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5 CHAPTRR—eI
4_SHORT REVIEN OF SOMR OXIDATIVE RGACTIONS OF
PENTAGYCLIC TRITERPENOIDS

In 8pganic Chealstry ozldetive regctlsn can not
be uail defined very sasily like in inorgsnic chexlstry
1.0. 1638 of olectrone or incresss lon oxidetion nuabep,
While eleotrons sre dlrectly traensforred in sone orgsnis
ozidation rééctions'ﬁhe mechanisn of most of the®s pesc=
tions do oot involve g direct elsctron transfer. walle
cousidering for ozxldation puaber it 18 egsy ﬁs épply in
sone casan, A8 for cxanple the saldatlnsn nuaber 52 carbon
in Oy is -4, 1o nost cates attenpts to spply the concept
iead to frectisnal velues or spperent ebsurditles, Thue
csrbon in propene has sn oxidetlion nunbsp of - 2,67 and in
butene of = 2.5, though organic chezlsts considered thees
two coapounds a% being in differaent axidatien‘etatae. 40
laprovenent eould be made by assigning different oxldation
gtates to different carbosn atoms in & msleculs, depending
an’yhat is bonded ta'tha@. Az for ezaméle two carbon atons
in woetlc scid ore obviously is different oxidation =tates,
Aseuaptlian would be raguired totaxplain the phenonensa '
alpse the ozidation number of en aton in s nolecule is

agslpned on the baels of the oxidetion nuabers of the atoas

\
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stteched to it, Then the Opganle Chenlstsdefined oxldatlon
&8 the gonversion of é‘funétiﬁaal.gmeup in 2 mslecule fron
one category to a higher @ne. #ost azidstion in Opgenic

ghenlgtry involve s geln o€ oxaygen or a loss of hydrogen,

We have cprried out peasctiochg of hydrogen poros
,zide,;wbieh is konown me b ozidlelog agent, on triterpenclids.
it ha& been found that @viteppengiﬁs utdergo nalesulsy re-
arrangemanta with very siapls resgente, fone laporbtent pe-

- srrangeasnts  take 918@@ under wvarlisus oxidetive condleliosie
defle wilth tiorouric acetate, lesd totracataebe, chronlc asid,
oprganle peraclds, hyﬂr@geﬁ F@fﬁﬁidﬁ‘@ﬁ@e Phobochsnical
Oxildatinn éna_autnxidatian sn teitavponnlds heve alen hé@a
sbgarved. The £ollowlng 18 2 brief veview of different tpans~
foraational reactlons on triterpenside with the‘hglprbfiﬁiffér_

ent oxidetive reagents. .

3,4,

1, Meveurie scetate vesction in the lupane serles

It has been found thet nercurlc esetate wse used
widaly for the dshydrogensblng agent for inbrodueing an
stiylenlc double bond in conjJugstlion with en existing émuble
bond in tne fleld of stersids, |

Biledebazh gl a?l‘g fipat reported the g {I1)

acetate ax;datavu on pantesyellc trlterpenss of lupene series,



Betulin and-‘ lupeal foracd dehydro coapounde of unknown
strue.thre, Slnce theilr es-‘aeéa gleo undorwent dehydrogena=
tion but nob thelr Alhydro derivetives, Iy was concluded
thet this aéh:rdmganabiw w50 sB8oclsgbed with the presenss
of an olafinic bond.

2111 enn and aoworkers® osrplad out mereuris
aaataisa oxldation on betulln ig and tsolsted a cylic ether
22, IR Y maz 1630, 836 on~l (Vinylialoe group). HER Spece
trun of the corree;wnd.i'ﬂg acebate g_q ezhibited peeks ab 63
end 89 ops {(=0=Chgo=0), ﬂydp‘gganétion of 2b followed by oxie
detlion gave a lectope 3b, IR S nex 770 en™t € L »-»lactsa_ns).

