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CHAPTER I

A shorl: raview on the struckture of the sgnthetic 1achone
deriveﬁ £rom Hg(I.‘I:) acetate oxldatlon of acetyl betulinic

acid and the closely related naturallz occurring lackons
{thurbemgtenin

Section A. The structure of the svnthetic lactone derived

£rom mereuric acetate oxidation of acetyl

ketulinic scid b

(1) The c-28, 13/ -1sctone structure 2a proposed initially:

The succ:essful introduction of an additional unsaturation
in some unsaturated stercids by Ezg(II) acetate provided the
gtimulug for application of this dehydrogenation reaction in
triterpenes, Beidebach® £irst applied this reaction cn O(=amyrin,
/5--anwrin and lupene derivativess Of those only tri‘cezpenés of
the mp-.zo(zg‘)«ene derivatives underwent this reaction. Betulin
and lupeol gave dehydro compounds of unknown structure. Since
their esters also underwent dehydrogenation, but not their
dihydro derivatives, it was concluded that this dehydrogenation
was associated with the prescnce of olefinic bond. |

2

Allisan and co-workez:s carried out Hg(II) acetate

oxidation on acetyl betulinic acld b and obtained aY -1act¢ne,

w]

assigned as 2a, IRV max 1792 om . This on hydrogenation gave

& dihydrolactone 2_9 which was also cbtained by Hg(II) acetate
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oxidation of betulin lc followed by hydrogenatior, acetylatilon
and exidation. Betulin ic afforded a cyclic ether assigned as
2¢, IR)S — 1630, 836 o (vinylidene grduple NMR of the
corresponding acetate 2d exhibited peaks at 63 and 89 cps
(“‘Cﬂ‘Cﬁ'g"O)u Hydrogenation of 2d follewed by oxidatien gave

ia R1 £z -’-COO'&':‘, R2 = H | 28 Rl = isopropenyl I-z‘,),;,Rsczt.),R4 = AQ
ip Ry = =COOH, Ry = Ac 2k R; = dsopropyl, Ry, Ry = 0,
| | Ry =2

ic R, = uCI-IZOH, R2 = H 26 Re = isopropenyl, Ry = RB - ‘I—I,R 4==H
18 Ry = =COCCHy, Ry=ac  2d R, = isopropenyl, R, = Ry = H,

| | | R, = ac
e Rl = —CHZ‘OAc,' R2 = Ac 2e R‘l. = isopropenyl, Rz, RB = 0,

‘ R 4= H
Af R, = CHy, Ry = Ac 2£ R, = isopropyl,. Ro, R3 = 0,
Ry, = H

4



the¥lactone 2b. The authors advanced the following a:iguments

in i’avéur of their structure Zb for the lactome. The termination
of the lactone could be at 13, 15, 19 or 21 ;pcs:wicm‘ Lithium
aluminium hydride reduction product of 2b on acetylation afiorded
a diacetate and not a triacetate, thus excluaing, positicns 15
and 21 for the lagtone termination and it was thought that one
of the hydrosyl groups was tertiary in natures The smooth
dehyaration of the dlacetate with POCLy~pyridine confirmed the
tertiazy néture of ‘c.he thipd hydroxyl grcup and tl}e product
obtained in this reaction was assigned structure ﬁi"?\ma:s: 206 nm
(€= 7900),% ' 1650 snd 3050 cm .

