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The work embodied in the pres.ent thesis has .. been divided into 

three parts: 

A. The first part (Part I) consists of the autoxidation studies 

on~ -amyrone and investigations on the stereo chemistry of 2-

acetoxy-3-keto- ~ -amyrin and 3-acetoxy-2-keto- r -amyrin. 

B. The second part (Part II) describes the synthesis· of isomeric 

2,3-diols of isohopane (moretane) (Section B) and isomeric 2, 

3-diols of methyl olean-12-en-28-oate. (Section 0) 

0 <I> The last part (Part III) deals with allylic oxidation and 

bromination studies with-NBS on taraxeryl acetate. 

A.' Part I: · 

- Chapter II deals with the studies on the stereochemistry of 

the 2-acetoxy group in 2-acetoxy-3keto- ~ -amyrin D and 3-acetoxy 

group in 3-acetoxy-2-keto·- ~ -amyrin G from ID!lR spectra, O.:R·'D· 

spectra and chemical evidences. 

~ -amyrone A on autoxidation gave the dios1)henol .;§ which on 

acetylation followed by hydrogenation gave 2-acetoxy- ~-amyrone 
0 

;Q, m.p" 158-60 • l\TI\ffi spectrum of the compow1d indicated that it 

may equally explain both for the 2cl-equatorial acetoxy group 

with the chair conformation of ring A and 2 ~ -acetoxy group with 

the boat conformation of ring· A. The ORD spectra of ~-acetoxy 

ketones have been studied recently by Bull and Enslin and also 

i 
) 

• 

-----
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E.. 
by Klyne et al50,~ 3 From their studies it appears that in many 

cases (though not in all) the effect of an acetoxy to the carbonyl 

chromophore is a~ti-octant. The ORD studies revealed that inp-amyrone 
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(parent ketone) .f!,. the conformation of ring A is a flattened 
. .. ' . 

chair (to ·relieve the diaxial )' interaction between the 10 (3-

methyl and 4-~ methyl groups}and this leads _to a positive Cotton 

effect (Fig. 1·7). The same conformation is possible for th~ 20( -

acetoxy d.eriva"fjive · D but as a consequence of the flattening of 

ring A, the 2 o( ( eqw1torial) acetoxy group does not lie in the 

nodal plane of the carbonyl group but protrudes into the back 

upper right octant. An alkyl g-.coup in. that si tva tion would make. 

a negative contribution to the Cotton effect but the acetoxy 

group shows an 'anti-octant' effect and makes a positive contri~­

bution~. Therefore, as ~he· ORD st:udies indicate (Fig. 18), if the 

compound D has .the .2o( -acetoxy configuration, we would expect it 

to have a more positive Cotton effect, than the.parent ketone. 

The al t.ernative · 2 ~ -acetoxy configuration with the boat confor­

mation of ring A would lead to a small neg;ative Cotton effect. In 
' the ORD curve of the compound J2 .the amplitude is greater than the 

amplitude in the eorres·ponding parent ketone A· Thus Nr1ffi and ORD 

spectral evidences lead ~s to conclude ·that the 2-aceto~y g.coup 

in~ has theot-equatorial .config~ation with ring A in the chair 

· confol~ma tion. 
' 

· In .order to afford further chemical evidenc~w"we have prepared 
. 12 . 0 0 

·A -oleanene-2o( , 3 ~ -diol, · ~ m. p. 202-4 , ( rX .)D _.60 from D 

by NaBH4 reduction followed by hydrolysis. The latter has been 

fol.md to be i9-ent ical with an authentic. sample of the 2 c( , 3 ~-:-
65 

diol , inoi eating 0( -equatorial orientation of the 2-ac-etoxy 

•', 
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group in the original compound ~ • 
0 

Further we have also prepa.red 2 0(, 3o( -diol H m.p. 278-80 , 

( o< )D 71.. 28° from 2-keto ~-amyrin F. The o( , 0( -configura·tion is 

ba~ed on l~ffi spectral data. The monoacetate I, obtained by par­

tial acetylation of H
1
on Cr6 3-pyrid~ne oxidation. _gave a crysta­

lline solid J; m.p. 158-60°, (O()D 108.5°, identical with 2o(­

acetoxy-~ -amyrone J2 obtained by hydrogenation of the diosphenol 

acetate Q. This experiment provided a further support for the 

assignment of 2 o( -acetoxy equatorial configuration to the 2-

acetoxy group in ~· 

ORD measurement of 2-keto-3-acetoxy ~ -amyrone G·was also · 

carried out. The compound Q with chair conformation of ring A and 

a 3 ~ -equatorial acetoxy group would be expected to exhibit a 

positive Cotton effect. This is in accordance with the ORD experi­

mental results. Thus the assignment of stereochemistry as shovv.n 

in G is consistent with the ORD and ID[R measuremen~. 

Above Vfork was presented in the Convention of Chemists held 

in Madras, India 1970. 

B. :Part II: 

Chapter II describes the synthesis of all the isomeric 2,3-

diols of. isohopane (moretane) (Section B) and three out of the 

four possible isomeric 2,3-diols of methyl olean.-12.-en-28-oate 

(Section C). 
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Section B: 

Isohopanone (moretanone) on autoxidation gave the diosphenol, 

m. p. 190-92°, .( o( )D 40°. Acetylation of the diosphenol followed 

by hydrogenation gave the corresponding 2 o<-acetoxy isohopanone, 

m.p. 179-81°, ( o()D 86.31°, 'X max276 m)L ( E-, 82). Sodium bora­

hydride reduction of the latter at pH 8 gave the 2o( -aoetoxy-

3 ~-hydroxy isoho:pane, m.:p. 199-200°. The latter on acetylation 

gave the 2 o( , 3~ -diacetate, m. p. 228-30.
0 (0( )D 50., 60°, which on 

0 
hydrolysis furnished 2o(, 3~ -dihydroxy isohopane, m.p. 240-2 , 

0 
( o( )D 82.86 • 

li!Ieerwein-Pondorff reduct;ton of 2-keto moretanol, m.p. 181-3°, 

(ri.)D 29.41° (obtained by 1,4 addition of hydrogen .during palla-

dium-char coal hydrogenation of the above diosphenol) furnished 

a mixture of diols consisting of 5% of the 2 o( , 3~ diol described 
0 . 0 

above and 92% of a dial, m.p. 250-51 , (o< )D 9.37 • The new dial 

has been assigned 2o(, .3rl.. -configLU'ation from its NI~lR spectrum. 

It was also found to be identical vvi th an authentic sample of 

~ . A2 
2 r:i., .3"' -diol prepared by osmylation· of Ll .,..moretane. The pro-

duct in the osmylation reaction also gave 2 ~ , 3~ -dial as a 

minor pro duct ( 8%) • 

. Sodium borohydride. reduction of the diosphenol gave 2 (3 , 3~ ..; 

dial, m. p. 262-4 °, (o( )D 23 • 68°, which on acetylation afforded 

(3 0 0 
the 2 r , 3f -diacetare, m.p. 214-5 , (ft. )D 31.25 • 
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2 . 
:Performic acid oxid,ation of LJ -moretane by the method repor-

1 2 3 . . . 
ted in li te.rature ~ ' af~orded the . 2 ~ , 3_ o( -diol, 

. 0 
m.p. 221-.4 , 

(o( ~D 21.18°, ace.tate m.p. 145-7°. 

The struct~es of the· dfolE~ were· established on the basis of -
l\il.ffi snectra. Acet·onide derivatives of two out of the four .isomeric . . 

diols have been prepared. All 'the diol·s· described above are new 

"'~"4.. and 1-not hitherto been repor:.ted ·in the li terattire. 

Section o: 

Methyl oleanonate on autoxidation furnished the diosphenol 
. 0 0 

(2,3-dioxo-olean-12-en-28-oate); m.p. 130-35 , (o( )D 104.4 • 

. Hydrogenation of t~e latte~ gave metbyl-3~ -hydroxy-2-keto-olean-

12~en-28-oate; m.p. 129.;..31°, .(o() 109.09° 'which·on Ivieerwein-
. . D 

:I?ondorff reduction gave the metP,yl 2 o( , 3o(-dibydroxy olean-12-
o . . 0 . 

en-28-oate, m.p. 2.86~7 , ( o( )D 71.11 7 identical with an authenti? 
. . . 

. 0 
sample (supplied by Dr. H~T.Cheung). The diacetate, m.p. 22'6-8 , 

(o() 95.20° and the acetonicle derivative, m.p. 235-9° have also 
D 

been_prepareq. • 

The cliosphenol on sodium borohydride 

2 ~,. 3f> -dihydroxy-olean~12-en-28-oate, 

. . 
reduction gave methyl 

0 . . 0 
m.p. 2.69-72 , (o()D 88.88 ·, 

. which on acetylati9n furnished the diacetate i:n.p. 220-~~0 ,, (oC )~ 
0 . 0 

86.20 • It afforded an acetonide derivative ~intering at 75·-80 • 

I ' 
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. Methyl_:3-ket6-2 o( -acetoxy olean-12-en-28-oate (obtained by 

1 ,.2-addition o:r hydrogen during palladium-charcoal hydrogenation 

of. d.iosphenol ace_tate) on NaBH4 reduction at p~ 8 fur~ished methyl 
. . . 0 

2o( -acetoxy-3 fa -hydroxy-<?lean .. 12-en-28-oate m.p. 199-204 , ( o( )n 

2'/J. 9°. The latter on hydrolysis afforded. the 2 o(, 3~ -diol (metbyl 

crategolate) m.p. 220-22°, (o( .>D 36°, identical with an authentic 

sample of methyl crategolate · pro.vided by Prof. :P .Sengupta. 

All the assignments are based on spectral evidenced (IR, NMR, 
l 

UV). 

The above work des-cribed in Part II wa13 presented in the 

Convention of Chemists held. in Bombay, India.(1971 ~ 

c.· Part III 

Fin~ucane and Thomson (Chem.Comm. 20· 1220, 1969; J.Chem.Soc. _, 
1856, 1972). recently described -a method. for allylic oxidation of 

taraxeryl acetate, ~-amyrin acetate etc. using NBS-CaC03 in aq. 

dioxan in presence of visilbe light and claimed the isolation of 

the correspondingo(p -unsaturated ketones in high yield. With a 
c • • 

view to preparing 16-0H ~ -amyrin derivatives oxidation of tara-

.xeryl acetate by their method was taken up. The results were 

widely different from those recorded b;\r Finucane and Thomson. The 

reaqtion pr.oduct yielded three products after chromatography and. 

crystallisation. 

The first compound K, m.p. 238~40°, c32H49o3Br; ( o()D88.07°, 
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7r max 249.5'm,JA( E-, 11,000} was fotu1d to be identical with 15-

bromo- ~ ·-amyrenonyl acetate, established by UV, IR, lWIR and its 

partiai synthesis from taraxeryl acetate R. Taraxeryl acetate R 

oi1. treatment with NBS-DMSO in •chloroform gave 15-bromo-~-amyrin 
. 0 ( 0 . acetate N, m.p. 180-2 , o( )D 47.,37 • The latter on treatment 

with Zn-HOAc gav~ {2> -amyrin acetate Q indicating that it was a 

r-amyrin derivative. IR, UV, l'ffi/IR and mass fragm~ntation estaplished 

its structure as depi~ted in N.• Oxidation of 15-bromo-~ -amyrin 

acetate £I. with Cr03-HOAc gave ·iJL5-bromo- ~ -amYr'enonyl acetate 

identical with! (m.m.p. and I.R. comparison}. 

Solvolysis of 15-bromo- ~ -arhyrin acetate n with K-acetate in 
. 0 

HOAc gave· olean-12, 15-:-dien-3 ~ -yl-acetate E_, m.p. 199-200 ., The 

latter was also obtained when N was treated with dimethyl aniline 

(IR and m .m. p • ) • 

+ 
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J?robable me.chanisms for the formation of 15-bromo-,P.> -amyrenonyl 

acetate ! and 15-bromo- ~~a~yrin acetate !, have been discussed. 

The second compom1d ~' c·32H50o3 , m. p. 280-82°, (o( )D-38. 71° , 

UV ')r max 245 mp. ( E- , 10, 5 00} was assigned as 16-oxo taraxeryl 

acetate from ·its. UV, IR, NMR and mass spectral studies. It showed 

a mass peak at M+ 482. Moreover, an abundant base peak at 358 was 

observed. The appearance. of this peak may be explained by assuming 

that it arises from a 16-oxo taraxeryl acetate by the following 

genesis S. Our compound was widely differe1it from the sample of 
0 16-oxo taraxeryl acetate, m.p. 251-52 d procured from Dr. Thomson • 

. Their sample was fotUld.to give positive bromine. test. All physical 

- 0 
and chemical evidences prove that our compound m .p. 280-82 is the 

correct 16-oxo taraxeryl acetate. Attempts to reduce 16-oxo 

' I • ·+ 

-Cz '3 H!.Lt 0 3, 

-snleJ '358 
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taraxeryl acetate to give 16-0H taraxeryl' acetate :proved futile. 

The third compound, !_, c32n49o2Br, m.p. 176-8°, ,(o( )D 249.12°, 

7< 276 m.u_(f-, 6000) has been assigned as 15-bromo-9(11); 12-max r-
olean-diene, on the basis of UV, ID~R and mass spectral studies. 

A probable mechanism for. formation of £{!. has also been suggested. 

With the expectation of obtaining a 16-bromo taraxeryl acetate 

we extended our studies on allylic bromination of taraxeryl ace-

tate using NBS in dry 0014 in presence of light and benzoyl pero­

xide as the initiator. The results obtained during these studies 
. . . 

were interesting and is summarized below. 

When taraxeryl acetate R was refluxed with 2 mole equivalents 
' ' ' ~ . 

of 1\JBS in o.ry 0014 using visible light,A furaished ·16-bromo-olea.n-

9(11), 12,15-trien-3~ ~yl-acetat~ Q, c32n47o2Br, m.p. 240°, (o<)D 

267.53° j( 279 mU.(G-, ·6000). The bromine atom in·ring D was 
' max r · 

resistant to reactions (1) Zn-HOAc (2) H8iPd-C (3) H2-Pt02 (4) 

Li
2
eo3-LiBr (5) anhydrous ICOAc-HOAc <6) c6H5U( OH3)2, indicating 

that it contalited a vinyl·bromine atom as shown in structure~· 

The mechanism for its formation has also been discussed. 

However, with 1 mole equivalent of NBS the product was a 
' 0 . 

bromine free compound, .m.:p. 199-200 , olean,..12,15-dien 3 p -yl 

acetate P, identical with product obtained by solvolysis of 15~-
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bromo~ -a.'Tlyrin. acetate Qm.m.:p. and IR comparison). The mechanism 

for the formati~n of ~ has been discussed. 

This ~.vork was presented in the Convention of Chemists, held 

in Calcutta in 1973. 
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PART-I 

AUTOXIDATION-STUDIES ON~ -AMYRONE: INV~STIGATION~ 

ON THE STEROCHEMISTRY OF 2-ACETOXY-3-KETO- @ -MlYRIN - ,.----
AND 3-ACE·TOXY -2-KETO- ~ -AMYRIN. 



PART-I 

CHAPTER-I 

A review on optical rotatory dispersion and its 
application in stex;_f>chemical assignments in Organic 
Chemistr,Y • 

Section A_!_ Optical Rotatory Dispersiq_.q: 

A wave of plane -polarised light may be considered to be 

made up of two types of "circularly polarised light 11 : one right 

circularly polarised wave and one left circ~arly polarized 

wave 1 • A 11 cir·cularly polarized wave 11 is one whose plane of · pQlari­

sation rotates c.ontinuously and in the same sense around the axis' 

of propagation of the wave. Thus the electric field of a right cir­

cularly polarised wave may be described as a right-handed screw 
-

or helix twisting round the direction of propagation (Fig. 1), 

whereas a left circularly polarised wave describes a left-handed 

screw. Fig. 2 _.,shows how the electric vector of a right circularly 

polarised wave (ER) ·and that of a left circularly polarised wave 

(EL) combine to _give the vector of a plane~polarised wave (E), 

which starting .o·ut with a maximum value, decreases to zero and 

then to a minimum and grows again to- zero and back to the maximum. 

Circularly ·polarised light may actually be produced by passing 

plane polarised light through a. specially cut glass prism known 

as, 11Fresnel's rhomb". 



,, 

E lee tr ic--'f ield 

l)irection of 
propagation 

Fig -1. Right circularly .polarized light wave 1 

. Plane of 
Polarisation 

,..,.. --... 
/ ' 

I ... --' \ 

! ( \ \ 
I I f J I 
I \<1>1 j 
\ER ..._ . EL, 
\ ..__,- . 
'- E / ..... ,/ --

/,.,..-E: ....... , 
I CG¥--, \ 
(~/ \ I R \ 

\ ~ J I ) \ . ) J 
\. ,_/ ./ 

\... ../ ....._ _ _, 

Fig -2. 

--/ E ' / ,.....~ \ 
IE L~ t -', E ' · 
I R,·~ L\_ 
\. \ t J p 

\ ' J I ' _ _., / 
.............. ./ --



-2-

I 

The important feature o£ an optically active substance is 

that it is 11 circuJ.ar:cy birefrtngent" i.e. that it has unequal 

refractive indices for right and left circularly polarised light. 

Since the velo~ity of light in a medium is given byLf= c/n, where 

c is the velocity of light in vacuo ru1d n is the refractive index 
\ ... 

of the medium, the r·esult of circular birefringence is an mlequal 

velocity of propagation of the left and right circularly. polarised 

rays. If the right circularly polarised ray ER travels faster than 

the left circularly polarised one EL' the result will be as shown 

in Fig~ 3! __ The. resultant wave will still pulsate in·.a plane i.e. 

be plane-polarised but the plane of polarisation will no longer 

be the x-plane but will make an angle o<. 1 
with the x-plane; in 

other words the circularly ·birefringent medium has rotated the 

plane of polarisation by an ·angle d:. 1 .If the right circularly pola­

rised wave travels faster,o\
1 
is positive and the medium is dextro­

rotatory, whereas if the left circularly polarised wave is faster, 
i 

d.... is negative and the medium is levoratatory. 

The variation of optical activity with the wave length gives 

an optical rotatory dispersion curve~ For a compound containing 

no chromophore (a substance which does not absorb light in the 

region of wavelength in which it is being~xamined) the optical 

activity progressively decreases in magnitude as the wave length 

increases. A plain positive or plain negative dispersion curve.is 

obtained, depending upon whether it rises or falls with decreasing 

wave length. For a compound presenting one or several optically 
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active absorption bands within the spectral range under experimen­

tal observation, the dispersion curve is anomalous an~ shows one or 

several "extrema"· (peaks or troughs) in the spectral region in which 

the chromophore absorbS .. 

Section B: Circular Dichroism: 

After passing through an optically active.medium, both 

constituents (~ and ER) of a circularly polarised ray not only 

show circular birefringence, but they are also differentially 

absorbed. As a result, the two vectors ~ and Ea (Fig 2) are un­

equal in length and their. resultant,instead of decreasing or increa­

sing in a given plane (the plane of polarisation) actually sweeps 
,e. 

out in an e~ongated e~pse. The plane polarised light passing 

· through a dissymmetric medium therefore becomes elliptica~ly pola­

rised. This phenophenon is· lmown as "Circular ,Dichroism112• 

Section 0 s Cotton Effect: 

The combination of unequa~ absorption and unequal velocity 

of transmission of left and right circularly polarised light in 

the region in which optically active absorption bands are observed 

is a phenomenon called the "Cotton Effect". Cotton3 ' 4 observed 

that an optically active compound showed in this spectral region 

an abnormal behaviour of its rotatory power. Thus the basic infor­

mation which can be deduced from rotatory dispersion and circular 
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dicbroism curves is obtained'mOtJ't easily in the immediate vicinity · 

of the spectral region of maximal absorption. 

According to Moscowitz1 ' 5- 8 optically active chromophores 

can be classified into two extreme types: (a) the inherently 

dissymmetric chromophore and {b) the inherently s~netric, but 

assymmetrically perturbed, chromophore. 

The optical activity of compounds belonging to the first 

class is inher.ent in the intrinsic geometry of the. chromophore, 

as for example hexahelicene5 and ~visted biphenyls8 ' 9• In these 
compounds the molecular amplitude of the O.R.D. curve and tl~ 

maximum value of the cad curve are. generally quite high in com­

parison with the corresponding quantities observed for the second 

type of cbromophore. 

· A typical example of the second class is the carbonyl func­

tion. For an isolated carbonyl there are two orthogonal reflection 

planes of symmetry, and to a·first approximation the chromophore 

·should be optically inactive~ as indeed it is in formaldehyde. 

Only when the chromophore is placed in some dissymmetric molecular 

environment e.g. in a terpene or steroid, do -its transitions become)/ 

optically active. Since this optical activity is induced in the 

chromophore by its environment, rather than being inherent, the 

magnitude of the associated Cotton effect is often considerably 

smaller than in the first type of chromophore. 

The optical activity associated with the type (b) chromo­

phore is typi$ied by the presence of an as¢ynm1etric carbon atom. 
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In such instances, the inherently symmetric cbromophore acts like 

a molecular probe with which to explore the extra chromophoric 

geometry, since the magnitude of the induced ·optical activity 

depends on the geometry of the extra cbromophoric portion of the 

molecule relative to the symmetry elements of the cbromophore. In 

conclusion, the Cotton effect associated with an optically active 

absorption band of a given compound manifests itself by a c.d. 

curve and an anomalous o.r.d. curve. 

The rotatory dispersion curves can be divided into three 

different groups: plain curves, single Cotton effect curves, and 
. I 

multiple Cotton effect curves. Plain dispersion curves are called 

positive .. or negative according to their tendency toward more posi­

tive or more negative values with decreasing wavelength. When the 

peak occurs at higher wavelength than the trough, the curve is a 

positive Cotton effect curve~ Co~versely when the trough occurs 

·first, the curve is a negative Cotton effec·t; curve~ .. The vertical 

distance between the peak and trough is called the molecular 
10 amplitude a 

tcp'- ~ L<:PJ 2 a = -'1. ., where (C\>)
1 

is the molecular 
100 

· rotation at the extremum (peak or trough) of longer wavelength and 

[cPJ2 moleoul~ rotation at the extremum of shorter wavelength. The 

third type of dispersion curve is more complicated in the region of 

ultraviolet absorption in that it possesses two or more peaks with 

a corresponding number of troughs and therefore is called a multiple 
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Cotton effect curve. Such features are normally observed with. 

oc~. -unsaturated ke"'G.one11 and in these. cases it is also necessary 
to disti~guish between broad peaks a.nd troughs, as well as between 

shoulders and inflections.·Fig. 4 

. 1"~ 
Section D .. :.;. Octant Rule: 

The Octant Rule12 relates the Cotton·effects due to the 
4. 

n~ If transitions of saturated carbonyl compounds to the stereo-

chemistry of the surroundings of the chromophore ~ The 290 mfrv 
transition of the carbonyl group (in acetone) involves13, 14 roughly 

speaking the promotion of e.n electron from a non-bonding 2 fl orbital 

situated qn the oxygen atom to an anti-bonding Tl orbital.d:oncerned 

with both tb.e carbon and oxygen atoms of the carbonyl c.bromophore 

(Fig. 5). Whatever· the perturbations the rest of the molecular 

framework may induce on the cbromophoric electrons, they are not 

significant for the dipole strength of the transitions. However, 

while the rotational strength of a n- rr* transition must be zero 

in a symmetrical molecule like acetone, this strength ha.s some 

non-zero value when the ca.rboeyl is asymetrically· surrounded, as 

in a steroid or a terpene. ·Hence the rotational strength of a 

carbonyl fwLction is quite sensitive to molecular environment and 
15 16 will reflect quantitatively the asymmetry aroun~ the cbromophore.' • 

As a result of the above concept, the carbonyl group or 

any symmetric chromophore whose associated optically active tran­

sitions are readily amenable to investigation, becomes an ideal 
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pro be with which to search out structural, coilfigurational and 

conformati9nal subtleties of a particular molecular framework. 

It will be observed that when a carbonyl function is situa-
. 4 

ted in a cyclohexane ring in the chair ·co:n.:P:ormation, the n--> Tr 

transition of the cbromophore will result in a Cotton effect which 

is direc·tly dependent upon the spatial orientation of the substi .. 
12" . 

tuents in the ring system. The Octant rule which is obtained 

, from the symmetry principles, relates the sign and amplitude of 

the Cotton effect exhibited by an optically active saturated ketone 

to the spatial orientation of atoms abo~t the carbonyl function. 

As a consequence, thi's rule permits prediction of the sign and 

semiquantitatively, the intensity of the Cotton effect exhibited 

by saturated ketones. 

Taking the carbonyl chromophore as the reference point, 

a cyclohexane can be divided into eight Octants by means of three 

mutually perpendicUlar p~anes12,l7 , 18 • These are nodal and symme­

try plane~ of the-orbitals involved in the. n~Ti~transition asso­

ciated with the absorption of the carbonyl group. Here, cyclohexa­

none ring is used as an example as it is easy to visualise and 

discuss. However, the s~me concept is applicable to any ring system 

or side chain carrying a carbonyl function. 

In figure 6 __ plane A is vertical passing through C-1 and 

C-4. The only substituents in this plane are the ·ones attached to 

·c-4. The Plane B is horizontal and ·encompasses the carbon atom 

bearing the carbonyl group (C-1) and its two adjacent atom (the 

C-atom 0-2 to the right called R2 and the carbon atom C-6 to the 
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left, called L-6). The equat9riallY oriented substituents attached 
' 

to these carbon-atoms 0-2 ~nd 0-6 lie nearly in the nodal plane B. 

Thus, the planes A and B correspond to the nodal planes xz and yz 

of the orbi tala mentioned in Fig. 6 .•. The planes A and B provide 

four Octants, the b~ck Octants (Fig. 6). A third plane o, perpen­

dicular to plane A and dissecting the oxygen-carbon atom (0-1) bond 
' 

produces :four,additional Octants, called front Octants. It vhould 

be pointed out that the exact nature and position of plane C are 

still unc~rtain. The four back Octants defined by planes A and B 

are the most important ones for practical purposes (Fig. 7). 

The Octant rule states that substituents lying in planes _A 

and B make no contribution to the Cotton effect assooiated·with the 

carbonyl. This includes the equatorial substituents on carbon atoms 

0-2 and 0-6 provided that_ they are exactly in the plane and both 

substituents on carbon atom 0-4. 

+ 

-+ 
I . 
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The atoms or groups of atoms situated in an axial configUration 

on 0-2 (lower right Octant) as well as axial and equatorial substi-

tuents on 0-5 (upper left Octant) make a positive contribution to 

the Cotton effect. And the substituents located in an axial confi­

guration on carbon C-6 (lower left Octant) as well as the axial 

and equatorial substituents on carbon C-3 produce a negative Cotton 

effect. 

-Extensive studies have shown that alkyl group of all kinds 

and· halogen atoms (except fluorine) in a given Octant make contri-
. 18 19 

butions of the same sign to the Cotton effect ' ' 20 • The signs 

of the rear Octant are ·shown in Fig. 7. A given substituent pro­

duces the largest effect when it is in an axial _position a( to the 

carbonyl group of a cycloh'exanone in a chair conformation. 

Section E ~. Applications of the Octant Rule: 

The main utility of the Octant rule is as follows:· If the 

absolute conf'iguration21 of a ketone is known, its conformation 

can be determined. Conversely, if the conformation of the compound 

is established, its correct absolute configuration can be assig-

d
22-28 Q 

ne • 

The study of the Cotton effect associated with (+) 3~ 

methyl cyclohexanone 1 clearly illustrates the Octant Rule. The 

carbon atoms C-2, C-4 and C-6 lie.in noda~ planes and thus make no 

contribution to the Cotton effect. The contributions due to C-3 



-( 

-10-

and 0-5 cancel each other, being equal and o·pposi te. 

"'X.. 

"' I 
I 

+ I 

0 I 
I 

O--,eH3 

c \-\3 c <:~ c'S" 3· 

c'J._ ' c c -- --?''j 

1 
,t b 

However, the methyl groups on C-3, being on a positive Octant, is 

· alone responsible :for the ·;positive Co·!iton e:f:fect o:f this substance. 

The molecular amplitude o:f the· O.R.D. curve· o:f (-+) 3-methyl-

oyclohexanone is a =+25. 

<:0~~9 
CH,-- ', 

'C!.H3 

3 

<:'H 3'-....... ~-. ---...... 
I 
I 

(: lf3. 

3a.. -
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In (~)-trans-3,6-dimetbyl cyclohexanone g the equatorial methyl 

at C-6 ~.lies in plane Band makes no contribution to the Cotton 

effect. Hence the compound shows the same positive Cotton effect 

as !. (a =+2A). But in compound (+.;) 3,6,6-tzimetbyl cyclohe:x:anone ~ 

one ax~al methyl group is introduced, which being in a positive 

Octant enhances the positive Cotton effect (a =~81). 

( +) 3-methyl cyclohex:anone (1) can exist in two inter 

convertible conformations represented by l£!,. __ and 1.2• Since the ketone 

showed positive Cotton ·effect( the conformation 15!:. represents the 

correct stereochemistry29 • 

.1a_ 1b ie -
The Cotton ·effect shoLv~d be negative for conformation ll and 1£ 

also would be expected to show a -ive Cotton effect, thus confir­

ming indirectly the absolute configuration la assigned to (+) 3-

~ methyl cyclohexanone. 
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'Absolu-te Configuration· of monoterpenes G_)-menthone __ ! and L+) 

isomenthone Q.: 

(-).menthane i shows a weak positive Cotton effect 

curve22 , 23 , 28 , 30 whose amplitude is simil~ to that of transr 

3,6-dimethyl cyclohexanone g~ This can best be ~xplained by the 

preferred conformation 4a _.in ·which both the alkyl groups are 

equatorially oriented (as in~). 

~ 0 

----cHJ. A 
4b 

4' ·~ /e.H.l 

4c' 
4Q.. ""'-e. H.3 

--= 
<=H3 4c -

Isonierisation of (-) men:t_hone 2. leads to ( + )-isomenthone §., 

for which two chair conformations ~-and IDl. can be drawn. Since 

the Octant "rule predicts a positive Cotton effect for conformation 

~ . .and negative Cotton effect for QE., the latter could be excluded. 

I 
I 

.I 

A 
5" 
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24 Quantitative study of the Cotton effect associated w2th (+)-
isomenthone §. indicates that there are contributionsfrom conformers 

other than ~· Although the twist form !2.£. would be expected to show 
. ' ~ a strongly positive Cotton effect , its participation together with 

. 24 
conformer ~ can be excluded a priori • 

Quantitative studies of the Cotton effect associated with 
I 

d:.. -equatorial alkyl cyclohexanones have indicated that :l.n such 
- - 26. 24 27 

cases an equatorial methyl , isopropyl and t-butyl group does 

not lie exactly in the nodal plane. In these cases, the equatorial 

alkyl substituent makes a positive contribution to the Cotton effect 

when situated on the right side next to the carbonyl. 

The c.d of axial al~lated compounds§ to ll_has also been 

measured .. It was obs·erved31 in agreement with the. Oc·tant rule that 

an axial methyl group in~'-position with respect to the carbonyl 

group has a maior influence ___ 9n the intensity and sometimes the 

sign of the Cotton effect. 
<Q·Ae.... 0 P.>"2 .. 

14 <:lo(!.- -- · 

7 

Oi3"2. 

-£
,· 
',. 

' 0 ' 0 
i...-lo 

f I -· 
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For example, in cases of acids .§. and 1 it has been pointed- out31 

that, as expected, the introduction of an axial methyl ~oup at 

C-10 has a positive effect on the c.d. maximum. However, the posi­

tive increment is higher than would be expected. for a methyl group. 

In order to release the newly introduced 1,3-interactions between 

the 10~-metbyl and the 6_0, 8~and llf>-bydrogen atoms, the cyclo-

hexanone ring probably partially adopts a boat or twist conforma-

tion. 
. 32 

Lo:phenol.& ______ The p;r:_esence of adqg.e.<e:"Atalkyl groups was also shown 
. ' 

to· have a strong inhibitory effect upon (hemil ketal formation and 

advantage of this was taken in the str"llcture elucidation33 of 

lophenol !&~.a novel type of biogenetically important plant sterol. 

14 --
Reduction of the 6-7 double bond fo1lowed by oxidation gave lopha-­

none 13,_whose o.r.d. curve was similar to that of cholestanone !,!, 

except that there was noted only a slight. reduction in amplitude 

upon the addition of hydrochloric acid, in contrast to the marked 
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one (64%) suf~ered by cholestan~3-one 1i • This observation 

strongly suggested the presence o~ a metbyl group adjacent to the 

oxygen function a~d this helped greatly in the identification o~ 

lophanone 13.as 4~-methyl-cholestan-3-one. 

Determination of stereochemistry of a Methyl ~ouR: 

34 . t hi In conne.ction with their work J.n he eremop lone· series 

Djerassi and coworkers, carried out the optical rotatory disper­

sion curve o~ theJ ·ketone .!§. obtained by hydrogenaj;ion of .4.§. in 

methanol and·noted· that the curve underwent a marked reduction in 

amplitude upon addition of ~drochloric acid, which would only 
/ 

be compatible with an equatorial orientation of the C-4 methyl 

group. The axial isomer woul.d almost certainly have inb.i bi ted the 
··. 

formation of the (hemi) ketal •. 

Section F: d\-Halo Ketones: 

The results accumulated
35 

with U-V spectroscopic measure­

ments demonstrated that the maximum associated with an isolated 
.\ 

carbonyl group. in a six membered ring is subjected to a hypsochromic 

4 '7454 · ~~:;0'!E~lrl;yok.i 
2 0 E ( 1975 . !? Lll'>~ARY ~' 

' ~ \ 'if. '· 

1,1~ ?/ 
"4RAMtlCI\\\','( .. 
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shift of about 5 m~by an adjacent equatorial bromine atom (i.e. 

to shorter wave length) but an axial bromine produces a batho­

chr~mic shift (i.e. toa longer wavelength) of 28m~. It is to 

be expected that corresponding shifts should be observed in the 

rotatory dispersion peaks (or troughs) of o(-halo cyclohexanones 
. 36 37 

as compared_with those of halogen free precursors ' • 

Eguatorial halo@en: 

It will be observed from Table I_that by comparison with 

cholestan~3-one .!Z,_ introduction of- equatorial F(l§)_, Cl (l,2), or 

Br(g.Q) produces a slight bathocbromic shift of prac·tically the 

~ame amplitude (2 to 3 mft) whereas an iodine atom causes a 

somewhat- larger change (8 m;tt) 

17, X = H ·-
.!§., X= F 

I+ 19, X - Cl --- -
20, X = Br ---
21, X = I. -



,-
'-t-. ._r, 

Substance· 

Cholestari-3.o.one 11 
2c( -Fluoro !§ 

2 «-ChJ.oro 12 
2o\-bromo 20' -
2q-Iodo 21 --

'-\--••••• in ethanol 

.-17-

37 
Table I 

R.D. peak ... 

~jvl-

307 

309 

'310 

310 

'315 

Mol. rot .. · u.v. max for 
lVieOH 'MeOH 

mtv 
'3710°. 286 + 
2650° 280 

3130° 2~9 + 
3190° 282 + 
4400° 258 

From the above table (Table I) it will be seen. that with 

the exception of g1:, (X •• I), the . range of wavelength shifts is 

comparable with that observed in the corresponding U-V spectra 
' -. ' 

· (h.;n)sochromic shift of 4-7 _m~). Thus a. slight. bathoohromic shift 

(+:3 mjh) is observed in going.from_l1.,to .&Q.(2o\-bromo). A.second 

characteristic feature as~ooiated with the equatorial halogen atom 
' . 

is that th~ rotatory dispersion ainplitude of the parent ketone is 

not affected to a marked extent •. 

Axial Halogens: 

Rotatory dispersion measurements of o( ~axial halogen sub- . 
. . . . . 36 

. stituted cyolo.hexanones exhibited a move to a 'higher wavelength 

of 20+5 mtv(Table II), and the r.d. amplitude is greatly increased. 
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~~ial Iodine caused a shift to a higher wavelength of 32 m;t• 

36 
Table II 

----------·--------------·---------------------------------------------
38 

Section Gs The Axial Halo Ketone~ule: Its applications in 

Organic Chemistry: 

The sign of the Cotton effect associated with a given 

cyclohexanone is not altered by introduction of an equatorial 
. . 

bromine atom on either side of the keto group. On the other hand, 
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this does not apply when the halogen atom exhibits an axial orien-
- . . 

tation, because in that event -a reversal in sign may occur. The 

effect of an .axial halogen atom is highly dependent on the site of 

, the substitution. 
' 

.Thus 2 f-bromo androstan¢-17f3 -ol-3-one acetate gg_ shows 

.a strongly positive and 4 fJ-bromo· androstan.;.17 fo -ol-3-one-aoetate 

~ a strongly negative Cotton effect. Numerous other examples of 

this phenomenon have been recorded in the·lit~ratur-e39 and this 

also applies ~o axial chlorine. Thus 5 ~-spirostan-3 ~.-ol-11:-one­

acetate g,! has a positive and its 12c\ -chloro -derivative ~' .a 

negative Cotton effect. It should be noted, however, that axial 

·fluori~e behaves anomalously and that the generalisations stated 

below applies to axial bromine, chlorine and probably also iodiiie, 

but not to fluorine. 

0fk .. 

X 

-
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The "axial halo ketone ruJ.e" states the matter as .follows: (1) 

Introduction o.f equatorial halogen in either adjacent position of 

a keto group in a cyclohexanone does not alter the sign o.f the 

Cotton effect of ~he halogen free ketone&(2) The effect of intro­

ducing an axial chlorine, or bromine (and probably Iodine) atom 

next to the keto group of a ketone may affect the sign of the 

Cotton effect of the parent ketone. 

,The Cotton effect of theo\ -halocyclohexanone may be pre­

dicted by v:iewirig- along the 0 = 0 axis ia a model so placed that 

the carbonyl group occupies the head of the chair (or boat) closest 
I 

to the observer. If the halogen is now on the left of the line of 
I 

view(Fig. s):t..he __ compound will exhibit a negative Cotton effect (a)· 

but if it is on the right, a positive Cotton e.ffeo~ will be obser­

ved (Table III). 