ﬁﬁl = A3, Ry = COOR 20 Re= AQ

le
b
.;1& ,31 = AQ’ Rg = ﬁﬂaga&f; ‘
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Tue aubhors advpnised the followlng arguuents in
favour. of thelr strusturs b for the lecbons, The terminstion
of the lactons eould be eb 15, 15, 19 av 21 position. Iithilum -
aluninlus aydride roduction product af &b sn acstylatian pro-
dueed @ dlgesbate and wot & trlacetets, thus exelndlag posi-
ticne lﬁ-ghé 21 for the lactone teraination end Li wéa thought
that one of the hydrozyl groups was tertlsry in nstara, The ,
annsth dpnydpatian of tha'diuaetat@ with ?@clﬁ‘- py&idineAaan-
firaed the terilary nature of the third hydrozxyl graup and the
product obtalined In thie resctlon was aaaignad'atruéture ﬁé@

2 aax 205 nm (€ 78000), IR ~ max 1050 and 3050 em”l. The desdisiosn

. . \
28, Ry=io, Rp=igopropenyl - 48, Rlsaa,ﬁamsﬂgﬂa,ﬂsgiaapmapqnyl
3b, Hyeée , Rowisopropyl &b, By=Ac ,Ro=C0pMe Rysl sopropyl

89, Remll , Nymisopropeayl . 48, Ryed R =C0pH ,Rgaisograpﬁ;
: 4d, Higﬁc,Rgscﬂgﬁﬁc,ﬁgaisaprmpanyl
48, By=ho ,By=0lglic ,Ry=lsopropyld
4L, Rymiic ,BouCly  Hg=lsopropyl

regerding the lectone terninablon was made oo the bawels of
exporiasnte with betulinic ecid sad ite nethyl ester, scetyl

. .
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betulinle seid 1lb with Hg (ic) acetate ozidetion gave s

1

¥ =lsctone gpesigned ag Je, }:ﬁ S max 1792 en s Wnlceh on

hydrogenation gave the Sane ﬂihy&mlae%m 3b es thet pbtale

ned from betulin, Confequently bhe lsctons bermlngtlon snd

, the ether linkege iﬁ Bb nust be at the asgme polnt, elther
at. G==13 op (=~12, The lectove Jg was found To be diiferent
froa cthurberagenin which woe sgsigned the G L7 (e 15
lsctone structure by pjerassi 8t _ﬁgﬁ in 1355, Nopldentiby of
thurberagenin with thie lpetone lead Allison pnd eéww‘ef:@sms

to esslzp strusture Ss (13 « 17 lastome} for the lsotons.

Tt was found ;thét when 2 /z-caae“@azy aethyl betull-
nate Jo op slaller oxidstion with Ag (11) ecetate geve en
. unconjugated dlene A\ nex 808 mu (€ 7100}, IR S wmex éma,
" 1634, 901 = (0 = GHy), 1730, 1250 oa™l (==0.00CHz) and wes
assigned structure 4s. The coryesponding hydrogenated pro-
%z-ﬁmeﬁ 4b, N maz 205 na ( < s500), aex 878 amﬁi, on
fﬁ'hy&mlygis with sodius ethozlde gave the scld 4g¢. The laver
on trestment with hydrogen chlorlde in ehlopaforns gave the
- ,
: ig‘;m%ne Sc. Betulin digcebate 1d on Hg {11) gsoetabe oxidas
| é;&am save @ mno-onjiégatefi dlepe gssligned sz strucibure 44,
ivhiah wag alfs prepered from the ester 4a and the lsctoune Ze.
R«é&gxgti@mé of the sster 4a with lithius elusinlua hydeide
'. | ég&!&:" o ﬁi:,a!. which on acebyletion g;avg' the gane dlenyl

scebate 4d4. When the lactons Zs wss reduced by lithiun

i
d
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alumi'mum hydride end then aee’i}yiaﬁisn of the product gave

the ascetozy aleohol 5. The acstoxy alochol on dehydratlion

gave the dienyl scatete 4d. 3ince 44 was foromed by dehydras
tion 5f the tertlsry hydroxyl geoup st G113 end sfter
hydrogenation of 1% gave 4e,which showed wo IR band for
vinylidine group. Bub OV sbeopptlion of the compound showed

w aszine et N .- 208 na { £ ‘7Q09), 1% was confirmed that the
dsouble bomd wéﬁ‘ trlsubstituted aézd; should be plgeaa gt 12w=13
pogition, |

Thurberogenin o ]

The guthors eisc clalned vhet Hg (ic) asetstes
oxldation of lupeol Sg, lupenyl scetate £ lupenyl banzoate
S, lupenone 84 and £ =lupsane Be under ihe same condition

introduced g double boidae G; 12~~13 position, the resulg,mf
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R ~
Ss, B= OH 7a, R = OH
gb, B= Ohc ﬁ, R e Oic
¢, B = OBZ 7e, R= OBL
84, R=a0 _ 7d, BH= 0 .
8o, Ra i . . 7e, R= H

products belng 7a, 7b, 72, 74 and 7e respectively. The struc~
ture of the compound wes evident. : fwom UV and perbenszolc

gcld titratlon.

