" CHADTER==IV

EXPERIMESTAL

. Extractions

Dried and powdered root of Leuce? Aspera (5 kgs)
was axbrected diresctly wlth ethyl sleshol In a Soxhelt appa=-
ratue {or twenby four hours, The solveat of the aloohol

ezxbrach wes ootcentrated o sbout 500 aa.

Hydrolysis of ethyl slcohol extract:

‘Thefathyl aloohol extrsct was treabed with 79
Hps0, (20 ce) wod the alzture was refluxed for 10 houre. Then
1t was cooled sad extnécted with eﬁheng The ether lgyer was
treétea with 104 sodlun hydroxide solution (3 x 100 nl) and
the organlo layer wae washed wlib waber i5 make it neutrel
and %heﬁ;driea over snuydrous sodlum sulphate. The seoivend

wes distilled off, walch gave g guany residue {5 guel.

Chromatoprpphy of the ebove guaay materlal:

The sbove gumny meverigl ( 5 g} was dissolved in
benzene {15 nl) end wae placed on a column of slualna (400 g)
deactlvated with 18 al 35‘10§ agueous goetic ecld. The chro-
natograa was devsaloped with petrolsun eblier and we® elited:

with the following solvents {Tablew=2):



521
Tgblew2
Copouatogrephy of tha gbove gunay asberiel
' ' Practlion - ' ‘ ,
Bluent _ 50 mi Raalidue oo
— — i - esch e BVEpOrabion
Petroleun (200 wl) St ' 7Ll
. Petroleun. etheribenzene G : 5
{4:1) (288 ml) | -
Patroleun etheribengens = feeiz | NL1
{3:2) (200 ml)
Pabroleun etheribonzsne 1813 pitlte solid
(2e3) (300 nl) : Lo {300 ng)
. m.p.140‘—50°
Petroleun etheribengene AD w22 " Nil
(1s2}) (200 al)
Benzene (200 ul) BB e 263 N1l
Bangene sether ] BT =33 Whlte molid
(4:1) (300 m1) (660 ag)
oD 27 0= 30°

Fupther elution.. with more polar solvents did not wflford
‘ any golid naterial :

E&hlaﬁiaq of sﬁigﬂaatéﬁalz

R S

Frastion 13-18 (teble—2) wers combined {300 ag)

and wes crystallised from a oizture sof chloroformenethansl

! b oy
to afford crystals of Cﬁggésﬁg-m.p; 154"_55?' quxqjé ~50%,

Its melting polnt wae uot depressed when nized with an
authentic saemple of gtignastersl. IR spectra of the two were

alsns superimposibie.



Annlysis reports

Found, | ) G, 840845 5 I, 11,714
Hequifeﬁ for g, 9“4@@ S G, B3.4% 3 H, 11.?2@

w

Iilpujodld: o aax 8b 3430 cn™* (hydrozyl group)

feebylotion of stigméaternl 3 Prepavation of stigsateryl
zegtatas '

stipmasteral (0.1 ) was dlsmolved in 2 ml pyridlne

and soebio snhydride {2 al) wae added to the nizture & kept

on water bath for 4 hours. ?ﬁ:, was epoled and pourml ima

isce oo0ld webep, The whibe selid (Q,.02 g) saoaratau e»ut was
filtered end weshed wlfh waber. It wes then oryetalilsed fron
shlorefarn=rethenol mizture whilch afforded opvstels of

G, ﬂdmﬁ% s BeDa 3.:5*7-“9 " /“ A 7;‘ -",‘é « Ik ﬁhamé no depression

in mop. when nixed with en mutheobic semple of stlpoesteryl

soobabie, IR gpectra of the two conpounds were gleo superinpo- "

33533@0
Anglysis maport:

Feund, oG, BR.BBE 5 H, 11.009
Caléuzlated ior 353356@2, c, 81.88% 3 i, ¢100@€

4 [N

\E@{m;j’pl}; k] st 1720 and 1240 on -1 {msua‘w)

e 79

domg i o/e av 454 (8%, 283, 441, 459, ee3, 595, 383,
o | 245, 139 (bage). Flgel
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feolation of now tx*_iteppene éigyamxy leptong==leueslsctone Xl

Freotions 2732 (table~2) were combined (600 ng)
and wes cryetellised fron chilsroformemethansl alzture o

afford opystals of 1, n.p, 310° (500 ugl.

Anglysls veport:

FPound, C, 76,8358 3 H, 8.58%
fequived for Cpgi, a0, , Gy 75.288 3 H, 10,237
uy 2 Ho UV absorptisn batween 200350 na,

IR{MBr): F o B 3607 and 5540 (two hydrozyl groups ), 1750
( ¥ =lactone), 1380 snd 1355 on™t (gea dimethyl

grouple | ' Flo.g
BMR oy G;@ s 0,28, 1,00, 1,21, 1,28 ppa (methyl proups),
2.6{1H, n), 5,18 (1, Ve = 8Hz), 3.85 (12, wh = 18dz)
PP |
Hags ¢ mfe abt 472 (7)), 454, 439, 421, 411, 384, 251,

234, E53, 221, 220 (bsse), 203, 202, 207, 169,
87, L Fig.15

Liebernann = Durtchard test posliive, THY teeb negative.

deebyletion of compound 1 ; Prepsratlion of leucolactone

digoetate 2 ¢

Y

200 ag of the hydrozy lectone 1 was dlssolved in

5 co of pyriding and 5 oo of scebic snhydride was pdded.
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The mlxbure was kept on waber bath for 4 hours, Then it wee
cooled and poured iato ice ccléﬁggzn white so0lld separated
out which was flltered. The pesidue (0.8 g) wee diesslved in
ninicun gasunt ?f bengene and glaceé o g ooluan of desctls
veted glunling (éO ). The ouronatogran was deveiapae with

. petroleun ether, The following solvente were used for ohro-

aetogrephy (Teblow=d):

T’ablea-—fﬁv
miuenh Preatisn 5Q<nl Realdus an
e each  evsporebion
Petroleun ether . Lot g4
Potpoleun etheribengens - Ew=8 Wil
(4:1)
Petrnlsun ether:benzens Gume J2 ' "1l
{3¢2)
Fetroleua etheribenzens . 132D ﬁhiﬁa sniia
(2:3) . ' NePe 27 Ow-g0°

Fupthsr elutisn with more palar golventeg dld not afiavd
any sol*ﬂ naberial

i\,
T

PO B
PR
"

FPractions 15=-20 (%abia-wﬁ)'wera conbined and
crystalllged from o ulziture of ehloroform and methanol which
efforded crystels of g;fmgp; ﬁ@&**&ﬁg'.