Table III 

Axial a\ -halo Ketone 

3 ~-Bromo 

7 cA.-Bromo 

androstan~2-one-17}3-ol 
propionate -

cholestane-3 ~ ,-5cf.... -diol-
6 one-3 acetate 

7 ~-Bromo cholestane-3f_> ,5-A ,;; ~ 
diol-6one 3 ,5-diacetate 

Cotton Effect 

Halogen free ~-Halo Ketone 
Ketone 

+ + 

+ 

Contd •• 
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Table III (Oontd.) 

Axial o( -halo Ketone 

6 ~-Bromo cholestan-3J> -o.l-7-one­
acetate 

9o( -Bromo lfrgostan-3 f)-ol-11-one­
aoetate 

12a\_,-Bromo drgostan-3 {)-ol-11-one 
· acetate 

12c{-Ohloro-11-keto'tigogenin 
· · acetate 

12o(, 23-Dibromo-11-Keto tigogenin 
· . a~t~e 

Methyl 11 f) -bromo-3 ~ -acetoxy-12 
· Keto cholanate 

2 ~-Bromo .frie del in 

4 d.. -Bromo · fri edelin 

(a) Negative Cotton Effect·~-

Cotton Effect 
Halogen free\~'-Halo Kat-
Ketone one 

+ 

·-+ 
·~ 

X 

(b) Positive Cotton Effect. 
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The rule may be used in four ways: 

1.-. If there is doubt whether ano(-balogen is equatorial or 

axial, reversal of the Cotton effect upon halogenation proves 

location of the halogen. The converse is obviously not true. The 

halogen could be axial without reversing the Cotton effect, but 

even in this case it should be readily distinguishable from equa­

torial halogen through the bathochromic shift of the extrema and 

the increased amplitude39• 

2. If the configuration- and conformation of the parent ketone 

are known and the <:!\-halogen is axial (demonstrated as above (1) 

or by infra-red or U-~ measurements) its location may be deduced 

from the sign of the Cotton effect of the haloketone. For example 
. 

2,3 -seoo cholestan-6-one-2-3-dio;t~cl acid g§__upori. bromination gives 

an axial o\.-bromo. derevati ve which, a priori, could be the 5-or 

the 7-·bromide. Since the Cotton effect for this bromide is negative,. 

the haloketone rule implies that it is the 5-isomer. 
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3. If the conformation of the ring system is fixed and the 

loc~tion of the. axial o( -halogen is known, the absolute configu­

ration of the Q(_ -rua:loketone (and thflt.s the parent ketone) may be 

deduced. An example is provided by (-) trans-1-decalone. This 

ketone may, a priori, have either configuration _&7, or ~· Now bro­

mination of trans-1-decalone gives, among other products, the 

OR 

?.-7 

30 

axial 2-bromo ketone. That the product is not the equatorial ~­

bromo ketone may be deduced from I.R. as well as rotatory disper­

sion data as shown above; that it is not a 9-bromoke·tone follows 

from the fact that its reduction returns pure trans-1-decalone 

whereas the 9-bromo ketones-which are also fo~ed in the bromination 
' 40 

-upon reduction give the expected mixture of cis and trans-decalone • 

When (-)-tra~s-1-decalone is brominated the product is (+)-2~-bromo 

-trans-1-decalone 2~. or ~which has a strong positive Cotton effect. 

According to the halotetone rule,·this means that the dextrorotatory 

bromoketone bas oonf~guration gg_rather than~· ~herefore,(-) 

trans-1-decalone must have configuration gz_- thus providing an 

independent corroboration of the·configurational assignment. 



)( 

4.- If.theof-haloketone is axial and the· position of the 

halogen and the configuration of the molecule a:r;"e ·known, the 

conformation of the ring may be deduced. For example, chlorina­

tion of ( + )-3-methyl. cyclohexanone (absolute confj.guration as in 

Fig. 9)gives a mixture from which a pure crystalline isomer was 

isolated and shown,._ by chemical means, to be 2-chloro-5-metbyl­

cyclohexanone41. Two configurational isomers are possible, and 

each may exist in one or the other of two conformations as in 

Fig. 9 • The spectral properties of the crystalline chloroketone 

indicate that in 6ctane solution it has axial halogen and the 

Cotton effect in octane is negative; this is compatible with con­

f~guration A but not with B. Hence the chloroketone is'the trans­

fsomer. When the roJtatory dispersion curve is measw. .. ed in metha­

nol-, the Cotton effect is found to have become positive. This means 

_that the trans isomer has changed from the diaxial conformation A 

to the diequatorial conformation A~ presumably because in methanol 

the dipole repulsion between the carbonyl group and the adjacent 

eq~torial halogen is not so serious as in 6ctane with its much 

lower dielectric constant. · 

~\ 
~-

JI 
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Bromination of 2c{-met!Jyl cholestan-3-one:,. Boat Conformation 

of 2cA -Bromo-20 -metl1yl cholestan-3-on&• 
. . J ' 

Bromination of 2o(-methyl cholestan~3-one ~ at the 2-

position gave a 2-bromo-2-methyl-cholestan-3-oneoi.R and U-V 

measurements42 indicate that the bromine in this compound is axial 

and thus it appeared at firs.t that the bromination product was -

2J'-bromo-2c(~methyl cholestan-3-one whose formation would.bave 

involved the usual axial attack of bromine in a kinetically con­

trolled step. However, when the· rotatory dispersion curve of the 

bromo ketone was recorded, it was fottlld43 that instead of the 

expec·ted strong· positive .. Cotton. effect it shows a negative one. 
. . 43 
2.0 -bromo-2a\ -methyl-3 keto steroids have been prepared and they 

do indeed, show the expected strong positive Cotton effect. It, 

therefore, appears that the above discussed bromination product is 
'I 

2~-bromo-2~-methyl eholestan-3-one and that its anomalous Cotton 

effect is due to the existence of. the ring A in the boat form. 
C~H17 
I 

C'H 3 ..... 

31 
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In the chair form the bromine is equatorial and the Cotton effect 

should be unchanged from that of the parent. ketone, this is not 

the case here. 

Section H ;, Effec·!:; ofd\-OH and o( -acetoxy ketones: Anti Octant 

effect: 

Information on the conformation of a ketone can generally 

be obtained from'the sign1amplitude and posi~ion of its Cotton 
. . 

effect. With« -.h7droxy ketones ando\_ -acetoxy k~tones, however, 

the situation is complicated by the fact that their circular 

dichroism (c.d),optical rotatory dispersion (o.r:d) spectra do 
. . . . * 

not always follow the well known shift rules for U-V n- 1T 

absorption bqnds ofo\ -substituted ketones35 • Thus it is known 

* that the position of the n - T\ bdnds in· uJ. traviol.et spectra is 

dependent on the nature and o·onformation of the o( -substituent, 

and an axial hydroxyl group shows a bathoohromic shift stronger 

than that of an axial- acetoxy ·group, while 001 equatorial hydroxyl 

group shows a hypsochromic shift st·r.on.ger than that of an equato­

rial aoetoxy group44• Altho~gh most o.r.d and o.a. curves follow 

the- same rule, exceptio:p.s15 are .m,own in steroids in 0( -k:etell. 

grouping in ring 0 (Table IV). This also appears to be true in 

some B-ring d( -ketals 46 • 
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Table IV 

No. Substance Rotations .D. Ae f).'/ya 
dispersions, 
in Dio~n 
Solution 

1. 11-keto-tigogenin 325 m}i. 

2.- 12-o(-hydroxy-11-keto-
tigogenin 337.5 m ft +12.5 

3 .. 3-0-Acetyl-12~-aoetoxy-
11-keto tigogenin 340 m /A +15 

4:: 12fo -hyd:roxy-11-keto-
·tdgogenin hydrate 315 m fl -10 -10 

5.: 3-0-Acetyl-12 fo -acetoxy-
11-keto-tigogenin 322.5 mft -2.5 

6Q' 3-0-Aoetyl-heoogenin 312.5 m;c 

7 .; 3-0-Acetyl-11~ -acetoxy-
hecogenin 310 m ft, -2.5 

8$ 3-0-Acetyl-23 cA. -brom-
11~ -hydroxy-hecogenin . 332.5 mft- -t20 

g·--; 3-0-Acetyl-11 ~ -acetoxy-• 23ci_ -bromif.hecogenin 335m~ + 22.5 

The deduction from the Octant rule that an equatorial OR group will 

have little influence on the Cotton effect, whereas an axial group 

will show a definite contribution applies in most cases
47 

and leads 
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Table V_ o(-Ketols and their acetates. 

Position of Series o(""\Substi tuent amplitude Contri-
Keto group - (jR . a but ion 

to O.R. 
A a 

-+ 3 5 a\.,;,.Cholestane none +58 
2 o( -oAe ( eq. ) 21-6Ae~eq)·t66 -+8 

2 -6Ae ax)+166 +58 

3 4,4'-dimethyl none -12 
-5 o(-Cholestane ~OAe(eq) +38 +50 

-6Ae (ax) +124 +136 

4 5o( -Cholestane none -95 
5o(-OH(ax) -45 +50 

6 5 <i_ -Cholestane none -78 
5~ -Oti(ax) -110 -32 
5 -oAe -89 -11 

11 5 <:\-Spiro stan none - +43D 
12 j2>-0H(eq)+44D ·t1 1 

'~ 12 ~ -6Ae ( eq )+42D 
• 

-.1 l 
12 ~ •OH (ax ) -\- 42D -1 
12 -6Ae +88D +45. 

11 5 .{3-Cholanate none -
12 12~ -OH(eq) +14 

12 /!>-(jAe ~ eq ~-+28 
12 G\ -BAe a.x +7 3 

11 5 cA. -Ergosta.ne none +12 

_ 5 o\-Ergostane 
12o\ -fJAe ·t85 473 
none +19 

X, 9<:A-OH(ax) -t-68 -t49 -
11 5 jb-Etianate none -\-10 

12o\ -OH -+40 ..f-30 
12i-0Ae +44 ·-t-34 
12. -tJAe +17iD -t7l 

12 5.cA.. -sfurostan 
~ 

none -
11~-6Ae(e~) 4l1D 
11 -Oli(a.x -+7"D 

5 _{f>-Cholanate 
11 :f>-(;Ae(ax)+162D . 

13 none +10 
11~-0H~eq) -+17 +7 
11_f-OH ax) +39 +29 
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~able V ( Contd) 

Summary; tor d ~Ketols 
' 

c = 0 c-oH Octant 
behaviour 

3(5~) 2 v 

5o( 
·/ 

4 v Normal 

6' 5o(.' v 
11 9 

11 12 X J abnormal 
'12 ~1 X 

The above table showed that for the steriod c{ ~ketols it is 

generally ,true. that (~) eq. (OH) or acytoxy $Ubstituent have 
,r· 

little influence on the Cotton effect. 

(.]a) axial (OH) or acetoxy substituents in ring A and B make 

large contribution to the Cotton effects of the same sign as 

chlorine or bromine in the·same pattern. 

(g) axial (OH) or aoetoxy subs-Iii tuents in ring C makes large 

contribut.ion to the Cotton ef'fect~bpposite sign to those given 

by chlorine or bromine in the same portion. 



_.1.. 

x 

-so-
to the correct ·prediction of the Gatton effect of 4 ~~a.oetoxy-

'cholestan-3-one48. but not of 3 a\-~ceto:x:y ch~lestanone48 or a 

12<.\-acetoxy-11-ketone or a 5 o(-acetoxy-6-ketone, although no 

conformatio:fchange is ·to be expected. As shovT.n in Table VI, 

Table VI 

O.R.D 

"Compound Peak Trough Molecular 
amplitude 

a 

5o(-Oholestan-2-one [cpJ . 6290° 
310 '1"" 

7:¢]z -5820° 
67 

-t-121 

3 ~ -OH-5 6\ -Chol.estan-2-
[4>1317 

+2540° '[ ")I -2330° +49 
one-acetate cp-"257 

3 ~-OH-5a\-Cllolestan-2- +6740° [¢]270 
-5320° +120° 

. one-acetate [¢1305 

5o\-Cholestan-3-one 
fip7307 

+3700° rcp~67 -2940 
0 

+55° 

2o\-OH-5c\-Cholestan-3-
' 0 

f¢~65 -2790° [<:/J]: + 3450 +62 
one-acetate 305 

2 ~-OH-5~-Cholestan-3- 0 
. . g ' 

tcp]: +1820 f¢k +6201''' ~12t 50 .. .. 
one-acetate 290 . 

4 ~-OH-5 ~ -Cholestan-3- · 
0 

.{¢~60 -2410° + 43 tcp]300 +1850 one-acetate 

· 4 ~-OH-5~ -Cholestan-3-
fcpJ32o 

4730 
[¢]270 

-970° -t-17 
one-acetate 
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3p -hydroxy-5o( -cholestan-2-one-acetate ~._shows the same ampli­

tude as 5o( -<?holestan-2-:-one in agreement with the Octant rule, 

since the equatorial acetoxy function lies in a nodal plane. The 

3~ b 
--) 

?, ~t e. 
-} 

lR I= Q:\e' ~?-= \-\ 

tR t = \-\ , 62.'2-::::. Ae... 

molecular amplitude of the 3o( -acetoxy derivative ~_.is consi­

derably reduced when compared. with. the parent unsubsti tuted 50\-

· cholestan-2-one ~· Since a 3o(-axial substituent in ring A in 

the chair form ~oUld be expected to enhance the Cotton effect, 

it is suggested that this ring is distorted in 32b in order to -
release the non-bonded interactions between the 3d( -substituent 

and the 1o(- and 5 o\_-axial hydrogen atoms. However, in a recent 

f - t i h l •t . di 48 
NMR study o axial and equa or al alco o s, ~ was ~n c~ted 

that the coupling constant of the 3-equatorial proton in ~ is 

in perfect agreement with a normal chair conformation for fting A. 
48 

The unexpected o.r.d curve of 2 P-acetoxy-cholestan-3-one ~ , 

on the other hand, has been taken as evidence for a twist confor-

mation of ring A. 
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'33b _, 
33 c. n I\ n n 
-· - ' , .... l = ~e. ' '" 2...::::: (<. 3 = F-.1.\ = l-\ 

.33v\. rJ n _, ""-\ = R'2...-= r's =-\-\} R'IA::::: Ae._ 

'33 e., R,::::: R'l..= P..z., = \-\J R.~ = Ae:.. 

The 4 ~ -acetoxy derivative ~ is also distorted in order to 

release 1 ,3-dia.:x:ial interactions between the 4 ~ -acetoxy and 

the 10~ -methyl groupings. The molecular amplitude of the 4<\­

isomer 33d, is somewhat decreased when compared with~· It' 

has been suggested that this may be due to reorientation of the 

acetoxy group in~- in order to avoid interactions with the Go( 

hydrogen atom. The aceto:x:y function is no longer in the. nodal 

plane and makes a mild negative contribution to the Cotton effect. 

Djerassi· and coworkers49a and 49b have shown that fluorine atoms 

gave contributions of opposite sign to alkyl (or chlorine or 
"fl 10 . . 

bromineJfl11-keto tigogenin ~. is characterised by a weak posi-

tive single Cotton effect curve associated with 11-keto steroids 

and introduction of an axial bromine or chlorine atom at C-12 as 

~_and ~ results in the anticipated increased amplitude and 

bathocbromic shift as well as in a~- inversion of _the sign of the 

Cotton effect. The latter observation is t1.n accord with the empiri-
l.ffJOL-

cal rule ~ already discussed. However, introduction of a fluorine .. 
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atom at C-12 as in 12o(-fluoro-11-keto tigogenin acetate 34d 

exhibits the same wavelength shifts as does the corresponding 

12c( -chloro analog:· ~ but the Cotton effect is of opposite sign. 

This grossly different behavior of axial fluori11e is also observed 

in the case of 9~-fluoro-ll~keto-progesterone-3-20-bisethylene 

ketal ~which showed a negative Cotton effect in contrastto the 

9o\-bromo compound ~where a positive single Cotton effect was 

observed. (Fig. 10) 

"3 -~a R-= R, = ~"2.=\-\' -) 

~0 3 Lt b ' 
-> R= A. e., 1<. \ = R. 2.. -:: P.rt-

lt 
.3 ~ c:. R.:: ~e., 6<. l -=- e.£) R '2."=- 1-l-

34d R= P.e.., R 1 ::F> 6<."2....:." 
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This behaviour bas been termed "Anti-Octant behaviour'! (Fig. 11) ~ 

-
I 
I 

I 

.X 

-t 

Normal Octant Sig1;1 
(for rear Octants) 
••••••••• nodal planes 

+ 
'. 

I 

-----L-----~~~·----~-------I 
X 

Anti-Octant Signs (for rear 
Octants) 

~ Fig. 11 

R E 
. . 50 

ecently, 4USlin and his colleagues . carried out c.d. studies 

on ring A hydroxy and acetoxy-ketones and some of the results 
50 

show anti-Octant effects. (Table VII ) (next page) 



r- ~ 

Compound 

3 Jh-OAc-50\ -cholestan-2-one e 

' - ' 

3 ~ -0Ao-5d:.._ -ob.olestan-2.;.one e 

oa\-oholestan-4-one 

3 ~ -OH-5 ~ -cholestan-4-one 

3 ~ -0Ao-5o\ -oholestan4-one 

5-0H-5~oholestan-4-one 

\:--

6 t: (nm) 

+3~2(289~. 
-1.1(210 ) 

·+ 1e45(300) 
-1.0(215°) 

-2.1(291) 

-1•95(289) 
+0.35(215°) 
-2.1(291) 
+1.25(210°) 

-0.85(302) 

+- ,l_ 
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Table VII 

CD in Methanol CD in Hexane 

Shifta(nin) D..D.max D.b (nm) 
of ~tone contr~- max 
n-?1iband butio:rf1 · 

Shifta(nm) J~. Amax 
·- o:r kitone contrib 

n~·n nand bution 

0 + 2.25~300~ 0 
·+2~35 292 ' 
-1.0(210°) 

AO -\-1.0(314) AO 
+1~05(305) 
-100(215°) 

-1~0{315l 
-1~6 304 
-1,6 296 

2- +0~15 -2•25(286) .14- -0.65 
+0.5(215°) 

0 000 -1.5(299) 5- o.o 
-1.6~291) 
-+1·2 210°) 

11+ +1.25,0 -1.1(306) 6+ + 0.5.,0 
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Table VII (Contd.) 

Compound CD in Methanol CD in Hexane 
!"'''>< 

Shifta. (nm) 6f. (nm) 1:1/Jm~ 
D. ~-(nm) 

4. /),.·'-
of ketone · contrib Sbifta(nm) max 
n~""TT'*band but ion max of ketone contrib 

n ~·11'ba.nd but ion 

5-0Ac-5d(-Cholestan-4-one . -2~9~294) 3+ -0"'8,AO ~2·3~299~ 1- -0.7 ,AO 
-\-2.4 214) +1.2 222. 

5 ~ -Qholestan-4-one 0.20(284) +0;25r07) 

5-0H-5 ft> -cholestan~4-one -0.9(306) 
+0~25 297) 

19-t-22+ -1.1,0 ·0~25 326sh) -o.55,9 
-0.30 316) 

5-0Ac-5~~cholestan-4-one +1.05(297) 13+ -\-0.85 ,AO +1.2(300) 2+ +0.95 ,AO 
.... -1~2(220) -1;05{220) 

5o\ -cholestan-6-one -1.60(292) -0·7~315) 
-1~2 305~ 

-2~55(303) 
-1.1(296 

5.-oH~5 a( -Cholestan-6-one 11+. -0.95,0 -1.45(308) ·a+ -Oe25,0 
5-0Ac-5o(-cholestan-6-one -1•9(293) 1+ -0.3,0 -1•2(302sh) 1- -0.15,0 

-0.8(220) -1~35~296) 
-0.55 222) 

5 ~-cholestan~6-one -4.2(294) --3;2~308) 
-3.4 299) 

. 5-0H-5 f3 -cholestan-6-one -5~1'zss>c, "6- -0.9 -4.4~296) 17- -1.2 
+2.45 215 +2.9 2150) 
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Table VII (Contd.) 

.;._, 

'' 
'. 

'f: 

CD in Methanol~···. -·.Compound 
~: .. n;eo(nm) Shifta(nm}b~mai- c_-

~·-· ~-: - of ketone .-oontri~ 
·· n~11~and 'but ion b 

5;..0Ao-5 J~-cholestan-6~one 

" • ,,... • ~ ' ~•· I·••' 

.:..;3.;7~293) 
+Oo9fs(220) 

4, 4, 14o<. -trimethyl;;;19 (10~ 9 fo f ·; · · 
abeo..;.10. C\ ..,;pregn-5-en-2,11,20-:. _ 
tri;one- .. ·;" -- '·· · - ... _;- :- · · ·_ · . _ +6 .45 ( 297 )-
4;4;14~ -trimetbyl..;.19(10~~) ·- · 
abeo-10.o( .;.pregn.-5-en7"3, ·_. _ · ·: ·.- _ .. _ 
11,20-:trione _ _ .· · - -- : +6~65(295) . 

' . --- . ,-- ' ' -- ' ' ' " - .:. - ' ~ ' ' ; ' ' +12; 0 ( 214) ' 
Anhydro-22-deoxo"cuctll'"bi tacin D: + 4o15 (302) · · 
' ' - - · - · · - · ', · 4-16-o0(216) · 

·--.+--. . .,. ·- ..... .... ~ 

1-

'/ 

,,.:· 

a. ·_:.bathoohromio-Fhypso·ohromio-. ·· · ·-- .. ,. · . 

:+0~5 

' 

l-· 

a.:£(nm) 
max 

-2;6(300) . __ 
-2~75(293):: 
41.15(220) 

·l i 

:;' 

J .. 

'- ··:· 

CD in Hexane 

Sllifta(mn) <1.6max-
o£ ket~ne oontrib 
n~lT band bution 

7- +0o65 -

·) ._, 
'! 

b :11 011 Octant contribution,. 11AO" anti-oc:tant.contribution. a ' ·end absorption. . -- - ' -· ' ' ,., ''- ·-- -_.. ''_ ' ' ' 
.e :.The!' results on these compounds should be compared ~ith an ORD' amplitude of. a • +121 for the 

· · · - - parent ketone in dioxan solution • 

. ·"· 

'·, 
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The results of three o( -ketals with a.xiC OR-group viz., 

the 5d._ -hydroxy-4-one, the 5_{3 -hydro:x:y-4-one and. the ·5 o(-hydroxy-

6-one show that in each case theo(-substituent makes a significant 

contribution of the predicted sign. 

Anomalous results were obtained for two a( -ketals with equa- · 

torial OH groups. In hexane solution, where strong infra-molecular 

11-bonding is expected, the spectra of 3 _r,-hydroxy~5c( -cholestan-4-

one and the 5~~~droxy~6-one revealed an unmistakable'contribution 

due to the equatorial substituent. This eff~ct in methanol, where 

the polar. nature of the solvent would be expected to weaken intra­

molectuar hydrogen bonds was no longer significant in the 3jB-hy­

droxy-4-one but was still apparent in the 5 fl> -hydroxy-6-one. The 

influen~e of strong intra-molecular H-bonding was evident e:s strong 

end absorption at 210-15 nm in the C.D. spectra of these compounds, 

particularly ·in hexane solution. Significant changes were observed 

in the corre~pondi~g OAc-derivatives. The aXial OAc-group of the 

. 5c/.. and 5_(6 -acetoxy-4-ones and the ~ o(-acetoxy-2-ones make a strong 

contribution to the ketone Cotton effect, but of a sign opposite 

to that predicted by the Octant rul·e -i.e •. (anti-Octant contribution). 

The sign of the Cotton effect in the 5 o(-acetoxy-6-one accords with 

prediction, but the magnitude of the. effect is strongly reduced by 

comparison with that of the corresponding OR-compound. The· effect 

of this anti-Octant be~vior of axial OAc-group is demonstrated 

clearly in the case .of 5-hydroxy-5fo-cholestan-4-one where acetyla-' 

tion of the tertiary OH-group leads to reversal of the sign of the 
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ketone n-iT effecif. The C .D. spectra of 3 J3- aceto.x:y-5o(_ -cholestan-

2-one and 3 ~-acetoxy 5CJ\-cholestan-4-one and the data already re­

ported in the literature (Table V, Tab~e VI)~~ Table VIII)for 

Table VIII 

c.d and O.R.D data for related derivatives of 5o(-cholestane; . 
c.d. curves measured for'solutions in diaxan (D) or ethanol(E); 
O.R.D cu_~es measured for' solutions in methanol-dio.x:an (2:1) 

C.D 
i\ (mJii) 

O.R.D 
Solvent .Ll €: XCm }A ) a 

3 ~hydroxy-4-one D 286 -1e91 303/263 -101 
E 287 -2.32 

3 ~ ...:ac.etoxy-4-one D 290-295'-: -1.82 305/265 -105 
E 289 -2.08 222 +59a 

4 ~-hydroxy-3-one D 280 +1~·32 298/258 +62 
E 283 +1<1)12 

4 c\ -aceto:x:y-3-one D 287 +0.95 298/259 +39 
227 +0044 226 -5a 

E 284 +0.83 

227 -+0.64 

various A-ring equatorial o(-ketal acetates are in agreement with 

the Octant rule since· these OAc groups contribute insignificantly 

to Cotton effects of the correspon~ng parent ketones. The result 
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5-hydroxy -5,8-cholestan -4-one- ·· 0 
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~ . 50 
reported by· Ens-uin .and his cowoarkers on the 5 [6-acetox.y-6-on.e 

is. however, an important exc_eption since this equatorial OAc­

group makes a demonstrable positive contribution in both hexane 

and methanol (Table VII). 

Enslin and his colleague studied the space-filling models 

( Courtauld Atomic Models) of the abov~o( -ketals and their acetates 

and ·made the following observations (1.) free rotation of the OR­

groups of all thed\ -ketels is possible, but in axial cases, 1,3-
' . 

di~ial ~nteractions suggest some conformational preference- which · 
. . 51 

is strengthened by the knovm (albeit w·eak) OH---·iTCH bond· • · (2) in 

compounds with an.equatorial OR-group, the strong OH···~n-OH bona
51 

should result in a conformational _preference. ( 3) In axial OAc 

compounds there is complete restriction of rotation about the 

-C-0- bond of the OAc group. In the equatorial OAc- compounds such 

rotation is also severely contained, but not to the same extent as 

axial cases. However, one notable exce_ption is 5-acetoxy..;.5~ -choles­

tan-6-one, where rotation about the C-O bond of the equatorial 

(relative to' the 6-ketone)o\-substituent is completely frozen· 

since this function is at a cis~ring junction and is therefore 

axial relative to the A-ring. Significantly,,this is also the one­

o(-ketal acetate in which an equatorial OAc-group makes a remarka­

ble contribution. to the ketone n- ·n~Cotton effect. 

(A) Due to the severe rotational barrier imposed upon OAc-groups 

in these compounds, two discrete conformers appear to be possible, 

in one in which th~ OAc-carbonyl group is oriented toward .t.ba ketone 
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and in the other, away. It is therefore feasible that in the former 

the proximity of· the two optically active ftmc~ions may lead to 

coupling of their respective n- n*transitions. It is also possible 

that a more important factor- that is perturbation-of the ketone 

n-·n*transition by the-lone pairs on the "ether oxygen" of the 

adjacent OAc group and the spatial orientation of these lone pairs 

relative to the ketone may be decisive in determining anomalous 

behaviour. 

(5) Since the models demonstrate that conformational preferen-

ces of the OC-substituents exist, and further that the constrained 

orientation of the C-O-oxygen lone pairs in each ~ -ke.tol acetate 

differs from that pre·ferred in each d..' -ketol, this difference may 

well influence the amplitude and sign of the ketone n- n1t=- transition. 

Consequently, any factor vrhich alters the lone pair orientation in 

a sterically restricted environment will result in an observable 

effect upon this transition whether the (}(-substituent is equatorial 

or axial. 

Snatzke and Veithen recently52 studied the C.D. curves of 

5-amino-50C-cholestruL-6-one and its N-acetyl derivative and they 

observed a large difference in amplitude between the C.D. maxima 

of 5-amino-5 C( -cholestan-6-~ne and its N-acetyl ·derivative. Enslin 

and his colleagues suggest that here also, a difference in orien­

tation of the nitrogen lone pairs of the two compounds relative to 

the CO-group could play a role. 
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53 
Recently, Bartlett and his co-workers measured the o.r.d 

and c.d. of a series of hydroxy and acetoxy derivatives of(·+) 

bornan-2-one [ ( + ) Camp~or .27. R i· • R 2 • H J and (-) bornan-3-one 

[(-)-epi-carnphor· lli!; R1 = R2 = H] which are summarised in Table 

I!• The·se data also present a clear picture of apparent anti-Octant 

effect by oxygen containing substituents. 

Table IX 

C.D. of bornanone. derivatives: Summary of 6 f. values 

and differences ( ~ L} E.).Sol vent, Hexane. Principal c. d. 
maxima only a.re shown. Signs of t:. A G: ar~ "Anti-Octant" 
in every case. 

Hydroxy groups J\/mn ~)\/run 8.(; 61Jf 

Borna.n-2-one 303 .... J)' +1.50 -- . 
endo-3-0M' 320a 417 ·-\· 0.31 a -1.19 

exo-3-0H 304 -\-1 +1.85 -+0.35 

Bornan-3-one . 306 -1.46 

endo-2-0H 317b +11 -0.76 + 0.70 

exo-2-0H 304 -2 -2.07 -o.61 

Acetoxy groups 

Bornan-2-one 303 +1.50 

endo-3-0Ac 325c '+22 -+0 .36e -1.14 
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Table IX ( Contd.) 

Hydroxy groups '1\ /nm AAjnm .6f !J..At 

. Acetoxy groups 

e:x:o-3-0Ac 304 +1 + 2.18 4- o. 68 

·Bornan-3-one 306 -1G46 

endo-2-0Ac 327d -\-21 
d -0.23 ·+1.23 

exo-2-AA.c 308 +2 -2.34 -0.88 

Additional maxima o£ opposite sign at shorter wavelength. 

p._' 
I 
I 
I 

(2_); 

b. f. 

a -0~20 
b +0.16 

31 

(+) - Ro.,-1'\a.:l'\. - ?.. -o-ne 

\_~) -Ca..m\>RoTJ. 

-· )\/nm 
. 288 

283 

f). f. 

c -0.09 
d +0.35 

'J\ /nm 
283 
292 

<.7-) 8 01 -r.a. "')'\ - 3 - CJh e 

. [(-) ~~i- Ca.'ln):>f..m] 
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All the C.]) .. substituent differences ("l~ A f) values for solutions 

in hexane in Table IX above are of "Anti-Octant" sign. The endo-·-
isomer in each pair produces the larger effect, although the mag­

nitudes of the differences vary. The a.d data for solutions in 

dioxan and methanol (Table X) show a similar trend, except that 

~o-2-hydroxy bornan-3-one shows a small 11 0ctant 11 substituent 

effect in methanol. 

Accqrding to the authors, all the hyduoxy ketones exhibitGu 

very little or no fine structure in their c.d. curves even in hexa­

ne, which may be the result of intramolecular hydrogen-bonding 

between the hydroxy ru1d ketone groups in non-polar solvent. Joris 

and Schleyer51 have foUn.d evidenc~ for 1:nofderately strong hydrogen 

bonding in the :J!e'R. spectra of some related hydroxy ketones in .,_ 
'R;::.t 

carbo~etrachloride. In the case of ~-bydro;y ketones 21 (R! = OH}) 

and ~ (R1 • OH, R~ • H) there is no appreciable bathochromi~ s;l~ 

vent shift between metl~nol and hexane, in contrast the parent 

ketones, however, show a pronounced shift on chru1ging the solvent. 
0 The acetoxy-ketones· are in IQ.any ways analogus to the hydro-

xy compounds, but with the unusual features exaggeratede 
It 

The authorsstated that there is no certainty that the con-

i'ormation of the acetoxy-group itself is fixed, although the J!f>r"'-/ 
ferred contormation of many other acetoxy-compounds54 appears to br 
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Table X 

+· 

Cotton effects-of camphor and epi-camphor derivatives 

_--l 

Solventsi·M; metha..n.ol; D, dioxan; H, hexane; polarities as measured by ET values are respectively 
55.5, 36"0 and 30.9. a/ot · should be 40.28 in the theoretical a~se of~ perfect Gaussian c.d._ curve. 
The experimental values are given to the nearest whole number. 
Fine str:ucture: 0, none; W, weak; M, medium; S, strong. The partial. band of largest Ll t: max is shown<» 
-~ .;. ,_: ' . .~ . ' . 
J..-.i. .... VI •• '.< - .... • ...1 i' 

* [¢]x 10-2 for single extremum0 

' . - . . . ~ . . ~ - - ,. 

Compound 

Bornan-2-one 
(+-)-Camphor 

Solvent 

M 
D 

H 

endo-3-Hydroxybornan-
2-one M 

D 

·H 
exo-3-Hydroxybornan- M 

2-one D 
H. 

U .v. -,bs~rption )\ c.-d. Ll f: 
"-max .run, . (nm 

(Cmax .in ..... 
parentheses) 

290(30) 

292(24) 

303(34) 

. 301(31) 

295 +1~39 
309sh +1~04 
299 +i~45 
290sh +1~20 
314sh +1~01 
303 +1~50 
294sh +1e34 

314 -t-0~7-1 
324 +0;61 
314: +0~53 
320 +0~31 
288 -0•20 
307 +1~64 
311 +1•70 
304 +1.85 

00r.d. 
1\jnm of 
extrema 

314/276 

315/275 

320/277 

330/294 

323/300 
331/303 
303/273 
328/287 
333/287 
329/283 

a 

+58 

·t63 

+63 

-~6 

-4-31 
+19 
-9 

+67 
+69 
-+86 

~/4t; 

42 

43 

42 

43 

- 49 
52 
42 
41 
41_ 
46 

Fine 
structure 

(c.d.) 

0 

w 

'M!lf 

0 

w 
0 

0 
0 
0 
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Table X ( Contd~) 

--
- -------------------------------------------------- ·-----------·-------------------------------------------------Compound Solvent u.v.absorption f. Cede f).f: o.r.d~ Fine 

. ~axlnm; . /nm "Ajnm ·of a C"'-/IJ. f:. structure 
(t-max in .... extrema· {c.d.) 

parentheses) 
.. . .. 

en.ao..:.3 .. Acetoxy- M 333 -0~03 330* -2*pk 
pornan-2-one 3~3 1""0 ~06 w 

292 -0;425 306/270 -19 45 
D q23 -+0; 365 330/30 6 1'" 16 . 44 Ivl 

312 +o;3oo 
288 -0 ~ 155 306/270 -11 37 

H 302(45) 325 -t0~~6 331/308 -t-17 47 MS 
313' +0;34 
304sh -+0;10 303/263 -8 
283 -0.09 

e:x:o-3-Acetoxy- M 305 2;15 325/285 +95 44 0 
. bornan-2-one D 307 2~23 327/285 +103 46 0 

H 290(71) 304 _2,18 328/285 +93 43 0 
Bornan-3-one · M 299sh -1;58 -62 38 w 

(-)-epi-Camphor 295. -1~65 310/27.1 
D 312sh --1~04 

303 --1;52 316/276· -64 42 w 
294sh -1.36 

H 295(27) 317sh .:ZQ"'CfE, "' .~ . ..., 
'·' • •• • mJ .~•·-.,~'!-' V 

306 ;...le46 320/276 -62 42 M 
296sh -1.34 

Contd. 
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Table X (Oontd) 

' . - ~ .... - .. -- ..... -

Compound ---SOlvent ~ .. v.,b~~rption --o-;a:_-.-;----- --- --o.r_ .-d.~-.. - --
mM .nzn, ~'/nm · /J.f 'Afilni. of a. 

. · ( tma:x: ·in · .. extrema. . 
·parentheses) · .· · 

endo-2-Hydroxy- M 313 -1~78 329/28~ -79 
bornan-3-one D 329sh -1~16 

316 -1~34 331/297 -60 
H 300(19). 3i7 -0~76 330/297 -37 

~· . - -~ ... 283 ~0~1;6 
exo-2~Hydroxy- M 3030~7) 307 -1;64 325/281 -64 
bornan-3-one n· ... 311 -1~80 330/285 '•72 

• , ' • • ~' • ~ '~ 4 ·~- - H 302(26) 304· ~2;07 . 323/278 -82 
2:rido;.;;.2-.Acetoxy- M 333• ·-t-0 ~02 333 -t-7* 
borna.n..;.3-one 325 -o;os 

293. -ro·~o5 310/272 --r:i.9 
D 325''" -.~0~2Q 333./308 -16 

31$sh -0~09 . I 

. -.. · . . . 291: . +0~38. 308/273 +:i. 7 
H 304(54) ~2~---·· ~0~23 3~~/311 -1'4 

.. { .. 316sh -o;o8 
....... _, •• .... ,;t ··-· .. ' ... - ... 292 +be35 311/269 +15 ... 
exo;.:.2~Aoetoxy- M 303 -2~4Q 326/260 -122 
bornan-3-one D • I , 308 ~ -2;57 330/285 . ..;;.115 

H 304(48) 308 -2.34 . 332/284 -105 
~ '~ ~ ,;p ..:• .. l .. ~ ·:J •\l. ~ .!;' ., 4 ''I' .. ..: -~ •.• " ' :.;;. ;: ~ • ,,; -1 ..• '"' .... >(:1 •• ..., ' ... + • ) ~ •• "' • .. ' - .~ 

.<A-/Af 

44 

45 
49 

39 
40 
40 

35 
64 

45 
61 

43 
51 
45 
45 

_1_ . 

·Fine· 
structure 

( c.d.) 

0 

0 
0 

0 
0 
0 

o. 

w 
w 

0 
0· 
0 
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of the type found by }!Jathieson55 for secondary acetoxy groups, in 

which the 9arbonyl is eclipsed with secondary hydrogen (as in pro­

j eotion ~ __ and 39b ) .. 

3o(-~ 

This should not be taken for granted .in the present series of . . 
compounds because a¢pole- d~pole interaction between the ketone 

)) 
and the ester carbonyl group may significantly alter the situation. 