Cmsequently. the lactone termination in % and the ether
linkage in 2d must be at the same point, en.ther at C=13 or
C=19, The lactone 2gs the hydrexy derivative of the lactone
28, Was fouﬁé to be different f£rom the cadﬁus lactone thurberom
: genin which was previously assigned the C-28, C=19 lactcne
structum by Djerassi et 313‘4 in 1955, Ncnaidentity of
_ thurbemgenin with this lactene led Allison anél ccuworkersz
to assign structure 2a for the acetoczylactone and 2e for the

corresponding hydroxy lactone in 1961,

Allison and co-workers also cbsexved that 3/~acctony
methyl betulinate 1d on similar oxidation with Hg(II) acetate
gave a diene) 206 nm (C= 7100), ¥ __ 3078, 1634, 901 (C = CH,),
1730, 1250 em™ (=OCOCH,) end then (in 1961) proposed its
structure as 4a8. The corresponding hydrogenated product 4Lb,
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pp— 208 nm (€=5300), “5 i JT,-m hyérolysis with

sodium ethoxide afforded the acid 4g. The latter on treatment

o 876 cn

with hydrogen chloride in chioroform gave the lactone 2£
identical with the lactone obtained from mercuric acetate

reaction of ib followed by hydrogenation and hydrolysis.

Betulin diaceﬁaﬁa 1o on Hg(II) acetate oxidation gave a
diene assigned at that time (in 1961) as structure 44, which
was also prepared from the ester 42 and the lactone 23.
Reduction of the ester 4a with LAH gave a diol which on
acetylation furnished the same dienyl ascetate 4. Similap

reduction of the lactone 22 foilowed by aciétylati-an gave an

b2

J» thurberogenin 43 = 180pro; 1, R, & CQ,CH._,! ’\
old structure i 4 pleny v+ Ry = COCH,,Rymhc
advanced in 1955 4b Ry = isopropyls R, = CGQ;CHB; Ry = Ac
4e R, = isopropyl, R, = COCH, Ry = H
4a 31 = igapxepenyl, Ry = Cﬂzmc. RBmPac
4 Ry = lscpropenyl, Ry = CHB’ Rs m AC
45

El'ﬁ = ISOPY‘OF\” ?2.: CHLGAC}: ESf:.AC
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acetaxy alcchol which on 'POCS.B*pyridine dehydration furnished
the dien;?i acetate 4de |

(11) Revised formulaticn of the lactone ag C-28, 19 h=lactome S s

The structural assicnment of the iactone ag. Cw28, Cal3
lactone Gerived from Hgl{Ii) acetate oxidation of acetyl betulinic
acid by Allisdn et a12 rested partly on its non-identity with
the acetate of thurberogenin which was previcusly assicgned
Cw2B, 19-lactcne 3, Later Djerassi ot a15 revised the structure
of  thurberogenin as <‘2«-28, 2l=-lactone 25 and this invalidated the
structural assignment of the mercuric acetate oxidation product.

\ .
Three groups of workers almost simultaneously but indepen-

dently put forwarded both spectral and chemical Gec;reﬁative
regults in support of the . revised formulation. of this lactone
as Ce28, 19=-lactone, |

' B‘aﬁdeiey and co-mcrkersﬁ‘?

carried ocut ozcnolysls of the
lactone derived from acetyl betuiinic acid 1b by Hg(IIl) acetate,
in methanolechlorofom at =10° to give a norketone 6. The
norketone § was reduced by LAH to the tetrol 7 which cn lead
tetraacctate treatrent efforded the trisnorketone 8 whose IR
absorption at 1738 and 1410 cm™> (Nujol) was that expected for

a cyclopentancne with methylens adjacent %o the carbonyl group.
The C~18H ~ stersochemistry of 8 was deduced from the negative
Cotton effect in the ORD curve ( [ ¢ 7. .-5340°, /% _727'.3%200‘”,
anplitudé «115) and from the minimum in the CD curve
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L 43 ‘_7296#82260-)_. The 18 C(H)=trisnorketone 8 was isomerised
by heating with 0w1 N methanolic KOH or in AcCH to ketone
epimeric at C-18+ The ORD curves of the trisnorketones§ and
9 have mearly the same amplitudes as a::e near reflection of,
;;hose of androstaneiSwons 10 and its 14 /5 (H-iscmer, respectively
whose ring system are essentially enantiomeric with the B/C/D/E

rings in the two trisncrketones.

