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Mercuric Acetate Oxidation of 38-acetoxy methyl betuliRate 



/ 

.~--

Chapter I 

A short review on the mercuric acetate oxidation of triterpenes 

of lu-gane series 

A. Dehydrogenation with mercuric acetate in the lupane series2 ' 4 

Biedebach1 first published a paper on the Hg (11) acetate 

oxidation on the triterpenes of lupane series. Betulin and lupeol 

,gave dehydro compounds of unknown structure. Since their esters 

also underwent denyarogenation but not their dihydro derivatives, 

it was concluded that this dehydrogenation was associated with 

the presence of olefinic bond. 

Allison and co-workers2 carried out mercuric acetate oxida-

tion on betulin 1a and isolated a cyclic ether assigned as 2a, 

IR V_ max 1630, 836 cm-1 ( vinylide~e group) • NMR of t:Q.e correspon

ding acetate 2b (exhibited peaks at 63 and 89 cps (-C-CH2-0). 

Hydrogenation of 2b followed by oxidation gave ~t lactone 3b, 

IRVmax 1770 em-1 (~-lactone). The authors advanced the following 

arguments in favour of their structure ~b for the lactone. The 

termination of the lactone could be at 13,1?,19 or 21 position. 

Lithium aluminium hydride reduction product of ~b on acetylation 

produced a diacetate and not a triacetate, thus excluding positions 

1? and 21 for the lactone termination and it was thought that one 

of the hydroxyl groups was tertiary in nature. The smooth dehy

dration of the diaeetate with POCl3-pyridine confirmed the tertiary 
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nature of the third hydroxyl· group and the product obtained in 

this reacti~n was assigned structure .4e, Amax 206 1IJ1.L ( t: 7900) , 

IRY max 1650 and ~~(} ana 3050 cm-1. The decision regarding the 

lactone termination was made on·the basis e>f experiments with 

betuliw.ic acid and. its methyl ester. Acetyl betulinic acid 1b 

with Hg( ic) acetate gave a 11"-lactone, assigned as _3a, IR Y max 

1792 cm-:1, which on hydrogenation gave the same dihydrolactone Jb 

·as that obtained from betulin. Consequently the lactone termina

tion and the ether linkage in 2b must be at the same point, either 

at C-13 or C-19. The lactone _3a was found to be different from 

thurberogenin which was assigned the C-17-C19 lactone structure 

by Djerassi et a1. 3 in 1955 •. Non-identity of thurberogenin with 

this"lacton~ led Allison and coworkers to assign structure Ja 
7 

(13-1~ lactone) for the lactone. 
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3~-Acetoxy methyl betulinate 1c on similar oxidation with 

(flg(ic) acetate gave an unconjugated diene, Amax 2.06 Illf.t (E..7100), 

IR Vmax 3078, 1634, 901 (_ C=CH2), 1730, 1250 cm-1 (-O.COCH3) and 

was assigned structure 4a. The corresponding hydrogenated 

product 4b, ), max 205 JDl.l. (t 5300) , Y max 876 cm-1, on hydrolysis with 

sodium ethoxide gave the acid 4c. The latter on treatment with 

hydrogen chloride in chloroform gave the lactone Jc. 

Betulin diacetate 1d on Hg( ic) acetate oxidation gave a non

conjugated diene assigned as structure 4d, which was also prepared 

from the ester ~a and the lactone ~a. Reduction of the ester 4a 

with LAH gave a diol which on acetylation furnished the same 
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dienyl acetate ~d. Similar reduction of the.lactone ~a followed 

by acetylation gave the acetoxy alcohol depicted as 2, which on 

POC13-pyridine dehydration furnished the dienyl acetate ~d. Since 

4d was formed by dehydration of the tertiaTy hydroxyl group at 

C-13 and hydrogenation of the product gave ~e, which showed no 

I.R. absorption for v4uylidene group but only exhibited U.V. 

absorption at A max 206 IIJl.t/-7900, it was concluded that the double-

bond was trisubstituted and should be placed at 12-13 position. 

;___{ 
"-t~---
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Allison et al~ also carried out Hg(ic) acetate oxidation on 

lupeol Qa, lupenyl acetate Qb, lupenyl benzoate 6~, lupenone 6d 

and ~-lupene 6e and the corresponding dehydroproducts were 

assigned structures 1a, 1b,.1c, 1d and 1e respectively.· Inter

conversion among these products indicated that in each case the 

unsaturated linkage was present at the same position. That the 

dehydrocompouhds contained two non-conjugated double bonds was 

evident from U.V. absorption and from perbenzoic acid titration. 