' I . , 

1 ., . 
The endo-acetoxy ketones ( :1.37, R = H, R~- = OAc) and ( 38, - ,~ ·-· --

R~- · = H, Rf~ = OAc)' exhibit complex c.d. curves, possibly owing to 
0 . 

s;Alvation •. The ~-compounds (aceto:x:y) show simpler curves than the . 

e~-epimers. They do not show c.d. maxima of opposite ~i~ (Table 

. X). 
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It will be observed that the four compounds (indicated by 

foot notes in Table IX) which show double c.d~ maxima of opposite 

signs are the en:d.o-3-hyaroxy-2-one and the endo-2-by'dDoxy-3-one - -
( lffl. -R.e..-~ .. a.:Y\e O'll.l'j) and the corresponding endo-acetoxy ketones in all 

these solvents; in all cases this additional maximum· (Oa 290 nm) 

shows an "Anti-Octant" effectJwith respect to the parent compound's 

maximum at • 303 nm. 

The authors have discussed in the paper the possible expla­

nations for this effect. According to the~, since the bornanones 

have relatively rigid structures conformational equilibria in the 

carbon framework can probably be excluded. Although a moderate 

degree of flexibility in substituted bornanes and related compounds 

has recently been demonstrated from X-ray studies56 , the authors 

suggest that the possible distortions are unlikely to alter signi­

ficantly the Octant dispositions of structural features in these 

compounds and should not afford ~vo conformationally distinct 

species. Further, they stated that although there is the possibility 
. . . 

of two or more com$onmers about the 0-0H and 0-0Ac bonds- such 

conformer are not likely to afford O~d. maxima of opposite.sign~ 

They, however suggest that there· is the possibility that the 

"double humped" curves. represent parmi tted and forbidden branches 

of the same transition. 
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57 ' Fishman and coworker studied the o.r.d. of steroid ring-

D Ketal-acetates (~, !!) which also present another example of 

11Anti-Octant 11 effect by oxygen-containing subs·t;ituents (Table XI).The 

H 
4i 

anti-Octant A a values for OAc found in the bornanone series in 

Methanol (Ca ±60) agree well with values (Table X) recorded for 

the steroidal acetate ~ and ~· 

Since, halogeno-substi tuents a(-to the car'Qonyl in ring D 
• dif steroids show normal Octant effects bn the o_.r .• d. and c.d. cur-

ves, it may be presumed that they cause no major distortion of ~ing 

n. In the present case, also it is reasonable to assume that "Anti­

Octant" behaviour of acetoxy group in ring D arises due to some 

cause other than conformational change. 
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Table XI 

O.~.De data for Steroid ring D Ketal acetates56 

Solvent-dioxan. 

Ketone or acetoxy-ketone a Lla for OAc 

14 ((-Configuration 

17-CO + 132 
' 

17-CO; 16(( -0Ac +176 -t-44 

17 CO; 16 ~ -OAc + 85 -47 

16 CO; -264 

16 CO; 17i -OAc -313 -49 

16-CO; 17 ~-OAc -202 +62 

14 0 -Configuration 

17 CO; +35 

17 CO; 16~ -OAc +51 ·+16 

17 CO; 16 (3 -DAc -57 -92 

16 co +110 

16 CO; 17 o/-DAc + 96 -14 

16 co; 17 ~ -OAc +194 -t 84. 

--:----

--------------·------------------------·--------~---------------
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C$D. measurements and Stereochemistry of the e~imeric 

3-hydroxy-2-Ketones viz. aAhydro-22-deoxo isocutcurbitacins 

D and anhydro-22-deoxo-3-epi-isocurcurbitacin D: 

. 58 
In 1967, ~.Snatzke and his co-workers deduced the stereo-

chemistry of the epimer~~3-hydroxy-2-ketones- the isomers (~; ~3 J 

R = H) on the basis of c.d. and 6ther physical data. 

4~ -

The isomers~- (R =H) ~nd,!2_(R =H) exhibited u.v maxima of 

~ 288-289 .m. m;.' The corresponding acetates (42; R = Ac) and (!2 

R = Ac) had U. v·. maxima at 291 m.m, while the Ii.~. peak due to the 

2-ketone group appeared at 1736-37 c1;~ ~ These results indicated an 

equatorial conformation of the 3-hydroxyl or 3-aceto~y group in 

these compounds. The bathochromic shift ( 2 to 6~·~) of the c.d. 
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maxima on acetylation of the isomers (~, R = H) and (~, R =H), 

A~ max remaining una.l tared (Tabl~ XII and Fig. 13 )also supported 

this conclusion. On the basis of the u.v. shift rules the fact that 

the ~d. maXima of the isomer (~; R ·=H) ~d.its acefate (!2; 

R = Aa) appear at a higher wavelength than those of the isomer 

(~; R =H) and its acetate (~; R • Ac)could have been considered 

as evidence for an axial orientatiqn of the OR group in (~, R = H 

or Ac). Similarly from the N9M.R spectral .data, the fact that proton 

at positiop. 3._resonat~s at_a higher field (.42, R = Ac) at'! 5•05 

than in ~ (R = Ac) at '1-" 4.92, could have been considered as evidence 

for an.equatorial hydrogen (axial OAc group) in isomer~ (R = OAc). 

·Compound 

(!?_, R :H) 

(,ig R = Ac) 

{1&, R : H) 

(~, R • Ac) 

Table XII 

Circular.dichDoism of ring A-Keto Chromophores 

Position of maxima in~)'-, J.ltin parentheses
58 

275sh ( -3.02) , 285 ( -3 .. 46) , 304sh (-i.;~'15) 

315 sh (-o.12), 3i8 (0), 325· ( + 0~37) 
279sh (-2~31), 291(-3.00), 298sh (-2.75) 

250 (~0.13), 270(0), 295(~0.52), 304(-0.40) 

267 (+0.08, 273(0), 297 (-0.48), 305(-0.40) 
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( 43 . R= H ) 
7' 0 ___ ,_ 

-I 

t -2 / \Y 

<l 
-3 

·-4~----------~----------~-------------------250 300 350 

Fig. 13·. Cotton effects of ring· A ..... chromophore 
in 3 -hydroxy -2-ketones 

( 4 2 R = H ) and { 43 R = H ) 
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These conclusions are, however, valid only if it is assumed that 

ring A is in the chair conformation in 'both isomers. In compounds 

with ring A in twist conformation e.g. in 2F> -acetoxy cholesta.n-3-

one 48 and 2(3- bromo lanost-8-en-3-one59 the Cotton· effects show 
. ' 

a hypsochromic shift. compa+>ed to t·he 2 o( -isomers in the chair con-

formation. Furthermore, in the n.m.r~ spectra of. 2o( -and 2~ -acetoxy 

cholestan-3-one it has been found that the proton at position 2 

resonates at lower field when it is axial on a twist ring (~4.88 

in 2 J3 -isomer) than when it is axial on a chair ring ('\' 4. 93 in 
48 

2 c(-isomer) • Thus an equatorial conforma.tion of the acetoxy group 

in both isomers (~, R = Ac) and (~, R = Ac) wouJ.d require that 

ring A is in the twist conformation in the first case and in the 

chair conformation in the second. 

The c.d. maxima of the. isomers (~, R = H) and (!2, R a H) 

differ in their amplitudes considerably (Table XII) indicating that 

the ring A in these two compounds has different conformations. From 

an Octant projection of the 2-ketone in the all chair form) one can 

predict a moderate negative ·Cotton effect Fig" l_i; the C and D · 

rings are somewhat mobile relative to ring A as a result of the 

~5- double. bond. 
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Fig. 14 Octant projection of a ~-oxo-cufcurbitacin 

(R : OH or OAc) Ring A in chair conformation. 

Figs 15. Octant projection of a 2-oxo cu.fcurbi tacin (R • OH or 

OAc). Ring A in ~wist conformation. 
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In the twist form (Figure 15), according to known rules25,47 a 

strongly negative Cotton effect can be predicted sincet:he 2-ketone 

is one of the points of the twist. On the basis of above, the 

authors assigned isomer (!2, R = H) a structure with ring A in the 

chair form and isomer (,ig_, R = H), a structure with ring A in the 

twist form. 

From considerations of (a) different interact·ions (b) 

energy differences between the chair form and twist from (e) 

geometry for hydrogen bonding, the authors deduced that r~ A 

will prefer a conformation in which the hydroxyl group is in the 
.. 

equatorial position. For R = Ac in the 3~ -isomer (~) in the all 

chair conformation there is a destablis,ing repulsion between. this 

axial group and the 1 F>·hydro"gen. In the twist form, a 3 o( -axial 

acetoxy group suffers a flag-pole-flag-pole interaction with the 

10~-bydro gen. From the above considerations they assigned OR group 

in compound (~, R = H or ¢Ac) as 3 o( -configuration (ring A chair) 
~ ion and compound (~, R = H or Ac) as 3 .1:"' -configuratSi! o It may be noted 

t.n-
that,z_ the two isomers, the double bond is in the nodal plane (x, 'Z) 

of the 06-group and is therefore not expected to exert any direct 
1influence upon the cbromophore. 
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CHAPTER-II 

Autoxidation Studies on B -amyrone=.. Investigation on th,it 
~ . 

§..ter9_9chemistry of 2 acetoxy;_3-keto fb -amy:rin arid 3-acetoxy 
. .., 

2 keto .~ -amyrin. 

Section A: Introduction 

A number of 2,3 isomeric diols of triterpenoids have been 

isolated from natural sources. A new. method for the preparation of 

2,3-diols of triterpenoids, from the diosphenol obtained by the 

autoxidation of a 3-keto triterpenoid has been described by Misra 
62 62 ' . 

and Khastgir • They have shown that three out of the four is~-
12 meric 2,3-diols of A -oleanane can be successfully synthesised 

employing the diosphenol 1Q as the starting material. The scheme 

of their procedure has been depicted in Chart 1 e·The generality of 

the method has now been demonstrated by the synthesis of the similar 

2,3-diols in the oleanonic acid series and Moretanone (Isohopanone) 

series (the details have been.described in Part II Section ~~~c 

Pages 1~9; H.o of this thesis). 

During their studies on the autoxidation of ~ -amyrone ·!1 
: . 62 

Khastgir and colleagues prepared 2-acetoxy-3-keto-fo-amyr~n and 

3-acetoxy-2-keto-jb-amyrin and.assi~ed the structure and stereo­

chemistry iZ and ~ respectively to these compounds on the basis of 
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NMR spectral evidences only. From the discussions which follow 

it will be evident that the n.m.r. spectral data alone were not 

sufficient to assign the stereochemistry of the compoWlds iZ, and 

.1,2. We therefore undertook o.r.d. study of these compounds with 

the hope that this would provide a second criterion in addition to 

n.m.r. spectral evidence .in establishing the stere9chemistry of 

·the compounds. The results of our o.r.d. and other physical studies 

are described in the following lines. 

Section B: Autoxidation Studies on 5 -amyrone: 
. ' ~ .. 

The starting material f-,1-amyrone i1, was obtained by the acid 

isomerisation of. Tara~rone60 isolated +rom the bark of Sapium 

·bacc~tum Roxb61 (see experimental page G' ) .. OXidation of p -amy­

rona 62 !! by pass:i,ng oxygen through a suspen13·ion of it in tert. 
0 . 

butanol containing K-tert butoxide gave a compound m.p. 200-202 , 

(~ )D 124.37°. The material showed positive ferric chloride colo­

ration and two spots on a cbromatoplate indicating that it was a 
. 

mixture, of dl>lcetone and diosphenol .1.§_. Its U. V spec·trum exhibited 

a maximum at 270 mjA- ( E: , 7932) and its I .R. spectrum in nujol showed 
-1 peaks at 1100, 1650, 2960 and 3570 em • Acetylation of !§. with 

acetic anhydride and.pyridine gave the acetate!§ (TLa homogenous), 

m.p. 172-73°, (a< )D 107.69°~ The acetate showed a u.v absorption 

maximum at 236 m_f-( f., 9915) and its I.R. spectrum in nujol exhi­

bited peaks at 1205, 1685, 1720, 2950 cm-1 • These spectral data are 
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in good agreement with the structure iQ. and !§. for the diosphenol 

and its acetate respectively. 

Diospheno~ acetate !£ on hydrogenation in the presence of 

10% Palladium-on-charcoal catalyst gave a solid product !1, m.p. 
0 . 0 1 

158-60 , (o(' )D 108~-~57 , I.R. in K.Br 1225, 1238, 1730 and 17.50 em- • 

The ElliiR of this compound (Fig. 16) showed a multiplet at 5.62 ppm 
63 for the proton at C-2 , but no signals were detected in the region 

4. 95 ppm region characteristic. for protons ~ to a keto group 

· (-C6.CH2 ) as was observed in the case of compound~· As the x· 

part of an ABf pattern with a width of 20 Hz (sum of J) the proton 

must be axial.with.an axial-axial and axial-equatorial coupling with 
48 ring A in the chair conformation • The NMR data is thUs in accord 

c~~-I 

l 

-
-. 



Fig. 16 NMR spectrlli11 of 2 ex -acetoxy-(3 -amyrone 47 
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with the formulation of this product as the 2 o(_-acetoxy-3-lcetone 

i7.-- the acetoxy group- at 0-2 being equatorial. 

O.:R.)l. studies on_ 44 .... ~- !1 .. : Anti-Octant effect of the 

§:.cetoxy groups 

It occurred to us that the NMR signals exhibited by i1 
as described above could have been considered as evidence for an 

2 {6-axial orientation of the 2-acetoxy group in the boat conforma­

tion of ring A as well as for 2o\-equatorial acetoxy group· with 
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the chair eonformation of Ring A. We have already described the 

o.r.d. and c.d. studies of Bu.J.l·arui Enslin .and IQ.yne et al (page 3 4,lrl 

of this thesis) from which it appears. that in many cases, though 

not in all, the effect of an acetoxy group to the carbonyl chromo-

* phore is anti-Octant i.e. the contribution to the carbonyl n~rr 

Cotton effect is opposite .. to tbat of an alkyl group in the same 

position. Since o.r.d. studies are expected to tbrow·more light on 

the stereochemist~y of !1, we carried out o .r. d. measurements. on 

the parent ketone !i (Fig. 17) and iZ_ (Fig. 18). If we consider 
. 

our parent ketone ~' the conformation of ring A is most likely to 

be a flattened chair to relieve the diaxial interaction between the 

10 _{:>-methyl and 4 ~-methyl group and this leads to a positive Cotton 

effect64• The same conformation is possible for the 20\-acetoxy 

. derivative i7. bu-b as .a consequence of the flattening ·of ring A, 

the 2c{_ (equatorial) acetoxy group does not lie in the nodal plane 

of the carbonyl group but protr~des into the back·upper right 

Octant. An alkyl group in that situation-would make a negative 

contribution to the Cotton effect but the acetoxy group_ shows an 

"anti-Octant" efiect and makes a positive contribution.· Therefore, 

as the o.r.d. studies indicates (Fig. 18), if the compound !1 has 

the 2~ -acetoxy configuration, we would expect it to have a more 

positive Cotton effect than the parent ketone. The alternative 2~­

acetoxy contiguratioh ·with the boat conformation of ring A would 

lead to a small negative Cotton effect. In the ORD curve of the 
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Fig. 17 ORD curve of~ -amyrone 44 

. +310(307) 

3 0 

AcO ····r-t--} .. 
0~ 

400 
~)\(nm) 

-830(4001 

2.,(_- aceto•y -/!>- amyrone 

Fig .. 18 ORD curve of 2 CC -acetoxy ~ -amyrone 47 
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componnd 11, the amplitude$ I is greater ·bhan. the amplitude in the 

corresponding parent ketone. Therefore, f"rom O • .i..J). results coupled 

with n.m.r. spectral data it appears most likely that compound 47 

has the 2c( -equatorial acetoxy configuration. 

~r.a-. study on 2-l~eto-3-acetoxy -j9 -arnyrin.: ::
149 ~ 

Hydrogenation62 of"~ in presence. of 10% Palladium-on-char-
. . 0 0 . ' ~ 

coal-catalyst ~ave a soli~!§, m@p._180 -82, (~ )D 101.70 
A 270 m M ( f : 43), Jl nuJol 1720 and 3500 cm-1 -tFi-§. 7 IDI!R. max :1·v max · 
spectrum (Fig. 19) of i§ showed a signal for·an olefinic proton 

(C-12H) at 5.09 ppm as a multiplet. A broadened multiplet appeared 

at 3.89.ppm which collapsed to a doublet (J: 1.5 Hz) and also a 

hydroxyl proton (-OH) signal at 3.43 ppm which disappeared upon 
' -
treatment with n2g • This information along with the presence of 

AB doublets at 2.48 ppm ( d, J = 12.5 Hz) and 2.08 (d,d, J = 12.5, 

1.5 Hz) suggested structure 1§ for the hydrogenated product. The 

small coupling_(1.5 Hz) of C-3H is consistent with a long range 

coupling to one of the protons at C-1. Acetylation62 of the latter 

gave the acetate 1J!, m.p. 276-78°, ( o( )D +127 .08°, UV A max 276 mF 
::;.1 KBr -1 ( E. , 81) , IR Y max 1725 and 17 40 em • 

The m~ spectrum of 49 (Fig. 20) has the olefinic proton 

signal at 5.18 ppm (broad multiplet) and the doublet (C-3H) shifted 

to 4.95 ppm (ol, J = le5 Hz) consistent with acetylation of the C-3 
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Fig. 19 l~IR spectrum of 2 keto- f?>-arnyrin i§. 
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hydroxyl group. Half of the AB pattern ·appeared at 2.42 ppm (d, 

J = 12.5 Hz), the other half was obscured by other signals but was 

estimated to be near 2.15 ppm. During th~ process of hydrogenation· 

. it is presumed that the attack of the hydrogen atom took place from 

the less hindered side (1, 4-addition) with the formation of 2-keto 

1 ~ -amyrin !§. 

o.r.d. measurement of ~was carried out and is shown in 

Fig. 21._ The compound ~.with ch~ir conformation of ring A and a 

3 fl-equatorial acetoxy group would be expected to exhibit a posi­

tive Cotton effect• This is in accordance with the o.r.d. experi­

mental results. T}1.us the stereo. chemistry as shown in ~. is consis-

tent with the o.r.d. and n.mer. spectral evidences. 
I 

~e stereochemistry of 2-acetoxy group in~:_ Qhemic§l 

evidences: 

In order to adduce further chemical evidences for the 

stereochemistry of 2-acetoxy group Misra and Khastgir62 carried 

out the reduction of ~ with sodium borohydride buffered at pH 8 
63 

(to reduce isomerisation) and o.btained the reduced product Q.Q., 

m.p. 246°-4s-0 , ~~~ol 3430 (hydroxyl), 1720, 1245 cm-1 (acetate). 

The compound QQ. on hydrolysis gave a solid m.p. 202-4°, (o( )D 60.0°. 

The latter has been assigned structure Ql..as it has been found to 

be identical with an authentic sample of '6.
12-oleanene 2o(, 3 p-
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2-Koto-/3-amyrtn acetate 

[.,l.] 

Fig. 21 ORD curve of 2 keto-~ -amyrin acetate 12 
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diol (m.m.p) prepared by Sengupta et al from crategolic acid •. 

The NMR of §l. (Fig. 22) showed signals for C-2H and C-3H at 3.67 

(t, a·, 10, 10.5 Hz) and 3.,00 ppm (d, 10 Hz) respectively in addi­

tion to the olefinic proton signal at 5 .18 ppm. The :::a;put:ttt·a:n~ ::b:t: · . . . 

C-2H is consistent with its having large axial-axial coupling to 

C-3Ha and 0-1Ha and a smaller axial-equatorial coupling to 0-1 He• 

The above evidenced.clearly·indicate the q-equatorial orientation 
. I 

I 

of the acetoxy group in iZ provided we argue that in the sodium 

borohydride reduction no isomerisation had taken place. 

Further it bas also been r epor·ted by Misra and Khastgir62 

that Meerwein P.ondorff reduction of 2-keto-f.> -amyrin i§ afforded 

a solid m.p. 278-80° ·(q >n· 71.28°, )} ~~ol 3420, 2960, 1450, 1040 

and 835 em - 1 and has been assigned by them the 2 o(' , 3 .:\_ -diol 

structure §g on the basis 9f its NMR spectra. The NMR of §]. (Fig. 

23) has a doublet .at 3Q41 ppm (after n2g exchange) with splitting 

of. 3 Hz' indicati~of either equatorial-equatorial or axial-equato­

rial coupling. The signal for C-2H appeared as a double triplet 
I 

at 3'4> 98 ppm with spli ttings of 12.5, 3 and 3 Hz, establishing it 

as an axial proton with one axial-axial and two axial-equatorial 

splittings •. 

In order to provide further chemical evidence for the 

stereochemistry of the 2-acetoxy group in i1 we prepared the 

monoacetate ~ by the partial acetylation of §&with a calculated 

amount of acetic anhydride (1.~1 mole) in pyridine for 12 hours at 
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00 c. The monoacetate Q.2 had m.p~ 195°-~7°··~ (o(' )D 89.53°, Ill [aax 

.ynujol · · . ~.i 
I .. R. max 3450-(0H), 1750(0Ac) andt720 (ketonic carbon), 

1280 em - 1 (Fig. 24) • Oxidation of_ the latter ·compound by Cro 3-

Pyridine method
66 

gave a cr:tstall,tne. solid Q.1 (TLC homogenous) 
lOS· .So 

m.p. 158-9° (c( )Ji which was indistinguishable from compound iZ,, 

(mixed melting point determination and Co-TLC) thus providing/a'___. 

further complimentary evidence for~-equatorial orientation of the 

acetoxy group in 11· 
o.~.~. studies, liMa spectral observati~ns and chemical 

evidences/lead us to conclude -vvi thout any ambiguity that the 2-
/ 

acetoxy group in ii has the c<..-equatorial configuration with ring A 

in the chair conformation. 
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CHAPTER -III 

EXPERIMElil"TAL_ 

Melting points are uncorrected. Petroleum ether used tbrough-
o out the investigation had b.p. 60-80 • All optical rotations were 

determined in chloro'form solution Wlless otherwise sta:b'ed. NMR 
spectra were determined on Varian A-60 and HA-100 spectrometers 

using chloroform - d solution containing tetramethyl silane as 

reference. IR spectra were recorded in a Perkin E::fmer 337 and ?21 
l . 

spectrophotometer. u.v. absorption spectra were taken in a Zeiss 

VSU-1 spectrophotometer in 95% ethanol solution unless otherwise 

stated. Thin layer chromatography was done on cbromatoplate of 

S.ilica get G ·(E.Merck) and the spots were developed with sulphuric 

acid-acetic anhydride (9:1) mixture. 

. 6 
Isolation of taraxerone 1 : 

Dried and powdered Stembark of Sapium baccatum Rox'Q. (2 J<g) 

was extracted with benzene in a soxhlet apparatus for twenty hours. 

On cooling ~he benzene extract a yellow insoluble solid precipitated 

out which was collected by filtration and was kept aside (latter ~~ 
. 66 ~ 

identified as 3,3'-di-o-methyl ellagic acid.). From the clear fil-· 

trate benzene was distilled off and the residual gummy solid (30 gm) 

was .taken up in ether (2· li·t.). A cloudy precipitate which remained 

in the ether extract was separated out by filtration. The clear ether 

solution was washed with 10% sodium hydroxide solution (4 x 200 ml) 
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and then washed with cold water till the washings were neutral and 

dried over anhydrous sodium sulphate. The solvent was evaporated, 

when the neutral material (10.6 gin) was obtained as a yellow gummy 

solid which after chromatography and crystallisation from chloro­

form-methanol gave shining crystal (1 .. 3 gm) m.p. 238-40° (oOD+10.8° • 

Its melting point was not depressed when mixed with an authentic 

sample of taraxerone. It also showed identical IR throughout the 

region when compared with that of an authentic specimen of tara-

xarone. 

Other compounds isolated were 1-hexacosanol, taraxerol and 

another solid of m.p. 210-15°. 

Isomerisation of taraxerone60 ' Preparation of ~-am;yrone .!! 

To a suspension of taraxerone (600 mg) in glacial acetic 

acid.(140 ml) maintained at 90° was added cone. hydrochloric acid 

(4 ml) and the reaction mixture was heated on a water bath for 

twenty minutes during which the solid dissolved in the solvent. The 

reaction mixture was then cooled and diluted with water. A solid 

came out which was taken up in ether. The_ ether layer was washed 

with water till neutral. On removing the solvent a solid c·ame out 

(520 mg). The solid on crystallisation from chloroform and methanol 

mixture afforded fine crystals m.p. 174-6°, (a( )D+ 105.6° which was 

found to be identical with an authentic sample.of ~ -amyrone!! 

(m.m.p. and rotation). 
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, 

~ A.Htoxidation of {? -amyrone ~-1.1 :. Isolation of Diosuhenol !§. . 

(3-amyrone (2 ·gm) su.spended in potassium tertiary butoxide 

· f,in tertiary butanol (prepared from 6 gm of potassium and 160 ml of , . . 

/ 

.tertiary butanol) was ·shaken in a stream of oxygen for three hours. 

The reaction mixture was diluted with water and then 6N hydrochloric 

-. acid was add~d till the solution was acidic. It was then extracted 

with chloro:for.m (150 ml), washe·ii with water till neutral and the 

qombined ext~act was dried (Na2so4). On removal of the solvent under 

reduced pressure, a yellowish gummy foam was obtained (1.8 gm). The 

latter on crystallisation from acetone and methanol gave colorless . . . 
. . 0 0 

crystals of the diosphenol !Q., (1.2 gm), m@p. 200-2 , (o( )D..\-·_124.27 • 

It gave a positive ferric chloride test for diosphenpl. TLC of tbe 

compound ~ showed two spots on chromatoplate (using benzene as 

bsolvent), ·an upper spot Rf = 0.77 of slightly weaker intensity than 

the lower spot Rf = 0. 75. These were assumed to ·be due to the tauto­

meric mixture of the diketone and the diosnhenol 45e - -
Found: 

Calculated for C30H4602 ;t~-~:;OH 

UV : X 270 m M--( (: , 5104) 
max J · 

q, 79.50, H, 9.83% 

C, 79.15i H, 10~6g% 

IR : .Y nujol 3570, 2960, 1650, 1100cm-1 • 
max 
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Preparation of DiOSJ2henoLace_tate i§. s Acetylation of Diosphenol 1:.§.. 

Diosphenol ~ (500 ·mg) was acetylated by treatment with 

acetic anhydride (10 ml) and pyridine (10 ml) overnight at room 

temperature. After working up in the usual manner the crude acetate 

(460 mg) was obtained. This was then chromatographed over a column 

of alumina (20 grn) deactivated with o~s ml of aqueous acetic acid. 

Table I· 

Chromatography of the above solid l460 mg) 

Eluent 

Petroleum ether 

Petroleum ether: 
benzene (9:1) 

Petroleum ether: 
benzene (4:2) 

Fractions 
50 ml each 

1-2 

3-4 

5-9 

Residue on 
evaporation 

Oil (trace) 

Nil 

Solid m.p~ 165-7° 
(320 mg) 

Further elution with more polar solvents did not afford any solid 

material. 
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The solids (320 mg) from fractions 5-9 (table~) were collected 

which after c~ystallisation from a mixture of chloroform and methanol 

afforded crystals m.,p., 172-3°, ( c(. )D 107.69°. It showed a single 

round spot on a cbromatoplate. 

Found: 

uvs 
IR: ....J Nujol 

maX 

C, 80.17; H, 9.78%. 

c, 80.00; H, 10.00% 

A 236 mAA.., ( t , 9915) max r· 
2950, 1720, 1685, 1205cm-1. 

Hydrogenation of diosphenol acetate. i§. s Preparation of 2<l-acetoxy 

.{9-amyrone iZ,: 

To diosphenol acetate !2 (200 mg) dissolved in absolute 

ethanol was added 10% palladium-on-charcoal catalyst (50 mg) and 

the mixture was shaken in an atmosphere of hydrogen till the absor­

ption of hydrogen ceased (absorption of one mole equivalent' of 
.. 

hydrogen within one hour). The solution was filtered and after re-
• 

moving the solvent from the filtrate an oily residue (200 mg) was 

obtained which was chromatographed over silica gel (20. gm). 
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Table II 

Chromatogra_ph.v of the above oily residue (goo mgl 

Eluent 

PetroleUm ether 

Petroleum ether: 
benzene (9:1) 

Fractions 50 ml 
each 

1-3 

4-8 

Residue 
on evaporation 

6il (trace) 

Solid m.~. 155-7° 
(120 mg) · 

On elution with more polar solvents did not afford any crystalline 
solid. 

The solids from fractions 4-8 (table II) were combined and after 

crystallisation from chloroform and methanol mixture afforded a 

crystalline solid m.p. 158-60°, ( 0\ )D + 108.,57° and was found homo­

geno~s on a chromatoplate .<Rr 0.38 in benzene). 

Found: 

Calculated 
· - J KBr 

IR: 11 
max 

C, 79.18; H, 10.28% 

for c32%0o3: C, 79"66; H, 10.44% 
. -1 1730, 1238, 1225cm " 

Nil4R (100 Me/S): Peaks at· 2.12 (3H, -0-COC£!3 ), 5.19 (1 H multiplet, 

vinyl proton), 5.5, 5.,595, 5.,6, 5.7 (1H, -Co-CH(OAc)-CH2) ppm (Fig~16) 
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Hydrogenation 5
2 

of Diosphenol ... 1.§. $ Preparation of 2 Keto-0 -amyrin !§_: 
.J 

Diosphenol ~ (500 mg) dissolved in a mixture of absolute 

ethyl alcohol (20 ml) and ethy~ acetate (150 ml) was stirred in 

presence of 10% palladium-on-charcoal catalyst (50 mg) in an·atmos-

phere of hydrogen till the absorption ceased. The catalyst was re­

moved by filtration and the solvent was distilled off under reduced 

pressure from the filtrate. ·A solid residue (460.mg) was obtained 

which after. ·crystallisation from chloroform-methanol flirnished a 
0 -

solid of m.p. 180-182°, ( cJ... )D 101.70 • The. solid did not give ferric 

chloride coloration and showed one single spot on cl~omatoplate 

(Rf 0.44 in benzene).· 

Found:. C, 82.29; H, 10.94% 

Calculated for o30H48o2 : C, 81.81; H, 10.90% 

uv: ).max 270 m}l-( C:., 43). 

IR : ·'))~~ol 3500 cm-1 (hydroxyl), 1720, cm-1 (ca,;bo~yl). 

NMR (100 MO/S): Peaks at 3.88 (1H, H-C-OH)., 3t~44 (-C-Oil), 

2~42, 2.55 (2H, CO-C!!2), 5a18 (multiplet, vinyl proton) ppm. 

Fig. 19. 

~ - !_q_etylation of 2 Keto-~-amyrin_i§. : Preparation of 2-keto-~-amyrin 

acetate ~ 

The hydroxy ketone i§ (200 mg) was treated with acetic 

anhydride (5 ml) and pyridine (5 ml) anci kept overnight at room 

temperature. Next day a crystalline solid separated out from the 
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solvent mixture,.which was collected by filtration. The latter 

after crystallisation from chloroform-methanol'mixture gave crystals 

m.p. 276-8° ~)D 127.08°. The filtrate on dilution with ice cold 

water precipitated from above a solid which after usual working up 

and crystallisation from chloroform methru1ol mixture afforded cry-
o stals m.p. 276-8 and was found to be identical with the above ace-

tate. The solid ~ showed a single spot on chromatoplate (Rf 0.35 

in benzene). 

Found: C, 79.56; H, 10.05% 

Calculated for c32H5o03I C, 79.66; H, 10.37% 

uv: ?KBr A ma.X276 mtt- ( e ' 81) 
IR: "V 1725 and 1740 cm-1 

max 

NMR (100 Me/S): Peaks at 4.95 (lH, fi~C-OCOCH3 ), 2.49, 2~37 

(2H, -CO-CH2), 2.16(3H, -0000~), 5~2 (multiplet lH, vinyl 

proton)ppm (Fig@ 20). 

Sodium borok!Y..dride reduction of 2r/.. -acetoxy-fb -amyrone _ 47 s ~epara­
J 

tion of· d-2-0leanene 2oL -acetoxy-§ -amyrin §Q: 

To 2o( -acetoxy- ~-amyrone (300 mg) dis'solved in dry dioxan 

(25 ml) was added, ·with cooling a· slurry of sodium borohydride (300 

mg) prepared in a NH4Cl~NH40H buffer (PH:. 8, 4 ml). The mixture 

was stirred at room temperature for two hours. A portion of the 

solvent was removed by distillation, cooled and acidified with 

dilute hydrochloric acid and then extracted with ether. The ethereal 
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layer was washed with water till neutral and dried (Na2so4 ). Removal 

of ether gave a solid residue (250·mg) whichwas chromatographed 

over a column of alumina (30 gm, deactivated with 1.2 ml of 10% 

aqueous acetic acid)- developed with petrolewn ether. The residue 

.was dissolved in benzene, poured on the collmn and was eluted with 

the .following solvents. 

Table III 

Chromatography of the above solid 250 mg 

Eluent Fractions Residue 
50·ml each on evaporation. 

Petroleum ether 1-4 Oil small amount 
(12. mg) 

Petroleum ether: 
ben.zene (4:1) 5-7 Nil 

Petroleum ether: 8-14 Solid (210 mg) 
benzene (3:2) m.p. 240-50 

Further elution with more polar solvents did not afford a1~ solid 
material •. 

--------------------------~-------------------------------------------------

The solid from fractions .8-14 (Table III) were collected and cry-

stallised from chloroform-meth~lol mixture. After two crystallisa­

tion pure 2c{-acetoxy-}6-amyrin £Qm.p. 246-8° was obtained. 
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12 . 
Hydrolysis of D. -Oleanene-2d -aceto:x:y- ~-amyrin 50 : Preparation :r -· 

9-.t Alg_ Oleanane 2q, 3~ -,diol 51: 

To the 6 1.::_ olean:ene 2..1.._ .-aceto:x:yf -amyrin QQ. ( 200 mg) in 

dio:x:an (40 ml) was added 10~ sodium hydroxide solution (10 ml) and 

the mixture was heated under refl~:: for thre6l hours. The reaction 

'mixture was then cooled, diluted with water and extracted with 

ether. The ethereal layer after washing with water till neutral was 

dried (Na2so4 ). The solvent was removed and a solid (190 mg) m.p. 

196-8° was obtained. After crystallisation -from methanol it afforded 

pure 2d..., 3~ diol Ql., m.p.· 202.-4° (J.)~60.,00°. This was +ound to be . 

·identical with an authe~tic sample of 2d...., 9 ~dihydroxy - l\
12

-oleanene. 

Found: C, 81e84; H, 11.62% 

C, 81e14; H, 11~!1% 

UV: ·No absorption in the range 220-300 m}<--• 

I.R. spectra: 11{
84 

3360, 2970, 1425, 1375, 1350, 1050, 1030 cm-1 

NlVIR spectra (100 Mc/S): Peaks at 2.94, 3&1& (lH, l.!-03-0H), 3.74 

(quartet of a doublet, li-02-0H), 5.18 (multiplet 1 H, vinyl 

proton) ppm Eig. 22. 
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12 
:Preparation of .6. -Oleanane 2 :\, 3 4, -diol ~ : M:eerwein Pondorff 

reduction of 2 keto-/6 -amyrin 48: 
~ -

A mixture of 2 keto- f> amyrin !§._ (500 mg), A-t-isopropoxide 

(650 mg) in dry isopropanol (12.5 ml). was distilled slowly with the 

addition of isopropanol to maintain constant volume. After 5 hours 

the distillate no longer contained 'acetone and the solution was 

concentrated to a small volume. The reaction mixture was diluted 

with water followed by 10% sulphuric acid solution (20 ml) and then 

extracted with ether. The product obtained ai'ter removal of ether 

was dissolved in benzene (6 ml) and poured on a column of a].umina 

(25lg deactivated with 1 ml of 10% aqueous acetic acid) developed ,... 

with petroleum ether. The following solvents were used for elution. 

Table IV 

Chromatography of the above product (450 mg) 

Eluent Fractions Residue· 
50 ml each 

Petroleum ether 1-3 Nil 

Petroleum ether: 
benzene (3:1) 4-6 Nil 

Petroleum ether: 
-benzene (1:1) 7-9 Nil 

Petroleum ether: 
benzene (1:3) 10-12 Nil 

Benzene 13-15 Nil 

Contd ••. 
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Eluent 

Benzene: ether (4:1) 

Benzene: ether (4:1) 
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Table IV ( Contd) 

Fractions 
50 ml each 

16-21 

22-25 

Residue 

Solid (400 mg) 
0 · m.p. 276-8 

Solid ( 48 mg) 
m.p. 196-8° 

Ftirther elution with more polar solvents did not give any solid 
material .. 

The solid from fraction~16-21 (Table IV) were combined which after 
\ 

crystallisation from chloroform-methanol afforded the crystalline· 

2r:k, 3c(-diol Q.g_ (350 mg), m.p<» 278-80°, (~ )D 71.28°. 

Found: C, 81.40;· H, 11.08% 

C, 81$44; H, 11.31% 

U. V. : No absorption in the· region 220-300 m jJv 

IR spectra: ·vnujol 3420, 2960, 1450, 1040, 835 cm-1 
max 

NMR (100 Mc/S): Peaks at 3.2 (broad 1H, g-c3-0H), 4.06, 

4<»1 (doublet 1H, g-c2-0H), 5.2 (multiplet 1H, vinyl) ppm. 

·(F{g0 23) . 
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The solids from fractions 22-25 (table IV) after crystallisation 

from methanol afforded a crystalline solid (28 mg) m.p. 200-2° 

ide~tical with 2cA., 3-j?>-diol 51 described on page 75: 

- . 12 _/ 
P;;;.;;;;.ar~t;:;;ia.;;;;l;;:;.·_a_c_e .... t .... yl..;.l_a_t_i_o_n_· -·o_f._. ___ /J. __ -_O_l_e_a_n_e_n_e_-_2d-._.:.., _3_0\.--_di_o ...... _l ~ : Preparation 

of 2 d., -acetoxy -3d.. -h.ydroxy ~-am:v::in §£: 

200 mg of the 2d__, 3~ -diol §.g was. treated with pyridine 

(12 m~) and acetic anhydride (0.5 ml, 1.1 mole) and the reaction 

.mixture was allowed to stand at .o°C for 12 hours. The reaction mix­

ture was then. poured on ice-water and eoctracted with ether. The 

ethereal layer was washed with water till neutral and dried (Na2so4). 