;
f

‘
'
/
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Anglvels reports | _ |

. Pound, G, 73.35% ; H, 9,487 |
Roquired £ar Ge,Heo0s, C, 78358 3 H, 0,417

IR(EBr): of ez 86 1728 end 1740, 1216 and 1235 ou™t (two
' asetate), 1768 (lectone carbonyl), 1359 end

13?9‘3a’1 (gen dimethyl group)  ~ PFig:s
PHR : 0.86=-1.28 (methyl groups), 2.05 (8) end 2,12 (s)

( protons of acetamethéxy groupe ), 2.8 (4,4},
4445(t), 4.9 (a) ppu Flg.5

Yo mrs 175,09, 170,85, 169.76, 90,2, 80.55 ad 71.64 ppn
' Plg.G

Mess 1 wfe at 553 (47}, 495, 481, 453, 435, 421, 414,
593, 32%, 301, 283, 262, 249, 233, 216, 2123,
205, 182 {(base), 187. Flgel4

Gupomiua tpiozide = pyridine oxidstion of the dlhydrozy
'laoﬁane 1l Pv&pa?aﬁimn‘of the diketoleucolactone 3 -

100 g of the dlaydroxy lectone, 1 dismeolved 1n
pyridine (2 nl}, was added to Grl,-py complez prepared from
'pgridkna (6 al) snd ﬂr@s {0.,8 g) at 10°% and tﬁe alziure
wis 8tivred for 1R bips. Egcess of Cr0z war destroyed by
adding netasnol (4 ml), Qlluted with ethyl soetate and £il-
tered. Ethyl scotate wee renoved end the sorcentrate wae
teken wp in ether. The organlic 1&3@? &&5 washeﬁ'with.hgﬁma—

“ghloric geid (5¢), then with water t1ll neutral end dried
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ovar‘gnhydra@s sodiuy sSulphate. Hemoval of sgolvent gave
- 8 guany residue (0,9 g),-@he above ragidus waes clhronstopre~
phed over g column of desstivated aluniane (30 g). The ohyo-
aabogran wes developed with petroleus ether snd the product
dissolved io benzene {5 al) was poured on the columc and

eluted with the followling solvents:

Tébl&wvé_
Elueni Prection 50 al Residue on
i ; : , ..esch — tveporation
Petroleun ether ' Loty ~711
Petroleun ethersbenzena  ° |\ Sewd - oWl
{as1)
- Petroleunu etheribenzene Deane 33 Hil
{(5i2) _ _
Petroleus etheribengens et 1 white solid

’ (2:3) . flePe 539""‘209

Pupther elutlon with more poler salvents did not afford any
851ld materlal-

Frectinsns 13=-20 {teble=¢) wore conbined and
erystalllized froa e&labafavﬂ~néthangl alxture to glve the

orystale of 3, w.p. 32547,



- Rogaived for Ggglygdy,

0, 76.88% 3 H, 0.46%

©IR(nuged): S gz, 8 I70510 (brosd posk), 1760 en™t

-

e

A

0,82, 098, 1:02, 1,10, 1,18 sud 1:30 ppa

. (tort=Gy ), 2.18 (4), 278 (a)ppm .;

_u/e at 408 (4*), 455, 485, 260, 250, 240,
- g18, 210, 905, 19, 180, 282 eto.

B ‘ E)’Qﬁ!m BERGA
. - .aﬂg
b . @E’VERSITY UBR&\HV .

4
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ACTION OF HYDROGEN PEROXIDE ON
OLEAN-12,15-DIEN-3,11-DIOL: PREPARATION OF
C-NOR-TRITERPENE LACTONES

B. P. PRADHAN,* M. M. MUKHERIEE and D. K. CHAKRABERTI
Department of Chemistry, University of North Bengal, Dist. Darjeeling—734 430, India

and

J. N. SHOOLERY
Varian Associates, Palo Alto, California, U.S.A.

(Received in UK 19 April 1982)

Abstract—Treatment of olean-12,15-dien-3,11-diol with hydrogen peroxide containing p-toluenesulphonié acid
furnished two isomeric y-lactones identified as 3B-acetates of C-12-nor-olean-15-en-13a-carb-»19a-olide and

C-lZ-nor—oIean-l 8(19)-en-138-carb— 158-olide.

‘E. J. Corey et al.' synthesised epoxytaraxerol 2 from
both the olean - 12 - en - 38,118 - diol 1a and olean - 12 -
en - 38,11a - diol 1b and suggested that the formation of
the same epoxide 2 from the isomeric (C-11) diols must
proceed by C-11-0 bond cleavage with the formation of
the same C-11,12,13 allylic cation which then forms the
hydroperoxide 3. This 3 in turn undergoes O-O fission
and carbon rearrangement to afford 2.

1a . R=H, R'=0H
1b R=0H,R'=H

that would undergo nucleophilic attack by OH™ ion
producing a 16-hydroxytaraxerol derivative or to
produce a cation at C-8 by migration of C-8-Me to C-14
position which was expected to eliminate a C-7 proton to
give multiflorenol derivative 7; but in actual practice, the
findings were widely different from those expected and
are discussed below: .

