!. :::: R Lt. = H R P M R CH o~ ? 5::::: \6 ::: e, 7 ::: 2 HC • 
..::. ..... 

. 1 '5. 
Mc.Uumdet- ert .:i.l suggested structun:.> :::.~[5-a.cettJwy 11a-12a epawy ursa.n·-

-28-oic-13<28)-lactone 29a for u1 

3~-acetoxy-12a-hydroxy-ursa.ne-28-oic-13 (28)-lactone 30a for u2 and 26 

for U~ from PMR and other physical data. 
·-· 

ReO 

- Ac, R = H R = R - Me, 3 , 2 4 29a, R 
1. 

30a, R = 1·-1 ' R ::::: R.~ :::: t1e 
2 1 .:.:.. 

Ac, R = H R = R = Me 2 ~ ::; Lf. 29b, R1 = R = H, R = R ::::: Me 
1 ~. ::.;.· ~.~ 

30b, 

8 

0 
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1~1.::-1 j umder et 
.; C:' 

al J. ·-' suggested the following mechanism for the for·mati on 

o·f ul, u,...,, and U-::. as shown in Scheme IV 
. .::. ·-· 

~,_Q 
SCHENE-I.V 
aa~t•uaaua 

c"'~ .... c ~/1-1 JL 
I 
I 

0 OH 
H ()., H 

---t ~ 

11 
0 

u,z. 
Ua 

0 

24a, 

After isolation of products ~~~~ ~~! and 26 from ursolic acid 

24a the action of H_O_ in boiling acetic acid. Majumder et --- ~ ~ 

COOH 

0 

.::1cete:'\te 
u.; 

al 

carried out this reaction to oleanolic acid acetate 24b and isolated. 

epoxy y-lactone 29b and 

derivative was absent. 

12 hydroxy y-lactone ~~~ but keto 
16 They suggested that the presence 

dihydro derivative in case o-f: 24a and the absence of keto 

dihydr·o 

of keto 

di hyd1~o 

derivative in case of oleanolic acid acetate 24b was due to the 

additional steric effect of 19-methyl group in 24a. 

Based on the assumption that 17-CH2 0H group in the ursane and 

oleanane systems might undergo necleophilic p.:~rt i c i pa.t ion 1 i. ke 

9 



reaction with uvaol 24c and ervthrodiol 20. ---- . 
case of In H,._,O,-:,-AcOH 

• !! .. -~ 

24c three products were 28-0-acetyl uvaol ~~~~ :.::;-o .. -ac::et yl Uvaol 24e 

and 3~28-0,0-diacetyl ~vaol ~1f, similarly~~' gave ~1g, ~1~, and 24i. 

T The total t:1bsence elf any o:dd.::1tion p1~oduct in the reaction of 24c and 

~-

20 with H~O~ -AcOH established the significant role played by the ---· . .::.. ..::. 

C carboxyl grqup in initiating oxidative transformation of 24a and 
1.7 

24b. They 16 finally suggested that for any appreciable oxidation with 

H~O~ to be initiated by the 1.2,13-double bond in the ursane and 
,,::,, . .::. 

Oleanane skeleta, !~! £C!!!~£!_£!_!Z=£!C~£~t!_£C£~e-~!!_!~ __ !!!!~!!!! 
!:.~.q~_!.t.:.!!!'!!~!.! h 

The SeD~ catalysed reaction of H~O~ on pentacyclic:: 
· . .::. 1-' ..::. ..::. 1 '7 

3-ketone was studied by Pradhan et al 1
• They ' observed 

that lupanone ~! on oxidation with and preparation of H~O-
.t::. ..;~,~ 

1 1 
..,. .1. •• up-· ···ene·-.:;..-·one catalytic amount of SeO? in t-BuOH afforded 

.-, .. dO-oL:St.i ""7 .... -.. • 

..::.a-carboxyl-A-nor-lupane ~~and L,~ seco-lupane dicarboxylic acid ~1; 

with excess H~O~ 31 furnished 4, 23~24 tri-nor-lupane 3 5 elide, a 
..::. ~ 

6- lactone 35 together with 21 34 

0 
0 

34, 

10 
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1'~ Pradhan et al ·' suggested ·the following mechanisn for the formation 

of 6-lactone 35 shown i~ scheme-V 

Hz,O~ 

) 

SCI-IENE-V 
aa11rtanan 

H-O- ~7 
H-o-o·~j 

18 Pradhan et al performed similar reactions 

+ 
H 

(0] 

- H:z,O 
) 

H-~~1 
00·.,.....0 " .) 

