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The work embodied in the present thesis has been divided into
three parts: | |

The first part (Part I) consists of the autoxidation studies
on(%—amyrone and investigations‘on the stereoéhemiétry_ofAZ-
acetpxy-B—keto-(B—amyrin and S-acetoxy—Z—keto—[3—amyrin.

The second part (Part'II) deséribes 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 C)

The last part (Part III) deals with allylic oxidation and

bromination studies with NBS on taraxeryl acetate.
"Part I3

Chaptér IT deals with fhe studies on the stéreochemistry of
the Z2-acetoxy group in 2—acetoxy—3keto—[%~amyrin D and 3-acetoxy
group in B—acetoxy—z-ket04¢3—amyrin G from NMR spectra, O.R.B.
spectra and chemical evidences.

(B—amyrone A on autoxidation gave the diosphenol B which on
acetylation followed by hydrogenatlon gave Z—aoetoxym-P—amyrone
D, mepe 158—60 « MR spectrum of the conmpound indicated that it
may equally eiplain both for the 20( ~equatorial acetoxy group
with the chair éonformation of ring A and 2(3—acetoxy group with
the boat confofmation of fing’A. The ORD spectra of d'uacétoxy

ketones have been studied recently by Bull and Bnslin and also
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. From their studies it appears that in many

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

chromophore is anti-octant. The ORD studies revealed that inf}-amyrone
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(parent kétoneji A, the pohformation of ring A..is a flattened
Ichair (to relieve the diaxial ¥ interaction between the 10[5—
methyl and 4~@ methyl groups) and this leads _’co. a positive Cotton
effect (Fig. 7). Dhe same conformation is pqssiblé for the 2K -
acetoxy derivative D but as a consequence of the fiatfening of
ring 4, the 2 & (equatorial) acetoxy group does not lie iﬁ t he
nodal plane of the' carbonyl group but protrudes into the back
upper fi»ght octant. An all_qil g’foﬁp in. that situvation would make.
a negative contribution to the Cotton effect but the acetoxy

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

:'bu.ti:on;., There_foré, as the ORD studies .inldicate (Pig. 18), if the
_compoundl;_Q has the 2o —acetoxy configuration, we would expect it
e} hafre g more positive thton eff‘eot, than the‘,‘pa.-rent ketone.
The alternative 2 (‘3 -acetoxy configuration with the .boajc confor—
rﬁatidn of ring lA would lead to a small negative Cotton effect. In
the ORD curve of the compound D the emplitude is greai‘;er than the
amplitude in-the gorresponding parent ketone A. Thus HMR and ORD
'sﬁectral eviderces 1éad u_.s,t‘o coneclude '{:hat thé 2—-gcetoxy group
in D has the of~equatorial .configuration with ring A in the chair
-conformation. . |

In.order to afford further chemicél evidenc‘e/s"' W.e have prepared

12

4 —oleanene-2d , 3(3-(1101,@ MeDe 202-40, (0()D ..600 from D

by NaBH, reduction followed by hydrolysis. The latter has been

4
found to be identical with an authentic sample of the 2o , 3 p,—

. 65 .
. diol 4 indicating ( -equatorial orientation of the 2-acetoxy
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group in the original compound D .

Further we have also prepared 2, 3o( -diol H mep. 278—800,
(OC)D 71.28° from 2-keto @—amyrin F. Theo(, o —configuration is
based on NMR spectral data. The monoacetate I, obtained by par-
tial acetylation of Evon Cr63—pyridéne oxidation gave a crysta-
1line solid J, m.p. 158-60°, (& Jp 108-50, identical with 2« -
acetoxyhﬁa—amyrone D obtained by hydrogenstion of the diosphenol
acetate C. This experiment provided a furthgr support for the
assigmment of 2o -acetoxy equatorial configuration to the 2-
acetoxy group in D.

ORD measurement of 2-keto~3-acetoxy ﬁ -amyrone G was also
carried out. The compound G With chair conformation of ring A and
a 3{3-equatqrial acetoxy gfoup would be expected to-exhibit 8
positive Cotton effect. This is in accordance with the ORD experi-~
mental results. Thus the assignment of stereochemistry as shown
in G is consistent with the ORD and NMR measurements

Above work was presented in t he Convention of Chemists held
in Madras, India 1970.

Part II: |

Chapter II describes the synthesis of all the isomeric 248=
diols of isohopane (moretane) (Section BY and three out of the
four possible isomeric 2,3-diols of mefhyl olean~12~-en—-28-~o0ate

(Section c).
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Pection B¢

Isohopanone (moretanone) on autoxidation gave the diosphenol,
nep. 190-92°, (o 5 40°. Acetylation of the diosphenol followed
"by hydrogenation gave the corresponding 2 W-acetoxy isohopanone,
mep. 179-81°, () 86.51°, X 276 mit (€&, 82). Sodium boro-
hydride redu.otion' of the latter at pH 8 gave the 2o(—ac£etoxy—

5 @ ~hydroxy isohopene, m.p. 199-200°. The latter on acetylation

gave the 2o , 3(3 ~diacetate, m.p. 228-30° (x )D 50.,60°, which on
hydrolysis gurnished 20( 3(3 ~dihydroxy isohopane, m.p. 240—20,

(of ) 82486 |

Meerwein-Pondorff rAeductj_on of R-keto moretanol, me.p. 181—30,
(o) 29.41° (obtained by 1,4 addition of hydrogen during palla-
dium=-charcoal hydrogenation of the above diosphenol) furnished
a mixture of diols consisting of 5% of ‘che. 2« , 0[3 dio0l described
above and 92% of a diol, ma.Dp. 250—510, (X )D 9.57°. The new diol
has been assigned 2(, .3 —configuration from its NMR spectrum.
It was also found to be identical with an authentic sample of
2« , 3& -diol prepared by osmylation of A 2.—more“\;a.ne. The pro-
quct in the osrﬁyla'tion reac%ion also gave 28, 3@ -diol as a
minor product (8%).

_ Sodium borohydfide. reduction of the diosphenol gave R, 38 -
diol, m.p. 262-4°, ( ) 25.68°, which on acetylation afforded

o
‘the 2(3, 34 -diacetate, m.p. 214-5°, (), BLa25 .



(vi)

, , 5 . |
Performic acid oxidation of 4 —-moretane by the method repor-

ted in litera.tu.:c'el’-2’:3 afforded the 2{3, 30(-d101, MeDe 221-—.40,

- 0
(0()3 21.18° y acetate m.p. 145-7 .

The structures of the diols Were‘eétablished onx{be basis of
NMR spectra. Acetonide derivatives of two out of the four isomeric
diols have been prepared. All'the diols described above are new

hove . - o
and not hitherto been.reported-in the literature.

Sectlon g3

Methyl'oleanbnate-on autbxidation furnished the diosphenol
(2,3-dioxo—oleah-lz-eﬁ-za—oate),‘ mep. 130-35°, (X )p 104,4°,
‘Hydrogenation of the 1atte'x‘- gave methyl-30 —hydroxy—2-keto-olean—
12;en—28-oate,' mepe 1?94310 (o() 109.090'which‘on;Meerweinp
PondorfL reductlon gave the nethyl 20(, 3-dinhydroxy olean-12-
en—-28-oate, Mepe 28657 (o()D 71.11° 9 1dentical with an authentlc
sample (sﬁpplied by Dr. H.T.Cheung). The diacetate, m.p. 228-8°,
(o(}D 95.20° and the acetonide derivative, m.p. 255390 have also
been prepared. .

The diosphenol on sodium borohydride reduction gave methyl
2r3 3@:-dlhydroxy-oleanr12-en~28-oate, MeDe 269-72° ’ (o() 88. 88

~which on acetylation furnished the diacetate m.p. 220—22 ) (0()D

R . - ]
. , o
86.200. It afforded an acetonide derivative §intering at 75-80 .

!

}
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‘Methyl-3-keto~2 X —acetoxy olean—12-en-28-oate (obtained by

1,2-addition of hydrogén during palladium—~charcoal hydrogenation
of diosphenol acetate) on NaBH, reduction at pH 8 furaished methyl

20(—acétoxj—5{3-hydroxy—éleanﬁlz—enp28—oate MeD o 199-2040, (o )p
21,90, The latter on hydrolysis afforded the 2 o, 3B -diol (methyl
cfategolate) MeDo 220—220, (0()D 360, identical With an authenﬁic‘
sample of methyl crategolate*pfdvided by Prof. P.Sengupta. |

A11 the assigaments are based on spectral evidence?*(IR, HMR,
— | . , . :
The above work described.in'Part II was presented in thé

Convention of Chemists held in Bombay, India.1971.)
- Part IIT

Finucane and Thomson (Chem.Comn. 20 1220, 19695 J.Chem.Soc.
1856, 1972) recently described a method for allylic oxidation of
taraxeryl acetate, (B-merin acetate etc. using NBS-CaC03 in ag.
diokan in presence of visilbe light and cTaimed the isolation of
the corresoondlngaq;-unsauurated ketones in high yield. With a
 view to preparing 16—0Hﬁ(3—emyr1n derivatives ox1datlon of tara-
'.Xeryl acetate by their method was taken up. The results were
widely differént from those recorded by Finucane and Thomson. The
reaction product yielded three products after chromatography and.
crystallisation.

- - - 0 . .
The first compound K, mepe 288-40 , Gz H, 05Br, (<X)D88.07°,
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'jklﬂ 249,5'm}1(€5, 1i,ooo) was found to be idenmtical with 15—
broné-@«amyrenonyl acetate, established by UV, IR, NMR and its
partial synthesis from taraxeryl acetate R. Taraxeryl acetate R
on treatment With.NBS—DMSO infchioroform gave 15—bromo—@-amyrin
‘acetate N, mop. 180-2°, (< g 47,37°. The latter on treatment
With'Zn—HQAC gave{} —amyrin acetate O indiﬁating.that it was a

@-amyrin derivative. IR, ﬁV, MR and mass fragmentation established
its structure gs depiéted in N. Oxidation of iS—bromo-ﬁ -amyrin
acetéte N with CrOz-HOAc gave m5-bromo—e>éamyrenonyl acetate
identical with X (m.m.p. and I.R. comparison).

Solvolysis of 15—bromo—6}-mmyfin acetate N with ﬁFacetate in
HOAc gave‘olean;l2, 15fdien—5ﬁ3-y1—acetate Py Mepe 199-2OOOe The

letter was also obtained when N was trested with dimethyl aniline

(IR and m.mep.).
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Probabie mechanisms for the formation of 15—bromo-/5—amyrenonyl
Aacetate K aﬁd 15-bromo—(54amyrin acetate N, have been discussed. -
The second compound L, CoHyoOzs Mepe 280-82°, (.o()D-38.71°,

Uv')fmaX 245 %p.(éi, 10,500) was assigned as 16-oxo taraxeryl
aoetaté from'its4UV, IR, NMR and mass spectral studies., It showed
a mass peak at M+»482.'ﬁoreover, an abundant base peak at 358 was
observed. The appearance of this peak maylbe explained by assuming
that it arises from a 16-o0xo0 taraxeryl acetate by the following
genesis 8. Our compound.was widely differert from the sample of
16-0x0 taraxeryl acétate, MePeo 251—52°d prOoufed from Dr. Thomson .
Their sample was found to give positive bfomine.test. All physical
and chemical evidences prové that our compound m;p; 280—820 is the

correct 16-0X0Ataraxeryl acetate. Attempts to reduce 16-0xo0

wle, 358
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téraXeryl acetate to give~i6-0HitaraxeryI-acetate proved futile.

Thé third compound, M, CzoHyg0sBrs mep. 175-80; (°()D 249-120{
W;ﬂaxz'?e m,u(e , 6000) has been assigned as 15_;br'omo-9(11); 12~
olean-diene, on the basis of UV, NMR and mass spectral studies,

A probable mechanism for formation of M has also been Suggested.

With\the éxpectation of‘obfaining a 1l6-bromo taraxeryl acetate
We'extended ouf sfudies on allylic'bromination of taraxeryl ace-
tate using NBS in dry CCl, in presence of light and bénzoyl pero-
zide as the initiatlo.r.' The results obtained during these studies
were inferesﬁing aqd is summerized below.

When taréxeryl gcetate R was refluxed with 2 mole equivalents
of WBS in dry COL , using visible light ,:tfu:mished - 16-bromé-olean—
9(11), 12,15-trien-3@-_yi-acetatg g, CxoHypOo BTy meD. 240°, (o(‘)D
267.530,') - 279 m}k(é—,-SOOO). The bromine atom in ring D was
resistant to reactions (1) Zn-HOAc () Ho/P3-C (3} Ho=Pt0g (4)

Li 805-IiBr (5) anhydrous KoAc-HOAc (6) CgHgM (CHz)g, indicating
that it contained a vinyllbromine atom as shown in structure Q.

The mechanism for its formation has also been discussed.

However? with 1 mole equivalent of NBS the product was 8
bromine free compound, mp 199—2000, olean e 12,15-dien SP-yl

acetate B, identical with product obtained by solvolysis of 15§ -
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bronw(}—amyrin acetate (m.m.p. and IR comparison). The mechanism
for the formation of P has been discussed.
This work was presented in the Convention of Chemists, held

in Calcutta in 1973.

KR
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PART -1

AUTOXIDATION STUDIES ON $ —AMYRONE: TINVESTIGATIONS

ON THE STEROCHEMISTRY OF 2-ACETOXY-3-KETO~ 3 ~AMYRIN

T

AND 3-ACETOXY-2~KETO- (b —AMYRIN.
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CHAPTER~T
A review on optical rotatory dispersion and its

application in stenﬁchemical assignments in Organic
Chemistry. -

- Section At Optical Rotatory Dispersions

A wave of plane -polarised 1light may be considered to be

made up of two fypes of "eircularly polarised light": one right
circularly polarised'wave'and oﬁe left circularly polarized

wavel. A "circularly polarized wave" is one whose plane of polari-
gation rotates continuously and in the same sense around the axis
of propagation of the wave. Thus the electric field of a right cir-
eularly polarised wave may be described as a right-handed screw

or Belix twisting rowad $he direction of propagation (Fig. 1),
whereas a left cﬁrcularly polarised wave describes a 1eft-handed
serew. 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 out with a maximum value, decreases to zero and
then to a minimum.and grows again to zero and back to the maximum.
Gircularly'polariéed lighf may actually be produced by passing
‘plane polarised light through a specially cut glass prism known

as, "Fresnel's rhomb".
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The'important|feature‘of an optically active substance is
" that it is "eirculariy birefringent"' i.e. that it has une@ual
refractive indices for right and left circularly polarised light.
Jince the velodity of light in a medium-is given by VU= c¢/n, where
¢ 18 the velocity of light in vacue ahd n is the refractive index
of the medium, the result of circular birefringence is an wiequal
vélocity of propagation of the left and right circularly. polarised
rays. If the right cireulafly polarised ray ER travels faster than
the left circularly polarised one Efs the result will be as shown
in Pig, S,mThe_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 K with the x-plane; in
other words the circularly birefringent medium has rotated the
plane of polarisation by an'angle<ii.1f fhe right cirecularly pola-
rised wave travels faster,°<lis positive and the medium is dextro-
rotatory, whereas if the left circularly polérised wave is faster,
O(iis negative and the medium is levoratatory.

The variation of optical activity with the wave length giveé
an optical fotatory dispersion curve. For a compound containing
no chromophore (s substance which does not absorb light in the
region of wavelength in which it is being/examined) the optical
activity progressively decreases in magnitude as the wave length
increases. A plain positive or plain neggtiVe dispersion curve is
obtained, depéndiné upon whether it rises or félls 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 and shows one or

several "éxtrema? (peaks or troughs) in the spectral region in which

the chromophore absorbs.

Seetion B: Circular Dichroism:

After passing through an opfically active medium, both
constituents (EL and ER) of a circularly polarised ray not only
show circular birefringence, but they are also diffefentially

aﬁsorbed. As a result, the two vectors Eg and By (Fig 2) are un-
equal in length and their resultant,instead of decreasing or-inc:éa-
sing in a given plane (the plane of polarisation) actually sweeps

- out in an elongated eﬁgpse. The plane polarised light passing

" through a dissymmetric medium therefore becomes ellipticaliy pola-

, : 2
rised. This phenophenon is known as "Circular Dichroism" .

Section C ¢ Cotton Effect:t

The combination of uneéual absorption and unequal velocity
of transmission of left and right circularly pplérised light in
the region in which Optically active abSorption bands are observed
is a phenpmenon called the "Cotton Bffect". Cotton"?'?* observed
fhat an optically active compound showed in this spectral region
an abnormal behaviour of its rotatory power. Thus the basic infor-

metion which can be deduced from robtatory dispersion and circular
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dichroism curves is obtainedsmost easily in the immediate vicinity -

1

of the spectral region of maximal absorption.
1,5-8

N

According to Moscowitz optically active chromophores
can be classified into two extreme types: (a) the inherently
dissymmetric chromophore and (b) the inherently symmetric, bub
assymmetricaliy perturbed, chromophore.

The optical activity of compounds belonging to the first
class is inherent in the intrinsic geometry of the chromophore,
as for example hexahelicene® and twisted biphenylss’g. In these
. compounds the molecular amplitude of the O.R.D. curve and the
maximum value of the c.d curve are generally Quite high in com-
parison with the corresponding guantities observed for the second
type of chromophore,

A typicai example of the second class is the carbonyl func-
fion. Por an isolated carbonyl there are two 6rthogonal reflection
_ planes of symmetry, and to a first approximation the chromophore
" should be optically inactive, as indeed it is in formaldehyde.
Oﬁly when the chromophore is placed in some dissymmetric molecular
enviromment e.g. in a terpene or steroid,.do<its transitions becomeg
optically active. Since this optical activity is induced in the
chromophore by its ehvironmenx, 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 typified by the presence of an asgymmetric carbon atome.
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In such instances, the inherently symmetric chromophore acts like
a molecular probe with which to explore the extra chromophoric
geometry, since fhe magnitude of the induced optical activity
depends on the geometry of the extra chromophoric poftion of the
molecule relative to the symmetry elemen$3‘of the chromophore. In |
conclusion, the Cotton efféct associgted with an optically active
absorpﬁion band of a given compound manifests itself hy a c.d.
curve and an anomalous o.r.d. curve.

The rotatory dispersion curves can be divided into three
different groups= plaih cur#es, single Cotton effegt curves, and

multiéle Cotton effect curves. Plain dispersion curves are called

positive or negativevaccprding 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. Conversely when the trough occurs

first, the curve is a negative Cotton effect curve. The vertical

distance between the peak and trough is called the molecular

amplitude10 a

a =h¢ﬂ1 - 2 ., where (;?]1 is the molecular
100 L :

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

Eiﬂz molecular rotation at the extremum of shorter wavelength. The
third type of dispersion curve is more complicated in the region of
ultraviolet ébsorption‘in-that it possesses two or more peéks with

- a corresponding number of troughs and therefore is called a multiple
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llcotton effect curve. Such features are normally observed with
11

B —unsaturated ke%one and in these cases it is also necessary

to distinguish between broad peéks and troughs, as well as between

shoulders and inflections. Pig. 4

Section D 3, Uctant Rule:

The oetant-ﬁulelz relates the Cotton effects due to the
n»——%’ﬁitransitions of saturated carbonyl compounds to the stereo;
chemistry of the surroundings of the chromophore. The 2901nﬂ¢
| 13,14 1o uemy

speaking the promotion of en electron from a non-bonding 2 P orbital

transition of the carbonyl group (in acetone) involves

situated on the oxygen atom to an anti-bonding 7T'orbitél.ﬁ0ncerned
with both the carbon and oxygen atoms of the carbonyl chromophore
(Fige 5). Whatever the perturbations the rest of the molecular
framework may induce on the chromophoric electrons, they are not
significant for the dipole_strength of the transitioﬁs. However,
‘while the rotational strength of a n- 77" transition must bewzero
in a symmetrical molecule like acetone, this strength has some
non-zero value when the carbonyl :i_.s asymetrically surroundéd, as

in a steroid or a terpene. Hence the rotational strength of a
éarbonyl function is éuite sensitive to molecular environment and
will reflect Quantitativeiy the asymmetry around the chromophor%?’lso
As a result of the above.concept, the carbonyl group'or

any symmetric chromophore whose associated optically active tran-

sitions are readilyyamenable to investigation, becomes an ideal
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probe with Which to searéh out structural, configurational and
conformational subtleties of a particular molecular framework.

It will be observed that when a carbonyl function is situa-
ted in a qyclohexane ring in the chair conformation, the n—-—*‘;‘fl‘;‘z
transition of the chromophore will result in a Cotton effect which
is directly dependent upon the spatial orientation of the substie
tuents in thé ring'systeﬁ. The Octant rulelz.which'is obfained
. from the symmetry principles, relétes the sign and amplitude of
the Cotton effect exhibited by an optieally active saturated ketone
to the spatial érientationvof étoms about the ecarbonyl function.

As a éonseéuence, this rule.permits prediction of the sign and
semiquantitative;y, the intensity of the Cotton effect exhibited
by saturated ketones. | | |

Taking the carbonyl chromophore as the reference point,

g cyclohexane cag be divided into eight Octants by means of three

mutually perpendicular pianeslzf;7’18. These are nodal and symme-

try plenes of the orbitals involved in the n—T7“transition asso-
eiated with the absorption of the'carbonyl group. Here, cyclohexa-
none ring is used as an éxample as it is easy to visualise éna
discuss. However, the same concept is applidable to any ring system
or side chain:carrying a carbonyl function.
In figure 6 plane A is vertical passing thropgh 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 Eroup (C-1) and its two adjacent atom (the
| C-atom C-2 to the right called Rg and the carbon atom C~-6 to tﬁe
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left, called D—é). The eéuaforia}ly oriented substituents attached
to these carbon—étoms C-2 and C-6 lie nearly in the nodal plane B.
Thus, the planes A and B correspond to the nodal planes Xz and yz
of the orbitals mentioned in Fig. 6. The planes A and B provide
four Octants, the back Octants (Fige. 6). A third plane C, perpen~
dicular to plane A and dissecting the oxygen-carbon atom (C=-1) bond
produces four additional Oc¢ctants, called front Ocﬁanté.'It whould
be pointed out that the exact nature and position of plane C aﬁe
9t1ll uncertain. 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 substituenté lying in planes A
and B make no contribution to the Cotton effect associated with the'
carbonyl. This includes_the equaﬁorial substituents on carbon atoms
0;2 and C—é provided that_they are exactly in the plane and both

Substituents on c¢arbon stom C-4,

)
+ — N
— . + -:I— —-—
l .
?
fé)aew Oebourds . . Fvomt Octants
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The atoms or groups of atoms situated in an axial coafiguration
on G-2 (lower right Octant) as well as axial and equétorial substi-
tuents on C=5 (upper.left Octant) make a positive contribution to
the Cotton effect., And the substituents located in an axial confi-
guration on carbon G-6 (lower left Octant) as well as the axial
and eéuatorial substituents on carbon C-=3 produce a negative Cotton
effect. ‘

-Extensive studies have shoﬁn that alkyl group of all kinds .
and halogzen atoms (except fluorine) in a given Octant make contri-

18’19’20. The sigas

butions of the same sign to the Cotton effect
of the rear Octant are shown in Fig. 7. A given substituent pro-
duces the largest effect when it is in an axial position & +to the

carbonyl group of a cyclohexanone in a chair conformation.

Section E: Applications of the Octant Rule:

The main utility of fhe Octant ruie is'as followss If fhe
absolute configuration21'of.a ketone is known, its conformation
can bé determined. Gonﬁersely, if‘the confarmation of the compound
is established, its correct absolute configuration can be asgsig-
ned22~28. ' o

The study of the Cotton effect associated with (+) 3-
methyl cyélohexanone 1l clearly illustrates the Octant Rule. The

carbon atoms C-2, 0O-4 and 0-6 lie in nodal planes and thus make no

contribution to the Cotton effect. The contributions due to 673
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and C-5 cancel each other, being equal and opposite.

\\,'Cl'\; C

1

(9 8]
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However, the methyl groups on C-3, being on a positive Octant, is
- alone responsible for the positive Cotton effect of this substance.
The molecular amplitude of the 0.R.D. curve of (+) 3=-methyl-

Gyclohexanone is a =-+25.

o
CH, H .
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In (- )-trans-3,6-dimethyl cyclohexanone 2 the eéuatorial methyl
at C-8 gg,lies‘in plane B and mékes no contribution to the Cotfon
effect. Hence the compound shows the same positivé Cotton éffect
as 1 (a =+28). But in compound (-*) 3,6,6-tkimethyl cyclohexanone §
one éxial methyl group is introduced, which being in a positive
Octant enhances the positive Cotton effect ( a --+81)

(+ ) 3-methyl cyclohexanone (1) can exist in two inter
convertible conformatvons represented by la and 1b. Since the ketone
showed positive Cotton effecty the conformation la represents the

L] - 2
correct stereochemlstry.g.

The Cotton effect shoiwfd be negative for conformation 1lb and lc

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

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

methyl eyelohexanone.
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‘Absolute Configuration of monoterpenes (-)-menthone 4 and (-H)

isomenthone 53 \ .

(=) menthone 4 shows a weak positive Cotton effect
curve22’25’28’30 whose ampliﬁude is similér Yo that of transyg
3,6-dimethyl cyclohexanone 2% This can best be explained by the
preferred‘conformation 4a in-which both the alkyl groups are

equatorially oriented (as in 2a). Q

iy

\

Clz

\#n
n/ .

n

T
w

L~
I

|

- Isomerisation of (-) menthone ég_ieads'to (+ )=isomenthone 3,

for which two chair conformations Sa and Sh can be drawn. Since
the Octant rule predicts a positive Cotton effect for conformation
S5a and negative Cotton effect for Sb, the latter could be excluded.

0

L
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Quantitative study24 of the Cotton effect associated with (4)-
isomenthone 5 indicates that there are contributionsfrom conformers

other than %a. Although the'twist form S5¢ would be expected to show
a strongly positive Cotton éffect25, its participation together with
conformer 5a can be excluded z prio;i24.

Quantitative studies of the Cotton effect associated with
K -equatorial alkyl cyclohexanoneé have indicated that in such
cases‘an eéuatorial ﬁethy126; isopropy124 and t-buty127 group does
not lie exactly in the nodal plane. In these cases, the-equatorial
alkyl substituent makes a positive contribution to the Cotton effeet
when situated on the-right.sidevnext to the carbonyl.

The c.d of axial aikylated compounds 8§ to 11 has also been
measured. It was observed31 in agreement with the Octant rule that
an axial methyl group in o( -position with respect to_the carbonyl

group has a mgjor influence on the intensity and sometimes the

sign of the Cotton effect.

QP2
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Lophenols The presence of adjdeentalkyl groups was also shown

-14- |
For examp__le; in cases of acids 6 and 7 it has been pointed: outS]'
that, as expeeted, the introduction of an axial methyl group 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@-methyl and the 6 ﬁ, 8[;1) and 11(5 -hydrogen atoms, the cyclo-

“hexanone ring probably partially adopts a boat or twist conforma-

tion.
32

to' have a strong inhibitory effeet upon (hemi) ketal formation and
advantage of this was taken in the structure elueidation33 of

lophenol 12, a novel type of biogenetically important plant sterol.

Cghy

Reduection of the 6-7 double bond followed by oxidation gave lopha-.
none 13, whose o0.r.d. curve was similar to that of cholestanone 14,
except that there was noted only a slightjreduction in amplitude

upon the addition of hydrochloric acid, in contrast to the marked
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one (64%) suffered by cholestan-3-one 14 . This observation

. strongly suggested the presence of g methyl group~adjacent to the
" oxygen function and this helped greatly in the identification of

lophanone 13 as 4<x-methyl-choiestan—S-one.

Determination of stereochemistry of a Metﬁxl group$

34
In connection with their work in the eremophilone series
Djerassi and coworkers, carried out the optical roﬁatory-disPer-
sion curve of theiketone 16 obtained by hydrogenation of 15 in

mefhahol and noted that the curve underwent a marked reduction in

CHz lc“z

amplitude upon addition of hydrochloric acid, which would only
be compatlble Wlth an equatorial orlentatlon of the C=4 methyl
group. The axial 1somer would almost certalnly have inhibited the

formation of the (hemi) ketal.

Section Fs A ~Halo Ketones: -

35
‘The results accumulated with U~V Spectroscopic measure-—

mnents demonstrated that the maximum associated with an isolated

carbonyl group. in a s1x memnbered ring is subaected to a hypsochromic
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shift of about 5 m@ by an édjacent equatorial bromine atom (i.e.
to.shorter wave length) but an axial bromine ﬁroduces a batho-

chromie shift (i.e. to-a longer wavglength) of 28 mp . It is to
be éxpécted that corresponding shifts should be observed in the
rotatory dispérsion peaks (or troughs) of ﬁﬁ-halo cyciohexanones

as compared with those of halogen free précursor936’37.

Equatorial halogens

It will be observed from Table I that by eompariéon with
cholestan-3-one 17 introduction of equatorial F(18), ¢1(12), or
Br(20) produces a slight bathochromic shift of practically the
same amplitude (2 to 3 mft) whereas an iodine atom causes a

somewhat- larger change (8 mm)

CeMg

‘17._8_, X - F
19, X = CL
20y X = Br
&1_, X = Io
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’ ) N ) . 37
Table I
Substance : R.D. peak. Mof. rot.  U.V. max for
R mpc MeOH MeOH
_ « e w o
Cholestan-3-one 17 sor 37100 286 +
2« ~Pluoro 18 309  =2650° 280
2(-Cploro 19 -~ . 30 .  3130° 289 +
2-bromo 20 310 - 51900 282+ .
2A-Iodo 21 B85 - 4400° - 258

CeoT.dn ethanol

‘From the above table (Table 1) it will be seen that Wlth

the exception of 21 (X - I), the range of wavelength shifts is
omparable with that observed in the corresponding U-V spectra

1(hyp§ochromic shift of 4}7.m/¢).’Thus a. slight bathochromic shift
(43 mf¢) is observed in going from L to 20 (20(-brom6) A .second
characterlstlc feature assoclated with the equatorlal haloﬂen atom
is that the rotatorJ dlsper51on amplltude of the parent ketone is

not affeeted Yo a marked extent. -

Axlal Halogens . .

Rotatory dlSper31on measurements of‘O(-axlal halogen sub- .
A 36
- stituted cyclohexanones exhibited a move tp a hlgher wavelength

of 20+ 5 m}m(Table 1I), and the r.d. amplitude is greatly increased.
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Axial JTodine caused a shift to a higher Wévelength of 32 my e

' 36
Table II -

Substance R.D. first = Wavelength shifts of
extremum - axial halogen
Todine Br Ol 4 B
. Cholestan-2-one 310
3 ~iodo 342 + 32
Friedelin | 315 | ’
2 ®-bromo 335 %20
4 X =bromo . 335 g » *20
CholestanFS-one 307
2 B-chloro . »527 , ' +20

~1lil-keto progesterone
3,20~bisketal 321.5
9 o =fluoro 340.0 | +1845

. 38
Section G¢ The Axial Halo Ketone Rule: 'Its applications in

Qrganic. Chemistry?

The éign of the Coﬁton effect associated with a given
cyclohexanone is not altered by inbroduction 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 evénx-a_réversai in sign may occur. The
effect of an,aiial halogen atom is highly depen@ent on the site of
the substitution. o |
Thus 2 F—bromo androstang-17@ -ol=3-one acetate 22 shows
a strongly positive and 4}5-bromo androstan+17j5-ol-S—one-acetate
.gg a strongly negative Cotton effect. Numerous other examples of
this phenomenon have been recorded in the~1itérature39 and this
also applies to axial chlorine. Thus 5X-spirostan~3 (3 ~ol-1i-one-
acetate 24 has a positive and its 129 -chloro derivative 25, a
negative Cotton effect. It should be noted, however, that s.iial
‘fluorime behaves anomalously and that the generalisétions stated
below applies to axial bromine, chlorine and probably also iodire,

but not to fluorine.

Ohc
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The "axial halo ketone rule" states the matter as follows: (1)
Introduetion of eéuatorial halogen in either adjacent position of
a keto group in a'cyclohexanone does not alter thé.sign of the
Cotton effect of the halogen free ketone.(2) The effect of intro-
ducing an axial chlorine, or bromine (and probably Iodine)'aﬁbm
next to the keto group of a»ketone may affeet the sign of the
Cotton effect of the parent ketone.

d The Cotton effect of theo(;halocyclohexanone may be pre-
dicted by viewing along the O-Q C axis in é model so placed that
the carbony} group occupies the head of the chair (or boat) blosest
to the observer. If the halogen is now on the left of the line of
view(Fig. 8)§heﬂeompound will exhibit a negative Cotton effect (é)' 
but if it is on the right, a positive Cotton effeet will be obser-

ved (Table III).