Treatment of taraxeryl acetate 8 with NBS afforded 9,

~ -

lw

Chart I

This  type of reaction under identical conditions was,
carried out on the diol 4 synthesised from taraxeryl
acetate with a view to producing the allylic cation 5. The
intermediate 5 would further isomerize either to produce
the allylic cation 6 by migration of C-15-16 double bond

Cs2Hs,0,Br (M* 548, Br 81) m.p. 180-82°, [a]p+47.4°,
Vmax 1720, 1250 (<-OCOCH;); 'H NMR: & 53 (m, 1H,
/c=c<H), 453 (m, 1H, H-C-0-COCHs), 4.3 (m, 1H,
H-C-Br), 2.09 (s, 3H, -O-COCH) ppm. Treatment of 9

2819
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HO

Chart IT

with sodium dichromate and acetic acid furnished 11 -
0xo0 - 15 - bromo - B - amyreny] acetate® 10 C5,H50,Br,
m.p. 240-41°, [alp+88°, Amax 2490M; veax 1725, 1250
(-OCOCH,), 1680 (-C=C-C=0) cm™'. Attempts to
dehydrobrominate 10 with dimethyl aniline/collidine gave
the starting compound 10. A reverse route was followed
to prepare the 11 - oxo - 12,15 - diene bv dehy-
drobrominating 9 which furnished compound 11,
Ci,Hs00,, m.p. 199-200°, [a]p+42°; no UV absorption
between 220-300 nm; vmax 1730, 1240 (-OCOCH,), 1650,

Nece”s 100 Nt Y e N R <
890, 750 ( (|3—CI ),820(/C C\H)cm ; NMR: 5.2-5.6

HH

(m, 3H, vinyl protons}, 4.5 (m, 1H, H-C-OCOCHa), 2.08 (s,
3H,-0-COCHs), 0.8-1.2 (8-t-CH;) ppm. The diene 11 was
oxidised to give the desired 11-o0x0-12,15-diene 12,
C3,H4s0s, m.p. 243-45°, [a]p+28.6°, Amax 244 1M Viax
1730, 1240 (-O-COCHs;), 1660 (C=C-C=0), 1650, 890, 750

AcQ
R H
i *H
0 R 0

Chart III

Moy Y

v
]
5

A



Action of hydrogen peroxide on olean-12,15-dien-3,11-diol

AN

) cm™*. LAH reduction of the

( C=C/), 820 (\C=C/

R

11-oxo-diene 12 furnished a diene-diol 4, C3oH430,, m.p.

o Ne”
198-200°, wmax 3460 (-OH), 820 ( /C C\H
purification of the diol by chromatography yielded a
homoannular diene 13, Ci;oHu0O, m.p. 189-90° Amax
276 nm.

The diol 4 was directly treated with hydrogen peroxide
containing p-toluenesulphonic acid following the pro-
cedure adopted by Corey et al.' The product furnished
two compounds (14 and 16) of the same molecular for-
mula CiH4603. The compound 14, m.p. 240-41° showed
IR bands at 3520 (<OH), 1775 (y-lactone), 1650, 890, 870,

750 (NC=C”) cm™'. Acetylation of 14 furnished the

| |
HH
acetate 15 CaHagQu4, m.p. 215-16°; viax 1780 (y-lactone),

) em™

1720, 1250 (-OCOCH3), 1650, 890, 870, 750 (\C=C/ )
||
HH
cm™". The formation of the lactone has thus been proved
by the IR spectrum of the alcohol 14 and its acetate 15.
The structure 14 has been conclusively established from
mass, "H and ">C NMR spectra of the compound 15.

'H NMR of 15 showed the presence of eight tertiary
Me- groups between 0.5 and 1.5 ppm, the acetoxy Me-
group at 2.05 ppm, the proton geminal to the lactonic O
at 472 ppm as a doublet (J=7.3Hz), and the cis-dis-
ubstituted olefinic protons appeared at 5.27 ppm as an
AB quartet (J =10Hz). Irradiation at 4.72 ppm gave a
singlet at 1.7 ppm showing the proton at 1.73 ppm to be
coupled to the one at 4.72ppm with J=7.5Hz and
weakly to other protons. Again irradiation at 1.73 ppm at

2821

a fairly low level gave a sharp line at 4.72 ppm which was
a doublet otherwise. Hence the doublet at 4.72 ppm
arises due to a single proton adjacent to the lactonic O
that couples with the proton at 1.73 ppm. The multiplet at
4.5ppm collapses to a broad singlet suggesting the
presence of a proton at C-3 coupled with protons at C-2.
The absence of any peaks between 2.2 and 3.5 ppm
shows that the C-a to the lactonic -CO- possesses no
proton. The above observations could be explained if the
lactone -CO- group is attached to the C-13 position and
the y-lactone ring is formed with the C-19 carbon with a
geminal 8-H that has a single neighbouring §-axial pro-
ton at C-18 position, thus establishing the structure of 14.
This structure is corroborated by the *C NMR and mass
(Experimental) spectra.

The compound 16 had m.p. 256-57° and showed IR
absorptions at 3525 (OH), 1780 (y-lactone), 820

(>C=C<H) cm™. 'H NMR showed a singlet at 5.3 ppm

for the vinyl proton, a multiplet at 4.8 (W,,=20Hz)
ppm for the proton geminal to the lactonic oxygen which
may have two neighbouring protons, a triplet at 3.23 ppm
(W2 =20Hz) for the proton geminal to the OH at C-3
present as an axial proton.> Acetylation of 16 gave the
acetate 17, C3,Hyg04 m.p. 228-29°; vrmax 1780 (y-lactone),
1715, 1250 (acetate), 820 (trisubstituted double bond)
cm™'. The mass spectrum of 17 was essentially identical
with those of 15.

The '"H NMR of 17 showed a multiplet at 4.8 (W, =
7 Hz) ppm (integrated for one proton) showing that the
proton geminal to the lactonic O is equatorial which
couples with axial and equatorial protons; the multiplet
at 4.5 ppm was due to C-3 proton, the singlet at 5.3 ppm
was due to C-19 olefinic proton. The absence of any
peaks in the region 2.2-3.5 ppm showed that the lactone
-CO- has no «-H as in 15, and hence should be attached
to the same carbon (C-13). The absence of AB quartet
for the cis C-15-16 olefinic protons present in 4 indicated

16, R=H
17, R=CHgCO

Chart IV
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that this double bond must be involved in the formation
of lactone 16 and the lactonic O should be attached to
C-15 with an a-equatorial geminal proton that couples
with C-16 protons. The structure 16 thus assigned to the
lactone explains all the IR and NMR peaks.

LAH reduction of the lactone 16 afforded a triol 18
CaoHs5005 m.p. 280-82°, acetylation of which gave a tri-
acetate 19, C36Hs606, m.p. 190-93°, vmax 1735-40, 1250~
40 (acetate groups), 820cm'. 'H NMR of the triacétate
19 showed peaks at 0.85-1.2 (eight t-Me groups), 2.05
(two acetoxyl Me- groups), 2.1 (one acetoxyl Me-), 3.65
(J=11Hz, AB-quartet for two methylene protons
geminal to the acetate group), 4.45 (a multiplet for the
proton at C-3 geminal to the acetate), 5.2 J=8Hz, a
doublet split into a multiplet for C-15-proton geminal to
the acetate) and at 5.3 (a singlet for the C-19 vinyl proton
which has no neighbouring proton) ppm.