Bpddeley gnd hie cmarkepa7 propoged tha struc-

‘ture of the lactone obtailned fron scetyl betulinic seld 1b

would be llke 3 and not g8 3a.

~

fo
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Aluest slmultaneously Baddeley g§,3;8 end clesn

and his cowax'kersg independently put forward spectroscople
end chemicael evidences showing conclusively thet ln absence
of any resetlvé substituent ab g==17 , mepcuric scetate
ozldation introduced a tetrasubstituted conjugeted double

bond at G—18, 19, Thus, 9 would produce 10 on =nercurie

scetate ozldation,

4

Gl

a0 P

io
|

The structure of 10 was proved by the UV gbsorp-
tion of the compound for a conjugated dlemcsysten, It wee

egein showed by Bgddsley

ozidation on Je, to be 1l.

10 ihe product of mercuric scetate



138

~ C00Me

12

AR

e
§=

The ptructure of 1l weez proved by 1ts UV gbsorpe-
tion for eagjugaﬁed diepesysten and gle€o by degradastlive

evidence,

Vyetroll ggvgg?l have shown thet the primery
product of oxidation of betulin la with Hg (lc) smcetate has
got the structure 12 snd not the 2a proposed esrlier by

alilson et al°.

2. lesd tetrascstete resctlon on' sone triterpenslds:

Lesd tetrascetate was found to be an ussful oxidj-
sing ggent in the fleld of terpenes. It has been used in aany .

Iimpartanﬁ’ﬁran&farﬂacien ot-péntacyolie triterpenes,

While studylng in the lupene serliez which conteln
an isopropenyl double bond hae two ellylic position at C—-19
and =30, It was expected thet ons of these two sllylic
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poaltiong could bé axlézuedla"as by the reagent, It hes
been ﬂmonatvaﬁﬁdm that In these compounds the (=30 pogi-
tion wae 89 resotlive that it remcted with lemd tetreacetets
in gleclial moetic meid and the alternetive C=-1H poaltion
renelined unaffected. Thus betulin discetete 1d end lupeol
scetate Ob gsve producte showing that only the (=30 pozi~

tion wer abtecked end the coapounds 13 and 14 were lsolaved,

AcO HQC*—'/\

1% wag found that 1f the Ce=e3 position of the
tmtez’wne aaoupiaé by & Reto mm'bi»ami group instead of e
bydroxyl ox* asetate furctlonal group tho atteck of scetoxy
wad fmmé _\’* gslely at {~~2 position, not et §~~50 positlon,
wﬁen'ma’c‘byi' bétalaaata 18 end methyl urschate 10 wes rescted
with lead tetrgecetate 1t was found that 'ti;w sorresponding

17

£ « mgootoxy Seketo coapounds™’ were obtalned whlch were

a'asigned a2 17 and 18,
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CoO0Me MO _

It was thought thak the lntrodusiion of scstoxy
group gt C-=2 positlon insteed of C==30 was beted on the
fact that the °(~h3&rsgenz et (w2 pssigien s auch nore
reactive than the e#llylic hydrogene st (=1B or =30 popl-

tion due to the presence of a keto group et =3 position,

It wes gloo found that methyl dlhydroalphltolate

could bs synthesised stoarting from bsetulinic acidtc,
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Introductlion of goetozy group ab the (=g,
X =position to Seosxo group of nethyleZ=pxo=-dihydrobetulonate
19, esuld be done very essily by leed tetvaaaetaﬁalg to

fora 20.

It wae oonsidered thet in this vesction there
was the Tornetion of enolge. This enol was ezpacted to glve
the dssired produet when atitacksed from less hindersd X -slde
of the molecule., Uuder nild condition®l in which boron

trifluoride cabalyst wa® ueed, ab acetsxy ketone was obbtalned.