After removal of ether a solid (150 mg) was·obtained. The solid was 

dissolved in benzene (2 ml) and poured on a column of alumina (12 gm, 

deactivated with 0.5 ml of 10% aqueous acetic acid) developed with 

petroleum ether. The following solvents were used for elution. 

Eluent 

1. Petroleum ether 

2. Petroleum ether: 
.Benzene (4:1) 

Table V 

Fractions· 
50 ml each 

1-3 

4-8 

Residue on 
evaporation 

Oil (trace) 

Solid (120 mg) 
m.p;. 193-4° 

Elution with more polar solvent did not give any solid material. 



-79-

The solids from fractions 4-8 (table V) were combined which after 

crystallisation from meth~ol afforded crystalline mono-acetate 

§.2 m .. p. ·195-7°, (o( )D 89.53°. 

This compound showed a single spot on a cbromatoplate 

(Rf 0.409) in benzene. 

Found: 

. Calculated for c32H52o3 : 
: )}nujo.l 3450 (-OH), I.R. max 

1280 cm-l (Fige 24). 

·C, 79.40; H, 10.61% 

C, 79.29; H,·~0.81% 

1750 (-OCOCH3) 1720(ketonic carbonyl), 

Q_:x:idation 
67 

of 2d,-aceto:x:y-3 r,;\-Ndroxx_p-amyrin. QE. : l?reuaration 

of 2cl -acetox.y,(.) -amyron~ §.i: 
J 

40 mg of chromium trioxide was. added to a solution of pyri­

dine (5 ml) in methylene chloride (35 ml) and the mixture stirred 

for 15 minutes. 200 mg of 2d\-acetoxy-3a<-hydroxy ~-amyrin dissolved 

in methylene chloride (10 -ml) was added to the stirred solution and 

the stirring was continued for another 15 minutes. The solution was. 

then decanted and taken in ether. The ethereal layer was washed with 

5% sodium hydroxide (5 ml portions twice) and then with water till 

neutral and dried over Na2so4 • On removal of ether a solid was 

obtained which on crystallisation from chloroform-methanol gave· 

crystalline the solid Q! m.p~ 15.8-9° ( o\)D 108.57° which was. indis­

tinguisable from 47 de~cribed in page 71 (no depression of m.m.p. 

with j!J). 
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I 

It gave a single spot on a chromatoplate (Rf 0.38 in benzene) 

even Co· TLC with iZ.. ·gave the same Rf value. 

Found: c, 79.28; ·H, 10.30% 

C, 79.66; H, 10.37% 

I.R. 
ICBr 

: ~ 1730, 1238, 1225 cm-1 • 
max 
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PART - II 

CHAPTER - I 

A short review of synthesis of isomeric 2,3-diols 
of triterpenoids: 

Section As Introduction 

In the course of elucidation of the configurations of sapogenin: 

containing a 2,3-diol system, methods were developed for production 
' of the four possible isomers in this series. The four c.holestane 2, 

3-diols have also been prepared by the methods developed in this 

connection1 ' 2• ~2-0holest~ne 1 on reaction with osmium tetroxide 

gives the 2 0( , 3 rJ., -diol g whereas peracetic acid oxidation and sub se-
d . 1-3 . ~ 

quent hydrolysis affo~~s 2 ~ , 3CX: -diol 3. 20C , 30( -or 2~ , 3r ... -

o:x:ido-cholestanes i on diaxial opening also gives the same diol ~ • 

The 2~ , 3~ diol 1 has also been prepared1 ' 2 according to the proce-
4 . 2 

dure of Winstein and Buckles by treatment of L::l -cholestene 1 with 

silver acetate, iodine and moist acetic acid. The reaction probably 

involves .formation of a cyclic 2o( , 3{21 -iodonium ion which on aceto­

lysis with inversion at 0-2 gives §.• Expuls .. ion of iodide ·ion with 

inversion .. at C-3 forms a resonant oxonium-carbonium ion 6 which leads 

to a mono-acetate which on hydrolysis gives .1• As the diol 1 contains 

one axial substituent at 0-2, it is epimerized by treatment with 

sodium in ethanol at 180° to the diequatorial 2oC , 3.{?J -diol §.. Iliol 

~was also obtained from cholestenone g which reacts with lead-
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tetracetate to give in about 10% yield a product !Q having 2«-
' " 

acet~xy group5 ' 6
e Reduction o~ 10 with sodium borohydride followed 

by hydrogenation gives the 21X, 3~ -diol 8. 

--r 
HO-__ cc 

• Os04 ?> 
HO'/ -

1 
r 

'l 

,. 
P.c:.. 

I- o· 
I 
c::. 

-~· / ......... 
CH3 0 

5 + 
4 

HO .. 
' ' N"a..- alcohol 

-. .. ,. 
"""'~-

H 
7 

IO lOA -
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Section Bs Synthesis of 2,3-diols of lupane and friedelane seri~~· 

McGim1is
7 ~~have reported the preparation of all the four 

8 . 
possible stereoisomeric lupane 2,3-diols 1&· Samson ~ ~ have 

synthesised 2 'X, 3 o( -13A; 2 ~ , 3 ~ -13B; 2 0( , 3 ~ -13.Q friedelane 

diols and show.n that the last named isomer is identical with natural 

' a· 1 A
9 Ll· pacnysan ~o 

' 

- HO, 
', . 

11 

.I 

Rl :=:: 'R'2::: 0(- OH 

R ' = R '2 -::. (.3 ·- OH 

R , =· ex- o H ·!I R ·2.. -=- ~ - o \-\ 
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Synthesis of Lupane-2, 3-diols~ ~ (Chart I) 

Lup-2-ene M was converted to lllpane-2 <X', 3d -diol ~' lupane-

2 ~, 3_ ~ -diol ~ and lupane 2 tX , 3lX -epoxides J:§. by the action of 

osmium tetroxide, iodine-silveracetate-acetic acid and perbenzoic 

acid respectively. The epoxide ![was opened with acetic acid to 

give 2 f.>-acetoxy-lupane-30(-ol 1:.§. which on mild alkaline hydrolysis 

yielded the diaxial trans diol, lupane 2 ~ , 3d -diol 12D. In order 

to increase the poor yield of the 2 ~, 3~ -diol 12B obtained. by · 

the above procedure and also to prepare the remaining isomer: lupane 

· 2 c<, 3 (3 -diol 12C,lupane-3-one !1. was treated with lead tetracet~te · 

to give 2 (O-acetoxy-:-lupane-3~one 1:.§. and 2<X ~acetoxy-lupane-3-one ~ 

as the major and minor products respectively. The 2~ .-acetoxy is.omer 
' ' 

!§. could also be prepared by the chromic acid oxidation o:e 2B -
' 

acetoxy-lupane-3 o( -ol 16. This acetoxy ketone ~ upon equilibration 

wi.th base furnished the 20C-acetoxy-3-ketone !2, which was then 

reduced with lithium · ralttnminimurn hydride mainly to lupane-2o( , · 3o( 
. -......__/ 

diol 1&! and with sodium and isopropanol to lupane-2o( , 3(?> -diol 

120. The 2 ~-acetoxy~3-ketone !§was similarly reduced with lithium 

aluminium hydride to give. the 2@, 3o( -d.iol ~as the main product 

and with sodium and isopropanol to the 2~ , 3~ -diol 12B. 
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Sy.nthesis of Friedelane-20(, 30( ill; 2 (3, 3@ -liD?,;. 2o(, 3~ -~ 
8 . 

diols :(Chart II) 
P:'i""oljsi:; 

Friedel-2-ene gQ,. obtained by the lw'poly~s of friedelanol 

benzoate gJ:. was converted to friedelane-2 o(, 3o( -diol 13A by the 

action of osmium tetroxide and a 2, 3-epoxide gg by·the action of 

·m-ohloroperbenzoic acid. The 2,3-epoxide gg was opened with per-
·. 

· chloric. acid to yield friedelane 2 tX, 3@ -diol 130 identical with 
9 • 9 I 

naturally occuring pachy-sandiol A lh• Kikuchi and Toyoda has 

suggested that earin acetate was 2 0( -acetoxy friedelan-3-one gg_, 

contrary to its previous formulation as 2 ~-acetoxy-friedelane- · 

3-one 24 on the following grounds: Pascbysandiol A-2-monoacetate 

~obtained by the acetylation of Pachysandiol A 11 at 0°, could be 

oxidised to eerin acetate g[ with chromic acid. The eerin acetate 

so obtained, on prolonged absorption on alumina, was isomerized 

to another 2-acetoxy-3-ketone ~ which must hence be the more stable 

2 ~- ( e, equatorial) -acetoxy isomer. Consequently the original eerin 

acetate must be less stable 2C(-(axial) acetoxy isomer ~· Samson 

et a18 isomerized cerin acetate ~with potassium acetate in acetic 

. acid and reduced the resulting 2@ -acetoxy-friedelan-3-one ·~ with 

lithium aluminium hydride and thus synthesised friedel~ne-2~, 3~ -

diol 13B • (Chart II) 
____...~ -
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Section OJ A short review of synthesis of isomeric b. -Oleane-

2,3-diols10: 

A number of 2 ,-3-diols of tri terpenoids have been isolated 

from natural sources. Re.cently Khastgir et a1
10 

have synthesised 

three out of the four isomeric 2,3-diols (Chart IV) by using dios-

12 
phenol g.z. as the intermediate, from f3 -a.myr~ne &§_. L'::l -Oleanene 

0 . . . 
2 p, 3(3 -diol· m.:pe 240-42°, ( ~ )D 101.88 g§_ was obtained by sodium 

borohydride reduction of gz. Acetylation of 2'7 followed by hydroge­

nation gave 2oC .. acetoxy-fo -amyrone gg which on sodium borohydride 

reduction at fH-8 gave 2c( -acetoxy- fo -amyrin :2.Q. which on hydrolysis 

gave the most stable. 4
12

-oleanene 2c(, 3~-diol §l.• Hydrogenation 

of gz, gave 32 which on Meerwein-Pondorff reduction afforded 6 
12

-

Oleanene-2o(, 3o( -diol, 33 having m.p. 278-81°, (o( )D 71.28°. The 

sterically mo~t unstable 2 f3, 3. c( -diol ~ was also synthesised. The 

--( configurations assigned have been confirmed from NJ.\IJR spectral evi-
J/ 

;· dence~1. The melting points and rotations of the isomeric diols, their 

diacetates and their acetonide derivatives have been shown in Chart 

III. 

Oh~t III 

DIOL DIACETAT":i'r- ACETOl\IIDE 
DERIVATIVE 

ffie:P• c~ );- m.p.o ( c( )D m.p. ( oC )n 

2jJ, 3(J 240-42° 101 ~ss0 221-22° 83.63° 180-2° 102.50° 
2e{, 3o( 2~8-82° 71.28° 180-82° 40e77° -199-201° 97° 

2oC. ' 3/3 202-4° 60.00° 216-18° 73 .. 42° 173-4° 

2[3' 3c(. 250-52° 12° 161-63° 
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Section D: A short review on autoxidation and isomerization in rin~ 

.!, in tri terpeno ids : 

1. Oxidation in ring A in Euphol. 

Lavie and co-workers11 studied the autoxidation of euphadiene~ 
3-one 35 and the-results of their work is summarised in the follow­

ing lines.~ Euphadiene-3-one ~ was oxidised by shaking in oxygen 
. 12,13 

in t-butanol saturated \~th potassium-t-butoxide • A tautomeric 

mixture of diketon~ and the corresponding dios:phenol .£§. (two spots 

on chromatoplate) was produced 

71 269 (f, 7900), -0 1715, 
max max . 

by absorbing one mole of oxygen UV, 
. -1 

1672, and ~653 em • NMR of the com-

p~und .2§. showed a singlet at I' 3.60 due to vinylic ~robon' at 0-1. 

~cetylation gave the· corresponding acetate 21, UVmax 236 mp( E,9000), 

iJ 1764 em - 1 • NMR showed- a singlet at ''f 3.02 due to 0-1 proton. On max · · 
t:-ndrogenation of the diosphenol _36 over palladium on charcoal (two "' I moles of hydrogen were absorbed-one mole to reduce the side chair 

double bond and the second mole 
. e 

a non-crystallisable homogenpus 

to reduce the enoiic double bond) 

solid v 1712 cm-1 , NMR singlet max · 
atrr5~95 accounting for one hydrogen and two AB type doublets cen~ 

tered at ~7.69 and~7e35 accounting for two hydrogens, was obtained. 

Upon acetylation a crystalline Ketoacetate was obtained, ~max1742 
-1 and 1730 em , liMR singlet at'l4~95 for one hydrogen and a broad 

peak at "(' 7.50 accounting for two hydrogens·. From the above spectraJ. 

properties structures ~ and ~ were proposed for hydroxy-ketone 
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and ketoacetate respectivelyo· 2 OC'-acetoxy. (eq~torial) derivative 

[0) 

·lL (H] 
2... Pb CoF\e.)lf 

Lto 1\ , R= Ac.. 

Lt~o_B_ > R = \-\ 

[t-l] 

39 

I 
!QA.was prepared by the reaction of dibydroderivatives of M with 

d t t t t · ti. · d • . ·.o b0 t · :::o-t • d 14 lea e ra-ace a e ~n ace ~c ac~ ~n presence o~ ron- r~I~uor~ e • 
f. 
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The product 40A ___ showed IR bands at 1742 and 1730 cm-1 and the NMR· 
\ 

spectra showed a qUartet of lines centered at I 4.3 (Jae = 6.5 eps 

and Jaa = 13.0 eps). for the C-2 prot.on but no signals for protons 0( 

to· a keto-functions. The isomerisation of 2o( -equatorial acetoxy 
' . 

ketone 40A_ into the isomer ID! was also observed and the~ proposed 
15 

'that the migration proceeded through the cyclic intermediate ~ • 

Acid hydrolysis of 40A_afforded a compotind which has been assigned 

the 2~-equator~al.hydroxy 3-keto derivative~ on the basis of 

its IR , '1) 1718 cm-1 • 
max . 

2Q Isomerisation in ring A of the Cucurbitacins 

Lavie and co-workers16 , 17 reported. that by'drogenation of the 

diosphenol containing cufcurbitacins namely elatericin B i& and 

elaterin 12 resulted in 1,4 a~dition of hydrogen during the process 

of hydrogenation. The lWffi specDrum of hydrogenated product of ela­

tericin B was found to show a singlet at ~6.02 and that of its 

diacetate a sharp one at \5&00., This observation 
() 

. 4l4 
) 

H0"" ·. 44 
it ~2 , R = \-\ 
43 J 'P-= 1\ e.. 

~~e,o-~ ) A~l:X} 4H 
) kMJ /.' ~ 

0 
4S 

4' 
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the f~ct that the proton linked tp the carbon to whicn the acetoxy 

group is also attached had no neighbouring protons and can not 

therefore be at c..:.2. The 1\ffiffi spectra could be explained, if it was 

considered that 1, 4-addition of hydrogen to the diosphenol system 
1 took place-, resulting in the conversion of .c1 -2-hydroxy-3-:-keto 

to a 2 keto-3 hydroxy system 1i~ 

Elatericin B diacetate 45 on hydrogenation formed the 2~ -

equatorial-acetoxy-3-keto derivative 46 by a normal 1,2-addi;t;ion of 
. -

hydrogen. This compound showed a quartet of lines related to the 

2 ()(-axial proton which is centered at r4.4 (Jaa = 13.5 eps; Jae = 
5.1 eps). The isomerisation of 2-acetoxy-3-ket.oderivative i§. on a 

basic column of alumina as well as on an acedi.c col:wnn was studied () 

In both the cases the material recovered from the columns showed 

that it had remained un~hanged. 

The ORD curves of dihydro elatericin A !§. and tetrahydro 

elatericin B 1£ were also interp~eted. Cotton effect curves of both 

2 and 3-keto derivatives were found to be positive ·with the amplitude 
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·of the 2 keto-derivative being larger thru1 that of the 3-keto form. 

ORD studies on 2 and 3 ketosteroids18 and the oxomanoyl oxide seri­

es19 also· revealed the same result. The invert.ed stereochemistry of 

cufcurbi tacins at 0-10 resulting in a mirror image of the C-10, (3 -
analog;\r, should give rise to a negative Cotton. effect but instead 

the two compounds displayed posi ti v.e curves. This can be interpreted 
S· as due to the presence of ~vo additional carbonyl chromophore, one 

.-· 
in particular at C-11 displaying a large amplitude, which counter­

acts thereby the inverted rotation of the keto group in·ring A as 

should be expected. The result is a lower positive value instead of 

a negative one. The peak for dihydro elatericin A 48 (3 keto) at .-
(OC) 325~2200° is larger, than that ~f tetrahydroelatericin B 1! 

. 0 . . 
(2 keto) ( 0( ) +1558 • In both the cases the keto group was flank-

. 325 . . 
-ed by an equatorial (OH) substituent which is either likely to in-

crease the Cotton effect or to r'ender no change at all. 

In order to o~tain pure tetrahydroelatericin B 45, alkaline 

hydrolysis of tetrahydroelatericin B diacetate !§. was attempted but 

the reac·liion r:Ssul ted in the formation of dihydroel~tericin B20 iZ 

fi 267m 11-( E-, 5700), positive fer~ic chloride coloration (charac-max r-

teristic of diosphenol). Tetrahydroelatericin B diacetate 1§ on 

alkaline hydrolysis yielded the same dihydroelatericin B 11Q The 

alkali induced autoxidation of'o(-bydro:x:y ketone in elatericin was 

also studied21 and was found to occur at much slower rate. 
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3~ Oxidation in ring A in Lupeol 

Ganguly and co-workers 22 carried out the oxidation of lupe­

none 12 and lupanone QQ to the corresponding diosphenols Q1 and Qg 

respec·liively by passing oxygen in dry t-butyl alcohol containing 

potassium tertiary butoxide. Diosphenol Qg on hydrogenation afforded 

a non-crystalline alcohol whiqh on acetylation yielded the keto­

acetate §£_. The structure §], was assigned to the keto-acetate by 

examining its 1~ spectra (a sharp singlet at~' 4.95) ascribed to 

the 0-3 proton. 

49. R= -___/( e.. '-'"2:-- ' ·---{(J.\1-__ , 
;,) R= C.\-l> 

.[9, 1<.= __Jc'!."-.J <!'1-\3 

\e~3 52) ·R= ~C:\-\3. 
e_l-\j 

0 

Ae.o 
53 -
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Formation of ~. from §g .. was explained by the mechanism shown in 

Chart v. Diosphenol Qg on ozonisation gave a neutral compound 

c29H
48

o3 , whose structure was assigned as Qi on the basis of mode 

of formation, spectral characteristics and elemental-composition. 

Diosphenol 51 was cleaved by alkaline hydrogen peroxide to the 

dicarboxylic acid c30H48o4 ~ The acid was converted into the di~ethyl 

ester, 55 which on reflu.xing with alcoholic alkali yielded a neutral 

crystalline compound §2. 

c ha. .... t -\I 

5~ 
1.[H) 

) oi((! } - ) ·sJ 
~. f\c.2.o- Pj ) 

I 

./ 

~1 ) ltoo(X} } l+O 0 . --? 

bb 

\ 
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4. Autoxidation of Lanostepyl acetate 

Horn and Ilse23 stated that lanostenyl acetate in ethyl 

acetate was extensively converted into a mixture of 7-hydroperoxy 

and 7, 11-dihydroperoxy lanostenyl acetates by treatment with 
. 0 24 gaseous oxygen at 50 for 48 hours. After that Scotney and Truter 

found that the autoxidation of lanostenyl acetate in ethyl acetate 

at 50° after 14 days was a mixture of at least eight peroxides 

(laminar chromatography) •. The two most plentiful peroxides were 

recovered and shown to be 7 ~-and 11~- h.ydroperoxy lanosteeyl ace­

tates. The structure of 7 ~-hydroperoxy-lanostenyl acetate was obtai­

ned by red:ucing it. with sodium borohydride to 7~ -hydroxylanostenyl 

acetate~ The structure of 11~-h.ydroperoxide was proved by conver­

ting it to 11-oxo-lanostenyl acetate with ferrous ion. Furtherm~e, 

lithium aluminium hydride reduction of the 11-hydroperoxide affer­

ded one product, which was identical with 11 ~-.bydroxylanostenol. 

\10.0 

0~ .f\eJ~' 
57 

59 
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Autoxidation of 7,11-dioxolanost-8-enyl-3~-acetate in cyclohexane 

at 40° proceeded via 1 ~ -hydroperoxy-7, 11-dioxolanostenyl acetate 

to 1, 7, 11-trioxolanost-8-enyl acetate
25

• The location of ketone 

at 1-position was deduced from the behaviour of the trione acetate 

with alkali. With alkali 1, 7, 11-trixolanost-8-enyl acetate yielded 

1,7,11-trioxolanosta-2,8-diene and it had been derived from the 

trione acetate by elimination of the 3@ -acetate group and the for­

mation of a conjugated unsaturated grouping (Q1, §.§., §.g). That the 

precursor fo.r the trione is a mono-hydroperoxide of 7 ,11-dioxo­

lanostenyl acetate was established by the fact it was decomposed 

by ferrous ion to 1,7,11-trioxolanostenyl acetate. 

In an experiment a solution of lanost-8-e~-3 ~ yl acetate 

in cyclohexane at 40° was oxidised by passing oxygen through it26 • 

After twelve months treatment the neutral fr~ction was, examined and 

was found to contain at least sixteen components. From the Rf values 

several components have been identified e.g. 1, 7, 11-trioxolano­

stenyl acetate, 1,7,11-trioxolanosta-2,8-diene. Besides these 15r­

hydroxy-7-oxo, 15o< -hydroxy-7-oxo, 7, 15-dioxo-and 11, 15-dioxo­

lanostan 3 ~ -yl acetate were also identified. 

5. Oxidation of ring A in oleanolic acid. 

In connection with their work to confirm the structure 

of bred~molic acid 2Q and .crategolic acid §l Tschesche and co­

workers27,28 performed the autoxidation of ring A in methyl oleano­

nate §g .. Methy_l oleanonate was stirred in t-butanol containing 
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potassi~~ metal at 25-50° with simultaneous introduction of oxygen. 

mhe.reaction mix~ure on acidification and usual working up gave an 

amorphous solid for which structure ~ was proposed. The diosphenol 

g m.p. 130-35°, (0:: )D 104± 4° o:U sodium borohydride reduction gave 

2 (?, 3~ -dihydroxy-12-en-olean-28-oate ~ which on oxidation with.· 

kilani solution gave a mixture of several compounds in which 10% 

of §2 was found to be present as was shown by its UV spectrum. 

Go -

1-1 
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Section n: A short review on ,2,3 -dihydroxy triterpene ac~_Qm. 

natural sources: 

The four stereo-isomeric 2,3-dibydroxy olea~-12-en-28-oic 

~ids are kno,wn to occur in nature viz: (1) the 2o(, 3o( -dihydro-,.. . 

xyolean-12-en-28-oic acid 65A 
29 

(2) the 2o( , 3f.' -dibydroxyolean-12-
- ' ' 30. 

·en-28-oic acid (erategolic/m~linie acid) §.5).?. (3) the 2f, 3~-
dihydroxy olean-12-en-28 oic acid

31 
§.QQ (4) the 2 (} , 3d. -dibydroxy 

28 
olean-12-en-28-oic acid~ (bredemolic acid). 

"34 

6iA Rl :. R2 =· o( -OH 

·65B R1 = o( -OH, R2 =. ~ -OH 

650 R1 = R2 = ~ -Of! 

65D R1 = ~-OH, R2 = r/. -QH 

. 33 ) 
Alphi tolic acJ.d in tne lupeol series and 2o( "":"hydroxy ·u y_soli.c 

acid in the· ursane series are known to occur in nature. 

1. ~e ·2G<, 3o(' -dihydroxy olean-12-en-28-oic acid: 

29 
Cheung et al isolated a triterpene acid §.§A as its metbyl 

·ester m.p. 296-99° from shorea a~cwninata resin, which has been 

_shown to be the 2~, 3o(~dihydroxyolean-12-en-28 oic acide The 

methyl ester S6 ('"Vmax 3340, 1725 cm-
1

) formed a dia~etate, a mono­

acetate and a 0, 0-isopropyOdene ·derivative indicating the presence 

of two hydroxyl groups. All these compounds showed NMR signals due to 
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me\yl ester group (3H, singleto3.6) and a triplet for an olefinic 

proton (J 4Hz, b 5 .'3). 

The mass spectrum of the diol methyl ester or its acetonide 
35 

showed intense peaks at m/e 262, 203 corresponding to ions A and ~ 

+ 
/ 

(tJOMe 

B 

The mass fragmentation pattern established that the diol methyl 

ester. belongs to 12-oleanene or 12-Ursene series with a 28-methoxy­

carbonyl group. They concluded from the m~R signal36 of the allygic 

18 ~ -hydrogen. at b 2.8 (AB quartet), that the diol ester belonged 

to oleanane group. Further e.Nidences· for assi-gnment of a 2~, 3o(- ,/· 
, . . I .< 

~/ 

configuration of the diol is supported by the following observations. 

In this diol, the C-3 proton showed a doublet (J 3Hz) at~ 3.3Q 

due to vicinal coupling of equatorial and axial protons •. Upon satu­

ration (by double irradiat·ion) of this signal,' the multiplet near 

b 3.9 due to the pro.ton at C-2 simplified to a four-line signal 

characteristics of X part of an ABX type spectrum. 

/ 
/ 
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The cis isomers, 2 D(; 3o( -d.iol and 2 -~ , 3p -diol were first 

prepared37 by Djerassi et a137 by osmium tetroxide oxidation of 

methyl oleana-2, 12-diene-28-oate.§!.·Cheung et al also repeated 

the oxidation and obtained two cis-diols and the one with higher 

meltin~ point was identical to the methyl .ester of me:p. 2·9.6-99°, 
27 28 . 

isolated from shorea acu.rninata. Tschesche et al ' ass~gned a 
\ 

2 ~' 3~ -configuration to this diol and an 2_<X'~ 3o(-configuration 

to· the one with lower m.p. (258-60°), from consideration of the 

infrared ab$O~ption due to 0-H stre)~ng. Cheung ~t al demonstrated 

that the configurations. assigned by Tschesche et al should be rever­

sed. By comparing -the methyl resonance frequencies from published 

substitution effects36 with those observed for .the two cis dials 

and their acetate derivatives Cheung et al suggested that, contrary 

to the views of Tschesche et al27 ' 28 , the diol m.p. 296-99° must 

have the 2 0(, 3o( -and the diol m.p. 258-60° the 2 ~, 3p -configura-

. tion. 
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In the 2 o(, 3 o( -diol, with a chair ring A, .§§., the 2@ -proto~ is 
39 

axial and is expected to be subject to a large ax-ax coupling with 

the 1-t:Kproton and to small ax-eq coupling with the 3~ and 1~ -pro­

tons. Of the two cis diols from osmium tetroxide onJ..y ~_with m.p. 
0 

296~99 , showed a signal due to C-2 proton of sufficient width at 

half-height (Wb/2 21Hz) to· be compatible with a 2 <X', 3o( -diol 

structure. The other diol m.p. 258~60° having a corresponding sig­

nal of Wh/2 8H~ should have a 2f, 3~- G\.O"'YC(fr\~e"memk· 

2. The 2 o(, 3B -dihydroxyolean-12-en-28-oic acid ( Crategolic,{masli-
' 

nic acid): 
/ 40 

Bachler was the first-to isolate an amorphous acid "Crate-

gus acid" from the, leaves of Crategus Oxyacantha,~ • He, however, 

erroneously assigned the molecular formula C32H54o4 to it. The acid 

was also observed to occur in the leaves of Psidium_guaijava by 
40 

Arthur and Hui • This a ·cid was subsequently studied by a number 
40 

of workers • However a more detailed study of the acid was made by 

Tschesche et al
40

t
41, h . d d. bt . . th 'd. t w o succee e ~n o a1n1ng e ac1 ~n crys a-

lline form and establishing the correct molecular formula c3oH48o4• 

They designated the acid as crategolic acid, established the presence 

of a double bond resistant to catalytic hydrogenation and suggested 

the presence of two hydroxyl groups, although they could not pre-

pare a diacetate. From a consideration of the behaviour of the acid 

towards acylation, decarboxylation and lactonisation, they erroneously 
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concluded that. crategolic acid was anO(-amyrin derivative and even 

suggested the revision of the acdepted structure §2 of~ -amyrin to 

the~ -amyrin structure 1Q.. On the basis o:f their proposed new formu­

la of 0( -amyrin 1Q., they suggested without much valid reason tha. t 

crategolic acid had the structure Zl· 

72.., -
' 41 

However, they themselves latter showed that their 1 crategolic 

acid 1 was impure, being co!ltaminated with 60-65% of ursolic acid zg, 

which could not be easily separated. Arthur et a1
42 

drew attention 
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to this fact and suggested fUrther work. Tschesche et al in a 

43 subsequent paper correctly recognised crategolic acid 1£ a~ a 

derivative of~ -amyrin 74. The impure acid mixture could be 

HO 
\-\0/ 

73 

. resolved by them by paper chromatography or column chromatography 

of the'methyl esters derived from it. They were also able to pre­

PE~e a diacetate, a monoacetate and a keto-monoacetate from methyl 

ester of crategolic acid 1£• 
30 

However, in tl'_le mean time, Oaglioti et al reported the 

isolation from the cakes of Olean europa_ of a new acid, maslini_c 

acid, ·which latter proved identical with crategolic acid 1£ of 
' 30" 

Tschesche et al. The Italian'workers were able to show that 

maslinic acid was a pentacyclic triterpenic acid, probably belonging 

to the ~ -amyrin group' containing two acylable hydroxyl groups and 

a non-hydrogenizable double bond 'Y-to the carboxyl group. 

I th i b t . t• t• 44 , 45 c gli t• t 1 n e r su seque~ ~nves ~ga ~ons a o ~ e a were 
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able to elucidate the complete structure of the acid as a 2, 3-

dihydroxy olean-12-en-28~oic acid. Their work of structure elucida­

tion of crategolic acid 1.;i is shovm schematically in Chart VI. Crate­

golic acid 73 formed a methyl ester 74, a diacetate ~ and a methyl 

ester diacetate 76. The diacetoxy acid ~with bromine gave a bromo­

lactone 11 w~ich on treatment with zinc and acetic acid regenerated 

the diacetoxy acid 1[. The latter 1Q. with hydrogen peroxide gave a 

hydroxy-diacetoxy-lactone 1§! which gave a triacetoxy lactone ~ 

on acetylation. Selenium. dioxide oxidation of the methyl ester 

diacetate ~gave a conjugated·diene ester ~.showing U.V absorption 

maxima at 260, 251, 243 mp_, characteristics of~-amyrin derivatives. 

The presence of an~ glycol system was sho\vn by the consumption of 

one mole of periodic ammd of methyl crategolate Zi· 
Finally crategolic acid 1£ was correlated with the f -amyrin 

group by its elegant conversion into _methyl oleanonate §1 and methyl 

olean-12-en-28 oate §g~ This conversion inter _alia settled the posi­

tion of the two hydroxyl group at 0~2 and C-3. When methyl crate-
a . . 

golate 1! was acetylated at 0 , the major product was the 2-acetate 

zg, which could be oxidised with chromic acid to give the 3-keto-2-

acetate §Q. The latter 80 on treatment with calcium in liquid ammo­

nia was converted to methyl oleanonate §1, a substance of knovv.n 

structure met.byl crategolate Zi .. itself on oxidation with chromic 

acid followed by Huang Minlon reduction·furnished the known ester 

§g. These transformations are shown schematically in Chart VI. 
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Chart VI 
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Subsequently, the configv.ration of the two hydroxyl groups was 

elucidated by Caglioti et a1
46

• Preferential formation of the 2-

monoacetate Z,g, suggested the 2 r.i. , 30 -trans diequatorial configura­

tion __ of the diol moiety, which was confirmed by successful synthe-· 

sis 46 of crategolic acid 73 from the e~ol-acetate 83 of oleanori.ic 
. - -

acid by hydroboration, which was known to be a stereospecific pro­

cess47,48. 

1. l-\')3...-ob~o..ti~ 

l. AVv~c.-.ti:·)\L ·\-\t..O { 

73 

COOli 

,The correctness of the above assignment of. configuration of the two 
I 5 

/ hydroxyl group of 

work of Tschesche 

crategolic acid ~ was further supported by the 
. 38 

et al on the structure of bredemolic acid 

(discussed in page 11'3 , Part II of this thesis). 

Sengupta et a149 has also isolated crategolic acid (m~slinic 

acid) 1£. from the flowers of Eugenia ;@mbola.na. Lam as its methyl 

ester along with oleanolic acid. 
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The present author has also synthesised methyl crategolate 

and the details have been discussed on page tG~ Part II o~ this 

thesis. 

3@ The 2 ~, 3~ -di_gydroxyolean-12-en-28 oate. 

31 " 
Bannon et al recently reported the isolation of 2 ~ , 3 ~ -

dihydroxyolean-12-en-28-oic acid 84 from the sapogenin mixture pre­

pared ~rom the extract of the wood of Castanosperum.australe Cunn 

and Fras. These aut_hors established the identity of §i (2 (3 , 3 f.>­

dihydroxyolean-12-en-28 oic acid) by a high yielding stereospecific 

synthesis (Chart VII) from methyl crategolate §§.. 

Bannon et al isolated '§i as its methyl ester .§§.. The struc~ .. 
29b 

ture was suggested by its IR, NMR, mass spectrum • The melting 

point of the methyl ester 276-80°, §£was in aggeement with that 

published previously ior methyl 2 ~ , 3 (3 -dihydroxyolean-12-en-28 
. 37 . 28' 
oate (lit 278-82° and 276-~4° )$ These authors carried out a 

stereospecific synthesis of methyl 2 (3 , 3~ dihydroxyolean-12-en-28-

oate 85 in high yield from methyl crategolate §§.and-thereby conclu­

ded that the product isla.ted from Q. ~strale is in fact methyl 2·(3 , 

3 ~ -dihydroxy-olean-12-en-28 oate. 

}\() 
84 R=H 
-J 

810 >\<.-=-Me 
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Cllart VII 
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Methyl crategolate §.§. on partial acetylation yielded the 20C:­

acetoxy-3~~ .-alcoho1
43 

§1 which was oxidised with dimethyl sulfoxide 

in acetic anhydride to give 2 0(-acetoxy-3-ketone .§.§.. The latter §§. 

on isomerisation on .alumina gave the 3 fo -ac~toxy-2-ketone §g. The 

structure of this rearranged acetoxy ketone followed from analogy 

with the rearrangements of similar· groups in lupane51 , lanostane 

and 4, 4-dh~ethyl cholestane derivatives
52 

and from its ~ffi and IR 

spectra. Reduction of the 3 ~ -acetoxy-2-ketone 89 with sodium boro­

. hydride proceeded quantitatively to give a single product 2Q_ in 

which the introduced hydroxyl group at C-2 could be assigned the 

~-configuration on the assumption that attack has occured from less 

hinderedOC.-side of the molecule. Mild alkali~e hy~olysis of 3 f.>­
acetoxy-2~ -hydroxyolean-12-en-28-oate 90 gave the diol 85 m.p. 
. _ · . .:,·:·.. 0 43 0 28 
278-80°, (oc)D 88 (lit. m.p. 258-60°, (oc)D 97 , mep. 258-62 ' 

. 37 . 29b' 
m.p. 258-62o (oc >n 85°. , m~pG>_ 258-61° ,. §§.on acetylation affor-

ded the diacetate, methy~ 2~ , 3~ -diacetoxyolean-12-en-28-oate 21 
m.p. 232-4°, (ex: )D s2°, (lit29b m.p. ·227-31°). 

We have also synthesised the 2 ~, _3 (3 -dihydroxyolean-12-en-

28-oic acid fro~ diosph&nol of methyl oleanonate (details discussed 

on page!(~ Part II of this thesis). 

4e The 2 ~ , 3c( -dihydroxyolean-12-en-28-oic acid. ( bredemolic acid): 

Bredemolic aci~~' isolated from Bredemeyera floribunda 

willd., was also· a 2,3 -dihydroxyolean-12-en-28-oic acid and hence 



-119-

must be· an _epimer of crategolic acid ~· Since the 2 ~ , 3 ~ -§!, 

and ·the 2a': , 3CX -.§Q! isomers were already known by synthesis37 

and crategolic acid 73 was shown to oe·.;the 2 0(' 3(3 -dihydroxyolean-12 

-en-28-oic acid by Caglioti et a1
44 

bredemolie acid Qg must then be 

the remaining 2 ~ , 3 lX -dihydroxy isomer. However bredemoli~ acid 

gg was found to form WL acetonide, a somewhat unexpected behaviour 

on the part of a normal 1,2-diaxial trans cyclohexane diol deriva­

tive. Theuefore Tschesche et al synthesisea
27

'
28 

unambiguously all 

the four stereoisomeric 2,3-dihydroxy olean-12":"en-28-oic acids as 

their respective methyl esters. The synthetic work of Tschesche 

et al is shovm in Chart VIIIe 

The key compound in ~he synthesis· of the above epimeric 

methyl esters Chart VIII; methyl oleana-2, 12-dien-28-oate ~was 

prepared from methyl oleanolate Q..2Aby dehydiation with phosphorous 

oxychloride and pyridine. The dien-ester ~ gave two cis di.ols: the 

2 ex. , · 3 d. diol .§..§. and the 2 ~ , 3 (3 diol .§.§. by tr.ea tment vii th o smiurn 

tetroxide. On the other band treatment of the diene-ester Q1 

with hydrogen peroxide gave methyl 12-keto-2 ~ , 3o{ -dihydroxyolean-

28-oate 94A as the·major product and only a trace o~ ·the desired 

2 ~ , 3 oC -diol. ~· The above 12-keto-ester 94A, however, was conver­

ted by reduction into methyl bredomolate ~. Finally, all the above 

three diol-esters .§..§., §£ and~ on equilibration with base gave 

methyl crategolate §£, which must consequently have the stablest 

diequatorial 2C(., 3 f3 -configuration of the two hydroxyl groups. 
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e oa H 

5. Alphitolic Acid: 

'Guise et a133 isolated alphitolic acid~ as its methyl 

ester, m.p. 233-35° from the wood of Aluhitonia ~etrici_Braid and 

White .. The ester, methyl alphitolate g§1L (<)max 3634, 3587, 1735, 

887 cm-1 ) formed a diacetate (no hydroxyl absorption in the infra­

red) and a di~ydroderivative g5c (no absorption in the infrared at 

887 cm-1 ) :tiamely methyl dihydroalphitolate. The ester 95B consumed 

one mo~e of lead tetra-acetate. Guise et al converted dihydromet1zyl 

alphitolate gQQ to a dialdehyde 2£ by treatment with 1 mole equi-

v~lent of sodium metaperiodate. The latter on·oxidation with chro­

mic anhydride in acetic acid followed by methylation gave a tri-

methyl ester 21 identical with trimethyl ester of the Seco-A acid 

derived from dihydro betulic ·acid54• From the above physical and 

chemical evidences Guise· et al confirmed the structure of methyl 
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alphitolate as depicted in 95B. The stereochemistry of 1,2-glycol 

grouping in 95B was based on quantitative lead tetra-ace·tate ti tra-

t-t-0,, 
' 

H-0 

cooR'2... 