.Zable IIT

Axiald-halo Ketone ) o Cotton Bffect
' Halogen free <o(=Halo Ketone
Ketone
3 & ~Bromo androstan-2-one-17 B-ol + h +
propionate )

7 A-Bromo cholestane-3 {5 s O(-diol-
| - 6 one-3 acetate o - T
7 A-Bromo cholestane~3[0 ,5A ,0 = L

diol-bone 3,5-diacetate : - gy

Contde.
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Table III (Contd.)

Axial o -halo Ketone

Cotton Effect
Halogen i‘reeio(' -Halo Ket-

Ketone one
6 fS.-Bromo cholestan—Sﬁ) =-0l-7-0one-
acetate - 4
9K -Bromo €rgostan~-3(d=ol-1l-one- ¥
' acetate +
124 ~Bromo drgostan~3 ﬁ-ol-li—one
: acetate -+ -
12 d ~Chloro-11-keto tigogenin +
‘ ' acetate _ -
120(, 23-Dibromo-11-Keto tigogenin +
‘ acetate -
Methyl 11 y =bromo-3 -acetoxy-12 o
_ ﬂ) Keto choj%anate T v -
2f-Bromo friedelin - -
4 d-Bromo friedelin - +
Q
X

(a) Negative Cotton Effect . -

Fig. 8

(b) Positive Cotton Bffech.
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The rule may be used in four wayss
1e If there is doubt whether and(-~halogen is e@uatorial or
axial, rewersal of the Cotton effect upon halogenation proves
location of the halogen.‘ihe converse is obviously not %rue. The
halocen could be axial Without reversing the Cotton effect, but
even in this case it should be readily distlngulshable from equa-
torial halogen through the bathochromic shift of the extrema and

the increased amplltudesg.

2e If the configuratibn'and conformation of the parent ketone
are known and the o(-halogen is axial (demonstrated as above (1)

or by infra-red or U-V measurements) its loeation may be deduced
from the sign of the Cotton effect of the haloketone. For example
243 =seco cholestan-6-one~2-3-diot¢ acid 26 upon bromination gives
an ax1a1c{_ Uromo derevative which, a2 priori, could be the S-or
‘the 7-bromide. Since the Cotton effect for this bromide is negative,

the haloketone rule implies that it is the H-isomer.

. CSH ‘_7
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3e If the conformation of the ring system is fixed and the
location of the axial of =halogen is lmown, the absolute configu-
ration of thecdk—héloketone (and this the parent ketone) may be
deduced. An example is provided by (-) trans-l-decalone. This
 ketone may, a priori, have either configuration 27 or 28. Now bro-

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

R
g &
ORrR
), .
2_,1_ ' .R,: H S 28
2__‘_3 R =0~ 30

axial 2-bromo ketone. That the product is not the eguatorial 2=

bromo ketone may be deduced from I.R. as well as rotatory disper-
sion-data as shown above; that it is not a 9-bromoketone follows
from the fact that its reduction returns pure trans-l-decalone
whereas the 9-bromo ketones-which are also formed in the bromination
-upon reduetion'give the expected mixture of cis ahd trans-decalongq.
When (-)-trans-l-decalone is brominated the product is ¢+)—2f3—bromo
-trans-l-decalone 29 or 30 which has a strong positive Cotton effect.
According to the'§a1§geione rule, this means that the dextrorotatory
bromoketone has configuration 29 rather than.§9. Fherefore,(-)
trans-lédecalone must have configuration 27 - thus providing an

independent corroboration of the configurational éssignment.
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4 If theo{-haloketone is axial and the position of the
halogeniand the configuration of the molecule are known, the
‘conformation of {the ring may be deduced. For example, chlorina-
tion of (ﬁ¥)-3-methyl_§yclqhexanone (absolute configuration as in
Fige 9)gives a mixture from which a pure crystalline isomer was
isoléted and shown, by chemical meané, o be 2-chl§ro-5—methyl-

41, two configurational isomers are possible, and

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

Pig, 9 » The spectral properties of the crystalline chloroketone
indicate that in 6ctane solution it has axial halogen and the
Cotton effect in @cfane is negative; this is compatible with con~

| figuration A but not with B. Hence the chloroketone is the trans-

' igomer. When the rotatory dispersion curve is measured in.métha—
nol, the Cotton effect is found to have become positive; This means
that the trans isomer has changed.from the-diaxial'qonformation A |
to the diequatorial conformation Aﬁ presumably because in methanol
the dipole repulsion between the carbonyl group and the adjacent

equatorial halogen is not so serious as in Octane with its much

lower dielectric constante.

~CcH3 ‘\\§<:i::zzl\
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Bromination of 2« -methyl cholestan-3-ones Boal Conformation

of 2CK-Bromo-2!5-methy1 cholestan-3=one.

o~

Bromination of 2(-methyl cholestan-3-one 31 at the 2-

position gave a 2—brom042—methyl-cholestanPS-one,I.R and U=V

measuremen.ts42

indicate that the bromine in this compound is axial
and thus it appeafed at first that the bromination product was -
2}3-bromo—2c(4methyl cholestan~3-one whose formation would have
involved the uéual axiel attack of bromine in a kinetically con-
trolled.step. However, when the rotatory dispersion curve of the
bromo ketone was récorded, it was faunﬂ43 that instead of the
,éxpected strongipésiﬁivew Cotton(effect it shows a negative one.
2f§-bromo-2d<-methyl—3 keto steroids have been prepared43 and they
do indeed, show the expected strong positive Cotton effect. Its

therefore, appears that the above discussed bromination product is

Zak—bromo-2f5-nethyl cholestan-3-one and that its anomalous Cotton

effect is due to the existence of the ring A in ‘the boat form.
Lo FgHW

2 X - bromo = 23 - methyl - Cholestam- 3-ome



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 3 Effecu of A-0H andwa(-acetoxy Ketones$ Aubti Octant

effect:

Information on fhe conformation of a ketone can generally
be obtained from’ the sign,amplitude and p031tvon of its Cotton
effect. Wlth<3§-hydroxy ketones andc('-acetoxy ketones, however,
the situation is complicated by the fact that their circular
dichroism (c.d),opt;cal rotatory dispersion (o.rid) spectra do
not always follow the ﬁell known shift rﬁles for U-V n- 1TF
absorption bagnds ofc& -substltuted Ketones 0, Thus it is known |
that the position of the n T'bdnds in-ultraviolet spectra is
dependent on the nature and conformation of thec%'-substituent,
and an axial hydroxyl group shows a béthochromic'shift stronger
than that of an axial acetoxy group, while on equatorial hydroxyl
group shoWé a hypsochromic shift stronger than that of an equato-

44

rial acetoxy group- - Although most o.r.d and c.d. curves follow

the same rule, except,ions% are knovn in steroids ino’( -ketal

grouping in ring C (Pable IV). This also appears to be true in

some B-ring —kétalsés.



Table IV
No. Substance Rotations A }\e Aka
dispersions,
in Dio¥an
Solution
1. 1ll=keto-tigogenin 325 mM - -
2¢ 12-L -hydroxy-1il-keto- . -
tigogenin S 337.o m /LL 41245
3¢ 3=0=Acetyl-12L -acetoxy-
_ 11-keto tigogenin o 340 m M . +15
4¢ 12 -hydroxy-11i-keto-
~ tdgogenin hydrate 315 m /i -10 -10
5 S-O-Ace’cyl—:l.zfs -acetoxy-
li-keto~-tigogenin 322.6 m M =2 eD
8s 3-0-Acetyl-hecogenin 312,59 m A

7+ 3=0-Acetyl-11d -acetoxy~-
hecogenin 310 m M =25

8, 3-0-Acetyl-23K ~brom-
11f ~hydroxy-hecogenin 332.5 mM . 420

9¢ 3-0=Agetyl-11 P -acetoxy—~
23 ~bromfhecogenin 3356 m M + 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 cases47 and leads
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Table V K~Ketols and their acetates.

Posifion of

amplitude

Series O(—Substltuent Contri-
Keto group ' 7 OR a bution
' . 1o Q.R.
Aa
3 5 A ~-Cholestane " none +58
2 L -ohe(eq.) 2 -6Ae§eq)—\-66 +8
-0Ae(ax )+166 +58
3 4,4'~dimethyl none -12 |
‘ -5 O(-Cholestane (~-6Ae(eq) +38 + 50
2(H~0Ae(ax) +124 +136
4 5 o =Cholestane none -95 -
| : 5 ~0H(ax) =46 450
6 5 A =Cholestane none ~78 -
54 -0#(ax) =110 -32
| 5 A -Ohe -89 -11
11 5 ~Spirostan none - +43D -
12 5 ~0H(eq)+44D 1
-QAe(eq )+42D -1 1
12 =0H(ax ) 42D -1
12 \-BAe  +88D +45 .
11 5 ﬁ-Cholanate none - -
12 12(> -oH(eq) +14
12" [S-6Ae 2 eq gfrzs
12 -6Ae(ax )+73
11 5 A~Brgostane none LF12
124 -B0Ae 485 473
b G(-Ergo stane none 419
9A-OH(ax) --68 +49
11 5 jB-Eti,ana.‘ce none +10
| 12 ~0H 4—40 +30
124 -6Ae 44 434
o - . 12 0-6Ae  +171D +71
12 50\ =Sfiirostan none
' fi {~-6Ae(eq) 4111)
=OH( a.x%
9-6»Ae(ax)+1621) .
13 5(6-Cholanate‘ ' none +10
' 11 o(-OHieq) +17 + 7
11 A-0H ax) +38 +29
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Table V (Contd)

Summary for of-Ketols

C =0 C-0H Octant

' behaviour
3(5K ) | 2 | TN
6 ' 5 | - _ A
11 9 '

2 ' - X )

1 1 _ . abnormal
12 11 X

‘The above table showed that for the steriod of ~ketols it is
generally \"crue. that (a) eq. (OH) or acytoxy substituent have _¢ T
little influence on the Cobton effect.

(b) axial (OH) or acetoxy substituents in ring A and B make

large contribution to the Cotton effects of the same sign as
chloriné or bromine in the same pattern.b 4 |

(¢) axial (OH) oi acetoxy substituents in ring C makes large
contribution to the Cotton effegt?gpposite sign to those given

by chlorine or bromine in the same portion.



to the correct prediction of the Cotton effect of 4zﬁ-acetoxy-

cholestan=3-one?®, but not of 3 A~acetoxy cholestanone®® or a
12<{7acetoxy—11-ketone or a 5c{racetoxy-6-ketone, although no

conformationrchange is to be expected. As shown in Table VI,

Tgble VI
0.R.D

.Compound : ?éak Trough Molecular
. . amplitude

_5o(-cnolestan-2-one | :[@310‘* 6290° (] P -5820° 4—12;

3&—03—54-02%3222%;%; [<P7317+25490 Ll -2330° +49.

Bfonsciatoloniun s iyt Mgy T 2

: ' 0 : o o

50 ~Cholestan-3-one [<P7507 43700 Z@zev -2940 + 9%

. : o
20\-0H-5og-c§g:éfzzzfcl;f; ; ¢7305+3450° La], =2790° 462

: , ; 0 ‘ =
2 (4 =0H=5c\ =Cholestan=3- . 1820 + 6201 4121
‘Q % one-acetate f#ﬂb9047 Whso " °

' : l - o] ’ 0
4 J =0H~5 |, ~Cholestan=3=- 41850 [P -2410 4 43
C& % one-acetate LP00 ~-%60

' ' .0
© 4 3-0H=5 &\ -~Cholestan—3- . 4730 - -970 +17
ﬁ <ﬁ oneg=-acetate ﬁﬁkzo Z¢9270
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SfS—hydroxy—SC(-cholestanrz-one-acetate 32¢c shows the same ampli-
tude as 50<-gholeatan—2¢one in agreement with the Octant rule,

" since the equétorial acetoxy function lies in a nodal planeQ The -

334, ®R.=Ra=H
: 325) R|:@C, Q—z:“\
R,

3 vC) P\‘:\-\, @@:AQ

molecular amplitude of the 3O<-acetoxy derivative 32b is consi-
derably reduced ﬁhen compared with the parent unsubstituted 5K -
cholestan-2-one 32a. Since a 3o{-axial substituent in ring A in
the chair form would 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 bétween the 3 L-substituent
and the 1o{ - and ScQ-axiél hydrogen atoms. However, in a recent
NMR study of axial and eduatbrial alcohols, it was indicated
that fhe'coupling constant of the 3-equatorial proton in 32b is

- in perfect agreement with a normal chair conformation for Ring A.
The unexpected o.r.d cﬁrve of 24ﬁ—acetoxy—cholestanr3-one 33b ,
on the other hand, has heen taken as evidence for a twist confor-

mation of ring A.



33a Ri=Ry=R3=Ru=H

—_— D

5

33b Rz Ry=Ryu=01% Ro=Ne

iif, Ri=z RAe, Ry=R3=Ru=H

33e, Ri= Ro=Ry =W, R2=Ac

The 4 [b-acetoxy derivative 33e is also distorted in order to
release 1,3-diaxiai ihteractions between the 4}5-acetoxy and
the'loﬁ_—methyl groupings. The molecular amplitude of the 49 -
isomer 33d, is somewhat decreased when compared with 33a. It-

has been suggested that this may be due to reorientation of the
acetoxy group in 334 in order to aveid hnteractions with the &
hydrogeh atom. The acetoxy function is no longer in the nodal
plaﬁe and makes a mild negativé contribution to the Cotton effeet.
Djerassi and coworkers®9e and 49b paye showﬁ thaf.f;uorine atons
gave cqnxributions of opposite sign %o alkyl (or chlorine or
brominéﬁﬁl%l—keto tigogenin 34a is characterised by a weak posi-
tive single Cotton effeet curve associated with li-keto steroids
and introduction of an axial bromine or chlorine atom at C-12 as
34b_ and 34c results in the anticipated increased amplitude and
bathochromic shift as well as in ad. inversion of the sign of the
Cotton effect. The latter observation is ;Ln accord with the empiri-

Y9 o :
cal rule 48a already discussed. However, introduction of a fluorine



1

-33=

atom at C-12 as in 120<-f1uoro-11—k:eto tigogenin acetate 34d
exhibits the same wavelength shifts as does the corresponding
12y{~chloro analog- 34¢ but the Cotton effect is of opposite sign.
This grossly different behavior of axial fluorine is also observed
in the case of 9c(-fluoro—ll-heto-progesterone-3-20 bisethylene
ketal 35 which showed a negative Cotton effect in contrastto the

90(-bromo compound 36 where a positive single Cotton effect was

observed. (Fig. 10)
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This behaviour has been termed "Anti-Octant behaviour'! (Fig. 11)e

+ i -— T i “+
I \ :
i ) 1
] [}
A
o OO Ci ______
! X : x
- : T 1
-‘_ —
© Normal Octant Sign Anti-Octant Signs (for rear
(for rear Octants) - _ Octants)

cessesesss nodal planes
| Pig. 11

Recently, Enslin and his cdlleaguessq carried out c.d. studies

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

0
show anti-Octant effects. (Table VII ) (next page)
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Teble VII

CD _in Methanol

Compound CD in Hexane
D€ (nm) Shift®(mm) A Amax AL (um) Shift®(nm) 2 Dpax
of ketone contri- max of ketone  contri-
n-rTiband butio n—yTiband bution
3 >=0ac-5 -cholestan-2-one® +~3;2§28_9 _ - o+ 2;252300 g 0
. -1.1(210¢) +2.35(292
S o ~10(210°)
5 o ~0Ac-5¢K -oholestan-2-one®  +1.45(300) A0 +1.0(314) A0
' -1.0(215°) . +1.05(305)
| . | -1.0(215¢)
5K ~cholestan-4-one ~2.1(291} ~1.0(315
T =1,8(304
| A _ -1,6(296
3f5-OH-5c(-eholestan-4-one -1:95(289) 2~ 40,15 =2.25(286) 14 -~04+65
: +0.35(215%) +0.5(215¢)
33 ~0Ac~-50 ~cholestand~one -2,1(291) 0 0.0 =1.5(299) 5" 0.0
+1.25(210%) -1.6%291)»
| | _ 41.2(210°)
5-0H-5-C{cholestan~4-one -0.85(302) 11+ +1.25,0 -1.1(306) 6+ 40.5,0



Pable VII (Contd.)

Compound

_CD in Methanol

GD in He:;anew .

A€ (am) Shift® (mm) A D nax ' o, A
of ketone | contri= 2 & (um) Shift®(om) max
n —>1T band bution mex of ketone CoRtrig
4 n —>Tband bution
5-0Ac-5 A -Cholestan—4~one -2;9%294) 3+ -0,8,A0 e2;3§299§ 1” - =0.7,40 -
+2.4(214) 41.2(222) ‘
52 ~cholestan-4-one 0.20(284) +0.25(307)
e e e SR R +0.25(297) _ :
5-0H-5 P —cholestan~4-one -0.9(306) 22t -1.1,0 -0,25(326sh) 191 ~0.55,0
' , © =0.30(316) -
5=0Ac=5 b =cholestan—4~one +1.05(297) 13+ 40.85,40 +1.2(300) 2F +0495,A0
- - ~-1.2(220) : =1.05(220) '
5 KA -cholestan~B-one -1.60(292) ~0.7(315)
-1.2 305§
- : SR T =141(296) .
5<0H=5 « -Cholestan-6-one -2.55(303) 11t ~0.95,0 =1.45(308) 8t -0,25,0
5~-0Ac~5 ~cholestan=-6=one -1:9(293) 1+ ~0.3,0 -1:2(302sh) 1~ -0.15,0
‘ -0.8(220) - R -1;55&296) , <
- 5 p~cholestan-6-one -4,2(294) ‘-3;2&308)
: ) ’ =364 299)
5=0H-5 3 =cholestan~6~one -541(288) .. 6~ -0.9 -4'.4&298)~ 17” 1.2
: +2445(215°) +2.9(215¢) ,
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i ' Zable VII (Contd.)

" Gompound - . }:' : f E A? GD in Methanol L | __ CD in Hexane N
o | Slam) S*f‘ii"i‘;‘m’mm - A%m) . nies®(mm) Alpex.
S ¢ atone : ; : .
’ contri- max . . of ket -
| R Gt " S e
5-0Ac-5‘@-cholestan-6-one '_ -3:7(293) 1 -'.,40;5 o -2 6(300) ='7‘- 2 0086 -
S . L +0095(220) : SRR -2.75&293) '
o S T 41.15(220)
4,4;14 -T,rimethyl-19(10-?9ﬁ) S
abeo-lOc{-pregnr5-enp2 11 20-,_ '
trione’ - . -+6.45(297)
4,4, 140&-nrimethy1-19(1o—eeﬁ9
abeo-lOO(-pregn~5-en~3, o
11,20-trione t - -ks 65(295) ,
e o 412:0(214) Cooi . L '
Anhydro-zz-deoxocucurbitacin D: +4.15(302)y - L S S
o o 416.0(216) T o U

gbathoehromloA—hypsochromlo— A A '

Mo Octarit ¢ontribution, . "AO" antl-octant eontribution. ( _

end absorption. ' ‘ o '

]The results on these compounds should be compared w1th an ORD amplltude of a --+121 for the
, o . parenﬁ ketone in dioxan solutlon. o

oo |
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The results of threeo-ketals with axiaI:::OH-group ViZze
the 54 -hydroxy=-4-one, the 5 -hydroxy-4-one and. the 5<-hydroxy-
6-one shéw that in each case thec{ééubstitueni makes a significant
contriﬁution of the predicted sign.

Anomalous resulfs were obtained fdr'twoc(-ketals with equa-
torial OH groups. In hexane solution, where strong intra-molecular
H-bonding is expected, the spectra of 3‘ﬁ-hydfoxy—5o(—cholestanré-
oﬁe and the 5}5¥h&droxy;6-one revegled an unmistakable‘contribution
due to fhe equatorial subétituenf. This effect in methanol, where
" the polar nature of the solvent would be expected to weaken intra-
molecular hydrogen bonds was no longer significant in the 3 3-hy~
droxy-4;one but was still apparent in the 5 p ~hydroxy-6-one. The
influenge of strong intra-ﬁolecular H-bonding was evident as strong
end'absorption at 210-15 nm in the C.D. spectra of these compounds,
particularly in hexane solution. Significaﬁt changes were observed
in ﬁhe corresponding OAc-derivatives. The axial OAc-group of the
_50(and_§ﬁ>-aeetoxy—é;ones and the écxéacetoxy-Z-ones make a strong
contribution to the ketone Cotton effect, but of a sign opposite
to that predicted by the Octant rule ~i.e. (anti-Octant contribution).
The sign of the Cotton effect in the 5 X-acetoxy-6-one accords with
prediction, but the magnitude of the effect is strongly reduced by
comparisoﬁ with that of the corresponding OH%c@mpound. The effect
of this anti-Octant behavior of aiial OAé—group is demonstrated
clearly in the case of 5-hydroxya5]3—cholestan-4-one where acetyla-

tion of the tertiary OH-group leads to reversal of the sign of the



3D .
ketone n-Ti effecﬁ}\. The C.D. spectra of 5,,8— acetoxy—SoQ -cholestan-

2-one and S!S-acetoxy 5 ~cholestan-4-one and the data already re-

ported in the literature (Table V, Table VI, a%id Table VIII)for

Table VIII

c.d and 0.R.D data for related derivatives of 5o{-cholestane; ‘
c.d. curves measured for solutions in diexan (D) or ethanol(E);
0.R.D curves measured for solutions in methanol-dioxan (231)

C.D . 0.R.D.
Solvent Almfe) A€ A M) a
3 droxy=-4=one D 286 -1.91 = 303/263  -101
prh E 287 -2.32 :
3P -acetoxy-4-one D 290-295% -1.82 305/265 ~ -105
E 289 . -2,08 222 +59,
4 d-hydroxy-3-one D 280 +1,32  298/258 462
E 283 +1,12
4 d-acetoxy-3-one D 287 +0,95 298/259 +39
| 227 +0.44 226 -58
E 284 +0,83
227 40,64

- various A-ring equatorial o('-ketal acetates are in agreement with
the Octant rule since these OAc groups contribute .insign:i.i‘icantly'

to Cotton effects of the correspbndﬁ.ng parent ketones. The result
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_ reported by'Ensgin,and his cdwnmker350 on the 5fb—acetoxya6-one
is hoWever, an important exception since this eéuatorial OAc-
group makes a demonstrable positive cbnxributién in both hexane
and methanol (Table VII). |

Inslin and his colleague studied the space~filling models
(Courtauld Atomic Models) of the aboveO(-ketals and their acetates
‘and made the following observations (1) free rotation of the OH-
groups of all the -ketels ié possible, but in axial cases, 1,3-
diaxial interactions suggest'some cbnformational preference~ which
is strengthened by the known (albedt weak) OH— TTCH bohd-sl_- (2) 1In

o . .51
compounds with an equatorial OH-group, the strong OH:---n-O0H bond

should result in a conformational preference. (3) In axial OAc
compounds there is complete restriction of rotation about the

-0=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 exception is 5-aeetoxyé5p =choles-
tan-6-one, where rotation about the C-0 bond of the equatorial
(relative o’ the 6 -xetone) o -substituent is completely frozen
since thié function is at a ciering junction and is therefore
axial relative to the A-ring. Significantly, this is also the one-
aQ—ketél acetate in which an equatorial OAc—-group makes a remarka-
ble contribution to the ketone n— T Cotton effect.

(&) Due to the severe rotational barrier imposgd upon OAc-groups
in these compounds, two discrete cohfbrmers appear to be possible,

in one in which the OAc-carbonyl group is oriented toward the 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 functions ﬁay lead to
coupling of {their respective n—if*transitions. It is also possible
that a mdre important factor - that is perturbation of the ketone
n—7f¥tran$ition by the lone pairs on the "ether oxygen" of the
adjacent OAc group and the spatial orientation of these loune pairs
relative to the ketone may be decisive in determining anomalous
beRaviour. 4

(5) Since the models demonstrate that conformational preferen-
ces of the ﬁf—substituents exist, and further that the constrained
orientation of the C-0O-oxygen lone pairs in each & -ketol acetate
differs from that preferred in each & -ketol, this difference ﬁay
well influence the amplitude and sign of the ketone n-T* transition.
Consequently, any factor which alters the lone pair orientation in
a sterically restricted environmémt will result in an observable
effect upon this transition whether the o -substituent is equatorial
or axial.

Snétzke and Veithen recently52 studied the C.D. curves of
5-amino=5¢ -cholestan-6-one and its W-acetyl derivative and they
observed a large difference in amplitude between the C.D. maxima
of 5-amino-5X -cholestan—6-one and its N-acetyl derivative. Enslin
and his colleagues suggesf 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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Recently, Bartlett and his co-workers  measured the o.r.d
and c.d. of a series of hydroxy and acetoxy derivatives of ()

£ w H) and (-) bornan-3-one

bornan~2-one [ (+ ) Camphor 37 RY a R
t(-)—epi-camphor' 383 R1 = R'2

IX. These data also presen"c‘a clear picture of apparent anti-Octant

= H) which are summarised in Table

effect by oxygen containing substituents.

Lable IX

CeD. 0of bornanone derivatives?: Summary of N £ values
and differences (A AL.).Solvent, Hexane. Principal c.d.
maxima only are shown. Signs of A A¢ are "Anti-Octant"
in every case. : '

Hydroxy groups - MN/mm AN/nm Ak AN G
Bornan-;z ~one - 303 oy . 4130
endo-3-0H 320% 417 +0.31%  -1,19
ex0-3-0H 1304 +1 +1.85 +0,35
Bornan-3-one . 306 -1.48
endo-2-0H 317" 411 0,76  +0.70

ex0-2~0H ' 304 -2 -2,07  -0.61

Acetoxy groups
Bornan-2-one ' . 303 4150
endo~3-0Ac E 325° . 422 +0.36° _1.14
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Table IX (Contd.)

Hydroxy groups AN /m A Nyn AL AN

~Acetoxy groups

exo~-3-0Ac 304 +1 : 4+ 2,18 40,88
‘Bornan=-3-one 306 . ' ~1,486
endo-2-0Ac ~ | 327 421 ~0.23% 41.23

exo~-2-@Ac ' 308 +2 -2.34 -=0.88

Additional maxima of opposite sign at shorter wavelength.

re N/ At N /mm
a =0.20 " 288 ¢ =-0.09 283
b +0.18 283 d 4+0.35 292

@) -Bornam - 2-ome.

\-_ ) -Cambp 9\071

@ Bovyyam - 3-ome

. [C") ‘é/“i- Ca“m)a%&y]
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Ail the C.D.substituent differences (AAE&) values for solutions
in hexane in Téble IX above afe of “Aﬁti-Octant“ sign. The endo-
isomer in each pair produees the larger effect, although fhe ma.g-
nitudes of the differences vary. The 8.4 data for solutions in
dioxan and methanol (Table X) show a similar trend, except thatl
endo-2-hydroxy bornan-3-one shows a smail "Octant" substituent
effect in methanol. |

Aocdrding to the authors, all the hydwoxy ketones exhibite¢d
very little or no fine structure in their c.d. curves even in hexg-
ne, which may be $he result of intramolecular hydrogen-bonding
between the hydroxy and kétone_groups‘in non-polar solvent. Joris
and Schleyer51 have found evidence for ino#derately strong hydrogen
bonding in the I.R. spectra of some related hydroxy ketones in e

: R=t
carbon&etrachloride. In the case of exo-hydroxy ketones 37 (R_ = OH )

and 38 (R1 = OH, R% = H) there is no appreciable bathochromié sol—
vent shift between‘methanol and hexane, in contrast the parent
ketones, however, show a pronounced shift on changing the solvent.
The acetoxy-ketones are in many ways analoéhs to the h&dro-
Xy compounds, but with the unusual features exaggerated.
The authorsstated that there is no certainty that the con-
formation of the acetoxy=-group itself is fixed, although the‘peri

ferred conformation of many other acetoxy—compoundss4 appears to bf
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Table X . .
o o Cotton effeets~of camphor and epi—camphor derivatives
Temperature, 22-24 ’
Solventss M, methanol; D, dioxan; H, hexane; polarities as measured by Ep values are reSpectlvely
5545, 3650 and 30.9. a/a¢ - should be 40.28 in the theoretical sase of a perfect Gaussian c.d. curve.
The experimental values are given to the nearest whole number. :
Pine structures 0, none; W, weak; M, medium; S5, strong. The partial band of largest Aé is shown@

.L.L ‘..u _-,.'.ao

* [$]x 10™2 for single extremumo

— — v ra

Compound Solvent U.v. gabsorption Ceds A OoTede ~ Pine
° : S& /nm P %/hm € N/mm of . c structure
-max : a /Aé
¢ in .. .. extrema (ceds)
Cmax
- parentheses)
Bornan~2+one M 290(30) 295  +1.39 314/276 458 42 0
(+)=Camphozr D 309sh +1.04 : ' -
299  4+1.45 315/275  -+63 43 W
S 290sh +1.20
H 292(24 ) 314sh +1.01 | '
_ 303 +1+50 320/277 +63 42 My
S - . 294sh +1.34
endo-3-Hydroxybornan- . ] - ~ :
2-one M 314 +0.71 330/294 .+36 43 0

D 324  +0.61

314  +0:53 523/300 31 ~ 49 W

- . 320 +0.31 331/303 +19 52 0

o - - H 288 -~0.20 303/273 =9 42 '

exo-3-Hydroxybornan- M 303(34) 307  +1.64 328/287 .67 41 0
2-one D : ‘ 311 +1.70 333/287 69 41 0 -

0

H 1 301(31) 304  +1.85 329/283 86 46
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Table X (Contde)

Compound Solvent Usveabsorption Code

Oeredo Fine
o/ m N A€ Wi or a “fpe structure
(Emax 10 - : extrensa - (ced.)
parentheses)
endo-3=Acetoxy- M | ' 333 -0,03 330% ~2%plk
bornan-2-one 323 +0.06 - ' - W
: | . 292 -0.425 306/270 =19 45 .
D 323 +0.3656 330/306 +16 . 44 M
- o 312 +0,300 o .
. S 288 -0.155 306/270 ~-11 37 ' .
H 302(45) 325 +0.36 331/308 +17 47 MS
' 313" +0s34 - - - '
304sh +0.10 303/263 -8
283 ~0,09 »
- exo=3-Acetoxy- M 305 2.15 325/285 495 44 0
. bornan-2-one D - 307 2,23 327/2856 4103 46 0
S H 290(71) 304 2,18 328/285 +93 43 0
Bornan=3=ong" ' M 2998h =1.058 ' -62 38 W
(=)=epi=-Camphor 295 ~-1.85 310/271
© D 312sh  =1.,04 : ,
_ _ 303 1,52 316/276° -84 42 W
: : 294sh =1.36 . ‘
CH 296(27) 317sh 20°93 -2.8C
306 ~1.46 320/276 =62 42 M

296sh =1.,34

Contd.
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_Table X (Conta)

Compound

Solvent

«Vegbsorption

o

308

-2e354

=105

48

U ) c.d’. O.r.‘d., ‘ Fine
?\m‘ax mfl_x’l 7\/nm - Be M/ of a aj/ane stricture
(émax *to ' extrema _ (cede)
I | parentheses) - | o
endo-2=Hydroxy- M 313 =«1.78 329/289 =79 44 0
bornan-3-one D i 329sh =1.16 o : ‘
o e T 316. 1,34 331/297 =60 45 0
H 300(19) . 317 -0.76, 330/297 =37 49 0
exo-2-Hydroxy- M 303{(37) 307 -1: 64 325/281 =64 39 0
bornan~3-one D e 311 =14+80 330/285 =72 40 Q
T T H 302(26) 304 ~2.07  B323/278 =82 40 0
2rido-R=Acetoxy- M , , 333 40,02 333 T -
bornan=3-one 325 - -0,05 ' - C
. . 293 . 0,55 510/272 19 35
D 325~ .=0.26  331/308 -16 64
o 315sh  =0.09 SO - W
. Sy 291 +0,38  308/273 +17 45
H 304(54) 327 204,23 332/811 =14 61
i o . 316sh  -0.08 A '
T e St . 292 +0.35 311/269 415 43
exo=-2=Acetoxy- M . 303 ~2440 326/280 =122 51 0
bornan-3-one D SR 308 . =2.57 330/285. <115 45 0-
: H 304(48) 332/284 0
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55

of the type found by Mathieson™ for secondary acetoxy groups, in

which the carbonyl is eclipsed with secondary hydrogen (as in pro-

jection 39a and 39b).

N\é&—o0 4 H&n
2 AN e
\\\ o~ \\Qﬂs
39 390
3(3’-@10 3K - endy

This should not be taken for granted in the present series of

compounds because d¢nole- débole interaction between the ketone
]
and the ester carbonyl group may significantly alter the situation.