S0, desd tei‘»macetate. is & very useful reesgent
- for the introduction of 2 L =paygen function in 3 keto
pentaeyclic triterpenss,



22 sbserved the -eetion of

Fulswde and coworkers
1ssd tetvoscabetle 1o ﬁhé@?r@@aﬁ@é‘af~iaﬁima and eoloiun
carbonate uaﬁ@m~i§rgﬁiazz@n wn~§/3-sfpiedeiaﬁal'gglavﬁﬁacma
a ¥ =imotone 22, The produst was established by diffevent

physical methods,

Bl : BE

S Qﬁidaﬁiﬂn‘@f mhyami& aold on haﬂtaayeli@‘%ri%espaﬁee

Ghramic aai& haa gab vavy‘gomd ozid*&ing ?raperty
in argﬁnie chemistpy. With the help of this n@&ganc vﬁp&aus

typea mf coava931@n oocur aa@nb the pancaayalxa tﬂinarpenes.
\ .

%5 to the ault&fla~

C@PVﬁﬂﬁiaﬁ of eﬁéxytay@xsva?
rensl series Snvslveé taﬁ ax*&ativa ﬁﬁarvanﬁeﬁenﬁ af\%ba
aﬁ&taﬁe 23 aaira ehvﬁﬁis rold ln the presence mf o egieng

aiﬁ, Thes@‘weve,aanaitians which in generel Sesn to bo leoos

favourable to over~all allylia azldation to aaaoqjugat%&

\\
\

-
4
LAY

I
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enone and relatively more favoursble to the Yormatlon of
epoxides, glyools, or their fuvdher transforastionsl .
priaauzsi;sg’?‘ '25_. The product o the szidation of the acebabs
28 ans dloaldpheto sosbsts Ugally 0., the structure of which

was assligned 8 24. The stpucture of 24 wae cstablished on

the hesis of physical and chenieal svidencss.

\//

0

~ Epring end @awarkevggﬁﬂ“vagg

have observaed thgt
whan 1 urgolio aeld aa@%aﬁeu§QQWﬁé troatad with ohromle acld
in pé?luzing'ﬁ?g acetie acid Shen iniroductisn of lie-kets -
eonpound L.e. 5 5 =as0toxRy=11l~0z0 ursolic acid 20 was :
sbtained, The compound hes gob a elssp UV sbsorpilon iu the
bagiﬁn:ﬁga.n@ iar the prﬁsaaaﬁ“af a i(@/3 ansaburaeted
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A0

The other product of the resctisn was tan much
interesting for the lpctone with s dl-one systen in the
molecimle. The compound was fovauleted s 3 8 wgeatoxy~11,
19 dioxo ursen=28-olo=—13=18-1gotone 27, Tha structure wes

proved by chenical and phy2ical evidences,

l




345

4. fResction of Triteppencids with orgsnic perscids:

- Seyoral tranefornation reectlions vere Aons with the
help. of organic persside 1ike ﬁ;e&"mama acld; pervbenzoic
golid gnd mechilops perbanzele mid on he penfacyelic triter=
pense. The prodacts cbielzed in dlffevent cassr were found

to be Ipteresting ln a1l respesta,

Treatunent of f ~gayrin benzoate 28 wlth perbenzole
#cid in chlorofora st 0% afforded epoxy ampaun&gg., The
compound ao shialned was gesignsd as 3 /3 ~benmylo:c5f-1‘a'/5 -

13=~epoxy oleanane 29,

38

ohferved thaet when

Berton and his cowsrkers
nethyl 3 /3> =geotony olean=12,18-dien-28-vate %0 was treabed

with wx‘ban'zs;i.«s scld (3.0 @0l eqge) ib formsd an epoxy ocompsind.
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The compound so obtalned wes formulated as methyl 3/5 -
acetyl~i2) ,13-eporyolean-l5-en=-g6-oate 31.