Based on this evidence they advanced the structure 3 for
the lactone £rom acetyl betulinic acid 1b. Clearly there can be
no ambiquity in the stercochemistry at C=-19 in this lactone and
this structure élso explains the recovery of the norketcne §
unehanged after treatment with alkali (i.e. with reacetylation
of the 3/ ~hydrcxyl group where necessary) including the method
of ¥hastgir and Bosea,; The whole sequence may be illustrated
in the scheme e

Vystrcil and Blecha ?10

almost simultanecusly published
the correct structure of mercuric acetate oxidation product

of betulin le. They showed that the primary product of cxidation
of betulin lc by mercuric acetate had the structure i3a. They
advanced the f£ollewing evidence in Agupport Oof theii- cahclusion..
The oxicdation pmduc%f betulin ..;LC . readily underwent acide
catalysed isomerisation op treatment with 85% formic acld at
elevated temperaﬁure and vielded a mixture which on alkaline
hydrolysis afforded a uniform product identified as the known

3/5, 28=dihydrcxy=-19 oxo~18 & wH=oleanane®t ii. The iscmerisation
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Scheme
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is initiated similarly to betulin'Z?, but the transiently formed
electron deficiency at C-l9 is compensated by oxtygen st the same
positioﬁ bound in an oXo group which is further made possible
by the simultaneocus attack of the ﬁorméte nuclesphile at C=28,
They also demonstrated that under the same acid catalysed
cendition the 20(29)-lupeny28s, 19;>clide system failed to undergo

isomerization.
®
H
%
. N9 ¥ X

The positive Cotton effect of 3/}, 28-diacetony~30-norlupan
=20~cne 328 [ 7y, + 1248°, LP7o0n = 3925°, am 52
{(dicxane) is changed to megative value in ..Bﬂ-acetoxy-iaﬂ. |
28-epaxy~30. nor-lupan-20-one 13b /¢ 7 507-2883%, [ ¢_7270 +
203% a= -21 (dicxand which is the familiar effect of of
=gubstiktution of methyl ketones with restricted _;:otationw-

Whereas the *

H NMR spectrum of the diacetyl norketone 12a
‘contains a clear signal at 19 A-H (17,38, miltiplet) it is

comp;etely adbgent in the gpectrum of the acetyl epoxynorketone
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13b. Euri;hez:mére, by the condensation of 13b with benz.aldehﬁrﬁe,
the benzal derivative 14 CygHgnl, Mebe 276=7°, /~ OQJD + 34,
A max 294 nm (log €:4,3) was cbtained. This on subsequent sodium
berohydride reduction affords a mixture of lgsomeric alcohols

18, Cygils0e A oy 252 am (log €=443).Y __ 3600, 3520,

123 R = c}zzoAc?

i12b R = GOQCHS

10&3 cm""" {CH) » which cannot be dehydrated to -the‘ phenyl
butadiene system 'caz»asa-ca = CHeCH = C{ , Had the epexide bridgé
been terminated differently from 1943, the above ment-ionéd
dehydration reaction would be expec'hea by analogy with the
literature repox't14‘ 15




At tre time when the correct structures of the 1aotc~ne6’7

9,10 i6

and ether ™’ + the

were advanced, Mclean and cosworkers
original workers, also came forward with their revised formula=
tion on the Hg(Il) acetate oxidation products of lupane series.
They demonstrated that the new double bond introduced into

lupeol acetate ;ﬁ. betulin diacetate le and methyl betulinate ocetate
18 by dehydrogenation with Hg(II) acetate should be placed in
conjugaﬁ:;!.an with tﬁe side ¢chain double bend and should be
represented by i6a, 16b =nd 16c respectively. The anomalous
absorption [ A ax 207 nm (€:7000)_7 in the products 16a « 16g

they ascribed due to the inebility of the double bonds to

attain cOplanarity, as a result cf the ...nteraci:‘i on between the

6—12 hydrogen atoms and the hydrogens of the isoOpropenyl side
chainm

followed by Pb(IV) _écet_ate cleavage afforded the dicxo scetate

« Osmylation of dihydro dehydro lupenyl acetate 1ga

17a which iR carbon disulphide showed three distinct peaks in

" +he carbonylg ‘region at 1698 {(acyclic carbonyl), 1707 (six

=1

merbered ring ketone), and 1732 {(OAc) em ~, Further evidence

that the é:loxo compound possessed structure 17a came £from mass

spectral study. 17a showed a base peak at m/z 402((."26 42 3).