B. P. PRADHAN et al.

Mechanism. Contrary to the formation of the pro-
posed intermediates § or 6 the double bond at C-12-13 is
pushed, during the formation of the epoxide I-2, from the
hydroperoxide I-1 towards ring E (to form a germanicol
derivative) rather than to ring B or D due to the presence
of double bond at C-15-16 position. Under the reaction
condition the epoxide I-2 is unstable due to the con-
formational strain caused by the double bonds at C-15-16
and C-18-19 positions and hence undergoes epoxide ring
opening in presence of acid forming carbonium ion I-4
probably by 1,3-hydride shift from C-13 to C-11 as
shown in I-3. The intermediate carbonium ion I-4 under-
goes ring contraction producing the isomeric cations I-3
and I-5' which in turn lose a proton to form isomeric
aldehydes 1-6 and I-6' respectively. These aldehydes get
oxidised in presence of hydrogen peroxide to the cor-
responding o and B carboxylic acids at C-13 positions.




Action of hydrogen peroxide on olean-12,15-dien-3,11-diol

The a-carboxyl group in I-7 being at proximity to the
double bond at C-18-19, undergoes lactonization fur-
nishing the y-lactone 14, whereas the inetermediate I-7'
having its carboxyl group in the B-position is at proxi-
mity to the C-15-16 double bond, lactonizes forming 16.
The Dreiding model of the lactones 14 and 16 showed
that the lactones are strain free, thus stabilising the
molecules. This is perhaps the first report on the for-
mation of a lactone with the carbon skeleton rearrange-
ment in ring C of a triterpenoid with hydrogen peroxide
in presence of p-toluenesulphonic acid.

EXPERIMENTAL

M.ps are uncorrected. Petroleum used had b.p. 60-80°, All the
rotations were determined in CHCJ; at 1-2% solns. The 'H NMR
spectra were recorded with Varian A-60, T-60, FT-80A and
XL-100 NMR spectrometers using CDCl; containing TMS as
internal reference. All the UV spectra were determined in 95%
ethanol and IR in nujol. Column chromatography were done on
neutral alumina deactivated with 10% aqueous acetic acid
(4 ml/100 g of alumina).

Oxidation of taraxeryl acetate 8 with NBS in DMSO

Preparation of 15-bromo-B-amyrin acetate 9. To a soln of 8
(1g) in CHCI; (50 ml) and DMSO (25 ml), was added NBS (1 g) in
portions and kept in dark for 14 hr. The mixture was filtered and
the filtrate extracted with CHCl;, washed with water and dried
(NaS04). Removal of the solvent and chromatography of the
residue furnished 9 (0.9 g), m.p. 180-82°, [a]p +47.4°. (Found: C,
70; H, 9.1. C3,H5/04Br requires: C, 70.23; H, 9.3%.) Beilstein test
for halogen—positive.

Oxidation of 15-bromo-B-amyrin acetate 9

Preparation of 11-0x0-15-bromo-B-amyrin acetate 10. To a
refluxing soln of 9 (1g) in benzene (40 ml) was added slowly a
soln of Na,Cr,07 (1 g) in glacial AcOH (30 ml) with stirring while
maintaining the temp at 70°. After the addition was complete the
stirring was continued for 24 hr, maintaining the temp at 80-85°.
At the end it was cooled and rectified spirit (5 ml) was added. The
soln was concentrated to 1/3rd volume and poured into ice cold
water. The ppt was filtered off, washed and crystallization from
CHCL-MeOH gave 10 (0.75 g) m.p. 240~41°, [a]p+89°. (Found:

C, 68.2; H, 8.6. C,H450,Br requires: C, 68.4; H, 8.7%.) Beilstein ‘

test—positive.

Attempted dehydrobromination of 1l-oxo-15-bromo-g-amyrin
acetate 10

(a) With dimethyl aniline. Compound 10 (0.5 g) was refluxed
with dimethylaniline (75 ml) for 6 hr. The mixture was cooled,
acidified with HCI (6 N) and then extracted with ether. Removal
of the solvent and chromatography of the residue furnished an
eluate (with petroleum at eluent) which on crystallization with
CHCI;-MeOH afforded the starting 10, m.p. (m.m.p.)) 240-41°,
Beilstein test—positive.

(b) With s-collidine. Compound 10 (0.2 g) was refluxed with
s-collidine (15 mI) for 18 hr at 180° in an oil bath. Working up the
mixture in the usual method gave back 10, m.p. (m.m.p.) 240°,
Beilstein test—positive.

Dehydrobromination of 15-bromo-B-amyrin acetate 9

Preparation of olean - 12,15 - dien - 3 - B - yl acetate
11. Acetate 9 (0.2 g) was refluxed with distilled dimethylaniline
(30 ml) for 6 hr. The mixture was diluted with water, acidified
with aq HCI and extracted with ether. The ether was distilled off
and the residue chromatographed. Petroleum eluted a solid which
on crystallization (CHCI;-MeOH) gave 11, m.p. 199-200°, [e]p +
42°, (Found: C, 81.9; H, 10.8. C3;Hs0; requires: C, 82.35; H,
10.8%.) UV—no absorption in the region 220-300 nm. Betlstein
test—negative,

Oxidation of olean-12,15-dien-3-B-yl acetate 11
Preparation of 11 - oxo - olean - 12,15 - dien - 3 - B - yl acetate
12. A soln of Na,Cr0; (4g) in glacia_l AcOH (100 ml) was added
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slowly during a period of 1 hr to a vigorously stirred soln of olean
- 12,15 - dien - 3 - B - yl acetate (4 g) in refluxing benzene (50 m]).
The mixture was refluxed for 24 hr and then cooled. Excess of
dichromate was decomposed with EtOH (50 ml). The soln was
concentrated to 1/3rd volume and the contents poured into ice
cold water, extracted-with ether, washed with water and dried
(Na;S04). Removal of the solvent and chromatography of the
residue furnished a solid on elution with petroleum: ¢H (3:2).
The solid on crystallization (CHCl;-MeOH) gave 12, m.p. 243-
45°, [alp+28.8°, Amax 244 (¢, 11,376) nm, "H NMR: 5 0.82-1.04 (8
t-Me protons), 2.03 (s, 3H, ~-OCOCH3), 2.23 (dd, 1H, C-188-H),
242 (s, 1H, C-9a-H), 2.82 (t of d, IH, C-18-H),* 4.5 (t, 1H,
H-C-3-0-C0O-), 5.38 (s, 2H, 2 vinyl H), and 5.64 (s, 1H, 1 vinyl
H) ppm. (Found: C, 79.86; H,.9.95. C5Hu;05 requires: C, 79.95;
H, 10.06%.)