Another exsuple of regetion of perbenszole acld

was the couversion of lupanone 32 to igodlhydrocmneric scld
~ 83. The product 33 was motai.neﬁaa‘ when lupanone 32 wes trea-
ted with m-chloroperbenzolc scid in chlorofora followed 'by
slkaline hydrolysis of the product 4-oxe=A-homo-lupan~3-one
8¢ whereby ring 4 cleaved to yleld 3_,évseca-lupan-'-i-,alws-old
scid 35 which denydrated with 10Z sulphurlic acid « acetle
#oid o glve 53, Sc using this route (Scheme=-1l) synthesis

of %,4-8600 gelde oould be dones
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. Sohene==l

024845 00,8 — }
CoH  0—X
ooHel, -

22
“ 34
o | Alkeline
. - hydrolyeis
v
108 HpaS0,~A00H
100 ¢ e ; 10O
- (§)21
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§. fctlon of hydrogsn pepozide on pentacyclic triterpenss:

Hydrogen perogide wa® found o be a very lnteres«
ting oxidising reasgent ip the filsld of triterpsnoclds whioh

formed different types of rearisngement products.
while studylng the photoozideting resction on X end
93 observea that Olemn=1Zwen=3 ol Fa13]

produced epoxy Leraxzeral 37:.

a5 | A

The otructupe of the epoay tarazercl wat eeteblie
sﬁ§é by the suthore by different chanleal and physical
evidences, Théy sbserved that there wes a sksletal chenge .
fpon nore abable /Q ~gayrin to terdzerens systen. In the
conversion of 30 €0 gngtherefava, there wes an intrinsic

deiving force which wsu1ﬁ49$sﬁéama~the energebically
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 unfavoursble chenge in the ervengement of esrbon and hydnaé‘
gen and tho ‘ghteletal pesppeongedent sould be conaidered as
pauep@ﬁ by the QA&ﬂatlsu,_,aa foraer epuld be affceted by

L mera, applicatisn of ® suihualc eatalytic agent . ﬁhilo atuﬁy-
ing tn [5 =smayrin serles they obtalned the same epoxy compound.

while studying 1nd1v1ﬁaally with m‘~amyrin seplos
for the synthesgis of 8719 tha fir:t succeseful ezperiment
1nvalv&§,the ogi&at;aﬂ of olean~12-on—$ ﬁ #21 o =diol 38
with & aizture of hydﬁbgaﬂ‘pevmxiﬂe end selenous aeld In
tert, butyl alcohol, Thiaz ezperiment produced 37 in 50504
yield. The pathway which wae firsy conslidered was the forna«

tion of the intermediste 39 a8 shown in Schene=2,

Sehigngesd




150

Howavep, this was shown pot to be the actual mecha-
nisga of the mifmatian sl 37 fvoa 3 /3 s 21003151 32 fron the
fsot that bhe »asotinn of the liespinsyle slean=l2=ahi=3 /5 »
11 B ~aiol 40 with the hydrogen peroxide and selensus essld
resgent alss efforded the saue epoxide 3V and not the eplue-

rie epozide.

49

8o, evidently the C=-11«0 bond was broken during the
reestion, They suggested sn alteroetive mechenisa in which
the isomeric dlols 3G and 40 yiold the sane C-11, 12, 13
eilylic cation which resots with the parozlds to form olean=

iZwan~G /5 -ol; 311 o ~hydroporoxide 41.
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This bydroperszide 41 in turn would undergo asid catalysed

Qa0 fimainoh and carpon rearpasgsasnt bo glve §7.

ﬁa axpected £ron hoe pove gentloned fact 1t #as found sele-
oous geid aerely functlioned as an oold catslyat end the vaasctlon
eould be douns in preseucs of othsy éa&ﬁs 1ike p=tolugne sulfocnle said,

. The resction was oxtendsd to  wanyrin anslogus ursanel2-en-

3/5, 119 =311 and obearvad uimllar Hyps of produsts belag Toraed.

Ma junder aa&'aawopkarssg_raparteé that when olesnoils aseid
3336333 52, was trosted with Hy04 in presence of boillug scotic ecld
and epoxy ¥ ~lactone 43 and ie-hydrozy-Y =lectone 44 wes formed,

CGoo1t
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The faluller type sf ressbion elso sbserved in the cuse of ufééne
skeleton, 1t wes cbServed that whon 45 was tresbed witk H.0p/

T80, 46 ami 47 woere formed.