corresponding to the ion 18a formed as a result of a McrLafferty

is

rearrangement™ depicted below.
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i6a Ri = CHS‘ R2 = AC 1“_7a R = AQ 18a _R = AQ
leb Rl = CHZOAc., R2 = AC i7b R = H i8b Ra H

A prominent pesk at m/z 360 corresponding to the ion 18b alse
occurred in the mass spectrum of the corresponding dioxo-

alcchel ?1733.

Gxidation of 16a with chromic acid gave a mixture of
producta. fmm wnich the dienone ac:etate 48 was isolated by
chromatographyn upectmscopic analysis of 19 indicated the
| Presence - aﬁ an isopropenyl group andé a cyclopentenons systeme.
i NMR showed a sharp singlet atT7.75 (2H) assigned to the
methylene protonsg adjacent to the carbonyl group and suggested
that these protons were magnetically equivalent and v;arera
flanked by a quaternary carbon atoms Reduction of the dienone
acetate 12 with NaBH 4 followed by dehydration with POCJ.S afforded
the tricnylacetate 2Q. ABesidés showing the presence of the isopro-
penyl group, the Tu nMr spectrum of _2‘_6_ exhibited a pair of
doublets (J,5 640 Hz) at™™ 3,73 and 3.91 indicative of a

gis~disubstituted double bond In a fiveenembersd ring and flanked
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- 20

by quatemary carbon atomse Thus, a combination of gpectral and
chemical evidence led them to revisé their initial structures
4g, 48, 4g and ensbled them to formulate correct structures for
the products of Hg(II) acata&é oxidation of 1upeol acetate 1f,
betulin diacetate lg and methyl acctyl betulinate id as 16a,

9,10
16b ané 16¢ respectively. Since the correet structure of ether

and lactone6‘7 obtained by Hg{II) acetate oxidation of betulin
and betulinic acid has already been propesed, the interconver-
sions as shown in the dcheme II, further substantiated thedr

revised formulationse

Seckion B. Ihe Structure of the Cactus Triteggg e Lactcne
Thurberogenin

(1) The structure of thurberogenin 28, 19/-lactcne 21a

originally prqgosea:

Djerassi and ¢o~workerslg isolated thurkerocgenin from

the CactuSALﬁemaireocerus thurberi, xt.poseessgsa,xeonceable

double bond, gave an acetate which on treatment with Seoz in
AcOH afforded an unsaturated aldehyde (*__ 222 nm, log €= 4.01).
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These reactions eliminate coméletely £rom consideration of én
o = or fp=amyrin skeleton but rather suggest that it belongs

to the class of lupeol triterpenes, Thurberogenin acetate on
czonolysis produced formaldehyde and a norketone characterised
- as the.axime; The unsaturated aldehyde mentioned sbove on
ozonolysis afforded a bis-nor acid charscterised as the methyl
ester. This behaviour was in complete analogy to betulinag.
Oxidation of thurberogenin with Cro,=-pyridine yielded thurbero-
genone, which showed two carbonyl bcnds,‘J et 5,66 and 5,901,

| the latter cérreapcnding 0 a six renbered (oxr larger) rings
ketone, Thﬁrberogencne on NaEH4 treatment regeﬁerated thurbero-
genin indicating the hydrcxy group is most likely equatorial

and hence (> ~oricnted, Dihydro thurbelogenin on PClg treatment
and sub$eqqent Qzenelysis afforded acetone and A-por-dihydro
thurbercgenona, sza% 5464 (lactone) and 5,78 Mfive membered
ring ketonel. Thus the seéuence of reacticns stated sbove proved
the presence of an isopropenyl group and a six membered ring