LAH reduction of 11 - oxo - olean - 12,15 - dien - 3 - B - yl
acetate 12

Preparation of olean - 12,15 - dien - 3,11 - diol 4. A soln of 12
(2.5g) in dry benzene (30 mi) and dry ether (70 ml) was refluxed-
with LAH (5g) for 6hr followed by stirring at room temp for
another 12hr. Excess LAH was destroyed by adding water
dropwise at 1.t. The etherial layer was separated and the aqueous
layer was extracted with ether and the two ether soln were
mixed, washed with water and dried (Na,SO4). The ether was
removed and the residue yielded 4 (4.5g), m.p. 198-200°, vmax
3460, 1650, 890, 860, 820, 750 cm ™" (TLC single spot).

Compound 4 (0.2 g) was absorbed in a column of deactivated
alumina (10 g) and elution with petroleum: ¢H (3:2) furnished 13
m.p. 189-90°, Apax 276 nm, mje 422 (M"). (Found: C, 84.8; H,
11.30. CiH4O requires: C, 85.25; H, 10.97% (TLC homo-
genous).)

Treatment of olean - 12,15 - dien - 3,11 - diol 4 with H;0,-
pTsOH

Isolation of 14 and 16. To a soln of 4 (1.9g) in CH.Cl,
(100 ml) was added a soln (80 ml) prepared by mixing p-TsOH
(3g) and 30% H;0; (5ml) in t-BuOH (80 mil). The mixture was
stirred slowly for 24 hr and then poured into water. It was then
extracted with CH,Cl,, washed with water, dried (Na,SO4) and
the solvent removed under reduced pressure. The residue (1.5 g)
was absorbed in an alumina column. Elution with benzene yiel-
ded a mixture of 14 and 16, (Rf 14 =49; 16 =46 in EtOAc). The
mixture was repeatedly crystallized from CHCl;-MeOH when 14
(0.3 g) separated as the less soluble part. Further purification by
crystallization from CHCl;-MeOH afforded pure 14, m.p. 240-
41°, no UV absorption in the region 220-300 nm. (Found: C,
78.94; H, 9.89. C30H405 requires: C, 79.25; H, 10.20%.)

Acetylation of lactone 14. 14 (0.1 ¢) was heated with a mixture
of Py (2ml) and Ac;0 (2ml) for 4hr. The mixture was then
poured into ice cold water and then filtered. The residue was
washed with water and dried under suction. Crystallization of the
solid furnished 15, m.p. 215-16°; m/e 496 (M™). 468 (M*-CO0), 452
(M*-C0,), 436 (M"-AcOH), 421, 408, 392, 372, 313, 300, 269, 257,
244, 231, 217, 218, 206, 203, 191, 189, 187, 175, 171, 161, 147, 135;
3C NMR (multiplicity): 175.5(s), 170.5(s), 132.75(d), 132.5(d),
82.0(d), 80.0(d), 75.8(s), 67.5(d), 55.75(d), 51.75(d), 45.25(s),
42.0(s), 38(3¢t,1s5), 36.8(s), 35.75(t), 34.8(1), 34.2(s), 32.8(q),
30.25(s), 29.0(q), 28.0(g), 25.8(q), 23.75(q), 23.5(t), 22.75(q),
21.25(q), 19.75(t), 18.6(g), 16.25(q) ppm. (Found: C, 77.25; H,
9.85. C3H4504 requires: C, 77.36; H, 9.74%.)

Isolation of lactone 16. The more soluble fraction was crys-
tallized twice and the purer product was isolated from the filtrate.
Concentration of the filtrate gave 16 (0.2 g), m.p. 256-57°; mfe
454 (M™), 436 (M*-H,0), 426 (M*-CO), 410 (M*-CO,), 408, 392,
313, 269, 231, 205, 189, 187, 171. (Found: C, 79.45; H, 9.76.
C30H460;3 requires: C, 79.25; H, 10.20%.)

Acetylation of lactone 16. 16 (0.01 g) was heated with Py
(1m0 and Ac;O (1 ml) for 4hr. The mixture on usual work up
and crystallization from CHCl;-MeOH gave the acetate 17, m.p.
228-29°, mfe 496 (M"), 468 (M*-CO), 452 (M™-CO,), 436 (M-
AcOH), 408, 392, 372, 313, 269, 257, 256, 217, 206, 203, 191, 189,
187, 171, 161, 147, 135. (Found: C, 77.38; H, 9.94. C3:H4s04
requires: C, 77.30; H, 9.74.)
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LAH reduction of lactone 16. A soln of 16 (0.2 g) dissolved in
dry ether (50 ml) was refluxed with LAH 90.4 g) for 4 hr. Excess
of LAH was decomposed with a saturated soln of Na,SO, and
the product extracted with ether (200 mi), washed with water and
dried (Na,SO4). The solvent was distilled off and the residue
when recrystallized from acetone furnished the triol 18 (0.15 g),
m.p. 280-82° (TLC single spot). (Found: C, 78.42; H, 10.84.
C30Hs003 requires: C, 78.55; H, 10.99%.)