The perbenzoic acid reaction products neither responded to tetra-
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nitromethane test nor did they show any absorption in the-U.V. 

region. It was also evident from the isolation of formaldehyde 

by Pb (iv) acetate oxidation of the pentaol derived by osmylation 

of 1a. The newly introduced double bond was placed at 12-13 

position by analogy with their work on betulindiacetate 1d and 
\ . . " 

3~~acetoxy methyl betultnate 1c. 
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The product 1b on treatment with HCl in acetic acid gave a compound 

which was assigned the.cisoid heteroannular structure~' on the 

basis of.its U.V. absorption at/\max 234 IIJft and a second compound 

which was assigned the transoid structure .2, >~~max 244, 252, 260 II!f.L· 
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Hydrogenation of both gave the fully substituted.mono-unsatarated 

acetate 10. The molecular rotation differences resulting on 

hydrogenation of the cis-9id diene ~ (-1324°) and the transoid 

diene 2 (+254) were in agreement with their formulations. 

Hydrogenation of 2b; furnished 3~-acetoxy lup-12-ene 4f,/\max 

206 ~, which did not show any I.R. absorption in vinyledene 

region indicating that only the vinyl~dene gFoup had been 

reduced. 

-
B. Mercuric acetate oxidation of Ceanothenic acid derivatives: 

(IV 

'P. tlet1ayo et al. 5 isolated from Ceanothas americarlfs a C-:29 A-
t:/ . 

nor-lupene derivative, ceanothenic acid 1J.., c29H4204, having two 

carboxyl groups. One of the carboxy~was located at C-17, and 

chemical evidences led them to two alternatives for the position 

of the other carboxyl group either C-8 or C-14. In order to 

decide between these two alternative positions they carried out 

Hg (ic) acetate oxidation on methyl d~hydro ceanothenate jg 

(R orR' = COOMe, R' or R=Me). 
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The dehydrocompound resulting from this oxidation was assigned 

$tructure 13 (R or R' = COOMe, R' or R=Me) by analogy with 

All~son and coworkers' work on methy~ betulinate .. Hydrogenation 

of .1.3 afforded the dihydro compound 14 (R or R '' = COOMe, R' or R = 

Me), which was converted to the corresponding acid by lithium 

iodide halolysis. Although this acid evolved carbondioxide at its 

melting point as expected for a s~-unsaturated acid, the decar

boxylated product could not be obtained.crystalline. However, 

Cr03-oxidation of 14 in acetic acid, afforded the conjugated 

ketone 12, which being a vinylogous a-ketoester was readily hydro

lysed by 5% KOH solution to a non-crystalline dicarboxylic acid 
6 -

mono ester 16. The latter underwent smooth decarboxylation at 

14.:-o to furnish th t 11· t · d t t / e crys a 1ne monoes er ass1gne as s rue ure 

12· The above series of reactions could best be explained if the 

second carboxyl were placed at C-14. U.V. spectra of 1~, showed 

that it still retained the ~S-unsaturated carbonyl moiety, indica

ting that the original double bond did not change its position. 
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On the basis of these chemical evidences ceanothenic acid, was 

formulated as 11· Although no convincing evidence was available 

it was thought by the authors that configuration of the isopro-

_1', 
~---, ---t 

\G 'R ~ ceo\" 
... ...- t 

penyl substituent in the Hg (ic) acetate oxidation product might 

be$, that is, opposite to that in lupeol. The NMR spectrum 

showed a single broad band at rr' 5. 24, instead of original two 

multiplets present in the parent compound. In addition, they 

thought that inversion would seem necessary to allow approach of 

the reagent at C-12. 

Q. Mercuric acetate oxidation of Melaleucic acid derivative -

methyl mel~Jeucate 

.. 7 
Chopra et al. applied mercuric acetate oxidation in order 

. 
·to establish the position of the hindered carboxyl group in mela-

leucic acid 18a. But before that they repeated the oxidation on 

3S-acetoxy methyl betulinate 1c in order to establish unequi

vocally the position of the newly introduced double bond. They 
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observed that the NMR spectrum.of.the oxidation product, which 

was formulated as 4a by Allison et al ~ 2., · and its d~hydro~eri va· 

tive ~b, did ?Ot show any absorption for vinyl proton whereas 

methyl oleanolate 12 and its acetate 20 both exhibited a multi

plet8 centred at b 5.25. This observation-coupled with the U.V. 

absorption9 at 210 ~ (f=5700), 215 ~ ((=4500) and 220 ~ 

((=3700) indicated that the double bond was tetrasubstituted. 