~1:)1\ 
) 

958 
) 

gs-c 
=--- 1 

1'1"'-0 0 c 
Mwoc: 

/ cl-\3 
R, - c · R2-::: H 

~ C'\-h_ J 

Rl= 
/C:H3 

f<2..== Me.. e 
'.:::::. L.\-h ... ' 

R, /e.-t-\3 
R2.=t'\1~ =\-\( ' 

e~-t~ ) 

97 

tions under the defined conditions of Djerassi and Ehrlich55 , where 

0.. -3 1 1 a ~lue k = 2.7 x 10 L mole-. Sec- was obtained, identical for 

tri terpene 2 0(, 3 f.> -glycols., 
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56 
Khastgir et al also reported the synthesis of methyl 

dihydroalphitolate g£Q. Methyl dihydrobetuloriate 98 prepared from 
. . 

betulinic acid, was oxidised by passing oxygen through a suspension 

of K -tertiary butoxide in dry tertiary-butanol to give diosphenol 
.,.,.,.,_ 

99, m.p. 13,1-33° 7l 269;..(€, 7532) which on acetylation gave the 
-· 'max. 
corresponding; acetate 100 m.p. 194-96°, ~ax237 m,.U..( E-, 9968). This 

acetate 1Q.Q.,.on hydrogenation in presence of 10% palladium-on-charcoal 
. 0 

cat_alyst gave ~0( -acetoxy methyl dihydrobetuJ.onate mepe 223-25 ' 

!.Ql.· ,Reduction of 101 __ with sodium borobydr_ide at ,PH 8 gave 2 OC-ace­

toxy dihydro betulinate which on alkaline hydrolysis gave methyl 

dihydroalphitolate 950 identical with an authentic sample of methyl 

dihydroalphitolate. 

[<)) 
) 

~--------~~------~~ 

}~ .N:: ~4 A~o ~:(t} [1-0 
< 

\ol ro-o -
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Rastogi et a1
57 

-have very recently- described the synthesis of 

methyl alphitolate ~ from methyl betulo~ate ~· Methyl betulonate 

102 on treatment with lead tetra-acetate yielded 20C-acetoxy-3-
---.." .· 

ketoderivative 103 m0p. 191° as the major product. That the acetoxy 

group on C-2 is equatorial was shown by _the m~R signal at 2.12 ppm 

for the acetoxy group and a quartet at 5.6 ppm (J = 13 and 6 Hz) 

for axial proton at C-2 containing the acetoxy group. The acetoxy 

ketone 103 on reduction with sodium borohydride gave the glycol 

namely methyl alphitolate 95~ m.p. 235°. l~!R signal' at 3.66 ppm 

(multiplet about 26 ~wide) confirmed the position and 2CX, 3~ 

configuration of the hydroxy groups in· methyl alphi tolate 95B. 

1 
103 
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6$ 2 (/..-hydroxy ursolic acid: 

34 
Glen et al reported the isolation .of 2oc -hydroxy Ursolic 

acid 104A as its methyl ester from the leaves of Rose-bay Willow-- . . . 
herb (chamacnorion _g_ngustifolium). That the methyl ester 104B was 

an ursane derivate was indicated by the presence o~ three peaks in 
1 . . 

the region 1400-1350 em- and two peaks in the region 1320-1240 em -l 

59 in the infrared spectrum • NMR spectrum revealed the presence of 

one olefinic proton (\ 4"'73) and one methyl ester group (16"'38). 

Fur-ther evidence came from mass spectrum of ~ which showed inten­

se peaks at m/e 263, 203 ru1d at 223 corresponding to ions A' ~ and 

Q, a pattern ~requently associated with LI
12

-triterpenoids35 • A 

similar mass fragmentation pattern was observed for the 20C.-hydroxy­

uvaol 1040 formed by lithium aluminium hydride reduction of the -· ' 

ftihydroxy methyl ester 104B. The methyl ester ~ formed a diace­

tate 1.Q.@ (twin distinct peaks in the NMR at'"17.97 and 8.0460 ). This 

physical evidence for the presence of a 2,3-diol system in 19..@ 

was further substantiated by the preparation of an isopropylidene 

derivative and also by the formation of the diosphenol J:.QQ. by 

chromium trioxide-pyridine oxidation. The presence of an ursane 

skeleton in the ester 1.,04B was shown by the Wolff Kishner reduction 

of the_ diosphenol 105 to give urs-12-en-28 oic acid 106 identical - -
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f<,o,, 
..... 

f22.0 

104A R1 = Hz =. H; R3 - COOH -
104B Rl = R2 = H; R3 -- l! 

i9..iQ R1 -:. R2 : H; R3 = CH20H ~ 
B 

!.Q.@ R1 . = R2, = Ac ; R3 = C00l1e -t 
c 1-\z. 

c 

with an authentic sample.· Cleavage of the diosphenol 10..§. with 

alkaline hydrogen peroxide gave 2,3 seco-urs-12-en-2,3,28-trioic 

acid-28 methyl ester 107 which confirmed the presence of the ursane­

skeleton in the ester 104B 

1-\oot· 14ooy 
\07 ·-
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The configuration of the hydroxyl group in the dihydroxy ester 

104B was settled by the synthesis of the trans diequatorial di"ol 

104B~ The enol acetate 108 on treatment with diborane and then 

subsequent oxidation of the intermediate afforded three products viz. 

methyl u:rsonate, methyl ursolate and methyl 2 o< ·, 3 (3 -dihydroxy urs-

12-en-28-oate 104~, the latter was identical with that obtained from 

the natu~al dihydroxy acid 104A. 

Further support for the aissignment of the 0( -configuration to 

the hydroxyl group at C-2 in 104B was revealed by the NMR spectrum 

of the monoacetate, methyl 2 oc-acetoxy-3 (3 -hydroxy urs-12-en-28-oate 

109. The li!IY1R spectrum showed signals in the region "l4.9 - 5.4 due to 

C-2 proton. The breadth of the resonance indicated that at least two 

couplings of about 8 c/sec are presen~ and this can only occur when 

the protont ·.at C-2 occupies an axial conformation allowing an axial 

interaction with the proton at C-3 and· a similar interaction with the 

axial proton at C-1. In addition, there is an axial-equatorial inter­

action with the other 'proton at C-1. This indicate~ that the proton 

at C-2 has the axial conformation and acetoxy group at C-2 has the 

equatorial ( 0( ) conformation. 
57 34 

Rastogi et al repeated Glen's work and obtained the enol 

acetate m.'p. 198° in 46% .. 9ield but subsequent speps of hydroboration 

and oxidation yielded only the starting material methyl ursolate. 
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Rastogi et.al employed lead tetra-acetate oxidation on methyl ursa­

late .110 and obtained 2 o<-acetoxy-3-keto derivative 111 as an amor-.- -
phous powder, the latter was·cbaracterized by NMR spectrum. Reduction 

of 110 with sodium bora hydride gave the methyl. 2 o<.-hydroxy ursolate 

104B in an overall yield of 26.7%, characterized by IR and NMR data. 

11o 

1Dq8 -
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CH.AJ?'T ER - I I 

Studies on Autoxidation:_ Synthesis of isomeric 2,3-diols of 

of isohopane~moretane)(Section B) -~nd metpyl, Olean-12-en-

28-oates (Section C). 

Section A: Introduction:· 

Khastgir et a1
10 

have been able to prepare the three isomeric 
. . 12 

diols (2 o( , 31(-; 2 0(, 3 ~ -; 2 ~, 3~-) of Ll -oleanane out of the 

.four possible isomers, using diosphenol obtained by the autoxidation 

of~ -arayrone (See Chart IV, page 9~). 

In order to examine the generality of the interesting react-

ions encountered during the studies on autoxidation and the method 

- f th · f · · · A 
12 1 2 3 a· 1 h t o syn es~s o ~somer~c q -o eanene , - ~o s, we ave ex ended 

. . 
our studies in (A) Isohopane (moretane) series and (B) oleanolic 

acid series. The synthesis of the isomeric 2, 3 -diols in the oleano­

lic acid series is described in Section C (page_ 160 of tbis thesis). 

Section B: §xnthesis of isomeric 2 ,3-diols of isohopane (moretane) 

1$ Synthesis of 2 o( , ~& -dihydroxy isohopane (moretane) 121 
. . 32 

Moretanone 112 obtained by the hydrogenation of moretenone 

was oxidised by passing oxygen through a suspension of ~ in dry 

tertiary butanol- contain~ng potassium.tertiary butoxide11,l2,13, 22 • 

One mole of oxygen was rapidly absorbed by the compowLd giving a 

0( -Cl.iketone derivative ll2_ m.p. 190-92° ( C( }D _ 40.00°. The compound 
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showed two spots on the chromatoplate indicating the presence of a 

mixture of two compounds. The compound~ showed positive·ferric 

chloride coloration. Its UV spectra exhibited maxima at 269 m)t ( f , 

5104). IR spectra showed peaks at 1100, 1645, 1670, 1715, 2960 and 

3560 cm-1 • These data were in complete agreement with the assign­

ments shown in 113A and 113B 

0 
'[o) 

) ] ~ ] 
11~ 

\I 3 P.. l13,f3 

lli 

1 .f\ e.'L ~- Py 

1\e.O 

liLt 

Acetylation of 113 with acetic anhydride and pyridine at room tem­

perature gave the corresponding·acetate 114 as a viscous oil which 

could not be induced to crystallisation. The latter was found ·to be 
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a homogeneous compound as it showed a single round spot in TLC. The 

acetate showed an UV absorption at 71 max 236 m p.( E , 6514) •. These 

spectral data clearly established the structure 113B and 114 for the 

diosphenol and the diosphenol acetate respectively. Diosphen.ol ace­

tate 114 on hydrogenation in presence of 10% palladium-on~charcoal 

qatalyst in ethanol solution _g;ave a product of m.p. 179-81°, (oC )D 

86.31°, 7tmax 276 IDf- (E- ,82). l~ spectrum of the compound was 

I 

.---.:::[_~1-tJ:.,.__-4) Ac);:t 1 
\\ 5 

consistent with the structure 115, the acetoxy group being at C-2 

and its configuration ase(. The proton at C-2 displayed a quartet 

of lines centered at 5.4 ppm, no signals were detected in the region 

·4.95 ppm characteristics for protonOC.-to a keto group (-C0-0-fi~). The 

low field signal, forming X part of an ABX system may be assigned to 

a methine proton oG-both to an acetoxy and a carbonyl group. The cou­

pling constants (Jae = 8 Hz and Jaa = -12 Hz) suggest an axial confi­

guration for this hydrogen38, 39 • The coupling constants indicated 

that it is predominately in a single conformation-probably chair 

conformation. 
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In this connection it is necessary to metnion that Lavie 

and co-wo·rkers during their studies on oxidat~on in euphol series 

claimed that hydrogenation o:f diosphenol acetate o:f dihydro Euphone 

11£_gave a product which was identical with 0-3 acetate~ i.e. a 

2-keto-3-acetoxy derivative. Migration o:f the acetoxy group :from 

0-2 to 0-3 position was proposed through the cyclic intermediate 
15 ' 

117 • Their results are contrary to the observat·ions reported in 

th fl. . 10 d 1 . . t . e 1 ~-amyrone ser~es ;-an a so our exper~ence ~n more anone ser~es 

where we obtained a 2 0( -acetoxy-3-keto compound UQ.~. In our case 1, 

2-addition o:f hydrogen takes place leading to a stable 2 0( -acetoxy-

3-keto compound. 

I l t; 

l 
A cO 

I\ g 
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In order to provide a reasonable explanation for the different 

behaviour shown by these compounds (dihydro euphone, ~-amyrone 

and moretanone) we have examined the ~ieding models of euphol, 

(3-amyrin and moretane derivatives. In the euphol series the pre­

sence of a double bond in 8,9 position causes deformation50 and has. 

a modified chair conformation which confers additional strain in 

the molecule whereas in the~ -amyrin series as well as in moretane 

series (having .A/B chair-cha.ir con:formation) this strain is not 

present. lVlo st probably the 2 oc -acetoxy-3 keto-compound which presu­

mably is formed at-first ·an hydrogenation of 116 isomerises to 118 

via 117 to release the additional strain in the molecule. Hence 2~­

acetoxy moretanone has the structure l,15_ and the acetoxy gr-oup being 

at C-2 and its configuration as OC. •. 

Sodium borohydride reduction of 11§.. in dioxan solution 

buffered at pH-8 to reduce isomerisation gave the crystalline 2 oe..­

aceto:x:y-3 (a-hydroxy compound 119, m.p. 199-200°, (oe. Yn 95.35. The 

latter on acetylation with pyridine and acetic anhydride afforded 

the 20C , 3 (3 -diacetate 120, m.p. 228-30°, ( oC. )D 50.60°, which on 

alkaline hydrolysis afforded the corresponding 2 ex:, 3 ~ -diol 121, 
'0 . 

m.p. 242~3°, (OC. )D 82 .. 86 • The diequatorial 2<X., 3~ -configuration 

of.the hydroxyl groups in the diol 121 was unequivocally confirmed 

by examination of the NMR spectra of the diol121 and its diaceta.te 

~· The NMR spectra of the diol ~ give rise to an unsymmetrical 
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.J\cO 

115' OH-:kox;t] 
. l.;{t -

doublet near 2a90 and 3e2 ppm (Jaa = 10 Cps)a This unsymmetrical 

doublet arises due to coupling with 0-2 proton. The 10 eps coupling 

between the proton implies a trans diaxial arrangement of the 0-2 

and 0-3 proton
39

• The 0-2 proton is further coupled to methylene 

protons at 0-1 and the signal for this is discerned as a quartet 

of doublets centered at 3.~6 ppm (X part of an ABXY). A similar 

pattern of b -values have been observed for methyl crategolate and 

other triterpenoids with identical ring A
53

• The m~R spectrum of 

its diacetate 120 showed the s~ne pattern shifted to the lower field 

due to acetate group~ 

2., 2.Y.uihesi s of 2 c< , 3 o<. -dihY,droxy isohQ..E.ane (moretane )123: 

Diosphenol 113B on hydrogenation in presence of 10% palla­

dium-on-charcoal catalyst in ethanol solution afforded 2 keto-more­

tanol 122, map. 181-3°' (~ >n 29a41°' which 011. acetylation with 
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pyridine and acetic anhydride afforded- the corresponding acetate 
' 0 -. 0 

122A m.p. 264-7 , (<X )D 82.61 • NMR spectrum of t~e compound 122 

showed a broad peak at 3.88 ppm accounting for one proton asso_ciated 

vri th the hydroxyl group containing no neighbouring proton ( -00-C,E-
'' . - . ' 

OH-0-), broad peak at 3.44 ppm due to proton associated with the 
. I 

hydroxyl group (-CH-OH) which disappeared upon D20 exchange and 

tw·o AB type doublets at 2.42 and 2.55 ppm (JAB = 12 cps) accounting 

for two hydrogens (~Co-cg2). The corresponding acetate 122A in the 

HO 
-' 

-t 

._ 

J 

Me. D-

1
. 

'-( '·-.c;r··· ·. 
/' ,#... f\1e... o·, 

I 2.5' -
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Nl\iffi spectrum had a sharp singlet at 4 4i 95 ppm ascribed to the c..:.3 

proton (-9H-OAe) and a broad doublet at 2.49 ppd 2.37 ppm for two 

protons adjacent to a carbonyl group (-CO-C~). 

lVIeerwein-Sondorff reduction of 2-keto moretanol 122 furnishe'd 

a crystalline solid which exhibited two distinct spots on chromato~ 

plate. Chromatography of the solid, first eluted a solid compound 

which after crystallisation· from methanol an.d chloroform mixture 
';;-

afforded a crystalline solid ·123.,_ m.p. ~50-51 °, ( oC. )D 9.37°, 

~ ·3420, 2960, 1450, 1370, 1350, 1042 cm-1 , in 92% yield. The 
max 

latter on acetylation with pyridine and acetic anhydride afforded 

an acetate~ m*P• 185-7°. The more polar solid obtained.from the 

chromatogram in about 5% yield had the m.p. 242-3° and was found to 

be identical. with 20C, 3 ~-diol 121, by m.m.p. and IR comparison. The 

stereochemistry of the hydroxyl groups in the diol has been assigned 

as. 2 ~, 3c(.as depicted in 123 on the basis of chemical and physical 

~evidenc(S:described below.---

~ -moretane 127 prepared by dehydration of epi-moretanol 

126_with phosphorouspxychloride and pyridine, was treated vdth osmi­

um tetroxide in pyridine solvent and the product obtained after 

chromatography m~lted at 235-40° and showed two spots on chromate­

plate. The separation of the two components could not be successfully 

accomplished by column chromatography. 
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Ct} 
HO/ 1-f(J ....... , 

POCh-P~ OsO~.t > ' 

> 
IH/ 

l ~b 
1:<7 I ~3 12& 

However, careful fractional crystallisation of the mixture from -

chloroform methanol mixture afforded first a diol having m.p. 250-

510 (oC )D 9.83, as the maj~r component (87%). From the mother liquor 

a second diol, m.p. 261-3°, ( oc )D 23.68° was isolated as a minor 

product (8%). The latter compound has been identified as the 2 ~ , 

3 ~-diol ~ .. from its mQm.p. and IR comparison with B.}! sample of 

2 ~' 3(3-diol (described on page\~8). The major diol 250-51°, (oc.)D 

9.83° afforded a diacetate, m.p. 185-7°i) ~· The diol and the diace­

tate were found to be identical with the diol and diacetate respecti­

vely obtained by the Meerwein-Pondorff reduction of-2 keto-moretanol 

122 described above. Since osmylation can only afford two cis iso­

mers, the diol 123 __ l.l.~ving m.p_. 250-51° and its diacetate lli,m.p. 

185-7° must have the 2 r;t_, 30C -configuration as depicted in formulas 

~ and 124 respectively. 

j 
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. J / 
NMR' spectrum of the diol 123 is in >u:±"te accord with the 2 OC, 

3CC-orientation of the hydroxyl groups. HMR of~ showed a narrow . 
do ... ~b L-e-t trw..- 3·1:-1.2.) 

multiplet at 3.~0 ppm associated vdth C-3 proton~(ma). The 0-2 pro-
c.:r"-<1-l'.ll+~ J :Yea.-3, .;t· 5 1-\z.) 

ton was discerned as a multiplet centered at 4. 05 ppm~ In the NlviR 

spectrum of its diacetate 124, the peak associated with C-3 x · a 

proton i.s shifted to the lower fields (doublet 4.63 ppm) and the C-2 
?Tl '!A.l ti..pLe..t 

proton give rise to a qy,artet at 5.32 ppm. All these are in good 
e. 

agreement with the ste:r;.ochemical assignments'~ and 124. 

The diol 123 on tr.eatment with acetone in presence of cata­

. lytic amount of p-toluene sulfonic acid gave an a cetonide deri va­

tive 125, m.p. 186-88°, (IX)D 19.04. 

I . . 
3. synthesis of 2@ ' 3 ~ -dihy:droxy isohopane (moretahe). ~= 

Diosphenol ~13B on sodium borohydride reduction gave a com-
o _, nujol ' 

poruld 128, m~P· 262~4o, (~)D 23.68 , ~max 3420, 2950,1460, 1275, 

1250 cm-1 • The latter on acetylation with acetic anhydride-pyridine 

113 B 

\-\0 

HO 

Me. 0 
"-../ c 

Me/ 'o 

}/Z s 

l (i: 11 3)~ C 0 , H t 
I A 9 -

130 
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. 0 . 0 
afforded a crystalline diacetate ~' m@p. 214-15 , (oC)D 31025 • 

HMR of 128 showed a tri'~lplet at 3 .. 2,3 ppm and a broad· unresolved mul­

tiplet at about 4;.60 ppm which collapsed to a doublet (J = 3*6 ·Hz) 