- Auhaving'S/B-hyﬂrqu 4,4-dimethyl moietys The latter is preseht
in most of the pentacyclic triterpe59"alcchclsc'

Based on biogenetic grounds they elso proposed that the
carbonyl group of the lactonme ring of thurkercogenin and also

stellatogenin, ancther cactus lactone cbtained from Lumalicow

2%

cerus stellatus™™, origﬁnates at én17. Some support for this

‘assurption came from cowoccurrence of Helulinic acid and
oleanolic acid with these lactons. tellatogenin21 2ic is a
 dihydrexy lactone and was correlated with thurberogenin by

dehydrative elimination of the side-chain tertiary hydroxyl
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group. Four altematives (position i3, 15, 19, 21) were consie
dered as termination points of the £ive menbered lactone ringe.
with LAH treatment, thurberogenin yielded a triol which gave a
diacetate, which was résis:tantv to Cr0, oxidation; and this led
them to propose at that time the tertiary hydroxyl rather than
secondary hydrexyl function (positien 15 or 21), which they
found to be incorrect 1at§r5u Of the wd tertiary positions of
lactone terminations i.cs, C=19 and C=13 they proposed the _
-former based mainly on & base catalvsed rearrangement which they
then ccnside:ed Eehomo rearrangement of the 3Q-nor=-20-ketone 22
obtained by ozcnolyéis oz'f thurberogenin acetate 2ib. They then

. formulated 23 as the structure of the rearranged product andé the

structure of thurberogenin as 21a. Based on a detailed spectral
5

analysis they in a later communication revised the formlation
of this rearranged product as well as the structure of thurbero-
genin, The -alternative sitructure 24a for thurberogenin was
discarded by them as the derived norketolactone 24b would be
incapable of this rearrangement, In order to establish the
genetic relationship of thurberogenin with lupane triterpenes,
Djerassl and Hedge.s‘n" treated the 30-nor-20=ketone 22 with
caleium in ligquid ammonia and igolated an acidic material in

o yi‘elé which on esterification with CH/N, follewed by
acetylation afforded the known methylwauaéetouzy-smnoruzauketo
betulinatezz 12b. Identity with an authentic specimen was
established by mixture melting peint determination, IR comparison

.ané elose similarity of the ORD curves, Later they explained the
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'Eomati@n of 23 based on the revised formulation of thurber@genin .

{14) Revise& stzuctuxe Qf thurbemgenin as C=28, 2‘1 lactone gSa 2

&;Cter more then a decade of -the original preposition of

the gtmct:ure of thurberogenin by Djerassi et 313 4

¢ the same
gmps-pvblinhea in 1967 &) commumnication concerning the rzevised
struct ure of thurberogenin 28a. They intensively epplied 4a wMR
and mesg spectrometry which were not available at the time vhen
~ they pmp@seds 3 their initial structure 2ia for thurbercgenin.
iy wm ‘spectrun of aihyd::b ghurbax'@ganmeﬁ {new known to have

structure 26) ¢btained by hydrogenation of the side chain and

"Qg,a 'R—; —EOCY 3 _
(reviged structure of thurberdgenin 25a
and stellatogenin 25¢ proposed in 1967)
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oxidation of the Cw3 hyém*zyll group, showed a ¢omplex resonance
at §4¢6 (integrating for one proton) indicative of the grouping
H=CORs Since the ét’her two oxygens in 26 are carbonyls, this
function must involve the lactonic hydroxyl group and the
hydroxy oroup involved in lactone formation musk therefore be

4 secondarys |

Further evidence for this conclusion came from mags and
1H NMR analysis of the triacetate 27k obtained by LAH reduction
and subsequent acetylatien of dihydro thurberogenin 25be The
acetylation product 27b orlginally thought to be a dicacetate,
demonstrated a molecular ion peak in the mass spectrum at n/z
586 and also a prominent £ragment ion at 526 (M"’-AcOH}, suggeste
ing it o be in fact a trilacetate (C:..?J eHeelq Je The presence of
IH, NMR analysis, which
showed sicnals at 1,96 (singlet, 3H) and 2,04 (singlet, 6H).