The endo-acetoxy ketones (ﬁ37, R1 = H, R?‘: OAc) and (38,

-

Rq H, R% = OAc) exhiblt complex Cede curves, possibly owing %o
salvation.,The exo-compounds (acetoxy) show 31mp1er curves than the
endo-epimers. They do not show c.d. maxima of opposite si%E (Table

X).
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It will be observed that the four compounds (indicated by
foot notes in Table IX) which show double ced. maxima of 0pposité
gigns are the qgg9—5~hydroxy—2;one and the endo=-8-hydpoxy~-3-one
(i Rexame only) and the corresponding endo-acetoxy ketones in all
these ‘solvents; in all cases this additional maximum- (Ca 290 hm)
shows an WAnti-Octant" effect with respect to the parent combound's
maximum at .303 nm.

The authors have discussed in the paper the possible expla-—
nations for this effect. According to theom, since the bornanones
have relatively.rigid structures conformational equilibria in the
carbon framework can probably be exéluded. Although a moderate
degree>of flexibility in substituted bofnanes and related compounds

56, the authors

has recently been demonstrated from X-ray studies
suggest that the possible distortions are unlikely to alter signi-
ficantly the Octant diqusitions of stfuctural.féatures in these
comgounds and should not afford two conformationally distinct
gpecies. Further, they stated that altﬁough there is the possibility
of two or more comfommers about the C-0H and C-OAc bonds— such
conformer are not likely to afford C.d. maxima of opposite sign. -
They,‘however suggest that there. is the possibility that the

"double humped" ecurves. represent permitted and forbidden branches

of the same transition.
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57 studied the O.r.d. of steroid ring-

Fishman and coworker
D.Ketol-acetates (ég, g;) which also present another example of

"Anti-Octant" effeet by oxygen-containing substituents (Table XI).The

anti-Octant A a values for OAc found in the bornanone series in
Methanol (Cat60) agree well with values (Table X} recorded for
the steroidal acetate 40 and 41.

Since, halogeno-substituents (-to the carbonyl in ring D
6f steroids show normal Octant effécts bn the Osrede and c.d. cur-
ves; it may be presumed that they cause no major distortion of Bing
De In the present case, also it is reasonable to assume that "Anti-
Octant" behaviour of acetoxy group in ring D arises due to some

causé other than conformational change.
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Table XTI

O.R.D., data for Steroid ring D Ketol ace‘sates56

Solvent=-dioxan.

Ketone or acetoxy-ketone a ‘ﬂa for OAc

14 € -Configuration

17-00 . . | +152
17-003 16« -OAc +176 + 44
17 G0 18 8 -0Ac | + 85 -47
16 CO; _ -264
16 C0; 17 -OAc - -313 -49 .
16-00; 17 B-Ohc -202 +62

14 p ~Configuration

17 00; | +35

17 Gd; 16 =0Ac | +51 +18
17 C0; 163 -OAc - =57 -92
16 €0 +110 |
16 003 17« -OAc | + 96 . -14

16 €0; 178 -0Ac | +194 | +84.
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- CosDe measurements and Stereochemistry of the epimeric

3-hydroxy-2-Ketones viz. anhydro-22-deoxo isocufcurbitacins

D and anhydro—22-deoxo-5-eni-isocurcurﬁitacin Ds

In 1967, G.Snatzke and his co-workers58 deduced the stereo-
chemistry of the epimer%iS—hydroxy-Z-ketones— the isomers (gg; ﬁ;é >

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

The isomers 42 (R = H) and g_a_ (R = H) exhibited U.V maxima of

- 288-289 nnﬂ: The corresponding acetates (42; R - Ac) and (43
R = Ac) had U.V. maxima at 291 mn, while the T.R. peak due to the
2-ketone group appeared at 1736-37Cyn » These results indicated an
equatbrial conformation of the 3—hydroxyi or 3=acetoxy group in
these compbﬁnds. The bathochromic shift ( 2 to 6 mm) of the cede
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maxima on acetylation of the isomers (42, R = H) and (43, R = H),
AEmax remaining unaltered (Table XII and Fig. 13)also supported

this conclusion. On the basis of the U.V. shift rules the fact that

the &.4. maxima of the isomer (gg; R = H) and its ace%éﬁe (ég;

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

(42; R = H) and its acetate (42; R = Ac)could have been considered
as evidence for an axial origntatiqn of the OR group in (43, R = H
or Ac). Similarly from the NyM.R spectra;.dafa, the fact that proton
at position Beresonates at a higher field (43, R = Ac) at T 5,05

then in 42 (R = Ac) at 7 4.92, could have been considered as evidence
for an equatorial hydrogen (axial OAc group) in isomer 43 (R = OAc).

Table XIT

Circular dichpoism of ring A-Keto Chromophores

-Compound Pogition of maxima in mje, Aéin.parentheses58
(42, R =H)  275sh (-3.02), 285(-3.46), 304sh(415)

315 sh (=0.12), 318 (0), 325 ( +0,37)
(42 R

= Ae) 279sh (-2.31), 291(-3.00), 298sh (-2.75)
(43, R = H) 250 (+0.13), 270(0), 295(-0.52), 304(-0.40)

(43, R = Ac) 267 (40.08, 273(0), 297 (=0.48), 305(-0.40)
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Fig. 3. Cotton effects of ring A —~chromophore
in 3-hydroxy -2 —ketones
(42 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 2[5 ~acetoxy cholestan-3-

one48 and 2ﬁ5- bromb 1anost-8-en-3-one59 the Cotton-effects show

a hypsochromic shift compared to the 2X-isomers in the chair con-
formation. Furthermore, in the n.m.r. spectra of 2« -and 2;5 -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 (7’4.88
in 2f -isomer) than when it is axial on a chair ring (‘T 4493 in

483 .
ZOQ-isomer) o« Thus an equatorial conformation of the acetoxy group

in both isomers (42, R =.Ac) and (43, R = Ac) would require’fhat
riag A islin the twist conformation in the first case and in the
chair conformation in the-secoﬁd. ,

The c.d. maxima of the isomers (42, R = H) and (43, R = H)
differ in their amplitudes considerably (Table XII) indieating that
the ring A'in these two compounds. has different conformations. From
an Octant projection of the 2—kétone in the all chair form} one can
predict a moderate negative Cotton effect Fige 14; the C and D -
rings are somewhat mobile‘reiative to ring A as a result of the

As-double bond.
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1

Fig., 14 Octant projection of a 2-oxo-cufcurbitacin
(R = OH or OAc) Ring 4 in chair conformation.

Fig@ 15 Octant projection of a 2-oxo cufcurbitacin (R = OH or

OAc). Ring A in twist conformation.
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In the twist form (Figure 15), according to known rules®9147 g
strongly negative Cotton effect can be predicted since t he 2-ketone
is one of the points of the twist. On the basis of ébove, the
authors assigned isomer (gg, R = H) a structure with ring & in the -
chair form and isomer (42, R = H), a structure with ring A in the
twist form.

From considerations of (a) different interactions (b)
energy differences between the chair form and twist from (e)
geometry for hydrogen bonding, the authors deduced that rigg A
will prefer a conformation. in which the hydroxyl group is in the
equatorial position. For R = Ac in the 3 —isomer (42) in the all
chair cpnformation there is a destabiis#ing repulsion between this
axial group and the 1[Phydrogen. In the twist form, a 3% -axial
acetoxy group suffers a flag-pole-flag-pole interaction with the
104-hydrogen. From the above'cbnsiderations they assigﬁed OR group
in compound (43, R = H or @ic) as 3o -configuration (ring 4 chair)
ana compound (gg, R = H or Ac) as 3f3—configuratgﬁllt may be noted
thatZ%he two isomers, the double bond is in the nodal plane (x, 2)
of the CO-group and is therefore not expected t§ exert any direct

'influence upon the chromophore.
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CHAPTER-IT

Autoxidation Studies on [3 —amyrone: Investigation on the

stereochemigtry of 2 acetoxyéS-keto~@>-amyrin and 3-=acetoxy

2 keto ,@ —amyrin.

Section A¢ Introduection

A number of 2,3 isomeric diols of triterpenoids have been
isolated from natural sources. A new. method for the'preparation of
2y3=-diols of triterpenoids, from the diosphenol obtained by the
autoxidation of a 3-keto triterpenoid has been described by Misra
and Khastgirsz. Theysz have shown tﬁét three out of the four iso-
meric 2,3=diols of A?%-oleanene can, be successfully synthesised
employing the diosphenol 45 as the starting material. The scheme
- of their prbcedure has been depicted in Chart 1 ..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 BamdC
Pages 129,1¢0 of this thesis). |

During their studies on the autoxidation of B -amyrone 44

Khastgir and colieaguessg

prepared 2-acetoxy-5—keto-jb-amyr@ne and
Seacetoxy-Z-keto-]&-amyrin and assigned the structure and stereo-

chemistry 47 and 49 respectively to theée compounds on the basis of
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NMR spectral evidences only. From the discgssions which follow
it will be evident that the n.m.r. spectral data alone were not
sufficient to assign the stereochemistry of the compounds 47 and
49. Ve therefore undertook o.r.d. study of these compounds with
the hope that this would provide a sécond criterion in addition to
n.m.r. spectral evidence in establishing the stereochemistry of
+the compounds. The results of'our 0.re.d. and other physical studies

are described in the following lines.
Section Bs Autoxidation Studies on [ —amyrones:

The starting material}g-amyrone 44 was obtained by thé acid
isomerisation of Taraxerone®® isolated from the bark of Sapium
'béccatum Roxb61 (see experimental page 66 ).. Oxidation of‘ﬁ)-amy-
rone62 44 by passing oxygen through a suspension of it in ter%.
butanol containing K-tert butoxide gave a compound mep. 200-2020,'
(0()D 124,37°, The materiai showed positive ferrie chloride colo-
ration and two spots on a chromatoplate indicating that it was a
mixture of d@ketone and diosphenol 45. Its U.V spectrum exhibited
e maximum at 270 mft (€ ,7932) and its I.R. spectrun in nujol showed
peaks at 1100, 1650, 29260 and 3570 cm-l. Acetylation of 45 with
acetic anhydride and pyridine éave the acetate 46 (T1.€ homogénous),
MeDe 172-730, (a()D 107-690._The acetate showed a U.V absorption
naximum at 236 mM( €, 99155 and its I.R. spectrum in nujol exhi-
bited peaks at 1205, 1685, 1720, 2950 om +. These spectral data are
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in good agreement with the structure 45 and 46 for the dioéphenol
and its acetate respectively.

DiosPhenol acetate 46 on hydrogenation in the présenee of
10% Palladium-on-charcoal catalyst gave a solid pfoduct 47, mepe
158-60", (£ )y 10857°, I.R. in KBr 1225, 1238, 1730 and 1750 cm™t,
The NMR of this compound (Fig. 16) showed a multiplet at 5.6.2 ppm
for the proton at 0-263,4but no signals were detected in the region
4.95 ppm region characteristic, for pro%onscx_to a keto group
' (-C6.CH,) as was observed in the case of compound 49. As the X
part of an ABX pattern with a width of 20 H, (sum of J) the proton
must be ax%alAﬁith.an axial-axial_and axial-equatorial coupling with

fing A in the chair eonformationés. The NMR data iz thus in accord
Chart -1
.oT—‘—"_J
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16 NMR spectrum of 2 X-acetoxy-(B ~amyrone 47
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with the fornmulation of this product as the ZiX;acetoxy-S—ketone

47 — the acetoxy group at C~2 being equatorial.

0.R.D. studies on 44 and 47 : Anti-Octant effect of the

acetoxy group?

It ocourred to us that the NMMR signals exhibited by 47
. as described above could have been considered as evidence for an
Z[B-axial orientation of the 2-acetoxy group in the boat conforma-

tion of ring A as well as for 20{—equatorial acetoxy group with
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the chair conformation of Ring A. We have already described the
0.r.d. and c.d. studies of Bull e@nd Bnslin and Klyne et al (page 34 42
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=1"
Cotton effect is gpposite to that of an alkyl gréuprin the sane
position. Since o.r.d. studies are expected to throw more light on
the stereochemistry of 47, we carried out o.r.d. measurements on
the parent ketone 44 (Pig. 17) and 47 (Fig. 18). If we consider
our parent ketone 44, the confdfmation of ring A is most likely %o
be a flattened chair to relieve the'diaxial interaction between the
10{5—methyl anﬁ.415-methyl group and this leads to a positive Cottoﬁ
effect64. The same conformation is possible for theVZOQ-acetoxy
,derivafive 47 bub as a conseéuence of the flattening-of ring A,
the 2o (equatorial) acetoxy group does not lie in the nodal plane
of the carbonyl group but protrudes into the back upper right
Octant. An alkyl group in that situation would make a negative
contribution to the Cotton effect bﬁt the acetoxy group shows an
"anti-Octant! effect and makes a positive contribution. Therefore,
as the Q.r.d. studies indicates (Fige 18), if the compound 47 has
the 2c -acetoxy configuration, we would expect it to have a more
positive Cotton effect than the parent ketone. The alternative 2p-
acetoxy cqnfiguration 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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compound 47 the amplitudegEEM is greater than the amplitude in the
_corresponding parent ketone. Therefore, from O.K.D. resulté coupled
with n.m.r. spectral data it appéars most likely that compound gz‘

has the 20(—equat6rial acetoxy configuration.

Q.r.d. study on 2-kéto—3-acetoxy —ﬁS—amyrintuég:

Hydrogenation.s2 of 45 in presence'of 10% Palladium—onrchar-

coal catalyst gave 2 S01id 48, mepe 180°-g2° y (A ) 101 ..70°
Ao R70 mp (€ = 43), 3)3;%01 1720 and 3500 cm~1 -(Ea_-g 3 MR
spectrum (Pig. 19) of 48 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 DZ@ o« This information along with the presence of
AB doublets at 2.48 ppm ( 4, J = 12.5 Hz) and 2.08 (d,4, J = 12.5,
1.5 Hz) suggested structure 48 for the hydrogenated product. The
small coupling_(l.S-Hz) of G-3H is consistent with a long range
coupling to one of the profons at C-1. Acetylation62 of the latter

gave the acetate 43, m.p. 276- 78° ’ (o() +127,08° ’ uv X 2?6 me
KBr
(€,81), IR Y__ 1725 and 1740 om -1,

The MMR spectrum of ég (Fig. 20) has the olefinic proton
signal at 5.18 ppm (broad multiplet) and the doublet (C-3H) shifted
to 4.95 ppm (e, § = 1.5 Hz) consistent with acetylation of the G-3
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hydroxyl group. Half of the AB pattern appeared at 2.42 ppm (d,

T = 12.5 Hz), the other half was obscured by other signals but was
estimated to be near 2.15 ppm. During the process of hydrogenation-
it is presumed that the attack of the hydrogen atom %ook place from
the less hindered side (1, 4-addition) with the formation of 2-keto
"@-amyrin 48,

O.r.d. measurement of 49 was carried out and is shown in

Pige. 21. The compound 48 with chair conformation of ring A and a
3f$-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. Thus the stereochemistry as shown in 49 is consis-

tent with the o.r.de and n.m.r. spectral evidencese.

The stereochemistry of 2-acetoxy group in 47¢ Chemical

evidences:

In order to adduce further chemical evidences for the

62 carried

stereochemistry of Z2-acetoxy group Misra and Khastgir
out the reduction of 47 with sodium borohydride buffered at pH 8

(to reduce isomeriSation)63 and obtained the reduced product 50,
mep. 246°-48°, ’QEZQOI 3430 (hydroxyl), 1720, 1245 cm™t (acetate).
The compound 50 on§hydrolysis gave a S0lid m.p. 202-4°, (o()D 60,0°.
The latter has been assigned structure 51 as it has been found to

be identical with an authentic sample of ﬁ}g—oleanene 2K o 3)3—
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diol (mem.p) prepared by Sengupta et a165 from crategdlic acid.
The NMR of 51 (Fig. 22) showed signals for C-2H and C-3H at 3.67
(t, &, 10, 10.5 Hz) and 3.00 ppn (d, 10 Hz) respectively in addi-
tion to the olefinic proton signal at 5.18 ppm. The taplittingof
¢=-2H is gonsisﬁent with its having large axial-axial coupling fo
C-3H, and C-1H, and a smaller axial-equatorial coupling to C-1 Hgo
The above evidegc%#-clearly'indiéate the of ~equatorial oriéntation

/
of the acetoxy group in 47 provided we argue that in the sodium
borohydride reduction no isomerisation had takén place.

Purther it has also been r eported by Misra and-Khastgir62

that Meerwein Pondorff reduction of 2-keto-p -—amyrin 48 afforded
aujol 3400 2960, 1450, 1040
max ek

~ a solid mep. 278-800'(6()D'71.280, V
and 835 om~! and has been assigned by them the 2o, 34 =diol
structure 52 on the basis of its‘NMR‘spectra. The NMR of 52 (Fig.
23) has a doublet at 5;41 ppm (after Do@ exchange) with splitting
of 3 Hz, indicaticeof either equatorial-equaforial or axial-equato~
rial coupling. The signal for C-RH appeared as 2 double triplet

at 3598 ppm with splittings of 12.5, 3 and 3 Hz, establiéhing it
as an axial proton with ohe axial-axial and two axial-equatorial
splittings.

' In order to provide further chemical evigdence for the

stereochemistry of the Z2-acetoxy group in 47 we prepared the

monoacetate 53 by the partial acetylation of 52 with a calculated

amount of acetic anhydride (1,1 mole) in pyridine for 12 hours at
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0 ‘ : lO.. O ey 0 5
0" C. The monoacetate 53 had me.p. 195 =7, (9{)D 89.53, ik

jmujol o | qL
I.R. Y o 3450 (OH), 1750(0Ac) and 1720 (ketonic carbonl),
1280 cm™t (Fig. 24) . Oxidation of the latter compound by Crd z-

6 .
Pyridine method f gige a crystalldéne solid 54 (TLC homogenous)
. cs. X
mep. 158-9° (« )13? which was indistinguishable from compound 47,
(mixed melting point determination and Co-TLC) thus providing/a“”
further complimentary evidence forc{—equatorial orientation of the
acetoxy group in 47.
0.R.3. stuéies, NMR spectral observations and chemical

evidenc%s/iead us to conclude without any ambiguity that the 2-

acetoxy group in 47 has the K~equatorial configuration with ring A

in the chair conformation.
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CHAPTER ~IIXI

EXPERIMENTAT,

Melting points are uncorrected. Petroleum ether used through~
out the investigation had bep. 60-890. All optbtical rotations were
determined in chloroform solution unless othefwise stafed. NMR
spectra were determined on Varian A-flo and HA-100 Spéctrometers
using chloroform - d solution containing tetramethyl siléne as
reference. IR spe?tra were recorded in a Perkin Efmer 337 and 221
spectrophotometer. UisV. absorption spectra were taken in a Zeiss
VSU-1 spectrophotometer in 95% ethanol solution unless othérwise
stated. Thin layef chromatography was done on chromatoplate of
Silica getG-(E.Me;ek) and the spots were developed with sulphuric

acid-acetic anhydride (9:1) mixture.

Isolation of taraxerone61:

Dried and powdered Stembark of Sapium baccatum Roxb (2 Kg)

was extracted with benZene in a soxhlet apparatus for twenty hours.
On cooling the beﬁzene extract a yellow insoluble solid precipitafed
out which was collected by filtration and was kept aside (laEEer o
identified as 3,3'-di-o-methyl ellagic acideé). From the clea/r £il--
trate benzene was distilled off and the residual gummy solid (30 gm)
was taken up in ether (2 1it.). A cloudy precipitate which remained
in the ether extract was separated out by filtration. The clear ehher
solutioh was washed with 10% sédium 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 gm) was obtained a8 a yellow gummy
solid which after chromatographj and crystallisation from chloro-

)
form-methanol gave shining crystal (1.3 gn) m.p. 238-40° Qx)ﬁflo.s .

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-
xdrone. | ‘

Other compounds isolated were l-~-hexscosanol, faraxerol and

another solid of me.p. 210-150.

Isomerisation of taraxeroneGO‘ Preparation oﬁig-amyrone,éé

To s suspension of taraxerone (600 mg) in glécial acetic
acid (140 ml) maintained at 90° was added conec. hydrochloric acid
(4 m1) and the reaction mixture was heated on a water bath for
twenty minutes during which the solia 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 came out
(5620 mg). The solid on crystaliisation ffoﬁ chloroform and methanol

o ..
mixture afforded Tine crystals m.p. 174-6°, (o()D4-105-5 which was

found to be identical with an authentic sample of [5 -amyrone 44

(mem.p. and rotation).
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" Autoxidation of (® —amyrone 44 s Isolation of Diosphenol 45

B-amyrone (2 gm) suspended in potassium téftiary butoxide
"?in tertiary butanol (prepared fr&m 6 gn of potassium and 160 ml of
_ %e:tiary butanol) was shaken in a streanm of_oxygen for three hours.
} The reaction mixture was diluted With water and then 6N hydrochlpric
~ aclid was added fill the sblution'was acidic. It was then extracted
with éhiorofofm (150 m1), washed with water till neutral and the
qoﬁbined ext?act was dried (Na2804). On removal of the solvent under
; redﬁced pressure, é yellowish‘gummy foam was obtained (1.8 gm). The
; iatter on crystallisgtion from acgtone and4methan01 gave colorless
crystals of the diosphenol gé,f(l.z_gm),‘mop. 260-20, (o()ﬁ¥124.27°.
. It gave a positive ferric chloride test for diosphenol. TLC of the
cOmpound 45 showed two spots on chromatoplate (using benzene as
fsoivént),-an upper spot Ry = 0.77 of slightly weaker intensity than
the lower spot Ry = 0.75. These were assumed to be due to the tauto-

meric mixture of the diketone and the diosphenol 45.

Pound C, 79.50, H, 9.83%
Calculated for CzoHuglz 3CH30H C, 79.15; H, 10.53%
UV ¢ X, 270 mje(E, 5104)

R ¢ Y BuIol 5570, 2960, 1650, 1100em™t,
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Preparation of Diosphenol acetate 46 s Acetylation of Diosphenol 45

‘Diosphenol 45 (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 gm) deactivated with 0.8 ml of agueous acetic acid.

Table I

Chromatography of the above solid (460 mg)

BEluent

Fractions
50 ml each

Residue on

evaporation

Petroleum ether

Petroleum ether:s
benzene (9:1)

Petroleum ethers:
benzene (4:2)

1-2
3-4

65-9

0i1 (trace)
Nil

801id m.p. 165-7°
(320 mg)

Purther elution with more polarvsolvents did not afford any solid

material,
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The solids (320 mg) from fractions 5-9 (table I) were collected
which after crystallisation from a mixture of chloroform and methanol
afforded crystals mepe. 172-30, (c{)D 107.69%. It showed a single

round spot on a chromatoplate.

Found s ‘ G, 80.175 H, 9.78%.
Calculated for CgzoH,q0z% . G, 80,00; H, 10.00%
S )\maxzss mp, (€, 9915)
1p: VYWl 2950, 1720, 1685, 1205cm™L,

max ,

Hydrogenation of diosphenol acetate 46 ¢ Preparation of 20{racetoxy
@—amxgone 473 B

To diosphenol acetate 46 (200 mg) dissolved in absolute
ethanol was added 10% palladium-on-charcoal catalyst (50 mg) and
the mixture was shaken in an atmosphere of hjdrogen $ill 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 mé) was

obtained which was chromatographed over silica gel (20 gm).
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Table IT

Ghromatography of the above oily residue (200 mg)

Eluent Fractions 50 ml Residue
' each o on. evaporation
Petroleum ether 1-3 0il (trace)
Petroleum ethers - - , o
benzene (9s1) 4-8 S01id mepe. 1655-7
' (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 chlorofqrm end methanol mixture afforded a
crystalline solid m.p. 158-60°, (og)D~+108057° and was found homo-

genous on a chromatoplate (Rf 0.38 in benzene).

Pound$ . ¢, 79.18; H, 10.28%
Calculated for CspHsoOz¢ C, 790665 H, 10.44%

m: VBT 1730, 1238, 1225em™L
max

MR (100 Me/S): Peaks at 2.12 (3H, -0-C0CHz), 5.19 (1 H multiplet,

vinyl proton), 5.5, 5.595, 5.6, 5.7 (1H, =Co—-CH(0OAc)-CH,) ppm (Figi16)
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. 62 . ' , .
Hydrogenation ~ of Diosphenol 45 ¢ Preparation of 2 Keto—~[ —amyrin 483
‘ .

Diosphenol 45 (500 mg) dissolved in a mixbture of absolube
ethyl alcohol (20 ml) and ethyl acetate (150 ml) was stirred in -
presence of 10% palladium~on-charcoal catal&st (50 mg) in an - atmos—
ﬁhere of hydrogen till the absorntion ceased. The catalyst was re-
moved by filtration and the solvent was dlstllled off under reduced
pressure from the filtrate. A solid residue (460 mg) was obtained
which after crystallisation from chloroform-methaﬁol furnished a
801id of m.p. 180-182°, (o )y 101.70°, The solid did not give ferric

chloride coloration and shewed one single spot on chromatoplate

(Rp 0.44 in benzene) .

Founds ' C, 82.29; H, 10494
Calculated for OzpH,g0g? C, 814815 H, 10.90%
uvs Anl R70 mp (&, 43). '

IR 3 ~Jnuaol 3500 cm~t (hydroxyl), 1720 em”*(carbonyl).
NMR (1oo MG/S): Peaks at 3.88 (1H, H-C-0H), 3.44¢ (-C-0H),
2,42, 2.55 (2H, CO-CHs)» 5,18 (multiplet, vinyl proton) ppm.

Pig. 19.

Acetylation of 2 Keto-%—amvrln 48 ¢ Preparation of 2-keto-§-amz;in

acetate 49
The hydroxy ketone 48 (200 mg) was treated with acetic
anhydride (5 ml) and pyridine (5 ml) and kept overnight at room

‘ temperature. Next day a crystalllne soliad separated out from the



~73-

solvent mixture, which was collected by filtration. The latter

after crystallisation from chloroform-methanol mixture gave crystals

meps 276-8° Q{)D 127.08°. The filtrate on dilution with ice cold
water precipitated from above a so;id which after usual working up
and crystallisation»from chloroform methanol mixture affo:ded cry-
stals me.pe. 276f8° and was found to be identical ﬁith the above ace-
#ate. The solid 48 showed a single Spét on chromatoplate (Rp 035

in benzene).

Found s . G, 79.56; H, 10.05%
Calculated for CzoHznOzs 0, 79.66; H, 10.37%
uvs X mei?76 mp (€, 81)

VEE L pg 740 cm™t
IR: nex 1725 apd 1 cm ‘
NMMR (100 Me/S): Peaks at 4.95 (1H, H-C-OCOCHz), 2.49, 2,37
(2H, -CO0-CHp), 2.16(3H, -0C0CHz), 5.2 (multiplet 1H, vinyl

proton)ppm (Fig. 20).

Sodium borohydride reduction of 20(-aeetoxyjﬁ>—amxzone~21} Brepara-

tion of . A2-0leanene 2% -acetoxy-£4 —amyrin 503

To 2<ﬂ-acetokyh'@—amyrone (300 mg) dissolved in dry dioxan
(25 m1) was added, with cooling é‘slurry of sodium borohydride (300
mg) prepared in a NH401%NH40H buffer (Pg = 8, 4 ml). The mixture
waé stirred at room temperature'for two hours. A portion of the
.solvent was removed b& distillation, cooled and acidified with

dilute hydrochloric acid and then extracted with ether. The ethereal
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iayer was washed with water till neutral and dried (Na2804)- Removal
of ether gave a solid residue (250 ng) Whighxwas chromatographed
over a column of alumina (30 gn, deactivated with 1.2 ml 6f 10%
aéuéous acetie acid) developed with petroleum ether. The residue
. was dissoived in benzene, poured on the column and was eluted with

the following solvents.

Table IIT

Chromatography of the above solid 250 mg

Eluent Fractions Residue
' 50 ml each on evaporagtion.
Petroleum ether | 1-4 - 0il small amount
' (12 ng)

Petroleum ether: p A

benzene (4:1) 5=7 . Nil

Petroleum ethers: 8-14 ' Solida (210 mg)
- benzene (3:2) : m.p. 240-50

Further elution with more polar solvents did no% afford any solid
naterial.

The soiid from fractions 8-14 (Table III) were collected and cry-
stallised from chloroform-methsnol mixture. After two crystallisa-

tion pure 20(-acetoxy—f3-amyrin 50 mep. 246-8° was obtained.
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12 ' .
Hydrolysis of A -Oleanene-zc(—acetoxy&f&-amyrin 50 $ Preparation
of A2 Oleanene 2d, 3(5 ~diol 51s
)

To the Al?‘— oleanene 2:!5.—a,c’:e'boxyfvB -amyrin 50 (200 mg) in
dioxan (40 ml) was added 10% sodium hydroxide solution (10 ml) and
the mixture was heated under reflugi: for threelhOurs, The reéction_
'mixture was then cooled, dilﬁted with water and extracted with
_ether. The ethereal léyer after washing with water till neutral ﬁas
aried (Na2304) The solvent was removed and a solid (190 mg) Mep.
196-8° was obtained. After crystalllsat;on from meuhanol it afforded
pure 20(, 3P>d101 51, meps 202-4° @()-P60@OO This was found to be
‘identical w1th an: authentic sample of 2K, S[Bdlhydroxy A R-oleanene.

Found | C, 8L.84; H, 11.62%
Calculated for CzoHygOo & C, 81445 H, 11.31%

UVs No absorption in the range 220-300 mﬁb
I.R. spectra: ) 3360, 2970, 1425, 1375, 1350, 1050, 1030 om™t
‘max - ’ :

MR spectra (100 Mc/S)s Peaks at 2.94, 3.1 (1H, B-Cz-OH), 3.74
-(quartet of a doublet, H-Co-0H), 5.18 (multiplet 1 H, vinyl

proton) ppm Fig. 22.
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12 '
Preparation of A ~Oleanene 2d, 5<A'di01"§3 s Meerwein Pondorff

reduction of 2 keto-3 —amyrin 48:

A mixture of 2 keto—fBamyrin 48 (500 mg),'Ae-isopropoxide
(650 mg) in dry isopropanol (12.5 ml) was distilled slowly with the
gddition of isopropanol to maintaiﬁ constant volume. After 5 hours
the distillate no longer contained acetone and the golution was
‘concentrated to a small volume. The reaction mixture was diluted
with Wafer followed by 10% sulphuric acid solution (20 ml) and then
extracted with ether. The product obtained aftef removal of ether
was dissolved in benzene (6 ml) and poured on a column of alumina
(25 %‘ deaétivated with 1 ml of 10% aqﬁeous acetic acid) developed

with petroleum ether. The following solvents were used for elution.

Table IV

Chromatosraphy of the above product (450 mg)

Bluent : Fractions Residue
: 50 ml each

Petroleum ether | 1-3 Nil

Petroleum ether:

benzene (3s1) ) . 4-8 Nil

Petroleunt ethers: .

‘benzene (1s1) . 7-9 Nil

Petroleum ethers?

benzene (1:3) 10-12 Nil

Benzene 13=15 Nii

Contdes.
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Table IV (Contd)

Eluent ' | Fractions Residue
50 ml each

Benzene: ether (4:1) 16-21 Solid (400 mg)
’ ' ‘ © Mepe. 276-8°

Benzene: ether (431) 22-25 Solid (48 mg)
' : mepe 196-8°

Further elﬁtion with moré polar solvents did not give any solid
materials. o

The solid from fraction?16-21 (Pable ;V) were combined which after

crystallisation from chloroform-methanol afforded the crystalline
. . . o

2, 3d -diol 52 (350 mg), m.pe 278-80°, ( Jp 71.28" .

Found s S A 0, 81.40; H, 11.08%
Calculated for CzoHzoOg * Cy 8lo44; H, 11.31%
U;V. ¢ No absorption in the-regioﬁ 220--300 mjb
IR spectra: '9;:i°1 3420, 2960, 1450, 1040, 835 cm +

MR (100 Mc/S)s Peaks at 3.2 (broad 1H, H-Co-O0H), 4.08,
4,1 (doublet 1H, H-Gp-OH), 5.2 (multiplet 1H, vinyl) ppm.

(Pig. 23)
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The solids from fractions 22-25 (table IV) after crystallisation
from methanol affo?ded a cr&stalline solid (28 mg) mep. 200-2°
identical with 2., 3 [>-aiol 51 described on page 75 |

- 12 ' ]
Partial acetylation of. A -0leanene-2A , 3<K-diol 52 Prgnaratlon

of 2 -acetoxy -StK-hydroxx1§-amxgin 538

- 200 mg of the 2, 3 -diol 52 was treated with pyridine

(12 ml) and acetic anhydride (0.5 ml, 1.1 mole) and the reaction
.mixture was allowed fo stand at 0°C for 12 hours. The reaction ﬁix—
ture was then, poured on ice-watér and extracted with ether. The
ethereal layer was Washéd with water till‘neutral and dried (Nagsoéy.
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 en,
deactivated with 0.5 ml of 10% aqueous acetic acid) developed with

petroleum ether. The following solvents were used for elution.