HO”. |

Auother exsmple of interest was the metion of hydro-
gen poroxlde on tritevpensids contelning a bydrozysethylsne
ustone funchtion, It has been obssvved thet in ebssnce of /¥«

unsaturatisn and especislly in glkaline -madia%-‘ﬁ"” exidativa
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cleavege oocurved producling 2,3-sacodigoide. Thuk the ketone

48 gave exelusively the dlecld S 48e, characterised as the
ester 48h which waz also obtalned from 48 by cetalyile

| hy;dmgeéatiw%; |

It has been Loupd thet the plng oontrecilon scou-
rered in the prasonos of & /3-'-7f ~unsaburation. Thus hym;méthyhm
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enbydes dlbydrs iltsomentone 5O would underge m@ﬂsmgammm
in presense of hydrogen peronide in slkmlice medls produsing

§1 23 shown in Schempwy,

sqhema.—»:‘sv

He

b HCOOH

Pradnsn 8t 5155’3 cbserved that when friedeiin 52

was trested with bydrogen perszlde and seleniluz dlsxide in
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tortlary butsnol, e number of products were formed whish
were asalgned strusturesS®s54,55,
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The products were charszcierised by maklng ALfL~
erent derivebiven and from the physicsl ovidences. The inter-
- asting preduct BS was found 0 be lactons. The mechenisnm

of formatisn of the lpotone wad sumnerised in Schezes=4 as

followes
foheng=—4g
P } : ﬁaa ‘ 1 HO
: T
¥ 0 ‘r__
5 ‘ 0

§) 0 ' .0\\ ‘ﬂ
1Y H 1o H:0,

N TN

¢ o '

0 0.
H,0 Hooe” N7
. Cco 00
6/. } 100 —7 10

CH
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The _.:m,t_;‘:zc»z:s&% alro 414 the resction on lupsuone
&2 end lsslabed the lestone §7.

Sa ’Qhoteahaamair-azwa‘um on trlcerpanoslds:

I, Hitigews, K. Kitazaws and I, Yosioka® walle
working on blogenatie type phaﬁseh@mica; poﬁﬁwa&an, of plant
- observed that when oleanpllc soid 58 in ethanollc solution
wae Lppsdiated for GO h@usé @ith scoasionnl ghaking afforded
Ews lgotiones=one wea "iﬁ;o(—txyc}z;faz@g piegnoils 15@@@&% g@ while
the ohber wes the a’@‘z»?;y Lavtons hich wes asglgted Sirusture
80,

- The structure of the oompounds wee established
by the chemlosl snd physical evidences,
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g2

The mechanien of foernstlon of the spoxy lestone

28

was gliven following the Corey*a™ path 88 £ollows:
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The resction 'xlaé extonded in the case »f erythro-
diol 81 which é-anaeﬁzeﬁ & 17P «0Ha08 function in plase of
17 [ #3003 found in clesnolic mold B8. Ee’w‘é 2l fwh compounds
88 gnd 83 woys faplated, Ono Wwis an spozy %tmé type of
product G2 while the other produot waes cherectorissd e the

epoxy eopapound 83,
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In & parallel eawﬁinntianél it wer found that éhe
idtvuauetiéu of o terminel nethylens group could be done with
the photoozidation amethod, It was observad that when lauco~
tylic acld 8¢ was iéradintcé by moreury lsap at low pressure
for 85 hours 1t ylelded two products., The atruciure of the
first odmpound was assigned @ 5 where thers wes asn intro-
dustion of tepmingl methylens at (=i pasi§;aa;whichlnppoavaa

a8 8 biogenatic preourssyry systenm,

o

OH

Taking this 1des they have propersd eupieleogenin
&8 fron apargmigganig acld 87,

1
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*I‘h@ atructups af‘ 54 woE aanﬁmad by ite ppes
frngmnwcim psﬁtepm '

Sohene==6

2

', Autozldstion on tviterpenstdss -

Faastgliy end coworkers 4% stugled eutozidation in
zdag & af JE wgriyrone, Waen /3 ~anyrone 48 wae ozldlmed by
paseing oiygen through ite sugpension in tertiary butyl alcoe
26l contelning potessiun tertlery bubtoride geve diosphensl
9% and 69, The structure of the soapound wae esﬁab&iﬂm@

by its physical and c?wmicai evidsnaam
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