Acetylation of triol 18—preparation of triacetate 19. A mix-
ture of 18 (0.12g) in dry Py (2.0 ml) and Ac,0 (2.0 ml) was kept
over a water bath for 12 hr. The mixture was poured into cold
water when a solid which separated out was washed with water
and dried under suction. It was then crystallized from CHCls—
MeOH to afford the triacetate 19 (0.1g), m.p. 190-93° (TLC-
single spot); mfe 584 (M™), 524 (M'-AcOH), 432, 464 (M*-

2AcOH), 459, 389, 358, 343, 340, 269, 249, 215, 204, 189, 187; '*C -

NMR (multiplicity): 170.5(s), 170.2(s), 170(s), 155.5(s), 122(d),
80.5(d), 78.5(d), 76.0(t), 55.5(d), 50.0(d), 46.8(s), 41.5(s), 39.5(¢),
38.2(s), 38.0(t), 37.8(s), 37.5(s), 34.0(t), 33.9(t), 33.5(t), 32.0(s),
31.5(1), 31.0(q), 29.5(q), 28.0(q), 25.5(q), 23.8(1), 23.5(q), 22.5(q),
21.5(3q), 18.5(t), 16.0(q), 15.5(q) ppm. (Found: C, 73.50; H, 9.85.
Ci6Hs606 requires: C, 73.93; H, 9.65%.)

B. P. PRADHAN et al.
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1

Action of N-bromosuccinimide on acetyloleanolic acid/methyl ester, acetylaleuritolic acid/methyl ester and
acetylbetulenic acid/methyl ester in dimethyl sulphoxide has been studied and in each case a bromo ;-lactone is formed, and in
the latter two compounds lactonization occurs with rearrangements. The compounds so formed have been identified as 3f-
acetyl-12a-bromooleanan-28 - 13-olide (V), 3ff-acetyl-15x-bromooleanan-28—13-olide (II) and 3f-acetyl-29,30-dibromo-

18x-oleanan-28— 19f-olide (1X) respectively.

Khastgir and coworkers' reported that taraxeryl
acetate on treatment with N-bromosuccinimide (NBS)
furnished 15-bromo-fi-amyrin acetate. In order to
examine the applicability of the reaction on other
compounds of taraxerane skeleton, we have presently
carried out the reaction on methyl acetylaleuritolate?
(Ia), C33Hs,0,, by treating it with NBS in dimethyl
sulphoxide (DMSO) in dark for 12 hr. Usual work-up
followed by chromatography ‘and crystallization
furnished a crystalline solid which analysed for
C;,H,60, Br,m.p. 280-82°, [a]p + 19.51°. That it had

y-lactone moiety was supported by its IR spectrum in

nujol, exhibiting bands at 1780, 1710, 1240 cm ~'. Its
PMR spectrum indicated the absence of a vinyl proton
and methoxycarbonyl protons originally present in the
starting material, showing that the bromination was
accompanied by the forthation of a y-lactone involving
the double bond and the loss of a methyl group from
the carbomethoxyl group. Repetition of the reaction
on acetyl aleuritolic acid® (Ib), C3,H 00, furnished
the same bromolactone. The structure of the
bromolactone has been established as II on the fact
that the compound on dehydrobromination with
dimethylaniline afforded 15,16-dehydro-lactone (I1I),
C3,;H4504, m.p. 308-10°, [o]p, — 8.42° IR (nujol): 1770
(y-lactone), 1730, 1250 (acetate), 900 cm ™' (cis-
disubstituted olefin). III on LAH reduction furnished
aegiceradiol® (1V), C30H4s0,, m.p. 235-36° identical
(m.m.p., co-IR) with an authentic sample. III on
‘catalytic hydrogenation over Adam’s catalyst in acetic
acid under pressure afforded 3f-acetyloleanan-28
—13-olide* (1I1a), C;,H 5004, m.p. 293-94° (identical
with the lactone prepared from 3p-acetyl oleanolic
acid*). The formation of aegiceradiol (IV) showed that

the double bond must be formed at 15-16 position on

12

dehydrobromination of the bromine present at 15-
position. ’

A study of the Dreiding model of the lactone (II)
showed that the bromine at C-15 should be a-
equatorial. This was confirmed by appearance of a
proton centered at ¢ 4.3 (d, ) with coupling constants
of l4Hz(Ja,a)and 3 Hz(J a, e) due to the axial proton
geminal to the bromine having axial and equatorial
protons on the vicinal carbon. The mechanism of
formation of II probably involves the attack of the
bromonium jon from NBS in DMSO at the double
bond. Bromine being a bulky atom ultimately assumes
the equatorial position so as to have the minimum
strain and steric interaction. The next step involves
concerted migration of the C-13 methyl to the C-14
position and elimination of the methoxyl methyl to
form the 28 —13-olide (II).

As. no. systematic work on the action of NBS in
DMSO on a triterpene acid/ester has been reported,
the formation of the lactone (II} prompted us to
explore if the reaction could be applied to other
triterpene acids and esters as well, Methyl
acetyloleanolate (Va) was taken as another model
compound for this reaction when we isolated the
product (VI), C3,H,40,4 Br, m.p. 215-16°, IR (nujol):
1770 (y-lactone), 1725, 1240 cm ! (acetyl), which was
found to be identical with 3f-acetyl-12a-bromo- .
oleanan-28—13-olide® (VI) prepared by treatment of 34- -
acetyloleanolic acid with bromine in acetic acid. The
same bromolactone (VI) was formed when 38-
acetyloleanolic acid” (Vb) was treated with N-
bromosuccinimide in  dimethyl sulphoxide.

Methyl 3f-acetylbetulenate® (VIla) on similar
reaction with NBS in DMSO afforded two different
bromo compounds, separated by chromatography.
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NBS - DMSO
DARK—12 Hr

I3, R =CHg
b, R=H

s

llla

The less polar one, C33Hs,0,Br, m.p. 235-36°, [«]p
+42.55° was identified as methyl 30-bromo-3p-
acetylbetulenate (VIII); IR (nujol): 1735 (— COOCH,),
1725, 1240 (—OCOCHS,), 1260 (—CH,Br), 1660,
876cm ! (=CH,); PMR: 60.87-1.02 (15H, 5 tert.
CH,),2.03(s,3H, —OCOCH,), 4.1 (m,2H, —CH,Br),
3.75(s, 3H, —COOCHS,), 4.9 (m, 2H, =CH,), 4.5 (m,
1H, CH—0—COCH,); VIII on treatment with zinc
and acetic acid gave methyl 3-acetylbetulenate (VIla).

The more polar fraction (10%) was a dibromo
‘lactone (IX), C;,H4504Br,, m.p. 303-4°, [a]p+47;
CD (n-hexane): 218 nm (e = —0.99); IR (nujol): 1780 (y-
lactone), 1720, 1240 (—OCOCH,), 1260 cm™!