100 MHz spectrum regolved the complex sbsorption pattern in

three acetyl groups were confirmsd by

§ 4,2%5,2 region integrabing for four protens to an AB quartet
{21, -Gﬁzmc} and two one prétan triplets (2H, =HCOAc)s The
presence of a primary alcohol (£rom reduction of lactonic.
carboxyl), & secondary alechol (ring 2) and another secondaky
alechol (lectonic hydroxyl) in tpiol 27z has been khﬁs confirmed,

As the lactonic hydroxyl was established as seccndary,
only two termini (C-15 and C=21) for the five membered lactone
ring were considersd by them. Acetylation of 28a under carefully
controlled conditions produced a moncacetate 28b, which on Jones

e goars BIRBLL
108/16!3 M%:Z Ty éuaﬁﬁfw
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oxidation and mild hydrolysis gﬁf@tﬁ@é the diketo alcohol

| 298, Cgpig0, WiF 254 w/a), ?jmm 3 5,77 and 5.7044, The higher
wavelength sbsorption in IR spectrum was attributed ¥o Cw3
carbonyl and the lm-;er wave length cue to (;yclopem:axzme. This

led to t;hé structure of the diketo alcohol as 293, the triol 28a
and its progenitor, thurberogenin 25as A correlaticn with a known
compcund of lupane series was also achieved by them. The acetate
29b from the diketo alcohol 29a on Wolf-Kishner reduction afforded
the Imown c;émpqud 3wdeoanybetulin 28c.

They -cemp&gd the ORD spéc‘t?:ra of the known 30=nor keto
ester 18b with that of 30=-nor ketone 30 éeriveé £rom the oxidation
of the tr:iaceta;l;e of thurberogenin triol 28a. The ORD spectra of
12b and 30 are very similar, both exhibiting modarately stoong
posii:iva ‘CE, This demonstrates that the@opropenyl group at |
c~19 in ﬁhurbemgenin ggg possesses &ést@xeochemistry.

They made an indepth study of the base catalysed
rearranged product v&hig:h was farmulatéd previously as 23. The
.mass spectrum showed molecular fon peak M’ 502 n/z (‘:31“5005’
and a prominent fragrent iom st m/z 470 (MECH,OH), The molecular
_c:cmpqsﬂ.ﬁicn 031%15305‘ of the revised formulabtion 31 differed from
that of previous one 23 by the presence of an extra CHZ unit which
were not amenable to detection by conventional elemental analyais,.
”H NMR spectmmf further supported the st::uctﬁm 33« The presence
of an ethersal «0CH, group was confirmed by a peak atd 3,21

3
(3H; singlet), besides showing signals at 03470 (3H, singlet
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~COO0CH,, J and § 2417 (3H, singlet, ~COCH,). Since with their
xevisec’i formulation of '&hurbemgenin 25a the base=catalysed
Eehomo rearrangement of the derived nor-ketolactone 254 cannot
oceur, they pz.‘cpasadﬁ the following mechanism for the formatilon
of 31.

CH3

| O//l
@%{

3

Interastingly encugh, the norw=ketolactone § devived from

&
ozcnolys:}.s of mercuric acetate oxidaticn product 3 (revised
structure) of acetyl betulinic acid ib, possesses the necessary
structural requimmgnts for Behomorearrangement and should

- undergoe this ring expansian reaction vnder app\rcpriate réac“tion
conditions Indeed, Vystreil and Blecha 23 and Khastgir et a.12*4,.
independently aavanc:ed the structure of the E-homoreaxrranged
product 32 based on a combination of physical and chemical

studicg.
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