H- .... 
f'l 

H 

) 

i 1'1 t-Bu.OH of H,..,O, ... --SeO .... 
"'~ ..::: . £ 

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

~z~ 2a- carbcxy-A-ncr-friedlin 38 and a 6-lactone.39. 

0¥] 
HOOC 

0 36d 
HOOC -· 

'36 -· 
3't ov -· 

HQOC/g:] 
39 11 

¢_! 



18 
The mechani•m suggest~d by Pradhan et al shown in scheme-VI. They 

suggested that the formation of 6~lacton• 39 proceeded via the 
~ · .. -, ..... --.. t' ... - ·o'''.f·· : ··t' he:· _;d-. l·. 1-.·.e-to'.'ne .. ::_-:.~_§'e c-..~. ·d·l· osph':::.n.ol-,--lo. :._,_-56i3-,~-~,-;·,·36c:\·-·J '-·,[; ··forma· 1~orr . .,.- "'· . --~------~---~~ -.,---:-

SCHENE -VI 
a a a n n n a • • n 

SeO.z :MJ 
"36t:l _, 

H-t 0~-] . n. ' 
H-O 

H:Fo'-o~ 
+I 

H 
I. - CO.z, 

2. [0] > 

., . ., 

Ho ] ).o:y; 
' ~~:uJ 

36b 36C _, --· 

Anjaneyulu et al 6 ~ rein~estigated the oxidation of friedlin- 36 with 

H2o2-seo2 in t-BuOH and reported the formation of friedel-1-ene-3-one 

36d and friedelola~t6ne ~!along with· 37 and 38 already reported 

by Pradhan et a1 18~ 

Pradhan et a1 23 extended the reaction to taraxerone !~,a 3-Reto 
......... 

triterpenoid having a trisubstituted double bond. They~~ reported 

that-40 on oxidation with H~O~ in ~resence o~ SeQ~ in t-BuOH afforded 
-- .t::.. ..::. . 4· 

lOt ,2at-ep.t1)dde 1!·1 4, 23, 24-tri-nor-tar<i;u:erene 3 5 elide, a 
6- lactone 42 and tara~erene-e-lactone 43 from neutral part and 

2a-carbo:-:yl-A-nor-tara:-:erene 44 together with· 

seco-dicarboxylic acid 45 from ·acid p~rt. The formation of the 

·products ~! 9 !~,!~,!! 9 !~ shows that in SeO~ oxidation of tara:-:erone !~,no 
..::. 

migration of 14-15 doubl~ bond took place. They concluded from 

+ previous studies and present observations that ·the 6-la_ctones were .... _., 

i2 

) 
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formed irrespective of the presence of methyl groups at C-4 position. 

Further isolation of &-lactone ~~ supported the mechanism of formation 

of 6-lactone via the s-lactone.They also suggested t~at the epoxide 1! 
1-r;.o 

was most probably formed via A - unsaturated ketone. 

0 

40 
-) 

o;;:t] 
....... HDOc--51] HOOC·;rJ 

HOOC . . 
..., 

" 43. 
4~ -· 

24 al e>:plair.ed oHidation of taraHastene 46 and 
Talapatr·a et 
~-taraxastene 1Z to give the corresponding aldehyde 48 on the basis 

of mechanism shown in scheme-VII 

~ 
H 

CHO 

+ -:;. 0 
Se 

'-OH 

.. 

< 

OR 

SCHF.NE-VII 
d n n n n a Q n n a 

+ / OH 

Se- OH 
'-.. OH 

13 

0"')_ 
Se 

v 
I c:H ~ 
H- OAc 

v 



47, 
46, 

·""\C" Pradhan et al~~ carried out the reaction of olean-12,15,dien 3,11-diol 

48awith:H~O~ p-toluene sulphonic acid under identical condition of 
--- •• ~ .c;. Corey et a1 9 : with a view to produce the multiflorenol derivative 51. 

But they26 isolated to isomeric y-lactones identified as 3~-acetates 
of c12-nor-olean-15(16)-en-i3a-carb~19a-olide 49 and c12-nor-olean-18 

( 19) -en---1:-:.:.(1-carb ~ 15{~-ol ide ~~· 

HO HO 

. 48a. 