(—CH,Br); PMR: 6 0.87-0.92 (15H, 5 tert. CH3), 2.03,

" (s, 3H, —OCOCH,), 3.44 (m), 3.55 (m); 3.73 (d) and
3.78 (d) (4H, C-29-H,Br and C-30-H,Br, J,g=11 Hz),
-4.34 (s, 1H, HC—-0OCO) and 4.5 (m, 1H,
HCOCOCH ). The methylene protons present at C-29
and C-30 as CH,Br are non-equivalent and their

v

position is fixed dL;e to hindered rotation of these
groups containing the bulky and highly electro-
negative bromine atoms which are at the farthest
positions. The appearance of the C-19 proton adjacent
to the lactonic oxygen as a singlet in the PMR
spectrum of IX suggests that this proton has either no
neighbouring proton or the conformation is such as to
have no coupling with it. A Dreiding model of 1X
showed that the dihedral angle between the C-18 and
C-19 protons is almost 90° if the C-18 proton is a-
oriented. The appearance of a peak in the ' *C NMR of
IX at 178.48 ppm revealed the presence of a lactonic
carbonyl group in a five-membered ring whereas the
one at 171 ppm indicated the presence of an acetoxyl
carbonyl group. The doublets at 80.77 and 80.95 ppm
due to C-H groups bonded to acetoxy and lactone
oxygen atoms. The dibromolactone (IX) could not be
dehydrobrominated with dimethylaniline but on
debromination with Raney nickel-hydrogen gave X,

13
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C3,H;500,, m.p.>360°, [a]p+59°, identical with 36-
acetyloleanan-28—19f-olide prepared from 3p-
acetylbetulenic acid. From these observations the
dibromolactone (IX) has been assigned the structure of
3B-acetyl-29, 30-dibromo-18a-oleanan-28—19f-olide
1x.

3B-Acetylbetulenic acid (VIIb) also furnished the
dibromolactone (IX) on treatment with NBS in DMSO
and 3f-acetyl-30-bromobetulenic acid which was
converted with the methyl ester (VIII) on esterification
with diazomethane. .

Methyl 3p-acetyl-30-bromobetulenate (VIID) is
formed by allylic bromination of the methyl ester
(VIIa) which on further attack by the bromonium ion
on the double bond causes ring expansion and
lactonization as in other acid isomerization’ of the
double bond to furnish the lactone (IX).

Methyl 3f-acetyldihydrobetulenate on similar
treatment with NBS in DMSO gave back the starting
material in 1009, yield, suggesting that the attack by
the bromonium ion on the double bond initiates the
lactonization and no free radical is involved in this
reaction.

Experimental Procedure

Melting points are uncorrected. The petroleum used
throughout had the b.p. 60-80°. Brockmann alumina
(S. Merck) deactivated with 5% of 109, AcOH was used
for column chromatography. TLC plates were coated
with silica gel G (acc. to Stahl) having the thickness of
about 0.2mm and the spots located by exposing to
iodine vapour. All the optical rotations were
determined in chloroform solution. IR spectra were
recorded as nujol mulls on a Beckman IR-20

¢

14

Brz —— ACcOH

spectrophotometer and the UV spectra in MeOH on a
Beckman DU-2 spectrophotometer. NMR spectra
were recorded on Varian A-60 or T-60 or EM-360 and
FT-80A (*H and '*C) NMR instruments using CDCl,
as solvent containing TMS as internal standard. Mass
spectra were recorded by solid probe CI/CH,4 method.

Treatment of methyl 3B-acetylaleuritolate (Ia) with
NBS: Formation of 3f-acetyloleanan-15a-bromo-28
—13B-olide (I)—Ia (200mg) dissolved in CHClI,
(12ml) was mixed with freshly distilled DMSO (6 m]).
After cooling the reaction mixture, NBS (200 mg) was
-added, kept in dark for 12hr, filtered, the filtrate
extracted with CHCl,, the organic layer washed with
water and dried (Na,SO,). Chloroform was distilled
off and the residue chromatographed over deactivated
alumina. Elution with petroleum-benzene (3:2)
furnished a solid which crystallized from CHCl,
—MeOH to give II; PMR: §0.8 to 1.4 (7 tert. CH,),
2.04 (s, 3H, 0—COCH,), 4.3 (dd, 1H, CHBr, J,,= 14
Hz and J,.=3 Hz), 4.5 (m, 1H, H—C—0—COCH,)
(Found: C, 67.8; H, 8.8. C5,H,,0,Br requires C, 67.1;
H, 8.6%).

Treatment of 3B-acetylaleuritolic acid (Ib) with
NBS—Ib (150mg) dissolved in CHCl; (10ml) was
mixed with DMSO (5ml) and NBS (150 mg) and kept
in dark for 24hr. After usual work-up and
chromatography, a solid was eluted by petroleum-
benzene (3:2) which crystallized from CHCl; —MeOH
to give I, identical (m.m.p., co-IR) with II obtained in
the above experiment.

3B-Acetylolean-15,16-en-28 —13B-olide (IIN—1I1
(150mg) was refluxed for 4hr with freshly distilled
dimethylaniline (30 ml). The mixture was poured into
water, acidified with 6 N HCl and extracted with ether.
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Vila, R = CHy
vVilb, R = H

The ether layer was washed with water till neutral and
dried (Na,SO,). The solvent was removed and the
residue (130mg) chromatographed. Elution with
petroleum-benzene (3:2) furnished a solid which
crystallised from CHCl;—MeOH to furnish III;
PMR: §0.8-1.3 (7 tert. CH,), 2.04 (s, 3H, —OCOCH,),
45 (m, 1H, HC OCOCH,), 55 (AB quartet

—C CH=CH- C , J45=10 Hz) (Found: C, 77.1;

H 9 7. C3,H 4504 requlresC 77.4; H, 9.7%); Bellstem
test-negative.

Hydrogenation of lactone (III): Formation of 3p-
acetyloleanan-28—13B-olide (I1Ia)—A mixture of III
(200mg) dissolved in ethyl acetate (50ml), AcOH

(50 ml) and Adam’s catalyst (25mg) was stirred under .

hydrogen atmosphere in a Pars hydrogenation
apparatus (40 p.s.). The solvent was removed under
reduced pressure and the residue dissolved in benzene
was passed through a column of alumina. The eluate
on crystallization from CHCl; —MeOH afforded Hla,
m.p. 293-94° (m.m.p. and co-IR identical with an
authentic sample of 3B-acetyloleanan-28 —13-olide®);
IR: 1780 (y-lactone), 1720, 1240 cm ! (acetate) (Found:
C,77.0;H, 10.1. C3,H 500, requires C, 77.1; H, 10.1%)).