and a multiplet (f..J = Jb Hz). respectively upon exchange of bydroxyl 
~~~~L~L · 

proton with n2o ... Thus the hydroxyl· group .at C-3 is aR-al (He,) and 

t'he one at C-2 is e~"».~~~-:_al (Hg). In the NMR spectra of the diace­

tate 129 these signals were shifted downfield to 4.97 ppm (doublet, 

J = 3 Hz) and at about 5. 25 ppm (broad multiplet). 

Compound 128 on treatment with acetone in presence of cata-

lytic amount of p-toluene sulfonic acid gave an acetonide deri vat.i ve 

0 ( 0 lQ.Q..m.p. 239-41 , <X. )D 29~85 • 

Sodium borohydride reduction would be expected to furnish 

a 2 ex:, 30( -diol or 2 f.>, 3 (3 -diol or a mixture of 2oc, .3 ~-and 20C, 

3 (X';.diols. However, 2 ~ , 3 (3 -diol 1~8 could only be isolated which 

can be explained if it is assumed that the reduction proceeds via 

113 B 
[Hl -7[ .HDV J 

) 

~0 Ho ./ 
l~l 

I '3 i 

J 
1 .. 

··\ ... • 

7' \ :;( <6 -

J 
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1. \-\2.0 2 - \-\ coo_H 

A_. OH-

\33 

the intermediate ~· 

HO 

\!. 2 

4. ~thesis of 2 ~ , 3 OG-dih.vd.roxy isohopane (moretane )_ 132: 

The ster:Lcally most unstable 2 ~ , 3CX. -diol (axial-~ial) was 

prepared by the known method1 ' 2 ' 3 described in literature. The method 
2 . 

involved the oxidation of 'Ll -moretaue 127 with performic acid and 

subsequent hydrolysis of the ester with_ alkali ·solution. By follow­

ing the above procedure a crystalline diol 132, m.p. 22i-4°, (OC)D 

2i.18° was obtained. IR spectrum of the diol 132 showed p~aks at 

/ 
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-1' 
3560, 2980, 1455 em •· Acetylation of the diol with acetic anhydride 

and pyridine ai'forded the crystalline 2 (3, 3oC-diacetate lM, m$p. 

145-7°, ( oe. >n 31®40. 

The 2 ~, 3CX: -stereochemistry of the diol has been assigned 

by analogy with previous work reported in the li terature10 ' 28 • The 

l~ spectrum of the ·diacetate 133, is whown in Fig. 4. 



--------------------------.----------------- ------------~ .. 

Fig. 4. NMR spectrum of 2 ~ , 3o{ -diacetate ~ 

0 
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EXPERIMENTAL 

Melting points are uncorrected •. The petroleum ether used 
0 

-throughout the investigation had b.p. 60-80. All optical rotations 
l 

were determined.in chloroform solution Wlless stated otherwise. NMR 

spe.ctra were determined on Varian A-60 and HA-100 spectrometers 

using chloroform-a solution containi~g tetramethyl-silane as refer­

ence. The IR spectra were recorded in Perkin-Elmer 337 and 221 ·and 

Beckmann I.R. - 20 spectrophotometers. UV absorption spectra were 

taken in Ziess VSU-1 and UV Beclcmann DU-2 spectrophotometers in 95% 

ethanol solution unless otherwise stated. 

~re]aratipn of moretanone 112: 

Moretenone (3 gms) (obtained from the bark o:f Sapiffi 

Sebiferum.Roxb. by the method of Khastgir et al32 ) dissolved in ethyl 

acetate.(400 ml) was stirred in presence of 10% palladim-o~charcoal 

catalysts (300 mg) in an atmosphere o:f hydrogen till the absorption 

ceased. After working up in the usual manner it gave a solid (2.8 

gm). The latter on crystallisation· from chloroform· and methanol mix-
. 0 0 

ture gave crystals of 112, m.p. 190-92 (c<.)D 33, -which·was found 

to be identical with an authentic sample of moretanone (m.m.p. and 
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Autoxidation o:f isohopanone (moretanone )_1._12: Preparation o:f 

dio spheno 1 ll§_. 

Moretanone (2 gm) suspended in potassium-tertiary butoxide 

in tertiary butanol (prepared :from 6 gm o:f potassi}jm and 160 ml o":f 

tertiary butanol) was shaken in a ~tream o:f oxygen for three hours. 

The reaction mixture was diluted with water and then 6N hydrochloric 

acid was added till the solution was ~cidic. It was then. extracted 

with chloroform (150 ml), washed with water till neutral and the 

combined extract was dried.(Na2so4 ). On removal of~he solvent under 

reduced pressure, a yellowish gummy foam-was obtained (1.8 gm). The 

latter on crystallisation from acetone-methanol gave colorless cry­

stals (1 ~), m.p. 190-2°, (oc )D 40.00°. It gave a positive ferric 

chloride test for diosphenol. TLC of the ~ompound showed two spots 

on chromatoplate (using benzene as solvent), an upper spo:b Rf = 0.76 

of slightly weaker intensity than the lower spot R:r = 0.73. These 

were assumed to be due to the tautomeric mixture of the diketone 

113.! and the diosphenol 113B. 

Found: . o, 81.62; . H, 10.56% 

Calculated for o3oH48o2 : o, 81,.81; H, 10.90% 

uv . '7\ 269 ffi!J- ( E.' 5104) • max. 

Acetylation of diosphenol.113 ~ Preparation of diosphenol acetat~ 114 

Diosphenol 113 (500 mg) was acetylated by treatment with . . 

acetic anhydride (10 ml) andpyridine (10 ml) overnight at room 

temperature. After working up in the usual manner a highly viscous 
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oil was obtained which could bat be crystallised. The compound 
-

showed a single spot. on a chromatoplate and did not give· any colo-

ration with ferric chloride solution. 

uv: 7\ 236 mJ.L ( E- , 6514) 
max 

Hydrogenation of dios.I?henol acetate _11_!: Preparation of 2oc -acetoxy: 

isohopanone (moretanon~)115 

To diosphenol acetate 11~ (200 mg) dissolved in absolute 

·ethan.ol was added 10% pa~ladium-on-charcoal catalyst (25 mg) and 
{l 

the mixture was shaken in an atmosphere of hydrogen till the absorp-

tion ceased.,The catalyst was removed by filtration and the solvent 

was distilled off under reduced nressure from the filtrate. A solid 
- ' . . __.c;· 

residue was obtained which after three crystallisation from methanol 1 

furnished a solid 115, m.p. 179-81°, (CX:)D 86.31°. )/ 

Found: O, 79.59~ H, 10.62% 

O, 79.33; H, 10~74% 

uv:. en max 276' m}A- ( f ' 82) 

IR: ~nujol 1720 (-0 =0), 3500 (-OH) cm-1 
max 

Preparation of 2 OC.-acetoxy-:-~@ -hydrox;y isohopane (moretane) ·1..19: 

Sodium borohydride reduction of 2 OC.-acetoxy isohopan?ne (moretanone) 

115: 

To 20C-acetoxy isohopanone ,;l.J...Q. (300 mg) dissolved in dry 

dioxan (25 ml) was added, with cooling a slurry of sodium borohydride 
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(300 mg) prepared in an NH4Cl - NH40H buffer (PH = 8, 4 ml). The 

mixture was stirred at room temperature for two hours. A portion of 

the solvent was remov.ed by distillation, cooled and acidified with 

dilute hydrochloric acid and extracted with ether. The ethereal layer 

was washe·d with water till neutral and dried (Na2so4 ). Removal of 

ether gave a solid residue (250 mg) which was chromatographed over a 

column of alumina (30 gm, deactivated with 1.2 ml of 10% aqueous 

acetic acid ) developed with petroleum ether., The residue was dissol-

ved in benzene, poured on the column and was eluted with following 

solvents. (Table I). 

Eluent 

Petroleum ether 

Petroleum ether: 
benzene (4:1) 

Petroleum ether: 
benzene (3:2) 

Table I 

Fractions 
50 ml each 

1-4 

. 5-7 

8-14 

Residue 

Oil solid small (15 mg) 

Solid (200 mg) 
m.p., 196-70 

Further elution with more polar solvents did not afford any solid. 

The solid from fractions 8-14 (Table I) were combined and crysta­

llised from chlo~oform-methanol mixture. After two crystallisation 
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pure 2 c{-acetoxy-3 fl-hydro:x:y isopopane (moretane) 119,. m. p. 199-

2000, ( o( )D, 95 6>35 was obtained~ 

Found: C, 78.59; H, 11.01% 

C, 78.96; H, 11.18% 

Acetylation of ?_c(-acetoxy-3/3 -hydroxy isohopane ;!j.9:. Isolation of 

g_£( , 3,& -diacetate 120 ~ 

The solid.1. (200 mg) m":p0 199-200°, ~ was acetylated by 

heating with pyr_idine (2 ml) and acetic anhyaXide (5 ml) on a water 

bath for six hours. After working up in the usual manner it gave 

crystals of 2 Q( , 3 jj-diol diacetate 120, m. p. 228-30°, ( C( )D f/0 .. 60°. 

Found: C, 77.33; H, 10.76% 

·c, 77.27; H, 10.6% 

No UV absorption in the region 200-300 m~ 
· nujol -1 ( 2 ~, 

IR: '\)max 1750, 1480, 1465, 1355 em Fig. 1 

NMR (100 Mc/s): Peaks at 1.97, 2®03 (6H, 2-0-COC~), 4.65 

4 .. 82 ( 2H, H -C-OCOCH3) pf.,., · 

H;y:drolysis of 2o(, _ _3;S -diacetate_120: ~eparation of 2:(, :.ya­
, dihydroxy isohopane (moretane) 121: 

To the above diacetate m®:p.· 228-30° (150 mg) in dioxan (40 ml) 

was added 10% sodium hydroxide solution (10 ml) and the mixture was 

heated under reflux for tbree. hours. The reaction mixture was cooled, 

diluted with water and then extracted with ether. The ethereal layer 

after washing with ~ater till neutral, was dried (Na2so4 ). The solvent 

was re_moved and a solid m.p. 238-40° was obtained. After three crysta­

llisations from methanol it afforded pure 2 J.._, 3 fo-dihyaroxy isohopane 
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(moretane) ill, m.:p. 240-42° (OC")D 82.86°.-

Found: C, 80.72; H, 11.35% 

C, 81.08; H, 11.70% 

UV : No absorption in the region 220-300 m~ 

IR : i) nujol 3350, ~960, 1460, 1360, 1030 cm-1 Fig. 3 
mu . · 

NMR (100 Mc/S): Peaks at 2.90, 3~2 (1H, doublet, H -c3-0H) 

3.76 (quartet: of a doublet g -C2-0H) ppm. 

2. treparation of 20C:, 3Ci\-dihydro::x:,y isohopane (moretane) 123: 

~@'ogenation of diosphenol. ill: Preuaration of 2 keto-moretanol 

·~:")<122. 
:-;_ . ..,··...__· 

Diosphenol 113 (200 mg) diss·olved in absolute ethanol (80 ml) 

was stirred in presence of 10% palladium-on-charcoal catalyst (25 mg) 

in an atmosphere of hydro~en till the absorption of hydrogen ceased. 

After working up in the usual manner and crystallisation from chloro-

form-methanol mixture it afforded a crystalline· solid, m.p 181-3~.:.), 
0 

( OC )D 29.41 • 

Found: 

Calculated for c30H5002 
?\ 278~~ E,. 78\l UV : max ., ' 

• • 

NMR (100 Mq~):·3.88 (broad, 

C, 81~02; H, 11.62% 

C, 81®44; H, 11$31% 

I 

-CO-CHOH -~), 3.44 (~road), 
- I 

' 
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~cetylation of 2 keto-moretanol .122:Isolation of 2 keto-moretanyl 

acetate 122A: 

2 keto-moretanol (200 mg) was treated with acetic anhydride 

(5 ml) . and pyridine (5 m1) and the mixture was kept at room tempera-

ture overnight. After working up in the usual manner and crystalli-

sation from chloroform-methanol mixture it afforded a crystalline 
0 0 

solid 122A, m.p. 264-67 , (OC)D 82.61. 

Found: C, 79.62; H, ·10.36% 

C, 79.33; H, 10~74% 

NMR (100 Mcs): 4.95 (-C3H-0Ac), 2 .. 49, 2.37 (CG-tt~) ppm. 

Meerwein-Pondorff reduction of 2 keto-moretanol 12~: Isolation of 

2 o<., 3o<. -dihydroxy isohopane (moretane) 123 s 

A mixture of 2 keto-moretanol 122, .Al-isopropoxide ( 650 mg) 

in dry isopropanol (12.5 ml) was distilled slowly with the addition 

of isopropanol ~o maintain constant volume. After 5 hours the dis­

tillate no longer contained acetone and the solution was cori.centra-

ted to a small volmne. The reaction mixtur~ was diluted with water 
' 

followed by 10% sulphuric acid solution (20 ml) and then extracted 

with ether. The product obtained after removal of the ether was 

dissolved in be1~ene (6 ml) and poured on a column of alumina, (25 

gm deactivated with 1 ml of 10% aqueous acetic acid) developed with 

petroleum etner. The following solvents were used for elution (Table 

II). 



~ 

Eluent 

Petroleum ether 

Petroleum ether: 
benzene (4:1) 

Petroleum ether: 
benzene ( 3 : 2 ) 

Petroleum ether: 
benzene (1:4) 

Benzene 

Benzene: elhher (4: ') 
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·_!able- II 

Fractions 
50 ml each 

1-3 

4-6 

7-9 

10-13 

14-15 

16-20 

Residue on 
evaporation 

Nil 

Nil 

lifil 

Solid m.p. 
(400 mg) 

Nil 

245-8° 

Solid (40 mg) 
m.p. 239-40° 

Elution with more polar solvents did not give any solid material. 

Solids from fraction 10-13 (Table II) were combined which after 

crystallisation from methanol afforded the crystalline 2 <X., 3ot­

dihydroxy isohopane (moretane) 123 (350 mg), m.p. 250-51°, ( oG )D 

0 9.37 .. 

Found: C, 81.80; H, 11.6% 

C, 81.08; H, 11.7.0% 

UV : No absorption in the region 220-300 mfL 
IR : iJ 3420, 2960, 1450, 1370, 1350, 1040 cm-:-1 

max 

mffi (100 MC/S): Peaks at 3.~0 ("-:!dlci;~et, C-3,!!), 4.0, 4.1 
YT1 tJLL t p Let . 

(aouhl~t 1H,.·JI- c2- OH)f"""" · 
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The solids from fractions 16~20 (Table II) after crystallisation 

from methanol afforded a crystalline solid (28 ~g), m.p. 242-36
,. 

identical with the 20(, 3 ~ -dihydroxy isohopane (moretane) described 

earlier. 

Acetylation of 20(, 3oc -dih;vdroxy isohopane (moretanJe)123~- Prepara­

tion of 2 o(, 3 o<..-diol diacetate 124: 

200 mg of the ? oc, 3 o<.. -diol 123 was treated wi tp. pyridine 

(5 mJ) and acetic anhydride (5 ml) and the mixture was heated on a 

water bath for four hours. After working up in the usual manner, it 

gave a solid which after crystallisation from cluoroform-metbanol 
0 mixture afforded ·the 2 ex. , 3 o<.-diacetate 124, m. p. 185-7 • 

! 

Found: C, 76.80; H, 10o40% 

C, 77.27; H, 10.60% 

uv: No absorption in the region 200-300 m}k 

IR: 1J max 1725, ·1430, 1360, 1340, 1240 cm-1 

NMR (100 MC/S): Peaks at 4. 63 (doublet C-3!! (e) 
' centred 

~eparation of acetonide derivative of 2 oC, 3oC-diol 123: 

To the diol 123 (100 mg) dissolved in dry acetone was added 

catalytic amount of p-toluene sulfonic a9id. The mixture was. shaken 

for 10 minutes and then kept'overni~to After usual work.up a solid 
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(86 mg) was obtained which after crystallisation from methanol 

afforded pure crystals of tne acetonide derivative 125, m.p. 186-

88 ° , ( C:X: ) D 19 • 04 ~ • 

Found: C, 81.~.8; H, 11.45% 

C,. 81.81; H, 11e57% 

~eparation of epi-moretanol:_ 126:. 

Epi-moretenol (2 gm) (isolated from the. bark of·Sapi~ 

sebiferum Roxb. by the method of Khastgir et al61 ), dissolved in 

ethyl acetate (350 ml) vvas stirred in presence of Adam's catalys-t 

(200 mg) in an atmosphere of hydrogen till the absorption eeased. 

After worl{ing up in the usual manner, it gave a solid which on cry-

stallisatiori ·from .chloroform-methanol gave crystals 126, m.p. 184-

60, (ot)D -2.30° identical with an authentic sample (m.m.p. and IR 

comparison). 

. 2 
Preparation of d -moretane .127: POC!3 .- Pyridine dehydration of 

epi-moretanol 126: 

To an ice cold solution of epi-moretanol 126 (600 mg) in 

pyridine (10 ml), phosphorous oxychloride ··~8 ml) was added and the 

mixture was kept overnight. It was then poured on crushed ice cau­

tiously ruld extracted with ether. The·ether extract was washed with 

water and dried (Na2S04). On removal of the solvent a solid residue 
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(540 mg) was o_btained. The latter was dissolved in benzene (5 ml) 
. l 

and poured on a column of active alumina (30 gm) developed ·with 

petroleum ether. The following solvents were· used for elution. -

Eluent 

Petroleum ether 

Table- III 

------------------------------------~;--------------
Fractions 
50 ml. each 

1-3 

Residue on 
evaporation 

Solid (510 mg) 
m .. p. 158-60° 

Further elution with more polar sol vents did not afford any solid 

material. 

-------------------------------------------------------------~---------

The soli·d from fractions 1-3 (Table III) were combined and on cry-
2 

stallisation from chloroform-methanol mixture afforded d- moretane, 

127 m.p. 162-4°. 

Osmi1m tetroxide Oxidation of ~2 
-moretane 127: 

A solution of Ll 2 -moretane 127 (1.0 gm) and osmium tetroxide 

(650 mg) in pyridine (10 ml) and dry ether (5 ml) was stirred for 12 

hours at room temperature and then kept in the dark for eight days. 
"'Ye ')'O.O veJ... 

After this period the solvents were F-eduo-e-€1:- under reduced pressure 

and a black residue was obtained. It was dissolved in a mixture of 

benzene (25 ml) ~nd 95% ethanol (25 ml) and refluxed for six hours 

after the addition of a solution of mannitol (5.6 gm) and potassium 
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~ydroxide (5.6 gm) in ethanol (25 ml) and water (12.5 ml). The reac­

tion mixture was diluted with water and extracted with ether. The 

organic layer was washed with water, dried (Na2so4) and evaporated to 

yield a crude solid (960 mg), which was chromatographed over a colu-

mn of alumina (50 gm, deactivated with 2 ml of 1,07b aq. acetic acid) 

developed with petroleum ether. The residue dissolved in benzene 

(8 ml) was poured on the column and eluted with the following·sol­

vents. (Table IV) 

Table-IV 

Eluent Fractions Residue on 
50 ml each evaporation 

Petroleum ether . .1-3 Oil 

Petroleum ether: benzene (3:1) 4-6 Oil 

Petroleum ether: benzene (1:1) 7-9 Nil 

Petroleum ether: benzene (1:3) 10-11 Nil 

Benzene 13-14 Oil 

Benzene: ether (4:1) 15-22 Solid (500 mg) 
m.p., 235-40° 

Further elution \nth more polar solvents did not give any solid 

material. 
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The solid (500 mg) from fraction 15~22 •(Table IV) were com~ined and 

crystallised ·from chloroform-methanol to furnish a solid m.p. 236-

400. This solid showed two spots on a chromatoplate and could not be 

separated even after repeated column ·chromatography. However crysta­

llisation from methanol at first deposited a homo~eneous solid (TLC) 

(460 mg), m .p. 250-51°, ( OC )D 9 .s3C: The IR. spectrum of this· solid 

was found to be identical with ~prepared by Meerwein-Pondorff 

reduction of·12~. 

From the mother liquor, a second diol m.p. 261-3°, ( aC-) 
D 

2~eB8° was isolated and was found to be identical with 2 ~ , 3 ~­

dihydroxy-isohopane (moretane) 128 (m.m.p •. and IR comparison), des­

cribed below Gi 

Preuaration of 2 (3, 3J3 -dihydroxy isohopane (moretane) .128: Sodium 

borohydride reduction of diosphenol ;]J..E_: 

To a solution of diosphenol113 (200 mg) in 100 ml of methanol, 

sodium borohydride (100 mg) was ad~ed and the mixture was stirred with 

a magnetic stirrer for one hour. The reaction mixture was concentra-

ted, diluted with ·water and then acidified with dilute hydrochloric 

acid (6 ml). It was then taken up in ether and washed with vvater until 

neutral and dried (l'ifa2so4 ). The solvent was removed. The solid resi­

due (200 mg) was dissolved in benzene and was poured on ~ column of 

alumina (10 gm, deactivated with 0.4 ml of 10% aqueous acetic acid) 

developed with petroleum ether. The c~nomatogram was eluted with 

following solvents. (Table V) 



Eluent 

Petroleum ether 

Petroleum ether: 
benzene (3:1) 

Petroleum ether: 
benzene (1:1) 

Petroleum etherJ: 
benzene (1:3) 

Benzene 
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Table-V 

Fractions 
50 ml e~ch 

1-2 

3-4 

5-6 

7-8 

9-14. 

Residue on 
evaporation. 

Nil 

Nil 

Nil 

Nil 

Solids (180 mg) 
m.p. 255-8° 

Further elution with more polar solvents did not afford any solid 

material. 

---·---
The solid from fraction 9-14 (Table V) were collected and after 

crysta:llisation from chloroform-methanol mixture gave pure crystailine 

2 ~ , 3 {3 -dihyc1roxy isohopane (moretane), 128, I 0 ( oe.) m.p. 262-4 , 
D 

23.68°. 

FoWld~ c, 81.02; H, 11.20% 

Calculated for C30H5202 . c, 81.08, H, 11.70% • 

uv : No absorption in the region 200-300 m jJ-

IR : --2) 3410, 2945, 1455, 1380, 1350, 1040 cm-1 
max 
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~aration of 2 ~ , 3 ~ -diacetate .129: Acetylation of 2 ~, 3@ -diby,-.. 

droxy i~hopane (moretane) 128: 

200 mg of the 2 (3 , 3 P., -diol 128 was_ a cetylated by heating with 

pyridine (3 ml) and acetic anhydride (5 ml) on a water bath for 4 

hours. After working up in the usual manner it gave a solid which 

after several crystallisation from chloroform-methanol afforded pure 

diacetate 129, m.p. 214-5°, (oC. )D 31.,25~ 

( 

Found: C, 77.01; H, 10.31% 

C, 77.27; H, 10.60% 

uv: No absorption in the region 220-300 m~. 

IR: ~ 2960, 1225, 14B5, 1455, 1380, 1370, 1255 cm-1 • max 

Preparation of acetonide derivat~ve. 130 of 2 (i 2 3~ diol 128: 

100 mg of 2 ~, 3 (3 -diol b.?.§. was dissolved in dry acetone 

( 10 ml) and to this a few crystals of p-toluene sulfonic acid was 

added. The reaction mixture was shaken for a few minutes arid kept 

overnight. To this reaction mixture 5% sodium bicarbonate solution 

(2 ml) was added and a part of the solvent was removed by distilla­

tion and then diluted vvi th water. The cloudy precipitate which appea-

red was extracted with ether. The ethereal layer after being washed 
I ' C 

with water till neutral was dried (Na2S04) .• The ether was then remo­

ved and the solid residue after several crystallisations from chloro-

form-methanol mixture afforded the pure acetonide derivative 130, mep. 

239-41°, (oC)D 29.85°. 
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FoWld: C, 81050; H, 11.04% 

C, 81.81; H, 11~57% 

~reparation of 2@, 3oC -digydroxy isoho.J2,ane (moretane) _132 and its 

diacetate 133: 

2 
To a solution of LJ -mqretane 127 (200 mg) dissolved in hexane 

(10 ml) in-an erlenmeyer flask, was added formic acid (98-100%) 50 ml, 

water (4 ml) and hydrogen peroxide (30%, 0.5 ml) and the mixture was 

stirred for eight hours at 55-60°. The reaction mixture was then kept 

at room temperature for sixteen hours. The solvents were removed 

under reduced pressure and the residue was extracted with ethyl ace­

tate.- The ethyl acetate layer was washed with water, dried (Na2so4 ) 

and the sol vent removed. To the residue· ( 170 mg) was added a 20% 

sodium hydroxide solution (20 ml) and the mixture was heated on a 

water bath for half an hour. The reaction mixture was then cooled, 

acidified with dilute hydrochloric acid and extracted with ether. The 

ethereal layer after being washed with water was dried (Na2so4 ) and 

the solvent removed. The residue (120 mg) was dissolved in benzene 

and poured on a column of alumina (15- gm, deactivated with 0.6 ml of 

10% aqu~ous acetic acid) developed vrith petroleum ether. The chroma­

togram was eluted with the following solvents. (Table VI) 



,_..lll._ 

Eluent 

:Petrolemn ether 

Petroleum ether: 
benzene (3:1) 

Petroleum ether: 
benzene (1:1) 

Petroleum ether: 
benzene (1:3) 

Benzene 
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Table - VI ' 

Fractions 
50 ml each 

4-6 

7-10 

11-13 

Residue on 
evaporation 

Oil 

Nil 

Nil 

Nil 

14-18 Solid (50 mg) 
~-\'-219-21 ° 

Further elution with more polar solvents did not give any solid 

material. 

The solids (50 mg) from fractions 14-18 (Table VI) were· combined and 

after crystallisation from methanol afforded crystals of 2 f3, 3oC-

( . ) 0 ( . 0 dihydroxy isohopane moretane ~' m.p<!> 221-4 , o( )D :U.18 • 

Found: C, 80.71%; H, 11.73% 

C, 81@08; H, 11.70% 

uv: No absorption in the region 220-300 mfL• 

IR: ~ 3440, 2965, 1475, 1375, 1044, 1007 am-1 
max 

The e;::_bove diol ~' m.p. 221-4° on being treated with acetic·).J:1.hyd.ride 
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:pyridine in the usual manner gave crystalline 2 ~, 3o(- diol diacetate 

133, m.p .. 145-7°, ( 0( )D 31.40°. 

Found: C, 77.00; H, 10 .. 21% 

C, 77.27; H, 10.,60% 

uv: No absorption in ,the region 200-300,mfL• 
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~q!ion 0:. Synthesis of isomeric 2, 3-diols~ methyl Olean-12-en-

28-0ate. 

1. e..,ypthesis of methyl 2 oL 3o\.-dihydro:X:y-Olean-12-en-28-~ 13~: 
. . 0 0 . 

Methyl oleanonate ~ m.p. 182-4·, (o()D 89. pr~pared by Jones 

oxidation of methyl oleanolate
58 

134?was oxidised .by passing oxygen 

through a suspen·sion of ~ in dry t-butanol containing potassium 

tertiary butoxide11 ' 12' 13 ' 22 • -~bs.orption of one mole of oxygen led 
. . 0 0 

to a diketone derivative ~' m. p. 130-35 , ( c( )D 104 ± 4 • The compound 

showed two spots on a chromatoplate indicating the presence of two 

compounds. 

1~9 ·-
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( 
\l _,KBr 

This compound 136 showed UV absorption at 269.5 mp- E ,5700 1 , umax 

3420, 2960, 1730, 1670, 1650 cm-1 (Fig. 5) and it gave a positive 

ferric chloride coloration .. These data 'vvere in complete agreement 

with the assignments shovv.a. in 136A_ and 136B. 

Hydrogenation of diosphenol ~ in presence of 10% palladium­

on-charcoal catalyst gave the ~orresponding reduced product 121, 
129 31

o (oC ) 1 o9o 1\ 270 mr-- ( f = 43), vmn~~ol- 3450 (-OH) 
m .. p. - ' D ' ·max ~ 

1710 (C = o), 1730 (-COOMef;-~ig .. §) It showed negative ferric chlo-

ride coloration. During this hydrogenation 1,4-addition of hydrogen 

took place giving the ketol 137 (TLO homogenous·). Acetylation of ill 

with acetic- anhydride and pyridine gave the corresponding acetate. 

138, m.p.; 182-4°, (oc )D 85°, 71max 275 mp- ( E: ,so), -v!.: 1725, 1740, 

1235 cm-1 , Fig. 7. Meerwein-Pondorff reduction of 137 furnished a 

crystalline soli-d 139 which exhibi~ed a single spo~ on c~homatoplate. 
Ohromatoiraphy of the solid gave ill m.p .. 286-7°, ( 0( )D 71°, £)max 

3340 ( -OH), 1725 ( -OOOMe) em - 1 • This compound 139 was found to be 

identical_ with methyl- 2 fK, 3!{-dihydroxy-olean-12-en-28-oate kindly 

supplied by H.T.Oheung (by m.m.p. and Oo-TLO). The ID\lll spectrum of the 

diol !£9 revealed that the 0-3 protpn give rise to a doublet (J, 
6 

3 Hz) and~3.4 due to vicinal coupling of equatorial and axial protons. 

The signal for 0-2H appeared as a double triplet at S 3.9 with splitt-

ings o·f 12 , 3 ancl 3Hz indi eating it as an axial proton with one 

axial-~~~al and.two axial-equatorial splittings. Thus 139 is the 
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2 o(, 30C-diol. Acetyl~tion of 139 with acetic anhydride-pyridine gave 

the diacetate 140 m .. p. 226-8° ( 0( )D · 95 .20~ This diacetate showed 

lower field m:m signals which were in· good agreement with the expect-

ed structure ~· 

The diol ~on treatment vdth acetone in presence of cataly-

tic amount of p-toluene sulfonic acid gave an. acetonide de.rivative 

0 .'' 141, m.p. 235-9 • " -. .1 

2. §..ynthesis of methyl 2j!, 3 ~-dih,yd.roJa-olean-12-e¥1-28-oate 142: 

Diosphenol 13_£ on sodium borohydride reduction in methanol 

solution gave a compow1.d 142, m.p. 269-72°, (c;()D 88 .. 88°(lit. 
4~' 37 , 29 b_:i 

J 
\-lO 

t'Ja8n~ ). ' 
t-\-o 

i3G 
iy3 ,_ 

0 . 0 0 8 0 0) m.p .. 258-60 , (o<.)D 97 ; m.p .. 258-62 , (o<.)D 5 , m.p. 258-61 ', no UV 
-1 

abosorption in the region 220-300 m~·,V max 3525, 3360, 1720 em • 



.·~ 

--f 

..lt.., 

-163-

Treatment of lli wj,t-h pyridine and acetic anhydride gave the diace-
0 · o , KBr ( · ) 

tate 143, m. p. 220-22 , ( o( )D 86.20 , '?J max 1745, 1720 C = 0 , 1258 

(0 - 0) cm-1 • Examination of the li!MR spectrmn~142 showed ~Fig. ·8) 

two unresolved multiplets, one at 3.15 ppm assigned to C-3H and the 

other at about 4.4 ppm (C-2H) in addition to the olefinic proton_at 

5 .15 ppm. Thus the hydroxyl group at C-3 is axial ( H9 ) and the one 

at C-2 is equatorial (Hal. In the I\ffiffi spectrum .of its diacetate Fi_g. 

9, these signals were sh:Lfted 'to a dolmfield to 4. 6 (J = 4Hz )ppm 

and about 5.4 (broad raul tiplet). The signals for the ester group show­

ed a singlet at 3.65 and the acetate 2.06 (singlet 6H) ppm. The diol 

142 on treatment vrith acetone in presence of catalytic amount of p­

toluene sulfonic acid gave an acetonide derivative ~44, sinterX~ at 
0 

75-80 • 

3. Synthesis of meth;yl -2o( , 30. -di,l:tydroxy-olean-12-ef1-28 ...2..lli 148: 

Diosphenol l96 on a acetylation with: a acetic anhydride-pyridine 
. 0 0 . . 

gave the corresponding acetate~ m.p* 168-70, (oC)D 93 'havlng 

?\ 237 mJ)-(E, 8500),t)nujol 1205, 1685, 1720, 1738 cm-1 ,fFi_g. 19.). 
· max max \-- . 

HYdrogenation of 145 with 10% palladium-on-charcoal catalyst gave a 

solid 146 m.p. 208-9°, (o( )D 52°, iJ max 122B, 173·0, 1750 cm-
1

• The 

H:x:rJ 
f-\ e..O 

] 
f=\e_Q 

A~c·-f\1. (\-\j . ) ) 

\?>G \ 4S" \4(, -
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ketoacetate ill on reduction with sodium-borohydride at pH 8 to 

reduce isomerisation in methrulol solution gave a solid ~ ffieP• 199-

2040, (0( )]) 27 * 9°. The latter 147 was directly hydrolysed by 10% 
I . 

sodium hydroxide solution to afford a solid !.1§. m.p. 220-22°, (OC )D 

36°~ This solid ~_was fow1d to be identical with an authentic sam­

ple of methyl _2o(, 3~-dihydroxy-olean-12-en-28-oate (methyl cratego­

late) by m.m.p. and Co - TLC. 

f\L.D 
'· 

ot+-
) 

146 \47 -
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EXPERIMENTAL 

Melting points are uncorrected. The petroleum ether used 

throughout the investigation had b.p. 60-80°. All optical rotations 

··Nere determined in chloroform solution unless stated otherwise. HMR 

spectra were determined on Varian A-60. and HA-100 spectrometers using 

chloroform~d solution containing tetramethyl-silane as reference. The 

IR spectra were recorded in Perkin~Elmer 337 and 221 and Beckmann 

IeR - 20 spectrophotometers. UV absorption spectra were taken in 

Ziess VSU-1 and UV Eecbnann DU-2 spectrophotometers iri 95% ethanol 

solution unless otherwise stated. 

' . . 58 
Isolation of methyl· Oleanolate 134 from Achyranthes as1fera Linn. 

I 

800 gm of powdered seed of· !9.h.Y:ranthes asnera Linn was extra-• . 

cted for 30 hours in a soxhL~t apparatus with 95% etlllinol. A thick 

syrup was obtained on concentration and this was shaken with a 200 

ml portion of petroleum ether. The petroleum ether layer was decanted 

and the residual syrup was again shaken with petroleum ether (200 ml). 

Petroleum· ether was decanted and the residue v1as hydrolysed with a 

mixture of 95% alcohol (130 ml), cone. hydrochloric acid (95 ml) and 

water · ( 65 ml) for four hours. The mix.ture was diluted with water 

after cooling arid then filtered. The solid residue was washed with 

water till neutral and air dried. The solid was extracted with e.ther 

in a soxh~~t apparatus for four hours •. The resulting ethereal solution 

was soo.ken with 50 ml portion of 3% aq. potassium hydroxide. The pre-

cipitated potassium salt was collected on a Buchner funnel .. The solid 
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potassium salt was suspended in cold water, acidified with hydro­

chloric acid (50%) and extracted with ether. The ether extract was 

washed with water and dried over anhydrous Na2so 4• To the dry ether 

solution was added a solution of diazomethane in ether prepared from 

nitroso methyl urea (700 mg) and was kept overnight. Next day excess 

of diazomethane was destroyed wf th acetic acid. The ether solution 

was washed with water till neut~al and then dried (Na2so4 ). Evapora­

tion of the ether yielded a solid (2 gm). This crude ester dissolved 

fn 15 ml benzene was placed over a colwnn of aJ. umina (i20 grn deacti­

vated with 4.8 ml of 10% aqueous acetic acid)·. The chromatogram was 

developed with petroleum ether and eluted with follovving sol vents 

(Table VII). 

Table_- VII 

-----------------------·--------------·--------------------------------------------
Eluent 

Petroleum ether 
(500 ml) 

Fractions 
_50 ml each 

1-10 

Residue on 
evaporation 

Solid on digestion with 
0 methanol, m.p. 193-4 

Elution vrith more polar solvents did not afford any solid material. 

·-------------------------------------~-----------------------------------------------

The combined solid from fraction 1 to 10 were collected and after 

crystallisation from chloroform-methanol mixture afforded pure cry­

stals of 134,. m.p. 196°, (0( )D 73° w]+ich was found to be identical 

with an authentic sample of methyl oleanolate (m.m.p. and rotation).· 
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Oxidation of methyl oleanolate __ 134: P_Fe:paration of methyl Ole~~-

onate 135: 

To a solution of methyl oleanolate ~ (200 mg) in pure 

aqetone (30 ml) was added Jones reagent dropwise (5-6 drops) with 

shaking until a faint orange colour persisted. The mixture was kept 

at room temperature for 1 hour, diluted with water and extracted 

with ether. The ether layer was washed thDrougbly with water, dried 

(Na2S04) and the ether evaporated. The residue (150 mg) dissolved in 

benzene (3 ml) was chromato~aphed over a column of active alumina 

· (5 gm). The chromatogram was developed \dth petroleum ether and then 

eluted with the following solvents. (Table VIII) 

Eluent 

Petroleum ether 

Petroleum ether: 
benzene (4:1) 

' 

Table - VIII 

Fractions 
50 ml each 

1-2 

3-6 

Residue on 
evapo~ation 

Nil 

' 0 Solid, m.p. 179-80 
(120 mg) 

Further elution with more polar solvent did notcyield any solid. 

Fractions 3-6 (120 mg) were combined and on crystallisation from 

chloroform-methanol furnished needle shaped crystals of ~' m.p. 

182-4 °, ( (j( )D 89°, identical with authentic sample of methyl olean...; 

onate (m.m. P• and I .R. comparison). 
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Found: 

Calculated for C31 H48o~: . 

a, -79.01; H, 10.02% 

C, 79.44; H, 10.32% 

Autoxidation of methyl oleanonate_13p :Isolation of methyl 2,3 

~ioxo-olean-12-en-28-oate (diosphenol)136s 

To a s~spensiori of (2 gm) methyl oleanonate ~ in potassium 

tertiary butoxide in tertiary butanal (prepared from 6 gm of pota­

ssium and 160 ml of tertiary butanol), oxygen was passed for three 

hours with stirring. The reaction mixture was diluted with water and 

6N hydrochloric acid was added till the solution was acidic. It was 

then extracted wi t.h chloroform ( 200 ml) and the combined extract was 

dried over rulhydrous Na2S04 and the solvent was removed under reduced 

pressure. A yellowish gummy foam was obtained (1 gm), which after 

crystallisation from methanol gave an amorphous solid, 1:2.§., m.p. 

130-5°,- (<X' )D ·104°. It gave a positive ferric chloride colouration 

for diosphenol. Two spots on chromatoplate, an upper spot at Rt·= 

0~79.of slightly weaker intensity than the lower spot Rf = 0.76. These 

were assumed to be due to. tautomeric mixture of the diketone 136A 

and 136 B. 

Found: C, 76~62; H, 9.56% 

Calculated for c31H48o4 :. C, 76.82; H, 9.95% 

UV : '?\max 269 .,5 m}J- ( E ,_5700) 

IR : -"V ~c: 3420, 2~60, 1730, 1670, 1650 cm-1 Fig. 5 
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!}.ydrogenation of _Neth:.(l 2, 3-dioxo-olea!!-12-en-28-oate .-1~: ;E_renaration 

of methyl-3 ~ hydroy-2-keto-olean-12-en-28-cila~ 1~ : 

Diosphenol 136 (500 mg) dissolved in absolute ethyl alcohol 

(50 ml) was stirred in presence of 10% palladium-on-charcoal cata­

lyst (50 mg) in an atmosphere of hydrogen till the absorption ceased. 

The catalyst was remov~d by filtration and the solvent was evapora­

ted to d.Fyness under reduced ·pressure. A solid residue (460 mg) was 

obtained which after crystallisation from methanol furnished a solid 

ffi, m. p. 129-31°, ( oC )D 109.09°. This solid did not give ferric 

chloride colotiration and showed one single spot on chromatoplate 

(Rf: 0.42 in benzene). 

Found: 

Calculated for C31H50o4 : C, 76~50; H, 10.31%· 

UV : (\max 270 mp_ (E- ,43) 

IR : L)nujol 3450 (-OH) 1~10 (-C: 0), 1730 (-COOMe) ~...:'. 
max ' 

Fig .. 6. 

AcetY.lation of methyl 3~-hydroxy-2-keto-olean-12-en-28-oate 137: 

Preuaration of methyl 3~-acetoj£~-2-keto-olean-12-en-28-oate ~: 

The hydroxy ketone .137 (200 mg) vvas treated with a?etic anhy­

dride (5 ml) and pyridine (5 ml) and heated on a water bath for 5 

hours. After usual work up it gave a crysta~line solid 138, m .. p~ _, 
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·Calculated 

uv ., ?t • max 
IR • -i) KBr • max 
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for c33H52o5 
• • 

275 mf- ( G , 80) 

1725, 1740, 1235 cm-1· 

C, 74~36; H, 9e52% 

C, 74.76; H, 9.91% 

Fig. 7_ 

Preparation of meth:rl 2oc, 30(-di}Jydroxy-olean¢-12-eJ1_::.28-oate ~: 

Meerwein-Pondorff~ 121~ 

A mi"xture of methyl 3~-bydroxy-2-keto-olean-12-en-28-oate 

137 (500 mg) aluminium iso:propoxide (650 mg) in dry isopropanol 

(12.5 ml) was distilled slowly w:Lth the addition of isopropanol to 

maintain constant volume. After 6 hours the distillate no longer 

contained acetone and the solution was concentrated to a small 

volume. The reaction mixture was diluted with water followed by 10% 

sulphuric·acid (20 ml) and th~n extracted with ether. The product 

obtained after removal of ether was dissolved in benzene (6 ml) and 

poured' on a column of alumina (25 gm deactivated with 1 ml of 10% 

aqueous acetic acid) developed with petroleum ether. The following 

solvents were used as eluent. (Table IX) 

Eluent 

Table - IX 

Fractions 
50 ml each 

Residue 

·--------------------------------------------------------------~ 
Petroleum ether 

Petroleum ether: 
benzene (3:1) 

Petroleum ether: 
benzene (1::1) 

4-6 

7-9 

Nil 

Nil 

Nil 

Contd •• 



Eluent 

Petroleum ether: 
benzene (1:3) 

Benzene 

Benzene: ether (4:1) · 
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Table - IX (Contd.) 

Fractions 
50 ml each 

"10-12 

13-15 

16 ... 21 

Residue 

Nil 

Nil 

Solid (400 mg) 
m.p~ 285-6° 

Further elution with more polar solvent did not give any solid 

material. 

The solid from fraction 16-21 (Table IX) were combined which after 

crystallisation from methanol afforded methyl 2CX:, 3cX'-dibyroxy-olean-

12-en.-28-oate 139, m.p. 286-7°, ( OC )D 71.,11° identical vvith an 

authentic sample of methyl 2«, 3~ -dihydroxy-olean-12-en-28-oate 

(m.m.p. and Co- TLC). 

Found: C, 76.40; H, 10.31% 

C, 76.,50; H, 10.40% 

UV : No absorption in the region 220-300 mJL ., 

IR : i) 3340 (-OH)', 1725 · (-COOMe) cm-1 
max 
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~\cetylation. of meth.Y:,l 20Lz__£~=--~if!yd!:o;ix.-Olean-;!.2::.en.-28-oate 139: 

Preuaration. of metb.yl 2 0( , 3 o< -di~cetoxy-olean-12-en-28-oate 140: 

The solid 139 (200 mg) was acetylated by heatj_ng with acetic 

anhydride (2 ml) and pyridine (2 ml) on a water bath for four hours. 

After working up in th.e usual manner it gave ¢. crystals of me-Ghyl 

2 0(, 3 OC -diacetoxy olean.-12-en-28-oate 140, m.p. 226-8°, ( o( )D 95.20°. 

Found: 

Calculated for c35H54o6 S 

UV : No absorption above 200 m fJ.-., 

C, 73.20; H, 9.40% 

C, 73.60; H, 9.,50% 

IR :?.) 1750, 1740 (-OCOCH3 ), 1725 (-COOMe) cm-1 • 
max 

Preparation of acetonide derivative i41 Q.f meth.yl 2 o< , 3 0(' -dih,ydrox;y_­

Q~ean-~2~n-28-oate 139: 

20(, 30( -dial 139 (100 mg) was dissolved in dry acetone (20 

ml) and to this a oatalytic amount of p-toluene sulfonic acid was 

added. The reaction mixture was shaken for a few minutes and kept 

overnight. To the reaction mixture 5% sodium bicarbo:;n.ate solution 

· was added and part of the solvent was removed by distillati·on and 

then diluted with water. The -cloudy precipitate that appeared was 

extracted with ether. The ethereal layer after being washed v'li th 

. ); 
water· till neutral w~s dried (Na2so4 ). The ether wa~ then removed I 
and the solid residue after. severai crystallisation/from chlorofonn­

/ . 
methanol mixture afforded the pure acetonide derivative 1i±,, m.p .. · 

Q. 
236-8 .. 
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a, 77.42; H, io.2a% 

C, 77~50; H, 10~30% 

Prenaration of methyl 2 ~ , .~-::S!k-2.Y:.droxy-ol_ean-12::en-£8-oate ill~ 

§.g_dium boroh,ydrid&, .redgQ,tion of dio snhenol 136: 

To a solution of diosphenol 136 (200 mg) in methanol (100 ml) 

sodium borohydride (100 mg) was added and the mixtw."'e was stirred for 

one hour. The reaction mixture was concentrated, diluted with water 

and then acidified' with dilute hydrochloric acid (6 ml) when a solid 

precipitated out. The latter was collected by filtration and dried. 

The solid (200 mg) was dissolved in benzene and was poured on a 

column of alumina (10 gm, deactivated with 0.,4 ml of 10% aqueous 

acetic acid) developed with petroleum ether. The chromatogram was 

eluted with following solvents. (Table X) 

Table - X 

Eluent Fractions Residue 
50 ml each 

Petroleum ether 1-2 I-ril 

Petroleum ether: benzene( 3 :1) 3-4 Nil 

Petroleum ether: benzene(1:1) .5-6 Nil 

Petroleum ether: benzene(1:3) 7-8 l'Iil 

Benzene 9-11: Solid (190 mg) 
m~P• 267-71° 