Table V
Eluent Fractions - Residue on
S B 50 ml each evaporation
1. Petroleum ether 1-3 . 0il (trace)
2, Petroleun ether: 4-8 Solid (120 mg)
Benzene (4:1)  mep. 193-4°

Elution with more polar solvent did not give any solid material.
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The solids from fractions 4-8 (table V) were combined which after
crystallisation fronm methanol.afforded crystalline mono-acetate

5._§ mop.-195-'70, (d_) 8905300

This compound showed a s1ngle spot on a chromatoplate

(Rf 0.,409) in benzene.

1

Found ¢ - C, 79.40; H, 10.61%

~Calculated for Czolzo053 G, 79.29; H, 10.81%
I.R. =;9§Zi°l 3450 (-OH), 1750 (-0COCHz) 1720(ketonic carbonyl),

1280 em™t (Fig. 24).

67 '
Oxidation of 2c{-acetoxy—5<{-hydroxv A—amyrln 53 : Preparation

of Zqi-acetoxvﬂB-amyrone 954:

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 Zok—acetoxy—ScKrhydroxy‘ﬁramyrin 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 NaZSC4. On removal of ether a solid was
obtained which on crystallisation from chloroform—methanol gave
crystalliné the 50114 54 mep. 158-9° (K)g 108.57° which was indis-
tinguisable from 47 described in page 11 (no depression of mem.p.

V‘]ith é.lz.) .
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It gave a single spot

even Co TLC with 47 gave the

Found ¢

Calculated for Ogolsolz

. KBr
I.r. :+ V__ 1730, 1238,
. max

on a chromatoplate (Re 0.38 in benzene)

same Ry value.

C, 79.28; H, 10.30%
G, 79.66; H, 10.37% "

1225 om~t ,
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A short review of synthesis of isomeric 2,3-diols

’

of triterpenoids:

Section A% 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 cholestane 2,

3-diols have also been prepared by the methods developed in this
connectionl’z. AF-Cholesﬁ%ne 1 on reaction with osmium tetroxide

gives the 20( y 300-diol g_'whereas peracetic acid oxidation and subse-
quent hydrolysis afqufs 2P, 3o ~diolT ™ 3. 2K , Bk ~or 20 , 30 -
oxido-cholestanes £ on diaxial opening also gives the same diol 3 .
The 20 , 30 diol Z ﬁas also been prepared1’2 according to ‘the proce-~
dure of Winstein and Buckles4 by treatment of A2 ~cholestene 1 with
silver acetate, iodine and moist acetic acid. The reaction probably
involves formation of a cyelic Rd , 3@‘—iodonium ion whiech on aceto-
lysis with inversion at C-2 gives 5. Expulsion of iodide ion with
inversion at C-3 forms a resonant oxonium-carbonium ion & which leads
to a mono-acetate which on hydroiysis gives 7. As the diol 7 contains
one axisl substituent at C-2, it is epinerized by tregtment with

sodium in ethanol at 180° to the diequatorial 2« , 33 -diol 8. Diol

8 was also obtained from cholestenone 9 which reacts with lead-
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tetracetate to give in about 10% yield a product 10 having 2& -

aoetdxy groups’ﬁo Reduction of 10 with sodium borohydride followed

by hydrogenation gives the 29, 5@>-diol 8.

lo
o>

A A

[ Hydrolysis

N

LN . HO.
‘ Na - ale
O/(I Qmo::'ohol
H | | 1O
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Section Bs Synthesis of 2,3-diols of lupane and friedelane series.

7 \ .
McGinnis et al have reported the preparation of all the four
possible stereoisomeric lupane 2,3~diols 12. Samson gt g;§ ha?e
synthesised 2 &, 3« -134; 2p , 3(3~13B; 2, 3(3 -13C friedelane

diocls and shown that the last named isomer is identical with natural

pachysandiol A9 1.

HO~~A

Ha

13A R =R, = x-oH
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Synthesis of Lupane-2, 3-diols’ 12 (Chart I)

Lup-2-ene 14 was converted to lupane-2 (0 ,3¢ -diol 124, lupane-
2 @, 3.@ -diol 12B and luparie 2, 3X ~epoxides 15 by the action of
osmium tetroxide; iodine~gilveracetate—acetic acid and perbenzoic
acid respectively. The epoxide ;vaas opened with acetic acid to
give 2[)-acetoxy-lupane-3X-ol 16 which on mild alkaline hydrolysis
yielded the diaxial trans diol, lupane 23, 3(-diol 12D. In order
to increase the poor yield of the 2 By 3@5-diol 12B obtained by
the above procedure and also to prepare the remaining isomer: lupane
2, B(S—diél 12C,lupane~3-one lz was treated with lead tetracetate °
to give 2(§-acetoxyblupane—530ne 18 énd.20<eacetoxy—lupané-S—one‘;2
as the méjor and minor products respecfively. The 2ﬁx-acetoxy isomgr
18 could also be prepared by the chromié acid oxidation oZ 2@-— \
acetoxy-lupane—SOC-ol 16. This acetoxy ketone 18 upon equilibration
with base furnished the 2X-acetoxy-3-ketone 19 which was then
reduced with lithium /alye hinimum hydride mainly to lupane-2« , 3u
diol 12A and with sodium and isopropanol to lupane-~2¢( , 3@-—diol
120. The 2 B-acetoxy-3-ketone 18 was similarly reduced with 1ithium
aluninium hydride to give.the 26&,‘3«f-diol 12D as the main product

‘and with sodium and isopropanol $o the Bﬁb, Sﬁ,-diol 12B8.
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Synthesis of Friedelane-2((, 3% 134; 2 (3, 3p -13B; 2« , 38 -13C-

di01s%: (Chart II) |
' pyvolysis
Friedel-2-ene 20, obtained by the pydrolysis of friedelanol

benzoé‘te 21 was converted to ;fr'iedelané—.?.o(, 3 -diol 13A by the

action of osmium ‘cétroxide and a 2, 3-epoxide 22 by the actign of
‘m-ghloroperbenzoic acide. The 2,3-epoxide 22 was opened with per-

] chiorio acid to yield friedelane 2, 3@ ~diol 13C identical },vith
naturally occuring paghy-éandiol Ag _:L_J_._. Kikuchi and Toyoda9 has
suggested that eérin acetate was 2(X ~acetoxy friedelan-3-one 23,
contrary to its previous formulation as 2ﬁ-acetoxy-friede1ane-
3;one 24 on the following é‘rdundst Paschysandiol A-2-¥mon6g.cetate
25 obtained by the acetylation of Pachysandiol A 11 at Oo, could be
éxidised to eerin acetate 23 with chromie acid. The eerin acetate
sd. obtained, on prélonged absorption on aluming, was isomerized
to aho’chér 2-acetoxy-3-ketone 24 which must hence be the more stable
2 f?);(e, eciuatorial)—acetoxy isomer. ConseQuently the original eerin
ac.etate must be less stable 26('—(axial) acetoxy isomer 23. Samson
et 8.18 isomerized cerin acetate 23 with potassium acetate in acetic
,acid and reduced the resulting 2(3 —acetoxy~friedelan~-3-one 24 with
lithium aluminium hydride and.thus synthesised friedelane—zgg, 3@ -
diol 13B . (Chart IT)
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Section Cs A short review of synthesis of isomeric Alz-OIeané-

gLs-aio:leOs

A number of 2,3-diols of triterpenoids have been isolated
froﬁl natural sources. Recently Khastgir et allo have synthesised
three out of the four isomeric 2,3-diols (Chart IV) by using dios—
phenol 27 as the iptermediate, frbm R ~amyrone ggs_.' &2-01eanene
2R, 3P -diol mep. 24;0—4;20, (€ )D 101.88° 2_8_ was obtained by sodium
borohydride reduction of 27. Acetylation of 27 followed by hydroge- |
nationh gave 2cC-.agétoxy-ﬁ —amyrone 29 which on sodium borohydride
reduction at ?H-B gave 2« —acetoxy- s -amyri_n Z_’J_Q_ which on hydrolysis
gave the most stable. Alz-oleanene 29, 35-diol 31. Hydrogenation

of 27 gave 32 which on Meerwein-Pondorff reduction afforded alt

Oleanene-2« , 3« -diol, 33 having m.p. 278-81°, (o) 71.28°. The
sterically most unstable 2 B, '.3'°(—diol 34 was also synthesised. The
configurations assigned have been confirmed from NMR sj;)ectral evie
dénce?‘ff The melting points and rotations of the isomeric diols, their

diacetates and their acetonide derivativés have been shown in Chart

III.
 Chapt IIT
DIO0L DILCETATE LCETONIDE
| DERIVATIVE
| MoDe (el )y mePeO (= )yp e (C)p
2/, 38 240-420 101,880 221-22° 83.63°  180-2°  102,50°
24, 3« 288-82° 71.28°  180-82°  40.77°  199-201° gno
oL , 3 3 202-4° 60.00°  216-18°  73.42° 173.4°  _

8p, 3oL 250-52° 129 161-63° - - -
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Section Dt A short review on autoxidation and isomerization in ring

A in triterpenoids ¢

1. Oxidation in ring A in Fuphol.
| ' 11

Lavie and co-workers studied the autoxidation of euphadiene-
3-one 35 and the results of their work is summarised in the follow-
ing lines. Buphadiene-3-one 35 was oxidised by shaking in oxygen

in t-butanol saturated with potassium—t—bumoxidelz’13. A tautomeric
mikture of diketone and the corresponding diosphenol 36 (two spots

on chromatoplate) was produced by absorbing one mole of oxygen v,
7ax69 (€5 7900), 3 1715, 1672, and 1653 on™'. W of the con-
pound 36 showed a singlet at T 5460 due to vinylic Probon at C-i.
Acetylation gave the-correspondingvacetate 37, Uvﬁax 236 m/&t&,QOOO),
‘bmax1764 em™t. MR showed a singlet at T 3.02 due to C~1 proton. On
hydrogenation of the diosphenol 36 over palladium on charcoal (two
moles of hydrogen were absorbed-one mole to reduce the side chair A
double bond and the second mole tolreduce the enolic double bd;d)
a non—crystallisable'homogeﬁ?us solid Q)max 1712 cm'l, NMR singlet
atéf5o§5 accounting for one hydrogen and two AB type doublets cen—
| tered at 7 7.69 and(7.35 accounting for two hydrogens, was obtained.

Upon acetylation a crystalline Ketoacetate was obtained, f-i)maxl’?’iz

and 1730 om ™+, MR singlet at T4.95 for one hydrogen and a broad
‘peak at (" 7.50 accounting for two hydrogens. From the above spectral

properties structures 38 and 39 were proposed for hydroxy-ketone
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and ketoacetate respectivelys 2cf-acetoxy_(equatqrial) derivative

1, TH)

40A was prepared by the reaction of dihydroderivatives of 35 with

. A R 0 0 . R
lead tetra-acetate in acetic acid in presence of E?onptrlfluorlde o
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Ehe product 40A showed IR bands at 1742 and 1730 em™t and the NMR-
spectra showed a quartet of lines centered at W‘4.3 (Jae = 6.5 aps
and Jaa = 13.0 eps) for the C-2 proton but no signals for protons &
to a keto-functions. The isomerisation of 2A -equatorial acetoxy
ketone 40A into the isomer 39 Waé also observed and they proposed
‘that the migration proceeded through the cjclic intermediate g;15.
Acid hydrolysis of 404 afforded a compound which has been assigngd'
the 2 K-equatorial. hydroxy 3-keto derivative 40B on the basis of

sy - ~-1
its IR, (amax }718 cnm T,

2, Isomerisation in ring A of the Cucurbitacins

16,17 reported that hydrogenation of the

Lavie and co-~workers
diosphenol containing cupcurbitacing namely elatericin B 42 and
elaterin éé resulted in 1,4 addition of hydrogen during the process
of hydrogenation. The ﬁMR spectrum of hydrogenated productfof ela-

tericin B was found to show a singlet at T 6.02 and that of its

diacetate a sharp one at V5.,00. This observation clearly pointed to
on o 9
3
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the fact thgt the proton linked to the carbon to which the acetoxy
group is also attached had no neighbouring pfofons and can not
therefore be at C-2. The NMR spectra could be explained, if it was
considered that 1, 4-addition of hydrogen to the diosphenél system
took place, resulting in the cohversion.of A1—2—hydroxy-37keto
to a 2 keto=3 hydroxy system 44, |
~ Blatericin B diacetate 45 on hydrogenation formed the 2f -

equatofial-acefoxyfs—keto derivative 46 by a normal 1,2-addition of
hydrogen. This compound showed a quartet of lines related to the
2 -axial proton which is centered at 74.4 (Jaa = lS.S'eps; Jae =
5.1 eps). Thé isomerisation of 2-acetoxy-3-ketoderivative 46 on a
basic column of alumina as well as on an acedic column was studied .
In both the cases the material recovered from the colﬁmns showed
that it had remained unchanged.

| The ORD curves of dihydro elatericin A 48 and tetrahydro
elatericin B 46 were also interpreted. 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 than that of the 3-keto form.
ORD studies on 2 and 3 ketosteroid318 and the onmanoyl oxide seri-
3519 also revealed the same result. The inverted stereochemistry of
cufcurbitacins at ¢-10 resulting in a mirfor image of the C—lO,(B -
analogy, should give rise to a hegative Cotton effect but instead
the two compounds displayed positive curves. This can be interpreted
as due to the presence of two'additional carbonyl chromophoré%fone
in particular at C-11 displaying a large amplitude, which cotnter— =
acts thereby the inverted rotation of the kéto 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
(X)ge572 ° sbrahyar
(2 keto) (9()325+1558 « In both the cases the keto group was flank-

2200° is larger, than that of tetrahydroelatericin B 44

-ed by an egquatorial (OH) substituent which is either likely to in-
crease the Cotton effect of to render no change at all.

In order to obtain pure tetrahydroelatericin B 45, alkaline
hydrolysis of tetrahydroelatéricin B diacetate 46 was attempted but
the reaction resulted in the formation of dihydroelatericin B20 47

m;i267 m}L('G, 5700),positive ferfic chloride coloration (charac-
teristic of diosphenol). Tetrahydroelatericin B diacetate 48 6n
~alkaline hydrolysis yielded the same dihydroelatericin B éZe‘The
alkali induced zsutoxidation ofu«-hydroxy ketone in elatericin was

21

also studied and was found to occur at much slower rate.
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3. Oxidation in ring A in Tupeol

' Ganguly and co~worker322 carried out thé oxidation of lupe-
none 49 and lupanone 50 to the corresponﬁing diosphenols 51 and 52
respecti#elyvby passing oxygen in dry t-butyl alcoheol containing
potassium tertiary butoxide. Diosphenol 52 on hydrogenation afforded
a non-crystalline alcohol which on acetylation yielded the keto-
acetatelgé; The structure 53 was assigned to the keto-acetate by
examining its NMR spectra (a sharp singlet at 8, 4,95) ascribed to
the C=3 proton. |
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Formation of 53 from 52 was explained by the mechanism shown in

Chart V. Diosphenol 52 on ozonisation gave a neutral compound

Cog |
of formation, spectral characteristics and elemental. composition.

H4803’ whose structure was assigned as 54 on the basis of mode

Diosphenol 51 was cleaved by alkaline hydrogen peroxide to the
dicarboxylic acid Cgplyg0ye The acid was converted into the dimethyl
ester, 55 which on refluxing with alcoholic alkali yielded a neutral

crystalline compound 56.

Chavrt-N
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4. Autoxidation of Lanostenyl 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
gaseous oxygen'at 50° for 48 hours. After that Scotney and Truter24
found that the autoxidation of lanostenyl acetate in ethyl acétate
at 50o after 14 days was a mixture of at least eight'peroxides
(laminar chromatography). The two most pleﬁfiful pérbxides were
recovered and shown to be 7[> -and 11~ hydroperoxy lanostenyl ace-
tates. The structure of 7(3—hydropéroxy—lanoétenyl acetate was obtai-
ned by reducing it with sodium borohydride to 7@ ~hydroxylanostenyl

.acetate; The structure of 11ﬁ>—hydr0peroxide was proved by conver-
ting it to 11-on—lanostenyl acetate with ferrous ion. Purthermor e,

lithium aluminium hydride reduction of the 11-hydroperoxide affor-

ded one product, which was identical with 11(3-hydroxylanosténol.
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Autoxidation of 7,11—dioxolanost—8—enyl—5ﬁv—acetate in cyclohexane
at 400 proceeded via 1?3-hydr0peroxy-7, 1li1-dioxolanostenyl aceﬁate
to 1, 7, i1i-trioxolanost-8—~enyl acetatezs. The location of ketqné
at l-position was deduced from the behaviour of the trione aceﬁate
with alkali. With alkali 1, 7, ll-trixolanost-8-enyl acefgte_yielded
1,7,11-trioxolanosta~2,8-diene and it had been derived from the
trione adetate\by elimination of the 56;-acetate group and the for-
mation of a conjugated unsaturated grouping (57, 88, 59). That the
precursor for the trione is a mono-hydroperoxide of 7,ll-dioxo-
lanostenyl acetate was established by the fact it was decomposed
by ferrous ion to 1,7,11—trioxolanosﬁenyl acetate.,

In an experiment a solution of lanost—8-eg~3€3yl acetate
in ecyclohexane at 40° was oxidised by passing oxygen through it26.
After twelve months treatment the neutral fraction was . examined and
was found to contain at least sixteen components. From the Rp values
~several components have been identified e.g. 1, 7, ll-trioxolano-
stenyl acetate, 1;7,11—trioxolanosta—2,8-diene. Besides thesé 15@ -
hydroxy-7-oxo, 16X ~hydroxy-7-oxo, 7, 15-dioxo~and 11, 15-dioxo~

lanostan 3P -yl acetate were also identified.

5. Oxidation of ring A in oleanolic acid.
In connection with their work to confirm the structure
of bredemolic acid 60 and crategolic acid 61 Tschesche and co-

27,28

workers performed the autoxidation of ring A in methyl oleano=-

nate 62. Methyl oleanonate was stirred in t-butanol containing
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potassiym metai at 25-50° with simultaneoué introduction of oxygene.
Ehe,reacfion mixture on acidificafion and usual working up gave an

aﬁorphous solid for which étruéture 63 was proposed. The diosphenol
§§,m.p. 130-35°, (OC)D 104+ 4° on sodium borohydride reduction gave
2@5; 3@»-dihydroxy—lE—en—olean—28—oate 64 which on oxidation.with[

- kilani solﬁtion gave g mixture of several compoundé in which 10%

of 83 was found to be present as was shown by its UV spectrum.

.....
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Section Dt A short review on 2,3 -dihydroxy triterpene acids from

natural sources:

The four stereo-isomeric 2,3-dihydroxy oleanriz-en~28-oic

éids are known to occur in nature viz: (1) the 2, 3« ~dihydro-
r3 X

' 2
xyolean-12-en-28~olic acid 654

9 (2) the 2« , 3( —-dihydroxyolean-iZ~
Lo < 30

en~28-o0ic acid (crategolic/m%}inie acid) 65B  (3) the 2#?, 3p -

dihydroxy olean-12-en-28 oic acid 1 65C (4) the 203, 3 A =dihydroxy

28 .
olean-12-en-28-oic acid 65D  (bredemolic acid).

Scoow  SBB By =o(-0H, Rp b
65¢ Ry = Rp = -OH

o Ry |
| BB . N
Alphitolic acid = in the lupeol series and 2o =hydroxy wvzgolic

D4 - . _
-acid in the ursane series are known to occur in nature.

1. The 2of , 30 —dihydroxy olean~12-en-28-oic acids

29 '
Cheung et al isolated a triterpene acid 65A as its methyl

“egter mep. 296-99° from shorea accuminata resin,”Which has been

- shown to be the 2, 3c{—dihydroxyolean—lz-enpé8 oic acid. The
methyl ester 66 ('i)maX 3340, 1725 emfl) formed a diacetate, a mono-
. acetate and a o, O—isopropyﬁ:jdene'derivative indicating the presence

of two hydroxyl groups. All these compounds showed NMR signals due to
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mé€§1 ester group (3H, singlet§>3.6) and a triplet for an olefinic

proton (J 4Hz, S 543). _
The mass spectrum of the diol methyk ester or its acetonide

" showed intense peaks at m/e 262, 203 corresponding to ions A and B

’)\ - L

cooMe

N

e ' ~

HG

" The mass fragmentation pattern established that the diol methyl
ester belongs to 12-oleanehe or 12-Ursene series with a 28-methoxy-
earbonyl group. They concluded from the NMR signal36 of the allyZic
18€>—hydrogenlat 5 2.8 (AB quartet), that the diol ester belonged

K
p
o«

to oleanene group. Furthe:emidenc?s for assigament of a 2&, SK-¥ I/f

configuration of the diol ié suppbrted by the following‘observafi&;s.
. In this diol, the G-3 proton showed a doublet (J 3Hz) at & 3.35

due to vicinal coupling of eduatorial and axial protons..Upoﬁ satu-

ration (by double irradiation) of this signal, the multiplet near

83.9 due to the proton at C-2 simplified to a four-line signal

characteristics of X part of an ABX type spectrum.
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The ois isomers, 20y 3« -diol and 205, 5‘(; -diol were first
prepared” by Djerassi et al®’ by osmium tetroxide oxidation of
methyl oleana-2, 12—diene-28—oate.§z,»Cheung et al also repeated
fhe oxidation and obtained two cis;diols and the one with higher
meltinghpoint was identical to the me%hyl estef of mepo 296—990,

7
isolated from shores acuminata. Tschesche et a12 128 assigned a

2 @, 5@ —configuratiorn to this diol and an 2(X 36(—conf1guratlon
o the one with lower me.p. (258—60 ), from con51derat10n of the
1nfrared absorptlon due to 0-H stragllng. Cheung et al demonstrated
that the'obnfigurations asgigned by Tschesche et al should be rever-
sed. By combaring the methyl resonance frequencies from published
substitution effect536 with those observed for the two cis diols
and their acetate derivatives Cheuné et al suggested that, contrary
to the views of Tschesche et a127’28, the diol mepe 296-99° must

have the 2, 3X -and the diol m.p. 258-60° the 2 @ 3(3 -configura~

ltlon.
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In the 2, 3K -diol, with a chair ring A, 68, the 2 B -proton is
axigl and is expected59 to be subject to a large ax-ax coupling with
the 1-1Xproton'and to small ax-eq coupling with the 38 and 14 -pro-
tons. Of the two cis diols from osmium tetroxide only one with m.p.
296r99o, showed a signal due to C-2 proton of sufficient width at
half-height (Wh/2 21Hz) to be compatible with a 29, 3« -diol
structure. The other diol mep. 258-60o having a corresponding sig-

nal of Wh/2 8Hz should have a 23, 3(— Q¥vangement -

2. The 2, 3B -dihydroxyolean-12-en-28-oic acid (Grategblig[masli—
\
nic acid): '
Bachler40 was the first to isolate an amorphous acid "Crate-

gus acid" from thé leaves of Crategus Oxyacantha L . He, however,

erroneousiy assigned the molecular formula C32H5404 to i1t. The acid

was also observed to occur in the leaves of Pgidium guaijava by

40 . - '
Arthur and Huli . This acid was subsequeatly studied by a number
40
of workers . However a more detailed study of the acid was made by

40,41

Tschesche et al s Who succeeded in obtaining the acid in crysta-

lline form and establishing the correct molecular fqrmula C30H4804.
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 thé behaviour of the acid

towards acylation, decarboxylation and lactonisation, they erroneously
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concluded that.eréfegolic acid was an (-amyrin derivative and even
suggested the revision of the acdepted structure 89 ofX -amyrin to
theQi-amyrin structure 70. On the basis of their proposed new formu-
la, of X —amyrin 70, they suggested without mugh'valid reason that

crategolic acid had the structure 71.

However, they themselves latter showed41 that their 'erategolic

acid' was impure, being contaminated with 60=65% of ursolic acid 72

which could no% be easily separated. Arthur et a142 drew attention
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to this faet and suggested further work. Tschesche et al in a
subsequent paper43 correctly recogniséd crategolic acid 73 as a

derivative of{3;amyrin 74. The impure acid mixture could be

»résolved by them by paper chromatography of column chromatography

of the methyl esters derived from it. They were also able to pre-

pare a diacetate, a monoacetate and a keto-monoacetate from methyl
ester of crategolic acid 73. | |

However, in the mean time, Caglioti et al reported3o the

isolation from the cakes of Olean europa of a new acid, maslinic

acid, which latter proved identical with crategolic acid 73 of
Tschesche et al. The Italianfworker330<were able to show that
maslinic acid ﬁas a pentacyclic triterpenic acid, probably belonging
to0 the FB—amyrin group, containing two acylable hydrole groups and
a non-hydrogenizable doublé'bond Y- to the carboxyl group.

In their éubsequeni investigation844’45 Caglioti et al 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 wérk of structure elucida—
tion of crétegolic acid 73 is shown schematicélly in Chart VI. Crate-
golic acid 73 formed a methﬁl ester 74, a diacetéte 75 and a methyl
ester diaqétate 76. The diacetoxy acid 75 with bromine gave a bromo-
lactone 77 which on treatment with zine and acetic acid regenerated
the diacetéiy acid 75. The latter 75 with hydrogen peroxide gave a
hydroxy-diacetoxy-lactone Z§élwhich gave a triacetoxy lactone 78B
on acetylation. Sclenium. dioxide oxidation of the methyl ester
diacetate 76 gave a conjugated-diene ester 79 showing U.V absorption
maxima at 260, 251, 243'm/1, characteristics of§5~amyrin derivatives.
The presence of an & glycol System was shown by\the consumption of
one mole of periodic apkd of methyl crategolate 74.

Finally c:ategolic acid 73 Wés correlated With the B —-amyrin
group by its elegént conversion into methyl oleanonate 81 and methyl
olean-12-en-28 oate 82. This conversion inter alia settled the posi~
tion of the two hydroxyl group at C-2 and C—S.IWhen methyl crate-
golate 74 was acetylated at Oo, the major pfoduct was the 2-acetate
79, which could be oxidised with chromic acid to give the 34ket0—2—
acetate 80. The latter 80 on treatment with calcium in liquid ammo-
nia was converted to methyl oleanonate 81, a substance of known
structure methyl crategolate 74 itself on oxidation with chromic
acid folloﬁed by Huang Minlon reduction furnished the known ester

82+ These transformations are shown schematically in Chart VI.
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Subseéuently, the configuration of the two hydroxyl groups was
elucidated by Caglioti et 3146. Preferential fbrmation’of the 2-
ménoacetate 79 suggested the 24, 5@ ~trans diequatorial configura-
tion of the diol moiety, which was confirmed by successful synthe-

sis46 of crategolic acid 73 from the enol-acetate 83 of oleanonic

acid by hydroboration, which was known to be a stereospecific pro-
47,48 ‘ '

cess

4. By dvoborodion
2. Avnekime '\.\.L_oz

/,The correctness of the above assignment of_bonfiguration of the two
S5 -
/ hydroxyl group of crategplic acid 73 was further supported by the
- .38
WOTk»Of Tschesche et al3 on the structure of bredemolic acid

(discussed in page 18 5 Part II of this thesis).

49

Sengupta et al has also isolated crategolic acid (maslinic

acid) 73 from the flowers of Bugenia jambolana Lam as its methyl

egster along with oleanolic aeid.
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The present author has also synthesised methyl crategolate
and the details have been discussed on page 162 Part II of this

thesise.

3 The 23%, 3L -dihydroxyolean-12-en-28 oate.

31 :
Bannon et al recently reported the isolation of 2(3, 3@ -
dihydroxyolean-12~en—28-oic acid 84 from the sapogenin mixture pre-

pared from the extract of the wood of Castanosperﬁm,australe Cunn

and Fras. These authors established the identity of 84 (28, 38-
dihydroxyolean-12-en-28 oic acid) by a high yielding stereospecific
synthesis (Chart VII) from methyl crategolate 86.

Bannon et al isolated 84 as its methyl ester 85. The struc-.

‘ . ' ' 29b )
ture was suggested by its IR, NMR, mass spectrum o The melting
point of the methyl ester 276-80°, 85 was in ageeement with that
published previously for methyl 2@ s 33 =dihydroxyolean~-12-~en-28
. 37 - 28, '

oate (1it 278-82°  and 276-84°" ). These authors carried out a
stereospecific Syﬂthesis of methyl 2{3 y 303 dihydfoxyolean—l&!—en—.%—
oate 85 in high yield from methyl crategolate 86 and thereby conclu-

ded that the product islated from C. australe is in fact methyl 23,

3 @ =dihydroxy-olean—-12-en—-28 oate.

CoOO Mg
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Chart VIT

Favtial

e etytation”

[RLY;
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Methyl crategolate 86 on partial acetylation yielded the 2o -
acetoxy-aﬁr%ﬂcoholés §Z.Which was oxidised with dimethyl sulfoxide
in acetic anhydride to give éc&-acetoxy—S—ketone 88. The latter 88
on isomerisation on alumina gave the 3 p —acetoxy-R-ketone 89. The
strucfure of this rearranged acetoxy ketone followed from analogy'

51, lanostane

with the rearrangements of similar‘groups in lupane
and 4, 4-dimethyl cholestane derivatives52 and from its NMR-and IR
spectra. Reduction of the 3 3 -acetoxy-R-ketone 89 with sodium boro-
" hydride proceeded gquantitatively to give a single product 20 iq
which the introduced hydroxyl group at C-2 could be assigned the
[3-configuration on the assumption that attack has occured from less

hinderedK-gide of the molecule. Mild alkaline hydrolysis of 3p3 -

acetoxy—Z@ -hydroxyolean—12-ea—28—oate 20 gave4ghe diol 885 m.pé8
278-80°, (o¢)p 88 (1it. m.p. 258-60%, (@)} 97° , meps 258-62°
Mepe 958620 ( )y 85°§7, MoPo 258 61029b) 85 on acetylation affor-
ded the diacetate, methyl 28 , 383 —diaqetoxyoleanr12-enr28—oate 91
m.p. 232-4°, (& )g 82°, (114°7° m.p. 227-31°).
We have also synthesised the 2 @, 3P -dihydroxyolean—-12-en-
28-oic acid from diosphbnol of methyl oleanonate (details discussed

on page |62 Part II of this thesis).

4o The 2B , 3o ~dihydroxyolean~12-en-28-o0ic acid (bredemolic acid)s

Bredemolic acid 92, isolated from Bredemeyera floribunda

willde., was also a 2,3 =-dihydroxyolean-l2-en-28-oic acid and hence
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must he an epimer of crateéolic acid 73. Since the'2(3, 3 (-84,
and the 2o, 3 ~65A isomersﬁwere.already known by synthesi557
and>crategolic acid 73 was shown.to be>the 2, 33 ~dihydroxyolean—12
-en=28-0ic acid by Caglioti et al44 brefdemolie acid 92 must then be
the remaining 23, 3K -dihydroxy isomer. However bredemolie acid

92 was found fo form an acetonide, a somewhat unexpected behaviour

on the part of a normal 1,2-diaxial trans cyclohexane diol deriva-

27,28 unambiguously all

tive. The®efore Tschesche et al synthesised
the four stereoisomeric 2,3;dihydroxj olean-12-en~-23=o0ic acids as
their respective methyl esters. The synthetic work'of Tschesche

et al is shown in Chart VIIT. )

The key compound in the synthesis of the above epimeric
methyl esters Chart VIII; methyl oleana-2, 12-dien-28-oate 94 was
prepared from methyl oleanolate gaﬁby'dehydration with phosphorous
oxychloride and pyridine. The dieﬁ-ester 94 gave two c¢is diols: +the
2, 3o diol 66 and the 2, 3Bdiol §_§ by treatment with osmium
‘tetroxide. On the other hand treatment of the diene-ester 94
with hydrogen peroxide gave methyl 12-keto-2|%,,30(—dihydroxyolean~
28-oate 94A as the major product and only a tface of the desired
2P, 30 -diol 93. The above 12-keto-ester 94A, however, was conver-
ted by reduction into methyl bredomolate 93. Finally, all the above
three diol-esters 66, 85 and 93 on equilibrationlwith.base gave -

methyi crategolate_§§, which must consequently have the stablest

diequatorial 2, 3 R -configuration of the two hydroxyl groups.
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Chart VIII
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5. Alphitolic Acids
33

Guise et al iéolated alphitolic acid 954 as its methyl

ester, m.p. 233-35° from the wood of Alphitonia petrici Braid and

White. The ester, methyl alphitolate 95B (. 3634, 3587, 1735,
887 em™l) formed a diacetate (no hydroxyl absorption in the infra-
red) and a dihydroderivative 95C (no absorption in the infrared at
88" cm_l) namely methyl dihydroalphitdlate. The ester 25B consumed
one moke of lead tetra-acetate. Guise et al converted dihydromethyl
alphitolate 95C to a dialdéhyde 26 by treatment with 1 mole eéﬁi—
valent of sodium metaperiodate. The latter on oxidation with chro-
mic anhydride in acetic acid followed by methylation gave a tri-
nmethyl ester 97 identical with trimethyl ester of the Seco~A acid

54

derived from dihydrobetulic acid™ “. 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-acetate titra-

COOQQ_
Ch
w i PSP 7l I
q’bp‘) R" C\\C“ )Qy_:)"l
95‘3 Q a 'C/ﬁﬂ'g _ _
— " R eug ) 2= Me
9

CoOMe

Meo O ¢
MQOQC'

tions under the defined conditions of Djerassi and Ehrlich?s, where

. _ _ _ »
a vlue k = 2.7 x 10 51 moke™t Sec™t was obtained, identical for

triterpene 20, 3P -glycols.
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Khastgir et a.l56 also reported the synthesis of methyl
dihydroalphitolate 95C. lethyl dihydrobetulonate 98 prepared from
betulinic acid,. was oxidised by passing 6xygen through a suspension
of K —tertiarj butoiide in ary tertiary-butanol to give diosphenol
99, Mep. 13:1_330’ f/\maxzegf(e, 7532) which on acetylation gave the
corresponding acetate 1._(.)_0__Vm..p. 194—960, ’7\max237 m,LL( €, 9968). This
acetate 100 on hydrogenation in présence 61‘ 10% palladium-on—-charcoal
ca’é_alyst gave 2K ~acetoxy methyl dihydroﬁetulona‘ce Mo e 223-250,
101. Reduction of 101 with sodium borohydride at \PH 8 gave 2X-ace-
toxy dihydrobetulinate which on alkaline hydrolysis gave methyl
dihydroal'phitolate 95C_ identical with an authentic sample of methyl
dihydroalphitolate.