Thus, provided no skeletal rearrangement is involved, the most 

likely position of the tetrasubstituted double bond would be at 

13-18 position, which requires that 4a and ~b should be represen-

ted as _gja and 21b. _gj,b on osmylation followed by Pb (IV) acetate~ 

cleavage gave the diketoester 22a, which on hydrolysis and decar

boxylation afforded the nor-ketone 22b, IR~max 1750 (five membered 

ring ketone), 1708 cm- 1 (six membered ring ketone). Both 22a and 

. Ac.O. 

2.·\ 01--
1 S b 1< 1 :::. ·l.;t ·1<1- -= "R3 :: C. co Cl-f3 _, 
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22b showed absence of any absorption attributable to vinyl proton 

in their NMR spectra. 

Oxidation of melalehcic acid derivative l§b with Hg (ic) 
"\ 

acetate gave a non-conjugated diene formulated as·gJa,Amax 201 ~ 

(C:7400), NMR signal atS 4.75' (2H, multiplet, C=CH2), which on 

reduction furnished gJb, having no vinyiliic proton absorption in 

NMR, but showing yellow colour with tetranitromethane. 

~ , 'R I ..:: H ' 'P. .1-. :: C~o H 

~ l., e. 1< I -::: 'f< "1- ~ !--! - ~ 

- J 

'l"l-b -· 

~~-= e.c.eCH3 1<. ~ (:l;e , 

1< ::: a.~· -::::. H 
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~b was successfully converted by cro3-HOA6 oxidation to the congu

gated ketone 24a, IR )l max 1690 cm-1 (conjugated ketone), U. V. A max 

242 ~ (f, 13500), NMR spectrum showed absence of any peak due to 

vinylic proton at C-12. These evidences definitely confirmed the 

structure of the conjugated ketone as 24a. The ketoester 24a on - -' 6 
partial hydrolysis with 5% MeOH-KOH gave the dicarboxylic acid 

monoester 24b, the methoxy carboxyl group at C-14 only being 

hydrolysed due to the acceleratiorl0by the introduction' of a conju-

gated carbonyl at C-12. The monoester 24b was decarboxylated to - .... 

nor-keto ester 24c, thus establishing-the ~r-relationship of the 

double bond to the carbonyl group. 24c, still contained a conju

gated ketone group as revealed by IR absorption at 1690 cm-1 and 

U.V. absorption at 240 ~ (t, 13200). On the basis of the chemical 

evidences discussed above Chopra et al. 7 established the structure 
1 --

of melaleucic acid as 18a. 

~ Mercuric acetate oxidation of a Ceanothenic acid derivative 

and its correlation with a product obtained from Emmolactone 

During their work on the elucidation of the structure of 

emmolactone ~' a bis-nor triterpene of A-nor-lupane skeleton, 

Eade and his co-workers11 isolated a product 26a, by reductive 

hydrogenolysis of .emmolactone with palladium-on-charcoal catalyst. 

The acid 26a, which was characterised as its methyl ester 26b, on 

treatment with hydrogen chloride in chloroform cyclised to a 

saturatedr-lactone c28H44o2 , gz, IRVmax 1758 cm-1 and showing 

negative tetranitromethane test •. 
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Mercuric acetate oxidation of dihydro dimethyl ceanot.henate 28, 

furnished a product, which has been assigned the structure ~a. 

Hydrogenation of ~a' furnished ~b which on halolytic cleavage 
et.f1"tr(clecL . 

with lithium iedideka partially hydrolysed product, the acid ~c. 

The latter being a ~r-unsaturated acid readily underwent smooth 

decarboxylation12 to give 26b. The halogenolysis of the methoxy 

carbonyl group at C-14 could now be effected to give 26a. This 

monocarboxylie acid 26a on bei~g heated at 320-340° under nitrogen 

gave a mixture of prpducts ·, one of which was the lactone n_ already 

described above. The convergent· synthesis established the stereo-
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chemistry of emmolactone with the exception of the orientation of 

the hydroxyl at C-22 and the isopropenyl side chain at C-19. 