Elution with more polar solvent did not offer any solid material. 
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l~ -· 
The solid from fractions .9-14 (Table X) were collected and after 

/ 

crystallisation from methanol gave pure needle-shaped crystals of 

142, __ m.pe 269-72°, ( 0( )D_ 88.88°" 

Found: . C, 76.48; H, 10.39% 

C, 76.50; H, 10.40% 

UV 1 No absorption in the region 220-300 mp. • _ 

HMR ( 60 IviC/S) J Peaks at 3 ... 15 (multiplet) and 4.4 (multiplet) 

5.15 ppm. 

Acetylation of methyl 2 @_, · 3 ~ -dibydroxy-::,9lean-12-en-28 oa~ ~: 

Isolation of methyl 2~ , 3@ -diace~oxy-olean:-12-en-28-oate ~: 

The diol ill (200 mg) was acetylated by heating with pyridine 

(4 ml) and acetic anhydride (4 ml) on a water bath for four hours. 

After working up in the usual manner it gave a solid which after 

several crystallisation from chloroform-methanol afforded pure metbyl 

2 ~ , 3 ~ -diacetoxy-olean-12-Sn-28-oate 11£, m.p. 220-222°, ( c< )D 

0 86.20 • 

Found: c, 73.87; H, 9.54% 

C, 73.68; H, 9.50% 

uv: No absorption in the region 220-300 mp.. 
IR :?)max 1258, 1720, 1745 cm-1 

NMR (60 MC/S) :Peaks at 3 .. 65 (singlet, C001~1e) 

2.06 (singlet, 6H), 4.6, 5 .. 04 ppm !ig. 9 
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Preparation of ~E2.,tonide ·144 of methyl 2_~@ -dih,vdroxy-olean-J..&:. 

.§£::-28-oate 142~ 

To 2 ~, 3 ~ -diol. 142 (100 mg) dissolved in dry acetone (20 ml) 

was· added a few crystals of p-toluene sulfonic acid and the mixture 

v1as shaken for 10 minutes and then. kept overnight. After usual work 

up a solid (80 mg) was obtained which after crystallisation from 

methanol afforded pure crystals of the acetonide derivative 1.1!, 
m .. p. 75-80°. 

Found: c, 77$31; H 
' 

10.25% 

Calculated for 034H54°4' c, 77 .. 50; H, 10.30% 

§xnth.esis. of I"Q.~illQ. cmtegolat·e 11§._ : (meth#l 2 o('' 3 ~ -dib.ydr~ 

olean-12-en-2~-oateL· 

Acetylation of dia~:mhsm.ol 136: Preparation of diosphenol acetat.§. 145: 

Diosphenol 136 (200 mg) was treated .with roetic anhydride (5 

ml) and pyridine (5 ml) and kept overnight at room temperature. After 

working up in the usual manner the crude acetate (180 mg) was obtain­

ed~ This ·was cbromatographed over a column of alumina (10 gm) deacti­

vat~d vYi th 0.4 ml of 10% aqueous acetic acid. The compound W?-S dis so-

lved in benzene and the chromatogram was developed with petroleum 

ether. The following solvents were used as eluent. (Table XI) 
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Table - XI 

----------------------------------------------------------~·-----------
Eluent Fractions 

50 ml each 

---------------------------------
Fetroleurn ether 

Petroleum ether: 
benzene ( 4 :.t ) 

1-2 

3-8 

Residue on 
evaporation 

------------------------
Oil (trace) 

Solid m.p. 165~7° 
(160 mg) 

Elution with more polar solvents did not give any solid material:_ 

----------------------------------------------------------------------------~ 
Cvj 

The solid (160 mg) from fractions 3-8 (Table XI) y.ere- collected ) 
. I 

which after crystallisation from a mixture of chloroform and methanb+ . 

afforded needle shaped crystals of ~; m .. p. 168-70°, (o( )D 93~'33°. 

It showed a single round spot on a chromatoplate ru~d did not §ive 

ferric chloride coloration for diosphenol. 

Found: 

Calculated for C33HB004 : 

uv : ?\rn.ax 237 m p... ( € , 8500) 

C, 77050; H, 9.78% 

C, 77.60;·H, 9.87% 

IR : ~nujol 1205, 1685, 1720, 1738 cm-1 
max · 

Fig. 10 

~ydrogenation of diosphenol a~etate ~s Preparation9~~ 

3 Keto-2 OC-acetox_y olean-12-en-28-oate 1!§.: 

To diosphenol acetate lj:..§_ (200 mg) dissolved in absolute 

et.byl alcohol was added 10~& palladiwn-on-charcoal catalyst (50 rug) 
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and the mixture was shaken in an atmosphere of hydrogen till the 

absorption of hym1 ogen ceased (absorption of one mole equivalent 

of hydrogen within one hour). The solution was filtered and after 

removing the solvent from the filtrate a semisolid residue (200 mg) 

was obtained which after crystallisation from methrulol afforded ~' 

m.,p" 208-9°, .( o<. )D 52°. 

Found: C, 17.20; R, 10e02~ , 

Calculated for c33R52o4 : C, 77e30; H, 10.22% 

UV 272 mp- CE-, 84) 

IR :V:fia~01 1225, 1730, 1750 cm-1 

Preparatio~1. of I_!let£yl 20( -acet_g_xy-3 .{L-hydroxy-Olean-12-en-2E.?_-oate 

147: Sodium borohydride reduction of 146' 

To met.hyl 3-keto-2o( -acetoxy-o.lean-12-en-28-oate 146 (200 mg) 

dissolved in dry qioxan (20 ml), was added, with cooling·a sltrrry 

of sodium borohydride (200 mg) prepared in an NH4Cl-NH40H buffer 

(PH = 8, 3 ml) and the mixture was stirred at room temperature for 

three hours. A portion of the solvent was removed by distillation, 

cooled and acidified with dilute hydroc[l~oric acid and then extracted 

with ether. 'rhe ethereal layer was washed with water till neutral 

and dried (Na2S04). Removal of ether gave a solid residue (150 mg) 

which vms chrornatographed over a co,ltunn of alumina (25 urg)ft. deactiva­

ted with 1 ml of 10% aqueous acetic acid). The residue was dissolved 
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in benzene, poured on the column and was eluted with. the following 

solvents~ (Table XII) 

Tab~e- XII 

--------------------------·---·-------·------·-----------------------------
Eluent Fractions 

50 ml each 
Residue on 
evaporation 

---------------~-----·-___.._.___ ______ _ 
Petroleum 

Petroleum ether' 
benzene (4 :1) 

l?etrolel..l!ll ether: 
benzene (3:2) 

1-4 

5-7 

8-12 

Oil (15 mg) 

Nil 

Solid (100 mg) 
m.,p., 199-200° 

Further elution with more polar solvents did not give any solid 

material. 

-------~----~-------
LV,) 

The solid from fractions 8 to 12 (Table XII) WE}:f!·e/ combined and 
,/ . 

crystallized from metha~ol. After several crystallisation pUre 

methyl 2 o< -Ei.cetoxy-3 ~-hydroxy- olean-12-en-28-oate .1_1.Z,, m.p. 199-

2040, ( O()D 27.9° was obtained. 

Found: C, 74.8; H, 9.8% 

C, 75.0; H, 9.9% 
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HY._drolysis of_methyl 20( =.§:£etOXJl::~ -hldro_;y- Olean-12-en-28-oate 

·147: Preparation of m~1!!1Y1.._2 o(, 3 ~.=!{ill.yd.roxy-olean.=l.?..::&_n-28-oate 

{Neth~l crate~latel 148' 

To a solution of 2 o( -acetoxy-3 ~-hydroxy olean-12-el~-28-

oate 147 (100 mg) in benzene· (5 ml) was added 10% sodium hydroxide 

solution (15 ml) and_ the reaction mixture was reflUJ!.\lled for 3 hours 

on a water bath. The reaction mixttrre, a(fter removal of solvent, was 

diluted vvi th water and then extracted with ether. The ethereal layer 

was washed with water till neutral and dried (Na2so4). On removal of 

ether, a solid was obtained, which on crystallisation from methanol 

gave crystals of metbyl crategolate hi§. m .. p. 220-22~, ( o( Yn 36°, 

which vYas fo1ll1d to be identical with an authentic sample (m .. m.p. and 

Co-TLC, rotation comparison). 

FoundS c, 76.49; H, 10 .. 281b 

Calculated for c31 H5 00 4 
• c, 76.50; H, 10 .. 40% • 

uv: lifo absorption in the region 220-300 m }1-· 
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ALLYLIC. OXIDA~IOlq AlifD BROIVIINATION S~UDIES WITH 

NBS ON ~ARAXERYL ACETATE~ 
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Part - III 

CHAPTER-I 

A short review ~--allylic oxidation and 

bromination on triter£enoids. 

1. Bromination on friedelin with bromine in chloroform: 

Corey and UrsprUng1 carried out ·bromination on friedelin 1 . . -
in course of their work for the establishment of the structure of 

friedelin.·These studies also demonstrated clearly the presence of 

methyl group at C-5 in friedelin l• Dir.ect bromination of friedelin 
\ 

with one mole of bromine in chloroform gave the 2-bromo derivative . . ' .. 

~· From intra-red and ultraviolet absorption of the carbonyl group 

t -1 3 . a 1710 om ·and 11 mp.compared w~th those ob:baine.d at -1 1708.cm 
. 2,3 

and 295 m~ in case of friedelin Corey et al deduced the axial 

or:-~ation of bromine atom at C-2 in g. Furthermore, successive / 

treatment of -g_ with sodium borohydride and zinc-acetic acid yield-

ed . LJ.2 -fr.iedelene, proving thereby the location of bromine at C-2 

in 2-bromo friedelin. Friedelin 1 was converted into an enol-benzoate - . 

by heating to 160°, which was predominantly the Lf-isomer, whereas 
3 . . 0 

.L). -enol benzoate was obtained. at a higher temperature (180-190 ) • 

Brominatioh of the.latter ~high temperature. enol-benzoate) produced_ 

the 4-bromo derivat.ive of friedelin 3. The rx:i.al orientation of - -
bromine in this bromo_ ketone 3 was based on spectral data (carbonyl -· . . . 

absorption at 1715 cm-1 , 310 _mf-) and location of bromine at C-4 
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3 . . . 
followed from conversion in two steps to b. -friedelene. Debromina.tion 

of both bromo ketones with zinc-acetic acid--ether yielded friedelin. 

Whereas 2-bromofriedelin ~was relatively inert to silver acetate in 

acetic acid solution at steam bath temperature, the 4-bromoisomer 

was debydrobrominated to an unsaturated unconjugated ketone which 

was not isomerised to a conjugated structure by prolonged treatment 

with strong acid .• The UV of the substance indicated trisubstituted 

nature of the double bond. The production of nonconjugated noniso­

merisable ketone from 4-bromofriedelin indicated t·bat migration of. 

an alkyl group most probably methyl, from 0-5 to C-4 had. occured 

during the dehydrobrom.ination process and on this basis formulation 

i was suggested. Wolff-Kishner reduction of ! gave a different un­

saturated hydrocarbon ~ which was not isomerisable by heating at 

reflux with dilute ethanolic sulphuric acid. The stability of the 

olefin~ to isomerisation as well as· its UV indicated that it occu­

pied the position indicated in ~· Corey et al also deduced stereo-
. ern. 

chemical dispositi~n of ring A from studies~2-bromofriedelin g and 

----· 4-bromofriedelin 3. The assYD!etric centre at 0-2 in 2 was not epi- // - _/. . - / 
merizable with hydro-bromic acid under conditions which resuJ. ted in 

further bromination and hence the axial·orientation of bromine in 

2-bromofri.edelin was the stable one. 

B . -.::- ... ... 

0 
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~ 1-\ \-\ 

0 0 
. B~-- .-· ........... BY.; . 

f3 4 5" 

This observation ruled out all but one of the remaining stereo­

chemical possibilities for the A/B ring fusion.§ and 1• In structure 
. 4 

.§., 0-2 would be epimeriza.ble if R = OH3 but not R = H , so that only 

the latter possibility is acceptable. In structure z, 0-2 would be 
. . 

epimerizable to a more stable configuration regardless·of·whether 

R = H or OH3 and~O both of these possibilities are inadmissible. 

From this observation it appeared that friedelin l must have a trans 

A/B juncture with a. hydrogen at 0-10@ 

Further the char1ge in rotation due to axial bromine at 0-2 

( i1MD - 651°) was opposite in direction to that due to axial bromine 

at 0-4 ( ..dMD t-614°) 0 The sign of these shifts taken together with 

molecular rotation data onOC-bromoketosteriods of known absolute 

configuration revealed that bromine was~oriented in both 2-and 

4-bromofriedelin & and ~ and that the methyl group at C-5 was (3 and 



-186-

the hydrogen at C-10 was CX, that is, of the two structures of 

different absolute configur~tions ~.and §2 only~ was acceptable 

using this criterion. 

6a ll ·- H - - 60 R = H - 7 
§S R=C~ 

2. Bromi11ation of triterpenoids of the oleanane and ursane.series
5

• 

6 7-8 
VesterbeJ;"g , Zinke et al. reported that esters of CX..and (3 -( i 

amyrin co~d be brominated. Rollet
9

'·10 also reported bromination 

5 studies on triterpenoids. Arya and Cookson observed that oc -amyrin 

acetate or benzoate §.€!:. toolc only one mole of bromine rapidly and a 

second more slowly. The resulting bromo-oc-amyrin and its acetate 

agreed in melting point with Vesterberg's compound
6

'
8 

whereas the 

benzoate roughly corresponded.with Zinke, Friedrich .and Rollet's 

ester7 • Monobromo r--amyrin.acetate prepared by Arya et al had the 
' ' 6,10 

reported melting point of Vesterberg but the benzoate was diff-

erent from any of the mono bromo-~ -amyr;tn benzoate reported by 
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10 Rollet who may have had mixtures. Reduction of each monobromo amyrin 

with sodium ru1.d alcohol5 gave back the ,appropriate amyrin prov-ing 

there by that brominat ion had not been attended with rearrangement. 

of the carbon skeleton and making_ it probable that the double 

bond in bromides still occupied its ori~inal position. The great sta­

bility of the mono bromides to base e.g. monobromo- c(-amyrin was un­

changed by long boiling w~th 10% potassium hydroxide in diethylene 

glycol(250°)- a~ once suggested that the bromine atom might be atta­

ched to a doubly bottnd carbon atom, probably 0-12. Further verifica­

tion was achieved by oxidation of monobromo-,g -amyrin benzoate by 

chromic acid to ano(/3 -unsaturated keto11e with light absorption maxi-
. . . . . . 

. -1· . . . 
ma at 1680 em and 269 m.u.:. These were the spectral properties ex-

pected11 of the bromoketone 9 (R =benzoate), the ultraviolet maxi-
. ) 

mum of the 12-en-11-one being shifted about 20 m,u. to longer wave-
/ 

length by the 12-bromine atom. Monobromo-11-oxo-_,.G -amyrin benzoate 

9 on reduction with lithium aluminium bydl"ide, followed by acetyla--- ' . 

tion, led to a bromodiene 1Q characterized as a 9(11}: 12-diene by 

its light absorption, ( '\nax 283 mY) and high dextrorotation. Reduc­

tion of this diene with sodium and· alcohol and acetylation produced 
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3,;G-acetoxy-j3 -amyrin- 9(11):12-diene. Preparation of the bromoketone 

2 and bromodiene 1Q proved the absence of bromine at C-9 and C-~1. 

'Monobromo -c(-amyrin acetate and benzoate !1 were converted 

.;i_nto the analogous compounds g and 1§.. in the same way. 12-bromo- o(-

amyrin benzoate did not react further with bromine in acetic acid 

but 12-bromo-;G -amyrin acetate· or benzoate took up a second mole of 

bromine in a few hours at room temperature and yielded a mixture from 

which was isolated a dibromo-)3-~~yrin benzoate having identical mel-
·? 

ting point with that obtained by Zinke et al ., 

~~ -
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Oxidation of dibromo-r-amyrin acetate or benzoate with chromic acid 

in acetic acid gave the corresponding dibromo-11-ketone (UV absorp­

tion at 269 mp.-). The latter was also produced by bromination of 

appropriate ester of 12-bromo-11..aoxo- ~ -amyrin .2· From these obser-
c-

vations they concluded that the second bromine /should be attached 
,.../·. 

only to 0-9 or 0-18. 

In order to test ~he latter possibility, the acetate of the 

dibromide was heated with collidine at 360°, yielding ~n isomer of 

. 12-bromo-11-oxo.- (3 -amyrin acetate. Here reduction occu:q,~d instead of 

expected elimination of bromine atom~ Similar ~reatment with colli­

d~ne on.dibromo-~-amyrin acetate gave an isomer identified as 12-

bromo-18«+amyrin acetate J:.i• The latter was also produced by bro­

minating 18 0( -(? amyrin ·acetate. 12-bromo-18-«-(3-amyrin acetate was 

oxidised to 12-bromo-11-oxo-180(·~ amyrin acetate identicaJ. with the 

monobromo ketone formed on reduction of dibromo-11-oxo ~ -a.myrin 

acetate. Since normal 12-bromo ~-amyrin acetate and its 11-oxo deri­

vative were stable to collidine under conditions that reduced the 

dibromo compounds to the 18 0( -isomer, the isomerisation was produced 

by reduction thereby indicating the lo~ation of the second bromine 

atom at 0-18 (l§., . R :: Me). 

· Methyl-0-acetyl oleanolate absqrbed one mole of bromine in 

acetic acid to give· the 12-bromo derivative which more slowly took 

up a second mole of bromine to form the 12:18 dibromide ~. (R • C02Me). 
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Chromic acid oxidation of two bromides gave the respective 11-ketones. 

Treatment of dibromoketone l!_with collidine resulted in elimination 

of elements of methyl bromide, producing in good yield a neutral, 
ll ox. high me~iing met~l free substance, the behaviour of which with 

alkali showed it to be a lactone. The band at 1790 cm-1 in the IR 

indicated a "{ -lactone while the band at 1688 cm-1 and UV at 264 m_p-
1.1-

showed that the 12-bromo-12-en-one chromophore was probably still ,. 
intact. These structural features could be accommodated by the ten­

tative constitution ~· 

The configuration of the 18-bromine atom in the dibromides 

is limcertain but nearly identical UV spectra of the mono and dibro­

mides in both the long and short wave length bands suggested very 

strongly that the bromine at C-18 was equat·orial
12 

to ring D (18(.3 ) 

rather than axial as might have been expected from the operation of 
13 

purely electronic eff'ects • 

3·~ Action of N-Bromosuc~inimide (NBS) on friedelin and derivatives_:4 • 

Corey and Ursprung1 showed that friedelin !_on direct mono­

bromination gave 2 ~-(axial)-bromofriedelin g and bromination of 

appropriate enol benzoate gave the isomeric 4 o<..-axial bromofriedelin 

.2.• They .bave also prepared a dibromofriedelin JJL __ in presence of hydro­

bromic acid in chloroform solution. The UV absorption at 332 m~ 

indicated that most probably both the bromine atoms were axially 

or~ted and has been regarded as the 2 oc.., 4o<.-dibromofr~edelin 12.• 
-<, 15 

Djerassi and co-workers prepared a second dibromofriedelin gQ by 
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bromination of 2o( -bromofriedelin in acetic acid. From its UV absorp­

tion at 310.5 mfand also from ORD studies they formulated the com­

pound as 2 0(, 4 ~ -dibromofriedelin g_Q,. 

< 
0 

l 

By:(t} 
g'-y-

16 Takahasi and Ourisson a1so prepared a dibromofriedelin by dibromi-

nation of friedelin in chloroform-acetic acid which showed an UV 

absorption at 320 mfL• These workers did not assign any structure to 
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this compound. 

·Stevenson et a1
14 

examined the action of N-bromosuccinimide 

(NBS) on friedelin and derivatives. Treatment of friedelin 1 in 

carbontetrachloride with a molar equivalent of NBS gave 40C.-b~oino­

friedelin 2 in good yield. By further treatment of 2 with bromine 

in acetic acid solution, these authors isolated 2 0( -bromofriedelin 

g -here isomerisation rather than.substitution occured. As antici­

pated from this result, it was found that 40(-bromoketone ~' (ct. )D 

92° was unstable· in chloroform..:.hydrobromic acid, the presumed equi-
o . . . . 

li brium. mixture· (OC)D -75 being formed after 24 hours. Similar equi-

libration of 2 0(-bromofriedeliri gave the .same resuJ.t. 

Since thi_s route for .obtaining a dibromofriedelin was Wl-

. successful, the ·aJ. terna tive met bod of treating 2 o(-bromofriedelin 2 . . -
with BBS was examined. 2~-bromofriedelin 2 on treatment with NBS - . 

gave·an unsaturated·monobromoketone, c30H47oBr. The latter showed· 
. . 

a positive tetranitromethane test indicating the presence of an etby-

lenic function. UV and IR spectrUm of this'ketone showed that the 

double bond was not conjugated to the ~arbonyl group and that the 

o< -bromine atom retained an BJC;ial conformation. Since it is known 

that acid isomerisation of- friedel-3-ene 21 afforded a mixture of· 
. . --
. . 17 18 

olean-13, 18-ene, gg_and 18(X ...oolean-12-ene, g.§. ' -it was consi-

dered that this non-conjugated bromoketone had probably -arisen by 

a molecular rearrangement of 20C, 4-dib~omoketone intermediate {or 

- ----------- ----:z-~----- ---- -----~-. - -
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derived radical or cation) with elimination of hydrobromic acid. A 

precedent for such a postv~ated rearrangement was provided by the 

action of silver-acetate on 4 0( -bromofriedelin .2 to yield .a product1 

which was shown to. be a mixture19 of alnus-5-enone ~ (R = H) and 

alnus~5(10)-enone, g[ (R = H). The probability that the unsaturated 

bromoketone de~ived from g could be represented as a 2-bromo-alnus­

enone ~ (R = Br) or ~ (R = Br), was ~xcluded from the fact that 

the zinc-debromination.product in neutral solution was different 

from either alnusenone &1:, or g[ {R · = H). 
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Treatment of 40(' -bromofriedelin £with NBS. gave an isomeric non­

conjugated axial br<?mosubstituted.ketone C3oH470Br, which also on 
. . . ' - . . . 

debromination gave the same ketone gz, o30H48o3• Reduction of gz 

with lithium aluminium hydride gave an alcohol ~ and reduction by 
V) 

Huang-Minlon method gave the hydrocarbon 22.• .J?rom th~ evidence)3 ~,.,,.,./ 
. ~ 

the isomeric monobromoketones obtained from g and £ by the action 

of NBS were· assigned. structures 2lX -bromofriedel-18-en-3-one g§_ and 

4lX -bromofriedel-18-en-3-one g.§. respectively. These assignments 
I 

were corroborated by specific rotation,and ORD studies. 

Action of NBS on saturated hydrocarbon friedelane ~14 ' 20 

was also examined and they isolated· an unsaturated hydrocarbon ~ 

identical in all respects with that obtained from Haung-Minlon re­

duction of 27. This further suggested that the products obtained by 

NBS on ketones ~ and ~ were etbylenic non-conjugated ketones and 

hence the attack has proceeded at a site not activated by carbonyl 

group. The site of the double bond introduced by NBS was established 
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·'"' 

> 

) 

by the following way. The unsaturated hydrocarbon ~' resisted cata­

lytic hydrogenation, yielded an oxide C30H5oO with perbenzoic acid, 

indicating that the double bond has a degree of steric hindrance
21 

· 

comparable to the .612-trisubstituted ethylenic linkage in ~ -amyrin 
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series.; The terminal UV absorpti~n of !ITt ... ll. and ~--indicated that 

the double bond was trisubstituted~ The resistance of hydrogenation 

of ~ further suggested that the etbylenic system was not disubsti­

tuted and the friedelane skeleton does not parmi t the existence of 

a tetra substituted double bond. NMR spectrum of the ketone gz show­

ed a singlet attributable to an olefinic proton not conjugated with 

the carbonyl group. 

The location of the double bond introduced by the action of 

NBS on bromoketones &, ~and hydrocarbon ~wa~ thus restricted to 

position 1(10), 7 or 18. The position 1(10) and 7 were excluded by 

examining the dehydrobromination of g§_with silver acetate. Under 

these conditions they isolated a debydrobrominated product c30H46o 
which showed no UV above 200 m p.-. Since there was no conjugation of 

carbonyl or ethylenic functions in this dienone, the original double 

bond co_uld not have been located in ring A or B. 

Although there had been much work on synthetic application. 

of allylic bromination22 , comparatively little is known with regard 

to the action of NBS on saturated systems. It has been established 

that cyclohexane
23

' 24 and cycloheptane
24 

yield the cycloalkylbromide 

with NBS under certain condition and that decalin gives a tetrabromo-
25 . 

octahydro napthalene which can also be ob~ained from the probable 
26 intermediate 9,10-octalin. Cason and coworkers have also drawn 

attention to the fact that NBS is not a reagent of general utility 

for the ex.. -bromination of saturated esters due to selective attack 

on t-hydrogen atom at the other sites in the molecule. 
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The experiments deEcribed by these workers establish that in 

friedelin the tertiaryO\_-lj.yd.rogen atom at position 4 is more r.eactive 

towards NBS than the secondary hydrogen a tom at position 2 but the 

presence of a 2~-bromine atom effectively prevents the abstraction 

of 4~-hydrogen atom by its 1,3 diaxial blocking effect to approach 

a succinimide radicale 

In absence of the activating C-3 carbonyl gToup or where 

there is a deactivation due to the ~teric influence of the neigh­

bouring axial halogen, the most reactive hydrogen is the tertiary 

C-18 atom. An examination of an all chair form £g of friedelane 

showed that a severe steric' interaction must exist between the 13~­

and 20 ~-methyl groups due to cis junction of rings D and E. This 

interference is removed if the terminal E ring adopted a boat con­

figuration ~ but as a consequence an unfavourable 1:4 diaxial boat 

prow and stern interaction results27 • The steric strain inherent in 

both conformations with cis D/E syste·m is relieved by dissociation 

of the 18(3 -hydrogen a. tom ;and formation of. ethylenic triogon~ system. 

33 -
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4. ~ Bromine and N-Bromosuccinimide Oxidation of saturated hydro­

carbon, Friedelane20 • 

Olefins may be halogenated in their allylic position by a 

nwnber of reagents of which NBS is by far the most colilllion. With this 

reagent an initiator is·needed and this is usually a peroxide. The 

reaction is usually quite specific at allylic position and good 

yields are obtained. However, when the allylic radical intermediate 

is unsymmetrical, then allylic shifts can take place so that a mix­

ture of both possible products are obtained. 

When a double bond has two different ~-positions (e.g. CH3-CH = 

CH-CH2-CH3), then a secondary position is· substituted more readily 

than primary. The relative reactiv~ty of tertiary hydrogen is not 

clear, .though many substitutions at allylic tertiary position have 

been performed22 • 

That the mechanism of an_allylic bromination is of the free-
22 radical type was demonstrated by Dauben and. McCoy who showed that 

the·reaction was very sensitive to free radical initiators and 

inhibitors and indeed did not proceed at all unless at least a trace 

of initiater was present. Subsequent work indicated that the species 

which actually abstracts hydrogen from the substrate is the bromine 

atom. The reaction is initiated by small amounts of Br. Once it is 

formed, the main propagation steps are: 
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-----r7 R· + HBr 

--~"> RBr + Br • 

The source of Br2 is a fast ionic reaction between NBS and the HBr 

liberated in step 11 

The function of NBS is therefore to provide a source of Br2 in a 

low, steady-state concentration and to use up the HBr liberated in 
28 29 step 1 ' e It was previously believed that the abstracting species 

was the succinimide radical 33a __ but there is now much evi.dence that 

this species is not involved in the reaction and is probably not even 

formed. The main evidence is that NBS and Br2 show similar selecti-

-
vity30 ; that the various N-bromoamides also show similar selectivity, 

which would not be the case if a different species was abstracting in 
31 each case and that ~-h~s proved itself to be a much less stable 

species than was originally thought, since its dimer shows no tenden­

c.y to dissociate32 • The latter observation casts doubt o:f the ability 
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of NBS to dissociate. The fact that the reacting species Br2 does 

not add to double bond, either by an ionic or by a free radical 

mechanism can be explained in the following way. Apparently the 

concentration is too low~ In bromination of a double bond, only one 

atom of·an attacking bromine molecule becomes attached to the sub­

strate, whether "'.;he addition is ele~trophilic ·or free radical: 

\ 
Br-Br + -0 

II 

Br· 

0-
1 

\ 
-0 
II~ 

c-
1 

. \ 
-0· 

\ 
Br-0-

\ 

. I 

-.......:;.)' -0-Br 
I 

Br-0-. I 

\ 
+ Br2 ~ -0-Br 

I 
. Br-C- + Br·· 

l 

The other bromine comes from another bromine containing molecule 

or ion. If th~ concentration is sufficiently.low, there will not be 

a high probability that the proper species will be in the vic~ty 

once the intermediate forms and the equilibrium will lie to the left. 

This stows the rate of addition io that allylic substitution can 

successfully compete. If this is true, then it should be possible 

to brominate an olefin in the. allylic position without·competition 
' from addition, even in the absence of NBS or a similar compound, if 

a very low concentration of bromine is used and if.the HBr is re-

moved as it is formed, so that it is not available to complete the 

i 
. 33 

add tion step. This·has .been demonstrated by McGrath·e~ al • 
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14 20 Stevenson et al ' reported that the saturated hydrocarbon 

friedelane ~was oxidised by NBS to the olefin, friedel-18-ene ~· 

In order to demonstrate that the function of NBS here was to provide 

molecular bromine, they have compared the action of bromine on gg 

in carbon tetrachloride solution. A solution of bromine in carbon 

tetrachloride added to friedelane was decolorized and the reaction 

mixture when worked up in the usua·l way14a, yielded friedel-18-ene 

~ in comparable yield. This demonstrated that i~ this oxidation, 

the intermediacy of the succinimide radical was unessential. No un-

changed friedelane was recovered by chromatographic examination. They, 

however, isolated an unstable bromofriedelane which readily yielded 

friedel-18-ene and was consequently considered by them to be an 18-

bromofriedelane. The discrepancies and poor reproducibility repor­

ted14a in the bromination of 3-ketone, fried~lin by NBS, particularly 

in the formation of di and tribromo derivatives at C-2 an~or C-4, 

may be attributed to accompanying halogenation at C-18. 

/ 

-
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b N b . . . d 34 5. AllJ':lic oxidation y - romosuccJ.nJ.IllJ. e • 

35 
Corsano et al reported formation of 3 P., -aceto:x:y-urs-12-

en-11-one ~. __ in 80% yield by treatment of d.. -amyrin acetate .£i with 

NBS in aqueous dioxan solution. 

Finucane et a1
34 

obtained 3~-acetoxy-olean-12-en-11-one ~ 

f (.). . t t 38 d th nd. t. . 35 . . ld that rom 
1
.... -amyrJ.n ace a e _ un er e same co J. 10ns J.n yJ.e s 

fluctuated between 20 to 60% together with a number of by-products. 

They also claimed that when the reaction mixture was irradiated with 

visible light,oc~-unsaturated ketones were formed in·near quantita­

tive yields from a number of trisubstituted olefine containing an 

allylic methylene group. Finucane et al treated ~ -~yrin acetate 

!2.§. __ vrith NBS in aqueous dioxan in a typical ambient-light experiment 
35 

· as described by Corsano et al • They separated the products by 

chromatography over silica gel and isolated starting material (Ca 

50%), 3p -acetoxy-olean-12-en-11-one ~(Ca 40%) ,. bromo compounds 

(Ca 8%) and 3 (?>-aceto:x:y-olean-12-en-11- G(-ol iQ.JCa 2%). Oxidation 

of the latter iQ.~ __ with Cro3 in acetone afforded 3 p -acetoxy-olean-

12-en-11-one ~· 

In another experiment the products were isolated by chromato­

graphy over alumina, the compounds isolated were ~-amyrin acetate 

2sL ( Ca 35%), 3 f1 -acetoxy-olean-12-en-11-one .22, ( Ca 40%), bromo­

compounds (Ca 10%) and polar materials· (cS: 101~ The polar fraction, 

on elution with methanoi was acetylated and on rechromatograpby gave 

11 o<.-methoxy-olean-12-en-3 ~ -yl acetate !!__together with smaller 



,2!. R1 : Ac, R2 = H2 

~ R1 : Ac , R2 : 0 

-20:3-

R\0 

38 R1 : Ac , R2 = H2, R0 : H 

~ _ R1 : Ac , R2 : 0, R0 : H 

!Q.. Rl =. Ac, ·R2 = OC -OH, R:3 = H 

!1. R1 : Ac , R2 : ()( -OMe, R0 = H 

1& Rl : Ac , R2 = o( -o:A:c , R3 _= H 

!2, R1 : Ac, R2 :OC-OH, R0 = Br-

!§. R1 = Ao, R2 = 0, R3 : Br 

~- Rl = Ac, R2_: H2, R3 : Br 

5 amounts of 11o<.-o1 iQ_and oleana-9(11), 12 dien-3~-yl acetate 
. 35 

§! ___ and a trace of 3 f~ , 11o<-diacetate ~!. The methoxy acetate il 

with p-toluene sulfonic acid in acetic anhydride afforded 3 ~-acetoxy­

oleana-11(13)18-diene §§. __ in quantitative yield. The 110C.. -configura-
I 

tion of the methoxy group was assigned on the basis of tl1e magnitude 

54 R: H -
QQ._ R ::;::Br 

!?.£.. R:H 

57 R : Br -
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of the 90C-H, 11-H coupling constant35 , 36 , 37 9Hz. 

The fraction containing the bromo compounds was resolved by 

chromatography over alumina and fractional crystallisation into two 
' 1:; I 

components. The nla.jor product was a diol monoacetare (o32H51Br03, J 
IR). Although free hydroxy group was secondary ("{ 5.6, :£iCOH), the 

monoacetate resisted further acetylation. The compound gave a yellow 

color with trinitrometbane and showed and absorption in the UV, but 
-

no olefinic proton or HCBr signal in its NMR spectrum. These data 

suggested that the bromo compound was 3 ra -acetoxy-12-bromo-olean-12-

en-11-ol ~~-The latter resisted attempted debydrobromination, althou-
' gh prolonged treatment with lithium chloride in hot DMF resulted in 

I 
dehydration wit~ formation of 12-bromo-oleana-9(11), 12-dien-3~ -yl 

acetate
5 §.§..~, Acid catalysed dehydration 'of 12-bromo-11-ol !2.. also 

,. 

yielded the homoannular diene §§. __ and not the heteroa.nnular isomer 

57~ In the absence of 12-bromine atom, the heteroam1ular diene 56 

was the sole product. Model of §1 ~howed a severe non-bonding inter­

action between the· bromine atom and 19 proton, irrespective of the 

conformation of ring E. This interaction was absent 'in 55. Mild 

oxidation of i§. gave 3 ~ -acetoxy-12-bromo-olean-12-en-11-ome5 i§_. 

This confirmed the presence of 11-hydroxy group in ~~ The large 

negative difference on molecular rotation (-266°) between the bromo 

alcohol ~-and 12-bromo-olean-12-en-3~ -yl-acetate5 i§. __ suggested the 

11 o( -configuration for the hydroxyl group, which is supported by the 
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magnitude of 9o(-H, 11-H coupling constant (7.8 Hz) for the 110(-ol. 

The minor component of the mixture of bromo compounds was an 

o(@-unsaturated ketone (c32H49o~Br) Q!, ?\max 244 mp... • The NMR spec• 

truro of Qft_showed that the double bond was trisubstituted (1(4.10, 

(1H, S) and that the bromine atom was secondary~5.3 (HC.Br) • Deby-
. --

drobromination of Q.§._yielded a dienone .§.§..'.- in which the new double 

was not conjugated. It ~ould not be brought into conjugation by treat­

ment with base. liJMR of §§._showed tlE presence of an isolated double 

bond and this double bond was disubstituted ('Y 4.14, 2H, m). The 

structures 58_and §§. __ were consistent with the observed spectroscopic 

proper·tie s and were also mechanistically acceptable. · Thus the i.ni t ia:L 

B"( 
i 
I 
I 

) 

HO 

43-
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0( -~ace attack on~ -amyrin acetate ~at C-12 would lead to a carbo­

nium ion ~· Elimination of a proton from 0-12, followed by allylic 

hydroxylation would then lead to ~· Alternatively migration of 140C­

metbyl group to C-13, elimination of a proton from.C-15, and subse­

quent allylic oxidation would give the 12 CX-bromo-16-one Q.§_. 

In the NMR spectrum of the bromoketone 58 ncBr· signal over­

lapped the 3 <X.-H multiplet. However in the spectrum of 120(-bromo- · 

tara~er-14-en-16-one §Q_which was obtained from 50_ in a reaction 

similar to that described for~ -amyrin acetate, the :fi9Br signal was 

a triplet (J, 8.1 Hz). The result was compatible with the proposed 

§g. ·. R1 : H2 , R2 : H, R3 = Me 

Q1 Rl = H2·' R2 :Me,. R3 = H 
' ''· 

_, 

58 -
§2. 

.§.Q. 

§.1 

'?.. 

R1 - OAc, -
Rl - OAc, -

IZ2 
I 
I 
I 
I 

R2 
R2 

= -
Br, R3 = 0 

H, R3 -= H2 

R1 - H, R2 = Br, R3 : 0 -
R1 = OAc, R2 = H, R3 = H 

1<1 ;; Ofle 
' R-' =- H' R. 3 ='- jJ-oH~ J-1 
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12 p.>-H configuration in t h~ ring C-boat of taraxerene skeleton when 

the effect of the substituent on the vicinal coupling constant was 

considered38• 

The most characteristics feature of the mass spectra of tara­

xer-14-enes are the D/E ring fragments i!.and the retro-Diels Qlder 
39 

fragments 1§..._- • The presence of an 11, 12-double bond in dehydro bro-

mination product §§was expected to prevent formation of 47~ The mass 

spectrum of the d.;i.enone .§.§. __ showed ·no fragment corresponding to D/E 

lr7 ·-
ring species !Z_and only two ab~dant ions'viz.m/e 356 (c22H32o3), 

~,and 148 were prominent. High resolution measurements confirmed 

the constitution of m/e 356 fragment and showed that the species of 

m/e 148, of equal abundance was c10H10p to which might be plausibly 

ascribed the aromatic ketene structure £1• 
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·+ 
" 

~c:O 

.l 

In the spectrum o.f the bromoketone 58_ a D/E ring fra@Ilent was absent 

and the expected even electron species ~-was the most abundtmt ion. 

---~ 

44 -

Thomson et al also carried out oxidation of taraxeryl acetate §g 

by the meth6d of Corsano et a1
35 

and obtained two major products to 
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which they assigned 16-oxo taraxeryl acetate structure §1_ (Ca 30%) 

and 16 ~-hydroxy tarax:eryl acetate structure .§.& __ (Ca 30%). Treatment 

of .§.&.with chromic acid in acetone gave the unsaturated ketone 21• 

They suggested a 16- ~-configuration _for the hydroxyl group from 

the study of the Drieding model. The 15-H.signal in the illv1R spectrum 

of taraxeryl acetate ~_appeared as a quartet (J1-4, J 2-a Hz) whereas 

in .§& __ as a doublet (J 4Hz). A drieding model of tarax-14-ene showed 

15-H, 16-H dihedral angles to be Ca90° (16o<.-H) and Ca 30° (16[3 -H), 
40 thus the expected vicinal coupling const~ts are very small and 

Ca 8Hz respectively. The increased magnitude of the smaller coupling 

constant may be attributed to efficient overlap of the7\-orbital with 

the axial 160( -H bond. The appearance of the 17 ~-methyl signal as 

a doublet (Jl Hz) in the NMR spectrum was also taken as the confir­

mation for the IX-axial .configuration for the 16-H atom. 

These authors reported that when solutions of o<. -~_or \3~.§.§ 

amyrin acetate in aqueous dioxan containing NBS were irradiated with 

visible light the corresponding 11-ketones 35 or 39 were ~ormed in 
. ..-.-. ~ -----~· . 

essential quantitative yield. Similar high yields of~~-unsaturated 

ketones were claimed from olean-12-ene 50, urs-12-ene 51,- and tarax-
--~ -----

eryl acetate !22.~ 
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. CHAPTER - II 

Allylic Oxidation and brornination studie~ 

withpBS on taraxeryl acetate: 

Section A~ ..... Introduction 

In connection with the structure elucidation of another 

triterpenoid we required the compound 3p-bydroxy-28-nor-olean-14, 
\ . 

16-diene §.§...~We had planned to pre·pare the desired compound accord-
. ou:et~t 

ing to the sequence shown below. (Chart I) __ , starting from,... methyl 

aleurito·late 
41 ~ _Allylic oxidation of 12. .. according to. the method 

. 34 42 
of F~nucane and co-workers ' would be expected t.o. give the 16-

oxo derivative ~' which on hydrolysis would furnish the ~-:-keto acid 

~· The latter on decarboxylation followed by sodium borohydride 

reduction would give §i,_ which on dehydration would afford the inten­

ded product .§§.. 

Chart I 

\.'De. ~~oYa.h<n-
~ ' 

~. }\.~CYO\~sis·· 

e..ootv\e. . 
}\ .... ~..,.oh•sis ... " ') 

1.1)e.e.a.."YbUX:.')la:liCllt 

J. . N"a. B 1-lq 
OH 
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Finucane and Thomson34, 42 recently described a method for allylic 

oxidation of taraxeryl acetate,~ -amyrin acetate etc .. lksing NBS­

Caco3 in aqueous dioxan in ·presence of visible light and claimed the 

isolation of the corresponding~~-unsaturated ketones in high yield. 

Being ·encouraged by t~eir results we also undertook a plan for the. 

synthesis of 16-oxyg~ated ~ -amyrin derivatives starting from tara­

xeryl acetate. We planned to prepare 16-oxo tara:x:eryl acetate by 
' . 

following their ·procedure and then to reduce the 16-oxo compound to 

the 16-hyd.roxy derivative by· a sui table method. Acid isomerisation of 