Ho
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Rastogl et a157»have very recently described the‘synthesis of
'methyl alphitolatelggg from methyl betulonate 10Z. Methyl betulonate
102 on treatment with lead tebra-acetate yielded 2 f-acetoxy-3-
ketbderivative ;Q§,mop. 191° as the major product. That the acetoxy
group on C-2 is equatorial ﬁas‘shown by,the(NMR signal at 2.12 ppn
for the acetoxy group and a quartet at 5.6 ﬁpm (F = 13 and 6 Hz)

for axial proton at C-2 containing the acetoxy group. The gcetoxy
kétone 103 on reduction with sodium borohydride gave the glycol
namely methyl alphitolate 958 m.p. 235°. MR signal at 3.66 ppm
(multiplet aboﬁt 26 Hz wide) confirmed the position and 2o, 3f

configuration of the hydrdxy groups in methyl alphitolate 95B.
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6, 2 =hydroxy ursolic acid:

Glen et a.l34 reported the isolation of 2 -hydroxy ursolie

acid 104A as its methyl ester from the leaves of Rose-bay Willow-

nerb (chamsenorion angustifolium). That the methyl ester 104B was

an ursane derivate was indicated by the presence of three peaks in

1 1

the region 1400-1350 cm™ and two peaks in'ﬁhe region 1520-1240 em”
in the infrared spegtrum59. NMR spectrum revealed the presence of
_one olefinic proton (T 4.73) and one methyl ester group (T 6.38).
Further evidence came ffom nass spectrum of 104B which showed inten-—
se peaksfat m/e 263, 203 and at 223 corresponding to ions A, B and
g, a pattern frequently associatéd with dlz—triterpenoidsss. A
similar mass fragmentatioh pattern was observed for the & X ~hydroxy-
uvaol 104C formed by lithium aluminium hjdride reduction of the
Aihydroxy methyl ester 104B. The methyl ester 104B formed a diace-
tate 104D (twin distinct peaks in the NMR atT7.97 and 8.04%0). Tuis
physical evidence for the presence of a R43-diol system in 104B

was further subsfantiated by the preparation of an'isopropylidene

* derivative and also by thevfbrmation of the dioéphenbl ;Qg by
chromium trioxide-pyridine oxidation. The presence of an ursane

skeleton in the ester 104B was shown by the Wolff Kishner reduction

of the.diosphenol 105 to give urs—lz-enrzs oic acid 106 identical
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1048 Ry = Ry = H; Rz = COOMe|

A

1040 Ry = Rg = Hj Ry = CHg0H =

104D R, = Bg = Ac; Rz = COOMe  Ho

o
<
with an aubhentic Sample.'Cleavage of the diosphenol 105 with
alkaline hydrogen peroxide gave 2,3 seco~urs-i2-en~2,3,28-trioic
acid-28 methyl ester 107 which confirmed the presence of the ursane-

skeleton in the estgr 104B

CooH COoOMe

" Hool -

HOO%(

108
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The configuration of the hydroxyl group in the dihydroxy ester

104B was settled by the synthesis of the trans diequatorial diol
104B. The enol acetate ggéion treatment with diboraﬁe and then
subsequent oxidation\of the intermediate afforded three producis viz.
methyl ursonate, methyl ﬁrsolate and methyl 2o(-, 3 (3-dihydroxy urs-
12-en=-28-o0ate 1043, the‘latter was identical Wifh that obtained from
the natural dihydroxy acid 104A.

Further support for the aissigmment of the & -configuration to
the hydroxyl group at C-2 in 1043 was revealed by the NMR spectrum
of the monoacetate, methyl 2cx-écetoxy—3(3—hydroxy urs-12-en~28-oate
109. The HMR spectrum showed signals in the region T4.9 - 5.4 due to
C-2 proton. The breadth of the resonance indicated that at least two
-COuplings of about 8 c¢/sec are present and this can only occur when
the proton: .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-l. In addition, there is an axial-equatorial inter-
action with the other proton at C-1. This indioatéa that the proton
at C-2 has the éxial conformation and acetoxy group at C~2 has the
equatorial (& ) conformation.

Rastogi et al57 repeated Glen'sg4 work and obtained the enol
aoetate MePo 1980 in 46%. Yield 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 urso-
late 110 and obtained 2 O(-acetéxy-S-lceto derivative 111 as an amor-
'phous powder, the latter was characterized by NMR spec;trum. Reduction
of 110 with sodium bbrohydride gave the meth&l 2 X=hydroxy ursolate
104B in an overall yield of 26.7%, characterized by IR and NMR data.

CooMe
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CHAPTER = IL

Studies on Autoxidation: Synthesis of isomeric 2,3-diols of

of ischopane (moretane)(Section B) and methyl, Olean-i2-en—

28-oates (Section G).

Section A: Introductiont

Khastgir et allo have been able to prepare the three iéomeric
diols (20{ y 3'0(-; 2o(y, 3= 2, 3(3—)'03‘.' 412-oleanene out of the
four possible isomers, using diosphenol obtained by the autoxidation
of(z—amyrone (See Chart IV, page9d).

In order to examine the generality of the interesting react-
ions encountered during the studies on autoxidation and the method
"of synthesis of isbmeric 4412 -0leanene 2,3-4iols, we have extended

our studies in (A) Isohopane (moretane) series and (B) oleaﬁolic
acld series. The synthesis of the isémeric 2,53 =diols in the oleano-

lic acid series is described in Section C (page 160 of this'thesis).

I

Section Bé Synthesis of isoméric 2,3-diols of isohopane (moretane)

1., Synthesis of 2« , 3B -dihydroxy isohopane (moretane) 121

Moretanone 112 obtained by the hydrogenation of moretenone>”
‘was oxidised by passing oxjgen through a suspeasion of 118 in dry
tertiary butanol- containing potassium tertiary butoxidell’lz’lz’zz-
One nole of oxygen Was-rapidly absorbed by the compound giving a

® -diketone derivative 113 m.p. 190-92° (ot )y, 40.00°. The compound
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showed two spotg on the chromatoplate indicating the presence'of a
mixture of two compounds. The compound'Llé showed positive ferric
chloride coloratioﬁ. Its UV spectra exhibited maxima at 269 mi (€ ,
5104). IR spectra showed peaks at 1100, 1645, 1870, 1715, 2960 and
3560 cm-l. These data were in complete agreement with the assign-

ments showa in 113A and 113B

IR

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 oy 236 mu( €, 6514). These
spectral data clearly established the structure ;;gg and 114 for the
diosphenol and the diosphenol acetate respectively. Diosphenol ace-
tate 114 on hydrogenation‘in presence of 10% palladium-on-charcoal

catalyst in ethanol solution gave a product of m.p. 179-81°, (€ )p

86.310,7kmax 276 mu (€ ,82). WMR spectrum of the compound was

consistent with the structure 115, the acetoxy group being at C-2

- and its configuration as& . The proton af C-Z displayed a guartet

of lines centered at 5.4 ppm, no signals were detected in the region

4.95 ppm characteristics for proton®-to a keto group (-C0-C-Hp). The
low field signal,iforming X part of an ABX system may be asgigned to

a methine proton &-both to an acétoxy and a carbonyl group. The cou-
pling constants (Jae = 8 H2Z and Jag = 12 Hz) suggest an axial confi-

38:59. The coupling constants indicated

guration for this hydrogen
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-workers during their studies on oxidation in euphol series
claimed that hydrogenation of diosphenol acetate of dihydro Euphone
116 gave a pro'duct which was identical with C-3 acetate 118 i.e. a
g-keto-d-acetoxy derivative. Migration of the acetoxy group from
Cc-2 to C-'o" position was proposed through the cyclic intermediate
_L;_le « Their results are contrary to the observations reported in
the (é-amyrone serieslo; and a.lso our experience in morétanone series
where we obtained a 2% -acetoxy-3-keto compound 115. In our case 1,

2-gddition of hydrogen takes place 'leading to a stable 2 X -acetoxy-—

3=keto compound.
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In order to provide a reasonable explanation for the different
behaviour shown by these compounds'(dihydro euphorne, ﬁi—amyrone

and moretanone) we have examined the Brieding models of euphol,
ﬁ-amyrin and moretane derivatives. In the euphol series the pre-
sence of a double bond in 8,9 position causes deformationso and has .
a modified chair conformation which confers additional strain in
the'molecule whereas in the(5?amyrin gseries as well as in moretane
series (having A/B chair-chair conformation) this strain is not
present. Most ﬁrobably the 2% -acetoxy-3 keto-compound which presu-
mably is formed at'first'on hydarogenation of 116 isomerises to 118
via 117 to release the additional strain in the molecule. Hence 2% -
acetoiy moretanone has the structure 115 and the acetoxy group being
at C-2 and its configuration aso.

Sodium borohydride reduction of 115 in dioxan solutilon
buffered at pH-8 to reduce isomeriéation gave the crystalline 2K -
acetoxy-3 R-hydroxy compound 119, m.pe. 199-2000, (x')D 95.35. The
latter on acetylation with pyridine and acetic anhydride afforded
the 24, 3@-diacetate 120, m.p. 228-30°, (o0) 50.60°, which on
alkaline hydrolysis afforded the corresponding 2, 3£ -diol 121,
MeDe 242—30, (OC)D 829860. The diequatorial 2, 3 éconfiguration
of‘the hydroxyligroups in the diol 121 was unequivocally confirmed
by 9xamination of the NMR spectra of the diollg; and its diacetate

120. The MR spectra of the diol 121 give rise to an unsymmetrical
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.doﬁblet near 2.90 and 3.2 ppm (Jaa = 10 Ops). This unsymmetrical
doublét arises due to coupling with C-2 proton. The 10 eps coupling
between the proton implies a trans diaxial arrangement of the C-2
and C-3 protont. The C-2 proton is further coupled to_methylene
protons at C-1 and the signal for this is discerned as a quartet

of doublets centered at 3.76 ppm (X part of an ABXY). A similar
pattern of & ~values have been observed for methyl crategolate and
othér triterpenoids with identical ring A53. The NMR specfrum of

. its diacetate 120 showed the same pattern shifted to the lower field

due to acetate groups

2. Synthesis of 2« , 3 —dihyvdroxy isohopane (moretane)123:
| Diosphenol 113B on hydrogenation in presence of 10% palla-
dium—-on-charcoal catalyst in ethanol solution afforded 2 keto-more-

tanol 122, meDe. 181-3°, (cx)D 29.41°, which on acetylation with
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pyridine and acetic anhydride affox"dedl the cbrresponding acetate
1224 m.p. 264-70, ,(O()D 82.610. WMR spectrum of the compound 122
showed a broad peak at'3.88 ppm accounting for one proton associated
with the hydroxyl sgroup containing no ﬁeighbou.ring proton (-CO—C_H_—
OH—(}‘V—), broad peak at B.44 ppm due fo proton associated with the-
hydroxyl group (-CH-OH) which disappeared upon Dg0 exchange and
two AB type doublets at 2.42 and 2.55 ppm (Jpp = 12 ¢ps) accounting _
for two hydrogens (-C0-CHgp). The corresponding acetate 1224 in the

Me evc—.)g'm
POhclMS- .
Ko




=136~

NMR spectrum had a sharp singlet at 4.95 ppm ascribed to the C-3
proton (~CH-OAe) and a broad doﬁblet:at 2.49 apd 2.37 ppm for two
protons adjacent to a darbonyl group (-CO-CEZ?.

Meerwein-Pondorff reduction of 2-keto moretanol 122 furnished
a crystalline solid which exhibited two distinct spots on chromato-
plate. Chfomatography of fhe solid, first eluted a solid compound
which after crystallisation»from methanol and chloroform mixture
afforded a crystalline solid 123, m.g. 250-51°, (OC)D 9.379,
Y)max'3420, 2960, 1450, 1370, 1350, 1042 cm-l, in 92% yield. The
latter on acetylation with pyridine and acetic anhydride afforded
an acetate ;2& MoeDe 185-70. The more polar solid obtained. from the
chromatogran in abowt 5% yield had the m.p. 242-3° and was found to
be identical with 20¢, 3 B-diol 121, by m.m.p. and IR comparison. The
stereochemistry of the hydroxyl groups in the diol has been assigned
as. 20, 3 as deﬁicted in 123 on the basis of chemical and physical

/

Y

//evidenc?é described below.

// zjzdmoretane 127 prepared by dehydration of epi-moretanol

126 with phosphorouspxychloride and pyridine, was treated with osmi-
um tetroxide in pyridiné solvent and the product obtained after
chromatography melted at 235-400 and showed two spots on chromato-
plate. The separation of the two components could not be successfully

accomplished by column chromatography.
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However, careful fractional crystallisation of the'mixture from

chloroform methanol mixture afforded first a diol having m.pe. 250~

51° (dZ)D 9.83, as the major component (87%y. From the mother liquor

a second diol, mep. 251_30‘, (och 23,68° was isolated as a minor
product (8%). The latter compound has been identified as the 2B,

S(S-diol 128 from its m.m.p. and IR comparison with af sample of

2 ﬁ, 3@ ~diol (desoribed on page%8). The major diol 250-51°, (OC)D

9.83o afforded a diacetate, mep. 185-73,;339 The diol and the diace-
tate were found to be identical with the diol and diacetate respecti-
vely obtained by the lMeerwein-Pondorff reduction of 2 keto-moretanol
122 described above. Since osmylation can only afford two cis iso-
mers, the diol 123 having mepe. 250-51° and its diacetate lgévm.p.
185-'?O must have the 2¢(, Sdf-configuration as depicted in formulas

123 and 124 respectively.



~138- ,

vb""\-

NMR spectrum of “the diol 123 is 1nvgyr%e accord with the 20,

3 ~orientation of the hydroxvl groups. NMR of 1235 showed a narrow

dowublet Qw—‘ 3H2D
ot at 3.20 ppm associated with C-3 proton, (Hg). The C-2 pro-

(Taa 122, TJea 3, 2°5 Hz)
ton was discerned as a multiplet centered at 4.05 PP, In the NMR
spectrum of its diacetate 124, the peak 355001ated with C-3 gg;gi
proton is shifted to the lower fields (doublet 4.63 ppm) and the C-2

multiplet
proton give rise to a guarket at 5.32 ppm. All these are in good
agreement with the steqpqhemical assignments 123 and 124 .
The diol 123_on treatment with acetone in presence of cata-
‘lytic amount of p—toluene sulfomnic acid gavé an acetonide deriva-
$ive 125, me.p. 186-88", (¢y, 1904,
\

3. Synthesis of 23, 3(§§dihydroxy igsohopane (moretane) 128:

Dlosphenol 1138 on sodium borohydride reduction gave a con-~
nujol
pound 128, mep. 262-4%, (0C) 23.68°, Z)mai 3420, 2950,1460, 1275,

1250 cm'l. The latter on acetylation with acetic anhydride-pyridine

NaBhy O

N

Ho
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afforded a crystalline diacetate 129, m.p. 214—150, (CC)D 31.25°.
MR of 128 showed amaltiplet at 3.23 ppm and a broad unresolved mul-
tiplet at about 4.00 ppm which co;laﬁsed to a doublet (J = 3.6 Hz)
and g multiplet CﬁJ = 16 Hz) respectively upon exchange of hydroxyl
proton with Dg0. Thus the hydroxyl'grdup,at C-3 is'gﬁgggh%ﬂa) and.
the one at C~2 is eaxiabial (Hg). In the NMR spectra of the diace-
tate ;22 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 derivative
133 m.p. 239-41°, (%) 29.85°.

Sodium borohydride reduction would be expected to furnish
a 20, 3 ~-diol or 2P, 3B ~diol or a mixture of 26, 3P -and 2« ,
30tdiols. However, 2 f, 3(3 -diol 128 could only be isolated which

can be explained if it is assumed that the reduction proceeds via

113 8 LI

e
c
N —
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1. Hy0,- HCQOH
>

7

~

2. QH™

127

22
/AC;O'P‘/ I .

the intermediate 131.

f=—

4, Synthesis of 2 3 X -dihvdroxy isohopane (moretane) 132:

The sterically most unstable 2f , 30 -diol (sxial-axial) was
prepared by the known method>?*’% described in literature. The method
involved the oxidation of Zdz—moretane 127 with performic acid and
subsequent hydrolysis of the ester with alkali SOiﬁtion. By follow-
ing the above procedure a crystalline diol 132, m.p. 221-4°, (0C)y

21.18o was obtained. IR spectrum of the diol 132 showed peaks at
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3560, 2980, 1455 cm-l.'Acetylation of the diol With acetic anhydride
and pyridine afforded the crystalline 2 3, 3ol -diacetate 133, mep.

The 2(3, 3 —stereochenistry of the diol has been assigned

by analogy with previous work reported in the literature 0?28, The

- NMR spectrum of the diacetate 133, is whown in Fig. h.



3 ~diacetate 133

ge 4+ NMR spectrum of 2(3 ’
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IXPERIMENTAT,

Melting points are uncorrected. The petroleum ether used
throughout the invest;gation had b.ne. 60-809. All optical rotétions
were determined in chloroform solution unless stated otherwise. NMR
spectra were determined on Varian A-60 and HA-100 spectrometers
using ohlofdform—d sdiution containing tetrémethyl-silane as refer-
ence. The IR spectra were recorded in Perkin-Elmer 337 and 221 and
Beckmann I.R. - 20 spectrophotometers. UV absorptién spectra were
taken in Ziess VSU=1 and UV Beckmann DU-2 spectrophotometers iﬁ 95%

ethanol solution unless otherwise stated.

Preparation of moretanone 1128

Moretenone (3 gms) (obtained froﬁ the bark of §gg$i
Sebiferum Roxb.by the method of Khastgir et al°F) dissolved in ethyl
acetate (400 ml) was stirred in presence of 10% palladim=-on~charcoal
catalysts (300 mg) in an atmosphere of hydrogen $ill the absofption
ceased. After working up in the'uSual manner it gave a solid (2.8
gn)e. The latter on crystallisation from chloroform and methanol mix-
ture gave crystals of 1182, m;p. 190-92O (c:()D SBO,AWhiCh'WaS found
to be identigal with an authentic sample of moretanone (mem.p. and

(C)p ).
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Autoxidation of isohopanone (moretanone) 112: Preparation of

diosphenol 113.

Moretanone (2 gm) suspended in potassium-tertiéry butoxide
in tertiary butanﬁl (prepared from 6 gm of potassiym and 160 ml of
tertiary butanol) was shaken in a stream of oxygen for three hours.
The resction mixture was diluted with water and then 6N hydrochloric
acid was added till the solutioﬁ was acidic. It was then extracted
with chloroform (150 ml), washed with water till neutraliand the
combined extract was dried'(N52804). On removal ofthe 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 gm), mep. 190-2°, (OC)D 40.00°. It gave a positivé ferric
chloride test for diosphenol. TLC of the compound showed two spots
on ohromatoplgte (using benzene as solvent), an upper spob Rr = 0.76
of sligh¥ly weaker intensity than the lower spot Ry = 0.73. These
were assumed to be due to the tautomeric mixture of the diketone

113A and the diosphenol 113B.

Pound: | -0, 81.82; H, 10.56%
Calculated for Oz0Hyg0g: C, 81.81; H, 10.90%
Uv D o 269 mu ( €, 5104)

Acetylation of diosphenol_113 ¢ Preparation of diosphenol acetate 114
Diosphenol 113 (500 mg) was acetylated by treatment with
acetic anhydride (10 ml) and pyridine (10 ml) overnight at room

temperature. After wquing up in the usual manner a highly wviscous
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0il was thainéd which could het be crystallised. The compound'
- showed a single spot.on a chrdmatoplate and did not give any colo-

ration with ferric chloride solution.

ovs A 236 mu (€, 6514)

Hydrogenation of diosphenol acetate 114: Preparation of 2& —acetoxy

isohopanone (moretanone)ils

To diosphenollacetate 114 {200 mg) dissolved in absolute
ethanol was added 10% palladium-on=charcoal catalyst (25 mg) and
the mixture was shaken in an ;tmosphere of hydrogen till the absorp-
tion ceased.,The.catalyst was removed By filtration and thg solvent
- was distilled off under reduced pressure from the.filtrate. A solid

residue was obtained which after three crystallisatiod from methanol

. i /
furnished a solid 115, m.p. 179-81°, (OC); 86.51°%. ¥
Found : , C, 79.59; H, 10.62%
Calculated for CgoHso0ss C, 79.33; H, 10.74%
UVs N, 278mp (€, 82)
IR q>$2§°1 1720 (-C =0), 3500 (-OH) cm~t
| Fige 1

Preparation of 20L—acetoxy-313-hydroxy isohopane (moretane) 119:

Sodium borohydride reduction of 2% -acetoxy isohopanone (moretanone)
115¢% 4 ‘
To 20C-~acetoxy isohopanone 115 (300 mg) dissolved in dry

dioxan (25 ml) was added, with cooling a siurry of sodium borohydride



PERCENT TRANSMISSION

WAVELENGTH IN MICRONS

3 3.5 4 4.5 S 55 6 65 7 75 8

9
T 1 1 | 1 T T T T 1

l I B N —_— 1 L

!
* 3000 2000 1800 1600 1400 1200 1000 800
WAVENUMBER CM™

Pig. 1. IR spectrum of R« -acetoxy isohopanone

" (moretanone) 115



. ~145~-

(800 mg) prepared in an NH,Cl - NH,OH buffer (PH = 8, 4 ml). The
mixture was stirred at room temperature for twb hours. A portion of
the solvent ﬁas removed by distillation, cooled and acidified with
dilute hydrochlbric acid and extracted with ether. The ethereal layer
was washed with water till neutral and dried (NagSO,). Removal of
ether gave a'solidAresidue (250 ng) Which.waé chromatographed over a
column of alumina (30 gm, deactivated with 1.2 ml of 10% aqueous
acetic acid ) deveioped Wifh petroleum ether. The residue was dissol-
ved in benzene, poured'on the columﬁ and was éluted With following

solvents. (Table I)

- Table I

Eluent : Fractions Residue
50 ml eaeh '

‘Petroleum ether | 1~4 ' 0il solid small (15 mg)
Petroleum ether: ] | -
benzene (4:1) * 5 Nil
Petroleum ethers :
benzene (3:2) 8-14 . Solid (200 mg)

mope 196—70

Further elution with more pblar solvents did not afford any solid.

t

The solid from fractions 8-14 (Table I) were combined and crysta-

llised from chlorofqrm—methaﬁo} mixture. Affter two crystallisation



-146-
pure 2‘(-acetoxy-313-hydroxy isohopane (moretane) 119, mep. 199-
200°, (X ) 9535 was obtained.

Founds , | ¢, 78.59; H, 11.01%
Calculated for CzoHgyOz# . G, 78.96; H, 11.18%

Acetylation of 20(—acetoxy—5/3—hydroxy isohopane 119¢ Isolation of

2, 3B -diacetate 1203

The solid, (200 mg) mep. 199-200°, 119 was acetylated by
heating with pyridine (2 ml) and acetic anhydride (5 ml) on a water
bath for six hours. After working up in the usual manner it gave

crystals of 2%, 3 B-diol diacetake 120, m.p. 228-30°, (X ); §0.60°.

Found: | o C, 77.33; H, 10.76%
Caloulated for Calsg0, G, 77.27; H, 10.6%
No UV absorﬁtion in the region 200-300 mpt ‘
IR},ggzg°1 1750, 1480, 1465, 1355 em~ % (Fig. 2)

NMR (100 Mc/s)¢ Peaks at 1.97, 2.03 (6H, 2-o-cocggy, 4465
4.82 (2H, H -0-0C0CHz) ppr - |

Hydrolysis of 20(, %A ~diacetate 120% Preparation of 2o, 34 -

dihydroxy ischopane (moretane) 121

To the above diacetate mep. 228-30° (150 mg) in dioxan (40 ml)
was added 10% sodium hydroxide solution (10 ml) and the mixture was
heated under reflux for three hours. The reaction mixture was cooled,
Adiluted with water and then extracted with ether. The ethereal layer
after Waéhing with water till ﬁeutral, was dried (NapSO,)e The solvent

was removed and a solid m.p. 238-40° was obtained. After three crysta-

llisations from methanol it afforded pure 2'K3 S/g-dihydroxy isohopane
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(moretane) 121, m.D. 240-42° (OC)b 82.86° .

Found: ‘ C, 80,725 H, 11.35%
Calculated for CzgHgolo ¢ G, 81.08; H, 11.70%

UV ¢ No absorption in the region 220~300 mp _
m® 5 20T 5350, 2960, 1460, 1360, 1030 ont  Fig. 3
NMR (100 Mc/S): Peaks at 2.90, 3.2 (1H, doublet, H =Cz-OH)

3.76 (quartet. of a doublet H -Co-OH) ppm.

2. Preparation of 2& , 3& -~dihydroxy isohopane (moretane) 123

Hydrogenation of diosphenol 113% Preparation of 2 keto-moretanol

;j«.rilé.?. :

BRI =

Diosphenol 113 (200 ‘mg) dissolved in absolute efhanol (80 m1)
was stirred in presence of 10% palladium—-on-charcoal catalyst (25 mg)
in ém atmosphere of hydrogen till the absorption of hydrogen ceased.

: After working up in the usual manner and crystallisation from cbloro-\

form-methanol mixture it afforded a crystallirie'solid, MeP 181-3‘(’,,""’,

() 29.41°.

Founds C, 81.02; H, 11.62%
CalcuLated form330H5002 : C, 8l.44; H, 11.31%
uv gmmax 278,( €, 78)

' |
NMMR (100 Mes): 3.88 (broad, ~CO-CHOH -C), 3.44 (broad),
2.42 and 2.55 ppm (CO=CHg) .
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Acetylation of 2 keto-moretanol 122¢Isolation of 2 keto-moretanyl

acetate 122As

2 keto-moretanocl (200 mg) was treated with acetic anhydride
(5 ml) and pyridine (5 ml) and the mixture was kept at room tempera-
ture overnight. After working up in the usual manner and crystalli-
sation frpm chloroform-methanol mixture it afforded a crystalline

! (o]
solid 1224, m.p. 264-67°, (0¢ ), 82.61.

Founds Gy, 79.62; H, 10.36%
Calculated for CzoHzg0sz% C, 79.33; H, 10.74%
NMMR (100 Mes)s 4.95 (-CgH-OAc), R.49, 2.37 (C6-GHp) ppm.

Meerwein~Pondorff reduction of 2 keto—morétanq;,lzzz Isolation of

2K, 3« ~dihydroxy isohopane (moretane) 123 s

A nixture of 2 keto-moretanol 122, Al-isopropoxide (650 mg)
in dry isopropanol‘(12.5 ml) was distilled slowly with the addition
of isopropanocl to maintain constant volume. After 5 hours the dis-
tillate no longer contained acetone and the solution was concentra-
ted to a small volume. The reaction mixture was diluted with water
followed by 10% sulphuric acid solution (20\ml) and then extfacfed
with ether. The product obtéined after removal of the ether was
dissolved in benzene (6 ml) and poured on a column of alumina, (25
en deactifated.with 1 ml of 10% aqueous aéetic acid) developed with
petroleun ether. The following solvents were used for elution (Pable

- IT).
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"Table-~ IT

Bluent | Fractiouns Residue on

50 ml each eveporation
Petroleum ether 1-3 Nil
Petroleum ether: ]
benzene (4351) 4-6 Nil
Petroleum ebher:
benzene (3:2) . 7=9 Wil
Petroleun ethers 10-13 Solid m.p. 245-8°
benzene (1354) (400 mg)
Benzene : 14-15 Wil
Benzene: elther (4:1) 16-20 Solid (40 mg)

Mepe 239-40°

Elution with more polar solvents did not give any solid material.

S9o0lids from fraction 10-13 (Table II) were combined which after

crystallisation from methanol afforded the crystalline 2&, 3K -

dihydroxy isohopane (moretane) 123 (350 mg), m.p. 250-51°, (oC)D

9.37°,

Found:

Calculated for 030H520?:

C, 81.60; H, 11.6%
G, 81.08; H, 11.70%

UV ¢ No absorption in the region 220-300 m A
IR D 3420, 2960, 1450, 1370, 1350, 1040 cm™>

NMR (1oo MC/S): Peaks at 3.30 (ndigublet, C-3H), 4.0, 4.1

U
ézﬂhlgutlH, 'H - Cg~ OH)#P™ -



The solids from fractions 16-20 (Table IT) after crystallisation
from methanol afforded a crystalline solid (28 mg), m.p. 242-3°,

identical with the 2, 3@ ~dihydroxy isohopane (moretane) described

earlier.

Acetylation of 2X, 3 ~dihvdroxy isohopane (moretan%e)l23§_?rebara—

tion of 2, 3o-diol diacetate 124:

200 mg of the 20, 3% -diol 123 was treated with pyridine
(5 m) and acetic anhydride (5 ml) and the mixture was heated on a
water bath for four hours. After working up in the usual mannér, it
gave a solid which after crystallisétion from chloroform-methanol

mixture afforded the 26 , 3% -diacetate 124, m.p. 185-7°.

Found: - . ¢, 76.80; H, /10,4070
' Calculated for CpyHga0,: C, 77.27; H, 10.60%
AUV: No absorptidn in the region 200-300 mpl

IRI: 0)) 1725, 1430, 1360, 1340, 1240 cm™t

max -
NMR (100 MC/S)s Peaks at 4.63 (doublet C-3H (e} , centred
’ Lti
at 5.32 ppm (Guosier,

guartet, C-RH (a))

Preparation of acetonide derivative of 2, 3K ~diol 1233

To the diol 123 (100 mg) dissolved in dry acefqne was added
catalytié-amount of p-toluene sulfonic acid. The mixture was. shaken

for 10 minutes'and then kept overnight. After usual work up a solid
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(86 mg) was obtained which after crystallisation from methanol
afforded pure crystals of the acetonide derivative 125, m.p. 186~

880, (o )D 19.04°,

Foundt ' O, 81.48; H, 11.45%

Calculated for CzzHsa0, & C, 81.81; H, 11.57%

/

Breparation of epi-moretancl 1263

Epi-moretenol (2 gm) (isolated from the bark of -Sapium

61), dissolved in

sebiferum(Roxb.by the method of Khastgir et al
'ethyl acetate (350 m1) was stirred in presenbe'of Adam's catalyst
(200 mg) in an atmosphere of hydrogen +ill the absorptién ecased.
Affter working up in the usual manner, it gave a solid which on cry-
stailisation from,chloroform—methanoi-gave crystals 126, mepe. 184~
60,. (00_)5 42.50° identical with an authentic sample (m.m.p. and IR

comparison).

TR
Preparation of A -moretane 127% POCLz - Pyridine dehydration of

epi-moretanol 126¢

To an ice cold solution of epi-moretanol 126 (600 mg) in
pyridine (10 ml), phosphorous oxthloride<£8-ml) was added and the
mixture was kept overnight. It was then poured on crushed ice cau-

tiously and extracted.With ether. The ether extract was washed with

water and dried (NagS0.). On removal of the solvent a solid residue
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(540 mg) was obtained. The latter was dissolved in benzene (5 ml)

and poured on a column of active aluming, (30 gm) developed with

petroleun ether. The following solvents were used for elution.