P. de~ayo and Starratt5 have suggested that the chaage in the NMR 

signal of the isopropenyl olefinic protons from two multipletw in 

dimethyl dihydro ceanothenate 28 to a single broad band <G 4.76) 

in the dehydro derivative E24was probably due to inversion of the 

isopropenyl· group during mercuric acetate oxidation. But Eade 

et a1. 11 have observed a precisely similar spectral change in the 

conversion of emmolactone g2 to a number of products when such 

inversion could not have occurred. The near equivalence of the 

isopropenyl group olefinic protons in all those compounds may well 

be due to long range shielding effects which in turn could be 

expected to be sensitive to changes in the geometry about the D/E 

ring function. They suggested, on biogenetic grounds, that the 

isopropenyl group in emmolactone g2 was probably in the normal 

o(-orientation. 

2.8 
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E. A revised structure of the mercuric acetate oxidation 
product of betuliD 

Vystrtcil et al. 13 very recently have shown that the primary 

product of oxidation. of betulin 1a with Hg (ic) acetate has got 

the structure JQa. The conclusion is based on the following 

evidences. The oxidation proquct }Qa of betulin~ readily undergoes 

acid catalysed isomerisation. The corresponding acetate JQb, m.p. 

242-44°c, (oc)D + 64.5°, 'Ymax 1725, 1260, 1648, 905 cm-1 , prepared 

by the original method of Allison et al. 2 , on treatment with 85% 

formic acid at elevated temperature yielded a mixture of 3S

acetoxy-28-formyloxy derivative J1b and 3~, 28-diformyloxy deri

vative jlc, which were converted on alkaline hydrolysis to a 

uniform product identif~ed a~ the known 3a, 28$-dihydroxy-19-oxo-

18·· C:(.;H-ol~~ane _i1a. · From the established structure of the keto 
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diol JJa and isolation of the mixed ester J1b, the course of acid

catalysed isomerisation can be explained only by assuming the 

structure }Qa for the Hg (ic) acet~te oxidation product instead of 
2 the 13B-28 epoxy struct~re of Allison et al. The isomerisation 

is initiated in a similar manner14 as in the case of betulin but 

the transiently formed electron defi~ciency at C-19 is compensa

:.;._ted by oxygen in the same position bound in an ox0-group which 

is further made possible by the simultane0us attack of the formate 

nucleophile at C-28. From the primary prod~ct,mixed ester J1b, 

the diformate Jdc is formed by tr~sterification of the 38-acetoxy 

group. 

The properties of the derivatives of the oxidation product are 

also in agreement with the suggested structure. For example, the 

positive 6otton ef~ect 1 5 of 3~,28-diacetoxy-30-nor-lupan-20-one ·Jg, 

~ 308 .+ 1284°, ~ ~72- 3925°, a= 52 (dioxan) is ch~ged to a 

negative value in 3B-acetoxy-19B-28-epoxy-30-nor-lupan-20-one 

.3..Qc' C-\> 307 - 1883 °, ~ 270 + 203°, a =-21 ( dioxan) , which is a 

familiar effect of ~-substitution of methyl ketone with restricted 

rotation 1o. Moreover, the NMR spectrum of the diacetoxy nor- ( 

A, . .&. r·g (.' 1.1. t,.j,~·,, .,J 
- .£, ...;. L~' , 

1 5 J/J. N 1975 

'1.\'f r.or.r6 . 
Q:."?<:: , a~ 
~~ ~ 
-- r-
~ LlBR..:l.RY * 
..... .,~/ 

''4 -~ 
~ h'Ml!M~\\"t: 
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ketone Jg showed a clear ~ignal of 19$-H atlr7.38 (multiplet) 

which was completely missing in the spectrlim of 3Qc. The latter 

on condensation with benzaldehyde followed by reacetylation fur

nished the benzol derivative ]Ja, c38H52o~, m.p. 276-7°, (~Jn + 34~ 

which on sodium borohydride reduction or Meerwein Pondorf redac-

'32 -
'.l -:1 t.. .n .n :::> ~ '<.J ~ -:: !-! \....... ::. OH - } .... , 

tion gave a mixture of isomeric alcohols ,33b, c38H5404, )\max 

252 IIIfL (log~ 4. 3.) ,.'V max 3600, 35'20, 1083 ( OH) • .3,3b could not be 
.. 

dehydrated to the phenylbutadiene system C6H5 CH=CH-CH=C as 

wouilid be expected by analogy with literature reports17, had the 

e])oxide bridge terminated at a-different position than C-19. 