LAH reduction of III: Formation of aegiceradiol

(IV)—IN (50mg) taken .in dry ether (100ml) was -

refluxed with LAH (100 mg) for 4 hr. The mixture was

o |l
N
COOR
: NBS - DMSO _ -
—_—>
VIli, R =CHy

oO=0=~0

IX, X= br
X, X=H

cooled, LAH decomposed with a saturated soln. of
Na,SO,, extracted with ether, the ether extract washed
with water, dried (Na,SO,) and the solvent removed.
The residue (m.p. 225-28°) was chromatographed over
alumina. Elution with benzene-ether (3:2) afforded a
solid which crystallised from CHCl;—MeOH to
furnish aegiceradiol, m.p. 235-36° (m.m.p. and co-IR
with authentic sample) (Found: C, 81.7; H, 10.9. Calc.
for C30H450,: C, 81.6; H, 11.0%).

Treatment of methyl 3B-acetyloleanolate (Va) with
NBS in DMSO: Formation of 3f-acetyloleanan-120-
bromo-28—13B-olide (V)—Va (0.2g) dissolved in
CHCl; (10 ml) and DMSO (5 ml) was treated with NBS
(0.2g). The mixture was kept in the dark for 24hr,
washed with water, dried (Na,SO,) and the solvent
removed. The oily residue (0.18g) was chromatog-
raphed when a solid was eluted by petroleum-benzene
(3:2). This on crystallization from CHCl; —MeOH
furnished VI (0.15g), m.p. 215-16° IR: 1770, 1180,
1160 (y-lactone), 1725, 1240 cm ~! (acetate), identical
(m.m.p., co-IR) with an authentic sample of 12a-
bromo-3p-acetyloleanan-28 —13-olide® (Found: C,
67.2, H, 8.6. Calc. for C3,H,40,Br: C, 67.1; H, 8.670);
Beilstein. test-positive. =~ -

. Treatment of 3B-acetyloleanolic acid (Vb) with NBS:
Formation of bromo lactone (VI)—To a solution of Vb
(0.2 g) in CHCl; (10 ml) containing DMSO (5 mi), NBS

15
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(0.2 g) was added in one lot and the mixture kept in the
- dark for 24 hr. The mixture was diluted with water,
extracted with CHCl,, and the organic layer dried
(Na,SO,). The solvent was distilled off and the residue
again extracted with ether, stirred with aq. NaOH (5%)
and separated into alkaline and neutral extracts. The
alkali extract on acidification and éxtraction with ether
did not furnish any solid residue indicating the absence
of an acidic component in the reaction mixture. The
neutral etheréal portion was concentrated to give a
residue (0.15 g) which was homogeneousin TLC (single
spot). It was crystallized from CHCIl; —~MeOH, m.p.
215-17° and found identical with VI obtained above.
" Treatment of methyl 3f-acetylbetulenate (VIIa) with
NBS: Formation of methyl 3f-acetyl-30-
bromobetulenate (VIII) and 3P-acetyl-29,30-
dibromooleanan-180.,28 —19f-olide (IX)—To a so-

lution of VIIa (0.4g) in CHCl; (20ml) and DMSO -

(10mY), crystals of NBS (0.8 g) were added in lot of
100 mg each and the soln kept in dark for 24 hr. The
mixture was diluted with water, washed the
chloroform layer, dried and concentrated to give a
residue (0.35 g) which was chromatographed. Elution
with petroleum — benzene (4:1) furnished a solid which
crystallized from CHCl; —MeOH to give VIII, m.p.
235-36°, [a]p+42.55° (Found: C, 65.2; H, 8.6; Br, 13.5.
C33Hs;0,Br requires C, 65.3; H, 8.6; Br, 13.5%).
Beilstein test-positive.

Further elution of the column with petroleum-

benzene (2:3) fgrniéhed a solid which crystallized from .

CHCl,
303-4°,
6178.48 (s, lactone —O0—-C=0), 171 (s, —O—CO
—CH,), 80.77 (d, HC—0O—-C=0), 80.95 (d, HC—O
—C=0) and 28 other peaks between 55.60 to
13.67 ppm; MSt: 659 (Mt H, 10%), 657 (M} H, 19%),

—MeOH to give the dibromo lactone (IX), m.p.

iMT H refers to the protonated molecular mass with the two
bromine atoms of lSOtOplC mass 81; M3 H to mass with isotopic
- masses 79 and 81; and M % H to mass with isotopic mass 79. Brt and
Br} refer to bromine atoms of isotopic masses 81 and 79 respectively.

655 (M3 H,

[alp+47.22° CD: 218nm, £¢=0.99; CMR: ~

10%), 599 (M7 H-—CH,COOH), 597
(M3IH-CH,COOH), 595 (M%H —CH;COOH), 503
(599-CH;Brf and 597-CH 3Bri, 5%), 501(597-CH ;Br{
and 595-CH;Bri, 5%), 407 (503-CH;Brf or 501-
CH;Bri, 31%), 517 (599-HBrt and 597-HBri), 515
(597-HBrt and 595-HBrj), 489 (517-CO), 487 (515-
CO), 437 (MH—Br,), 435 (517—HBrt and 515
—HBr}), 407 (503-CH;Brt and 501-CH ;Bri or 487-
HBr} and 489 —HBr1), 249, 191 (base), 189 (Found: C,
58.5;'H, 7.3. C3,H430,Br requires C, 58.6; H, 7.4%).

Debromination of lactone (IX): Formation of 3-
acetyloleanan-180,28—19f-olide (X)—X (0.2 g) dissol-
ved in EtOH (50 ml) was refluxed with freshly prepared
Raney Nickel (5g) for 6 hr. The mixture was filtered
and the filtrate on concentration furnished X (0.14 g),

m.p.>360°%, [«]p+59° identical (m.m.p. and co-IR)

with an authentic samplé of 3f-acetyloleanan-28
—>I9ﬁ olide.
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