HO HO 

51., 

14 
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~·~ : f::::_ ~ 'I ! ·~ a.CR.ta..te. ' 

(1--amyr in" ~! in 

F
·radhan et al 26 studied the re{ac:ti on of SeO--:.-H.-/1-;.' on .1- .s:;.. ..... 

_t.;..BLIOH -:and reported .two c:ompounds as 11ct.1 1201.-epm:y-:-tara:-:el~,...14-·en-3(3-yl 
aceta-tra · .§~ a:rid ·4;l'd?12,ci-:-epcn:y-ta_I'"al{et--_:l.~-:-~r-l.,..::.:.~··::p1 ~~ whi 1 e on simi 1 ar 

· tre:at~·ent'~·CI.:-:;a:myf·;·lri a:t:eta·l.:e ~~ f unl i shed ll'ct,l-2ct·· .. epo>:y-:-urs-14-en-3(1-yl 

aceta"btf · §§ ·arid. J l.ct ,.12ct-:-epo>~ y-ur s-14-en-:3(3-ol_ 56 

R1
0 

.... 4 
R . .::.=R ·=CH 

I? "':!' 3 
R..:..=R·-'=Cl-1 

:!· 

p,'o 

52 ~I 

55, 

56, 

1 ...., 
F\ = R..:..=, H, 

1 4 R =Ac, R = 
1 4 R =R =H, 

H, R
3

=R
4

==CH..,. 
""!f" -..:· 

R.::':::: R4= CH-.. 
lj .....,.. .::.1 

H, R..:..== R . .::·==CH<. 
roo; ._ ·-' ·' .... 

R""==R·- =CH-:: 
·-· 

26 They studied the action of SeO~-H~O~ on acetyl oleanolic acid 57 and 
4 4 £ --

acetyl methyl oleanolate. §~ in t-BuOH and isolated ~1a,12a-epoxy-
ofec\nan-28 ·1:3-ol i:de-!·w?--Yl·<· .. aC:(::I.:a:te: ,§~. ,an.cJ. l}:~ :1 12a-,epoH y-_ol eanan-

. ·28 1"3'-ol i:!~re-.:7si3i:ibt i'~~·~·· Under si·mil.ar condition me_thyl acetyl w-sol ate 

'· · 61 ;c\{H'ordiid 'b;~o comp:oLihds i dent if i ed -as. 11ct_, 12ct..;.ePC?>:y-urs-28 13-·ol ide 

-:-3(3-:fyJ:,'. 'a_c_e··!;,:{:t·t.e .§~' an.d UCJ., .12ct-epo:-:y-urs-28 ~ 1-3-ol i de-3(3-ol §~. 

1074 ~?2 
r~ 0 

t\ -· 
r· r- t~ 

r t-. ~J 

15 
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r::.7 R1 · A 
2 . ..,. 4 r::. 

;;;} ~ ::::: .. c ~ R =H~ .R--'=R =CH":l' ? R.J=COOH 
·-· 

58,R 1=AC:, 2 R3=R4=CH~. 
r::. . 

R =H~ R;;J=COOCH":l' . .:. .. · ·-· 
1 . 4 . ..., -:; r::. 

-61, R =Ac::, R =1-1, 'R..:;.=R'-':=CH"'' R;;J=COOCH..,. 
~ ._, . .;:.. 

1 2 -:!· 4 5 
65,R =R =H, R~=R ·=CH..,., R =CH OH ._.. 2 

{ 

Pr-·adhan e::t aJ.~27 also C:al'".l'"i ed 6ut ·the r·eai::ti 6n on erythr-odi ol 65 when 

·the pr-odu~t 60 was formed whereas similar oxidation on 

tri-acetate 66 furnished- the epo>:y derivatives 2Z and §§ only. 

r:lco ... ... 

from these reactions the~ concluded:-

HO 

67, R = Ac 

68, R = H 

the 

(1) the reactidn is identical to the photochemical -oxidation in the 

formation of 11,12, epoxide. 

<2> the C-17 Carbomethoxy group as well as the CH~OH group at the C-17 
..::. 

position_is ~lso irivolved in the formation of 28 13 lactone ring. 

(3) the primary-CH~OAc group at C-17 do not undergo hydrolysis where ... 
as the secondary -CHOAc group partially hydrolyies to -CHOH group 

under the reaction condition. 

16 