Table—- IIT

Eluent Fractions Residue on
. 50 ml. each evaporation
Petroleum ether 1-3 Solid (510 mg)

mep. 158-60°

Further elution with more polar solvents did not afford any solid

material.

The solid from fractions 1-3 (Table IIL) were combined and on ery-—

A ' ‘ 2
stallisation from chloroform-methanol mixture afforded 4 - moretane,
127 mep. 162-4°.

- Osmium tetroxide Oxidation ofAAF -moretane 1273

A solution of z12 -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 tempeﬁature and then kept in the dark for eight days.
. ~Yeymoved ‘
After this period the solvents were redueed under reduced pressure
and a black residue was obtained. It was dissolved in a mixture of

benzene (25 ml) énd 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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hydroxide (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 (Na2804) 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 10% eq. 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 FPractions Residue on

50 ml each evaporation
Petroleum ether 1-3 0il
Petroleum ether: benzene (3s1) 4-6 0il
Petroleum ether: benzene (131) 7-9 Ni1
Petroleum ether: benzene (1:3) 10-11 Nil
Benzene 13-14 0il
Benzene: ether (4:1) 15-22 So1id (500 mg)

mope 235_4:00

Further elution with more polar solvents did not give any solid

material.
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The solid (500 mg) from fraction 15-22 (Table IV) were combined and
crystallised from chloroform-methanol to furnish a solid mep. 256~
40°, This solid showed two spots on a chromatoplate and could not be
separated even after repeated column chromatography. However crysta-
1lisation from methanol at first deposited a homogeneous solid (Trn,C)
(460 mg), m.p. 250_510, (OC)D 9.83. The IR spectrum of this.soiid
was found to be identical with lgg.prepared by Meerwein-Pondorff
reductionlof'lgg.

From the mother liguor, a second diol MeDoe 261—30, (OC)D

23»680 was isolated and was found to be identical with 28, 3B~
dihydroxy-isohopane (moretane) 128 (nem.p. and IR comparison), des-
cribed below.

Preparation of 23, 3B -dihydroxy isohopane (moretane) 1283 Sodium

borohvdride reduction of diosphenol 113:

To a solution of diosphend 113 (200 mg) in 100 ml of methanol,

. sodium borohydride (100 ng) was added and tﬁe mixture was stirred with
a magnetic stirrer for one hour. The reaction mixtu¥e was concentra-
ted, diluted with water and then acidified with dilute hydrochloric
acid (6 ml). It was then taken up in ethér and washed with water until
néutral and dried (N32304)‘ The solvent was removed. The solid resi-
due (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 chnomatogram was eluted with

following solvents. (Table V)
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Table-V

Eluent ' Practions Residue on
50 ml egch evaporation.

Petroleum ether 1-2 . Wil
Petroleum ether:
benzene (331) 3-4 Nil
Petroleum ether:
benzene (1:1) 5-6 _ Nil
Petroleum ether% ,
benzene (1:3) 7-8 Nil
Benzene 9-14 Solids (180 mg)

Further elution with more polar solvents did not afford any solid

material.

The solid from fraction 9-14 (Table V) were collected and after
crystallisation from chloroform-methanol mixture gave pure crystalline

2[3,'3 B-dihydroxy isohopane (moretane), 128, m.pl 262-40, (OC)D
23,568°,
Founds C, 81.02; H, 11.20%

Calculated for CzgHssOo 3 C, 81.08, H, 11.70%
UV ¢ No absorption in the region 200-300 m M

IR :9), . 3410, 2945, 1455, 1380, 1850, 1040 om™



-156~

Preparation of 2 , 3 —diacetate 129¢ Acetylation of 23, 33 -dihy-

droxy isohopane (moretane) 128

200 mg of the 23, 3@ -diol 128 was acetylated 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°, (&) 31.25%

(

Found? | G, 77.013 H, 10.31%
Calculated for CgyHso0y G, 77.27; H, 10.60%
UV: No absorption in the regioh 220-~-300 mm-.

R: ?__ 2960, 1225, 1485, 1455, 1380, 1370, 1255 cm .

‘9

Preparation of acetonide derivative 130 of 28, 3[3 diol 1283

- 100 mg of ?(3,>3(3-dioi 128 was dissolved in dry acetone
(10 m1l) and to this a few crystals of p-toluene sulfonic acid was
added. The reaction mixture was shaken for a few minutes and kept
overnight. To this reaction mixture 5% sodium bicarbonate solution
(2 m1) was added and a part of the solvent was removed by distilla-
tion and then diluﬁed with water. The cloudy precipitate which appea-
red was extracted With ether. The etherqgl layer afiter being washed
with water till neutral was dried (NagS04). The ether was then remo-
ved and the solid residue after several crystallisations from chloro-
fbrm—methanol mixture afforded the pure acetonide derivative 130, mepe.

239-41°, (o yp 29 .85°.
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Found C, 81.50; H, 11.04%

Calculated for CzzHz0o% C, 81.81; H, 11.57%

Preparation of 2[3, EOC—dihydroxy isohopane (moretane) 152 and its

digcetate 13358

To a solution of .Ag-moretane 127 (200 mg) dissolved in hexane
(10 ml) in .an erlemmeyer 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 extrabted with ethyl ace-

tate. The ethyl acetate layer was washed with water, dried (Na2804)
and the solvent 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 diluté hydrochloric acid énd extracted with ether. The
ethereal layer after being washed with water was dried (Na2304) and
the solvent removed. The residue (120 mg) was dissolved in benzene
and poured on a colﬁmn of alumina (15 gm, deactivated with 0.6 ml of
10% aqueous acetic acid) developed with petroleum ether. The chroma-

togram was eluted with the following solvents. (Table VI)
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Table = VI
Eluent Fractions ~ Residue on
- 50 ml each evaporation

Petroleum ether 1-3 0il
Petroleum ether: _ :
benzene (331) | : 4-6 Nil
Petroleum ether:?
benzene (1:1) ‘ 7-10 Nil
Petroleum ether:

- benzene (1:3) 11-13 Nil
Benzene - 14-18 ©  Solid (50 mg)

m.p.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 23, 3« -~
dihydroxy isohopane (moretane) 132, mep. 221-4°, (dL)D 21.18°,

Found s | G, 80.71%; H, 11.73%

Calculated for CgzgHs5053 C, 81.08; H, 11.70%

UVé No absorption in the region 220-300vm}LQ _

IR: 9, . 3440, 2965, 1475, 1375, 1044, 1007 em™t

The gbove diol 132, m.p. 221-4° on being treated with acetic- anhydride
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pyridine in the usual manner gave crystalline 23, 3« diol diacetate

133, mep. 145-7°, () 31.40°.

Pound s ¢, 77,00; H, 10.21%

Calculated for OpyHss0, ¢ C, 77.27; H, 10,60%

UV: No absorption in the region 200-300.mfk.
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Section G Synthesis of isomeric 2, 3-diols of methyl Olean-12-en—

1. Synthesis of methyl 2 &, 3L —~dihydroxy-Olean-12-en-28-0ate 139:

. . 0 -
Methyl oleanonate 135 meDpe 182-49, (o()D 89 prepared by Jones

9was oxidised by passing oxygen

through a suspension of 135 in dry t-butanol containing potassium

"11,12,13 :
tertiary butoxige ™’ » 13,22

: 8
oxidation of methyl oleanolat95 134

. Abéorption of one mole of oxygen led
' - ' 0 o
to a diketone derivative 136, m.p. 130-35 , (X )D 104+ 4°, The compound

showed two spots on a chromatoplate indicating the presence of two

compounds.

AC'LD B i?‘) \..\ Q : 4

e : 1 Ho"
\ b X
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This compound 136 showed UV absorption at 269.5 mu (€,5700), ﬁiz
3420, 2960, 1730, 1670, 1650 cm™t (Fig. 5) and it gave a positive
ferric ehloride coloration. These data were in complete agreement
with the assignments showa in 1364 and 136B.
Hydrogenation of diosphenol 136 in presence of 10% palladium-

on~-charcoal cétalyst gave thé corresponding reduced priduct 137,
_ A nujol z450 (-om)

MePe 129—5109 (OC )D 1090, (?‘mfax 270 m)k(e" 43)’?)11183{ 3 ( OH)
1710 (G = 0), 1730 (-COOMe ), Fig. 6) It showed negative ferric chlo-
ride coloration. During thks hydrogenation 1,4~addition of hydrogen
took place giving the ketol 137 (TLC homogenous). Acetylation of 137
with acetic anhydride and pyridine gave the corresponding acetate.
‘ - _))KBI'

m

138, m.ps 182-4°, (& )y 850,'3max 275 mp (€,80), D 1725, 1740,

1235 cm—l, Pig. 7. Meerwein~-Pondorff reduction of 137 furnished a
crystalline solid 139 which exhibited a single spot on c%homatoplate.

Chromatography of the solid gave 139 m.p. 286-7°, () 71°, Do

3340 (-0H), 1725 (-COOMe) om™ . This compound 139 was found o be
identical with methyl 20, 3K;dihydroxy—olean~12-en—28-9ate kindly
supplied by H.T.Cheung (by me.m.p. and Co-TLC). The NMR spectrum of the
diol ;ég_revealed that the C-3 proton give‘rise to a doublét (J,

3 Hz) andis.é due to vicinal coupling of equatorial and axial protons.
The signal for O-2H appeared as a double triplet atd 3.9 with splitt-
ings of 12 , 3 and 3Hz indicating it as an axial proton with one

axial-axial and two axigl-equatorial splittings. Thus 139 is the
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20, 36-diol. Acetylation of 139 with acetic anhydride-pyridine gave
the dimcetate 140 m.p. 226-8° (O ), 95.20. This diacetate showed
lbwer field WMR signals which were in' good agreement with the expect-
ed structure 140.
The diol 139 on treatment with acetone in presence of ca’ualy;
$ic amount of p-toluene sulfonic acid gave an acetonide derivative

- 141, m.p. 235-9°,

2. Synthesis of methyl 2'f3, Sp-dihydroxy-olean~12-en~28-o0ate 142:

Diosphenol 136 on sodium borohydride reduction in methanol

' ; o, .,k 4% g
solution gave a compound 142, me.p. 269-’?20, (OC)D 8888 (1it. \’57’29b/

HO

AcO
N a By ﬂc20~i’)
o° X o ,
, Aco X
36 . 142 143
leus), cofu* L
W
<§{o
MENg
14y

| 0
mep. 258-60°, (X)p 97°; m.p. 258-62°, (X)p 85", m.p. 258-61°), no UV

= -1
abosorption in the region 220-300 m}L-,’Z) max 00%9, 5360, 1720 om .
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I4

Treatment of 14 with pjlldlne and acetlc anhydride gave the diace-
tate 143, m.Ds 220_22 («j) 86. 20 “ﬁiﬁi 1745, 1720 (C = 0), 1258
(¢ - O} om L, uxamlnat1on of the NMR soectrumi342 showed (Fl '8)
two Lnresolved multlplets, 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\a»

5.15 ppm. Thus the hydroxyl group at C-3 is axial (He) and the one
at C-2 is equatorial (H,). In the MMR spectrum of its diacetate Fig.

9, these signals were shifted to a downfield to 4.6 (J = 4Hz)ppm

and about 5.4 (broad multiplet\. The 81gnals for the ester ﬂroup show-
ed & singlet at 3.65 and the acetate 2.06 (singlet 6H) ppm. The diol
142 on treatment with acétone in presence of catalytic amount of p-
toluene sulfonic acid gave an acetqnide derivative éééj sintergﬁ at

(o)
75-80 .

3« Synthesis of methyl-—ZO(, SQL-dihydroxy—olean—l2—en—28 oate 148%

Diosphenol 136 on a aoetylatlon wwth a acetic anhydrlde—pyrldlne

gave the corresponding acetate 145 m.p. 108—70 (oc)D 95 y having l
N 237 mp (€, 8500), i)nuaol 1205, 1685, 1790 1738 cm (Flg. 10) .
- max

Hydrogenation of 145 with 10% palladium-on-charcoal catalyst gave a
. “ ) ' . -1
solid 146 m.p. 208-9°, (X g 52°, 2 oy 1285, 1730, 1750 cm . The

MO Aeo
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ketoacetate 146 on reduction with sodium-borohydride at pH 8 to
reduce isomerisation in methanol solution gave a solid 147 m.p. 199-
204°, (K )y 27.9°. The latter 147 was directly hydrolysed by 10%
sodium hydroxide solution to afford a solid 148 m.p. 220-22°, ( )p
5600 This solid 148 was found to be identical with an authentic sam-

ple of methyl 2«, 3p-dihydroxy-olean-lR-en-28-oate (methyl cratego-
late) by m.m.p. and Co ~ TLC.

ReC ‘
o Na ity ok Ho )
—_—
loxd
' He Ho
147
46 47 s
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EXPERIMENTAL

HMelting points are uncorrected. The petroleum ether used
throughout the investigation had b.p. 60-800. All opticai rotations
were determined in chloroform solution unless stated othe:wise. HMR
spectra were detérmined on Varian A-60 and HA-100 spectrometers using
chloroform-d solution containing tetramethyl—silaﬁe.as references. The
IR spectra were reoorded in»PerkineElmer 337 and 221 and Beckmann
I.R - 20 spectrophotometers. UV absorption spectra were taken in
Ziess VSU-1 and UV Beckmann DU-2 spectrophotometers in 95% éfhanol

. solution unless otherwise stated.

+ . ) 8 .
Isolation of me’chvl‘Oleanolate5 34 from Achyranthes aspera Linn.

800 gm of powdered seed of Achyranthes asﬁéra Linn was extra-

cted for 30 hours in a soxhlét apparatus with 95% ethanol. 4 thick
syfup was obtained on concentrétion and this was shéken 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 was hydrolysed with a
mizxture of 95% alcohol (130 ml), conc. hydrochloric acid (95 ml) and
water (65 ml)ifor four hours. The mixture was diluted with water
after cooling and then filtered. The so0lid residue was washed with
water till neutral and air dried. Thé solid was extracted with ether
'in a soxhiit apparatué for four hours.. The resulting ethereal solution
: was shaken with 50 ml porfion of 3% ag. potassium hydroxide. The pre~

cipitated potéssium salt was collected on a Buchner funnel. The solid

i
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pota331um 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 Na2604. 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 with acetic écid. The ether solution
was washed with water till‘neut?al and then dried (N52804). Evapora—
tion of the ether yielded a solid (2 gm). This crude ester dissolved
in 18 ml benzéne was placed over a colunn Qf alumina (120 gn deacti-
vated with 4.8 ml of 10% aqueous acetic acid). The chromatogram was
developed With petroleum ether and eluted with following solvents

(Table VII). ’ L

Table -~ VII
Eluent ' Fractions Residue on
. 50 ml each evaporation
Petroleum ether 1-10 - Solid on digestion with
(500 ml1) ' methanol, me.pe 193=4°

Elubtion with more polar solvents did not afford any solid material.

The combined solid from fraction 1 to 10 weré'collected‘and after .

crystallisation from chloroform-methanol mixture afforded pure cry-

stals of 134, mepe. 1960, (O()D 73° which 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: Preparation of methyl 0lean-

onate 1353
To a solution of methyl oleanolate 134 (200 mg) in pure

. acetone (30 ml) was added Jones reagent dropwise (556 drops) with
shakiné until a faint ofangé colour persisted. The mixture was kept
at room temperature for 1 hour, diluted with water and extracted
with ether. The ether layer was washed thmroughly with water, dried
(NagS04) and the ether evaporated. The residue (150 mg) dissolved in
benzene (3 m1) Was-chromatoéraphed over a column of active alumins
(5 gm). The chromatogram was developed with petroleum ether and then

" eluted with the following solvents. (Table VIII)

Table - VIII

Eluent : Practions Residue on
50 ml each evaporation
Petroleum ether 1-2 ’ Nil
Petroleum ether: . B-6 Solid, m.p. 179-800

benzene (4:1) _ (120 mg)

Further eiution with more polar solvent did not ' yield any solid.

il

Practions 3-6 (120 mg) were combined and on crystallisation from
chloroform-methanol furnished needle shaped crystals of 135, m.pe
182-4°, (0()D 89°, identical with authentic sample of mefhyl olean-

onate (m.m.p. and I.R. comparison).
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Caleulated for CzqH g0t . C, 79.44; H, 10.32%

Autoxidation of methyl oleanonate 135 ¢ Isolation of methyl 2,3

dioxo=~olean-12-en-28=-oate (diogphenoly136s

To a suspension of (2 gm)-methyl oleanonate 135 in potassium
tertiary butoxide in tertiary butenal (prepared from 6 gn 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 acqdic. It was
then extracted with chloroform (200 ml) and the combined extract was
dried over anhydrous Na2504 énd the solvent wés removed under reduced
pressure. A yellowish gummy foam was obtained (1 gm), which after

crystallisation from methanol gave an amorphous solid, 136, mepe.

130-5° (GfﬁD'104°. It gave a positive ferric chloride colouration .
for diosphenol. Iwo spots on chromatoplate, an upper spot at Re-=
0.79.0f slightly weaker intensity than the lower spot Ry = 0.76. These

were assumed to be due td tautomeric mixture of the diketone 1364

and 136 B.
Pound?s : C, 76.682; H, 9.56%
Calculated for gz Hyg0,%. C, 76.82; H, 9.95%
UV 5 N, 269.5 mpu (€ ,5700)

R+ DEET 3420, 2960, 1730, 1670, 1650 cn™t  Fig. 5
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Hydrogenation of methyl 2,3—dioxo—oléan~12-en—28-oéte 156: Preparation

of methyl-3@ hydroxy-2-keto-olean-12-en~238-tate 137 ¢

Diosphenol 136 (500 mg) dissolved in absolute ethyl alcohol
(50 ml) was stirred in presenée of 10% palladium-on~-charcoal cata-
1yst (50 mg) in an atﬁosphere of hydrogen till the absorption ceased.
The catalyst was removed by filtration and the solvent was evapora-—
ted to dpyness under reduced pressure. 4 solid residue (460 mg) was
obtained which after crystallisation from methanol furiiished a solid
. 137, m.p. 129-31°, (o€ )y 109.09°. This solid did not give ferric
chlbride colouration and showed oue gingle spot on chromatoplate

(Rf = 0.42 in benzene).

Found s : < C, 76.54; H, 10.28%

Calculated for 031H5004 s G, 76,503 H, 10.31%"

UV s ’7\maX 270 mu (€ ,43)

IR ¢+ VIOl 3450 (-0H), 1810 (-C = 0), 1730 (~COOHe) '
' Fige 6.

Acetjlation of methyl SA-hydroxy-2-keto-olean-12-en—-28—oate 137:

Preparation of methyvl 3§-acetoxy-Z—keto-olean—12—en—28-oate 138%

The hydroxy ketone 137 (200 mg) was treated with acetic anhy-
‘dride (5 ml) and pyridine (5 ml) and heated on a water bath for 5

hours. After usual work up it gave a crystalline solid 138, m.p.

182-4°, () 84.85°.
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‘Found s . C, 74.36; H, 9.52%
Calculated for CgzzHyo05 3 -~ C, 74.76; H, 9.,91%
Uv ¢ A 275 mp (€,80)

max . .

IR ¢ ) KBr 1725, 1740, 1235 cm™
max . : '

L Fig. 7

Preparation of methyvl 24, BM%dihydfoxy-olean¢-12~enr28—oate 1.39¢

MeerwéinFPonddrff reduction of 137

A mixture of methyl Sﬁ—hydroxy-Z-keto~olean-12—enr28—oate
137 (500 mg) aluminium isopropoxide (650 mg) in dry isopropanol
(12.5vm1) was diétillé@ slowly with the addition Sf isdpropanol to
maintain constant volume. After 6 hours the disfillate no longer
contained acetone and .ﬁhe solution was concentrated to a smgll
volumé. The reaction mixture was diluted with water followed by 10%
sulphuric-acid (20 ml) and then 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%
aqueoué acetic acid) developed with petroleum ether. The following

solvents were used as eluent. (Table IX)

Table = IX
Eluent : Fractions Residue

: 50 m1 each
Petroleum ether 1-3 Nil
Petroleum ethef: :
benzene (3s1) | ' 4-6 . © Wil
Petroleum ether: ]
benzene (1:1) , | 79 Nil

Contdes
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Table - IX (Contd.)

Bluent ' Fractions Residue
50 ml each

Petroleum ether:

benzene (1:3) | 10-12 Nil
Benzene ' 13-15 Nil
Benzenes ether (4:Ll) . 16-21 ~ Solid (400 mg)

Mepo 285=-6°

Further elution with more polar solvent did not give any solid

naterial.

The solid from fraction 16-21 (Table IX) were combined which after
crystallisation from methanol afforded methyl 2K, 3A-dihyroxy-olean-
12-en-28-oate 189, m.p. 286-7°, (ot}  7L.11° identical With an
authentic sample of methyl 2d«, 3X -dihydroxy-olean-lZ2-en-=28~ocate

-

(m.m.p. and Co- TLC).

Founds C, 76.40; H, 10.\31%
Calculated for OgqHzq0, ¢ C, 76.50; H, 10,40%
UV ¢ No absorption in the'region 220--300 mie o

IR :2)__ 3340 (-0H), 1725 (-COOMe) em™1
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Acéﬁylation of methyl 20, SK~—dihydro£y~01ean—12-en—28-oate 1398 .

Prevparation of methyl'Z(X, 33X —diacetoxy-olean-12—-en-28-o0gte 1403

The solid 139 (200 mg) was acetylated by heating with acetic
anhydride (2 ml) and pyridine (2 ml) on a water bath for four hours.
After working up in the usual manner it gave g crystals of methyl

2 X, 3K -diacetoxy olean~12—§np28—oate 140, meps 226-80, (O()):D 95.20°.

' Founds$ ' Gy, 73.20; H, 9.40%
Calculated for CmsHe,0p ¥ C, 73.60; H, 9.50%
UV s No absorption above 200 mfg «

IR zvﬁmax 1750, 1740 (~0COCH), 1785 (-COOMe) cm™t,

Preparation of acetonide derivative 141 of methyl 2K, 3& —dihydroxy-

0lean-12-en-28-0ate 1392:

é(X, 3% -diol 139 (100 mg) was dissolved in dry acetone (20
ml) ahd to this a catalytic 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 bicarbonate solution
- was added and part of the solvent was removed by Qistillation and
then diluted with water. The .cloudy precipitate that appeared was

extracted with ether. The ethereal layer after being washed with

o /
and the solid residue after several crystallisation/from chloroform-
- /
/

water till neutral was dried (Nap80,)« The ether was then removed ///

methanol mixture afforded the pure acetonide derivative 141, mepe

236-8°
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Found s G, 77.42; H, 10.28%

Calculated for CzgHs,0,: G, 77.50; H, 10.30%

Preparation of methyl 2!3, 5@.-digydroxy—olean—12-enr28—oate 1423

Sodium borohydride reduction of diosphenol 1363

To a solution of diosphenol 136 (200 mg) in methanol (100 ml)
sodium boronydride (iOO mg)'was added and the mixture 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% agueous
acetic acid) developed with petroleum ether. The chromatogram was

eluted with following solvents. (Table X)

Table - X
Elﬁént ‘ Fractions Residue
50 ml each
Petroleum ether - 1-2 o
Petroieum ether: benzene(3sl) = 3-4 .:Nil
Petroleum ether: benzene(l:l) 5-6 Nil
Petroleunm ethér:.benzene(lgzﬁ - 7-8 Nil
Benzene S 9-18  Solid (190 mg)

Mmepe 267-71°

Blution with more polar solvent did not offer any solid material.
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Wwad

The solid from fractions 9-14 (Table X) ggré'collected and after -
, -

crystallisation from methanol gave pure needle-shaped crystals of

//

142, m.p. 269-72°, (o) 88.88°,

Found: . ' C, 76.48; H, 10.,39%
Calculated for CzqHgpO,? Cy, 78.,50; H, 10.40%

UV ¢ Nq absorption in the region 220-300 mi .
MMR (60 MC/S)s Peaks at 3.15 (multiplet) and 4.4 (multiplet)

5+15 ppme. ' Fige 8

Acetylation of methyl 25{,'5§3—dihydroxxrolean~12—en—28 oate 142:

Isolation of methyl 203 , §£l-diaoetoxy-olean~12—en~28-oate 143

The diol 142 (200 mg) was acetylated by heating with pyridine
(4 m1) and acetic anhydride (4 ml) on a water bath for four hours.
Affer working up in the usual manner itigave a solid which affer
several crystallisati@n from chloroform-methanol afforded pure methyl

2B, 3R -diacetoxy-olean-12-8n-28-oate 143, m.p. 220-222°, ()

86.20°,
Found s ' C, 73.87; Hy, 9.54%
Calculated for CgzHsglg * : C, 73.68; H, 9.50%

uvs No absorption in the region 220-~300 mpL e
! C. |
. 2 0
IR ,-ﬁmax 1258, 1720, 1745 cm
NMR (60 MC/S) s Peaks at 3.65 (singlet, COOMe)
2.06 (singlet, 6H), 4.6, 5.04 ppm Figs 9
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Preparation of acetonide 144 of methyl 28 , 3 (8 ~dihydroxy-olean-12—
¥ \

en-28-o0ate 142¢

o 2@, 3p~-diol 142 (100 mg) dissolved in ary acetone (20 m1)
was added a few crystals of p-toluene sulfonic acid and the mixture
was shaken for 10 minutes and then kept overnight. Affter usual work
up a solid (80 mg) was obtained which after crystallisation from
. methanol afforded pure crystals of the acetonide derivative 144,
nep. 75-80°. _ -
Found s o - C, 77.51; H, 10.25%
Caloulated for Cg,Hs,0,% G, 77.50; H, 10.30%

Synthesis of methyl crategqgéte 148 4 (meth§l 2o, 3B —dihydroxy-—

olean—12-en-28-oate).

Acetylation of diegphenol 136 Preparation of diosphenol acetate 145:

Diosphenol 136 (200 mg) was treated with scetic anhydride (5
ﬁl) and pyridine (5 ml) and kept overnight at room temperature. After
working up in the usual menner the crude acetate_(lSO mng) was obtain-
ed. This'was chroﬁatographed over a column of alumina (10 gm) deacti-
vated with O.4 ml of 10% agqueous acetic acid. The compound wés disso-
‘1lved 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 - Practions Residue on
50 ml_each evaporation
Petroleum ether - 12 0il (trace)
Petroleum ethers: . ' "o
benzene (4:2) _ 3-8 Solid mep. 165-7

(160 mg)

Elution with more polar solvents did not give any solid maﬁefial}

wd

The solid (160 mg) from fractions 3-8 (Table XI)}yerercollected /
which a fter crystallisation from a mixture of chloroform and methanél_
afforded needle shaped cfystals of 145, M.D. 168-70°, (O()D 93.33°,

It showed a single round spot on a chromatoplate and did not #Zive

ferric chldride coloration for diosphenol.

Pound s _ G, 77.50; H, 9,78%
Celoulated for CgzHgn0, ~C, 77.80; H, 9.87%
UV %m,ax 237 m/;,(é , 8500)

1

5 ¥4°L 1205, 1685, 1720, 1738 cm” Fig. 10

max

IR ¢

Hydrogenation of diosphenol acetate 145% Preparation of methyl

3 Keto-2 X ~acetoxy olean-1l2-en-=28-ogte 146:¢

To diosphenol acetate 145 (200 mg) dissolved in absolute

ethyl alcohol was added 10% palladium-on-charcoal catalyst (50 mg)
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and the mixture was shaken in an atﬁosphere of hydrogen till the
absorption of hydrogen ceased (absorption of one mole eguivalent
of hydrogen within one hour). The solution was filtered and after
removing the solvent from the filtrate a semisolid residue (200 ng)
was obtained which after crystallisation from methanol afforded 146,

mepe 208-9°, .('O())D 52°,

Found ¢ G, 77,205 H, 10.02%
Calculated for CszHzg0,% G, 77.30; H, 10.22%
UV 272 mp (€, 84)

R DBl 1005, 1730, 1750 om™t

Preparation of methyl 2o —acetoxy—-3B —hydroxy-0lean—12-en—-28-0gte

14%7: Sodium borohydride reduction of 146¢

To methyl 3-keto-2 & -acetoxy-olean-12-en-28-oate 146 (200 ng)
dissolved in drj dioxan (20 ml), was added, With cooling a slurry
of sodium borohydride (200 mg) prepared in an NH401;NH4OH buffer
(PH =8, 3 ml) and the mixture was stirred at room Ttenperature for
three hours. A portion of the solvgnf was.removed by distillation,
odoled and acidified~with dilute hydrochloric acidvand then extracted
with ether. The ethereal layer was washed with water 1$11l neutral -
and dried (Nazsoéy. Removal of ether gave a solid residue (150 mg)
which was chfomatographed over a column of alumina (25 mgy. deactiva-

ted with 1 ml of 10% agueous acetic acid). The residue was dissolved
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in benzene, poured on the column and was eluted with the following

- golvents. (Table XITI)

Toble— XIT

. Fluent Practions - Residue on

50 ml each evaporation
Petroleum 1-4 0il (15 mg)

Petroleum ether:
benzene (4:1) o 57 Nil

Petroleun ethers '
benzene (3:2) - 8-12 Solid (100 mg)
' | meps 199-200°

Further elution with more pdlar solvents did not give any solid

’ '

material.

, .. a8
The solid from fractions 8 %o 12 (Table XII) @gré’combined and

crystallized from methanol. After several crystallisation pure
methyl 2« -acetoxy-3 [ -hydroxy-olean-12-en-28-oate 147, meps 199~
204°%, (X)p R7.9° was obtained.

Found: ' G, 74.8; H, 9.8%

:Calculated for 053H5205 5 C, 75.03 H, 9.9%
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Hydrolysis of methyl 2« -acetbxy—S B =hydroxy- Oleaﬁ-lB-en—EB-oate
1473 Preparation of methyl 2 &, 3@,—iihydroxy—olean—lz—en—28—oate

(methyl crategolate) 148:

To a solut.ion of 2 ~acetoxy-3 (S—hydroxy olean—12-en-28—
oate 147 (100 mg) in benzene (5 ml) was added 10% sodium hydroxide
solution (15 ﬁl) and the reaction mixture was refluxked for 3 hours
on a water bath. The reaction mixture, after removal of solvent, was
diluted with water and then extracted with ether. The ethereal layer
was washed with water $ill neutral and dried (NagS04 )'. Ou removal of
ether, a solid wags obtainéd, which -on erystallisation from methanol
gave crystals of methyl crategolate 148 m.p. 220—22?, (o()‘D 36°,
which was found to be identical with an authentic sample (mem.p. and .

Co-TILC, rotation comparison).

Founds , , C, 76.49; H, 10.28%

Calculated for Cg Hz 0, C, 76.50; H, 10.40%

UV: No absorption in the region 220-300 m M.
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Part - IIT
CHAPTER-I

A short review on allvlic oxidation and

bfomination on triterpenoids.