the,.-latter was expected to give 16-hydroxy~-amyrin derivatives. In 

view of our intended plan discussed above, we first of all undertook 

the oxidation study on taraxeryl-acetate. The results of our oxida­

tion::~. was_, however, widely different from those recorded by Finucane 

and Thomson34, 42 and ~e described in Section B. 

Similarly with the. expectation of obtaining a 16-bromo tara­

xeryl acetate we extended our studies on allylic bromination of tara-J 

xeryl acetate using NBS.in dry carbon tetrachloride in presence of 

light and benzoyl peroxide as the initiator~ The results obtained 

during these studies were interesting and is also described in Sec­

tion B. 

Section•B ___ :_ Allylic oxidation and bromination studies with NBS on 

taraxeryl ·acetate: 
. . 34 

Taraxeryl acetate §1. __ on oxidation with NBS in aqueous dioxan 

for 5.5 br in presence of CaC03 in visible light gave a mixture of 

compounds which on TLC examination showed the presence of at least 
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three compounds (3 distinct spots)'. Three compounds were separated 

by chromatography over alumina followed by crystallisation. The first 
- -n-.~ 

solid 68, c32H49o3Br, m.p,. 238-40°, ( oC )D 88.07°, '7\max:249.5-x:;(E-, 

11,000), i)nujol 1250, 16AO and 1750 cm-1 , indicating the presence of 
max 

an o<(3-unsaturated ketone. The compound also showed positive test for 

bromine and a single spot on a chromatoplate. In order to establish. 

its structure,§§ was treated with Zn-dust in acetic acid and a halo­

gen free compound 11,, m.p. 265-70°, ( oc )D 48.8°, 0'lmJ''5:~5 mp.. (f-., 

11,000) was isolated and was found to be identical with an authentic 
43 

sample o~_:· ~ -amyrenonyl acetate (m<~>m.p. and IR comparison)· prepared 

by oxidation of ~-amyrin acetate with Cro3 in acetic acid at 130°. 

This result indicated that the bromo compound was probably 11-keto-
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15-bromo-~ -am;yrin which on treatment with Zn-acetic acid would give 

Z1 by the removal of the bromine atom. The formation of §§ from t~ra­

xeryl acetate could be rationalised by the following mechanism ( C..b,art 

Chart II 

Ci-t ~ 
. B-t 7b 

The bromohydrin 7.§. __ is first formed which could easily isomerise to 

the ~ -amyrin derivative 11 through the carbonigm ion intermediate 
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followed by methyl migration. The intermediate TJ_ then gets oxidised 

to theocp -W1saturated ·ketone ..§.§. 

In order to prove our contention we looked for a method for 

the preparation of the 15-bromo compound 77 _which on oxidation by 

establi.shed method would give §§.0_ We tried to prepare the bromohy­

drin at the 14-15 double bond of taraxeryl acetate by the method of 

Dalton44 using NBS in DMSO solv~nt45 • Treatment of taraxeryl acetate 

with aqueous dimethyl sulfox.ide in chlo:;-oform and. NBS in dark affor-

' . 0 ( ) 0 ded a solid z.g_,. c32H51 o2Br, m.p. 180-2 , OC D 47.37 • The compound 

did not show any UV absorption between 220-330 mtt- ~ IR spectrum of 

the compound (Fig.1) _showed peaks at. 1720 and 1250 (-O,.CO.CH3 ) cm-1 • 

NMR spectrum (Fig. 2 L showed a multiplet centered at 5.3 ppm (vinyl 

proton) and a multiplet at 4®30 ppm. for one proton attached to a 

carbon containing bromine and also peaks at 2.09 ppm (-O.COCH3 ) and 

at 4.53 ppm for proton attached to the carbon bearing acetoxy group. 

All these. physical evidences coupled with mass fragmentation pattern 

confirmed the structure depicted in 72 ,.• _The compound showed a mass 
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peak M~548 (isotope),and peaks at 249 (~~and 29? (~[_arising by 
" retro-Diels-Alder Cleavage, of ~ -amyrin ske-leton 39 • The ion ~- gives 

a prominent peak at m/e 21? by the loss of bromine atom and at m/e 
' 

216 by the loss of HBr. There is also peak at m/e 189 arising by the 

elimination of the acetic acid from ~· There was also a prominent 

peak at 466 (M+ -HBr) •. The other fragmentation pattern is similar to 

those shown by ~ -amyrin acetate. These fragments are shown below 

(Chart III). 

7/v 
l'tr~r ·- ts 4 '7 

Chart III 

\ 

&r 
72b 

·-m{e 2 ... 9? 
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Fig. 3 Ma_ss spectrum of 15 bromo-~ -amyrinA .z.g 

--- -· ··---- _______________ _..,.. 

Fig. 4 IR comparison of 
(3 -amyrin acetate 73 obtained froin (broken line) .z.g 
authentic ~-amyrin acetate (solid line) . 

. I 
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The compound Z.?. on treatment with zinc-acetic acid yielded a crysta­

lline solid 1£, m.p. 230-31°, (oC )D 85.1°, identical with an authen­

tic sample of ~ -amyrin acetate (m_.m.:p. and IR comparison Fig. 4 ) • 

The bromine atom at 15 position would be expected to have the same 

stereochemistry as in the product from NBS-aq. diax:an oxidation 
43 

method. Compound zg on oxidation with chromium trioxide-acetic acid 

gave ~'- mep_ • .-·<)238-40° identical with the product obtained from NBS­

aq. dioxan oxidation method (m.m@p and ·rR comparison Fig. 5). Thus 

the structure Z& predicted is est~blished beyond doubt. 

Solvolysis of compound zg with K-acetate in acetic acid at 
0 0 (~) 130 for four 1hours gave a product c32%0o2 , m.p. 199-200 ' D 

0 . 
41.86 , no absorption in the UV region 220-300 mf-. liiMR spectrum 

(Fig. p). of this compound showed signals at 5e2 to 5.6 ppm for three 

vinyl protons accounting for one trisubstituted and one disubstituted 

double bond. From the foregoing evidences and the analytical data 

we assign. structure 1i to this comp~und. 

"74 
~---------·lD __ L_·:~_~·_·e_·~---~_t __ ovn ___ ih_·_~_e __________ ~t--
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·Fig. 5 IR comparison of 

15 bromo g -amyrenonyl acetate ~-from taraxeryl 
acetate l-

15 bromo~ -a~yrenonyl acetate.68 from Cr03-HOAc 
-oxidation of 7.& 

Fig. 6 NMR spectrum of ole~an-12, 15-dien 3 ~ -yl acetate .7.1 
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CompoWld 1&, on reflux:ing with dimethyl aniline for 4 hours also. gave 
' . 0 

a compound, m.p. 199-200 which was found to be.identical with 1! 

(m.m.p. and IR comparison F~g._l). 
0 

( _. ) ~ 38.71° ·The second solid .@,. c32~0o3 , m.p. 280-82 , V\. .D 

isolated from the reaction was devoid of bromine. The compound show-

ed_UV maximum .at 245 mp- (E ,10,500), IR peaks at 1730, 1680, 1250 

cm-1 (Fig. 8)'_ indicating the·· presence ofo(~-unsaturated ketone .. NMR 

C't-n9) 0.. "'~""" . . 
spectrum of 6~ s owed 1at 5.85 ppm for the vinyl proton. This low 

' -;\. " 
field singlet for the vinyl proton may be ascribed to the presence 

of the electronegative oxygen atom' at C-16. In addition to this the 

compound also showed peaks at 2.10 (-o.co.cg3) and 4~5 (-cg-o-co-cH3) 

ppm. The mass spectrum o.f the compound (Fig. 10) showed J!lass peak at 

482. Moreover, an abundant base peak at 358 was observed. The appear-
' 

ance of this peak may be explained by assuming that it ·arises from 

a 16-oxo tara.xeryl acetate system by the following genesis. (Chart 

ilJ~ 
Chart IV 

+ , .. 

l 



Fig. 7. IR comparison of 

Olean-12 ,15-dien -3 (3 -yl acetate obtained )5 from 
solvolysis of zg (dotted line) 
Olean 12,15-dien-3 ~ -yl acetate obtained from 
dimethyl aniline treatment of ~ (solid line) 

Fig.~·IR s:pectru.rn of 16-oxo taraxeryl acetate 69 

• 



Fig. 9. ~ffi spectrum of 16-oxo taraxeryl acetate ~ 
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16 -OXO,-tarax,aryl 
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482 
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------ m/e -----

Fig. 10. Mass s:pectrum.of 16-oxo taraxeryl acetate _§Q. 
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. / ,.....;· All the foregoing ev~dencep' led us to conclude that the pro duct .§2. .-

was 16-oxo taraxeryl acetate although our melting point was widely 

different from that recorded by Finucane and Thomson42 (m.p. 251-
0 42 0 . 

52 d , (ex )D 92 ) "' We procured a sample of 16-oxo taraxeryl acetate, 
0 

m.p. 259-60 ·a from Dr. Thomson which gave a positive bromine test 

and was _different ·from our sample. In our hands the yield of the 

product never exceeded ten percent"' 
43 n Further, we prepared 11-oxo-j3-amyrin acetate 11 from/J-

amyrin acetate ~ by treatment of the latter with chromium trioxide­

acetic acid. The m.p., rotation and IR comparison clearly indicated 

that compound 69 was different from 11-oxo-)3-amyrin acetate (IR 

comparison· is shown in Fig. 11). 

All these facts led us, to conclude beyond doubt that our 
. 0 

product 69, m.p. 280-2 was the· correct 16-oxo taraxeryl acetate. 

In order. to prepare 16-hydroxy taraxeryl acetate, we attem­

·pted reduction of·~ with sodium borobydride in tetrabydrofuran and 

also in methanol* In both the cases, the star.ting material was reco.:. 

vered. Reduction of the carbonyl group at 16-position was also un­

successful by Meerwein-Pondorff reduction procedure and produced 16-

oxo taraxerol 78 m.u.292-3°,~KBr3360,1680 cm-1 • The same compound 78 - ... max -
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Fig. 11. IR spectra of 

16-oxo taraxeryl acetate 69 (solid line) 

11-oxo- ~ -amyrin acetate 71 -(do,tted line) 
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only could be isolated during reductio.n of Qgwith lithium aluminium 

hydride in.tetrahydrofuran solution. Acetylation of ~with acetic 

anhydride pyridine gave back 16-oxo tara.xeryl acetate (m.m.p •. and 

IR .comparison). 

The tbird product, o32H49o2-Br, ZQ., obtained during chromato-

0 ( ,., )' 249 12° graphy of the mixture of products had m .. p. 176-8 , "" D • ' 

'7'1 · 276 mLL(G ,6000) indicative of a homoannular diene. Examination 
max 1 (":ii- . \ 7v) . 

of the NMR spectl'umr: of the compound 70 showed signal at 5. 34 ppm for 
~· --

-·,\ one proton and a one proton signal at 5.85 ppm. These signals may be :i 
attributed to the protons in a homoannular diane system in which both .. 

the double bonds are trisubstituted. In addition to this the spectrum 

gave a sharp singlet at 2.08 ppm (-o-co-cn3) and a multiplet centered 

at 4.65 ppm for a proton attached to the carbon bearing the acetoxyl 
11 

group and a multiplet centered at 4.18 ppm for the proton attached 

to the carbon bearing the bromine atom. On the basis of the above 

. data the compound is assigned structure 70. -. 
The mechanism for the formation of 70 from 67 can be explain-

. -·· ---
ed in the followinf? way. Most probably bromohydrin 1.2§:. is first 

·formed which isomerises to the ~-am:yrin derivative ZQQ. through the 

carbonium ion intermediate ZQQ. followed by methyl migration. The 

intermediate 1Q.Q. is further converted to the bromo compound ZQ.9.. by 

allylic bromination which on further elimination gives ZQ• 
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N B c;- a.q,. oUO'X.C\/l\.-
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T 
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70c -
The mass spectrum of. the compound 1Q..showed a mass peak at Mt- 546 

(weak), but a prominent peak was observed at 465 (m/e- HBr). Other 
I ' . 

fragments were similar to those of 15- ~ -bromo-9(11), 12-olean-

diene e ( 1,;1]· 1 '?J) 
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·Fig. 13 Mass spectrum of 15-bromo-9(11), 12 · 
olean-diene 70 . , 
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With a view to preparing 16-bromo taraxeryl acetate we 

studied the allylic Bromination o~ tar~eryl acetate §1 with NBS 

in dry carbon tetrachloride in presence of light. The results obtain-

ed are discussed in the following lines@ 

When taraxeryl acetate ~was refluxed with 2 mole equivalents 

of NBS in carbon tetrachloride using visible light for 3 hours, a 
- - ' 

. 0 . 0 
product, c32H47o2Br, m.p. 240 , ( oC )D ,26? .53 was obtained. It show-

ed a single spot in a cbromatoplate and also gave positive test for 
' 

bromine. UV spectrum showed a peak· at '7\ 279 m H ( E. , 6000) , indi-max r- . 

eating the presence o£ a homoannular diene system. IR spectrum (Fig • 

.!.i) of the compound showed peaks at 1 ?25, l250 (-O-OO-CH3) and 840 

( trisubsti tuted doub;te b'ond) cm-1• NMR spectrum (Fig. 15 ) ___ showed the 
' .. 

presence of three vinyl protons between 5.63 - 5.88 ppm. This can be 

explained by assuming that two of the vinyl protons arise due to the 

presence of a homoannular diene in ring C and the third vinyl proton 

is present in ring D. In addition to this it also showed a sharp 

singlet at 2.,08 (-O-CO-CH3), and a multiplet cent:ered at 4<i>65. for 

a proton attached to the carbon beari_ng the acetoxyl group. 

The bromine atom i~ ring D was resistant to reactions (i) Zn­

HOAc (ii) H~~d~C (iii) H2/Pto2 (iv) Li2Co3-LiB~ (v) anhydrous KOAc­

HOAc (vi) CsH5N(OH3) 2• This inertness of the bromine-atom in ring D 

can only be explained if it is ~ssumed that the bromine atom is atta-

ched in ring D as a vinyl bromide. In conformity with the above facts 

we assign structure ~ to this compound. The mass spectrUm of the 
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compound 1!2.. showed the mass peak (strong) at IYI"r 542, (544 isotope). 

The intensity of the peak due to m/e 542 was greater compared_to the 

molecv~ar _ion peak at m/e 543 showing that an allylic proton is pro­

bably lost initially from the molecular ion to give a peak at llijle 
tFi.LI(;) ' 

542.~In another run of the same experiment we isolated the same com-

pound Z[ and its mass spectrum (Fig. 17) however, showed a weak peak 

aro~d the region M 620 - 25 (it was not possible to count) in addi­

tion to peaks shovm in Figure 16, which indicated that a small con­

taminant of a dibromo compound was present. This observation gave us 

a clue to the mechanism of the fonnation of allylic mono bromo com-

pound 2.[. 

7'5 

c 

(i) Zn-HOAc 

(ii) H:?!pd-C 

(iii) H~Pt02 

(iv) Li2C03-LiBr 

(v) (C6Hfi) N (CH3) 2 

Most probably at f'irst allylic 16-dibromo com.pound ~ is _formed which 

immediately undergoes allylic rearrangement as shown in Chart V below 
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to give predominantly the·monobromo compound 75b which on allyiic 

bromination at C-11 and subsequent elimination of HBr gives ~ 

Chart V 

NBS (2nwle.) 

C c \tt, Lt'~ ~tr. 
be.-n'-0~\ ~ll..YO~ 

( 

1 

When the same reaction was carried out with 1 mole equivalent of 

. NBS, it afforded ~·halogen ·free product, C32Hfs002, mop• 196-9°, 

( (](. )D 41.86° a~d was found to be identical with .7.i by m~ni.p. and 

IR comparison. The formation of this compound from taraxeryl acetate 

can al~o be explained by the same mechanism as depicted -in Chart VI. 
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Most probably allylic monobromo compound ~. is first formed which 

undergoes allylic rearrangement followed hy methyl migration as shown 

below: 

> 

Barnes and co-workera46 have shovn.1. that treatment of 1,1,6-trimethyl-

1-2-dihydronaptbalene ~with NBS gave an allylic bromide which aro­

matized to 1,2,6-trimethyl napthalene 76 by silver ion or heat (te~ 
' -

perature of refluxing carbon tetrachloride)0 

--7)·. 
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CHAPTER - I II 

EXPERIMENTAL 

Melting points are uncorrected. Petroleum ether used through 

out the experiments ~ad b.p. 60-80°. All optical rotations were 

determined in chloroform solution unless otherwise stated. NMR spec­

tra were determined on Varian-60 spectrometers using chloroform-d 

solution containing tetramethyl silane as reference. UV absorption 

were taken in a Zeiss VSU 1 spectrophotometer in 95% ethanol solu­

tion. TLC was done on chromatoplate of silica Gel (E.Merck) and the 

spots were developed with sulphuric acid-acetic au4ydride (9:1) 

mixture. 

Oxidation of taraxeryl acetate __ §1 with N-Bromosuccinimide.~ Isolation 

9f 15_-bromo ~ -amyrenonyl acetate __ §.§;, 16-oxo taraxeryl acetate ~ ' 

15-bromo-9(11), 12-olean diane ~ : 

To a solution of taraxeryl acetate 21 (?00 mg) in dioxan 

(400 ml) containing water· (20 ml) and calcium carbonate (1.0 gm) 

was added NBS (1~2 gm) and the mixture was stirred for 5.5 hr. at 

room temperature in presence of-visible light (100 watt bulb). A few 

drops of triethanol amine was added to discharge the yellow color. 

The reaction mixture was then diluted with water (200 ml) and extrac-

ted with ether. The ethereal layer was then washed with water and 

dried over anhydrous Na2S04• Removal of ether gave a solid (180 mg). 
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TLC of the ·latter showed three distinct spots (using benzene as 

solvent, Rf 0.93, 0.62, 0.4~) indicating a mixture of at least three 

compounds. The residue (180 mg) was dissolved in benzene (2 ml) and 

poured on a column of alumina (1·2 gm deactivated with 0.5 ml o:f 10% 

aqueous acetic acid) developed with petroleum e~her. The following 

solvents were used :for elution~ 

Table I 

Eluent Fractions \ Residue on Melting 
50 ml each evaporation point 

Petroleum ether 1-5 Solid (150 mg) 236-7° 

Petroleum ethers 
279-80° benzene (4 :1) 6-10 Solid (20 mg) 

Petroleum ether: 
175-6° benzene ( 4:1 ) 11-13 Solid (10 mg) 

Elution with more polar solvents did not give any solid material. . . 

Examination of fractions 1-5: Isolation of 15-bromo-~ amyrenopYl 

acetate §.§. : 

The fractions 1-5 (Table I) were combined (150 mg) and 

crystallised from a mixture of chloroform and methanol~· After three 

crystallisati~ it gave crystais tiS, (130 mg), m.p~ 238-40° (OC )n 

·o 88.8 • Compound@ showed positive copper-wire test for bromine. TLC. 
I 
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showed a single round spot (Rf : 0.93 in benzene). 

Fo1md: c, 68.14; H' s.68% 

Calculated for c32H49o3Br: c, 68e44; H, 8.73% 

uv .. 7\ 249.5 m ( E ' 11,000) • max . 

m s .V nujol 1750, 1650, 1250 cm-1 
max 

Examin-atio·n of fractions 6-10 s Isolation of 16-oxo taraxeryl 

a=.c:::;.;e:...:t~a:..;.t.-e ~ : 

The fractions 6-10 (Table I-) were combined (20 mg) and cry­

stallised from a mixture of chloroform and methanol to give crystals 
f 

.§f!, -(15 mg) m.p. 280-82°, (oc )D -38.71°, negative copper-wire test 

for bromine. TLC showed a single spot (Rf Oe62 in benzene). 

Founds 

Calculated for c32H5003 
1 

C, 79.62; H, 10.44% 

C, 79.29; H, 10~81% 

uv : '7\ 245 m Ll ( E= , max r· 10,500) 

IR : ~ nujol 1730 1680 
max ' ' -1 ' 'ii 1250 em -Fig. a; 

mm spectrum ( 60 Me) : Peaks at 5.85 (vinyl proton), 2~10 

(-O-CO-GB0), 4.5 (-~li- O-CO-CH3) ppm (Fig. 9) 

Mass spectrum: m/e 358 (base peak), 298, 249 and 482 (M+) 

(Fig., 10) 

Examination of fractions 11-13: Isolation of 15-bromo-9(11), 12-

olean diene 1Q : 

Fractions 11-13 (Table I) were combined (10 mg) and crysta­

llised from methanol to furnish crystals of~- (8 mg), m .. p. 176-8°, 
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(~)D 249.12°. ~he compound showed a single rouri~ spot on a chroma­

toplate (Rf : 0.45 in benzene) and gave a positive copper wire test 

for bromine. 

Found: a, 70.47; H, 8.84% 

.Calculated for c32H49o2Br: C, 70~46; H, 8.99% 

uv 1 7\ 276 mu. ( G; , 6000) max r 
NMR spectrum (60 Me): Peaks at 5.34, 5.85 (two vinyl proton), 

. . 

2.08 (singlet, -0-00-C~), 4.65 (multiplet, RC-O-CO-CH3), 

4.18 ppm (multiplet,· H-C-Br), (Fig. 12) 

~~ss, spectrum : 465, 546 (M~) (Fig. 13). 

Zinc dust-acetic acid treatment of .. .§§..: Formation of~ -amyrenon.vl 

acetate Z1. : 

To a solution of 15-bromo~ -amyrenonyl acetate 2§ (200 mg) 

in acetic acid (26 ml), was added zinc dust (12 mg) and the mixture 

refluxed for 3 hours. The reaction mixture was filtered, diluted 

with wat~r and extracted with ether. The ether layerwas washed with 

water till neutr~ and then dried (Na2so4). ~emoval of ether gave a 

solid residue . (175 mg) which on crystallisation from chloroform­

methanol furnished solid 11, m.p. 265-70°, (oc )D 48.08. This was 

found to be identical with an authentic sample of ~ -amyrenonyl 

acetate (memep• and IR comparison). 

Found: c, 79~60; H, 10.32% 

Calculated for C32H5003 • c, 79"' 62; H, 10.44%' • 

uv : ]\ 252"'5 mp. ( E max ' 11,000). 
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Preparation of 15-bromo- ~-am.yrin acetate· :rg·_ s NBS - DMSO treatment 

of .taraxeryl acetate 21 : 

To a solution of·taraxeryl acetate §1 (700 mg) dissolved in 

chloroform (46.5 ml) ·and dimethyl sulfoxide (23·.25 ml) was added 

NBS (700 mg) in portions and kept overnight. Next day, the reaction 

mix·cure was filtered. The filtrate was extracted with chloroform 

(150 ml), washed with water and dried (Na2so4). On removal of the 

solvent under reduced pressure, a yellowish solid (500 mg) was 

obtained" The solid was dissolved in benzene (5 ml) and P,oure.d on 

a column of alumina (25 gm deactivated with 1"'0 ml of 10% aqueous 

acetic acid) developed vdth petroleum ether. The following solvents 

were used for elution. 

Eluent 

Petroleum ether 

Table II 

Fractions 
50 ml each 

1-5 

Residue on 
evaporation 

Solid ( 475 mg) 

Elution with more polar solvents did not give any solid. 

Melting 
point 

0 .178-80 

Fractions 1-5 (Table II) were collected and on crystallisation from 

a miXture of chloroform-methanol afforded crystals of 15-bromo ~ -

amyrin acetate Z&, m.p. 180-2°, (~ >n 47.37°. It gave a single spot 
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on a chromatoplate (Rf = o~a)in petroleum ether: benzene (3:2) and 

also showed positive copper-wire test for bromine. 

F.ound: C, 70~09; H, 8~9% 

C, 70.20; H, 9.3% 

UV : No absorption in the region 220-300 m~J-

IR :·~:~ol 1720 and 1250 cm-1 (fig., 1) 

.mm spectrum (60 .Me) : Peaks at 5.3 (muitiplet, vinyl 

proton), 4.30 (multiplet, fiOBr), 2.09 (-O-CO-C£i3) and 

4.53 (fi-C-0-00-CH3 ) ppm. (Fig. 2) 

Mass spectrum: Peaks at m/e 189, 216, 217, 249, 297, 

466 (M + -HBr), 547 (M+) • (Fi& 3) 

' c:U.id-
Zinc-acet~?/ .. treatment of .:m..: Isolation of (?>-amyrin ace~ Z£_: 

To 15-bromo- ~ -amyrin acetate zg (100 mg) in ace·t;ic acid was 

added· zinc-dust (10 mg) and the mixture was refluxed for 5 hours·.;- The 

reaction miXture was filtered and the~ diluted with water. The pro­

duct which precipitated out was filtered and washed thoroughly with 

water. The crude product (75 mg) was dissolved in benzene (3 ml) and 

poured on a column of alumina (12 gm deactivated with 0.5 ml of 10% 

aqueous acetic acid) developed with petroleum ether. The following 

solvents were used for elution. 
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Table III 

Fractions 
50 ml each 

1-4 

Residue on 
evaporation 

Solid ( 60 mg) 

Melting 
point 

·Elution with more polar solvents did not give any solid material. 

Fractions 1-4 (Table III) were combined (60 mg) and after repeated 

crystallisation from acetone afforde.d crystals of P, -amyrin acetate 
· ·o o 

1§.,_ m.p. 227-30 , (oC )D 85.1 • The solid was found to be identical 

with an authentic sample o:f ~ ~amyrin acetate (m.m.p and I .R. com­

parison, Fig. 4). 

Found: a, 81.89; H, 11.o8% 

a, 81~99; H, 11.18% 

Chromium trioxide-acetic acid oxidation of 15-bromo-· ~ -amyrin 

acetate I& : Prepara~ion of 15-bromo ~ -amyrenol!Yl acetate ~ : 

Chromium trioxide (300 mg) dissolved in acetic acid (7 ml) 

was added to a solution of 15-bromo (3 -amyrin acetate 1&. (400 mg) in 

acetic acid (26~6 ml). The mixture was refluxed for one hour at 130-

320. The reaction mixture was then cooled, diluted with water and 

extracted with ether. The ethereal layer after being washed with 
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water till neutral was dried (Na2so4). The solvent was removed and 

a solid residue (300·mg) was obtained. The solid was dissolved in 

benzene (2 ml) and poured on a column of alumina (25 gm deactivated 

with 1 ml of 10% aqueous acetic acid) developed with petroleum ether. 

The chromatogram was eluted with the following solvents. 

Table IV 

---------------------------------~·------------------------------
Eluent Fractions 

50 ml each 
Residue on 
evaporation 

Petroleum ether 1-7 Solid (275 mg) 
m.p. 236-38° 

Further elution with more polar solvents did not give any material. 

Fractions 1-7 (Table IV) were collected and combined, which on 

crystallisation from methanol gave crystals of~' m.p. 238-40°, 

( OC )D 88. 08~ This was found to be identical with 15-bromo ~ -amyre-

nonyl acetate obtained during aq. dioxan- NBS treatment of taraxeryl 

acetate (from fraction 1-5, Table I) mQm.p. and IR comparison, Fig.5. 

Fo:und: C, 68.24; H, 8.63% 

Calculated for c32H49o3Br : C, 68.44; H, 8.73% 

UV: 7t max 249 mf-( f, 11,000). 
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Solvolysis of 15-bromo {3 -amyrti~l acetai§! .. Z&,: Formation of Olean­
' 

~15-dien-3 (L:-.Yl acetate Zi : 

To the acetate zg (200 mg) dissolved in acetic acid (27 ml) 

was added anhydrous potassium ace·tate (500 mg) and the mixture was 

refluxed for 5 br.It was then. cooled, diluted with water and extrac­

ted with ether. The ether solution after being washed \Vi th water till 

neutral, was dried (Na2S04). On removal of the sovent, a solid resi­

due (150 mg) was obtained. The solid was dissolved in benzene (2 ml) 

and poured on a column·of alumina (12 gm deactivated with 0.5 ml of 

10% aqueous acetic acid) developed with petroleum ether. The follow-

ing solvents were used. for elution. 

Eluent 

Petroleum ether 

Petroleum ether 

Table V · 

Fraction 
50 ml each 

'1-2 

3-7 

Residue on 
evaporation 

Oil (trace) 

Solid (120 mg) 
m.p~ 195-7° 

Elution with more polar solvents did not give any so-lid. 
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Fractions 3-7 (Table V) were combined and on crystallisation from 

methanol afforded crystals of Z!,,m.p~ 199-200°, (~ )D 41e86°. It 

showed a single spot on a cbromatoplate (Rf = 0 .. 43 in benzene·) and 

negative copper wire test for bromine. 

Fowtd : 

Calculated for c 32H50o2 : 

C, 81.96; H, 10.81% 

C, 82e35; H,. 10 .. 80}b 

UV s No absorption in the region 220-300 mft• 

NMR spectrum (60 Me): Peaks at 5~2 to 5.6 (three vinyl 

Protons), 2.os (-o-co-cg3), 4.50. <n-c-o-co-cH3) ppm (!_ig. 6) 

~imethyl aniline treatment of 15-bromo- B -arn..Y£,in acetate .zg : • 
isolation of olean-12 L15-dien-3 p -yl acetate 74 : 

15-bromo f.> -amyrin acetate z.g, (200 mg) was refluxed with 

dimethyl aniline (30 ml) for ·6 hours. The reaction mixture was dilu­

ted with water, acidified with 6N hyd.rochlori.c acid (20 ml) and 

extracted with ether. The ethereal layer was washed with water till 

neutral and dried (Na2so4 ). On removal of the solvent, a solid (175 

mg) was obtained. The latter was dissolved in benzene (3 ml) and 

poured on a column of alumina (15 gm, deactivated with•6 ml of 10% 

aqueous acetic acid) developed with petroleum ether. The following 

solvents were used for elution. 
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Table VI 

Fractions 
50 ml each 

1-6 

Residue on 
evaporation 

Solid (150 mg) 
m.p. 196-7° 

Elution with more polar solvents did not give any solid material. 

Fractions 1-6 (Table VI) were combined and crystallised from 

chloroform-methanol to give crystals of z.!, m.p. 199-200°, (ex: )D 

41~86°Q The solid was found to be identical {m.m.p. and IR, Fig. 7) 

with a sample of olean-12, 15-dien-3 ~ -yl acetate Zi obtained from 

solvolysis of 15-bromo-~ -amyrin acetate with anhydrous potassium 

acetate and acetic acid •. 

Found : 0~ 82e57; H~ 10.82% 

C, 82.35; H, 10.80% 

Preparation of~ -amyrenonyl acetate ,Z!, {rom (3 -amyrin acetate 1,2 _s 

p.>-amyrin acetate {200 mg) dissolved in acetic acid (25 ml) 

was added to a solution of chromium trioxide (330 mg) in acetic 

acid (7 ml, 80%). The ~ixture was .refluxed for one hour. On cooling 
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it was diluted with water, filtered and washed with ·water till 

neutral. The solid·was dissolved in benzene (3 ml) &1d poured on 

·a column of alumina (12 gm deactivated with 0.5 ml of 10% aqueous 

acetic acid). Following solvents were used for elutione 

Eluent· 

Petroleum ether 

Petroleum ether 

Mable VII 

Fractions 
50 ml-each 

1-2 

3-8 

·Residue on 
evaporation 

Oil (trace) 

Solid (150 mg) 
0 

m,p. 265-67 

Elu~ion with more polar solvents did not give any solid material. 

Fractions 3-8 (Table VII) were combined and on crystallisation from 
0 0 

methanol gave Z!,, m~:p0 268~70 , (o( )D 48°8 4> 

Found: 

Calculated for C32H5003 : 

UV : ')( max 25 2 05 m f ( f. , 11, 000) • 

C, 79.55; H, 10e30% 
C, 79.62; H, 10040% 

Attempted sodium boroh,ydride reduction of 16-oxo-taraxer..vl acetate 

~ in tetra8Ydrofuran (THEl : 

To a solution of 16-oio-taraxeryl 'acetate ~ (200 mg) in dry 

tetrahydro furan (50 ml) was added sodium-borobydride (200 mg) ~1d 
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the mixture was stirred for 6 hours at room tempera-cure. A portion 

of the solvent was removed by distillation, cooled and acidified with 

dilute hydrochloric acid an~ then extracted with ether. The ethereal 

layer was washed with water till neutral ·and then dried (Na2S04). 
etheY · 

Removal of thef~gave a solid which on crystallisation from methanol 

gave crystals m.p. 280-82°. The solid was found to be identical with 

the starting material 16-oxo-taraxeryl acetate (m.m.p.). 

Attempted reduction of 16-oxo-ta.paxeryl .§~.1st~. 69 with sodium 

boro~dride in methanol: 

To compound ~ (200 mg) dissolved in methanol (50 ml) was 

added sodium borohydride (200 mg) and the reaction mixture was stirr-

ed for 4 hours at room temperature. After working up in the. usual way 

it gave a solid, m.p. 279-81°, identified as the original 16-oxo­

taraxeryl acetate by mQmQp. 

:Meerwein-Pondorff reduction of 16-o:x:o-taraxeryl acetate ~: 

A mixture of 16-oxo-taraxeryl acetate .§2. (250 mg), aluminium 

i~opropoxide (325 mg) in dry isopropanol (6 ml) was distilled siowly 

with the addition of isopropanol to maintain constant volume. After 

6 hours, the distillate no longer contained acetone. The solution 

was concentrated to a small volume. The reaction mixtu:re was then 

diluted with water followed by 10% sulphuric acid (20 ml) and then 

extracted with·ether. The solid product obtained after removal of 

ether was dissolved in benzene·(2 ml) and poured on a column of 
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alumina (12 gm deactivated with Oe5 ml of 10% aqueous acetic acid) 

developed with petroleum ether. The following solvents were used as 

eluent. 

Eluent 

Petroleum· ether 

Petroleum ether: benzene 
(4&1) . 

Table VIII 

Fractions 
50 ml each 

1-2 

3-7 

Residue 

trace ·of oil 

Solid m~p. 290-2° 
200 mg 

Further elution with more polar solvents did not give any solid 

material. 

The solid from fraction 3-7 (Table VIII) were combined which after 

crystallisation from methanol afforded 16-oxo-taraxerol Z§ mfi)p. 

292-3°. 

. . 
FoWld: C, 8~020; H, 11.08% 

Calculated for C3oH5o02 : C, 81.39; H, 11.38% 

KBr · 1 
IR : V 3360, 1680 em- • 

max 

Lithium alumlmium hydride reduction of 16-oxo-taraxeryl acetate §2_: 

Formation of 16~oxo-taraxerol ~ : 

To the ketone ~ (200 mg) dissolved in dry tetrahydro furan 
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l . 
was added lithium alumjmium hydride· (25 mg) and the mixture was 

refluxea for 10 hours on water bath. The reaction mixture was then 

cooled and to this was added dropwise a col~ saturated solution of 

sodium sulphate (15 ml) 0 After this .addition the mixture was extrac­

ted with ether, washed to neutral with water and dried (Na2so4 ). R:e­

moval of ether ·gave a solid (190 mg) which was chromatographed over 

alumina. A column of alumina (10 gm deactivated with 0.4 ml of 10% 

. aqueous acetic acid) was developed with petroleum ether and the above 

residue dissolved in benzene (4 ml) was added to it. The following 

solvents were used for elution (Table IX)0 

Eluent 

Petroleum ether 

Petroleum ether: 
benzene (4:1) 

Table IX 

Fractions 
50 ml each 

1-2 

3-6 

Residue 

Nil 

Crystalline solid 
180 mg 

0 m.p. 290-2 • · 

Elution with more polar solvents did not yield any materi~. 

Fractions 3-6 (Table IX) were combined and the solid (180 mg) was 

crystallised from chloroform and methanol mixture when pure crystals 

of 1§.· m.p. 292-3°, was obtained. This was found to be identical with 
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16-oxo-taraxerol obtained by Meerwein-Pondorff reduction of ~ (m.m.p. 

and I.R. comparison). 

~etylation of 16-oxo-taraxerol,.ZQ ·: :g,reparation of 16-oxo-tara.x:eryl 

acetate 69 : 
=.::..;;.,;;;.;o- -

The compound~- (200 mg) was acetylated with pyridine (2 ml) 

and acetic anhydride (2 ml) in the usual way. The solid obtained, 
0 after crystallisation from methanol gave crystals of ~ m.p_. 280-2 , 

found to be identical with 16-oxo-taraxeryl acetate 3 (m.m.p.). 

Treatment of taraxeryl acetate_§l with NBS (2 moles) in carbon 
(II) 

tetrachloride: Isolation of 16-bromo::glean-9"' 12, 15-trien-3 fo -yl 

acetate 7£ : 

To a solution of taraxeryl acetate (1 gm) dissolved in dry 

carbon-tetrachloride (185 ml), was added NBS (700 mg) ru1d the react­

ion mixture was refluxed for 3 hours in presence of- visible ~ghr 

(100 watt bulb). As the reaction proceeded, insoluble succinimide, 

which was at the bottom, floated on the surface. The reaction mixture 

was then cooled and filtered. The filtrate was extraqted with chloro­

form (200 ·ml), washed with water and then dried. (Na2so4). On removal 

of the solvent under reduced. pressure a solid (800 mg) was obtained. 

which was chromatographed on a column of alumina (25 gm deactivated 

with 1 ml of 10% aQUeous acetic acid). The chromatogram was develope( 

with petroleum ethe~ and the solid (800 mg) dissolved in benzene. (4 r 

was placed on the column. It was eluted with the following Solvents 

(Table X)e 
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Eluent Fractions 
50 ml each 

Residue 

Petroleum ether 1-9 Solid m.p. 238-39° 
( 775 mg) 

Elution wit,h more polar solvents ·did not give any material. 

Fractions 1-9 (Table X) were combined (775 mg) and after several 
. . . 0 

crystallisatio~rom methanol furnished 75, m.p. 240°, (OC)D 267.53 •j 
It showed a single spot ?n a cbromatoplate (Rf 0 .84) in petroleum / 

ether: benzene (3:2 ) and showed positive copper wire test for bro-

mine. 

Found: C, 70.40; H, 8.37% 

Calculated for c32H47o2Br ·: C, 70.70; H, 8.67% 

uv s 7\ '279 m u_ ( f ~ 6000) max t-

IR: ~:~ol 1725, 1250, 840 cm-i (Fige 14) 

NMR spectrum (60 Me) s Peaks between 5.68 to 5.88 

(three vinyl protons), 2~10 (-o-co-cg3) and 4.5 

(-cgooocH3) ppm (Fig. 15) 

Mass spectrum: m/e, 544 (isotope), 543, 542 (M+j (Fig. 16} 
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In another experiment this produc·t showed a very weak peak between 

620-25 (it was not possible to count Fig. 17) due to a small conta­

minant_~~ dibromide, other peaks were similar to as shown in Fige 16. 

' (II)' 
Attempted zinc-acetic acid treatment of 16-bromo-olean-9tl2,15-

l . -trien-3r -yl acet~ll 1Q_: 

To a solution of Z[ (200 mg) in glacial acetic acid (40 c.c) 

was added zinc-dust (40 mg) and the reaction mixture was refluxed 

for 8 hours. After working up in the usual way it afforded a solid 

which on crystallisation from methanol gave crystals m$p. 239-40°. 

This solid was found to be identical with the _starting material- 1§;. 

(m.m.p). 

Attempted dehalo'genation of. 75. Y£,ith palladium-on-charcoal catalyst : 

- (II)) . 

To the 16-bromo-olea.n¢-9~12,15-trien-3 ~-yl-acetate ~ 

(200 mg) dissolved in ethyl- a,cetat~ (40 ml) was added 10% palladium­

on-charcoal catalyst (10~ mg) and the mixture-was stirred at room 

temperature in an. a~mosphere _of ·hydrogen. liJo absorption of hydrogen· 

took place even after eight hours.· It was then filtered ·and the fil­

trate was evaporated to dryness. The residue m,.p. 238-39° (190 mg), 

0 
on crystallisation from methanol gave crystals, m$p. 240 and was 

found-to be unchanged~ (m.m.p.). 
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/!;ttempted dehalogenation of .. ZQ.. with Adam's catalyst: 

A solution of .compound ~ (200 mg) in ethyl acetate (40 ml) 

was stirred. in presence of Adams catalyst (20 mg) at room tempera-

ture and pressure. During a period of ten hours the mixture did not 

show any absorption of ~rdrogen$ On working up the reaction mixture 

in the usual manner, a residue (200 mg) was obtained. The latter on 

crystallisation from methanol afforded crystals, m.p" 240°, and was 

found to be identical with the starting material 75 • 

Attempted de halogenation of ZQ. with lithium carbonate and lithium 

bromide: 

A muture of compound ZQ. (200 mg) in dimethyl formamide (30 

ml), lithium carbonate (200 mg) and lithium bromide (270 mg) was 
. 0 

stirred in an atmosphere of nitrogen at 100 for 3 hours. The pro-

duct was then taken up in chloro·form and the chloroform layer was 

washed with 40% a~etic acid (50 ml), them.with water till neutral 

an.d then dried (Na2so4 ). Evaporation of the sol vent gave a residue 

(175 mg), which on crystallisation tr6m methanol furnished a solid, 

m.~. 239-40°, which did not depress the melting point when mixed 

with the starting material Z[ • 

Attempted solvolysis of 1£ with all4ydrous Potassium acetate and 

acetic acid~ (SN1) 

16-bromo compound 1§. (200 m·g) was reflu..xed with anhydrous 

potassium acetate (150 mg) and acetic acid (20 ml) for 4 hours. The 

product was then diluted with water and the precipitate ·was filtered, 
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and washed thoroughly with water. The crude product (150 mg) on 

crystallisation from methanol furnished a. so_lid, m.p. 240°, identi­

cal with the starting material (m.m.pe). 

Attempted dehydrohalo~nation of.Z£. with dimethyl aniline: 

Compound 1§_ (200 mg) was ·refluxed for 10 hours with freshly 

distilled dimethyl aniline (50 ml) •. The solvent was removed by disti-
. - ' . ' . 

llation under re(iuced pressure, and the residue was· diluted with 

water and extracted with ether. The ethereal layer was washed with 

6N hydrochloric acid (10 ml) followe~ by water till neutral and then 

dried (Na2so4 ). O:fi removal of solvent a solid residue (175 mg) was 
0 

obtained which on crystallisation afforded a solid, mQp. 240 , iden~ 
. . (II) . . 

. tical. with 16-bromo-olean-9~ 12, 15-trien-3 (3 -yl acetate 1Q. (m.m.:p). 

Formation of -olean-12 ,15-dien-3 I} -yl acetate ... Zi' Treatment of tara­

xeryl acetate . .§1with NBS (1 mole) in carbon tetrachloride : 

To a solution of taraxer-yl acetate §1 (300 mg), dissolved in 

dry carbon tetrachloride (100 ml), was added NBS (116 mg) and benzoyl 
I . 

peroxide (a few crystals) and the reac_tion mixture was refluxed for 
" 
six hours in presence of visible light (600 watt bulb). The reaction 

mixture was cooled and filtered and the ·f~trate was extracted with 

chloroform. Tne chloroform laye~s ~ashed with_water and dried-­

(Na2so4). On evaporation of solvent, a yellow solid (250 mg) was 

obtained. The latter was taken up in ether, washed with 5% cold sodium 



-245-

hydroxide ~olution, followed by water till neutral and Qried over 

anhydrous sodium sulphate. On removal of ether, a ·solid residue was 

obtained'whichafter.several crystallisations gave solid Zi m.p. 

196-9°, (aG )D. 41 .• 8.6°. It whowed a single spc)t on· a chroma.top~ate 

(Rf = 0.43 in benzene) and showed negative copper wire test for· 

bromine. Tli1i.s product Z! was found to be identical with the prod'!l9_~ 
. . 

obtained by sotvolysis of 15-bromo-~-amyrin acetate zg, (m.m.p. and 

r·.R ) • 

·Found: 

·Calculated for C32H5002 1 

C, 82. 00 ; H, 10 • 70% . 

a, 82.35; H, 1o.ao% 

UV : No absorption above 220 m~.· 
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