1. Bromination on friedelin with bromine in chloroform: .

Corey and Ursprﬂngl'carried out‘bromination'on‘friedelin 1
in course of their work for the establishment of the structure of
friedelin.iThese studies.also demopstrated clearly the presence of
methyl group at C-5 in friedelin 1. Direct bromination of friedelin
with}onevmo;e of brqmine in chloroforn gave the 2-bromo defivative
2. From igira—rsd andﬂultraviolet absorption of the carbonyl group
at 1716 Gm'l»anﬁ 311 mﬁtcompared with those obbained at 1#08.cm-1
and 295 mﬁL2,3 in case of friedelin Corey et al deduced the axial
orq;n atioh of bromine atom at C-2 in 2. Furthermore, successive ////
tf;atment of -2 with sodium borohydride and zinc-acetic acid yield-
ed\zﬁz_-friedelene, proving thereby the location of bromine at C-2
in 2-bromo ffiedelin. Friedelin 1 was converted into an enol-benzoate
by heating to 1600, ﬁhich-was predominantly the 4?-isomer, whereas
zﬁ?—enol benzoate was obfainednat 2 higher temperature (180-1900).
Bromination of the latter (high teﬁperature'enol-benzoate) broduced
the 4-bromo derivative of friedelin Se The ij;ial orientation of
bromine in this bromo_ketone 3 was based on.spectral data (carbonyl
1

absorption at 1715 em 310_m/L) and 1ocaﬁion‘df\bromine at C-4
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followed from conversion in two steps to z?-friedelehe; Debromination
of both bromoketones with zincéacetichacid-ether_yielded friedelin.
Whereas 2-bromofriedelin £ was reiativély inert to silver acetate in
acetib acid solution at steam bath temperaturé, the 4-bromoisomer
was dehydrqbrominated to an ﬁnéaturated unconjugated ketone which
was not isomerised to a conjugated structure by prolonged treatment
with stfong acid, The UV of the substance indicated trisubstituted
nature of the double bond. The production of nonconjugated noniso-
merisable ketone from 4-bromofriedelin indicated that migration of
an alkyl group most probably méthyig‘from C-5 to C-4 had occured
during the dehydrobroﬁination process énd on this basis forﬁulation
- 4 was suggested. Wolff-Kishner reduction of 4 gave a different un-
saturated hydrocarbon 3 which was not isomerisable by heating at
reflix with dilute ethanolic sulphuric acide The stability of the
olefin 5 to isomerisation as well as its UV indieated that it occu-
pied the position indicated in 5. Corey et al also deduced stereo~
chemicalﬂdispositiqn-of ring.A fronm studieéi%-bromofriedelin 2 and
4~bromofriedelin 3, The agéiéétric centre at C=-2 in 2 was not epi-

- merizable with hydrobromié acid under conditions which resulted in .
further bromination aﬁd hence the axial orientation of bromine in

2=bromofriedelin was the stable one.
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This observation ruled out all but one of the remaining stereo-
chemical possibilities for the A/B ring fusion § and 7. In structure
6, 0-2 would be epimerizable 1f R = CHz but not R = H, so that only
the latter possibility is acceptable. In struc‘buré 7, C-2 would be
epimerizable to a more stable configuration regardless of whether

R = H or CH3 and 80 both of these possibilities are inadmissible.
From this observation it appeared that friedelin 1 must have g trans
A/B juncture with a hydrogen at C-10. '

Further the change in rotation due to axial bromine at C-2
(AMD - 651°) was opposite in direction to that due to axial bromine
at C-4 (AuD -\*6140)@ The sign of these shifts taken toge’cher. with
molecular rotation data on oc-bromoketosteriocls of known absolute

configuration revealed that bromine was X~oriented in both 2-and

4-bromofriedelin 2 and 3 and that the methyl group at C-5 was P and
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the hydrogen at C-10 Was(x,.that is, of the two structures of
different absolute configurations 6z and 6c onlylgglwas acceptable

using this criterion.

H

CH3

R=H

BN/

& 1®
B 12
=
n

Rz CHg

2+ Bromination of triterpenoids of the oleanane and ursane.series5.

VesterbergG, Zinke et al?'a reported that esters ofxand B-(;
amyrin could be brominated.'Rolletgflo also reported bromination
studies on triterpenoids. Arya and Oookson5 observed that « -amyrin
acetate or benzoate 8a took only one mole of bromine rapidly and a
second more slqwly. The resulting bromo-cx—amyrin and its acetate
agreed in melting point with Vesterberg's compound6’8 whereas the
bénzoate roughly corresponded with Zinke, Friedrich and Rollet's
ester7. Mono bromo p-amyrin_acetate»prepared by Arya et al had the

6,10

reported melting point of Vesterberg but the benzoate was aiff-

erent from any of the'monobromo-GB-amyrin benzoate reported by
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Rol1let'’ who may have had mixtures. Reduofibn of each monobromo amyrin
with sodium gnd alcohol5 gave back the appropriate amyrin proving
thereby that bromination had not been attended with rearrangement
of the carbon skeleton and making it probable that the double
bond in brqmides 8till occupied its original position. The great sta-
bility of the monobromides to base é.g. nonobromo- «(~amyrin was un-
changed by long boiling with 10% potassium hydroxide in diethylene
g1ycol(250°)- at once suggested that the bromine atom night be stta-
ched to a doubly bound carbon atom, probably G-12. Further verifica~
tion was achieved by oxidation of monobromo—/@—amyrin benzoéte by
chromic acid to an <8 ~unsaturated kétoﬁe with light absofption maxi-
ma at 1680 cm-l‘and 269'm2c. These were thé spectfal properties ex-
pec%edl1 of the bromoketone 9 (R = benzoafe), the %1traviolet maxi-
mun of the 1l2-en-1l-one being shifted about 20 mﬁt?o longer wave-
length by the 12-brominelatom. Mbnobromo-ll-oxofza-amyrin benzoagte
2 oﬁ reduction with 1ithium aluminium hyﬁride, followed by acetyla-
tion, led to a bromodiene 10 characterized as a 9(11)¢ 12-diene by
its light abéorption,(f\max 283 mM ) and high dextrorotation. Reduc-

tion of this diene with sodium and alcohol and acetylation produced
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1o R= dCo ke 1L R=fe.

S/B—aceto£§-/3;amyrin- 9(11):12-diene. Preparation of the bromoketone
9 and bromodiéne 10 proved the absenée of bromine at C-9 and C-11.
Monobromo -0 -amyrin acetate and benzoate L1l were converted
into the analogous compounds ;g and‘;g in the same way. 12-bromo- of-
amyfih benzoéte did not react fufther with bromine in acetic acid
but 12-bromojx3-amyrin acetate or Benzoate took up a second mole of
bromine in alfew hours at.room temperature and yielded a mixture from
which was iéolated a dibromo—/ﬂ—amyrin benzoate having idgntical mel-

7
ting point with that obtained by Zinke &t al .
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Oxidation of dibromo-[‘& -amyrin acetate or benzoate with chromic acid
iil acetic acid gave the corresponding dibromo—ll;ketone (UV absorp-
tion a’tn 269 mu )e The latter was also produced by bromination of
appropriate ester of 12-bromo—11-;oxo-p—amyrin 2. Froxﬁ these obser-
vations they concluded that the second bromine /S‘LOuld be attached .-~
only to C=9 or C-18. | T
In order %o test the latter possibility, the acetate of the

dibromide was heated with collidine at 50'00, yielding ’an isomer of
‘ 12-bromo-11-oxo- p-amyrin acetate. Here reduction occurZéd instead of
expected elimination of bromine atom. Similar fcrea.tlmen'b with colli-
dine on dibromo- (3~amyrin acetate gave an isomer identified as 12-
‘bfomo-lé«'ﬁ—amyrin acetate 14. The latter was also produced by bro-
minajbihg 18X~ amyrin acetate. 12-bromo-18WP-amyrin acetate was
oxidised 'to 12-bromo~11-0xo-18%-G~ amyrin acetate identical with the
nonobromo ketone formed on reduction of dibromo—11—0x6 {3 ~anyrin
-acetate. Sinqe normal 12-bromo P—émyrin aceté.te and its 11-0on deri-
vative were stable to collidine mder conditiqns that reduced the
dibromo compounds %o the 18X -isomer, the isomerisa*bion was producedA
by reduqtion thereby indiéating the location of the second bromine
atom at 0-18 (15, R = Me).

© Methyl-O-acetyl oleanolate absorbed one mole of bromine in
acetic acid to give the 12-brom§ derivative which more slowly took |

up a second mole of bromine to form the 12318 dibromide 18 (R = COglle).
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Chromic acid oxidation of tw6 bromides gave the respective li-ketones.
Treatment of dibromoketone 17 with collidine resulted in elimination
of elements of methyl bromide, producing in good yield a neutral,
high melting methyl free substance, the behaviour of which with
alkali showed it to be & lactone. The band at 1790 em™t in the IR

indicated a v -lactone while the band at 1688 em™t

and UV at 264 mu
showed that the 12—bromo-12—en§gne chromophore was brobably still
intact. These structural features could be accommodated by the ten-
tative constitution 18.

The configuration of the 18-bromine gtom in the dibromides
is fncertain but nearly identical UV spectra of the mono and dibro-
mides in both the long and short waﬁe length bands suggested very
strongly that the bromine at C-18 was eg_uatoriall2 to ring D (18@ )
rather than axial as might have been éxpectéd from thé operation of
purely electronic effectslg.

- ¢ : .
e Action of N—Bromosucéinimide (NBS) on friedelin and derivativesl4.

Corey and Ursprung1 showed that friedelin 1 on direct mono-
bromination gave 2 «~(axial)-bromofriedelin 2 and bromination of
appropriate enol benzoate gave the isomeric 4 K-axial bromofriedelin
Se They have also prepared a @ibromofriedelinllghin presence of hydro-
bromic acid in chloroform solution. The UV absorption at 332 mM
indicated that most probably both the bromine atoms were axially
o%/;nted and has been regarded as the 20C, 40L-d1bromofriede1in i9.

Djerassi and co-worzcers15 prepared a second dlbromofrledelin 20 by
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bromina‘bion of _20(-bromofriedelin in acetic acid. From its UV absorp-

tion at 310.5 mp and also from ORD studies they formulated the com-.

pound as 2, 4@ ~dibromofriedelin 20.
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Takahasi and Ourisson>® also prepared a dibromofriedelin by dibromi-

nation of friedelin in chloroform-acetic acid which showed an UV

absorption at 320 m Poo These workers did not assign any structure to
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this compound.

‘Stevenson et é.ll4 examined the action of N-bromosuccn.nlm:.de
(NBS) on friedelin and derlvatlves. Treatment of friedelin 1 in
carbontetrachlorlde with a molar equivalent of NBS gave 4 & -bromo-
friedelin 3 in good yield. By further tréatment of 3 with bromine
in acetic acid solution, these authors isolated 20(-bromofrié‘delin
2 ;ﬁere isomerisation rather than substitution occured. As aﬁ‘bici—

pated from this result, it was found that 4 X -bromoketone 3, ( )p

92 was unstable in chloroform-hydrobromlc acid, the presumed equi-

librium mixture (X)yg -75° being formed after 24 hours. Similar equi-

libration of 2 X-bromofriedelin gave the .same result.

Since this route for obtaining a dibromofriedelin was un-
 successful, the alternative method of treating 2 o{~bromofriedelin 2
with EBS was examined. 2 ~bromofriedelin 2 on treatment with NBS
gave an unsaturated monobromoketone, CzoHypVBr. The latter showed

a positive tetranltrometha.ne test indicating the presence of an ethy-
lenic functione. UV and IR spectrum of this’ ketone S:klOWed that the
doub;e bond was' r;o’c conjugated tq the carbonyl group and that the

o(-broinine atom re‘bain'ed an axial confonnation. Since it is known

tha‘b acld isomerlsatlon of. 1:r1edel-5—ene 21 afforded a mixture of

7
olean-15 18-ene, 22 and 180(—01ean—12-ene, 231 118 54 was consi-

derecl tha,t this non—c,ongu.gated bromoketone had probably arisen by

‘a molecular rearrangement of 2 {, 4-dibmomoketone intermediate (or

i

" SR . -
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derived radicel or cation) with elimination of hydrobromic acide A

1 Sl
prec_:ederfb for such a postulated rearrangement was provided by the
action of silver-acetate on 4X ~-bromofriedelin 3 to yield a p::'odu.c’(;1

19

which was sﬁown to0. be a mixture of alnus-5-enone 24 (R = H) and

alnus-5(10)-enone, 25 (R = Hj. The probability that the unsaturated
bromoketone derivéd from Z could be represented as a _2—bromo-alnus'—
enone 24 (R = Br) or 25 (R = Br), was excluded from the fact that
the zinc-debromination product in neutral solution was different

from either alnusenone 24 or 25 (R = HJ.
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Preatment of 4% —bromofriedelin 3 with NBS gave an isomeric non—

conjugated axial bromosubstituted ketone OzoH,n0Br, which also on
debromination gave the same ketone 27, CgoH, 0. Reduction of 27
with 11th1um alumlnlum hydride gave an alcohol 31 and reduction by
HuangéMinlon method gave the hydrocarbon 30. From these ev1dencé¥
the isomeric monobromoketones obtained Ifrom g and 3 by the actlonf
of NBS Were‘assigned_stfuctures 2D(-bromofriedel-18-enp5-one 28 and
40(-bromofriedel-18—en-3-o%e 26 respectively. These assignments
were corroborated by specific rotation.and ORD studies.
Action 6f NBS on saturated hydrocarbon friedelane 32}4’20
was also examined and they isolated an unsaturated hydrocarbon 30
identical in all respects with that obtained from Haung-ilinlon re-
quction of 27. This further suggeste@ that the products obtained by
NBS on ketones 2 and 3 were ethylenic nonrcbnjugated ketones and

hence the attack has proceeded at a site not activated by carbonyl
group. The site of the double bond 1ntroduced by NBS was established
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by the following way. The wsaturated hydrocarbon 30, resisted cata-

lytic hydrogenation, yielded an oxide CzoHzo0 with perbenzoic acid,

indicating that the double boad has a degree of steric hindranee21

comparable to the Z-~-trisubstituted ethylenic linkage in (¢ -amyrin
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seriess The terminal UV absorption of 27, 5L and 30 indicated that
the double bond was trisubstituteds The resistance of hydrogenation
of 30 further suggested that the ethylenic system was not disubsti-
tuted and the friedelane skeleton does not permit the existence of
e tetra substituted double bond. NMR spectrum of the ketone 27 show-
ed a singlet attributable fto an olefinic proton not conjugated with
the carbonyl group;

The location of the double bond introducéd by the action of
NB8 on bromoketones 2, 3 and hydrocarbon 30 was thus restricted to
position 1(10), 7 or 18. The position 1(10) and 7 were excluded by
exanining the dehydrobromination of 26 with silver acetate. Under
theée conditions theyAisolated a dehydrobrominated product 030H460
which showed no UV above 2QO m M. Since there was no conjugation of
carbohyl of dthylenic functions in this dienone, the original double
bond could not have been located in ring A or B.

Although there had been much work on synthetic application
of allylic bfominationzz, comparatively little is known with regérd
to the action of NBS on saturated systems. It has been establidhed

’24 and cycloheptane.  yield the cycloalkylbromide

that cyclohexane
with NBS under certain condition and that decalin gives a tetrabromo-
octahydro napthalen325 which can also be obkained from the probable
intermediate 9,10-§ctaliﬁ. Cason and coworkerng have also drawn
attention to the fact that NBS is not a reagent of general utility

for the ® ~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 demcribed by these workers establish that in
friedelin the tertiaryC(—by&rogen atom at position 4 is more reactive
towards NBS than the secondary hydrogen.atom at position 2 but the
presence of a 20(—bfomine atom effectively prevents the abstraction
of_4°(-hydrogen atom by its 1,3 diaxial blocking effect to approach
a succinimide radical.

In absence of the activating 053 carbonyl group or where
there is a deactivation due to the steric influence of the neigh-
bouring axial halogen, the most reactive hydrogen is the tertiary
C-18 atom. 4n éxamination of an all chair form 32 of friedelane
showed that a severe steric interaction must exist between the 13-
and 20o(ﬂmethyl groups dvue to cis junction of rings D and E. This
interference is removed if the terminal B ring adopted a boat con-
figuration 33 but as a consequence an unfavourable 1:4 diaxial boat
prow and stern interaction resultszv. The steric strain inherent in
both conformations with cis D/E system is relieved by dissociation

of the 18/3-hy&rogen.a$om,and formation of ethylenic triogonal system.

(@1 3 | i ' (“3
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4. B Bromine and N-qumosuccinimide Oxidation of saturated hydro-

carbon, Friedelanezo.

Qlefins may be halogenated in their allylic position by s
number of reégents of which NBS is by far the most éommbn. With this
reagent an initiator is needed and this is usually a.peroxide. The
reaction is usually quite specific at allyiic position and good
yields aré obtained. However, when the allylic radical intermediate
is unsyﬁmetrical, then allylic shiits can take place so that a mix-

ture of both possible products are obtained.

OHz=CHo=CH = CHp+NBS —> C‘HB—C'?H-GH = Clip+ Oli-OH = CH-OH
Br Br

When a dduble bond has two different X-positions (e.g. OHS—CH ;
GH—CH2-CH3), then a secondary position is substituted more readily
than primery. The relative reactivity of tertiary hydrogen is not
clear, though many substitutions at allylic tertiary position have
been performedgz.

That the mechanism of an allylic brbmination is of the free-
radical type was demonstrated by Dauben an@-McCoyzz who showed that
the'réaction was very sensitive to free radical initiators and
inhibitors and indeed did not proceed at all unless at least a trace
of initiater was presént. Subsequent work indicated that the species
which act;ally 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 ares
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i, Br+RH ——> R-+HBr

Le R--\-Brz —> RBr +Br.

The source of Br2 is a fast ioniec reaction between NBS and the HBr

liberated in step 13

-0 A _ 0

| N-By 4 Wiy N-W A By

—y N

0

The function of NBS is therefore to provide a source of Brg in a
low, steady-state concentration and to use up the HBr liberated in

28’29@ It was previously believed that the abstracting species

gtep 1
was the suceinimide radical 33a but there is now much evidence 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~
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vityso; that the various N-bromoamides also show similar selectivity,

which would not be the case if a different species was abstracting in
each case31 and that 33a has proved itself to be a much less stable
gpecies than was originally thought, since its dimer shows no itenden-

cy to dissociatesz. The latter observation casts doubt of the ability
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of NBS to dissociate. The féct that the reacting species Brg 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 the addition is eleqtrophilic'or free :adical:
\ .

_ 1
Br-Br + -c\: — ®Br/(f +Br" ——»  ~C-Br
I < ~N C— R |
Cm 1 - Br-C-
\ ‘ . L
Al
—Ce
. | \ ' |
Bre + -6 —— Br-C— +t Brg —> —C-Br
S [ I \ |

¢~ | \ ‘Br-G- +Br

The other bromine.comes from anothér bromiae eontaining molecule

or ion. If the concentration is sufficiently.iow, there will not be
g high probability that the propef gpecies will be in the vicinity
once the-iﬁtermediate forms and the equilibrium will lie to the left.
This stows the rate of addition 8o that allylic substitution can
successfully compete. If this is true, then it should be poésibie
to brominate an olefin in t he allylic position without competition
frém 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 cdmplete the

addition step. This has been demonstrated by McGrath et 3135.
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Stevenson eb a114’20 reported that the saturated hydrocarbon
friedelane 29 was oxidised by NBS to the olefin, friedel-18-ene 30.
In order to demonstrate that the function of_NBS here was to provide
molecular bromine, they have compared the action of bromine on 29
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 usual wayléa, yielded friedel-18-ene
30 in comparable yield. This demonstrated that in this oxidation,
thé 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
friede1—18;ene and was consequently considered by them to be %n 18~
bromofriedelane. The discrépancies and poor reproducibility fepor-
tea™™® in the bromination of B-ketone, friedelin by NBS, particularly

in the formation of di and tribromo derivatives at C-2 and/or C-4,

may be attributed to accompanying halogenation at C-18.

N

29 | T
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. . ... B4
5. Allylic oxidation by N-bromosuccinimide .

Corsano et al’ reported formation of 33 -acetoxy-urs-il-
en-li-one 35 in 86% yield by treatment of o —amyrin acetate 34 with
NBS in aqueous dioxan solution. |

Finucane et 3,134 obtained 3 (3-acetoxy-olean-iR-en-li-one 39
from 3 ~amyrin acetate 38 under the same cond:'.’k:ionsx35 in yields that
fluctuated between 20 to 60% together with a number of by-products.
They also claimed that when the reaction mixture Wé,s irradiated with
visible light,o((%-—unsaturated ke‘bones.were formed in near quantita-
tive yields from a number of trisubstituted olefins containing an
allylic methylene group. Finucahe et al treated(a -an}yrin aéetate
38 with NBS in aqueous dioxan in a typibal ambient-light experiment
"~ as described by Corsano et a135. They separated thé products by
chromatography over silica gel and isoclated Sfbarting_ material (Ca
50%) , 3(3 -acetoxy—olean—lz—en-ll—or;e 39 (Ca 40%),. bromo com;pounds
(Ca 8%) and 3 (@ -acetoxy-olean~12-en-11- ®-ol 40 (Ca 2%). Oxidation
of the latter 40, with CrOz in acetone afforded 3 @-acetoxy-olean—
12-en-1l-one 39.

In another experiment the products were isolated by chromato-
graphy over alumina, the coAmpounds.' isolated were [5-amyrin acetate
38 (Ca 35%), 3 @ —acetoxy~-olean-12-en-1i-one 39 (Ca 40%), bromo-
compounds (Ca 10%) and polar materials (Ca 10%). The polar fraction,
on elution with me*bhanql was acetylated and on rechromatography gave

11 X~methoxy-olean-12-en-3 3 -yl acetate 41 together with smaller



-2035~

: R0 .
§é--31=1‘-°’ Ry = Hp §_8_ Ry = Ac, Rgp = Hpy Rz = H
35 Ry = Ac, Rg = 0 39 R, = Ac, Bg= 0, Rg=H

40 Ry = Acy Rg =X=~0H, Rz = H
41 Rq = Ac, Ry =(-OlMe, Rz = H
42 Rq = Ac,y Ro =X ~0Ohc, Rz = H
43 R, = Ac, Ry =(-~OH, Rz = Br.
45 R1=A0, R2=O, RS_—;Br
46 Rq = Ac, Rgv.-_- Hoy Rz = Br

smounts of 11 -0l 40 and oleana.-;g(ll), 12 dien~3 p -yl acetate’

54 and a trac.e of 33, >J.:l.0<-dia.ce'!:a‘t:e35 42. The methoxy acetate 41
with p~toluene sulfonic acid in acetic anhydri'de afforded 3 (-acetoxy-
oleana-11(13)is-diene 56 in quant‘itative' yield. The 11% -configura-

tion of the methoxy group was assigned on the basis of th’e, magnitude

AcQO

f>4]
]
=

28
87 R = Br
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of the 9X -H, 11-H coupling constanx%’ss’s7 9Hz.

The fraction containing the bromo compounds was resolved by
chromatography over alumina snd fractional crystallisation into two
components. The major product was a diol monoacetq;; (032H513r03,
IR}. Although free hydroxy group was secondary ({5.8, HCOH), the
monoacetate resisted further acetylation. The compound gave a yellow
color with trinitromethane and showed end absorption in the UV, but
1no olefinic_proton or HCBr signal in its NMR spectrum. These data
suggested that the bromo compound was 3 (3 -acetoxy-12-bromo-olean-12-
en-11-01 43. The latter resisted attempted dehydrobromination, althou-
gh prolonged treatment with lithium chloride in hot DMF resulted in
dehydratlon with formation of 12—bromo-oleana—9(ll), 12-d1en—3@-wﬂ
acetate5 85. Acid catalysed dehydratlon ‘of 12 bromo-11-o0l 43 also
yielded the homoannular diene 55 and not the heteroannular isomer
57. In the absence of 12-bromine atom, the hetercannular diene 56
was the sole product. Model of 57 showed 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 43 gave 3(3-acetoxy-lz—bromo—olean—12-en~11-one5 45.
This confirmed the presence of ll-hydroxy group in 43. The large
negative difference on molecular rotation (-2660) between the bromo
alcohol géAand 12-bromo-olean-12-en-3f —yl-acetate5 46 suggested the

lio( —configuration for the hydroxyl group, which is supported by the



AT

magnitude of 9X -H, 11-H coupling constant (7.8 Hz) for the 11 -ol.
The minor component of the mixture of bromo compounds was an

A @-unsaturated ketone (032H49033r) 58, mma,x: 244 mm o The NMR spec-
trum of 58 showed that the double bond was trisubstituted (7Y 4.10,

(1H, S) and that the bromine atom was seconda.ry‘f"5.5 (EC.Br) . Dehy-
drobromination of 58 yielded a dienone 66, in which the new double

was not conjugated. It )%ould not be brought into conjugation by treat-
ment with base. HMR of 66 showed tle presence of an isolated double
bond and this double bond was disubstituted (Y 4.14, 2H, m). The
s’c'ruc’cures 88 and 66 were consistent with the observed spectroscépic

properties and were also mechanistically acceptable. Thus the initial

-ACO




-206-
& ~face attack on (3 -amyrin acetate 38 at C-12 would lead to a carbo-
nium ion 63. Elimination of a proton from C-12, followed by allylic
hydroxylation would then lead to 43. Alternatively migration of 14~
- methyl group to C=13, elimination of g proton from ,C-15, and subse-
quent allylic oxidation would give the 12 X-bromo-L6-one 58.

In the NMR spectrum of the bromoketone 58 HCBr signal over-
lapped the 3% -H multiplet. However in the spectrum of 12X-bromo-
taraﬁer—l4-en~16-one §g_which.was obtained from 80 in a reaction '
gimilar to that described for(?—amyrin acetafe, the HCBr signal was

a triplet (J, 8.1 Hz). The result was compatible with the proposed

Ry = OAc, R2=BI'9 Rz = O
Rl = OAc, Ro = Hy Rz = H2

724: Ofle, R,= H., P\:;:/&"OH,H

58
59

e 60 Rl':H’ Ry = Br, Rg = 0
| 61
¢
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1213-H configuration in'the.ring C-boat of taraxerene skeleton when
the effect of the substituent on the vieinal coupling constant was
considereq38.

The most characteristics feature of the mass spectra of tara-~
xer-l4-enes are the D/E ring fragmen%s 47 and the retro-Diels Alder
fragments gg?g. The presence of an 11, 12-double bond in dehydrobro-
mination product 66 was expected to prevent formation of 47. The mass

gpectrum of the dienone §§”showéd'no fragment corresponding to D/E

4

ring species éi_and only two abuﬁiant ions viz m/e 356 (CooHz503)
36 ,and 148 were prominent. High resolution measurements confirmed
the constitution of m/e 556 fragment and showed that the species of
m/e 148, of eéual abundance was C16H109 0 which might be plaﬁsibly

ascribed the aromatic ketene structure 37.
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In the spectrum of the bromoketone 58 a D/E ring fragment was absent

and the expected even electron species ééﬂwas the most abundant ion.

Thomson et al also carried out oxidation of taraxeryl acetate 59

by the method of Corsano et a135 and obtained two major products to
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which they assigned 16-oxo taraxeryl acetate structure 61 (Ca 30%)
and 16 p-hydroxy taraxeryl acetate structure 62 (Ca 30%). Treatment
" of 62 with chromic acid in acetone gave the unsaturated ketone §l.
They suggested a 16- B-configuration for the hydroxyl group from
the study of the Drieding model. The 15-H signal in the NMR spectrum
of taraxeryl acetate 59 appeared as a quartet (J1-4, Jdo-8 Hz) whereas
in 62 as a doublet (J 4Hz). A drieding model of taré.x-lé—elqe showed
15-H, 16-H dihedral angles to be Ca90° (16« ~H) and Ca 30° (16( -H),

thus the expected%.vicinal coupling constants are very small and

Ca 8Hz respectivelyg The inereased magnitude of the smaller coupling
constant may be attributed to efficient overlap of theV~orbital with
the axial 16X -H bond. The appearance of the 17 B -methyl signal as

a doublet (J1 Hz) in the MR spectrum was also taken as the confir-
mation for the X-axial configuration for the 16-H atom.

These authorg reiported that when solutionsl of X -34 or (3-’-§§
anmyrin acetate in agueous dioxan containing NBS were irradisted with
visible light the corresponding ll-ketoues 38 or §;9_L4_were- formed in
' egsential ciuantitative yield. Similar high yields of&@-unsaturated
ketones were claimed from olean-l2-ene 50, urs-12-ene 51, and tarax-

eryl acetate 59,
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 CHAPTER - II

Allylic Oxidation and bromination studies
with NBS on taraxeryl acetate:

Section A: Introduction

In connection with the structure elucidation of another
triterpenoid we required the compound 5(3-hydroxy—28—nor-olean—l4,
16-diene §§‘._._‘.We had planned %o \pre'pare the desired compound accord-
ing to the seq;uence shown below. (Chart I), starting fromfx?xee?;lyl
aleuritolate41 49. »Allylic oxidation of 49 according to. the method

34,42

of FPinucane and co-workers would be expected ’c‘o‘ give the 16—

oxo derivative 52, which on hydrolysis would furnish the ﬁf-keto acid
53. The latter on decarboxylation followed by sodium borohydride

reduction would give 64, which on dehydration would afford the inten-

ded product 635.

Chart I

cooMe
Hydvelysis

~0

‘)_.’De‘exx)a‘ra\’\'c’h " Decarboxylation|
~ 2 . Na BHq

OH

HO 2. Wydvalysis-

|
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Pinucane and Thomson> ?%® recently described a method for allylic
oxidstion of taraxeryl acetate,(&-amyrin acétate etc. wsing NBS-
CaClz in agueous dioxan in presence of visible light and claimed the
isolation of thg corresponding¢Kp-unsaturated ketones in high/yield.
Being encouraged by their results we also undertook a plan for the.
synthesis of 16-oxygenated @-ﬁmmrin derivatives starting from tara-
xeryl acetate. We planned to prepare 164oxo taraxeryl acetate by
followiné their'procedure and fhen to reduce the 16-0x0 compound %o
the 16-hydroxy derivative by a sﬁitable method. Acid isomerisation of
the latter was expected to give 16-hydroxy13-amyrin derivatives. In
view of our intended plan discussed above, we first of all undeftook
the Qxidatibn study on taraxeryliacetate. The results of our oxida-
tion. was, however;widely differeht from those recorded by Finucane

84,42 and ére described in Section B.

and Thomson
Similarly with the,expecfatién of obtaining a i6—bromo tara-
xeryl acetate we extended oug studies on allylic bromination of tara-'
xeryl acetate ﬁsing.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 acetates’

: . 34
Taraxeryl acetate 67 on oxidation  with NBS in agueous dioxan
for 5.5 hr in presence of CaClzg 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 )'7 Three compounds were separated
by chromatography over alt_zmina followed by crystallisatione. The first
solid 68, 032H49033r, Mmepe 238-40°, (o )y 88.07°, ’hmax249-5?(€ )
11,000), 32‘;}:?'01 1250, 1680 and 1750 om™t, indicating the presence of
an AB~unsaturated ketone. The compound also showed positive test for
bromine and a single spot on a chromstoplate. Iz; 6rder to establish.
its structure', 68 was treated with Zn-dust in acetic acid and a halo-
gen free compound 71, m.p. 265-70°, (oc)D 48.86, (/jma;%‘b’ﬂw np (&,
11,000) was isolated and was found to be identical with an authentic

' ' 43 .
sample 0?_}‘ [3 ~amyrenonyl acetate (memep. and IR comparison) prepared

NRS-aq Pioran Q )\g
0GB |
. Zn-HO Ac !

oj©
\g

by oxidation of (3-amyrin acetate with Cr0Oz in acetic acid at 130°.

71

This result indicated that the br‘omo compoimd was probably li-keto-
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15-bfomo-@-—wnyrin which on tfeatment With Zn-acetic acid wouwld give
71 by the removal of the bromine atom. The formation of 68 from tara-
xeryl acetate could be rationalised by the following mechanism (Chart
1L).

Chart II

X

The'bromohydrin 76 is first formed which could easily isomerise to
the @ —amyrin derivative 77 through the carbonigm ilon intermediate
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followed by methyl migration. The intermediate 77 then gets oxidised
to the«p -unsaturated ketone 63.

In order to prove our contention we looked for a method for
the preparation of the 15-bromo compound 77 which on oxidation by
established method would give 68. We tried to preparé the bromohy-
drin at the 14~15 double bond of taraxeryl acetate by the method of

Dalton44

using NBS in DMSO solvenx45, Treatment of taraxeryl acetate
with agueous dimethyl sulfo#ide in chloroform and NBS in dark affor-
ded a solid 72, CzgHs,0.Br, m.p. 180-2°, (), 47.37°, The compound
did not show any UV absorption between 220-330 m W o IR spectrum of
the compound (Fig.l) showed peaks at 1720 and 1250 (~0.C0.CHsz) cm™T,
ﬁMR spectrum (Fig. 2) showed a multiplet centered at 5.3 ppm (vinyl
proton) and a multiplet at 4.30 ppm for one proton abttached to a
carbon containing bromine and also peaks at 2.09 ppm (?O.GOGHS) and
at 4.53 ppm for proton attached to the carbon bearing acetoxy groupe.
A11 these physical evidences coupled with mass fragmentation pattern

confirmed the structure depicted in 72 . The compound showed a mass

NBS-DMsg -
CrHel "/,

(‘TO;—HOAC

7
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s . Qj‘——%——i 2). ) .o
peak M'548 (isotope )I,\and peaks at 249 (72a) and 297 (72b) arising by

retro-Diels~-Alder Cleava;gej of ( —amyrin slceleton39. The ion 72b gives

a prominent peak at m/e 217 by the loss of bromine atom and at n/e

216 by the loss of HBr. There is also peak at m/e 189 arising by the
elimination of the acetic acid from 72a. There was also a prominent
peak at 466 (M* -HBr).. The other fragmentation pattern is similar to

those shown by (3 -amyrin acetate. These fragments are shown below

(Chart III).

Chart III

72 720
MY - BLT mfe 249
T
. —HB8~ : - CHzcoan —H Oy
\l/ < K-,

ynfe LGG mfe 189 ™m/e 216
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The compound 72 on treatment with zinc—agetic acid yielded a crysta-

1line solid 73, m.p. 2304310, (oC)D 85.1°, identical with an authen-
‘tic saﬁple of [ -amyrin acetate (mem.p. and IR comparison Pig. 4 J.
The bromine atoﬁ at 15 position would be expected to have the sanme
stereochemistry as in the product frog NBS=-aq. diaxan oxidation
method. Compound 72 on oxidation with chromium trioxide-acetic acid 2
gave 68, mop4ﬂ238-40° identical with the product obtained from'NBS-
ag. dioxan oxidation method (me.m.p and IR comparison Fig. 5). Thus
the structure 72 predicted is established beyond doubt.

Solvolysié of compound 72 with K-acetate in acetic acid at

. o s
130o for four /hours gave a product CzolyOgr MeDe 199-200", (OC)D

0 .
41.86 , no absorption in the UV region 220-300 mMu . NMR spectrum
(Fige 6). Of this compound showed signals at 5.2 to 5.6 ppm for three
vinyl protons accounting for one trisﬁbstituted'and one disubstituted

double bond. From the foregoing evidences and the analytical data

we assign structure 74 to this compound.

KOhe - WORe

O I

| ' Dewnetyl amilime : ’[‘
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Compdund'zg on refluxing with dimethyl anilihe for 4 hours also gaVe
a coﬁpound, MePe 199-200° which was found to be identical with 74 |
(m.me.p. and IR comparison Fig. 7y,

‘The second s011id 69, OzoHgq0z2 Mme2e 280-82°, (x5

isolated from the reaction was devoid of hromine. The compound show-

- 38.71°

ed UV maximm at 245 mu (€ ,10.500), IR peaks at 1730, 1680, 1250
cm'l (Flg. 8) indicating the presence ofc(p-unsaturated ketone. MR
spectrum of 6-§%gg£edﬁ§€ﬁ;h85 ppm for the vinyl proton. Thls low
field singlet for the vinyl proton may be ascribed to the presence

of the electronegative oxygen atom at C-16. In addit;on to this the
compound also showed peaks at 2.10 (;O.GO.Ggs) and 4v5 (-CH~0-CO-CHgz)
ppme The mass spectrum of the compound (Fig. 10) showed mass peak at
482, Moreover, an abundant base\peak at 358 was observed. The appear-
ance of this peak may be explgined by assuming that it arises from

a 16-0x0 taraxeryl acetate system by the following genesis. (Chart
Iv).

Chart IV

NBS-aq. dioxam
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Fig. 9. NMR spectrum of 16-o0xo taraxeryl acetate 69
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All:the foregoing evidenceg/led us to conclude that the product 69 A
Waé 16-0x0o taraxeryl acetate although our ﬁelting point was widely
different from that recorded by Finucene and Thomson®® (m.p. 251-

4
520 g*@

, (OQ)D 920); We procured a sample of 16-oxo taraxeryl acetate,
MePo 259-600'd 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 percente.

Purther, we prepared 1l-oxo- [3-amyrin acetate™ 71 from /3 -
amyrin gcetate 73 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'll—oxé-/B—amyrin acetate (IR
comparison is shown in Fig. 11).

All these facts led us. to conclude beyond doubt that our
product 69, mepe. 280-2° was the correct 16-0x0 taraxeryl acetate.

In order to prepare 16-hydroxy'taraxeryl acetate, we aftem—
pted reduction of 69 with sodium borohydride in tetrahydrofuran and
also in methanole In both the cases, the starting material was reco-
vered. Reduction of the carbonyl group at 1l6-position was also un~-
suceessful by Meerwein-Pondorff réduction procedure and produced 16-

1

0xo taraxerol zg'm.p9292—30,\°§§£3360,1680 cm . The same compound 78
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only could be isolated during reduction of 62 with 1ithium aluminium
hydride in tetrahydrofuran solution. Acetylation of 78 with acetic
“ anhydride pyridine gave back 16-oxo taraxeryl acetate (m.m.p. and

IR comparison).

The third product, 032H4902Br, 70, obtained during chromato-

graphy of the mixture of products had m.p. 176-8°, (& Iy 249,12°,
(hmak276 me(e »6000) indicative of a homoannular diene. Examination
(Fig. 12 _
of the NMR spectrumi? e compound 70 showed signal at 5.54 ppm for
one proton and a one proton ‘signal at 5485 ppm. These signals may be “%
attributed to the protons in a homosnnular diene system in which both,?
the doubie bonds are trisubstituted. In addition to this the spectrum
gave a sharp singlet at 2.08 ppm (-0-C0-CHz) and a multiplet centered
at 4065 ppm for e proton attached to the carbon begfing»the acetoxyl
group and g multiplet centered at 4.18 ppm for the protbn-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 thfrom 67 can be explain-
ed in the fbllowing way. Most probably bromohydrin 70g is first
formed which isomerises to the B -amyrin derivative 70¢ through the
carbonium ion intermediate 70b followed by methyl migration. The
intermediate zgg‘is further converted to the bromo compound 704 by

allylic bromination which on further elimination gives 70.
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NRS-aqy, diéxc<n
AcO

70¢
The mass spectrum of the compound 70 showed a mass peak at u* 546

(weak), but a prominent peak was observed at 465 (m/e- HBr). Other

fragments were similar to those of 15- £ ~brome-9(11), 12-olean-
diene. ( Ivg. 13) |
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¢

With a view to preparing 16-bromo taraxeryl acetate we
studied the allylic bromination of taréxeryl acetate 67 with NBS
in dry carbon tetrachloride in pr?sence of lighte. The results obtain-~
ed are discussed in the following lines. »

When taraxeryl acetate 67 was refluxed with 2 mole equivalents
of NBS in carbon tetrachloride using vigible 1ight for 3 hours, a
product, G$2H47023r, MeDe 2400, (GK)D‘267.550 was obtained. It show-
ed a single spot in a ohrdmatOplate and also ggve positive test for
bromine. UV spectrum showed g peak'at'7\max279 me(é, 6900), indi-
cating the pfesence of a homoannular diene systeme. IR spectrum (g;g.
14) of the compound showed peaks at 1725, 1250 (-0-CO-CHz) and 840
(trisubstituted double bond) em™%, NMR spectrum (Fige 15) showed the
presénce of three vinyl protons between 583 = 5.88 ppme. This can be
explained by éssuming 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 (-0-CO-CHz), and a mﬁltiplet centered at 4.65 for
a proton attached to the carbon bearing the acetoxyl éroup. |

The bromine atom in ring D was resistant to reactions (i) Zn-

HOAe (ii) Hz/ﬁd-e (iii) HQ/Ptﬂz (iv) LigcosébiB? (v) anhydrous KOAc-
HOAc (vi) CgHsN(CHg)oe This inertness of the bromine atom in ring D

can only be explained if it is assumed that the bromine atom is atta-
"ched in ring D as a vinyl bromide. In conformity with the above facts

we assign structure 75 to this compound. The mass spectrum of the

°©
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compound Zgisho&ed the mass peak (strong) at MY 542, (544 isotope).
The intensity of the peak due to m/e 542 was greater compared to the
moleculsr ion peak at m/e 543_showing that an allylic proton is.prb—
bably lost initially from the molecular ion to-give a peak at mfe
54S?f%§)anqther run of the same experiment we isolated the same com~-
pound 75 and its mass spectrum (Fig. 17) however, showed a weak peak
around the region M 620 - 25 (it was not possible to count) in addi-
tion to peaks shown in Fi e 16, which indicated that a small con-
taminant of a dibromo compbund was present. This ébservation gave us

a clue to the mechanism of the formation of allylic monobromo com-

pound 75.

—

7

s
(:i.l) Zn=HOAc
(1i) Ho/pd-C
B 77 (111) Ho/Pt02
(iv) LigC0z-LiBr

e (v) (OgHs) N (CHz)s

NBS (2mole)
Cclg

S
COLd

Most probably at first allylic 1é-dibromo coméound‘75a'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 allylie

bromination at C-11 and subsequent elimination of HBr gives 75

- Chart V

NBS (2 mole)
CCla, Wght

5L

When the same reaction was carried out with 1 mole équivalent of

. NBS, it afforded a halogen freé product, CzoH500g, meps 196-9°,
(O()D 41.86° and was found to be identical with 74 by MeMeps and

IR comparison. The formation of this compound from taraxeryl acetate

- can als_b be explained by +the same mechanism as depicted in Chart VI.
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Most probably allylic monobromo céhpound ?4a is first formed which
undergoes allylic rearrangement followed hy methyl migration as shown -

below$

Chavt-VI

Barnes and co~workersé6 have shown that freatment of 1,1,6~trimethyl-
1-2-3ihydronapthalene 75 with NBS gave an allylic bromide which aro-
matized to 1,2,6-£rimethyl napthalene Z§'by gilver ion or heat (tem-

perature of refluxing carbon tetrachloride).
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CHAPTER ~ ITI
EXPERTMENTAT,

Melting points are uncorrected. Petroleum ether used through
out the experiments had be.p. 60-800. All optical rotations were |
determined in chloroform solution unless otherwise stated. NMR sSpec-—
tra were determined on Varian-60 spectrometers using chloroform-a
solution containing tetramethyl gilane as’reference. UV absorption
were taken in a Zeiss VSU 1 spectrophotometer in.95% ethanol solu-
tion. ZLC was done on chromatoplaté of silieca Gel-(E.Merck) and the
spots were developed with sulphuric acid-acetic anhydride (9:1)

nixture.

Oxidation of taraxeryl acetate 67 with N-Bromosuceinimide$ Isolation

of 15-bromo$ —amyrenonyl acetate 68, 16-o0xo taraxeryl acetate 69 ,

15-bromo-9(11), 12-olean diene 70 3

To a solution of taraxeryl acetate 67 (200 mg) in dioxan
(400 m1) containing water (20 ml) and calcium carbonate (1.0 gun)
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 NagSOze Removal of ether gave a solid (180 mg).
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TLC of the 1atter showed three dlstlnct spots (using benzene as
solvent, Ry 0.93, 0.62, 0.48) 1ndlcat1ng a mixture of at least three
compounds. The residue (180 mg) was dissolved in benzene (2 ml) and
poured on a column of alumina (12 gm deactivated with 0.5 ml of 10%
agqueous acetic aeid)-developed with petroleun ether. The following

solvents were used for elution.

Table T
Eluent Fractions . Residue on Melting
: 50 ml each evaporation point
Petroleum ether 1-5 Solid (150 mg) 236-7° |
Petroleum ethers - | o 0
benzene (4:1) - 6-10 . Solid (20 mg) 279-80
Petroleun ethers

benzene (411) . - 11-13 Solid (10 mg)  175-6°

Elution with more polar solvents did not give any solid material.

Examination of fractions 1-5: Isolation of 15-bromo~f amyrenonyl
acetate 68 | ‘

The fractions 1~56 (Table I) were combined (150 mg) and
crystallised from a mixture of chloroform and methanole~After'three

crystallisati&% it gave crystalsé8, (130 mg), mepo 238=40° (€yp

88.8°, Compound 68 showed positive copper-wire test for bromine. TLC
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showed a‘single round sﬁot (Rf = 0.§3 in benzene).
Found: | G, 68.14; H, 8.68%
Calculated for 032H49033r3 ' :0, 680443 H, 8.73%
UV & N, 249.5m (€, 11,000)

ms D 323;01 1750, 1650, 1250 cm™*

Examination of fractions 6-10¢ Isolation of 16-~o0xo taraxeryl

acetate €9 ¢

The fractions 6-10 (Table I) were combined (20 mg) and cry-
stallised from a mixture of chloroform and methanol o give crystals
68, (15 mg) mep. 280-82°, (€ )p ~38.71°, negative copper-wire test

for bromine. TLC showed a single spot (Rp 0.62 in benzene).

Calculated for CzoHs(Os * G, 79.29; H, 10.81%
245 1.0,500
UV P ox mp (€, 10,500)

IR D Budol 1730, 1680, 1250 om™t (Fiz. 8)
NMR spectrum (60 Mc): Peaks at 5.85 (viayl proton), 2.10
| (-0-CO-CHz), 445 (-CH - 0-CO-CHz) pom (Pige 9) |
Mass spectrum: m/e 358 (base peak), 298, 249 and 482 (u%)
| (Fige 10}
E#amination of fractions 11-~133 Isolation of 15-b?omo-9(11), 12—

olean dieﬁe, 70 ¢
Fractions 11-13 (Table I) were combined (10 mg) and crysta-
1llised from methanol to furnish'crystais of 70 (8 mg), mepe 176-8°,
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| (o(,) 249.120. The compound showed a single round spot on a chroma-
toplate (Rf 0.45 in benzene) and gave a positive coPper wire test
for bromine.

Pounds . - G, 70;47; H, 8.84%

- .Calculated for 032H4902]3r3 Cy 70,463 H, 8.99%

ws A, 276mulc, 6000)

NMR spectrum (60 Mc)‘ Peaks at 5.34, 5485 (two vinyl proton),

2.08 (singlet, -0-CO-CHz)» 4.65 (multiplet, HC-O-CO-CHg),

4.18 ppm (multiplet, H~-C-Br), (Fig. 12)

lMass, spectrum ¢ 465, 546 (M‘f) (Fige 13).

Zinc dust-acetic acid treatment of 68 3 Formation of § —amyrenonyl
acetate 71 s

4 To a solution of 15-bromof ~amyrenonyl acetate 68 (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 water and extracted with ether. The ether layerwas washed with
water till neutrsl and then dried (NagS0,). Removal of ether gave a
solid résidue .(175 ng) which on crystallisation from chloroform-
methanol furnished solid 7L, m.p. 265-70°, (& ) 48.08. This was
found to be 1dentical with an authentic sample of: (3 —amyrenonyl

acetate (momep. and IR compar:.son)
Fomds C’ 79060; H, 10.32%

Calculated for Czafpds ¢ C, 79.62; H, 10.44%
UV N pox 2528 mp (€, 11,0007, |
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Breparation of 15-bromo- B-amyrin acetate ¥2 ¢ NBS - DMSO treatment

of taraxeryl acetate 67 ¢

To a solution df-téraxery1 acetate 67 (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
mixture was filtered. The filtrate was extracted with chloroform
(150 ml), washed with water and dried (NapS04)e On removal of the
sql?ent under reduced pressure, a yellowish solid (500 mg) was
obtained. The solid was dissolved in benzene (5 ml) and poureﬂ on
2 column of alumina (25 gn deacﬁiiated with 1.0 ml of 10% aqueous
acetic acid) developed with petroleum ether. The followinglsolvents

were uged for elution.

Table II
Eluent , Fractions  Residue on Melting
50 ml each evaporation point
Petroleum ether 15 Solid (275 mg) 178-80°

Elution With more polar solvents did no+t give any solid.

Fractions 1-5 (Table II) were collected and on crystallisation from
a nixture of chloroform-methanol afforded crystals of 15—br9mopd-

amyrin acetate 72, meve 180—20, (df)D 47.57°, It gave a single spdt
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on a chromatoplate (Rf = 0.8)in petroleum ether: benzene (3:2) and

»

also showed pogitive copper-wire test for bromine.

Calculated for CgzoHgiOpBrs Cy 704205 H, 9.3%

uv ¢ | No absorption in the region 220-300 mpu

= ,Qrigél 1720 and 1250 cm™* (Figs 1)

. maxa

MR spectrum (60 Mc) 3 Peaks at 5.3 (multiplet, vinyl
proton), 4.30 (multiplet, HCBr), 2.09 (-0-00-CHz) and
4.53 (H-C-0-CO-CHz) pom. . (Rig. 2)

Mass spectrum: Peaks at m/e 189, 216, 217, 249, 297,
466 (W% -HBr), 547 (M*). (Pige 3)

. actd o
Zinc—acetigﬁtreatment of 723 Isolation of B-amyrin acetate 733

To 15-bromo- (3 ~amyrin acetate 72 (100 mg) in acetic acid was
added zinc-dust (10 mg) and the mixture was refluxed for 5 hourss The
reaction mixture was filtered and then diluted with water. The pro-
duect which precipitated out Was filtefed and washed thoroughly with
water. The crude product (75 mg) was dissolved in benzene (3 ml) and
poured on a column of alumina (12 gn deactiveted with 0.5 ml of 10%
a@ueous acetic acid) developed with petroleum ether. Thé following

solvents were used for elution.
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Table I1X
Eluent Fractions Residue on Melting
50 ml each evaporation point
Petroleum ether . 1ad . Solid (60 mg) 226-28°

" BElution 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 afforded crystals of}g—amyrin acetaté
73, MeDe 227;360, (oC)D 85.1°, The solid was found to be identical
with an authentic sample of[3famyrin acetate (mem.p and I.R. com-

parison, Pig. 4).

Founds | G, 81,89; H, 11008%

Chromium trioxide-acetic acid oxidation of 15-bromo-!3-amyrin

acetate 72 ¢ Preparation of 15-bromo @ —amyrenonyl acetate 68 :

Chromium $rioxide (300 mg) dissolved in acetic acid (7 ml)
was added to a solution of 15-bromo(3-amyrin acetate 72 (400 mg) in
acetic acid (26.6 ml). The mixture was refluxed for one hour at 130-
32°, The reaction mixture was then cooled, diluted with water and

extracted with ether. The etheréal layer after being washed with
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water till neutral was dried (NagS0,). The solvent was removed and

g 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% agueous acetic acid) developed with petroleum ether.

The chromatogram was eluted with the following solvents.

Table IV
Eluent , Fractions ‘Residue on
50 ml‘eaoh evaporation
Petroleum ether . 1-7 Solid (275 nmg)

Mepe 236-38°

Further elution with more polar solvents did not give any material.

Fractions 1-7 (Table IV) were collected and combined, which on

: 0
crystallisation from methanol gave crystals of 68, mep. 238-40 ,

(o )p 88.08% This was found to be identical with 15-bromo @ -amyre-
nonYl acetate obtained during ag. dioxan- NBS treatment of taraxeryl

acetate (from fraction 1-5, Table I) m.m.p. and IR comparison, Fig.5.

Found , C, 68.24; H, 8.63%
Calculated for CgoH,g0zBr ¢ G, 684445 H, 8.73%
uv s N B49 mF.(G, 11,000)
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Solvolysis of 15-bromof -amyrénonyl acetate 72: Pormation of Olean-

12, ;@-dienfig -yl acetate 74 ¢

To the acetate 72 (200 mg) dissolved in acetic acid (27 ml)
was added anhy&roué potassium acetate (500 mg) and the mixture was
refluxed for 5 hr.It was then. cooled, diiutéd ﬁith water and extrac-
ted with ether. The ether solution after being waShed with water till
neutral, was dried (Na2804). On removal of the sovenﬁ, a solid resi-
due (150 mg) was obtained. The solid was dissolved in benzene (2 ml)
and poured on a column of alumina (12 enm deactlvated with 0,5 ml of
10% aqueous acetic acid) developed with petroleum ether. The follow-

ing solvents were used for elution.

Table V'
Eluent Praction Residue on
50 ml eaeh : evaporation
Petrolewn ether _ 1= 0il (trace)
Petroleum ether 3="7 Solid (120 mg)

meDe 195-7°

Elution with more polar solvents did not give any solid,
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Fractions 3-7 (Table V) were combined and on crystallisation from
' : ’ 0 - 0
methanol afforded crystals of 74, mep. 199-200 , (&K )y 41.86 « I%
showed a single spot on a chromatoplate (Re = 0.43 in benzeéne) and

negative copper wire test for bromine.

Pound G, 81.96; H, 10.81%
Calculated for CzoHgy0p $ C, 82.35; H, 10.80%

UV s No absorption in the region 220-300 miL e

MR spectrum (60 Mc): Peaks at 5.2 to 5.6 (three vinyl
Protons), 2.08 (-0-C0-CHz), 4.50. (E-C-0-CO-CHz} ppm (Rig. 6)

Dimethyl aniline treatment of 15—bromo—!3-amyrin acetate 72 3

Isolation of oleanggzl;lS—dien—SfL:y;_acetate 74 ¢

15-bromo 3 —amyrin acetate 72 (200 mg) was refluxed with
dimethyl aniline (30 ml) for 6 hours. The reaction mixture was dilu-
ted with water, acidified with 6N hydrochloric acid (20 ml) and
extracted with ether. The ethereal layer was washed with water till
neutral and dried (Nazso4). On remo&al~of the solvent, a solid (175
mg) was obtained. The latter was dissolved in benzene (3 ml) and
poured on a coluwm of alumins (15 gm, deactivated With;6 ml of 10%
agueous acetic acid) developed wifh pétroleum ether. The following

solvents were used for elution.
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Table VI
Eluent B Practions ‘Residue on
50 m1l each evaporation
Petroleum ether - 1-6 - Solid (150 mg)

MeDe 196"'70

Elution with more polar solvents did not give any solid material.

Fractions 1-6 (Table VI) were combined and crystallised from
chlordform-methanol to give crystals of 74, me.pe. 199-2000, (a:)D

41.86°. The solid was found to be identicel (mem.p. and IR, Fig, 7)
with a sample of olean-12, 15-dien-3 B-yl acetate 74 obtained from
solvolysis of 15;bromo-13-amyrin acetate with anhydrous potassium

- acetate and acetic acid. .
Found @ Cy, 82+57; H, 10.82%

Calculated for CzgHz0o ¢ C, 82.,35; Hy 10.80%

Preparation ofﬁ —amyrenonyl acetate 71 from ﬁ ~anyrin acetate 73 ¢

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 mixture 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) and poured on
a column of alumina (12 gm deactivated with 0.5 ml of 10% aqueous

acetic acid). FPollowing solvents were used for elution.

Bable VII
Bluent . Practions "Residue on
50 ml- each evaporation
Petroleum ether ' 1-2 0il (trace)

Petroleun ether ' 3-8 Solid (150 mg)
| Mepe 265-67°

Elution with more polar solvents did not give any solid material.

Fractions 3-8 (Table_VII) were combined and on crystallisation fron

o
methanol gave 71, mo.De 268e700, (0()D 48.8 ,

Found? G, 79.55; H, 10.30%
Calculated for L $ ¢, 79.62; H, 10,40%
UV s X R5RD m/u‘(C— , 11,000).

Attempted sodium borohydride reduction of 16~oxo-taraxeryl acetate

69 in tetrahydrofuran (THF)

To & solution of 16-oxo-taraxeryl acetate 89 (200 mg) in dry

tetrahydro furan (50 ml) was added sodium-borohydride (200 mg) and
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the mixture was stirred for 6 hours at room temperature. A portion

of the solvent was removed by distillation, cooled and acidified with
dilute hydrochloric acid and then extracted with ether. The ethereal
layer was washed with water till neutral and then dried (N32304)o
Removal of therfggzé a solid which on crystallisation from methanol
gave crystals mep. 280-82°, The solid was found to be identical with

the starting material 16-oxo-taraxeryl acetate (memepe)e

Attempted reduction of 16~-oxo-taraxeryl acetate 69 with sodium

borohydride in methanols

To compound 69 (200 mg) dissolved in methanol (50 ml) was
added sodium borohydride (200 mg) and the reaction mixture was stirr-
ed for 4 hours at foom temperature. After working up in the usual Wa&
it gave a solid, m.pe. 279-810, identified as the original 16-oxo-

taraxeryl acetate by meme.p.

Meerwein-Pondorff reduction of 16-oxo-taraxeryl acetate 63:

A mixture of 1l6-oxo-taraxeryl acetate 62 (250 mg), aluminium
isopropoxide (325 mg) in dry isopropanol (6 ml) was distilled slowly
with the addition of isopropanol to mgintain constant volume. After
6 hours, the distillate no 1ongef contained acetone. The solution
was concentrated to a small volume. The reaction mixture was then
diluted with water followed by 10% sulphuric acid (20 ml) and then
extracted with -ether. ihe 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 gn deactivated with 0.5 ml of 10% aqueous acetic acid)

developed with petroleum ether. The following solvents were used as

eluennte
Table VIIT
Eluent . Fractions Residue
50 ml each .
Petroleum ether o 1-2 tracg'of oil
Petroleum ether: bénzene 3=7 S01id mep. 290-2°
(411) - o 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

erystallisation from methanol afforded 16-0x0~-taraxerol 78 meps

292-3°.

Found : , "G, 81.20; H, 11.08%
Calculated for 0301{5002 : Cy 81.39; H, 11.38%

IR s % 3360, 1680 om T

Lithium alumnium hydride reduction of 16-oxo-taraxeryl acetate 69

Formation of 16-oxo~taraxerol 78 s

To the ketone 69 (200 mg) dissolved in dry tetrahydro furan
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was added lithium aluminiun hydride (25 mg) and the mixture was
refluxed for 10 hours on water bath. The reaction mixture was then
cooled and to this was added dropwise a colq saturated solution of
sodium sulphate (15 ml). After this addition the mixture was extrac-
ted with ether, washed to neutral with water and dried (NaySO,)e Re-
moval of ether gave a so0lid (190 mg) which was chromatographed over
alumina. A column of alumina (10 gm deactivated with 0.4 ml of L10%
.adueous 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).

Table IX
Eluent _ Fractions Residue
50 ml each
Petroleum ether 1-2 : Nil
Petroleum ether:? 5-6 ' Crystalline solid
benzene (4:1) 180 mg o
m.p. 290"2 e ’

Elution with more polar solvents did not yield any material.

Practions 3-6 (Table IX) were combined and the solid (180 mg) was
crystallised from chloroform and methanol mixture when pure crystals

of 78 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 69 (m.m.p.

and I.R. comparison).

Acetylation of 16-0Xo~taraxerol 78 ¢ Preparation of 16-oxo-taraxeryl

acetate 69 s

The compound 78 (200 mg) was acetylated with pyridine (2 ml)

and acetic anhydride (2 ml) in the usual way. The solid obtained,

after crystallisation from methanol gave crystals of 62 mep. 280-20,

found to be identical with 16-oxo-taraxeryl acetate 3 (mem.p.).

Treatment of taraxeryl acetate 67 with NBS (2 moles) in carbon

' ci)
tetrachlorides Isolation of 16-bromo-olean-gh12,15-trien~3,ﬁ-yl

acetate 75 ¢

To a solution of taraxeryl acetate (1 gm) dissolved in dry
carbon-tetrachloride (185'ml), was added NBS (700 mg) and the react-
ion mixture was refluxed for 3 hours in presence of visible Kight
(100 watt bulb). As the reaction proceeded, insoluble succinimide,
which was at the bofttom, floated-oh the surfaces The reaction nixture
was then cooled and filtered._The-filtrate Waé eitraéted with chloro-
form (200 ml), washed with water and then dried (NagS0,). On removal
of the solvent under feduced pressure a solid (800 nmg) was obtained
which was chromatographed on a colum of alumina (25 gn deactivated
with 1 ml of 10% aéueous acetic acid). The chromatogram was developet
with petroleum ether and the solid (800 mg) dissolved in benzene (4 1

was placed on the column. It was eluted with the following Solvents

(Table X)o
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Table X
Eluent : ‘ ~ Fractions Residue
50 ml each
Petroleun ether 1-9 S01id mep. 238-39°

(775 mg) -

Elution with more polar solvents did not glve any material.

Fractions 1-9 (Table X) were combined (775 mg) and after several

crjsta111satlon5%rom methanol furnished 75, m.p. 2400, \OC)D 267.53 ./
S

7

It showed a s1ngle spot on & chromatoplate (Rf 0.84) in petroleum {

ethert benzene (3:2 ) and showed positive copper wire test for bro-

mine.
Found: -~ C, 70.40; H, 8.37%
Calculated for CzoH,n0oBr & C, 70,703 H, 8.67%
UV 3 Ny 279 mp (€, 6000)
IR 3 2);:2;01 1725, 1250, 840 cm + (Fig. 14)

NMR spectrum (60 Mc) $ Peaks between 5.58 to 5.88
(three vinyl protons), 2.10 (-0~C0-CHz) and 4.5 .
(~CHOCOGHz) pym (Fig. 15)

Mass spectrum: m/e, 544 (isotope), 543, 542 (M%) (Pig. 16)
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In another eiperiment’this préduct showed a very weak peak between
620-25 (it was not p0351b1e to count Pig. 17) due to a small conta—
mlnantﬁﬁ dlbromlde, other peaks were similar to as shown in Pige 16,

)
Attenpted 21nc-acet1c aclid treatment of 16- bromo-olean-9f12 15~

frien-3B -yl acetate 753

To a solutlon of 75 (200 mg) in glacial acetic acid (40 c.c)

was added 21nc-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:froﬁ methanol gave crystals mepe. 239—40?.
This'soiid was found to be identical with the starting material 75.

.

(memep)e

Attempted dehalogenation of 75 with palladium-on-charcogl catalyst $

(ln, )

To the 16-bromo- olean¢—9»12 15-trien-3 p—yl-acetate 75
(200 mg) dissolved in ethyl-acetate (40 ml) was added 10% palladium-—
on-charcoal catalyst (100 mg) andlthe mixture was stirred at room
temperature in en. atmosphere of hydrogen. No absorption of hydrogen
took place even.after eight hours. It was then filtered and the fil-
trate was evaporated to0 dryness. The residue MeDe 238—39 (190 ngy,

on crystallisation from methanol gave crystals, mepe 240° and was

found to be unchanged 75 (m.mep.).



—245=~

Attempted dehalogenation of 75 with Adem's catalyst:

A solution of'compoqnd 75 (200 mg) in ethyl acetate (40 ml)
was stirred in presence of Adams catalyst (ZO_ﬁg) at room tempera-
ture and pressure. During a period of ten hours ﬁhg.mixture did not
show any absorption of hydrogen. On working up the reaction mixture
in the usual manner, a residue (200 mg) was obtained. The latter on

crystallisation from methanol afforded crystals, meDe 2400, and was

found to be identical with the starting material 75 .

Attempted dehalogenation of 75 with lithium oarbonate aﬁd lithium
bromigde :
A mimture of compouhd '7_5 (200 mg) in dimethyl formamide (30
ml), lithium carbonate (200 mg) and lithium bromide (270 mg) was
stirred in an atmosphere of nitrogen at 100° for 3 hourse. The pro-

duct was then taken up in chloroform and the chloroform layer was

washed with 40% acetic acid (50 ml), them with water 4ill neutral

and then dried (Na2304). Evaporation of the'solvent gave a residue
(175 mg), which on crystallisation from methanol furnished a solid,
MeDe 239—400, which did not depress the melting point when mixed

‘with the starting material 75 .

Attempted solvolysis of 75 with anhydrous potassium acetate and

acetic acids (SN1)

16-bromo compound 75 (200 mg) was refluxed 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'wafer. The crude prodﬁct (150 mg) on
crystallisation from methanol furnished a,éolid, MeD o 2400, identi-

cal with the starting material (m.m.p@).

Attempted dehydrohalogenetion of 75 with dimethyl aniline:

Compound 75 (200 mg) was refluxed for 10 hours with freshly
dlstllled dimethyl aniline (50 ml).ALhe solvent was removed by disti~
1lation under reduced pressure,,gnd the resldue was" diluted with
water and extracted with ether. The ethereal léyer was washed with
6N hydrochlqric,aeia.(lo ml) followed by water till neutral and then
dried (NagS04). On femoval of solvent a solid residue (175 mg) was
obtained Whlch on crystallisatlon afforded a solid, Mepe 240 y iden-

e
;tlcal with 16-bromo-olean-9 12 15-tr1en~3(3—yl acetate 75 (m.m.p)

Formatlon of olean—lz 15-dien—3(3eyl gcetate 743 Treatment of tara-

xeryl acetate 67 Wlth NBS (1 mole) in carbon tetrachloride :

To a solution of taraxeryl acetate 67 (300 mg), dissol%ed'in
dry carbon tetrachloride (100 ml), was added NBS (116 mg) and benzoyl
[peroxide(a.few crystals) and the reéaction mixture was refluxed for
Lsix pours in presénce of visible light (600 watt bulb). The reaction
mixture was cooled and flltered and the filtrate was extracted with

chloroform. The chloroform layeywas washed with water and drled
(Nazsoé)- On evaporation of solvent, a yellow solid (250 mg) was

obtained. The latter was taken up in ether, washed with 5% cold sodium
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ﬁydroxide éolution, followed by water'till neutral and driéd over
anhydrous sodium suliphate. On removal of ether, a solid residue was
obtained wh1ch.after Several crystalllsatlons gave gsolid 74 MeDe
196—9 , (K)p 4. 86°. It whowed a single spot on'a chromatoplate -
(Rf 0.43 in benzene) and showed negatlve copper wire test for
bromine. This product 74 was found to be identical with the prodpgj
obtained by solvolysis of 15-bromo- (3 -amyrin acetate ig (memep. and
TR ). | | |

‘Found: . G, 82.00; H, 10.70%

Calculated for CzoHs¥2 ° ¢, 82.35; H, 10.80%

Uv  No absorption above 220 mf&,
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